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Abstract

Background: The Healthy Eating Index (HEI-2010) is a measure of diet quality that examines conformance with the
Dietary Guidelines for Americans. The objectives of this study were to estimate baseline diet quality of
predominantly low-income minority children using the HEI-2010 and to identify the most important HEI
components to target for dietary intervention.

Methods: Two or three baseline 24 h dietary recalls were collected in-person or over telephone between May 2012
and June 2014 from 1,745 children and adolescents from four randomized clinical trials in the Childhood Obesity
Prevention and Treatment Research (COPTR) Consortium. Nine adequacy and three moderation food components
were calculated and averaged to determine overall HEI scores. The overall HEI-2010 scores were categorized as ≥81,
51–80, or ≤ 50 based on the HEI-2005 classification. For each study, mean overall and component HEI scores were
estimated using linear regression models.

Results: Mean (95% CI) overall HEI scores ranged from 47.9 (46.8, 49.0) to 64.5 (63.6, 65.4). Only 0.3 to 8.1% of
children and adolescents had HEI-2010 score ≥ 81. The average component score for green and beans was less
than 30% of maximum score for all trials. In contrast, the average component score for protein, dairy (except for
IMPACT), and empty calories (except forIMPACT) was more than 80% of maximum score.

Conclusions: Based on HEI-2010 scores, few children and adolescents consumed high quality diets. Dietary
interventions for children and adolescents should focus on improving intakes of green vegetables and beans.

Clinical trial registry numbers: GROW study (clinical trial # NCT01316653); NET-Works study (clinical trial
#NCT01606891); Stanford Goals (clinical trial #NCT01642836); IMPACT (clinical trial # NCT01514279).
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Background
Diet quality has been well recognized as a multifaceted
construct [1–3]. A number of dietary quality indexes
have been developed and used in different settings in-
cluding the Healthy Eating Index (HEI) [4], Alternative
Healthy Eating Index, Diet Quality Index [5], Recom-
mended Food Score [6, 7] and Alternative Mediterra-
nean Diet Index. The HEI is designed to assess
conformance with the recommendations of the Dietary
Guidelines for Americans [4, 8]. It is updated every 5
years based on refinements to the U.S. Dietary Guide-
lines. Guenther et al. used exemplary menus and 24-h
dietary data from the 2003–2004 National Health and
Nutrition Examination Survey (NHANES) to examine the
validity and reliability of the HEI-2010 [9]. Analysis of
the four exemplary menus produced very high HEI 2010
scores (87.8–100) thus validating the ability to identify
high diet quality [9]. The HEI 2010 scores from the
NHANES data had a wide range which enable re-
searchers to detect meaningful changes in HEI 2010
scores and compare diet quality between groups [9]. In
addition, the HEI 2010 overall and components scores
were independent of energy intake [9].
The HEI 2010 [10] has 12 components with the total

score ranging from 0 to 100 and a score of ≥81 indicat-
ing good diet quality [11]. The mean HEI score for chil-
dren from the 2011–2012 NHANES data were
substantially lower than the cutoff for a good quality diet
(mean = 50.9, (95% CI: 50.5, 51.8)) [12]. The three com-
ponent scores that were particularly low were total vege-
tables, greens and beans and whole grains.
This paper reports the baseline dietary quality of chil-

dren and adolescents in the Childhood Obesity Preven-
tion and Treatment Research (COPTR) Consortium.
The objectives of this study were to: 1) assess the base-
line diet quality of the children using the HEI 2010 and
2) determine if the diet quality of the COPTR children
differ by sex, age, race/ethnicity, weight status, parent’s
marital status, employment status or SNAP participa-
tion. It was hypothesized that most COPTR children
would have HEI scores below 80, indicating that they do
not consume diets that meet the U.S. Department of
Agriculture (USDA) dietary recommendations [13]. Sec-
ond, it was hypothesized that low total HEI scores would
be due to low intakes of fruits and vegetables. Addition-
ally, it was hypothesized that HEI scores would differ by
age, race/ethnicity and weight status but not by sex.

Methods
Study design and participants
The COPTR Consortium is comprised of four independ-
ent randomized controlled trials (RCT) of childhood
obesity prevention or treatment. Each RCT implemented
a 3-year intervention that was unique and different, but

used common and standardized data collection proce-
dures. Additional details of the COPTR Consortium and
each intervention study have previously been published
[14–18]. The University of North Carolina at Chapel Hill
serves as the Research Coordinating Center and receives
all common data for the sites. The two childhood obesity
prevention trials are located in Minneapolis, MN (Uni-
versity of Minnesota, Now Everyone Together for
Healthy and Amazing Kids (NET-Works) Study) and
Nashville, TN (Vanderbilt University, Growing Right
Onto Wellness (GROW) Study), and the two childhood
obesity treatment trials are located in Cleveland, OH
(Case Western Reserve University, Ideas Moving Parents
and Adolescents to Change Together (IMPACT Study)
and Bay Area, CA (Stanford University, Stanford GOALS
Study). This study was approved by the Institutional Re-
view Boards on research involving human subjects at
University of North Carolina at Chapel Hill, University
of Minnesota, Vanderbilt University, Stanford University
and Case Western Reserve University.
All four studies recruited predominantly minority pop-

ulations from households with low socioeconomic status.
The sample size, recruitment age range and weight sta-
tus varied for the four studies. The NET-Works Study
recruited 534 2–4 year old children at or above 50th
BMI percentile. The GROW Study recruited 610 3–5
year old children between the 50th and 94.9th BMI per-
centile. The IMPACT Study recruited 360 rising 6th
graders at or above the 85th BMI percentile. The Stan-
ford GOALS Study recruited 241 7–11 year old children
at or above the 85th BMI percentile. If the household
had more than one child that met the eligibility cri-
teria (e.g. two children between 7 and 11 years of age
above the 85th BMI percentile) then only one child
was randomly selected to be in the study. These ana-
lyses are conducted with baseline data from each site.
Baseline data were collected between May 2012 and
June 2014. For each study, parental consent was ob-
tained for minor child to participate in the study. The
two studies with older children also obtained written
assent from children.

Dietary assessments
Dietary intakes at all sites were measured using 24-h re-
calls that were collected on two weekdays and one week-
end day using the Nutrition Data System for Research
(NDSR) software [19–21]. NDSR versions 2011, 2012
and 2013 were used. Dietary recalls were conducted by
trained and certified NDSR interviewers. Bilingual (Eng-
lish and Spanish) interviewers conducted dietary recalls
in Spanish when requested. The first dietary recall was
conducted in-person (except for GROW) and the second
(except for NET-Works) and third dietary recalls were
conducted over the telephone. In older children
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(IMPACT and GOALS), the child self-reported their
dietary intake with parental assistance, when needed
(e.g. provided details on how a food item was prepared).
In the preschool-aged samples (NET-Works and
GROW), the parent/guardian served as a proxy for the
child to report the child’s previous day intake. Food
amounts booklets were used by the respondent to assist
in identifying portion sizes. For children in childcare,
food records were given to the childcare provider and
the completed form was used by the parent to report
foods the child consumed while in childcare. School
menus were also used when needed. The percentage
of participants with three dietary recalls was 97.6% in
NET-Works, 64.4% in GROW, 96.1% in IMPACT and
100% in GOALS. Average intakes of energy, macro-
and micronutrients and food groups were calculated
based on the average of each participant’s diet recalls
(2 or 3 days).
Dietary quality was measured using the 2010 Healthy

Eating Index [10]. The HEI-2010 was used since it aligns
with the 2010–2015 Dietary Guidelines for Americans
and the data were collected during this time period. The
HEI is comprised of nine adequacy and three moder-
ation food components with a predefined maximum
score (5, 10, 20) per component. The maximum scores
assigned for each component are based on the USDA
recommended daily intake per 1,000 kcal (exception:
fatty acid component and empty calories component are
not standardized to 1,000 kcal). The overall HEI score is
the summation of the 12 component scores and ranges
from 0 to 100 points with higher scores indicating better
dietary quality. Based on the USDA HEI-2005 grading
scale, the child’s diet quality was categorized into three
groups, 0–50, 51–80 and 81–100) [11]. The Nutrition
Coordinating Center (NCC) guidelines and SAS macro
for NDSR data were used to calculate the HEI-2010
scores with one exception [22]. Empty calories are the
calories from solid fats, alcohol and added sugars. Prior
to NDSR version 2014, calories from solid fats were not
calculated in the NDSR software, therefore, the individ-
ual’s food intakes were used to calculate grams and calo-
ries from solid fat. Following the NCC guidelines and
SAS macro [22], a component score was calculated for
each recall then averaged (2 or 3 recalls) to determine
the average HEI component scores.

Covariates
Weights and heights of index parents and children were
measured with the participant in light clothing, without
shoes, using a standardized protocol across all sites.
Weight was measured to the nearest 0.1 kg using re-
search precision grade, calibrated, digital scales and
height was measured to the nearest 0.1 cm using a free-
standing or wall mounted stadiometer. BMI was

calculated as weight in kilograms divided by height in
meters squared and age and sex specific BMI percentiles
were calculated using the CDC macro [23] and used to
categorized children as high normal weight (50th –
84.9th BMI percentile), overweight (85th – 94.9th BMI
percentile) or obese (≥95th BMI percentile) [24, 25]. The
index parent/guardian was categorized as either under-
weight (< 18.5 kg/m2), normal weight (≥18.5- < 25.0 kg/
m2), overweight (≥25.0 - < 30.0 kg/m2) or obese (≥30.0
kg/m2) [26].
Race/ethnicity, age (date of birth) and sex of index

child, marital status (married/living as married, single),
employment status (full time, part time, not working for
pay) of the index parent/guardian, highest level of
household education (<high school, high school or
equivalent, at least some college) and participation in
supplemental nutrition assistance program (SNAP) were
self-reported. Children were classified into five mutually
exclusive race/ethnicity groups (Non-Hispanic White,
Non-Hispanic Black, Hispanic, multi-racial or other)
based on their self-reported race and ethnicity. All ques-
tionnaires were administered in English or Spanish ac-
cording to participant’s preference.

Exclusions
Participants with less than two reliable dietary recalls in
a 45-day window (GROW: n = 1; IMPACT: n = 1) or
BMI percentile was outside the pre-defined recruitment
inclusion criteria (GROW: n = 7) were excluded from
the analysis. Reliability of the dietary recall was deter-
mined by the interviewer based on the interviewee’s abil-
ity to recall dietary intake from previous day. The
analytical sample size was 534 for NET-Works, 602 for
GROW, 241 for GOALS and 359 for IMPACT.

Statistical analysis
The samples were independently recruited so all ana-
lyses were conducted separately. For each participant,
the mean overall and 12 component HEI scores were
calculated for each recall then averaged. In order to
identify potential dietary intervention targets, the per-
cent of the maximum component score was calculated
by dividing the average HEI component score by the
maximum component score. Linear regression models
were used to determine if the overall HEI score differed
by six key demographic variables -sex, age, BMI percent-
ile, marital status, employment status and SNAP partici-
pation. Because there was more variability in race/
ethnicity in the NET-Works Study, this variable (NH
White, NH Black, Hispanic, Multi/Other) was also in-
cluded in the regression models for this site. The fully
adjusted models included all of the key demographic
variables. The least squares mean HEI scores for the
levels of the demographic variables were compared. All
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analyses were conducted in SAS version 9.4 (SAS Insti-
tute) [27].

Results
The demographic baseline characteristics of the four
studies are shown in Table 1. All four studies recruited
and randomized predominantly minority (87.4–100%)
children. The children in the GROW and GOALS Stud-
ies were mostly Hispanic; whereas, the IMPACT Study
was mostly African American children and the NET-
Works study had a mix of non-Hispanic Whites, Blacks
and Hispanics. The mean BMI percentile in each study
reflects the eligibility criteria of each study. In general,
the index parent tended to be in their 30s (~ 32 years of
age for prevention studies and 37–38 years of age for
treatment studies), have BMI ≥ 25.0 kg/m2, married or
living as married (except for IMPACT Study), with HS
education or less (except for IMPACT Study) and not
working for pay.
Table 2 shows the mean (95% CI) overall and compo-

nent HEI scores. The mean HEI score was 63.7 (95% CI:
62.8, 64.7), 64.5 (95% CI: 63.6, 65.4), 47.9 (95% CI: 46.8,
49.0) and 61.7 (95% CI: 60.3, 63.2), for the NET-Works,
GROW, IMPACT and GOALS studies, respectively. Ap-
proximately 7–8% of the children in the preschool-aged
studies (NET-Works and GROW) and 4.6% of adoles-
cent-age children in the GOALS study had HEI score ≥
81 and about 80% had a HEI score between 51 and 80
(Fig. 1). In contrast in the IMPACT study, only 0.3%
(n = 1 adolescent-aged child) had a HEI score ≥ 81. The
majority of the adolescents from the IMPACT study
(57.4%) had HEI ≤ 50.
The average component score for the greens and

beans component was 24% of the maximum score for
the NET-Works, GROW, and IMPACT studies and
30% of the maximum score for the GOALS study. In
addition, the average component score was less than
half of the maximum score in all studies for three
component scores – total vegetables, seafood and
plant protein, and fatty acid ratio. There were an add-
itional 5 HEI components that scored less than 50%
of the maximum score for the IMPACT study (total
fruit, whole fruit, whole grains, sodium, and refined
grains). In contrast, the average component score for
total protein (all studies), dairy (all except IMPACT),
empty calories (all except IMPACT) and total fruit
(GROW only) was at least 80% of the maximum
score.
Figure 2 shows the adjusted differences in mean over-

all HEI scores by key sociodemographic characteristics.
The mean HEI scores did not vary significantly by the
child’s age for any of the studies. In the NET-Works
study (Fig. 2a), with respect to the mean HEI score,
White children scored a mean of 5.0 (95% CI: 1.4, 8.6)

points higher than non-Hispanic black children and 4.5
(95% CI: 0.5, 8.5) points higher than other children.
Black children mean HEI score was 6.9 (95% CI: − 9.6, −
4.3) points lower than Hispanic children and Hispanic
children mean HEI score was 6.4 (95% CI: 3.2, 9.6)
points higher than other children. Children who were
not receiving benefits from SNAP HEI scores were
2.6 (95% CI: 0.5, 4.7) points higher than children par-
ticipating in SNAP. Similar patterns, although not sig-
nificant, were observed for SNAP participation in the
GROW (Fig. 2b) and IMPACT (Fig. 2c) studies. In
the GROW study of predominantly pre-school aged
Hispanic children (Fig. 2b), the mean HEI score dif-
fered by sex (boys lower than girls; mean difference:
-2.8, 95% CI: − 4.6, − 1.1). Also in the GROW study,
children living in married/living as married house-
holds mean HEI score was 2.9 (95% CI: 0.4, 5.3)
points higher than children living in single status
households. Similar patterns (but not significant) for
sex and marital status were observed in the predom-
inantly older Hispanic children in the GOALS study
(Fig. 2d). In the IMPACT study (Fig. 2c), children
whose index parent worked full-time mean HEI score
was 4.7 points lower than children whose index par-
ent worked part-time (95% CI: − 8.1, − 1.4) and chil-
dren whose index parent worked part-time mean HEI
score was 4.0 (95% CI: 0.9, 7.1) points higher than
children whose index parent did not work for pay.

Discussion
The primary objective of this study was to examine the
baseline diet quality of the children in the COPTR Con-
sortium. Less than 10% of the children consumed a diet
with total HEI scores ≥81. The mean HEI scores ranged
from 47.9 (IMPACT study) to 64.5 (GROW study). Ap-
proximately 80% of the children from the NET-Works,
GROW and GOALS studies HEI scores were between
51 and 80. These studies had 58.4, 90.9 and 97.9% His-
panic population, respectively. In contrast, 99.7 children
from the IMPACT study (76.9% African American)
scored less than 81 points with the majority scoring less
than 51 points.

Vegetable consumption
Total vegetable consumption was low in children and
adolescents from all four studies with less than half
the maximum points scored. This is consistent with
the literature which estimates that 93% of US children
and adolescents do not meet the recommended daily
amounts for vegetables [28] and the total vegetable
component percent of the maximum score ranged
was 40–42% in children 2–13 years of age [29]. Fur-
thermore, previous research has found that about 30%
of vegetable intake is from white potatoes [28, 30]. In
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the current study, less than 30% of the maximum
score was achieved for the greens and beans compo-
nent. This is slightly higher that findings from
NHANES for similar aged children (18–24%) [29]. In

general, both component scores (greens and beans
and total vegetables) and overall HEI score could po-
tentially improve with greater consumption of greens
and beans.

Table 1 Baseline demographic characteristics of the participants by Childhood Obesity Prevention and Treatment Research (COPTR)
study, May 2012–June 2014

Prevention Sites Treatment Sites

NET-Works GROW IMPACT Stanford GOALS

Minneapolis, Minnesota
(n = 534)

Nashville, Tennessee
(n = 602)

Cleveland, Ohio
(n = 359)

East Palo Alto, California
(n = 241)

Mean or % SD Mean or % SD Mean or % SD Mean or % SD

Index child

Age (years) 3.4 0.7 4.3 0.9 11.6 0.6 9.5 1.4

Race/Ethnicity

Non-Hispanic white 12.6 1.0 3.9 0.0

Non-Hispanic black 18.4 6.0 76.9 1.7

Hispanic 58.4 90.9 16.2 97.9

Multi-racial 8.4 1.0 2.2 0.0

Othera 2.2 1.2 0.8 0.4

Sex (% female) 50.9 52.0 57.9 55.6

BMI %tile 81.7 14.3 77.1 12.7 95.7 3.7 96.5 3.2

BMI statusb

Upper normal weight 51.7 64.9 0.0 0.0

Overweight 25.7 33.9 32.8 24.1

Obese 22.7 1.2 67.2 75.9

Total calories 1046.4 327.4 1194.3 384.6 1437.5 460.1 1194.0 405.2

Index parent

Age (years) 31.9 6.4 32.1 6.0 37.6 8.1 36.7 6.9

Sex (% female) 91.7 98.3 95.2 94.7

BMI statusc

Underweight 1.0 0.3 0.9 0.4

Normal weight 23.2 19.6 9.1 12.8

Overweight 30.6 39.0 17.2 31.3

Obese 45.2 41.0 72.8 55.5

Education

< High School 39.9 61.5 20.6 71.4

HS grad/equivalent 20.2 20.6 27.3 13.3

≥ Some college/trade school 39.9 17.9 52.1 15.4

Marital status (% single) 31.3 17.0 66.7 14.1

Employment status

Full time 29.8 18.0 37.9 32.4

Part time 27.7 19.6 17.8 24.1

Not working for pay 42.5 62.4 44.3 43.6

SNAP % yes) 43.0 75.3 70.5 40.7
aOther race/ethnicities are Asian, American Indian, Alaskan Native, Native Hawaiian or Pacific Islander
bIndex child BMI status categories are upper normal weight (≥50th - <85th BMI percentile), overweight (≥85th - <95th BMI percentile) and obese (≥95th BMI
percentile) [24, 25]
cIndex parent BMI status categories are underweight (> 18.5 kg/m2), normal weight (≥18.5 - < 25.0 kg/m2), overweight (≥25.0 - < 30.0 kg/m2) and obese
(≥30.0 kg/m2) [26]
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Table 2 Mean (95% CI) overall and component healthy eating index (HEI) scores and percentage of subjects with the maximum
and minimum number of points for each component by Childhood Obesity Prevention and Treatment Research (COPTR) Study, May
2012–June 2014

NET-Works % of
max
score

GROW % of
max
score

IMPACT % of
max
score

GOALS % of
max
score

Mean (95% CI) Mean (95% CI) Mean (95% CI) Mean (95% CI)

Total Score (100) 63.7 (62.8, 64.7) 64 64.5 (63.6, 65.4) 64 47.9 (46.8, 49.0) 48 61.7 (60.3, 63.2) 62

Total vegetables (5) 2.0 (1.9, 2.1) 40 2.1 (2.0, 2.2) 42 1.9 (1.8, 2.0) 38 2.3 (2.2, 2.5) 40

Greens and beans (5) 1.2 (1.0, 1.3) 24 1.2 (1.1, 1.4) 24 1.2 (1.0, 1.4) 24 1.5 (1.3, 1.8) 30

Total fruit (5) 3.9 (3.7, 4.0) 78 4.0 (3.9, 4.1) 80 1.9 (1.8, 2.1) 38 3.1 (2.9, 3.4) 62

Whole fruit (5) 3.9 (3.7, 4.0) 78 3.9 (3.8, 4.0) 78 1.6 (1.4, 1.8) 32 3.4 (3.2, 3.6) 68

Whole grains (10) 5.4 (5.1, 5.7) 54 5.7 (5.4, 6.0) 57 3.0 (2.7, 3.3) 30 6.2 (5.7, 6.6) 62

Dairy (10) 8.6 (8.4, 8.8) 86 8.8 (8.6, 9.0) 88 6.0 (5.7, 6.3) 60 8.6 (8.3, 8.8) 86

Total protein foods (5) 4.1 (4.1, 4.2) 82 4.2 (4.1, 4.2) 84 4.6 (4.5, 4.7) 92 4.3 (4.2, 4.5) 86

Seafood and plant protein (5) 2.0 (1.9, 2.2) 40 2.1 (1.9, 2.2) 42 1.2 (1.0, 1.4) 24 1.7 (1.5, 2.0) 34

Fatty acid ratio (5) 3.2 (2.9, 3.5) 32 2.8 (2.6, 3.1) 32 4.5 (4.2, 4.8) 32 3.2 (2.8, 3.6) 32

Sodium (10) 5.9 (5.6, 6.1) 59 6.0 (5.8, 6.3) 60 3.2 (2.9, 3.5) 32 4.5 (4.1, 4.9) 45

Refined grains (10) 7.3 (7.1, 7.6) 73 7.8 (7.5, 8.0) 78 4.8 (4.5, 5.2) 48 5.5 (5.1, 5.9) 55

Empty calories (20) 16.3 (15.9, 16.6) 82 15.9 (15.6, 16.2) 80 14.0 (13.5, 14.5) 70 17.3 (16.9, 17.7) 87

Fig. 1 Distribution of the HEI-2010 scores by by Childhood Obesity Prevention and Treatment Research (COPTR) study, May 2012–June 2014. HEI-
2010 scores were divided into three categories: 0–50, 51–80 and 81–100
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Protein sources
In these four predominantly minority children from
households characterized by low socioeconomic status,
the average component score for protein was more than
80% of the maximum score. However, the average com-
ponent score for seafood or plant based protein was only
24–42% of the maximum score. Previous research has
linked higher consumption of lean meat and seafood
with higher socioeconomic status [31]. Lower SES
groups consumed more fried or canned seafood. Increas-
ing overall red meat, pork and poultry intake will not
impact children’s overall diet quality as much as increas-
ing consumption of seafood and plant based proteins.

Fruits and whole fruits
In our two preschool studies, the average component
score was 78–80% of the maximum score for the total
fruit and whole fruit components and 86–88% of the
maximum score for the dairy component. Previous re-
search has shown that both fruit [32, 33] and diary con-
sumption are higher in younger children and declines as
the children get older. Different patterns were observed
in the adolescent children in the treatment studies. In
the GOALS study, where children were 7 to 11 years of
age at baseline, the average component score was 62–
68% of the maximum score for the total fruit and whole
fruit components and 86% of the maximum score for
the dairy component. In contrast, the children in the
IMPACT study (10–13 years old) average component
score for the total fruit, whole fruit and dairy compo-
nents was 38, 32 and 60% of maximum score,
respectively.

Racial/ethnic differences
The NET-Works study is the only study with adequate
diversity in multiple race/ethnic groups to examine dif-
ferences. We found significantly lower mean HEI scores
in African American children compared to Hispanic
children. The findings from the NET-Works study is in
concordance with the lower HEI scores in found in the
predominantly African American adolescents in the IM-
PACT study compared to relatively higher HEI scores in
the predominantly Hispanic children in the GROW and
GOALS studies. These findings of lower diet quality
scores in African American children than in Hispanic
children are consistent with the literature [34].
The diet intake of African American children has been

shown to be poor and does not meet recommendations

A

B

C

D

Fig. 2 Adjusted differences in the HEI-2010 total score by key
sociodemographic characteristics by Childhood Obesity Prevention
and Treatment Research (COPTR) study, May 2012–June 2014. Panel
A is NET-Works, Panel B is GROW, Panel C is IMPACT and Panel D is
GOALS. * Significant difference (p < 0.05)
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for whole fruits, total vegetables, whole grains, and dairy
[35, 36]. Furthermore, it is important to remember,
based on data from the NHANES 2011–2012, that the
dietary intake of most American children is not in the
high quality range (mean overall HEI score of 50.9, 95%
CI: 50.5, 51.8), yet African American children have an
even lower mean score (48.4, 95% CI: 46.9–49.9) [12].
This highlights promising target areas for intervention
efforts seeking to improve the overall diet quality in pre-
dominantly African American children who are over-
weight or obese and from households characterized by
low socioeconomic status.
In the current study, the relationships between social

demographic characteristics and HEI across were not
consistent across all four studies. These inconsistent
findings may be due to the differences in the race/ethni-
city, age, and/or BMI distribution in the four studies.
Previous research using the HEI-2005 has shown that
preschool-aged children had a higher diet quality than
adolescent-aged children [34]. Gu et al. also found simi-
lar results in the NHANES 2011–2012 dataset where the
mean HEI 2010 scores were 55.3 (95% CI: 53.6. 57.0),
51.2 (95% CI: 49.5, 52.9), and 48.4 (95% CI: 47.0, 49.8)
for 2–5, 6–11 and 12–18 year olds, respectively [12]. Gu
et al. [12] and Hiza et al. [34] also found that girls had a
slightly higher diet quality than boys, though this differ-
ence was not statistically significant. Hispanic children
had a higher diet quality than non-Hispanic black chil-
dren, but no other racial or ethnic differences were seen
[34]. In addition, Hiza et al. found a non-linear relation-
ship between family income and diet quality, with chil-
dren in the lowest income group and those in the
highest income group having higher diet quality than
those in the middle groups [34]. These differences
seemed to be driven primarily by differences in fruit in-
take, though milk intake was a key factor in the diet
quality differences by age. While the current study did
not identify any demographic characteristic as a target
for the total HEI score, there may be associations for
specific components. It is important to determine the
HEI components where the average component score is
a low percentage of the maximum score to identify po-
tential targets for dietary intervention.

Strengths and limitations
One of the strengths of this study is that diet quality was
assessed in four studies of predominantly minority chil-
dren from households characterized by low socioeco-
nomic status using 24-h dietary recalls. Data were
analyzed separately for each study to determine if any
patterns were consistent across the four populations.
Another strength of this research is that HEI compo-
nents that could be targets for future nutrition interven-
tions in low-income minority populations were

identified. Across all studies, the overall HEI scores
would increase in the vast majority of children by in-
creasing consumption of green vegetables, beans, sea-
food and plant based protein.
One limitation of this study is that three of the four

COPTR studies did not recruit a variety of race/ethnic
groups. Therefore, race/ethnic comparisons could not be
made in all studies. The NET-Works study did have
multiple race/ethnic groups and significant differences
were found between Whites, African Americans and
Hispanics. Hispanics are a heterogeneous group and in
the current study we were unable to separate Hispanics
by country of origin. In the NET-Works, GROW and
GOALS studies, the majority of Hispanics were Mexican
Americans (74, 71 and 85%) and in the IMPACT study
the majority (56%) were from Puerto Rico. Another limi-
tation of this study is that the analysis did not correct
for episodically consumed foods or examine seasonality.
Baseline dietary data were collected in every calendar
month (except do data collected in January or February
for IMPACT). The HEI scores were based on 2 or 3 24-
h dietary recalls and may not represent usual intake for
all food groups.

Conclusion
In summary, a small percentage of predominantly mi-
nority children from households characterized by low
socioeconomic status consumed a good quality diet
(HEI ≥ 81) at baseline. Future dietary intervention efforts
should target seafood or plant based protein, legumes,
greens that are limited in the diets of children and ado-
lescents in order to improve their overall diet quality.

Abbreviations
BMI: Body Mass Index; CDC: Centers for Disease Control and Prevention;
COPTR: Childhood Obesity Prevention and Treatment Research;
GROW: Vanderbilt University, Growing Right Onto Wellness; HEI: Healthy
Eating Index; IMPACT: Ideas Moving Parents and Adolescents to Change
Together; NCC: Nutrition Coordinating Center; NDSR: Nutrition Data System
for Research; NET-Works: Now Everyone Together for Healthy and Amazing
Kids; NHANES: National Health and Nutrition Examination Survey;
RCT: Randomized controlled trials; SNAP: Supplemental nutrition assistance
program; USDA: U.S. Department of Agriculture

Acknowledgements
The authors would like to thank the participants in this study.

Authors’ contributions
The authors’ responsibilities were as follows: designed research question
(KPT, DM, CP), conducted research/data collection (DM, MMJ, SM), provided
essential materials (DM, MMJ, SM, ECS), analyzed data/performed statistical
analysis (KPT), drafted manuscript (KPT), critically reviewed and edited
manuscript (KPT, DM, MMJ, SM, ECS, CP), and had primary responsibility for
final content (KPT). All authors read and approved the final manuscript.

Funding
This research was supported by grants U01 HL103561, U01 HL103622, U01
HD068890, U01 HL103629, U01 HL103620, UL 1RR024989 and NIH DK56350
from the National Heart, Lung, and Blood Institute and the Eunice Kennedy
Shriver National Institute of Child Health and Development and the Office of
Behavioral and Social Sciences Research. The content expressed in this paper

Truesdale et al. BMC Nutrition            (2019) 5:38 Page 8 of 10



is solely the responsibility of the authors and does not necessarily represent
the official views of the National Heart, Lung, And Blood Institute, the Eunice
Kennedy Shriver National Institute of Child Health and Human Development,
the National Institutes of Health, or the U.S. Department of Health and
Human Services. The funding body did not play any role in the design of
the study; the collection, analysis, and interpretation of data; and the writing
of the manuscript.

Availability of data and materials
The datasets generated and/or analyzed during the current study are not
publicly available. The COPTR data will be made publicly available in July
2020 (as required by NIH) via Biolincc.

Ethics approval and consent to participate
This study was approved by the Institutional Review Boards on research
involving human subjects at University of North Carolina at Chapel Hill (IRB
Number 10–0752), University of Minnesota (IRB Number 1005S81634),
Vanderbilt University (IRB Number 120643), Stanford University (IRB Number
19311) and Case Western Reserve University (IRB Number is 01–12-09). For
each study, written parental consent was obtained for the minor child to
participate in the study. The two studies with older children (at Case
Western Reserve University and Stanford University) also obtained written
assent from children.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests. None of the
authors reported any financial conflicts of interest related to the present
article.

Author details
1Department of Nutrition, University of North Carolina at Chapel Hill, Chapel
Hill, NC 27599, USA. 2Department of Pediatrics, School of Medicine, Stanford
University, Palo Alto, CA, USA. 3Health Partners Institute for Education and
Research, Minneapolis, MN, USA. 4The Center for Child Health and Policy,
Rainbow Babies & Children’s Hospital, Case Western Reserve University,
Cleveland, OH, USA. 5Department of Pediatrics, Vanderbilt University Medical
Center, Nashville, TN, USA. 6Division of Cardiovascular Sciences, National
Heart, Lung, and Blood Institute (NHLBI), National Institute of Health,
Bethesda, MD, USA.

Received: 26 February 2019 Accepted: 11 July 2019

References
1. Elmadfa I, Meyer AL. Diet quality, a term subject to change over time. Int J

Vitam Nutr Res. 2012;82(3):144–7.
2. Alkerwi A. Diet quality concept. Nutrition. 2014;30(6):613–8.
3. Kant AK. Indexes of overall diet quality: a review. J Am Diet Assoc. 1996;

96(8):785–91.
4. Guenther PM, Reedy J, Krebs-Smith SM, Reeve BB. Evaluation of the healthy

eating Index-2005. J Am Diet Assoc. 2008;108(11):1854–64.
5. Haines PS, Siega-Riz AM, Popkin BM. The diet quality index revised: a

measurement instrument for populations. J Am Diet Assoc. 1999;99(6):697–
704.

6. Kant AK, Schatzkin A, Graubard BI, Schairer C. A prospective study of diet
quality and mortality in women. JAMA. 2000;283(16):2109–15.

7. Harnack L, Nicodemus K, Jacobs DR Jr, Folsom AR. An evaluation of the
dietary guidelines for Americans in relation to cancer occurrence. Am J Clin
Nutr. 2002;76(4):889–96.

8. U.S. Department of Agriculture (USDA). U.S. Department of Health and
Human services. Dietary guidelines for Americans. 7th ed. Washington:
Government printing office; 2010.

9. Guenther PM, Kirkpatrick SI, Reedy J, et al. The healthy eating Index-2010 is
a valid and reliable measure of diet quality according to the 2010 dietary
guidelines for Americans. J Nutr. 2014;144(3):399–407.

10. Guenther PM, Casavale KO, Reedy J, et al. Update of the healthy eating
index: HEI-2010. J Acad Nutr Diet. 2013;113(4):569–80.

11. U.S. Department of Agriculture (USDA), Center for Nutrition Policy and
Promotion (CNPP). The healthy eating index (CNPP-1).1995.

12. Gu X, Tucker KL. Dietary quality of the US child and adolescent population:
trends from 1999 to 2012 and associations with the use of federal nutrition
assistance programs. Am J Clin Nutr. 2017;105(1):194–202.

13. Hiza HAB, Guenther PA, Rihane CI. USDA Center for Nutrition Policy and
Promotion. Diet Quality of Children Age 2-17 Years as Measured by the
Healthy Eating Index-2010. Nutrition Insight 52. 2013. https://fns-prod.
azureedge.net/sites/default/files/nutrition_insights_uploads/Insight52.pdf.
Accessed 13 Apr 2017.

14. Pratt CA, Boyington J, Esposito L, et al. Childhood obesity prevention and
treatment research (COPTR): interventions addressing multiple influences in
childhood and adolescent obesity. Contemp Clin Trials. 2013;36(2):406–13.

15. Moore SM, Borawski EA, Cuttler L, Ievers-Landis CE, Love TE. IMPACT: a
multi-level family and school intervention targeting obesity in urban youth.
Contemp Clin Trials. 2013;36(2):574–86.

16. Po'e EK, Heerman WJ, Mistry RS, Barkin SL. Growing right onto wellness (GROW):
a family-centered, community-based obesity prevention randomized controlled
trial for preschool child-parent pairs. Contemp Clin Trials. 2013;36(2):436–49.

17. Robinson TN, Matheson D, Desai M, et al. Family, community and clinic
collaboration to treat overweight and obese children: Stanford GOALS-A
randomized controlled trial of a three-year, multi-component, multi-level,
multi-setting intervention. Contemp Clin Trials. 2013;36(2):421–35.

18. Sherwood NE, French SA, Veblen-Mortenson S, et al. NET-works: linking
families, communities and primary care to prevent obesity in preschool-age
children. Contemp Clin Trials. 2013;36(2):544–54.

19. NDSR [computer program]. Version 2011. Minneapolis, MN: University of
Minnesota Nutrition Coordinating Center; 2011.

20. NDSR [computer program]. Version 2012. Minneapolis, MN: University of
Minnesota Nutrition Coordinating Center; 2012.

21. NDSR [computer program]. Version 2013. Minneapolis, MN: University of
Minnesota Nutrition Coordinating Center; 2013.

22. Nutrition Coordinating Center. 2014; https://drive.google.com/file/d/0B4
snm2Q3-ffQQTVHUWE1NGNxUnc/view. Accessed November 1, 2016.

23. CDC Division of Nutrition PA, and Obesity, National Center for Chronic
Disease Prevention and Health Promotion,. A SAS Program for the 2000
CDC Growth Charts (ages 0 to <20 years). https://www.cdc.gov/nccdphp/
dnpao/growthcharts/resources/sas.htm. Accessed April 13, 2017.

24. Himes JH, Dietz WH. Guidelines for overweight in adolescent preventive
services: recommendations from an expert committee. The Expert
Committee on Clinical Guidelines for Overweight in Adolescent Preventive
Services. Am J Clin Nutr. 1994;59(2):307–16.

25. Ogden CL, Flegal KM. Changes in terminology for childhood overweight
and obesity. Natl Health Stat Report. 2010;25:1–5.

26. Clinical Guidelines on the Identification, Evaluation, and Treatment of
Overweight and Obesity in Adults--The Evidence Report. National Institutes
of Health. Obes Res. 1998;6(Suppl 2):51S–209S.

27. Statistical analysis software [computer program]. Version 9.4. Cary, NC: SAS
Institute Inc; 2013.

28. Kim SA, Moore LV, Galuska D, et al. Vital signs: fruit and vegetable intake
among children - United States, 2003–2010. MMWR Morb Mortal Wkly Rep.
2014;63(31):671–6.

29. Dietary Guidelines Advisory Committee. Scientific Report of the 2015
Dietary Guidelines Advisory Committee: Advisory Report to the Secretary of
Health and Human Services and the Secretary of Agriculture, Appendix E-2.
2. 2015. https://health.gov/dietaryguidelines/DGAC-usual0710_set1b-508c.
pdf. Accessed 12 Sept 2018.

30. Olsho LE, Fernandes MM. Relationship of white potato to other vegetable
consumption by schoolchildren and adolescents in the U.S.A: National
Health and nutrition examination survey, 2003-2008. Public Health Nutr.
2013;16(11):1933–6.

31. Darmon N, Drewnowski A. Does social class predict diet quality? Am J Clin
Nutr. 2008;87(5):1107–17.

32. Bowman SA, Clemens JC, Friday JE, Lynch KL, LaComb RP, Moshfegh AJ.
Food Patterns Equivalents Intakes by Americans: What We Eat in America,
NHANES 2003–2004 and 2013–2014. 2017;Dietary Data Brief No. 17. https://
www.ars.usda.gov/ARSUserFiles/80400530/pdf/DBrief/17_Food_Patterns_
Equivalents_0304_1314.pdf. Accessed September 12, 2018.

33. U.S. Department of Agriculture Agricultural Research Service. Food patterns
equivalents intakes from food: mean amounts consumed per individual, by
gender and age, what we eat in America, NHANES; 2013. p. 2009–10.

Truesdale et al. BMC Nutrition            (2019) 5:38 Page 9 of 10

https://fns-prod.azureedge.net/sites/default/files/nutrition_insights_uploads/Insight52.pdf
https://fns-prod.azureedge.net/sites/default/files/nutrition_insights_uploads/Insight52.pdf
https://drive.google.com/file/d/0B4snm2Q3-ffQQTVHUWE1NGNxUnc/view
https://drive.google.com/file/d/0B4snm2Q3-ffQQTVHUWE1NGNxUnc/view
https://www.cdc.gov/nccdphp/dnpao/growthcharts/resources/sas.htm
https://www.cdc.gov/nccdphp/dnpao/growthcharts/resources/sas.htm
https://health.gov/dietaryguidelines/DGAC-usual0710_set1b-508c.pdf
https://health.gov/dietaryguidelines/DGAC-usual0710_set1b-508c.pdf
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/DBrief/17_Food_Patterns_Equivalents_0304_1314.pdf
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/DBrief/17_Food_Patterns_Equivalents_0304_1314.pdf
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/DBrief/17_Food_Patterns_Equivalents_0304_1314.pdf


34. Hiza HA, Casavale KO, Guenther PM, Davis CA. Diet quality of Americans
differs by age, sex, race/ethnicity, income, and education level. J Acad Nutr
Diet. 2013;113(2):297–306.

35. Kirkpatrick SI. Understanding and addressing barriers to healthy eating
among low-income Americans. J Acad Nutr Diet. 2012;112(5):617–20.

36. Kirkpatrick SI, Dodd KW, Reedy J, Krebs-Smith SM. Income and race/ethnicity
are associated with adherence to food-based dietary guidance among US
adults and children. J Acad Nutr Diet. 2012;112(5):624–35 e626.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Truesdale et al. BMC Nutrition            (2019) 5:38 Page 10 of 10


	Abstract
	Background
	Methods
	Results
	Conclusions
	Clinical trial registry numbers

	Background
	Methods
	Study design and participants
	Dietary assessments
	Covariates
	Exclusions
	Statistical analysis


	Results
	Discussion
	Vegetable consumption
	Protein sources
	Fruits and whole fruits
	Racial/ethnic differences
	Strengths and limitations

	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

