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This special edition of the Wisconsin 
Medical Journal highlights the essen-
tial field of maternal and child health. 

The well-being of mothers and children is a 
critical indicator of societal progress, clearly 
reflecting the effectiveness of our health care 
systems. However, despite its importance, 
maternal and child health continues to face 
a host of challenges, including disparities in 
access to care and the growing recognition 
of the impact of social determinants on health 
outcomes. This issue strives to shed light on 
these complex challenges through in-depth 
studies, expert insights, and case reports that 
aim to improve care for mothers and children. 

The reports in this issue come together to 
highlight several key themes: social determi-
nants of health, obstetric health care delivery, 
health behaviors and practices, and pediatric 
health.

Social Determinants of Health
The issue opens with a focus on the social 
determinants of health surrounding preg-
nancy. This section explores topics such as 
the impact of childhood adversity on perinatal 
mental health, innovative ways to identify inti-
mate partner violence in obstetric clinics, and 

FROM THE EDITOR

Shaping Tomorrow by Advancing Maternal 
and Child Health
Fahad Aziz, MD; David Mallinson, PhD; Tara L. Petersen, MD; Jill Denson, PhD; Timothy Klatt, MD

the influence of geographic factors on birth 
weight.1-3 These studies emphasize the critical 
role social factors play in shaping pregnancy-
related health outcomes. For example, sev-
eral studies use large-scale population data, 
including birth records, insurance claims, 

and social service records to understand 
how social context influences prenatal, peri-
natal, and postpartum health. One promising 
finding is the success of state-funded home 
visiting programs in reaching marginalized 
populations and improving health outcomes.4 
However, concerns remain, such as younger 
Medicaid beneficiaries being more likely to 
lose postpartum health care coverage, high-
lighting the need for continuous coverage for 
mothers after childbirth.5 

This section also highlights the impact of 
Wisconsin’s post-Roe v Wade6 health care 
landscape. Following the Supreme Court’s 
2022 Dobbs v Jackson  Women’s Health 
Organization decision,7 a pre-Civil War law in 
Wisconsin banned abortion for 15 months until 

overruled in 2023. During this period, legal 
uncertainty affected care for early pregnancy 
complications.8 One study found an increase 
in sterilization procedures among younger 
individuals following the decision overturning 
of Roe v Wade, indicating that abortion restric-

tions influence individuals’ reproductive and 
childbearing preferences.9 Experts warn that 
restricting access to abortion harms reproduc-
tive autonomy and overall health, underscoring 
the urgent need to protect reproductive rights 
in this changing legal environment.10,11 

Obstetric Health Care Delivery
The issue then shifts focus to the delivery of 
obstetric health care, where advancements in 
both surgical techniques and pain manage-
ment are transforming maternal care. A stand-
out innovation in this field is the Enhanced 
Recovery After Cesarean Surgery (ERAS) 
protocol, which has led to a remarkable 94% 
reduction in opioid use following cesarean 
deliveries. This protocol incorporates intrathe-

•  •  • 
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cal morphine and other best practices, result-
ing in lower pain scores and a decrease in the 
number of patients needing opioid medication 
after surgery.12

Despite these advancements, challenges 
persist in obstetric care, particularly when it 
comes to accurately measuring blood loss dur-
ing cesarean births. Research has shown that 
traditional methods, such as estimated blood 
loss and quantitative blood loss, lack the sen-
sitivity to accurately assess blood loss. A study 
by Kram et al highlights the need for improved 
measurement tools to better guide clinical 
decisions and improve patient outcomes in 
obstetrics.13

The articles in this section also explore 
environmental and iatrogenic risks to preg-
nancy outcomes. One study reports both a con-
cerning lack of follow-up and reassuring results 
among those who completed testing within a 
population at high risk for lead exposure from 
their water lines,14 and a thoughtful commen-
tary also asks us to reconsider the benefits of 
folic acid food fortification.15 

Beyond clinical advancements, this spe-
cial issue also explores the emotional and 
ethical complexities of obstetric care and 
underscores the deep connection between 
medical practice, ethics, and the often under-
recognized frequency and impact of loss. An 
insightful commentary discusses the mental 
health challenges that can result from even 
successful pregnancy outcomes.16 The chal-
lenges clinicians, including trainees, often 
face are highlighted by a medical’s students 
experience in a fetal anomalies clinic where 
patients, families, and clinicians deal with 
life-changing diagnoses, and a  resident’s 
thoughtful reflection on struggling to cope 
with a fetal death.17,18 This issue also features 
a case report detailing the challenging deci-
sion-making process, including legal aspects, 
involved in terminating a pregnancy compli-
cated by placenta increta through hysterec-
tomy at the end of the first trimester.19 

Health Behaviors and Practices
The next section explores the health behaviors 
and practices that influence maternal and child 
health. Factors such as access to reliable infor-
mation, social support, and health crises like 

but also mental well-being across communi-
ties, and they call for a robust public health 
approach, including safe gun storage, com-
munity and hospital interventions, and legisla-
tive measures to shield mothers and children 
from gun violence.

A link between elevated blood lead levels 
to poorer academic performance is the focus 
of a study by Anguzu et al, which highlights 
the need for stronger prevention.27 Research 
on mental health services includes a school-
based program that improved both behavioral 
and academic outcomes, though challenges 
remain in optimizing outpatient care after ED 
visits.28,29 The issue also explores adolescent 
mental health, particularly the link between 
social media use and higher rates of depres-
sion and anxiety, especially in females.30 The 
PATCH program demonstrates the effective-
ness of youth-led health initiatives,31 while 
additional insights include the benefits of 
deferring antibiotics for febrile infants to 
reduce unnecessary interventions and the 
role of school-based rapid antigen testing in 
managing infectious disease outbreaks during 
the COVID-19 pandemic.32,33 

Case studies on pediatric conditions, such 
as parechovirus infections and neonatal femur 
fractures, emphasize the need for early diag-
nosis and intervention.34,35 The University of 
Wisconsin’s Undiagnosed Disease Program 
highlights the potential of whole-genome 
sequencing in diagnosing rare neurodevel-
opmental disorders.36 Family engagement in 
pediatric research is a key theme, with tools 
like the “Travel Passport” fostering collabora-
tion between families and researchers.37

As you read through this special issue, we 
encourage you to reflect on the complexity 
and depth of the topics at hand. The manu-
scripts – and artwork – featured represent a 
wide array of perspectives and experiences, 
highlighting the diverse ways in which health 
care providers, patients, and communities have 
navigated the ever-present challenges in the 
field of maternal and child health. From over-
coming access barriers to addressing emerg-
ing health crises, each piece contributes to 
a deeper understanding of the current state 
of care and the ongoing need for innovation, 
advocacy, and compassion. 

COVID-19 shape the choices of pregnant and 
postpartum individuals. A study in Milwaukee 
revealed a significant knowledge gap among 
pregnant women about the risks of tetrahydro-
cannabinol (THC) and cannabidiol  (CBD) use, 
with over half unaware of the potential harm 
to fetal development.20 This highlights the 
need for clear, evidence-based communica-
tion from health care providers. The COVID-19 
pandemic further complicated maternal health, 
particularly breastfeeding, due to challenges 
like limited lactation support and increased 
isolation.21 The pandemic also intensified lone-
liness among perinatal individuals, leading to 
higher rates of depression, anxiety, and poorer 
pregnancy outcomes.22 Addressing these men-
tal health issues remains crucial for improving 
maternal and child health.

Concerns about dietary health risks, 
such as excessive fish consumption beyond 
safety recommendations, were found among 
diverse populations including women of Asian 
descent in Milwaukee.23,24 This underscores 
the need for culturally tailored education 
to reduce health risks from food contami-
nants. The issue also examines perceptions 
of patients experiencing infertility toward the 
COVID-19 vaccine, with a study showing that 
those with higher education levels and more 
fertility treatment experience were more likely 
to get vaccinated.25 These findings highlight 
the importance of accessible information and 
building trust in medical advice, emphasiz-
ing the need for interventions that address 
the unique needs of different populations to 
improve health outcomes.

Pediatric Health
Finally, the issue transitions to pediatric 
health, addressing a range of critical topics 
affecting children’s health in Wisconsin and 
across the country. The section opens with a 
commentary by Snooks et al that highlights a 
pressing public health crisis: pediatric gun vio-
lence, which has become the leading cause of 
death among American youth, even surpass-
ing motor vehicle accidents as of 2020.26 The 
authors highlight a significant increase in gun-
related injuries and deaths at the Children’s 
Wisconsin Pediatric Trauma Center since the 
pandemic, affecting not just physical health 
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We would like to express our sincere 
gratitude to the WMJ Publishing Board for its 
unwavering support throughout the editorial 
process and our esteemed advisory board 
members for their invaluable guidance and 
contributions. Their expertise and commit-
ment have been crucial in bringing this issue to 
fruition. Together, these collective efforts have 
helped create a special edition that informs 
and inspires positive change. It is our hope that 
this work will spark further action, driving inno-
vation and improvements in maternal and child 
health for years to come.
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INTRODUCTION
Maternal and infant morbidity and mortal-
ity is higher in the United States than other 
developed countries.1 Additionally, there 
are significant disparities noted by race and 
ethnicity. This discrepancy is of particu-
lar importance in the state of Wisconsin, 
where the highest mortality rates in the 
country have been seen in non-Hispanic 
Black women at 14.28 per 1000 births, 
which is 3 times higher than rates quoted 
for White infants.2-4 Looking at health dis-
parities with a particular focus on modifi-
able risk factors for neonatal morbidity, a 
birth person’s location of residence during 
pregnancy matters. The adverse effects of 
neighborhood socioeconomic status and 
geographical distance to obstetrical care 
outcomes have been demonstrated in pre-
vious literature.2,5-6 Poor neighborhood 
socioeconomic status has been linked to 
higher rates of preterm births and low 
birth weight infants, both outcomes which 
increase the risk of neonatal morbidity and 
mortality.5,7 

Though previous studies have pointed to both individual-level 
factors8 and area-level factors,9 birth and obstetric outcomes have 
not been explored previously at fine spatial resolution using the 
Area Deprivation Index (ADI).10 ADI ranks census block groups 
by socioeconomic disadvantage at the state or national level. 
The index is a composite measure comprised of factors across 
the domains of income, education, employment, and housing 
quality. The objective of this study was to investigate the associa-
tion between birth weight and ADI after accounting for known 
individual-level covariates. 

ABSTRACT
Introduction: There are significant disparities in the rates of maternal and infant morbidity and 
mortality in the United States – a discrepancy of particular importance in Wisconsin, where Non-
Hispanic Black women experience the highest mortality rates in the country. The adverse effects of 
neighborhood socioeconomic status and geographical distance to obstetrical care outcomes have 
been demonstrated previously, with poor neighborhood socioeconomic status having been linked 
to higher rates of preterm births and low birth weight infants, which both increase the risk of neona-
tal morbidity and mortality. The objective of this study was to investigate the contributions of Area 
Deprivation Index and geographic location on age-matched birth weight z-scores.

Methods: We conducted a retrospective cohort study of all singleton births >22 weeks’ gestation 
in Dane County, Wisconsin, from January 2016 through June 2018. Generalized additive models 
were adjusted for race/ethnicity, cigarette use, delivery route, pregnancy-related or chronic 
hypertension, pregestational and gestational diabetes, number of prenatal visits, maternal age, 
total weight gain, and pre-pregnancy body mass index.

Results: There is evidence of an association between birth weight z-score and spatial location 
(median P value 0.006). With area deprivation, we found no evidence of an association with birth 
weight z-score (-0.01; 95% CI, -0.03 to 0.01; P = 0.109). Mean birth weight z-scores were lowest 
(-0.72) in the urban center of Madison, while mean birth weight z-score was highest (0.18) in rural 
areas near the northeast, southeast, and southwest county borders. We found an effect of race/
ethnicity on birth weight. 

Conclusions: We identified geographic variations in birth weight at a granular level using census 
block groups and a holistic measure of deprivation, which can inform targeted public health 
interventions. The lack of evidence of area deprivation on birth outcomes but significant spatial 
trends demonstrated continued geographic disparities in our health care systems.

Maria Kamenetsky, PhD, MS; Erin Bailey, MD, MS; Alexa Lowry, MD; Ronald Gangnon, PhD; Brian Stafeil, MD; Kara Hoppe, DO, MS

 

The Role of Neighborhood in Individual and Disparity- 
Level Factors and Birth Weight in Dane County, 
Wisconsin
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Table 1. Analytic Sample Demographics

  Mean (SD) or % Missing (%)

Birth place facility (%)  0.00%

 St Mary’s Hospital Medical Center 4927 (37.1) 

 Meriter  8345 (62.9) 

ADI-State rank (mean [SD]) 3.16 (2.42) 0.13%

Mother’s age (mean [SD]) 31.13 (5.00) 0.00%

Pre-pregnancy BMI (mean [SD]) 26.60 (8.46) 0.00%

Total weight gain (mean [SD]) 30.48 (14.19) 1.88%

Gestational age (mean [SD]) 39.15 (1.86) 0.00%

Infant sex (%)  8.79%
 Female 5945 (44.8) 
 Male  6161 (46.4) 

Birth weight (g) (mean [SD]) 3366.83 (557.80) 0.05%

Race/ethnicity (%)  0.00%

 White 9337 (70.4) 

 Black  1245 (9.4) 

 Latinx 1108 (8.3) 

 Asian/Pacific Islander 1250 (9.4) 

 Multiracial/other races 139 (1.0) 

 Unknown 193 (1.45) 

Mother’s education (%)  1.48%

 No high school diploma 762 (5.7) 

 High school diploma 1849 (13.9) 

 Some college or associate degree  2678 (20.2) 

 Bachelor’s degree 4547 (34.3) 

 Master’s degree or higher 3239 (24.4) 

Cigarette use (%)  0.85%

 No 12 386 (93.3) 

 Yes 773 (5.8) 

Insurance  0.04%

 Private/government insurance 10 129 (76.3) 

 Medicaid 3119 (23.5) 

 Self pay 19 (0.1) 

Number of prenatal visits (mean [SD]) 12.68 (3.26) 3.16%

Pregnancy-related hypertension (%)  0.01%

 No 12 304 (92.7) 

 Yes 967 (7.3) 

Chronic hypertension (%)  0.01%

 No 13 120 (98.9) 

 Yes 151 (1.1) 

Gestational diabetes (%)  0.01%

 No 12 818 (96.6) 

 Yes 453 (3.4) 

Pregestational diabetes (%)  0.01%

 No 12 673 (95.5) 

 Yes 598 (4.5) 

Delivery route (%)  0.05%

 Vaginal spontaneous 9280 (69.92) 

 Cesarean 3312 (24.95) 

 Operative vaginal 673 (5.07) 

Abbreviation: ADI, area deprivation index.

We sought to identify and map spatial differences in Dane 
County, Wisconsin associated with poorer neonatal outcomes. 
We hypothesized that there would be an association between birth 
weight and ADI after accounting for known individual-level con-
founders. We use a generalized additive model with tensor product 
smooths to account for spatial dependence and adjust for individ-
ual-level covariates. We show that while area deprivation is not 
related to birth weight, we do still identify a significant spatial 
trend that is not explained by area-level factors.

METHODS
Study Population
Dane County is the second most populous county in Wisconsin 
and is where the state capitol of Madison is located. It has an area 
of 3100.84 km2 and has an estimated population of 56 8203 as 
of 2022. Residents in the county are mostly White (84.1%), over 
half (53%) have a bachelor’s degree or higher, and approximately 
11.3% of the county population is estimated to be living in pov-
erty.11 According to the 2017 Wisconsin Public Health Profiles, 
Dane County had a crude live birth rate of 11.3 per 1000, and 
approximately 7% of infants were born as low birth weight 
(< 2499 gm) regardless of gestational age.12

Peridata, a web-based prospective database available to hos-
pitals in Wisconsin, was used to obtain birth record data and 
birth outcomes from the 2 delivering hospitals in Dane County, 
Wisconsin. Patients giving birth at 2 tertiary care centers, St 
Mary’s Hospital Medical Center (n = 4927) and UnityPoint 
Health - Meriter Hospital (n = 8345), from January 2016 to 
June 2018 were included. These hospitals are the only 2 des-
ignated birthing centers in the county. For inclusion into our 
study, patients must have been (1) pregnant people > 15 years 
old and (2) carrying a singleton pregnancy. Analysis was limited 
to singletons because the etiology of preterm birth is different 
in multiple pregnancies. Exclusion criteria included (1) multiple 
gestations, (2) gestational age at delivery < 22 weeks, (3) resi-
dence outside of Dane County, and (4) maternal age < 15 years. 
The populations were pooled for the remaining data analysis, 
with a goal of capturing data from deliveries in Dane County, 
rather than comparing outcomes at the 2 locations. This study 
was approved by the Institutional Review Board at UnityPoint 
Hospital (IRB # 2018-017). 

Primary Outcome and Covariates
The primary outcome was birth weight, which was adjusted for 
by infant sex and gestational age based on Fenton growth charts 
(in grams) and converted to z-scores (standardized units).13 The 
primary exposure is ADI. For analysis, the ADI was operational-
ized as the rank of the census block group at the state level (higher 
ranks indicate greater socioeconomic disadvantage). We also 
included the following covariates: cigarette use (yes/no [referent]), 
delivery route (spontaneous vaginal [referent], operative vaginal, 
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Figure 1. County-level Map of Wisconsin (A) and Map of the Predicted Spatial Trend in Birth Weight (B)

A. Black indicates study region of Dane County B. Spacial Trend
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cesarean), pregestational diabetes (yes/no [referent]), gestational 
diabetes (yes/no [referent]), total weight gain (continuous), race/
ethnicity (White [referent], Black, Latinx, Asian/Pacific Islander, 
multiracial/other), patient’s education (no high school diploma, 
high school diploma, some college or associate degree, bachelor’s 
degree [referent], master’s degree or higher), and payment type 
(private/government insurance [referent], Medicaid/BadgerCare, 
self-pay). 

Statistical Analysis
Patients were geocoded and aggregated to a census block group, 
then linked to the neighborhood ADI. Multiple imputation using 
additive regression, bootstrapping, and predictive mean matching 
as implemented in the aregImpute function in the Hmisc14 package 
in R was used to account for potential biases due to missing data 
and is valid under a missing-at-random assumption. Associations 
between ADI and birth weight adjusted for spatial location and 
other covariates were assessed using generalized additive regression 
models (GAM),15 which allow for parsimonious representations of 
potentially nonlinear effects of quantitative predictors, including 
spatial trends and/or autocorrelation. 

Quantitative predictors (number of prenatal care visits, 
maternal age at birth, total weight gain during pregnancy, and 
pre-pregnancy body mass index [BMI]) were modeled using 
penalized cubic regression spline smooths. The effect of spa-
tial location was modeled using a tensor product smooth of the 
census block group centroid coordinates (using the Wisconsin 
Transverse Mercator [WTM] coordinate system16). Point esti-
mates and standard errors were pooled across analyses of the 38 
imputed datasets using Rubin’s method.17 Median P values across 
imputations were used for multiparameter hypothesis tests.18 

Statistical analysis was performed using the mgcv19 package in R 
version 4.0.2.20

RESULTS
A total of 13 272 patients were included in this study. Both mean 
and median state-ranked ADI did not differ across the 2 hospi-
tals, nor did all other demographic variables (Table 1). Individual 
socioeconomic and prenatal factors were then explored for our 
outcomes. In the sample (Table 1), patients were, on average, 
in their early thirties, slightly overweight (BMI 26.60 m2), had 
gained about 30 pounds throughout their pregnancy, and had 
birthed infants at approximately 39 weeks. Most patients were 
White (70.4%), had attained a bachelor’s degree (34.3%), were on 
private or government insurance (76.3%), and had spontaneous 
vaginal births (69.92%).

Though we found no evidence of an association between 
birth weight and ADI (adjusted estimate [adj est] -0.01; 95% 
CI, -0.01 to 0.00), we did find evidence of a statistically signifi-
cant spatial trend (P = 0.006) indicating other spatial informa-
tion not captured by ADI or covariates. The smoothness of the 
spatial trend indicates spatial dependence in birth weight not 
captured by any of the factors explored in our model (Figure 
1). The spatial trend was lowest near the center of the county 
and along the isthmus (between the 2 lakes) near the capitol. 
Further from the county center, the spatial trend was increas-
ing and highest in the top right corner along the border with 
the neighboring county (Dodge County), indicating stronger 
spatial dependence in this area. Interestingly, the top left cor-
ner had some of the lowest trend values near the border with 
Sauk County, indicating lower spatial dependence. Overall, we 
observed less spatial dependence in birth weight in the more 
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Figure 2. Predicted Percentiles for Birth Weight in Dane County (top); 
Zoomed-in View of Predicted Percentiles Along the Downtown Area (bottom)
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urban county center and stronger dependence along the county 
border in the more rural cities. 

We used our model to predict birth weight in standardized 
units for each participant. We then aggregated those predicted val-
ues by taking the mean birth weight in each census block group. 
For ease of interpretation, we converted the predicted mean birth 
weights from z-scores to percentiles (Figure 2). The predicted 
birth weight percentiles ranged from 24th to 57th percentile 
(mean 45th percentile, SD 5). The spatial trend from Figure 1B 
can be seen in the predicted birth weight percentiles. Most of the 
lower percentile birth weights were found in the center of the 
county near the downtown area and state capitol between the 2 
lakes (0%-42% range). Higher predicted mean birth weight per-
centiles were found further outside the center of the county nearer 
the county border. 

We also found that Black (adj est -0.31; 95% CI, -0.37 to 
-0.25) and Asian/Pacific Islander (adj est -0.26; 95% CI, -0.32 
to -0.21) patients had lower birth weights compared to White 
patients after adjusting for known covariates (Supplemental 
Table 1). Nonlinear relationships with maternal age, number of 
prenatal care visits, pre-pregnancy BMI, and total weight gain 
are visualized in Supplemental Figure 2.

DISCUSSION
In our study, we found no association between ADI and birth 
weight. Dane County is an overall affluent county (mean ADI of 
3.16) with variability within census blocks, so it is possible that we 
are not able to detect the effect of area deprivation. Given the rela-
tionship between low socioeconomic status and adverse neonatal 
outcomes demonstrated in previous literature,21-24 we hypothesize 
that investigating ADI in a larger population would possibly high-
light a relationship between ADI and these maternal and neonatal 
outcomes. We found a statistically significant spatial trend in birth 
weight. This may be driven by other socioeconomic factors not 
encompassed in the ADI index or other spatially dependent vari-
ables that we did not have available in our data. We also found a 
consistent association between these birth outcomes and patients’ 
race, despite the relative affluence of the county. This may be 
driven by racial disparities at the individual level that are inde-
pendent of socioeconomic status. This speaks to the need for con-
tinued investigation into the systemic drivers of these disparities.

This study has several limitations. Our ADI measure is at the 
census block group level which, though very small, may still be 
masking some spatial effects due to data aggregation. This may 
be why we observed spatial trends in birth weight but no associa-
tion with ADI. There also may be other aspects of socioeconomic 
disadvantage not captured by the ADI that we did not explore. 
Though our sample size is large, our data are limited to a window 
of 2016 to 2018, so it may be possible that we need a longer time 
period and larger sample size to identify effects of ADI. Finally, 
our analysis is limited to Dane County, Wisconsin, which has a 

relatively high socioeconomic status and may not be generalizable 
to other counties that differ in their populations, demographics, 
and health care services. 

Despite these limitations, this study has several strengths. 
First, the 2 hospitals explored are the only birthing hospitals in 
the county. Aside from home births or other alternative births, 
we captured the population of Dane County birthing patients 
from January 2016 to June 2018. Second, we use a flexible mod-
eling strategy that allowed for nonlinearity in certain continuous 
covariates and, importantly, allowed for flexibility in capturing 
the spatial patterns in the data. Finally, we used multiple imputa-
tion to impute missing data instead of deleting those individu-
als from the data, reducing bias and improving precision in our 
estimates.

CONCLUSIONS
This exploratory study identified the feasibility of using a spatial 
model to examine neonatal outcomes. Assessments such as this 
could be used on a larger spectrum to identify areas in need of 
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improved access to high quality obstetrics care and to create a 
model for reallocation of prenatal services. Furthermore, we found 
a consistent association between race and birth outcomes even after 
adjustment for area deprivation and other individual-level factors. 
This indicates a continued need to investigate health disparities 
as well as promote the education of health care providers regard-
ing bias to improve maternal and neonatal outcomes. In future 
work, this approach could be taken across a larger geographic area, 
such as multiple neighboring counties. This could help highlight 
locations that would benefit most from targeted public health 
interventions or even targeted physician recruitment, ultimately 
improving neonatal outcomes.
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INTRODUCTION
Perinatal home visiting is a popular strat-
egy for promoting maternal and child 
health in the United States, as evidenced 
by strong bipartisan support for the federal 
Maternal, Infant, and Early Childhood 
Home Visiting (MIECHV) Program that 
subsidizes evidence-based home visiting 
programs nationwide.1,2 While there are 
many home visiting models with different 
curricula, most programs offer voluntary, 
comprehensive, and flexible services that 
can be tailored to suit the diverse needs 
of expectant and new parents. In aggre-
gate, these programs have been linked to 
modest but measurable benefits, including 
improved outcomes in maternal and infant 
health, parenting, and child develop-
ment.3,4 Yet, despite their impact and wide 
reach, little is known about the extent to 
which these programs foster health equity 
at scale.
 Home visiting programs may reduce 
health disparities, in part, because they 

typically take a selective approach to prevention. That is, they 
often target services to populations that are at risk of poor mater-
nal and child health outcomes. For example, around two-thirds of 
families that are served by MIECHV-subsidized programs are at 
or below 100% of the federal poverty level.5 Home visitors help 
these families achieve a wide range of goals by offering education, 
guidance, and encouragement. Home visitors also strengthen fam-
ily connections to health care providers, human service agencies, 
and economic resources, thereby addressing modifiable conditions 
associated with structural social determinants of health that are 
believed to be root causes of health inequities.6 
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 Since 2011, Wisconsin has used MIECHV funds to sustain the 
Family Foundations Home Visiting (FFHV) program, a robust 
home visiting network administered by the state Department of 
Children and Families in partnership with the Department of 
Health Services. The FFHV program supports 4 evidence-based 
home visiting models: Healthy Families America, Nurse-Family 
Partnership, Parents as Teachers, and Early Head Start. Each of 
these programs provides services that can begin prenatally and 
last for multiple years after a child is born. As of this writing, the 
FFHV program’s local implementing agencies deliver these pro-
grams across more than half of Wisconsin’s 72 counties and 11 
federally recognized tribal regions. In accordance with MIECHV 
policy,7 a statewide home visiting needs assessment was com-
pleted with the aim of directing the FFHV program’s resources 
toward communities with high levels of adverse perinatal out-
comes and other risk indicators, such as poverty and substance 
abuse.8 Among its key findings, the needs assessment confirmed 
that there are significant racial/ethnic differences in perinatal 
outcomes and sizeable service gaps in certain communities. To 
the extent that these disparities in access and outcomes can be 
addressed, the FFHV program may act as a lever for promoting 
maternal and child health equity.
 Despite considerable research on the impact of home visit-
ing programs, little is known about the extent to which they 
reach populations that are disproportionately affected by health 
inequalities and their social determinants. Therefore, the current 
study uses household- and community-level data to assess the 
FFHV program’s capacity and whether it serves priority popula-
tions and communities. By making comparisons to the general 
population of families with children, we are able to draw infer-
ences about the extent to which program resources have been 
distributed equitably. 

METHODS
Data and Sample

The current study was conducted as part of a MIECHV-
coordinated state evaluation focused on family engagement and 
health equity. In alignment with a federally approved evaluation 
plan, an analysis was completed to explore whether Wisconsin’s 
FFHV program is working effectively toward health equity 
goals by enrolling disadvantaged and marginalized families and 
communities. Administrative data housed at the Wisconsin 
Department of Children and Families were obtained for all 
families served by the FFHV program from October 1, 2016, 
through September 30, 2023. The begin date corresponds 
with a transition to the use of DAISEY (Data Application and 
Integration Solutions for the Early Years), a dedicated FFHV 
database that records standard performance indicators for each 
family served. Access to these data was granted by the Wisconsin 
Department of Children and Families pursuant to a data sharing 

agreement and approval of study protocols by the institutional 
review board at the University of Wisconsin-Milwaukee (proto-
col 14.286).
 The primary study sample includes 6327 primary caregivers, 
with 96.2% identifying as women and 3.8% as men (nonbinary 
gender data were unavailable). At the point of enrolling in a home 
visiting program, more than half the participants (56.7%) were 
single and had never married, and more than a quarter (25.2%) 
had less than a high school diploma or GED equivalent. Statewide 
ZIP code-level data representing variation in levels of commu-
nity opportunity were obtained from public records and matched 
to household address records for 4490 participants served from 
October 1, 2021, through September 30, 2023, with valid ZIP 
codes. The community-level analysis was restricted to this 2-year 
period to minimize the influence of changes to the composition of 
the FFHV program due to the occasional discontinuation of local 
implementing agencies and onboarding of new local implement-
ing agencies. 

Measures
Priority Populations: Program data housed in DAISEY were used 
to create indicators that correlate with maternal and infant health 
outcomes, including 4 measures that represent MIECHV priority 
populations: (1) low-income household (ie, < 100% of federal pov-
erty guidelines), (2) primary caregiver under 20 years of age at the 
birth of the child associated with the home visiting service episode 
(ie, index child), (3) household member with a history of sub-
stance misuse or need for treatment, and (4) household tobacco 
use. Although race and ethnicity are not explicit priority popula-
tion categories for the MIECHV Program, we also examined the 
FFHV program’s engagement of different racial/ethnic groups 
given that many health disparities in the US fall along racial/eth-
nic lines. Primary caregivers associated with a service episode were 
coded as Hispanic/Latino or one of the following non-Hispanic 
categories: American Indian or Alaska Native, Asian, Black or 
African American, White, and Other. 

Comparative data indicating the statewide prevalence of dif-
ferent priority populations were obtained from multiple sources, 
including the US Census, Centers for Disease Control and 
Prevention, and Wisconsin Department of Health Services.9-11 

State-level data were unavailable for household substance use; 
these data points were obtained from the National Surveys on 
Drug Use and Health.12

Priority Communities: Publicly available ZIP code-level infor-
mation for participating households was obtained from the 
Child Opportunity Index 2.0 (COI 2.0), which indexes varia-
tion in community resources and conditions on a 5-point scale 
ranging from very low to very high child opportunity.13 The 
COI 2.0 captures 29 indicators in 3 domains: (1) Education, (2) 
Health and Environment, and (3) Social and Economic. For this 
study, the total COI 2.0 score for each ZIP code in Wisconsin 
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Table 1. Demographic Comparison of Families Served by the Family 
Foundations Home Visiting (FFHV) Program to the General Population (N = 6327)

 FFHV General Risk
 Program Population Ratio

Low-income household 65.0% 12.9%a 5.0
Under age 20 at child’s birtha 20.9% 7.8%d 2.7
History of substance misuse or treatment needs 36.9% 12.3%c 3.0
Tobacco use  50.9% 10.1%d 5.2
Race and ethnicity   
American Indian or Alaska Native 5.6% 1.1%b 5.1
Asian 4.7% 4.4%b 1.1
Black/African American 20.3% 10.1%b 2.0
Hispanic/Latino 22.8% 11.2%b 2.0
Other 3.3% 2.7%b 1.2
White 43.3% 71.5%b 0.6

aThe federal MIECHV Program prioritizes serving individuals who give birth be-
fore age 21. This study uses a lower age threshold for early childbearing (< 20) 
because comparable state-level data are available. The prevalence of early 
childbearing among FFHV participants is underestimated because some partici-
pants who gave birth to the index child after age 20 also gave birth previously 
before age 20.
bSource: US Census, American Community Survey.9
cSource: Centers for Disease Control and Prevention.10
dSource: Comparative estimate unavailable for Wisconsin population. Estimate 
from the US population was calculated using data from National Surveys on 
Drug Use and Health.12 

eSource: Wisconsin Department of Health Services, Wisconsin Interactive 
Statistics on Health.11

Figure 1. Child Opportunity Levels by Wisconsin ZIP Code

All ZIP Codes Family Foundations Home Visiting Program ZIP Codes

Child Opportunity

High/Very High

Moderate

Low/Very Low

Not served

Figure displays variation in community resources and conditions at the ZIP code level according to data from the Child Opportunity Index 2.0. The map on the left distinguishes 
opportunity levels across all ZIP codes in Wisconsin, and the map on the right distinguishes opportunity levels across ZIP codes where families were served by the Family 
Foundations Home Visiting Program (FFHV). ZIP codes shown in white were not served by the FFHV program between October 1, 2021, and September 30, 2023.

was ranked initially into quintiles representing different levels 
of opportunity (very low, low, moderate, high, very high). To 
avoid small cell sizes, the ZIP codes were then recoded into 3 
categories of community opportunity: (1) low (ie, low or very 
low), (2) moderate, (3) high (ie, high or very high). The maps 
shown in Figure 1 present the distribution of opportunity levels 
across all ZIP codes in Wisconsin and the ZIP codes served by 
the FFHV program.

Analysis Plan
Descriptive analyses were performed to calculate the proportion 
of the FFHV sample composed of different priority popula-
tions (eg, living in poverty, substance misuse). Similar rates were 
obtained from public data sources to facilitate descriptive com-
parisons with the general population statewide or nationally.9-12 

Cross-tabulations were performed to produce a risk ratio (RR) 
for each metric, with an RR above 1.00 indicating that a prior-
ity population is overrepresented in the FFHV sample. Separate 
cross-tabulations were performed to explore the distribution of 
MIECHV priority population categories among racial/ethnic 
groups in the FFHV sample. Chi-square tests were conducted 
to produce RR estimates, indicating whether these priority cat-
egories were overrepresented or underrepresented among racial/
ethnic minority participants compared to non-Hispanic White 
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participants. Missingness for priority 
populations ranged from 0.2% (under age 
20 at child’s birth) to 6.6% (low-income 
household); 0.2% of the sample (n=13) 
were missing race/ethnicity. Missing cases 
were omitted from corresponding analyses 
via listwise deletion. 

A service saturation analysis was con-
ducted to explore whether the FFHV pro-
gram reaches priority communities across 
Wisconsin. To operationalize service saturation – or the extent to 
which the FFHV program penetrated different communities – we 
calculated the number of families served in all 864 Wisconsin 
ZIP codes and classified each ZIP code into 1 of 3 categories: 
(1) FFHV service area, families served; (2) FFHV service area, 
no families served; and (3) non-FFHV service area. Across all 3 
service area categories, we described the proportion of ZIP codes 
that were low-opportunity, moderate-opportunity, and high-
opportunity areas. We then used household-level data to conduct 
a within-group analysis of FFHV-served families to determine the 
proportion that lived in low-, moderate-, and high-opportunity 
areas. The analysis was conducted in SPSS version 28.0, and cor-
responding maps were generated using ArcGIS 10.8.

RESULTS
Priority Populations Served
Table 1 presents household demographics for FFHV program 
participants along with comparative population estimates. Nearly 
two-thirds (65.0%) of FFHV households served were below the 
federal poverty level, which is about 5 times higher than the pov-
erty rate among all Wisconsin households with children under age 
18 (12.9%; RR 5.0). More than 1 out of 5 (20.9%) index children 
served by the FFHV program had a primary caregiver under the 
age of 20, which is nearly 3 times the rate of teen childbearing in 
Wisconsin (7.8%; RR 2.7). Over a third of FFHV households had 

Table 2. Priority Populations Served by the Family Foundations Home Visiting Program, Variation by Race/Ethnicity (N = 6314)

  Amercan Indian/ Asian Black/African Hispanic Other White
Priority Population Alaska Native, n = 353 n = 295 American, n = 1281 n = 1441 n = 207 n = 2737
Indicators % % % % % %
 RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) RR

Low-income household 72.6% 64.6% 76.4% 61.7% 71.2% 60.1%
 1.21 (1.12–1.30) 1.07 (0.98–1.18) 1.27 (1.21–1.33) 1.03 (0.97–1.08) 1.18 (1.08–1.30) 

< Age 20 at child’s birth 17.8% 8.8%  23.6% 23.4% 22.0% 19.9%
 0.90 (0.71–1.13) 0.44 (0.30–0.64) 1.19 (1.05–1.34) 1.18 (1.04–1.33) 1.10 (0.84–1.44) 

Substance misuse or treatment needs 65.8% 7.8% 25.3% 21.6% 38.2% 49.5%
 1.33 (1.22–1.45) 0.16 (0.11–0.23) 0.51 (0.46–0.57) 0.44 (0.39–0.49) 0.77 (0.65–0.92) 

Tobacco use  68.8% 33.9% 45.3% 29.2% 55.1% 64.3%
 1.07 (0.99–1.15) 0.53 (0.45–0.62) 0.71 (0.66–0.75) 0.45 (0.42–0.50) 0.86 (0.76–0.97) 

A risk ratio (RR) and CI is listed below each prevalence estimate (%). RRs compare the prevalence of priority population indicators reported by White caregivers to the 
prevalence reported by caregivers of other racial/ethnic groups served by the FFHV program. RRs in bold denote statistically significant contrasts (P < .05). Sample sizes 
are reduced due to missing data for race/ethnicity (n = 13). 

Table 3. ZIP Codes Served by Child Opportunity Level, Family Foundations Home Visiting Program (FFHV), 
2021-2023

   Child Opportunity Level

 Low  Moderate High Total
ZIP Code Categories % (N) % (N) % (N) % (N)

FFHV service area, ZIP codes served 42.8% (154) 26.9% (97) 30.3% (109) 100.0% (360)

FFHV service Area, ZIP codes not served 37.5% (93) 21.4% (53) 41.1% (102) 100.0% (248)

ZIP codes outside FFHV service area 26.6% (68) 25.4% (65) 48.0% (123) 100.0% (256)

Total 36.5% (315) 24.9% (215) 38.7% (334) 100.0% (864)

an identified history of substance misuse or need for treatment 
(36.9%), which is roughly 3 times the estimated proportion of US 
children who live with a parent who has a substance use disorder 
(12.3%; RR 3.0). Signs of tobacco use were present in over half 
of FFHV households (50.9%), which is more than 5 times the 
estimated proportion among all Wisconsin households with chil-
dren (10.1%; RR 5.2). The racial/ethnic composition of primary 
tablecaregivers in the FFHV sample was 43.3% White, 22.8% 
Hispanic/Latino, 20.3% Black/African American, 5.6% American 
Indian/Alaska Native, 4.7% Asian, and 3.3% Other. Compared 
to the general Wisconsin population of adults with children, the 
FFHV program was 1.1 times as likely to serve Asian adults, 1.2 
times as likely to serve adults classified as Other race, 2.0 times as 
likely to serve both Black/African American and Hispanic/Latino 
adults, and 5.1 times as likely to serve American Indian/Alaska 
Native adults.

Racial/Ethnic Comparison of Priority Populations Served  
Table 2 displays how priority populations are distributed among 
racial/ethnic groups. Compared to the 60.1% of White primary 
caregivers from households living below the poverty level, Black/
African American caregivers were more likely to be poor (76.4%; 
RR 1.27), as were American Indian/Alaska Native caregivers 
(72.6%; RR 1.21). Compared to the 19.9% of White caregivers 
who were less than age 20 at the index child’s birth, teen child-
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bearing was more prevalent among Black/
African American caregivers (23.6%; 
RR 1.19) and Hispanic/Latino caregiv-
ers (23.4%; RR 1.18), and less prevalent 
among Asian caregivers (8.8%; RR 0.44). 
Substance misuse was more prevalent in 
households with American Indian/Alaska 
Native caregivers compared to White 
caregivers (65.8% vs 49.5%; RR 1.33). 
Conversely, lower rates of substance misuse 
were present among households with care-
givers who were Asian (7.8%; RR 0.16), 
Hispanic/Latino (21.6%; RR=0.44), Black/
African American (25.3%; RR 0.51), and 
Other race (38.2%; RR 0.77). Compared 
to the 64.3% of White caregivers living in 
a household with tobacco use, lower rates 
of tobacco use were present in households 
with caregivers who were Hispanic/Latino (29.2%; RR 0.45), 
Asian (33.9%; RR 0.53), Black/African American (45.3%; RR 
0.71), and Other (55.1%; RR 0.86). 

Service Saturation Analysis
Out of 864 Wisconsin ZIP codes, 608 (70.4%) were within the 
service coverage area of the FFHV program (see Table 3). Among 
these 608 ZIP codes, 360 (59.2%) had at least 1 family served 
during the 2-year analysis period. Out of the 360 ZIP codes that 
were actively served by the FFHV program, 154 (42.8%) were a 
low-opportunity area, 97 (26.9%) were a moderate-opportunity 
area, and 109 (30.3%) were a high-opportunity area. Out of the 
256 ZIP codes that were outside the FFHV Program’s coverage 
area, 68 (26.6%) were a low-opportunity area, 65 (25.4%) were a 
moderate-opportunity area, and 123 (48.0%) were a high-oppor-
tunity area. 

There were 4490 families served by the FFHV program dur-
ing the analysis period, 69.3% of whom resided in a low-oppor-
tunity area (see Figure 2, Panel 1). By comparison, 36.5% of all 
Wisconsin ZIP codes were low-opportunity areas. Among all 
FFHV-served families, 11.6% lived in a high-opportunity area, 
whereas 38.7% of all Wisconsin ZIP codes were high-opportunity 
areas (see Figure 2, Panel 2). 

DISCUSSION
Demonstrating Wisconsin’s evidence-based home visiting 
service capacity, agencies supported by the FFHV program 
enrolled more than 6300 families over a 7-year period ending 
in September 2023. Nearly two-thirds of the households served 
were at or below the federal poverty level, more than a third had 
a history of substance misuse, and more than half had a current 
tobacco user—these figures exceed comparative estimates in the 
general population by roughly 3-fold to 5-fold. Primary caregiv-

Figure 2. Variation in Child Opportunity Levels
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In each panel, the first two bars denote the proportion of ZIP codes that were classified as low opportunity 
and high opportunity. The third bar in each panel denotes the proportion of families served by the Family 
Foundations Home Visiting (FFHV) program that resided in low-opportunity and high-opportunity areas. 
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ers served by the FFHV program were twice as likely to be Black 
or Hispanic and 5 times as likely to be American Indian/Alaska 
Native as they were to be White. Compared to their White 
counterparts, Black and Indigenous caregivers were more likely 
to be poor, while Black and Hispanic caregivers were more likely 
to be a teen parent at enrollment. Taken together, these findings 
signal that the FFHV program largely directs resources toward 
disadvantaged and marginalized populations at an elevated risk 
of maternal and infant health disparities. 

It is also notable that rates of substance misuse and tobacco 
use were higher among low-income White and Indigenous house-
holds than among low-income Black and Hispanic households. 
These results reinforce research indicating that health disparities 
and their upstream correlates do not cleave neatly along racial/
ethnic lines within the FFHV service population.14,15 Variability 
in racial/ethnic disparities may be partly related to differences 
between urban environments, where most of Wisconsin’s Black 
and Hispanic families receive home visiting services, and more 
rural environments, where most White and Indigenous families 
are served. Supporting this hypothesis, prior research has docu-
mented rural-urban discrepancies in health behaviors and health 
outcomes.16-18 

We performed a service saturation analysis to evaluate the 
extent to which the FFHV program reaches families and com-
munities at risk of poor maternal and child health outcomes. At 
present, 70% of Wisconsin’s ZIP codes lie within the FFHV cov-
erage area, although only 42% of the state’s ZIP codes had at least 
1 family served from October 2021 through September 2023. As 
expected, the FFHV program dedicated much of its resources to 
less advantaged community areas. Less than 27% of ZIP codes 
outside the FFHV program’s coverage area were classified as low-
opportunity, whereas nearly 43% of the ZIP codes actively ser-
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viced by the program were low-opportunity. Moreover, 69% of 
all families that received services from one of the FFHV program’s 
local implementing agencies were living in a low-opportunity ZIP 
code. These findings suggest that the state FFHV program sup-
ports agencies that disproportionately serve low-opportunity ZIP 
codes and that these agencies further redistribute resources toward 
families residing in more disadvantaged ZIP codes within their 
service area. 

Limitations
This study has multiple limitations. Chief among them is our 
reliance on available public records with inconsistent operational 
definitions for drawing comparisons between the FFHV sample 
and the general population. Although we are reasonably confident 
in the overall accuracy of our conclusions, the risk ratio estimates 
presented are imprecise. Additionally, inferences related to varia-
tions in community opportunity should be interpreted with cau-
tion, as ZIP codes are coarse geographic designations that have 
shortcomings for investigations of spatial and demographic varia-
tion.19 

Implications and Future Directions
Perinatal home visiting programs occupy a special position in the 
health and human services landscape because they engage families 
in their natural environments during a sensitive period of the life 
course. These programs may promote health equity by enhancing 
maternal and child health outcomes among some of society’s most 
disadvantaged families and communities. Results from this study 
suggest that the FFHV program successfully targets resources 
toward priority populations, including low-income households, 
racial/ethnic minority groups, and low-opportunity community 
areas. Given their broad and flexible service array, home visiting 
programs can address a variety of health inequities that manifest in 
these different subpopulations.

While there are reasons for optimism, caution should be exer-
cised when projecting the net impact of home visiting programs 
on health disparities. Program effects tend to be heterogeneous 
and small in aggregate.3,4 Additionally, most programs employ a 
targeted prevention approach whereby services are directed toward 
a small segment of the population. For instance, the FFHV pro-
gram typically enrolls less than 1000 families with newborns per 
year, representing less than 2% of births statewide.20 Moving the 
needle on population-level health disparities may require achiev-
ing larger effect sizes, reaching more families, or both.

Efforts to promote maternal and child health equity in 
Wisconsin may be advanced by expanding the FFHV program 
statewide. At the same time, there is a need to understand which 
strategies are most effective for specific populations, an approach 
known as precision home visiting.21 One way to increase preci-
sion is by investing in innovative models that engage underserved 
populations. For instance, the Milwaukee Health Department 

supports the Direct Assistance for Dads Project, which serves 
expecting fathers and men with children up to age 3. Another 
example is the Family Spirit model, which provides culturally 
aligned education and services to tribal communities22 and has 
been piloted in Wisconsin by the Ho-Chunk Nation Department 
of Health. 

Greater precision also may be achieved by combining targeted 
interventions with more universal strategies, as recommended 
by the World Health Organization’s Commission on Social 
Determinants of Health.23 Exemplifying progress on this front 
in Wisconsin, Racine and Walworth counties recently adopted 
the Hello Baby program, a postpartum nurse home visiting ini-
tiative. Once fully implemented, this program will offer services 
countywide to all families with a newborn. Although Hello Baby is 
offered to families across the socioeconomic spectrum, the level of 
support they receive varies based on their assessed need. This pre-
vention strategy, known as targeted universalism, balances equality 
of access with equity of resource allocation. By increasing access to 
home visiting and allocating resources proportionate to the needs 
of different families and communities, Hello Baby is well aligned 
with national health equity goals articulated in the Healthy People 
2030 framework.24

CONCLUSIONS
Since 2011, Wisconsin has used federal Maternal, Infant, and 
Early Childhood Home Visiting dollars to develop and sustain a 
robust network of evidence-based home visiting programs. Our 
findings suggest that the Family Foundations Home Visiting pro-
gram is successfully reaching priority populations and communities 
at risk of poor maternal and child health outcomes. More fully real-
izing the program’s potential to promote health equity at scale may 
require additional investments to extend services to unserved and 
underserved populations and communities.
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INTRODUCTION
Prenatal care is a central strategy to improve 
birth outcomes and reduce disparities in 
infant and maternal mortality. In 2006, 
recommendations for improvements in 
preconception care were made by the US 
Centers for Disease Control and Prevention 
and the American College of Obstetricians 
and Gynecologists.1 Preconception care 
provides the opportunity to identify and 
address modifiable risk factors and improve 
maternal and infant health.2 More recently, 
attention has focused on postpartum care, 
sometimes termed the fourth trimester, 
which provides follow-up care for delivery 
complications, family planning, and care 
for the management of chronic condi-
tions.3 

Ensuring consistent access to health care 
before, during, and after pregnancy is espe-
cially critical in the US, where high rates of 
maternal morbidity and pregnancy-related 
mortality persist.4,5 Medicaid currently 
covers pregnancy-related health care for 
approximately 41% of the nearly 4 million 

annual births.6 In addition to traditional Medicaid, the Children’s 
Health Insurance Program (CHIP) is used for pregnancy coverage 
in some settings. Federal Medicaid requires minimum coverage to 
extend through the month that includes the 60th postpartum day. 
Following the passage of the Affordable Care Act (ACA), states 
that expanded Medicaid did so by expanding adult eligibility up 
to 138% of the federal poverty level (FPL), which is considerably 
lower than most states’ pregnancy eligibility.7 Children of mothers 
eligible for or receiving Medicaid during pregnancy automatically 
qualify for coverage through the first year of life.

ABSTRACT
Introduction: Consistent access to health care before, during, and after pregnancy is critical in 
the United States, where high rates of maternal morbidity and pregnancy-related mortality per-
sist. Medicaid plays a critical role in financing health care coverage for pregnancy and childbirth 
in the US, including postpartum care. 

Methods: We used Wisconsin birth certificate records linked to Medicaid enrollment files for 
2009 through 2018 to determine maternal Medicaid coverage spanning the 12 months pre-
pregnancy to 12 months postpartum. Covariates included age, race/ethnicity, parity, education, 
and marital status. Analysis included descriptive statistics and log-binomial regression to predict 
adjusted risk of postpartum Medicaid coverage loss.

Results: Of 267 416 Medicaid-covered births in our sample, 50.5% (n= 1 34 970) were continu-
ously enrolled while 33.1%, (n = 88 425) were never enrolled during the 12 months pre-pregnancy. 
Most (97.9%, n = 261  713) were enrolled at some time during the prenatal period, and a majority 
of mothers (86.1%, n = 230 325) were enrolled consistently throughout the first postpartum year. 
Postpartum unenrollment peaked in month 3, when 34.2% of unenrollment occurred. Those 
younger, married, and with lower parity had higher risk of unenrollment. Notably, those reporting 
non-Hispanic Black were at the lowest risk, while non-Hispanic Asian/Pacific Islanders were at a 
higher risk of unenrollment.

Conclusions: The extension of postpartum coverage to 90 days may address one-third of 
the postpartum Medicaid loss observed, postponing coverage loss an additional month. A full 
12-month postpartum Medicaid extension would support postpartum health by ensuring health 
care access during this critical period.
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Given that those with higher income 
levels can qualify for Medicaid during preg-
nancy but not after delivery, it is not sur-
prising that enrollment changes and disrup-
tions are common postpartum.8 Analysis 
of the Medical Expenditure Panel Survey 
(pre-ACA) showed about half of those who 
had been uninsured during 9 months prior 
to pregnancy acquired Medicaid coverage 
for prenatal care; however, 5% of women 
with Medicaid reported coverage disrup-
tions during the first 6 months postpar-
tum.8 Post-ACA, data from the National 
Health Interview Survey showed rates of 
uninsurance during pregnancy fell signifi-
cantly, especially for low income mothers.9 

However, a study using the Pregnancy Risk 
Assessment Monitoring System (PRAMS) 
survey of postpartum mothers in 43 states 
found 22% of those with a Medicaid-
covered live birth were uninsured after 3 
months postpartum, and rates of coverage 
loss were 3 times higher in non-Medicaid 
expansion states than expansion states.10 
Another study using PRAMS data for 
2015-2018 found that over half of moth-
ers with Medicaid-covered births experienced uninsurance in the 
preconception and postpartum periods.11

Because of differences in state Medicaid eligibility criteria, the 
duration of postpartum coverage varies across the country.9,11-13 

Since 2014, some states extended postpartum coverage through 
Section 1115 Waivers.14 Others shifted towards permanent policy 
pathways, including provisions in the American Rescue Plan Act 
(2021) to extend postpartum coverage to 12 months.15 

In 2022, the State of Wisconsin submitted a 1115 Postpartum 
Coverage Demonstration Waiver to expand postpartum Medicaid 
coverage. However, Wisconsin requested a modest extension of 
coverage from 60 to 90 days.16 It is of critical importance, there-
fore, to understand Wisconsin Medicaid insurance loss patterns 
in the postpartum period to better understand how this policy 
change may impact access to health care coverage during the post-
partum period.

METHODS
Study Setting
We studied all Wisconsin residents delivering in-state live births 
from 2009 through 2018. Health disparities in Wisconsin are 
notable; the pregnancy-related maternal mortality ratio is 5 
times higher for Black mothers than White mothers, and the 
Black infant mortality rate is among the highest in the US.17,18 

Though Wisconsin did not expand Medicaid, the state histori-

Table 1. Characteristics of Individuals with Postpartum Medicaid Unenrollment Following a Live Birth, 
Wisconsin 2009-2018

  Overall Ever Unenrolled Continuous Coverage 
  N=267 416 Postpartum Postpartum
   N = 37 091 N = 230 325

Variable % (n) % (n) % (n)

Age (years)    
 < 19 5.7 (15 329) 8.7 (3229) 5.3 (12 100)
 19 – 24 44.3 (118 481) 34.6 (12 833) 45.9 (105 648)
 25 – 34 41.4 (110 612) 48.6 (18 011) 40.2 (92 601)
 35+ 8.6 (22 994) 8.1 (3018) 8.7 (19 976)

Race/ethnicity    
 non-Hispanic White 54.6 (146 046) 59.0 (21 888) 53.9 (124 158)
 non-Hispanic  Black 19.4 (51 890) 14.7 (5468) 20.2 (46 422)
 Hispanic 16.1 (43 176) 15.1 (5588) 16.3 (37 588)
 non-Hispanic Asian/Pacific Islander 1.9 (5171) 2.8 (1036) 1.8 (4135)
 non-Hispanic Other/multiple/unknown 2.9 (7727) 3.0 (1131) 2.9 (6596)

Parity    
 First birth 55.9 (149 390) 65.2 (24 179) 54.4 (125 211)
 Second or greater birth 44.0 (117 681) 34.7 (12 854) 45.5 (104 827)

Marital status    
 Married 32.4 (86 774) 42.3 (15 695) 30.9 (71 079)
 Unmarried 67.5 (180 625) 57.7 (21 390) 69.1 (159 235)

Completed education    
 Not high school graduate 20.6 (55 071) 20.4 (7570) 20.6 (47 501)
 High school graduate 41.0 (109 760) 35.8 (13 281) 41.9 (96 479)
 Some college or more 37.7 (100 692) 43.1 (15 968) 36.8 (84 724)

cally has had more generous eligibility thresholds for pregnant 
people (300% FPL) and adults (100% FPL, previously 200%) 
than all nonexpansion states, with a threshold for pregnancy 
coverage on par with the most generous expansion states.19,20 In 
2014, changes in the Wisconsin Medicaid program led to new 
premiums for some adults with incomes >100% FPL, as well as 
elimination of prior enrollment waitlists.21 

During the study period, 3 Medicaid coverage plans were avail-
able to pregnant individuals through BadgerCare Plus (BC Plus). 
BC Plus provided coverage for low-income residents using funding 
from Medicaid and CHIP. The BC Plus Prenatal Program, funded 
through CHIP, provided prenatal coverage for those ineligible for 
BC Plus because of their immigration or incarceration status. BC 
Plus Emergency Services covered emergency care for those who 
did not qualify for either BC Plus due to their immigration status 
or the Prenatal Program. Only BC Plus included comprehensive 
postpartum coverage through the end of the month in which the 
60th day occurs; those covered by the Emergency Services and 
Prenatal Programs qualify for emergency services coverage only.22 
Individuals not enrolled at the time of obstetrical delivery could 
receive coverage for delivery services only.

Data Sources and Study Sample 
We used data from Big Data for Little Kids (BD4LK), an 
integrated data source that merges birth certificate records 
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of all Wisconsin resident in-state live 
births with the Institute for Research on 
Poverty’s Wisconsin Administrative Data 
Core, which includes Medicaid claims 
and enrollment files. Files include cov-
erage from both Medicaid and CHIP 
sources and, henceforth, coverage from 
either source is referred to as Medicaid 
coverage.23 

This study was approved by the University 
of Wisconsin-Madison Institutional Review 
Board. “Mothers” is used throughout this 
study to align with terminology used in 
Medicaid policy and previous literature, but 
we recognize that health care and insurance 
during the perinatal period includes birth-
ing people of all genders.

The study sample included all 2009-
2018 birth records that linked to a paid Medicaid claim for deliv-
ery. For plural births, we selected the first delivery; if mothers 
had multiple live, Medicaid-covered deliveries during our sample 
period, each was represented as a separate observation. From a 
sample of 268 011 Medicaid-covered live births to 181 294 unique 
mothers, we excluded those missing both a clinical estimate of ges-
tational age and last menstrual period (n = 577) because we could 
not determine the prenatal period and a small number (n=18) of 
mothers with multiple birth records and birth intervals between 
4 and 240 days that were shorter than the gestational age of the 
later birth, as these records were considered to contain administra-
tive errors. From the original sample (n = 267 416), 99.8% were 
included in the primary analysis. In the exploratory analysis of 
infant Medicaid/CHIP coverage, 98.9% of maternal enrollment 
records (n = 264 372) were linked to an infant enrollment record.

Variables
The preconception period was defined as the 12 months prior to the 
month of estimated date of conception (EDC); the prenatal period 
spanned the month of the EDC through the delivery month; and 
the postpartum period was the 12 months following the delivery 
month. Therefore, Medicaid enrollment data were extracted for 
2008-2019 to represent the full observation period for all mothers. 
If the clinical estimate of gestational age was missing (n = 309), last 
menstrual period was used to determine the EDC month.

We used Medicaid enrollment data, which are intended for 
administrative – not research – purposes. As such, enrollees may 
have gaps in enrollment for reasons related to eligibility changes 
or switching plans, not actual disenrollment. We chose to consider 
a duration of 2 months as administrative missingness based on 
guidance of those familiar with the Wisconsin Medicaid enroll-
ment data, both at the Institute for Research on Poverty and the 
Wisconsin Department of Health Services. This definition is more 

Table 2. Medicaid Enrollment Rates Among all Mothers with a Medicaid-Covered Live Birth, by Coverage 
Period, Wisconsin 2009-2018

Period Continuous Coveragea Some Coverage No Coverage
  % (n) % (n) % (n)

Pre-pregnancy, 12 months   
 All births 50.5 (134 970) 16.5 (44 021) 33.1 (88 425)
 First live births 35.2 (52 562) 17.1 (25 573) 47.7 (71 255)

Prenatal   
 All births 97.9 (261 713) n/ab 2.1 (5703)
 First live births 97.4 (145 467) n/ab 2.6 (3923)

Postpartum, 12 months   
 All births 86.1 (230 325) 12.6 (33 669) 1.3 (3422)
 First live births 83.8 (125 211) 14.9 (22 213) 1.3 (1966)

aContinuous coverage allows for up to 2 months of enrollment gaps (or administrative missingness) during 
that period.
bThere is presumptive eligibility for pregnant individuals; as such, we assume continuous coverage through-
out the prenatal period once enrolled.

Table 3. Relative Risk of Postpartum Medicaid Unenrollment Following a Live 
Birth, Adjusted for All Covariates, Wisconsin 2009-2018

Variable Adjusted Relative Risk (95% CI)a

Age Group, years 
 < 19 1.68 (1.62 – 1.74)
 19 – 24 ref
 25 – 34 1.12 (1.10 – 1.15)
 35+ 1.09 (1.04 – 1.13)

Race/ethnicity 
 Non-Hispanic White 1.22 (1.18 – 1.25)
 Non-Hispanic Black ref
 Hispanic 1.09 (1.05 – 1.13)
 Non-Hispanic Asian/Pacific Islander 1.36 (1.29 – 1.43)
 Non-Hispanic Other/multiple/unknown 1.18 (1.13 – 1.25)

Parity 
 First live birth 1.57 (1.54 – 1.61)
 Second or greater birth ref

Marital status 
 Married 1.61 (1.58 – 1.65)
 Unmarried ref

aResults from a log-binomial regression where the dependent variable is any 
postpartum unenrollment (regardless of reenrollment) adjusted for age group, 
race/ethnicity, parity, and marital status, clustered births from same mother 
using general estimating equations. 

conservative than a 1-month gap, enabling better identification 
of true disenrollment in Medicaid during the postpartum period. 
During the 12-month preconception and postpartum periods, 
mothers were categorized as having continuous coverage if there 
were no enrollment gaps longer than 2 months, some coverage 
if unenrolled for 3 or more months, or no coverage if there was 
no enrollment. Because there is presumptive Medicaid eligibility 
during pregnancy if enrolled prior to delivery, we assumed con-
tinuous coverage throughout the prenatal period for the some 



VOLUME 123 • NO 6 437

New Pregnancy- 
Prenatal Coverage 

5.5% (n = 12 754)

No New Pregnancy 
94.5% (n = 217 571) 

Continuously Enrolled 
Postpartum

 86.1% (n = 230 325)

Full Sample
(n = 267 416)

Unenrolled Postpartum                               
13.9% (n = 37 091)

Remain Unenrolled 68.8% 
(n = 25 523)

Re-enrolled Postpartum              
31.2%  (n = 11 568)

New Pregnancy- 
Prenatal Coverage 

12.7% (n =1464)

No New Pregnancy 
87.3% (n = 10 104)

Child Continuously Enrolled 
in Medicaid/CHIP 
50.2% (n = 12 808)

Child Not Continuously 
Enrolled in Medicaid/CHIP 

47.5% (n = 12 126) 

Figure 1. Medicaid Unenrollment During the Postpartum Period Among Mothers With Medicaid-Covered Live Births, Wisconsin 2009-2018

Abbreviations: CHIP, Children’s Health Insurance 
Program

Figure 2. Postpartum Medicaid Unenrollment in Wisconsin by Birth Year, 
2009-2018
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coverage group. We used medical status codes for the Medicaid 
plan to identify coverage for a subsequent pregnancy during the 
postpartum year. 

We considered reasons for mothers’ changes in enrollment dur-
ing the first postpartum year by considering their infants’ enroll-
ment in Medicaid/CHIP. In Wisconsin, infants are automatically 
eligible for CHIP coverage for 12 months following a Medicaid-
covered delivery. An infant not enrolled in Medicaid/CHIP may 
have moved out of state or become covered by a parent’s private 
insurance. We explored infant postpartum unenrollment among 
mothers who unenrolled postpartum as a proxy for a shift from 
Medicaid to private insurance. 

Covariates provided by the birth records included age at 
delivery (<19, 19-24, 25-34, 35+), race/ethnicity (non-Hispanic 
White [hereafter White], non-Hispanic Black [hereafter Black], 
Hispanic, non-Hispanic Asian/Pacific Islander [hereafter Asian/
Pacific Islander], and non-Hispanic Other race [hereafter Other], 
including multiple races), marital status (unmarried, married), 
completed education (no high school, high school, some college), 
and parity (first birth, second or greater birth).

Statistical Analysis
We used descriptive statistics to summarize each covariate and out-
come. Main effects log-binomial regression models were used to 
estimate relative risk of postpartum unenrollment associated with 
maternal demographic characteristics, using generalized estimat-
ing equation to account for correlation between births from the 

same mother. We included parity and demographic characteristics 
as covariates based on known differences in Medicaid eligibility 
for childless adults and prior research.8 We tested the association 
between birth year and postpartum unenrollment using a chi-
square test for trend. All analyses were conducted using SAS soft-
ware, Version 9.4 (SAS Institute Inc, Cary, North Carolina).

RESULTS
Table 1 shows the characteristics of the overall sample 
(N=267 416), those unenrolled postpartum (n=37 091), and 
those continuously enrolled postpartum (n=230 325). On aver-
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age, mothers in the sample were 26 years of age (SD 5.6) at deliv-
ery, 54.6% (n=146 046) were White, 55.9% (n=149 390) were 
primiparous, and 67.5% (n=180625) were unmarried. 

Medicaid Enrollment 
Mothers’ enrollment varied by period (Table 2). During the 12 
months pre-pregnancy, approximately half (50.5%, n = 134 970) 
were continuously enrolled, while a third (33.1%, n = 88 425) 
were never enrolled. Nearly all were enrolled at some time during 
the prenatal period (97.9%, n = 261 713), though some were never 
enrolled (2.1%, n = 5703) and a subset of these were covered for 
delivery services only, with no other coverage in the pre-pregnancy, 
prenatal, or postpartum period (0.8%, n = 2026). Enrollment pat-
terns during the pre-pregnancy period varied by parity. Relative 
to all mothers, first-time mothers had lower continuous coverage 
during the 12 months prior to pregnancy (35%, n = 52 562) and a 
higher fraction (47.7%, n = 71 255) were not enrolled in Medicaid 
at any time during the year prior to conception. Most mothers 
(86.1%, n=230325) were consistently enrolled throughout the 
first postpartum year.

Postpartum Unenrollment 
As shown in Table 1, of the 37091 mothers who unenrolled postpar-
tum, 48.6% (n=18 011) were age 25 to 34; 14.7% (n = 5468) were 
Black, 15.1% (n = 5588) were Hispanic, and 59.0% (n = 21 888) 
were White. Younger age, lower parity, and being married were 
associated with a greater risk of postpartum Medicaid unenroll-
ment in the adjusted, multivariable log-binomial regression model 
(Table 3). Notably, those reporting Black were at the lowest risk, 
while Asian/Pacific Islanders were at a higher risk of unenrollment. 

The postpartum enrollment flow diagram (Figure 1) shows the 
majority of all 267 416 mothers (86.1%, n = 230 325) remained 
enrolled throughout the 12 months. This included a small num-
ber with a new pregnancy (5.5%, n = 12 754) during that year and 
who may have maintained enrollment because of more generous 
pregnancy eligibility. The balance, 13.9% (n = 37 091) unenrolled 
at some point during the postpartum year. A small percentage 
(1.3%, n = 3422) lost enrollment immediately following delivery. 
The peak of unenrollment occurred in month 3, when 34.2% 
of unenrollment occurred, likely reflecting Medicaid loss follow-
ing the change in eligibility occurring 60 days postpartum. By 
the fourth postpartum month, more than half (54.3%) were no 
longer enrolled. Some (31.2%, n = 11568) re-enrolled before the 
end of the postpartum period, but a majority (68.8% , n = 25 523) 
remained unenrolled. A small percentage (12.7%, n = 1464) 
regained enrollment with subsequent pregnancy. On average, 
mothers who re-enrolled experienced a gap in Medicaid coverage 
of 5.3 months during the postpartum period. 

Most of the 264 372 infants (89.9%, n = 237 575) were con-
tinuously enrolled in Medicaid/CHIP for the first year; only a 
small minority (1.94%, n = 5127) were never enrolled. Among all 

mothers who remained unenrolled during the postpartum period, 
50.2% (n = 12 808) of their children were enrolled in Medicaid/
CHIP through the first year of life and, therefore, had not been 
picked up by parental private insurance (Figure 1), suggesting that 
half of the women who remained unenrolled after losing Medicaid 
coverage were likely uninsured. 

Postpartum enrollment patterns changed during the study 
period. As shown in Figure 2, the percentage of mothers who 
lost enrollment postpartum increased significantly from 11.0% 
in 2009 to 16.0% in 2018 (P < .001). Notable changes were an 
absolute increase of 4.5% between 2011 and 2014 and another 
increase of 1.0% between 2015 and 2017.

DISCUSSION
Using linked administrative data for 2009-2018, we described 
patterns of Wisconsin Medicaid enrollment during the precon-
ception, prenatal, and postpartum periods. We identified sig-
nificant enrollment gaps before and after pregnancy that may 
limit access to recommended health care during these critical 
periods. Our detailed analysis of postpartum enrollment found 
nearly 14% of mothers delivering a live birth were unenrolled in 
Medicaid during the first postpartum year. The peak of unen-
rollment occurred in month 3, when 34.2% of unenrollment 
occurred, likely reflecting Medicaid loss following the 60-day 
postpartum threshold.

Our estimates of insurance coverage gaps are consistent with 
studies using data from PRAMS.11 While our observed rates 
of postpartum Medicaid insurance loss are lower than pooled 
national rates, they do closely mirror those of a state-level analysis 
of PRAMS that found a larger proportion of Wisconsin mothers 
reported having maintained postpartum coverage than the aver-
age across the 43 US states included in the study.10 Based on self-
reported coverage during 2015-2018, postpartum unenrollment 
rates in Wisconsin were among the lowest in the US, potentially 
explained by the state’s more generous income limits. However, 
in contrast to improvements in postpartum coverage seen across 
Medicaid expansion states, the trend over this study period sug-
gests postpartum coverage loss became more common following 
the state’s 2014 changes in eligibility policies, which lowered adult 
coverage from 200% to 100% FPL.21

Our findings suggest that postpartum Medicaid loss was more 
likely following first births and among mothers who were younger 
or married and least common among those who identified as 
Black. Higher rates of Medicaid loss among younger and new 
mothers may result from inexperience navigating the benefit sys-
tem. Additionally, mothers with prior live births likely have larger 
households, impacting FPL calculations and the possibility of 
Medicaid coverage. Married mothers may be more likely to move 
to spousal private insurance following delivery. Unenrollment 
among married mothers may represent a transition to spousal pri-
vate insurance following delivery, rather than insurance loss. The 
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individual demographic factors (eg, race/ethnicity) we found asso-
ciated with postpartum unenrollment differ somewhat from some 
prior research.10,11 Wisconsin ranks 49th in Black-White income 
disparities, with 39% of Black Wisconsinites living in poverty 
in 2015.24 Therefore, it is possible that Black mothers are more 
likely to maintain postpartum eligibility than non-Black mothers 
because they continue to meet the income-based eligibility criteria.

There are important limitations to this study. We accounted 
for 2-month administrative gaps to avoid overestimating precon-
ception and postpartum Medicaid loss. However, it is possible 
our conservative measures excluded real 1- to 2-month coverage 
gaps in some cases for the approximately 3% of mothers with this 
level of missingness. Our definition of unenrollment also includes 
mothers who were not fully enrolled during the study period; 
however, as we were interested in examining postpartum coverage 
for all mothers with a Medicaid-covered delivery, we consider this 
small subset to be unenrolled postpartum for our purposes.

For both mothers and infants, lack of postpartum enrollment 
may reflect movement out of state, acquisition of private insur-
ance coverage, or other missingness. Our estimates of postpar-
tum Medicaid unenrollment likely overestimate the percentage of 
mothers without postpartum health insurance. We attempted to 
address this limitation by using infant enrollment data to estimate 
the fraction of mothers who were uninsured. However, our proxy 
for mother’s uninsurance may be inaccurate, as mothers may 
choose to keep their infant on Medicaid for reasons including the 
comprehensiveness of Medicaid coverage, the window for newborn 
enrollment in commercial insurance, the disruption of switching 
insurance, and, perhaps most importantly, that Medicaid is free 
or very low cost for infants. Despite this limitation, our rate of 
maternal postpartum uninsurance is lower than other sources of 
self-reported uninsurance for Wisconsin new mothers, suggesting 
our estimate is not inflated.25 

There are also important strengths. The unique level of granu-
larity and data permits learning opportunities for Wisconsin and 
other states. Enrollment files permit observation of relevant enroll-
ment patterns that are relevant to the state’s recent Section 1115 
Waiver. By using birth records and enrollment files, we have the 
full population – not a weighted sample – and are able to confirm 
deliveries were paid for by Medicaid. This also ensures that we are 
not considering limited coverage plans that women may report 
as comprehensive health insurance in some survey studies. Unlike 
cross-sectional studies, we can identify the timing of unenrollment 
and reenrollment during the postpartum period and reenrollment 
through a subsequent pregnancy.

Policy Implications
Pregnancy is a time when important short- and long-term health 
risks may be identified, creating opportunities for prevention. 
Without consistent access to health care, these opportunities for 
prevention are lost, and needed health care will be provided in 

expensive acute care settings, which are ill-equipped for follow-
up care. 

Currently, federal and state policy attention is focused on 
postpartum Medicaid expansion. Medicaid faced a federal main-
tenance of eligibility requirement, prohibiting programs from dis-
enrolling Medicaid recipients during the COVID-19 crisis, effec-
tively expanding Medicaid to postpartum individuals. To improve 
maternal and infant outcomes, as well as reduce racial disparities, 
the American Rescue Plan Act offered states the opportunity to 
expand Medicaid coverage through 12 months postpartum. As of 
January 2023, over half of states have implemented extensions, 
and Wisconsin has requested approval to increase coverage from 
60 to 90 days postpartum.16 

CONCLUSIONS
While 34% of the postpartum Medicaid loss we observed occurred 
between 60 and 90 days, the proposed Section 1115 Waiver 
would, in most cases, add only 1 additional month of coverage. 
A full 12-month postpartum Medicaid extension would support 
postpartum health by enabling greater continuity and quality of 
care over this critical period.

Funding/Support: This work was supported in part by a grant to Ehrenthal 
from the Eunice Kennedy Shriver National Institutes for Child Health and 
Human Development  NIH R01 #HD102125-01). 

Financial Disclosures: None declared.

Acknowledgements: Data were provided by the Wisconsin Department of 
Health Services. The content is solely the responsibility of the authors and 
does not necessarily represent the official views of supporting agencies. 
Additionally, supporting agencies do not certify the accuracy of the analyses 
presented. Portions of this work were presented virtually at the CityMatCH 
Leadership and MCH Epidemiology Conference December, 2021.

REFERENCES
1. Johnson K, Rosenbaum S, Handley M. The next steps to advance maternal and child 
health in Medicaid: filling gaps in postpartum coverage and newborn enrollment. Health 
Affairs Blog. January 9, 2020. Accessed June 23, 2023. https://www.healthaffairs.org/
content/forefront/next-steps-advance-maternal-and-child-health-medicaid-filling-gaps-
postpartum-coverage 
2. Raghuraman N, Tuuli MG. Preconception care as an opportunity to optimize 
pregnancy outcomes. JAMA. 2021;326(1):79-80. doi:10.1001/jama.2020.27244 
3. Tully KP, Stuebe AM, Verbiest SB. The fourth trimester: a critical transition period 
with unmet maternal health needs. Am J Obstet Gynecol. 2017;217(1):37-41. doi:10.1016/j.
ajog.2017.03.032 
4. D'Alton ME, Friedman AM, Bernstein PS, et al. Putting the "M" back in maternal-fetal 
medicine: a 5-year report card on a collaborative effort to address maternal morbidity 
and mortality in the United States. Am J Obstet Gynecol. 2019;221(4):311-317.e1. 
doi:10.1016/j.ajog.2019.02.055 
5. Moaddab A, Dildy GA, Brown HL, et al. Health care disparity and pregnancy-related 
mortality in the United States, 2005-2014. Obstet Gynecol. 2018;131(4):707-712. 
doi:10.1097/AOG.0000000000002534 
6. Births financed by Medicaid. Kaiser Family Foundation. Updated 2024. Accessed 
June 23, 2023. https://www.kff.org/8140f64/   
7. Brooks T, Gardner A, Tolbert J, Dolan R, Pham O. Medicaid and CHIP eligibility and 
enrollment policies as of January 2021: findings from a 50-state survey. Kaiser Family 
Foundation; March 8, 2021. Accessed June 23, 2023. https://www.kff.org/report-section/



WMJ  •  2024440

medicaid-and-chip-eligibility-and-enrollment-policies-as-of-january-2021-findings-from-
a-50-state-survey-report/ 

8. Daw JR, Hatfield LA, Swartz K, Sommers BD. Women in the United States experience 
high rates of coverage 'churn' in months before and after childbirth. Health Aff 
(Millwood). 2017;36(4):598-606. doi:10.1377/hlthaff.2016.1241 

9. Daw JR, Sommers BD. The Affordable Care Act and access to care for reproductive-
aged and pregnant women in the United States, 2010-2016. Am J Public Health. 
2019;109(4):565-571. doi:10.2105/AJPH.2018.304928 

10. Daw JR, Kozhimannil KB, Admon LK. Factors associated with postpartum 
uninsurance among Medicaid-paid births. JAMA Health Forum. 2021;2(6):e211054. 
doi:10.1001/jamahealthforum.2021.1054

11. Johnston EM, McMorrow S, Alvarez Caraveo C, Dubay L. Post-ACA, more than one-
third of women with prenatal Medicaid remained uninsured before or after pregnancy. 
Health Aff (Millwood). 2021;40(4):571-578. doi:10.1377/hlthaff.2020.01678

12. Gordon SH, Sommers BD, Wilson IB, Trivedi AN. Effects of Medicaid expansion on 
postpartum coverage and outpatient utilization. Health Aff (Millwood). 2020;39(1):77-84. 
doi:10.1377/hlthaff.2019.00547 

13. McMorrow S, Dubay L, Kenney GM, Johnston EM, Caraveo CA. Uninsured new 
mothers’ health and health care challenges highlight the benefits of increasing 
postpartum Medicaid coverage. Urban Institute. May 2020. Accessed June 23, 2023. 
https://www.urban.org/sites/default/files/publication/102296/uninsured-new-mothers-
health-and-health-care-challenges-highlight-the-benefits-of-increasing-postpartum-
medicaid-coverage_0.pdf 

14. Eckert E. It’s past time to provide continuous Medicaid coverage for one year 
postpartum. Health Affairs Blog. February, 6 2020. Accessed date?. https://www.
healthaffairs.org/content/forefront/s-past-time-provide-continuous-medicaid-coverage-
one-year-postpartum  

15. American Rescue Plan Act of 2021. H.R. 1319, 117th Cong (2021-2022). Accessed 
June 23, 2023. https://www.congress.gov/bill/117th-congress/house-bill/1319/text#toc-
HD0A062309C1143928EF82EC5845217C3/ 

16. Medicaid postpartum coverage extension tracker. Kaiser Family Foundation. 
Updated August 1, 2024. Accessed June 22, 2023. https://www.kff.org/medicaid/issue-
brief/medicaid-postpartum-coverage-extension-tracker/ 

17. Matthews TJ, Ely DM, Driscoll AK. State variations in infant mortality by race and 
Hispanic origin of mother, 2013-2015. NCHS Data Brief. 2018;(295):1-8. https://www.cdc.
gov/nchs/data/databriefs/db295.pdf 

18. Maternal mortality and morbidity. Wisconsin Department of Health Services. 
Updated October 3, 2024. Accessed June 23, 2023. https://www.dhs.wisconsin.gov/
mch/maternal-mortality-and-morbidity.htm 

19. Haley JM, Johnston EM, Hill I, Kenney GM, Thomas TW. The public health insurance 
landscape for pregnant and postpartum women: state and federal policies in 2020. 
Urban Institute. January 29, 2021. Accessed June 23, 2023. https://www.urban.
org/sites/default/files/publication/103561/the-public-health-insurance-landscape-for-
pregnant-and-postpartum-women_0.pdf   

20. Garfield R, Damico, A. The coverage gap: uninsured poor adults in states that do 
not expand Medicaid – an update. Henry J. Kaiser Family Foundation. October 2017. 
Accessed June 23, 2023. http://resource.nlm.nih.gov/101717244  

21. Gates, A, Rudowitz, R. Wisconsin’s BadgerCare program and the ACA. Kaiser 
Commission on Medicaid and the Uninsured. February 25, 2014. Accessed June, 23, 
2023. https://www.kff.org/medicaid/fact-sheet/wisconsins-badgercare-program-and-the-
aca/ 

22. BadgerCare Plus eligibility handbook. Wisconsin Department of Health Services. 
Release 21-02. August 30, 2021. Accessed June 23, 2023. https://www.dhs.wisconsin.
gov/publications/p10171-21-02.pdf 

23. Mallinson DC, Grodsky E, Ehrenthal DB. Gestational age, kindergarten-level literacy, 
and effect modification by maternal socio-economic and demographic factors. Paediatr 
Perinat Epidemiol. 2019;33(6):467-479. doi:10.1111/ppe.12588

24. Jones M. Significant changes in Wisconsin poverty: comparisons of the Census 
Bureau’s American Community Survey 2010-2014 and 2005-2009 5-year estimates. 
Applied Population Lab, University of Wisconsin-Madison. December 9, 2015. Accessed 
June 23, 2023. https://apl.wisc.edu/data-briefs/acs-poverty-15   

25. McMorrow S, Kenney G. Despite progress under the ACA, many new mothers lack 
insurance coverage. Health Affairs Blog. September 19, 2018. Accessed June 23, 2023. 
https://www.healthaffairs.org/content/forefront/despite-progress-under-aca-many-new-
mothers-lack-insurance-coverage



VOLUME 123 • NO 6 441

•  •  • 
Author Affiliations: Medical College of Wisconsin, Milwaukee, Wisconsin 
(Sarawagi, Vang, Yan, Gecsi); Marquette University, Milwaukee, Wisconsin 
(Piacentine, Jerofke-Owen, Paquette, Lodh); Virginia Commonwealth 
University, Richmond, Virginia (Chelimsky); University of Wisconsin – 
Milwaukee, Milwaukee, Wisconsin (Galambos); Sojourner Family Peace 
Center – Milwaukee, Wisconsin (Schubert).

Corresponding Authors: Ankita Sarawagi, MD, Medical College of Wisconsin, 
Milwaukee, WI; email asarawagi@mcw.edu; Nilanjan Lodh, PhD, Department 
of Medical Laboratory Science, 560 N 16th St, Schroeder Complex 274, 
Milwaukee, WI 53201; phone 414.288.3404; email nilanjan.lodh@marquette.
edu; ORCID ID 0000-0002-0363-3538

ORIGINAL RESEARCH

INTRODUCTION
Intimate partner violence (IPV) was a 
serious public health and human rights 
issue in the United States even before the 
COVID-19 pandemic, with 1 in 3 women 
experiencing IPV in their lifetime.1 IPV is 
described as physical, sexual, or emotion-
ally abusive acts or threats carried out by 
an intimate partner, including current 
and past partners of the same or opposite 
sex.2,3 Certain aspects of the COVID-19 
pandemic, such as shelter-in-place orders, 
increased unemployment rates, and school 
closures, have led to increased IPV rates of 
up to 40%, leading to the portrayal of IPV 
as the shadow pandemic.2-4 Some risk fac-
tors associated with higher rates of abuse 
include young age (< 25 years old), single 
relationship status, minority race and 
ethnicity, and poverty defined as annual 
household income <$25 000.5,6 While 
IPV can be present at any point during 
an individual’s life, research during the 
perinatal period is particularly important 
due to an increase in the prevalence of IPV 

during this time, as well as IPV’s negative impact on pregnancy 
outcomes, which may have long-term physical and mental health 
implications for both infants and postpartum women.4,7,8

Previous research indicates that 3% to 9% of women expe-
rience abuse during pregnancy. Also, approximately 1.5 million 
women experience some sort of assault every year in the US, and 
approximately 324 000 are pregnant at the time.2,8,9 Unintended 
pregnancies carry an increased prevalence of abuse compared to 
intended pregnancies.9 However, these statistics are considered 
underestimates due to unreported, missed, or unmeasured cases.8,9 

ABSTRACT
Introduction: Intimate partner violence (IPV) is a serious public health and human rights issue 
affecting at least 324 000 pregnant women annually. It also occurs at any age, with 1 in 3 
women experiencing IPV in their lifetime. Abuse during pregnancy leads to direct and indirect 
harm to both the mother and child. It also is associated with increased rates of depression, 
posttraumatic stress disorder, placental abruption, uterine rupture, and hemorrhage. Due to 
the possibility of such morbidity, it is vital to identify women at risk of abuse and act as early 
as possible. 

Objective/Methods: The objective of this study was to evaluate the current IPV screening prac-
tices at Froedtert & Medical College of Wisconsin’s obstetrics and gynecology (OB/GYN) clinic 
before and after the implementation of a standardized screening protocol for IPV using the 
Humiliation, Afraid, Rape, Kick (HARK) tool. Data were collected via a retrospective chart review 
during April-September 2019-2021, with the tool going into effect in 2020. 

Results: A continuously increasing number of screens occurred in 2020 and 2021 after screening 
standardization. While more screenings were conducted, overall positive screening rates were 
lower in 2021 compared to 2019 and 2020 (P = 0.0008 and P = 0.0004, respectively). In addition, 
there were significantly fewer positive screens for patients who were married or those with sig-
nificant others compared to those who were single or legally separated, divorced, and widowed 
(P = 0.0001). 

Conclusions: There was no significant difference in the positive screening rate between 2019 
and 2020, but with more screenings performed in 2020, additional positive screens were picked 
up that otherwise may have been missed before using the standardized protocol. Overall, the 
implementation of a standardized screening protocol using the HARK tool increased screenings 
in the OB/GYN clinic, which can be replicated in other health care settings.
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IPV victims – especially those who are pregnant – are often 
reluctant to report their experience due to stigma, fear of losing 
custody of their children, fear of retaliation from their abusive 
partner, distrust of the medical and criminal legal fields, economic 
dependence on the abuser, and so forth.10 Few victims (34%) ever 
seek medical care for IPV-related issues, and even fewer disclose 
the cause of their injury or condition once accessing care.11 

Experiencing abuse during pregnancy leads to direct and indi-
rect harm to both the mother and child. Women abused during 
pregnancy are more likely to miss prenatal appointments or delay 
seeking care, often waiting until the third trimester. These women 
are also at higher risk for poor nutrition associated with inadequate 
gestational weight gain and participation in high-risk behaviors, 
including smoking, alcohol, and substance use. All of these behav-
iors directly impact both short-term and long-term fetal and neo-
natal health outcomes. IPV exposure during the perinatal period 
may be related to increased maternal rates of depression and post-
traumatic stress disorder, as well as pregnancy-associated deaths 
from homicide and suicide.12,13 In 1 study, pregnant women hos-
pitalized after an assault demonstrated increased risks of placental 
abruption, uterine rupture, and hemorrhage.3,14 Studies also have 
shown that IPV is associated with an increased risk of preterm 
birth and low birth weight at the time of delivery.2,14,15 

In addition to increased risks of poor health outcomes for preg-
nant women and the fetus, research found that IPV was experi-
enced by 28% of female subjects of all ages seen in primary care 
settings, prompting the researchers to suggest that routine IPV 
screening practices be adopted in clinics that include women of all 
ages and throughout the lifespan.1,16

Because of its grave consequences, women during their preg-
nancy who are experiencing IPV need to be identified and 
approached about the issue as early as possible. Several screen-
ing tools already exist to identify IPV, including the following: 
Abuse Assessment Screen; Partner Violence Screen; Woman Abuse 
Screening Tools; Hurt, Insult, Threaten, Scream; and Humiliation, 
Afraid, Rape, Kick (HARK) tools.17,18 These tools provide a stan-
dardized framework to screen patients at risk of IPV, and all are 
most effective when used consistently and longitudinally at least 
once each trimester and in the postpartum period.8 Moreover, 
universal screening for IPV is recommended in health care set-
tings when screening can be conducted privately, safely, and com-
fortably, although there is no consensus on the optimal screening 
setting or method.19 In addition, universal screening is not the 
standard practice in health care settings. However, prior stud-
ies demonstrate higher screening rates during pregnancy among 
women of color, those without a high school degree, those who 
have never been married, those who receive Women, Infants, and 
Children (WIC) benefits, and those who are publicly insured.15 
While these populations may be at higher risk of IPV, all women 
should be screened due to the pervasive risk of IPV across the 
general population.9 The results of a chart review study of routine 

screening for IPV in obstetrics and gynecology (OB/GYN) clinics 
led to the recommendation that there is a need for IPV screening 
with all women patients receiving obstetrics and gynecology care.20 

This study sought to evaluate current IPV screening practices 
at Froedtert & Medical College of Wisconsin’s OB/GYN clinic by 
comparing overall screening and positive screens before and during 
the COVID-19 pandemic, as well as before and after the imple-
mentation of the HARK screening tool,17 which was implemented 
as part of clinical care in November 2020 and standardized by 
2021. Before implementation of the HARK screening tool, there 
was no standardized method of screening for IPV, and the method 
and timing of screening were left to each clinician’s discretion. The 
EHR tool was implemented as a standardized process in which 
MAs routinely performed the IPV screening at this clinic for all 
pregnant patients during the new patient intake process, which 
was completed via telephone before the first prenatal visit.

Research questions for this study were: (1) How did over-
all screening of positive cases compare before and during the 
COVID-19 pandemic?; (2) How did general IPV and positive 
screen numbers compare before and after the implementation 
of the standardized protocol using the HARK tool in Epic?; (3) 
What are the demographic, ethnicity, and relationship differences 
in patients screening positive for IPV in an obstetrics clinic?; and 
(4) Do screening results change with screening on each subsequent 
visit? We hypothesized that general screening and positive screen 
numbers would increase after the implementation of a standard-
ized protocol using the HARK tool and during the COVID-19 
pandemic.

MATERIALS AND METHODS
Data Source
This study is a retrospective secondary data analysis.  The use of 
clinical data was approved by the Institutional Review Board of 
the Medical College of Wisconsin (PRO00041036). The clinical 
data were accessed through the Clinical and Translational Science 
Institute of Southwest Wisconsin (CTSI)’s Clinical Research Data 
Warehouse. Using the Informatics for Integrating Biology and the 
Bedside (i2b2) Cohort Discovery Tool and the Honest Broker 
Data Extraction Tool, queries were created to access deidentified 
patient data. The data were downloaded from Epic (Epic Systems 
Corporation – an EHR software utilized by the Froedtert and 
Medical College of Wisconsin health system. 

All downloaded patient data were sorted according to those 
who screened positive or negative for IPV, patients who refused to 
answer the screening questions, and those who were not screened. 
All patients who received IPV screening at the clinic over the 3 
years mentioned were assigned a unique patient ID number and 
different visit ID numbers (multiple IDs for multiple screenings), 
and the corresponding data were uploaded into the REDCap 
database. 

Three sets of data were collected: (1) April through September 
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2019 for data before the COVID-19 pan-
demic and prior to implementation of the 
HARK tool, (2) April through September 
2020 for data during the peak of the pan-
demic and implementation and use of 
the HARK tool, and (3) April through 
September 2021 for data later in pandemic 
and after standardization of the HARK 
tool. These three 6-month periods were 
chosen to ensure manageability and with 
April as the starting month as it was during 
in the region’s 2020 pandemic lockdown 
period. 

The HARK tool has 4 yes/no close-
ended questions specific to “humiliation,” 
“afraid,” “rape,” and “kick” and refers to 
possible abuse within the past year. If a patient answered “yes” to 
any of the 4 questions, the screen was positive.

Data Analysis
Once the data were grouped into their corresponding date ranges, 
summary statistics were generated for each set. These included fre-
quency and percentage for categorical data, including gender, race, 
and ethnicity and median and interquartile range for continuous 
variables. Continuous variables were compared using the Kruskal-
Wallis test and Mann-Whitney test. Categorical variables were 
compared with chi-square and Fisher exact tests. Multivariable 
analysis was completed with a logistic regression model to see 
which variables were associated with positive screen results. We 
included only variables that showed significant results in the uni-
variable analysis in the multivariable model. Statistical software 
SAS 9.4 (SAS Institute) was used for all the analyses, and a P value 
< 0.05 was considered statistically significant.

RESULTS
Demographics 
A total of 1267 patients were screened during the study period. 
The median age was 31.5 years (range 17.6 – 85.2). Over half 
(734; 57.9%) of the patients were White, 371 (29.3%) were 
Black, 104 (8.2%) were Hispanic, and 162 (12.8%) were “other” 
races. The majority of patients (58.5%) were married or had a 
significant other. There were significantly more Hispanic patients 
screened in 2021 compared to 2020 (P = 0.046) (Table 1). There 
were fewer Hispanic patients in 2019, but the difference was not 
statistically significant. There was also a significant difference in 
marital status: more patients were married or had significant oth-
ers and fewer patients were legally separated, divorced, or wid-
owed in 2021 compared to 2019 and 2020 (P < 0.0001) (Table 1). 
There was no significant difference in the marital status of patients 
between 2019 and 2020.

Table 1. Demographic Characteristics Compared by Yeara   

  2019 (N = 59) 2020 (N = 418) 2021 (N = 790) P value

Age (mean and age range) 31.3 (26.2 – 44.0) 33.6 (28.9 – 42.2) 30.8 (26.4 – 34.5) < 0.0001

Race    0.11
 White 38 (64.4) 261 (62.4) 435 (55.1) 
 Black 16 (27.1) 110 (26.3) 245 (31.0) 
 Other   5 (8.5)   47 (11.2) 110 (13.9) 

Ethnicityb    0.049
 Hispanic or Latino   2 (3.4)   26 (6.3)   76 (9.6) 
 Not Hispanic or Latino 57 (96.6) 390 (93.7) 714 (90.4) 

Relationship statusb    < 0.0001
 Married/significant other 26 (44.8) 226 (54.1) 489 (61.9) 
 Legally separated/divorced/widowed   6 (10.3)   28 (6.7)   12 (1.5) 
 Single 26 (44.8) 164 (39.2) 289 (36.6) 

aData presented are frequency (%) for categorical variables and median (IQR) for continuous variables.
bVariables with missing values.

Table 2. Intimate Partner Violence (IPV) Positive and Negative  Screen Results 
Compared by Year

 2019 (N = 59) 2020 (N = 418) 2021 (N = 790) P value

IPV screen results    < 0.0001

    Positive   6 (10.2)   21 (5.0)   12 (1.5) 

    Negative 53 (89.8) 397 (95.0) 778 (98.5) 

Data presented are frequency (%).

IPV Screens
The number of overall screenings increased in 2020 (n = 418) and 
2021 (n = 790), with standardized screening significantly higher 
compared to 2019 (59) when screenings were performed at the 
clinician’s discretion (Table 2). Over the 3-year study period, a 
total of 39 patients (3.1%) screened positive, defined as answer-
ing yes to 1 or more of the 4 HARK questions. There were only a 
handful of patients who were screened more than once during the 
study periods, and there was no change in screening results with 
subsequent screening for any of those patients. For these patients, 
information from their first IPV screen was used in the analyses. 

Results of the IPV screen compared by year showed that posi-
tive screens were significantly lower in 2021 compared to 2019 
(P = 0.0008) and 2020 (P = 0.0004) (Table 2). There was no sig-
nificant difference in IPV screening results between 2019 and 
2020. The only significant demographic variable associated with 
a positive IPV screening result was marital status. The screen-
positive group had more single, legally separated, divorced, or 
widowed patients (P < 0.0001) (Table 3). Although screening was 
completed in less than half of the Black patients compared to 
White patient, the total number of positive screens was higher 
among Black patients (Table 3). In a multivariable analysis that 
included both year and marital status in a logistic regression 
model, both factors were significant predictors for IPV results 
(P = 0.0015 and P < 0.0001 respectively, Table 4). 
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DISCUSSION
Several findings emerged from this study related to patient screen-
ing for IPV. The primary question in our study compared screen-
ing practices and positive screen rates with and without a standard-
ized screening protocol. Before standardization, IPV screening was 
completed when there was suspicion of IPV and at the discretion 
of the clinician. Our findings support the idea that the use of a 
standardized screening protocol and an EHR screening tool drasti-
cally increases the number of patients screened, as the total number 
of patients screened increased immediately after implementation 
of the standardized screening process. And although the positive 
screen percentage was lower in 2020 than in 2019, a higher total 
number of positive screens occurred in 2020 (n = 21) versus 2019 
(n = 6). Those are the patients who likely would have been missed 
without this universal screening policy. Given these results, screen-
ing based on risk factors only would miss patients who otherwise 
would not be screened but may still be victims of IPV. 
 In addition to increasing screening rates in the clinic, this study 
also showed that there was a significantly lower number of posi-
tive IPV screens in patients who were married or had significant 
others. This is consistent with prior studies that found married 
women experience less IPV than unmarried women living with 
significant others.21,22 Our study also showed that separated and 
single women were more often victims of IPV. 

Furthermore, it is possible that the COVID-19 pandemic had 
important effects on this study’s findings. The increase in positive 
screens in 2020, compared to both 2019 and 2021, occurred dur-
ing the time of peak lockdowns and shelter-in-place regulations, 
which have been suggested to increase rates of IPV (Table 2).

Limitations
A key limitation to this study was that the exact timing of when 

the standardized protocol using the HARK tool went into effect 
was unknown. Hence, we were unable to compare screening 
results before and directly after the intervention. Furthermore, the 
clinic could not provide data on the total number of new, unique 
patients within each time frame, and their screening circumstances, 
such as privacy issues, limited us from calculating the clinic’s gen-
eral screening rates. Also, the standardized IPV screening protocol 
that was used by Froedtert & Medical College of Wisconsin’s OB/
GYN clinic and evaluated in this study only included pregnant 
patients, but the data picked up all patients who were screened, 
including those who were not pregnant at the time. The screening 
procedures themselves are limited by the stigmatization of IPV and 
the method of inquiry. The change from an in-person suspicion-
driven inquiry to phone screening upon intake likely added to 
significant underreporting. Finally, the data analyzed were from a 
single medical clinic and may not represent an overall trend, but 
our findings align with previous findings discussed above. 

Future Directions
In the future, a study may be conducted to evaluate the results 
with longitudinal or repeat screenings carried out with a standard-
ized protocol. COVID-19 might have influenced the outcome of 
the positive screening. The results can be evaluated, and the study 
can be replicated post-COVID when the impact of the pandemic 
is less salient. While this is an important first step, the treatment of 
IPV with the creation of a network of support systems, including 
health care workers and social workers, is of utmost importance. 
Going forward, researchers should also study the resources and 
tools available to those who are victims of IPV, identify which are 
most effective in preventing further violence or abuse, and ensure 
that staff and clinicians in health care settings are aware of these 
resources so that they may provide them to patients who screen 
positive.

CONCLUSIONS
IPV is a serious health crisis that deserves attention from health 
care providers. Our findings show promising results – that a stan-
dardized screening protocol using 4 brief questions is effective in 
efficiently screening more patients and identifying cases of abuse 

Table 3. Intimate Partner Violence (IPV) Screen Results Were Compared by 
Demographic Variables 

  IPV Screen Positive IPV Screen Negative P value
  (N=39) (N=1228) 

Race   0.052
 White 16 (41.0)   718 (58.5) 
 Black 18 (46.2)   353 (28.7) 
    Other   5 (12.8)   157 (12.8) 

Ethnicity   > 0.99
    Hispanic or Latino   3 (7.7)   101 (8.2) 
    Not Hispanic or Latino 36 (92.3) 1125 (91.8) 

Relationship status   < 0.0001
    Married/significant other   5 (12.8)   736 (60.0) 
 Legally separated/   5 (12.8)     41 (3.3)
 divorced/widowed 
    Single 29 (74.4)   450 (36.7) 

Age 30.73 31.53 
  (26.22 – 39.32) (27.30 – 36.14) 

Data presented are frequency (%) and median (interquartile range).

Table 4. Multivariable Analysis of Positive Intimate Partner Violence (IPV) Screen 
Results

Patient Factor Odds Ratio (95% CI) P value

Year
    2019 5.66 (1.97 – 16.25) 0.0013
 2020 2.96 (1.42 – 6.19) 0.0038
 2021 Reference 

Relationship Status
 Single 8.89 (3.41 – 23.21) < 0.0001
 Legally separated/divorced/widowed 11.56 (3.14 – 42.55) 0.0002
 Married/significant other Reference
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that otherwise may be missed if screening is based only on risk 
factors. This study demonstrates that the IPV screening protocol 
at this clinic increased the overall screening in an OB/GYN clinic, 
which can be replicated in other clinics or health care settings. 
In addition to recognizing those patients who screened positive 
for abuse, the data additionally showed the important effect of 
marital status as well as the COVID-19 pandemic on IPV, which 
could help focus future studies or interventions. Detecting abuse 
is not enough; guidance and resources should be provided by 
well-trained and supported clinicians or IPV advocates to end the 
abuse and hopefully prevent it in the future.

Funding/Support: The Advancing a Healthier Wisconsin Endowment at the 
Medical College of Wisconsin (#5510270), the Clinical Translational Science 
Institute (CTSI) of Southeastern Wisconsin supported the research project.

Financial Disclosures: None declared. 

REFERENCES
1. Smith SG, Zhang Z, Basile KC, et al. The National Intimate Partner and Sexual 
Violence Survey: 2015 data brief-updated release. National Center for Injury Prevention 
and Control, November 2018. Accessed September 15, 2023. https://www.nsvrc.org/
sites/default/files/2021-04/2015data-brief508.pdf 

2. Haag HL, Toccalino D, Estrella MJ, Moore A, Colantonio A. The shadow pandemic: 
a qualitative exploration of the impacts of COVID-19 on service providers and women 
survivors of intimate partner violence and brain injury. J Head Trauma Rehabil. 
2022;37(1):43-52. doi:10.1097/HTR.0000000000000751

3. Wyckoff KG, Narasimhan S, Stephenson K, Zeidan AJ, Smith RN, Evans DP. “COVID 
gave him an opportunity to tighten the reins around my throat”: perceptions of COVID-
19 movement restrictions among survivors of intimate partner violence. BMC Public 
Health. 2023;23(1):199. doi:10.1186/s12889-023-15137-5

4. Johnson L. Exploring factors associated with pregnant women's experiences of 
material hardship during COVID-19: a cross-sectional Qualtrics survey in the United 
States. BMC Pregnancy Childbirth. 2021;21(1):755. doi:10.1186/s12884-021-04234-1

5. Intimate partner violence during pregnancy information sheet. World Health 
Organization. 2011. Accessed September 15, 2023. https://www.who.int/publications/i/
item/WHO-RHR-11.35 

6. Alhusen JL, Ray E, Sharps P, Bullock L. Intimate partner violence during pregnancy: 
maternal and neonatal outcomes. J Womens Health (Larchmt). 2015;24(1):100-106. 
doi:10.1089/jwh.2014.4872

7. Kofman YB, Garfin DR. Home is not always a haven: the domestic violence crisis 
amid the COVID-19 pandemic. Psychol Trauma. 2020;12(S1):S199-S201. doi:10.1037/
tra0000866

8. Thayer ZM, Gildner TE. COVID-19-related financial stress associated with higher 
likelihood of depression among pregnant women living in the United States. Am J Hum 
Biol. 2021;33(3):e23508. doi:10.1002/ajhb.23508

9. Deshpande NA, Lewis-O'Connor A. Screening for intimate partner violence during 
pregnancy. Rev Obstet Gynecol. 2013;6(3-4):141-148. doi:10.3909/riog0226

10. Felson RB, Messner SF, Hoskin AW, Deane G. Reasons for reporting and 
not reporting domestic violence to the police. Criminology. 2002;40(3):617-648. 
doi:10.1111/j.1745-9125.2002.tb00968.x

11. Truman JL, Morgan RE. Nonfatal domestic violence, 2003-2012. US Department of 
Justice, Bureau of Justice Statistics. April 2014. Accessed September 15, 2023. https://
bjs.ojp.gov/content/pub/pdf/ndv0312.pdf 

12. Campbell J, Matoff-Stepp S, Velez ML, Cox HH, Laughon K. Pregnancy-associated 
deaths from homicide, suicide, and drug overdose: review of research and the 
intersection with intimate partner violence. J Womens Health (Larchmt). 2021;30(2):236-
244. doi:10.1089/jwh.2020.8875

13. Paulson JL. Intimate partner violence and perinatal post-traumatic stress and 
depression symptoms: a systematic review of findings in longitudinal studies. Trauma 
Violence Abuse. 2022;23(3):733-747. doi:10.1177/1524838020976098

14. Doi S, Fujiwara T, Isumi A. Development of the intimate partner violence 
during pregnancy instrument (IPVPI). Front Public Health. 2019;7:43. doi:10.3389/
fpubh.2019.00043

15. Vest JR, Catlin TK, Chen JJ, Brownson RC. Multistate analysis of factors associated 
with intimate partner violence. Am J Prev Med. 2002;22(3):156-164. doi:10.1016/s0749-
3797(01)00431-7

16. Berhanie E, Gebregziabher D, Berihu H, Gerezgiher A, Kidane G. Intimate partner 
violence during pregnancy and adverse birth outcomes: a case-control study. Reprod 
Health. 2019;16(1):22. doi:10.1186/s12978-019-0670-4

17. Rezey ML. Separated women's risk for intimate partner violence: a multiyear 
analysis using the National Crime Victimization Survey. J Interpers Violence. 2020;35(5-
6):1055-1080. doi:10.1177/0886260517692334

18. Sutton D, Dawson M. Differentiating characteristics of intimate partner 
violence: do relationship status, state, and duration matter? J Interpers Violence. 
2021;36(9-10):NP5167-NP5191. doi:10.1177/0886260518795501

19. Nelson HD, Bougatsos C, Blazina I. Screening women for intimate partner violence: 
a systematic review to update the US Preventive Services Task Force recommendation. 
Ann Intern Med. 2012;156(11):796-282. doi:10.7326/0003-4819-156-11-201206050-00447

20. Halpern-Meekin S, Costanzo M, Ehrenthal D, Rhoades G. Intimate partner 
violence screening in the prenatal period: variation by state, insurance, and patient 
characteristics. Matern Child Health J. 2019;23(6):756-767. doi:10.1007/s10995-018-
2692-x

21. Moyer VA; US Preventive Services Task Force. Screening for intimate partner 
violence and abuse of elderly and vulnerable adults: US preventive services task force 
recommendation statement. Ann Intern Med. 2013;158(6):478-486. doi:10.7326/0003-
4819-158-6-201303190-00588

22. O'Doherty L, Hegarty K, Ramsay J, Davidson LL, Feder G, Taft A. Screening women 
for intimate partner violence in healthcare settings. Cochrane Database Syst Rev. 
2015;2015(7):CD007007. doi:10.1002/14651858.CD007007.pub3



WMJ  •  2024446

•  •  • 
Author Affiliations: University of Wisconsin School of Medicine and Public 
Health (UWSMPH), Madison, Wisconsin (Phillips); Department of Obstetrics 
and Gynecology, UWSMPH, Madison, Wisconsin (Larson, Jacques, Hanks); 
Department of Obstetrics and Gynecology, Management and Statistical Core, 
University of Wisconsin-Madison, Madison, Wisconsin (Godecker).

Corresponding Author: Camille Phillips, email cphillips22@wisc.edu; ORCID 
ID 0009-0003-0314-7358

ORIGINAL RESEARCH

INTRODUCTION
Provision of contraceptive and abortion 
care throughout the United States has 
changed dramatically based on individ-
ual state legislation since June 24, 2022, 
when the Dobbs v Jackson Women’s Health 
Organization1 decision overruled prior 
Supreme Court decisions and removed 
federal protections for abortion care. In 
Wisconsin, the Dobbs decision reinstated 
the Criminal Abortion Ban – an 1849 law 
that states, “Any person, other than the 
mother, who intentionally destroys the life 
of an unborn child is guilty of a Class H 
felony” (Wis. Stat. § 940.04). 

However, as of December 5, 2023, a 
judge in Dane County, where our hospi-
tal is located, ruled that the 1849 law did 
not apply to consensual abortion and, 
therefore, abortions were found to be legal 
again in Wisconsin. This date was outside 
of our data set but worth noting. Following 
the Dobbs decision, there were reports in 

the news media and preliminary research showing an increased 
demand for sterilization procedures.2 

Data from the National Survey of Family Growth (NSFG) 
in the United States shows recent declines in reliance on tubal 
sterilization for reproductive-aged women and for women aged 
30 and below, at least through 2019.3,4 More recent national sta-
tistics are not available, as the NSFG did not collect data for 
2020-2021, and data from January 2022 onward are not yet 
available for analysis. Our study sought to investigate changes 
in the rate of permanent sterilization procedures in pregnancy-
capable people at a single institution in a state where abortion is 
no longer accessible. Our hypothesis was that sterilization rates 

ABSTRACT
Introduction: On June 24, 2022, the United States Supreme Court decided Dobbs v Jackson 
Women’s Health Organization (Dobbs), overturning Roe v Wade and banning abortions in almost 
all circumstances in Wisconsin. We tested the hypothesis that the rate of interval tubal steriliza-
tions in people capable of pregnancy increased after the Dobbs decision.

Methods: We conducted a retrospective cohort study of all pregnancy-capable patients ages 18 
to 55 years old who underwent interval surgical sterilization at an academic hospital in Wisconsin 
from June 24, 2016, through June 23, 2023. We defined the annual sterilization rate by dividing 
the number of sterilizations by total gynecologic surgeries performed each year. We compared 
the annual rates of interval surgical sterilization in the 6 years prior to the Dobbs decision to the 
year following the Dobbs decision. 

Results: There were 1088 interval tubal sterilization procedures for pregnancy-capable people 
during the study period. The sterilization rate increased from 4.6% to 8.1% (P < .001) from the 
year before the Dobbs decision to the year after. In the 6 years prior to Dobbs, 23.6% of patients 
receiving sterilizations were aged 20 – 29, compared to 35% post-Dobbs (P < .001). Patients who 
were nulligravid (never been pregnant) increased from 23.0% in the 6 years pre-Dobbs to 54.7% 
post-Dobbs (P < .001). Similarly, 28.0% of patients pre-Dobbs were nulliparous (never had a live 
birth) versus 60.4% post-Dobbs (P < .001). 

Conclusions: There was an increase in the rate of interval sterilization procedures for preg-
nancy-capable people – particularly among younger and nulliparous patients – at a single aca-
demic institution in Wisconsin in the year following the Dobbs decision.

Camille Phillips, BS; Jeannette Larson, MD; Amy Godecker, PhD, MS; Laura Jacques, MD; Laura Hanks, MD 
  

Sterilization Rates of Pregnancy-Capable People 
at a Single Institution in Wisconsin Before and After 
Dobbs v Jackson Women’s Health Organization



VOLUME 123 • NO 6 447

Table. Sterilization Patients’ Demographic Results by Year

  Year 1a Year 2a Year 3a Year 4a Year 5a Year 6a Year 7a Total P valueb  

  n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)  

Total Sterilizations 105 114 123 124 126 162 334 1088  

Age                < 0.001
 20–24 2 (1.9) 4 (3.5) 2 (1.6) 12 (9.7) 13 (10.3) 13 (8.0) 37 (11.1) 83 (7.6)  
 25–29 17 (16.2) 15 (13.2) 24 (19.5) 22 (17.7) 25 (19.8) 29 (17.9) 80 (24.0) 212 (19.5)  
 30 – 39 50 (47.6) 63 (55.3) 65 (52.9) 58 (46.8) 54 (42.9) 88 (54.3) 172 (51.5) 550 (50.6)  
 40 – 50 36 (34.3) 32 (28.1) 32 (26.0) 32 (25.8) 34 (27.0) 32 (19.8) 45 (13.5) 243 (22.3)  
 Total 105 (100) 114 (100) 123 (100) 124 (100) 126 (100) 162 (100) 334 (100) 1088 (100)  

Race/ethnicity                 0.306
 Asian 1 (1.0) 1 (0.9) 2 (1.6) 6 (4.8) 0 (0) 6 (3.7) 14 (4.2) 30 (2.8)  
 Black or African American 1 (1.0) 5 (4.4) 7 (5.7) 9 (7.3) 8 (6.3)  9 (5.6) 16 (4.8) 55 (5.1)  
 Hispanic/Latina 9 (8.6) 9 (7.9) 7 (5.7) 11 (8.9) 10 (7.9) 13 (8.0) 20 (6.0) 79 (7.3)  
 None of the above 6 (5.7) 2 (1.8) 3 (2.4) 2 (1.6) 2 (1.6) 2 (1.2) 11 (3.3) 28 (2.6)  
 White  88 (83.8) 97 (85.1) 104 (84.6) 96 (77.4) 106 (84.1) 132 (81.5) 273 (81.7) 896 (82.4)  
 Total  105 (100) 114 (100) 123 (100) 124 (100) 126 (100) 162 (100) 334 (100) 1088 (100)  

Gravidac                 < 0.001
 Gravida 0 27 (25.7) 19 (17.1) 21 (17.4) 19 (15.6) 31 (24.8) 54 (33.5) 181 (54.7) 352 (32.7)  
 Gravida 1+ 78 (74.3) 92 (82.9) 100 (82.6) 103 (84.4) 94 (75.2) 107 (66.5) 150 (45.3) 724 (67.3)  
 Total 105 (100) 111 (100) 121 (100) 122 (100) 125 (100) 161 (100) 331 (100) 1076 (100)  

Parac                 < 0.001
 Para 0 30 (28.6) 25 (22.5) 28 (23.1) 23 (18.9) 35 (28.0) 67 (41.6) 200 (60.4) 408 (37.9)  
 Para 1 18 (17.1) 18 (16.2) 22 (18.2) 16 (13.1) 27 (21.6) 14 (8.7) 39 (11.8) 154 (14.3)  
 Para > 1 57 (54.3) 68 (61.3) 71 (58.7) 83 (68.0) 63 (50.4) 80 (49.7) 92 (27.8) 514 (47.8)  
 Total 105 (100) 111 (100) 121 (100) 122 (100) 125 (100) 161 (100) 331 (100) 1076 (100)  

Medicaid                 < 0.001
 No 86 (81.9) 95 (83.3) 95 (77.2) 87 (70.2) 89 (70.6) 113 (69.8) 197 (59.0) 762 (70.0)  
 Yes 19 (18.1)  19 (16.7) 28 (22.8) 37 (29.8) 37 (29.4) 49 (30.3) 137 (41.0) 326 (30.0)  
 Total 105 (100) 114 (100) 123 (100) 124 (100) 126 (100) 162 (100) 334 (100) 1088 (100)  

aYear 1 = June 24, 2016 – June 23, 2017; Year 2 = June 24, 2017 – June 23, 2018; Year 3 = June 24, 2018 – June 23, 2019; Year 4 = June 24, 2019 – June 23, 2020; Year 
5 = June 24, 2020 – June 23, 2021: Year 6 = June 24, 2021 – June 23, 2022; Year 7 = June 24, 2022 – June 23, 2023.
bAssociated P values included, calculated by comparing differences for each category pre-Dobbs and post-Dobbs. 
cPara was documented as number of living children. 12 patients were missing gravidity and parity.

in this population would increase following the Dobbs v Jackson 
decision.

METHODS
We conducted a retrospective cohort study of all pregnancy-
capable patients who received interval sterilizations from June 24, 
2016, through June 23, 2023, at Meriter Hospital in Madison, 
Wisconsin. This study was exempt from Institutional Review 
Board approval. Patient charts were identified by using Current 
Procedural Terminology (CPT) codes 58661 (laparoscopy removal 
of adnexal structures) or 58700 (salpingectomy, complete or par-
tial). Once the patient population was identified, we used Epic’s 
SlicerDicer (Epic Systems Corp) to pull in additional details about 
the patient or their encounter. We included patients aged 18 to 55 
years. We also included all types of interval tubal sterilizations – ie, 
tubal ligations, tubal fulgurations, and bilateral salpingectomies, 
excluding procedures done postpartum or during a cesarean deliv-
ery. To verify that all correct charts were identified, we reviewed 
hospital operating room (OR) schedules for each day during our 

study period. Upon completion of this data acquisition, we veri-
fied with our Institutional Review Board that our data acquisition 
and methodology remained fully compliant and that the study sta-
tus remained exempt. 

We started the data series in 2016 to account for any trends 
due to tensions on reproductive autonomy during the presiden-
tial administration of Donald Trump and for any disruptions to 
elective surgery frequencies during the COVID-19 pandemic 
or other temporal trends. Study years run from June 24 of one 
year to June 23 of the following year, as the Dobbs decision was 
released on June 24, 2022, and abortions in Wisconsin ceased 
immediately afterward. To control for potential temporal changes 
in tubal sterilizations related to a changing patient population at 
our institution, COVID-19 practice patterns, or other factors, we 
report sterilization rates with a numerator equal to the number of 
sterilizations in a study year and a denominator of total gyneco-
logic surgeries in that year at the same institution. Gynecologic 
surgeries include all benign surgeries performed by generalists, 
urogynecologists, and minimal invasive gynecologic surgeons as 
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well as abdominal, laparoscopic, and vagi-
nal surgeries. We recorded demographic 
data including patient age, race, ethnicity, 
gender, gravity and parity, and payor status 
as documented in the medical record at the 
time of the tubal sterilization procedure. 
In Wisconsin, patients assigned female at 
birth with Medicaid insurance must sign a 
sterilization consent form between 30 and 
180 days (about 6 months) before interval 
sterilization. There were no changes to this 
policy during the study period.

Annual frequencies of tubal steriliza-
tions and total gynecologic surgeries and 
the calculated rates are reported, as well as 
the rates, incidence rate difference, inci-
dence rate ratio, and incidence rate ratio 
confidence interval for the aggregate 6 
years pre-Dobbs to the single year post-
Dobbs. Frequencies and percentages are 
reported for sterilization patient charac-
teristics, and chi-squared or Fisher exact 
tests were used to test for significant dif-
ferences in these categorical variables pre-
Dobbs versus post-Dobbs, as appropriate. 
The Mann-Kendall nonparametric test 
for trend was used for the trend in num-
bers of sterilizations over time, and a join-
point analysis assessed whether there were 
“joinpoints” or significant changes in the 
annual percentage change (APC) between 
timepoints.5 A 2-sided P value of < 0.05 was considered statisti-
cally significant. The Joinpoint Regression Program6 5.0.2 was 
used for the joinpoint trend analysis and Stata/SE 18.07 was used 
for all other analyses. 

RESULTS
There were 1088 pregnancy-capable patients who underwent 
interval sterilization from June 24, 2016, through June 23, 2023, 
and were included in the study cohort. We found a significant 
trend in increasing annual sterilization frequencies in this popu-
lation over the 7-year period (P < 0.001). The most substantial 
increase was from the year preceding the Dobbs decision to the year 
after the Dobbs decision, from 162 to 334 procedures – a 106.2% 
increase (Figure 1). Total gynecologic surgeries also increased 
annually from 2016 to 2023. The rate of sterilization procedures 
in pregnancy-capable people per 100 gynecologic surgeries in the 
first study year (June 24, 2016 – June 23, 2017) was 5.51, decreas-
ing to a low of 4.04 in study year 5 (June 24, 2020 – June 23, 
2021). The rate increased to 4.64 in the year preceding the Dobbs 
decision and to 8.07 in the post-Dobbs year. The joinpoint regres-

Figure 1. Rate of Interval Sterilizations Observed and Joinpoint Model by Study Year

Year 1 = June 24, 2016 – June 23, 2017; Year 2 = June 24, 2017 – June 23, 2018; Year 3 = June 24, 
2018 – June 23, 2019; Year 4 = June 24, 2019 – June 23, 2020; Year 5 = June 24, 2020 – June 23, 2021: 
Year 6 = June 24, 2021 – June 23, 2022; Year 7 = June 24, 2022 – June 23, 2023.
aIndicates that the annual percent change (APC) is significantly different from zero at the alpha = 0.05 level. 
Final selected model: 1 Joinpoint.
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sion found 1 joinpoint at year 5, with significant APCs of 10.01 
in years 1-5 and 43.83 in years 5-7 (Figure 1). The aggregate ster-
ilization rate in this population for years 1-6 (and years 1-5) was 
4.66. Comparing this pre-Dobbs period to the rate of 8.07 for the 
post-Dobbs year yields an incidence rate difference of 3.41 (95% 
CI, 2.49-4.34) and an incidence rate ratio of 1.73 (95% CI, 1.52-
1.97).

There were significant changes to selected demographics of 
pregnancy-capable patients receiving sterilization procedures pre-
Dobbs and post-Dobbs (Table). Patients receiving sterilizations were 
younger after the Dobbs decision, with patients receiving steriliza-
tions aged 20 to 29 increasing from 23.6% pre-Dobbs to 35.0% 
post-Dobbs (P < .001). Additionally, post-Dobbs patients were more 
likely to be nulligravid (G0) and/or nulliparous (P0). Nulligravid 
patients increased from 23.0% in the 6 years pre-Dobbs to 54.7% 
post-Dobbs (Figure 2). Patient-reported gender and race/ethnicity 
did not change significantly in the years surrounding the Dobbs 
decision. A significantly higher percentage of patients were using 
Medicaid post-Dobbs (41.0%) than pre-Dobbs (25.1%). Results 
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when analyzing individual years were com-
parable to analysis with the aggregate of 6 
years before the Dobbs decision. 

DISCUSSION
Principal Findings
The number and rate of sterilization pro-
cedures increased significantly among 
pregnancy-capable people at a single aca-
demic institution in Wisconsin following 
the Supreme Court decision in Dobbs 
v Jackson. Patients undergoing surgical 
sterilization in the post-Dobbs year were 
younger, had less gravidity and parity, 
and were more likely to have Medicaid 
insurance than in the pre-Dobbs years. We 
believe this change is due, at least in part, 
to decreased accessibility to abortion care 
in Wisconsin. 

A joinpoint analysis of annual steriliza-
tion rates found a joinpoint and signifi-
cant increase in the APC at the point of 
the year prior to the Dobbs decision (June 24, 2021, to June 
23, 2022). This is likely due to the increase in interval proce-
dures following the COVID-19 pandemic, as well as the strong 
uncertainty of abortion rights during the year the Dobbs case 
was deliberated, with oral arguments December 1, 2021, and a 
historic Supreme Court opinion leak, which occurred on May 
2, 2022.

Results in the Context of What We Know
A similar study conducted at the University of Michigan found 
tubal sterilization request rates at their institution increased in 
the months following the Dobbs decision. However, there was a 
decrease back to baseline after 6 months, which may have been 
due to the demand being met, a decreased sense of urgency after 
abortion access was temporarily protected, or crisis fatigue.2 

There are numerous anecdotal reports from physicians caring 
for these patients that suggest the increase in sterilization pro-
cedures is due to a perceived loss of bodily autonomy; however, 
more qualitative research is needed to solidify this indication. 

Clinical Implications
An implication of younger patients seeking tubal sterilizations is 
that patients under 30 years are more likely to experience ster-
ilization regret and seek information on sterilization reversal.8 

While the American College of Obstetricians and Gynecologists 
states that age and parity should not be a barrier to tubal ster-
ilization in a well-informed patient,9 investigating sterilization 
regret in Wisconsin over the next 5 to 20 years will be important.

We chose to analyze insurance status and found a significant 

Figure 2. Percent of Sterilizations That Were Gravida 0 (G0) or Para 0 (P0) Each Year
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Twelve patients included in the study analysis were misssing gravidity.

increase in Medicaid insurance among tubal sterilization patients 
after the Dobbs decision; however, Medicaid enrollment increased 
by 34.8% in Wisconsin from February 2020 to December 2022.10 

It is unclear from our study alone whether the increase in Medicaid 
status among our participants is from the general increase in 
enrollment or from an increased interest in sterilizations among 
the Medicaid patient population.

Research Implications
Looking forward, we hope to compare these data to other states 
where abortion access is less restricted. We also plan to expand 
our study into the next post-Dobbs year (June 24, 2023 – June 23, 
2024). On July 7, 2023, Dane County Judge Diane Schlipper 
announced a preliminary decision that the 1849 Abortion Ban 
Law did not, in fact, outlaw abortions, but instead only applied 
to feticide. Planned Parenthood of Wisconsin deemed this suf-
ficient to restore abortion care at its clinics on September 18, 
2023. Most facilities followed suit after consensual abortions 
were officially deemed legal in Wisconsin on December 5, 2023; 
however, some institutions in Wisconsin interpreted the final 
decision more conservatively and have not yet resumed abortion 
care. We will continue to analyze if tubal sterilization frequency 
changes in response to the changes in accessibility of abortion 
care across the state. We also would like to compare these trends 
to vasectomy rates at the same institution before and after Dobbs. 
We predict that, as already shown in our study, when access to 
abortion is limited, patients will seek more permanent forms of 
sterilization.
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Strengths and Limitations
Our study had some limitations. The first limitation was its retro-
spective design and reliance on CPT codes. Second, we performed 
our study at a single institution in Madison, Wisconsin, and our 
findings may not be generalizable to the entire state or national 
context. However, this small cohort may provide some insight 
into sterilization rates in pregnancy-capable people in a state 
where abortion restrictions are in place. Third, patients who were 
postpartum or received their sterilization at the time of a cesarean 
delivery were not included in the study. This decreases the average 
gravidity and parity for each year and could introduce bias into 
our results. However, in the interest of evaluating a similar popu-
lation over time and exploring the impact of the Dobbs decision 
on this population, we decided to exclude postpartum tubal ster-
ilizations to keep our population more homogenous. We also only 
reported if patients had Medicaid or not. We did not gather data 
about specific insurers. Lastly, our study population was predomi-
nantly White females and, therefore, may not be generalizable to 
the national population. 

Our study had several strengths. There are few studies that 
describe changes to reproductive health care in abortion-restricted 
states in the post-Dobbs era, and our study is one of the first in 
Wisconsin. We analyzed data going back 7 years, allowing us to 
identify associations and trends over this extended time. 

CONCLUSIONS
We found a significant increase in tubal sterilization procedures 
after the Dobbs v Jackson Women’s Health Organization decision. 
This increase was most pronounced in younger patients who 
were either nulliparous or nulligravid. These findings demon-
strate some of the reproductive implications of legally limiting 
bodily autonomy and highlight the need for larger, more com-
prehensive studies at the state and national levels.
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REVIEW

INTRODUCTION
Mental health conditions are a leading con-
tributor to alarming rates of US maternal 
morbidity and mortality in the postpartum 
period,1,2 yet they remain a largely under-
recognized and under-addressed postpar-
tum complication. They are also a source 
of substantial health disparity,3 with moth-
ers from underrepresented racial back-
grounds much more likely to experience 
postpartum depression relative to their 
White counterparts.4 Clinical research has 
long focused on depression in the postpar-
tum period, but there is growing awareness 
of the need to also attend to other men-
tal health conditions, including anxiety, 
obsessive compulsive disorder (OCD), 
posttraumatic stress disorder (PTSD), and 
substance use disorders, which can have 
a debilitating impact on maternal distress 
and health, the developing maternal-infant 
relationship, and/or infant developmental 
trajectory.5-7

Postpartum mental health is complex 
and multidetermined. Understanding the 
role of mothers’ early relational trauma 

during the transition to parenthood, when painful memories 
involving a lack of safety in childhood may be activated,8,9 can 
provide timely opportunities for clinicians to increase awareness 
of heightened mental health risk and support needs for new par-
ents.10 Doing so may be especially important in working with 
expectant and new parents from historically underrepresented 
and/or oppressed communities coping with higher levels of stress 
and trauma exposure over the life course.11

Adverse childhood experiences (ACEs), most often measured 

ABSTRACT
Introduction: Postpartum mental health conditions including depression are a leading cause 
of maternal morbidity and mortality. Maternal adverse childhood experiences (ACE) have a 
dose-response predictive relationship to postpartum depression, highlighting mothers’ own 
early relational trauma as an important risk factor for both mother and infant’s postpartum 
course. Currently, far less is understood about whether maternal ACEs create risk for other 
postpartum mental health conditions that can negatively impact mother and baby. 

Objective: This study sought to understand the relationship between maternal ACEs and the 
risk for development of perinatal anxiety, obsessive compulsive disorder, posttraumatic stress 
disorder, and substance abuse disorder via narrative review of published literature. 

Methods: PubMed, PsycINFO, and Google Scholar databases were searched with terms: 
adverse childhood experiences or ACEs; perinatal or prenatal or pregnancy or postpartum; and 
either anxiety, obsessive compulsive disorder, posttraumatic stress disorder, or substance use 
disorder. 

Results: Maternal ACEs increase risk for anxiety and posttraumatic stress disorder in preg-
nancy and postpartum. No studies were identified for obsessive compulsive disorder. Maternal 
ACEs increase the risk for substance use in pregnancy but are understudied postpartum 
despite risk for maternal overdose and mortality.

Conclusions: ACEs – especially those involving child maltreatment – are predictive of a wide 
range of perinatal mental health concerns, including anxiety, posttraumatic stress disorder, 
and substance use. Findings of this study support recommendations for inclusion of ACEs 
screening with perinatal patient populations as a component of trauma-informed care to con-
textualize and identify mothers who may have increased postpartum mental health risk and 
support needs.

Kathleen N. Hipke, PhD

 

Maternal Adverse Childhood Experiences and 
Perinatal Anxiety, Obsessive Compulsive Disorder, 
Posttraumatic Stress Disorder, and Substance Use
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in health care environments via the ACE 
Questionnaire,12 include adult-reported 
events that occurred before age 18 years 
along 2 dimensions: (1) child maltreat-
ment, which includes history of child 
abuse (physical, emotional, or sexual) and/
or neglect, and (2) household dysfunc-
tion, which captures negative effects on 
caregiver availability or stability via events 
such as substance involvement, mental ill-
ness, domestic violence, and incarceration. 
ACEs represent early relational stress and 
trauma yet are associated with a range of 
physical and mental health outcomes in 
adulthood,12-14 including adverse birth 
outcomes such as pregnancy loss, preterm 
birth, and low birth weight.15 A recent 
systematic review and meta-analysis sum-
marized the ACEs literature with respect 
to postpartum depression.16 Total mater-
nal ACEs were identified as a significant 
risk factor for postpartum depression, 
with child maltreatment items show-
ing the strongest associations (eg, emotional neglect, odds ratio 
[OR] = 2.95; 95% CI, 2.08-4.20). 

Multiple pathways likely explain the relationship between 
childhood relational trauma and adult mental health. As illus-
trated in the Figure, developmental effects of ACEs currently 
under study include impaired neurobiological stress response pro-
cesses, emotion regulation deficits, negative cognitive style, and 
insecure attachment,10 which in turn create vulnerability for inter-
personal relationship challenges, low social support, and exposure 
to additional stressful and traumatic events into adulthood (eg, 
interpersonal violence).17,18 These factors generally are associated 
with poorer adult mental health, and the perinatal period addi-
tionally represents a time of increased mental health vulnerability 
given increased physical and emotional demands.19

This review expands our knowledge base of the predictive value 
of maternal ACEs to the development of mental health conditions 
other than depression that significantly impact the experience 
of mothers and infants in the postpartum period. These include 
anxiety, OCD, PTSD, and substance use disorder. Because the 
perinatal literature is skewed toward prenatal health and risks over 
study of the postpartum period, studies conducted during preg-
nancy also are included, considering the risk symptoms in preg-
nancy may confer to the postpartum trajectory20 yet be reported 
separately. 

METHODS
PubMed, PsycINFO, and Google Scholar were each searched as 
follows: [Adverse Childhood Experiences or ACEs] AND [perina-

Figure. Summary of Pathways Under Study: From Adverse Childhood Experiences (ACE) to Adult Mental 
Health Disorder

Adverse Childhood Experiences (ACEs) 
Child abuse and neglect/household (caregiver) dysfunction 

Developmental Impairment
Neurobiological stress response, emotion regulation, negative 
cognitive style, insecure attachment10

Adolescent and Adult Interpersonal Risk
Relationship instability, low social support,17 continued trauma 
exposure (eg, interpersonal violence),18 parenting fears and 
conflicts8,9 

Adult (Perinatal) Mental Health Risk 
Depression and anxiety, PTSD (including increased conversion 
to PTSD following unexpected birth outcomes22), maldaptive 
coping (eg, substance use)

Abbreviation: PTSD, posttraumatic stress disorder

tal or prenatal or pregnancy or postpartum] AND [Anxiety]. The 
search was repeated replacing the last field with: [obsessive com-
pulsive disorder or OCD], then [post-traumatic stress disorder or 
PTSD]; and finally [substance use or substance abuse or substance 
abuse disorder or SUDS]. No cutoff year was specified as it was 
anticipated that studies including these perinatal mental health 
conditions would be relatively contemporary. Published peer-
reviewed articles in English were retained that reported relations 
between maternal ACEs and anxiety, OCD, PTSD, or substance 
use symptoms or diagnosis and included the following: a sample 
of majority adult birthing people assessed during the prenatal or 
postpartum year (up to 12 months); a measure of adverse child-
hood experiences (eg, ACE Questionnaire,11 Childhood Trauma 
Questionnaire21); and a measure of anxiety, OCD, PTSD, or sub-
stance use/abuse symptoms or diagnosis and that did not exclude 
participants for current psychiatric diagnosis or treatment. Each 
identified article (and supplementary tables when applicable) was 
reviewed to determine appropriateness for inclusion (versus title 
and abstract alone). 

RESULTS
As summarized in Table 1 (Postpartum) and Table 2 (Pregnancy), 
a total of 50 studies that met review criteria were identified. 
Consistent with the larger perinatal literature, there were substan-
tially more studies conducted with women in pregnancy versus 
postpartum – especially for substance use. The majority were pub-
lished in the past 5 years, although where data collection tim-
ing could be ascertained, data were typically collected prior to the 
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COVID-19 pandemic. Most studies were 
conducted in the US or with other large 
samples from Canada and western Europe. 
Studies from other nations and/or diverse 
sampling practices within the US are high-
lighted below. 

Anxiety Disorder
Postpartum: All 9 studies (N = 4013) 
described in Table 1 that assessed maternal 
ACEs and anxiety in the postpartum period 
reported significant associations between 
total number of ACEs and mothers’ report 
of anxiety symptoms.23-31 Types of symp-
toms assessed included those of generalized 
anxiety disorder,23-25,29 general cognitive and 
physiological anxiety,26,27 current anxious 
mood, and more stable anxious traits.28,30,31 
Where data were reported that allowed for 
estimation of effect size, the magnitude of 
correlations ranged from small (r’s = .10-
.29)25,27,29 to medium (r’s = .35-.38).23,26 Of 
note is that the first 2 studies described 
in Table 1 found the ACEs-anxiety asso-
ciation remained significant after control-
ling for sociodemographic variables, com-
munity violence exposure,24 co-occurring 
depression, peripartum trauma, and asso-
ciated distress.23 For example, a study that 
sampled specifically for racial and ethnic 
diversity reported that per linear regression 
modeling, the predicted probability differ-
ence of moderate or severe parental anxi-
ety increased 4.4 percentage points for an 
increase in 1 ACE (95% CI, 0.01–0.08; 
P < 0.05).24

Postpartum studies are just beginning 
to explore ACE thresholds, with 2 find-
ing higher (eg, >3) maternal ACEs confers 
substantially increased risk for the develop-
ment of anxiety.28,30 An additional study 
beyond the parameters of this review that 
combined ACE profiles across expectant 
couples also is striking in that they identified a large increase in 
risk for maternal postpartum anxiety when mothers and their 
partners both had 4 or more ACEs coming into the transition to 
parenthood.32

Pregnancy: As shown in Table 2, an additional 15 studies rep-
resenting 13 independent data sets (N = 23 258) were identified 
that reported on the maternal ACEs-anxiety association in preg-
nancy. The types of anxiety assessed were broader than postpartum 

Table 1. Maternal Adverse Childhood Experiences and Mental Health: Postpartum 

Study Country Sample N ACE  Symptom Key Findings
 (Setting) (Majority) Measure Measure 

Anxiety

Williams, et al US   119  ACE-Q GAD-2 ACES/anxiety (r = .38a)
202323 (NICU) (Black, low income) 

Zak-Hunter,  US  123 ACE-Q GAD-7 PPD of anxiety for each
et al, 202324,c (outpatient) (racially diverse)   ACE .04b

Erickson, et al US  159 ACE-Q GAD-7 ACES/anxiety (r = .17a-.21a) 
202125 (psychiatric) (White, high education)    

Bilginer, et al Turkey   31 CTQ BAI ACEs/anxiety (r = .35b)
202026 (outpatient) (literate)    

Letourneau   US  907 ACE-Q SCL-90 ACEs/anxiety (r = .10a- .20a)
et al, 201927,c (community) (White, high income)   

McDonald,  Canada   1994 ACE-Q SAI  > State anxiety when 3+
et al, 201828 (outpatient) (White, high education)   ACEs

Menke, et al, US  328  ACE-Q GAD-7 ME ACEs on anxiety 
201929 (outpatient) (White, high education)   (b = 28b) if intact sleep

Oosterman  Netherlands  193 ACE-Q STAI >Trait anxiety if high
et al, 201930,c (social risk) (White, high education)   ACEs (t = -2.2b)

Agrati, et al Canada  159 CTQ STAI ACEs/elevated anxiety
201831,c (community)  (White)   trajectory

PTSD

Brenner, et al, Israel  440 CTQ, CM PCL-5 ACEs/PTSD (r = .18b-.33b)  
202445 (hospital) (Jewish, high education) items   

Williams, et al,  US  119 ACE-Q IES-R ACEs/PTSD (r = .43b)
2023,23  (NICU) (Black, low income)  

Grasso, et al, US  114 CTQ STRESS-A Threat ACEs/PTSD 
2020,46 (outpatient) (Latina, low income)   (r = .29b) 

Menke, et al, US  328 ACE-Q IES-R ME ACEs/PTSD if sleep 
201929 (outpatient) (White, high education)   poor (b = 9.49b)

Metzler-Brody, Denmark  129 439 Public ASD 3+ ACEs → ASD, 
et al, 201847 (Registry) (Dane population) records  diagnosis  (HR = 1.51)

Oh, et al, US   177 CTQ PTCI ACEs/PTSD (r = .27a)d

201648 (community) (White, high education)   

Substance Use 

Stewart, et al, US 920 ACE, HD Any vs ACEs → use (APR = 2.1-5.5)
202349 (PRAMS) (White, SES diverse) items poly use 

Zak-Hunter, US   23 ACE-Q Project No ME ACEs on use
et al, 202324,c (outpatient) (racially diverse)  EAT urvey (b = .03)

aP < .05, bP  < .01.
cMix of some women in pregnancy with postpartum sample.
dSignificance above and beyond set of control variables.
r = correlation coefficient.
Abbreviations/Key: NICU, neonatal intensive care unit; ACE-Q, ACEs questionnaire; GAD-2, Generalized Anxiety Disorder 
questionnaire, 2 item; GAD-7,  GAD questionnaire, 7 item; PPD, predicted probability difference; CTQ, Childhood Trauma 
Questionnaire; CM, CM, child maltreatment; BAI, Beck Anxiety Inventory; ME, main effect in regression analyses, controlling 
for other variables; SCL-90, Symptom Checklist 90, anxiety items; STAI, State Trait Anxiety Inventory; PRAQ-R, Pregnancy 
Related Anxiety Questionnaire, revised; PCL-5, posttraumatic stress disorder checklist for DSM-V; IES-R, Impact of Events 
Scale revised; ASD, acute stress disorder; HR, hazard ratio; STRESS-A, Structured Trauma Related Experiences and Symptom 
Screener for Adults; PTCI, Post Traumatic Cognitions Inventory; PRAMS, Pregnancy Risk Assessment Monitoring System; SES, 
socioeconomic status; APR, adjusted rrevalence ratio.

studies and included pregnancy-specific anxiety33-37 and clinician-
determined thresholds for clinical levels of anxiety severity38 or 
DSM disorder,39-41 in addition to more generalized symptom 
screening.

Significant associations between maternal ACEs and a range 
of anxiety types, including clinical disorders, were reported in 
10 of the 13 datasets.10,33,34,36-44 Several controlled for other key 
adult sociodemographic factors, stress, and mental health con-
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Table 2. Maternal Adverse Childhood Experiences and Mental Health: Pregnancy 

Study Country Sample ACE Symptom Effect Size
  n Measure Measure

Anxiety

Clark, et al, 202433 US  292 ACE-Q ASR/STAI/PSAS NS to small 
Watson, et al, 202439, a US 18 852 BRFSS EMR diagnosis Medium to large
Foti et al, 202340, a US 1084 BRFSS EMR diagnosis Medium to large
Young-Wolf, et al, 201941, a US 358 BRFSS EMR diagnosis Medium to large
Barclay, et al, 202350 US 162 RFQ OASIS NS
Kaliush, et al, 202334 US 152 TEBL-C PSAS Small 
Ward, et al, 202338 US 229 ACE-Q HAM-A  CSA > clinical cutoff
Wohrer, et al, 202342 US 202 ACE-Q GAD-7 Smallb

Osofsky, et al, 202110 US 303 ACE-Q GAD-2 Mediumb to large 
Racine, et al, 202143 Canada 338 ACE-Q GAD-2 Large 3+ACEs
Samia, et al, 202135 Kenya 215 ACE-IQ PRA NS
Kotimaki, et al, 202044 Finland 2763 TADS  STAI Smallb

Ozsahin, et al, 202036 Turkey 536 ACS-Q PRAQ-R2 Medium
Menke, et al, 201929 US  250 ACS-Q GAD-7 NS
Fredricksen, et al, 201737 Norway 1036 ACE-Q PRAQ-R Small 

Posttraumatic Stress Disorder

Clark, et al, 202433 US 292 ACE-Q PCL-5 Medium 
Carney, et al, 202351 US 137 ACE-Q PCL-5 Smallb

Mackle, et al, 202352 Australia 262 ACE-Q PSS-I-5 Mediumb

Wohrer, et al, 202342 US 202 ACE-Q PCL-5 Smallb

Osofsky, et al, 202110 US 303 ACE-Q PCL-C Largeb

Goldstein, et al, 202053 US 225 CTQ-SF Stress-A Large for CM ACEs
Atzl, et al, 201954 US 101 ACE-Q PCL-5 Mediumb

Menke, et al, 201929 US 250 ACE-Q IES-R Mediumb

Isosävi, et al, 201855 Gaza 511 TPO  HTQ Small CM ACEs 

Substance Use/Abuse 

Clark, et al, 202333 US 292 ACE-Q SIP-2R Small to medium 
Duka, et al, 202356 US  218 ACE-Q 4 Ps Plus, UA  4+ ACEs large
Foti, et al, 202340 US  1084 BRFSS Intake, UA 3+ACEs medium
Racine, et al, 2020,57 202158 Canada 1994 ACE-Q Multiple yes/no Small to mediumb

Racine, et al, 202143 Canada 338 ACE-Q Multiple yes/no Small to largeb

Currie, et al, 2020,59 2021,60 Canada 1600, 1663 ACE-Q Multiple yes/no Small to largeb

Testa, et al, 2022,61 202362 US 5399 ACE-Q Multiple yes/no 3+ ACEs mediumb

Thomas, et al, 202363 US 2483 BRFSS Cannabis yes/no 3, 4+ ACEs largeb

Crouch, et al, 202264 US 617 PACE Cannabis yes/no  3+ ACEs medium
Hemady, et al, 202265 Multi 1189 ACE-IQ ASSIST Hi ACEs NS, smallb

Klasner, et al, 202266 US 256 ACE-17 Cannabis, UA  Mediumb

Kors, et al, 202267 US 93 MACE UA Small for sex abuse
Jasthi, et al, 202268 US 192 ACE-Q Chart extraction 4+ ACEs small  
Osofsky, et al, 202110 US 303 ACE-Q ASSIST Mediumb for CM
Bhengu, et al, 202069 S Africa 223 ACE-IQ ASSIST  Small to mediumb

Pear, et al, 201770 US 2999 NLSYCYA Tobacco yes/no Small to mediumb

Chung, et al, 201771 US 1476 ACE-7 Multiple yes/no 3+ ACEs mediumb

Smith, et al, 201672 US 2303 ETI-SF Multiple yes/no Large for smoking
Frankenberg, et al, 201573 US 1987 BRFSS BRFSS Medium to largeb

Choi, et al, 201474 S Africa 66 CTQ AUDIT Insufficient data
aKaiser-Permanente data set.
bSignificance above and beyond set of control variables.
Abbreviations/Key: ASR, Adult Self Report; STAI, State Trait Anxiety Inventory; PSAS, Pregnancy Stress and Anxiety Scale; NS, 
not significant; BRFSS, Behavioral Risk Factor Surveillance System Survey; EMR, electronic medical record; RFQ, Risky Families 
Questionnaire; OASIS, Overall Anxiety Severity & Impairment Scale; TEBL-C, Traumatic Experiences Endorsed Prior to Age 18 
(adapted from several measures); HAM-A, Hamilton Anxiety Scale; CSA, childhood sexual abuse; GAD-7, Generalized Anxiety 
Disorder scale, 7 item; GAD-2, GAD scale, 2 item; ACE-IQ, ACE International Questionnaire; PRA, pregnancy-related anxiety; 
TADS, Trauma & Distress Scale (CM ACEs items only); PRAQ-R2, Pregnancy Related Anxiety Questionnaire, Revised 2; PSS-I-5 
= Posttraumatic Stress Disorder (PTSD) Symptom Scale Interview; PCL-5 = PTSD checklist for DSM-V; PCL-C, abbreviated PTSD 
checklist, civilian version;CTQ-SF, Childhood Trauma Questionnaire, short form; STRESS-A, Structured Trauma Related Experiences 
and Symptom Screener for Adults; CM, child maltreatment; IES-R, Impact of Events Scale, revised; TPO, 13-item survey from 
Transcultural Psychological Organization; HTQ, Harvard Trauma Questionnaire; SIP-2R, Short Inventory of Problems, 2 Revised; 
UA, urine assay; PACE, Positive & Adverse (11 item) Childhood Experiences; ASSIST,  Alcohol, Smoking & Substance Involvement 
Screening Test; MACE, Maltreatment and Abuse Chronology of Exposure; ACE 17, 17-item ACE Questionnaire; NLSYCYA, National 
Longitudinal Survey of Youth 1979 (3 extracted ACE items); ETI-SF, Early Trauma Inventory Self Report, Short Form; AUDIT,  Alcohol 
Use Disorders Identification Test. 

ditions.10,41,43 Where effect sizes could be 
estimated, magnitude of associations were 
most often small (β; s = .09-.11; r’s = .10-
.29)33,34,37,42,44 versus medium (adjusted 
OR = 2.57-4.7l; r’s = .36).10,36,39,40 Two stud-
ies reporting large effects specifically exam-
ined mothers with higher (3 to 4+) ACEs 
and other intrapersonal risk factors.39,43  For 
example, in an analysis of over 18 000 elec-
tronic medical records for women receiv-
ing obstetric care in an integrated managed 
health care system, the relative odds of hav-
ing a recorded anxiety disorder increased 
by 3.39 (95% CI, 2.87-4.00) for mothers 
with 4 or more ACEs relative to those with 
none. Relative risk was further increased by 
5.05 (95% CI, 4.04-6.31) for those moth-
ers who had high (>4) ACEs and were 
categorized as reporting low intrapersonal 
resilience.39 Child maltreatment-specific 
ACEs also were identified in a racially and 
socioeconomically diverse sample as having 
a stronger association to anxiety symptoms 
than household dysfunction ACEs, con-
trolling for other stress or psychiatric con-
cerns (β = .14, SE = .06, P < .02).10

Posttraumatic Stress Disorder
Postpartum: All 6 postpartum-identified 
studies (N=130 167) in Table 1 reported 
a significant increase in risk for posttrau-
matic stress symptoms with the presence 
of maternal ACEs.23,29,45-48 The magnitude 
of effect sizes across findings ranged from 
small (eg, r’s = .18-29)45,46,48 to medium  
(r’s = .33-.43)23,45 to large (β = 9.49),29 the 
latter representing a higher risk subgroup 
of women also experiencing sleep insuf-
ficiency. Of significant note is a popula-
tion-level cohort study from Denmark 
with an exceptionally large sample size 
(n = 129 539) drawn from national registry 
records to include ICD psychiatric diagno-
ses made after birth.47 This study reports a 
persistent effect of maternal ACEs on risk 
of postpartum psychiatric episodes with a 
dose–response effect, including for clini-
cal diagnosis of acute stress reaction, which 
can develop into PTSD with more time. 
Of the adverse childhood events available 
from public records, out-of-home place-
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ment – likely a proxy for more severe child maltreatment and/
or parent loss – carried the greatest risk for development of post-
partum acute stress disorder (hazard ratio [HR] = 2.49; 95% CI, 
1.54–4.03). 

Pregnancy: All 9 studies (N = 2283) with women in pregnancy sum-
marized in Table 2 also reported significant associations between 
maternal ACEs and PTSD symptoms.10,29,33,42,51-55 Twice as many 
studies (6) reported medium to large effects (r’s = .24-.56; β’s = .32-
.38)10,29,33,51,52,54 versus 3 reporting small effect sizes (r’s = .16-.24; 
β’s = .14-.19)42,51,55 and often above and beyond sociodemographic 
factors and current supports and stressors, including interpersonal 
violence and predelivery perinatal trauma.10,29,52,54

Stronger associations were again found when examining the 
predictive role of child maltreatment ACEs,10,53,55 and large effects 
when considering the contribution of both child maltreatment 
ACEs and adult interpersonal violence together,53 highlighting the 
importance of considering relational trauma across the lifespan. 
Stronger associations also were found for child maltreatment ACEs 
that occurred in early versus middle childhood or adolescence,54 
consistent with broader literature suggesting that early childhood 
represents a critical period for social emotional development. 

Obsessive Compulsive Disorder
No studies were identified that examined ACEs-OCD links in the 
perinatal period. While OCD is believed to have strong neurobio-
logical etiology, early environmental factors have been identified as 
important to disease severity.75 Indeed, in the general adult mental 
health literature, ACEs predict increases in obsessive-compulsive 
symptom severity and impairment, with the strongest relation-
ships for ACEs again specific to child maltreatment.76,77

It is conceivable that for the perinatal population, where intru-
sive thoughts and images related to harm befalling one’s baby are 
common,78 maternal ACEs involving a loss of felt safety and/or 
protection may be particularly salient to postpartum obsessive 
compulsive symptom content or expression. An Israeli validation 
study of the Maternal Disintegrative Response Scale (MDRS) 
for women with histories of early relational trauma and insecure 
attachment supports this notion.79 Women in that study who 
endorsed any ACEs (>0) rated higher on the Intrusive Thoughts 
subscale (eg, item:“When I’m holding the baby, the uncontrollable 
thought that I’m going to drop him/her flits through my mind”). 

Substance Abuse
Postpartum: As shown in Table 1, only 2 studies (N = 2043) exam-
ining maternal ACEs and substance use postpartum were iden-
tified. One found no significant association between ACEs and 
tobacco, alcohol, or other drug use frequency in a racially diverse 
US sample, controlling for current stressors such as financial insta-
bility and community violence.24 The other focused its analysis on 
Centers for Disease Control and Prevention (CDC)-led Pregnancy 
Risk Assessment Monitoring Systems (PRAMS) data from 7 US 

states with high opioid use.49 Maternal ACEs were related to post-
partum substance use and polysubstance use, with those reporting 
2 to 4 ACEs being 2 to greater than 5 times as likely to use as 
those reporting no ACEs (adjusted prevalence ratio [APR] = 2.1, 
95% CI, 1.5-2.7; APR = 5.5, 95% CI, 2.6- 11.4, respectively).

Pregnancy: Findings across 23 studies representing 19 indepen-
dent datasets (N=25 668) summarized in Table 2 consistently 
reported significant associations between maternal ACEs and 
tobacco,10,58,68-72 alcohol,10,33,58,59,69,71,73,74 cannabis,63,64,66 and other 
drug use10,57,60,62,65,67,71 during pregnancy. Effect sizes ranged 
from small to large, at times by substance within the same data-
set, and often controlling for a range of sociodemographic and 
other mental health symptoms and stress variables. A threshold 
of 3 to 4 or more maternal ACEs often was associated with larger 
effects.10,40,56,62-64,68,71 While limited to only 3 studies, associations 
were smaller but significant in non-Western countries.65,69,74 For 
example, data from the Evidence for Better Lives Study (EBLS), 
which includes longitudinal data from 8 low- to middle-income 
cities in underrepresented regions of the world, classified women 
into groups based on maltreatment severity. Mothers in the most 
severely maltreated group as children reported the most prenatal 
drug use.65  

DISCUSSION
Maternal ACEs and Postpartum Mental Health
Mothers’ self-report of adverse experiences during their own child-
hood have been identified previously as a risk factor for post-
partum depression.13 This review extends consideration to other 
mental health conditions important in the postpartum period for 
women and their infants. A small body of research has begun to 
emerge, especially over the past 5 years (albeit primarily report-
ing on pre-COVID-19 data), which identifies maternal ACEs as a 
risk factor for the development of postpartum anxiety and PTSD. 
The magnitude of associations suggest that the risk conferred from 
ACEs is generally stronger for symptoms of postpartum PTSD, 
which makes sense given evidence that trauma begets trauma. 
ACEs have been found to increase risk for adult interpersonal 
violence,18 experiencing various peripartum medical events as 
traumatic,23 and conversion to postpartum PTSD following unex-
pected birth outcomes (See Figure).22 While the number of studies 
is small, data are emerging that, like with postpartum depression, 
ACEs specific to child maltreatment or experienced at higher lev-
els (3 to 4+ ACEs) have the most predictive value with respect to 
risk for symptoms of postpartum anxiety and PTSD.  

No studies have yet considered maternal ACEs in relation to 
OCD and very few for substance use in the postpartum year. The 
latter is an especially important focus for future study given the 
burgeoning opioid crisis in the United States. ACEs for perinatal 
mothers in treatment related to methamphetamine and/or opioid 
abuse are much higher than the general adult population (4 to 5 
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ACEs on average vs 1 ACE),80,81 and overdose is now a leading 
cause of pregnancy-related death.1,2 There are many more stud-
ies on substance use in pregnancy, including the role of maternal 
ACEs as a significant risk factor, which is understandable given 
the heightened concern for intrauterine transmission of licit and 
illicit substances to the developing fetus. However, recent data 
from the Wisconsin Maternal Morbidity and Mortality Board 
found that 50% of fatal overdose events occur in the second half 
of the postpartum year (6-12 months),82 a time of sharp reduc-
tion in access and/or contact with clinicians (especially without 
Medicaid expansion to 12 months postpartum in Wisconsin).83 

Understanding risks and needs related to continued or increased 
substance use after pregnancy, when parental concern for trans-
mission to fetal development is reduced, is an essential priority.84

ACEs and Prenatal Mental Health
Studies of maternal ACEs and mental health conditions of inter-
est also were reviewed during pregnancy, as more exist and may 
inform our emerging understanding of the maternal ACEs/post-
partum mental health continuum. Pregnancy studies paralleled 
the postpartum findings above, showing ACEs increases risk for 
symptoms of prenatal anxiety and PTSD – especially for women 
reporting high levels of ACEs (3 to 4+) and for child maltreat-
ment ACEs. In general, pregnancy studies were more likely to 
include important control variables in their analyses, showing 
independent effects of maternal ACEs on perinatal mental health 
and substance abuse symptoms above and beyond the impact of 
sociodemographic factors or concurrent stress or trauma related 
to peripartum events or violence. Taken together, maternal ACEs 
are a consistent risk factor for a range of mental health conditions 
across the perinatal period.  

Limitations
Limitations of this review include the relatively small number of 
studies that focus specifically on the postpartum versus pregnancy 
period. As this body of literature grows, summation via more rig-
orous methods including meta-analysis will be important to iden-
tify sources of heterogeneity across studies and confirm magnitude 
of effects, as well as variations related to types of maternal ACEs 
or symptom risk. Increased use of diagnostic tools to supplement 
symptom screeners also will clarify the threshold of maternal ACEs 
that confer risk for clinical diagnosis and functional impairment 
across conditions.

Most studies to date have been conducted in the US, Canada, 
and western European nations. While some have actively worked 
to sample at a population level or with intentionally diverse com-
munities, data remain biased toward White mothers with higher 
levels of education and/or economic stability. Diversifying the 
ACEs-perinatal mental health body of literature is especially 
important given that membership in underrepresented ethnic and 
racial groups is more often associated with other key factors that 

impact mental health access (eg, socioeconomic status, immigra-
tion status) or risk (eg, racism),11,85 creating additional levels of 
historical and familial vulnerability for expectant or new parents. 

Implications for Policy and Practice 
Calls for perinatal screening for a broader range of mental 
health concerns in addition to depression and trauma exposure 
are increasing.10,86,87 The American College of Obstetrics and 
Gynecology (ACOG) offers recommendations and screening guid-
ance that expands beyond depression for other postpartum mood, 
anxiety, and PTSD symptoms88 and has advanced a policy prior-
ity emphasizing the need for collaborative, patient-centered, and 
ongoing communication between clinicians and mothers about 
substance use risk and needs.89  Further, the ACOG Committee 
for Healthcare for Underserved Women recommends screening of 
past and current trauma as a key component of the provision of 
trauma-informed perinatal care environments.90

Trauma-informed perinatal care involves understanding the 
full range of potential effects that past and/or current trauma may 
have for women moving through pregnancy, birth, and the post-
partum period. This includes recognizing signs of trauma response 
activation, such as in response to medical visit dynamics (eg, felt 
powerlessness), procedures, or physical sensations; responding to 
patients who have experienced trauma effectively to increase trust, 
collaboration, and maternal confidence; and resisting retrauma-
tization, such as affirming womens’ experiences of distress even 
when perinatal health or outcomes are considered successful.86 To 
begin, clinicians must first be aware of patient trauma history. 

Screening for early relational trauma using an instrument like 
the ACE Questionnaire12 offers a first step toward identification of 
women who may need additional support to reduce trauma-related 
risks to their own perinatal experience, emerging parent/infant 
relationship, and infants’ developmental course.10,86,87 Considering 
that ACEs can increase feelings of interpersonal distrust and lead 
to lower levels of adult social support more broadly, compassion-
ate, culturally sensitive ACEs screening conversations between 
clinicians and patients can serve to build trust and connection, 
while facilitating shared communication about important mental 
health risks and support needs in and outside the perinatal care 
environment.91 For example, clinicians might wonder with moth-
ers who report high (3 to 4+) ACEs about whether they feel that 
these difficult experiences from their own childhood are affecting 
how they think or feel about seeking medical care or becoming a 
parent themselves. Such conversations can lead to identification 
of sources of resiliency and fears or concerns, both of which may 
guide aspects of treatment planning or the identification of helpful 
resources and referrals. 

Barriers to additional screening in health care environments 
certainly exist, including limits of clinician time.87 Despite 
national recommendations above, screening practices for ACEs92,93 
and postpartum mental health symptoms91 are reported to be low. 
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However, according to the most recently released (2018-2019) 
PRAMS data – the ongoing survey of new mothers conducted 
jointly by the CDC and state health departments – Wisconsin is 
screening 94% of women for depression either during prenatal or 
postpartum visits and 72% of women at both.94 Despite this rela-
tive success, the addition of several other recommended perinatal 
mental health screening tools – for anxiety, PTSD, and substance 
use – represent a challenge. As summarized in this review, however, 
because the evidence is growing that ACEs predict a wide range 
of perinatal mental health conditions, the use of a screening tool 
to identify women with high (3 to 4+) ACEs during pregnancy 
may help to prioritize patients for whom increased outreach and 
mental health screening across the perinatal period – for conditions 
beyond depression – is most needed.  
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BRIEF REPORT

teristics of communities as well as socio-
ecological factors, such as the availability 
of health care resources and public health 
and cultural norms. 

Early identification of teens at risk for 
becoming pregnant is key.1 Public health 
programs designed to prevent teen preg-
nancy have demonstrated mixed find-
ings for preventing teen pregnancies and 
births, but federally funded programs 
with more comprehensive sex education 
have resulted in overall decreases in the 
rate of teen births at the county level.4 

Common education provided in compre-
hensive sex education programs includes 
information on sex, contraception, and 

reproductive health, and these are more comprehensive com-
pared to abstinence-only programs.4 

The purpose of this paper is to review trends in teen births in 
Wisconsin from 2011 through 2022, updating an analysis pub-
lished in this journal in 2013.5 

METHODS
Data Source
Data on teen (ages 15-19) birth rates per 1000 females in 
Wisconsin from 2011 through 2022 were obtained from the 
Wisconsin Interactive Statistics on Health (WISH) available at 
https://www.dhs.wisconsin.gov/wish/index.htm.

Data Analysis
Teen birth rates were calculated by dividing the number of births 
by the population of female teenagers overall, by year, race, ethnic-
ity, and county of residence. Race/ethnicity groups identified in 
this paper are based on WISH reporting standards, and all race 
groups are non-Hispanic. 

ABSTRACT
Background: Teenage pregnancy remains an important public health problem despite recent 
declines in teen births. 

Methods: Teen (ages 15-19) birth rates (per 1000 females) in Wisconsin from 2011 through 2022 
were compared by race/ethnicity and county using Wisconsin Interactive Statistics on Health 
data.

Results: Teen birth rates declined by 50% from 23.3 per 1000 teens in 2011-2013 to 11.5 per 1000 
teens in 2020-2022, with the greatest decline among American Indian/Alaska Native teens (64%) 
and least among Black teens (40%), resulting in persistent 3-fold to 6-fold disparities between 
racial/ethnic groups. Teen birth rates by county had a 20-fold difference between Ozaukee (2.7 
per 1000) and Menominee counties (54.5 per 1000). 

Discussion: The remarkable decline in teen births suggests public health and health care inter-
ventions are working, but targeted effort is needed to reduce the growing disparities.

Josh Hoffner, DO, MPH; Ayanna Vasquez, MD, MS; Patrick Remington, MD, MPH
  

Trends in Teenage Birth Rates in Wisconsin, 2011-2022: 
Continued Declines and Persistent Disparities

BACKGROUND
Although overall teen birth rates are decreasing in the United 
States, it continues to be an important public health prob-
lem with significant economic, health-related, and social con-
sequences.1 Teen birth rates vary by geographic region in the 
US and range from a low of 4.6 teen births per 1000 in New 
Hampshire and high of 26.4 in Mississippi.2 Research has dem-
onstrated that social determinants of health at the family and 
community levels may contribute to high teen birth rates.3 These 
differences may be due to variations in the demographic charac-
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For reliable trend analysis, 3-year aver-
age rates were calculated for 2011-2013 
and 2020-2022. Rate ratios (RR) were 
calculated by dividing the rate of births 
among White female teens (the lowest 
rates in 2011-2013) by the rates in other 
race/ethnicity groups. Percent change 
was calculated by dividing the difference 
in rates by the rate at the baseline time 
period. Rates by Wisconsin counties were 
calculated and compared for the 12-year 
period 2011-2022. 

The following was used to calculate 
the 95% Confidence Limits (CL): 95% 
CL = 1.96*rate/(square root of n), where 
n = number of births.5 The number of 
excessive teen births was calculated by 
multiplying the teen birth rate in 2011 
(25.2 births/1000) by the population 
in each year (2012-2022) to get the 
“expected” number of teen births if the 
2011 rate had not changed. The number 
of “observed” births during this 11-year 
period was then subtracted from this total 
to determine the number of teen births 
that were avoided. 

This study performed a secondary anal-
ysis of existing data from WISH, which 
did not require institutional review board  
review since it did not fall within the 
regulatory definition of research involving 
human subjects.

RESULTS
There were 34 714 births to mothers 15 to 
19 years of age in Wisconsin during 2011-
2022, which corresponds to an annual rate 
of 17.1 teen births per 1000 females ages 15 to 19 years. The rate 
steadily declined from 23.4 per 1000 teens in 2011-2013 to 11.7 
per 1000 teens in 2020-2022 – a relative decline of 50% or about 
4.5% per year (Table). If the teen birth rate had not declined from 
2011, there would have been 16 719 additional teen births during 
these 11 years than were actually observed.

All racial/ethnic populations revealed declines in teen births; 
however, degrees of decline varied by race/ethnicity (Figure 1). 
During the 12-year period, teen birth rates were highest for 
American Indian/Alaska Native, Black, and Hispanic teens. The 
American Indian/Alaska Native female teenagers’ birth rate was 
34.3 per 1000 per year. For Black teens, the birth rate was 48.3 
per 1000 per year. The Hispanic teen birth rate was 31.7 per 1000 
per year. For the population that identified with 2 or more races, 

Table. Trends in Teen (ages 15-19) Birth Rates (per 1000 females) from 2011-2013 to 2020-2022, by Maternal 
Race and Ethnicity, Wisconsin. 

 Rate in 2011–13  RRa Rate in 2020–22  RRa  % Change (2011–13
Race/Ethnicity (95% CI) 2011–13 (95% CIa) 2020–22 to 2020-22)

Whitec 13.3 (13.3–13.4) 1.0b 5.4 (5.4–5.5) 1.0b –59%

American Indian/Alaska  52.9 (50.7–55.1) 4.0 19.0 (18.1–19.9) 3.5 –64%
Nativec

Blackc 61.1 (60.2–62.0) 4.6 36.6 (36.0–37.1) 6.7 –40%

Hispanic 48.2 (47.5–48.9) 3.6 22.1 (21.8–22.4) 4.1 –54%

Two or more racesc 38.1 (36.9–39.3) 2.9 16.1 (15.6–16.6) 3.0 –58%

Alld  23.4 (23.2–23.4)  11.5 (11.5–11.6)  –50%

aRelative risk. 
bReferent group. 
cNon-Hispanic. 
dIncludes all races. 

70.0

60.0

50.0

40.0

30.0

20.0

10.0

0.0

 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Black/AA

Hispanic

AI/AN

2+ races

White

Figure 1. Trends in Teen (ages 15-19) Birth Rates (per 1000 females) by Race and Ethnicity in Wisconsin, 2011-
2022.

Abbreviations: AA, African American; AI/AN, American Indian, Alaska Native.

the rate was 25.8 per 1000 per year. These rates are 3 to 5 times 
the White population rate of 9.1 per 1000 per year. 

In examining percent differences of 3-year rate ratios of teen 
birth rates (2011-2013 vs 2020-2022) by race, it was found 
that over time American Indian/Alaska Native teens had a 64% 
decline, Black teens had a 40% decline, Hispanic teens had a 
54% decline, White teens had a 59% decline, and those iden-
tifying with 2 or more races had a 58% decline. Nevertheless, 
when comparing 3-year periods to the reference group (White), 
Wisconsin’s Black teenage females had the greatest relative risk 
of giving birth during the 2011-2013 period and the 2020-2022 
period (RR = 4.6 and 6.7, respectively) when compared to the 
White population. Hispanic teen females also had a high rela-
tive risk of giving birth during the 2 periods (RR = 3.6 and 4.1, 
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respectively) when compared to the ref-
erence group. American Indian/Alaskan 
Native was the only group that revealed 
a decrease in teen birth relative risk 
(RR = 4.0 and 3.5, respectively) (Table). 
All overall and race/ethnic-specific 
trends were statistically significant, using 
α = 0.05 as the cutoff. 

Teen birth rates varied even greater 
by county, with over a 20-fold difference 
between the county with the lowest rate 
(Ozaukee County at 2.7/1000) and the 
county with the highest rate (Menominee 
County at 54.5/1000) (Figure 2).

DISCUSSION
This study found that Wisconsin birth 
rates among females ages 15-19 years 
old decreased by half from 2011-2022. 
Declines were seen in all racial/ethnic 
groups. However, American Indian/Native 
American, Black, and Hispanic teens did 
not experience as large a reduction in teen 
birth rates as their White counterparts. 

Compared to national data from 
Osterman et al, Wisconsin birth rate 
trends in this paper aligned with national 
patterns.6 Their study reported that since 
2007, US birth rates for mothers 15 to 19 
years old dropped 67%.6 Though, when 
comparing 2020 to 2021 birth rates, Osterman et al revealed 
smaller differences between ethnic groups than this study dem-
onstrated. For example, national birth rates for mothers 15 to 
19 years old fell 7% for White, 8% for Black, 8% for Hispanic, 
and 9% for Asian teens.6 In contrast, when comparing Wisconsin 
2020 to 2021 birth rates, there were larger declines and unequal 
degrees of declines: 10% for American Indian, 12.5% for Black, 
and 5% for White teens.6

Wisconsin birth rates started declining as early as 2001, with 
an overall 20% reduction in birth rates during 2001-2010 for 
female Wisconsinites 15 to 19 years old.5 This study also revealed 
that Menominee and Milwaukee counties had the 2 highest rates 
of live births to young mothers, which persists in the current 
study’s results.5 Ozaukee, Pierce, and Waukesha continued to 
have the lowest birth rates for females within the 15- to 19-year-
old age group.5 During 2001-2011, Menominee County had a 
15-fold greater birth rate than Ozaukee County;5 however, dur-
ing 2011-2022, Menominee County’s teen birth rate was 20-fold 
greater. This disparity increased due to Ozaukee’s sharper birth 
decline during 2011-2022 compared with Menominee County 
(34% vs 7%). 

Figure 2. Variation in Teen (Ages 15-19) Birth Rates (per 1000 females) in Wisconsin, 2011-2022, by County

Counties are grouped by quartile (n = 18 counties in each group).

2.7–9.6

10.0–13.8

13.9–17.8

18.3–54.5

Strengths of this study include the ability to analyze 12 years of 
birth rate data, which allows for a comprehensive understanding 
of statewide, countywide, and racial/ethnic trends for this popula-
tion. This study also compared Wisconsin 2011-2022 teen birth 
rate trends to 2001-2010 trends. 

Limitations of this study include that the WISH dataset 
only recorded live births; therefore, all pregnancies (eg, miscar-
riages, abortions, stillbirths) were not included. Another limita-
tion is that birth rates were based on maternal characteristics, 
such as age and racial/ethnic identity. Maternal characteristics 
might not extrapolate to the identity or experiences of the father. 
Additionally, this study did not comment on whether live births 
are a result of unplanned versus planned or unintended versus 
intended pregnancies. This study also did not demonstrate data 
on teen sexual activity or access to contraceptives or other preg-
nancy prevention services. In addition, the teen birth estimates 
for some smaller counties may be unreliable due to the small 
number of teen births. Lastly, this study is limited to reflecting 
on the causes of birth rate declines or its subsequent impact on 
teen mothers or society. Nevertheless, the literature suggests that 
increases in contraceptive use, changes in teenage sexual activity 
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norms, socioeconomic status, sexual assault, school attendance, 
and educational attainment are all factors that impact teen birth 
rates.2,7-9 

In Wisconsin, teen birth rates have declined significantly over 
the past 20 years. However, there is room for improvement. A 
review of the literature suggested that implementation of effec-
tive pregnancy prevention policies, methods, and strategies for 
all teens, such as removing barriers to effective birth control (eg, 
long-acting contraceptives), improving socioeconomic status, 
educational attainment, eliminating sexual violence, and school 
attendance may be utilized to reduce teen pregnancy rates.2,7,8 In 
addition, encouraging norms that reduce sexual activity for all 
teens, such as delaying first sexual encounters and decreasing the 
number of sexual partners among adolescents may be considered.9 
Counties and populations with the highest rates should be priori-
tized when executing and supporting these pregnancy prevention 
methods, strategies, and norms.
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Department of Health, Education, and Welfare 
enacted a policy mandating an informed con-
sent process for permanent contraception and 
a 72-hour waiting period; this was increased to 
30 days in 1978. The waiting period was meant 
to act as protection against government-sanc-

tioned and funded forced sterilization. Despite 
these protections, government-sanctioned ster-
ilizations continue today, and 31 states includ-
ing Washington, DC have active laws that allow 
forced sterilization.2 

Current Requirements 
The current Medicaid requirements for per-
manent contraception in Wisconsin include 
the following: the person is at least 21 years 
of age and mentally competent; they have 
been provided counseling by a clinician using 
a medical interpreter if the patient’s primary 
spoken language is different than the consent-
ing clinician or the language of the consent 
form; and the hand-written signature of the 
patient, clinician, and medical interpreter are 
included on the Medicaid Sterilization Consent 
form. The consent must be completed at least 

Callie M. Cox Bauer, DO; Paige Anschutz, BA; Layan Safi, BA; Emily Malloy, PhD, CNM

Permanent Contraception and the Federal Consent 
Process: Barriers to Access 

Since the US Supreme Court overturned 
Roe v Wade, legislative efforts to limit 
reproductive rights both nationally and 

in Wisconsin have increased. In response, 
a significant number of women have sought 
permanent contraception via sterilization. 
With increased demand, it is apparent that 
inequity in access to reproductive care exists 
and is worsened by the federal sterilization 
requirements.1 In this commentary, we discuss 
key aspects of the policy that promote ineq-
uity for patients who seek the procedure.  

Permanent contraception has a dark past in 
the United States. The first eugenics-based law 
allowing forced sterilization for institutionalized 
people was passed in Indiana in 1907, followed 
by the passage of laws in 29 additional states 
over the next 30 years, including Wisconsin in 
1913. Approximately 60 000 institutionalized, 
poor, and/or minority people were forcibly steril-
ized in the United States before World War II. This 
continued throughout the 1950s, with over 200 
procedures per year in the Midwest. In 1976, the 

30 days before the estimated date of delivery 
for those seeking postpartum permanent con-
traception or the procedure date. The consent 
form is active for 180 days. A 72-hour excep-
tion to the 30-day waiting period exists on 
the federal level for “emergency abdominal 

surgery” or “preterm delivery.” In these excep-
tional cases, the Medicaid Sterilization Consent 
form must have been completed and signed at 
least 72 hours prior to the emergency surgery 
or preterm delivery and at least 30 days prior 
to the  estimated date of delivery.3 The above 
requirements are applicable only to those with 
Medicaid insurance. The consent form in is 
available in 2 languages: English and Spanish.

Barriers to Permanent Contraception 
Readability, Health Literacy, and Form 
Completion 
A study of the understandability of the Medicaid 
Sterilization Consent found that it is written at 
a 9th grade reading level, higher than that of 
many Americans.4,5 Average Americans are 
considered to have a 7th to 8th grade reading 
level. The American Medical Association (AMA) 

One study suggested that annual unfulfilled requests 
for permanent contraception methods exceeded 62 000 
procedures per year. This results in an estimated cost 

of $215 million annually attributed to 19 000 
unintended births and 10 000 abortions.
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recommends that patient information be writ-
ten at a 6th grade level, making the Medicaid 
Sterilization Consent form difficult for those 
with low health literacy who likely experience 
disproportionate barriers to health care access. 

Arbitrary Timelines 
The 30-day waiting period for people insured 
with Medicaid causes harm and furthers ineq-
uity. No waiting period exists for those with 
privately funded health insurance. The manda-
tory 30-day waiting period imposes a paternal-
istic, arbitrary timeline, as there is no evidence 
to support the 30-day timeframe to optimize 
decision-making and minimize regret. Regret 
is disproportionally emphasized, another pater-
nalistic feature enforced by the waiting period. 
Regret is experienced by approximately 2% to 
3% of women following permanent steriliza-
tion.6 In fact, many people seeking permanent 
contraception already have reflected and have 
made the decision prior to approaching their cli-
nician or completing the consent process, and 
the mandatory waiting period may cause undue 
anxiety and self-doubt.6,7 Despite increases in 
use of telemedicine and delays of elective pro-
cedures during the COVID-19 pandemic, time-
line requirements for the Medicaid Sterilization 
Consent form have not been updated. 

Obtaining and Documenting Informed 
Consent for People Who Do Not Speak 
English
Patients who do not speak English face addi-
tional barriers, such as lack of access to forms 
in their preferred language and limited avail-
ability of in-person interpreter services. The 
requirement of a physical “wet” signature on 
the Medicaid Sterilization Consent form also 
creates a significant barrier. After COVID-19, 
the use of Video Interpreter Systems with 
remote interpreters expanded and is com-
mon in many clinical settings. Many interpret-
ers are not at a central location and work 
remotely, which makes sending documents 
for signature challenging. This often requires 
additional time and staff. Incorrectly com-
pleted forms result in nonpayment for the 
procedure, disincentivizing clinicians and 
systems from offering it, and further limit-
ing access. Clinicians and health systems 
may limit procedures to those languages for 
which interpreter services are easily available 

or may delay care to allow time to find inter-
pretive services. Two-thirds of denials result 
from issues on Medicaid sterilization consent 
forms.8  The most frequent are lack of a com-
plete form, issues with signature date/times, 
and, in 66% of cases, form expiration.9

Medicaid Insurance Coverage 
Women with Medicaid insurance are less likely 
than those with private insurance to obtain per-
manent contraception.10 According to a recent 
study, only 50% to 60% of individuals with 
Medicaid insurance received a desired postpar-
tum permanent contraception procedure before 
hospital discharge, compared to 60% to 80% 
of those with private insurance across races.11 
Women of color are more likely than non-His-
panic White and Asian women to have Medicaid 
and are more likely to have negative outcomes 
related to unmet contraception requests, includ-
ing short-interval pregnancy.10,12 Due to struc-
tural racism and barriers to health care, Black 
women experience greater adverse pregnancy 
outcomes, including preeclampsia, placental 
abruption, fetal growth restriction, and still-
birth compared to White women on Medicaid.10 
Obstacles cited for the lack of permanent con-
traception fulfillment include the 30-day waiting 
period and incomplete paperwork for Medicaid 
patients.13 Studies suggest that women with 
unfulfilled postpartum contraception might have 
a pregnancy rate twice that of women without a 
permanent contraception request.14 These unin-
tended pregnancies may cause worsened out-
comes for those already facing systemic racism 
and reproductive stratification. 

Lack of contraceptive autonomy for women 
on Medicaid may be an indicator of systemic 
discrimination. Physicians, including obstetri-
cian-gynecologists (OB-GYN) noted that low-
income patients faced increased barriers to 
receiving their desired form of contraception 
due to difficulty of the consent forms enforced 
by Medicaid.15 Bryne et al showed that when 
Medicaid consent processes were not a factor 
in permanent contraception procedures, almost 
90% of requested procedures were carried out.16 

Finally, a significant contributing barrier to 
immediate postpartum permanent contracep-
tion is the short duration of postpartum mater-
nal Medicaid coverage. Despite the 180-day 
timeline of the Medicaid Sterilization Consent 
form, current Medicaid maternal coverage in 

Wisconsin extends only 60 days postpartum. 
If a person presents to their 4- to 6-week 
routine postpartum visit with a request for 
permanent contraception, their Medicaid 
coverage will expire. Even if the Medicaid 
Sterilization Consent form is signed immedi-
ately after giving birth, the uterus takes 6 to 
8 weeks to return to pregravid size, which is 
a requirement of laparoscopic surgery. As of 
May 2024, Medicaid expansion to increase 
postpartum maternal coverage from 60 days 
to 1 year has passed and been enacted in 47 
states. Wisconsin is 1 of only 3 states yet to 
enact the 12-month expansion; the bill (SB110) 
was passed by the Wisconsin state senate in 
September 2023, but it “failed to concur in 
pursuant to Senate Joint Resolution 1” in April 
2024 and no action has been taken since.17 

Economic Cost 
Unintended pregnancy comes with significant 
economic cost. Literature suggests that unin-
tended pregnancies may cost American taxpay-
ers millions of dollars in direct costs. One study 
suggested that annual unfulfilled requests for 
permanent contraception methods exceeded 
62 000 procedures per year. This results in an 
estimated cost of $215 million annually attrib-
uted to 19 000 unintended births and 10 000 
abortions.18 

Recommendations
We urge physicians, nurses, health care profes-
sionals, health systems, and policymakers to 
listen to patients who have experienced bar-
riers to access.14 The 30-day waiting period 
should be abolished and 180-day form expira-
tion be extended, leaving room for health care 
decisions to be made in a shared decision-
making model between patients and physi-
cians. We encourage equity in care provision 
for those on Medicaid and private insurance. 
To do this, we recommend consent forms be 
written at a 6th grade reading level in multiple 
different languages. We recommend that all 
states pass legislation to extend postpartum 
Medicaid coverage. Finally, we encourage 
federal Medicaid policymakers to allow for 
electronic signatures for all parties – especially 
remote medical interpreters. Together we must 
advocate for change to increase equity and 
decrease barriers to health care.

continued on page 470
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domain necessary for reproductive and birth 
equity: abortion access.

From a human rights perspective, abor-
tion access is worth preserving regardless of 
its effect on reproductive and birth outcomes. 
However, the science is conclusive that restrict-
ing abortion access is associated with myriad 

health and social consequences, including 
increases in infant mortality1 – as well as (but 
not limited to) increased chronic health prob-
lems, such as hypertension; increased anxiety 
and depression; reduced ability to achieve 
educational, career, and other life aspirations; 
and negative developmental and economic 
impacts on children.2 In other words, Wisconsin 
medical and public health professionals have 
many reasons to protect abortion access.

But in the spirit of this special issue, we focus 
here on one reason: birth equity. We make three 
larger points about the intersections between 
Wisconsinites’ ability to obtain abortion care and 
their ability to have safe and healthy pregnan-
cies, births, and reproductive lives.

First, abortion restrictions force people 
to remain pregnant and deliver against their 
wishes, increasing their morbidity and mortal-

Jenny Higgins, PhD; Jane W. Seymour, PhD; Tiffany Green, PhD

Abortion Access and Birth-related Outcomes and 
Inequities: A Call to Dismantle Abortion Restrictions 
in Wisconsin to Improve Health and Well-being

We applaud this WMJ issue’s 
focus on maternal and child 
health, which we will refer to as 

reproductive and birth outcomes to include 
birthing people who do not identify as moth-
ers. (This group includes cisgender women, 
transgender men, and gender-expansive indi-
viduals.) As this issue underscores, Wisconsin 
faces a reproductive and birth equity crisis—
one that disproportionately harms Black, 
Brown, and Indigenous Wisconsinites, as well 
as those living in rural areas and/or on low 
incomes. Eliminating these inequities requires 
a multilevel approach, from strengthening 
obstetrical referral systems, to addressing the 
criminalization of substance use disorder, to 
dismantling racism within health care systems 
and society at large. 

In this commentary, we wish to foreground 
another important but often overlooked 

ity risks. While death from pregnancy is a rare 
event (22.3 deaths per 100 000 live births in 
20223), a person who carries a pregnancy to 
term and gives birth is 14 times as likely to die 
compared to a person who has a standard-
of-care abortion.4 Unsurprisingly, states that 
restrict abortion have significantly higher 

pregnancy-related mortality rates compared to 
states that either protect or are neutral toward 
abortion access.5

While many strategies can help decrease 
the risks of pregnancy and birth, some risks 
will persist due to the biology of these pro-
cesses. Wisconsinites should have the abil-
ity to choose whether to take on these risks. 
However, Wisconsin abortion clinic closures 
between 2009 and 2017 led to increased birth 
rates in counties with the greatest increases 
in driving distance to abortion care, indicating 
restrictions’ harms to reproductive autonomy.6 

Further, while Wisconsin has chosen not to use 
state Medicaid funds to cover the vast major-
ity of abortions,7 evidence indicates that states 
that do so experience decreases in pregnancy-
related morbidity.5 Thus, we expect that 
Wisconsin’s limits on abortion access – includ-

Abortion restrictions cause the greatest harm 
to those already subject to systemic racism and 

economic injustice, widening existing health, economic, 
and social inequities – including the ability to have 

healthy pregnancies, births, and babies.
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ing the outright suspension of all abortion care 
between June 2022 and September 2023 due 
to the US Supreme Court’s decision in Dobbs v 
Jackson Women’s Health Organization,8 which 
overturned Roe v Wade9 and federal protections 
for abortion – may have resulted in increased 
numbers of people being forced to carry preg-
nancies to term and adverse pregnancy-related 
outcomes.10 It will be critical to document these 
potential consequences when vital statistics 
and hospital data become available. 

Second, lack of abortion access increases 
mental health stressors and struggles, also 
increasing pregnancy-related morbidity and 
mortality. The Centers for Disease Control 
and Prevention estimates that upwards of 1 in 
4 pregnancy-related deaths stem from men-
tal health conditions such as depression and 
substance use disorder.11 In Wisconsin, more 
than half (52%) of pregnancy-related deaths 
in 2016 and 2017 were due to mental health 
conditions.12 Research is clear that people who 
are unable to access wanted abortion care are 
more likely to experience intimate partner vio-
lence and declines in mental health, both in the 
short term and long term.13 Pregnant people 
who do not have reproductive autonomy and 
cannot choose abortion are therefore at ele-
vated risk for a major but preventable cause of 
pregnancy-related morbidity and mortality.

Third, abortion restrictions disproportion-
ately affect the communities that experience 
the worst birth outcomes, which amplifies 
existing inequities. Both abortion access and 
complication-free births are most out of reach 
for individuals and communities facing social 
oppression, systemic racism, and socioeco-
nomic scarcity: people of color, rural residents, 
and/or people living on low incomes. For exam-
ple, most African American, American Indian 
and Alaskan Native people live in states with 
abortion bans or restrictions,14 and for many 
Americans, including many Wisconsinites, the 
cost of abortion care is catastrophic.15 Abortion 
restrictions can push the cost of abortion care 
further out of reach when they result in addi-
tional costs, such as more time away from 
work, childcare or eldercare coverage, trans-
portation to services, and/or lodging close to 
care. Additionally, compared with their White 
counterparts, people who face systemic racism 

are more likely to experience poorer reproduc-
tive and birth outcomes, including lack of high-
quality prenatal care,16 infants born prematurely 
and at greater risk of dying before age 1,17 and 
pregnancy-related mortality.3 In other words, 
abortion restrictions cause the greatest harm 
to those already subject to systemic racism and 
economic injustice, widening existing health, 
economic, and social inequities – including the 
ability to have healthy pregnancies, births, and 
babies. 

At the time of this writing, abortion care ser-
vices are currently available in Wisconsin after 
the Dobbs-related suspension of services for 
over a year. However, a plethora of restrictions 
still make abortion difficult if not impossible for 
many Wisconsinites to access.18 Clinics are few 
and located in large cities far from rural com-
munities, Medicaid and other payor prohibi-
tions are fierce, telemedicine provision of abor-
tion care is banned, and antiscience regulations 
such as a two-visit requirement pose unnec-
essary barriers. These constraints threaten 
Wisconsinites’ health and well-being, as well as 
their reproductive autonomy. Given the incred-
ibly restrictive environment, as well as the 
longstanding birth inequities in Wisconsin, we 
urge readers to work to dismantle the abortion 
restrictions that stand in the way of reproduc-
tive health and well-being for all.
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ies and decreased preterm births.3 Often in rural 
hospitals, the only provider available to perform 
a cesarean delivery is a general surgeon.  

According to the Wisconsin Office of Rural 
Health (WORH) 2024 report “Obstetric Delivery 
Services and Workforce in Rural Wisconsin 
Hospitals,” 100% of rural Wisconsin hospitals 
with labor and delivery units provide cesar-
ean deliveries.4 However, from 2009 through 
2018, 11 rural Wisconsin hospitals closed their 
labor and delivery units, primarily due to clini-
cian shortages.5 OB/GYN physicians perform 
cesarean deliveries at 45% of rural Wisconsin 
hospitals.4 In 34% of hospitals, a combination 
of OB/GYNs, family medicine physicians, and/
or general surgeons split this responsibility; in 
3% of hospitals, it is the responsibility of gen-
eral surgeons alone.4 Interestingly, the 2018 
WORH report stated that general surgeons 
alone performed cesarean deliveries in 9% of 
rural hospitals.5 One hypothesis for this 6% 
decrease is that older surgeons with opera-
tive obstetric skills are retiring, and younger 

Katherine Bakke, MD, MPH; Ciara Michel, MPH 

Addressing Wisconsin’s Rural Maternal Morbidity 
and Mortality—How General Surgery Can Help

Maternal morbidity and mortality in 
the United States is a critical public 
health issue, particularly in rural 

areas, which have significantly higher rates 
compared to urban areas.1 Reasons for this dis-
parity are multifactorial; however, lack of access 
to maternal health care, hospital disruptions 
and closures, inequitable resource distribution, 
and workforce shortages are major contribu-
tors.1 In many respects, rural Wisconsinites have 
better maternity care access compared to other 
rural residents in neighboring states, as demon-
strated in the Table. 

When defining “maternity care provider,” 
March of Dimes does not include general 
surgeons as part of the obstetric workforce, 
instead counting only obstetric/gynecologic 
(OB/GYN) physicians, midwives, and family 
medicine physicians.2 While general surgeons 
typically only participate in operative obstetric 
care, like cesarean deliveries, the availability of 
a clinician who can perform a cesarean delivery 
is essential for safe, high-quality, and lifesaving 
obstetric care. Indeed, cesarean delivery avail-
ability is associated with increased local deliver-

surgeons replacing them do not have the 
same skills.  

Advanced obstetrics fellowships (such as 
those at Gundersen Health System and the 
University of Wisconsin) exist for family medi-
cine physicians, yet no equivalent training is 
available to general surgeons. Furthermore, 
general surgery residents are no longer 
required by the American College of Graduate 
Medical Education to complete an OB/GYN 
rotation, which has implications for residents 
preparing for rural practice.6 While the gen-
eral surgeon’s role in obstetric care is small, it 
requires an understanding of operative obstet-
rics and the unique management of resuscita-
tion in pregnant patients. An operative obstet-
ric training course for general surgeons is one 
way to expand the availability of rural obstetric 
care in Wisconsin, the Midwest, and, poten-
tially, the United States.

As the director of the Regional General 
Surgery Outreach Program at the University 
of Wisconsin, Dr Bakke has been in conversa-

Table. Maternity Care Access, Wisconsin and Neighboring States  

 Maternity % Babies  Cesarean Average Miles OB/GYNs per Maternity Care
 Care  Born Delivery to Birthing 10 000 Births Providers
 Deserta  in Rural Rate per Hospital by in Rural in Rural
 (% Counties)2 Counties2  Year7 Rurality2 Counties2 Counties2

National 35.1 13.58 32.1 26.2 58.2 –
Wisconsin 15.3 4 27.5 18.1 44.0 0.9
Iowa 33.3 22.3 29.6 13.0 36.6 9
Illinois 34.3 3.8 31.0 17.9 71.8 1.8
Minnesota 15.9 8.2 30.0 19.6 45.2 3.7

aMaternity care deserts are defined as any county without a hospital or birth center offering obstetric care and 
without any obstetric providers.
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and Maternal Care for General Surgeons” for 
surgeons to demonstrate competency in opera-
tive obstetrics to gain hospital privileges.10 

As evidenced by numerous discussions on 
the American College of Surgeons “rural sur-
gery” community forum, there is both interest 
and need for such a program in the US. To be 
successful, an operative obstetrics training 
course would require similar rigor as the CAGS 
program, collaboration between rural and 
urban hospitals, recognition by the American 

College of Surgeons and the American College 
of Obstetricians and Gynecologists, and have 
the support of both trainee and host hospital 
leadership. 

Existing didactic curricula for operative 
obstetrics in OB/GYN training programs could 
be refined for general surgeons, and aca-
demic centers with simulation centers could 
offer operative obstetrics simulation courses. 
The more challenging piece is how to pro-
vide hands-on patient experience in operative 
obstetrics to general surgeons. In Wisconsin, 
many rural hospitals are part of a larger 
health system network, and many have estab-
lished relationships with academic centers. 
Leveraging these relationships could allow the 
creation of “mini fellowships” for general sur-
geons seeking hands-on patient experience 
and exposure to operative obstetrics in a proc-
tored setting. 

One concern is how such a training course 
may “take away” cases from trainees in the 
existing obstetrics programs. This concern is 
valid but not insurmountable. Data suggest 
that new learners should perform between 10 
and 40 cesarean deliveries before becoming 
safe for independent practice.11 These studies 
were performed with resident physicians; it can 
be assumed that practicing general surgeons 
knowledgeable in instrument exchange, tis-
sue handling, and pelvic anatomy would have 

a shorter learning curve. With Meriter Hospital 
in Madison, Wisconsin, performing over 1000 
cesarean deliveries per year, as one example, 
there are plenty of educational opportunities 
for learners at all stages of their careers.12  

There are logistic and financial issues that 
must be addressed for an operative obstetrics 
training program to succeed. To encourage 
surgeon enrollment, hospitals could reimburse 
for registration, travel, and lodging via continu-
ing medical education (CME) funds. Certainly, 

CME credit would be provided to the surgeon 
for course completion. Host hospitals would 
need to streamline rapid credentialing of vis-
iting surgeons and have medical staff willing 
to teach. Rural hospitals would need to hire a 
locum tenens surgeon to take call while a staff 
surgeon is training; however, training could be 
split over several weekends (as opposed to a 
month-long intensive) to allow rural general 
surgeons to return to their practice during the 
week. The cost of providing the training and 
the administrative overhead at the host hospi-
tal also would need to be addressed.

Overcoming such challenges would be well 
worth the benefit. According to WORH, “hos-
pital OB units with fewer than four providers 
covering surgical obstetric services (cesarean 
deliveries) can be considered ‘at risk’ of clo-
sure due to the non-sustainable nature of cov-
erage.”5 Indeed, one of the most frequently 
requested services requested from the UW 
Health Regional Services Program is cesarean 
delivery coverage, according to Allison Henke, 
vice president of UW Health Regional Services 
(personal conversation, June 24, 2024) . This 
suggests there is already a strained rural 
obstetric workforce in Wisconsin. Increasing 
operative obstetrics training for general sur-
geons is not just a maternal morbidity and 
mortality issue, but also an issue of physician 
well-being and workforce retention. 

To expand obstetric services in rural Wisconsin and 
across the Midwest, collaborative postgraduate training 
in operative obstetrics for general surgeons should be 
a priority of the State, its academic medical centers, 

and its large network of hospital systems. 

tion with rural general surgeons throughout 
Wisconsin about obstetric care. Most surgeons 
state that they, intending to practice in a rural 
community, took it upon themselves during 
residency to foster relationships with OB/GYNs 
and trained for extra hours to learn how to per-
form cesarean deliveries. Others state that a 
senior OB/GYN or general surgeon supervised 
them in cesarean deliveries at their start of 
practice until they were competent to perform 
the procedure independently. These conver-
sations also revealed there are essentially no 
formal operative obstetrics training opportuni-
ties available to surgeons in the US. The only 
course available, which one rural Wisconsin 
surgeon attended, is a 2-day global health 
training at Stanford University that teaches 
basic operative obstetrics along with orthope-
dics, plastic surgery, and burn care.9 

 Most surgeons said that learning the steps 
of a cesarean delivery is not difficult; rather, 
learning how to anticipate and troubleshoot 
problems is the foremost challenge of opera-
tive obstetrics. The amount of bleeding, twin 
deliveries, fetal or maternal distress, repeat 
cesarean deliveries, patient obesity, prolonged 
labor, and breech presentations were cited as 
clinical challenges they have learned to man-
age – often emergently with little or no assis-
tance. The risk of litigation looms in these 
surgeons’ minds as to whether they should 
provide a surgery they are not expected to 
master by the American Board of Surgery. Yet, 
their commitment to their patients is strong, 
with most rural surgeons offering their surgical 
skills to provide an essential component of care 
to their community.

The Canadian Association of General 
Surgeons (CAGS) recognized that rural surgeons 
in Canada often are responsible for operative 
obstetrics and created a training program to 
increase the number of general surgeons able 
to perform cesarean deliveries.10 CAGS mem-
bers can enroll in the “Operative Delivery and 
Maternal Care for General Surgeons Program,” 
a 10-week online course with a 1-day simulation 
skills course at the CAGS annual conference 
and hands-on training at host hospitals where 
surgeons perform a minimum of 25 cesarean 
deliveries, 5 dilation and curettage procedures, 
and 5 tubal ligations.10 The program results in a 
“Certificate of Recognition in Operative Delivery 
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In Wisconsin, the number of rural hospi-
tals offering obstetric services is higher than 
the national average, but some of these units 
undoubtedly will be at risk of closure in the 
future. As seen throughout the US, closure of 
rural labor and delivery units worsens maternal 
morbidity and mortality for already vulnerable 
rural populations. General surgeons play a vital 
role in keeping the doors of labor and delivery 
units open. Projections predict shortages for 
both OB/GYN and family medicine physicians, 
with declines in OB/GYN physicians practicing 
in rural areas and family medicine physicians 
practicing obstetrics.13 The demand for gen-
eral surgeons who provide operative obstetric 
care can only be expected to increase in the 
future. To expand obstetric services in rural 
Wisconsin and across the Midwest, collabora-
tive postgraduate training in operative obstet-
rics for general surgeons should be a priority 
of the State, its academic medical centers, and 
its large network of hospital systems. Doing 
so could position Wisconsin as a leader in 
maternal health care and contribute to efforts 
urgently needed to reduce the morbidity and 
mortality facing rural mothers.
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approached my state capital, Madison, and felt 
drawn to stop and speak out in support of not 
only my patients, but of all women. As I walked 
toward the capitol building in my white coat, I 
was approached by various news outlets and 
was empowered by seeing other women in 
protest. I explained the consequences of this 
devastating ruling and the dangerous ramifica-

tions that could result: women suffering and 
even dying. I discussed the impact on families 
given that women are often positioned as the 
head of household. I described the importance 
of access to safe abortions – particularly for 
women with chronic disease and those on tera-
togenic medications. Overall, I was saddened 
for the two people who ultimately should be 
involved in this conversation – the patient and 
their clinician. This is not a politician’s place. 

Later, at the 2023 National American 
College of Physicians meeting, I attended a 
powerful talk on the importance of preserv-
ing this right, and it reminded me that we 
need to stay conscious of the potentially har-
rowing effects of these restrictive laws at the 
state level. And as an active member of the 
Reproductive Advocacy Group within the ACP 

Jennifer Cichon Mackinnon, MD, MM; Whitney Lynch, MD

An Internists’ Action Plan to Reduce Morbidity 
and Mortality Under Abortion Restrictions

Following the US Supreme Court’s deci-
sion in Dobbs v Jackson Women’s 
Health Organization,1 an acquain-

tance was 18 weeks pregnant and consid-
ered high risk due to comorbid conditions. 
She expressed to me her fear of potential 
complications in light of the recent abortion 
restrictions, and as we discussed the unfortu-
nate gray area created by the overturn of Roe 
v Wade2 and Planned Parenthood v Casey,3 

I advised her to discuss a theoretical action 
plan with her obstetrician. 

This acquaintance is not alone in her con-
cerns. Dr Lynch and I both have had to discuss 
this delicate matter with many of our patients. 
One patient — the mother of other young chil-
dren — had already begun to research hospital 
systems that would allow for safe care, includ-
ing locations out of state. In case of an emer-
gency, she would be required to travel a long 
distance for life-saving care—a circumstance 
that for many is not financially feasible. What 
civilized country places women in such a posi-
tion of vulnerability? 

When the Dobbs decision was announced, 
I was driving from Milwaukee, Wisconsin, 
to Minneapolis, Minnesota. En route, I 

Wisconsin State Chapter, I plan to advocate at 
our nation’s Capital as well. There is much we 
can do to have influence.

—Jennifer Cichon Mackinnon

Action Steps
Together, we began considering how we as 
internists could make a direct impact in our 

One patient – the mother of other young children – 
had already begun to research hospital systems that 
would allow for safe care, including locations out of 
state. In case of an emergency, she would be required 

to travel a long distance for life-saving care.

day-to-day practice. Here are some immediate 
action steps we can initiate: 
1. Ask about contraception and prescribe it. This 

is paramount, as unintended pregnancy rates 
remain high—particularly among those of 
low socioeconomic status.4 Family-planning 
and control of reproductive health is not 
only key to economic stability but family 
stability. As internists, we need to champion 
these conversations and continue to engage 
in medical education to improve access to 
care for our patients. Several studies have 
shown the benefits of preventing unplanned 
pregnancies through the use of long-acting 
reversable contraception,5,6 so this training 
becomes extremely valuable to our patients. 
Consider Plan B prescriptions for patients to 
have on hand in an event of an unplanned 
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pregnancy and enact your contraception 
plan before your patient leaves their visit. 

2. Advocate for your patient’s health by focus-
ing on excellent chronic disease manage-
ment, including mental health. Poorly con-
trolled chronic diseases have been linked 
directly to an increase in maternal morbid-
ity and mortality. One study identified that 
nearly two thirds of severe maternal mor-
bidity events were deemed preventable 
with antepartum interventions.7 These data 
are supported by statistics from the Centers 
for Disease Control and Prevention, which 
launch the “Hear Her Campaign”8 in 2020 
to help prevent pregnancy-related death. As 
internists, we should feel comfortable and 
empowered to partner with our obstetric 
colleagues to help manage these chronic 
conditions and recognize when our patients 
require more urgent care. We are critical to 
eliminating this preventable mortality. 

3. Help protect your patient’s rights. Abortion is 
a standard of care that should be safely and 
readily available in all states. A recent study 
identified that states that enacted an immedi-
ate ban on abortions after the leaked Dobbs 
draft decision in 2022 saw a 42% increase in 
internet searches of abortion-related terms 

and a 25% increase in contraception-related 
terms.9 By the age of 45, nearly 1 in 4 women 
will have had an abortion, and early abortion 
should not be considered a middle ground. 
Studies have shown upwards of 90% of 
patients would be affected by an early abor-
tion ban, which would disproportionally affect 
patients who are Black and of lower socio-
economic status.10,11 Our patients’ rights are 
endangered, and it is our job to help safeguard 
them and stand against this injustice. Please 
call, write, or email your state representatives, 
senators, and governor and explain as a phy-
sician why this right is essential. 

We hope you will consider taking these 
action steps and share their importance with 
colleagues and learners. In our microcosms, 
we can create meaningful change and help 
save lives — the very epitome of why we chose 
this career. 
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Theme 2: OBSTETRIC HEALTH CARE DELIVERY

The Complementarity of Motherhood 
Dian Yao 

Digitized Ink Drawing

Artist Statement:
This artwork captures my baby boy's beach fun day near Lake Superior! Our con-
nection is like blue and orange – beautifully complementary. He transformed from a 
sand-avoider to a sand-savant in no time, and witnessing his growth made me beam 
with pride. It reminded me of the precious nature of motherhood – creating oppor-
tunities for our children to explore the world with us, fostering their confidence, and 
building cherished connections. 
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ORIGINAL RESEARCH

INTRODUCTION
Over 30% of births in the United 
States occur via cesarean delivery. One 
of every 50 to 300 patients can develop 
chronic opioid use following treatment 
of acute pain, including after cesarean.1 
Accordingly, multimodal approaches 
endorsed by the enhanced recovery after 
surgery “ERAS” Society and the Society 
of Obstetric Anesthesia and Perinatology 
emphasize nonopioid analgesia.2-6 ERAS 
refers to a patient-centered, evidence-
based, multimodal, and multidisciplinary 
approach to postoperative recovery with 
a goal of reducing pain and facilitating 
recovery.

Our hospital identified that our post-
cesarean patients utilized high doses of 
systemic opioids.7 Our prior strategy to 
reduce opioid utilization with scheduled 
acetaminophen and nonsteroidal anti-
inflammatory drugs (NSAID) reduced 
opioid utilization by approximately 20%, 
but opioid utilization remained high.8 We 
next implemented a post-cesarean ERAS 
protocol. The analysis presented here 
evaluated the association of this protocol 
with post-cesarean opioid utilization. Our 
hypothesis was that post-cesarean opioid 
utilization in the first 48 hours (calcu-
lated as morphine milligram equivalents 
[MME]) would decrease following imple-
mentation of the ERAS protocol. 

ABSTRACT
Introduction: Research has shown that 1 of every 50 to 300 patients can develop chronic opi-
oid use following treatment of acute pain, including after cesarean birth. Our hospital identified 
that our post-cesarean patients utilized high doses of systemic opioids. This study sought to 
determine whether implementation of a standardized enhanced recovery after cesarean surgery 
(ERAS) protocol decreased opioid utilization following cesarean birth. 

Methods: An evidence-based ERAS protocol was created and implemented. This protocol 
included intrathecal morphine and a standardized approach to all phases of perioperative care 
for both scheduled and unscheduled cesarean deliveries. A before-and-after analysis compared 
oral morphine milligram equivalents (MME) for 9 months prior to and 9 months after implementa-
tion. People with chronic opioid use for any indication or postoperative intubation were excluded. 
The primary outcome was the cumulative MME utilization in the first 48 hours postoperatively. 
MME utilization and pain scores at other time points were compared. 

Results: Patients who underwent cesarean birth prior to implementation of the ERAS protocol 
(pre-ERAS) (n = 973) and after implementation (post-ERAS) (n = 1025) were included. The median 
cumulative opioid dose in the first 48 hours post-cesarean was 122 MME (interquartile range [IQR] 
80-164) pre-ERAS compared to 8 MME (IQR 0-48) post-ERAS (P < 0.001). The median cumulative 
MME was higher in the pre-ERAS period compared to the post-ERAS period for all time points 
assessed. The prevalence of pain scores > 7 in the first 24 hours was decreased in the post-ERAS 
period as was the percentage of patients requiring any opioids. 

Conclusions: An ERAS protocol for cesarean birth including intrathecal morphine was associated 
with a 93.8% reduction in cumulative opioid dose by MME and should be considered by all hospi-
tals that offer obstetric services.

Kathleen M. Antony, MD, MSCI; India Anderson-Carter, MD; Aimee Teo Broman, MA; Sarah E. Gnadt, Pharm D, BCPS; Delores 
Krickl, BSN; Shefaali Sharma, MD; Luther L. Gaston, MD; Emily M. Buttigieg, MD; Benjamin B. Whiddon, MD, PhD

Association of an Enhanced Recovery After Cesarean 
Surgery Protocol With Postpartum Opioid Utilization: 
Analysis of a Quality Improvement Project 
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MATERIALS AND METHODS
This project was reviewed by the 
Institutional Review Board at the University 
of Wisconsin-Madison and UnityPoint 
Health-Meriter and was deemed to meet 
requirements for a quality improvement 
project. UnityPoint Health-Meriter is the 
setting of the University of Wisconsin’s 
obstetrical service. This quality improve-
ment project is reported in accordance with 
the SQUIRE 2.0 and RECOvER check-
lists.9,10 Here we report analysis of opioid 
utilization before and after implementation 
of this post-cesarean ERAS protocol at a 
single hospital. 

A multidisciplinary committee con-
vened in January 2020 to design an 
evidence-based enhanced recovery after 
cesarean surgery (ERAS) protocol. The 
committee consisted of representatives 
from every phase of prenatal, intrapar-
tum, and postpartum care and included 
the disciplines indicated in Supplemental 
Table 1. Together, this group reviewed 
existing cesarean ERAS protocols and 
reviewed evidence for additional com-
ponents considered.2,3,6,11,12 The protocol 
had an implementation date of June 29, 
2021. However, 1 portion of the proto-
col – intrathecal morphine  – was imple-
mented early on March 2, 2021, for 
the following reasons: (1) the need for 
intrathecal morphine was great given the 
previously identified high post-cesarean 
opioid utilization, (2) it was feasible 
to implement this while the remaining 
educational portions of the project and 
order sets were being created, and (3) 
this medication initially was planned for 
implementation much earlier than the full 
protocol but was delayed due to external 
circumstances. Prior to March 2, 2021, intrathecal morphine 
was not available for use, was not stocked in the pharmacy, and 
was not part of the intrapartum or postpartum regimen. We 
previously had a standardized post-cesarean analgesia protocol 
comprised of scheduled acetaminophen and NSAIDs.8 Prior to 
2021, intrathecal morphine was not used due to early concerns 
related to respiratory compromise.13 However, we found that 
our approach of using systemic opioids rather than intrathe-
cal morphine resulted in a 112-fold higher rate of moderate to 
severe respiratory events than would be expected with intrathecal 

Table 1. Characteristics of Patients Pre- and Post-implementation of an Enhanced Recovery After Cesarean 
Surgery Protocol (ERAS Protocol) 

Characteristic Pre-ERAS (n = 973) Post-ERAS (n = 1025) P value

Demographic Characteristics   
Maternal age, mean ± 4 SD 31.8 ± 4.9 32.0 ± 5.2 0.390
Married,a n (%) 744 (76.5) 774 (75.5) 0.818
Insurance, n (%)   0.9171
 Private  768 (78.9) 817 (79.7) 
  Medicaid or other public insurance 201 (20.7) 204 (19.9) 
  Self-pay, no insurance, other 4 (0.4) 4 (0.4) 
Race, n (%)   0.3954
  Asian or Indian 76 (8) 72 (7.2) 
  Black 83 (8.7) 84 (8.5) 
  Other or not specifiedc 7 (0.7) 15 (1.5) 
  White 784 (82.5) 823 (82.8) 
Latinx ethnicity, n (%)d 82 (8.4) 114 (11.1) 0.051
Maternal BMI (prepregnancy), mean  ±  SD 28.7 ± 7.4 29.0 ± 7.9 0.369
Maternal BMI (at delivery), mean ± SD 34.1 ± 7.1 34.4 ± 7.6 0.596
Gravidity,b n (%)   0.904
 1 362 (37.2) 368 (35.9) 
 2 283 (29.1) 300 (29.3) 
 3 148 (15.2) 156 (15.2) 
 4+ 179 (18.4) 200 (19.5) 

Maternal History   
Any diabetes, n (%) 187 (19.2) 191 (18.6) 0.782

Obstetric Characteristics   
Multiple gestation, current pregnancy, n (%) 56 (5.8) 56 (5.5) 0.852
Gestational age at delivery, mean ± SD 38.2 ± 2.4 38.1 ± 2.5 0.340
Infant birthweight (grams), mean ± SD 3241 ± 716 3198 ± 742 0.184

Surgical and Postpartum Characteristics   
Primary versus repeat cesarean birth   0.925
  Primary, n (%) 583 (59.9) 611 (59.6) 
  Repeat, n (%) 390 (40.1) 414 (40.4) 
Unplanned cesarean birth, n (%) 322 (33.1) 405 (39.5) 0.003
Anesthesia modality   
 General anesthesia, n (%) 44 (4.5) 45 (4.4) 0.973
 Epidural anesthesia, n (%) 367 (37.7) 402 (39.2) 0.520
 Spinal anesthesia, n (%) 565 (58.1) 591 (57.7) 0.868

Abbreviation: BMI, body mass index.
Bold font indicates statistical significance.
aMarital status was unknown for 1 person in the pre-ERAS and 1 person in the post-ERAS group. 
bGravidity data unknown for 1 person in the pre-ERAS and 1 person in the post-ERAS group.
cOther racial categories here included American Indian or Alaska Native, Native Hawaiian or other Pacific 
Islander, and those who chose to not self-identify. Due to low numbers, these designations were grouped to 
preserve anonymity. 
dUnknown for 30 people in the pre-ERAS and 21 people in the post-ERAS group.  

morphine.7,14 Accordingly, we pivoted to implement intrathecal 
morphine. 

The ERAS protocol for the prehospital and preoperative 
period is shown in Supplemental Table 2, with new items indi-
cated by ‡. Among other components of this protocol, at a preop-
erative visit, patients undergoing planned cesarean births receive 
multimedia education via in-person counseling, brochures, and 
a standardized video.2 The video is available via the hospital 
website in English and Spanish, as well as YouTube and loaded 
on tablet devices in clinics and at the hospital (Links: https://
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www.unitypoint.org/madison/cesar-
eanbirth.aspx or https://www.youtube.
com/watch?v=x1UJysNQKkA). Patients 
undergoing unplanned cesarean birth 
are counseled about what to expect by 
the clinicians and, when time permits, a 
visual flip-chart aid with diagrams is used 
to standardize this conversation. Patients 
undergoing unplanned cesarean delivery 
also may watch the pre-cesarean educa-
tional video if time permits. The contents 
of the video include how to prepare for a 
cesarean birth, what to expect, and how 
postoperative pain will be managed. 

The perioperative and intraoperative 
protocol is shown in Supplemental Table 
3.4,6,11,15 Starting March 2, 2021, intra-
thecal morphine was added to the spinal 
and epidural anesthesia regimen. Dosing 
is indicated in Supplemental Table 3. 
Patients who underwent general anesthesia 
without neuraxial analgesia did not receive 
neuraxial morphine.

Intraoperative considerations included 
recommendations to avoid a bladder flap, 
with instructions that foregoing a bladder 
flap reduces time to delivery, surgical site 
infection, time to void, urinary retention, and adherence of the 
bladder to the uterus in subsequent pregnancies, but also that pro-
vider discretion is reasonable.6 Promoting early skin-to-skin con-
tact was implemented in a systematic manner as part of the ERAS 
protocol, with the pediatric team assessing the baby on the opera-
tive field during delayed cord clamping and allowing immediate 
skin-to-skin contact if further assessment on the warmer was not 
required.4,6,12 

The postpartum ERAS protocol is shown in Supplemental 
Table 4. Acetaminophen (975 mg orally) and NSAIDs (ketoro-
lac 15 mg intravenously [IV] for the first 24 hours followed by 
ibuprofen 600 mg orally) are administered every 6 hours simul-
taneously, which was the case in both the pre-ERAS and post-
ERAS period.8 Opioids – oral or IV – could be administered as 
needed for breakthrough pain. These typically comprised oral 
morphine or hydromorphone, but different agents were avail-
able or used due to medication shortages or patient factors. New 
items include earlier removal of the indwelling urinary catheter 
within 6 rather than 12 hours.4,16 Early oral nutrition and gum 
chewing was encouraged.3,4,11 A postoperative educational video 
was created with instructions to view the video as early as fea-
sible during the postpartum period. The contents of this video 
were similar to the preoperative video but with the preparation 

Table 2. Percentage of Postpartum People Utilizing ≤ 15 MMEs Within a Given Time Period and With Severe 
Pain Scores (≥7) Pre- and Post-ERAS Protocol Implementation

Time Period Pre-ERAS (n = 973) Post-ERAS (n = 1025) P value

Percentage who utilized zero MMEs n (%) n (%) 
 0 – < 6 hours  111 (11.4) 687 (67.0) < 0.001
  6 –<12 hours  84 (8.6) 777 (75.8) < 0.001
 12 –< 24 hours  86 (8.8) 683 (66.6) < 0.001
 24 –< 48 hours  133 (13.7) 533 (52.0) < 0.001
 48 –< 72 hours   285 (29.3) 644 (62.8) < 0.001
 72 hours – hospital discharge 624 (64.1) 851 (83.0) < 0.001

Percentage who utilized ≤ 15 total MMEs n (%) n (%) 
 0 – < 6 hours  260 (26.7) 950 (92.7) < 0.001
 6 – < 12 hours  175 (18.0) 924 (90.1) < 0.001
 12 – < 24 hours  130 (13.4) 787 (76.8) < 0.001
 24 – < 48 hours  167 (17.2) 617 (60.2) < 0.001
  48 – < 72 hours  357 (36.7) 736 (71.8) < 0.001
 72 hours – hospital discharge 690 (70.9) 915 (89.3) < 0.001

Percentage of patients with any pain score ≥ 7a  n (%) n (%)
 0 – < 6 hours  278 (32.0) 141 (21.2) < 0.001
 6 – <12 hours 164 (19.2) 48 (8.6) < 0.001
 12 – < 24 hours  179 (19.7) 101 (13.8) 0.002
 24 – < 48 hours  164 (17.6) 182 (21.1) 0.070
 48 – < 72 hours  102 (12.7) 96 (14.1) 0.496
 72 hours – hospital discharge 53 (12.2) 33 (10.4) 0.516

Abbreviations: MME, morphine milligram equivalents; ERAS, enhanced recovery after cesarean surgery.
Bold font indicates statistical significance; P values are based upon chi-square or Fisher exact tests. 
aDenominators only include those with pain scores recorded. For 0 – <6 hours, 869 and 664 people had pain 
scored recorded for the pre and post-ERAS, respectively; for 6 – <12, 832 and 561; for 12 – <24 hours, 907 
and 730; for 24 – <24 hours, 933 and 864; for 48 – <72 hours, 801 and 682; for 72 hours  hospital discharge, 
434 and 317. 

steps omitted and a few notes about unexpected cesarean births. 
Finally, routine discharge at post-cesarean day 2 was encouraged. 

Education for nurses and all obstetric providers (including 
resident physicians, certified nurse midwives, family medicine 
physicians, and obstetricians) was required and made available 
starting 1 month prior to implementation, allowing time to 
complete the educational modules. The modules included infor-
mation on each new portion of the protocol and the rationale for 
inclusion. The module was followed by a short quiz. Reminder 
emails were sent to those who did not complete the training 
modules and the quiz. Reminder fliers were posted on the mater-
nity unit. All modules were to be completed by the implementa-
tion date of June 29, 2021, which was the date that use of the 
order sets was required.

Data were collected for the following date ranges: “pre-ERAS” 
June 1, 2020-March 1, 2021; “partial” March 3, 2021-June 28, 
2021, at which time only the intrathecal morphine portion of 
the protocol was started; and “post-ERAS” June 29, 2021-March 
31, 2022. The primary analysis compared the pre-ERAS to the 
post-ERAS period. To collect demographic data, we queried the 
hospital’s administrative birth database (PeriData.Net, Ancilla 
Partners, Inc, Milwaukee, Wisconsin) to generate a list of all 
cesarean births that occurred during the dates analyzed. Briefly, 
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Figure 1. Median Cumulative MME Utilization Among the Pre-ERAS and Post-ERAS Groups in (A) the First 6 Hours Post-cesarean, (B) the First 12 Hours Post-cesarean, (C) the 
First 24 Hours Post-cesarean, (D) the First 48 Hours Post-cesarean, (E) the First 72 Hours Post-cesarean, and (F) From Cesarean Until Discharge From the Hospital

Abbreviations: MME, morphine milligram equivalents; ERAS, enhanced recovery after cesarean surgery.
P values are based on Wilcoxon rank sum tests.
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data entry is performed manually via review of information 
from parents supplemented by review of the hospital’s electronic 
health record.7,8 All data are audited by perinatal data coordi-
nation nursing staff.7,8 We simultaneously queried the electronic 
health record system (Epic, Hyperspace 2021, Epic Systems 
Corporation, Verona, Wisconsin) for recorded pain scores and 
medication use.

Inclusion criteria for this analysis were cesarean delivery dur-
ing the indicated time periods. Exclusion criteria included the fol-
lowing: chronic opioid use due to either chronic pain or opioid 
use disorder due to likely outlier status for post-cesarean opioid 
utilization and ongoing intubation after completion of cesarean 
surgery because such patients often receive opioids for purposes 
unrelated to pain. 

The primary outcome was cumulative opioid dose in the 
first 48 hours postoperatively among the pre-ERAS group ver-
sus the post-ERAS group. Doses were converted to MMEs and 
summed.17 Secondary outcomes included MME utilization and 
pain scores at other time intervals. Pain scores from 0 to 10 using 
the numeric rating scale were collected by nurses at least every 6 
hours.18 Using this pain scale, scores of 0 correspond to no pain, 
1 to 3 corresponds to mild pain, 4 to 6 corresponds to moder-
ate pain, and 7 to 10 corresponds to severe pain.18 Nurses also 
qualitatively assess the nature of pain and subjectively assess how 
much pain the patient appears to be experiencing. We assessed the 
percentage of postpartum people with at least 1 pain score ≥7; the 
percentage who utilized < 15 MMEs for the whole hospitalization; 
and the percentage who utilized zero MMEs. A pain score ≥7 was 
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Figure 2. Median MME Among the Pre-ERAS and Post-ERAS Groups in (A) the First 0 – < 6 Hours Post-cesarean, (B) 6 – < 12 Hours Post-cesarean, (C) 12 – < 24 Hours 
Post-cesarean, (D) 24  – < 48 Hours Post-cesarean, (E) 48  – < 72 Hours Post-cesarean, and (F) 72 Hours Post-cesarean Until Discharge From the Hospital

Abbreviations: MME, morphine milligram equivalents; ERAS, enhanced recovery after cesarean surgery.
P values are based on Wilcoxon rank sum tests.
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chosen as a cutoff because this signifies severe pain. The threshold 
of 15 MMEs for the whole hospitalization was evaluated because 
prior investigators used this as a cut-off at which patients were 
considered to be “opioid spared.” Additional variables collected 
included body mass index (BMI), age, race/ethnicity, gravidity, 
parity, and gestational age at delivery. Medical comorbidities and 
obstetric outcomes were defined as per the American College of 
Obstetricians and Gynecologists. 

To assess compliance with the ERAS protocol, the following 
items were audited: pre-cesarean glucose beverage consumed (for 
planned cesarean births only), intrathecal morphine administered, 
intraoperative temperature obtained, pre-cesarean video viewed, 
and post-cesarean video viewed. 

Based upon our hospital data, in 2019, average cumulative opi-

oid utilization in the first 48 hours post-cesarean birth was 134.9 
MME with a standard deviation of 66.2 MME.8 Given this aver-
age baseline data, we anticipated that we would require a sample 
size of at least 114 to detect a 30% reduction in cumulative opioid 
dose, accommodating a wide standard deviation, with 80% power 
and alpha of 0.05. In order to assess our secondary outcomes, we 
included patient charts for the time period for all who met criteria. 
Demographic and outcome measures were compared pre-ERAS 
and post-ERAS using t test or Wilcoxon rank sum for normally 
and non-normally distributed continuous measures, respectively, 
and chi-square or Fisher exact test for categorical measures. Post 
hoc analyses of the pre-ERAS, partial-ERAS (intrathecal morphine 
only), and post-ERAS (full ERAS) groups were performed. A P 
value of < 0.05 was considered statistically significant. R program-
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Figure 3. Mean Pain Scores Among the Pre-ERAS and Post-ERAS Groups in the First (A) the First 0 – < 6 Hours Post-cesarean, (B) 6 – < 12 Hours Post-cesarean, (C) 
12 – < 24 Hours Post-cesarean, (D) 24  – < 48 Hours Post-cesarean, (E) 48  – < 72 Hours Post-cesarean, and (F) 72 Hours Post-cesarean Until Discharge From the Hospital

Abbreviations: MME, morphine milligram equivalents; ERAS, enhanced recovery after cesarean surgery.
P values are based on t tests.
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ming language was used for all statistical analyses (R Core Team, 
2020).

RESULTS
From June 1, 2020, through March 31, 2022, 2522 patients were 
delivered via cesarean. One hundred seven were excluded due to 
chronic opioid use (n = 98) or post-cesarean intubation (n = 9). 
From June 1, 2020, to March 1, 2021, 973 were delivered and 
were included in the “pre-ERAS” group; 1025 were delivered from 
June 29, 2021, through March 31, 2022, and were included in 
the “post-ERAS” group; and 417 were delivered during the time 
from  March 2, 2021 through June 28, 2021 and were included in 
the “partial” group but were excluded from the primary analysis. 
During the “partial-ERAS” time period, only intrathecal morphine 

had been implemented. During the “post-ERAS” period the full 
ERAS protocol had been implemented. Baseline characteristics of 
the 2 groups were similar except that in the post-ERAS group, 
more patients experienced unplanned cesarean birth. 

The primary outcome of cumulative MME in the first 48 hours 
after cesarean birth was significantly different between groups with 
higher MME utilized in the pre-ERAS group compared to the 
post-ERAS group (median 128 [IQR 80-164] MME vs 8 [IQR 
0-48] MME, respectively; Wilcoxon rank test P < 0.001) (Figure 
1D). Cumulative MME utilization and MME utilization for each 
time interval was similarly lower in the post-ERAS group (Figures 
1 and 2). The percentage of patients who utilized 0 MME and 
< 15 MMEs was significantly lower among the post-ERAS group 
(Table 2). 
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Regarding the secondary outcome of pain scores, mean pain 
scores were lower for the 0 to 6 hours and 6 to 12 hours interval 
among the post-ERAS group. For the 12- to 24-hour post-cesar-
ean interval and the interval from 72 hours until discharge, there 
was no statistical difference in pain scores (Figure 3). For the 24- 
to 48-hour and 48- to 72-hour interval, pain scores were higher in 
the post-ERAS group. Fewer patients reported pain scores >7 in 
the post-ERAS group for the first 24 hours post-cesarean (Table 2) 
but not beyond 24 hours. 

Postpartum length of stay was decreased in the post-ERAS 
group from 3.1 days (SD 0.9) pre-ERAS to 2.9 days (SD 0.9) 
post-ERAS, (t test P<0.001). 

To determine whether the full ERAS protocol was associated 
with further MME reduction versus intrathecal morphine alone, 
the partial-ERAS group was compared to the post-ERAS group. 
Baseline characteristics between the partial-ERAS and post-ERAS 
groups were similar with no statistically significant differences in 
evaluated characteristics (data available upon request). The median 
opioid utilization at all time periods was similar between groups 
(Supplemental Figures 1 and 2). Pain score results were similar 
except that pain scores in the post-ERAS group were slightly higher 
in the first 0 to 6 hours post-cesarean than in the intrathecal mor-
phine only group, median 3.3 (SD 1.9) versus 3.6 (SD 1.9) for 
the partial versus post-ERAS groups, respectively (Supplemental 
Figure 3). The percentage who reported pain scores > 7, the per-
centage who utilized zero MMEs, and the percentage who utilized 
< 15 MMEs were not statistically different between the partial ver-
sus post-ERAS groups (Supplemental Table 5). When comparing 
the pre-ERAS group to the partial-ERAS group, statistically signif-
icant differences in both cumulative MME utilization and in the 
percentage of patients who utilized zero MMEs and < 15 MMEs 
were noted (supplemental Figure 4 and Supplemental Table 6). 

Regarding compliance, during the post-ERAS period, the pre-
operative glucose beverage was administered 608 times for 620 
(98.1%) planned cesarean cases. During the partial-ERAS period, 
398 of 417 (95.4%) patients undergoing cesarean birth received 
intrathecal morphine; during the post-ERAS period, 1000 of 1025 
(97.5%) patients undergoing cesarean birth received intrathecal 
morphine. Intraoperative temperature was documented for 1023 
(99.8%) cases post-ERAS. The preoperative video was watched an 
average of 3.9 times daily and the post-cesarean video was watched 
an average of 4.5 times daily, which exceeds the average number of 
cesareans births performed daily (3.4). Of video viewings, 11.5% 
were for the Spanish language version. 

DISCUSSION
Following implementation of this post-cesarean ERAS protocol, 
total opioids utilized in the first 48 hours following cesarean birth 
decreased by 93.8%. A decrease in opioid utilization was observed 
at all other time periods. The percentage of patients who utilized 
zero and < 15 MMEs was higher following implementation of this 

ERAS protocol. MME utilization was statistically significantly 
lower after implementation of intrathecal morphine alone (partial-
ERAS) than during the pre-ERAS period, suggesting that this was 
the main driver of decreasing opioid dose. Further reductions in 
opioid utilization after the implementation of the full protocol 
were limited by low opioid utilization in both the “partial” and 
post-ERAS time periods.   

Our secondary outcome measure of mean pain scores was lower 
at time periods prior to 12 hours postpartum. The 12- to 24-hour 
time period is the timeframe where the effects of intrathecal mor-
phine would be expected to wane; thus, this might explain the lack 
of a difference in pain control in this time period.19 After 24 hours, 
pain scores were statistically higher in the post-ERAS group com-
pared to the pre-ERAS group, while MME utilization remained 
statistically lower. The clinical significance of the difference in 
pain scores is small, but this suggests that after implementation 
of the ERAS protocol, pain in the 24- to 48-hour period was less 
aggressively treated with opioids. Another possible explanation is 
that patients were more tolerant of mild pain without requesting 
opioids due to the educational interventions of the ERAS protocol. 
The absolute differences in pain, while statistically significant, are 
of unclear clinical significance. We did not capture patient satisfac-
tion scores, but it will be important to consider whether additional 
efforts are warranted to reduce pain beyond 24 hours post-cesar-
ean. The percentage of subjects with severe pain – scores ≥ 7 – was 
lower in the first 24 hours post-cesarean in the post-ERAS group, 
but this was no longer observed after 24 hours. 

Prior investigations, quality improvement projects, trials, 
and meta-analyses have similarly found that implementation of 
enhanced recovery after cesarean surgery protocols is associated 
with decreased opioid consumption in the post-cesarean time 
period,11,12 decreased pain,11,12 shorter length of stay,12 decreased 
hospital costs,20 and increased patient satisfaction.20 Some also 
notably found no change in opioid utilization,21 pain scores,22 or 
length of stay.11 Each ERAS protocol differs, which may affect the 
impact on each of these outcomes. Here, we uniquely evaluated 
the impact of intrathecal morphine separately from the full ERAS 
protocol and found that intrathecal morphine is the most impact-
ful component in terms of reducing cumulative MME utilization. 
These results support wider implementation of ERAS protocols 
that include intrathecal morphine – especially at institutions with 
above-average post-cesarean opioid utilization. 

We and other institutions have identified racial disparities in 
treatment of post-cesarean pain.23,24 One institution has dem-
onstrated that their ERAS protocol reduced racial disparities in 
postoperative pain scores.25 Further analysis regarding whether our 
ERAS protocol reduced disparities is planned. 

Our strengths included the following: this project was imple-
mented in the largest delivering hospital in Wisconsin, which 
allowed for a large sample size. Our multidisciplinary team 
encompassed all phases of clinical and hospital care that patients 
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undergoing cesarean births encounter. The staggered implemen-
tation of intrathecal morphine and the full protocol allowed us 
to evaluate whether ERAS was associated with further reduction 
in MME utilization and pain compared to intrathecal morphine 
alone. While this was a before-and-after analysis, the obstetrical 
care teams, anesthesia teams, and patient population before and 
after the intervention were similar. While not yet published when 
this protocol and analysis were being planned, we have included 
many of the standardized outcome measures proposed by the 
CRADLE (Curating Research Assets and Data Using Lifecycle 
Education) investigators, including the length of hospital stay, 
postpartum opioid consumption, and compliance.26 

Our analysis has limitations. In our analysis comparing the 
partial protocol to the post-ERAS time period, the median 
MME utilization for both time periods was low at 8 MME. This 
low MME and the lower sample size limited our ability to assess 
further reductions in MME utilization after implementation 
of the full protocol. This single institution has limited racial/
ethnic diversity, which limits generalizability. Mental health 
diagnoses can impact postoperative pain, but these are not cap-
tured in our hospital’s administrative database and could not be 
accounted for.27 However, such diagnoses are unlikely to differ 
in this before-and-after population over a short time span. We 
previously demonstrated that unplanned cesarean birth is associ-
ated with higher pain and MME utilization after delivery among 
people with anxiety.27 The higher prevalence of unplanned cesar-
ean births in the post-ERAS time period would be expected to 
potentially limit our findings of less MME utilization in the 
post-ERAS period. We were not able to assess measures that 
are less well documented in the medical record, such as time 
to oral intake or ambulation. We lack patient experience data, 
which limits our ability to assign clinical significance to the small 
numeric increase in pain scores.

CONCLUSIONS
ERAS protocols are recommended by many anesthesia and 
obstetrical societies and a variety of guidelines and reviews 
are available.2-6 We provide further evidence that ERAS pro-
tocols – particularly one including intrathecal morphine – can 
reduce MME utilization by 93.8% at a high volume teaching-
community hospital with historically high MME utilization after 
cesarean birth.7,8 While there was no further reduction in MME 
utilization with the full ERAS protocol than with intrathecal 
morphine alone, the median MME during both time periods 
was low, which limits the ability to measure further reductions. 
Notably, pain scores increased after 24 hours post-cesarean. 
Accordingly, ongoing research efforts should focus on pain con-
trol after the first 24-hour time period. 
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BRIEF REPORT

BACKGROUND
Postpartum hemorrhage accounts for 
approximately 16% of maternal-related 
deaths in developed countries.1 Measuring 
blood loss during and after birth for early 
detection of hemorrhage to prevent mater-
nal morbidity and mortality is standard of 
care, and efforts are being made to improve 
measurement accuracy.1 Historically, the 
most common way of measuring blood loss 
was through visual estimated blood loss. 
However, estimated blood loss overesti-
mates2 or underestimates3,4 blood loss com-
pared to gravimetric and colorimetric meth-
ods. More recently, maternal and obstetric 
committees have recommended quantita-
tive blood loss methods. Some studies have 

reported quantitative blood loss to be more accurate than visual 
estimation,5,6 yet others have found no statistically significant dif-
ference between quantitative blood loss and estimated blood loss.7,8 
Additionally, quantitative and estimated blood loss have been found 
to comparably predict the need for blood transfusion.8 

In November 2018, our Wisconsin-based hospital started 
using quantitative blood loss for measuring blood loss in a diverse 
patient population. The primary objective of this quality improve-
ment study was to compare the accuracy of quantitative and esti-
mated blood loss during cesarean delivery to calculated blood loss, 
a patient-specific tool to measure blood loss that is not in standard 
use. Secondarily, we aimed to determine the sensitivity and speci-
ficity of estimated and quantitative blood loss compared to calcu-
lated blood loss for predicting hemorrhage.

METHODS
We retrospectively reviewed all pregnant patients who underwent 
a cesarean delivery at a mid-size, urban academic medical cen-

ABSTRACT
Background: Accurate measurement of blood loss during delivery is important for early hemor-
rhage detection. 

Methods: We compared quantitative blood loss and estimated blood loss to calculated blood 
loss. We reviewed cesarean deliveries for estimated blood loss and quantitative blood loss, 
December 1, 2018, to December 1, 2019. A standard formula was used for calculated blood loss. 

Results: Overall (n = 483), median values (m; interquartile range [IQR]) for estimated blood loss 
(600.0 mL; IQR 500.0–800.0) and quantitative blood loss (557.0 mL; IQR 350.0 – 824.0) were sig-
nificantly lower (both P values < 0.001) than calculated blood loss (929.4 mL; IQR 551.5 – 1351.5). 
Compared to calculated blood loss, both estimated blood loss and quantitative blood loss had low 
sensitivity, high specificity, and low negative predictive values. Only 10 additional patients were 
identified as having a postpartum hemorrhage through quantitative blood loss. 

Discussion: Quantitative blood loss and estimated blood loss are immediately available in clini-
cal practice, while calculated blood loss is not and requires additional time to obtain. All methods 
currently available have shortcomings. Continued efforts to create a reliable tool for identifying 
blood loss are needed. 
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Table 1. Overall Demographic and Delivery Characteristics and Outcomes 
(n = 483)

Characteristics and Outcomes 

Age, years, median (IQR) 29.1 (24.5–33.0)

Race/ethnicity, n (%) 
 Asian, non-Hispanic 38 (7.9)
 Black, non-Hispanic 277 (57.3)
 Hispanic 66 (13.7)
 Pacific Islander, non-Hispanic 6 (1.2)
 White, non-Hispanic 93 (19.3)
 Other, non-Hispanica 2 (0.4)

Body mass index, kg/m2, median (IQR) 34.6 (29.8 – 40.9)

Gestational hypertension, n (%) 184 (38.1)

Multiple gestations this pregnancy, n (%) 22 (4.6)

Administration of uterotonic medications, n (%) 78 (16.1)
 Number of uterotonic medications, median (IQR) 1.0 (1.0 – 2.0)

Initiation of massive transfusion, n (%) 1 (0.2)

Transfusion of blood products, n (%) 21 (4.3)

Length of hospital stay, days, median (IQR) 3.4 (2.9 – 4.4)

Post-delivery complications, n (%) 19 (3.9)
 Acute kidney injury 3 (15.8)
 Chorioamnionitis/endometritis 14 (73.7) 
 ICU admission for acute respiratory distress syndrome 1 (5.3)
 Pulmonary edema 1 (5.3)

Maternal death, n (%) 0 (0.0)

Redosing of prophylactic antibiotics secondary to intraoperative  2 (0.4)
blood loss, n (%) 

Extended monitoring with higher level nursing care secondary  24 (5.0)
to blood loss, n (%) 

Abbreviations: IQR, interquartile range; ICU, intensive care unit.
aOther race/ethnicity includes ‘unknown’ and ‘mixed race’ as defined in our 
electronic medical record.

Figure 1. Flowchart for Inclusion in Final Cohort

659 cesarean deliveries from 
12/1/2018 to 12/1/2019

154 excluded due to missing EBL, 
QBL, or inability to calculate CBL

21 excluded due to calculated 
CBL being negative

1 excluded due to intraoperative 
blood transfusion

483 patients remaining in 
the cohort after exclusions

Abbreviations: EBL estimated blood loss; QBL, quantitative blood loss; CBL, 
calculated blood loss.

ter in Wisconsin from December 1, 2018 to December 1, 2019. 
The study was determined not human subjects research by our 
Institutional Review Board. 

Patients were included if both quantitative and estimated blood 
loss values were recorded. Estimated blood loss was obtained from 
the anesthesia log or the operative note. If estimated blood loss in 
the operative note did not match the anesthesia log, the study team 
collected the value documented by the anesthesia team, as their esti-
mate also was based on intraoperative vital sign measurements in 
addition to real-time communication with the surgery team. If it 
was not documented in the anesthesia log, the value for estimated 
blood loss from the operative note was collected. Quantitative blood 
loss was recorded and collected from nursing flowsheets and was 
obtained by weighing all blood-soiled lap pads, surgical sponges, 
and Chux pads and subtracting their dry weight and the volume 
of any fluid used for irrigation. Additionally, the volume of all 
suction canisters was included in the calculation. Per institutional 
practice, only the blood suctioned after delivery of the placenta was 
included to exclude the volume of amniotic fluid. Hemorrhage was 
defined as blood loss ≥ 1000 mL.1 We also documented the number 

of uterotonics used, if any, in addition to the institutional standard 
30 units of oxytocin postdelivery, including additional oxytocin 
(beyond standard administration), misoprostol, methylergonovine, 
and/or 15-methyl prostaglandin F2. Postdelivery complications also 
were documented and defined as infection (chorioamnionitis/endo-
metritis), acute kidney injury, pulmonary edema, acute respiratory 
distress syndrome, and intensive care unit admission. 

To address the primary objective, patients were further excluded 
from the study if calculated blood loss could not be determined, 
if the calculation was negative, or if they received an intraopera-
tive blood transfusion, as it would affect accuracy of the calculated 
blood loss. If a patient received a postoperative blood transfusion 
after their blood was drawn, they remained in the analysis using 
the hematocrit obtained prior to transfusion. Admission hemoglo-
bin and hematocrit were used for predelivery values, unless addi-
tional hemoglobin and hematocrits were collected prior to deliv-
ery, in which case the one drawn closest to the time of delivery 
was used. Postdelivery hemoglobin and hematocrit were used for 
postdelivery values and were taken closest to the time of discharge. 
Use of the hemoglobin and hematocrit closest to time of discharge 
is considered more reflective of blood loss given the time it takes 
for the hemoglobin and hematocrit to equilibrate after surgery.6 

Ultimately, to determine calculated blood loss (CBL), the follow-
ing formula by Stafford et al4 was used: 

CBL = calculated blood volume x percent of blood volume lost

To determine calculated blood volume (CBV), this formula 
was used: CBV = 0.75 x ([maternal height (inches) x 50] + [maternal 
weight (pounds) x 25])

To determine percent of blood volume (%BV) lost, this formula 
was used: %BV lost = ([predelivery hematocrit – postdelivery hema-
tocrit]/predelivery hematocrit)

Data were collected from the electronic medical record and 



VOLUME 123 • NO 6 485

4000

3000

2000

1000

0

 CBL EBL QBL

Bl
oo

d 
Lo

ss
 (m

l)

Abbreviations: EBL estimated blood loss; QBL, quantitative blood loss; CBL, cal-
culated blood loss.
Median is indicated by the solid black line and mean by the red diamond. Dotted 
red line is set at a blood loss value of 1000 ml where 1000 ml and above indi-
cates a hemorrhage. CBL is color-filled gold as it is considered the gold standard.

Figure 2. Box-and-Whisker Plots of the Distribution of Blood Loss Values
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Figure 3. Receiver Operating Characteristic Curves of Blood Loss Methods 
Ability to Predict Blood Transfusion Need

Abbreviations: EBL estimated blood loss; QBL, quantitative blood loss; CBL, cal-
culated blood loss; AUROC, Area Under Receiver Operating Characteristic.
Comparison of EBL, QBL, and CBLs ability to predict need for blood transfusion 
using estimated AUROC. 

False Positive Fraction

recorded in REDCap. Descriptive statistics, including frequency 
with percentages and median with interquartile range, were com-
puted. Wilcoxon signed-rank test was used to compare quantita-
tive and estimated blood loss to calculated blood loss. Box-and-
whisker plots were used to describe the distributions of blood loss 
values. Sensitivity, specificity, positive predictive value, and negative 
predictive value of both quantitative and estimated blood loss in 
detecting postpartum hemorrhage were calculated and compared 
to calculated blood loss. To predict the need for blood transfu-
sion, logistic regression and receiver operating characteristic (ROC) 
curves were used, and area under the ROC (AUROC) was esti-
mated for each blood loss method. P values ≤ 0.05 were considered 
statistically significant. Statistical analyses were carried out using 
SAS Version 9.4 (SAS Institute, Cary, North Carolina).

RESULTS
A total of 659 patients underwent cesarean delivery. Following 
exclusion criteria, 483 patients were included in the final cohort 
(Figure 1). Patients predominantly had a singleton gestation 
(95.4%), identified as Black, non-Hispanic (57.3%), were of 
median age 29.1 years, and over one-third had gestational hyper-
tension (38.1%; Table 1).

The median values for blood loss (M; interquartile range [IQR]) 
for estimated blood loss (600.0 mL; IQR 500.0 – 800.0) and quan-
titative blood loss (557.0 mL; IQR 350.0 – 824.0) were significantly 
lower (P < 0.001 for each) than calculated blood loss (929.4 mL; 
551.5 – 1351.5). Overall, calculated blood loss demonstrated a 
wider distribution of values for blood loss estimates, with a large 
proportion of values (43.7%, n = 211) identified as postpartum 
hemorrhage (Figure 2). Smaller proportions of the distributions for 

estimated blood loss (11.4%, n = 55) and quantitative blood loss 
(13.5%, n = 65) were identified as postpartum hemorrhage (Figure 
2); only 10 additional patients were identified as having a postpar-
tum hemorrhage through use of quantitative blood loss.

When compared to calculated blood loss, estimated blood loss 
had low sensitivity (19.4%; 95% CI, 14.1 – 24.8) and high speci-
ficity (94.9%; 95% CI, 92.2 – 97.5). Quantitative blood loss also 
demonstrated low sensitivity (23.2%; 95% CI, 17.5 – 28.9) and 
high specificity (94.1%; 95% CI, 91.3 – 96.9). The negative predic-
tive values for estimated blood loss (60.3%; 95% CI, 55.6 – 64.9) 
and quantitative blood loss (61.2%; 95% CI, 56.6 – 65.9) were 
also low. The positive predictive value for estimated blood loss 
(74.6%; 95% CI, 63.0 – 86.1) was similar to quantitative blood 
loss (75.4%; 95% CI, 64.9 – 85.9).  

While quantitative, estimated, and calculated blood loss all 
predicted the need for blood transfusion (n = 21, P < .001), cal-
culated blood loss was most predictive of blood transfusion need 
(AUROC 0.86; 95% CI, 0.78 – 0.94), followed by quantitative 
blood loss (0.81; 95% CI, 0.72 – 0.89) and estimated blood loss 
(0.74; 95% CI, 0.62–0.86). There was no significant difference 
in the predictive ability of need for blood transfusion with cal-
culated blood loss versus quantitative blood loss (difference 0.05; 
95% CI -0.04 to 0.14, P = 0.265) or quantitative blood loss versus 
estimated blood loss (0.06; -0.04 to 0.17, P = 0.238); however, cal-
culated blood loss versus estimated blood loss differed significantly 
(0.12; 95% CI, 0.01–0.22, P = 0.027), Figure 3. 
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DISCUSSION
Quantitative blood loss assessment requires additional training of 
the labor and delivery staff, which can be time consuming and 
labor intensive. Like Wesley et al and Torres et al,7,8 our quality 
improvement study questions the utility of quantitative blood 
loss compared to estimated blood loss given similar median values 
for blood loss between methods; further, both were significantly 
lower than calculated blood loss. Quantitative blood loss was only 
slightly more sensitive than estimated blood loss in the detec-
tion of hemorrhage, and both had similar specificity. Of greatest 
clinical significance, negative predictive values of both quantitative 
and estimated blood loss methods were similarly low. Our study 
demonstrated that for both estimated and quantitative blood loss, 
nearly 40% of hemorrhages may screen negative, falsely reassuring 
the medical team. Similarly to Torres et al,8 our study also dem-
onstrated that quantitative and estimated blood loss comparably 
predicted the need for blood transfusion. Given the high rate of 
morbidity and mortality associated with postpartum hemorrhage, 
a more sensitive method for the assessment of blood loss is needed. 

It is important to note that this study used calculated blood loss 
as the “gold standard” for measuring blood loss; however, there 
is no gold standard method. For example, in our study patients 
were excluded if the calculated blood loss was negative, as this 
is physiologically and intellectually inaccurate. Inaccurate post-
delivery hematocrit could be related to fluid shifts as expected 
postpartum.9 Additionally, approximately one-third of patients in 
our study were diagnosed with hypertensive disease of pregnancy, 
which is known to cause third spacing of fluids due to deceased 
oncotic pressure and increased vascular permeability.10 To account 
for these fluid shifts, the ideal time to measure hematocrit and 
allow for appropriate equilibration should be further studied for 
the postpartum period, as significant decreases in hematocrit post-
delivery could lead to a wide range of calculated blood loss esti-
mates, which may overestimate blood loss. 

While a drop in hematocrit may provide the most accurate 
assessment of blood loss, it is not always available in real-time at 
the bedside. Further, hematocrit is not reliable in cases of ongoing 
blood loss (eg, cesarean birth). Therefore, a feasible and accurate 
method of measuring blood loss intraoperatively and immediately 
postoperatively must be established. 

This quality improvement study aimed to evaluate a change 
in blood loss calculation method at a mid-size, urban academic 
medical center in Wisconsin. A strength of our study was the 
diverse patient population, including groups that are historically 
underrepresented in obstetric literature, such as Black and Brown 
birthing people. Our study was limited by data discrepancies, such 
as equal estimated and quantitative blood loss values and incom-
plete documentation of variables of interest within the electronic 
medical record. Despite these limitations, we were able to evaluate 
and analyze a fairly large sample to directly compare estimated, 
quantitative, and calculated blood loss among patients who under-

went cesarean delivery. Even so, comparisons between estimated 
and quantitative blood loss to calculated blood loss are limited, as 
calculated blood loss accounts for additional blood loss and fluid 
intake postoperatively, while estimated and quantitative blood loss 
are used exclusively at the time of delivery.  

CONCLUSIONS
This quality improvement study highlights the poor sensitivity 
of both estimated blood and quantitative blood loss. Given the 
potentially limited availability of all necessary measuring materials 
to determine quantitative blood loss, we recommend continued 
education and training efforts for staff on visual blood loss esti-
mates at the time of delivery in addition to quantitative blood loss. 
This quality improvement study also calls into question the limita-
tions of calculated blood loss and its use in clinical practice with 
the calculation of negative calculated blood loss values. Efforts to 
increase accuracy of blood loss evaluation both during and after 
cesarean birth are warranted. 
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BRIEF REPORT

Disease Control and Prevention (CDC) 
published recommendations in 2010 
(reaffirmed by the American College of 
Obstetricians and Gynecologists in 2018) 
to screen all pregnant people for risk of lead 
exposure and to test all with identified risk 
factors.4 Risk factors for exposure include 
lead-contaminated drinking water, house-
hold member(s) with an elevated lead level, 
recent immigration from areas with high 
ambient lead contamination, and a personal 
history of previous lead exposure.4 Risk fac-
tors also include housing built before 1978 
with renovations or peeling paint, which 
can lead to lead exposure through dust.5 

Currently, there is high risk for lead 
exposure in the city of Milwaukee, 

Wisconsin, with 74% of homes built before 1960 and an 
additional 18% built between 1960 and 1979.6 Additionally, 
Milwaukee’s water system is laden with lead service lines, with 
efforts to replace 65 000 residential leaded water service lines cur-
rently underway.7 Lead poisoning rates for children in Milwaukee 
have been and continue to be disproportionately high. In 2016, 
the rate of elevated blood lead levels (≥5mcg/ dL) in children <6 
years old was 10.8% in the city of Milwaukee, compared to a state 
prevalence of 5.0% and national prevalence of 4.0%.8 In the most 
impoverished areas of Milwaukee, the prevalence rate has ranged 
from 25% to 31%.9 

Personal history of childhood lead exposure is a risk factor that 
could contribute to increased prevalence of elevated lead levels 
during pregnancy in Milwaukee. Lead is deposited in the bones, 
with 90% of lead burden stored in the bones as adults. During 
pregnancy, bone lead stores are mobilized into the serum.4 Studies 
suggest that serum lead levels may be affected equally by bone 
stores as by contemporaneous environmental Disease Control and 

ABSTRACT
Background: Despite established lead exposure risks in Milwaukee from leaded water service 
lines and lead dust exposure with aged housing stock, most pregnant people do not have lead 
levels tested. We aimed to assess the prevalence of elevated lead levels among pregnant people 
and assess for differences in maternal and neonatal outcomes by lead detection. 

Methods: We conducted a prospective, longitudinal study. English-speaking pregnant people ≥18 
years of age receiving prenatal care were consented to receive a point-of-care (POC) lead test 
from June 2019 through July 2021. POC lead testing was not offered outside of the study. Venous 
lead labs were ordered to confirm elevated POC results (≥5 mcg/dL).

Results: Overall (n=233), 42.1% had an exposure risk given lead service line to their homes. 
Nine (3.9%) had an elevated POC lead test; half completed venous lead tests, and none were 
elevated. Twenty-two (9.4%) had detectable lead (≥3.3 mcg/dL). 

Discussion: Venous lead testing should be considered in high-risk areas with standard prenatal 
labs to facilitate effective lead screening given the study population’s risk of lead exposure.

 

Anne Getzin, MD; Jessica J. F. Kram, MPH; James O. Adefisoye, MS, PhD; Diana Kleber, RN; Lauren Oberbroeckling, DO

Lead Exposure Risk and Testing for Pregnant People 
in Milwaukee

BACKGROUND
Elevated blood lead levels during the prenatal period are associated 
with adverse neonatal and maternal outcomes. Studies demonstrate 
that lead exposure during pregnancy affects fetal growth and neu-
rodevelopment,1,2 as well as gestational hypertension and preterm 
delivery – even with very low blood lead levels.3 The Centers for 
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Prevention (CDC) published recommenda-
tions in 2010 (reaffirmed by the American 
College of Obstetricians and Gynecologists 
in 2018) to screen all pregnant people for 
risk of lead exposure and to test all with 
identified risk factors.4 Risk factors for 
exposure include lead-contaminated drink-
ing water, household member(s) with an 
elevated lead level, recent immigration from 
areas with high ambient lead contamina-
tion, and a personal history of previous lead 
exposure.4 Risk factors also include housing 
built before 1978 with renovations or peel-
ing paint, which can lead to lead exposure 
through dust.5 

Currently, there is high risk for lead 
exposure in the city of Milwaukee, 
Wisconsin, with 74% of homes built 
before 1960 and an additional 18% built 
between 1960 and 1979.6 Additionally, 
Milwaukee’s water system is laden with 
lead service lines, with efforts to replace 
65 000 residential leaded water service lines 
currently underway.7 Lead poisoning rates 
for children in Milwaukee have been and 
continue to be disproportionately high. In 
2016, the rate of elevated blood lead levels 
(≥5mcg/ dL) in children <6 years old was 
10.8% in the city of Milwaukee, compared 
to a state prevalence of 5.0% and national 
prevalence of 4.0%.8 In the most impov-
erished areas of Milwaukee, the prevalence 
rate has ranged from 25% to 31%.9 

Personal history of childhood lead 
exposure is a risk factor that could contrib-
ute to increased prevalence of elevated lead 
levels during pregnancy in Milwaukee. 
Lead is deposited in the bones, with 
90% of lead burden stored in the bones 
as adults. During pregnancy, bone lead 
stores are mobilized into the serum.4 Studies suggest that serum 
lead levels may be affected equally by bone stores as by contem-
poraneous environmental exposure.4,10 Given rates of childhood 
lead poisoning and childhood lead prevalence in Milwaukee, the 
authors posit that pregnant people raised in high-risk counties 
in Wisconsin – specifically Milwaukee and Racine counties – may 
carry a higher risk for elevated bone lead storage. 

While childhood rates of elevated lead levels are readily avail-
able, data on the prevalence of elevated lead levels in pregnant 
people are limited. The rate of blood lead level elevation in preg-
nant people in the National Health and Nutrition Examination 

Table 1. Maternal Demographics and Risk Factors at Time of Point-of-Care Lead Test, N = 233

     Lead Detected on POC  
  Total Yes No  P value
   (n = 22) (n = 211) 

Age (years), Median (IQR) 27.0 (22.0–32.0) 29.0 (26.0–33.0) 26.0 (22.0–32.0) 0.09

Gestational age at time of POC lead test 10.5 (8.5–13.2) 10.6 (9.9–17.4) 10.4 (8.3–13.1) 0.02
weeks), Median (IQR)a 

Race/ethnicity, n (%)    
 Black, non-Hispanic 149 (63.9) 12 (54.6) 137 (64.9) 0.33
 White, non-Hispanic 55 (23.6) 6 (27.3) 49 (23.2) 0.67
 Otherb 29 (12.4) 4 (18.2) 25 (11.8) 0.39

Area deprivation index at state decile, n (%)    
 < 5 33 (14.2) 3 (13.6) 30 (14.2) 1.00
 5 – 6 22 (9.4) 2 (9.1) 20 (9.5) 1.00
 7 – 8 29 (12.4) 3 (13.6) 26 (12.3) 0.74
 9 – 10 144 (61.8) 13 (59.1) 131 (62.1) 0.78
 Unknown 5 (2.1) 1 (4.5) 4 (1.9) 0.39

Length of time at current address, n (%)    
 < 1 year 100 (42.9) 7 (3.2) 93 (4.2) 0.18
 >1 year 131 (56.2) 14 (63.6) 117 (55.5) 0.46
 Unknown 2 (0.9) 1 (4.5) 1 (0.5) 0.05

First 6 years of life outside the US, n (%) 10 (4.3) 0 (0.0) 10 (4.7) 0.60

County lived in during first 6 years of life, n (%)    
 Milwaukee County 165 (70.8) 14 (63.6) 151 (71.6) 0.44
 Racine County 7 (3.0) 0 (0.0) 7 (3.3) 1.00
 Neither Milwaukee or Racine counties 58 (24.9) 7 (31.8) 51 (24.2) 0.43
 Unknown 3 (1.3) 1 (4.5) 2 (0.9) 0.26

Drinking water, n (%)    
 Tap 56 (24.0) 5 (22.7) 51 (24.2) 0.88
 Filtered 38 (16.3) 5 (22.7) 33 (15.6) 0.37
 Bottled 137 (58.8) 11 (50.0) 126 (59.7) 0.38
 Unknown 2 (0.9) 1 (4.5) 1 (0.5) 0.18

Cooking water, n (%)    
 Tap 185 (79.4) 15 (68.2) 170 (80.6) 0.17
 Filtered 30 (12.9) 5 (22.7) 25 (11.8) 0.18
 Bottled 16 (6.9) 1 (4.5) 15 (7.1) 1.00
 Unknown 2 (0.9) 1 (4.5) 1 (0.5) 0.18

Anyone with history of elevated lead test  12 0 12 0.61
in home, n

Had lead service line to current home, n (%) 98 (42.1) 14 (63.6) 84 (39.8) 0.03

Abbreviations: POC, point-of-care; IQR, interquartile range.
aAnembryonic pregnancy with unknown last menstrual period. Yes, lead detected on POC (n = 21).
bOther includes Hispanic, Asian, other, multirace, and unknown.

Survey (NHANES) was so low that the study could not reli-
ably report prevalence of elevation nationally (0.5% with relative 
standard errors >50%, total sample n = 732).11 A recent study 
examining 40 years of NHANES data (1976-2016) demon-
strated dramatic declines of blood lead levels in people of repro-
ductive age, yet identified lead exposure risks continue, and there 
are increasing reports of subgroups at high risk of lead exposure 
requiring further study.12 While the CDC and ACOG recom-
mend to test all those with identified risk factors,4 adherence to 
these guidelines may be low within our local health system in 
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Table 2. Report of Characteristics, Risk Factors, and Outcomes of Pregnant People With an Elevated Point-of-Care Lead Test

 Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7 Patient 8 Patient 9

Age (years) 29 27 28 34 36 29 40 34 26

Gestational age at time of POC lead test 9w 6d Unknowna 10w 1d 9w 4d 10w 4d 9w 1d 17w 3d 9w 4d 15w 0d

Race/ethnicity Black non- Hispanic Black non- White non- White non- White non- Black non- White non- Black non- 
 Hispanic  Hispanic Hispanic Hispanic Hispanic Hispanic Hispanic Hispanic

Area deprivation index at state decile 9 10 9 7 8 3 10 1 9

POC lead test result 5.7 37.2 6.1 6.3 6.4 7.5 15.4 5.7 9.2

First venous lead test result – – 2 – 2 2 – 2 2

Second venous lead test result – – 2 – – – – – –

Length of time at current address > 1 year > 1 year 3–6 months > 1 year > 1 year > 1 year 3-6 months > 1 year 3–6 months

First 6 years of life outside of the US No No No No No No No No No

County lived in during first 6 years of life Milwaukee Milwaukee Milwaukee Milwaukee Not Racine or  Not Racine or Milwaukee Not Racine or Milwaukee
     Milwaukee Milwaukee  Milwaukee

Drinking water Tap Bottled Bottled Filtered Filtered Tap Filtered Tap Tap

Cooking water Tap Tap Filtered Tap Filtered Tap Filtered Tap Tap

Anyone w history of elevated lead test in home No No No No – No No No No

Had lead service line to home Yes Yes No – – No Yes – No

Lost to follow-up Yes – No No No No Yes No Yes

Miscarried No Yes No No No No – No –

Gestational hypertension this pregnancy No – No No No No – No –

Preeclampsia this pregnancy No – Yes No No No – No –

Gestational diabetes this pregnancy No – No No No Yes – No –

Gestational age at time of delivery – – 40w 5d 39w 5d 39w 2d 39w 0d – 39w 2d –

Birth weight (grams) – – 3100 3360 3790 3320 – 3800 –

5-minute Apgar – – 9 9 9 9 – 9 –

Neonatal death – – No No No No – No –

Abbreviations: POC, point-of care; NICU, neonatal intensive care unit; w, weeks; d, days.
aAnembryonic pregnancy with unknown last menstrual period.

southeastern Wisconsin. From 2014 to 2017, a venous lead test 
was performed for only 0.12% of pregnancy episodes. Given the 
paucity of local data, low rates of testing for lead levels during 
pregnancy, and critically high levels of childhood lead poison-
ing among the Milwaukee community, our study aimed to assess 
the prevalence of elevated lead levels among pregnant people in 
Milwaukee and assess for differences in maternal and neonatal 
outcomes among those with detectable point-of-care (POC) lead 
levels.

METHODS
The study was designed as a prospective, longitudinal study in 
order to assess the prevalence of lead elevation among pregnant 
people in Milwaukee and to identify differences in risk factors for 
lead exposure. Additionally, we compared maternal and neonatal 
outcomes between those with and without elevated lead levels. 
Our study was approved by our Institutional Review Board and 
funded departmentally. 

Pregnant people ≥18 years of age who voluntarily con-
sented to participate were included if they were English speak-
ing, received prenatal care at 1 of 4 clinics in Milwaukee, and 
if they had an anticipated delivery in our health care system. 

Recruitment occurred from June 2019 to July 2021. Pregnant 
people were recruited and consented during their first prenatal 
care visit, generally occurring in the first trimester. Following 
consent, pregnant people completed a POC lead test – a finger 
stick capillary blood test for lead that is resulted in five min-
utes – by a medical assistant or study research coordinator. Those 
with a POC lead test ≥ 5 mcg/dL were considered elevated per 
CDC guidelines at the time of study onset and were referred 
for management by their obstetric provider with recommended 
venous lead lab ordered. The obstetric provider received follow-
up recommendations for monitoring the patient’s lead levels and 
resources on best practices for management of elevated lead per 
CDC guidelines. After the completion of study enrollment, the 
CDC announced the decision to lower the lab reference value 
for elevated lead level from 5 mcg/dL to 3.5 mcg/dL in October 
2021.13 In addition to the POC lead test, a brief 8-question 
questionnaire was administered by the study research coordina-
tor. Additional demographic and pregnancy characteristics were 
collected from the electronic medical record. Public databases 
were used to collect information on lead service lines to home 
and the area deprivation index (state decile 1-10 [low to high]). 
Data on age of housing stock were difficult to obtain via self-
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report (highly mobile population, limited 
knowledge of construction date) and were 
deferred in this study. Data were collected 
and stored in REDCap, a secure electronic 
data capture application.14

Categorical variables were presented 
as frequency with percentage; continu-
ous variables were presented as median 
(interquartile) due to non-normality. Chi-
square and Fisher exact tests were used 
to assess associations between lead detec-
tion and categorical maternal and neona-
tal outcomes, while Wilcoxon rank sum 
test was used for continuous variables. 
P values ≤ 0.05 were considered statisti-
cally significant. Statistical analyses were 
carried out using SAS Version 9.4 (SAS 
Institute, Cary, North Carolina).

RESULTS
A total of 249 pregnant people were enrolled; 16 were excluded 
due to POC lead test recall. Overall (n = 233, Table 1), a majority 
lived in Milwaukee during their first 6 years of life (70.8%), with 
2 (<1.0%) identifying a personal history of lead exposure. Nearly 
half (42.1%, n = 98) had a lead service line to their current home, 
of which 27.6% used tap water (as opposed to filtered or bottled 
water) for drinking and 77.6% used tap water for cooking. 

POC lead tests were ≥ 5 mcg/dL in 9 (3.9%) pregnant people, 
but only 5 of the 9 completed additional venous lead tests – none 
of which had a detectable lead level (Table 2). Overall, 22 (9.4%) 
pregnant people had lead detectable on POC ≥ 3.3 mcg/dL (POC 
3.4 – 4.9 mcg/dL, n = 13; POC ≥ 5 mcg/dL, n = 9). Those with 
detectable POC lead levels were significantly more likely to have 
a lead service line to their home (63.6% vs 39.8%; P = 0.03). All 
17 pregnant people who delivered in our system with detectable 
POC lead levels had a normal birth weight; 1 delivered preterm. 
Maternal and neonatal outcomes did not differ between groups 
(Table 3); there were no neonatal deaths.

DISCUSSION
Our study results highlight concerns for increased risk of lead 
exposure for pregnant people in Milwaukee through various 
potential routes. In the context of the lead poisoning crisis that 
was even worse 20 years ago than today, it is notable that the 
majority of pregnant people (70.8%) lived in Milwaukee County 
during their first 6 years of life, when the rates of lead poison-
ing ranged from 25% to as high as 80%, depending on year and 
location in the city. While <1.0% of participants self-identified a 
personal history of lead exposure, these data raise the question if 
participants could have a personal history of lead exposure and 
be unaware. Regarding contemporaneous lead exposure, nearly 

Table 3. Maternal Maternal and Neonatal Outcomes Following Point-of-Care Lead Test, N = 233    

  Total Yes No  P value
   (n = 22) (n = 211) 

Participant status following consent, n (%)    
 Delivered 185 (79.4) 17 (77.3) 168 (79.6) 0.78
 Miscarried 17 (7.3) 2 (9.1) 15 (7.1) 0.67
 Lost to follow-up 31 (13.3) 3 (13.6) 28 (13.3) 1.00

Gestational hypertension this pregnancy, n (%) 23 (12.4) 1 (5.9) 22 (13.1) 0.70

Preeclampsia this pregnancy, n (%) 27 (14.6) 3 (17.6) 24 (14.3) 0.72

Gestational diabetes this pregnancy, n (%) 11 (5.9) 1 (5.9) 10 (6.0) 1.00

Gestational age at time of delivery (weeks),  39.1 39.3 39.0 0.26
median (IQR)a (38.0 – 39.9) (39.0 – 39.7) (37.9 – 39.9)

Birth weight (grams), median (IQR)a 3220 3320 3210 0.30
  (2890 – 3590) (3030 – 3670) (2860 – 3570)

5-minute APGAR, median (IQR)b 9.0 (9.0 – 9.0) 9.0 (9.0 – 9.0) 9.0 (9.0 – 9.0) 0.28

Neonatal intensive care unit admission, n (%)a 24 (12.8) 3 (17.6) 21 (12.4) 0.71

Abbreviations: POC, point-of-care; IQR, interquartile range.
aTotal number of babies delivered, N = 188.
bTotal number of babies delivered, N=187.

half of the participants had leaded water service lines to their cur-
rent home address. While not assessed through the study, local 
city data demonstrate a preponderance of old homes constitut-
ing housing stock in Milwaukee. Furthermore, following updated 
guidance from the CDC identifying lead levels as elevated at and 
above 3.5 mcg/dl,13 an additional 13 participants (5.6%) would 
have indication for venous testing.

Our study is limited by enrollment of English-speaking preg-
nant people only, which is not necessarily reflective of the diver-
sity of people seen within our hospital. The study is also lim-
ited by a prolonged enrollment period due to the onset of the 
COVID-19 pandemic. Enrollment numbers and further recruit-
ment also were disrupted by a POC lead test recall for lots dis-
tributed in December 2020, with no new POC lead tests imme-
diately available following the recall. Pregnant people affected 
by the POC recall were withdrawn and asked to contact their 
prenatal provider to discuss their personal risk of an elevated 
lead level, next steps (which may include repeat venous lead level 
screening), and any questions they may have. Notably, obtain-
ing indicated venous sample confirmation for elevated lead level 
on POC testing as indicated posed a challenge, with 4 pregnant 
people not completing the recommended venous test. While our 
study is not without limitations, it is strengthened by a fairly 
large sample size. 

Considering the limited literature available on the preva-
lence of elevated lead levels among pregnant people, the high 
frequency of risk factors identified in the study population, and 
challenges to follow-up for venous lead testing for elevated POC, 
we recommend adding venous lead testing to the routine first tri-
mester prenatal labs. Adding to routine prenatal labs limits addi-



VOLUME 123 • NO 6 491

tional finger sticks and provides gold standard lead testing in a 
community that has been and continues to be adversely affected 
by the presence of lead exposure. While POC testing allows for 
immediate office visit results, it may be more cost effective to do 
venous testing first, as positive POC testing has demonstrated 
positivity bias15 and requires confirmatory venous testing with 
elevated POC results, thus duplicating tests and costs. Currently, 
there is no cost difference between POC and venous lead testing 
within our system.
 
Financial Disclosures: None declared.

Funding/Support: This project was internally funded by the Milwaukee 
Clinical Faculty Fund.

Previous Presentations: Some of this work was submitted as an abstract for 
presentation at the 2022 American Public Health Association annual meet-
ing on November 6-9, 2022, in Boston, Massachusetts. Some of this work 
was also presented internally.

REFERENCES
1. Hong YC, Kulkarni YH, Lim YH, et al. Postnatal growth following prenatal lead 
exposure and calcium intake. Pediatrics. 2014; 134(6):1151-1159. doi:10.1542/peds.2014-
1658

2. Liu J, Chen Y, Gao D, Jing J, Hu Q. Prenatal and postnatal lead exposure and 
cognitive development of infants followed over the first three years of life: a 
prospective birth study in the Pearl River Delta region, China. Neurotoxicology. 
2014;44:326-334. doi:10.1016/j.neuro.2014.07.001

3. Perkins M, Wright RO, Amarasiriwardena CJ, Jayawardene I, Rifas-Shiman 
SL, Oken E. Very low maternal lead level in pregnancy and birth outcomes in an 
eastern Massachusetts population. Ann Epidemiol. 2014;24(12):915-919. doi:10.1016/j.
annepidem.2014.09.007

4. Ettinger AS, Wengrovitz AG, eds. Guidelines for the Identification and Management 
of Lead Exposure in Pregnant and Lactating Women. Centers for Disease Control and 
Prevention; November 2010. Accessed October 17, 2024. https://stacks.cdc.gov/view/
cdc/147837

5. Childhood lead poisoning prevention: about lead in paint. Centers for Disease 
Control and Prevention. July 30, 2024. Accessed October 17, 2024. https://www.cdc.
gov/lead-prevention/prevention/paint.html

6. City of Milwaukee Department of City Development, Planning Division. 
2023 housing affordability report: housing needs and demands. December 
2023. Accessed October 17, 2024. https://experience.arcgis.com/experience/
c3c8d339565c4ccab821f65433ee132f/page/2_-Housing-Needs%2FDemands/

7. Lead service line replacement program. Milwaukee Water Works. Accessed October 
17, 2024. https://city.milwaukee.gov/water/LeadPipes

8. Christensen K, Coons M, Walsh R. 2016 Report on Childhood Lead Poisoning in 
Wisconsin. Wisconsin Dept of Health Services. October 2017. Accessed January 6, 
2025. https://www.dhs.wisconsin.gov/publications/p01202-16.pdf

9. Environmental Public Health Data Tracker: Childhood Lead Poisoning - Milwaukee 
- Blood Lead Level ≥ 5ug/dl. Wisconsin Department of Health Services. Accessed 
January 6, 2025. https://dhsgis.wi.gov/DHS/EPHTracker/#/all/Childhood%20Lead%20
Poisoning/leadPoisoningTractIndex/55079/Blood%20lead%20level%20of%20
%3E%3D5%C2%B5g%2FdL 

10. Miranda ML, Edwards SE, Swamy GK, Paul CJ, Neelon B. Blood lead levels among 
pregnant women: historical versus contemporaneous exposures. Int J Environ Res 
Public Health. 2010;7(4):1508-1519. doi:10.3390/ijerph7041508 

11. Jones L, Parker JD, Mendola P. Blood lead and mercury levels in pregnant women in 
the United States, 2003-2008. NCHS Data Brief. 2010;(52):1-8.

12. Ettinger AS, Egan KB, Homa DM, Brown MJ. Blood lead levels in U.S. women of 
childbearing age, 1976-2016. Environ Health Perspect. 2020;128(1):17012. doi:10.1289/
EHP5925

13. Lab advisory: CDC updates blood lead reference value. Centers for Disease Control 
and Prevention. October 28, 2021. Updated November 8, 2024. Accessed October 17, 
2024. https://www.cdc.gov/locs/2021/10-28-2021-lab-advisory-CDC-Updates-Blood-
Lead-Reference-Value.html

14. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic 
data capture (REDCap)—a metadata-driven methodology and workflow process for 
providing translational research informatics support. J Biomed Inform. 2009;42(2):377-
381. doi:10.1016/j.jbi.2008.08.010

15. Nakata H, Nakayama SMM, Yabe J, et al. Assessment of LeadCare® II analysis 
for testing of a wide range of blood lead levels in comparison with ICP-MS analysis. 
Chemosphere. 2021;271:129832. doi:10.1016/j.chemosphere.2021.129832



WMJ  •  2024492

•  •  • 
Author Affiliations: Department of Obstetrics and Gynecology, Medical 
College of Wisconsin (MCW), Milwaukee, Wisconsin (Neuburg, Dielentheis); 
Department of Pathology and Laboratory Medicine, MCW, Milwaukee, Wis 
(Darrah). 

Corresponding Author: Blake Neuburg, MD, Medical College of Wisconsin, 
Department of Obstetrics and Gynecology, 9200 W Wisconsin Ave, 
Milwaukee, WI 53226-3522; phone 920.530.6565; email Blake.Neuburg@
osumc.edu; ORCID ID 0009-0005-0493-4454

CASE REPORT

the lack of normal decidualization allows 
for abnormally deep penetration of placen-
tal villi into the uterine myometrium. The 
result is the potential for severe hemor-
rhage at delivery where estimated average 
blood loss is reported at 2000-4000 ml, as 
well as the potential for placental invasion 
into surrounding pelvic structures beyond 
the uterus.3,4 PAS-affected gestations have 
up to 17-fold higher composite maternal 
morbidity, measured by hemorrhage, need 
for embolization, hysterectomy, and inten-
sive care unit admission, whereas mortal-
ity rates have been reported up to 7%.5,6 

Unfortunately, the incidence of PAS has 
increased over the last 4 decades, largely 
secondary to increasing cesarean delivery 
rates.7,8 Pregnancies affected by PAS typi-
cally are diagnosed in the second or third 

trimester. However, increasingly, diagnosis may be made in the 
late first or early second trimester.9 The formal recommendation 
from the American College of Obstetricians and Gynecologists 
and Society of Maternal Fetal Medicine is that antenatal care for 
patients diagnosed with PAS is provided at a level III or IV mater-
nal care facility with experience treating PAS.8

The authors present the unique case of a multiparous female 
whose pregnancy was affected by PAS diagnosed in the first tri-
mester. She subsequently underwent gravid hysterectomy in the 
late first trimester under the condition of threat to maternal life 
in a state where the provision of abortion care was affected by 
the 2022 US Supreme Court decision in Dobbs v Jackson Women’s 
Health Organization.10 

CASE PRESENTATION
The patient was a 34-year-old gravida 6 para 2215 Wisconsin 

ABSTRACT
Introduction: Placenta accreta spectrum is characterized by placental adherence via abnormal 
trophoblast invasion into uterine myometrium and is associated with significant maternal morbid-
ity and mortality. Given the legal changes to abortion care, discussion of pregnancy termination 
in the setting of placenta accreta spectrum disorders is worthy of discussion.

Case Presentation: We report the case of a 34-year-old gravida 6 para 2215 who was diagnosed 
with placenta previa with features consistent with accreta spectrum disease on ultrasound in the 
late first trimester. Following diagnosis, the patient was counseled on management options and 
ultimately underwent gravid hysterectomy for definitive treatment in the late first trimester. 

Discussion: This case was consistent with placenta accreta spectrum diagnosed in the late first 
trimester on ultrasound. Following early diagnosis and counseling, definitive management with 
gravid hysterectomy was undertaken. Pathologic evaluation confirmed placenta increta. Ability to 
perform gravid hysterectomy was done under the exception to Wisconsin’s 1849 ban on termina-
tion of pregnancy for necessary termination in the setting of threat to maternal life. 

Conclusions: Gestations affected by placenta accreta spectrum result in significant increased risk 
of maternal morbidity and mortality. Clinicians should be aware of the benefits of early diagnosis 
and patients counseled on options for definitive management, including termination if desired.

Blake Neuburg, MD; Kathryn Dielentheis, MD; Eric Darrah, MD, PhD

Gravid Hysterectomy in the Setting of Placenta 
Increta at 12 Weeks Gestation 

INTRODUCTION
Placenta accreta spectrum (PAS) is a life-threatening condition that 
is characterized by abnormal placenta adherence and invasion.1 
The prevailing hypothesis for the development of PAS is abnormal 
trophoblast invasion into the uterine endometrium-myometrial 
interface.2 Most commonly, this occurs at the site of an existing 
uterine scar from prior cesarean section or uterine surgery where 
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Figure 1. Ultrasound at 12 weeks 1 Day Gestation With Placenta Previa With 
Evidence of Abnormal Placental Adherence to the Anterior Wall

Figure 2. Gravid Uterus With Placenta Morbidly Adherent to the Myometrium

No visible uterine wall in area of prior cesarean section scar with bulging vas-
cular areas (red and blue doppler color) between uterus and bladder.

Figure 3. Gravid Uterus and Placenta, Hematoxylin and Rosin Stain, 40x 
Magnification 

Disrupted basal plate architecture. Chorionic villi (star) implanted near myo-
metrial fibers (block arrows) with thin, discontinuous layer of Nitabuch fibrin 
(dotted arrows) and minimal intervening decidua.

resident with confirmed intrauterine pregnancy who presented 
initially for abortion care in Illinois. Obstetrical and gynecologic 
history was significant for 4 term cesarean sections and 1 surgi-
cal abortion at approximately 16 weeks. Evaluation in Illinois at 
approximately 11 weeks gestation revealed concern for placenta-
tion overlying the prior cesarean scar and the patient, therefore, 
deemed not a candidate to proceed with termination in an outpa-
tient setting. Subsequently, she was seen in Wisconsin at 12 weeks 
1 day gestation, where ultrasound imaging was consistent with 
placenta previa and elements consistent with accreta spectrum 
disease (Figure 1). Attempts to measure myometrial thickness via 
ultrasound revealed no appreciable tissue between the uterine wall 
and bladder at the site of prior cesarean sections. 

Referral and consultation with maternal fetal medicine and 
complex family planning were arranged. The patient was offered 
dilation and curettage with attempt at uterine preservation or 
gravid hysterectomy. She underwent exploratory laparotomy, sig-
nificant adhesiolysis, gravid hysterectomy, bilateral salpingectomy, 
and cystoscopy at 12 weeks and 5 days gestation. 

Pathology evaluation revealed placenta previa with increta. 
Approximately 80% of the placenta was adherent to the myo-
metrium (Figure 2). The depth in placental invasion extended 
through greater than 90% of the myometrium, to within 0.1 cm 
from the serosal surface (Figure 3). Gross examination revealed 
a phenotypically normal appearing 12-week female fetus. The 
patient had an uncomplicated postoperative course and was dis-
charged postoperative day 3 in good condition. At 2-week follow-
up, she was meeting all postoperative milestones. 

DISCUSSION 
Pregnancies affected by PAS pose significant risks to both the mother 
and fetus.4-6 Best clinical outcomes depend on early diagnosis and 
access to multidisciplinary comprehensive care in timely fashion.8,9 
Clinician awareness of associated risk factors and potential barriers 
to accessing care are critical for patients as life-threating complica-
tions have been reported as early as 7 weeks gestation.11 Currently, 
standard surgical technique for delivery and management of PAS 
in a viable pregnancy is to perform a cesarean hysterectomy with 
the placenta left in situ following delivery of the fetus to minimize 
maternal blood loss.12 The management of previable PAS is depen-
dent on gestational age, disease severity, and patient fertility goals. 

This is a unique case of PAS that initially was suspected dur-
ing early first trimester evaluation for abortion care. The timing 
of this case occurred after the Dobbs vs Jackson Women’s Health 
Organization Supreme Court ruling, where termination is cur-
rently unavailable in Wisconsin except in rare circumstances (to 
save the life of the mother). This case, to our knowledge, is the first 
reported case of a gravid hysterectomy performed in Wisconsin for 
the indication of threat to maternal life post Dobbs decision and 
has important precedence implications for women and health care 
providers that warrant discussion.
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Our patient was confronted with multiple barriers to care 
that negatively impacted her health. Despite her timely recogni-
tion of pregnancy and initial presentation for care, the time from 
diagnosis to definitive treatment was affected by the need to seek 
abortion care out of state. There is strong evidence that abortion 
bans disproportionately affect patients of minority and lower 
socioeconomic status, potentiating disparities in maternal mortal-
ity.13,14 Insurance coverage across state lines is often minimal, and 
those with Medicaid often are tasked with paying entirely out-of-
pocket.15-18 In this particular case, the diagnosis of PAS required 
an inpatient setting for treatment where cost was significantly 
increased relative to those eligible for outpatient or office-based 
termination. 

Another barrier is the ambiguity of current legislation in 
Wisconsin surrounding medical indications for abortion.19 

Following the Dobbs decision, Wisconsin state criminal abortion 
statute 940.04 (passed in 1849, one year after Wisconsin state-
hood) stipulates the penalty for termination of pregnancy in the 
majority of situations results in a class H felony.20 A physician may 
perform abortion “to save the life of the mother;” however, a lack 
of medical precedent cases or guidance on how imminent the risk 
of maternal life must be in order justify termination leaves both 
clinicians and patients exposed.21 Multiple lawsuits to clarify and 
challenge the statute are ongoing; however, no immediate clar-
ity exists for Wisconsin clinicians or patients.22,23 The physicians 
involved in this patient’s care thought this case met criteria for sig-
nificant risk to maternal life warranting definitive treatment with 
gravid hysterectomy under Wisconsin statute 940.04. 

CONCLUSIONS
Health care providers should be aware of risk factors associated 
with development of placenta accreta spectrum disease, as early 
diagnosis and counseling on management options is critical for 
improved patient outcomes. Some women will elect to carry a 
pregnancy affected by PAS to viability; however, there is significant 
maternal and fetal morbidity in doing so. Therefore, women also 
should be counseled on options including termination. Wisconsin 
criminal abortion statute 940.04 in its current antiquated form 
places patients and Wisconsin physicians at risk. Despite this, 
while awaiting legal clarity, Wisconsin physicians must put patient 
safety above ambiguity and consider therapeutic abortion when-
ever and wherever there is a threat to maternal life.
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and campaigning for the Pure Food and Drug 
Act. He vigorously fought the rampant use of 
potentially harmful food additives, and he pro-
moted accurate labelling of food. While his 
hygienic table trials tested the effects of food 
additives on young healthy males, he was most 

concerned regarding the health effects of food 
additives on the most vulnerable in the popu-
lation and the potentially cumulative effects of 
consuming low doses of food additives. 

What would Dr Wiley think about national 
food fortification policies – particularly folic 
acid – a century after the Pure Food and Drug 
Act? This commentary describes the differ-
ence between folate and folic acid, the level of 
evidence regarding the efficacy of mandatory 
fortification of cereal grains with folic acid, and 
possible repercussions of fortification – particu-
larly in vulnerable populations related to mater-
nal and child health. 

Folate (vitamin B9) is a water-soluble vita-
min found in leafy green vegetables, citrus 
fruits and beans. It is important for nucleotide 
and methionine biosynthesis, while deficiency 
is implicated in birth defects. The term folate 

Cara J. Westmark, PhD 

Prophylactic or Poison: The Folic Acid Debate

Deborah Blum’s 2018 book, The 
Poison Squad: One Chemist’s Single-
Minded Crusade for Food Safety 

at the Turn of the Twentieth Century, was the 
University of Wisconsin-Madison’s Go Big Read 
selection for the 2019-2020 academic year. In 
the book, Professor Blum describes the state 
of food adulteration in the United States at the 
turn of the 20th century, when milk and meat 
were routinely preserved with formaldehyde, 
beer and wine preserved with salicylic acid, 
canned vegetables made greener with copper 
sulfate, and borax added to rancid butter.1  

Blum concomitantly tells the story of Harvey 
Wiley, MD, who was appointed Chief Chemist 
of the Bureau of Chemistry in the Department 
of Agriculture in 1883, which later became the 
Food and Drug Administration (FDA). Dr Wiley 
conducted the hygienic table trials – better 
known as the Poison Squad studies – which 
led to passage of the Pure Food and Drug 
Act in 1906. He devoted his career to raising 
public awareness regarding food adulteration, 
developing standards for food processing, 

refers to many related compounds, including 
folic acid, dihydrofolate (DHF), tetrahydrofolate 
(THF), 5-methyltetrahydrofolate (5-MTHF), and 
5,10-methylenetetrahydrofolate (5,10-MTHF). 
The principal naturally occurring folates are 
in the THF form and polyglutamated. The syn-

thetic folic acid used to fortify foods and found 
in most supplements is the fully oxidized mono-
glutamate form. MTHF reductase (MTHFR) is 
the final enzyme in a multistep pathway that 
converts folate and folic acid to the active 
metabolite 5-MTHF – the form that is trans-
ported across the intestinal mucosa – into cells 
and across the blood brain barrier where it 
functions as a coenzyme or cosubstrate in sin-
gle-carbon transfers for the synthesis of nucleic 
acids and metabolism of amino acids. An exam-
ple is the conversion of homocysteine to methi-
onine in the synthesis of S-adenyl-methionine. 
When vitamin B12 is deficient, the conversion 
of homocysteine to methionine is inhibited, 
and folate is trapped as 5-MTHF, which cannot 
serve as a substrate for thymidine synthesis. 

Many nervous system disorders are asso-
ciated with folate deficiency, including neural 

While folic acid is water soluble and removed from 
the body through the urinary tract, high circulating 
levels of unmetabolized folic acid can accumulate in 

the blood, and vulnerable populations may be adversely 
affected by exceeding the tolerable upper intake limit. 
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tube defects during pregnancy, seizures and 
epilepsy, and neurodegeneration/cognitive 
decline. In 1996, the United States mandated 
national fortification of cereal grains with 140 µg 
folic acid per 100 g enriched product to prevent 
neural tube defects. Globally, countries are split 
on the decision to fortify cereal grains with folic 
acid. There are ethical issues regarding the 
risks to the larger portion of the population not 
receiving benefit.2 In the United States, it was 
estimated that fortification would reduce neural 
tube defects by 50%. The prevalence of neural 
tube defects during the prefortification period 
of 1995-1996 averaged 7.3 per 10 000 for the 
White/non-Hispanic population in the Centers 
for Disease Control and Prevention National 
Center on Birth Defects and Developmental 
Disabilities study.3 Another predominantly 
White/non-Hispanic population of 4783 subjects 
in the National Health and Nutrition Examination 
Study during  2007-2012 also exhibited a neural 
tube defect prevalence of 7.3 per 10 000 live 
births (range 5.5-9.4 per 10 000 live births).4 
While various studies report decreased post-
fortification prevalence of neural tube defects, 
the equivalent prevalence in these 2 studies 
spanning prefortification and postfortification 
periods argue against population level efficacy. 

Major problems in assessing efficacy of 
national fortification policies include lack of 
prospective monitoring and absence of a non-
fortification comparison group during the same 
time period. In 2020, neural tube defect risk 
at the population level was assessed in an 
article entitled, “Folic Acid Fortification and 
Neural Tube Defect Risk: Analysis of the Food 
Fortification Initiative Databset.”5 One would 
expect if national fortification was effective, 
then there should be decreased neural tube 
defects in response to fortification at the popu-
lation level when comparing countries that 
fortify with countries that do not. This analysis 
demonstrates an equivalent average as well as 
range of high and low values for neural tube 
defects per 10 000 births in countries with and 
without fortification. Linear regression analy-
sis indicates a very weak correlation between 
the prevalence of neural tube defects and the 
level of folic acid consumed from fortification.6 
Importantly, decreased prevalence of neural 
tube defects correlates strongly with better 
socioeconomic status,5 which has been con-

firmed in another study.7 A Cochrane systematic 
review found “very low certainty” regarding 
the efficacy of folic acid fortification in reduc-
ing neural tube defects.8 The health benefits of 
vitamin B9 (folate) are well documented; how-
ever, there are numerous gaps in our under-
standing of the biology, physiology, and health 
effects of folate and folic acid.  

The past century has witnessed tremen-
dous advances with respect to food storage 
and safety. While there are subpopulations that 
experience food insecurity in the United States, 
the majority of the population is in a state of 
overconsumption versus underconsumption of 
food. Contrary to folic acid supplements, dos-
age cannot be controlled with food fortification.9 
Fortification of cereal grains with folic acid has 
increased the average intake double the pro-
jected level.10 While folic acid is water soluble 
and removed from the body through the urinary 
tract, high circulating levels of unmetabolized 
folic acid can accumulate in the blood, and vul-
nerable populations may be adversely affected 
by exceeding the tolerable upper intake limit 
(UL). In regard to maternal and child health, 
the Maternal-Infant Research on Environmental 
Chemicals (MIREC) Pregnancy Cohort Study 
found that 25% of participants consumed more 
than the UL (>1000 µg/d) of folic acid.11 Black 
children in the Boston Birth Cohort had a 10 
times greater risk for autism spectrum disorder 
when they were in the highest versus the low-
est quartile for unmetabolized folic acid in the 
umbilical cord.12 Individuals with certain genetic 
polymorphisms that affect folic acid metabo-
lism may have altered folate availability; for 
example, variants of the MTHFR gene affect 
about 40% of people worldwide and alter the 
conversion of folic acid to 5-MTHF. There are 
potential drug interactions between folic acid 
and numerous medications, such as proton 
pump inhibitors used to treat gastroesopha-
geal reflux disease, anticonvulsants such as 
phenobarbital, the antibiotic tetracycline, and 
the cancer drug methotrexate.

Dr Wiley would concur with Paracelsus, 
1538, who said, “All things are poison, and 
nothing is without poison; the dosage alone 
makes it so a thing is not a poison.” Despite 26 
years of fortification, a large portion of the tar-
get populations is deficient in folic acid, while 
a large segment is at risk for adverse health 

events in response to excess consumption. 
Could mandatory national fortification policies 
and overconsumption of folic acid be con-
tributing to miscarriages, autism, Alzheimer’s 
disease, and other health conditions? Why is 
neural tube defect prevalence still high in the 
United States if fortification policies are work-
ing? Why is folate insufficiency in women of 
reproductive age greater than 20%?13  What 
is the best way to balance food insecurity and 
over consumption with public policy on fortifi-
cation? Education and income are important 
predictors of the correct timing of supplement 
use in pregnancy.14 A very low percentage of 
women receive nutrition information from their 
gynecologist prior to pregnancy.14 The health of 
society would be better served if public health 
policy was targeted at prenatal care in women 
of reproductive age, for example, increased 
access to healthy foods and nutrition informa-
tion as well as increased nutrition education 
in medical school curriculum. Other solutions 
include routine blood tests for folate levels; 
genetic screening for MTHFR variants; phone 
apps to track folic acid intake; avoidance of 
processed foods; and promotion of organic 
diets rich in leafy green vegetables, legumes, 
eggs, citrus fruits and beef liver. 

Overall, the United States has not witnessed 
the projected 50% reduction in neural tube 
defects in response to national supplementation 
of cereal grains with folic acid, and current forti-
fication levels present health concerns for large 
subgroups of the general population. The pub-
lic health significance of fortification of cereal 
grains with folic acid is significant.15 The father 
of the FDA in all likelihood would be opposed 
to national fortification with folic acid based on 
the lack of population-level efficacy data and the 
potential for harm to subpopulations. No doubt 
Dr Wiley’s ghost haunts the halls of the FDA flab-
bergasted as to why at the turn of the 21st cen-
tury a personalized medicine approach has not 
been implemented in regard to nutrient supple-
mentation that targets women of reproductive 
age versus the currently employed national for-
tification policy with potential for harm to a large 
portion of the population.
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unevenly, with Black women facing consider-
ably higher rates of adverse outcomes than 
White women.3

Risk factors for PMADs are multifaceted 
and are classified into 5 domains: psychologi-
cal, obstetric, biological, social, and lifestyle. 
Psychological factors include a history of 

depression, negative attitudes towards preg-
nancy, and past sexual abuse. Obstetric risk 
factors involve complications during delivery, 
such as emergency cesarean deliveries and 
when a woman's hopes or expectations about 
childbirth and motherhood don’t reflect reality. 
Biological factors include young age, signifi-
cant drops in estrogen and progesterone levels 
after childbirth, and low serotonin levels. Social 
factors involve inadequate support and domes-
tic violence. Lifestyle factors include dietary 
habits, sleep patterns, and physical activity, 
with deficiencies in vitamins and minerals also 
influencing risk.4

Despite the prevalence of manifold risk 
factors, PMADs such as antenatal depression 
and postpartum depression are severely under 
diagnosed and inadequately treated. Studies 
show that these disorders go undetected in 
50% to 70% cases, while approximately 85% of 

Aneesh Kumar Sangtiani, MBBS; Manahil Mubeen, MBBS; Ayesha Irfan, MBBS

Insights Into Perinatal Mood and Anxiety Disorders: 
Addressing Treatment Gaps, Risk Factors, and Health 
Outcomes

The transition to motherhood is a pro-
found and complex experience, and 
when complicated by perinatal mood 

and anxiety disorders, it can lead to severe 
consequences for both the mother and her 
child, warranting an urgent need for increased 
awareness and comprehensive care strategies. 

Perinatal mood and anxiety disorder (PMAD) 
is a term frequently used to describe mental 
health conditions that occur during pregnancy, 
following the birth of a baby, during adoption, 
or after experiencing the loss of a pregnancy 
or infant. These conditions include perinatal 
depression, anxiety disorders, obsessive-com-
pulsive disorder, posttraumatic stress disorder, 
and postpartum psychosis. 

PMADs are the most frequently occurring 
complications during pregnancy and the most 
frequently undiagnosed.1 A systematic review 
of prevalent anxiety disorders during the peri-
natal period found that 20.7% of women (95% 
CI 16.7–25.4) experienced 1 or more anxiety 
disorders, with a slightly higher prevalence 
during pregnancy compared to the postpartum 
period (3.1%).2 Significant evidence shows that 
the negative effects of PMADs are distributed 

patients experiencing these conditions receive 
no treatment at all. Furthermore, 91% to 93% 
are inadequately treated, and 95% to 97% con-
tinue to suffer without remission. One study 
reports that only 8.6% of women with depres-
sion during pregnancy and 6.6% of women with 
postpartum depression receive adequate treat-

ment,5 and Black women are more frequently 
underdiagnosed or untreated for PMADs than 
White women.3 This is extremely concerning as 
untreated PMADs could have disastrous effects 
on both maternal and infant health.

Maternal mood and anxiety disorders are 
linked to a higher risk of preeclampsia and 
put the mother at long-term health risks for 
conditions such as hypertension and diabe-
tes, increased risk of cardiovascular disease, 
maternal gestational weight retention, and 
overall morbidity/mortality.5,6 Untreated ante-
natal depression has been observed to be a 
significant risk factor for developing postpar-
tum depression—counted as the greatest risk 
factor for maternal suicide and infanticide.5 

Untreated anxiety and depression dur-
ing pregnancy also has been identified as a 
risk factor for increased labor inductions and 
cesarean delivery, leading to adverse health 

By understanding the risk factors, recognizing the 
far-reaching effects on health and family dynamics, and 

addressing the disparities in treatment, we can create 
a supportive environment for all mothers.



WMJ  •  2024498

outcomes. It is associated with increased risk 
of low Apgar scores, neonatal hypoxia,7 likeli-
hood of premature delivery, and a reduction in 
breastfeeding initiation. Furthermore, women 
exhibiting depressive symptoms in the early 
postpartum period may face increased risks 
of negative infant-feeding outcomes, such as 
shorter breastfeeding duration, more breast-
feeding difficulties, and lower levels of breast-
feeding self-efficacy. Emerging evidence also 
indicates that depressed women might be less 
likely to breastfeed exclusively,8,9 which can 
lead to poorer health outcomes for both the 
mother and the infant, including weakened 
immune function and increased risk of infec-
tions in the baby and delayed postpartum 
recovery for the mother.

Untreated PMADs are also linked to 
toxic stress in newborns. This severe stress 
response results in persistently elevated 
cortisol levels, leading to development of 
unhealthy lifestyles, socioeconomic inequali-
ties like school failure and financial hardship, 
and result in poor health outcomes.10 Per 
reports, PPD can lead to child abuse, neglect, 
discontinuation of breastfeeding, and family 
dysfunction, all harming early brain develop-
ment. Families of individuals who experienced 
major depression before thirty are 3 to 5 times 
more likely to experience major depression 
themselves, suggesting a genetic component. 
Maternal PPD impairs mother-child bond-
ing and attachment, vital for infant develop-
ment. Infants in such neglectful settings due 
to maternal depression show adverse brain 
changes, impaired social interaction, and 
developmental delays, particularly attachment 
problems, which become less responsive 
to intervention over time. However, treat-
ing maternal depression reduces psychiatric 
symptoms and improves child functioning, 
highlighting the importance of addressing 
PMADS.11

Treating PMADs is of utmost importance 
for preventing any harm to women’s mental 
health and physical well-being and for the 
growth and development of the infant. It is 
crucial for women suffering from these disor-
ders to get screened and assessed by a skilled 
perinatal mental health specialist. This includes 
comprehensive planning in coordination with 

the obstetrics team, ideally prior to concep-
tion, and continues throughout the perinatal 
period.12 First-line therapy for women suffering 
from mild to moderate depression are psycho-
logical and behavioral therapies.12 Extensive 
research supports effectiveness of various psy-
chological interventions, such as interpersonal 
therapy (IPT),13 partner-assisted IPT,14 cognitive 
behavioral therapy,14 and psychoeducation.15 
Pharmacotherapy is also regarded as a suitable 
and effective therapeutic choice for women 
suffering from intense symptoms of depression 
and anxiety.13

Women with PMADs face many challenges 
in accessing health care. System-level barriers 
include unclear care pathways, poor commu-
nication between facilities, lack of protocols, 
gaps in care, limited educational resources, 
and bureaucratic hurdles. On the provider 
side, issues like inadequate training, time con-
straints, and confusion about roles often hinder 
effective diagnosis and treatment. 

In conclusion, PMADs represent significant 
yet often overlooked challenges affecting 
mothers, infants, and families. By understand-
ing the risk factors, recognizing the far-reach-
ing effects on health and family dynamics, and 
addressing the disparities in treatment, we can 
create a supportive environment for all moth-
ers. It is compulsory to invest in under-inte-
grated mental health care, inclusive support 
structures, and racial equity-targeted interven-
tions. Let us work together to ensure that all 
mothers have the opportunity to thrive during 
this crucial period of their life.
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Ella’s abdomen. I saw no fetal heart tones, but 
I remained unconvinced. I must just be bad at 
this. Why would this otherwise healthy baby at 
39 weeks not have heart tones? 

I broke Ella’s membranes and put on a 
fetal scalp electrode. Thick meconium poured 
out, and I became more concerned. Her cervix 
was 9 cm dilated, and fetal heart tones were 

absent. I scanned Ella’s abdomen again. I still 
saw no heartbeat. I called everyone I could 
think of and took Ella to the operating room. 

My attending physician met us in the oper-
ating room (OR) and scanned Ella’s abdomen. 
As the chaos of preparing for an emergency 
cesarean delivery ensued, my attending physi-
cian whispered  what I knew I had seen but was 
too shocked to believe: the baby had passed. 
We slowed our behavior. We stopped counting 
instruments, and we dimmed the lights. There 
was no need for sterile gowns. My attending 
physician told Ella that her baby had died. As 
I fought tears, Ella’s husband Tom came to the 
OR, sobbing uncontrollably, screaming that his 
wife did not deserve this. 

As Ella laid there, completely dilated and 
ready to push, I sat between her legs and 
silently begged God to help me deliver a live 

Micaela Stevenson Wyszewianski, MD 

The Emptiness of Fetal Death – A Resident Physician’s 
Struggle to Cope With Loss and Disappointment 
in Modern Medicine

I   remember feeling like I had finally 
caught a break when “Ella,” who was 39 
weeks pregnant with her second baby, 

and her husband “Tom” came onto the labor 
and delivery unit. I thought I could finally 
take a nap, after having had multiple vaginal 
deliveries throughout the day and rounding 
on over 15 patients. I was alone on labor and 
delivery as the rest of my team was scattered 
throughout the hospital, but I felt fine as I per-
ceived this was a normal laboring patient who 
I could deliver with ease. 

When Ella’s nurse, “Anne,” called out 
for help, I walked in with an army of nurses. 
Perplexed by the number of people, she told 
us she only needed help with IV placement. I 
returned to our workroom, assured I would be 
called later. One of my favorite nurses looked 
up at me and said, “I heard something about 
decreased fetal movement.” 

I walked back to the room casually; 
decreased fetal movement was almost never 
a big deal. It usually resolved spontaneously 
before I made it to the room. But Anne told 
me she couldn’t find fetal tones. I remained 
unconcerned but confused. A nurse grabbed 
an ultrasound machine, and I looked all over 

baby. I still wonder sometimes if I had been 
bold enough to open my mouth and pray 
aloud if I would have delivered a living baby. 
But instead, when the baby delivered, she 
was pink, simply appearing asleep, though 
her umbilical cord was pulseless. In standard, 
methodical fashion, I assessed Ella’s vagina 
and perineum. I repaired a small vaginal lacer-

ation. I assessed bleeding. I grieved. I hoped. 
I stood there, in a stupor, watching my hands 
work – hoping every moment I would hear 
infant cries start. I hoped I would tell everyone 
about a miracle. 

When we finished, my scrubs were soaked 
in thick meconium, my hair barely covered by a 
scrub cap.  I stood, haunted by the emptiness 
in Ella’s eyes as she held her baby, her hus-
band sobbing loudly. 

As soon as my attending and I were alone, 
she  hugged me. I crumbled into her side, try-
ing desperately to make sense of what had 
happened. She and I looked through the pla-
centa, searching for any sign of abnormality. 
We stood there, both speechless, staring at a 
normal placenta and remembering the perfect-
looking baby we had delivered. 

continued on page 501

As the chaos of preparing for an emergency 
cesarean delivery ensued, my attending physician 
whispered  what I knew I had seen but was too 

shocked to believe: the baby had passed. 
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“Okay! Thank you,” I said to break the 
silence. I winced at my overly perky tone. As 
I guided them to another room to meet with a 
specialist, the patient’s partner asked, “So how 
long have you been doing this?” My cheeks 
burned with mortification.

January brought my sixth month of school 

and our cardiovascular system class. Most 
referrals to the clinic were for cardiac anoma-
lies, with details about ventricles and outlet 
tracts I never quite grasped until the day after 
I attended a cardiac development lecture. 
Looking at the clinic whiteboard felt like I’d 
unlocked a new level in a video game. The 
words on the board had meanings that I knew! 
A sonographer allowed me to shadow an anat-
omy scan, and I was thrilled to be able to follow 
the blood flow through the heart. The assign-
ment that week was to write a full visit note. 
I chose a patient whose baby was diagnosed 
with hypoplastic left heart syndrome and cop-
ied down imaging results to include, proudly 
noting the structures that I now recognized 
both in name and purpose. 

Much of my learning came from observation. 
There was no physical exam for fetal anomalies, 
and imaging interpretation was far beyond my 

Amanda Jentsch, BA

Development of a Doctor: A Medical Student’s Year 
Training in a Fetal Anomalies Clinic

My preceptor began every appoint-
ment by asking expecting parents 
the same question: “What do you 

know about your baby’s condition?” I listened 
carefully as families explained their understand-
ing of the diagnosis, and I silently asked myself 
the same question. What did I know? I was two 
months into medical school, assigned to a fetal 
anomalies clinic to learn the basics of being a 
doctor, and every diagnosis was unfamiliar.

One of the very first skills I learned was 
how to take a history of present illness. My 
preceptor sent me into an exam room to ask 
the patient and her partner that key question, 
“What do you know about your baby’s condi-
tion?” The patient had been referred to the 
clinic with imaging suggesting that her baby 
had echogenic kidneys. I had no idea what 
was normal for fetal kidneys, nor what “echo-
genic” meant. I walked into the room, nearly 
fell off the chair when I sat down, and opened 
my notebook with shaking hands. I asked the 
question, unsure of what they would say, or 
what I could offer in response.

The patient answered – a single sentence. 
A pause hung in the air. I was out of questions. 
The pair looked at me expectantly.

capabilities as a student. My history questions 
were usually limited to fetal movement, vagi-
nal bleeding, and cramping – all aspects of an 
appointment that took mere minutes. Despite 
my new knowledge, I was not capable of con-
tributing to the conversation about a baby’s 
condition. It seemed that I was benefiting from 

the patients’ presence in the clinic and giving 
nothing back. I longed to have a positive impact 
on my patients and their experience.

My ninth month of medical school found me 
shadowing in the birth center of the same hos-
pital I had trained in all year. Sitting in the work-
room and listening to the buzz of a busy night 
shift, I caught the tail end of a conversation 
about a patient being taken to the operating 
room for a cesarean delivery. Her baby had a 
complex congenital heart defect. I leapt at the 
chance to observe. I knew what to do: I stood 
quietly in the corner, out of the way. The patient 
lay on the table, prepped, alone except for the 
resident standing over her. I watched as the 
resident’s brow furrowed, an  ultrasound probe 
in her hand, and a silent machine next to her. 

 The resident would later explain to me 
that what happened next was called a “splash 
and crash.” However, that moment was not the 

Despite my new knowledge, I was not capable 
of contributing to the conversation about a baby’s 

condition... I longed to have a positive impact 
on my patients and their experience.



VOLUME 123 • NO 6 501

As my shift continued, powered 

by lattes and cola, the other staff sur-

rounded me. My upper-level resident 

scrubbed into a cesarean delivery I nor-

mally would do. Nursing staff bought me 

comfort food. I was given time to try to 

recover. I was protected and surrounded 

as I felt a deep emptiness. 

The morning came and I peeked my 

head into Ella’s room. She was sleeping 

soundly with her husband, their baby 

between their two loving bodies, the first 

peace they had gotten throughout the 

night. 

I dragged myself to our board sign 

out. I half whispered the information for 

all of the patients, haunted by the night’s 

loss. I dragged myself out of the hospital, 

exhausted by every step. Once I made it 

out of the hospital, I stood in the nearly 

vacant parking lot, the brisk air hitting my 

face, and I shed a single tear. I felt alone, 

I felt sad, I felt hopeless. But what I felt 

more than anything was a deep sense of 

failure. I stood there knowing that I had 

failed to save a life I had promised to 

protect. I genuinely believed I would be 

called into my program director’s office 

and would be fired. I feared I would be 

shamed and ridiculed by my colleagues. I 

feared I was a poor doctor and a danger 

to the community. 

I drove home in a daze, experienc-

ing my entire reality through the lens of 

a baby who would never grow up to see 

it. No crisp morning air across her lips. No 

autumn leaves. No warmth of lattes on 

cold winter mornings. As I climbed into 

bed, the last thing I thought about before 

I closed my eyes were Ella’s eyes – bare 

and vacant. 
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The Emptiness of Fetal 
Death
continued from page 499

time for teaching. The room burst into activity, 

and the anesthesiologist called out to me from 

across the room. Was I in the way? No – they 

needed me. The patient’s partner hadn’t arrived 

yet, so the anesthesia team gave me a stool 

and sat me down with instructions to keep her 

company while they worked. I slipped my hand 

into hers. While the surgeons worked on the 

other side of the drape, the patient and I talked 

quietly about the name she had picked out for 

the baby and her other children at home. From 

somewhere near us, her son began to cry, and 

she squeezed my hand tight. 

In that moment, my limited knowledge and 

clinical capabilities weren’t a concern. Once her 

partner arrived, I stepped back and watched as 

she greeted her baby before he was taken to 

Prophylactic or Poison: The Folic Acid Debate
continued from page 496
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the neonatal intensive care unit. Mother and 
son locked eyes through the incubator plastic, 
the lines hooked up to both of them, and the 
sea of people around. I might have missed it 
if I had been anything other than an observer. 

Working with and learning from patients 
receiving fetal anomaly diagnoses was a privi-
lege that reminded me why I entered medicine 
in the first place: to walk beside my patients in 
their journey. My preceptor asked her patients, 
“What do you know?” I often asked myself, 
“What do I know?” While I knew more than I 
did at the beginning of the year, I had always 
known how to hold a hand. How lucky I was to 
be there to do that.
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Two Sides of the Same Coin: Mental Health 
Mubashira Waseem 
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Artist Statement:
Mental health can be either venom or a blossoming flower. Poor 
mental health is like a venomous snake, injecting poison that slowly 
deteriorates both mind and body. In contrast, good mental health is 
like a tree, steadily growing with every step of life, bringing peace, 
vitality and strength, offering solace even in the toughest times.
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ORIGINAL RESEARCH

INTRODUCTION
The growing acceptance, accessibility, 
and use of cannabis and cannabis-derived 
molecules (cannabinoids) raise impor-
tant public health concerns and a need to 
evaluate the health effects of cannabis use 
more thoroughly.1 Policy changes in recent 
decades seem to have altered cannabis use 
patterns and perceived levels of risk. The 
relatively nascent status of cannabinoid 
uses also presents a public health concern 
for vulnerable populations, such as preg-
nant women and adolescents. There is 
mounting concern that, although canna-
bis could present therapeutic opportuni-
ties, developing fetuses could be affected 
by maternal use.2,3 Unlike other substances 
whose use may confer risk, such as alcohol 
or tobacco, no accepted standards exist to 
help guide individuals as they make choices 
regarding either recreational or therapeu-
tic use of cannabis.1,4 Increasing legaliza-
tion and use of cannabinoids coexist with 
mixed research on the risks and benefits. 
Given the presence of established thera-
peutic effects in adults, nuanced advice is 
necessary to ensure clear communication 
that cannabinoids are capable of impart-
ing both risks and benefits to individuals.1 

Furthermore, the development of advice 
will serve as valuable contextualization to 
guide additional investigations on health 
effects by identifying priority areas, such 
as vulnerable populations, risk perceptions, 
and ethical considerations. 

ABSTRACT
Introduction: There is an increased threat to pregnant women and their fetuses due to the lack 
of knowledge and current policies of cannabinoid use during pregnancy. Inconclusive evidence 
of cannabinoid use during pregnancy prevents the development of standard guidelines and edu-
cation regarding risks on long-term maternal and child health outcomes. This observational study 
investigated pregnant women’s attitudes and beliefs and the prevalence of clinician counseling 
on cannabinoid use during pregnancy. 

Methods: A 45-item questionnaire was distributed to pregnant women receiving prenatal care at 
2 obstetrics and gynecology clinics in Milwaukee, Wisconsin. Descriptive statistics were used to 
summarize pregnant women’s attitudes and beliefs, sources of information, prevalence of canna-
bidiol (CBD) use, and prevalence of clinician counseling on tetrahydrocannabinol (THC) and CBD 
use during pregnancy. 

Results: A total of 95 questionnaires were collected from pregnant women during prenatal care 
visits. The majority of participants were non-White (54%) with a high school diploma (30%) and 
average age of 29 years old. Pregnant women’s beliefs related to the use of cannabinoids on 
their own physical, social, and emotional health was “somewhat better.” In contrast, women’s 
beliefs related to the impact of cannabinoids use on their fetus and on birth outcomes was 
negative. Participants reported a lack of knowledge of THC (55%) and CBD (77%) use during 
pregnancy. Since their first prenatal care visit, over 60% of participants reported that they did not 
receive counseling regarding cannabinoid use during pregnancy, and the internet was the pre-
ferred source for information on THC (73%) and CBD (80%) use during pregnancy. 

Conclusions: Pregnant women lack informed guidance and education on the effect of cannabi-
noid use during pregnancy. The possibility of misinformation poses a risk to maternal and child 
health outcomes. Future research should focus on health communication and risk assessments 
on cannabinoid use during pregnancy for prevention and treatment.

Erica Marion, PhD; Matthew J. Dellinger, PhD; Francisco J. Enriquez, MD; Abbey R. Kruper, PsyD; Krista M. Lisdahl, PhD; Karen 
F. Lupa, CNM; Sarah Chilenski PhD; Erika L. Peterson, MD; Melissa L. Harris, MPH; Cecilia J. Hillard, PhD; Mary E. Homan, DrPH; 
Alexandra Skeeter, MD; Michael P. Anello, BA; Lora L. Daskalska, PhD; Fabrice Jotterand, PhD, MA 

Pregnant Women Perceptions of Cannabinoid Use 
in Milwaukee, Wisconsin



WMJ  •  2024504

Potential Risk of Cannabinoid Use During Pregnancy
Despite widespread use of cannabinoids such as cannabidiol 
(CBD), there is limited research regarding their use during preg-
nancy.5 Pregnant mice models have been used to investigate the 
effects of cannabinoids on offspring development. Gestating mice 
exposure to tetrahydrocannabinol (THC) has been linked to 
adverse effects on the neurological development and functional-
ity of offspring throughout adolescence and adulthood.6 Offspring 
can begin to experience abnormalities with emotional and cog-
nitive functions, social behavior, and mobility. Furthermore, 
researchers who have used THC treatment with gestating mice 
reported a decrease in maternal and birth weights.7 Recent studies 
found that prenatal exposure to CBD in gestating mice resulted in 
dysregulation of their offspring, suggesting that early communica-
tion is disrupted by CBD exposure.8 

There are very few studies that have investigated the effects of 
cannabis use in pregnant women due to several limitations, includ-
ing inconsistency or underreporting of results, the potency level of 
cannabis being consumed, and controlling for additional factors 
known to have adverse pregnancy outcomes. For example, a study 
in California explored the relationship between maternal mental 
health diagnosis and symptoms and intimate partner violence with 
cannabis use during pregnancy. Pregnant women were screened 
for cannabis use either by urine sample or self-reported cannabis 
use during their first prenatal care visit, with average gestational 
age at 8 weeks pregnant. Results from this study concluded that 
pregnant women were more likely to use cannabis if they were 
experiencing depression, anxiety, and/or intimate partner vio-
lence. However, there were inconsistencies in urine drug screening 
(6%), self-reporting (0.9%), and confirmatory toxicology testing 
(3.4%) for THC use. Differences in cannabis screening can be 
due to the frequency of use by a participant, which often is not 
captured in primary data collection. Another important limita-
tion to consider within self-reporting is the potential of perceived 
legal implications of cannabis use during pregnancy,9 as clinicians 
have reported discussing the legal implications of substance use 
for cessation efforts for pregnant women rather than counseling 
due to the lack of information regarding risks. Lastly, it is impor-
tant to note that cannabis often is not used in isolation of other 
substances, alcohol, or tobacco, which have been associated with 
adverse pregnancy outcomes.9

Similar to mice models, studies investigating cannabis use for 
pregnant women have found significant associations with low 
birth weight, stillbirth, and long-term health consequences for 
their offspring. Despite limitations in self-reported cannabis use 
for pregnant women, one study found an significant of association 
with a 50% likelihood of low birth weight while controlling for 
maternal age, education level, and tobacco use.10 Another study 
that explored a combination of prenatal cannabis and tobacco 
exposure found an increased risk of stillbirth in expectant moth-
ers.11 Additionally, the relationship between THC and tobacco 

prenatal exposure increases the likelihood of offspring using 
combustible cigarettes during adolescence, eventually becoming 
addicted to tobacco in adulthood.12

Lack of informed guidance may contribute to inadequate 
or ineffective communication between clinicians and pregnant 
women regarding the risk of cannabinoid use during pregnancy.9 

Currently, CBD is legalized in the state of Wisconsin, while THC 
is not. However, THC is accessible to Wisconsin residents through 
its neighboring state Illinois for individuals over the age of 21. 
It is important to recognize accessibility of cannabis products to 
increase the urgency of communicating risk to pregnant women to 
reduce adverse outcomes. 

This observational study explored pregnant women’s atti-
tudes and knowledge about cannabinoids – specifically THC and 
CBD – in an urban city (Milwaukee, Wisconsin) to investigate 
whether they are receiving informed guidance and to gain insights 
into how to better inform pregnant women, especially those from 
vulnerable populations. This paper reports preliminary findings 
and baseline data to support further study, including educational 
interventions and clinician training. 

METHODS 
Setting
This observational study administered a 45-item written anony-
mous questionnaire in English and Spanish to pregnant women 
to learn about their perceptions regarding cannabinoid use – spe-
cifically THC and CBD. The questionnaire was administered at 
an academic medical setting and community health clinic. The 
community health clinic serves predominantly Spanish-speaking 
patients due to its location in the community. This project was 
reviewed and approved by the Medical College of Wisconsin 
Institutional Review Board (IRB). 

Subjects
Subjects were recruited by medical assistants who asked patients 
who were seeing clinician about their pregnancy if they were inter-
ested in completing in the study questionnaire. Medical staff were 
not a part of the research team and did not share patient identifiable 
information with the research coordinators. Interested participants 
received a written informational letter for consent before the ques-
tionnaire was administered by a research coordinator. Participants 
could self-administer the questionnaire with the option to ask for 
more information and/or assistance from the research coordinator 
in the exam room. The questionnaire was translated before admin-
istration and approved by the Medical College of Wisconsin IRB 
for potential Spanish-speaking participants. In addition, medical 
interpreters were available to translate correspondence between 
Spanish-speaking participants and the research coordinator as 
needed to complete the questionnaire. All questionnaires were col-
lected by the research coordinator and included in the analysis. Any 
questions that were not answered were analyzed as missing. 
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Table 1. Particpant Demographics (N = 95) 

Median age (range) 29 (18 – 45)

Mean age (SD) 29.09 (6.49)
Race, n (%)  
 Black or African American 20 (21)
 White  39 (41)
 Othera  26 (27)

Ethnicity, n (%)  
 Hispanic  43 (45)

Education, n (%)
 < High school graduate  17 (18)
 High school graduate 28 (29)
 Some college 25 (26)
 College graduate  21 (22)

aOther includes other unspecified race (n = 20), American Indian or Alaska 
Native (n = 1), Asian (n = 2), and multiracial (n = 2).

Table 2. Knowledge of Cannabinoid Use During Pregnancy and Sources of 
Information

   THC, N (%) CBD, N (%)

Knowledge of use during pregnancy  
  Yes 40 (43) 20 (21)
  No 52 (55) 72 (77)
  I don’t know  2 (2) 2 (2)
Source of information   
 Family or friends  18 (45) 10 (50)
  Health care professional  18 (45) 4 (20)
  Internet  29 (73) 16 (80)
  Other  9 (23) 2 (10)

Abbreviations: THC, tetrahydrocannabinol; CBD, cannabidiol.

Table 3. Perceptions and Attitudes on the Impact of Cannabinoids During 
Pregnancy and Birth Outcome

  THC, N (%) CBD, N (%)

Maternal
 Better  16 (18) 14 (16)  
 Somewhat better  31 (35) 31 (34)
 No change  20 (22) 22 (24)
  Somewhat worse  8 (9) 6 (7)
  Worse   14 (16) 17 (19)

Birth Outcome
 Better  5 (5) 8 (9)
  Somewhat better  6 (6) 11 (12)
  No change  21 (23) 38 (41)
  Somewhat worse  21 (23) 7 (8)
  Worse  40 (43) 28 (30)

Abbreviations: THC, tetrahydrocannabinol; CBD, cannabidiol.

Survey Development
The survey was developed by a multidisciplinary translational 
research team with specialization in obstetrics, maternal fetal med-
icine, family medicine, cannabinoid neuroscience, community 
prevention coalitions, risk assessment and communication, sub-
stance use social services, and bioethics expertise in neuroethics 
and maternal/fetal ethics. The team developed the 45-item ques-
tionnaire by combining previously used survey tools and literature 
from similar studies.13–16 Team members collaborated to create 
new questions and reviewed previously used questions. The com-
pleted questionnaire consisted of pregnant women’s demographic 
information, overall knowledge of cannabinoid use, sources of 
information of cannabinoid use, clinician counseling for cannabi-
noid use during pregnancy, and the frequency and prevalence of 
CBD use before and during pregnancy. In addition, participants 
were asked about their perceptions/attitudes regarding how canna-
binoid use would affect them physically, emotionally, and socially 
during pregnancy and their birth outcome. Physical characteristics 
included a pregnant woman’s ability to move, sleep, and to man-
age morning sickness and cravings during pregnancy. Emotional 
characteristics included a pregnant woman’s ability to concentrate, 
relax, unwind, feel calm, feel creative, and control anger. Lastly, 
social characteristics focused on a pregnant woman’s ability to 
get along with others. Results were summarized with percentages 
and central tendency measures using Stata version 16 (StataCorp 
LLC).

RESULTS
A total of 95 pregnant women completed questionnaires on 
their attitudes and knowledge about the cannabinoids THC and 
CBD. Participants were mostly White women 41% (n = 39) with 
a high school diploma 29% (n = 28) and average age of 29 years 
old (Table 1). 

THC
Only 45% (n=18) of participants endorsed discussing marijuana 

(cannabis) use during pregnancy with professional health care 
workers such as nurses or social workers (see Table 2). In addition, 
68% of participants had not been counseled about cannabis use 
during pregnancy by any clinician since their first prenatal visit. 
When asked about their perceptions of the impact of THC dur-
ing pregnancy, 53% (n = 47) of participants responded that THC 
would be beneficial for their pregnancy physically, emotionally, 
and socially. On the contrary, when asked about the health of the 
baby during birth, 66% (n = 61) of participants said they perceived 
the outcome would be worse after THC use (Table 3). More than 
half of the participants had not heard, read, or learned any infor-
mation about using THC during pregnancy. For those who stated 
they had knowledge regarding THC use during pregnancy, their 
main source of information was the internet, specifically social 
media. Participants said they would judge whether the informa-
tion regarding cannabis use during pregnancy is trustworthy by 
asking further questions with clinician or searching for additional 
information on the internet. 

CBD
Only 4% (n=4) of respondents stated that they used CBD during 
pregnancy. Frequency of CBD use varied between less than 5 times 
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a year and weekly. However, 29% (n = 27) of respondents stated 
that they have used CBD while not pregnant less than 5 times a 
year. Overall, 77% (n = 72) of participants have not heard, read, 
or learned any information about using CBD products during 
pregnancy. Similar to results regarding THC use during pregnancy, 
participants’ main source of CBD information was the internet 
and family or friends. Over 90% (n = 80) of participants did not 
receive information or counseling regarding CBD use during preg-
nancy from health care workers at the facilities or any clinician who 
provided treatment since their first prenatal visit. At 50% (n = 45), 
CBD use during pregnancy was perceived to be somewhat better 
physically, emotionally, and socially, such as relief from morning 
sickness, managing the ability to concentrate, and getting along 
with others. In addition, 41% (n = 38) of participants stated that 
there would be no change to the birth outcome if CBD is used 
during pregnancy. 

DISCUSSION
Overall, this observational study supports the concept that preg-
nant women lack knowledge of the potential effects of cannabi-
noid use. Pregnant women’s attitudes and beliefs on cannabinoid 
use varied regarding the risk and benefits on maternal health phys-
ically and emotionally. This supports previous research on women 
who reported cannabis use during pregnancy.13 Some perceived 
THC as being more natural and safer than other illicit substances 
and prescribed medication. This can be an implication for women 
using cannabis to manage pregnancy symptoms, such as nausea 
and mood changes.14 

Participants reported that their health care professionals did not 
provide counseling on the use of cannabinoids during pregnancy, 
which is consistent with previous studies investigating clinicians’ 
counseling habits.9 The lack of information available and incon-
sistent counseling from clinicians can increase the risk of ongoing 
cannabinoid use in pregnant women.15 Inconsistent and poten-
tially inaccurate sources of information regarding cannabinoid use 
during pregnancy pose a risk to patients’ health literacy and violate 
bioethical protections for adverse outcomes for pregnant women 
and their offspring. 

Like previous studies, pregnant women reported seeking medi-
cal information on cannabinoid use on the internet.16 Our pre-
liminary data suggest that social media is the most-used internet 
source of information regarding cannabis use during pregnancy. 
However, patients in other studies have reported a preference for 
clinicians to confirm the trustworthiness of information on can-
nabinoid use during pregnancy from any source.17 This preference 
may be at odds with other research with pregnant women nega-
tively reporting the quality of medical information from clinicians 
on cannabis use.13 

In this study population, there was a low percentage of preg-
nant women who reported CBD use. Our study did not investi-
gate cessation of cannabinoid use during pregnancy of previous 

users. However, pregnant women reported a decrease in usage of 
CBD during pregnancy compared to previous use. Motivating fac-
tors for discontinued cannabinoid use were not investigated, but 
women have reported social bias influencing their decision rather 
than adhering to clinicians’ informed guidance.18 Some preg-
nant women preferred to reduce cannabis use to manage risks of 
adverse pregnancy outcomes, which is consistent with our findings 
of pregnant women reporting that cannabinoid use will negatively 
impact birth outcomes. 

This observational study has multiple limitations. First, we 
recognize sample bias, as participants who were recruited with 
linguistic needs were not recorded or addressed by staff when 
translating the questionnaire and assisting Spanish-speaking par-
ticipants. Therefore, we cannot confirm participants’ comprehen-
sion of information being translated. Second, self-reported data for 
cannabinoid use during pregnancy have been found to be under-
reported compared to collected urine samples.19 Also, we did not 
collect data on participants’ current pregnancy term or frequency 
of prenatal visits, which could have been used to compare differ-
ences in responses about cannabinoid impact on maternal char-
acteristics and counseling from health care professionals. Another 
limitation is recall bias: depending on participants’ gestational age, 
counseling from a health professional regarding cannabinoid use 
may not have occurred yet. 

CONCLUSIONS
Our study found that pregnant women lack knowledge on the 
maternal impact of THC and CBD use. However, most pregnant 
women are aware that they may experience a negative birth out-
come after THC and/or CBD use. Pregnant women often used 
the internet as a source of information regarding THC and CBD 
use, while reporting the absence of counseling from a health 
professional. Future research should focus on interventions to 
improve health communication about cannabinoid use between 
clinicians and pregnant women. Contradictions in sources and 
trustworthiness of information highlight inaccessibility of medi-
cal information on cannabis use. Established risk assessment and 
health communication practices should be employed, along with 
bioethical examination, to summarize ongoing research and syn-
thesize advice. It may be possible to establish risk benchmarks 
using sensitive endpoints, such as birth outcomes, if robust 
observational studies can establish reliable exposure estimates. All 
evidence-based advice should be developed in partnership with 
stakeholder engagement from affected communities to maximize 
health-promoting messaging. 
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ORIGINAL RESEARCH

INTRODUCTION
The coronavirus disease 2019 (COVID-19) 
pandemic placed a strain on the US health 
care system and led to dramatic changes 
in medical and social operations,1 which 
affected pregnancy, postpartum, and infant 
care.2,3 Early in the pandemic, support for 
breastfeeding initiation was affected by the 
separation of mothers from their infants in 
the case of COVID-19 infection, a higher 
frequency of early hospital discharges, and 
reduced inpatient lactation support.4,5 For 
instance, the Centers for Disease Control 
and Prevention (CDC) showed a 17.9% 
reduction of in-person lactation support by 
the end of 2020.4 Moreover, breastfeeding 
support outside of the hospital was limited 
due to lockdowns, disruptions in health 
care operations, and restrictions on services 
provided by peer- and community-based 
organizations,2,6 resulting in reduced sup-
port for breastfeeding during several criti-
cal stages during the postpartum period.5 
In light of reduced lactation support, sev-
eral studies have demonstrated reduced 
breastfeeding rates during the COVID-19 
pandemic.7,8 

Women’s responses to these changes 
were mixed.9 In some regions, women 
rated their breastfeeding experience as 
negative during the early pandemic com-
pared to prepandemic.10 Negative breast-
feeding experience was particularly preva-
lent in mothers who were separated from 
their infant, struggled with breastfeeding, 

ABSTRACT
Introduction: The COVID-19 pandemic greatly affected access to breastfeeding support. Limited 
research has evaluated the pandemic’s impact on postpartum individuals’ decisions to breast-
feed during this time. This qualitative survey study described breastfeeding-related attitudes, 
decision-making, and experience of postpartum people early in the COVID-19 pandemic. 

Methods: New mothers (< 6 months postpartum) were identified via electronic health records at 
2 academic health care systems located in Northeastern and Midwestern United States and were 
invited via mailings and phone to complete a cross-sectional online survey assessing the impact 
of COVID-19 on mental and physical health and coping. Thematic analysis was conducted to 
organize responses into categories of impact (positive, negative, neutral), highlighting the major 
themes of the influence of COVID-19 on breastfeeding. 

Results: A total of 216 participants responded (66 Northeast, 150 Midwest), and the majority 
(64.6%) were age 31 to 45 years old. The predominance of positive themes associated with the 
pandemic that enabled participants’ decisions to breastfeed were health benefits, convenience 
and ease, and changes in work routines, whereas the major challenges exacerbated by the 
pandemic were access to lactation support, mental health/stress, and COVID-19 restrictions. 
Breastfeeding decisions that were not explicitly affected by the pandemic included prior feeding 
intention and experience, as well as knowledge of importance and benefits.

Conclusions: Findings from this survey study enrich our understanding of the pandemic’s impact 
on breastfeeding motivations and practices. As health care systems and policymakers seek to 
improve support for breastfeeding, feedback from postpartum mothers may suggest new ways to 
overcome barriers that arise in times of crisis.
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or perceived decreased family and profes-
sional support. Other women noted a 
positive experience of breastfeeding, par-
ticularly in subsets who had greater partner 
support and more time at home.11,12 

Given the varied breastfeeding experi-
ences during the early COVID-19 pan-
demic in other regions, the purpose of 
this study was to contribute to the existing 
literature by describing the attitudes, deci-
sion-making, and experiences among post-
partum people in the Northeastern and 
Midwestern United States. This informa-
tion may allow for optimization of preg-
nancy and postpartum care and breastfeed-
ing support in the future. 

METHODS
This study analyzed data from a larger 
cross-sectional survey examining the 
impact of the COVID-19 pandemic on 
pregnant and postpartum persons at 2 
independent sites, with study protocols 
that were approved by each Institutional 
Review Board. The aim of this qualitative 
analysis of the open-ended questions on 
breastfeeding was to understand how early 
responses to the COVID-19 pandemic 
affected breastfeeding-related attitudes, 
decisions, and experiences among pregnant 
and recently postpartum persons.

Study Design
The overall purpose of the survey was to 
assess the impact of COVID-19 on men-
tal and physical health and coping, as well 
as to address social needs among pregnant 
and postpartum persons. Potentially eligi-
ble adults were identified by searching the 
electronic health records of the 2 partici-
pating academic health systems. Eligible persons were adults aged 
18 years and older, English-speaking, and pregnant or postpar-
tum (within 6 months of birth). The eligibility criteria and survey 
questions were identical at the 2 study sites; however, the study 
timing and recruitment methods differed slightly between the 2 
geographical locations as reported elsewhere.13 The Figure shows 
the recruitment flow chart by region.

Potentially eligible participants were mailed invitation letters 
containing their unique study identification (ID) number and a 
URL to access the survey. Once online, they were presented with 
a brief study summary and prompted to enter their ID num-

Figure. Participant Recruitment by Region

Northeast Recruitment Procedures

Identified as eligible in EHR
(n = 2929)

First recruitment mailing
(n = 2699)

Removed from ongoing data pull 
due to stillbirth, miscarriage, 

or >6 months postpartum
(n = 704)

Undeliverable (n = 104)

Follow-up phone call (n = 124)
Left voicemail = 65

Reached only briefly = 5
Unreachable = 18

Discussed study = 36

Second mailing, included those who 
did not respond from 1st mailing 

(n = 1700)

Removed prior to analysis (n = 34)
No consent = 19

Consent only = 11
Partially complete = 4

Completed surveys (n = 201)

Total completed surveys (n = 616)

Midwest Recruitment Procedures

Identified as eligible in EHR
(n = 3130)

First recruitment mailing
(n = 1710)

Stratified by race/ethnicity 
and Medicaid information

3 groups of 570 each
1) No incentive (control group)
2) $1 incentive at 1st mailing (group A)
3) $1 incentive at 1st mailing + $2 
incentive at 2nd mailing (group B)

Undeliverable (n = 64)

Removed once from recruitment 
list prior to 2nd mailing: ineligible 

due to >6 months postpartum
 (n = 233)

Second mailing, included those who 
did not respond from 1st mailing 

(n = 1127)

Removed prior to analysis (n = 50)
No consent = 15

Consent only = 15
Consent ineligible = 6
Partially complete = 14

Completed surveys (n = 415)

Abbreviation: EHR, electronic health record.

ber before proceeding to eligibility screening. Informed consent 
was obtained by directing participants to read the “Summary 
Explanation of Research” and agreeing to initiate the anonymous 
REDCap survey. 

At the Northeast site, the survey was accessible from August 4, 
2020, through November 24, 2020, with 201 persons complet-
ing the “parent” survey (94 pregnant, 107 postpartum). At the 
Midwest site, the survey was accessible from January 15, 2021, 
through April 15, 2021, with 415 individuals who completed the 
“parent” survey (209 pregnant, 206 postpartum). Only postpar-
tum respondents who answered the optional open-ended ques-
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Table. Sample Demographics and Breastfeeding Responses From Survey 
Participants, N = 216

  N (%)

Region 

 Northeast 66 (31)

 Midwest 150 (69)

Age range (years) 

 19–30 77 (35.6)

 31–45 139 (64.4)

Race (225 responses)a  

 American Indian or Alaskan Native 5 (2.2)

 Black or African American 8 (3.6)

 White 191 (84.9)

 Asian 12 (5.3)

 Other Race 3 (1.3)

 Prefer not to answer 6 (2.7)

Ethnicity  

 Hispanic or Latino 9 (4.2)

 Non-Hispanic or Latino 200 (92.6)

 Prefer not to answer 5 (2.3)

 Missing 2 (0.9)

Education   

 High school diploma/GED 13 (6.0)

 Partial college 20 (9.3)

 Completed college 116 (53.7)

 Graduate degree 65 (30.1)

 Prefer not to answer 1 (0.5)

 Missing 1 (0.5)

Marital status  

 Married, or in a domestic partnership 207 (95.8)

 Divorced or separated 1 (0.5)

 Single 7 (3.2)

 Missing 1 (0.5)

Employment status (217 responses)a

 Working 144 (66.4)

 Maternity leave/sick leave/temporarily laid off 34 (15.7)

 Homemaker 32 (14.7)

 Disabled, permanently or temporarily 1 (0.5)

 Student 6 (2.8)

How difficult is it for you to live on your total household income right now?

 Extremely difficult 1 (0.5)

 Very difficult 3 (1.4)

 Difficult 13 (6.0)

 Somewhat difficult 49 (22.7)

 Not at all difficult 150 (69.4)

Did you breastfeed or pump breast milk to feed your new baby after delivery, 
even for a short period of time? 

 Yes 213 (98.6)

 No 3 (1.4)

Did the COVID-19 pandemic influence your decision to breastfeed? 

 Yes 16 (7.4)

 No 200 (92.6)

aSome participants answered more than once. 

tions on breastfeeding were included in the present analysis, pro-
ducing a combined sample of 216 participants (66 Northeast, 150 
Midwest). 

Outcome Measures
The “parent” survey consisted of 52 questions on the socioeco-
nomic, medical, and psychological well-being and needs of the 
participants. Three survey questions were related to breastfeeding, 
including 1 open-ended question (“Please consider sharing your 
thoughts about your decision regarding breastfeeding during the 
COVID-19 pandemic”) and 2 closed-ended questions with yes/
no answer choices (“Did you breastfeed or pump breast milk to 
feed your new baby after delivery, even for a short period of time?” 
and “Did the COVID-19 pandemic influence your decision to 
breastfeed?”).

Data Analysis
Demographics and 2 closed-ended questions on breastfeeding 
were analyzed using Stata.14 Qualitative data were analyzed the-
matically and entered into a Microsoft Excel spreadsheet for data 
sorting and coding.15 The data were organized into 3 separate 
columns by meaning unit, theme, and category assigned as posi-
tive, negative, or neutral. The work of the primary coder (CR), 
a physician with experience in family medicine, obstetrics, and 
breastfeeding, was reviewed by a second coder (EG), a social 
and behavioral scientist. Any discrepancies were discussed and 
resolved via consensus. The calculated frequency of categories, 
domains, and themes demonstrated how often similar content 
was mentioned.  

RESULTS
Sample Characteristics (n = 216)
The analysis sample included postpartum participants from the 
Northeast (N = 66) and Midwest (N = 150). There were no major 
differences in demographics by region. The majority of partici-
pants were between 31 to 45 years old (64.4%), White (84.9%), 
married or in a domestic partnership (95.8%), and working 
(66.4%), while 83.8% held at least a college degree, and 69.4% 
reported no difficulty living on their household income. In total, 
213 (98.6%) reported having attempted breastfeeding or pump-
ing breast milk postpartum, and 16 (7.4%) reported that their 
decision about breastfeeding was affected by the COVID-19 pan-
demic. See Table.

Participants’ Perceptions
Responses from postpartum participants about the perceived 
impact of the pandemic on breastfeeding were categorized as posi-
tive (enablers), negative (challenges), and neutral (enablers and 
challenges not impacted by COVID-19). Descriptions of the most 
common themes and exemplar quotes are presented below.

Positive Impacts on Breastfeeding (122 responses, 6 themes): 
Six themes highlighted how the COVID-19 pandemic positively 
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affected participants’ breastfeeding decisions or experiences and 
promoted its initiation or continuation. 

Health Benefits (88 responses): Some participants placed an 
emphasis on their dedication to breastfeed – particularly consider-
ing the pandemic – due to the nutritional and immune-building 
benefits. “I feel breastfeeding is even more important during the pan-
demic to provide the baby with even more protection with antibod-
ies” (Patient [P]-138). Several participants shared that pandemic-
related uncertainty contributed to extended amounts of time 
breastfeeding and was often coupled with participants’ desire to 
provide prolonged health benefits to their infant. For example, 
“…because of the pandemic, I decided to breastfeed my baby longer 
and more for his immunity” (P-167). At the time this study was 
conducted, the COVID-19 vaccine had recently been approved 
for use, and several women attributed the vaccine as a motivation 
to continue breastfeeding. 

Convenience and Ease (19 responses): As a result of the pan-
demic, some participants described change in routine, increased 
support from partners, less time spent pumping, and increased 
ease of breastfeeding: “[Breastfeeding] is easier this time around 
because I’m always home” (P-186).

Changes in Work Routine (7 responses): Some noted changes 
in work settings and routines that affected breastfeeding during 
the pandemic: “Working from home during COVID-19 has actually 
made breastfeeding easier” (P-126).

Limited Formula Supply (4 responses): A few remarked that dif-
ficulties obtaining formula increased their motivation to breast-
feed: “I decided that I should attempt [breastfeeding] due to the 
uncertainty of formula available” (P-152).

Lactation Support (2 responses): Though many experienced dif-
ficulties obtaining lactation support, a few respondents shared 
that they received good lactation support during the pandemic, 
which allowed them to breastfeed despite challenges. “I received 
lots of [breastfeeding] support in the hospital and during our NICU 
[neonatal intensive care unit] stay” (P-203).

Financial (2 responses): Participants also shared that COVID-
19 positively influenced their decision to breastfeed as a means of 
“saving money” (P-42).

Negative Impacts of Pandemic on Breastfeeding (38 
responses, 5 themes)
Five themes emphasized how the COVID-19 pandemic nega-
tively affected participants’ breastfeeding decisions or experi-
ences. 

Difficulty Accessing Lactation Support and Attending Medical 
Visits (17 responses): Many participants reported that the lack 
of in-person lactation support during the pandemic negatively 
affected their breastfeeding experience. While some people con-
tinued breastfeeding despite the challenges, others stopped alto-
gether due to the lack of lactation support. “We stopped breastfeed-

ing after only a month or so because of not being able to get enough 
hands-on help to teach us and the baby how to breastfeed” (P-19). 
One woman expressed her frustration when she finally had to go 
into the clinic due to a medical issue: “I called the lactation hotline 
multiple times and had to go into the clinic for in-person treatment 
when I developed mastitis” (P-202).

Apart from the challenges obtaining hands-on breastfeeding 
support, there was a general sentiment regarding the difficulties 
participants experienced when attending medical visits out of the 
home. “I wasn’t comfortable bringing a newborn into a doctor’s office 
for extra visits…” (P-64). In addition to having less lactation sup-
port, several expressed a more general lack of support from fam-
ily, friends, or peers that affected their breastfeeding experience: 
“Everyone seems too scared of everyone else (COVID-19 was continu-
ing to spread at that time) to really help much so we ended up switch-
ing to formula” (P-104).

Mental Health and Stress (11 responses): Several women noted 
increased anxiety about caring for their baby during the pan-
demic. Others were diagnosed with mental health disorders, 
which consequently affected infant feeding choices. One mother 
shared, “Due to the pandemic, my mental health has not been well. 
I knew I needed medications that could possibly have an effect on my 
breastfeeding, so I decided to formula feed instead” (P-143). Another 
mother’s response highlights the impact of social changes from the 
pandemic on mental health: “I think maternity leave/immediate 
postpartum periods are isolating for mothers. COVID-19 made this 
isolation more dramatic for some mothers, including myself, which 
led to worse postpartum depression than I have previously experienced 
after my first child” (P-123).

COVID-19 Restrictions (5 responses): Some women shared their 
experience of being diagnosed with COVID-19 and its impact on 
breastfeeding. For instance, participants shared that they were not 
allowed to see their infant, while others had trouble caring for an 
infant while wearing a mask and face shield. In one instance, “…I 
did find it more difficult to learn how to breastfeed as the mask lim-
ited my field of vision when trying to see how our baby was latching” 
(P-69).

Several mothers expressed concern about breastfeeding due to 
being separated from their newborn: “[The COVID-19 pandemic] 
made me afraid I potentially wouldn’t be able to [breastfeed] for a 
couple weeks… For the moms who did separate from their children, 
they’re strong as hell. But I couldn’t mentally do it” (P-16).

Social Isolation (3 responses): Some lamented the challenges that 
COVID-19 restrictions imposed on their postpartum experience, 
such as reduced opportunities for connection with other moth-
ers and an increased sense of isolation. “Mother-baby hour is only 
available virtually right now and does not provide the same opportu-
nities for connections with other mothers that in-person meetings did” 
(P-168).

Safety Concerns (2 responses): A few participants noted con-
cerns about safety and hygiene of pumping outside of the home 
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that were related to the COVID-19 pandemic, such as“[due to the 
COVID-19 pandemic] I worry about my pumping pieces and if it’s 
still safe to pump” (P-26).

Neutral Impacts of Pandemic on Breastfeeding (326 responses, 
7 themes)
The majority of participants shared that the COVID-19 pandemic 
did not affect their breastfeeding choices and experiences, yet still 
provided rationale for their decisions related to breastfeeding. 
Seven themes on the neutral impact of the pandemic on breast-
feeding were identified. 

Advanced Decision-making About Breastfeeding (232 
responses): The most common experience respondents expressed 
regarding breastfeeding was having a plan already in place. For 
most participants, this prior plan already included a decision to 
breastfeed: “I always knew I’d want to try to breastfeed, pandemic 
or not, and did so for 12 weeks (P-65). Only a small proportion of 
respondents expressed they had made advanced plans not to breastfeed. 
“I didn’t want to breastfeed to begin with” (P-45).

Interestingly, even those with an advanced plan to breastfeed 
still had comments to share related to their pandemic experience. 
One mother said, “I intended to breastfeed either way but feel it is 
even more important during this time” (P-1). Another mother com-
mented: “I was going to breastfeed regardless of the pandemic; how-
ever, it did make me try maybe a little bit harder to make sure that my 
supply was good since formula was hard to come by in the beginning 
of the pandemic” (P-207).

No Impact of Pandemic on Breastfeeding Choices and 
Experiences (60 responses): Many participants simply stated that 
COVID-19 did not impact their breastfeeding choices at all: “I 
breast fed as long as I had milk supply; COVID-19 played no role in 
that” (P-183).

Safety Planning (11 responses): Although many stated that the 
COVID-19 pandemic did not affect their breastfeeding decisions 
or experiences, their comments revealed that it was still on their 
mind, as indicated by contingency plans or anxieties related to 
choices they might make if diagnosed with COVID-19: “We keep 
a strict quarantine, and I haven’t had COVID (tested 8 times at the 
local testing center)” (P-25).

Breastfeeding Challenges (9 responses): Some commented on 
the breastfeeding challenges they experienced that were unrelated 
to COVID-19: “I’m not able to produce enough breast milk to feed 
my baby” (P-67).

Pumping (6 responses): Despite participant comments that 
COVID-19 did not affect breastfeeding choices, several women 
shared specifically about plans for pumping. While not necessar-
ily directly related to COVID-19, some comments suggested that 
pumping provided a helpful alternative for mothers who were 
unable to feed directly at the breast: “Breastfeeding was challenging 
and my baby had difficulty latching, but I chose to exclusively pump 
so that she could have breastmilk for the first 6 months” (P-162)

Medical Problems Unrelated to COVID-19 (5 responses): 
Several women commented on external medical factors that were 
unrelated to COVID-19, yet affected their breastfeeding choices: 
“Baby had high bilirubin, so doctors made me put him on formula” 
(P-81).

Issues with Formula (3 responses): Several participants com-
mented on difficulties obtaining formula, even if they did not 
think it directly impacted their breastfeeding experience. 

DISCUSSION
This study described breastfeeding attitudes, decision-making, and 
experiences among postpartum women during the early COVID-
19 pandemic in the Northeastern and Midwestern United States. 
Participants noted that their breastfeeding decisions and experi-
ences were affected by COVID-19 in a variety of ways. Pandemic-
related factors that positively enabled participants’ breastfeeding 
included additional health benefits (eg, immunity), convenience 
and ease, and changes in work routines, whereas impediments to 
breastfeeding exacerbated by the pandemic were access to lacta-
tion support and medical care, increased stress and negative effects 
on mental health, and COVID-19 restrictions. Factors that were 
unaffected by the pandemic included prior feeding intentions, as 
well as knowledge of the importance and benefits associated with 
breastfeeding.

Focusing more on the positive effects, our study findings 
were in accordance with other studies, in which women noted 
that the COVID-19 pandemic had given them more time at 
home to establish breastfeeding.6,11 As of 2020, less than 20% of 
the female workforce had access to paid family leave following 
birth,16 despite the fact that longer maternity leave is shown to 
increase the duration of breastfeeding.17-19 Although these find-
ings are not surprising, they highlight the need to review best 
practices to support breastfeeding for working parents. In addi-
tion to the importance of longer maternity leave, other studies 
have highlighted the positive effects on breastfeeding afforded 
by flexible work hours and lactation support in the work-
place.18,20-22 Specific workplace interventions shown to support 
breastfeeding include designated space for lactation and pump-
ing, support from colleagues, and ability to work from home 
where possible.22

Similar to other studies evaluating postpartum social support 
during the COVID-19 pandemic,2,6 participants in this study 
reported reduced support and increased stress and isolation as fac-
tors that negatively affected their breastfeeding experience. Many 
of the survey respondents commented on the importance of access 
to lactation support – especially for new parents – and yet medi-
cal support during the early pandemic was limited by early hos-
pital discharges, reduced lactation support in hospital and out-
patient settings, and limited availability of peer and community 
lactation support.2,4,23 Recognizing how much these factors affect 
breastfeeding, the Baby-Friendly Hospital Initiative24 provides 
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evidenced-based hospital practices that support lactation initia-
tion. For their part, outpatient medical practices would do well to 
incorporate similar evidence-based practices18,25 that promote and 
normalize breastfeeding in the office and provide immediate post-
partum and lactation follow-up, with priority given to in-person 
lactation support.11,26

Unrelated to the effects of the pandemic, many participants 
commented on the potential immune benefits of breastfeeding. 
It is well known, for instance, that breastfeeding is associated 
with improved health outcomes in infants, including decreased 
rates of lower respiratory tract infection and severe diarrhea, as 
well as reduced obesity rates.25 With regard to COVID-19 infec-
tion in particular, however, studies have found antibodies against 
the SARS-CoV-2 virus in breastmilk samples from women with 
a personal history of COVID-1927,28 and those who were vacci-
nated against it, indicating that antibodies can be transferred to 
infants through breastmilk and may confer protection against 
infection.29-31 This has been further substantiated by evidence that 
maternal receipt of 1 or more COVID-19 vaccines in pregnancy 
is associated with reduced risk for COVID-19-related hospitaliza-
tion among infants < 6 months.32 In light of these data, which 
further augment participant comments on immune protection, 
clinicians are encouraged to have ongoing conversations about 
infant feeding choices with patients and to share data relevant to 
immune benefits that may impact breastfeeding and immuniza-
tion decisions.

Limitations
This study had several limitations. Although recruitment 
included a variety of medical practices and diverse patient popu-
lations, respondents were mostly non-Hispanic, White, and mar-
ried, with a high level of educational attainment and subjective 
social status, raising concern for participation bias. Despite this 
lack of diversity in respondents’ backgrounds limiting generaliz-
ability, postpartum people comprise a vulnerable group that were 
negatively affected by potentially lasting challenges that were 
elicited from this study. Future studies should focus on a more 
targeted sampling from populations with greater racial, ethnic, 
and socioeconomic diversity. Furthermore, this study relied on 
participant self-report, which is an inherent limitation of survey 
research that can lead to response bias. Additional limitations 
include (1) the cross-sectional nature of the data, (2) self-selec-
tion bias, (3) only 1 independent data coder, and (4) limited 
survey questions with a lack of ability to follow-up or clarify 
responses.

CONCLUSIONS
Findings from this study offer important insights into the varied 
and complex ways the pandemic affected breastfeeding and related 
decisions. As health care institutions and policymakers look to 
improve breastfeeding initiation and duration rates, considering 

the experiences and perspectives of postpartum mothers during 
the COVID-19 pandemic may help shed light on potential ways 
to support breastfeeding in times of crisis.
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ORIGINAL RESEARCH

INTRODUCTION
Evidence from recent systematic reviews1,2 
documents the unique impact of the 
coronavirus disease-2019 (COVID-19) 
pandemic on people who are pregnant 
or postpartum. For example, nonessen-
tial health care services were altered, sus-
pended, or, in some cases, canceled in an 
attempt to curb the spread of COVID-
19 – especially among subgroups at higher 
risk for adverse outcomes, such as preg-
nant people and infants.3 Medical pro-
fessionals recommended telehealth for 
routine prenatal visits, postponement of 
nonurgent ultrasound appointments, can-
cellation of hospital tours, and limited 
access for spouses and other support per-
sons to join patients during clinical visits, 
including births.4 Although these efforts 
were necessary at the time to reduce mor-
bidity and mortality, they also increased 
stress, anxiety, social isolation, and lone-
liness,5,6 particularly among people who 
were pregnant or postpartum and their 
families.

Loneliness is a critical public health 
issue.7 The detrimental effects of social 
isolation (ie, an objective lack of interac-
tion with others) and loneliness (ie, the 
subjective feeling of the absence of a social 
network or companionship)8 are well docu-
mented as having widespread prevalence.7 

These related yet distinct concepts have 
been associated with impaired immune 
responses, increased cortisol release, and 

ABSTRACT
Introduction: People in the perinatal period may be especially susceptible to the effects of social 
isolation and loneliness. We assessed the COVID-19 pandemic-related impact on loneliness and 
other outcomes in this population.

Methods: A cross-sectional anonymous survey was completed during August–November, 
2020, and January–April, 2021, by people who were pregnant or postpartum in Pennsylvania 
and Wisconsin, respectively. Wilcoxon rank sum, Fisher exact, or chi-square tests were used to 
compare mental health, substance use, pregnancy-related and overall health, pandemic’s life 
impact, and social status metrics between 2 groups of respondents: those who screened positive 
(“Lonely”) versus negative (“Not Lonely”) for loneliness. Multivariate logistic regression analysis 
assessed factors associated with Lonely versus Not Lonely status.

Results: Among 613 respondents, 48.8% were categorized as Lonely. Lonely individuals were 
more likely to be postpartum (P = 0.01); nulliparous (P = 0.04); have more pregnancy complications 
(P = 0.049); have a diagnosed mood disorder (P < 0.001); receive mental health care (P < 0.001); 
have elevated depression (P < 0.001), anxiety (P < 0.001), and stress (P < 0.001) scores; rate their 
social status as lower (P < 0.001); and endorse a worse pandemic-life impact (P < 0.001). A multi-
variate analysis identified that being postpartum (OR 0.59; 95% CI, 0.40-0.87) and having worse 
depression (OR 1.24; 95% CI, 1.13-1.36), stress (OR 0.41; 95% CI, 0.28-0.60), perceived social 
status (OR 0.83; 95% CI, 0.73-0.95), and pandemic-life impact (OR 1.79; 95% CI, 1.11-2.93) were 
associated with the Lonely status.

Conclusions: Early during the COVID-19 pandemic, screening positive for loneliness was associ-
ated with a worse biopsychosocial profile and more pregnancy complications among people in 
the perinatal period. Focusing efforts on preventing loneliness may help improve outcomes criti-
cal for maternal-fetal and child health.
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cardiovascular and overall mortality and morbidity and were fur-
ther exacerbated by the COVID-19 pandemic, as underscored 
by the US Surgeon General’s 2023 Advisory report.7,8 Changes 
in family and personal health, responsibilities, lifestyle, and daily 
activities could make pregnancy and postpartum periods more 
vulnerable to the effects of social isolation and loneliness and 
their sequelae.9 A systematic review by Isaacs et al found that 
people with high-risk pregnancies or birth complications were at 
increased risk for loneliness, isolation, fear, guilt, shock, grief, frus-
tration, sadness, and anger, as well as posttraumatic stress disorder 
(PTSD) and depression.10 

Overall, prepandemic research on loneliness during pregnancy 
and postpartum noted associations between loneliness and pre-
term delivery, low birthweight, and postpartum depression.8 
Studies on the COVID-19-related maternal health also suggested 
a negative correlation between pandemic-related stress and post-
partum mental health.11 While the growing body of evidence has 
examined the negative health effects of the COVID-19 pandemic 
in general, scant research has focused on people who are pregnant 
or postpartum and residing in both urban and rural communities 
in geographically different locations of the United States who may 
be at elevated risk for loneliness and its effects. 

Therefore, the goal of this cross-sectional survey study was to 
explore the impact of pandemic-related restrictions on perceived 
loneliness and other health determinants and outcomes, including 
self-reported pregnancy complications, early during the COVID-
19 pandemic when the social distancing and isolation had been 
most enforced. Understanding these factors can provide important 
insight for better supporting vulnerable perinatal people during 
future times of crisis in an effort to promote improved maternal 
and child health outcomes.

MATERIALS AND METHODS
Study methods are detailed elsewhere11 and briefly summarized 
below.

Design
Adult pregnant and postpartum patients of 2 large academic 
health systems were invited to an participate in an online, 
anonymous, single-time survey inquiring about COVID-19 
pandemic-related health and experiences. The survey was admin-
istered by 2 separate study sites serving a blend of urban and 
rural communities, one in south-central Pennsylvania (August 
4 – November 24, 2020) and another in south-central Wisconsin 
(January 15 – April 15, 2021). Deidentified data from both sites 
were merged for analyses. The study procedures were approved 
by each site’s Institutional Review Board. 

Population
Potentially eligible individuals were identified via an electronic 
health record (EHR). Inclusion criteria were as follows: adult (18 
years or older) patients from the participating health systems, 

able to read or speak English, and reporting current pregnancy 
or birth within the prior 6 months. Potential participants were 
excluded if they had a recent diagnosis of miscarriage or still-
birth.

Across both study sites, invitation letters were sent to a total of 
7220 people (4409 in the first and 2811 in the second mailings). 
In this group, 700 individuals accessed the online survey (9.6% 
response rate), of which 694 were eligible and 660 (95% of eli-
gible individuals) consented to participate in the survey. The final 
sample, used for the present analysis, consisted of 613 respondents 
(200 from Pennsylvania, 413 from Wisconsin; 92.3% of eligible 
participants) who completed the loneliness-focused study mea-
sures. 

Survey
The study survey was drawn from prior research12 and was 
designed to assess several domains: (1) health and health behav-
iors; (2) pregnancy and, if relevant, birth and postpartum 
experiences and outcomes; (3) coping, adjustment, loneliness, 
emotions, and feelings; (4) social support; (5) economic stabil-
ity and access to and need for specific resources; (6) the impact 
of COVID-19 pandemic on health, health behaviors, and life 
events; and (7) demographic information. The measures were 
obtained via REDCap, a secure online research electronic data 
capture platform. The survey included algorithms to identify 
people in need of resources based on their positive screen for 
financial insecurity, domestic violence, depressive and anxiety 
symptoms, substance misuse, or inadequate health care access. 
The algorithm triggered the provision of “handouts” with rel-
evant resources to those with a positive screen; the full list of all 
resources also was available to all interested participants.

Measures
The data for the present analysis included perceived loneliness, 
mental health, substance use, pregnancy-related and overall 
health, pandemic’s life impact, social status, and demographics 
(eg, age, race, ethnicity, education, marital status). 

Perceived loneliness, the primary outcome measure, was 
assessed by the UCLA 3-Item Loneliness Scale,13 a tool validated 
across different populations.14 This scale consists of 3 questions, 
with 1-3 Likert scale responses (1 = hardly ever, 3 = often) that yield 
a summary score ranging from 3 (least lonely) to 9 (most lonely); 
a score ≥ 6 is considered a “positive screen” for loneliness and a risk 
factor for worse health/well-being.15 The Loneliness Scale’s total 
score served as a basis for categorizing the study sample into 2 
groups: Not Lonely (score <6) versus Lonely (score ≥ 6).

Mental health components were evaluated in several ways. 
Perceived stress was assessed by asking a single question: “What is 
your overall level of stress related to the COVID-19 pandemic?”, 
with Likert scale-based responses from 1 (no stress) to 7 (extreme 
stress). Depressive and anxiety symptom severity were measured 
by the validated Edinburgh Postnatal Depression Scale (EPDS),16 
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which uses Likert scale-based responses 
from 0 (no, not at all) to 3 (yes, all of the 
time). The EPDS total score measures 
the severity of depressive symptoms and 
ranges from 0 to 30; the total score >12 
constitutes a positive screen for depressive 
symptoms. The EPDS questions 3 through 
5 comprise the anxiety subscale, with a 
score >5 constituting a positive screen for 
anxiety.16 One question asked about the 
presence (yes/no) of chronic mental health 
conditions (mood, anxiety, or other mental 
health disorders), and another asked about 
current receipt (yes/no) of treatment for 
mental health disorders.

Substance use was assessed with several 
questions about the use of drugs in the last 
3 months. For this analysis, we compiled 
the answers to 4 separate questions asking 
about the following substances (yes/no): 
(1) “smoked cigarettes,” (2) “used e-cig-
arettes or vaped,” (3) “excessively drink-
ing alcohol,” or (4) “regularly using other 
drugs.” With this approach, if a participant 
answered “yes” to any of these 4 questions, 
the response was marked as “yes,” and if 
they answered “no” to all the questions, 
they were marked as answering “no” to 
substance use. 

General Health was assessed by ask-
ing about the presence (“check all that 
apply”) of chronic conditions identified as 
risk factors for COVID-19 complications. 
The chronic medical conditions included 
chronic lung disease, moderate-to-severe 
asthma, heart condition, obesity with body 
mass index > 40 kg/m2, diabetes, chronic 
kidney disease on dialysis, liver disease, and 
immunocompromised status. Therefore, the number of chronic 
medical conditions per responder could range from zero to 8. The 
chronic mental health conditions included mood, anxiety, or other 
mental health disorders, as described above (see mental health).

Pregnancy-related health was evaluated by asking participants 
about their current obstetrical status (pregnant now vs being 
within 6 months postpartum) and whether the current/recent 
pregnancy was their first (nulliparous status) versus not (multipa-
rous status). All participants were asked about complications or 
medical problems during their pregnancy: “Have you experienced 
any of the following problems during your pregnancy?” They were 
instructed to “check all that apply” to the following options: ges-
tational or other diabetes; vaginal bleeding; urinary tract infection; 

Table 1. Sample Characteristics by Lonely Versus Not Lonely Status

    Overall Lonely Not Lonely P valuea

  n = 613 n = 299 n = 314 

Age, years, mean (SD) 31.6 (4.5) 31.2 (4.5) 32.0 (4.4) 0.056

Race, yes, n (%)    0.52
  Asian 25 (4.1%) 10 (3.3%) 15 (4.8%) 
  Black or African American 10 (1.6%) 3 (1.0%) 7 (2.2%) 
  White 529 (86.3%) 261 (87.3%) 268 (85.4%) 
  Multiracialb 24 (3.9%) 14 (4.7%) 10 (3.2%) 
  Other 25 (4.1%) 11 (3.7%) 14 (4.5%) 

Hispanic or Latino ethnicity, yes, n (%) 33 (5.4%) 15 (5.0%) 18 (5.7%) 0.69

Partnered/married, yes, # (%) 575 (93.8%) 277 (92.6%) 298 (94.9%) 0.25

Highest level of education, n (%)    0.86
  Some college and above 570 (93.0%) 277 (92.6%) 293 (93.3%) 
  High school degree or less 40 (6.5%) 20 (6.7%) 20 (6.4%) 

Perceived social status, mean (SD) 7.0 (1.6) 6.7 (1.7) 7.2 (1.5) < 0.001

Pandemic life impact, negative, n (%) 483 (78.8%) 262 (87.6%) 221 (70.4%) < 0.001

Pregnancy vs postpartum status, n (%)    0.005
  Pregnant 300 (48.9%) 129 (43.1%) 171 (54.5%) 
  Postpartum 313 (51.1%) 170 (56.9%) 143 (45.5%) 
 Nulliparous status, yes 265 (43.2%) 142 (47.5%) 123 (39.2%) 0.038

Number of pregnancy complications,c mean (SD)  0.7 (0.9) 0.8 (1.0) 0.6 (0.8) 0.049

Mental Health    
  Mental health disorder,d  yes, n (%) 188 (30.7%) 121 (40.5%) 67 (21.3%) < 0.001
  Mental health treatment, yes, n (%) 121 (19.7%) 78 (26.1%) 43 (13.7%) < 0.001
  Depression (EPDS total score), mean (SD) 7.1 (4.7) 9.0 (4.8) 5.2 (3.8) < 0.001
  Anxiety (EPDS subscale score), mean (SD) 3.6 (2.2) 4.4 (2.1) 2.8 (2.0) < 0.001

Any substance usee (past 3 months), yes, n (%) 19 (3.1%) 10 (3.3%) 9 (2.9%) 0.73

No. of chronic medical conditions,f mean (SD) 0.2 (0.5) 0.2 (0.5) 0.2 (0.4) 0.48

Perceived stress, score, mean (SD) 4.3 (1.4) 4.8 (1.2) 3.8 (1.4) < 0.001

Abbreviation: EPDS, Edinburgh Postnatal Depression Scale.
aWilcoxon rank sum test, Fisher exact test, or chi-square test.
bChecked more than 1 race.
cTop 5 pregnancy complications (n = 613): elevated blood pressure, hypertension or preeclampsia (n = 88; 
14.4%); severe nausea, vomiting, dehydration (n = 64; 10.4%); vaginal bleeding (n = 57; 9.3%); gestational or 
other diabetes (n = 52; 8.5%); and small fetal size or growth restriction (n = 28; 4.6%). 
dAt least 1 mental health disorder (mood, anxiety or other).
eCigarettes, e-cigarettes, alcohol, and/or other drugs.
fTop 5 chronic medical conditions (n = 613): moderate-to-severe asthma (n = 52, 8.5%); obesity with body mass 
index >40 kg/m2 (n = 38, 6.2%); immunocompromised status (n = 25, 4.1%); diabetes (n = 3, 2.1%); and chronic 
lung disease (n = 2, 0.3%).   

severe nausea, vomiting, or dehydration; cervical cerclage; elevated 
blood pressure, hypertension, or preeclampsia; placental problems, 
such as placenta previa or placental abruption; blood transfusion; 
motor vehicle accident; small fetal size or growth restriction; and 
large fetal size or macrosomia. The number of complications per 
responder ranged from 0 to 11.

Pandemic life impact was measured by a single question: 
“Please indicate the extent to which you view the COVID-19 
pandemic as having either a positive or negative impact on your 
whole life – now and for years to come,” with response choices 
ranging from 1 through 7 (1 = extremely negative impact, 4 = no 
impact, 7 = extremely positive impact); responses 1 through 3 were 
considered to signify pandemic’s negative life impact. 
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Table 2. Multivariate Analysis: Predictors of the Positive Loneliness Screen 
(Lonely Group Status)

 Odds Ratio (95% CI) P valuea

Perceived social status, score 0.86 (0.77 – 0.98) 0.019
Pandemic life impact, negative 1.78 (1.10 – 2.90) 0.020
Pregnant (vs postpartum) 0.62 (0.42 – 0.90) 0.013
Nulliparous, yes 1.27 (0.87 – 1.85) 0.210
Pregnancy complications, number 0.99 (0.80 – 1.22) 0.922
At least 1 mental health diagnosis, yes 1.19 (0.71 – 2.00) 0.503
Mental health treatment, yes 1.21 (0.68 – 2.16) 0.509
Depression (EPDS), total score 1.17 (1.11 – 1.23) < 0.001
Stress, score 1.45 (1.24 – 1.70) < 0.001

Abbreviation: EPDS, Edinburgh Postnatal Depression Scale. 
aWilcoxon rank sum test, Fisher exact test, or chi-square test

Perceived social status was assessed with the MacArthur Scale 
of Subjective Social Status, a validated measure that accounts for 
economic and social factors and uses 1-10 Likert-scale responses 
(1 = being “worst off,” 10 = being “best off ”) to assess a person’s 
perceived social rank relative to others in their social/societal 
group.17 Perceived socioeconomic status has shown associations 
with health outcomes across a variety of domains.18

Data Analysis
All analyses were performed using R statistical analysis software 
(R Core Team, Version 4.0.5). Descriptive statistics (mean ± SD 
or frequencies) were used to characterize the total sample and 
the Lonely and Not Lonely groups. Bivariate comparisons of 
all variables were completed using Wilcoxon rank sum, Fisher 
exact, or chi-square tests. Variables that differed in the bivari-
ate analyses (2-tailed P < 0.05) between Lonely and Not Lonely 
groups were included in a multivariate logistic regression analy-
sis, which yielded odds ratios (OR), 95% confidence intervals, 
and P values to better assess factors associated with the likeli-
hood of screening positive for loneliness. Since the EPDS anxi-
ety subscale score is a part of the total EPDS score, the anxiety 
subscale score was not included in the multivariate analysis.

RESULTS
Sample Characteristics
The sample (n = 613) consisted predominantly of White 
(86.3%), non-Hispanic (94.6%), married/partnered (93.8%) 
individuals with at least some college education (93.0%) who 
were, on average, 31.6 ± 4.5 years old. Close to half (48.8%) 
screened positive for loneliness and formed the Lonely group; 
the remaining respondents (51.2%) formed the Not Lonely 
group. Approximately half of the sample reported being 
currently pregnant and nulliparous; one-third reported presence 
of a mental health disorder diagnosis; and one-fifth noted a 
receipt of mental health treatment. A small proportion of the 
respondents (3.1%) reported use of substances (eg, cigarettes, 
e-cigarettes, or other drugs). The majority (78.8%) noted 
a negative pandemic life impact and higher social status 
(7.0 ± 1.6). See Table 1.

The Lonely group had a higher percentage (P < 0.05) of nul-
liparous (47.5%) than multiparous (39.2 %) and postpartum 
(56.9 %) than pregnant (45.5 %) participants. The Lonely group 
reported overall worse mental health and well-being (P < 0.05) 
than the Not Lonely group, with a higher average number of 
reported pregnancy complications (0.8 ± 1.0 vs 0.6 ± 0.8) and 
more frequent reports of the presence of mental health condi-
tion (40.5% vs 21.3 %) and mental health care receipt (26.1% 
vs 13.7%). The Lonely group also had higher scores of depression 
(9.0 ± 4.8 vs 5.2 ± 3.8), anxiety (4.4 ± 2.1 vs 2.8 ± 2.0), and per-
ceived stress (4.8 ± 1.2 vs 3.8 ± 1.4); lower perceived social status 
scores (6.7 ± 1.7 vs 7.2 ± 1.5); and was more likely to report a neg-

ative life impact of the pandemic (87.6 % vs 70.4 %). The groups 
did not statistically significantly differ in demographic character-
istics, the average number of reported chronic medical conditions, 
or the frequency of substance use. 

Factors Associated With Lonely Status 
A multivariate logistic regression analysis included all variables 
that differed in bivariate comparisons between the Lonely and 
Not Lonely groups (Table 1) to better assess the correlates of a 
positive screen for loneliness. Those in the Lonely group were 
more likely to be postpartum than pregnant (OR 0.59; 95% CI, 
0.40-0.87) and to have higher EPDS-based depressive symptoms 
(OR 1.24; 95% CI, 1.13-1.36), stress (OR 0.41; 95% CI, 0.28-
0.60), and negative pandemic’s life impact (OR 1.79, 95% CI, 
1.11-2.93) scores, as well as a lower perceived social status score 
(OR 0.83; 95% CI, 0.73-0.95). See Table 2.

DISCUSSION
During the first year of the COVID-19 pandemic, among peo-
ple who were pregnant or postpartum and resided in urban and 
rural communities of Pennsylvania and Wisconsin, those who 
screened positively for loneliness versus those with a negative 
screen reported worse subjective social status and pandemic 
life impacts, more pregnancy complications, worse depression/
anxiety and stress symptoms, and being more likely to have 
a mood disorder and receive mental health treatment. They 
were also more likely to be first-time parents and postpartum. 
These findings are important as they illustrate the associations 
between perceived loneliness and numerous negative health mea-
sures with documented relevance to pregnancy outcomes and 
the well-being of pregnant/postpartum persons, their families, 
and children.19 The fact that first-time mothers seemed to be 
more affected is also concerning, as early parenthood is the time 
marked in general by parental worries and increased risk of post-
partum depression.20

Research Implications
Whether the subjective feeling of loneliness changed for individu-
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als before versus during versus after the pandemic is unclear.21 
However, it is possible the pandemic could have served as an 
extreme exacerbating event that brought to light a condition 
already experienced during the perinatal period.21 Although the 
prepandemic data on loneliness/social isolation in pregnancy are 
limited, prior studies confirm that the pandemic increased social 
isolation and, in turn, loneliness in this population.22 Future 
research could assess the loneliness and its correlates now, after 
the acute effects of the COVID-19 pandemic have subsided. 
Although our study did not include a racially or ethnically diverse 
sample, existing evidence documents the negative effect of loneli-
ness during the COVID-19 pandemic on maternal mental health, 
with higher levels of loneliness associated with worse depression,23 
perceived stress, and social supports – particularly for women of 
color24 – calling for more research in this population. In turn, an 
increase in maternal psychiatric distress has been implicated in 
worse maternal-fetal and child outcomes.25 

Clinical Implications
People who are pregnant or postpartum are at increased risk for 
mental health disorders; our results further underscore the need 
for close monitoring and screening for mental health prob-
lems – especially among those experiencing loneliness – and during 
the times of increased isolation, such as the COVID-19 pandemic. 
Traditional screening tools used in the perinatal setting include 
the Patient Health Questionnaire (PHQ)-926 and EPDS16 for 
depression and the GAD-727 for anxiety; screening for loneliness 
also should be considered. The 3-item Loneliness Scale13-15 could 
be a time-saving, cost-effective, and user-friendly addition to the 
maternal screening toolbox to help identify individuals at higher 
risk for adverse pregnancy and/or postpartum complications. 
Referrals to social services early during pregnancy could be consid-
ered for individuals who screen positive for loneliness. According 
to the US Surgeon General’s 2023 Advisory,7 a National Strategy 
to Advance Social Connection is a critical next step in making 
strides to strengthen social connections and rebuild community 
and to enhance our overall health and well-being. The Advisory’s 
agenda is a whole-societal approach, envisioning equitable access 
and distribution of resources, that will require sustained invest-
ment and an evidence-based approach to kindle and renew a sense 
of shared and common kinship. 

Strengths and Limitations 
This study was strengthened by the robust sample size and geo-
graphic distribution. Sampling from 2 different regions of the US, 
including from both rural and urban communities, may support 
the generalizability to the rest of the US population. However, 
the lack of sample diversity, with the vast majority of respondents 
identifying as White, non-Hispanic females with a college educa-
tion, may limit result generalizability to other demographic pop-
ulations. Although we did not collect demographic details that 
would allow us to utilize participant-level geocoding and urbanic-

ity status determination, our results are likely applicable to rural 
residents because the service catchment of the collaborating health 
systems include robust representation of rural patients in central 
Wisconsin and south-central Pennsylvania. Our survey included 
multiple validated surveys targeting specific domains, eg, depres-
sion/anxiety and loneliness, that can further increase the generaliz-
ability of our findings. 

We recognize this study also had important limitations. The 
survey was administered early during the pandemic (August 
2020-April 2021) when mask mandates, online schooling, and 
remote work were still widely practiced and before COVID-19 
vaccines were available to the public. If it had been administered 
later – especially after the vaccination rollout and social distanc-
ing restrictions had been lifted – it could have influenced the 
findings; it is unknown if the between-group differences would 
have persisted. Another limitation involved the subjective nature 
of the clinical and obstetric health reports. Depending on the 
participant’s health literacy, they may have incorrectly reported 
the pregnancy complications or health problems they experi-
enced. However, the overall readability score of the survey was 
6.3, which can be interpreted as a 6th grade reading level, and 
93.4% of the sample reported completed high school and had at 
least some college education. 

CONCLUSIONS
Early during the COVID-19 pandemic, many people during 
their perinatal period screened positively for loneliness, which, 
in turn, was associated with a worse biopsychosocial profile and 
more pregnancy complications. Focusing efforts on preventing 
and mitigating loneliness may help improve outcomes critical 
for maternal-fetal and child health. Future studies should further 
assess this relationship – especially any potential causality – and 
investigate perceived loneliness and its impact on birth outcomes 
and newborn care, particularly in rural and underserved commu-
nities to inform future clinical services, research funding, strate-
gic initiatives, and policy agendas.
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INTRODUCTION
Despite well-documented health benefits,1,2 
consumption of certain sport-caught and 
store-purchased fish can also increase expo-
sure to contaminants such as mercury, per-
fluoroalkyl and polyfluoroalkyl substances 
(PFAS), and polychlorinated biphenyls 
(PCB).3 High levels of contaminants in 
the freshwaters of Milwaukee, Wisconsin, 
could pose a particular risk to residents. 
The 1987 Great Lakes Water Quality 
Agreement designated the Milwaukee 
Estuary an Area of Concern (AOC).4 The 
Milwaukee AOC includes Milwaukee’s 
major rivers (Kinnickinnic, Menomonee, 
and Milwaukee), inner and outer harbors, 
and nearshore area of Lake Michigan.4 To 
protect anglers from high levels of con-
taminants in these waters, the Wisconsin 
Department of Natural Resources (DNR) 
recommends limited consumption of 
certain species caught in the Milwaukee 
AOC.5

The US Food and Drug Administration 
(FDA) and US Environmental Protection 

Agency (EPA) also have published advisories to help consumers 
maximize the health benefits of fish consumption while reducing 
contaminant exposure. Federal advisories include limiting con-
sumption of store-purchased fish species with high contaminant 
levels and avoiding specific preparation methods (eg, boiling and 
poaching) and fish parts (eg, skin and head).1,6  

Exposure to contaminants in fish is a particular risk to women 
who are pregnant or might become pregnant7 and breastfeeding 
women, because of health risks to the developing fetus’s or child’s 
neurological system.8 Prenatal exposure to mercury, PCBs, and/or 

ABSTRACT
Introduction: Asian persons in the Milwaukee, Wisconsin, area might be more susceptible to 
contaminant exposure because of high consumption of local sportfish and store-purchased fish. 
This is a particular risk to women who are pregnant or might become pregnant and breastfeed-
ing women because of health risks to the developing fetus or child’s neurological system.

Methods: We conducted a survey among women of childbearing age from 4 Asian ethnic groups 
(Hmong, Karen, Chinese, and Filipino) residing in the Milwaukee area to assess self-reported 
fish consumption from different sources, fish preparation behaviors, fish consumption behaviors 
during pregnancy and breastfeeding, and awareness of local and national fish consumption advi-
sories and limits.

Results: Participants included 153 women aged 18 to 50 years. Seventy-one (46%) had con-
sumed ≥1 sport-caught or store-purchased species at levels above a local, state, or federal advi-
sory. Participants reported consuming a median of 11 Wisconsin sportfish and 24 store-purchased 
fish meals each year. Approximately half of participants reported reducing fish consumption or 
changing fish preparation methods to avoid contaminants. Overall, 62 (41%) were aware of any 
fish consumption advisory.

Conclusions: Self-reported fish consumption habits among certain Hmong, Karen, Chinese, and 
Filipino women of child-bearing age were higher than local, state, or federal advisories, and 
approximately half of participants self-reported awareness of local or federal fish consumption 
advisories. Reaching Asian diaspora communities with culturally appropriate educational materi-
als regarding safe fish consumption might help reduce contaminant exposure.
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PFAS may lead to low birthweight9,10 and 
neurodevelopmental disorders.11,12 Thus, 
it is particularly important that women of 
childbearing age know and follow fish con-
sumption advisories.

In 2021, an estimated 74 977 persons 
of Asian descent resided in the 4 coun-
ties of the Milwaukee AOC (Milwaukee, 
Ozaukee, Washington, and Waukesha 
counties). Over half (40 418; 54%) were 
born outside the United States.13 To cap-
ture the experiences of heterogeneous Asian 
communities in Milwaukee, we focused on 
4 groups: Hmong, Karen, Chinese, and 
Filipino. Approximately 24% of Asian peo-
ple in the Milwaukee area are Hmong, of 
whom one-third were born in the United 
States.13 Additionally, approximately 6029 
refugees from Burma arrived in the area 
between 2000 and 2021,14 many of whom 
are of Karen ethnicity. Two additional eth-
nic groups, Chinese and Filipino, also have 
large, primarily foreign-born populations in 
the Milwaukee area.13 

Previous studies reported that Asian 
immigrants residing in urban areas of 
North America consume fish more often 
and have higher blood and hair levels of 
mercury than non-Asian residents of the 
same areas.15-20 Our prior study assessing 
fish consumption and advisory aware-
ness among Burmese refugees residing in the 4 counties of the 
Milwaukee AOC found that most were unaware of local and state 
safe-eating fish advisories and limits.21 During 2021, our team 
conducted a focus group to understand the influence of culture, 
attitudes, and beliefs on the fish consumption habits of Asian 
women of childbearing age (WCBA) who resided in the 4 coun-
ties of the Milwaukee AOC.22 Focus group participants reported 
eating local sportfish (fish caught in local waters by participants or 
persons they knew) because of availability, taste, and cost savings. 
All participants were aware of contaminant risks in fish. However, 
only a limited number had specific knowledge of fish consumption 
advisories, and many believed they did not have the self-efficacy to 
avoid contaminants. Focus group participants who reported high 
self-efficacy were more willing to follow health messages.22

As a quantitative complement to our focus group study, we 
conducted a cross-sectional survey to better understand fish 
consumption choices and fish advisory awareness among Asian 
WCBA who reside in the Milwaukee area.

Table 1. Demographic Characteristics of 153 Asian Women of Childbearing Age by Ethnicity — Milwaukee, 
Wisconsin, January 1, 2022–January 31, 2023

  Total Chinese Filipino Hmong Karen
  (N = 153) (N = 37) (N = 12) (N = 52) (N = 52)

Age, years; mean (SD) 34 (8.3) 38 (9.3) 37 (6.1) 34 (8.1) 29 (6.5)

Years in the United States, mean (SD) 20 (13) 18 (11) 22 (13) 33 (7.3) 8.3 (3.2)

Years in Milwaukee area, mean (SD) 14 (11) 9.8 (8.5) 14 (7.2) 25 (11) 7.2 (3.2)

Household income,a No. (%)     
 ≤ $24,999 21 (14) 4 (11) 1 (8) 5 (10) 11 (21)
 $25,000–$$49,999 51 (33) 1 (3) 2 (17) 10 (19) 38 (73)
 $50,000–$74,999 19 (12) 5 (14) 2 (17) 10 (19) 2 (4)
 $75,000–$99,999 22 (14) 5 (14) 4 (33) 12 (23) 1 (2)
 ≥ $100,000 40 (26) 22 (59) 3 (25) 15 (29) 0

Education, No. (%)     
 No high school diploma 27 (18) 1 (3) 0  1 (2) 25 (48)
 High school diploma or GED 29 (19) 3 (8) 1 (8) 7 (13) 18 (35)
 Some college 15 (10) 1 (3) 1 (8) 10 (19) 3 (6)
 Associate or bachelor's degree 56 (37) 16 (43) 7 (58) 27 (52) 6 (12)
 Postgraduate, professional, or doctoral degree 26 (17) 16 (43) 3 (25) 7 (13) 0

Employment, No. (%)     
 Full-time 82 (54) 18 (49) 7 (58) 42 (81) 15 (29)
 Part-time 30 (20) 11 (30) 1 (8) 6 (12) 12 (23)
 Unemployed 41 (26) 8 (22) 4 (33) 4 (8) 25 (48)
Does anyone in your household use SNAP or WIC services, No. (%)      
 Yes 51 (33) 2 (5) 3 (25) 11 (21) 35 (67)
 No 102 (67) 35 (95) 9 (75) 41 (79) 17 (33)

Cigarette use, No. (%)     
 Every day 3 (2) 0  0  3 (6) 0 
 Some days 1 (1) 0  0  1 (2) 0 
 Not at all 149 (97) 37 (100) 12 (100) 48 (92) 52 (100)

Abbreviations: GED, General Educational Development; SNAP, Supplemental Nutrition Assistance Program;  
WIC, Women, Infants, and Children.
aParticipants were asked whether their per year income was < $15,000; $15,000–$24,999; $25,000–
$34,999; $35,000–$49,999; $50,000–$74,999; $75,000–$99,999; or ≥$100,000. Categories were col-
lapsed as shown above based on sample size.

METHODS
Recruitment and Eligibility
The Wisconsin Department of Health Services (DHS) conducted 
this survey during January 1, 2022–January 31, 2023. Participants 
were recruited through community-based convenience and snow-
ball sampling. Community advisory group members, schools, 
DNR listservs, and community organizations distributed recruit-
ment materials to potentially eligible persons. We also asked partic-
ipants who completed the survey to recruit additional participants 
within their social networks.

Eligible participants must have met the following criteria: (1) 
residing ≥1 year in the following Wisconsin counties: Milwaukee, 
Waukesha, Washington, or Ozaukee; (2) female; (3) self-identified 
as 1 of 4 major Asian ethnicities in the Milwaukee area: Chinese, 
Filipino, Hmong, or Karen; (4) aged 18 to 50 years; (5) had con-
sumed ≥1 meal of fish caught from waterbodies in Wisconsin in 
the last 12 months by the participant or someone the participant 
knows; (6) the only member of their household to participate in 
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the telephone survey; and (7) had not par-
ticipated in a previous project about fish 
consumption with Wisconsin DHS.

Interested participants completed a 
screening survey to determine eligibil-
ity. Screening surveys written in English, 
Chinese, and Hmong were administered 
through REDCap instruments hosted by 
DHS. Based on community feedback, 
Filipino participants received information 
in English. As many persons in the Karen 
community do not have reliable access to 
email, screening forms written in Karen 
were administered by mail.

Data Collection
Trained interviewers administered the sur-
vey in each participant’s preferred language 
(English, Chinese, Hmong, or Karen) by 
telephone. Prior to each interview, we 
mailed or emailed visual aids to participants 
that included a map of the waterbodies in 
the Milwaukee AOC and photographs 
of each fish species or variety evaluated. 
Survey items assessed participant demo-
graphics, fish consumption habits, health 
beliefs about fish, and awareness of fish advisories. Participants 
received a $50 gift card for completing the survey.

Self-Reported Fish Consumption During Preceding Year
We assessed consumption of 27 sportfish species and 13 store-pur-
chased fish varieties. For each sportfish species, interviewers asked, 
“In the past 12 months, how many times did you eat [species] 
from Wisconsin waterbodies?” Then, if participants reported any 
consumption of the species in Wisconsin waterbodies, the question 
was repeated for the Milwaukee AOC. Participants also reported 
their consumption of several store-purchased fish species. 

Table 2. Fish Consumption During the Preceding Year of 153 Asian Women of Childbearing Age by Ethnicity – Milwaukee, Wisconsin, January 1, 2022–January 31, 2023

 Totala (N = 153) Chinese (N = 37) Filipino (N =   12) Hmong (N = 52) Karen (N = 52)

 Median  No. (%) Who Median   No. (%) Who Median   No. (%) Who Median   No. (%) Who Median   No. (%) Who
 Annual  Exceeded Annual  Exceeded Annual  Exceeded Annual  Exceeded Annual  Exceeded
 Meals Consumption Meals Consumption Meals Consumption Meals Consumption Meals Consumption
 (IQR) Advisories (IQR) Advisories (IQR) Advisories (IQR) Advisories (IQR) Advisories

Wisconsin sport-caught  11 (5–23) 12 (8) 10 (4–20) 1 (3) 24 (14–33) 0 10 (5–26) 7 (13) 10 (4–19) 2 (4)

Milwaukee sport-caught 6 (2–18) 50 (33) 6 (2–12) 15 (41) 11 (2–21) 3 (25) 5 (1–14) 12 (23) 7 (3–19) 20 (38)

Store-purchased 20 (9–46) 33 (22) 54 (27–80) 13 (35) 33 (20–62) 3 (25) 14 (6–25) 7 (13) 16 (9–31) 10 (19)

All fishb 40 (18–64) 71 (46) 63 (39–90) 22 (59) 72 (46–89) 5 (42) 29 (15–51) 18 (35) 31 (17–49) 26 (52)

Abbreviation: IQR, interquartile range.
aThe total number of fish meals per participant was calculated as a tally of self-reported meals eaten of all species from each source in the preceding year.
bThe total number of all fish meals was the sum of Wisconsin sportfish (including Milwaukee Estuary Area of Concern sportfish) and store-purchased fish). The total 
number of participants exceeding advisories was the number reporting consumption of any Wisconsin, Milwaukee area, or store-purchased fish above advisory levels.

Table 3. Fish Consumption Behaviors and Behavior Changes Among Asian Women of Childbearing Age — 
Milwaukee, Wisconsin, January 1, 2022–January 31, 2023

   Total Chinese Filipino Hmong Karen
   (N = 153) (N = 37) (N = 12) (N = 52) (N = 52)

     No. Responding “Yes” (%)

Have you ever made the following changes to avoid mercury or polychlorinated biphenyls (PCBs)?
 Eaten fewer fish meals 60 (39) 13 (35) 4 (33) 27 (52) 16 (31)
 Eaten different types or species of fish 76 (50) 23 (62) 6 (50) 22 (42) 25 (48)
 Avoided eating certain parts of fish  80 (52) 17 (46) 3 (25) 27 (52) 33 (63)
  (head, fat, belly, skin) 
 Avoided eating fish from some fishing locations 78 (51) 21 (57) 4 (33) 26 (50) 27 (52)

   No. Responding “Sometimes,” “Very Often,” or “Always” (%)

When preparing fish, how often do you or the  person who prepares your fish use:    
 Skin of the fish 132 (86) 34 (92) 11 (92) 42 (81) 45 (87)
 Head of the fish 119 (78) 28 (76) 8 (67) 42 (81) 41 (79)
 Guts, organs, or other innards of the fish 20 (13) 1 (3) 1 (8) 7 (13) 11 (21)
 Belly fat of the fish 20 (13) 1 (3) 1 (8) 7 (13) 11 (21)

When cooking fish, how often do you or the  person who prepares your fish:
 Smoke or dry fish 41 (27) 7 (19) 5 (42) 12 (23) 17 (33)
 Pickle fish 9 (6) 2 (5) 0  3 (6) 4 (8)
 Use fish to make fish paste 7 (5) 2 (5) 1 (8) 1 (2) 3 (6)
 Pan fry 129 (84) 29 (78) 11 (92) 47 (90) 42 (81)
 Grill, or roast fish 106 (69) 21 (57) 11 (92) 41 (79) 33 (63)
 Deep fry fish 109 (71) 15 (41) 9 (75) 44 (85) 41 (79)
 Boil or poach fish 98 (64) 22 (59) 7 (58) 46 (88) 23 (44)
 Braise fish 55 (36) 18 (49) 2 (17) 14 (27) 21 (40)
 Use fish or fish parts to make broth, stock,  90 (59) 15 (41) 6 (50) 27 (52) 42 (81)
  curry, or soup

Fish Preparation and Consumption Behaviors, and Fish 
Consumption Advisory Awareness
Participants reported whether they had made fish consumption 
changes to avoid contaminants, including eating fewer fish meals, 
eating different types of fish, avoiding certain parts of fish, or avoid-
ing fish caught in certain locations. Using a 5-point Likert scale, 
participants reported how often they consumed parts of fish that 
might increase contaminant exposure (ie, skin, head, guts, organs or 
other innards, or belly fat). They reported which preparation meth-
ods they used to grill or roast fish, including an EPA-recommended 
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Table 4. Fish Consumption Behavior During Most Recent Pregnancy Among Asian Women of Childbearing 
Age — Milwaukee, Wisconsin, January 1, 2022–January 31, 2023

   Total Chinese Filipino Hmong Karen
   (N = 153) (N = 37) (N = 12) (N = 52) (N = 52)

Have you ever been pregnant?      
 Yes, n (%) 113 (74) 25 (68) 12 (100) 36 (69) 40 (77)

If you have ever been pregnant, did you eat fish during your most recent pregnancy?   
 Yes, n (%) 89 (79) 22 (88) 10 (83) 21 (58) 36 (90)

If you reported consuming fish during your most recent pregnancy, what was the frequency of your fish 
consumption during that pregnancy vs before pregnancy? 
 Decrease, n (%) 26 (30) 5 (23) 4 (40) 8 (38) 9 (26)
 Same, n (%) 55 (63) 13 (59) 6 (60) 10 (48) 26 (74)
 Increase, n (%) 7 (8) 4 (18) 0 (0) 3 (14) 0 (0)

In the time before your most recent pregnancy, did you eat the same fish species? 
  Yes, n (%) 79 (89) 19 (86) 8 (80) 18 (86) 34 (94)

Did you avoid eating certain fish species during your most recent pregnancy?  
  Yes, n (%) 31 (35) 7 (32) 6 (60) 10 (48) 8 (22)

I didn’t eat fish during my most recent pregnancy because (n) 24 3 2 15 4
 I was concerned that the chemicals in fish were harmful 19 (79) 2 (67) 2 (100) 13 (87) 2 (50)
  to my baby’s health, n (%)  
 I did not like the taste of fish meals, n (%) 1 (4) 0 (0) 0 (0) 0 (0) 1 (25)
 I was concerned that eating fish during pregnancy can 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
  make delivery difficult, n (%) 
 I did not have time to clean and prepare fish, n (%) 3 (13) 1 (33) 0 (0) 2 (13) 0 (0)

Table 5. Fish Consumption Behavior While Breastfeeding Among Asian Women of Childbearing Age by 
Ethnicity — Milwaukee, Wisconsin, January 1, 2022–January 31, 2023

   Total Chinese Filipino Hmong Karen

Of participants who reported a previous pregnancy (n): 112 25 12 36 39

 Did you breastfeed after your last pregnancy?a  
  Yes, n (%) 75 (67) 23 (92) 8 (67) 21 (58) 23 (59)

Of participants who reported breastfeeding after most
recent pregnancy (n):  75 23 8 21 23
 Did you eat fish when you were breastfeeding? 
  Yes, n (%) 57 (76) 22 (96) 7 (88) 9 (43) 19 (83)

Of participants who reported eating fish while 
breastfeeding after most recent pregnancy (n): 57 22 7 9 19

 Fish consumption frequency while breastfeeding vs before pregnancy 
  Decrease, n (%) 8 (14) 5 (23) 0 (0) 3 (33) 0 (0)
  Same, n (%) 43 (75) 12 (55) 7 (100) 6 (67) 18 (95)
  Increase, n (%) 6 (11) 5 (23) 0 (0) 0 (0) 1 (5)

 While you were breastfeeding, did you eat the same fish species? 
  Yes, n (%) 50 (88) 18 (82) 6 (86) 8 (89) 18 (95)

 Did you avoid eating certain fish species while breastfeeding? 
  Yes, n (%) 39 (68) 8 (36) 3 (43) 2 (22) 5 (26)

Of participants who breastfed after their most recent 
pregnancy and reported not eating fish while breastfeeding (n): 18 1 1 12 4

 I didn’t eat fish while breastfeeding because I was concerned that chemicals in fish were harmful to my
 baby's health. 
  Yes, n (%) 9 (50) 1 (100) 1 (100) 5 (42) 2 (50)

 I didn’t eat fish while breastfeeding because I did not have time to clean and prepare fish. 
  Yes, n (%) 2 (11) 0 (0) 1 (100) 1 (8) 0 (0)
 I didn’t eat fish while breastfeeding because I did not like the taste. 
  Yes, n (%) 3 (17) 0 (0) 0 (0) 2 (17) 1 (25)

aOne participant selected “prefer not to answer.” 

option to reduce contaminant exposure. 
Additionally, the EPA recommends avoid-
ing several fish preparation options, includ-
ing pan frying, deep frying, boiling or 
poaching, braising, or using fish or fish 
parts to make broth, stock, curry, or soup. 
Finally, 3 options without an associated 
EPA recommendation, including smoking 
or drying fish, pickling fish, and using fish 
to make fish paste were included.23

Participants who indicated a prior preg-
nancy described any changes to their fish 
consumption during pregnancy and breast-
feeding. Finally, all participants reported 
their awareness of sportfish advisories for 
Wisconsin and the Milwaukee AOC and 
FDA or EPA limits for store-purchased 
fish. Those who were aware of any fish 
advisory answered items assessing attitudes 
towards the advisories. 

Fish Consumption Limits
For Wisconsin sportfish, we used lim-
its provided by the Wisconsin DNR for 
the Milwaukee AOC, and for general 
Wisconsin Inland Waters.5 For store-
purchased fish, we used fish consumption 
limits set by the FDA and EPA.1 For fish 
consumption advisories’ limits for consum-
ing fish of the same species but different 
sizes (eg, ≤ 6 meals per year for walleye >22 
inches and ≤1 meal per month for walleye 
< 22 inches), we used the more restrictive 
limit. For species that did not have a spe-
cific limit for the Milwaukee AOC, we used 
the Wisconsin Inland Waters limit.5

Statistical Analysis
We summarized participant characteristics 
and self-reported beliefs, behaviors regard-
ing fish consumption during pregnancy 
and while breastfeeding, and knowledge of 
fish consumption advisories. We calculated 
means and standard deviations for continu-
ous variables and frequencies and percent-
ages for categorical variables. We dichoto-
mized Likert scale items for analysis (eg, 
“extremely effective” or “very effective” vs 
“somewhat effective,” “a little effective,” and 
“not at all effective”). 

For fish consumption in the preceding 
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year, we calculated the median and range for each sport-caught 
and store-purchased species. For each individual species, we com-
pared self-reported consumption to advisories to determine the 
number of participants reporting consumption above the advi-
sory. For all species, limits for weekly or monthly consumption 
were multiplied by 52 or 12, respectively, to calculate limits for 
annual consumption.

We compared the proportion of Asian WCBA aware of 
Milwaukee, Wisconsin, and EPA and FDA advisories with 
consumption over advisory limits for any Milwaukee or store-
purchased species, respectively. We conducted chi-square tests to 
determine whether awareness of advisories was associated with 
consumption over advisory limits in the preceding year. Analyses 
were completed using R version 4.1.3 (R Core Team, 2021). This 
activity was reviewed by the Centers for Disease Control and 
Prevention (CDC), deemed not research, and conducted consis-
tent with applicable federal law and CDC policy (45 CFR part 
46.102(l)(2), 21 CFR part 56; 42 USC Sect 241(d); 5 USC Sect 
552a; 44 USC Sect 3501 et seq).

RESULTS
A total of 153 Asian WCBA participated, including 37 Chinese, 
12 Filipino, 52 Hmong, and 52 Karen. The average partici-
pant age was 34 years (SD = 8.3 years) (Table 1). Overall, par-
ticipants had resided in the Milwaukee area and United States 
for an average of 14.4 years (SD = 11.1 years) and 19.9 years 
(SD = 12.9 years), respectively. Hmong participants had resided 
in the Milwaukee area an average of 25 years, whereas Karen par-
ticipants had resided in the Milwaukee area an average of 7.2 
years. Compared with Chinese and Filipino participants, a higher 
proportion of Hmong and Karen participants were in lower 
income and education categories. Approximately three-quarters 
of Chinese, Filipino, and Hmong participants were employed 
full- or part-time, whereas approximately half (48%) of Karen 
participants were unemployed (Table 1).

Fish Consumption
Overall, participants reported annually consuming a median of 
11 (interquartile range [IQR] 5-23) Wisconsin sportfish meals, 
including 6 (IQR 2-18) from the Milwaukee AOC, and a median 
of 20 store-purchased fish meals (IQR 9-46). Among the 4 ethnic 
groups, Chinese participants reported the highest store-purchased 
fish consumption, and Filipino participants reported the high-
est sportfish consumption (Table 2). One-third of participants 
(n=50, 33%) reported consumption above advisory levels for ≥1 
species from the Milwaukee AOC (Table 2). For store-purchased 
fish, 33 participants (22%) reported consumption above advisory 
levels for ≥1 store-purchased species (Table 2). However, aver-
age self-reported consumption for each individual fish species 
was low; only 1 sport-caught species (total Wisconsin white bass) 
and 2 store-purchased species (salmon and tilapia) had median 

consumption above zero (Supplemental Tables 1 and 2). Most 
participants who reported fish consumption exceeding advisory 
levels reported a limited number of meals for a fish species with 
zero limit (ie, species listed as, “do not eat” or “choices to avoid”). 
For example, 44 (29%) participants reported eating carp (listed 
“do not eat”) from the Milwaukee AOC (Supplemental Table 1). 
However, among this group, the median annual carp consumption 
was only 2 meals (Supplemental Table 1). For store-purchased fish, 
23 participants ate king mackerel, 4 ate shark, 10 ate swordfish, 
and 3 ate tilefish – all of which were classified as fish “choices to 
avoid” (Supplemental Table 2).

Fish Preparation Behaviors
Certain participants reported they had made behavior changes to 
avoid harmful contaminants from fish. Sixty (39%) participants 
reported eating fewer fish meals, 76 (50%) reported eating differ-
ent species of fish, and 80 (52%) avoided eating certain parts of the 
fish. However, most participants reported keeping the skin (86%) 
or head (78%) of fish at least some or most of the time while pre-
paring fish. Additionally, 146 (95%) participants reported some-
times using cooking methods that can trap fat (and consequently, 
contaminants) within the fish. This included pan-frying (n = 129, 
84%), boiling or poaching (n = 98, 64%), or using the fish in a 
broth or soup (n = 90, 59%). Hmong participants (n = 27, 52%) 
reported eating fewer fish meals to reduce contaminant exposure, 
compared with approximately one-third of Chinese, Filipino, and 
Karen participants. Other behavior changes varied across ethnic 
groups. For example, 21 (57%) Chinese participants reported 
avoiding certain types of fish or fish caught at certain locations, 
whereas 27 (52%) Karen participants reported avoiding eating cer-
tain parts of the body (Table 3).

Fish Consumption Changes During Pregnancy and 
Breastfeeding
Among 113 participants who reported a previous pregnancy, 
89 (79%) reported eating ≥1 fish meal during their most recent 
pregnancy. Of these 89 women who did consume fish, 62 (70%) 
reported that fish consumption remained the same or increased 
during pregnancy. Although 79 (89%) did not change the species 
of fish they consumed during pregnancy, 31 (35%) of 89 reported 
that they avoided certain fish species while pregnant.

Among 24 participants who did not eat fish during their 
most recent pregnancy, 19 (79%) reported that they avoided fish 
because of concerns that chemicals in fish were harmful (Table 4). 
Among 75 participants who reported breastfeeding after their last 
pregnancy, 57 (76%) consumed fish while breastfeeding. Of those, 
49 (86%) reported fish consumption the same or higher while 
breastfeeding than before pregnancy, and most did not change the 
species they were eating. However, 39 (68%) reported avoiding 
certain species while breastfeeding (Table 5). 
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Awareness and Attitudes Regarding Fish Advisories
Only 29 (19%) respondents were aware of local fish consumption 
advisories, 39 (25%) were aware of Wisconsin sportfish advisories, 
and 34 (22%) were aware of FDA or EPA advisories. Karen par-
ticipants had the lowest advisory awareness, with 2 (4%) aware of 
local advisories, 1 (2%) aware of state advisories, and zero aware 
of FDA or EPA advisories. Awareness was highest for Chinese and 
Filipino participants, of whom approximately 33% (16/49) were 
aware of local advisories, 47% (23/49) were aware of state advi-
sories, and 33% (17/49) were aware of FDA or EPA advisories 
(Supplemental Figure). Among 29 respondents who were aware of 
local advisories, 10 (34%) reported that they knew “some,” “quite a 
bit,” or “a great deal” about the advisories. Of 39 respondents who 
were aware of Wisconsin sportfish advisories, 10 (26%) reported 
that they knew at least “some,” “quite a bit,” or “a great deal” about 
the advisories. Among 34 participants who were aware of FDA or 
EPA advisories, 11 (32%) reported that they knew “some,” “quite 
a bit,” or “a great deal” about the advisories.

Overall, sportfish consumption did not vary meaningfully by 
advisory awareness. Eight (28%) participants who were aware 
of Milwaukee advisories and 41 (34%) participants who were 
not aware of Milwaukee advisories consumed ≥1 meal above 
Milwaukee AOC advisories (P = 0.74). Few participants reported 
consumption above Wisconsin sportfish advisory limits, includ-
ing 4 (10%) of 39 participants who were aware of Wisconsin 
advisories and 8 (7%) of 114 who were not aware of Wisconsin 
advisories (P = 0.48). For store-purchased fish, 14 (41%) of 35 
participants who reported awareness of FDA or EPA fish adviso-
ries ate ≥1 “choices to avoid” fish meal, compared with 19 (16%) 
of 114 participants who were not aware of store-purchased fish 
advisories (P = 0.28).

DISCUSSION
From our survey of a multiethnic cohort of Asian WCBA in the 
Milwaukee area, we found that approximately half of partici-
pants reported consumption of ≥1 store-purchased or sportfish 
meal above recommended levels. Approximately a quarter of par-
ticipants were aware of any fish consumption advisory. Although 
approximately half of participants reported past changes to their 
fish consumption to avoid contamination, many also reported 
using unsafe fish cooking methods that can trap contaminants 
in fish. 

Fish are a good source of important nutrients and can improve 
overall health.24 In the United States, non-Hispanic Asian persons 
are approximately 3 times as likely as any other racial and ethnic 
group to eat seafood at least twice per week.25 However, risks can 
be associated with fish consumption, because chemical pollutants 
from the environment can accumulate in the tissues of fish, such 
as in fat tissue.26,27 Both risks and benefits of sportfish consump-
tion are enhanced in WCBA.24 In Milwaukee’s Asian communi-

ties, clinicians should engage with communities to ensure that the 
highest-risk groups are aware of advisories. Partnership with com-
munity groups and leaders was instrumental to our recruitment 
efforts for this survey, and these same groups may be essential for 
future educational efforts. 

Most participants were not aware of local, state, or national 
fish consumption advisories. By comparison, in a survey of mostly 
White, male anglers, 72.8% were aware of Wisconsin advisories, 
and 60.1% were aware of Milwaukee advisories.28 Low advisory 
knowledge – even among those who were familiar with adviso-
ries – might explain why awareness of advisories was not associated 
with sportfish consumption behavior. For store-purchased fish, 
those who reported advisory awareness reported higher consump-
tion of high-contaminant fish. Despite these findings, partici-
pants who were aware of advisories reported that they were easy 
to understand and follow. Health care providers and public health 
practitioners can share advisory information (Supplemental Table 
3) to increase awareness of fish consumption advisories among 
Milwaukee’s Asian WCBA. 

Strengths and Limitations
This project has multiple limitations. First, we recruited partici-
pants by convenience and snowball sampling, and findings might 
not represent their overall WCBA communities. Second, food 
frequency questionnaires have been shown to underestimate over-
all consumption.29,30 We attempted to increase the reliability and 
validity of our survey by providing pictures of fish species and a map 
of the Milwaukee AOC. However, misclassification of fish con-
sumption data was likely. Third, participant recruitment fell short 
of recruitment goals for the Chinese and Filipino communities. 
Findings for these groups might not represent community views or 
behaviors. However, although the limited number of Filipino par-
ticipants in this study reported higher average consumption than 
Hmong or Karen participants, community feedback suggests that 
their recruitment shortfall occurred because sportfishing is not 
common among Milwaukee’s Chinese and Filipino communities. 
Thus, the findings of this survey might not be as relevant to them 
as it is to Hmong and Karen communities. Despite its limitations, 
however, our findings provide disaggregated insight into the fish 
consumption behaviors of Milwaukee’s heterogeneous Asian com-
munities. With multilingual surveys conducted over the phone 
and screening surveys conducted both on paper and online, we 
were able to conduct a representative evaluation.

CONCLUSIONS
This study provides new insight into the fish consumption habits, 
health beliefs, and advisory awareness among a multiethnic sample 
of Asian WCBA in Milwaukee. Approximately half of participants 
reported ≥1 fish meal above advised levels for the species and loca-
tion. We also found limited awareness of fish advisories, increased 
risk for exposure to contaminants during pregnancy, and limited 
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adherence to safe fish preparation practices among all groups. 
These findings underscore the need for educational materials on 
safe fish consumption tailored to heterogeneous Asian WCBA 
communities.
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ORIGINAL RESEARCH

The SARS-CoV-19 virus (COVID-19) 
pandemic started in late 2019 and caused 
disruptions on a global scale. This disease 
led to mandated physical distancing, wide-
spread enforcement of personal protective 
equipment, and closures of institutions 
worldwide. The pandemic also delayed 
medical treatments that were considered 
elective, including infertility treatments. 

On March 17, 2020, the American 
Society for Reproductive Medicine (ASRM) 
published guidelines recommending the 
cessation and suspension of new and ongo-
ing fertility treatments, except for urgent, 
medically indicated fertility preservation 
procedures.6 This included intrauterine 
insemination (IUI) and in vitro fertilization 
(IVF), including egg retrievals and frozen 
embryo transfers.

Recently, data have shown that fertility 
clinic closure during the COVID-19 pan-
demic was associated with a sharp increase 

in the prevalence of anxiety and depression among infertile patients 
undergoing treatment and was perceived as an uncontrollable and 
stressful event.7-8

On April 24, 2020, ASRM released an update on its recom-
mendations that included resumption of care in individual clin-
ics based on state and disease risk.9 On December 11, 2020, the 
Pfizer-Biotech COVID-19 vaccine was authorized by the US Food 
and Drug Administration under an emergency use authorization 
for limited populations, with public-wide release shortly after.10 

Although numerous studies have shown statistically significant 
increased levels of anxiety and depression in infertility patients 
whose evaluations and treatments were delayed, these studies 
did not include questions regarding patient perceptions of the 

ABSTRACT
Introduction: We sought to elucidate infertile patient perceptions regarding the novel COVID-19 
vaccine as it pertained to fertility treatments and future pregnancies. 

Methods: Patients visiting the Froedtert North Hills Health Center for Fertility and Reproductive 
Medicine in Menomonee Falls, Wisconsin from July 1, 2020, through June 6, 2021, were invited 
to participate in a mixed methods survey assessing infertile patient perceptions regarding clinic 
closures, delays in treatment, and the COVID-19 vaccine. The main outcomes measured were 
readiness to receive the COVID-19 vaccine in the setting of trying to conceive. 

Results: There were 760 surveys sent with a total of 192 completed surveys (response 
rate = 25.3%). Respondents who reported having a college or post graduate education were 
more likely to consider the COVID-19 vaccine when it became available to them (P < 0.001). When 
participants’ responses were stratified by the number of previous completed fertility treatments 
(either embryo transfers or intrauterine inseminations), there was a statistically significant trend 
of increasing willingness to receive the COVID-19 vaccine as the number of completed fertility 
treatments increased even when considering a pregnancy or while breastfeeding (P = 0.004 and 
P = 0.001, respectively). Qualitative themes included participants’ fear of the unknown due to 
existing perceptions, beliefs, and mistrust; interpretations of medical knowledge, and desire for 
provider guidance and mindful communication. 

Conclusions: This study suggests that despite identified hesitancy of the COVID-19 vaccine, 
patients with higher levels of education and those who completed an increasing number of infer-
tility treatments were more willing to consider the COVID-19 vaccine. 

David Eggert, DO; Amy Pan, PhD; Cassandre R. Krier; Kate Schoyer, MD; Kristina Kaljo, PhD; Stephanie Gunderson, MD 

The Perceptions of Infertility Patients Regarding 
the COVID-19 Vaccine: A Mixed Methods Analysis 
of Patient Readiness

INTRODUCTION
Infertility is defined as trying to conceive for at least 1 year with-
out a successful pregnancy. It is well established that the diagnosis 
of infertility and the need for infertility treatments can result in 
significant psychosocial distress.1-5 



VOLUME 123 • NO 6 529

Table 1. Demographic Data, N = 192

Variable n  %a

Age    
 ≤ 35 86 44.8
 > 35 85 44.3
 Did not answer 21 10.9

Gender    
 Male 5 2.6
 Female 187 97.4

Ethnicity/race    
 White 177 92.2
 Hispanic 7 3.6
 African American 3 1.6
 Asian 2 1.0
 Jewish 1 0.5
 Prefer not to answer 1 0.5
 Did not answer 1 0.5

Marital status    
 Married 178 92.7
 Never married 8 4.2
 Member of an unmarried family 6 3.1

Education    
 No college degree 32 16.7
 College degree 90 46.9
 Postgraduate degree 67 34.9
 Did not answer 3 1.6

Employment status    
 Employed 178 92.7
 Unemployed/disabled 11 5.7
 Student 1 0.5
 Did not answer 2 1.0

Health insurance    
 Private 187 97.4
 Badgercare 1 0.5
 Obamacare  1 0.5
 Military 1 0.5
 Medicare 2 1.0

Household income    
 < $30 000 3 1.6
 $30 001 – $50 000 4 2.1
 $50 001 – 1$00 000 47 24.5
 > $100 000 96 50.0
 Did not answer 42 21.9

Infertility diagnosisb  
 Polycystic ovary syndrome/anovulation 23 12.0
 Endometriosis 9 4.7
 Male factor 21 10.9
 Low ovarian reserve 17 8.9
 Same sex couple 2 1.0
 Uterine abnormality 3 1.6
 Tubal abnormality 4 2.1
 Genetic 2 1.0
 Unexplained 22 11.5
 Did not answer 89 46.4

aPercentages may not add up to 100 due to rounding.
bQualitative data from survey that was summarized after data collection.

COVID-19 vaccine.7-8 Studies in general populations showed that 
pregnant women are less likely to receive the COVID-19 vaccine 
than nonpregnant and breastfeeding women.11 The most common 
reasons for “declining” the vaccine included concern for short- or 
long-term side effects, the speed of the development of the vac-
cine, fear of harming the pregnancy, previous allergy or anaphy-
laxis, lack of sufficient research, and potential interaction with 
other medical comorbidities.11 Online rumors about the vaccine’s 
potential negative impact on fertility regularly appeared after the 
vaccine rollout – particularly during its early phases – which was a 
source of hesitancy to the vaccine, specifically in patients seeking 
treatment for infertility and those of reproductive age.12 To the 
best of our knowledge, prior to this study, there has been no data 
to represent the patient perspective towards the COVID-19 vac-
cine among those seeking infertility treatment. 

The primary aim of this study was to assess the readiness of 
infertility patients to receive the COVID-19 vaccine in the setting 
of trying to conceive.

METHODS 
Study Design
This survey study is a single-center convergent mixed methods 
study that involved the distribution of a 60-question survey assess-
ing infertile patient perceptions regarding clinic closures, treat-
ment delays, and the COVID-19 vaccine. 

Recruitment and Data Collection 
The study was performed at the Froedtert North Hills Health 
Center for Fertility and Reproductive Medicine in Menomonee 
Falls, Wisconsin. All patients who visited this clinic from July 1, 
2020, through June 30, 2021, were invited to participate in the 
survey. Exclusion criteria included any patient under the age of 
18 and prior completion of the survey. This survey was developed 
based on an existing survey out of Stanford University elucidating 
perceptions of how the COVID-19 pandemic affected the care 
of patients with cancer.13 Three different versions of the survey 
were offered to patients including a hard copy paper survey, online 
Google form survey, and Qualtrics survey. Initially, the survey was 
conducted in person only starting February 22, 2021. Given the 
limited availability of researchers to present the survey study to 
in-person patients on March 22, 2021, it was expanded to online 
platforms. Two reminders were sent to participants if they had 
not completed the survey during the study period. The survey 
was offered to a total of 760 patients resulting in 192 responses 
(25.3% response rate). Online surveys were distributed to patients 
through MyChart Messaging system (a patient portal) through 
the electronic medical record (Epic Systems Corporation, Verona, 
Wisconsin). No patient identifiers were obtained in this anony-
mous survey. Approval was obtained from the Medical College of 
Wisconsin’s Institutional Review Board, IRB Reference Number 
PRO00039946.
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Data Analysis
Quantitative Analysis Methods 
Data were presented as n (%). Chi-square 
or Fisher exact tests were used to exam-
ine the associations between categorical 
variables. Linear trend in proportion was 
tested by Cochran-Armitage trend test. 
SAS version 9.4 (SAS Institute Inc, Cary, 
North Carolina) and SPSS version 28.0 
(IBM Corporation, Armonk, New York) 
were used for statistical analyses. P < 0.05 
was considered statistically significant.

Qualitative Analysis
The survey questions analyzed included 2 
free-text questions to further ascertain the 
perspectives and insights of those partici-
pating in the study. These qualitative ques-
tions aimed to explore patients’ underlying 
motivations and were used to help amplify 
the patient experience. Written responses 
were extracted verbatim from the survey 
and inserted into an Excel document. 
Using inductive content analysis of the 
free-text survey responses, 2 members of 
the research team assigned individual codes 
to capture and classify recurring patterns. The same team mem-
bers compared responses to negotiate discrepancies and ensure 
trustworthiness of analysis. Those patterns were grouped together 
into 3 themes to elucidate the individual perceptions and beliefs 
regarding the COVID-19 vaccine. 

RESULTS 
Quantitative Analysis
A total of 192 patients responded to the survey. Of those who 
responded, 187 identified as female, and 5 identified as male. A 
large majority identified as White, married individuals. Many 
respondents had a college or postgraduate degree and private 
health insurance. Not all questions were answered by all respon-
dents. Therefore, to accurately convey the response rate, each 
question shows the total number of responses (Table 1).

Participant willingness to accept the COVID-19 vaccine was 
analyzed in conjunction with different demographic variables to 
see if there was an association between these variables and vac-
cine acceptance. The survey results suggest that respondents’ age, 
marital status, income level, and insurance status did not corre-
late with willingness to accept the vaccine in any significant way 
(Supplementary Table 1). Participants with a higher educational 
level (college or postgraduate degree) were more likely to accept the 
COVID 19 vaccine when it became available to them (Cochran-
Armitage trend test P = 0.001) (Table 2). Interestingly, when asked 

Table 2. Education as Variable Affecting Respondents’ Willingness to Receive COVID-19 Vaccine

  No/Unknown, n (%) Yes, n (%) Total N P value

Question: Would you like to get the coronavirus   187  0.0010a

(COVID-19) vaccine when it is available?   
 No college degree 14 (47) 16 (53)    
  College degree 25 (28) 65 (72)    
  Postgraduate degree 10 (15) 57 (85)    

aCochran-Armitage trend test.

Table 3. Number of Infertility Treatments Associated With Respondents’ Willingness to Receive COVID-19 
Vaccine

  No/Unknown, n (%)  Yes, n (%)  Total N P value

Would you like to get the coronavirus (COVID-19)     188  0.040a

vaccine when it is available?      
 0 infertility treatments 1 (50) 1 (50)    
  1 infertility treatment 42 (30) 100 (70)    
  2 infertility treatments 7 (18) 31 (82)    
  ≥ 3 infertility treatments 0 (0) 6 (100)    

If you are pregnant or breastfeeding when the    180  0.0010a

vaccine becomes available to you will you get it?   
 0 treatments 1 (50) 1 (50)    
  1 treatment 82 (61) 53 (39)    
  2 treatments 18 (49) 19 (51)    
  ≥ 3 treatments 0 (0) 6 (100)   

aCochran-Armitage trend test.

to consider a future pregnancy or breastfeeding and the COVID-
19 vaccine, the significant trend between level of education of 
vaccine acceptance disappeared (P = 0.92) (Supplementary Table 
2). When the number of completed treatment cycles (either IUI 
or embryo transfer) were analyzed with the respondents’ willing-
ness to accept the vaccine, there was a statistically significant trend 
of increasing willingness to receive the COVID-19 vaccine as the 
number of infertility treatments increased (Cochran-Armitage 
trend test P = 0.040), even when considering future pregnancy or 
breastfeeding (Cochran-Armitage trend test P = 0.0010) (Table 3). 

Qualitative Analysis 
From the analysis of free-text responses, we identified 3 primary 
themes: (1) fear of the unknown due to perceptions, beliefs, and 
historical mistrust; (2) patient interpretations of medical knowl-
edge and self-generated benefit-risk assessments; and (3) seeking 
provider guidance and mindful communication.

Theme 1: Fear of the Unknown 
Patients report a multifaceted fear of the unknown. Between con-
cerns about harming a future child or fetus, the impact on fertility, 
and worries regarding breastfeeding risks, respondents described 
inadequate counseling on what to expect during a vulnerable time. 
Specifically, a female patient, age 34, said, “After all we have been 
through to get pregnant, it is not worth the risk.” Another female 
patient, age 36, agreed, “I have been trying to become pregnant for 
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over 2 years, and I would be devastated if a reaction to the vaccine 
affected my pregnancy.” Additionally, patients describe how nega-
tive outcomes due to COVID-19 may influence their response 
and cited a lack of guidance or communication from medical pro-
fessionals during the pandemic. Stemming from historical medical 
mistrust, a male patient, age 40, said, “[I am] not comfortable with 
how it [the vaccine] was developed and being targeted to minorities.” 

Theme 2: Patient Interpretations of Medical Knowledge, and 
Self-Generated Benefit-Risk Assessments
Many patients provide insight into the their experience when 
developing an understanding of new medical information, whether 
disseminated by their clinican or obtained through outside means. 
Primarily, patients cited a lack of clinical evidence for the use of 
the COVID-19 vaccine in pregnancy. A female patient, age 41, 
said, “[the] vaccine is new and hurriedly made, so I don’t trust it.” 
Other patients shared similar sentiments of mistrust due to the 
seemingly rapid production and dissemination of the COVID-19 
vaccine. “Not enough time has passed to determine potential long-
term effects,” said another female respondent, age 35. Regarding 
fertility specifically, a female respondent, age 43, said, “[I’m] wor-
ried about effects on fertility. Other members of my family will get the 
vaccine to protect me.” 

For patients who are in higher-risk categories at baseline during 
their pregnancy, respondents described a greater sense of unpre-
dictability and concern with COVID-19. A female patient, age 
43, said, “I have an autoimmune disorder, and I worry about suf-
ficient studies having been done with women who were pregnant and 
doubly with my disorder.” Another female patient, age 31, reported 
similar worries, stating “I am waiting until after I deliver to get the 
vaccine, as my husband had a significant reaction to the vaccine, and 
I do not know if that would affect my baby.” 

Respondents also indicated that they perceived the lack of 
clinical research as harmful, advancing their mistrust surround-
ing COVID-19. “I’m not a lab rat, and my unborn child won’t be 
either,” said a female patient, age 39. Less explicitly, another female 
patient, age 32, agreed, stating that they would not receive the 
vaccine due to “the unknowns involved, and the fact that pregnant 
women were not a part of the testing.” 

Without access to clinical trials that include pregnant women, 
patients reported creating a self-generated benefit-risk assessment 
based on their emotions and insufficient evidence. Respondents 
detailed an increased risk of being within a vulnerable population, 
as well as feelings of inadequacy and guilt that may arise if their 
pregnancy is unsuccessful due to the consequences of COVID-19. 
One female patient, age 41, said, “Infertility is a rollercoaster. If I 
did become pregnant, got the vaccine, and then lost the baby, I would 
feel immense guilt.” 

Theme 3: Seeking Provider Guidance and Mindful 
Communication
Patients described an increase in desire to communicate with their 

clinicians during COVID-19. They reported wanting direct infor-
mation and individualized assessments tailored to their needs. As 
illustrated by this response from a female patient, age 33, “I would 
consult with my doctor, and if they said it was safe, I would [receive 
the vaccine],” patients are influenced by trust in their clinician’s 
recommendations. Another female patient, age 32, said, “I’m not 
sure I want to get the vaccine while pregnant. I will need to discuss 
with my doctor before I will decide.” Many patients additionally 
detailed that these conversations are important and have changed 
their opinion on receiving the vaccine. For example, a female 
respondent, age 37, said, “I’m pregnant and got vaccinated yesterday. 
OB was supportive.”

DISCUSSION 
This study took place at the height of the COVID-19 pandemic 
and at the beginning stages of vaccine release to the public. 
Therefore, this timely study sheds light for fertility providers on 
patient hesitancies regarding the COVID-19 vaccine and pro-
vides insights into evidence-based practice and targeted education 
regarding the vaccine. While education and number of completed 
infertility treatments appeared to significantly increase acceptance 
of the vaccine, it is evident there is still vaccine hesitancy – espe-
cially when related to pregnancy and breastfeeding – among the 
infertility population.

Previous studies have shown that less than 1 in 4 pregnant 
people were vaccinated against COVID-19, despite retrospective 
data showing safety, efficacy, and vaccine-generated antibody pas-
sage through umbilical cord blood and breastmilk.14-18 Our results 
suggest that as the number of infertility treatments increased, the 
acceptance of the vaccine also increased. The likely explanation 
for this is that participants in this study may do more to secure 
a viable and safe pregnancy. It is also possible that patients who 
have undergone more treatment cycles have spent more time with 
their clinician and have established a stronger rapport and level of 
trust. Further noted in our qualitative responses, patients appreci-
ated detailed guidance and conversations with clinicians regarding 
the COVID-19 vaccine to help them make informed decisions 
regarding vaccine acceptance. However, many respondents who 
received 1 to 2 fertility treatments altered their answer from “yes” 
to “no or don’t know” responses when considering the COVID-19 
vaccine during a pregnant state or breastfeeding, which highlights 
the hesitancy of respondents to accept the vaccine while pregnant 
or breastfeeding (Table 3). This perceived hesitancy correlates with 
the themes of fearing the unknown, mistrust in health care, and 
patient-driven benefit-risk assessments as found in our qualitative 
analysis. Patients who received less guidance were less likely to 
receive the vaccine.

Higher education significantly increased overall acceptance of 
the vaccine. However, when considering vaccination while pregnant 
or breastfeeding, the impact of education was no longer significant 
(Table 2 and Supplemental Table 2). This transition occurred in all 
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3 categories of education. Vaccine hesitancy in health care workers 
(the majority of individuals having at least some college degree) 
considering pregnancy/lactation and the COVID-19 vaccine has 
been reported previously.14 In that study, while the majority of 
respondents were not hesitant about the vaccine, respondents who 
were pregnant, breastfeeding, or actively pursuing pregnancy were 
significantly more hesitant to receive the vaccine.14 This suggests 
that education does not fully combat the hesitancy of the vaccine 
in pregnancy or breastfeeding and suggests that other factors play 
a role in helping patients make informed decisions regarding the 
vaccine. In our study, income, insurance status, age, and marital 
status showed no impact on vaccine acceptance. 

There were a few limitations to our study. The survey distrib-
uted to participants was long (60 questions), which may have 
contributed to survey fatigue, variability between questions, and 
potentially lower response rate. Also, the study population was 
limited to a single academic center located in a state without an 
insurance mandate to cover infertility treatments. With this in 
mind, the authors recognize that the patient population surveyed 
was likely skewed with patients having higher levels of education 
and more resources to support infertility treatments. 

To our knowledge, this is the first mixed method study eluci-
dating the perspectives of the COVID-19 vaccine in an infertile 
population. Our study was timely in that it was initiated when 
most of the public were not eligible to receive the COVID-19 vac-
cine and continued until the vaccine was widely available. 

CONCLUSIONS 
This study demonstrates that despite identified hesitancy regard-
ing the COVID-19 vaccine, patients with higher levels of educa-
tion and those who completed an increasing number of infertil-
ity treatments were more willing to consider the vaccine. Patients 
unwilling to receive the vaccine reported mistrust in health care, 
lack of communication with clinicians, and medical misunder-
standing while formulating benefit-risk assessments. Our study 
highlights the ongoing hesitancies regarding the COVID-19 vac-
cination in patients seeking infertility evaluation and those under-
going treatment. Higher quality patient-clinician communication 
is essential for infertility patients with less than a college degree 
and for patients in the early stages of their fertility journey.
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tinue to smoke conventional cigarettes or 
those who use e-cigs in late pregnancy.3 

Low birth weight is a strong risk factor for 
metabolic disorders in adulthood.4 The US 
Surgeon General considers vaping a fetal 
risk factor.5

Vaping has increased widely in the 
US since 2007.5 Some surveys found as 
many as 10% of mothers regularly vape 
just prior to pregnancy,6 though more 
recent national estimates suggest vaping 
is lower in later pregnancy stages.7 Most 
prior studies, however, represent primarily 
urban populations. There is a higher rate 
of conventional smoking in the rural US, 

which is linked to rural sociodemographics, such as higher rates 
of unemployment, lower income, and decreased access to health 
care.8

Vaping is an emerging health risk during pregnancy. No known 
studies have examined vaping during pregnancy among women in 
rural Wisconsin, where the burden of many lifestyle risk factors 
(eg, smoking) is greater than more affluent areas. The purpose of 
this study was to estimate the prevalence of e-cig use in pregnant 
mothers in north-central Wisconsin and to identify sociodemo-
graphic and other factors associated with vaping.

METHODS
Design and Setting
A cross-sectional survey was used, with linkage of existing sociode-
mographic and clinical characteristics of pregnant women from 
Marshfield Clinic Health System (MCHS) electronic health 
records (EHR). The source population included adults with rea-
sonably complete capture of their medical care within MCHS 
data systems, including patients who reside within a 20-county 
region of north-central Wisconsin and are members of Security 

ABSTRACT
Introduction: The use of electronic cigarettes during pregnancy is an emerging health risk. This 
study estimated use of electronic cigarettes and associated risk factors in pregnant women in a 
predominantly rural population.

Methods: Surveys on e-cigarette use and sociodemographics, linked to medical records, were 
administered to women in the third trimester of pregnancy. Participants were Marshfield Clinic 
Health System patients in northern and central Wisconsin.

Results: There were 391 respondents. The prevalence of e-cigarette use during pregnancy was 
5% (95% CI, 2-8). Women who were younger, lower gestational age, unmarried, had lower edu-
cation, lower income, and lower body mass index were more likely to use e-cigarettes.

Discussion: Use of e-cigarette in pregnant women in rural Wisconsin was 5 times greater than 
that observed nationally. Prenatal e-cigarette prevention interventions may need to focus on 
women who are younger, not married, and with lower education/income.

Jeffrey J. VanWormer, PhD; Richard L. Berg, MS; Aditya Joshi, MD

Vaping During Pregnancy in Northern Wisconsin

INTRODUCTION
Electronic cigarettes (e-cig) are battery-powered devices that gen-
erate an inhaled aerosol (ie, vaping). These aerosols include nico-
tine and flavorings, as well as solvents and phenolic compounds, 
some of which are carcinogens.1 Given their potential to cause 
adverse fetal outcomes in animal models,2 the toxicity of these 
compounds is a concern during pregnancy. Research in humans 
is developing, but the principal risk is fetal size for gestational age. 
Compared to nonusers, the odds of delivering a low birthweight 
baby are over twice as high – both for pregnant mothers who con-
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Table 1. Descriptive Characteristics of Pregnant Women in Northern and Central 
Wisconsin Who Were Invited to a Survey on Vaping, Including Propensity Score 
Weighted Characteristics of Survey Respondents

  All Invitees Respondents
  (n = 1199) (n = 391)

Characteristics  Unadjusted Weighted

Age (years) 28.6 ± 0.2 29.4 ± 0.3 28.4 ± 0.3

Gestational age (months) 31.2 ± 0.1 30.4 ± 0.2 31.2 ± 0.3

Gravida
 ≥ 2 131 (11%) 37 (9%) 9%
 < 2 or unknown 1068 (89%) 354 (91%) 91%

Race/Ethnicity
 White, non-Hispanic 975 (81%) 337 (86%) 81%
 Non-White or Hispanic 224 (19%) 54 (14%) 19% 

Health insurance
 Medicaid 485 (40%)  111 (28%) 42%
 Not Medicaid  714 (60%) 280 (72%) 58%

Smoking status at start of pregnancy
 Smoker 360 (30%) 65 (17%) 32%
 Non-smoker  839 (70%) 326 (83%) 68%

Medical encounters in prior 3 years (n) 69.1 ± 1.6 66.3 ± 2.2 69.5 ± 2.9

Body mass index (kg/m2) 29.3 ± 0.2 29.5 ± 0.4 29.7 ± 0.4

Depression
 Yes 402 (34%) 115 (29%) 37%
 No  797 (66%) 276 (71%) 63%

Anxiety
 Yes 628 (52%) 172 (44%) 55%
 No 571 (48%) 219 (56%) 46%

Values are reported as mean ± SE or frequency (% of total). Among respon-
dents, the unadjusted values are as-observed from the surveys. Weighted 
values reflect the rebalanced exposure characteristics after propensity score 
weighting (using inverse probability weights) was applied.

Health Plan of Wisconsin and/or residents of the Marshfield 
Epidemiologic Study Area.9

Sample
Inclusion criteria for survey invitees were (1) living in the source 
population, (2) age ≥18 years, (3) female, (4) currently pregnant in 
the third trimester (per pregnancy diagnostic codes) or ≥24 weeks’ 
gestation, (5) ≥1 encounter with an MCHS clinician over the 
previous year, and (6) ability to read the English language survey. 
Known institutional residents (eg, medical, penal) were excluded. 
The requirement of having a recent medical encounter helped 
ensure current study eligibility. Given the limited prior research on 
e-cig use in pregnant mothers, guidance on assumptions for precise 
sample size calculations was unavailable. Thus, all known pregnant 
mothers from the source population over a 1-year timeframe were 
invited to complete the study survey. Procedures were approved in 
advance by the MCHS Institutional Review Board, including a 
request to waive documentation of informed consent and HIPAA 
authorization.

Recruitment
Contact information for study-eligible individuals was extracted 
from the EHR. For each enumerated individual, survey recruit-
ment methods included (1) a mailed invitation packet, which 
included a cover letter, study information sheet, survey instrument, 
return mailer, and $5 cash incentive; (2) a mailed reminder/thank 
you postcard; (3) follow-up telephone calls for nonrespondents 
(plus a verbal survey response option); and (4) final mailed follow-
up packet, which included the same elements as the mailed invita-
tion packet, sent to all remaining nonrespondents. By completing 
the survey, participants consented to have their survey data linked 
to their EHR data for analyses.

Measures
The outcome was current use of e-cigs during third trimester 
pregnancy. This was assessed in the survey using validated ques-
tions from the Pregnancy Risk Assessment Monitoring System 
(PRAMS), with supplemental questions on e-cig use.6 Clinical 
data, such as number of clinical encounters over the past year, 
medical comorbidities, and conventional cigarette smoking nearest 
to the date of pregnancy, were extracted from the EHR. In addi-
tion, self-report surveys (and EHR data if available) captured basic 
pregnancy characteristics (eg, gestation), knowledge/beliefs in e-cig 
risks, and sociodemographic measures, such as age, race/ethnicity, 
education, income, and health insurance coverage.

Analyses
To assess possible respondent biases, available basic EHR charac-
teristics were compared between survey respondents and nonre-
spondents. Univariate regression was used to examine associations 
between each sociodemographic/clinical exposure and e-cig use. 
The univariate model findings were considered hypothesis generat-

ing, as multivariable regression was not performed given the small 
sample size and exploratory nature of our study design. However, 
propensity score weighting (using inverse probability weights) was 
used to account for imbalances between survey respondents and 
nonrespondents. Regression analyses included propensity scores to 
better reflect the full target population, adjusting final estimates to 
help minimize the influence of imbalances in potentially confound-
ing characteristics in survey respondents.

RESULTS
There were 1199 individuals invited to take the survey over the 
1-year study period. Of these, 423 (35%) responded. Thirty-two 
respondents were no longer pregnant at the time of survey comple-
tion and were excluded from analyses, yielding a final analytical 
sample of 391 participants. Descriptive characteristics of survey 
invitees and respondents are outlined in Table 1. The most nota-
ble differences were that respondents were less likely to be current 
smokers or on Medicaid, but the propensity score weighting ade-
quately balanced the respondent sample to better reflect the under-
lying source population.

The model-estimated prevalence of current e-cig use during 
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Table 2. Univariate Associations Between Sociodemographic/Clinical Exposures 
and Current E-cig Use Among Pregnant Women in Northern and Central 
Wisconsin (n = 391)

Exposures Current E-cig Use P value
  (95% CI)

Maternal age (years) 0.74 (0.64–0.90)  0.002

Gestational age (months) 0.87 (0.79–0.95) 0.002

Gravida
 ≥2 vs <2 or unknown (ref) 0.53 (0.05–5.52) 0.594

Children in the household 
 Any vs none (ref) 0.19 (0.05–0.68) 0.011

Marital status 
 Married/living with partners vs not married (ref) 0.08 (0.02–0.28) < 0.001

Race/ethnicity 
 White, non-Hispanic vs non-white or Hispanic (ref) 1.15 (0.31–4.27) 0.834

Health insurance 
 Medicaid vs not Medicaid (ref) 0.83 (0.22–3.14) 0.784

Education 
 College vs high school or less (ref) 0.10 (0.03–0.40) 0.001

Annual household income 
 ≥ $60 000 vs < $60 000 (ref) 0.09 (0.01–0.92) 0.042

Smoking status at start of pregnancy 
 Smoker vs nonsmoker (ref) 3.12 (0.75–13.01) 0.118

Medical encounters in prior 3 years (n) 0.99 (0.98–1.01) 0.484

Body mass index 0.84 (0.74–0.96) 0.008

Depression 
 Yes vs no (ref) 0.69 (0.20–2.42) 0.559

Anxiety 
 Yes vs no (ref) 3.09 (0.82–11.64) 0.095

Values are reported as odds ratio (95% CI, P value) of current E-cig use. Odds 
ratio values > 1.0 indicate that the odds of e-cig use increase as compared to 
the reference group (or a 1-unit increase for continuous exposures). Odds ratio 
values < 1.0 indicate that the odds of e-cig use decrease as compared to the 
reference group (or a 1-unit increase for continuous exposures). For example, 
the predicted odds of e-cig use was 0.74 (or 26% lower) for each 1 year in-
crease in maternal age. Exposures with P <  0.05 were considered to have a 
statistically significant association with e-cig use.

Figure. Beliefs in the Health Effects of Electronic Cigarettes for (a) Mother 
and (b) Fetus, as Compared to Conventional Smoking, in Pregnant Women in 
Northern and Central Wisconsin (n = 391).
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 Does not use e-cigs
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third trimester pregnancy was 5% (95% CI, 2.0-8.0), with 16% 
(95% CI, 11.4-19.6) reporting e-cig use within the 3 months 
prior to pregnancy. In the subset of respondents who reported 
ever using e-cigs (n = 119), the most-used brands were Juul 
(26%), Vuse (21%), and Blu (5%). The most common reasons 
cited for using e-cigs included initial curiosity (54%), pleasing 
flavors (36%), and to help reduce use of conventional tobacco 
products (27%).

As outlined in Table 2, seven exposure variables were signifi-
cantly associated with current e-cig use. Pregnant women who 
were younger, at a lower gestational age, not married, without 
other children in the home, had lower education, lower income, 
and lower body mass index (BMI) were significantly more likely 
to report current use of e-cigs (all P values < 0.05). In addition, 
compared to pregnant women who did not use e-cigs, significantly 
more current e-cig users viewed e-cigs as just as safe or safer than 

conventional cigarettes, both for the mother and the fetus (all P 
values < 0.00, see Figure).

DISCUSSION
This was the first known study to examine the basic epidemiol-
ogy of e-cig use in pregnant women in this predominantly rural 
area of Wisconsin. About 1 of every 20 pregnant women in this 
region used e-cigs during their third trimester of pregnancy. This 
was considerably higher than national estimates, where just 1% of 
pregnant women reported e-cig use in the third trimester.7 This 
may reflect differences in the underlying characteristics of our 
source population, including a higher proportion of non-Hispanic 
White respondents – a group that was more likely to use e-cigs in 
the national study. Several other exposures that predicted e-cig use 
in our study also were observed in national data,7 including indi-
viduals who were younger, lower income, and not married.

Cigarette smoking just prior to pregnancy, while trending in 
the expected direction in that e-cig use was somewhat more com-
mon among cigarette smokers, was not as strong of a risk factor 
for current e-cig use in our study as has been observed nationally.7 
This was somewhat surprising, as 27% of (ever) e-cig users in our 
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study still indicated e-cigs were used to help reduce use of conven-
tional tobacco products, and current e-cig users near-uniformly 
believed that e-cigs were just as safe or safer for the mother and 
fetus relative to cigarettes. Despite evidence that smokers who 
also use e-cigs are less likely to quit smoking compared to those 
who do not use e-cigs,10 beliefs that e-cigs are a safer alternative to 
tobacco and/or can help with smoking cessation seem to persist in 
pregnant e-cig users.

Strengths of this study included the linkage of EHR and sur-
vey data to identify e-cig risk factors in an understudied popula-
tion of rural pregnant mothers, as well as use of a propensity score 
method to help control for imbalances in the respondent sample. 
Limitations included the small sample size, which precluded multi-
variable modeling, as well as the cross-sectional design, which lim-
its causal conclusions. In addition, the e-cig use outcome from the 
PRAMS and several exposure variables were self-reported. Other 
limitations included the racially homogenous sample, which limits 
generalizability. In addition to addressing these limitations, future 
research should examine both maternal and child outcomes of 
e-cig use after pregnancy in rural populations.

Findings from this study indicate the prevalence of e-cig use 
in pregnant women in north-central Wisconsin could be 5 times 
greater than that observed nationally.6 Several influential social, 
economic, and demographic risk factors for e-cig use were con-
firmed, namely younger age, low education and income, and 
unmarried status. If confirmed in larger studies, this could inform 
better targeted screening, education, and e-cig prevention strategies 
during the course of prenatal care in rural areas.
 

Funding/Support: This project was funded by philanthropic support of the 
Marshfield Clinic Research Institute’s General Medical Research Fund.

Financial Disclosures: None declared.

REFERENCES
1. England LJ, Aagaard K, Bloch M, et al. Developmental toxicity of nicotine: A 
transdisciplinary synthesis and implications for emerging tobacco products. Neurosci 
Biobehav Rev. 2017;72:176-189. doi:10.1016/j.neubiorev.2016.11.013

2. Orzabal MR, Lunde-Young ER, Ramirez JI, et al. Chronic exposure to e-cig aerosols 
during early development causes vascular dysfunction and offspring growth deficits. 
Transl Res. 2019;207:70-82. doi:10.1016/j.trsl.2019.01.001

3. Wang X, Lee NL, Burstyn I. Smoking and use of electronic cigarettes (vaping) in 
relation to preterm birth and small-for-gestational-age in a 2016 U.S. national sample. 
Prev Med. 2020;134:106041. doi:10.1016/j.ypmed.2020.106041

4. Liao L, Deng Y, Zhao D. Association of low birth weight and premature birth with the 
risk of metabolic syndrome: a meta-analysis. Front Pediatr. 2020;8:405. doi:10.3389/
fped.2020.00405

5. U.S. Department of Health and Human Services. E-cigarette use among youth and 
young adults. A report of the Surgeon General. Atlanta, GA: U.S. Department of Health 
and Human Services, Centers for Disease Control and Prevention, National Center 
for Chronic Disease Prevention and Health Promotion, Office on Smoking and Health; 
2016.

6. Kapaya M, D'Angelo DV, Tong VT, et al. Use of electronic vapor products before, 
during, and after pregnancy among women with a recent live birth – Oklahoma and 
Texas, 2015. MMWR Morb Mortal Wkly Rep. 2019;68(8):189-194. doi:10.15585/mmwr.
mm6808a1

7. Liu B, Du Y, Wu Y, Sun Y, Santillan MK, Santillan DA, Bao W. Prevalence and 
distribution of electronic cigarette use before and during Pregnancy among women in 
38 states of the United States. Nicotine Tob Res. 2021;23(9):1459-1467. doi:10.1093/ntr/
ntab041

8. Buettner-Schmidt K, Miller DR, Maack B. Disparities in rural tobacco use, 
smoke-free policies, and tobacco taxes. West J Nurs Res. 2019;41(8):1184-1202. 
doi:10.1177/0193945919828061

9. DeStefano F, Eaker ED, Broste SK, et al. Epidemiologic research in an integrated 
regional medical care system: the Marshfield Epidemiologic Study Area. J Clin 
Epidemiol. 1996;49(6):643-652. doi:10.1016/0895-4356(96)00008-x 

10. Weaver SR, Huang J, Pechacek TF, Heath JW, Ashley DL, Eriksen MP. Are electronic 
nicotine delivery systems helping cigarette smokers quit? Evidence from a prospective 
cohort study of U.S. adult smokers, 2015-2016. PLoS One. 2018;13(7):e0198047.



VOLUME 123 • NO 6 537

•  •  • 
Author Affiliations: Wisconsin Department of Health Services, Madison, 
Wisconsin (Polter, Haban, Meiman, Tomasallo); Epidemic Intelligence 
Service, Centers for Disease Control and Prevention, Atlanta, Georgia 
(Polter).

Corresponding Author: Elizabeth Polter, Wisconsin Department of Health 
Services, 1 W Wilson St, Ste 150, Madison, WI 53703; phone 608.266.7480; 
email Ura1@cdc.gov; ORCID ID 0000-0001-7336-3492

BRIEF REPORT

ing certain fish species. Several freshwater 
bodies near Milwaukee, Wisconsin, are 
designated as an Area of Concern because 
of contaminant levels and have additional 
consumption advisories.3

Asians individuals residing in the United 
States had higher reported fish consump-
tion than other racial/ethnic groups4 and 
might be at higher risk for mercury, PFAS, 
or PCB contaminant exposure from fish.5 
To better understand fish advisory aware-
ness and consumption behaviors among 
Asian women of childbearing age (WCBA), 
we conducted a focus group and quantita-
tive survey. Most focus group participants 
had not heard of specific advisories.6 Those 

who expressed greater self-efficacy (ie, the belief that they could 
make desired changes to their behavior) were more willing to fol-
low advisories.6 Among survey respondents, only 40.5% had heard 
of any fish consumption advisories.7 These findings demonstrated 
a need for interventions to increase Asian WCBA’s awareness of 
fish advisories and willingness to follow them.

In this evaluation, we assessed whether educational messaging 
with or without a motivational self-affirmation component can 
increase perceived self-efficacy8 and lead to improved fish advisory 
awareness and safer fish consumption behaviors.

METHODS
Eligibility and Recruitment
We recruited participants through convenience and snowball 
sampling. Community advisory group members, schools, DNR 
listservs, and community organizations distributed recruitment 
materials to potentially eligible persons. We also asked participants 
who completed the survey to recruit additional participants within 
their social networks.

ABSTRACT
Background: We evaluated the effectiveness of an intervention to reduce contaminant expo-
sure from fish consumption among Asian women of childbearing age residing in the Milwaukee, 
Wisconsin, area.

Methods: Women of childbearing age were randomized to group 1, no intervention; group 
2, educational messaging only; or group 3, educational messaging plus a motivational self-
affirmation component. Then, we compared safe fish consumption knowledge, intentions, and 
behaviors among groups.

Results: Among 123 participants, groups 2 and 3 were more likely than group 1 to report “eat-
ing fewer fish meals” to reduce exposure to contaminants (group 2 odds ratio [OR] 1.42; 95% CI, 
0.59–3.44; group 3 OR 2.76; 95% CI, 1.12–7.03).

Discussion: Self-affirmation messaging can enhance educational messaging to increase safe fish 
consumption among Asian women of childbearing age.

Elizabeth Polter, PhD, MPH; Amanda Haban, MPH; Jon Meiman, MD; Carrie Tomasallo, PhD, MPH

Effectiveness of Educational and Psychological 
Messaging Interventions to Improve Safe Fish 
Consumption Knowledge and Behaviors 
Among Asian Women of Childbearing Age 

BACKGROUND
Fish contain key nutrients and are recommended as part of a 
healthy diet to support fetal neurodevelopment during preg-
nancy.1 However, fish consumption might result in fetal expo-
sure to contaminants, including mercury, perfluoroalkyl and 
polyfluoroalkyl substances (PFAS), and polychlorinated biphe-
nyls (PCBs).1 The US Food and Drug Administration (FDA), 
Environmental Protection Agency (EPA),1 and Wisconsin 
Department of Natural Resources (DNR)2,3 have issued adviso-
ries to practice safe fish preparation methods and avoid consum-
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Interested persons used a hyperlink 
on the recruitment materials to com-
plete a REDCap (Research Electronic 
Data Capture) screening survey. Eligible 
participants must have met the follow-
ing screening criteria: (1) resided ≥1 year 
in Milwaukee, Waukesha, Washington, 
or Ozaukee counties; (2) female; (3) self-
identified as Chinese, Filipino, Hmong, 
or Karen; (4) aged 18 to 50 years; (5) had 
consumed ≥1 meal of fish caught by the 
participant or by someone the participant 
knows from waterbodies in Wisconsin in 
the last 12 months; (6) the only member 
of their household to participate in the 
telephone survey; and (7) had not partici-
pated in a previous project about fish con-
sumption with the Wisconsin Department 
of Health Services. Participants completed 
survey instruments in their preferred lan-
guage, which included English, Chinese, 
Hmong, or Karen.

Procedures
After screening, we randomized partici-
pants 1:1:1 to group 1 (no intervention), 
group 2 (educational messaging only), or 
group 3 (educational and motivational 
self-affirmation messaging). All partici-
pants completed a baseline REDCap sur-
vey. Within that survey, groups 2 and 3 
completed the intervention components. 
After the interventions, all participants 
completed additional survey items in the 
same survey instrument. One month later, 
participants were sent a follow-up sur-
vey through REDCap. Each participant 
received $30 and $20 gift cards after com-
pleting the baseline survey and 1-month 
follow-up survey, respectively. This activity 
was reviewed by the Centers for Disease 
Control and Prevention (CDC), deemed 
not research, and conducted consistent with applicable federal law 
and CDC policy (45 CFR part 46.102(l)(2), 21 CFR part 56; 42 
USC Sect 241(d); 5 USC Sect 552a; 44 USC Sect. 3501 et seq).

Intervention Components
Educational Messages: Groups 2 and 3 read health messages, 
including recommendations from the FDA, EPA, and Wisconsin 
DNR.1-3,9 Participants read through infographics showing healthy 
fish serving sizes for children and adults and fish preparation 

Table 1. Demographic Characteristics and Baseline Fish Consumption and Preparation Behavior Among 123 
Asian Women of Childbearing Age by Intervention Condition – Milwaukee, Wisconsin, June 7, 2023–February 
24, 2023

   Overall  Group 1a Group 2b Group 3c

   (n = 123) (n = 38) (n = 43) (n = 42)

Age, years; mean (SD) 32 (7.7) 31 (6.9) 33 (8.2) 33 (7.8)

Years living in the Milwaukee area, mean (SD) 3.5 (0.87) 3.5 (0.86) 3.5 (0.88) 3.5 (0.89)

Household size, mean (SD) 4.3 (2.0) 4.7 (2.3) 4.1 (1.7) 4.1 (2.0)

Number of children in household, mean (SD) 1.5 (1.6) 1.4 (1.7) 1.6 (1.6) 1.6 (1.4)

Ethnicity, n (%)    
 Chinese 15 (12) 3 (8) 9 (21) 3 (7)
 Filipino 14 (11) 5 (13) 5 (12) 4 (10)
 Hmong 77 (63) 25 (66) 22 (51) 30 (71)
 Karen 17 (14) 5 (13) 7 (16) 5 (12)

Survey language, n (%)    
 English 111 (90) 37 (97) 34 (79) 40 (95)
 Karen 6 (5) 1 (3) 5 (12) 0 (0)
 Chinese 1 (1) 0 (0) 1 (2) 0 (0)
 Hmoob or Hmong 5 (4) 0 (0) 3 (7) 2 (5)

Educational attainment, n (%)    
 Some college or less 46 (39) 11 (31) 17 (40) 18 (44)
 Associate degree or more 72 (61) 24 (69) 25 (60) 23 (56)

Fish consumption and behaviors    

 Local wild-caught fish meal frequency in the last month, n (%)    
  1 time in the last month 105 (85) 31 (82) 38 (88) 36 (86)
  2 or 3 times in the last month 17 (14) 6 (16) 5 (12) 6 (14)

 Storebought fish meal frequency in the last month, n (%)    
  1 time in the last month 89 (72) 28 (74) 29 (67) 32 (76)
  2 or 3 times in the last month 33 (27) 9 (24) 14 (33) 10 (24)

 Have you ever: n (%)    
  Eaten fewer fish meals 66 (54) 20 (53) 24 (56) 22 (52)
  Eaten different types or species of fish 73 (59) 25 (66) 23 (53) 25 (60)
  Avoided eating certain parts of fish (head, fat, belly, skin) 61 (50) 20 (53) 19 (44) 22 (52)
  Avoided eating fish from some fishing locations 75 (61) 24 (63) 25 (58) 26 (62)

 Consuming fish parts that contain more fat (sometimes or more frequently), n (%)    
  Skin 96 (78) 28 (74) 33 (77) 35 (83)
  Head 83 (67) 26 (68) 29 (67) 28 (67)
  Guts, organs, or other innards 20 (16) 9 (24) 4 (9) 7 (17)
  Belly fat 51 (41) 16 (42) 15 (35) 20 (48)

 Fish preparation methods that can trap fat and increase  contaminant exposure (sometimes or more 
 frequently), n (%)    
  Use fish or fish parts to make broth, stock, curry, or soup 58 (47) 20 (53) 17 (40) 21 (50)

 Fish preparation methods that reduce contaminant exposure, n (%)    
  Grill or roast 109 (89) 31 (82) 38 (88) 40 (95)

aGroup 1: No intervention components (control group).
bGroup 2: Educational interventions only.
cGroup 3: Self-affirmation and educational interventions.

methods to reduce chemical exposure. Graphics also showed fresh-
caught and storebought fish species categorized as “up to 2 meals 
per week,” “up to 1 meal per week,” “up to 1 meal per month,” 
and “do not eat.” A final message included general advice for 
reducing contaminant exposure in fresh-caught fish (eg, “choose 
smaller, younger fish”) (Appendices 1 and 2).

Self-Affirmation Messages: Immediately before they saw the edu-
cational messages, group 3 completed a self-affirmation exercise. 
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Table 2. Participant Fish Consumption Intentions, Consumption Behaviors, and Preparation Methods —Milwaukee, Wisconsin, June 7, 2023–February 24, 2023

   Group 1a (n = 38) Group 2b (n = 43) Group 3c (n = 42)

Postintervention Intentions (Yes) n (%) OR (95% CI) n (%) OR (95% CI) n (%) OR (95% CI)

 Eat 1 to 2 servings (but not more) of fish every week N/Ad N/Ad 33 (77) Ref 33 (79) 1.11 (0.40–3.14)
 Choose to eat types (species) of fish that are lower in chemicals, like mercury N/Ad N/Ad 39 (91) Ref 39 (93) 1.33 (0.28–7.14)
 Clean or cook fish using ways that may lower the amount of chemicals N/Ad N/Ad 40 (93) Ref 39 (93) 0.98 (0.17–5.55)

Behaviors at 1-month follow-up n (%) OR (95% CI) n (%) OR (95% CI) n (%) OR (95% CI)

 Intention to follow educational messages (n: sometimes or more frequently) N/Ad N/Ad 33 (77) Ref 32 (76) 0.97 (0.35–2.67)
 Behavior changes in the past month (n: Yes)
  Eaten fewer fish meals 17 (45) Ref 23 (53) 1.42 (0.59–3.44) 29 (69) 2.76 (1.12–7.03)
  Eaten different types or species of fish 17 (45) Ref 18 (42) 0.89 (0.47–2.15) 25 (60) 1.82 (0.75–4.47)
  Avoided eating certain parts of fish (head, fat, belly, skin) 21 (55) Ref 31 (72) 2.09 (0.84–5.37) 27 (64) 1.46 (0.59–3.61)
  Avoided eating fish from some fishing locations 18 (47) Ref 30 (70) 2.56 (1.04–6.51) 31 (74) 3.13 (1.25–8.22)
 Specific fish consumption behaviors
  Consuming fish parts that contain more fat (n: sometimes or more frequently)
  Skin 27 (71) Ref 26 (60) 0.69 (0.25–1.81) 22 (52) 0.54 (0.19–1.81) 
  Head 25 (66) Ref 13 (30) 0.23 (0.09–0.59) 12 (29) 0.23 (0.08–0.60)
  Guts, organs, or other innards 6 (16) Ref 3 (7) 0.42 (0.08–1.73) 4 (10) 0.63 (0.15–2.40)
  Belly fat 18 (47) Ref 10 (23) 0.35 (0.13–0.91) 9 (21) 0.34 (0.12–0.89)
 Fish preparation methods that might trap fat and increase contaminant exposure
  Use fish or fish parts to make broth, stock, curry, or soup (n: sometimes or 22 (58) Ref 11 (26) 0.26 (0.10–0.66) 12 (29) 0.32 (0.12–0.83)
  more frequently)
 Fish preparation method that might reduce contaminant exposure
  Grill or broil fish (n: sometimes or more frequently) 28 (74) Ref 30 (70) 0.96 (0.34–2.74) 26 (62) 0.76 (0.27–2.13)

Abbreviation: OR, odds ratio.
aGroup 1: No intervention components (control group).
bGroup 2: Educational interventions only.
cGroup 3: Self-affirmation and educational interventions.
dGroup 1 was not asked items regarding postintervention intentions.

In self-affirmation interventions, participants are presented with 
reminders of their values to affirm a positive self-image. These 
reminders might increase perceived self-efficacy and willing-
ness to adopt desired behaviors.10 To remind participants of their 
values, we asked each participant to respond to a series of items 
about their motivations. Each participant selected from a list of 
statements that “best represents what is most important to you 
when deciding how and what you eat.” Their selection prompted 
a nested list of new value statements related to their first choice. 
They selected a statement from this second list, then answered 
open-ended questions about why their chosen statement reflected 
their values (Appendices 1 and 2).

Survey Items
We collected demographic information and baseline fish con-
sumption behaviors. A full list of survey items is available in 
Appendix 2. Immediately after the intervention, groups 2 and 3 
reported whether they intended to make certain behavior changes 
(eg, “eat 1 to 2 servings [but not more] of fish every week”) in the 
next 30 days.

One month after the initial survey and intervention, we reas-
sessed how frequently participants had consumed local, fresh-
caught, and storebought fish. Using the same items as the baseline 
survey, participants were asked how frequently they consumed 

certain fish parts and used different fish preparation methods. 
Participants reported whether they had made changes to their fish 
consumption habits in the past month. Groups 2 and 3 reported 
how frequently they intended to follow messages from the educa-
tional intervention.

Statistical Analysis
We calculated descriptive statistics of participant demographics, 
baseline fish consumption habits, and advisory awareness. We 
fit unadjusted logistic regression models to calculate odds ratios 
(OR) for differences among groups in postintervention inten-
tions, reported behavior changes, fish consumption habits, and 
fish preparation methods at 1 month follow-up. For each model, 
the dependent variable was the 1-month survey item of inter-
est, and the independent variable was the intervention group, 
with group 1 as the reference. For analysis, we focused on fish 
consumption habits and preparation methods mentioned in the 
educational materials as either increasing (ie, consuming the 
skin, head, guts, organs, innards, or belly fat or using fish to 
make broth, stock, curry, or soup) or decreasing (ie, grilling or 
broiling fish) contaminant exposure. To maximize sample size in 
each category, any item with a range of responses was dichoto-
mized for analysis (eg, a 6-point scale from “1 time in the last 
month” to “2 or more times per day” was reduced to “<1 time 
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per week” vs “≥1 times per week”). We used R version 4.4.0 (R 
Core Team) for all analyses.

RESULTS
In total, 123 Asian women aged 20 to 50 years were survey par-
ticipants. Thirty-eight participants were randomized to group 1, 
43 to group 2, and 42 to group 3. Most participants were Hmong 
(n = 77, 63%), followed by Karen (n = 17, 14%), Chinese (n = 15, 
12%), and Filipino (n = 14, 11%). Nearly all (n = 111, 90%) par-
ticipants chose to complete the survey in English. Most partici-
pants had at least an associate degree (61%) (Table 1).

Most participants in the intervention groups reported inten-
tions to follow educational messages. Immediately after the 
intervention, 77% of group 2 and 79% of group 3 reported 
they planned to “eat 1 to 2 servings (but not more) of fish every 
week.” Likewise, 91% to 93% said they planned to “choose to 
eat types (species) of fish that are lower in chemicals, like mer-
cury” and “clean or cook fish using ways that may lower the 
amount of chemicals.” However, because group 1 did not answer 
these items, it is unclear whether the interventions improved 
participant intentions. 

After 1 month, 77% of group 2 and 76% of group 3 reported 
they intended to follow the educational messages from the 
intervention (Table 2). Group 3 had higher odds than group 1 
of reporting most behavior changes in the past 30 days, includ-
ing “eating fewer fish meals” (OR 2.76; 95% CI, 1.12–7.03), 
“eating different types or species of fish” (OR 1.82; 95% CI, 
0.75–4.47), and “avoided eating fish from some fishing loca-
tions” (OR 3.13; 95% CI, 1.25–8.22). Groups 2 and 3 reported 
eating the skin, head, guts, and belly fat of fish less often than 
group 1 (Table 2).

DISCUSSION
In this behavioral intervention of Asian WCBA in the Milwaukee 
area, we found motivational self-affirmation and educational 
messaging improved fish advisory awareness and safer fish con-
sumption behaviors. Both groups 2 and 3 reported less frequent 
use of higher-contaminant fish preparation methods than group 
1. These results are encouraging evidence that educational mes-
saging might reduce these communities’ contaminant exposure 
from fish consumption. Group 3 was more likely than group 
1 to report behavior changes to avoid contaminants from fish, 
indicating self-affirmation interventions are also beneficial. In 
keeping with our previous findings, intervention components 
designed to increase both fish advisory knowledge and self-effi-
cacy increased safe fish consumption behaviors. 

Maternal exposure to mercury, PFAS, and PCB contamina-
tion may lead to adverse birth outcomes and impact cognitive 
and reproductive health in infants.2 Our team’s prior studies 
found that a sample of mostly White, mostly male Milwaukee-
area anglers had elevated contaminant levels, and in Wisconsin, 

Asian people have higher incidence of severe maternal morbidity 
and low birthweight than comparator groups.11,12 Although these 
poor outcomes are likely multifactorial, limiting contaminant 
exposure from eating fish in Asian WCBA in the Milwaukee 
area may improve maternal and child health and reduce these 
health disparities. Clinicians and public health practitioners can 
use these combined educational and self-affirmation materials 
to reduce contaminant exposure from fish consumption in this 
community.

Limitations
Our smaller-than-intended sample size (n = 201) limits inference. 
Second, surveys and intervention materials required internet access 
and fluency in written English, Hmong, Chinese, or Karen, which 
might have excluded some eligible persons. Third, responses were 
self-reported and subject to social desirability bias. Lastly, we fol-
lowed participants for only 1 month, so durability of our findings 
is unknown.

CONCLUSIONS
This behavioral intervention was associated with increased safe fish 
consumption behaviors among Asian WCBA in the Milwaukee 
area. Self-affirmation paired with educational messaging might be 
a valuable tool to reduce contaminant exposure from fish in this 
population.
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Theme 4: PEDIATRIC HEALTH

Vital Moments
Kristen Mahaffey 

Artist Statement:
As an artist, my goal is to create whimsical art that doesn’t take 
itself too seriously. I like to express the fun, happiness, and joy in 
mundane moments and mundane objects. Vital Moments depicts 
a typical doctor's office setting with a doctor checking vitals on her 
young patient who looks up at her with trusting eyes. 
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at our level I pediatric trauma center compared 
to prepandemic numbers: during 2016-2019, 
we treated 40 to 50 children per year for gun-
shot wounds, while in 2023, we saw more than 
140 kids with gun shot wounds. We also have 
seen a sharp increase in firearm-related mor-

tality at our hospital, peaking at 12 pediatric 
deaths in 2022.5 

As we formulate our response to this 
national public health crisis, it is important to 
consider how guns impact children differently 
based on socioeconomic status, gender, age, 
and race. For example, children living in pov-
erty are more likely to die from firearm injuries 
than their wealthier peers, and boys represent 
85% of all pediatric gun deaths.2 In children 
under 11 years of age, a significant percentage 
of firearm-related deaths are due to uninten-
tional discharge (19%), while among adoles-
cents, suicide represents an increased burden 
of firearm-related deaths (31%).3 Across all 
ages, however, gun assaults remain the lead-
ing cause of firearm-related deaths, represent-
ing over two-thirds of all children who die by 
gun violence.3 

Kellie C. Snooks, DO, MPH; Michael Levas, MD, MS; Megan L. Schultz, MD, MA

Gun Violence in Children: A Public Health Crisis 
and an Upstream Approach to Our Response

For the past 6 decades, motor vehicle 
crashes have been the leading cause 
of death for American children and 

adolescents.1 However, in 2020, guns over-
took motor vehicles as the leading cause of 
death for all American youth.2 We are now liv-
ing in an age where guns kill more children 
than cancer or infection; we are living in a 
country where a child dies by a gun, on aver-
age, every 3.5 hours.3 Every week, we lose 2 
classrooms full of American children due to 
gun violence.

These dire statistics are also true for kids 
in Wisconsin: as of 2020, guns are the leading 
cause of death for Wisconsin children. From 
2020 through 2022, guns claimed the lives 
of 130 Wisconsin children aged 0 to 17 years 
and 96 young adults aged 18 to 19 years.4 As a 
comparison, these deaths represent a respec-
tive 23% and 99% increase from the years 2015 
through 2018.4 At Children’s Wisconsin, we 
have seen a 3-fold increase in firearm injuries 

Pediatric gun violence rates also vary 
widely – and tragically – by race, with Black 
children by far being the most affected: Black 
children are 6 times more likely to die by gun 
violence than White children.6 Black children 
comprise just 14% of the US pediatric popu-

lation, yet account for a staggering 48% of 
firearm-related pediatric deaths.6 Gun vio-
lence has risen among other racial groups 
as well: from 2018 through 2022, Hispanic 
youth experienced a 73% increase in firearm 
deaths, and rates among American Indian and 
Alaska Native children nearly doubled.3 White 
children, meanwhile, are disproportionately 
affected by gun suicide: in 2021, 78.4% of 
all pediatric firearm suicides were White chil-
dren.2 

The impact of gun violence continues far 
beyond hospital walls. Families, communities, 
health care workers, first responders, and 
educators carry long-lasting psychological bur-
dens when a child is a victim of gun violence. 
Children who are injured by firearms have an 
increased risk of inpatient hospitalization, 
emergency department visits, mental health 

We are now living in an age where guns kill more 
children than cancer or infection; we are living in a 

country where a child dies by a gun, on average, every 
3.5 hours. Every week, we lose 2 classrooms full 

of American children due to gun violence.
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care utilization, substance use treatment, and 
health care costs in the year following their 
injury.7,8 Research has shown that youth who 
simply witness gun violence, without being 
directly victimized, experience posttraumatic 
stress disorder, anxiety, and poor school perfor-
mance.3,9 Exposure to gun violence also affects 
first responders and health care providers: 
multiple studies have shown increasing rates 
of posttraumatic stress disorder among these 
groups specifically.10,11 As the ripple effects of 
gun violence continue to traumatize so many 
Americans, we must enact change. 

A Multifaceted Public Health 
Approach
An upstream, evidence-based public health 
approach to gun violence prevention is cru-
cial to save the lives of children. We can look 
to successful public health injury preven-
tion techniques in history for guidance: one 
particularly effective public health success 
story is decreasing injury and death due to 
motor vehicle crashes (MVC). Over the past 
60 years, there have been steady financial, 
cultural, technological, and structural invest-
ments in our country to make automobiles 
safer, eventually leading to a 40% decrease in 
MVC-related injuries since 2000.1 Seatbelts, 
airbags, and blind spot alerts represent exam-
ples of technological advancements that have 
made our cars safer, while drunk driving laws, 
driver’s license age limits, and roadway recon-
figurations are examples of legislative and 
environmental advancements that have made 
driving safer in general. There is also a federal 

agency that specifically oversees the safety of 
motor vehicles: the National Highway Traffic 
Safety Administration (NHTSA).1 For decades, 
the NHTSA has maintained a database of the 
surrounding details for all MVC-related injuries 
and deaths, which has invaluably informed 
and shaped legislation, medical research, and 
publicly available data on automobile safety 
ratings in our country. 

Now let’s apply the lessons learned from 
this public health success story to guns: 
although guns are now the leading cause of 
death for American children, guns currently 
are not regulated by any federal agency. There 
is no federal database of gun shot wounds or 
firearm-related deaths. Gun manufacturers are 
exempt from civil prosecution,12 and until 2019, 
medical research on gun violence prevention 
was restricted by federal law.13 Meanwhile, 
the lethality of bullets, capacity of magazines, 
and firing rate of firearms all have increased 
dramatically during a time when legislation 
to address gun access and safety has relaxed 
nationwide.  

A public health approach to preventing 
firearm injuries and deaths requires significant 
investment across public and private sectors. 
We need to prevent gun violence before it 
occurs with secure storage, evidence-based 
policy and legislation, and gun safety educa-
tion. We need to mitigate the lethality of guns 
with industry regulations and technological 
advancements, and we need to improve out-
comes for gun violence victims after an injury 
has occurred. Finally, it is essential we under-
stand the etiology and disparities of gun vio-

lence with evidence-based research to target 

specific interventions and education at each 

level of care. Examples of a multifaceted 

upstream approach to gun violence include 

secure storage, community- and hospital-based 

violence intervention programs, and legislative 

measures and are detailed below. 

Secure Storage
Secure firearm storage is a life-saving mea-

sure that can prevent deaths due to both 

suicide and unintentional shootings. The 

American Academy of Pediatrics (AAP) defines 

the secure storage of a firearm as unloaded, 

locked, with ammunition locked and stored 

separately from the firearm. Approximately 

4.6 million children in the US live in a house 

with an improperly stored gun.14 Notably, 

85% of gun-related deaths in children under 

12 occur at home.15 The AAP emphasizes the 

need for pediatricians to provide anticipatory 

guidance on safe storage practices during all 

well child checks; ideally, this should be done 

for patients of any age to prevent gun-related 

suicides and homicides. There are a wide 

variety of secure storage devices that range 

in cost, from trigger locks to biometric safes; 

guidance on which device to choose should 

be tailored to each family’s needs and locally 

available resources. 

Community and Hospital 
Investments
Community violence intervention (CVI) pro-

grams and hospital-based violence interven-

tion programs (+HVIP) are essential elements 

Table. Effective Gun Violence Prevention Laws

Legislation Parameters Evidence

Child access Holds a gun owner liable if a child accesses a firearm. Degree  The strictest child access prevention laws are associated with decreased
prevention  of criminal liability varies based on state law.  pediatric firearm mortality.15

Universal background Federal and local law enforcement checks of an individual  In a 5-year analysis of gun laws and pediatric mortality rates, univeral
checks  purchasing a firearm. background checks were associated with lower firearm mortality rates in  
  children.15 

Extreme risk protection,  Through a court order an individual who may be at imminent risk  Analyses following the implementation of Indiana and Connecticut
aka “Red Flag Laws”  of injuring themselves or someone else may have their firearms  Extreme Risk Protection Orders have shown decreases in suicide deaths
 temporarily removed and may be temporarily prohibited from  in their states.15,16

 purchasing a firearm.  

Buyer regulations Examples of buyer regulations include increasing the minimum  The mandatory 48 hour waiting period for purchasing a handgun in the
 age for purchasing certain types of firearms, requiring permits  state of Wisconsin was repealed in 2015. This repeal has been associated
 or licenses, and mandatory waiting periods.15 with increased suicide rates in the state.17
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of a comprehensive approach to gun violence. 
CVI programs focus on community level in fos-
tering collaboration between hospital systems, 
trusted community members, community-
based organizations, and government enti-
ties to reduce gun violence. This approach 
has been utilized in many major metropolitan 
areas with successful reductions in homicides. 
HVIPs identify youth who have experienced 
violent injuries and connect them with victim 
advocates. These advocates provide sup-
port throughout the healing process, with the 
goal of promoting recovery and reducing the 
risk of future violence. HVIPs have shown sig-
nificant success in breaking cycles of violence 
and reinjury.15 Investing in these programs is 
essential, as their preventive impact reduces 
both violence and the overall disease burden. 
Clinicians and health care systems must con-
tinue to invest in these lifesaving initiatives to 
ensure their long-term effectiveness.

Legislative Approaches
As health care providers, an understanding of 
how effective legislation at both the state and 
federal levels can save the lives of children is 
also essential. Child firearm access preven-
tion laws, universal background checks, and 
extreme risk protection orders are all examples 
of legislation that work to prevent gun deaths 
and injuries.15,16,18,19 The Table demonstrates 
examples of these type of evidence-based leg-
islative solutions. 

Conclusions
Guns are the leading cause of death for chil-
dren across the US, including Wisconsin. Gun 
violence in youth is a public health crisis that 
requires a multifaceted upstream approach to 
overcome its current catastrophic trajectory. 
Approaching the crisis with such evidence-
based public health methods as secure stor-
age counseling, CVI and HVIP investments, and 
legislative action will mitigate gun deaths and 
injuries in children. We pediatricians are used 
to advocating for children’s safety, from bike 
helmets to swimming lessons; it is now time for 
all health care providers, across the age spec-
trum, to advocate for gun violence prevention. 
It is time for us to look upstream and protect 
our country’s and our state’s children.
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INTRODUCTION
Neonatal fever is common in the emer-
gency department (ED) and a challeng-
ing presentation for infants less than 60 
days old.1 Clinical presentation cannot 
easily identify patients at high risk for 
invasive bacterial infection; fever is often 
the only clinical sign of an infection 
in these patients, which leads to many 
infants receiving lumbar punctures and 
empiric antibiotics.2,3 Prompt initiation 
of antibiotics for infection leads to better 
outcomes.1 Consensus recommendations 
support starting antibiotics within 1 hour 
of presentation for septic shock and 3 
hours for all other infections.1,4 However, 
unnecessary lumbar punctures, antibi-
otics, and hospital admissions are not 
without risks and can be costly, poten-
tially harmful, and could lead to anti-
microbial resistance and adverse effects.5 
Previous studies have developed criteria 
and algorithms for identifying patients at 
low risk for invasive bacterial infections.1 
Furthermore, advances in laboratory test-
ing have led to more rapid identification 
of pathogens, and measurement of more 

specific inflammatory markers have improved the identification 
of infants at low risk for invasive bacterial infection.

Previously, a national guideline did not exist to guide treat-
ment of febrile infants, and practice was largely based on expert 
opinion. In 2021, the American Academy of Pediatrics (AAP) 
released evidence-based guidelines to address evaluation and 
management of well-appearing, term infants 8 to 60 days old 
presenting with a fever and no evident source of infection.5 The 

ABSTRACT
Introduction: The 2021 American Academy of Pediatrics guideline on well-appearing febrile 
infants recommends deferral of lumbar puncture and/or initial antibiotics in certain patients 22 to 
60 days old, along with shared decision-making with the patient’s caregivers. This study sought 
to compare the incidence of invasive bacterial infection and/or need for escalation of care in 
febrile infants in this age group who did and did not receive initial empiric antibiotics before and 
after implementation of the guideline.

Methods: This was a single-center, retrospective cohort evaluation of admitted patients before 
and after guideline implementation. Well-appearing infants 22 to 60 days old who presented 
to the emergency department with fever and met guideline criteria were included. The primary 
outcome compares the incidence of invasive bacterial infections and escalation of care among 
patients who did and did not defer initial antibiotics. Secondary outcomes include rate of positive 
bacterial cultures, length of stay, and mortality. Patient demographics, antibiotic initiation, culture 
data, inflammatory markers, urinalysis, lumbar puncture and cerebrospinal fluid cell counts, read-
mission within 7 days of discharge, length of stay, and mortality within 30 days were collected 
and analyzed. 

Results: Sixty-one patients were included: 21 in the pre-guideline group and 40 in the post-
guideline group. There was no difference in the incidence of invasive bacterial infections or 
escalation of care between groups. There was no difference in rate of positive bacterial cultures, 
length of stay, or mortality. More patients in the pre-guideline group received a lumbar puncture 
compared to the post-guideline group. 

Conclusions: Our results affirm guideline recommendations suggesting deferral of antibiotics 
in well-appearing infants meeting select criteria results in decreased antibiotic use and lumbar 
punctures without affecting the rate of invasive bacterial infections or need for escalation of 
care.

Emily Willey, PharmD; Tracy Zembles, PharmD, BCPS, BCIDP; Elizabeth Segar, MD; Evelyn Kuhn, PhD; 
Brianna Mayer, PharmD, BCPPS

Outcomes Among Well-appearing Infants Initially 
Deferred Antibiotics for Fever 
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Figure. Consort Diagram

Abbreviations: ED, emergency department; ICU, intensive care unit.
aCriteria according to guidelines in accordance with the 2021 American 
Academy of Pediatric evaluation and management of well-appearing febrile 
infants 8 – 60 days old.
bHerpes simplex virus, focal bacterial infection, clinical bronchiolitis, congenital 
or chromosomal abnormalities, or immunocompromised.

Patients ≥ 37 weeks gestation, 22 – 60 days old, admitted via ED for fever 
n = 188

Pre-guideline, n = 69 Post-guideline, n = 119

Excluded:
Did not meet criteria to defera (n = 18)

ICU admission (n = 1)
Medical exclusionb (n = 29)

Excluded:
Did not defer antibiotics (n = 43)

ICU admission (n = 3)
Medical exclusionb (n = 33)

Enrolled, n = 21 Enrolled, n = 40

guideline recommends deferral of lumbar puncture and/or ini-
tial antibiotics in certain patients 22 to 60 days old, along with 
shared decision-making with the patient’s caregivers. This study 
sought to evaluate the impact of implementing the guideline 
by comparing the incidence of invasive bacterial infection and/
or need for escalation of care in febrile infants 22 to 60 days 
old before and after guideline implementation who did and not 
receive antibiotics, respectively.

METHODS
This is a single-center, quasi-experimental study conducted at a 
298-bed freestanding, academic children’s hospital. Well-appearing 
patients 22 to 60 days old and at least 37 weeks gestation admitted 
through the ED for fever were included. An institutional guideline 
was created in 2021 that incorporated the AAP recommendations; 
well-appearing infants with no evident source of infection were 
candidates to be monitored without administration of antibiotics. 
We compared outcomes during a pre-guideline phase (January 1, 
2020, through December 31, 2020) and a post-guideline phase 
(January 1, 2022, through December 31, 2022), with a washout 
period between when the guideline was being discussed and devel-
oped. Patients with confirmed or suspected herpes simplex virus 
infection, focal bacterial infection, clinical bronchiolitis, congeni-
tal or chromosomal abnormalities, or who were immunocompro-
mised were excluded as outlined in the AAP guideline. Patients 
admitted to an intensive care unit (ICU) were excluded, as these 
patients were “ill-appearing” by guideline definition and did not 
qualify for antibiotic deferral. Infants who received antibiotics 
prior to admission also were excluded. Fever was defined as tem-
perature ≥ 38 °C. 

Patient demographics, laboratory, microbiologic, and clinical 
data were abstracted from the electronic health record. Patient 
demographics included age at admission, gestational age, and 
sex. Laboratory values collected included urinalysis, cerebrospi-
nal fluid (CSF) analysis, and inflammatory markers (procalcito-
nin, C-reactive protein, absolute neutrophil count [ANC], and 
total white blood cell count). The urinalysis was considered posi-
tive if there were positive nitrites, leukocyte esterase, or greater 
than 5 white blood cells per high power field in the urine. 
Microbiologic data collected included blood, urine, and CSF 
cultures (if lumbar puncture was performed). Organisms con-
sidered contaminants by the medical team as documented in the 
electronic health record, such as coagulase negative Staphylococci, 
and urine cultures with less than 100 000 colony forming units 
were considered negative. Finally, antibiotic regimens, dura-
tion of therapy, length of hospital stay, readmission within 7 
days of discharge with initiation of antibiotics for presumed or 
confirmed bacterial infection, and mortality within 30 days of 
admission also were reported through manual chart review. 

Primary outcomes included (1) rate of invasive bacterial infec-
tions, defined as bacterial meningitis or bacteremia, and (2) need 

for escalation of care, defined as ICU admission, initiation of 
antibiotics after initial deferral, or readmission to the hospital or 
ED within 7 days of discharge for a bacterial infection. Secondary 
endpoints included rate of positive cultures, length of stay, and 
mortality within 30 days of discharge. 

The proportions of patients with various demographic or med-
ical characteristics in the 2020 cohort versus the 2022 cohort were 
compared using chi-square tests or Fisher exact tests. Continuous/
numeric variables (eg, age, antibiotic duration) were compared 
using t tests (not assuming equal variance). Statistical analysis was 
performed using IBM SPSS Statistics version 20.0 (IBM Corp, 
Armonk, New York). This study was reviewed by the Institutional 
Review Board and determined to be nonhuman subject research.

RESULTS
A total of 188 admitted patients from 22 to 60 days old were 
screened for inclusion; 21 met inclusion for deferral of antibiot-
ics in the pre-guideline group and 40 in the post-guideline group 
(Figure). Baseline characteristics were similar between the groups 
(Table 1), except infants in the pre-guideline group were older 
than the post-guideline group (41 vs 33 days, P = 0.031). 

Incidence of invasive bacterial infection was similar between 
the 2 groups (0 vs 1, P = 1) (Table 2). Likewise, need for escala-
tion of care was similar (P = 0.084). Infants in the post-guideline 
group had fewer lumbar punctures performed compared to the 
pre-guideline group (P < 0.001). There were no deaths in either 
group. There was no difference in the number of positive cultures 
(P = 0.541). Length of stay was similar between groups (P = 0.926).

DISCUSSION
Our data suggest that deferring antibiotics in well-appearing febrile 
infants aged 22 to 60 days did not result in negative outcomes, 
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Table 1. Baseline Characteristics

  2020 Cohort  2022 Cohort P value
  (N = 21) (N = 40) 

Age (days), mean (SD) 40.76 (13.10) 33.13 (11.60) 0.031
 22 – 28 days old, n (%) 8 (38.1) 23 (57.5) 0.150
 29 – 60 days old, n (%) 13 (61.9) 17 (42.5) 
Gestational age (weeks), mean (SD) 38.38 (1.16) 38.58 (0.81) 0.500
Female, n (%) 10 (47.6) 15 (37.5) 0.445
Concomitant viral infection, n (%) 8 (38.1) 8 (20) 0.127
Maximum temperature, mean (SD) 38.26  (0.49) 38.35  (0.65) 0.576
White blood cell count, mean (SD)  9.94 (6.74)  9.49 (3.94) 0.781
Absolute neutrophil count, mean (SD)  4341.8 (4220.6) 3497.2 (2347.5) 0.403
Deferred initial antibiotics, n (%) 2 (9.5) 40 (100) < 0.001

Table 2. Endpoints

  2020 Cohort  2022 Cohort P value
  (N = 21) (N = 40) 

Composite, escalation of care  0 7 (17.5) 0.084
 ICU admission, n (%) 0 0 NA
 ED or hospital within 7 days, n (%) 0 1 (2.5) 1.00
 Initiation of antibiotics,a n (%) 0 6 (15.0) 1.00b   

Lumbar puncture performed, n (%) 19 (90.5) 12 (30.0) < 0.001
Invasive bacterial infection 0 1 (2.5) 1.00
Positive culturec 0 2 0.541
 Blood, n (%) 0 0 NA
 CSF or Biofire,d n (%) (n = 33) 0 1 (8.3) 0.364
 Urine, n (%) 0 2 (5.0) 0.541
Length of stay (hours), mean (SD) 42.81 (11.99) 42.35  (26.68) 0.926
Mortality, n (%) 0 0 NA

Abbreviations: ICU, intensive care unit; ED, emergency department; CSF, cere-
brospinal fluid. 
aAmong patients initially deferred antibiotics.
bNot applicable excluded.
cContaminants excluded.
dAmong patients with a lumbar puncture performed.

including invasive bacterial infections and need for escalation of 
care. Though not statistically significant, 6 patients in the post-
guideline group had antibiotics initiated after initial deferral. One 
infant had an invasive bacterial infection with a positive CSF poly-
merase chain reaction (PCR) panel for Haemophilus influenzae, as 
well as a positive urine culture with Escherichia coli, which was sub-
sequently treated with antibiotics. Another patient started antibiot-
ics for an Escherichia coli urinary tract infection. Four patients who 
started antibiotics after initial deferral had no identified infection 
source and eventually stopped antibiotics within 48 hours. There 
was lack of documentation about the decision to start antibiot-
ics in these patients; however, the AAP guideline includes shared 
decision-making with the patient’s caretakers, so this may explain 
why antibiotics were initiated when they were initially deferred. 
Although there were no patients in the pre-guideline group who 
required escalation of care, most patients received antibiotics, 
which could explain why there were none admitted to the ICU or 
readmitted within 7 days.

Although patients were younger in the post-guideline cohort, 
the finding is not clinically relevant. The mean age for both popu-
lations falls within the 29- to 60-day-old algorithm per the guide-
line; therefore, both were assessed with the same criteria to defer 
initial antibiotics. 

The use of inflammatory markers and urinalysis to deter-
mine risk stratification of febrile infants has been well described. 
Previous studies attempting to identify patients at highest risk of 
invasive bacterial infection were unsuccessful, but they were able 
to determine which patients were at low risk of infection.5 Models 
such as the Boston, Philadelphia, and Rochester criteria as well as 
the step-by-step approach used clinical and laboratory data such as 
inflammatory markers and urinalysis to identify low risk patients; 
these risk stratifications have demonstrated high sensitivities and 
negative predictive values (>90%) with moderate specificity (20%-
60%).2,3,5 Urinary tract infection is the most common source of 
bacterial infection in patients with fever, and most will be identi-
fied by urinalysis.2 Only 1 patient in the study who deferred initial 
antibiotics was identified as having an invasive bacterial infection, 

which supports the current risk stratification approach defined 
by the AAP guideline. At our institution, it is common practice 
for patients with a positive urinalysis in the ED to be started on 
antibiotics pending final identification and susceptibility results. 
Therefore, we excluded these patients because they did not defer 
initial antibiotics at admission. 

Bacterial infection is a significant cause of infant morbidity and 
mortality and is preventable with timely initiation of antibiotics, 
but over half of patients without an invasive bacterial infection or 
urinary tract infection will receive unnecessary antibiotics.1 The 
risks associated with antibiotics in infants include adverse drug 
reactions, intravenous line complications such as infection, dis-
ruption of the infant’s gastrointestinal microbiome, and potential 
for antimicrobial resistance.5 The risk-benefit discussion of initiat-
ing or deferring antibiotics must be assessed for each patient and 
further supports guideline recommendations. 

There were more lumbar punctures performed in the pre-
guideline group, but the ANC – an inflammatory marker used 
to determine if a patient qualifies for lumbar puncture and/or 
antibiotic deferral – was not different between groups. Lumbar 
punctures are invasive and painful procedures that can lead to 
complications, such as bleeding, infection, and respiratory com-
promise.5,6 Our study supports the reduction in lumbar punctures 
performed based on inflammatory markers. 

Although costs were not analyzed in this study, we suspect 
there was a cost savings due to the decreased number of lumbar 
punctures and antibiotics used, even with increased collection of 
procalcitonin. A previous study analyzed costs of incorporating 
procalcitonin in the evaluation of infants less than 60 days old and 
found an overall cost savings of about 10% when used to improve 
risk stratification practices.7
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A strength of our study was inclusion of patients with COVID-
19 and other positive viral PCRs as long as they did not have 
symptoms of bronchiolitis, which was determined by initiation 
of the bronchiolitis protocol and electronic heath record docu-
mentation. A study of 9841 febrile infants who tested positive for 
COVID-19 infection found the risk of bacterial co-infection to be 
low and were less likely to have a bacterial infection compared to 
those who tested negative for COVID-19.8 

Limitations of this study include the retrospective design at a 
single center and including the timeframe of the COVID-19 pan-
demic. Patient volumes were lower during the COVID-19 pan-
demic and may have influenced the number of patients included 
in our study. Additionally, patients with suspected COVID-19 
infection were placed in the hospital based on patient care and 
staffing needs, sometimes including ICU floors – even when not 
critically ill – thus excluding them from our data. Another limi-
tation includes the small patient population; the estimated inci-
dence of bacteremia and bacterial meningitis in infants is < 2% and 
< 0.5% respectively, so our study may not have been powered to 
detect a significant difference.5 We did not include patients trans-
ferred from outside hospitals who otherwise may have qualified, 
as well as patients who were evaluated in the ED and discharged 
home; further studies would be needed to assess the impact on this 
patient population. 

CONCLUSIONS
Our findings suggest that initial antibiotic deferral based on the 
2021 AAP guideline criteria in well-appearing febrile infants is 
safe and the rate of invasive bacterial infection is low. Guideline 
implementation resulted in fewer lumbar punctures and antibiotic 
use without negatively affecting the incidence of invasive bacterial 
infections or escalation of care at our children’s hospital. Future 
prospective, randomized controlled trials with a larger sample size 
are needed to fully investigate the impact of deferred antibiotics in 
this population. 
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are likely worse in impoverished commu-
nities.3 Barriers to access to mental health 
care include stigma and lack of informa-
tion for many families. Restricted access 
in impoverished communities is driven 
primarily by maldistribution of behavioral 
health providers.4 Lack of transportation, 
scheduling difficulties, lack of health 
insurance and unresponsive providers 
further contribute to restricted access to 
care.5 School-based mental health ser-
vices are at the forefront of recommended 
actions to address access to care and treat-
ment delays.6  

School-based mental health care is 
believed to increase access to services.7 
Access is improved through less parental 
time off work, reduced childcare, decreased 
transportation needs, nonstigmatizing 

environment, and time and cost savings.7,8 Students and their 
families may be more comfortable with mental health treatment as 
they see the provider as part of the school environment interacting 
with staff and other students. School-based health centers natu-
rally improve access given that approximately 95% of youth ages 
7 to 17 attend school every day.9 In fact, some have acknowledged 
that our nation’s schools are already the de facto provider of mental 
health services to our youth.10

Children living in impoverished or marginalized communities 
face barriers to academic achievement as well. Inequities by race, 
ethnicity, and income in educational achievement are well docu-
mented.7 The significant opportunity gaps that exist between mid-
dle- and low-income children at school entry widen over time and 
contribute to differences in educational attainment and employ-
ment potential in the long term.11 Placing mental health profes-
sionals in schools is thought to reduce these disparities.7,10

ABSTRACT
Background: Academic achievement is an important indicator of a child’s functioning and is 
inextricably linked with mental health. Prevalence rates of mental illness among children are 
alarmingly high, while relatively few receive treatment. Increasing accessibility to appropriate 
care is a major objective of school-based mental health programs. Providing mental health care 
in the schools should result in improved accessibility to care, decreased distress, and improved 
academic outcomes. 

Methods: We followed 465 children in a large, urban school district who had been referred for 
school-based mental health services across 1 academic year. Outcomes including attendance, 
office disciplinary referrals, suspensions, and academic achievement were collected. 

Results: Participation in school-based mental health was associated with lower rates of suspen-
sions and higher math achievement scores. Dose-dependent relationships were found for atten-
dance and suspensions. 

Conclusions: School-based mental health care may improve access to treatment, thereby 
addressing health care inequities, and was associated with improvement in academic achieve-
ment and school-related behaviors.

David J. Cipriano, PhD; Samuel A. Maurice, PhD

 

Impact of a School-Based Mental Health Program 
on Academic Outcomes

BACKGROUND
Prevalence rates for mental health problems among US chil-
dren range from 9.4% for anxiety in children and adolescents 
to 20.9% for major depression among adolescents.1 These 
numbers have risen since the COVID-19 pandemic.2 Yet, the 
number of children who receive mental health care is well below 
these prevalence estimates.1 Socioeconomic disparities in mental 
health outcomes exist in the US indicating that these numbers 
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Table 1. Sample Demographics Stratified by Intervention Condition

  Total Treatment Comparison χ2 P value

Gender %      
 Female 32.7 32.5 33.9 0.071 .789
 Male 67.3 67.5 66.1 
Ethnicity %      
 American Indian 0.7 0.8 0.0   
 Asian American 1.4 1.6 0.0   
 Black 81.9 81.6 82.3 1.090 .297
 Latin(x) 12.2 11.6 16.1   
 White 2.7 3.1 1.6   
 Multiracial 1.1 1.3 0.0  

Free and reduced lunch %      
 Yes 94.4 93.7 96.8 1.537 .215
 No 5.6 6.3 3.2  

English language learner %     
 Yes 7.1 6.1 12.9 5.649 .017
 No 92.8 93.7 87.1  
 Unknown 0.1 0.1 0.0  

Special education %     
 Yes 32.5 35.7 29.0 1.844 .175
 No 67.5 64.3 71.0  

Note: Percentages are based off a total sample size 465 students, with 341 stu-
dents in the treatment group and 124 students in the control group. Chi-square 
test for ethnicity and control/treatment group was only conducted for Black and 
Hispanic students due to low sample sizes. 

Children’s psychological health is essential for their academic 
success.12 However, academic outcomes are not always measured 
in studies of school-based mental health services, with some 
exceptions.13-16 For example, Kase and colleagues were able to 
find only 36 articles from the previous 17 years that reported 
on the impact of school-based mental health on academic out-
comes.15 Academic outcomes include indices of classroom behav-
ior in addition to achievement markers. Such behavioral out-
comes include disciplinary actions and attendance. These are 
considered barriers to learning14 and may be affected by psycho-
social intervention.17 The impact of school-based mental health 
on academic outcomes generally has been found positive though 
modest.15 

Two research questions guided this study: (1) To what extent 
did students who participated in school-based mental health treat-
ment evidence more adaptive levels of the behavior-based out-
comes of attendance, office disciplinary referrals, and suspensions 
when compared to students who did not receive treatment (but 
who also were identified as having behavioral or emotional needs 
worthy of treatment)? and (2) To what extent did students who 
participated in school-based mental health treatment evidence 
higher levels of change over time on academic outcomes com-
pared to students who did not receive treatment (but who also 
were identified as having behavioral or emotional needs worthy 
of treatment)? 

METHODS
Participants
Students in Milwaukee Public Schools (MPS) who were referred 
to a school-based mental health program were the study par-
ticipants. The MPS system has over 68 000 students: 14% are 
English-language learners and approximately 91% are students 
of color. The study participants are largely representative of these 
demographics. Typical criteria for identification included behav-
ior problems exhibited in the school, student or parent complaint 
of psychological problems, and academic underachievement not 
otherwise explained by learning difficulties. Students were con-
sidered for services regardless of insurance coverage. The only 
exclusion criteria were parental refusal to consent for treatment 
or referral by the team to a more appropriate level of care not 
offered within the school. There were 22 schools participating in 
the program at the time of this study. Four of these were private 
“voucher” schools chartered by MPS and served the same con-
stituency as MPS. However, these private schools did not provide 
data on school-related behavior or administer the STAR Reading 
and Math exams. Therefore, they were excluded from the final 
analyses. 

There were 499 students referred for treatment; 34 declined 
the referral. A total of 341 students and their parent or guard-
ian agreed with the referral, signed the consent form, and entered 
treatment. The remaining group of 124 children comprised the 

comparison group. This comparison group consisted of students 
who were referred for school-based mental health services, com-
pleted the consent process, but did not go on to start services. 
The reasons for this are varied and ultimately rested with the child 
and their parent or guardian (ie, they decided not to go through 
with treatment after initially consenting to do so). There is no 
anecdotal data that this group was more likely to be referred to 
a higher level of mental health care, which would obviously bias 
the results in favor of the treatment group. The two groups were 
similar on demographic characteristics such as gender, ethnicity, 
and economic status. We followed these 465 children who were 
referred during academic year 2016-2017. 

Instrumentation
The STAR evaluation is a group-administered, school-wide mea-
sure of academic achievement (Renaissance Learning, Inc). It has 
widely accepted psychometric properties and is commonly used 
across the United States. This assessment tool is administered 3 
times during the school year. For the purposes of our study, we 
analyzed the differences in the reading and math subject areas 
between the fall and spring administrations of the academic year. 
Scaled scores were used for the calculation of change, and a posi-
tive difference indicated growth in this area.

Indices of classroom behavior included office referrals for dis-
ciplinary actions (eg, for disruptive behavior or other relatively 
minor rule infractions), suspensions, and school absences. Such 
measures have high potential for bias when applied to children 
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Table 4. Estimates From Two-level Hierarchical Linear Models Predicting School 
Suspensions

  Model 1 Model 2

Fixed effects  
 Intercept 2.608a 2.197a

 2014-2015 suspensions  0.663a

 Treatment  -1.086

Error variance  
 Level 1 14.7646a 15.144a

 Level 2 2.1718 0.017

Model fit  
 Akaike Information Criterion (AIC) 1474.50 1169.90
 Bayesian Information Criterion (BIC) 1477.20 1173.50

aStatistically significant, P < .05
Values based on SAS PROC MIXED. Lower AIC and BIC values represent stron-
ger models. 

Table 5. Estimates from Two-level Hierarchical Linear Models Predicting Spring 
2017 STAR Math Scores

  Model 1 Model 2

Fixed effects  
 Intercept 541.14a 579.37a

 Fall 2014 STAR math score  0.6275a

 Treatment  30.12

Error variance  
 Level 1 17829.0a 8265.57a

 Level 2 5425.76 308.36

Model fit  
 Akaike Information Criterion (AIC) 2733.20 1591.20
 Bayesian Information Criterion (BIC) 2735.90 1595.10

aStatistically significant, P < .05
Values based on SAS PROC MIXED. Lower AIC and BIC values represent stron-
ger models. 

Table 2. Estimates From Two-level Hierarchical Linear Models Predicting School 
Attendance

  Model 1 Model 2

Fixed effects  
 Intercept 0.8643a 0.8685a

 2014-2015 school attendance  0.4651a

 Treatment  0.0126

Error variance  
 Level 1 0.00974a 0.0088a

 Level 2 0.00112 0.0005

Model fit  
 Akaike Information Criterion (AIC) -447.10 -385.90
 Bayesian Information Criterion (BIC) -444.40 -381.40

aStatistically significant, P < .05
Values based on SAS PROC MIXED. Lower AIC and BIC values represent stron-
ger models. 

Table 3. Estimates From Two-level Hierarchical Linear Models Predicting Office 
Disciplinary Referrals

  Model 1 Model 2

Fixed effects  
 Intercept 4.4999a 5.2740a

 2014-2015 office disciplinary referrals  0.7199a

 Treatment  1.8358

Error variance  
 Level 1 49.9002a 47.087a

 Level 2 4.0649 1.1997

Model fit  
 Akaike Information Criterion (AIC) 1787.40 1540.0
 Bayesian Information Criterion (BIC) 1790.10 1543.5

aStatistically significant, P < .05
Values based on SAS PROC MIXED. Lower AIC and BIC values represent stron-
ger models. 

from minoritized and marginalized groups. The treatment and 
comparison groups do not differ significantly on ethnicity and 
poverty indicators, thus such bias is unlikely to affect the results 
of this study. These data were pulled by MPS Department of 
Research, Assessment and Data for each student in the treatment 
and comparison groups.

Procedure
School Community Partners for Mental Health (SCPMH), a 
public-private partnership in Milwaukee, Wisconsin, was devel-
oped to bring mental health services into the schools. At the time 
of this study, 4 community-based clinics were providing psycho-
therapy and consultation to MPS.

Students in need of mental health services – namely psycho-
therapy – were identified by an MPS student support staff mem-
ber (eg, school social worker, school psychologist) in conjunc-
tion with teachers, administrators, and the community mental 
health provider (collectively known as the school-based team or 

“team”). All cases that were referred for mental health treatment 
by school personnel were tracked for successful entry into treat-
ment.

Once the consent for treatment form was signed by the par-
ent or guardian, psychotherapy sessions were conducted weekly, 
except in cases where scheduling did not allow or acuity did 
not necessitate. The majority of sessions were approximately 50 
minutes long, and nearly all sessions were individual. The thera-
pists regularly invited parents to sessions in the school and were 
otherwise reached out to by phone. Other services provided by 
SCPMH include teacher consultation, team planning meetings, 
and participation in school-based family activities. 

The psychotherapists who saw children in this study used a 
cognitive-behavioral approach. Providers met monthly for didac-
tics, case discussions, and peer review. The 18 therapists provid-
ing services were mostly masters level, licensed psychotherapists 
(either licensed clinical social worker or licensed professional 
counselor), though there were 2 doctoral level licensed psycholo-
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gists. Approximately one third of these individuals were people of 
color.

Data Analysis
Hierarchical linear modeling (HLM) was used to answer the 
research questions. This choice was made to account for the hier-
archical data clustering, which was judged to have the potential 
to impact the results – namely the individual characteristics of the 
child and the school the participant attended. Two levels of nest-
ing were accounted for in the analyses: individual (student) and 
school. Analyses controlled for the previous year’s functioning 
on the dependent variables (attendance, office disciplinary refer-
rals, suspensions, and STAR exams). The predictor variable was 
treatment (involving 2 levels: yes, enrolled in school-based men-
tal health treatment vs no, not enrolled for treatment, though 
identified as being a candidate for treatment). The intercepts 
were allowed to vary, but the slopes were fixed due to the fact 
that no group level predictors were used in building the models. 
All assumptions of HLM were checked and found to have been 
fulfilled. All analyses used the maximum likelihood method. 
Missing data were handled using list-wise deletion. Dose effect 
analyses were conducted on the behavioral measures. Chi square 
analyses were conducted for other group comparisons; this was 
chosen to help manage the large standard deviations seen in the 
data. 

RESULTS
The subjects were 66% male; 82% were Black, 12% were Latin(x) 
and 3% were White.  Most (94%) were living at or below the pov-
erty level. Ninety-five percent were in the elementary grades (kin-
dergarten through 8th grade), and the other 5% were in grades 9 
through 12. See Table 1 for demographic data. 

The treatment and comparison groups are quite comparable 
across gender, race/ethnicity, grade, and eligibility for Food Service 
(an indicator of low socioeconomic status). The comparison 
group did have significantly more English as a Second Language 
(ESL) students compared to the treatment group (Table 1). This 
raises the question of language being a prohibitive factor in this 
subgroup’s decision to not enter treatment despite having been 
referred and having signed the consent form. SCPMH does have 
the consent form and the SDQ in Spanish language versions. It 
also has at its disposal a translation service. The mean number of 
sessions was 13.14 (SD = 9.81) with a range from 1 to 41 sessions. 
The median number of sessions attended was 11.00. 

Over the course of the 2016-2017 school year, 499 children 
were referred by school personnel to mental health treatment; 
341 entered treatment through the school-based mental health 
program. This number, representing 68% of those referred, is 
considerably higher than national estimates of 50% or less.1,18 

Incidentally, before the formation of SCPMH, MPS personnel 
calculated that approximately 5% of students referred to ser-

vices started treatment. These findings demonstrate the utility of 
school-based mental health in increasing access to mental health 
care for children, perhaps especially those from marginalized or 
underserved communities who were the subject of this study. 

Research Question 1 
Do students receiving treatment have significantly better behavior-
based outcomes, including attendance, office disciplinary referrals, 
and suspensions relative to students who do not receive treatment? 

Attendance 
Participants in the treatment group did not have significantly 
higher attendance rates in the 2016-2017 school year than those 
in the comparison group, F(1, 193) = 0.73, P = .39 (Table 2). Dose 
effect analyses were conducted. The number of therapy sessions 
did significantly predict attendance rate after controlling for the 
corresponding pre-outcome (ie, pretreatment) attendance. The 
full model predicting attendance percentage was significant, 
F(2, 268) = 37.30, P < .0001. The number of therapy sessions 
(β = 0.0012) was indeed a significant predictor of 2016-2017 atten-
dance, t(1) = 2.23, P < .05, after controlling for the previous year’s 
attendance, t(1) = 8.25, P < .0001. For each additional therapy ses-
sion, student attendance percentage during the 2016-2017 school 
year was predicted to increase by approximately 0.1% percentage 
points after controlling for pretreatment attendance percentage. 
Practically speaking, this means that a student who attends 10 
therapy sessions will be predicted to attend almost 2 more days of 
school each academic year (based on a 180-day academic calen-
dar). The fact that children who have better attendance are more 
available for therapy sessions is a potential confounding variable in 
these analyses. 

Office Disciplinary Referrals 
Participants in the treatment group did not have significantly fewer 
office disciplinary referrals in the 2016-2017 school year than those 
in the comparison group, F(1, 209) = 3.65, P = .0575. There was no 
dose effect found for office disciplinary referrals  (Table 3).

Suspensions 
Participants in the treatment group had significantly fewer sus-
pensions in the 2016-2017 school year than those in the com-
parison group, F(1, 209) = 4.54, P = .034 (Table 4). In addition, a 
dose effect was found for suspension rate. In terms of predicting 
2016-2017 school suspensions, the full model was again signifi-
cant, F(2, 268) = 34.16, P < .0001. The number of therapy sessions 
(β = -0.067) was a significant predictor of school suspensions, 
t(1) = 3.01, P < .01, after controlling for the previous year’s school 
suspensions, t(1) = 7.96, P < .0001. For each additional therapy 
session, the number of school suspensions a student is predicted to 
accrue during the 2016-2017 school year was expected to decrease 
by approximately 0.067 after controlling for pretreatment school 
suspensions. In real terms, the model predicts that if a student 
attends 15 therapy sessions, they will be expected to have 1 fewer 
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day of school suspension even after controlling for pretreatment 
functioning. 

Research Question 2
Do students in the treatment group have significantly greater aca-
demic outcomes than those in the comparison group? As would be 
hoped, all students (in both the treatment and comparison groups) 
showed improvement in these academic markers over the course 
of the study. In terms of the effect of treatment on academic out-
comes, STAR Math and STAR Reading were analyzed. 

STAR Math 
Students (level 1) in the sample are nested within 18 schools 
(level 2), with an average of 11.89 students per school. The 
intraclass correlation was found to be 0.23, indicating that 
approximately 23% of the variability in STAR math scores can 
be accounted for by level 2 (school) group membership. After 
controlling for the previous fall STAR Math test, students in the 
treatment group did not have significantly higher scores on the 
spring 2017 STAR Math test than those in the comparison group, 
F(1, 115) = 2.62, P = .11. While students who received treatment 
(Mmath = 606.49) scored higher than those in the comparison 
group (Mmath = 576.37) this increase was modest relative to the 
large standard deviation seen in spring 2017 STAR Math scores 
(SD = 151.23). See Table 5.

The large standard deviations for STAR Math scores in both 
groups (SDtreatment = 111.02 and SDcomparison = 101.56) warranted 
a further look. After exploratory analysis, it was revealed that there 
were significant outliers in the treatment group in terms of STAR 
Math scores. Findings like these are not unusual in such a data 
set.13 To account for this, students were categorized into 2 condi-
tions for each academic year: growth or no growth. Students who 
demonstrated growth on STAR Math over the course of the study 
were put into the growth category; students who did not demon-
strate growth (or who regressed) were put into the no growth cat-
egory. Growth represented any nonzero positive change. The mean 
range of change was 135.91 for the treatment group and 92.38 for 
the comparison group.

A chi-square test of independence was performed to examine the 
relation between STAR Math growth and treatment. The relation 
between these variables was significant, χ2 ([2] N = 171) = 14.22, 
P <.001. Students who received therapy were more likely to show 
at least some growth on the STAR Math test (95%) than those 
who did not receive therapy (76%) over the course of the study. 

STAR Reading 
Students (level 1) in the sample are nested within 18 schools (level 
2), with an average of 9.94 students per school. The intraclass 
correlation was found to be .134, indicating that approximately 
13% of the variability in STAR Reading scores can be accounted 
for by level 2 (school) group membership. After controlling for 
the previous fall STAR Reading scores, students in the treatment 

group did not have significantly higher scores on the spring 2017 
STAR Reading test than those in the comparison group, F(1, 
100) = 0.15, P = .70. Large standard deviations were found again 
for both groups. However, analyses controlling for outliers– simi-
lar to those performed for the STAR Math tests – were performed 
without significant results. 

DISCUSSION
Offering mental health services in schools to children from disad-
vantaged communities may improve access to care. Approximately 
68% of students who were identified as having a mental health 
need ultimately were seen by a professional through this school-
based mental health initiative. This is higher than rates found in 
previous studies.5,18 Given that the present study involved a tra-
ditionally hard to reach and underserved population, our results 
contribute to the belief that school-based mental health has the 
potential to advance health equity.7  

A major aim of this study was to show that the provision of 
mental health services at schools would benefit classroom per-
formance. Students receiving psychotherapy through SCPMH 
had significantly lower numbers of suspensions than those in the 
comparison group. For those students receiving mental health 
care, there was a dose effect found for absence from school and 
suspensions: more therapy sessions predicted lower rates of these 
school-related behaviors. These behavioral variables have been 
conceptualized as potential barriers to academic achievement, 
and our findings suggest that mental health treatment may have a 
positive impact on them.14,17 After statistically controlling for the 
wide variability in our sample (which is actually developmentally 
appropriate), we found school-based mental health treatment to be 
associated with more growth on a standardized math test over the 
course of the school year. This is in line with previous research and 
reinforces the notion that children’s mental health is linked to their 
academic performance.12,15 

Limitations
This study was hampered by the lack of a true control group and 
random assignment. We sought further statistical control by hold-
ing the previous year’s functioning constant in the analyses. The 
large standard deviations in the academic data rendered standard 
analysis of variance approaches somewhat limited. We decided to 
use chi-square analysis, which manages such scatter. Nonetheless, 
we acknowledge that this weakens any conclusions to be made 
from the relationship between treatment and math achievement 
scores. We also did not control for multiple comparisons on vari-
ables that may have some degree of shared variance. It was our 
judgement at the time that the shared variance of the nesting vari-
ables (school building and the individual student) were more likely 
to have an impact on the results, hence the choice to use hierarchi-
cal linear modelling. Finally, we also did not have data on edu-
cational interventions or ancillary services that our subjects also 
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may have had at their disposal, raising the question of potential 
confounding variables at play. 

Future Directions
Future research should address other mechanisms through which 
school-based mental health impacts children’s functioning. For 
example, do the other roles that mental health professionals play 
in schools also affect change, such as consultation with teachers 
and administrators? Does this hoped-for partnership between edu-
cators and mental health professionals serve to decrease stigma sur-
rounding mental health, which would facilitate the continuum of 
mental health promotion that Weist and colleagues spoke about?19 
Beyond mental health and academic outcomes, we should be 
studying systemic variables that may be related to children’s func-
tioning, such as connectedness to school.

CONCLUSIONS
School-based mental health care may improve access to treatment, 
thereby addressing health care inequities, and was associated with 
improvement in academic achievement and school-related behav-
iors in our study population. 

For more information about school-based mental health in 
Wisconsin, visit the website for the Coalition for Expanding 
School-Based Mental Health at https://www.schoolmental-
healthwisconsin.org/ or the Wisconsin Association of Family and 
Children’s Agencies at https://www.wafca.org/.
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ORIGINAL RESEARCH

INTRODUCTION
Prior to the COVID-19 pandemic, psy-
chiatric emergency department (ED) vis-
its among youth were rising in the United 
States.1-3 During the pandemic, mental 
health-related pediatric ED visits increased 
by nearly 31% for ages 12 to 17 years.4,5 A 
cross-sectional study of children ages 5 to 
17 years with primary mental health diag-
noses showed a 7% rise in visits for suicidal 
ideations and/or self-injury.6

A major factor contributing to the 
rise in ED mental and behavioral health 
(MBH) visits is the lack of accessible 
inpatient and outpatient services, making 
the ED a safety net for MBH emergen-
cies.7-13 Long ED wait times cause frustra-
tion and suboptimal care, with patients 
often boarding for hours or even days due 
to lack of available inpatient psychiatric 
beds.14 Despite the urgent need for help, 
long waitlists for outpatient psychiatric 
interventions persist.3

Previous studies highlight the ED’s 
essential role as a safety net for children 

experiencing MBH crises and advocate for a more systematic 
approach. This includes trauma-informed care, culturally appro-
priate interventions, and stronger collaboration with outpatient 
services. The literature stresses the importance of specialized train-
ing, incorporating mental health professionals in EDs, utilizing 
telehealth, and creating a safe environment for these patients. 
Recommendations focus on enhancing ED preparedness, improv-
ing management strategies, and ensuring effective follow-up 
care, while calling for further research to optimize resources and 
improve outcomes for pediatric MBH care.15

ABSTRACT
Introduction: Psychiatric emergency department (ED) visits among youth have risen in the 
United States in recent years. A major factor contributing to this increase is the lack of accessible 
inpatient and outpatient services, making the ED a safety net for mental and behavioral health 
emergencies. This study sought to assess outpatient mental and behavioral health care after 
ED discharge and understand barriers and facilitators that caregivers encounter when attaining 
outpatient care. 

Methods: This was a mixed methods study conducted at a tertiary care pediatric ED. Patients 
ages 3 to 17 years seen for mental health concerns received a social work consult and were con-
tacted 1 week after the ED visit by the mental and behavioral health navigator as part of ongoing 
quality improvement efforts. Descriptive data included types of outpatient care received, demo-
graphics, and repeat ED visit within 30 and 60 days. Results were analyzed via logistic regres-
sion. Patients’ caregivers also were interviewed 4 weeks after the ED visit to explore barriers and 
facilitators to accessing outpatient care. Thematic content analysis was then performed.

Results: The navigator successfully reached 533 out of 720 (74%) patients. Most patients were 
unable to obtain follow-up mental and behavioral health care. Univariate regression analyses 
revealed that being White, having commercial insurance, or a positive suicide screen had higher 
odds of receiving intensive outpatient care. However, these variables were not statistically sig-
nificant after multivariate analyses. Barriers to follow-up included long wait times and expense. 
Facilitators included support from ED staff and close relationships with primary care clinicians.

Conclusions: We found potential socioeconomic disparities that influence mental health care 
follow-up. Our findings highlight challenges patients face to receiving outpatient care, serving as 
a valuable guide for improving the transition from the ED to outpatient settings.

Narmeen I. Khan, MD; Hayder Jaafar, MBChB; Sarah E. Wawrzyniak, APNP; Alexis Visotcky, MS; Jennifer A. Zaspel, MD; Erin P. 
O’Donnell, MD; Danny G. Thomas, MD, MPH

Optimizing Pediatric Patients’ Attainment 
of Outpatient Mental Health Services 
Following Emergency Department Care
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With increasing mental health-related ED visits, improving 
the transition of care from the ED to outpatient services for at-
risk MBH patients is crucial.16 The objectives of this project were 
to utilize our MBH navigator program to assess factors associ-
ated with obtaining outpatient MBH care after discharge from 
the ED and to conduct structured interviews with caregivers to 
understand barriers and facilitators encountered when seeking 
outpatient care.

MATERIALS AND METHODS
Setting
The study occurred at a large tertiary pediatric ED in an urban 
Midwestern city that has approximately 80 000 annual visits. ED 
clinicians are able to consult subspecialists, both in person and via 
phone, when providing care for their patients.

Design
This was a prospective cohort study with mixed methods incor-
porating both qualitative and quantitative components. Research 
was approved by the Medical College of Wisconsin Institutional 
Review Board (1829944-1).

Population
This study included patients from 3 to 17 years who presented to 
the ED with a mental health-related chief complaint, received a 
social work consult, and were discharged home. Exclusion crite-
ria included involvement of child protective services or caregiver 
inability to participate in the interview (eg, if English was not their 
primary language). Further, patients with certain neurodevelop-
mental disorders such as autism spectrum disorder were excluded, 
as many have developmental delays that could preclude them from 
expressing their mental health concerns, potentially leading to 
inaccurate assumptions made by caregivers and clinicians.

Data Collection and Analysis 
Quantitative Methods 
At our tertiary-care pediatric hospital, ED visits for primary MBH 
concerns have surged to over 3000 children per year since 2018. 
Approximately 41% of these patients were considered high risk 
(an imminent threat to themselves or others, for instance) and 
required a social work consult for a more in-depth evaluation and 
resource provision. The treatment team assesses risk based on sig-
nificant behavioral changes, safety concerns, and lack of existing 
mental health resources. When 1 or more of these concerns are 
present, a licensed social worker is consulted to formally evaluate 
the patient. 

Our ED MBH navigator collaborates with our clinical and 
social work teams to support and coordinate mental health ser-
vices after ED discharge. They engage closely with families to con-
nect them to appropriate care settings, whether it is a behavioral 
health facility or community-based resources. The navigator is 
available for consultation to follow up with patients – even if their 

primary ED concern was not mental health-related – provided 
social work was involved and psychiatric needs were identified. 
After discharge, the navigator ensures follow-up care and coordi-
nates treatment options with families via phone within 2 weeks of 
the ED visit. 

Patients were recruited from August 2021 to June 2022. As 
part of ongoing quality assurance work, all patients ages 3 to 
17 years who presented to our ED with MBH concerns such as 
depression and anxiety and received a social work consult were 
contacted 1 week after discharge via phone by the MBH navigator. 
During this call, the navigator provided a study-specific consent-
to-contact script. The navigator made a maximum of 3 phone call 
attempts to the caregiver. The following data were collected at the 
index visit: age, sex, race, insurance status, nonpsychiatric and/
or psychiatric history, and repeat ED visit within the last 30 and 
60 days. These data were collected by the navigator and via chart 
review and then secured in a REDCap database.

Analyses were performed using SAS 9.4 software (SAS Institute, 
Cary, North Carolina). Univariate logistic regression models were 
used for the outcome variables of follow-up (scheduled, com-
pleted, ongoing, none, or attempted) with the primary care cli-
nician, psychiatrist, therapist and/or psychologist, school coun-
selor, and intensive outpatient care. Predictor variables included 
demographics, nonpsychiatric and psychiatric histories, and recent 
ED visit frequency. Statistically significant odds ratios were repre-
sented by P < 0.05. 

Qualitative Methods
To explore barriers (obstacles or challenges when attaining out-
patient care) and facilitators (support or resources when attaining 
outpatient care), subjects were screened for eligibility by trained 
research staff during their ED visit. After initial contact by a mem-
ber of the care team, the research staff introduced the study to the 
patient and their caregiver. If eligible, research staff discussed the 
study with caregivers and obtained informed consent for enroll-
ment. Approximately 4 weeks after the initial ED visit, the care-
givers reconfirmed consent during a telephone interview. Patients 
were excluded if they returned to the ED within 4 weeks of their 
initial ED encounter, which was based on the MBH navigator’s 
workflow. Participants received a $50 gift card after interview 
completion, delivered via mail or email. 

A structured interview guide was used that incorporated 
open-ended questions evaluating experiences acquiring mental 
health care after the index ED encounter. The interviews were 
conducted by members of the research team, many of whom had 
prior experience conducting research-based interviews. Crisis 
resources were given to the caregivers during the telephone 
encounter, including the suicide prevention hotline and other 
local services. In addition to barriers and facilitators, caregiv-
ers were also asked to provide any recommendations for pro-
cess improvement. Interviews were recorded, transcribed, and 
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entered into a secure REDCap database. 
Transcriptions were reviewed by 2 investi-
gators using a grounded theory approach. 
In the open coding phase, they indepen-
dently analyzed transcripts line by line, 
assigning codes to significant concepts. 
Investigators then convened to share 
codes generated and group them into 
broader categories during axial coding, 
where relationships between themes were 
identified and refined. Selective coding 
followed, focusing on developing a core 
theme that tied the analysis together. The 
process continued iteratively until theo-
retical saturation was reached, where no 
new themes or insights emerged from the 
data.

RESULTS
The MBH navigator successfully reached 
533 out of 720 (74%) patients, repre-
senting 589 unique ED encounters. Most 
patients (83.3%) were 13 to 17 years old, 
with females comprising 72.6% of the pop-
ulation. The majority identified as White 
(58.5%), followed by Black (30.6%). 
Public insurance, including Medicaid, 
covered 55.0% of patients, while 45.0% 
had commercial insurance. Almost half 
(44.3%) were treated for both nonpsy-
chiatric and MBH concerns. Around half 
(50.6%) had 2 or more psychiatric diag-
noses, with 65.0% prescribed psychotropic 
medications, and 59.5% had 1 or more 
nonpsychiatric diagnoses. Few patients 
returned to the ED within 30 days (6.0%) 
or 60 days (9.4%). 

Follow-up rates were low across vari-
ous providers: 12.4% with primary care 
clinicians, 11.7% with psychiatrists, 
and only 3.9% with school counselors. 
Approximately one-third (33.7%) fol-
lowed up with a therapist and/or psycholo-
gist, while over a quarter (28.5%) received 
intensive outpatient care.

Univariate logistic regression analyses for follow-up with the 
primary care clinician, psychiatrist, therapist and/or psychologist, 
and intensive outpatient care are shown in Tables 1 through 4, 
respectively. Race, insurance, and Ask Suicide-Screening Questions 
(ASQ) score were significant predictors for intensive outpatient 
care, with White race, commercial insurance, and a positive ASQ 

Table 1. Primary Care Clinician Follow-up (n = 315) Comparing Outcome Variables: None/Attempted (n = 276) 
Versus Scheduled/Completed/Ongoing (n = 39)

Predictor Variable Levels OR 95% CI P value

Age 13–17 years vs 3–12 years 0.715 0.307–1.666 0.4360

Sex Female vs male 0.750 0.359–1.565 0.4421

Race Black vs other 1.290 0.385–4.331 0.6789

 Black vs White 1.573 0.748–3.307 0.2313

 Other vs White 1.219 0.388–3.826 0.7338

Insurance Commercial/self-pay vs public/government 1.291 0.657–2.536 0.4567

ED visit reason MBH vs nonpsychiatric 0.523 0.182–1.503 0.2280

 MBH vs MBH and nonpsychiatric 0.740 0.351–1.557 0.4260

 Nonpsychiatric vs MBH and nonpsychiatric 1.414 0.519–3.857 0.4971

Home psychotropic No vs Yes 1.280 0.632–2.592 0.4916
medications

Psychiatric history 1 diagnosis vs 2+ diagnoses 1.570 0.745–3.309 0.2351

 1 diagnosis vs none 0.872 0.326–2.331 0.7844

 2+ diagnoses vs none 0.556 0.213–1.447 0.2280

Medical history 1+ diagnoses vs none 1.450 0.713–2.950 0.3040

ASQ Negative vs positive 1.065 0.403–2.813 0.8986

ED visit within last 30 days No vs yes 2.969 0.384–22.945 0.2959

ED visit within last 60 days No vs yes 2.172 0.495–9.539 0.3031

Abbreviations: OR, odds ratio; ED, emergency department; MBH, mental and behavioral health; ASQ, Ask 
Suicide-Screening Questions.

Table 2. Psychiatrist Follow-up (n = 315) Comparing Outcome Variables: None/Attempted (n = 278) Versus 
Scheduled/Completed/Ongoing (n = 37)

Predictor Variable Levels OR 95% CI P value

Age 13–17 years vs 3–12 years 0.467 0.210–1.040 0.0624
Sex Female vs male 1.067 0.479–2.377 0.8734

Race Black vs other 0.951 0.273–3.306 0.9364

 Black vs White 1.102 0.498–2.440 0.8097

 Other vs White 1.159 0.371–3.628 0.7988

Insurance Commercial/self-pay vs public/government 0.600 0.296–1.217 0.1564

ED visit reason MBH vs nonpsychiatric 1.241 0.390–3.949 0.7139

 MBH vs MBH and nonpsychiatric 1.687 0.807–3.526 0.1636

 Nonpsychiatric vs MBH and nonpsychiatric 1.360 0.415–4.450 0.6106

Home psychotropic No vs yes 0.586 0.257–1.337 0.2034
medications

Psychiatric history 1 diagnosis vs 2+ diagnoses 0.443 0.183–1.068 0.0696

 1 diagnosis vs none 0.696 0.191–2.532 0.5815

 2+ diagnoses vs none 1.573 0.513–4.820 0.4265

Medical history 1+ diagnoses vs none 0.899 0.448–1.802 0.76320

ASQ Negative vs positive 0.342 0.077–1.523 0.1581

ED visit within last 30 days No vs yes 0.504 0.158–1.605 0.2451

ED visit within last 60 days No vs yes 0.632 0.225–1.775 0.3831

Abbreviations: OR, odds ratio; ED, emergency department; MBH, mental and behavioral health; ASQ, Ask 
Suicide-Screening Questions.

score showing higher odds of receiving intensive outpatient care 
(P < 0.05). However, these variables did not retain significance 
after multivariate analysis (Table S1). No predictor variables were 
statistically significant for follow-up with primary care clinician, 
psychiatrist, or therapist and/or psychologist. Models for school 
counselor were not feasible due to limited data, with only 2.3% 
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of patients in the “scheduled/completed/
ongoing” category.

Table 5 depicts caregiver quotes of nega-
tive and positive experiences when access-
ing outpatient mental health care, identi-
fied during interviews conducted 4 weeks 
after the initial ED visit. The sample size 
was determined based on achieving data 
saturation, which was reached after review-
ing 13 interviews. Themes were categorized 
into facilitators, barriers, and solutions to 
outpatient MBH care. 

Facilitators of follow-up care included 
supportive ED staff, such as social work-
ers, and assistance from the hospital’s 
MBH walk-in clinic. Close involvement 
of patients’ primary care clinician, effi-
cient scheduling, and providers accept-
ing new mental health patients were also 
highlighted.

Limiting factors included personal (such 
as time and expense), systemic (waitlists 
and scarcity of MBH services), and familial 
concerns (relating to family members and 
legal resources). Caregivers mentioned long 
wait times, limited clinic hours, provider 
restrictions on insurance networks for new 
patients, and scheduling difficulties due 
to age or parental schedules as barriers to 
follow-up MBH care.

Our qualitative analysis, along with 
caregiver input, highlighted several areas 
for improvement in outpatient mental 
health care. These include establishing 
more school-based mental health support, 
offering more flexible clinic time slots 
(including evenings), and providing clearer 
ED discharge instructions (Table 5).

DISCUSSION
Racial and income disparities in outpa-
tient mental health care were observed 
in our study, with White patients and 
those with commercial insurance having 
higher odds of receiving care than minori-
tized and publicly insured groups. However, these variables lost 
significance in the multivariate analyses, likely due to overlap-
ping effects between race and insurance status. Similar dispari-
ties – particularly for Black patients and those with public insur-
ance– have been reported in previous survey-based studies, but 
less so in prospective evaluations.17 Our work highlights the need 

Table 3. Therapist and/or Psychologist Follow-up (n = 315) Comparing Outcome Variables: None/Attempted 
(n = 209) Versus Scheduled/Completed/Ongoing (n = 106)

Predictor Variable Levels OR 95% CI P value

Age 13–17 years vs 3–12 years 0.678 0.366–1.257 0.2168

Sex Female vs male 0.671 0.395–1.138 0.1385

Race Black vs other 0.514 0.220–1.200 0.1235

 Black vs White 1.030 0.591–1.794 0.9176

 Other vs White 2.005 0.932–4.315 0.0751

Insurance Commercial/self-pay vs public/government 0.937 0.586–1.498 0.7841

ED visit reason MBH vs nonpsychiatric 0.774 0.349–1.715 0.5264

 MBH vs MBH and nonpsychiatric 1.158 0.703–1.908 0.5633

 Nonpsychiatric vs MBH and nonpsychiatric 1.497 0.681–3.287 0.3140

Home psychotropic No vs Yes 1.169 0.706–1.935 0.5430
medications

Psychiatric history 1 diagnosis vs 2+ diagnoses 0.925 0.546–1.568 0.7714

 1 diagnosis vs none 0.908 0.419–1.966 0.8052

 2+ diagnoses vs none 0.981 0.477–2.019 0.9588

Medical history 1+ diagnoses vs none 0.985 0.612–1.586 0.9510

ASQ Negative vs positive 0.851 0.424–1.708 0.6477

ED visit within last 30 days No vs yes 1.562 0.550–4.438 0.4015

ED visit within last 60 days No vs yes 1.749 0.723–4.233 0.2143

Abbreviations: OR, odds ratio; ED, emergency department; MBH, mental and behavioral health; ASQ, Ask 
Suicide-Screening Questions.

Table 4. Intensive Outpatient Care Follow-up (n = 239) Comparing Outcome Variables: None/Attempted 
(n = 171) Versus Scheduled/Completed/Ongoing (n = 68)

Predictor Variable Levels OR 95% CI P value

Age 13–17 years vs 3–12 years  1.284 0.546–3.021 0.5650

Sex Female vs male 1.216 0.611–2.421 0.5753 

Race Black vs other 0.538 0.171–1.700 0.2899 

 Black vs White 0.485 0.237–0.992 0.0474

 Other vs White 0.900 0.325–2.494 0.8388

Insurance Commercial/self-pay vs public/government 1.964 1.107–3.485 0.0212

ED visit reason MBH vs Nonpsychiatric 4.318 0.937–19.891 0.0604

 MBH vs MBH and nonpsychiatric 1.086 0.606–1.947 0.7814

 Nonpsychiatric vs MBH and nonpsychiatric 0.251 0.055–1.145 0.0741

Home psychotropic No vs Yes 0.613 0.317–1.188 0.1463
medications

Psychiatric history 1 diagnosis vs 2+ diagnoses 0.719 0.379–1.364 0.3108

 1 diagnosis vs none 1.163 0.430–3.146 0.7648

 2+ diagnoses vs none 1.618 0.643–4.073 0.3055

Medical history 1+ diagnoses vs none 0.673 0.380–1.191 0.1730

ASQ Negative vs positive 0.376 0.145–0.970 0.0432

ED visit within last 30 days No vs yes 1.538 0.489–4.842 0.4599

ED visit within last 60 days No vs yes 1.764 0.634–4.911 0.2759

Abbreviations: OR, odds ratio; ED, emergency department; MBH, mental and behavioral health; ASQ, Ask 
Suicide-Screening Questions.

for closer, more frequent contact between the treatment team 
and non-White patients with public insurance, including con-
sidering inpatient psychiatric treatment or intensive outpatient 
care as potential interim solutions. Reflecting on our findings, 
race appears to serve as a proxy for the true barrier of health 
insurance. Intensive outpatient care may not be readily available 
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given transportation costs and parental 
job flexibility for those who have public 
insurance.

Our findings did not show associations 
between positive ASQ, past psychiatric 
history, and follow-up with primary care 
clinicians, psychiatrists, school counselors, 
or therapists/psychologists. We expected 
that individuals with current or previous 
psychiatric and/or nonpsychiatric condi-
tions would be more likely to transition 
from ED to outpatient care, but our data 
did not support this. 

While a significant portion did not fol-
low up with primary care clinicians, about 
one-third followed up with therapists or 
psychologists. These results are particu-
larly interesting when compared to our 
qualitative review of caregiver interview 
themes, where many caregivers mentioned 
the long wait times for therapy appoint-
ments. Our findings highlight the need for 
better communication – potentially initi-
ated by the ED care team – and stronger 
engagement with primary care clinicians 
during the waiting period for outpatient 
mental health care. Close contact with primary care clinicians 
could provide critical resources that patients and caregivers often 
struggle to access while awaiting therapy appointments.

Caregivers reflected on the helpfulness of resources beyond 
the ED, including close contact with primary care clinicians and 
school counselors. Therefore, we advocate for increased school 
counselor availability and ensuring that they are well-trained, 
connected, and knowledgeable about MBH resources. Based on 
our qualitative analysis of caregiver interviews, the ED serves a 
critical role in acute care – particularly with access to social work 
and other resources – yet primarily functions as a safety net in 
its current capacity. The inability of the ED psychiatry provid-
ers to prescribe psychotropic medications highlights a limitation 
for long-term MBH care. Training ED or primary care clinicians 
(particularly the latter, who have closer patient contact and can 
thus monitor the effects of psychotropic medications) to initi-
ate these prescriptions while patients await outpatient MBH care 
could be beneficial. Caregivers identified barriers that underscore 
the ongoing need for an improved transition from ED to outpa-
tient mental health care. 

Additionally, factors facilitating better transition included 
follow-up communication from staff, and advocacy for expand-
ing the MBH navigator role beyond the ED to other clinical set-
tings. Knowing that the ED is a safety net may allow utilization 
of resources, such as dialectic behavioral therapy tools, to combat 

Table 5. Themes and Quotes From Caregiver Interviews Regarding Facilitators, Barriers, and Proposed 
Solutions for Outpatient Mental Health Support

Themes Quotes 

Facilitators  
Primary care clinician “And, you know, his doctor was involved the whole time…and I think they gave 
involvement  me some resources too”

Support from ED staff  “I think that everyone…should have to talk to a social worker before they   
 leave. But we did and she was very helpful”

Support from MBH navigator “I guess the call back was the one thing that maintained it”

Mental health walk-in clinic “So to have the amount of support, you know, that you guys offer, especially   
 knowing that you have [mental health walk-in clinic]”

Barriers  
Long wait times “Because everybody had a 3- to 6-month waiting period, if not longer”
 “Being able to find someone who was available soon”
 “…Just it takes a very long time to see a psychiatrist”
 “Told it’s gonna take a year to see somebody”

Having to reach out to “I think I called about seven places”
multiple providers “We had to call many providers…between emails and phone calls, probably 10”

Insurance concerns “She was released after 3 weeks ’cause the insurance would not advocate for  
 her to stay there, would not pay for her to stay there”
 “Not everyone takes our insurance and the long waiting list”

Proposed Solutions  
School-based MBH “So, at his school, they do have a psychiatrist and then therapists. there’s four  
programs  of them”

Flexible time slots “I guess later hours would be my biggest thing”

Clear ED discharge planning “Just being able to have MyChart and you guys calling me”

Abbreviations: ED, emergency department; MBH, mental and behavioral health.

MBH problems such as anxiety in the short term as patients seek 
outpatient care.18

Our study is limited by an inability to demonstrate causation 
due to primarily descriptive results. Unfortunately, we did not 
have the resources to translate the survey or conduct the quali-
tative interview in languages other than English, limiting the 
generalizability of our findings to non-English-speaking caregiv-
ers. Furthermore, for the qualitative portion of our study, we 
excluded patients who returned to the ED within 4 weeks of 
their initial visit. Future research should investigate the reasons 
for these patients’ return to the ED. We also acknowledge that 
the qualitative questions in our mixed methods study were lim-
ited in scope, which may have contributed to premature the-
matic saturation.

Our findings highlight critical societal challenges in accessing 
outpatient mental health care in the community. This study offers 
valuable insights to inform future initiatives aimed at enhanc-
ing the transition of care from the ED to outpatient settings. 
Addressing these issues is essential for improving mental health 
care delivery and outcomes for pediatric patients.
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ORIGINAL RESEARCH

BACKGROUND
Zika virus was declared a public health 
emergency in 2016 when prenatal Zika 
virus exposure was linked to congenital 
defects in newborns, including micro-
cephaly and visual and hearing deficits.1,2 

Approximately 5% of children with lab-
oratory-confirmed Zika virus exposure in 
the United States are born with congenital 
defects.3 An additional 30% of children 
who are born without congenital deficits 
manifest neurodevelopmental deficits in 
early childhood, with language develop-
ment being the most affected.4 As cohorts 
of children with Zika virus exposure dur-
ing the 2015-2018 epidemic are now 
entering school age, recent research has 
identified neurodevelopmental deficits 
in preschool age.5,6 Additional research is 
necessary to define how potential prenatal 
Zika virus exposure affects developmen-
tal outcomes in childhood, especially in 
pregnancies where exposure to mosquitoes 

occurred but no testing for Zika virus was performed.
Most developmental research on Zika virus has focused on 

cohorts in countries with high prevalence and incidence of Zika 
virus or on congenital defects. Zika virus has multiple modes 
of transmission, including (1) transmission from mosquito to 
human, (2) sexual transmission, and (3) vertical transmission 
from mother to child.7 The Centers for Disease Control and 
Prevention (CDC) recommends caution when traveling to areas 
with reported Zika virus infections (both past and current), 
which are countries where there is a high prevalence of Aedes 
aegypti mosquitos.8 Travel to a Zika virus-endemic area(s) during 
pregnancy increases the risk of congenital defects or late-onset 

ABSTRACT
Background: Children with prenatal Zika virus exposure are at an increased risk of develop-
ing neurodevelopmental deficits in early childhood. Travel to Zika virus-endemic regions during 
pregnancy elevates the risk of offspring developing complications. This study examined develop-
mental outcomes of children from Wisconsin with maternal or partner travel history to Zika virus-
endemic regions during pregnancy compared to gestation and age-matched controls. 

Methods: A retrospective chart review compared outcomes of cases (n = 181) with prenatal travel 
history to Zika virus-endemic regions to gestational and birth date-matched controls (n = 172) up 
to 7 years old. We reported Zika virus testing and travel, birth outcomes, standardized develop-
mental screening tests, and specialist referral rates.

Results: There were no differences in referral rates and standardized developmental screening 
test outcomes, but cases tended to have more referrals for early intervention compared to the 
controls (P = 0.059). One Zika virus-positive case was identified with complications surrounding 
birth, and 2.2% of children had documentation in their health records noting potential Zika virus 
exposure. Regardless of groups, limited referrals were made at 9 (0%), 18 (60%), and 24 (40%) 
months based on Ages and Stages Questionnaire-version 3 (ASQ-3) recommendations. 

Conclusions: This study found similar developmental screening outcomes and referral rates 
between groups. Longitudinal care of children whose mothers traveled to Zika virus-endemic 
regions could be improved with better documentation of prenatal Zika virus exposure in the 
child’s medical record, use of standardized developmental screening tools at every recom-
mended well-child visit, and referral when developmental screening test scores are low.

Sabrina A. Kavakov, OTD;* Rachel V. Spanton*; Elaina Razo; Erik Sanson; Christelle Cayton; Emmy Wanjiku; Jens Eickhoff, PhD; 
Karla K. Ausderau, OTR, PhD; Emma L. Mohr, MD, PhD

Neurodevelopmental Screening Tests Outcomes 
of Children in Wisconsin With a Prenatal History 
of Travel to Zika Virus-Endemic Regions During 
2015-2018: A Retrospective Case-Control Study 
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neurodevelopmental deficits compared 
to pregnancies with no travel history to 
endemic regions.9,10 Zika virus infection 
is often asymptomatic, even during preg-
nancy, suggesting that pregnant persons 
who travel to endemic regions may have 
no knowledge of a Zika virus infection. 
Fetuses remain at risk for developing defi-
cits independent of the presence of acute 
Zika virus infection symptoms.3 Current 
CDC testing guidelines recommend test-
ing only for symptomatic pregnant women 
after travel to a country with a past or cur-
rent Zika virus outbreak.11 Asymptomatic 
pregnant women do not meet the testing 
criteria despite their fetuses remaining at 
risk for deficits. Defining the incidence 
of neurodevelopmental deficits in this 
unique group of children is important for 
developing travel and testing recommen-
dations during pregnancy and specifying 
which children should receive early intervention. 

This study aimed to investigate the developmental screening 
outcomes of children with a prenatal travel history to Zika virus-
endemic regions during the height of the Zika virus epidemic in 
2015-2018, within a Wisconsin hospital health care system. This 
study utilized electronic health records (EHR) to define maternal 
Zika virus information, developmental screening outcomes, and 
specialist referrals. 

METHODS
A retrospective chart review was conducted to determine how 
travel exposure to a Zika virus-endemic region(s) during preg-
nancy affected developmental screening outcomes. Maternal 
records were obtained from women seen at a Wisconsin maternal-
fetal medicine clinic to evaluate for Zika virus from January 1, 
2015, through December 31, 2018. Cases were defined as chil-
dren with prenatal maternal or partner travel history to a Zika 
virus-endemic region during 2015-2018, based on the CDC clas-
sification.8 Cases were removed from the study based on the fol-
lowing exclusion criteria: (1) no record of delivery in the same 
Wisconsin health system, (2) travel history prior to pregnancy, (3) 
multiple births, and (4) potential Zika virus exposure unrelated to 
travel (Figure 1). We identified matched-control offspring based 
on gestational age (+/- 1 week) and birth date (+/- 1 birth month) 
using PeriData.Net, a comprehensive birth registry that provides 
birth-level data (Ancilla Partners, Inc, Milwaukee, Wisconsin). 
After matching, cases and controls were excluded based on the 
following criteria: (1) duplicate assignments in the case/control 
group, (2) children with diagnosed genetic disorders, (3) controls 

Women seen at a Wisconsin 
maternal fetal medicine clinic for 

potential Zika virus exposure 
(n = 344)

Excluded cases (n = 158)
• No record of delivery (n = 42)
• Travel prior to pregnancy (n = 113)
• Multiple births (n = 2)
• Exposure not related to travel (n = 1)

Excluded Controls (n = 14), Cases (n = 5), 
• Duplicate case-control match: Controls (n = 5), Cases (n = 5)
• Infants born with genetic disorders: Cases (n = 0), Controls (n = 2)
• Controls with multiple births (n = 6)
• Controls with travel to Zika-endemic region during pregnancy (n = 1)

Cases with confirmed delivery
record and maternal or partner 

travel during pregnancy (n = 186)

Identified matched controls 
based on gestational age and 

birth date with delivery at 
Wisconsin hospital (n = 186)

Controls: No known travel to Zika 
virus-endemic region (n = 172)

Cases: Maternal or partner travel 
to Zika-endemic region (n = 181)

Figure 1. Exclusion and Inclusion Criteria

with multiple births, (4) controls with maternal or partner travel 
history to a Zika virus-endemic region. After all exclusion criteria 
were considered (Figure 1), 181 cases and 172 controls were avail-
able for study. This chart review was approved by the UnityPoint 
Health Meriter Institutional Review Board (#2019-024). Data 
from children’s EHRs were extracted from birth until 7 years of 
age or April 1, 2023.

The EHR provided demographic and socioeconomic informa-
tion, Zika virus testing, travel history, and birth and developmental 
outcomes. Paper records from the maternal-fetal medicine clinic 
provided supplemental travel information, including travel con-
tinent, potential paternal travel, any acute Zika virus symptoms, 
estimated trimester of exposure, and confirmed test results. The 
University of Wisconsin-Madison Clinical and Health Informatics 
Institute was used to identify maternal demographic informa-
tion, type of delivery, and birth measurements. ZIP codes were 
obtained from the maternal EHR in January 2024 (due to the 
absence of maternal ZIP codes in the delivery records). The dis-
tribution of health services across urban and rural areas is known 
to affect health outcomes.12 To account for the impact of socio-
economic status on developmental outcomes, maternal ZIP codes 
were assigned a rural or urban status using the Health Innovation 
Program’s Zip Code Toolkit.13  

Multiple variables were obtained to compare birth and devel-
opmental outcomes between groups. These included delivery 
type, sex, gestational age at birth, Apgar scores, birth measure-
ments, documentation of potential Zika virus exposure, special-
ist referrals, and developmental screeners including the Ages 
and Stages Questionnaire-version 314 (ASQ-3) and Modified 
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Checklist for Autism in Toddlers-Revised15 (MCHAT-R). The 
ASQ-3 is a screening tool to measure developmental milestone 
attainment, and MCHAT-R is a screening tool for identifying the 
risk of autism spectrum disorder. ASQ-3 outcomes were docu-
mented at 9, 18, and 24 months across 5 areas of development 
(communication, fine motor, gross motor, personal social, and 
problem-solving). They were interpreted as on schedule (within 1 
SD), monitor (between 1 and 2 SD), or further assessment needed 
(>2 SD) per  ASQ-3 guidelines. The MCHAT-R was documented 
at 2 time points (16-21 months and 22-30 months of age), with 
total scores categorized as no further action (0-2 score), additional 
screening needed (3-7 score), or refer to specialists (8-20 score). 

We evaluated referrals to multiple pediatric subspecial-
ties, therapies, and early intervention (Wisconsin Birth to 3 
Program16) because diagnoses related to developmental deficits 
or complications from congenital Zika virus infection may be 
evaluated by all of these specialties. Referrals to dentists, der-
matologists, rheumatologists, and allergists were excluded as 
these specialties were not determined to help evaluate or man-
age developmental outcomes. Specialists also were excluded if 
the frequency was reported less than 5 times across both cases 
and controls. Search terms to identify the frequency of special-
ists were “consult” or “referral” in the chart. Before calculating 
the referral rate, charts with EHR visits documented after birth 
hospitalization were included, indicating they were still engaged 
in the health care system. 

Study data were collected and managed using Research 
Electronic Data Capture (REDCap) tools hosted by the 
UW-Madison School of Medicine and Public Health.17,18 All 
data were verified for accuracy by the co-first authors. Statistical 
analyses were conducted using SAS software, version 9.4 (SAS 
Institute; Cary, North Carolina). Demographic characteristics 
were compared between cases and controls using chi-square analy-
sis for categorical characteristics or the nonparametric Wilcoxon 
rank sum test for characteristics measured on a quantitative scale. 
Referral rates by specialists were compared between cases and 
controls using a chi-square or Fisher exact test. Analogously, the 
MCHAT-R and ASQ-3 categories were compared using a chi-
square test or Fisher exact test for each area of development and 
time point. All reported P values are 2-sided, and P < 0.05 was 
used to define statistical significance. 

RESULTS
We investigated both maternal and partner travel (due to sexual 
transmission of Zika virus) because paper records did not explic-
itly outline who traveled. Solely partner travel was indicated in 11 
paper charts (6.07%). Partner travel was included in the country 
of travel but was excluded from the travel duration and trimester 
of travel (Table 1). Most prenatal Zika virus-endemic travel his-
tory occurred within North America followed by South America, 
with specific countries outlined in Supplemental Table 1. The 

mean maternal travel duration was 39.5 days (median = 8 days), 
which was skewed since 13.5% of maternal travel had periods of 
≥ 30 days. The majority of reported travel was during the first tri-
mester (81.8%), followed by the second (27.1%) and third tri-
mesters (9.4%); 11.6% reported travel occurred across multiple 
trimesters. Records did not include activities during travel, so it 
is unclear what mosquito exposures were encountered. In total, 
56.4% of maternal cases received Zika virus testing. Just over half 
of the pregnant women had Zika virus IgM testing, and fewer 
were tested by polymerase chain reaction (PCR) or plaque reduc-
tion neutralization test (PRNT). Only 10.5% of maternal cases 
reported symptoms consistent with acute Zika virus infection, 
including rash, acute conjunctivitis, headache, arthralgia, myalgia, 
and fever. Of the symptomatic maternal cases, 63.2% received 
testing. One maternal case had a positive Zika virus result, and the 
infant born had multiple comorbidities at birth (including imper-
forate anus, congenital rectovaginal fistula, and caudal regression 
syndrome); however, no infant medical records after birth were 
available. 

Comparison of the maternal cases and matched controls dem-
onstrates similarity in variables, such as maternal age and rural/
urban location (Table 1). More cases than controls had an ethnic-
ity or race defined as “Other” (P = 0.002) or reported “Hispanic 
or Latino” (P = 0.001) in the maternal health record. Immediate 
delivery and birth outcomes, including delivery type, infant sex, 
gestational age, Apgar scores, and measurements, did not differ 
between cases and controls. Only 4 of the 181 child cases had 
potential Zika virus exposure included in their problem list. 

Developmental screening test results were evaluated to define 
whether prenatal travel history increases the likelihood of poor 
performance on standardized screening tests. Results from the 
MCHAT-R were reported in 45.3% to 56.4% of cases and 41.3% 
to 41.9% of controls across all timepoints (Supplemental Table 
2). At the 16- to 21-month timepoint, more cases (11%) scored 
in the “additional screening needed” category compared to con-
trols (0%, P = 0.0038) (Supplementary Table 4). However, at 
22 to 30 months administration, there were no significant dif-
ferences between the MCHAT-R assessment results for cases and 
controls (Figure 2). Overall, the majority of children scored in 
the “no further action” category in both groups and time points. 
The ASQ-3 was reported in 34.8% to 39.8% of cases and 35.4% 
to 39.5% controls (Supplemental Table 2) across all timepoints. 
There were limited significant differences between the cases and 
controls in ASQ-3 scores across 9, 18, and 24 months (Figure 2, 
Supplemental Table 3). The only significant ASQ-3 difference was 
in the 18-month problem-solving domain, with more cases (6.3%) 
performing in the monitor zone compared to the controls (0%, 
P = 0.045). Overall, the ASQ-3 (24 months) and MCHAT-R (22-
30 months) at the latest timepoint revealed that the majority of 
children, regardless of prenatal travel history, perform within the 
expected range (Figure 2). 
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  Controls Cases P value
  (n = 172) (n = 181)

Travel and Exposure Information

Travel continent,a n (%) 
 North America – 152 (84.0) –
 South America – 20 (11.0) –
 Europe – 0 (0) –
 Africa – 4 (2.2) –
 Asia – 11 (6.1) –
 Oceania – 2 (1.1) –
Travel durations,b no. days 
 Mean (SD) – 39.5 (145.6) –
 Median – 8 –
Trimester with travel history recorded,c no. days 
 1st trimester – 139 (81.8) –
 2nd trimester – 46 (27.1) –
 3rd trimester – 16 (9.4) –
Maternal Zika symptoms, n (%) 
 Any reported symptom(s)d – 19 (10.5) –
 Rash – 3 (1.7) –
 Acute conjunctivitis – 2 (1.1) –
 Headache – 6 (3.3) –
 Arthralgia – 7 (3.9) –
 Myalgia – 9 (5.0) –
 Fever – 7 (3.9) –
 Zika virus testing performede/symptomatic – 12/19 (63.2) –
 mothers
Tests performed, n (%) 
 Zika virus testing performede  102 (56.4) 
 IgM – 99 (54.7) –
 PCR – 29 (16) –
 PRNT – 1 (0.6) –
Maternal Zika symptomatic, n (%) 
 Unknown – 5 (2.8) –
 Zika positive test, n – 1f –

Table. Maternal and Infant Demographic and Exposure Information

  Controls Cases P value
  (n = 172) (n = 181)

Maternal Demographics

Maternal race and ethnicity, n (%) 
 White 120 (69.8) 125 (69.1) 0.972
 Black (African American) 12 (7.0) 7 (3.9) 0.290
 Asian 21 (12.2) 12 (6.6) 0.106
 Other 13 (7.6) 35 (19.3) 0.002
 Hispanic or Latino 14 (8.1) 44 (24.3) < 0.001
 Unknown or not reported 5 (3.0) 1 (0.6) 0.113
Maternal age at birth, mean (SD) 
 Years 30.7 (5.0) 31.6 (5.7) 0.175
Maternal socioeconomic status, n (%) 
 Rural 32 (19.3) 30 (16.9) 0.559
 Urban 134 (80.7) 148 (83.1)

Birth Outcomes

Delivery type, n (%) 
 Vaginal 131 (76.2) 128 (70.7) 0.247
 Cesarean birth 41 (23.8) 53 (29.3) 
Infant sex, n (%) 
 Male 84 (48.8) 87 (48.1) 0.561
 Female 88 (51.2) 94 (51.9) 
Gestational age at birth, mean (SD) 
 Weeks 39.16 (8.2) 39.24 (10.6) 0.175
Apgar scores, mean (SD) 
 1-minute 8.2 (1.3) 8.0 (1.7) 0.643
 5-minute 8.8 (0.6) 8.7 (1.1) 0.232
Birth measurements, mean (SD) 
 Head circumference (cm) 34.6 (4.7) 34.2 (2.0) 0.643
 Length (cm) 50.8 (3.5) 51.3 (2.6) 0.250
 Weight (kg) 3.4 (0.5) 3.4 (0.5) 0.310

Infant Record Information
Problem list includes prenatal history of potential Zika virus exposure, n (%)  
 “Zika virus exposure” or “potential Zika”  – 4 (2.5) –
 virus exposure"

Abbreviations: IgM, immunoglobulin M; PCR, polymerase chain reaction; PRNT, plaque reduction neutralization tests.
aSome women disclosed travel to multiple countries, so the sum of all women at each travel location does not equal the sample size. Partner travel was included in the 
travel destination. We were unable to differentiate travel from immigration status using medical records. 
bTravel duration includes time in the country by maternal travel dates. Unable to capture travel duration for 26 records and charts solely with partner travel were addi-
tionally excluded from the calculation. The final sample size was 143.
cSome women reported travel across multiple trimesters, so the sum of all women with travel does not equal the sample size. Charts solely with partner travel were 
excluded from the calculation (n = 170).
dNumber of women with 1 or more symptoms consistent with acute Zika virus infection.
eThe number of women with any Zika virus test (IgM, PCR, PRNT, and/or unknown) performed.
fZika positive case (n = 1) by IgM enzyme-linked immunoassay and PRNT.

Rates of referrals to specialists were evaluated as a proxy 
marker of clinician or parental concern for additional special-
ized evaluation. The number of children included in this “spe-
cialist referral rate” evaluation is smaller because fewer children 
in both groups had medical visits documented after the birth 
hospitalization (Figure 3A). Overall, 48.1% of cases and 49.0% 
of controls were referred to at least 1 specialist. There were no 
significant differences between cases and controls in the referral 
rate to multiple specialists (Figure 3). However, there was a trend 

for more cases (20%) than controls (12%) having referrals to 
the Wisconsin Birth to 3 Program (P = 0.058). We also evalu-
ated whether children were referred appropriately after receiv-
ing scoring in the “further assessment needed” category on the 
ASQ-3. There were similar referral rates for both the cases and 
controls. Combining cases and controls, zero referrals were made 
at 9 months and only 40% to 60% of children received a refer-
ral at 18 months (P < 0.001) or 24 months (P = 0.003) when a 
referral was recommended by ASQ-3 screening (Supplemental 
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Table 5). In summary, there were no differ-
ences in referrals to pediatric subspecialties 
and therapies, but many children were not 
referred appropriately to specialists after 
receiving a score indicating further assess-
ment needed on the ASQ-3 developmental 
screening test.

DISCUSSION
This retrospective case-control study iden-
tified children in Wisconsin who had 
maternal or partner travel during preg-
nancy to Zika virus-endemic areas during 
2015-2018. This study found that 56.4% 
of maternal cases received Zika virus test-
ing during pregnancy, and only 1 pregnant 
woman tested positive. We found similar 
developmental screening and referral out-
comes between the travel-exposed cases 
and matched controls. 

We found no differences in develop-
mental screening outcomes between the 
cases and controls up to 30 months of age. 
However, our evaluation of developmen-
tal screening tests is limited because there 
are no standardized developmental screen-
ing tests for school-age children during their well-child visits.19 
Current American Academy of Pediatrics (AAP) guidelines recom-
mend screening at 9, 18, and 24 or 30 months during well-child 
visits.20,21 Because new deficits emerge – specifically in executive 
function and emotional regulation – in school-age children with 
prenatal Zika virus exposure,5,6 our finding that developmental 
screening results were similar between cases and controls only 
applies to up to 30 months of age. Families and clinicians should 
obtain specific developmental evaluations if there are concerns 
during the preschool and elementary school years.

We also found that more cases than controls tended to receive 
referrals for early intervention services (Birth to 3 Program). 
While not statistically significant, the trend is meaningful because 
it suggests that early intervention services may be needed more 
commonly by children with potential prenatal Zika virus expo-
sure. We also found that many children are still not referred when 
developmental concerns are identified.22 None of the infants in 
either group were appropriately referred to specialists at 9 months 
of age when they received a low developmental screening score, 
and only half were appropriately referred at a later age. For suc-
cessful intervention, it is crucial that children are referred for spe-
cialty care after scoring low on screening tests. This may reflect the 
physicians and caregivers opting to use a “wait and see” approach, 
disregarding AAP recommendations that all children be referred 
after a low score.20 

Figure 2. Standardized Developmental Screening Tests
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A) Modified Checklist in Toddlers-Revised (MCHAT-R) at 22 – 30 months (sample size: 71 controls, 84 cases). 
B) Ages and Stages Questionnaire-version 3 (ASQ-3) at 24 months (sample size: 64 controls, 68 cases).
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Accurately diagnosing maternal Zika virus infection is challeng-
ing, and better diagnostics need to be developed. Only 1 pregnant 
woman had a positive Zika virus test in our chart review. This may 
reflect the true maternal infection rate or could reflect the inaccu-
racy of tests done outside of the targeted test range.11,23 Developing 
better tests to diagnose maternal Zika virus infection is critical as 
children remain at equal risk for developmental deficits whether 
maternal cases are symptomatic or asymptomatic.3  

There was inadequate documentation in the EHR stating that a 
child was exposed to Zika virus. Our study identified only 4 chil-
dren’s charts with “potential Zika virus exposure” listed. This may 
be the result of the lack of an appropriate ICD-10 (International 
Classification of Diseases, 10th Edition) code at this date.24 Improving 
documentation within the EHR is one approach to alert all future 
medical providers that a child is at risk for developmental deficits. 
Creating better documentation of prenatal travel history in the 
child’s EHR can support the identification of children who could 
benefit from appropriate referrals so that early referral rather than 
a “wait and see” approach is used.

Limitations
Even though there were limited differences, there are multiple 
limitations that may have prevented early identification of chil-
dren with developmental deficits in this chart review. The main 
limitation is that we could not determine whether any of these 
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infants were exposed to Zika virus pre-
natally because (1) travel does not inher-
ently equate to Zika virus exposure, (2) 
different travel activities may have differ-
ent risk (eg, cruises and high altitudes), 
and (3) there are lower rates of Zika virus 
transmission by sexual contact compared 
to mosquito exposure. Additionally, we 
could not determine whether the testing 
was performed within the targeted test 
range (within 3 weeks of exposure for the 
Zika virus PCR and 3 months of expo-
sure for Zika virus IgM) given the lack 
of specific dates available in this chart 
review. If done within the targeted time 
period, serology testing has a sensitivity 
of approximately 75% to 90% depend-
ing on the test provided, with PRNT 
being the most sensitive and IgM being 
the least sensitive.25 Another limitation of 
our developmental screening test evalua-
tion is that results were not available for 
many children at later time points, per-
haps because screening tests were delayed 
or canceled during the COVID pandemic 
As a result, children with possible prena-
tal exposure may still be at a high risk of 
developmental deficits and there is a need 
for better referrals and documentation in 
health record systems.  

CONCLUSIONS
Zika virus is likely to reemerge and cause 
future epidemics.26 Although we found no 
screening test differences between the chil-
dren born to mothers with and without a 
travel history, there is a need to continue to monitor children born 
after prenatal Zika virus exposure. Monitoring children can be 
achieved with better documentation of prenatal Zika virus expo-
sure in the child’s medical record, use of standardized develop-
mental screening tools at every recommended well-child visit, and 
referral when developmental screening test scores are low rather 
than waiting to see if the problem improves. The increased rate of 
referrals to the Wisconsin Birth to 3 Program seen in the children 
with prenatal travel history is interesting and warrants further 
evaluation to see the program was more heavily utilized following 
the Zika virus pandemic. 
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Controls: No know travel to Zika 
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ORIGINAL RESEARCH

INTRODUCTION
Lead is an environmental neurotoxicant 
of public health importance that may 
result in lead poisoning.1 Lead poisoning 
remains a public health priority that has 
harmful effects on the brain development 
of children and adults.2 Lead exposure also 
has demonstrated adverse effects, such as 
neurobehavioral deficits;3 cardiovascular, 
immune, and behavioral development;4 

and adverse birth outcomes.5 Although 
the Centers for Disease Control and 
Prevention (CDC) set a reference blood 
lead level (BLL) cutoff of ≥ 3 .5 μg/dL to 
indicate lead poisoning, no BLLs are safe.6 

In Wisconsin, children under 6 years of 
age are considered lead poisoned at a cap-
illary or venous BLL ≥ 5 μg/dL.7 Studies 
consistently show an association between 
low BLL, such as 10 μg/dL or less, and 
impaired cognitive function in children.8 

The effects of childhood lead exposure can 
persist throughout a lifetime and result in 
negative long-term consequences in adult-
hood, such as cognitive decline, aggressive 

behavior, sociobehavioral problems,9 and communication and lan-
guage difficulties.10 Lead-based paint is the main source of child-
hood lead exposure, especially in older houses.11 Other lead poi-
soning sources include manufacturing products, such as children’s 
toys containing lead, mining waste, lead dust,12 and leaded water 
service lines/pipes,13 as well as leaded gasoline phased out by the 
Environmental Protection Agency (EPA).14 

Reporting blood lead test results to Wisconsin public health 
officials is mandatory.15 From 2014 through 2017, 6.9% of 
children under 6 years of age in Milwaukee had a BLL above 
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tested in Milwaukee, Wisconsin, increased from 8.6% to 10.4% between 2014 and 2016. We 
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Table 1. Summary of Child/Maternal Variables by Maximum Blood Lead Test Result

  BLL Not Tested Max BLL <5 μg/dL Max BLL ≥5 μg/dL
  N = 2720 N = 10 618 N = 7595 P value

School year, n (%)    < 0.001
 2010 – 2011 588 (13.87) 1759 (41.49) 1893 (44.65) 
 2011 – 2012 521 (12.78) 1970 (48.31) 1587 (38.92) 
 2012 – 2013 553 (13.18) 2163 (51.55) 1480 (35.27) 
 2013 – 2014 528 (13.07) 2186 (54.11) 1326 (32.82) 
 2014 – 2015 530 (12.10) 2540 (58.00) 1309 (29.89) 

Gender, n (%)    < 0.001
 Male 1350 (12.62) 5303 (49.56) 4047 (37.82)  
 Female 1370 (13.39) 5315 (51.94) 3548 (34.67)  

Race, n (%)    < 0.001
 African American/Black 1425 (11.67) 5707 (46.72) 5083 (41.61)  
 White 650 (22.53) 1702 (58.99) 533 (18.47)  
 Hispanic 441 (9.25) 2586 (54.23) 1742 (36.53)  
 Other 204 (19.17) 623 (58.55) 237 (22.27)  

Area deprivation index    < 0.001
 Mean (SD) 124.52 (21.45) 127.62 (21.28) 136.55 (19.40)  
 Median (Q1, Q3) 126.82 131.06 139.39 
  (107.48, 140.62)  (111.17, 142.40) (126.60, 151.46)
 Minimum, maximum 62.53, 169.26 40.19, 169.26 65.56, 169.26  
 Missing 149 845 663  

Food service indicator, n (%)    < 0.001
 No 654 (20.38) 1989 (61.98) 566 (17.64)  
 Yes 2066 (11.66) 8629 (48.69) 7029 (39.66)  

Special education, n (%)    < 0.001
 No 2327 (13.53) 9023 (52.47) 5847 (34.00)  
 Yes 393 (10.52) 1595 (42.69) 1748 (46.79)  

English language learner n (%)    < 0.001
 No 2557 (13.54) 9576 (50.70) 6753 (35.76)  
 Yes 163 (7.96) 1042 (50.90) 842 (41.13)  

Attendance days       < 0.001
 Mean (SD) 145.99 (28.06) 148.79 (23.23) 146.48 (26.02)  
 Median (Q1, Q3) 155.00 155.00 154.00
  (144.00, 159.00)  (146.50, 159.00) (143.00, 159.00)
 Minimum, maximum 1.00, 187.00 2.00, 204.00 3.00, 195.00  
 Missing 1332 5015 4339  

Gestational age (weeks), n (%)       0.002
 23 – 25 5 (8.06) 32 (51.61) 25 (40.32)  
 26 – 32 56 (11.79) 218 (45.89) 201 (42.32)  
 33 – 34 42 (9.50) 205 (46.38) 195 (44.12)  
 35 – 37 388 (12.73) 1536 (50.41) 1123 (36.86)  
 38 – 43 2229 (13.18) 8627 (51.03) 6050 (35.79)  
 Missing 0 0 1  

Small for gestational age,  n (%)       0.017
 No 2657 (13.03) 10 364 (50.84) 7365 (36.13)  
 Yes 63 (11.58) 252 (46.32) 229 (42.10)  
 Missing 0 2 1  

1-minute Apgar,  n (%)       0.062
 0 – 3 50 (12.25) 189 (46.32) 169 (41.42)  
 4 – 6 135 (11.96) 555 (49.16) 439 (38.88)  
 7  – 10 2519 (13.05) 9834 (50.95) 6947 (35.99)  
 Missing 16 40 40  

5-minute Apgar,  n (%)       0.598
 0 – 3 3 (12.50) 13 (54.17) 8 (33.33)  
 4 – 6 10 (9.43) 50 (47.17) 46 (43.40)  
 7 – 10 2591 (12.92) 10 158 (50.64) 7312 (36.45)  
 Missing 116 397 229  

Abbreviations: BLL, blood lead level; max, maximum; Q, quarter. continued on next page

5 μg/dL, decreasing to 6.3% from 2018 
through 2021.15 During 2010 to 2015, 
the lead poisoning threshold for chil-
dren under 6 was set at 10 μg/dL by 
the Wisconsin Department of Health 
Services (DHS), aligning with CDC 
guidelines at that time.16 In 2012, after 
the CDC lowered this level to 5 μg/dL 
to improve detection of elevated BLLs, 
DHS adopted the same threshold.17 

Average childhood BLLs are dispro-
portionately higher among children in 
predominantly minority populations who 
are living in socioeconomically disadvan-
taged communities18 in racially segregated 
neighborhoods.18 The State of Wisconsin 
addresses childhood lead poisoning pre-
vention efforts through CDC funding to 
ensure blood lead testing and reporting, 
to enhance BLL surveillance, to improve 
linkage to support services, and to sup-
port case management and environmen-
tal investigations by local health depart-
ments.20

Primary prevention of childhood lead 
exposure is essential to mitigating the 
negative effects of BLL on children. This 
includes increasing awareness among par-
ents and caregivers of all children – espe-
cially those exposed to lead. Secondary 
prevention approaches include appropriate 
provider lead testing, case management, 
surveillance reporting and referral to and 
through appropriate service providers,21 (ie, 
community outreach22) and environmen-
tal investigations provided by local health 
departments. In Wisconsin, children’s lead 
testing typically occurs at pediatricians’ 
offices, Special Supplemental Nutrition 
Program for Women, Infants, and Children 
(WIC) clinics, and public health depart-
ments – particularly during well-child visits 
or in high-risk areas.23 However, data on 
the percentage of children with a primary 
care provider or consistent well-child vis-
its for lead testing between ages 1 and 5 
years are limited. One-third (35.2%) of 
Medicaid enrolled children were not tested 
for lead, suggesting that all children were 
not receiving appropriate testing for BLL.24 
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Table 1 continued. Summary of Child/Maternal Variables by Maximum Blood Lead Test Result

  BLL Not Tested Max BLL <5 μg/dL Max BLL ≥5 μg/dL
  N = 2720 N = 10 618 N = 7595 P value

Mother’s age at birth,  n (%)    < 0.001
 12 – 18 277 (9.13) 1333 (43.92) 1425 (46.95)  
 19 – 34 2176 (13.36) 8416 (51.69) 5690 (34.95)  
 35+ 267 (16.52) 869 (53.77) 480 (29.70)  

First trimester  2036 (13.06) 8240 (52.86) 5313 (34.08)  
 No prenatal care 41 (12.93) 133 (41.96) 143 (45.11)  
 Second trimester 523 (12.54) 1897 (45.48) 1751 (41.98)  
 Third trimester 109 (14.16) 296 (38.44) 365 (47.4)  
 Missing 11 52 23  

Number of prenatal visits       < 0.001
      Mean (SD) 10.80 (4.04) 10.88 (3.85) 9.95 (4.07)  
      Median [Q1, Q3] 12.00 (9.00, 13.00) 11.00 (9.00, 13.00) 10.00 (7.00, 12.00)  
      Min, Max 0.00, 40.00 0.00, 50.00 0.00, 50.00  
      Missing   65 29

Abbreviations: BLL, blood lead level; max, maximum.   
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This highlights the challenge of childhood 
BLLs, which may be undetected as this 
recent evidence suggests.

Studies consistently have demonstrated 
the association between higher BLLs and 
poorer academic achievement in stan-
dardized reading and math tests among 
school-aged children.25,26 However, a need 
exists to inform childhood lead preven-
tion efforts implemented by the City of 
Milwaukee Health Department (MHD) 
and health care centers on the magnitude 
and significance of lead effects on academic 
performance. Since academic performance 
is mostly determined by other (non-lead) 
factors, the objective of this study was to 
examine the association between lead expo-
sure and the academic performance of 
third-grade children in Milwaukee while 
controlling for the effects of confounding 
variables.

METHODS
Study Setting and Data Sources
In 2016, Milwaukee County had the high-
est prevalence of elevated BLLs (≥5 μg/dL) 
at 10.8% among children under 6 years of 
age who were tested for lead versus levels 
statewide of 5.0% and those of 9 other 
counties with local health department 
jurisdictions ranging from 5.1% to 8.4%.27 
Similarly, during 2018 to 2021, 6.3% 
of children under 6 years in Milwaukee 
County were poisoned with a BLL ≥5 μg/
dL when compared to 3.6% in Wisconsin 
overall.28 Therefore, we analyzed existing 
data on 20 933 third-grade students who 
attended Milwaukee Public Schools (MPS) 
during 2010 to 2015 and who had individ-
ual health-related data collected through 
the MHD in Milwaukee, Wisconsin. 

The MHD dataset contains blood lead 
testing data reported to the Wisconsin 
Childhood Lead Poisoning Prevention 
Program of a child’s most recent confirma-
tory (venous) test, which follows an elevated 
screening (capillary) test. If no confirma-
tory test for the child is available, the most 
recent screening test result is reported. We 
included data that did not have blood lead 
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Table 2. Regression for Math and Reading Standardized Scores

   Standardized Scores

   Math – Model I  Reading – Model II
   Coefficient (95% CI) P value Coefficient (95% CI) P value

Maximum blood lead level (µg/dL)   < 0.001   < 0.001
  < 5  Reference  Reference  
 Not done  -0.70 (-1.01 to -0.38)  -0.62 (-0.94 to -0.31) 
 5 – 9 -0.65 (-0.91 to -0.40)  -0.94 (-1.19 to -0.68) 
 10 –19 -0.84 (-1.21 to -0.48)  -1.64 (-2.01 to -1.27) 
 20+ -1.29 (-1.93 to -0.64)  -2.26 (-2.91 to -1.62) 

School year < 0.001    < 0.001
  2010 – 2011  Reference  Reference  
 2011 – 2012 -0.49 (-0.81 to -0.17)  -0.4 (-0.72 to -0.08) 
 2012 – 2013 -0.36 (-0.68 to -0.04)  -0.11 (-0.43 to 0.21) 
 2013 – 2014 -0.63 (-0.96 to -0.31)  -0.72 (-1.05 to -0.39) 
 2014 – 2015 -0.78 (-1.13 to -0.44)  -0.92 (-1.26 to -0.57) 

Test administration period   < 0.001   < 0.001
 Fall  Reference   Reference 
 Winter 4.64 (4.57 to 4.72)  3.59 (3.51 to 3.67) 
 Spring 7.88 (7.77 to 7.98)  5.81 (5.70 to 5.91) 

Gender   < 0.001   < 0.001
 Male  Reference  Reference  
 Female -0.72 (-0.93 to -0.52)  1.04 (0.83 to 1.24) 

Race    
 Black or African American Reference < 0.001 Reference < 0.001
 White 4.46 (4.06 to 4.85)  3.29 (2.89 to 3.69) 
 Hispanic 2.71 (2.31 to 3.10)  1.83 (1.44 to 2.22) 
 Other 3.66 (3.10 to 4.22)  2.75 (2.19 to 3.32) 

Gestational age in weeks   < 0.001   < 0.001
 38+  Reference   Reference 
 23 to 25 -2.65 (-4.61 to -0.68)  -0.63 (-2.58 to 1.33) 
 26 – 32 -2.16 (-2.84 to -1.47)  -1.43 (-2.12 to -0.74) 
  33 – 34 -0.66 (-1.35 to 0.04)  -0.31 (-1.01 to 0.39) 
  35 – 37 -0.33 (-0.61 to -0.05)  -0.32 (-0.6 to -0.03) 

1-minute Apgar   0.941   0.468
 7 – 10  Reference   Reference 
 0 – 3 -0.12 (-0.85 to 0.61)  0.37 (-0.36 to 1.09) 
 4 – 6 -0.03 (-0.48 to 0.42)  0.19 (-0.27 to 0.64) 

Mother’s age at birth   < 0.001   < 0.001
 19 – 34  Reference  Reference  
 12 – 18 -0.66 (-0.95 to -0.37)  -0.66 (-0.96 to -0.37) 
 35+ 0.27 (-0.12 to 0.66)  0.69 (0.30 to 1.07) 

Mother’s number of prenatal visits 0.06 (0.03 to 0.08) < 0.001 0.06 (0.03 to 0.08) < 0.001
(continuous)

Mother cigarette use during pregnancy    < 0.001   < 0.001
 No  Reference  Reference  
 Yes -0.52 (-0.81 to -0.22)  -0.91 (-1.21 to -0.62) 

Food service indicator  < 0.001  < 0.001
 No  Reference  Reference  
 Yes -2.64 (-2.98 to -2.31)  -2.62 (-2.96 to -2.29) 

Special education indicator  < 0.001  < 0.001
  No Reference   Reference  
 Yes -6.34 (-6.61 to -6.07)  -8.91 (-9.19 to -8.64) 

English language learner  0.998  < 0.001
 No Reference  Reference 
 Yes 0.001 (-0.44 to 0.44)  -2.92 (-3.36 to -2.48) 

Attendance days (continuous)  0.03 (0.03 to 0.04) < 0.001 0.03 (0.02 to 0.03) < 0.001
among available

continued on next page

results in our analyses.29 We first merged 
data from the MHD birth certificate files 
and lead exposure files, then merged these 
data with MPS standardized math and 
reading scores. Math and reading scores 
for each third-grade student were linked to 
their corresponding BLL and birth certifi-
cate data. Measures of Academic Progress 
(MAP) tests are purposely designed to be 
comparable from year to year in order to 
track children’s academic performance over 
time.29 

This research obtained ethical approval 
from the Medical College of Wisconsin 
Human Research Review Board. Both 
MPS and MHD data were obtained from 
DataShare, a secure, integrated data sys-
tem that links and deidentifies data across 
multiple sectors to support research and 
analysis in public health, public safety, 
education, and related areas.30 DataShare 
was established as a collaboration across 
multiple partner agencies to enhance the 
use of data to inform decisions to improve 
the health and safety of individuals and the 
community.

Study Measures
Student characteristics included in our 
analyses were as follows: gender (female 
or male), race (African American, White, 
Hispanic, Other), gestational age catego-
rized into week groups (23 – 25, 26 – 32, 
33 – 34, 35 – 37, 38 – 43), birth weight, 
small for gestational age designation (no, 
yes), 1-minute and 5-minute Apgar scores 
(score categories 0 – 3, 4 – 6, and 7 – 10), 
food service indicator measured as yes/no 
to receipt of free/reduced lunch, special 
education status (no, yes), and English lan-
guage learner status (no, yes). Our contin-
uous variables were the number of third-
grade attendance days and the number 
of prenatal visits attended by the mother 
during pregnancy. Other parental char-
acteristics included mother’s age at birth 
(12 – 18, 19 – 34, or 35+ years). To account 
for the neighborhood effect, area depriva-
tion indices were calculated for the census 
tracts at each student address whose com-
putation is described in prior literature.31 
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Lead testing data were obtained from the 
MHD, including dates and results for all 
tests on record from birth to third grade. 
Students were grouped into lead exposure 
categories based on the highest observed 
BLL: < 5, 5 – 9, 10 – 19, and ≥20 μg/dL; 
students without any blood lead testing 
information on record were grouped into 
a separate category.

Statistical Analysis
Student academic performance outcomes 
included reading and math Rasch UnIT 
scale (RIT) test scores taken during the 
fall, winter, and spring trimesters of third grade. All test scores 
were standardized to a mean of 50 and standard deviation (SD) of 
10 prior to analysis. All study variables were described using the 
mean, SD, median, and range for continuous variables and fre-
quency and percentage for categorical variables. The frequency of 
missing values was reported for each variable. Variables were sum-
marized both overall and stratified by lead exposure groups. Child 
and parental characteristics were compared between lead exposure 
categories using ANOVA for continuous variables and chi-square 
tests for categorical variables. Standardized reading and math test 
scores were modeled using mixed effects linear regression includ-
ing a school-specific random intercept and a repeated effect for 
school trimester (fall, winter, spring) within student using an 
autoregressive correlation structure of first order. Model covariates 
were selected a priori based on clinical expertise and data availabil-
ity. The global models were presented without subsequent model 
selection procedures. The regression models were fitted for each 
reading outcome separately and included multiple predictors: lead 
exposure group, school year, trimester, and all child and mater-
nal characteristics. All statistical analyses were performed using R 
software version 3.6.0 (R Core Team, R Foundation for Statistical 
Computing, Vienna, Austria). All P values were two-sided, and 
those < 0.05 were considered statistically significant. No adjust-
ments were made for multiple testing.

RESULTS
Table 1 describes the characteristics of children and their mothers 
stratified by BLL. A slightly higher proportion of males (37.8%) 
show elevated BLL (≥ 5 μg/dL) compared to females (34.7%). 
Conversely, more females (51.5%) had BLLs below 5 μg/dL com-
pared to males (49.6%). In terms of availability of BLL test results, 
a higher percentage of females (13.4%) had no BLL test results, 
compared to 12.6% of males. Mothers’ mean number of prenatal 
care visits were higher when children’s BLL was < 5 μg/dL (mean 
10.8, SD ± 3.9) and BLL was not tested (mean 10.7, SD ± 4.1) ver-
sus children with BLL ≥5 μg/dL (mean 9.9, SD ± 4.1) at P < 0.001

From 2010 to 2015, the proportion of children with BLLs 

Table 2 continued. Regression for Math and Reading Standardized Scores

   Standardized Scores

   Math – Model I  Reading – Model II
   Coefficient (95% CI) P value Coefficient (95% CI) P value

Attendance data availability   < 0.001  < 0.001
 Available Reference  Reference 
 Unavailable 3.74 (2.76 to 4.73)  2.79 (1.81 to 3.78) 

ADI (continuous) among available -0.02 (-0.02 to -0.01) < 0.001 -0.02 (-0.03 to -0.02) < 0.001

ADI availability    < 0.001   < 0.001
 Available Ref    Ref 
 Unavailable  -2.75 (-3.64 to -1.85)  -3.03 (-3.93 to -2.13) 

Abbreviations: ADI, area deprivation index.
Models I and II are adjusted linear regression models that controlled for potential confounders in Table 2.

below 5 μg/dL increased from 41.5% to 58.0%, while the propor-
tion of children with BLLs of 5 μg/dL or higher decreased from 
44.7% to 29.9% over the same period. In addition, from 2010 to 
2015, the percentage of children with no BLL test results declined 
slightly from 13.9% in 2010-2011 to 12.1% in 2014-2015. 

As shown in the Figure, the children’s math test scores changed 
by different lead exposure levels and over the 3 school-year sea-
sons. On average, third-grade math scores increased over the 
course of the school year from the fall to winter and winter to 
spring trimesters. In all 3 seasons, the highest median math 
RIT scores were observed consistently in children with the low-
est lead levels (<5 μg/dL) and children whose BLLs were not 
tested. This was followed by lower median math RIT scores 
at 5-9 μg/dL and 10-19 μg/dL BLLs, respectively. The lowest 
median math RIT scores were seen in children with the highest 
(≥ 20 μg/dL) lead levels in the fall, winter, and spring seasons. 
Similar trends were observed for reading scores in the Figure.

Results of the adjusted linear regression model for the inde-
pendent association between math standardized score and maxi-
mum BLL while controlling for potential confounding factors are 
shown in Table 2. Among children with a maximum BLL ≥ 20 μg/
dL, each unit increase in BLL is associated with a 1.29 decrease 
in standardized math scores. This association was statistically sig-
nificant (P < 0.001) when compared to the decrease in standard-
ized math scores among children with a maximum BLL < 5 μg/
dL. Similarly, among children with a maximum BLL of 10-19 μg/
dL, each unit increase in BLL is associated with a 0.84 decrease in 
standardized math scores, and among those with a BLL of 5-9 μg/
dL, each unit increase is associated with a 0.65 decrease in stan-
dardized math scores – all with statistical significance (P < 0.001) 
when compared to the decrease in standardized math scores 
among children with a maximum BLL < 5 μg/dL after adjusting 
for potential confounders.  

Table 2 also shows the adjusted linear regression model for the 
independent association between standardized reading scores and 
maximum BLL while controlling potential confounders. Among 
children with a maximum BLL ≥ 20 μg/dL, each unit increase 
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in BLL is associated with a 2.26 decrease in standardized read-
ing scores. This association was statistically significant (P < 0.001) 
when compared to the decrease in standardized reading scores 
among children with a maximum BLL < 5 μg/dL. Similarly, 
among children with a maximum BLL level of 10-19 μg/dL, each 
unit increase in BLL is associated with a 1.64 decrease in stan-
dardized reading scores, and among those with BLLs of 5-9 μg/
dL, each unit increase is associated with a 0.94 decrease in stan-
dardized reading scores – all with statistical significance (P < 0.001) 
when compared to the decrease in standardized reading scores 
among children with a maximum BLL < 5 μg/dL after adjusting 
for potential confounders. 

DISCUSSION
This study revealed 2 main findings. First, most children (58.3%) 
in third grade had a maximum BLL < 5 μg/dL, while 3.0% had a 
maximum BLL of 20 μg/dL or higher. Second, our results suggest 
that having a BLL ≥ 20 μg/dL was a significant independent risk 
factor for lower math and reading scores compared to children 
with a BLL < 5 μg/dL after controlling for potential confounding 
factors.

Although most children in Milwaukee had a recorded BLL 
< 5 μg/dL, there are still children who are exposed to very high 
BLLs (> 20 μg/dL). These finding align with a prior Wisconsin 
CDC report showing that 5% of children tested had lead poison-
ing at the CDC cutoff of ≥ 5 μg/dL.27 DHS surveillance reports 
showed an increase in children tested for lead, with lead poison-
ing rates rising slightly from 4.4% to 5.0% between 2014 and 
2016.27 The ongoing childhood lead poisoning crisis dispropor-
tionately affects communities in Milwaukee due to socioeconomic 
and racial inequities.32,33 For example, a previous study found that 
Milwaukee students had equal proportions of lead-exposed and 
nonexposed individuals, whereas in Racine, three quarters of stu-
dents had no lead exposure.26

Lead poisoning remains an environmental justice issue that 
perpetuates disparities in health outcomes, even at low BLLs.34 

Communities most affected by lead exposure usually consist of 
minority populations, with children in low-income households 
and often residing in rental properties within economically dis-
advantaged ZIP codes.35,36 For example, in our study, the major-
ity of children (66.9%) with BLLs above 5 μg/dL were African 
American, food insecure, and their mothers were in their late 
third trimester (38-40 weeks) at birth. Multiple factors are impli-
cated in lead poisoning in Milwaukee; however, age of housing is 
one of the most important factors linked to the risk of elevated 
BLL. Before 2006, nearly all incident cases of lead poisoning in 
Milwaukee were among children who lived in houses constructed 
prior to 1950. Older houses are associated with the use of lead-
based paints, dust, and old water lateral supplies, which increases 
predisposition of children to lead and their harmful effects. 
Children living in socioeconomically disadvantaged neighbor-

hoods are more likely to have greater exposure to lead, hence lead 
poisoning.37 This finding highlights the importance and need to 
strengthen community-based lead prevention strategies targeting 
older homes with children at-risk for childhood lead exposure in 
Milwaukee. 

The second key finding showed a significant association 
between BLL and both math and reading scores in third-grade 
students in Milwaukee. These findings are in line with prior lit-
erature that demonstrated an inverse relationship in between BLL 
and end-of-grade examination and standardized intelligence scores 
of school-going children.26,38 A recent study showed that although 
BLL had a detrimental effect on both fourth-grade reading and 
math scores, racial residential segregation specifically augmented 
the negative effect of elevated BLLs on reading test scores among 
non-Hispanic Black children compared to non-Hispanic White 
children.39 This implies that environmental lead exposure may 
result in high BLLs, which has detrimental cognitive effects on 
children. It is worth noting that the timing (early childhood) and 
dosage of lead exposure may be related to long-term mental health 
effects, such as cognition and intellectual impairment in adult-
hood.40 This suggests a potential longer susceptibility period to 
environmental lead exposure.

Study Implications
No lead levels are safe; therefore, building a lead-safe environment 
for all children requires deliberate and decisive policy action that 
addresses the sources of lead exposure. In Milwaukee, paint and 
dust remain the primary sources of lead exposure, followed by lead 
in drinking water. Recently, the Wisconsin Department of Natural 
Resources estimated that replacing the current 229 000 private lat-
erals containing or galvanized with lead would cost from $620 
million to $966 million.41 A new proposed rule by EPA, the Lead 
and Copper Rule Improvements (LCRI), would accelerate the 
rate at which existing lead pipes will be replaced to 2037.42 Policy 
efforts to address this challenge included $30 million in funding 
through the federal bipartisan infrastructure law to replace lead 
service lines and eliminate lead pipe replacement costs to residen-
tial property owners.43

From a clinical perspective, DHS recommendations in 2000 
of universal childhood lead testing44 for all children in Milwaukee 
and Racine and universal testing for all children in Wisconsin in 
2024 could address the missingness of BLL in our data, which 
may allow for better estimation of lead exposure and its impact 
on school-going children in the MPS system. More complete data 
containing BLLs for MPS, Medicaid, and non-Medicaid students 
may better inform state strategies to educate affected populations, 
which is key to lowering lead poisoning’s burden. These findings 
guide community-based interventions like educating individuals 
and highlight the importance of ongoing lead surveillance and 
reducing primary sources of lead exposure.

Lead prevention interventions that need strengthening, such 
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as the lead outreach program in primary care health centers, can 
be a potential source of referrals and education while the state-
funded Lead Safe Homes program45 may increase environmental 
investigations and abatement to partner organizations. It is worth 
noting that ongoing lead prevention programs in Wisconsin are 
implementing door-to-door home visits to conduct educational 
sessions on lead exposure reduction, such as distributing water fil-
ters, faucet replacement, home-based lead testing, and follow-up 
of lead poisoned children. 

The CDC currently recommends routine BLL testing for all 
young children – particularly those at higher risk – to prevent and 
mitigate the effects of lead exposure.46 Public health agencies, such 
as the WDHS, advocate for universal lead testing in high-risk 
areas like Milwaukee to identify elevated BLLs early.44 Research 
increasingly shows that even low BLLs negatively affect cognitive 
development and academic performance, especially in reading and 
math.26,39 To further address lead exposure risks, the EPA’s recent 
LCRI proposal47 mandates replacement of all lead service lines 
within 10 years, lowering the lead action level from 15 μg/dL to 
10 μg/dL, enhancing tap water sampling protocols, and requiring 
public transparency on lead service line locations. These initiatives 
align with our research findings and underscore the urgent need 
for lead-safe environments to support children’s academic success 
and overall well-being.34

For research, leveraging multi-institutional datasets to 
inform childhood lead prevention activities has been under-
scored. Our findings have highlighted the potential to pro-
spectively examine long-term effects of childhood lead expo-
sure to inform prevention efforts in Milwaukee and other 
communities. Our key study strength was the robustness of 
our analysis, using longitudinal data merged from MPS and 
MHD datasets and analyzing data on over 20 000 third-grade 
students. Additionally, our findings are generalizable to urban 
communities; however, it is likely for lead poisoning to be a 
public and environmental issue in rural settings too. 

Standardized testing as a measure of academic performance 
has faced criticism for its inherent limitations and potential 
biases, especially in diverse and underresourced districts like MPS. 
Studies indicate that standardized tests may disadvantage English 
language learners, students with individualized education plans or 
Section 504 protections for persons with learning disabilities, and 
students from various socioeconomic backgrounds due to cultural 
bias and language barriers.48 Additionally, standardized tests may 
not fully capture a student’s academic progress or abilities, over-
looking essential factors such as progression through grades, high 
school matriculation rates, or support needs, which are often more 
indicative of long-term success. These limitations are particularly 
pronounced in Milwaukee, where schools face funding shortages 
and high needs across certain ZIP codes, amplifying disparities in 
test preparation and performance.49

Our study findings should be interpreted in light of some limi-
tations. First, it is possible that unavailable variables in our dataset 
could be correlated with both lead exposure levels and academic 
performance, such as prenatal cocaine or other drug exposures, 
neighborhood violence exposure, parental IQ, and secondhand 
smoke exposure during childhood. This study also identifies 
covariates as intervention targets that pediatricians or primary care 
providers should be more alert about as potential risk factors for 
high BLL. Such factors to target include late prenatal care, young 
maternal age, children in special education, and food insecurity. 
Parental health education is needed to improve prevention and 
early abatement efforts prior to lead testing.

Second, selection bias may have occurred. Our data may 
not be representative of third graders in the MPS system dur-
ing 2010-2015 due to the following: (a) the data being a con-
venience sample, (b) the population being limited to individuals 
with health-related data with the MHD, (c) pediatric BLL test-
ing among the Medicaid population may be low in Wisconsin24 

despite CDC mandatory universal lead testing requirements, (d) 
no recommendations during 2010-2015 for pediatric universal 
lead testing for the non-Medicaid children in Milwaukee, and (e) 
approximately 20% of our final study population did not have 
test results. Additionally, measurement error may have occurred, 
although standardized tests taken during 2010- 2015 are intended 
to be comparable. Finally, this study did not examine the impact 
of high- versus low-performing schools on standardized testing as 
a potential modifying or interacting factor.

The missing test results for 20% of our study population likely 
arise from health care access barriers, affecting data completeness 
and possibly underestimating lead exposure’s effects. This gap adds 
some uncertainty to our findings, so conclusions require cautious 
interpretation. This untested group may face a uniquely high risk 
of elevated lead levels due to socioeconomic and environmental 
factors and are more likely to lack health care access, as shown 
by their higher deprivation and food insecurity levels (Table 1). 
Wisconsin’s universal testing policies in Milwaukee and now state-
wide aim to close this gap, enhancing data accuracy and the assess-
ment of the impact of lead exposure on Milwaukee children. 

CONCLUSIONS
Although most children had BLLs below 5μg/dL, some had very 
high BLLs. Higher BLLs were associated with lower math and 
reading scores among children in Milwaukee. The implications of 
surveillance to detect blood lead in children are significant and 
timely for policy action to strengthen childhood lead prevention 
strategies in Milwaukee amd other urban and rural settings
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REVIEW

INTRODUCTION
Mood disorders, specifically depression 
and anxiety, are the most prevalent mental 
illnesses among adolescents. By 14 years 
of age, half of all mental health conditions 
have already manifested in symptoms.1 
Among adolescents who are 10 to 14 years 
of age, 1.4% experience symptoms of 
depression and 4.4% experience symptoms 
of anxiety.2 Among adolescents who are 15 
to 19 years of age, these illnesses are more 
prevalent, with 2.8% of adolescents experi-
encing depression and 4.6% experiencing 
anxiety.2 These mental health conditions 
can lead to severe consequences, such as 
suicide – the second leading cause of death 
for adolescents in the United States.3 It 
is crucial to understand the influences of 
adolescent mental health conditions in 
order to guide prevention. 

Social media use is one of several 
hypotheses that may explain the observed 
uptick in prevalence of depression and 
anxiety in adolescents.4 About 45% of 
teens report going online nearly con-
stantly.5 Prior systematic reviews have 

reported that for adolescents, social media use correlates with 
harmful psychiatric outcomes, specifically with increasing symp-
toms of depression and anxiety.6,7 In addition to the research 
on social media use posing a negative influence on mental 
health, research also supports associations between social media 
use and mental health benefits.8-10 For example, 1 study found 
that people with mental illnesses benefited from using social 
media through greater social connectedness, providing personal 
empowerment and hope.10

ABSTRACT
Introduction: Previous systematic reviews have examined social media use and adolescent 
mental health. The current literature has yet to examine study characteristics that may influ-
ence these associations.

Objective: This systematic review examined research on the association between adolescent 
social media use and mental health, focusing on depression, anxiety, and psychological dis-
tress, with particular attention to demographic differences and reporting quality. 

Methods: PubMed, Embase, PsycINFO, Cumulative Index to Nursing and Allied Health, and 
Social Sciences Citation Index were searched for studies that included measures of social 
media use and mental health concerns with adolescent participants from 2018 through June 
2020. We identified and described: (1) social media use measures used, (2) associations 
between use and depression, anxiety, and psychological distress, (3) differences in associa-
tions by demographic characteristics, and (4) quality of reporting. 

Results: Of the 3131 studies identified, 19 were included. Seven studies (36.8%) used fre-
quency-based measures of social media use (eg, time spent, frequency checking), 10 (52.6%) 
used risk-based measures (eg, social media addiction or disorder, Facebook intrusion, etc), 
and 2 (10.5%) used both frequency and risk-based measures. Most studies (n = 12, 63%) 
reported positive association(s) between social media use and mental health concerns. Many 
studies reported that the results differed by gender (n = 11, 58%) with positive associations 
more common among females. Quality of report scores ranged from 32 to 43 total points (44 
maximum). 

Conclusions: Future studies should consider both frequency and risk-based social media mea-
sures to develop a balanced understanding of adolescent social media use.
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To better understand the relationship between social media use 
and adolescent mental health, systematic reviews have been com-
pleted to summarize findings.11-13 One review of studies examin-
ing social media use and depression in adolescents reported that 2 
randomized control studies provided evidence to support a causal 
relationship between young adults reducing their social media use 
and declines in depression scores.6 In contrast, a review on digital 
technology (eg, online communication and social media use) and 
adolescent mental health observed that the associations between 
digital technology use and adolescents’ mental health were incon-
sistent and that additional studies are needed to support cause and 
effect conclusions.14 The inconsistency between reviews shows 
that the impact of social media use on adolescent mental health 
remains unclear.

To gain a more comprehensive understanding of the relation-
ship between social media and mental health, researchers have 
included a focus on broader conditions, like psychological distress. 
Although several studies and analyses have focused on specific 
Diagnostic and Statistical Manual of Mental Disorders (DSM-5) 
conditions like anxiety and depression, others have taken a more 
comprehensive approach by incorporating psychological dis-
tress.15-19 This term refers to temporary and treatable mood dis-
turbances, including anxiety and depression.20 Therefore, explor-
ing both clinically defined mental disorders such as anxiety and 
depression, as well at the broader concept of psychological distress, 
is crucial.

A review by Keles et al11 explored diagnostic criteria for 
depression and anxiety as well as the broader construct of psy-
chological distress. This study aimed to review studies observ-
ing the relationship between social media use and depression, 
anxiety, or psychological distress among adolescents. The Keles 
review assessed studies through 2018. However, since the review, 
social media users worldwide increased 9% to 3.484 billion in 
2019.21 This increase may impact the relationship between social 
media use and mental health. Therefore, this study aimed to 
reexamine this relationship.

In addition to the gap in systematic reviews since 2019, previ-
ous reviews have yet to evaluate how demographic variables, such 
as gender, race, and socioeconomic status, may affect this asso-
ciation. Social media use may have unique effects on the men-
tal health of different subgroups of adolescents. A past systematic 
review on demographic characteristics and mental health found 
inconsistent results regarding the important roles of demographics 
in mental health.22 Thus, investigating the demographics across 
studies focused on mental health and social media can shed light 
on the multiplicative effects of gender, race, and socioeconomic 
status. The moderation of demographic variables may explain the 
inconclusive associations between social media use and adolescent 
mental health and can help to guide future interventions. The 
purpose of this study was to examine the characteristics of recent 
studies of social media use and depression, anxiety, and psycho-

logical distress in adolescents, including the way in which social 
media use, association, and demographic characteristics (such as 
gender, race, and socioeconomic status) are reported.

METHODS
This systematic review followed the guidance of the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA).23 The protocol for this review was registered with the 
International Prospective Register of Systematic Reviews (Prospero; 
CRD42021237729). This study was exempt from institutional 
review board approval because no human subjects were involved.

Eligibility Criteria 
Eligibility criteria were based on the previous systematic review by 
Keles et al to further investigate and build upon their findings.11 
Eligible studies included participants with mean age of 13 to 18 
years old; an exposure variable that measured social media use 
(studies solely measuring exposure to the internet more generally, 
cyberbullying or cyber-victimization, or non-social media internet 
activities were excluded); and an outcome variable of depression, 
anxiety, or psychological distress assessed by validated instruments. 
(Outcomes of substance misuse, eating disorders, well-being, life 
satisfaction, self-esteem, body image problems, externalizing, lone-
liness or stress were excluded.) Eligible studies were also empirical, 
observational, and published from 2018 through June 2020 in 
peer-reviewed journals with full text available in English. If longi-
tudinal papers reported on 2 or more groups of participants, only 
the results of the group that met eligibility criteria were examined.

Search Strategy
The databases PubMed (via NCBI), Embase (via Elsevier), 
PsycINFO (via OVID), Cumulative Index to Nursing and Allied 
Health (CINAHL via EBSCO) and Social Sciences Citation Index 
(SSCI via Web of Science) were systematically searched on June 
30, 2020. Filters applied to the search results included publication 
2018 through June 2020 with full text available in English. The 
following search terms were used to describe adolescents: adoles-
cent, teen, youth, young, juvenile, high school student, secondary 
school student, middle school student. The following terms were 
used to describe the exposure social media variable: social media, 
social network, Facebook, Instagram, Twitter, Snapchat, TikTok, 
YouTube. The following terms were used to describe the mental 
health outcome variable: mental health, mental disorder, mood 
disorder, affective disorder, depression, depressive, anxiety, anx-
ious, psychological stress, psychological wellbeing, psychological 
well-being, psychological distress, bipolar, neurotic, agoraphobia, 
cyclothymic, dysthymia. Additionally, reference lists of systematic 
reviews were hand-searched to identify additional papers. (See 
Appendix for search strategies by database.)

Screening
All papers from the automated database searches were collated 
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Studies identified through 
reference lists of 
systematic reviews (n = 40)

Figure. PRISMA Flow Diagram
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CINAHL: 499 (n = 3131)

Records removed before screening: 
Duplicate records removed  (n  = 2147)

Records screened by title (n  = 984)

Records screened by abstract 
(n  = 188)
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Full-text articles excluded (n = 26)
Not meeting:
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Studies included in review (n = 19)
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Duplicate records removed  (n  = 21)
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Full-text articles 
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No validated measure of outcome (n = 3)
No social media measure (n = 1)

using the EndNote Online reference management software  
(Clarivate, Philadelphia, Pennsylvania). After duplicates were 
deleted, 3 reviewers (QA, AJ, MS) independently completed a 
screening conducted by reviewing title and abstract using the 
aforementioned eligibility criteria, documenting reasons for 
exclusion. To ensure accurate inclusion or exclusion of articles, 
QA and AJ, or MS and AJ, compared excluded articles to con-
firm agreement. Finally, 2 reviewers (QA, AJ) independently 
screened the remaining papers by reviewing full text and again 
documented exclusion reason and compared to confirm agree-
ment. Article eligibility discrepancies were resolved by an addi-
tional reviewer (MM). The background and training of the 
reviewers are as follows: AJ, a research specialist, trained QA and 
MS (undergraduate students) on how to screen data. MM is the 
lab principal investigator.

Data Extraction
Key information relevant to the research question was systemati-
cally extracted by 2 reviewers (QA, AJ), and discrepancies were 
resolved by an additional reviewer (MM). Descriptive data vari-
ables extracted included citation, study design, country where 
study took place, total participants, age of participants. Key study 
variables extracted included measurement of social media use, mea-
surement of outcome variable, associations between variables, and 
demographic information. Measure of social media use included 
measures of both quantity and quality. Measurement of outcome 

variable indicated the validated measurement tool used to measure 
depression, anxiety, or psychological distress. Association indicated 
whether social media usage had a positive, negative, mixed, or null 
association with symptoms of mental health outcome variable. 
Demographic information included socioeconomic status, race, 
gender, and gender report format (binary vs full gender spectrum). 
Acceptable proxies to measure socioeconomic status included fam-
ily income, ZIP code, education, and access to internet.

Quality Review
Our quality review tool was derived from the Strengthening the 
Report of Observation Studies in Epidemiology (STROBE) tool.24 
The quality review tool consists of 22 items assessing the quality of 
study design, data collection, and analysis of each study. A study 
could score a maximum of 2 points for each item if the criteria 
were completely met, 1 point if the criteria were partially met, 
and 0 points if criteria were not met. There were 44 total possible 
points. Two investigators scored each article, and discrepancies 
were resolved by consensus. 

RESULTS
The literature search yielded 3131 articles from 5 databases. After 
2147 duplicates were removed, screening on title excluded 796 of 
the 984 unique papers. The remaining 188 articles were screened 
on abstract, with 144 removed, leaving 44 papers. Additionally, 
hand-searching the references of 14 systematic reviews on social 
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media and mental health identified another 40 papers, of which 
21 were duplicates. Next, 12 of these articles were eliminated 
based on abstract, and 7 were retained for full-text screening. 
Thus, a total of 51 articles were retained for full-text screening. 
Full text-screening excluded 32 more articles, for a total sample 
of 19. The PRISMA flowchart (Figure) provides further detail on 
search results and reasons for exclusion. 

Study Characteristics 
This systematic review resulted in 19 studies that met inclusion 
criteria. Table 1 provides data extracted from each study in the 
final sample. Included studies had sample sizes ranging from 249 
to 154981 participants. Most studies used a cross-sectional design 
(n = 13, 68.4%). The most common outcome variable measured 
was depression (n = 13, 68.4%).

Measurement of Social Media
The most used measures for social media use were time spent on 
social media (n = 7, 36.8%), the Bergen Social Media Addiction 
Scale (n = 4, 21.1%), and the Facebook Intrusion Questionnaire 
(n = 2, 10.1%). Other methods of measuring social media use 
included intense social media use,15 Bergen Facebook Addiction 
scale,25 frequency of use,19 screen-based sedentary behavior,26 social 
media aggression and victimization,27 and social media disorder 
scale.28 In summary, 7 studies (36.8%) used frequency-based mea-
sures of social media use (eg, time spent, frequency checking), 10 
(52.6%) studies used risk-based measures (eg, social media addic-
tion or disorder, problematic or maladaptive social media use, 
Facebook intrusion, etc), and 2 studies (10.5%) used both fre-
quency and risk-based measures. 

Time spent on social media was the most prevalent single social 
media measure and was used by 7 of the 19 studies to measure 
social media use. This method of measurement involved time-use 
diaries,29 self-report,18,30,31 Likert scales,32,33 and by indicating time 
spent on Facebook versus highly visual media (platforms focused 
on sharing visual content, such as Instagram and Snapchat).17 

In addition to frequency-based measures of social media, risk-
based measures also were used. For example, the Bergen Social 
Media Addiction Scale (BSMAS) was used by 4 of the 19 studies 
to measure social media use. The BSMAS is a self-reported 6-item 
survey used to measure at-risk social media addiction. One exam-
ple survey question is: “You spend a lot of time thinking about 
social media or planning how to use it.34 

In addition, the Facebook Intrusion Questionnaire (FIQ) 
was used by 2 of the 19 studies to measure social media use. For 
example, the first item is “I often think about Facebook when 
I am not using it.”35 The FIQ includes 8 items to be rated on a 
7-point scale – where 1 is strongly disagree and 7 is strongly agree. 
The higher the FIQ score, the higher Facebook intrusion. High 
Facebook intrusion is “characterized by an excessive attachment 
to Facebook, which interferes with day-to-day activities and with 
relationship functioning.”35 

Associations
Of the 19 included studies, 12 reported finding a positive associa-
tion between social media use and the outcome variable (depres-
sion, anxiety, or psychological distress). Of studies measuring 
depression, 58.3% reported positive association, and of studies 
measuring psychological distress, 60.0% reported positive associa-
tion. The 1 study that measured anxiety reported a positive asso-
ciation.25 Additionally, the only included study to measure both 
depression and anxiety reported a positive association for both 
variables.27 For example, 1 study analyzed both between-person 
and within-person social media use and found a positive correla-
tion between time spent on social media and depressive symptoms 
for both.30 Additionally, initial social media use levels, increased 
problematic social media use (PSMU), and social networking site 
addiction were positively associated with depressive symptoms.36,37 
Furthermore, when comparing use reported by adolescents versus 
their use as reported by their parents, reporting of social media 
aggression from both sources was correlated with anxiety and 
depressive symptoms.27 

Of the 19 included studies, 6 studies reported mixed find-
ings regarding associations between social media use and the 
outcome variable. For example, when measuring multiple types 
of social media use, 1 study found that time spent on social 
media and maladaptive social media use were positively associ-
ated with depressive symptoms; however, the intensity of social 
media use had no significant association with depressive symp-
toms.33 Moreover, highly visual social media users, such as users 
of Snapchat and Instagram, reported greater internalizing symp-
toms of depression and anxiety compared to nonusers; however, 
there were no significant associations between Facebook users 
and nonusers.17 Participants in a longitudinal study with a higher 
initial PSMU had significantly higher depressive symptoms, 
and the path from initial depressive symptoms to the change 
in PSMU was significant.36 However, the intercept of PSMU 
predicted the trajectory of depressive symptoms – indicating par-
ticipants with greater initial PSMU had no greater increase in 
depressive symptoms across time compared to those with a lower 
baseline PSMU.36

Notably, 1 study reported results in a different manner that 
was neither positive nor negative while using an exposure vari-
able of social media and an outcome variable of psychological 
distress – meeting inclusion criteria. The study used latent pro-
file analysis to identify psychopathological risk in various adoles-
cent age groups.38 None of the studies in this systematic review 
reported a negative association between social media use and the 
outcome variable.

Associations also were observed for the 3 most common social 
media use measurements. First, out of the 7 studies that used time 
spent to measure social media use, 4 found results with a posi-
tive association. For example, it was reported that time spent on 
social media was significantly associated with depressive symp-
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Table 1. Characteristics and Findings of Studies Examining the Relationship Between Social Media Use and Mental Health Conditions

Citation Study Design Country Sample Size Social Media Outcome Association Conclusions

Anjum et al,  Cross- Bangladesh 311 Yes/no to use  PHQ-9 measured Mixed Use of social media and >2 hours of 
201926 sectional   of social media,  depression  screen-based sedentary behaviors
    SBSB   daily were significantly associated with 
       depressive symptoms

Barry et al, Cross-  United States 428 Social media  DSM-5 checklist Positive Adolescent- and parent-reported social
201927 sectional   aggression and measured anxiety  media aggression were correlated with
    victimization and depression  anxiety and depressive symptoms

Barthorpe  Cross- United Kingdom 4032 Time spent on SMFQ measured Mixed In females, time spent on social media was
et al,  sectional   social media depression  associated with depressive symptoms, 
202029       little evidence for an association in males

Boer et al, Cross- 29 countries 154 981 Intense social 4-item subscale from Mixed In some countries, intense users reported
202015 sectional   media usage the HBSC symptom  more frequent psychological complaints
    and PSMU checklist measured  than nonintense users. In all countries, 
     psychological distress  problematic social media users reported 
        more psychological complaints

Boers et al, Longitudinal Canada 3826 Time spent on  BSI measured Positive Time spent on social media was associated
201930    social media depression  with depressive symptoms 

Cerniglia Cross- Italy 643 BSMAS  Symptom Checklist-90-R N/A Profile that differed in psychological risk
et al,  sectional    measured depression,  showed similar scores in technology-
201938     anxiety,  and psycho-  based addictions
     pathology symptoms 

Coyne et al, Longitudinal  United States 457 Time spent on  CES-D measured Positive Users with low social media use that
201932    social media depression  increased quickly and then returned to  
       baseline levels and low social media use
       that increased gradually were associated  
       with higher levels of depressive symptoms 
       than users with steady social media use 
       over time

Fabris et al, Cross- Italy 472  BSMAS Emotional symptoms Positive Social media addiction was associated
202016 sectional     subscale of SDQ  with emotional symptoms  
     measured emotional 
     symptoms

Hawes et al, Cross- Australia 763 Time spent on social SMFQ measured Mixed Time spent on social media and maladap-
202033 sectional   media, intensity of depression  tive social media use were associated with
    social media use,    depressive symptoms. Intensity of social
    and maladaptive   media use was not associated with 
    social media use   depressive symptoms 

Kelly et al, Cross- United Kingdom 10 904 Time spent on  SMFQ measured Positive Time spent on social media was associated
201831 sectional   social media depression  with higher depressive symptoms scores

Louragli  Cross- Morocco 541 BFAS GAD-7 measured Positive High Facebook addiction was linked with
et al, 201925 sectional    anxiety  a state of severe anxiety

Marengo Cross- Italy 523 Time spent on Italian self-rated version Mixed Users who spent more than 2 hours/day on
et al, 201817 sectional   social media of SDQ measured  highly visual social media were associated
     internalizing symptoms  with higher internalizing symptoms scores  
       vs nonusers. There were no significant diff-
       erences between FB users and nonusers

Przepiorka and  Cross- Poland 426 FIQ CES-D measured Positive Depression was a positive predictor of
Blachnio, 202040 sectional    depression  FB intrusion

Raudsepp, Longitudinal Estonia 249 BSMAS CES-D measured Positive Initial PSMU predicted change in depressive
201939     depression  symptoms. Increase in PSMU was associ- 
       ated with increase in depressive symptoms

Raudsepp   Longitudinal Estonia 397 BSMAS CES-D measured  Mixed Baseline PMSU was associated with base- 
and Kais,      depression  line depressive symptoms. Changes in
201936       PMSU were related to changes in depressive  
       symptoms. Baseline PMSU did not predict  
       depressive symptom changes longitudinally

Riehm et al, Longitudinal United States 6595 Time spent on GAIN-SS measured Positive Use of social media for >3 hours per day vs
201918    social media internalizing symptoms  no use was associated with internalizing  
       problems

continued on next page
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Table 1 continued. Characteristics and Findings of Studies Examining the Relationship Between Social Media Use and Mental Health Conditions

Citation Study Design Country Sample Size Social Media Outcome Association Conclusions

Viner et al, Longitudinal England 12 866 Frequency of  GHQ measured Positive Frequent social media use was associated
201919    checking social psychological distress  with psychological distress 
    media accounts

Wartberg  Cross- Germany 1001 SMDS DesTeen measured Positive More PSMU was associated with depres-
et al, 201828 sectional    depression  sive symptoms

Wang et al, Cross- China 365 Adapted FIQ CES-D measured Positive Social networking sites addiction was
 201837 sectional    depression  associated with depressive symptoms

Abbreviations: SBSB, Screen Based Sedentary Behavior; PHQ-9, Patient Health Questionnaire-9; DSM-5, Diagnostic and Statistical Mental Disorders; SMFQ, Short Mood 
and Feelings Questionnaire; PSMU, problematic social media use; HBSC, Heath Behavior in School-aged Children; BSI, Brief Symptoms Inventory; BSMAS, Bergan Social 
Media Addiction Scale; CES-D, Center for Epidemiologic Studies Depression Scale; SDQ, Strength and Difficulties Questionnaire; BFAS, Bergen Facebook Addiction 
Scale; GAD-7, Generalized Anxiety Disorder-7; FB, Facebook; FIQ, Facebook Intrusion Questionnaire;  GAIN-SS, Global Appraisal of Individual Needs Short Screener, 
GHQ, General Health Questionnaire; SMDS, Social Media Disorder Scale; DesTeen, Validated Depression Screener for Teenagers.

toms.33 The other 3 studies that used time spent on social media 
as a method of measurement found mixed results with a combi-
nation of positive and null results – no studies found a negative 
association. Second, out of the 4 studies that used the BSMAS 
to measure social media use, 2 studies found a positive associa-
tion between the BSMAS score and depression or psychological 
distress.16,39 An additional study reported a mixed association 
between social media use measured with the BSMAS and depres-
sion.36 Lastly, both studies that used the FIQ to measure social 
media use reported that social media addiction (measured using 
the FIQ) was positively associated with depression.19,40

Demographics
All 19 studies included in this systematic review measured gen-
der; 11 studies presented results stratified by gender. All stud-
ies reported gender as a categorical variable, reporting gender as 
female, male, or chose not to say. Of the 11 studies that reported 
results stratified by gender, 3 studies found no statistically sig-
nificant differences between genders,18,25,32 and 5 studies found 
evidence for positive associations between adolescent females’ 
social media use and depression, anxiety, or psychological dis-
tress. For example, in 1 study, increased time spent on social 
media was associated with a greater number of depressive symp-
toms for females, but an association was not found for males.29 
For females, greater daily hours of social media use were associ-
ated with an increase in depressive symptom scores and in clini-
cally relevant symptoms. However, for males, higher depressive 
symptoms scores were found only when 3 or more hours of daily 
social media use were reported.31 When the study only included 
a sample of adolescent females, there was a positive association 
for social media use and depressive symptoms.36 

Of the 19 included studies, 6 measured race. Race was most 
often reported as a descriptive result. For example, a study included 
a descriptive result stating the percentage of participants that were 
White and the percentage that were non-White.29 Other stud-
ies included percentages of participants that were White, Black, 

Asian, Hispanic, Native American, and an option for “other.”27 Of 
the 6 studies that measured race, none stratified by race. However, 
2 of the six 6 measuring race reported that race was controlled 
for.18,31 In addition, 1 study conducted in Italy reported that race 
was the same among all participants.38 

Of the 19 included studies, 9 reported details regarding socio-
economic status. Of those 9 studies, 2 included analyses involved 
socioeconomic status as a predictor. In 1 study, those who reported 
lower socioeconomic status showed more severe symptoms of 
depression. However, the relationship between socioeconomic sta-
tus and social media use was not observed.30 In another study, 
adolescents living in lower income and 1-parent households were 
more likely to use social media for 5 or more hours daily,31 but the 
study did not assess the association between social media use and 
depression, anxiety, or psychological distress. No studies stratified 
results by socioeconomic status.

Quality Review 
Study designs included cross-sectional (n = 13, 68.4%) and lon-
gitudinal (n = 6, 31.6%). The quality review scores for each study 
ranged from 32 to 43 total points out of a possible 44 points. The 
average quality review score was 37.79 (SD = 2.22) total points. 
See Table 2 for quality review results. 

The quality review criterion met most frequently (19 studies 
fully met these criteria) included explaining the background and 
rationale, stating study objectives, clearly defining all variables, 
and discussing the generalizability. The quality review criterion 
met least frequently was describing efforts to address sources of 
bias (11 studies fully met this criterion). Additionally, reporting 
numbers of participants at each stage with reason for nonpartici-
pation (14 studies partially met this criterion, 5 studies fully met 
this criterion) and giving characteristics of study participants (10 
studies partially met this criterion, 7 studies fully met this cri-
terion) were items that occurred less frequently than the other 
items. 



WMJ  •  2024584

Table 2. Studies by Quality Review Scoring 

  Studies by Quality Review Scoring (Source) 

 Item   0   1   2  Total Scorea

Study designed with a  Barry 2019, Fabris 2020, Hawes 2020,  Anjum 2019, Barthorpe 2020, Boer 2020,  33
commonly used term in   Marengo 2018, Przepiorka and Blachino Boers 2019, Cerniglia  2019, Coyne 2019, Kelly  
the title or abstract and   2019 2019, Louragli 2019, Raudsepp and Kais 2019, 
informative summary of   Riehm 2019, Viner 2019, Wang 2018, Wartberg
study in abstract   2018

Explain background    Anjum 2019, Barry 2019, Barthorpe 2020, Boer 38
and rationale   2020, Boers 2019, Cerniglia 2019, Coyne 2019,
   Fabris 2020, Hawes 2020, Kelly 2019, Louragli 
   2019, Marengo 2018, Przepiorka and Blachino 2019, 
   Raudsepp and Kais 2019, Raudsepp 2019, Riehm 
   2019, Viner 2019, Wang 2018, Wartberg 2018   

State specific      Anjum 2019, Barry 2019, Barthorpe 2020, Boer  38
objectives and   2020, Boers 2019, Cerniglia 2019, Coyne 2019,
hypotheses   Fabris 2020, Hawes 2020, Kelly 2019, Louragli 
   2019, Marengo 2018, Przepiorka and Blachino
   2019, Raudsepp and Kais 2019, Raudsepp 2019, 
   Riehm 2019, Viner 2019, Wang 2018, Wartberg 2018  

Present key elements  Barry 2019, Fabris 2020, Hawes  Barthorpe 2020, Boer 2020, Coyne  Anjum 2019, Boers 2019, Cerniglia 2019, Kelly 26
of study design 2020, Przepiorka and Blanchino 2019, Viner 2019 2019, Louragli 2019, Marengo 2018, Raudsepp
 2019  and Kais 2019

Describe setting,    Anjum 2019, Barry 2019, Barthorpe Boers 2019, Cerniglia 2019, Louragli 2019, Marengo 29
location, and relevant   2020, Boer 2020, Coyne 2019, Fabris 2018, Raudsepp and Kais 2019, Raudsepp 2019, 
dates  2020, Hawes 2020, Kelly 2019,   Riehm 2019, Viner 2019, Wang 2018, Wartberg
  Przepiorka and Blachino 2019 2018 

Report participant    Barthorpe 2020, Cerniglia 2019, Fabris, Anjum 2019, Bary 2019, Boer 2020, Boers 2019, 26 
eligibility criteria and    2020, Hawes 2020, Kelly 2019, Louragli Coyne 2019, Raudsepp and Kais 2019, Riehm 2019 
sources of selected  2019, Marengo 2018, Przepiorka and 
participants  Blachino 2019, Raudsepp 2019, Viner   
  2019, Wang 2018, Wartberg 2018

Define all outcomes,    Anjum 2019, Barry 2019, Barthorpe 2020, Boer 38
exposures, predictors,    2020, Boers 2019, Cerniglia 2019, Coyne 2019, 
confounders, and    Fabris 2020, Hawes 2020, Kelly 2019, Louragli  
effect modifiers      2019, Marengo 2018, Przepiorka and Blachino 
   2019, Raudsepp and Kais 2019, Raudsepp 2019, 
   Riehm 2019, Viner 2019, Wang 2018, Wartberg 2018  

Give source of data    Anjum 2019, Barthorpe 2020, Boers  Barry 2019, Boer 2020, Cerniglia 2019, Coyne 2019, 33 
and details of assess-  2019, Riehm 2019, Viner 2019 Fabris 2020, Hawes 2020, Kelly 2019, Louragli 2019, 
ment for each   Marengo 2018, Przepiorka and Blachino 2019, 
variable   Raudsepp and Kais 2019, Raudsepp 2019, Wang 
   2018, Wartberg 2018

Describe efforts to  Boer 2020, Cerniglia 2019, Fabris  Anjum 2019, Barry 2019, Barthorpe 2020, Boers 22 
address sources of 2020, Hawes 2020, Louragli 2019,  2019, Coyne 2019, Kelly 2019, Marengo 2018, 
bias Przepiorka and Blachino 2019,   Raudsepp and Kais 2019, Riehm 2019, Viner 2019, 
 Raudsepp 2019, Wartberg 2018  Wang 2018 

Explain how study    Barthorpe 2020, Boer 2020, Boers 2019,  Anjum 2019, Barry 2019, Hawes 2020, Marengo  26 
size was arrived at  Cerniglia 2019, Coyne 2019, Fabris 2020,  2018, Raudsepp and Kais 2019, Raudsepp 2019,   
  Kelly 2019, Louragli 2019, Przepiorka and  Riehm 2019
  Blachino 2019, Viner 2019, Wang 2018, 
  Wartberg 2018

Explain how      Anjum 2019, Barry 2019, Barthorpe 2020, Boer  38
quantitative   2020, Boers 2019, Cerniglia 2019, Coyne 2019,  
variables   Fabris 2020, Hawes 2020, Kelly 2019, Louragli  
were handled   2019, Marengo 2018, Przepiorka and Blachino 2019, 
   Raudsepp and Kais 2019, Raudsepp 2019, Riehm 
   2019, Viner 2019, Wang 2018, Wartberg 2018  

Describe all statistical    Anjum 2019, Barry 2019, Barthorpe 2020, Boer  38
methods    2020, Boers 2019, Cerniglia 2019, Coyne 2019,  
   Fabris 2020, Hawes 2020, Kelly 2019, Louragli   
   2019, Marengo 2018, Przepiorka and Blachino 2019,  
   Raudsepp and Kais 2019, Raudsepp 2019, Riehm   
   2019, Viner 2019, Wang 2018, Wartberg 2018 

continued on next page 
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Table 2 continued. Studies by Quality Review Scoring 

  Studies by Quality Review Scoring (Source) 

 Item   0  1  2  Total score

Report numbers of    Barry 2019, Barthorpe 2020, Boer 2020,  Anjum 2019, Marengo 2018, Raudsepp and Kais 2019,  24  
participants at each  Boers 2019, Cerniglia 2019, Coyne 2019, Raudsepp 2019, Riehm 2019
stage, give reason  Fabris 2020, Hawes 2020, Kelly 2019, 
of nonparticipation  Louragli 2019, Przepiorka and Blachino 2019, 
  Viner 2019, Wang 2018, Wartberg 2018

Give characteristics  Cerniglia 2019,   Barthorpe 2020, Boers 2019, Coyne 2019,  Anjum 2019, Barry 2019, Boer 2020, Louragli 2019, Riehm  24
of study participants Fabris 2020 Hawes 2020, Kelly 2019, Marengo 2018,  2019, Wang 2018, Wartberg 2018
  Przepiorka and Blachino 2019, Raudsepp 
  and Kais 2019, Raudsepp 2019, Viner 2019  

Report numbers of      Anjum 2019, Barry 2019, Barthorpe 2020, Boer 2020, Boers 38
outcome events or   2019, Cerniglia 2019, Coyne 2019, Fabris 2020, Hawes 2020,
summary measures   Kelly 2019, Louragli 2019, Marengo 2018, Przepiorka and
   Blachino 2019, Raudsepp and Kais 2019, Raudsepp 2019, 
   Riehm 2019, Viner 2019, Wang 2018, Wartberg 2018  

Give unadjusted    Anjum 2019, Barry 2019, Barthorpe 2020, Boer 2020, Boers 38
estimates and report    2019, Cerniglia 2019, Coyne 2019, Fabris 2020, Hawes 2020, 
category boundaries   Kelly 2019, Louragli 2019, Marengo 2018, Przepiorka and  
   Blachino 2019, Raudsepp and Kais 2019, Raudsepp 2019, 
   Riehm 2019, Viner 2019, Wang 2018, Wartberg 2018 

Report other analyses     Anjum 2019, Barry 2019, Barthorpe 2020, Boer 2020, Boers 38
done   2019, Cerniglia 2019, Coyne 2019, Fabris 2020, Hawes 2020, 
   Kelly 2019, Louragli 2019, Marengo 2018, Przepiorka and
   Blachino 2019, Raudsepp and Kais 2019, Raudsepp 2019, 
   Riehm 2019, Viner 2019, Wang 2018, Wartberg 2018 

Summarize key results     Anjum 2019, Barry 2019, Barthorpe 2020, Boer 2020, Boers 38
with reference to the   2019, Cerniglia 2019, Coyne 2019, Fabris 2020, Hawes 2020, 
study objectives   Kelly 2019, Louragli 2019, Marengo 2018, Przepiorka and
   Blachino 2019, Raudsepp and Kais 2019, Raudsepp 2019, 
   Riehm 2019, Viner 2019, Wang 2018, Wartberg 2018   

Discuss limitation, taking  Louragli 2019  Anjum 2019, Barry 2019, Boer 2020,   Barthorpe 2020, Coyne 2019, Hawes 2020, Kelly 2019, 29
into account sources of  Boers 2019, Cerniglia 2019, Fabris   Marengo 2018, Przepiorka and Blachino 2019, Raudsepp
bias and their magnitude  2020, Raudsepp 2019 and Kais 2019, Riehm 2019, Viner 2019, Wang 2018, 
and direction   Wartberg 2018 

Give a cautious overall      Anjum 2019, Barry 2019, Barthorpe 2020, Boer 2020, Boers 38 
interpretation of results   2019, Cerniglia 2019, Coyne 2019, Fabris 2020, Hawes 2020, 
   Kelly 2019, Louragli 2019, Marengo 2018, Przepiorka and
   Blachino 2019, Raudsepp and Kais 2019, Raudsepp 2019, 
   Riehm 2019, Viner 2019, Wang 2018, Wartberg 2018   

Discuss      Anjum 2019, Barry 2019, Barthorpe 2020, Boer 2020,  38
generalizability   Boers 2019, Cerniglia 2019, Coyne 2019, Fabris 2020, 
of study results   Hawes 2020, Kelly 2019, Louragli 2019, Marengo 2018, 
   Przepiorka and Blachino 2019, Raudsepp and Kais 2019, 
   Raudsepp 2019, Riehm 2019, Viner 2019, Wang 2018,   
   Wartberg 2018  

Give the source  Barry 2019, Louragli   Anjum 2019, Barthorpe 2020, Boer 2020, Boers 2019, 28
of funding  2019, Marengo 2018,    Cerniglia 2019, Coyne 2019, Fabris 2020, Hawes
 Raudsepp and Kais   2020, Kelly 2019, Przepiorka and Blachino 2019, Riehm 
 2019, Raudsepp 2019  2019, Viner 2019, Wang 2018, Wartberg 2018  

aTotal score out of 38 maximum points. 
Note: Citations for studies are listed in Table 1. 

DISCUSSION
This systematic review examined the characteristics of recent studies 
that reported associations between social media use and outcome 
variables of depression, anxiety, and psychological distress. Of the 
studies included, most reported a positive association between social 
media use and depression, anxiety, or psychological distress. This 
review shows that few studies have examined a relationship between 
social media use and mental health across demographic groups.

Our first finding was that many measures of social media use 
were used and associations between use and mental health out-
comes tended to differ based on type of measure. Although only 
2 studies used the FIQ, which measures excessive attachment 
to social media (Facebook), they both found positive associa-
tions.37,40 In contrast, the 7 studies using participants’ time spent 
on social media – a more general measurement of use – found both 
mixed17,29,33 and positive18,30,31 associations. These findings suggest 
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that characteristics of risk-based social media use measures may 
be more associated with mental health symptoms compared to 
frequency-based measures.

Our second finding was that measurements of social media 
use reflected a trend toward understanding risky use, with over 
half of the studies measuring solely risk-based use. For example, 
the BSMAS is designed to measure social media addiction.34 

Other examples of social media measures in this review that mea-
sured risk-based use include social media aggression,27 maladap-
tive social media use,33 and a social media use disorder scale.28 

It is important to consider that none of the social media use 
measurements utilized by studies in this systematic review were 
measuring positive social media use or healthy social media use. 
For example, studies utilizing methods that measure a benefit 
to mental health, such as peer interaction on social media, may 
show associations with better mental health outcomes.10 This 
is a possible explanation for why none of the included studies 
reported a negative association between social media use and 
depression, anxiety, or psychological distress. In summary, previ-
ous research has shown that risky ways of using social media tend 
to be associated with poorer mental health outcomes, but more 
work is needed to examine positive social media use and associa-
tions with adolescent mental health. 

Our third finding revealed that none of the studies included 
in our review examined race or socioeconomic status as stratify-
ing variables, and there were limited results concerning gender. 
These demographic variables are important to examine because 
current research suggests that specific groups may be at a higher 
risk of developing mental illness due to various factors that could 
impede access to health care or jeopardize overall health.41 First, 
the included studies only presented gender stratified results for 
“female” and “male” participants. Prior research and evidence 
for best practice points towards the necessity for future research 
to include a full gender spectrum, inclusive of transgender and 
nonbinary participants.42 Sexual orientation is another important 
topic to consider. Sexual orientation in relation to mental health 
may be an important stratification to explore, as current research 
shows that lesbian, gay, bisexual, transgender, and questioning 
(LGBTQ) individuals experience higher rates of mental illness.43,44 
In addition, because increased racial and ethnic discrimination 
has been positively associated with symptoms of depression,45 race 
and experiences with racism are also important factors to exam-
ine when observing the impact of social media use and mental 
health of adolescents. This finding is supported by our quality 
review, which found that a common issue across studies was a 
lack of describing participant demographics. Finally, because prior 
research shows that the many life stressors of adolescents with a 
lower socioeconomic status put them more at risk for mental ill-
ness,46 it is also important to investigate how socioeconomic status 
may play a role in the effect of social media use on mental health 
in adolescents. Overall, future studies should measure the afore-

mentioned variables to better understand how they may moderate 
the relationship between social media use and mental health in 
adolescents. 

Furthermore, the review highlighted that certain demographic 
characteristics were not represented consistently across the final 
articles. This omission limits the generalizability of the findings 
and underscores the necessity for more inclusive research practices. 
Addressing these gaps in future research is crucial to understand-
ing the nuanced ways in which social media use may affect differ-
ent demographic groups. 

This study has limitations to consider. It is important to note 
the possibility of publication bias in this review, given that unpub-
lished work was not included. The lack of null findings observed 
may reflect this bias. Furthermore, other mental health outcomes, 
such as self-esteem, general well-being, and happiness, were not 
included in the study. Examining these other mental health out-
comes might provide more thorough understanding about the 
nuances of the association between social media use and well-
being.

Moreover, a self-reported measure of social media use was not 
used as an exclusion criterion. New research raises concerns about 
the validity of findings that use self-reported measures of social 
media use. A meta-analysis described that self-reported social 
media use was infrequently a precise representation of logged 
social media use.47 However, self-reported screen time is useful 
to understand the interpretations of social media impacts overall. 
Moreover, the associations observed could be affected by use of 
risk-based versus screen time or other measurement types. 

Additionally, this systematic review did not explore the rela-
tionship between substance use measures and social media use. 
Past research has found that problematic social media and inter-
net use has been associated with higher odds of consuming sub-
stances.48 Importantly, this association can confound the associa-
tion between social media use and mental illness.

Lastly, it is important to consider the rapidly changing nature 
of social media platforms. Many of the studies included in this 
review focused on platforms such as Facebook. According to a sur-
vey by Pew Research Center in 2023, US adolescents age 13 to 17 
years old using Facebook has decreased from 71% in 2014-2015 
to 33% in 2023, while Snapchat use, which is a more visually ori-
ented platform, has increased from 41% in 2014-2015 to 60% in 
2023.49 This shift in social media usage patterns may influence the 
nature of associations between social media use and mental health 
outcomes. Future research should account for the impact of more 
visually oriented platforms to provide a current and comprehen-
sive understanding of the association between social media and 
adolescent mental health. 

CONCLUSIONS
This systematic review examined the characteristics of stud-
ies that assessed the relationship between social media use and 
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mental health outcomes of depression, anxiety, and psychologi-
cal distress. Because many social media and mental health stud-
ies included in this review were framed around a risk-centered 
model, future reviews and media reports should consider and 
report whether the social media measurement they are observ-
ing focuses on problematic use or other specific features of use. 
Moreover, future studies should consider using both a risk-based 
social media use measure and a benefit-based social media use 
measure to examine social media use holistically and seek to 
optimize study quality. Overall, research in this field must focus 
on a wider spectrum of social media interactions, including those 
that may have potential benefits. Additionally, clinicians should 
ask their adolescent patients more specific questions about their 
social media use to gauge characteristics such as maladaptive or 
addictive use instead of solely how much time they use social 
media. Lastly, because a limited number of studies observed 
results stratified by demographic variables, it is important for 
future studies to investigate how demographics may moderate 
the relationship between social media use and adolescent mental 
health.
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BRIEF REPORT

with CNS involvement who received 
oral suppressive therapy with acyclovir 
for 6 months were demonstrated to have 
improved neurodevelopmental outcomes 
compared to those infants who did not 
receive suppressive therapy.2 While neuro-
developmental benefits were not observed 
for those babies solely with SEM disease, 
they benefitted from a significant decrease 
in cutaneous recurrence and presumably 
the socioeconomic benefits from that.2 
For these reasons, oral suppressive ther-
apy has become relatively standard after 
neonatal HSV infection. Dosing is 300 
mg/m2/dose 3 times daily for a minimum 
of 6 months following completion of IV 

acyclovir.3 Valacyclovir has not been studied for longer than 5 
days in infants.4 However, valacyclovir is sometimes prescribed 
for neonatal HSV suppression off-label.4 Valacyclovir is a nucleo-
side analogue DNA polymerase inhibitor that rapidly converts 
to acyclovir and has a similar mechanism of action.5 Valacyclovir 
offers the potential benefits of increased bioavailability and less 
frequent dosing, which could result in improved compliance 
compared to acyclovir.5

There is little published literature comparing the efficacy of 
valacyclovir and acyclovir for neonatal HSV suppression. However, 
local anecdotal experience suggests off-label valacyclovir for HSV 
suppression in infants has been efficacious. The primary objective 
of this study was to evaluate for a difference in clinical recurrence 
between valacyclovir and acyclovir for suppression of recurrent 
HSV following neonatal infection. 

METHODS
We retrospectively reviewed records of children less than 6 weeks 
of age with a positive HSV polymerase chain reaction (PCR) 

ABSTRACT
Background: Anecdotal experience suggests efficacious valacyclovir use for neonatal herpes 
simplex virus (HSV) suppression, with limited published literature. The objective of this study was 
to evaluate HSV recurrence rates between valacyclovir and acyclovir for suppression of HSV fol-
lowing neonatal infection.

Methods: We conducted a single center, retrospective cohort analysis of patients less than 6 
weeks old with a positive HSV polymerase chain reaction who received oral acyclovir or valacy-
clovir. Demographics, dosing, and recurrence rates were analyzed. 

Results: Six patients received acyclovir and 13 received valacyclovir. The recurrence rate was 
similar in both groups.

Discussion: Valacyclovir may be an alternative to acyclovir for suppression of neonatal HSV, 
offering less frequent dosing and increased compliance. Larger studies are needed to confirm 
valacyclovir efficacy for neonatal HSV suppression.

Haley A. Olkiewicz, PharmD; Michelle L. Mitchell, MD; Katie M. Ray, PharmD; Evelyn M. Kuhn, PhD; Tracy N. Zembles, PharmD
 

Valacyclovir Versus Acyclovir for Herpes Simplex Virus 
Suppression Following Neonatal Infection

BACKGROUND
Neonatal herpes simplex virus (HSV) is a viral infection affect-
ing 1 per 3200 live births.1 HSV can present as disseminated, 
central nervous system (CNS), and/or skin, eye, and/or mucous 
membrane (SEM) disease. The American Academy of Pediatrics 
(AAP) recommends intravenous (IV) acyclovir 20 mg/kg/dose 
every 8 hours for 14 days for SEM treatment and a minimum 
of 21 days for CNS or disseminated disease in neonates. HSV 
establishes latency in sensory ganglia following primary infec-
tion. It is not known if the virus may also subclinically reacti-
vate in the brain after neonatal CNS infection. However, infants 
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test who completed parenteral and sup-
pressive therapy from November 2012 
to July 2021. Information was collected 
from patients at a 298 bed children’s hos-
pital with a level IV neonatal intensive 
care unit with 72 licensed beds. Those 
who were lost to follow-up, died prior to 
beginning suppressive therapy, or started 
the course of medication therapy at an 
outside hospital were excluded. We col-
lected age at diagnosis, sex, type of HSV, 
antiviral agent and dose, and duration of 
therapy. We also evaluated medication 
changes as a surrogate for medication 
intolerance or failure of therapy. Patients 
received acyclovir or valacyclovir sup-
pressive therapy at the discretion of the 
medical provider. Duration of suppres-
sive therapy was also determined by the 
medical provider. Valacyclovir was dosed 
at 40-50 mg/kg/day divided twice daily. 
Acyclovir was dosed at 300 mg/m2/dose 
3 times daily. Patients prescribed the same 
antiviral agent were analyzed as a cohort. 
We compared the incidence of recur-
rence during suppression, as well as time 
to recurrence. Recurrence was defined as 
a positive HSV PCR or documentation 
of a lesion consistent with HSV in the 
electronic medical record. This project 
was reviewed by our Institutional Review 
Board and determined to be a quality 
improvement project.

Proportions of patients with various 
characteristics were compared between 
those who received acyclovir versus those 
who received valacyclovir using Fisher 
exact tests. Continuous/numeric variables 
were compared in the 2 groups using 
Mann-Whitney tests. Quartiles were cal-
culated using “Tukey’s Hinge” method in 
SPSS. IBM SPSS Statistics 20 (Armonk, New York) was used for 
statistical analysis.

RESULTS
A total of 34 patients had a positive HSV PCR at less than 6 
weeks of age, of which 25 met inclusion criteria (Figure 1). 
Following IV therapy, included patients received oral suppression 
with acyclovir (n = 8) or valacyclovir (n = 17). In the acyclovir arm, 
2 patients were lost to follow-up, resulting in 6 included patients. 
In the valacyclovir arm, 2 patients did not complete oral HSV 

Table 1. Demographics 

Characteristic Overall Acyclovir Valacyclovir P value

Total, N (%) 19 6 (32) 13 (68) n/a
Female, N (%) 7 (37) 4 (67) 3 (23) 0.13
Birth weight (kg), median (IQR) 3.26 (2.85–3.52) 3.40 (3.22–3.52) 3.20 (2.78–3.52) 0.38
Gestational age (weeks), median (IQR) 38.0 (36.5–38.5) 38 (38–39) 37 (36–38) 0.12
Herpes simplex virus (HSV)  type N (%)
  Type 1 9 (47) 5 (83) 4 (31) 
  Type 2 10 (53) 1 (17) 9 (69) 0.06
Diagnosis 
  SEM, N (%)  10 (53) 4 (67) 6 (46) 0.63
  CNS, N (%) 11 (58) 3 (50) 8 (62) 1.00
  Disseminated, N (%) 15 (79) 5 (83) 10 (77) 1.00
Dose, median (IQR) n/a 900 (900–900) 50.0 (40–50)   n/a
   mg/m2/day mg/kg/day
Duration (months), median (IQR)  6 (6–12) 6 (6–6) 11.5 (6–12) 0.03

Abbreviations: SEM, skin, eye, and/or mucous membrane; CNS, central nervous system; IQR, interquartile range.

Abbreviations: HSV, herpes simplex virus; PCR, polymerase chain reaction.
Out of 34 patients who had a positive HSV PCR at less than 6 weeks of age, 9 patients were excluded. 
Following intravenous therapy, included patients were given oral suppression. In the acyclovir arm, 2 
patients were excluded resulting in 6 included patients. In the valacyclovir arm, 4 patients were excluded 
resulting in 13 patients with complete data for analysis.

Figure. Consort Diagram

Patients < 6 weeks of age 
with positive HSV PCR 

n = 34
Exclusion:
• Did not complete parenteral 

HSV treatment (n = 1)
• Not discharged on enteral HSV 

prophylaxis (n = 1)
• Death before completion of 

treatment (n = 6)
• Initial course at outside hospital 

(n = 1)Enrolled
n = 25

Acyclovir
n = 8

Valacyclovir
n = 17

Exclusion:
• Lost to follow up (n = 2)

Exclusion:
• Did not complete enteral 

HSV prophylaxis (n = 2)
• Lost to follow up (n = 2)

Analyzed
n = 6

Analyzed
n = 13

suppression (presumably for adherence) and 2 were lost to fol-
low-up, resulting in 13 patients with complete data for analysis. 
Patients were lost to follow-up if they did not have documented 
clinic notes in the electronic health record. There were no differ-
ences in demographics between the 2 groups, with the exception 
of duration of therapy, which was longer in patients prescribed 
valacyclovir (Table 1). Initial dosing of the antiviral agent was 
appropriate for both groups. Recurrence while on suppressive 
therapy was similar between groups (Table 2). Among those who 
did have a recurrence, the median time to recurrence was 102 days 
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Table 2. Outcomes

Medication Acyclovir Valacyclovir P value
 (n = 6) (n = 13)

Medication change, N (%) 0 (0) 1 (8)  1.00
Recurrence while on suppression, N (%) 0 (0) 2 (15) 1.00
Time until recurrence (days), median (IQR)  n/a 102.5 (85–120) n/a

from diagnosis. Only 1 patient required a medication switch dur-
ing suppressive therapy, and this was due to nothing by mouth 
status prior to a procedure, requiring a change to IV acyclovir. 
No patients had a prescribed change in suppressive therapy for a 
documented adverse effect.

DISCUSSION
Our data reveal similar rates of recurrence during suppressive 
therapy when either oral acyclovir or valacyclovir were prescribed. 
Though oral acyclovir is the drug of choice recommended by 
the AAP for suppression following neonatal HSV infection, oral 
valacyclovir is sometimes used off-label. A study completed by 
Kimberlin et al assessed the safety and pharmacokinetics of vala-
cyclovir dosing.6 Patients 1 month through 5 years old received 
one 25 mg/kg dose of valacyclovir. Patients 1 year to 11 years old 
received 10 mg/kg twice daily or 20 mg/kg 3 times daily for 3 to 
5 days. After the authors’ pharmacokinetic evaluation, no dosing 
recommendations could be concluded in patients younger than 3 
months old. The authors concluded that valacyclovir 20 mg/kg/
dose provided similar exposure of blood concentrations for chil-
dren aged 3 months to 11 years compared to acyclovir. Our study 
based appropriate dosing on these findings, as it is the only dosing 
available and, thus, also what is conventionally used by clinicians 
for this indication. This pharmacokinetic study demonstrated 
valacyclovir to be safe and well tolerated. Likewise, patients in 
our cohort were prescribed doses of 20-25 mg/kg/dose given twice 
daily without reported side effects. 

We did not identify any statistical differences in recurrences, 
though the recurrence rate while on suppressive therapy overall 
was low (2 of 19; 10%). This could be a result of our small 
sample size. Comparatively, a single-center study in the United 
Kingdom identified a recurrence rate of 33% among 21 infants 
who presented with HSV at or prior to 90 days of age.7 The 
difference might be explained by more reliable follow-up doc-
umentation of recurrences given the nationalized health care 
system. However, most patients (all but 2) were given acyclovir 
prophylaxis in that study. Additionally, the study by Kimberlin 
et al reported 41% of babies had at least 2 cutaneous recurrences 
while on oral acyclovir suppression (37.5% of those infants with 
CNS disease and 47% of those infants with solely SEM dis-
ease).2 Notably, in our evaluation, both recurrences were related 
to SEM disease and occurred in the valacyclovir group. However, 
1 patient with a gestational age of 36 weeks initially presenting 
with CNS HSV did not have the dose adjusted for weight gain 
while on suppressive therapy at the time of the recurrence when 
nearly 4 months old, potentially explaining the recurrence. The 
other infant initially had CNS, disseminated, and SEM HSV, 
with a cutaneous recurrence at around 3 months of age. This 
patient had a gestational age of 27 weeks, which could impact 
the pharmacokinetics of the drug, as young infants experience 
significant kidney maturation in the first few months of life that 

may alter clearance.4 Waheed et al also found recurrences in 
50% of premature neonates versus 23% of term patients while 
on suppressive therapy, supporting our concern for dosing and 
metabolism in premature infants.7 

It was interesting to note patients in our study who were pre-
scribed valacyclovir had longer durations of therapy. Clinicians 
selected the drug and duration of therapy at their discretion. Given 
the retrospective nature of this study, we were unable to determine 
the reason for the selection of drug and duration. However, ver-
bal communication with infectious disease providers suggest that 
differences in medication selection and duration of therapy may 
reflect a change in practice over time, favoring a longer duration 
of 1 year versus 6 months by some clinicians, as many of the vala-
cyclovir patients were from more recent encounters. 

Strengths of this study include manual review of patient 
charts for documentation of a recurrent lesion and/or any PCR 
for diagnosis of recurrence. All patients included in the analysis 
had documentation of adherence and were evaluated for appro-
priate dosing throughout the course of therapy by the authors. 
Although all patients in this study were reportedly adherent, 
twice daily valacyclovir dosing allows for ease of administration 
for neonates and young children, potentially improving compli-
ance over months of therapy. Lastly, complex or questionable 
patients were reviewed by a pharmacist (HO) and an infectious 
disease physician (MM) to determine if the patient should be 
included in the study. 

Limitations include small sample size, resulting in insufficient 
power to detect a potential difference in outcomes, greater num-
ber of patients in the valacyclovir arm due to clinician selection, 
lack of literature guiding dosing in premature neonates, lack of 
lab assessment for neutropenia, as well as the single center experi-
ence. Exclusion of patients who did not complete treatment or 
who started treatment at another hospital may affect the finding’s 
generalizability. 

However, this study provides real world experience on the 
safety and long-term use of valacyclovir for prevention of recur-
rent HSV following neonatal infection. Additionally, an ongoing 
phase 1, open label, single-center study is further assessing the 
pharmacokinetics and pharmacodynamics of valacyclovir com-
pared to IV acyclovir in neonates.8 Up to 10 participants aged 2 
to 12 weeks with a gestational age greater than 34 weeks will be 
enrolled. This study may aid in determining optimal dosing of 
valacyclovir, including those who are late preterm.
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Valacyclovir may be an acceptable alternative to oral acyclo-
vir for suppression of neonatal HSV, offering less frequent dosing 
and possible increased compliance with similar outcomes. Larger 
studies are needed to determine if there are true differences in out-
comes or adverse effects, particularly in premature infants where 
drug metabolism may differ. 
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BRIEF REPORT

At present, PATCH utilizes 2 youth-
driven programs to engage youth. The 
PATCH Teen Consultant Program sup-
ports youth in consulting on adolescent 
health initiatives, policies, and practices, 
whereas the PATCH Teen Educator 
Program promotes open, honest, and 
medically accurate conversations between 
adolescents and their health care providers 
via teen-facilitated workshops. Program 
goals differ, but the approach to engag-
ing youth remains consistent. Teams of 8 
to 12 youth (aged 14 to 19) are formed 
through a deliberate selection process, 
including the release of job descriptions, 
submission of applications, interviews, 

and employment contracts. Each youth makes a 9-month job 
commitment as either a Teen Consultant or Teen Educator. 
They are supervised by a program coordinator and paid for their 
time and expertise to participate in multiday onboarding train-
ing; 2-hour, bimonthly enrichment sessions; consulting sessions 
(Teen Consultants); and/or PATCH workshop facilitation (Teen 
Educators). 

While previous evaluations have demonstrated programmatic 
effects,2-4 this manuscript explores specific programmatic elements 
that have proven impactful or meaningful to past participants, 
hereafter called alumni. It offers valuable insights into effective 
practices and strategies, highlighting their importance and impli-
cations for enhancing program outcomes and informing future 
initiatives.

METHODS
This evaluation followed a mixed-methods survey of PATCH 
alumni administered in the fall of 2023, which identified sus-
tained impacts on participants (Jewell TI, Aeschbach CJ; unpub-

ABSTRACT
Background: As clinicians and scholars continue to emphasize the importance of actively involv-
ing youth in the Maternal and Child Health workforce, this evaluation explores the program-
matic elements of the Wisconsin-based Providers and Teens Communicating for Health (PATCH) 
Program that previous participants found impactful.

Methods: Semistructured interviews were conducted with program alumni. Qualitative thematic 
analysis utilized a combined deductive and inductive approach.

Results: Fourteen interviews were completed. Analysis revealed 6 key themes highlighting 
impactful elements of PATCH: education, employment and workforce development, sense of 
community and belonging, youth-driven programming, facilitating community connections, and 
youth-adult partnership.

Discussion: Multiple elements of PATCH have led to sustained positive health and development 
outcomes among program alumni, providing valuable insights for effectively engaging youth.

Tess I. Jewell, BA; Alexandra R. Sabgir, BS; Chelsea J. Aeschbach, MPH, CHES

What Aspects of Youth Programming Have Lasting 
Effects? Perspectives from Wisconsin PATCH Alumni

BACKGROUND
Clinicians and scholars continue to emphasize the importance 
of actively involving youth in the Maternal and Child Health 
workforce.1 Initiatives like the Wisconsin-based Providers and 
Teens Communicating for Health (PATCH) Program exemplify 
these efforts. PATCH originated in 2010 as an adolescent health 
care communications initiative rooted in advocacy and youth-led 
education to support public health.2,3 Evolving over time, the 
program has played a crucial role in authentic youth engagement 
across Wisconsin, addressing the strong demand for meaningful 
youth input in adolescent health efforts.4 
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lished data, 2023). Semistructured, follow-up interviews were con-
ducted to gather alumni’s insights on (1) the program’s impact, (2) 
the specific aspects of PATCH that contributed to these impacts, 
(3) important programmatic components, and (4) additional 
experience or thoughts regarding their participation. Based on the 
University of Wisconsin–Madison Quality Improvement/Program 
Evaluation Self-Certification tool, this project was identified as 
program evaluation that did not meet the federal definition of 
research pursuant to 45 CFR 46 and did not require review by the 
Institutional Review Board.

Participant Recruitment
Interview participants were recruited from all previous Wisconsin 
PATCH alumni (N = 299, from 2010 to completion of the 2022-
2023 program cycle). Recruitment was conducted alongside the 
alumni survey using documented email addresses, a private alumni 
Facebook group, and direct outreach by staff. After completing the 
survey, respondents could opt in to a brief follow-up interview via 
a separate link. Alumni also had the option to bypass the survey 
and contact the team directly. No incentives were provided for 
participation in the interviews. 

Data Collection 
An interview guide was developed in partnership with PATCH’s 
evaluation team, which includes representatives from program 
leadership, staff, youth participants, and external stakeholders. 
Study team member TIJ conducted interviews, ranging from 18 
to 38 minutes, in January and February, 2024. Interviews were 
recorded with participant consent, then transcribed and reviewed 
for accuracy. Detailed demographics were not obtained to ensure 
anonymity and due to the survey findings indicating no mean-
ingful differences in program impacts. Program records confirmed 
participation years and the specific PATCH youth engagement 
programs of interviewees. 

Data Analysis
Transcripts were analyzed using a thematic approach. A prelimi-
nary codebook was developed deductively based on PATCH’s 
youth engagement model and staff insights. Two independent 
coders, study team members TIJ and ARS, conducted the analysis 
to mitigate potential biases. They utilized the preliminary code-
book to analyze 3 randomly selected transcripts, resolving discrep-
ancies and refining codes for clarity and additional themes. The 
revised codebook was used to independently analyze the remaining 
transcripts. Consensus on all codes was achieved through discus-
sions between coders, who identified key themes and subthemes 
through an iterative, inductive process.

RESULTS
Forty alumni expressed interest in a phone or virtual interview, 
with 16 scheduling and 14 completing interviews. Interviewees 
included 12 former Teen Educators, a former Teen Consultant, 

and another who participated in both programs. Qualitative 
analysis revealed 6 key themes highlighting impactful elements of 
PATCH as identified by alumni (Table). While the vast majority 
positively described PATCH, a few comments highlighted nega-
tive experiences that conveyed the importance of a specific pro-
grammatic element.

Education
Most interviewees indicated the importance of being exposed to 
new information, resources, and connections through training 
and enrichment. They highlighted how these conversations not 
only enhanced their understanding of stigmatized health topics 
but also empowered them to openly talk about these issues with 
others. One interviewee described the positive effects of learning 
from local content experts in the community: 

“Having someone who works in mental health come and talk 
about mental health is really powerful because they have their 
own experiences they can share… they can also talk about how 
the system [is] operating and what needs to be done, what is 
being done … Not only because then we can give really good 
workshops, but also because we can have those educational expe-
riences.”

Employment and Workforce Development
Interviewed alumni discussed the value of their paid job responsi-
bilities, such as workshop facilitation and consulting, which helped 
develop skills and confidence in supportive professional environ-
ments. They also had the opportunity to interact with profession-
als who represented diverse potential career paths. One interviewee 
discussed how it led to them pursue a career in medicine: 

“… it made medicine something that was approachable, friendly, 
and welcoming and something that I could actually – after being 
part of the program – could actually see myself being a part [of ] 
professionally.”

A Sense of Community and Belonging
Participants highlighted the welcoming and inclusive PATCH 
environment, which encouraged them to embrace their unique-
ness. Bringing together diverse identities and perspectives for a 
common purpose facilitated personal growth, exploration, a sense 
of belonging, and the development of meaningful relationships. 
One interviewee explained, “… it was a really diverse group of peo-
ple, and we got to learn a lot about each other and share things with 
each other about our life experiences and backgrounds that we other-
wise maybe wouldn’t share.”

Youth-Driven Programming
Individuals emphasized how PATCH leveraged the strengths 
of both adults and youth, with adults establishing structured 
program goals and expectations, while youth provided continu-
ous input. They expressed feeling valued for their expertise and 
observed the tangible effect of their contributions  – particularly 
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Table. Qualitative Insights on Impactful Programmatic Components 

Key Theme/Subtheme % (n)  No. of Representative Quote
  Mentioned Mentions 

Education
 General education 92.9 (13) 42 “I learned a lot of new information just in general…we had to talk to different people every week, who knew com-  
    pletely different things. And so hearing their knowledge and then learning from them, it was really interesting.”

 Health education 92.9 (13) 30 “…being taught how to…understand what your doctor is telling you…like knowing whether a positive test or a 
    negative test is actually a positive or negative thing.” 

Employment and workforce development
 Workshop 85.7 (12) 34 “… the mere act of getting up and presenting to providers, presenting to other teens…that experience…felt really 
 facilitation   profound.” 

 General work 64.3 (9) 20 “I felt like PATCH was different because it gave me a lot of direct experience…for instance, like art club,  wouldn’t 
 experience   give you.” 

 Job exploration  50.0 (7) 13 “I think it actually opened my eyes to a lot of different careers within public health that maybe weren’t medicine.”

 Teen consultant work 7.1 (1) 2 “…youth can really talk to adults…and have their voice heard and really have an impact…” 

A sense of community and belonging 
 Peer connections 92.9 (13) 42 “… it really is different from any other opportunity because you’re part of a community that really values com- 
    munity and, like camaraderie. And being a part of PATCH is like having almost like an instant family, you just  
    have people that you can trust and count on, and vice versa.” 

 Sense of belonging 71.4 (10) 26 “…as a team, everybody decided to just kind of accept each other. And that was really nice, because that led to  
    this, freedom of expression that we all got to kind of indulge in…everybody was just really open about who  
    they were, and it made me at least feel like I could do the same.” 

Youth-driven programming
 Adult-initiated and  85.7 (12) 29 “PATCH has it down pretty well in terms of getting youth in a space together where they can do this kind of work  
 youth-driven structure    but also giving them enough space to…still be a kid and like have other commitments.” 

 Youth voices are 71.4 (10) 26 “…the mere act of getting up and presenting to providers, presenting to other teens, and having our …voices, be  
 valued and centered   the…drivers of the conversations that we facilitated…when you’re kind of held as this like expert, and even if  
    it’s an expert in your own lived experience, the way that makes you feel  valued and heard and like, the way  
    that impacts our self-esteem, especially as a teen…that was  extremely profound for me.”

 Longitudinal 42.9 (6) 7 “I started PATCH when I was 15…and I stayed in the program until I graduated from high school…being able 
 engagement   to have that consistent involvement with the community and the PATCH group itself was really wonderful.”

Facilitating community connections
 Engaging with health 78.6 (11) 24 “… it’s very empowering to be able to look at these people and also just see them as people who want to learn 
 care providers    and really do best for their patients and be in a collaborative setting.” 

 Interacting with  64.3 (9) 25 “The nice thing about partnering with the adults in the community is, we are able to learn from their knowledge  
 the community    and learn from their … not necessarily mistakes, but … what they’ve grown from and what they’ve learned.” 

 Advocating for issues 42.9 (6) 10 “I felt so involved in the city and the well-being of the state …”
 in the community

Youth-adult partnership
 Trusted, supportive,  92.9 (13) 39 “…I really found it helpful that our program coordinator very clearly…knew all of us, she cared about us, and 
 reliable adult(s)   she was just very hands on…just having like a very supportive, positive person, who’s also very passionate  
    about the work, as the team leader, is really good.” 

 Mutual respect 28.6 (4) 7 “They weren’t like teachers or camp counselors who can’t tell you what’s really going on…we were like honest  
    with each other as much as you’re honest with the teenager, and they…gave the impression that they…had our  
    backs.”

 Clear roles, expectations, 14.3 (2) 4 “… it was just really nice being treated like an adult…and with that they definitely didnt expect us to behave as 
 and boundaries   adults.”

through prolonged engagement with the program. One inter-
viewee said, “PATCH was one of the first times where I felt like 
my voice, my perspective, my expertise  – and not just mine but our 
kind of like community of adolescents – was so highly respected and 
valued.”

Facilitating Community Connections
Alumni recognized how PATCH created safe spaces for youth and 
professionals to learn from each other, where both parties were 
seen as experts and learners. They also indicated the value of hav-

ing guidance, connections, and support to make positive changes 
within their community. One interviewee described learning 
about and bolstering community resources: 

“Some other really big, important aspects of PATCH … are 
finding what your community resources are and how you can 
build on them and help them. And utilizing those resources.” 

Youth-Adult Partnership
Most alumni mentioned the importance of having a trusted 
and reliable program coordinator who set clear expectations and 
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boundaries, held everyone accountable, and treated all partici-
pants with respect. One interviewee discussed how the transition 
from a very experienced coordinator to a new one affected their 
experience in the program. 

“The coordinator was new … things weren’t up when they were 
supposed to be, or we didn’t get our checks when we were sup-
posed to … it sort of felt like we were teaching [the coordinator] 
how to do [their] job.”

Limitations
While consistent themes emerged across interviewees, others may 
not have been captured due to the small sample (14 interview-
ees among 299 total alumni) and potential bias with those who 
volunteered for interviews. Moreover, the sample predominantly 
consisted of Teen Educator alumni, reflecting the longer tenure 
of this program since 2010 versus the newer Teen Consultant 
Program established in 2016. While both programs aim to engage 
youth similarly, it is important to further investigate the newer 
program’s impact. Lastly, alumni participated in PATCH across 
various years, which enhances diversity in perspectives but also 
introduces potential recall bias – particularly among those involved 
many years ago.

DISCUSSION
This evaluation identifies key programmatic elements that PATCH 
alumni deem impactful, providing insights for effectively engag-
ing youth. Through structured, youth-driven programs and fos-
tering youth-adult partnerships, PATCH creates diverse, safe, and 
supportive environments for exploration, learning, and growth. 
Alumni attest that this approach has supported them in exploring 
their identities and passions, developing essential job and life skills, 
forming meaningful relationships, and making positive impacts 
within their communities. 

Engaging youth effectively requires significant investments in 
time, capacity, resources, and expertise. However, these investments 
can yield substantial returns in terms of youth development and 
program impact. PATCH serves as a catalyst for workforce and 
leadership development, promotes positive youth development, 
improves health outcomes, and supports broader public health 
goals by amplifying the voices of today’s youth.
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BRIEF REPORT

The dilemma of preserving educational 
continuity while implementing mitiga-
tion strategies to reduce disease transmis-
sion during the COVID-19 pandemic 
provided the opportunity to introduce 
rapid antigen tests (RAT) for respira-
tory pathogens into school settings.2,3 To 
navigate the return to in-person learn-
ing, some schools implemented testing 
using RAT to quickly identify and isolate 
positive cases. Here, we summarize how 
a school district in Wisconsin utilized 
school-administered RAT during and 
after the COVID-19 pandemic. By shar-
ing insights from school health staff and 
participants, we demonstrate the utility of 
RAT as an accessible and timely strategy 

for mitigating respiratory virus transmission in schools.

METHODS
Rapid testing was conducted in the Oregon School District (OSD), 
where our University of Wisconsin-Madison (UW) research team 
(hereafter known as the research team) has conducted school-based 
respiratory disease surveillance since 2015. The OSD is located in 
South-Central Wisconsin and includes 3 elementary schools (K–4), 
1 expanded elementary school (K–6), 1 intermediate school (5–6), 
1 middle school (7–8), and 1 high school (9–12), serving over 4000 
K–12 students. 

In September 2021, we supplied Sofia2 Fluorescent 
Immunoassay (FIA) analyzers equipped with wireless reporting 
capability and test kits to OSD schools.4 This initiative was in 
conjunction with the Wisconsin Department of Health Services 
(DHS) during the 2021–2022 school year; the research team con-
tributed consultation, annual training for school health staff on 
testing and specimen collection, and technical support services 

ABSTRACT
Background: Kindergarten through 12th grade (K-12) schools are potential hotspots for infectious 
disease transmission. We used test results and feedback from school health staff and parents to 
assess in-school rapid testing during and after the COVID-19 pandemic.

Methods: Rapid testing was conducted in seven K-12 schools during 2021 to 2024. Sofia2-FIA 
(fluorescent immunoassay) analyzers, test kits, training, and troubleshooting services were pro-
vided. School health staff feedback surveys were distributed each year. Parent feedback was 
collected during the 2023-2024 school year.

Results: Across 3 years, 1710 rapid tests were performed. SARS-CoV-2 (n = 126) and influenza 
A/B (n = 105) were detected. School health staff found rapid testing “easy” to “very easy” (97%) 
and supported continuation (90.9%). Parents reported feeling “very relieved” (42.1%) following 
testing.

Discussion: Rapid testing was highly utilized during and after the COVID-19 pandemic and was 
well-received by school health staff and parents.
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Utility and Acceptability of Rapid Antigen Testing 
for Influenza and SARS-CoV-2 in K-12 School Health 
Offices During and After the COVID-19 Pandemic

BACKGROUND
Kindergarten through 12th grade (K –12) schools are characterized 
by high levels of social interaction and close contact, making them 
potential hotspots for infectious disease transmission. The K–12 
school calendar has been linked to outbreaks of acute respiratory 
infections across the broader community, thus underscoring the role 
of early detection within schools.1 
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Table 1. Summary Results From Rapid Testing During Academic Years 2021–
2022, 2022–2023, and 2023–2024 Across Seven K–12 Schools in the Oregon 
School District, Dane County, Wisconsin

  2021–2022 2022–2023 2023–2024 Total 

Total tests, n 1226 302 182 1710
Positive, n (%) 152 (12.4) 49 (16.2) 19 (10.4) 220 (12.9)
 Influenza A, n (%) 35a (23) 27 (55.1) 11c (57.9) 73 (33.2)
  Influenza B, n (%) 20 (13.2) 9b (18.4) 3d (15.8) 32 (14.5)
 SARS-CoV-2, n (%) 103 (67.8) 16 (32.7) 7 (36.8) 126 (57.3)
Negative, n (%) 1068 (87.1) 251 (83.1) 163 (89.6) 1482 (86.7)
Invalid, n (%) 6 (0.5) 2 (0.7) 0 8 (0.5)

Schools, Grades Tests Run Influenza A Influenza B SARS-CoV-2

Elementary 1, K–4 143 6 1 7
Elementary 2, K–4 267 16 7 19
Elementary 3, K–4 120 6 1 11
Elementary 4, K–6 282 7 7 15
Intermediate, 5–6 298 11 11 25
Middle School, 7–8 175 11 3 19
High School, 9–12 425 16 2 30

a6 co-detections of influenza A + SARS-CoV-2.
b3 co-detections of influenza B + SARS-CoV-2.
c1 co-detection of influenza A + SARS-CoV-2.
d1 co-detection of influenza B + SARS-CoV-2.

during all 3 school years. The program was solely supported by 
the research team during the 2022-2023 and 2023-2024 school 
years. Testing supplies and analyzers were provided by DHS in 
year 1 and QuidelOrtho (QuidelOrtho Corporation; San Diego, 
California) in years 2 to 3.

Students presenting to health offices with 2 or more respiratory 
symptoms (Appendix A) were eligible for RAT by school health 
staff. Parental consent was obtained during school registration at 
the beginning of each academic year. Students who received rapid 
testing were given a printed result to be shared with a parent/
guardian. Deidentified RAT results were transmitted wirelessly to 
the Virena system for export and analysis.5

School Health Staff Feedback Surveys
In Spring 2022, we developed a quality improvement survey to 
assess school health staff ’s knowledge and experience with Sofia2-
FIA analyzer technology and swab collection, and to obtain feed-
back on the feasibility, acceptability, and generalizability of RAT 
in school health workflows (Appendix B). Surveys were distributed 
via email in spring 2022, 2023, and 2024 using Qualtrics XM 
(Qualtrics; Utah). 

Parent Feedback Surveys
In fall 2023, we developed a feedback survey for parents who (1) 
consented to their children receiving a rapid test, and (2) had a 
student who received rapid testing at school, to assess their experi-
ence with the RAT program (Appendix B). Surveys were distributed 
weekly by OSD office staff to parents/guardians whose children had 
received RAT the previous week. Surveys assessed perceived bene-
fits, harms, satisfaction, and acceptability of rapid testing in schools. 
Individuals who completed the survey were entered into a drawing 
to win a $50 gift card as an incentive. Surveys were developed and 
distributed using REDCap electronic data capture tools hosted at 
the University of Wisconsin–Madison.6 

Analysis
We utilized descriptive statistics to evaluate the rates of participation, 
percent positivity of RAT in schools during and after the pandemic, 
and responses to health office and parent surveys. Qualitative cod-
ing of school health staff and parent surveys was performed inde-
pendently by 4 research team members, and codes were generated 
and categorized into themes based on thematic analysis. Coders met 
regularly to ensure consensus of themes and shared understanding 
of supporting evidence.

RESULTS
Rapid Testing in Schools
From September 1, 2021, through June 7, 2024, school health staff 
completed 1710 RATs. Of these, 220 (12.9%) were positive, 1482 
(86.7%) were negative, and 8 (0.5%) were invalid (Table 1). Most 
tests were run during the 2021-2022 school year (n = 226, 71.7%), 
and similar temporal patterns were observed across all 3 years, with 

a primary testing peak during December to January, followed by 
a smaller peak during March to May (Figure). Although the high 
school completed the highest number of tests among the 7 schools 
(n = 425), grades K-4 collectively conducted the most rapid testing 
(n = 530). SARS-CoV-2 accounted for 57.3% of detections across 
all schools and years. 

School Health Staff Feedback Surveys
In 2022, 2023, and 2024, 13 out of 13, 11 out of 11, and 9 out 
of 10 school health staff completed the annual feedback surveys, 
respectively. Seven school health staff members were OSD employ-
ees throughout the testing period and completed the survey all 3 
years. After receiving 1 initial training in 2021, staff responses about 
confidence in performing a RAT changed from “not confident at 
all” (n = 10, 76.9%) to “very confident” (n = 11, 84.6%). Many staff 
(54.5%) utilized Sofia2-FIA troubleshooting services offered by the 
research team. In all 3 years, staff found RAT to be “very easy” or 
“easy” (97%) and wanted to continue its use (90.9%). Health staff 
confidence in the accuracy of the RAT result averaged 4.28 on a 
Likert scale of 1 (low) to 5 (high) over all 3 years. Staff expressed 
appreciation for the ability to conduct rapid testing, while recogniz-
ing time constraints and the need for a more streamlined testing 
process. Staff underscored the usefulness of being able to test them-
selves and fellow coworkers when needed. Related themes, codes, 
and survey questions are documented in Table 2 and the respective 
legend.

Parent Feedback Surveys
During September 2023 through April 2024, a total of 38/85 
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(44.7%) surveys were completed by OSD 
parents whose children received rapid test-
ing. Parents reported feeling grateful for 
access to this service at school and feeling 
“very relieved” (n = 16, 42.1%) after their 
child received a RAT result in school, “very 
satisfied” (n = 28, 73.7%) with the infor-
mation/resources received from the school 
health office, and “very satisfied” (n = 32, 
84.2%) with the speed test results were 
obtained and communicated. 

DISCUSSION 
Early detection of COVID-19 and influ-
enza in children is crucial for mitigating 
disease transmission in congregate settings 
such as schools. Within the OSD, the use 
of RAT in K-12 schools during and after 
the COVID-19 pandemic was feasible to 
implement and widely accepted by school 
health staff and parents. The opportunity 
to continue rapid testing in schools was met 
with positive feedback from both school 
health staff and families who consented to 
school-administered RAT.

The number of RATs performed at 
school decreased each year. This may be 
due to districtwide mandates in place dur-
ing the 2021-2022 academic year that 
required stricter testing, with fewer tests 
performed as mandates were lifted and during post-pandemic 
conditions. This also may be attributed to increased accessibility 
of at-home rapid tests over time and waning concern about the 
pandemic.

Rapid testing was well-received by school health staff, most of 
whom were highly confident in RAT results and elected to con-
tinue the program in the following years. Surveyed parents also 
reported high levels of relief when their child received a RAT, 
which did not vary significantly based on test results. These find-
ings are consistent with other studies demonstrating increased 
parental and staff peace of mind associated with school-based test-
ing.7 

This evaluation had several limitations. First, this evaluation 
was a post-hoc assessment of a community service program. 
Second, although Sofia2-FIA analyzers were introduced to moni-
tor acute respiratory infection activity among K-12 students, staff 
were able to obtain rapid testing if they were symptomatic at 
school. Because analyzers do not label results with students or staff, 
we can only distinguish an individual as staff or student based on 
age (>18 years as staff, <18 years as student). In this assessment, 
we included results of RATs performed on all ages to encompass 
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Figure. Monthly Rapid Antigen Tests Performed and Positive Rapid Antigen Tests During Three Consecutive 
School Years
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aPositive tests include SARS-CoV-2, influenza A and influenza B combined.

real-life experiences with RAT in K-12 settings. Third, students 
and families were required to sign waivers to participate in school 
RAT and could only be tested if they were symptomatic. Thus, 
this study excluded asymptomatic or unconsented individuals and 
may underestimate the true prevalence of influenza and COVID-
19 in this population. Lastly, generalizability may be limited due 
to selection bias of the parent subgroup surveyed, small sample 
size, and suboptimal response rates from the parent feedback sur-
vey, our preexisting relationship with the school district, and the 
racial/ethnic homogeneity of OSD.1

This analysis also has notable strengths, namely the use of 
quantitative and qualitative approaches to assess feasibility and 
utility of the RAT platform and acceptance of the program by 
school health staff and participating parents. School-based test-
ing initiatives can broaden access to rapid testing for school-aged 
children and contribute to a safer learning environment.8 While 
a positive test may affect families by introducing the logistical 
and financial burden of extra childcare, systematic rapid testing 
protocols have the potential to reduce overall disease transmis-
sion and related absences for students and staff.9,10 This program 
was widely utilized and well-received by those surveyed, and sig-
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Table 2. Common Themes and Related Codes From School Health Office Staff and Parent Surveys

  No. of Comments 

Theme Codes Staff Parents Example Quotes
  (n = 33) (n = 38)

Rapid testing as a useful resource Beneficial for both students and staff 11 6 “I very much appreciated the rapid testing as a tool...” (staff)

 Invaluable resource for families   “This resource has also been invaluable to provide a test to those  
    families that it would have been too overwhelming to navigate  
    scheduling a COVID test.” (staff)

 Appreciation for access to testing   “Grateful for this service.” (parent)

 Helpful, useful tool   “I really appreciate the ability to test at school so I don’t have to  
    make a separate doctor appointment.” (parent)

Rapid testing as an important tool School staff save time by testing at school 13 N/A “I used [testing] when needed and felt more confident when taking  
for school staff instead of going elsewhere for testing   care of students knowing my tests were negative.” (staff)

 Staff felt better taking care of students   “I appreciated having the option to test myself if I had a known/ 
 when they were able to test themselves   suspected exposure or having symptoms.” (staff)

 Faster alternative to making an appoint-   “It was reassuring for school staff that they didn’t have flu/ COVID,  
 ment for a COVID test   which is easy to spread.” (staff)

 Beneficial resource for health office staff   “This was so helpful for staff and myself, quick and easy.” (staff)
 and other teachers

Testing required extra time, Support for testing dependent on staffing 11 N/A “...hard for health room staff to manage testing and a busy health 
resources, and support availability   office at the same time.” (staff)

 Testing process could be time-consuming   “Slightly time-consuming.” (staff)

 Difficult to manage testing during busy   “It was kind of a hassle to get staff tested in between other things 
 times for health office staff   going on in the health office.” (staff)

 Testing, consenting, and information   “Get more families to sign waivers ahead of time.” (staff)
 input could be more streamlined

aA majority (8/11) of responses related to the theme “Testing required extra time, resources, and support” were collected during Year 1, when school health nurses 
were required to report COVID testing through a state-operated system called COVID Connect, which could anecdotally be time-consuming and cumbersome.

Qualitative responses from school health office staff were collected for 2 short-answer questions: (1) “What are your thoughts on using rapid testing on yourself and/or 
other school staff?” (2) “Do you have any suggestions on how to improve implementation of rapid testing in a school health office setting?” Qualitative responses from 
parents were collected from the short-answer question: “How could your family’s experience with rapid testing in school be improved? Do you have any questions, or 
is there any information/resources you would have liked to receive?”

nificant pathogens were effectively detected among participants. 
Longitudinal testing in more and diverse academic environments 
may provide additional evidence for the generalizability of such a 
program in other school districts.
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BRIEF REPORT

In August 2022, the American 
Academy of Pediatrics (AAP) updated the 
clinical practice guideline for newborn 
hyperbilirubinemia for newborns born at 
≥35 weeks’ gestation,1 raising the photo-
therapy threshold. While guidelines serve 
as tools to provide evidence-based care, 
the publication of guidelines alone may 
be insufficient to change clinical practice.5 

Furthermore, substantial variation in inpa-
tient management of newborn hyperbiliru-
binemia was noted with the prior iteration 
of the AAP guideline.4

The global aim of this quality improve-
ment (QI) project was to align newborn 
hyperbilirubinemia management at our 
urban, community hospital with the 2022 

AAP guidelines. Our specific aim was to decrease both the num-
ber of newborns receiving inpatient phototherapy and decrease 
subthreshold phototherapy initiation by 50% in 12 months.

METHODS
SSM St Mary’s Hospital is an urban, community hospital in 
Madison, Wisconsin, with approximately 2000 births per year, 
an inpatient pediatric general care unit, and a level III neonatal 
intensive care unit (NICU). Local data were collected by retro-
spective chart review from February 2022 through November 
2023 as part of the Learning and Implementing Guidelines for 
Hyperbilirubinemia Treatment (LIGHT) QI initiative from the 
AAP Pediatric Acute and Critical Care Quality Network. This 
project was deemed exempt by the local institutional review board. 
Newborns ≤14 days of age born at ≥ 35 weeks’ gestation receiving 
phototherapy were included. Newborns received phototherapy 
either (1) during birth hospitalization in the newborn nursery or 
(2) during readmission to the pediatric inpatient unit from the 

ABSTRACT
Background: In August 2022, the American Academy of Pediatrics updated its newborn hyper-
bilirubinemia guideline. This quality improvement initiative aimed to reduce newborns receiving 
inpatient phototherapy and subthreshold phototherapy initiation by 50% in 12 months.

Methods: A multidisciplinary team implemented interventions at an urban community hospital in 
Wisconsin. Retrospective chart review from February 2022 through November 2023 identified 
newborns receiving phototherapy during birth hospitalization and readmission (primary out-
come), subthreshold phototherapy initiation (process measure), and length of stay with meeting 
escalation of care criteria (balancing measures).

Results: We identified 167 newborns. Median birth hospitalization phototherapy decreased from 
10 to 2 newborns per month; there was no change in readmissions. Length of stay and meeting 
escalation of care criteria were unchanged.

Discussion/Conclusions: This study shows a decrease in inpatient phototherapy use during birth 
hospitalizations.

Cris G. Ebby, MD, MS; Ann H. Allen, MD; Kristin A. Shadman, MD; Nancy Patrick, DNP; Michelle Brenson, RN; Laura P. Chen, MD

Aligning Newborn Hyperbilirubinemia Care 
With American Academy of Pediatrics Guidelines 
at an Urban Community Hospital

INTRODUCTION
Newborn hyperbilirubinemia is a common condition, affecting 
approximately 80% of newborns in the first week of life.1 Severe 
hyperbilirubinemia may lead to permanent neurological dam-
age, including kernicterus,2 which underscores the importance of 
screening for and treating hyperbilirubinemia. However, photo-
therapy can negatively impact caregiver bonding and successful 
breastfeeding,3 impose additional costs on the health care system,4 

and has potential long-term harms, such as childhood seizures.1
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emergency department or outpatient clin-
ics. Newborns requiring NICU admission 
were excluded. Collected data included 
patient sex, self-reported race, ethnicity, 
gestational age, birth weight, weight prior 
to phototherapy initiation, length of stay 
(LOS), meeting escalation of care criteria, 
and whether supplementation with donor 
milk or formula was started. These metrics 
were tracked to describe our study popula-
tion and identify future opportunities for 
interventions.

Using the model for improvement, a 
multidisciplinary stakeholder team con-
sisting of a pediatric hospitalist, outpa-
tient pediatrician, neonatologist, and 
nurses from the NICU, newborn nursery, 
and pediatric inpatient units gathered to 
identify key drivers and develop interven-
tions. In April 2023, dedicated education 
reviewing updated guidelines was insti-
tuted for pediatric clinicians and nursing 
staff in the newborn nursery and inpa-
tient unit. In addition, a tip sheet with 
key recommendations from the updated 
guideline was disseminated to all clini-
cians. The “After Visit Summary,” which 
includes discharge instructions provided 
to caregivers, was updated and tailored for 
the newborn nursery and inpatient unit. 
The next step of interventions took place 
in June 2023. In the newborn nursery, 
the order set for routine care was updated to reflect timing of 
obtaining serum bilirubin. For both settings, order set updates 
included relevant nursing orders for phototherapy and options 
for ordering follow-up labs, such as complete blood cell count, 
hemoglobin, total bilirubin, direct bilirubin, direct Coombs, 
and blood type. The 2022 gestational age-specific bilirubin 
treatment nomograms1 were incorporated within the electronic 
medical record (EMR) for easy access for clinicians. All nursing 
flowsheets were updated to optimize documentation within the 
EMR.

The primary outcome measure was the number of newborns 
receiving phototherapy per month. The process measure was fre-
quency of subthreshold phototherapy initiation per month, defined 
as initiating phototherapy at total serum bilirubin ≥ 0.3 mg/dL 
below the AAP phototherapy threshold. LOS and meeting escala-
tion of care criteria were tracked as balancing measures. Escalation 
of care was defined as newborns with a total serum bilirubin 2 mg/
dL below the exchange transfusion threshold or higher. 

Baseline data were collected from February 2022 through 
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Figure 1. Run Charts Tracking Number of Newborns Receiving Phototherapy Per Month During (A) Birth 
Hospitalization and (B) Readmissions
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Table. Demographics of Newborns From Birth Hospitalization and Readmitted 
Newborns (N = 167)

Admission type 
 Birth hospitalization 70%
 Readmission 30%

Gestational age 
 35–36 weeks 12%
 37 weeks 29%
 38 weeks 15%
 39 weeks 31%
 40+ weeks 13%

Sex  
 Male 53%
 Female 47%

Race 
 White 65%
 Black 9%
 Asian 9%
 More than 1 race 10%
 Other/unknown 7%

Abbreviations: AAP, American Academy of Pediatrics; LIGHT, Learning and Implementing Guidelines for 
Hyperbilirubinemia Treatment EMR, electronic medical record.

January 2023 and implementation data from February 2023 
through November 2023. Data were analyzed using Microsoft 
Excel QI-Charts, version 2.0.23 (Process Improvement Products, 
San Antonio, Texas). The number of newborns receiving inpatient 
phototherapy per month and instances of subthreshold photother-
apy initiation were tracked on run charts; LOS was tracked on an 
I-chart. Special cause variation was identified using established run 
chart rules.6
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RESULTS
During the study period, 167 newborns 
received phototherapy: 70% during birth 
hospitalization and 30% in the inpatient 
pediatric unit. Newborns were 53% male 
and 65% White, with the majority born at 
term (Table).

The median number of newborns 
receiving phototherapy during birth hos-
pitalization each month decreased from 
10 to 6 patients in September 2022, 
then decreased again in March 2023 to 2 
patients. There was no significant change 
in the median number of newborns read-
mitted for phototherapy (Figure 1). For 
birth hospitalizations, the median occur-
rence of subthreshold initiation of photo-
therapy decreased from 5 to 1 per month, 
while there was only 1 instance of sub-
threshold phototherapy initiation among 
readmissions (Figure 2). 

Average LOS during the baseline phase 
was 63.8 hours for birth hospitalizations 
and 28.3 hours for readmissions. For both 
groups, the centerline was not shifted as 
there was no sustained change in LOS dur-
ing the implementation phase (Figure 3). 
For birth hospitalizations, LOS above the 
upper control limit (UCL) occurred in 3 
patients (patient 98, 105, and 106) – all 
with concern for active hemolysis – and 
were transferred to the pediatric inpatient 
unit. For readmissions, LOS above the 
UCL occurred in 2 patients: a newborn with Coombs-negative 
hemolysis likely from hereditary spherocytosis (patient 3) and 
another with ABO incompatibility (patient 27). Only 6 newborns 
(3.6%) met criteria for escalation of care: 1 birth admission and 2 
readmissions prior to guideline release and 1 birth admission and 
2 readmissions postguideline release. 

Birth rates at our hospital remained stable throughout the study 
period, with 161 births per month during the baseline phase and 
156 births per month during the implementation phase. Average 
weight loss at the time of phototherapy initiation for all patients 
was 5% from birth weight, with 32% of newborns exclusively 
breastfed, 65% breastfed with donor milk or formula supplemen-
tation, and 4% exclusively formula fed.

DISCUSSION
The publication of the 2022 AAP hyperbilirubinemia guideline1 
has put a national spotlight on newborn hyperbilirubinemia man-
agement. Existing literature evaluates pooled data featuring free-
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standing children’s hospitals where reduction in newborns receiv-
ing phototherapy has been reported.7 However, approximately 
70% of children receiving care in the United States do so in a 
community hospital setting,8 where published data on newborn 
hyperbilirubinemia are more limited. This QI study highlights 
the practical implementation of the updated AAP guidelines at an 
urban, community hospital.  
 In the newborn nursery, there was a significant decrease in the 
number of newborns receiving phototherapy and subthreshold 
phototherapy initiation. Not only does this decrease health care 
costs and harm, it also minimizes disruption to breastfeeding and 
caregiver bonding. While there was a reduction in subthreshold 
phototherapy initiation for birth hospitalizations, this trend is 
confounded by the decrease in the overall number of newborns 
receiving phototherapy. However, the 3 months with no occur-
rences of subthreshold phototherapy initiation occurred in the 
last 8 months, reflecting positive progress. 
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Despite interventions to implement 
the 2022 clinical practice guideline, the 
median number of newborns readmit-
ted for phototherapy was unchanged. 
The lack of subthreshold phototherapy 
initiation during the implementation 
phase suggests patients were appropriately 
readmitted for phototherapy. We hypoth-
esized that raised phototherapy thresholds 
should have reduced the number of new-
borns requiring readmission; however, 
reduced rates of phototherapy treatments 
during birth hospitalizations may have led 
to increased hyperbilirubinemia in dis-
charged newborns. Notably, the 4 months 
without readmissions occurred exclu-
sively during the implementation phase. 
Ongoing data monitoring is necessary to 
capture trends in the number of readmit-
ted newborns.

Potential adverse outcomes associated 
with the higher phototherapy threshold 
include increased symptoms from hyper-
bilirubinemia, increased risk of meeting 
escalation of care criteria, and prolonged 
hospitalization or requiring transfer to 
the NICU. However, in this study, LOS 
and occurrence of meeting escalation of 
care criteria remained unchanged in both 
populations. The average readmission LOS 
of 28.3 hours in this study was similar to 
LOS at freestanding children’s hospitals.4,9 Average LOS for birth 
hospitalizations in this study was significantly longer at 63.8 
hours, likely due to feeding difficulty, newborn comorbidities, or 
maternal medical care affecting birth hospitalization. There was no 
difference in the number of newborns meeting escalation of care 
criteria in both populations, indicating no increase in newborn 
morbidity with the 2022 guidelines.  

In our study, 65% of newborns were breastfed and received 
supplemental donor breast milk or formula. While newborns 
with excessive weight loss (>10% from birth weight) require 
intervention with supplementation, the average weight loss in 
our study was only 5%, indicating that supplementation was 
not solely initiated for excessive weight loss. Furthermore, the 
nadir weight loss was not captured in this study. Additional 
studies exploring reasons for initiating supplementation may 
inform future interventions to decrease jaundice from subop-
timal intake.

This study was performed at a single center, limiting general-
izability to other health systems. Additionally, the study period 
may be insufficient to capture long-term outcomes related to 

Figure 3. I-Charts Tracking Length of Stay for (A) Birth Hospitalization and (B) Readmissions
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the implementation of new guidelines. With no change in birth 
rates during the study period, the overlap of the study period 
with the COVID-19 pandemic likely did not impact the find-
ings.

This QI initiative demonstrates a significant decrease in the 
number of newborns receiving inpatient phototherapy and reduc-
tion in initiation of subthreshold phototherapy during birth hospi-
talization at an urban, community hospital in Wisconsin. Inpatient 
newborn care is provided at over half of Wisconsin hospitals, and 
adapting national guidelines to local settings requires leveraging 
local resources for successful QI implementation.10 This process 
can be tailored to community hospital settings for local improve-
ment efforts with a multidisciplinary team to standardize care of 
newborns with hyperbilirubinemia. At our institution, next steps 
will focus on continued engagement of clinicians and data surveil-
lance to ensure sustained trends.
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CASE REPORT

HPeV infections.2 Here we report a case of 
an infant infected by HPeV who presented 
with persistent fevers, transaminitis, and 
hyperferritinemia who was treated with 
intravenous immunoglobulin (IVIG) and 
subsequently had a remarkable improve-
ment in clinical symptoms and laboratory 
values.

CASE PRESENTATION
The patient is a 4-week-old female born 
at 37 weeks 6 days with a birth history 
complicated by marginal cord insertion 
and Group B streptococcal infection in 
the mother, which was adequately treated 
prenatally. She was brought to the pediatri-
cian with primary concerns consisting of 

fussiness, reduced oral intake, emesis, and a rectal temperature of 
100.1 °F. At this visit, it was reported that prior to falling ill, she 
was exposed to her cousin, who had tested positive for parechovi-
rus. Physical exam was unremarkable, COVID-19 test was nega-
tive, and she was discharged home. 

The following day, the patient continued to have similar symp-
toms, with the addition of looking “stiff,” so she was reevaluated 
and sent to the emergency department for further workup. There, 
her vitals demonstrated a pulse of 182 beats per minute, respira-
tory rate of 36, oxygen saturation of 98% on room air, and a rec-
tal temperature of 102.6 °F. A broad workup was ordered, which 
included a complete blood cell count (CBC) with differential, 
comprehensive metabolic panel (CMP), C-reactive protein level 
(CRP), procalcitonin, urinalysis (UA) with culture, blood culture, 
respiratory polymerase chain reaction (PCR) panel, and cerebro-
spinal fluid (CSF) studies. Her labs were significant for white blood 
cell (WBC) 4.6 x 103 /uL (7.0-20.0 x 103 /uL) with 34% lympho-
cytes and 11% (0%-11%) bands, sodium 130 mmol/L (136-

ABSTRACT
Introduction: Human parechovirus (HPeV) is recognized as a cause of severe infections in 
infants.

Case Presentation: A 4-week-old febrile female with HPeV infection presented with persistent 
fevers and hyperferritinemia with normal C-reactive protein, suggestive of cytokine storm syn-
drome.

Discussion: HPeV is known to cause encephalitis, hepatitis, sepsis, and organ dysfunction. 
However, few have documented hyperferritinemia and the role of cytokines in disease progres-
sion and the role of intravenous immunoglobulins (IVIG) used in the treatment of HPeV-induced 
hyperinflammation/cytokine storm. 

Conclusions: HPeV infections in infants can present with hyperinflammation and sepsis-like syn-
drome. IVIG may have a role in the treatment of severe parechoviral infections in children who 
present with hyperferritinemia.

Kayla Rose McConnaha, BS; Zachary Kenneth Bracken, BS; Rebecca Rose Mastey, BS; Drew Koeppl, CPNP-AC; Pradeep 
Bangalore Prakash, MD  

Human Parechovirus Infection in an Infant Presenting 
with Hyperferritinemia

INTRODUCTION
Human parechovirus (HPeV) is a single-stranded RNA virus 
belonging to the Picornaviridae family.1 HPeV-1 is the most com-
mon type and is associated with mild gastrointestinal illnesses and 
respiratory tract infections in children. HPeV-3 is less common 
and linked with severe diseases, including sepsis and meningo-
encephalitis.1 Recently, HPeV has been recognized as a cause of 
severe viral infections presenting with encephalitis, hepatitis, sep-
sis, neurological impairments, and organ dysfunction – especially 
in neonates and young infants.1 Furthermore, there have been 
findings to suggest cytokine storm may contribute to more severe 
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145 mmol/L), aspartate aminotransferase 
(AST) 69 U/L (15-60 U/L), alanine ami-
notransferase (ALT) 35 U/L (13-45 U/L), 
CRP < 0.29 mg/dL (< 0.31 mg/dL), pro-
calcitonin of 0.41 ng/mL (< 0.50 ng/mL), 
unremarkable UA, negative respiratory 
PCR, blood-tinged CSF with few WBCs, 
positive CSF PCR for human parechovi-
rus, normal CSF glucose, and normal CSF 
protein. The patient was transferred to the 
pediatric intensive care unit (PICU) for 
observation and further evaluation with 
pending blood and urine cultures.

In the PICU, she was started on IV flu-
ids, antipyretics, famotidine, and ondan-
setron. Empiric antimicrobials were not 
started because laboratory findings were 
suggestive of viral etiology (parechovirus) 
for the febrile illness. On the second day of 
admission, she remained febrile, and her transaminases continued 
to rise with ALT climbing above the reference range to 164 U/L 
(AST 367 U/L). Her CBC was without leukocytosis, differential 
had 72% lymphocytes, blood cultures resulted negative, and she 
was started on continuous electroencephalogram monitoring to 
rule out seizures. Hyponatremia resolved on the second day of ill-
ness, and she did not have any clinical signs of dehydration. Given 
her status, the plan was to monitor liver function tests (LFT) daily. 

On the third day of admission and due to persistent fevers, we 
suspected hyperinflammation secondary to parechoviral infection 
and checked a ferritin level. The repeated labs were notable for 
increased transaminases (AST 662 U/L, ALT 318 U/L) ferritin of 
> 40 000 ng/mL (200.0-600.0 ng/mL) and a CRP < 0.29 mg/dL. 
We hypothesized the parechoviral infection triggered an inflam-
matory hepatic process, likely producing clinical and diagnos-
tic evidence of hyperinflammation/cytokine storm. IVIG 2g/kg 
(Octagam 10%) was administered over 6 hours.

Additionally, an echocardiogram and electrocardiogram were 
ordered to rule out cardiac involvement. These tests showed no 
acute cardiac pathology, but there was a non-hemodynamically 
significant patent foramen ovale with small left-to-right shunting. 
The patient defervesced immediately after IVIG administration 
and had improved oral intake. Laboratory values were trending 
down (AST 423 U/L, ALT 244 U/L, ferritin 17818 ng/mL, dif-
ferential 65% lymphocytes with no bands) with a normal inter-
national normalized ratio and CRP. IV fluids were stopped, and 
pediatrics infectious disease was consulted; they felt supportive 
care was appropriate. On day 5 of admission, the patient remained 
afebrile, and laboratory values were reassuring. She was discharged 
and scheduled for a 1-week follow-up with her pediatrician for 
reevaluation and lab work. On discharge, notable labs included 
a WBC of 9.5 x 103 /uL, AST of 236 U/L, ALT of 180 U/L, 
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and ferritin of 6707 ng/mL. At her 1-week follow-up, notable 
labs included a WBC of 14.7 x 103 /uL, AST of 30 U/L, ALT of 
53 U/L, and a ferritin of 907 ng/mL (Figure).

DISCUSSION
HPeVs are common childhood pathogens that predominantly 
cause mild infections in children between 6 months to 5 years 
of age. In children less than 3 months of age, HPeV can cause 
severe sepsis-like illness, meningitis, and hepatitis.3 Our patient 
presented with sepsis-like illness with high fevers, decreased oral 
intake, emesis, and elevated transaminases and subsequently 
was found to have a markedly high ferritin value of > 40 000 ng/
ml – levels that have not been well-documented in prior cases.4 

There have been reports of neonates with severe HPeV infec-
tions presenting with hemophagocytic lymphohistiocytosis 
(HLH)-like illness with hyperferritinemia, cytokinemia, and 
cytopenia treated with corticosteroids and cyclosporine.5 It is not 
well understood why HPeV triggers hyperinflammation in some 
infants. It is possible that immune pathways activated with HPeV 
are different from other viruses given multiple reports of children 
presenting with normal CRP and elevated serum ferritin, which 
was similarly observed in our patient. Serum ferritin has been 
studied extensively by immunologists. It is a known marker of 
inflammation and serves to enhance the immune system response. 
Ferritin is associated with inflammation as it is released from mac-
rophages during infection and induces pro-inflammatory cyto-
kines and immunosuppression, causing a positive feedback loop 
of inflammation via TLR-9 stimulation and activation of mac-
rophage inflammasomes resulting in increased ferritin.6 Elevated 
serum ferritin can cause uncontrolled inflammation with positive 
feedback loop resulting in tissue damage and increased morbidity 
and mortality in patients.6 
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The mechanism of HPeV induced-hyperferritinemia is unclear. 
It is possible that elevated serum ferritin levels could be a result of 
viral or immune-mediated hepatitis. Ferritin is stored in the liver 
cells and may leak out into the blood due to the damage caused 
by the virus.6 Elevated serum ferritin known to fuel inflammation 
could cause cytokine storm via positive feedback loop triggered by 
elevated ferritin. While a cytokine panel would have been useful 
in understanding the cytokine response in our patient, we were 
limited by timely availability of results, and it would have incurred 
unnecessary costs and ultimately not changed the course of treat-
ment at that point in time. 

There are multiple reports of HPeV-induced cytokine storm. 
The largest known cohort of 118 infants infected with HPeV was 
reported from Australia in 2015. Two children in that cohort had 
hemophagocytic lymphohistiocytosis (HLH) or Kawasaki disease-
like illness. One child received IVIG and defervesced; the other 
child recovered without any immunomodulatory therapy.7 Another 
case report showed elevated cytokine levels (MCP-1, IL-6, IL-10, 
IFN-γ, and TNF-α) in 2 HPeV-3 infected infants, suggesting the 
role of cytokine storm in the pathophysiology of parechoviral infec-
tion.2 Our 4-week-old patient met criteria for systemic inflamma-
tory response syndrome with an elevated core temperature above 
>38.5 °C and a depressed leukocyte count for the patient's age. 
Additionally, elevated transaminases and extremely elevated ferri-
tin levels with normal CRP supported the idea of HPeV-induced 
hyperinflammation as the cause of her illness.8 The clinical decision 
was made to administer a single, high dose of IVIG. 

Prior experience of using IVIG to treat hyperinflammation 
is primarily in Kawasaki disease and more recently in treating 
COVID-19-associated multisystem inflammatory syndrome in 
children (MIS-C). IVIG had been used alone as well as in com-
bination with other therapies for cases of viral encephalitis in the 
pediatric population – primarily for enterovirus, parvovirus, and 
mumps.9,10 IVIG is currently the recommended first-line treat-
ment for Kawasaki disease due to its anti-inflammatory effects, 
which subsequently reduces myocarditis and arterial abnormalities 
in treated patients.11 IVIG has been successful in treating MIS-
C, a clinical syndrome of children with a history of SARS-CoV-2 
infection, which is followed by systemic inflammation, fever, 
and multiorgan dysfunction.12 IVIG has been used to neutralize 
a select strain of parechovirus in vitro and in supportive therapy 
for encephalitis in prior case reports.13 Despite each of these prior 
documented uses for IVIG, our literature review did not reveal 
any reported parechoviral-induced cases of viral hepatitis in infants 
associated with hyperferritinemia that had been treated specifically 
with IVIG. 

Without prior literature to base treatment selection on, IVIG 
was chosen as the treatment for this infant given our suspicion 
for cytokine storm syndrome and the similarities of the patient’s 
clinical presentation with other inflammatory diseases for which 
IVIG has been used – particularly Kawasaki disease and MIS-C. 

Ultimately, the strong association between the time of adminis-
tration of IVIG and the stark decrease in ferritin levels, LFTs, 
and defervescence suggests IVIG may be considered for treat-
ment of parechovirus-induced viral hepatitis presenting with 
hyperferritinemia. Importantly, this patient’s LFTs and ferritin 
levels remained low at her follow-up appointment, and she was 
doing well clinically 1 week after discharge. It is important to 
note that laboratory and clinical improvement may have been 
seen without the use of IVIG; however, given the worsening 
clinical symptoms and similarities of the case to Kawasaki and 
MIS-C patients successfully treated with IVIG, we felt it was 
an appropriate intervention for our patient. The dosage of IVIG 
was based upon the treatment of hyperinflammation states such 
as Kawasaki and MIS-C, which is 1 dose followed by observation 
for a response and a second dose if not improved. Our patient 
improved with a single dose.

The administration of IVIG does not come without risks, which 
need to be considered for each patient. Given that it is a blood 
transfusion, there is the risk of an adverse reaction or even anaphy-
laxis. Infection is also a risk that is not negligible. Furthermore, for 
children who receive IVIG, it is recommended that they do not get 
any live vaccines for a year after. This would postpone administra-
tion of the MMR vaccine as well as others that could increase risk 
of exposure to additional viruses. 

Our patient was discharged on day 5 of admission, while 
some infants treated with antibiotics alone were discharged 6 
to 8 days after admission.1,2 Although 1 infant with a suspected 
severe systemic inflammatory response was treated with IVIG 
and was first discharged on day 8 of admission, it is important 
to note IVIG was not administered until day 5 of admission. 
Retrospectively, our hypothesis would support the idea that had 
IVIG been administered sooner, it is possible this infant may 
have been discharged earlier.14 

One limitation of this study is that a cytokine panel was not 
collected to confirm the cytokine storm. This was not deemed 
necessary as the patient defervesced and had remarkable improve-
ment. However, if she was not responsive or if her condition was 
worsening, a cytokine panel would have been ordered, and other 
therapies, such as steroids, anakinra (an interleukin-1 antagonist), 
plasma exchange, and interleukin-6 antagonists would have been 
potential next steps. Furthermore, it would be of interest to see 
which cytokines are elevated and perhaps an additional target for 
future therapeutics. Another limitation was that we did not obtain 
titers of neutralizing antibodies against HPeV before and after 
IVIG administration; future studies or clinical cases would likely 
benefit from such measurement to better understand the potential 
mechanism of IVIG. 

CONCLUSIONS
In children with HPeV infection presenting with persistent fever 
and hepatitis, a check of serum ferritin level might help assess if 
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the patient has HPeV-induced hyperinflammation. Currently, 
there is not enough evidence to recommend IVIG as a treatment 
for HPeV-induced hyperferritinemia. IVIG use must be based on 
the best clinical judgement after weighing its risks and benefits. 
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CASE REPORT

deliveries,6-9 whereas other studies report a 
greater incidence with cesarean delivery.2,3,10 

More established risk factors for femoral 
fracture at delivery include malpresentation, 
low birth weight, macrosomia, prematurity, 
osteogenesis imperfecta, fetal osteoporosis, 
and difficult extraction.9,11 Given limited 
literature on these fractures, information on 
their early clinical detection, mechanism of 
injury, and preferred management is lack-
ing, and current practices on identifying 
such fractures partly rely on the extrapo-
lation of practices from other contexts. 
Further elucidating the epidemiology and 
risk factors associated with neonatal femur 
fractures can inform clinical decision-mak-
ing and contribute to improved outcomes 

for affected infants. We report the case of a full-term neonate found 
to have a closed fracture of the femoral shaft following cesarean 
delivery for breech presentation. 

CASE REPORT
This is the case of a female neonate born at 39 weeks 0 days via 
cesarean section to a gravida 1 para 1 (G1P1) mother in a com-
munity hospital. The mother’s prenatal course was uncomplicated, 
and she received routine care throughout her pregnancy. She did 
not have a history of diabetes or drug use, nor was there any fam-
ily history of musculoskeletal diseases, such as osteogenesis imper-
fecta. Cesarean delivery was ultimately indicated due to breech 
presentation, and the neonate was born via a low transverse inci-
sion with Apgar scores of 7 and 9 at 1 and 5 minutes, respectively. 
Delivery was complicated by a difficult extraction, in which the 
leg was internally rotated to deliver the infant through the hys-
terotomy. Given the challenging positioning of the neonate and 
relatively limited space provided by the hysterotomy, additional 

ABSTRACT
Introduction: Neonatal femur fractures from birth trauma are rare, occurring in 0.1 to 2 per 1000 
live births, with unclear associations with cesarean delivery. Limited literature leaves gaps in 
early detection, injury mechanisms, and management.

Case Presentation: This is the case of a full-term female neonate with a femur fracture follow-
ing a cesarean delivery for breech presentation. The delivery involved a difficult extraction, and 
the fracture was diagnosed immediately due to crepitus and a “popping” sound. Treatment was 
complicated by insurance. The patient received a Pavlik harness with good healing.

Discussion: In the literature, diagnosis averages 4 days, relying on late-arising classic signs. The 
literature is mixed on risks associated with mode of delivery.

Conclusions: Challenging cesarean extractions pose a risk for femur fractures. Early diagnosis is 
essential and may be expedited by comprehensive screening and early physical exam findings, 
such as crepitus, a “popping” sound, or decreased limb mobility. Poor access to pediatric ortho-
pedic clinicians may complicate treatment.

Sarthak Aggarwal, BS; Sudhish Chandra, MD

Perinatal Femur Fracture Following Difficult Cesarean 
Delivery: A Case Report

INTRODUCTION
Neonatal femur fractures in the setting of birth trauma are exceed-
ingly rare. The estimated incidence of perinatal femur fracture has 
been reported to be roughly 0.1-2 per 1000 live births.1-3 Clavicle 
and humerus fractures from birth trauma are relatively more com-
mon, though still infrequent.4,5 Long bone fractures may occur 
during both vaginal delivery or cesarean delivery and, while cesar-
ean deliveries have long been thought of as protective against birth 
trauma, literature has not been definitive on which mode of delivery 
purports greater risk for femoral fracture. Some studies have pos-
ited that most birth-related femur fractures occur in vaginal breech 



VOLUME 123 • NO 6 611

traction and rotation was deemed necessary 
to successfully extract the neonate. Upon 
this internal rotation, a “pop” was felt at 
the level of the hip, and this exam finding 
was noted by the obstetrician. 

The attending obstetrician commu-
nicated this finding with the attending 
neonatologist, who promptly examined 
the infant. The infant was found to have 
crepitus upon palpation of the right thigh, 
with only slight swelling of the area. The 
circumference of the right thigh was noted 
be 1 centimeter greater than that of the left 
thigh. Neurovascular exam was intact, with 
distal pulses, sensation, and motor tone 
intact immediately following delivery. The 
infant was noted to be irritable, though 
this observation was largely nonspecific. Laboratory workup was 
also unremarkable at the time. Anterior posterior and lateral view 
x-rays were obtained given the high index of suspicion for fracture, 
and imaging demonstrated an oblique fracture of the proximal 
femoral diaphysis with a rotational component (Figure). Of note, 
there was no dislocation at the hip noted on radiographic imaging, 
and gentle manipulation while holding proximal to the fracture 
site produced no frank dislocation. The infant was admitted to 
the neonatal intensive care unit for perinatal femur fracture and 
remained stable. Given the rare nature of this pathology and the 
lack of pediatric orthopedic specialists in the area, she was trans-
ferred to a tertiary medical center in a nearby city for further care. 

At the tertiary center, a pediatric orthopedic surgeon and resi-
dent on call performed a physical exam. The exam ultimately 
revealed no gross deformity or skin changes over the extremity, 
and the patient continued to be neurovascularly intact; however, 
she cried upon manipulation of the affected extremity. Given the 
clinical context and imaging studies, as well as the lack of signifi-
cant neurovascular compromise, she received a Pavlik harness for 
right lower extremity fracture immobilization and was discharged 
with plans for outpatient follow-up. The chest strap of the Pavlik 
harness was applied allowing space for respiration, the anterior leg 
strap was fastened to maintain hip flexion of roughly 90 degrees, 
and the posterior leg strap was fastened to produce roughly 45 
degrees of abduction. It was advised that the harness be worn at all 
times with the exception of brief removal for bathing and sanita-
tion. Follow-up was complicated by the tertiary center’s specialists 
being out of network given the patient’s insurance, and she was 
unable to return for follow-up. Instead, specialist follow-up with 
pediatric orthopedic surgery was pursued at another tertiary cen-
ter. Healthy callus formation was noted at 3 weeks, and improved 
alignment and excellent healing were seen at subsequent follow-up 
visits. There were no complications during the follow-up period, 
and the patient’s parents strictly adhered to immobilization recom-

Figure. Anterior Posterior View (A) and Lateral View (B)

mendations and appropriate harness usage. She ultimately dem-
onstrated a full recovery with complete healing of the femur and 
return to age-appropriate activity and function.

DISCUSSION
We observed a perinatal femur fracture in a full-term neonate fol-
lowing cesarean delivery for breech presentation. Cesarean delivery 
is recommended for breech delivery, but its role in reducing risk of 
birth trauma is a matter of debate. Even so, femur fractures related 
to delivery are exceptionally rare.2,7 

A case series by Kancherla et al found the mean time to diag-
nosis to be 4 days for perinatal femur fractures, similar to prior 
studies.7 While some femur fractures may be diagnosed soon after 
delivery due to more dramatic presentations, other cases may not 
be identified until much later due to a lack of symptoms or poor 
access to care.2 In our case, the fracture was diagnosed immedi-
ately following delivery due to collaboration between the attend-
ing obstetrician and neonatologist, as well as identification of key 
physical exam findings. Close observation of neonates with risk fac-
tors for perinatal femur fracture – especially breech presentation or 
difficult extraction – also may help with early detection. A screening 
protocol may best address this, in which neonatologists examine 
such high-risk neonates to detect the aforementioned early physical 
exam signs.7 Parents of at-risk neonates also should be educated on 
classic symptoms, as this may reduce delays in care after discharge. 

Common presentations of perinatal femur fractures include 
thigh swelling, decreased mobility of the affected leg, focal tender-
ness, and irritability.2,5,11 In the case presented here, a sound was 
heard during delivery, which prompted further examination by the 
neonatologist. Many of the classic symptoms noted above, such as 
soft tissue swelling, focal tenderness, and irritability, may present 
late and thus were not prominent on initial examination in our 
case.2 However, the presence of crepitus was a key early exam find-
ing in our case, even though it is one that may not be checked for 
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routinely. In the timeframe immediately following delivery, care-
ful clinical examination for crepitus and decreased mobility may 
quicken diagnosis of perinatal femur fracture, as opposed to wait-
ing for the emergence of other classic physical findings and may 
avoid unnecessary investigation for nonaccidental trauma associ-
ated with delayed discovery. 

Perinatal femur fractures tend to be spiral fractures of the proxi-
mal femur, suggesting a torsional mechanism of injury in the deliv-
ery process.1,7 In the case of a cesarean delivery, this may be due to 
poor maneuverability of the fetus given anatomic challenges (eg, 
uterine anatomy, small incision, fetal positioning) or poor delivery 
technique. In our case, a difficult extraction with torsion of the leg 
likely contributed to the fracture.7,8 In vaginal deliveries, breech fix-
ation at the pelvis may lead to excessive leg traction.7 Unanticipated 
fracture patterns in the absence of excessive traction may necessitate 
further workup for other causes of fracture, including metabolic 
and musculoskeletal disorders. Nonaccidental trauma is another 
important consideration in fractures discovered after discharge. 
Notably, any forceful traction may result in long bone injury, and 
our case highlights the definite risk for femur fracture with cesarean 
delivery.10

Prognosis of birth-related femur fracture is generally excellent 
with appropriate diagnosis and treatment, and treatment is mostly 
nonoperative.1,12 Given the superior healing capacity of infants and 
children relative to adults, surgical intervention is very rarely indi-
cated. Furthermore, fractures generally heal well through second-
ary bone healing without any long-term sequelae, such as defor-
mity, neurologic deficit, or limb-length discrepancy.1 However, 
early diagnosis and treatment limits prolonged distress for both 
the infant and family and may avoid the need for nonaccidental 
trauma investigation. A variety of treatment options exist, all of 
which ultimately aim to immobilize the femur. Pavlik harness, 
splint, spica cast, and Bryant traction are all acceptable treatment 
methods that have been shown to be effective.7,12 

A Pavlik harness was used in the present case, as it is inexpen-
sive, simple to use, and allows for quick discharge. Though treat-
ment with these harnesses is generally uncomplicated, Pavlik har-
nesses should still be monitored for possible complications, most 
notably femoral nerve palsy, avascular necrosis of the femoral 
head, and skin breakdown.5,9 Femoral nerve palsy may result from 
excessive hip flexion, and patient families must be vigilant for leg 
weakness – particularly with knee extension. In contrast, avascular 
necrosis may occur with excessive abduction or otherwise improper 
positioning and is often accompanied by increasingly limited, pain-
ful hip movement that families may notice during diaper changes. 
Finally, skin irritation may occur due to excess tightness or poor 
positioning of harness straps, which should be checked regularly 
for underlying irritation. If symptoms arise, patient families should 
consult their care provider, who may then adjust the harness and 
perform a careful physical exam. 

Given the necessity for such close follow-up and monitoring, a 

study by Givon et al posited that Pavlik harnesses may cause unnec-
essary distress to new parents versus inpatient care with Bryant trac-
tion, allowing for continuous professional nursing care.12 However, 
in addition to Bryant traction being logistically challenging, the 
efficacy of this method may be rooted in the increased frequency 
and quality of communication between clinicians and family. 
Thus, while the ability of caretakers to closely provide care at home 
for their infant should be considered when weighing treatment 
options, high-quality communication with families and convenient 
follow-up should be prioritized when caring for such fractures. 

In our case, a lack of orthopedic specialists comfortable with 
Pavlik harness application in the community required the patient 
to be transferred to a tertiary care facility in an adjacent state for 
Pavlik harness placement, and insurance issues necessitated follow-
ups at a separate facility located significantly farther away. Thus, 
the present case not only highlights hurdles to timely and effec-
tive care but also underscores the logistical challenges of outpatient 
management and need for pediatric orthopedic care that is easily 
accessible. This is particularly relevant to socioeconomically disad-
vantaged families, who may not have the resources to travel hours 
for care and follow-up. Even in the absence of orthopedic special-
ist care, training in the basics of fracture care and immobilization 
techniques could allow for improved care in community settings. 
Such training may be directed towards neonatologists, pediatri-
cians, and family medicine clinicians and may include training on 
reduction techniques, Pavlik harness and spica cast application, and 
general cast application workshops and principles. In the case pre-
sented here, a lack of local treatment options required the patient 
to seek regular care hours from home, contributing unnecessary 
stress to an already distressing situation.

Thus, despite advances in perinatal care, challenges persist in 
the timely diagnosis and management of perinatal femur frac-
tures – particularly in regions with limited access to pediatric ortho-
pedic expertise. Developing standardized protocols for the screen-
ing and management of neonates at risk for birth-related fractures 
could enhance early detection, decrease family distress, and expe-
dite timely treatment and should be achieved through multidis-
ciplinary efforts by obstetricians, pediatricians, and orthopedists. 
Such screening ideally would allow for pediatricians and obstetri-
cians to identify key risk factors related to prenatal history and 
delivery method to stratify patients at high risk for such fractures 
and prompt further workup. Similar efforts to create screening 
guidelines have begun at our own institution to guide the identifi-
cation and care of these fractures. 

Additionally, efforts to improve access to specialized care, such as 
telemedicine consultations or regional referral networks, may miti-
gate the logistical barriers faced by families and clinicians in under-
served areas. These relationships may begin through networking 
with local orthopedists as well as through the creation of formal-
ized procedures for referrals and transfers to tertiary centers, as has 
recently begun in our institution. Further research is warranted to 
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explore the long-term implications of perinatal femur fractures and 
evaluate the effectiveness of different treatment modalities in opti-
mizing outcomes for affected infants. Collaboration among peri-
natal and orthopedic specialists is essential to ensure comprehen-
sive and coordinated care for these vulnerable patients. Ultimately, 
while the need for pediatric orthopedic specialists in the commu-
nity may not be fixable immediately, mitigating patient and family 
distress is a critical part of improving care. Providing educational 
materials and clear communication about the excellent outcomes 
of these fractures, maintaining frequent follow-up with pediatric 
specialists and care coordinators, and building relationships with 
academic centers for smoother transitions of care are key strategies 
to make a meaningful impact.

CONCLUSIONS
We present a case of perinatal femur fracture following cesarean 
delivery for breech presentation. Perinatal femur fracture is a rare 
but distressing complication and should be diagnosed promptly 
with appropriate screening and exam. Cesarean delivery – espe-
cially difficult extractions with rotation of the leg – carries a 
definite risk for such fractures, and excessive traction should be 
avoided when possible. Early diagnosis is important and may be 
quickened by comprehensive screening and demonstration of early 
physical exam findings, such as crepitus – a “popping” sound upon 
delivery – and decreased limb mobility. These signs may emerge 
before other classic physical exam findings characteristic of frac-
tures. Poor access to pediatric orthopedic providers may compli-
cate the treatment course and be a source of additional distress for 
patients and their families. However, access to such care may be 
improved by educating local clinicians on the application of Pavlik 
harnesses, utilizing local orthopedists as immediate resources, and 
fostering robust partnerships with tertiary care centers for tele-
medicine consultations and clinical outreach.
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CASE REPORT

uptrend in the prevalence of both across 
each age group.2-3 Despite this, among 
those diagnosed with type 1 diabetes, it is 
most frequently discovered in a biphasic 
distribution: from the ages of 4 to 7 and 
later, from the ages of 10 to 13 years.2-4 

Although diabetes is associated with sev-
eral comorbidities as well as mortality in 
the long term, the challenges of a timely 
diagnosis in the pediatric population, cou-
pled with the high prevalence of diabetic 
ketoacidosis (DKA) at initial presentation 
(30%) in this group, has prompted the 
development of several guidelines and pro-
tocols at major children’s hospitals in an 
attempt to quickly identify and treat this 
condition.5,6

DKA is defined as diabetes with the following features: 
hyperglycemia (blood glucose > 200 mg/dL), metabolic acidosis 
(serum bicarbonate < 18 mmol/L or venous pH < 7.3), and keto-
sis (ketones in the urine or blood).7 A 2022 systematic review 
revealed the following major risk factors as being associated with 
an increased likelihood that a patient would present in DKA: 
age < 2 years at onset/diagnosis, being part of an ethnic minority 
population, delayed diagnosis/missed diagnosis, and presenting 
during the COVID-19 pandemic.8 In particular, it is postulated 
that younger children are at increased risk of delayed diagno-
sis and, thus, DKA at presentation due to the inability or dif-
ficulty of obtaining a concrete clinical history – especially per-
taining the classic triad of polyuria, polydipsia, and polyphagia 
(often with associated weight loss).10-12 Alternatively, others have 
hypothesized that the higher rate of DKA at time of diagnosis 
in this population is due to a more severe autoimmune pheno-
type, as evidenced by higher titers of multiple diabetes-associ-
ated antibodies as well as lower c-peptide levels at diagnosis.13 

ABSTRACT
Introduction: As the prevalence of type 1 and type 2 diabetes continues to increase, hospitals 
have developed protocols for managing its many complications, particularly diabetic ketoaci-
dosis. However, extremely early onset type 1 diabetes, defined as onset at age < 2 years old, 
remains a diagnostic challenge to the community clinician. 

Case Presentation: We report a case report of a 19-month-old female thought to have acute 
on chronic constipation who presented to our pediatric emergency department and was subse-
quently found to be in diabetic ketoacidosis.  

Discussion: This case emphasizes the importance of maintaining a high suspicion for this poten-
tially lethal disease presentation, as well as the variety of symptoms that can occur with it. 

Conclusions: The limited communicative ability of the pediatric population often results in 
unclear or vague initial complaints at disease onset. This has led to a paucity of literature and 
knowledge surrounding the diagnosis of extremely early onset type 1 diabetes, making delayed 
diagnosis and its associated complications commonplace.

Erin Whiteford, MD, MS; Amy Drendel, DO, MS 

Extremely Early Onset Type 1 Diabetes 
in the Emergency Setting: A Unique Presentation 
of a Common Childhood Onset Disease 

INTRODUCTION
Diabetes is a disorder in which the body does not produce enough 
insulin or does not respond appropriately to insulin, in turn caus-
ing the blood glucose level to be abnormally high.1 As diabetes 
has become increasingly common over the past decade, an abun-
dance of research has surfaced.2-4 A robust portion of this research 
is devoted to determining the etiology of the disease, of which 
both genetic and environmental factors have been implicated.1-3 

Although type 1 diabetes classically has been considered a disease 
of childhood and type 2 a disease of adults, there has been an 
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TableE4: . Patient’s Vital Sign Trends Throughout Emergency Department (ED) Course and at Time of Discharge 

 Heart Ratea  Blood Pressurea Respiratory Ratea  Temperature SpO2 
 (RR 90-140 bpm) (RR 86-106/42-63 mmHg) (22-37 rpm) (axillary)

On presentation to the ED 138  135/90 36 36 °C (96.8 °F) 100%

After 1st intravenous fluid bolus 128  109/78 24 N/A 100%

After 2nd intravenous fluid bolus 124  101/51 31 N/A 100%

At time of discharge from hospital  116  104/62 22 36.4 °C (97 °F) 100%

Abbreviations: RR, references ranges; bpm, beats per minute; rpm, respirations per minute; mmHg, millimeters of mercury; SpO2, peripheral oxygen saturation. 
aRRs are provided based on Pediatric Advanced Life Support (PALS) through the American Heart Association (AHA) 2020. 
Consider individual’s baseline values, as aberrations are expected depending on illness condition, stress

Although the most common presenting complaint at initial 
type 1 diabetes diagnosis in the overall pediatric population is 
polyuria (92% in 1 study), the most common complaint in chil-
dren < 2 years old with new onset type 1 diabetes is poorly defined.7 

Given the rarity of this early life diagnosis, literature is rela-
tively sparse. However, Quinn et al noted that parents frequently 
brought their young children to medical attention for nonspecific 
complaints, including abdominal pain, dehydration, and fatigue.14 
Further, the classic symptoms of hyperglycemia, such as enure-
sis, polydipsia, polyuria, polyphagia, candidiasis, and fatigue, were 
reported less frequently in patients less than 2 years of age com-
pared to those from 2 to 4 years old and 4 to 6 years old.14 Several 
studies suggest this is due to limited communicative ability, diaper 
wearing, and shorter duration of symptoms prior to progression to 
significant metabolic derangement and critical illness.11,14-15

In addition to delayed diagnosis, the severity of clinical status at 
presentation is often worse due to the overall higher metabolic rate 
of these young patients, exacerbating the effects of dehydration, as 
well as their immature cerebral autoregulatory systems, predispos-
ing them to cerebral edema, a feared and often fatal complication 
of DKA.9-11,14-15 Despite the rarity of extremely early onset type 1 
diabetes, the high risks associated with delayed or missed diagnosis 
make it imperative for the emergency medicine provider to remain 
vigilant when tasked with caring for the acutely ill toddler.

The following case demonstrates the importance of directed 
questioning and the need for maintenance of high suspicion for 
underlying occult pathology in the young pediatric population 
presenting with common complaints. 

CASE PRESENTATION
A 19-month-old female presented to our pediatric emergency 
department (ED) with worsening constipation and abdominal 
pain. She was born near term (37 weeks 6 days gestation) and was 
small for gestational age at birth (1.59 percentile based on weight 
for age data from the Centers for Disease Control and Prevention 
[CDC] and the World Health Organization [WHO]). According 
to her parents and chart review, the patient had a long history 
of constipation (since the “first couple months of life”). It was 
documented that she did pass meconium within the first 48 hours 

of life. Regular primary pediatrician office visits documented a 
long-term history of constipation that previously had been well 
controlled with daily prune juice administration. Her recorded 
weights were at or below the 10th percentile for age (based on 
weight for age data from CDC and WHO) prior to the month 
leading up to presentation, consistently following her individual 
growth curve as would be expected. Her parents reported no 
changes in diet or suspicion for toxic/abnormal ingestions leading 
up to this presentation. Prior encounters clinicians in the week 
leading up to presentation noted decreased oral intake, increased 
fatigue, abdominal distension and pain, and lack of a recent bowel 
movement.  

On arrival to the ED, the patient was notably fussy, dehydrated, 
and had a distended abdomen with hypoactive bowel sounds and 
a palpable stool burden. Vital signs throughout the clinical course 
are documented in the Table. She appeared thin and small for her 
age, which was corroborated on review of her growth chart (2nd 
percentile weight for age, down from the 10th percentile at a well 
child checkup 1 month prior). Abdominal x-ray was notable for 
a large stool burden with otherwise unremarkable findings. Chart 
review noted that she had lost approximately 1 kg over the prior 
month. Based on stool burden, exam, and history, a normal saline 
enema was administered without subsequent bowel movement 
over the next hour, after which a soap suds enema was adminis-
tered, with modest stool production. 

On repeat exam, the patient was fatigued with dry mucous 
membranes with persistent abdominal distension and tender-
ness, at which point a peripheral intravenous (IV) line was 
placed and a 1-time 20 ml/kg normal saline bolus was admin-
istered. Gastroenterology was consulted due to impressive stool 
burden and concern for weight loss in the setting of life-long 
constipation, warranting additional workup for failure to thrive. 
Repeat exam and vital sign review revealed a persistently dehy-
drated child, prompting an additional 20 ml/kg normal saline 
bolus. Given her minimal response to therapies, a comprehen-
sive metabolic panel was run using blood initially obtained and 
held at the time of IV placement, to assess baseline electrolyte 
status in addition to general kidney and liver function prior to 
hospital admission. Laboratory results were notable for a severe 
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metabolic acidosis with a bicarbonate of < 8 mg/dL and an ele-
vated anion gap of > 19 (using bicarbonate of 8), as well as blood 
glucose of 250 mg/dL.1 The patient remained hemodynamically 
stable on maintenance IV fluids while further workup was done 
to evaluate the anion gap metabolic acidosis, including serum 
lactic acid, beta-hydroxybutyrate, and urinalysis. The urinalysis 
quickly revealed large ketones and glucosuria, consistent with 
DKA and associated new onset diabetes. Subsequently, the lactic 
acid was found to be normal and the beta-hydroxybutyrate level 
was elevated, also consistent with DKA. Because of the patient’s 
severe metabolic acidosis and young age, she was admitted to the 
pediatric intensive care unit for further stabilization and man-
agement. 

After diagnosis, the patient was placed on the “2 bag system” 
(simultaneous administration of an insulin drip and dextrose-con-
taining fluid), after which her DKA quickly corrected within the 
next 24 hours, along with return to baseline neurologic status. She 
was subsequently transferred to the acute care floor for new onset 
diabetes parental teaching, as well as subcutaneous insulin admin-
istration training and titration prior to discharge. Close follow-up 
in the diabetes clinic was scheduled for later that week. Serum 
testing for type 1 diabetes-associated autoantibodies returned 
positive for GAD65 and highly sensitive insulin autoantibodies, 
confirming the diagnosis. She continues to follow-up with endo-
crinology and regularly attends her local primary pediatrician 
appointments with significant improvement in her weight trends 
(at age 35 months, weight was approximately 30th percentile for 
age consistently).

DISCUSSION
Unexpectedly, this patient who presented to the ED with com-
plaints of constipation and abdominal pain was diagnosed with 
new onset type 1 diabetes after laboratory evaluation was obtained 
for dehydration and concern for failure to thrive. Given her young 
age, she was classified as extremely early onset type 1 diabetes, 
which carries a more severe prognosis.3 It is postulated that indi-
viduals who develop type 1 diabetes at < 2 years of age have a more 
severe autoimmune phenotype, which leads to excessive beta cell 
destruction early in life.3,14-16 Although extremely early onset dia-
betes is rare, the clinical pearls associated with such cases remain 
valuable across age groups for the pediatrician and emergency 
medicine provider, particularly for the patient presenting to the 
ED for acute on chronic abdominal pain with or without a history 
of constipation.17-19  

The onset of constipation early in life, as in this case (around 
4 to 6 months of age), requires additional investigation.20-21 Our 
patient experienced constipation that had initially improved with 
over-the-counter therapies but worsened acutely leading up to pre-
sentation.

Constipation is a common childhood complaint that rarely has 
a known causative etiology, nor does every child warrant an exten-

sive workup to determine one.20-21 In this patient’s case, her growth 
trends were consistently tracking along the 10th percentile or less 
for age, which is low but not necessarily pathologic if consistent 
for that individual patient.22 The acute worsening of her baseline 
constipation prompted a medical encounter at which time she was 
appropriately referred to our ED. A combination of factors likely 
led to the false assumption that her symptoms all were linked to 
acute on chronic constipation. This point is evidenced by her 
notable down-trending growth curve percentiles (“falling off her 
growth curve”) despite an intact appetite. Additionally, more 
directed discussions with the patient’s parents after the diagnosis 
revealed the presence of polyuria and polyphagia. Although diabe-
tes is a generally common diagnosis in the pediatric population, 
this patient’s young age and her previously diagnosed constipation 
(although of unknown etiology) likely led to provider anchoring 
bias, affecting clinical judgement and decision-making pertaining 
to additional evaluation on subsequent presentations.23

Regardless of the etiology, there were additional clues mak-
ing the astute clinician unable to write off her conglomeration 
of symptoms as secondary to solely constipation. The first of 
these key clues is weight loss and/or drop in growth percentiles. 
Consistently tracking in a low weight percentile can be normal but 
warrants frequent reassessment and monitoring.22 Alternatively, 
weight loss in a young pediatric patient without explanation or 
with intact appetite is not normal, nor is constipation a sufficient 
explanation for it. A slew of gastrointestinal (GI) complaints/dis-
orders are common in patients with type 1diabetes.24 In a study of 
patients < 2 years old diagnosed with type 1 diabetes, 45% were 
noted to have weight loss prior to presentation, while about 10% 
reported constipation.25 Although weight loss was reported among 
the majority of age groups at diagnosis, constipation was reported 
most in toddlers diagnosed at < 2 years of age.25 Quinn et al found 
that parents were significantly less likely to report symptoms of 
hyperglycemia, such as polydipsia, polyuria, and polyphagia, in 
patients < 2 years old.14 Although GI complaints are common 
in the emergency setting, we recommend quick review of the 
patient’s growth curve to help guide the provider in terms of the 
true chronicity of the presenting condition as well as the sever-
ity of the issues described. Evaluation for the etiology of chronic 
constipation – especially in patients with symptom onset early in 
life coupled with marginal or no response to standard first-line 
medical therapies – is warranted as it can be associated with mul-
tiple additional health issues or be masking an occult systemic 
pathology.18-21,24,26-28 The patient presenting with acute on chronic 
abdominal pain requires astute history gathering and examination 
with each presentation in order to ensure an underlying condition 
is not missed. Abdominal complaints – especially lower gastroin-
testinal complaints such as constipation, diarrhea, or an alternat-
ing pattern – can be a symptom of undiagnosed diabetes.24 

The patient’s altered mental status represented another diag-
nostic clue. This can be difficult to ascertain in a 19 month old 
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who is not feeling well, as there is often a high component of 
stranger anxiety in the hospital setting.29 However, her transition 
from apprehensive of the medical team to sleeping uninterrupted 
despite their presence, was a notable derivation from baseline. 
With increased rates of DKA at diagnosis in younger patients, 
the risk of cerebral edema and, thus, neurologic status aberrations 
secondary to metabolic derangement also is increased.8,10-13,30,31 

This highlights the importance of serial exams and evaluation 
after each intervention. Serial exams in this patient appropriately 
cued the physicians to consider a broader differential and per-
form laboratory testing that led to the diagnosis.  

Lastly, vital sign aberrations and examination findings out of 
proportion to the described clinical course or medico-social his-
tory warrant further evaluation, especially in the pediatric popula-
tion where history gathering is often difficult. In the case presented 
here, the patient was significantly more dehydrated than would be 
expected based on history and context. This was evidenced by her 
minimal response to the initial fluid bolus and signs of hemocon-
centration on lab evaluation. In a child with decreased oral intake 
but no emesis or diarrhea, one would not expect such profound 
dehydration as was demonstrated here. Seemingly small or insig-
nificant hemodynamic changes are often the first manifestation of 
an underlying pathology at play.32-34 Continued review – especially 
by adult emergency medicine providers – of normal age range stan-
dards is imperative, as is monitoring of hemodynamic trends in 
patients throughout their stay (ie, heart rate before and after fluid 
bolus).35 

CONCLUSIONS
Extremely early onset type 1 diabetes is a rare diagnosis of a well-
known pediatric disease that often presents with a vague constella-
tion of symptoms. We present the case of a young child thought to 
have acute on chronic constipation who was subsequently found to 
be in DKA. Clinicians should remain vigilant when caring for this 
unique population to avoid anchoring bias and obtain appropriate 
work-up as to not miss this high-risk condition.
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CASE REPORT

vated mortality rates compared to individu-
als with common conditions.1 Rare diseases 
also remain the leading cause of infant 
mortality.2 Intellectual disability (ID) 
and global developmental delay (GDD) 
are among the most frequently reported 
impairments in children, with GDD affect-
ing 1% to 3% of children under the age of 
5 and ID affecting 1.10% of children ages 
3 to 17 years old.3,4 

GDD is defined as significant delays 
in 2 or more developmental domains in 
children less than 5 years of age, while 
ID is defined as having significant limi-
tations in both intellectual functioning 
and adaptive behavior.5 Numerous testing 
routes can be pursued to determine the 

etiology of GDD/ID, including chromosomal microarray and 
whole exome sequencing, which are now standard-of-care tests 
ordered in outpatient clinics. A chromosomal microarray is a test 
that detects regions of genomic imbalances termed copy num-
ber variation. Whole exome sequencing involves sequencing the 
protein-coding regions of the genome. This “coding” portion of 
the genome is called the exome. The human exome represents 
< 2% of the genome but contains approximately 85% of known 
disease-related variants.6 The diagnostic yield of chromosomal 
microarray in cases of GDD/ID ranges from 4.5% to 28.0% 
(median 13.7%), while the diagnostic yield of whole exome 
sequencing ranges from 28% to 43% (average 34%).7 However, 
the majority of patients with GDD/ID remain undiagnosed 
after these evaluations, indicating the need for further work to 
provide specific diagnoses for these patients and families. The 
University of Wisconsin Undiagnosed Disease Program (UW 
UDP) employs whole genome sequencing to discover novel dis-
ease genes and variants to enable diagnoses of ultra-rare genetic 

ABSTRACT
Introduction: The University of Wisconsin Undiagnosed Disease Program employs a “beyond the 
exome” approach to diagnose rare disease patients.

Case Presentations: We present 2 cases of rare neurodevelopmental disorders identified by 
whole genome sequencing. The first is a 12-year-old boy with global developmental delay/intel-
lectual disability (GDD/ID) and congenital hypotonia who was diagnosed with CAPZA2-related 
disorder. The second is a 13-year-old boy with microcephaly, GDD/ID, and seizures who was diag-
nosed with neurodevelopmental disorder with language delay and behavioral abnormalities, with 
or without seizures (NEDLAS). 

Discussion: Our use of whole genome sequencing identified the fifth reported case of CAPZA2-
related neurodevelopmental disorder. Fewer than 40 patients have been reported with NEDLAS, 
and we identified the fourth patient with the AGO1 in-frame deletion p.Glu376del. 

Conclusions: Whole genome sequencing can be effective in diagnosing patients with suspected 
genetic disorders despite negative standard of care clinical genetic testing and enables the prac-
tice of precision medicine.

Jadin M. Heilmann; April L. Hall, PhD, MS, CGC; Janet M. Legare, MD; Gregory M. Rice, MD; Kristin A. Seaborg, MD; Derek M. 
Pavelec, PhD; Xiangqiang Shao, PhD; Vanessa Horner, PhD; M. Stephen Meyn, MD, PhD; Bryn D. Webb, MD
 

The University of Wisconsin Undiagnosed Disease 
Program: Unveiling Rare Neurodevelopmental 
Disorders in Exome-Negative Patients

INTRODUCTION
Over 26 million Americans are affected by rare genetic disorders, 
resulting in significantly higher annual health care costs than com-
mon conditions such as heart disease and cancer. Both pediatric 
and adult patients with rare diseases experience longer hospital 
stays, higher admission charges, increased readmissions, and ele-
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disorders. We choose whole genome sequencing as a first-line 
test given that most referred patients already have had negative 
clinical whole exome sequencing, and a whole exome sequencing 
to whole genome sequencing approach leads to higher program 
costs. Here, we present 2 cases of suspected neurodevelopmental 
disorders of genetic etiology with negative clinical exome testing 
that we diagnosed using whole genome sequencing.

CASE PRESENTATIONS
Case 1
A 12-year-old male was referred to the UW UDP for neurode-
velopmental concerns, including motor and speech delays and 
severe congenital hypotonia. He was born at 38 weeks gestation 
by emergency cesarean delivery due to fetal heart rate decelera-
tion and failure to progress. At birth, he experienced breathing 
difficulties requiring supplemental oxygen and had a small right 
pneumothorax, which resolved spontaneously. His Wisconsin 
state newborn screen was normal. At 3 weeks of age, he pre-
sented to the emergency department with excessive vomiting and 
was diagnosed with pyloric stenosis, which was treated surgically. 
Between 7 and 10 months, he was hospitalized 4 times for respi-
ratory infections exacerbated by hypotonia, making it difficult 
for him to clear his airway, and he was later diagnosed with early 
childhood asthma. At 10 months, At 10 months, he was identi-
fied to have significant developmental delays, achieving expres-
sive language skills expected of a 3- to 4-month old, receptive 
language skills expected of an 8-month old, fine motor skills 
expected of a 4- to 5-month old, and gross motor skills expected 
of a 5-month old. At 12 months, his head circumference was 
measured at the 98th percentile (Z-score = 2.16). Magnetic reso-
nance imaging (MRI) and head ultrasound revealed an inciden-
tal finding of a 3 mm cystic intradural lesion, but it was oth-
erwise normal. At 14 months, a screening electrocardiogram 
showed sinus arrhythmia and findings of biventricular hypertro-
phy; however, an echocardiogram was normal. He was able to sit 
alone at 2 years and walk without help between 3 and 4 years. 
He was able to run at 9 years. 

At 9 years and 6 months of age, moderate dilation of the ascend-
ing aorta was noted on echocardiogram (2.6 cm, Z-score = 4.3) 
with normal aortic root size. Follow-up echocardiogram at 12 
years and 7 months revealed moderate dilation of the ascending 
aorta to similar degree (3.1 cm, Z-score = 4.2) with normal aortic 
root size. At 10 years old, the patient was diagnosed with autism 
after presenting with echolalia, repetitive verbalizations, and sen-
sory-seeking behaviors. He also had thrombocytopenia identified 
consistently from age 19 months to 13 years, ranging from 75 K/
uL to 145 K/uL and most often <120 K/uL. 

Since age 12 years, the patient has used words in combination 
with a communication device to communicate. He is able to fol-
low simple commands with a gesture. He is unable to walk long 
distances and uses a wheelchair or stroller. His physical exam at 

this time indicated weight of 34.5 kg (19.37%), height of 1.444 m 
(26.92%), and head circumference of 55.5 cm (88.03%). 

At 13 years old, neurological exam revealed generalized hypo-
tonia with decreased muscle bulk and size in biceps, triceps, 
quadriceps, soleus and gastrocnemius bilaterally. He has intrinsic 
hand muscles with decreased tone and bulk. He sits in a “W” 
position, and he is unable to rise from lying down to a seated 
position independently but can sit up from lying down with 
gentle assistance. He rises to stand from a seated position on the 
ground using ground and nearby structures to support himself 
in a modified Gower sign. He is not able to hold a squatting 
position. He has an intention tremor at reach in upper extremi-
ties bilaterally but no dysmetria. His upper extremity biceps and 
brachioradialis reflexes are 2+ and symmetric. His bilateral patel-
lar reflexes are 1+, and he has a trace Achilles reflex bilaterally. 
He has a shuffling gait with limited plantarflexion and bilateral 
pronation at the ankles and knees. 

Genetic testing for spinal muscular atrophy, myotonic dystro-
phy, Prader Willi, and Fragile X syndromes, as well as chromo-
somal microarray analysis, were negative. For metabolic evalua-
tion, his acylcarnitine profile, plasma amino acids, urine organic 
acids, plasma and cerebrospinal fluid lactate and neurotrans-
mitter profiles, and muscle biopsy for electron microscopy and 
mitochondrial depletion studies were normal. Whole exome 
sequencing completed in 2021 did not provide a definitive diag-
nosis, and the patient was referred to the UW UDP where whole 
genome sequencing was completed. For this sequencing, DNA 
was isolated from peripheral blood samples from the proband 
and mother; the father was unavailable for testing. Libraries were 
prepared and short-read, paired end, 150 base pair sequencing 
was obtained. FASTQ files were aligned to the human reference 
genome (GRCh38), and germline variant calling was performed 
using DRAGEN, which identifies single nucleotide variants, 
copy number variations, and structural variations. Variant calls 
were analyzed by the study team, which includes a board-certi-
fied clinical molecular geneticist. The team identified a disease-
causing missense variant in CAPZA2 c.776G>T; p.Arg259Leu, 
which was not inherited from the mother, and diagnosed the 
proband with CAPZA2-related disorder. See Case 1 discussion 
below for details.

Case 2 
A 13-year-old male with global developmental delays, intellectual 
disability, seizures, and postnatal microcephaly was referred to 
the UW UDP. He was born at full term by normal spontaneous 
vaginal delivery after an uncomplicated pregnancy. After birth, he 
failed his newborn hearing screen twice and was diagnosed with 
mild bilateral sensorineural hearing loss at 2 months old. At 3 
months, he was evaluated by genetics, who noted plagiocephaly, 
high-arched palate, minor ear anomalies, low hairline, umbilical 
hernia, and bilateral clubfoot. By 7 months, he developed postna-
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Table 1. Clinical Features of All Known Individuals With CAPZA2-related Disorder  

  UW UDP  Huang et al9  Pi et al10  Zhang et al11

  Case 1 Patient Patient 1 Patient 2 Patient 1  Patient

Origin European Chinese European Chinese ND

Variant p.Arg259Leu p.Arg259Leu p.Lys256Glu p.Arg260del c.219+1G>A Splicing

Inheritance Not inherited from mother,  de novo de novo  de novo  de novo 
  father unavailable

Gender Male Female Female Female Male

Age 12 years 2.5 years 9 years 10 months 3 years

Growth     
 Short stature – – – ND –
 Microcephaly –; macrocephalic – – + –
 Dysmorphic features – – – ND ND

Development     
 Speech delay + + + NA –
 Motor delay + + + + –
 Intellectual disability + NA + NA +

Neurological      
 Autism + NA + NA –
 Hypotonia + + + + –
 Seizure history – +; atypical +; developed seizures at 7 +;  developed +; 7 seizure episodes,  
   febrile months and infantile spasm spasms at 5 of which were  
   seizure occurred at 10 months  3 months febrile seizures

 Magnetic resonance   +; 3-mm cystic – +; mild abnormal myelination – +; septal pellucidum 
 imaging abnormality intradural lesion  in frontal area, mild peri-   cyst and bilateral
  on spine  vascular space dilation in   mastoiditis
    parietal and occipital area

Others     
 Neonatal feeding difficulty + + + + –
 Additional findings +; moderate dilation of ascending – +; hypopigmentation on right – –
  aorta; history of thrombocytopenia;  lower leg, hyper pigmentation 
  pyloric stenosis; toe walking  upper legs; toe walking  

Abbreviations: UW UPD, University of Wisconsin Undiagnosed Disease Program; +, feature present; –, feature absent; NA, not applicable due to patient age; ND, not 
determined.

tal microcephaly, with his head circumference measuring at the 1st 
percentile (Z-score = -2.10). 

By 22 months, the patient had eye-rolling spells and was 
diagnosed with epilepsy after an electroencephalogram showed 
frequent occipital spike and wave discharges and severely abnor-
mal background with absence of sustained posterior dominant 
rhythm and sleep architecture. At 26 months, head MRI showed 
mild delay in white matter myelination in the parietal and tem-
poral regions bilaterally, prominence of the lateral and third ven-
tricles, and simplification of the sulcal pattern along the sylvian 
fissures. He began walking at 4 years old and spoke his first word 
at 5 years old. 

Repeat MRI at 7 years old showed similar configuration of 
brain morphology with interval maturation of the sulcation and 
myelination in both frontal and temporal lobes. T2/FLAIR signal 
abnormalities were seen in the periatrial white matter of both cere-
bral hemispheres with additional involvement of the subcortical 
white matter in both parietal lobes. At 11 years old, neurology 

noted focal seizures, choreoathetotic movements, truncal hypoto-
nia with spasticity of the extremities, and an ataxic gait. Currently, 
at 13 years old, the patient has a happy demeanor, is largely non-
verbal, and uses a walker. 

Extensive genetic testing, including chromosome analysis, 
chromosomal microarray, connexin GJB2 sequencing for hear-
ing loss, and Prader-Willi methylation polymerase chain reaction, 
were negative. In 2021 at age 11 years, whole exome sequencing 
revealed a heterozygous pathogenic variant in the ADSL gene, 
which causes an autosomal recessive inborn error of metabolism; 
however, the patient is presumed to be unaffected as biallelic vari-
ants were not identified. In addition, he was identified to have 
a heterozygous, maternally inherited, likely pathogenic variant 
in PTPRQ (c.4015+1G>A). Pathogenic variants in PTPRQ are 
known to cause autosomal dominant or autosomal recessive hear-
ing loss.8 Notably, the mother has no history of hearing loss, and 
few families have been reported with disease. At age 13 years, 
whole genome sequencing by the UW UDP identified a de novo 
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Table 2. Clinical Features of Individuals With the de novo AGO1 p.Glu376 Deletion Pathogenic Variant

  UW UDP  Schalk et al16   Niu et al17 

  Case 2 Patient Patient in Family 21 Patient in Family 22 Patient 1 

Origin African American/ European European ND ND

Variant  p.Glu376del p.Glu376del p.Glu376del p.Glu376del

Gender Male Male Female Female

Age 13 years 3 years ND ND

Growth    
 Postnatal microcephaly  + + + +
 Dysmorphic features + + ND ND

Development    
 Speech delay + + + +
 Motor delay + + – +
 Intellectual disability + + + +

Neurological     
 Autism – – + ND
 Hypotonia + + + +
 Seizure history + +; generalized seizures with – –
   corpus callosotomy at age 7
   secondary to intractable seizure

 Abnormal movements + ND + –

 Abnormal brain magnetic +; prominent ventricles, signal –; normal MRI at 10 months  ND +; myelin dysplasia, mild widening
 resonance imaging (MRI) abnormality in the periatrial   of bilateral frontotemporal space, 
  and subcortical white matter   and mild widening and deepening  
     sulcus fissure

Others    
 Neonatal feeding difficulty + – – +
 Additional findings +; Bilateral sensorineural hearing – – +; Mild deafness
  loss; bilateral club foot

Abbreviations: UW UPD, University of Wisconsin Undiagnosed Disease Program; +, feature present; –, feature absent; ND, not determined. 
aSchalk et al reported 33 individuals with NEDLAS including 2 patients with the same p.Glu376del variant.

in-frame deletion in AGO1 (c.901_903delGAG; p.Glu376del), 
diagnosing him with neurodevelopmental disorder with language 
delay and behavioral abnormalities, with or without seizures 
(NEDLAS). See Case 2 discussion below for details.

DISCUSSION
The UW UDP’s use of whole genome sequencing identified the 
fifth reported case of CAPZA2-related disorder and the fourth 
patient with the in-frame deletion p.Glu376del in AGO1, which 
causes NEDLAS. 

Case 1
CAPZA2 encodes an F-actin capping protein, CapZ, which is 
critical for dendritic spine development and neurodevelopment. 
Capping proteins such as CapZ terminate the elongation of actin 
filaments by binding at the barbed end of the tentacle domain.12 

This regulation is essential for maintaining the proper length and 
stability of actin filaments, which are integral to the cytoskeleton 
and play a pivotal role in cellular morphology, motility, and vari-
ous intracellular processes.12,13 Knockdown of capping proteins 
α  and β2 subunits in hippocampal cultures results in a marked 

decline in spine density, altered spine morphology, and a reduced 
number of functional synapses.13 This suggests that CAPZA2 sig-
nificantly influences the function of capping proteins in dendritic 
spine development, thus playing a critical role in neurodevelop-
ment. It is postulated that variants in or near the highly conserved 
basic residues of the CAPZA2 tentacle domain disrupt the regula-
tory function of CapZ, contributing to the pathogenesis of neuro-
developmental disorders.14 

The variant we identified in CAPZA2 c.766G>T (p.Arg259Leu) 
previously has been reported as pathogenic in the literature, and 
this variant, along with the other 2 previously reported variants 
p.Lys256Glu and p.Arg260del, affect highly conserved basic resi-
dues.9,10 According to American College of Medical Genetics and 
Genomics (ACMG) guidelines, this variant is classified as “likely 
pathogenic” (PS2, PM2, PP3, and PP5 criteria).15 The identifica-
tion finding of our patient with CAPZA2-related disease further 
confirms the known phenotype of this disease. Our patient shares 
features of speech and motor delays, hypotonia, and neonatal 
feeding difficulties with the previously reported patients (Table 1). 
Notably, our patient has not had any known seizures, unlike the 
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4 other reported patients. Additionally, our patient had pyloric 
stenosis, moderate dilation of the ascending aorta, and thrombo-
cytopenia. As additional patients are identified, further explora-
tion can determine whether these features are a part of the clinical 
spectrum of CAPZA2-related disease. 

Case 2
AGO1 encodes Argonaute-1, a protein essential for gene silenc-
ing mediated by small non-coding RNAs. In transcriptional gene 
silencing, AGO1 forms RNA-induced transcriptional silencing 
complexes that recruit chromatin-modifying proteins to create 
heterochromatin, thereby preventing mRNA synthesis. In post-
transcriptional gene silencing, AGO1 binds small RNAs, guiding 
them to complementary mRNA targets to induce mRNA deg-
radation or inhibit translation.18 Pathogenic variants in AGO1, 
including the p.Glu376del variant, are predicted to alter the flex-
ibility of the AGO1 linker domains, which likely impairs function 
in mRNA processing.16 The variant identified in this patient is 
classified as “likely pathogenic” per ACMG guidelines (PS2, PM2, 
PM4, and PP5 criteria).15 

Our patient is the fourth reported case with the same patho-
genic variant p.Glu376del, and all 4 cases have postnatal micro-
cephaly, GDD/ID, and hypotonia (Table 2).16,17 Forty-six percent 
of patients with NEDLAS have variable brain MR anomalies, and 
46% of affected individuals have a history of seizures.16 Notably, 
our patient also has bilateral clubfoot and bilateral sensorineu-
ral hearing loss. Another patient with this variant also has mild 
deafness, potentially expanding the known clinical spectrum of 
disease.17 However, it is also possible that the hearing loss is not 
directly caused by the AGO1 variant but, instead, is secondary 
to the previously identified likely pathogenic variant in PTPRQ, 
which is known to be associated with hearing loss. Further inves-
tigation into the etiology of our patient’s bilateral sensorineural 
hearing loss is warranted. 

CONCLUSIONS
The UW UDP employs whole genome sequencing to diagnose 
Mendelian diseases in previously undiagnosed patients. Our iden-
tification of the fifth reported case of CAPZA2-related disorder 
and the fourth case of NEDLAS with the AGO1 in-frame dele-
tion p.Glu376del highlights the power of participation in research 
studies when clinical whole exome sequencing is unrevealing. 

In Case 1, an in-depth exploration of the coding regions by our 
team identified a disease-causing variant that was not reported on 
clinical whole exome sequencing. In Case 2, the identification of 
a disease-causing variant was enhanced by new scientific literature 
published after clinical whole exome sequencing was completed, 
highlighting the crucial role of undiagnosed disease programs in 
reexamining challenging cases where prior clinical whole exome 
sequencing results were negative. 

In general, the UW UDP performs whole genome sequencing 

as the first-tier test as: (1) patients are most often referred to our 
program following negative clinical whole exome sequencing, (2) 
it has superior mapping quality over whole exome sequencing,19 

and (3) it is more comprehensive in the ability to detect noncod-
ing variants, large structural rearrangements, and copy number 
variation.19,20

Making a rare disease diagnosis reduces the uncertainty expe-
rienced by patients, families, and caregivers and may improve the 
overall quality of care. Integrating advanced genomic techniques 
and continuous reanalysis of genome data holds significant 
promise for improving diagnostics, patient care, and outcomes 
through more effective and personalized health care solutions. 
Our findings reinforce the importance of long-term follow-up 
for patients, including exome reanalysis or additional genomic 
testing through whole genome sequencing, to ensure ongoing 
diagnostic accuracy as new genetic insights and technologies 
emerge.
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Current best practices recommend a 
heightened emphasis on advancing pediatric 
research through a collaborative approach 
that actively involves families. There is a shift 
from merely conducting research on children 
to working with children in research as they 

are integral to the outcomes. Several strate-
gies facilitate this shift, including promoting 
diversity, equity, and inclusion initiatives; con-
sidering social determinants of health; creat-
ing community advisory boards; using face-
to-face recruiting and financial incentives; 
and increasing parent and child engagement 
throughout the study.1 These methods have 
proven effective in recruiting and retaining 
families in pediatric medical research, with 
the latter emerging as one of the most effec-
tive strategies recommended by families 
and researchers.2 Consequently, prioritizing 
meaningful and educational engagement 
with families and children is a crucial focus 
for our research teams, aiming to enhance 
families’ understanding of their participation 
in research. 

The Pediatric Neuromodulation Lab at 
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The ‘Passport’ to Inclusive Research Participant 
Engagement: Integrating Families in a Research Journey

In medical research, establishing partner-
ships among clinicians, researchers, and 
participants can be facilitated by effective 

communication and collaboration. This synergy 

becomes critical when considering vulnerable 

populations, such as children and their fami-

lies. The nuances of communication and col-

laboration play a pivotal role in ensuring the 

ethical and respectful inclusion these groups in 

research endeavors.

Family-centered care, shared decision-

making, transdisciplinary collaboration, and 

culturally responsive practices can be incor-

porated within research design and recruit-

ment retention efforts. These techniques 

influence successful engagement and opti-

mize the overall research participation expe-

rience for all involved, exemplifying how to 

conduct ethically sound and impactful medical 

research with vulnerable populations. 

the Waisman Center of the University of 
Wisconsin-Madison is currently conducting 
a longitudinal observational study exploring 
the impact of perinatal brain injury on motor 
development and risk for cerebral palsy (NIH-
1R01HD098202). Following consultations 

with medical professionals, discussions with 
families of past participants, and relevant lit-
erature on perinatal brain injury, the research 
team recognized that families may have com-
plex emotions regarding research participa-
tion based on their experiences while navigat-
ing their child’s health care needs. Respecting 
the families’ journey, we aim to facilitate com-
munication between the research team and 
participating family. Knowledge of families’ 
experiences and research indicating that fam-
ilies prefer active engagement with research 
teams prompted the lab to create a “Travel 
Passport.” This tool guides families through-
out each of the study visits in their research 
journey over the first 2 years of their child’s 
life. 

The Travel Passport aims to provide easily 
understandable information about the study, 

The Travel Passport aims to provide easily 
understandable information about the study, individu-
alized detail of each assessment, and a tangible tool for 

tracking and documenting participation before 
the publication of results.
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Figure. Sample Pages From the Travel Passport

individualized detail of each assessment, and 
a tangible tool for tracking and documenting 
participation before the publication of results. 
On the first day of study participation, each 
family receives a customized passport packet. 
After each visit, they receive a “stamp” and 
summaries detailing the activities their child 
completed during their visit. Each study visit 
includes several different research assess-
ments, and the Travel Passport describes 
each element in plain language, with a cal-
culated Flesch-Kincaid readability score at 
approximately a 10th grade reading level. 
Additionally, the Travel Passport includes pic-
tures and names of the individuals involved 
in the study and positions the family as the 
“center” of the research team to highlight 
that their involvement remains at the core 
of our work. The Passport remains with the 
family, allowing them to take it home for their 
reference. 

To evaluate the effectiveness and 
impact of the Travel Passport, the Pediatric 
Neuromodulation Lab actively seeks feed-
back from families, clinicians, and research-
ers. Through a short, anonymous survey, fam-
ilies provide feedback after their study visits. 
Survey questions cover perceptions and use 
of the passport, suggestions for improve-
ment, and likes and dislikes. Eleven of the 16 

families involved in the study who received 
a Travel Passport provided input. Eight of 
the 11 respondents found the Travel Passport 
“helpful” or “very helpful” in explaining their 
child’s participation in the study. Additionally, 
82% of families expressed either having 
used or intending to use the Travel Passport 
to describe their experiences in the study to 
family, friends, or their children. Favorite com-
ponents of the Passport included reference 
materials, the ability to track visits and devel-
opment, and the inclusion of team pictures. 
One parent noted, “We found the breakdown 
of what was going to happen at each visit 
helpful. We also enjoyed the pictures of the 
team who helped facilitate each visit being 
attached to the passport.” For future improve-
ments of the Travel Passport, respondents 
recommended a digital version and further 
descriptions of study results. 

Various research team members, including 
the medical monitor and medical director have 
recognized the Travel Passport as an innovative 
method to engage participants in the research 
process. It has been presented at local and 
national conferences to reach a diverse audi-
ence and gather valuable feedback. The 
response from researchers and medical profes-
sionals has been overwhelmingly positive, with 
some clinicians contemplating the integration 

of a tool like the Travel Passport into their spe-

cialty practices. They see its potential to offer 

education, facilitate conversations, and track 

development by incorporating patients’ medi-

cal experiences.

We aim to share this tool as a catalyst for 

increasing science literacy, enhancing com-

prehension of research participation, and pro-

moting participant engagement. To integrate 

families as active research team members, the 

Pediatric Neuromodulation Lab created the 

Travel Passport to facilitate meaningful involve-

ment throughout the observational, longitudi-

nal study. We remain committed to assessing 

participants’ perspectives on the passport 

to cultivate a collaborative and informative 

research environment.
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hyperbilirubinemia. Unbound bilirubin crosses 

the blood-brain barrier and can cause choreo-

athetoid cerebral palsy, sensorineural hear-

ing loss, and other permanent, irreversible 

neurologic impairments.3 Ethnic and racial 

disparities exist in newborns who sustain ker-

nicterus,4 with Black infants constituting 14% 

of US births, yet accounting for 25% of infants 

with kernicterus.5 The most common condi-

tion accounting for this outcome disparity is 

G6PD deficiency.4,5

G6PD Deficiency in Wisconsin
In August 2022, the American Academy of 

Pediatrics (AAP) released updated guide-

lines for treating newborn hyperbilirubine-

mia, emphasizing G6PD deficiency as a risk 

factor for severe hyperbilirubinemia and 

bilirubin neurotoxicity, as well as outlining 

clinical indications for testing.6 The University 

of Wisconsin American Family Children’s 

Hospital and SSM St Mary’s Hospital in 

Madison were two of the approximately 150 

hospitals nationally that participated in the 

AAP quality improvement project called LIGHT 

(Learning and Implementing Guidelines for 

Hyperbilirubinemia Treatment). The updated 

Laura P. Chen, MD; Vinod K. Bhutani, MD; Paola J. Fliman, MD; Roberto Mendez, PhD; Ann H. Allen, MD

Glucose-6-Phosphate Dehydrogenase Deficiency in 
Wisconsin Newborns: Missed Opportunity for Screening

Glucose-6-phosphate dehydroge-
nase (G6PD) deficiency is the most 
common genetic red blood cell 

enzyme disorder worldwide.1 Its incidence var-

ies based on population demographics; it is 

more common among individuals of sub-Saha-

ran African, Mediterranean, Middle Eastern, 

Asian, Latin American, and Native American 

descent. In a study of US military members, 

overall prevalence of G6PD deficiency was 

2.2%; however, over 11% of non-Hispanic Black 

males have the disorder.2 

In newborns, G6PD deficiency is often 

asymptomatic. However, in the first week of 

life, G6PD deficiency can cause unpredict-

able, severe hyperbilirubinemia and ker-

nicterus if not monitored or treated appro-

priately. Kernicterus, or chronic bilirubin 

encephalopathy, occurs with severe neonatal 

clinical practice guideline recommended 

screening for G6PD deficiency in patients with 

evidence of Coombs-negative hemolysis, but 

our local findings from the LIGHT initiative 

revealed that testing for G6PD deficiency is 

rarely obtained. Utilizing state diversity indices 

and applying race-specific adult prevalence 

estimates, it is estimated that approximately 

1350 newborns annually in Wisconsin have 

G6PD deficiency; however, true statewide 

prevalence is unknown (Table).7 Identifying 

statewide prevalence along with continued 

clinician education and surveillance for G6PD 

deficiency supports the advancement of equi-

table newborn care in Wisconsin. 

Screening for G6PD Deficiency
G6PD deficiency is not routinely tested or 

universally screened in the United States. 

Washington, DC, is currently the only place 

that mandates universal newborn screening for 

G6PD deficiency.8 However, the timing of diag-

nosis of G6PD deficiency is crucial to prevent 

kernicterus. The majority of infants with G6PD 

deficiency in the USA Kernicterus Registry were 

readmitted to the hospital within the first week 

after birth.5 Newborn state screens via dried 

Identifying statewide prevalence along 
with continued clinician education and surveillance 

for G6PD deficiency supports the advancement 
of equitable newborn care in Wisconsin.
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Table. Expected Numbera of Newborns With G6PD Deficiency in Wisconsin, 2021b

Race Males Females Total

 Births G6PDd Births G6PDd Births G6PDd 
  Newborns  Newborns  Newborns

American Indian/Alaska Native 364 3 343 2 707 6

Asian/Pacific Islander 1432 45 1345 20 2778 80

Non-Hispanic Black 3192 358 3073 144 6265 595

Non-Hispanic White 25 703 107 24 716 65 50 419 202

Other/Unknown 826 21 787 14 1613 37

Overall 31 517 721 30 264 465 61 781 1359

aExpected numbers were calculated from racial G6PD deficiency (G6PDd) prevalence data from Lee et al, 
2019.2
bWisconsin births for the year 2021 obtained CDC Wonder, Centers for Disease Control and Prevention. 
Accessed August 3, 2022. http://wonder.cdc.gov/wonder/help/Natality-expanded.html.

Table adapted with permission from Vidavalur R and Bhutani VK.7

blood spot testing typically are not available 

for 5 to 7 days or more,8 which is beyond the 

high-risk period for kernicterus.

Recent legislation in New York mandated 

newborn G6PD deficiency screening, but only 

for high-risk infants based on specific factors 

including race and ancestry.9 Utilizing race to 

guide clinical decision-making contributes to 

continued racial disparities in health care9,10 

and G6PD deficiency can occur in racial groups 

that are considered low risk.11 The optimal time 

for testing and results is before birth hospital 

discharge to enhance test accuracy, facilitate 

family education regarding jaundice and avoid-

ance of triggers for breastfeeding caregivers, 

and ensure close follow-up.12 In addition, pre-

hospital discharge screening has been shown 

to be cost-effective.13 Thus, G6PD enzyme 

screening of newborns has been proposed 

with a focus on rapid turnaround time.14

Next Steps
Universal G6PD enzyme screening of all new-

borns is the most equitable strategy for detect-

ing G6PD deficiency.15 The emergence of 

quantitative, point-of-care testing opens oppor-

tunities for rapid screening results in the new-

born period. There is potential for streamlining 

point-of-care screening utilizing umbilical cord 

blood or coordinating with the time of newborn 

screen collection.9,16 Future studies are needed 

to further assess the accuracy of point-of-care 

tests and improve turnaround time for timely 

delivery of results to families.

Conclusions
G6PD deficiency is an established neurotoxic-
ity risk factor for severe hyperbilirubinemia 
in newborns. Identification at birth allows for 
timely management and intervention to pre-
vent irreversible brain injury. Universal screen-
ing of newborns prior to discharge from birth 
hospitalization is a crucial step towards equi-
table diagnosis of G6PD deficiency, so that all 
G6PD-deficient individuals can lead a healthier 
lifestyle protected from unpredictable adverse 
dietary, chemical, and environmental triggers. 
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Common Ground
Ava Rowe

Digital Art

Artist Statement:
I’m an artist who delves into dark themes with an underlying message 
of promoting world peace. “Common Ground” is about the similari-
ties of a stray cat and an underprivileged homeless teenager – both 
trying to survive in a world that was not made to help them thrive. 
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