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ORIGINAL RESEARCH

BACKGROUND
In the United States, there are nearly 
70 000 annual nonfatal firearm injuries, 
with 72% attributable to assault.1 Assault 
accounts for 60% of gun violence-related 
hospitalizations at a rate of 10.1 per 
100 000.2 Survivors of nonfatal shootings 
may have a lifetime of physical and psy-
chological recovery ahead of them, includ-
ing a wide range of issues, from permanent 
physical disability to posttraumatic stress 
disorder.3-4 In addition to the physical and 
psychological toll these injuries take, the 
annual cost to the economy is estimated 
at $622 million.2 Gun violence is a public 
health crisis whose morbidity and mor-
tality predominantly affect young Black 
men.5 Firearm injury is the leading cause 
of death for men in this group aged 15 to 
34 years.5 

Seminal work by Slutkin6 and others 
characterizes gun violence as an infectious 
disease due to its wave-like transmission 

through social networks and geospatial clustering.7 Approaching 
gun violence as a disease has led to an increased emphasis on 
identifying evidence-based interventions aimed at reducing its 
spread. Many of these interventions are local adaptations of a pub-
lic health model developed from Slutkin’s epidemiological work, 
known as Cure Violence.8-10 Cure Violence has been replicated in 
numerous cities nationally and internationally.8 Examples of these 
community-based adaptations include Baltimore’s Safe Streets, 
New York City’s S.O.S. South Bronx, Chicago and Philadelphia’s 
Ceasefire programs, and, more recently, Milwaukee’s 414LIFE.11,12 

414LIFE resulted from the City of Milwaukee Health 
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Department Office of Violence Prevention’s community needs 
assessment in 2016-2017. The result of this extensive assessment 
was a document entitled Blueprint for Peace, a community-estab-
lished agenda for violence prevention in the city.13 It directed vio-
lence prevention efforts to 10 priority neighborhoods that bear 
the city’s largest burden of the disease. One of the goals of the 
Blueprint, “stop the shooting, stop the violence,” led to the local 
implementation of the Cure Violence model. First, a community-
based outreach and street interruption component was estab-
lished. Then, the Office of Violence Prevention reached out to the 
region’s only adult level I trauma center and its affiliated academic 
medical institution to establish a partnership for hospital response 
programming. This community-hospital partnership resulted in 
the development and implementation of 414LIFE to target the 
population and neighborhoods most at risk for firearm injury. 

Based on implementation science literature, a program’s reach 
is an important first step in evaluating whether a program is 
impacting the target population.9,14,15 Reach has been measured 
previously as “the proportion of the target population that was 
reached by the program.”15 It is important to determine if those 
most at risk for future violence recidivism are being reached by 
the program. While there is evidence for the use of “reach” as a 
metric to assess program implementation within youth violence 
prevention programs, there is a dearth of literature about the reach 
of Cure Violence programs.15 Understanding a program’s reach 
is vital to continue to refine and implement programs across the 
United States, particularly with the significant rise in gun violence 
during the COVID-19 pandemic.16 

At this writing, 414LIFE is in its second year of its hospital 
partnership and is seeking citywide expansion. It is necessary to 
ascertain the extent to which the hospital component of 414LIFE 
is reaching the population determined by the city of Milwaukee 
Blueprint to be most at risk for the disease of gun violence. And 
although reach is infrequently reported in Cure Violence’s evalu-
ation literature, it is an important metric for evaluating program 
implementation.17-19 Therefore, we sought to determine if this 
community-hospital partnered program was reaching both the 
individuals (young Black men) and geographic areas (Blueprint 
priority neighborhoods) most at risk for future violence after sur-
viving a nonfatal shooting. Though geospatial analyses have been 
used previously to map injury, to our knowledge, this is the first 
work that has used a geospatial approach to assess reach (as a met-
ric of Cure Violence implementation) of a targeted, at-risk geo-
graphical location and population.20 

METHODS
This was a cross-sectional descriptive and geospatial analysis of the 
414LIFE program evaluation dataset, which includes the hospital 
side of the partnership and is a collection of program-related data 
abstracted from referred patients’ medical records. General demo-
graphic and injury characteristic information and geographic loca-

tion of injury were collected from patients referred to the program 
since its start in May 2019 through September 2020. 

Research Ethics Approval and Reporting Guideline
This project was approved as a quality improvement project and 
was, therefore, exempted from review by the Institutional Review 
Board of the primary author’s institution. Inherent to this approval 
was a waiver of consent to access data from the program evaluation 
dataset. The project did not have direct contact with participants. 
The SQUIRE 2.0 guideline was used to ensure proper reporting 
of methods, results, and discussion (Appendix).

Patient and Public Involvement 
The project aim, design, and dissemination plan for results was 
informed by the City of Milwaukee Health Department Office 
of Violence Prevention’s 2016-2017 community needs assessment, 
Blueprint for Peace. The methodology of this community needs 
assessment is described elsewhere.13 The Blueprint identified pri-
ority neighborhoods for violence prevention efforts. These geo-
graphic units are the primary focus of the geospatial analysis that 
aims to determine the hospital partnership’s reach to patients from 
these neighborhoods. 

Patient Referral Process
There are 3 hospitals more proximal to the priority neighborhoods 
than our level I trauma center. Thus, it is not infrequent that gun-
shot wound patients are transported initially to those hospitals. 
When the injury is less severe (eg, a “through-and-through” bullet 
wound, no inpatient procedures required), patients can be treated 
and discharged directly from these local hospital emergency depart-
ments. However, when the injury is severe, these hospitals know to 
immediately transfer the patient to the level I trauma center.

Patients eligible for referral to 414LIFE from the level I trauma 
center are those who: (1) experienced a gunshot wound, (2) are 
15 to 35 years old at the time of injury, and (3) were injured in, 
or a resident of, the city of Milwaukee. Given the circumstantial 
psychosocial context of traumatic injury, patients not meeting all 
3 of these program criteria could be referred to 414LIFE at the 
discretion of the clinician or social worker and in agreement with 
the 414LIFE violence interrupter (known locally as the hospital 
responder). The main reason for exceptions is a concern for risk of 
violence recidivism by the patient and/or loved ones. 
	 When a patient arrives at the trauma center and is determined 
to meet inclusion criteria, the emergency department social work 
team approaches the patient and/or family to receive consent for 
the 414LIFE referral. If consent is received, a 414LIFE referral 
page is placed and the hospital responder makes real-time contact 
with the patient and/or family. If the patient requires urgent sur-
gery, inpatient clinicians will make the referral as soon as there is 
contact information for family or when there is the opportunity to 
talk with the patient for the referral. Family referral includes those 
patients who arrive deceased or who die soon after arrival. The 
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Figure 1. Flow Diagram for Evaluated 414LIFE Referrals
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interaction with family can include violence interruption, conflict 
mediation, resource allocation, and continued case management 
following discharge.

Statistical Analysis
Demographic and injury information was characterized as fre-
quencies and counts and as mean with standard deviation. These 
descriptive analyses were conducted using SPSS (IBM version 
24). This analysis aims to assess if priority individuals are being 
reached by 414LIFE.

To assess geospatial reach, the geospatial analyses utilized a 
shapefile of the city of Milwaukee’s neighborhood boundaries 
downloaded from the city’s public geographic information sys-
tem (GIS) portal website. The number of program referrals was 
extracted from the 414LIFE program evaluation dataset and joined 

to the neighborhood shapefile. For injuries occurring at the intersec-
tion of 2 or more neighborhoods, the individual’s neighborhood of 
residence was used, because patient residence addresses were reliably 
available and the psychosocial origins of the interpersonal violence 
may be related to where people spend most of their day.21 

Once geocoded, a choropleth density map was created to 
understand the distribution and number of program cases by 
neighborhood. Natural breaks were used in the choropleth map 
as the Jenks method identifies natural breakpoints inherent in 
the data by using a statistical formula that minimizes variation 
in values within classes and maximizes variation values between 
classes.22 This distribution was then analyzed to assess the statis-
tical significance of the apparent clustering of high case neigh-
borhoods. Statistical significance was determined by an alpha of 
P < 0.05. A global Moran’s I test was conducted using edges and 
corners contiguity, followed by a local Moran’s I. The geospatial 
analyses and related maps were completed using ArcMap (ESRI 
version 10.7). To obtain a map of P values by neighborhood for 
the local Moran’s I, this test was reproduced in GeoDa (version 
1.14.0). Neither the descriptive nor geospatial analysis necessi-
tated controlling for confounders.

RESULTS
From May 2019 through September 2020, the city of Milwaukee 
had 878 nonfatal shootings (Figure 1).23 The city’s level I trauma 
center had 610 gunshot wound patients during the same time-
frame. Of those, 481 met the criteria for program referral; 398 
patients agreed to a referral and 23 declined. The majority of 
program referrals were young (aged ≤35, 77.6%), Black (83.9%), 
men (82.7%), injured by a firearm (96.7%), and were injured 
or resided in the city of Milwaukee (98.5%) (Table). Of the 398 
referrals, 300 (75.4%) met program criteria. Of note, sex and race 
are not program criteria, but Black men who also met all program 
criteria accounted for 214 referrals (53.8%).

Of the 398 program referrals, a mappable location of injury 
was abstracted for 319 patients from the ambulance report of their 
medical records. Program participants without mappable or docu-
mented locations of injury were excluded from analyses. For the 
geospatial analyses, a choropleth density map was generated from 
the number of referrals by neighborhood (Figure 2). This map 
revealed clustering in the northern center of the city, prompting 
the use of the global Moran’s I statistic. The test revealed signifi-
cant clustering (I = 0.507, z = 12.17, P < 0.001). To locate the areas 
of significant clustering, an Anselin Local Moran’s I yielded a map 
showing neighborhoods with high or low numbers of referrals sur-
rounded by neighborhoods with low or high numbers of referrals, 
as well as the P value associated with each neighborhood involved 
in the cluster (Figures 3 and 4).

Of the top 10 neighborhoods with the highest number of 
414LIFE program referrals, 5 were Blueprint priority neighbor-
hoods. These neighborhoods are shown on the density map 
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(Figure 2) and are part of the significant clustering identified in 
analysis (Figures 3 and 4). There were 6 priority neighborhoods 
with statistically significant clustering (P < 0.05).

DISCUSSION 
The goal of this preliminary analysis of the 414LIFE’s early pro-
grammatic data was to evaluate the individual and neighborhood 
level reach of this local Cure Violence adaptation. Individual reach 
was described by the proportion of patients agreeable to program 
referral who belonged to the patient population most at risk for 
gun violence and the proportion meeting program referral criteria. 
Neighborhood reach of the program’s referred patients was geospa-
tially evaluated for clustering in priority neighborhoods.

At the individual level, 414LIFE is reaching its target popula-
tion: young Black men who are at greatest risk for firearm vio-
lence, re-injury, and future mortality following a nonfatal gunshot 
wound.5,17,24 This population was most represented in the pro-
gram’s referrals (Table). Young Black men who met all program 
criteria represented 53% of all referrals, inferring fidelity in the 
program’s implementation. 

Previous Cure Violence implementation evaluations do not 

specify if programs are intentionally targeting their geographic 
reach to those most at risk for gun violence.17-19 It is not a require-
ment per Cure Violence Global, nor of models that also imple-
ment a hospital response component. Evaluations often focus on 
number of homicides, nonfatal shootings, and/or acts of recidivism 
that occur in predetermined neighborhoods. This approach is out-
come-oriented, while the current study is people and community-
oriented in its analysis of program reach. While several programs 
report the demographic characteristics of their participants, it is 
unclear how many participants uniquely meet all of the age, gen-
der, and racial characteristics of those at high risk within in a given 
geographic target area.17 To our knowledge, our work is the first to 
document geospatial reach as a metric for a Cure Violence adapta-
tion and even more so when specifically considering the hospital 
response component of a Cure Violence adaptation. 

At the neighborhood level, after just its first year, 414LIFE 
is significantly reaching over half of the priority neighborhoods. 

Table. Demographic and Injury Characteristic Information for All 414LIFE 
Referrals Placed From Program Start Through September 2020

Demographic and Injury Characteristics	 n	 %
Sex		
	 Male	 329	 82.7
	 Female	  69	 17.3

Race or Ethnicity		
	 Black or African American	 334	 83.9
	 White	  11	  2.8
	 Hispanic or Latino	  6	  1.5
	 Asian	  1	  0.3
 	 Other	  23	  5.8
 	 Unknown	  23	  5.8

Mechanism of injury		
 	 Gunshot wound	 385	 96.7
 	 Stab	  6	  1.5
 	 Blunt assault	  3	  0.8
 	 Self-inflicted	  2	  0.5
 	 Pedestrian struck	  1	  0.3
	  Suicidal ideation	  1	  0.3

Met age criterion		   
 	 Yes	 309	 77.6
 	 No	  89	 22.4

Met city criterion		
 	 Yes	 392	 98.5
 	 No	  6	  1.5

Characteristic	 Mean	 SD

Age (in years)		
 	 Did meet age criterion	 25.37	 4.84
 	 Did not meet age criterion	 43.19	 7.81

Note: Self-Inflicted injuries were 1 blunt assault against self and 1 gunshot 
wound against self unrelated to suicidal ideation. Suicidal ideation was due to 
deceased family member who died from gunshot wound.

Figure 2. Density of Locations of Injury by Milwaukee Neighborhood for 
414LIFE Referrals
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Figure 4. The Level of Statistical Significance for the Clusters Revealed From 
the Local Moran’s I Test

Figure 3. Statistically Significant Clustering of Number of 414LIFE Referrals by 
Neighborhood From the Local Moran’s I Test.
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Note: A “high” area indicates a neighborhood with a high number of referrals 
due to a violent injury occurring in this neighborhood. That area is located 
next to a neighborhood with high or low volume of referrals. A “low” area 
indicates a neighborhood with a low number of referrals located next to either 
a neighborhood of high or low referrals.

One meta-analysis on program implementation found that posi-
tive outcomes resulted in programs with 60% implementation 
and that very few achieved greater than 80%.14 Though the meta-
analysis focused on reach in a nongeospatial sense and the work 
evaluated prevention and health programming for children and 
adolescents, the results can be extrapolated to similar adult pro-
gramming. It also offers an opportunity to reconsider the opera-
tional definition of reach to extend beyond quantified numbers 
of participants and to begin to consider the geospatial location of 
violence. With respect to this benchmark, 414LIFE’s reach is con-
sidered meaningful as substantiated by the presence of statistically 
significant clustering in 60% of priority neighborhoods and 50% 
carrying the highest neighborhood referral case load. This provides 
a benchmark for future expansion in subsequent years. 

The current study provides both a benchmark and novel ana-
lytical approach for other Cure Violence programs looking to geo-
graphically evaluate program implementation. This expands upon 
the utilization of  GIS technology from previous work by support-
ing the novel use of geography as a type of implementation metric 
for reach that can visualize and analyze willingness to engage at the 
individual level (number of referrals) and buy-in at the community 
level (neighborhoods with most referrals). Past literature has docu-
mented referral counts by a geographical unit, like neighborhood 
or ZIP code, without testing for statistical significance and some-
times without visualization.9,25 By assessing statistical significance, 
we were able to determine which of our priority neighborhoods 
were well reached and which need increased access to the program.

A limitation to this work is that the program is in its infancy, 
and while priority neighborhoods were predetermined, geographic 
trends may change over time as more referrals are placed or as 
violence patterns shift in the community. For instance, trends in 
violence have changed due to the COVID-19 pandemic disrup-
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tion to local social networks.25,26 Future work should investigate 
the unintended consequence of home quarantining in placing 
some individuals at greater risk for domestic violence with pos-
sible accompanying gun violence. 

Results of this project have been presented to the City of 
Milwaukee Health Department, 414LIFE team, and trauma cen-
ter partners and stakeholders to guide further program implemen-
tation. Future work should examine program reach over time now 
that this geospatial baseline has been established. Once the time 
has been dedicated to the initial setup of a map for a program’s 
target catchment area, GIS technologies and programs offer a sys-
tematic and time efficient way to reproduce maps over time. Maps 
are vital for tracking the landscape of violence over time within 
communities.

Other implementation metrics, such as dosage (ie, number of 
interventions, patient contacts, community outreach events, con-
flict mediations), fidelity (ie, to what degree 414LIFE adheres to 
the Cure Violence model versus necessary deviation to adapt to 
local context), and outputs (ie, what data points are being col-
lected on both the hospital- and community-side and how is the 
process standardized and grown) could provide data on program 
effectiveness.9,14,15 Likewise, longitudinal clinical data as well as 
city criminal charges could assess community-level, long-term 
programmatic impact on health outcomes and violence recidivism 
following program engagement. 

CONCLUSIONS
Overall, this work offers an additional interpretation of the imple-
mentation metric of “reach” and presents a local adaption of Cure 
Violence for consideration in other cities looking to partner with 
trauma centers to comprehensively address the public health crisis 
of gun violence. 414LIFE successfully reaches its intended popula-
tion and geographic locations. Geospatial reach should be consid-
ered routinely in program evaluations of Cure Violence programs 
to track growth and reach over time.
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