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ABSTRACT

diet (energy intake) and activity (energy
Background: Children with developmental disabilities have a high prevalence of overweight and expenditure). A large subset of research has
focused on understanding and preventing
obesity. The role and contribution of their diet to weight status is poorly understood.
pediatric obesity as the next generation
Objectives: This pilot study describes the dietary quality of children with spina bifida and Down
comes of age in this obesogenic environsyndrome compared with typically developing peers.
ment. Several groups of children encounMethods: Dietary intakes of 8 children with spina bifida or Down syndrome and 4 children
ter greater challenges and subsequent
without developmental disabilities, aged 8 to 18 years, were collected using six 24-hour dietary
inequalities in obesity prevalence, includrecalls through Facetime. Dietary quality was assessed by application of the Healthy Eating
ing children with spina bifida and Down
Index (HEI).
syndrome.2-4
Results: Children with spina bifida and Down syndrome had higher HEI scores when compared
Spina bifida is a neural tube defect where
to typically developing peers (48.3, 52.9, and 46.2, respectively) and vegetable consumption
a portion of the spinal cord does not close
(1.9, 2.6, and 1.4, respectively). All groups had undesirable intakes of saturated fat, added sugar, properly during gestation.5 Depending on
and sodium. Within this small sample, children with spina bifida and Down Syndrome had similar where the spinal cord is affected, orthodiet quality to their typically developing peers.
pedic, bowel, and bladder abnormalities
Conclusions: Further investigation in a larger sample is recommended to support the developand lower extremity paralysis can occur.5
ment of methods to optimize weight management in children with developmental disabilities.
Down syndrome is a chromosomal condition associated with intellectual disabilities
and hypotonia.6 Research focused on obeINTRODUCTION
sity in children with spina bifida and Down syndrome has been
Obesity is an epidemiologic issue that results in increased health limited in comparison to typically developing peers. Published
care costs, morbidity, and mortality.1 Obesity is multifacto- reports have identified several determinants of weight status in
rial in its origin, but common areas of focus in its etiology are both cohorts. Weight status in children with spina bifida has been
associated with a decreased energy expenditure at the metabolic
level and related characteristics (limited ambulation, decreased
• • •
7,8
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For all populations, dietary quality is a contributing factor in
the development of several chronic conditions (eg, cardiovascular
disease, obesity, cancer, and diabetes).15 Examples of poor dietary
quality can include a decreased consumption of fruit, vegetable,
and whole-grain foods and an increased consumption of calorically dense snack foods.16 Nutritional habits are often formed
early in life and can continue into adulthood.17 Diet quality and
the amount of energy intake is particularly critical during childhood, as it can have lasting effects on the balance of energy, development of overweight and obesity, and risk of comorbidities.
Previous studies have assessed dietary quality in American
children and adolescents using nutrition data from the National
Health and Nutrition Examination Survey (NHANES) and by
applying data to the Healthy Eating Index (HEI).18 The HEI
measures diet quality by assessing food group intake in comparison to the Dietary Guidelines for Americans (DGA), which
describes nutritionally adequate food group servings based on
caloric intake.19 Children with developmental disabilities are not
included in the NHANES data, leaving the dietary quality of this
at-risk population unexamined. This pilot study aimed to use the
HEI, a dietary assessment method previously employed with typically developing children, to describe dietary quality in a small
sample of children and adolescents with spina bifida and Down
syndrome.

METHODS

Study Design and Participants
This descriptive, cross-sectional analysis is part of a larger pilot
study measuring energy expenditure in children (age 4-18
years) with and without developmental disabilities.7 Participants
included a subset (n=12) of children aged 8 to 18 years diagnosed
with spina bifida, Down syndrome, or no developmental disability. Participants were asked to attend a clinic visit and participate
in 2 weeks of testing for data collection. Before starting this portion of the study, approval from the Institutional Review Board
and written consent and assent from the parent and child were
obtained.
Measures
Anthropometrics
Weight and height were obtained from each participant during
the original data collection.7 Based on the participants’ ability to
stand independently, arm span was used as a surrogate measure
for standing height. Full details on these measures were reported
previously.7
Dietary Intake and Assessment
Each participant completed 6 multiple-pass 24-hour dietary
recalls collected by a registered dietitian via Facetime. Data collection occurred during late summer and fall seasons, and participants were instructed to eat as usual. Measuring cups and
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spoons, a deck of cards, and 2-dimensional portion size tools
were provided to assist with estimating portion sizes during the
recalls. Participants sought input from a proxy (eg, parent) if they
were unable to recall eating events or details of foods and beverages consumed. All dietary recalls were recorded and entered
into Nutrition Data Systems for Research (NDSR), Nutrition
Coordinating Center, University of Minnesota, software version
2016.
Dietary Quality - HEI Scores
The HEI-2010 scores were used to measure dietary quality. HEI2010 includes 12 components that are summed to a maximum
score of 100 points. Higher scores equate to a higher quality of
diet. The components capture food groups and nutrients that are
encouraged for adequate nutrient intake (whole fruits, total vegetables, greens and beans, whole grains, dairy, total protein from
meat, seafood and plant proteins, and fatty acids) as well as foods
and nutrients that should be consumed in moderation (refined
grains, sodium, and empty calories) within the DGA 2010.19
Analysis
Descriptive statistics were used to assess child anthropometrics
and family demographics. Caloric, nutrient, and food group
intake data were analyzed using the NDSR. Food group serving sizes are based on the recommendations of the DGA 2010.
Average values from six 24-hour dietary recalls were used for
nutritional descriptive analyses. The nutritional data did not have
a normal distribution; therefore, median values were used when
reporting these data.

RESULTS
This analysis includes 6 six male (50%) and 6 female (50%)
participants age 8-18 years, with a mean age of 13.2 (±3.4). Of
the 12 participants, 4 were diagnosed with Down syndrome, 4
with spina bifida, and 4 without a developmental disability. Most
participants reported their race as Caucasian (83%), followed by
Asian (8%) and other (8%). The majority of parents were married (n = 11, 92%), with 1 family of divorced parents (8%); combined family income varied, with 7 families (58%) reporting their
income between $75,000 and $100,000 followed by 2 families
(17%) reporting combined income of $30,001 to 50,000.
Using the Centers for Disease Control and Prevention’s Body
Mass Index (BMI) percentile charts for boys and girls aged 2 to
20 years, 2 children with Down syndrome were categorized as
normal weight (5% to <85%), 1 was categorized as overweight
(85% to <95%), and 1 as obese (≥95%). Two children with spina
bifida were categorized with a normal BMI (5% to <85%) and
2 as obese (≥95.1%). Three controls were classified as normal
weight and 1 as overweight.
Six 24-hour dietary recalls were collected—2 weekend and 4
weekday days—and analyzed from each of the 12 participants. All
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recalls were considered complete (ie, multiple meals and snacks were reported for
each), resulting in 24 recalls per group and
72 recalls total. From the dietary recalls,
average values for each participant were
obtained; group median values of dietary
components are listed in Tables 1 and 2.
Energy intake was highest in children
with Down syndrome. Consumption of
vegetable, greens, and bean servings were
higher among children with spina bifida
and Down syndrome than children without developmental disabilities (1.9, 2.6,
and 1.4, respectively). Whole fruit intake
was similar across all cohorts, with the
group diagnosed with Down syndrome
having the highest intake of total fruit servings. The group with Down syndrome also
had the highest seafood and plant-based
protein servings when compared to children diagnosed with spina bifida and control group (1.2, 0.7, and 0.4, respectively).
Children with spina bifida and Down
Syndrome had higher intakes of lean meat
servings when compared to those without developmental disabilities (2.9, 2.8,
and 1.6, respectively). Sweetened beverage
intake of children with Down syndrome
was collectively higher than both the spina
bifida and control group (1.5, 0.0, and
0.3, respectively). Children without developmental disabilities had a lower intake
of starchy vegetable servings and a higher
intake of unsweetened water. All groups
had high intakes of sodium, added sugar,
saturated fat, and refined grain servings.

DISCUSSION

Table 1. Dietary Nutrient Intake by Diagnosis Group
Dietary Nutrient
Calories (kcals)
Fat (g)
Carbohydrate (g)
Protein (g)
Saturated fatty acids (g)
Dietary fiber (g)
Sodium (mg)
% Fat calories
% Carbohydrates kcals
% Protein calories
% Sat fat calories
Added sugars (g)

Down Syndrome
n=4

Spina Bifida
n=4

Control
n=4

2322.2 (1800, 2710)
100.3 (73.4, 114.8)
268.0 (224.1, 303.3)
93.2 (70.5, 120.0)
34.3 (28.1, 40.4)
15.3 (13.5, 17.1)
3870 (2281, 4886)
37.4% (35.7, 39.3)
44.8% (44.1, 48.2)
16.8% (16.2, 18.5)
13.3% (12.8, 14.5)
68.6 (58.5, 95.6)

1640.5 (1529, 3208)
62.9 (51.9, 143.1)
213.6 (194.4, 353.7)
67.6 (60.4, 135.9)
26.7 (17.8, 51.0)
13.3 (8.8, 25.4)
3077 (2619, 5615)
33.1% (28.2, 38.2)
49.8% (43.9, 55.6)
17.0% (15.7, 18.9)
12.8% (9.8, 16.0)
51.8 (32.0, 54.5)

1865 (1051, 1902)
65.6 (54.8, 70.0)
261.7 (90.5, 275.8)
56.0 (53.1, 69.5)
23.1 (20.0, 26.1)
11.6 (7.1, 15.2)
2549 (1577, 2710)
33.0% (30.1, 45.8)
52.9% (31.7, 58.1)
14.3% (11.2, 22.5)
12.4% (10.1, 16.9)
60.7 (26.2, 116.4)

All
n=4
1865.5 (1051, 3208)
70.9 (51.9, 143.1)
256.7 (90.5, 353.7)
70.0 (53.1, 135.9)
27.1 (17.8, 51.0)
14.4 (7.1, 25.4)
2703 (1577, 5615)
35.8% (28.2, 45.8)
48.4% (31.7, 58.1)
16.2% (11.2, 22.5)
13.2% (9.8, 16.9)
58.8 (26.2, 116.4)

Median values (minimum, maximum).

Table 2. Healthy Eating Index (HEI) Score and Total Food Serving Intakes
HEI Score
and Food Servings
HEI-2010
Total fruit
Whole fruit
Total vegetable
Starchy vegetable
Greens and beans
Total grain
Whole grain
Refined grain
Total protein food
Lean meat
Nonlean meats
protein
Total dairy
Full fat dairy
Reduced-fat dairy
Low fat or fat-free dairy
Total fat
Total beverage
Sweetened milk
Sweetened soft drinks
Sweetened fruit drinks
Unsweetened water
Empty calorie intake (% calories)

Down Syndrome
n=4
52.9 (47.7, 59.6)
1.5 (0.8, 4.4)
0.8 (0.3, 2.4)
2.6 (2.1, 3.4)
1.2 (0.9, 2.0)
0.9 (.07, 1.1)
6.1 (3.7, 8.1)
0.1 (0.0, 2.1)
5.0 (3.5, 7.2)
7.7 (6.3, 8.9)
2.8 (0.9, 4.9)
5.4 (4.9, 6.5)
1.2 (0.0, 2.0)
3.3 (2.1, 6.0)
0.3 (0.0, 0.8)
1.6 (1.0, 2.9)
0.5 (0.0, 2.4)
4.3 (3.2, 4.7)
2.3 (0.5, 3.6)
0.8 (0.0, 1.9)
0.5 (0.0, 1.4)
0.2 (0.0, 1.0)
0.9 (0.0, 2.6)
28% (24.9, 29.7)

Spina Bifida
n=4

Control
n=4

All
n = 12

48.3 (33.4, 54.1)
1.1 (0.0, 2.2)
0.9 (0.0, 2.2)
1.9 (0.7, 5.7)
0.8 (0.4, 0.9)
0.4 (0.0, 0.4)
7.1 (4.6, 10.9)
0.6 (0.3, 0.8)
5.0 (4.3, 9.2)
3.4 (1.8, 9.2)
2.9 (0.0, 5.3)
1.6 (1.0, 5.1)
0.7 (0.0, 1.4)
4.4 (1.4, 5.0)
1.0 (0.2, 2.3)
0.4 (0.0, 0.8)
1.5 (1.0, 2.4)
3.4 (2.4, 10.6)
1.6 (0.2, 3.5)
0.0 (0.0, 0.8)
0.0 (0.0, 0.3)
0.0 (0.0, 0.3)
1.6 (0.2, 2.5)
24% (21.4, 27.4)

46.2 (41.2, 59.6)
1.1 (0.5, 2.5)
0.8 (0.5, 2.0)
1.4 (0.5, 2.7)
0.5 (0.2, 0.8)
0.2 (0.0, 0.5)
5.3 (4.2, 6.3)
0.4 (0.0, 1.9)
4.4 (3.9, 5.1)
3.8 (3.0, 4.6)
1.6 (0.4, 2.6)
2.5 (0.7, 4.2)
0.4 (0.3, 1.1)
2.0 (1.0, 4.0)
0.5 (0.0, 0.8)
0.4 (0.2, 1.1)
0.0 (0.0, 1.7)
1.6 (0.3, 4.2)
4.1 (2.3, 10.3)
0.0 (0.0 ,0.0)
0.3 (0.0, 0.5)
0.3 (0.0, 2.3)
2.4 (1.3, 10.3)
29% (24.0, 37.2)

51.1 (33.4, 59.6)
0.8 (0.0, 2.4)
1.4 (0.0, 4.4)
2.3 (0.5, 5.7)
0.8 (0.4, 2.0)
0.4 (0.0, 1.1)
6.0 (3.7, 10.9)
0.4 (0.0, 2.1)
4.5 (3.5, 9.2)
4.4 (1.8, 9.2)
2.3 (0.0, 5.3)
3.7 (1.0, 6.5)
0.6 (0.0, 2.0)
3.4 (1.0, 6.0)
0.5 (0.0, 1.5)
0.7 (0.0, 2.9)
0.9 (0.0, 2.4)
3.5 (0.3, 10.6)
3.0 (0.3, 10.3)
0.0 (0.0, 1.9)
0.1 (0.0, 1.4)
0.1 (0.0, 2.3)
1.8 (0.0, 10.3)
27% (21.4, 37.2)

When comparing dietary intake to the
Median values (minimum, maximum).
DGA 2010 in this sample of children with
Serving sizes were assigned to each NDSR food based on the recommendations made by the DGA 2010.
spina bifida and Down syndrome, quality
of diets was similar compared to children
without developmental disabilities. For a few healthy nutrients statistical analysis of the difference could not be performed to
and food groups, the quality of intake was better in children assess for significance.
The average HEI score for typically developing children (2-17
with spina bifida or Down syndrome, as evidenced by the sample reporting higher HEI scores. However, the Down syndrome years of age) from the 2015-2016 NHANES data set, using the
cohort reported higher calorie intake and total fruit (including HEI-2015 scoring system, is 53.9.20 However, the HEI-2015
calorically dense sweetened juice drinks), suggesting total caloric scoring system is slightly different than the HEI-2010 used in
intake may be more contributory to weight status than diet qual- this study. HEI-2015 replaced the “empty calories” component
ity alone. Due to the pilot nature of the study and sample size, with added sugar and saturated fat components.21 To date, the last
WMJ • E3
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NHANES’ HEI score published for children using the HEI-2010
scoring system used data collected in 2011-2012 and reported
an average HEI score of 55.07.20 The HEI scores presented in
this study from all groups are below these national averages. The
lower HEI scores in the spina bifida and Down syndrome groups
of the present study were also observed in an adult population
with intellectual and developmental disabilities, reporting an
average HEI of 46.7, which is lower than the national average of
58.3 for healthy adults.14
Due to the range of age and unknown activity levels within our
sample, the DGA daily serving recommendations for each food
group could not be applied to see if each participant group was
meeting daily food group serving recommendations. Although,
when applying the DGA’s nutrient intake recommendations for
added sugar and saturated fat intake, all groups exceeded the
recommendations. All groups also exceeded the Tolerable Upper
Intake Level for sodium. These nutrient findings correspond with
limited reports from other dietary assessment studies conducted
within developmentally disabled populations14,22,23 and reflect the
dietary intakes of all Americans.24
The method of using Facetime to collect the dietary 24-hour
recalls increased reliability. Being able to visually see an individual’s face—especially children’s faces—helped identify visual cues
about their ability and willingness to recall all items. It was also
beneficial to have parents and family members present during the
Facetime recalls to aid with prompting forgotten foods and give
detail on brands, types, and amounts of foods. This methodology provided a more comprehensive approach and potentially
increased the accuracy of the child’s dietary intake.
In this pilot study of children with spina bifida and Down
syndrome, findings suggest that diet quality may not have as
significant of a role in weight status as a lower energy expenditure when compared to typically developing counterparts. These
findings could be due to the small sample size, as well as other
unknown determinants. Obesity is multifactorial in its origin,
and other factors need to be considered. It is documented that
spina bifida and Down syndrome cohorts are known to have a
lower energy expenditure, which has an instrumental role in an
individual’s weight status, and it would be reasonable to assume
that it may be exacerbated when other factors are present.7 A
primary example includes socioeconomic status, which has been
associated with food choices, weight status, and energy intake.25
While family income was obtained for participants, the influence
was not examined due to the small sample size. Future studies
are recommended to include socioeconomic status and dietary
quality in a larger sample to determine combined influences on
weight status.
Future studies would benefit from recruiting a larger sample
of 1 cohort and measure spectrums within to strengthen statistical analyses and accurately generalize data. Limiting age range
or stratifying age groups per DGA food group serving recomWMJ • E4

mendations will also strengthen statistical analyses. Collecting
physical activity and energy expenditure measurements will help
determine calorie requirements and if there is a deficit or surplus
of daily energy. Additionally, understanding socioeconomic status
and food-related habits of family members may be useful.
A strength of this study is that this is one of the first to examine diet quality in children with intellectual and developmental
disabilities using reliable methods. While there are no common
therapies for preventing high BMIs in lower energy expenditure
phenotypes, further exploring the relationship between weight
status and energy expenditure, along with caloric and nutrient
intakes, may discern effective interventions to combat the obesity
prevalence in children with developmental disabilities.

CONCLUSION
The use of this study’s dietary assessment method and application
of the HEI provides a guide to better understand dietary quality
in children with developmental disabilities. Understanding the
nutritional quality of these children is understudied and yet critical for developing achievable interventions and providing education to families on the development of healthy habits related to
food. This study’s findings only begin to identify what is known
and not known about the diet quality and habits of children with
developmental disabilities and their families.
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