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ABSTRACT
Background: Influences on diet quality during the transition from
adolescence to adulthood are understudied.
Objective: This study examined association of 3 diet-quality
indicators—Healthy Eating Index-2010 (HEI), Whole Plant Foods
Density (WPF), and Empty Calories (EC; the percentage of calories
from discretionary solid fat, added sugar and alcohol)—with lifestyle behaviors, baseline weight status, and sociodemographic characteristics in US emerging adults.
Design: Data come from the first 4 waves (annual assessments) of
the NEXT Plus Study, a population-based cohort of 10th graders
enrolled in 2010 (n = 566). At each assessment, participants
completed 3 nonconsecutive 24-h diet recalls, wore accelerometers for 7 d, and self-reported meal practices and sedentary behaviors. Self-reported sociodemographic characteristics were
ascertained at baseline. Generalized estimating equations examined
associations of time-varying diet quality with baseline weight
status and sociodemographic characteristics and time-varying lifestyle behaviors.
Results: Diet quality improved modestly from baseline (mean 6
SE: HEI, 44.07 6 0.53; WPF, 1.24 6 0.04; and EC, 35.66 6 0.55)
to wave 4 for WPF (1.44 6 0.05, P , 0.001) and EC (33.47 6 0.52,
P , 0.001), but not HEI (45.22 6 0.60). In longitudinal analyses,
higher HEI and lower EC scores were observed in Hispanic compared with white participants. Better diet quality was associated
with greater moderate-to-vigorous physical activity, more frequent
breakfast and family meals, less frequent fast food and meals during
television viewing, and shorter durations of television viewing,
gaming, and online social networking. Diet-quality indicators were
not consistently associated with time-varying physical inactivity,
baseline weight status, or sociodemographic characteristics.
Conclusions: Diet quality of emerging adults in the US remained
suboptimal, but some aspects improved marginally over the 4-y
study period. Meal contexts and sedentary behaviors may represent
important intervention targets. There is substantial room for improvement in diet quality in all sociodemographic subgroups. This
trial was registered at clinicaltrials.gov as NCT01031160.
Am J
Clin Nutr doi: 10.3945/ajcn.116.150029.
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INTRODUCTION

US youth consume inadequate amounts of recommended food
groups, including fruit, vegetables, and whole grains, and excessive amounts of sodium, refined grains, solid fat, and added
sugar (1). Aspects of diet quality are particularly suboptimal in
adolescents relative to younger children (2). Adolescents consume w10% of the recommended amount of greens and beans
and w50% of the recommended amount of total vegetables and
whole grains. Consumption of energy from empty calories (EC;
solid fat, added sugar, and excessive alcohol) is w50% more
than the recommended limit (2). Emerging adulthood, the
transition between adolescence and adulthood, is recognized
as a critical developmental period of increasing autonomy (3)
during which lifelong health behaviors are established (4). Understanding diet-quality trajectories and identifying modifiable
influences during this developmental stage is warranted given
the initiation of adverse cardiometabolic health trajectories in
early adulthood (5) and the importance of diet quality for
chronic disease and mortality risk (6, 7).
Lifestyle behaviors, such as meal practices and sedentary
behaviors, may affect diet quality through their influence on the
social and environmental contexts of eating occasions. In younger
children and older adults, cross-sectional studies show that better
diet quality is associated with more frequent breakfasts (8) and
family meals (9), whereas poorer diet quality is related to greater
fast food intake (10) and television viewing (11). Associations of
diet quality with physical activity, inactivity, and sedentary
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behaviors other than television viewing have received less attention in the literature. Physical activity declines between
childhood and early adolescence (12), and recent data indicate
that ,10% of older adolescents meet guidelines of $60 min/d
of moderate-to-vigorous physical activity when assessed objectively (13). In contrast, adolescents devote more time to
media use than any behavior other than sleep, and usage of the
various types of media increased considerably (e.g., 19% for
television content, 230% for computer use) between 1999 and
2009 (14). Additionally, ~75% of adolescents have access to a
smartphone (with only 12% having no access to a cell phone)
(15), almost double the proportion owning a cell phone in 2004.
Investigating how these behaviors relate to diet quality in US
emerging adults may inform intervention strategies for improving diet quality in this population.
Previous research on behavioral correlates of diet quality has
focused on intake of specific nutrients (4), food groups (16), or
overall energy intake (17). Fewer studies have examined correlates of overall diet quality (10, 18), which give a more holistic
representation of dietary intake, taking into account that diet
involves a combination of interrelated nutrients and foods (19).
Moreover, research in this area has been primarily cross-sectional
(10) and is based on geographically limited US samples (16),
indicating the need for more generalizable, prospective studies.
The purpose of this study was to examine behavioral correlates and
baseline predictors of diet quality over the transition to adulthood
in a contemporary, diverse national cohort of US 10th graders.

METHODS

Sample
The NEXT Generation Health Study is a nationally representative cohort of 2785 10th graders recruited from 81 public,
private, and parochial schools in the United States by using a
multistage sampling design stratified by census division (20). The
participant flow diagram is presented in Figure 1. The NEXT
Plus subsample was systematically sampled from among NEXT
participants by using geographic cluster sampling to identify 20
urban, suburban, and rural communities in each census division,
from which 44 schools were selected. Two classrooms within
these schools were randomly selected, from which 7 normalweight [BMI (in kg/m2) percentile $5 to ,85] and 7 overweight
(BMI percentile $85) NEXT participants were approached to
participate in NEXT Plus to provide additional assessments. An
approximately equal number of normal-weight (n = 286) and
overweight (n = 281) participants were enrolled (73% response
rate); 1 participant refused to complete NEXT Plus assessments
after enrollment, leaving 566 NEXT Plus participants for this
analysis. Students with no blood conditions associated with increased bleeding risk were eligible to participate in NEXT Plus.
Data from the first 4 waves of NEXT Plus were included in this
analysis. Participants were assessed annually [wave 1 = 10th grade
(2010), wave 2 = 11th grade, wave 3 = 12th grade, wave 4 = 1 y
after high school] during the spring semester, with 81% retention in
wave 4. Parental informed consent and youth assent were obtained
at baseline, and youth informed consent was obtained on reaching
18 y of age. Procedures were approved by the Institutional Review
Board of the Eunice Kennedy Shriver National Institute of Child
Health and Human Development.

Diet assessment
Participants completed 3 nonconsecutive 24-h diet recalls
annually using the Automated Self-Administered 24-Hour Recall
(ASA24)8 developed by the National Cancer Institute. The
ASA24 is a web-based tool for collecting self-administered 24-h
diet recalls modeled on and validated against the intervieweradministered Automated Multiple Pass Method 24-h recall (21,
22). Participants were prompted on 2 weekdays and 1 weekend
day to complete their recall for the day before and received $10
for each completed recall for a total of $30 after completing 3
recalls; recalls occurred over approximately the same period
during which participants completed the surveys and wore accelerometers (between 3 wk before and 1 wk after). The ASA24
prompts participants to record details regarding food preparation, brands, portion size, and additions to assigned food codes
from the USDA Food and Nutrient Database for Dietary Surveys. This information is used to provide estimates of macronutrient, micronutrient, food categories, and USDA Food
Patterns Equivalents Database food groups. In accordance with
the method used for excluding records with implausible energy
intakes in the Nurses’ Health Study, diet data from participants
were excluded if estimated mean daily energy intakes were
,500 or $5000 kcal/d. This method produces similar associations of dietary predictors and health outcomes as more complicated methods, such as the Goldberg method or the predicted
total energy expenditure method (23). The upper limit was extended in consideration for the age and sex characteristics of the
NEXT Plus sample. Approximately 4% of the recalls were excluded; intakes were multiply imputed as described below.
Participants were not asked to complete the dietary supplements
module.
Diet quality indicators
Scores on 3 a priori diet-quality indicators, the Healthy Eating
Index-2010 (HEI), Whole Plant Food Density (WPF), and EC,
were calculated from diet recall data. This set of indicators was
selected to reflect both overall diet quality (HEI) as well as more
specific overall measures of dietary factors that are most notably
underconsumed or overconsumed relative to recommendations
(WPF and EC, respectively). The HEI reflects conformance to the
2010 US Dietary Guidelines for Americans, with higher scores
indicating greater conformance (24). The total score ranges from
0 to 100 and is calculated by summing 12 component scores, each
reflecting a specific aspect of the Dietary Guidelines for
Americans. Component scores are truncated, with maximum
scores (5, 10, or 20, depending on the component) assigned for
intakes meeting the least stringent standard and prorated scores
for intakes not meeting the minimum standard. Component
scores are referred to as “adequacy components” (total fruit,
whole fruit, total vegetables, greens and beans, whole grains,
dairy, total protein, seafood and plant proteins, and fatty acids)
or “moderation components” (refined grains, sodium, and EC)
and are calculated on a per-1000-kcal or percentage-of-calories

8
Abbreviations used: ASA24, Automated Self-Administered 24-Hour
Recall; EC, Empty Calories; GEE, generalized estimating equation; HEI,
Healthy Eating Index-2010; MVPA, moderate-to-vigorous physical activity;
WPF, Whole Plant Foods Density.
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Participant flowchart.

basis to enable comparisons of diet quality across individuals
with varying energy requirements. The measure was developed
for surveillance of all individuals to whom the USDA Food
Patterns apply, including children $2 y of age. The measurement’s reliability and validity have been established after
extensive evaluation, including verification that it is internally consistent, distinguishes meaningful differences in diet
quality between individuals, assesses diet quality independent
of energy intake, and reflects multiple dimensions of diet
quality (25).
WPF (26) is a continuous measure calculated as the sum of cup
or ounce equivalents of whole plant foods (whole grains, whole
fruit, vegetables, legumes, nuts, and seeds) as based on the
disaggregated food groupings in the USDA Food Patterns
Equivalents Database per 1000 kcal energy consumed. The
measure was developed to reflect the intake of plant foods.
Minimum recommendations include 3-cup or 3-oz equivalents
per 1000 kcal whole grains, fruits, and vegetables combined (24);
no specific guidelines exist for intake of nuts and seeds. The WPF

measurement has been correlated with cardiovascular biomarkers
in the general US population (26).
EC was examined as an indicator of discretionary intake
(i.e., foods that contribute energy but nominal nutritional value to
the diet). The measurement, based on the EC component of the
HEI, represents the proportion of energy intake from added
sugars, discretionary solid fat, and excess alcohol (24). In contrast
to the HEI-2010 EC component, which is a truncated score, we
investigated EC as a continuous measurement ranging from 0% to
100% of energy intake. We additionally calculated EC in units of
total kcal for descriptive purposes. Recommendations specify
that EC should not exceed 19% of energy intake (24).
Lifestyle behaviors
Objectively measured physical activity
Objectively measured physical activity was assessed annually;
details have been described elsewhere (13). Briefly, participants
were asked to wear an accelerometer (GT3X; ActiGraph) on their
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hip for $10 h/d for 7 consecutive days, except during swimming
or bathing. Data from participants with $500 recorded min/d for
4 d were included. ActiLife (ActiGraph) was used to calculate
the average daily number of minutes of moderate-to-vigorous
physical activity (MVPA, defined as $2296 counts/min), and
sedentary activity (defined as #100 counts/min) in accordance
with published cutoffs (27).
Meal practices
Questions regarding meal practices on the annual survey were
based on items from the multinational Health Behavior in SchoolAged Children Study (28). Participants indicated past-week
frequency of having breakfast [“How often do you usually
have breakfast (more than a glass of milk or fruit juice)”],
having family meals (“How often do you have an evening meal
together with your mother or stepmother or father or stepfather,”
assessed waves 1–3 only), watching television during meals
(“How often do you watch television during a meal at home,”
assessed waves 1–3 only), and eating fast food (“How often do
you eat in a fast food restaurant”). Responses for family meals
and television during meals included never, ,1 time/wk,
1–2 d/wk, 3–4 d/wk, 5–6 d/wk, or every day. For fast food,
response options included never, rarely (,1 time/mo), 1 time/mo,
2–3 times/mo, 2–4 d/wk, or $5 d/wk. For breakfast, participants
reported separately for weekdays (response options included
never and 1, 2, 3, 4, and 5 d) and weekend days [response options
included never, 1 d of the weekend (Saturday or Sunday), and
both weekend days (Saturday and Sunday)]. Responses were
converted to represent the number of days per week by using the
midpoint of the response option ranges (e.g., 1–2 d/wk was
converted to 1.5). The maximum value for fast food frequency
was 5, reflecting $5 d/wk.
Self-reported sedentary behaviors
Participants reported time spent watching television [“watch
television (including videos or DVDs) or use a DVD player”],
gaming [“play games on a computer or game console
(Playstation, Xbox, GameCube, etc.)”], and social networking
[“use a computer or cell phone for chatting online, internet,
emailing, texting, tweeting, or similar social networking (other
than for a job or school work)”] on the annual survey. Participants responded separately for weekdays and weekend days.
Response options included none and w0.5, w1, w2, w3, w4,
w5, w6, or w$7 h/d and were converted to the number of
hours per day (ranging from 0 to 7). Test-retest reliability in
younger international samples for computer and television use
has ranged from 0.54 to 0.81 (29, 30).
Baseline predictors
Sociodemographic characteristics
Participants self-reported sociodemographic characteristics at
baseline, including sex, race/ethnicity (categorized as nonHispanic white, non-Hispanic black, Hispanic, and other), and
age. In addition, the Family Affluence Scale, an ordinal measurement ranging from 0 (low affluence) to 7 (high affluence),
was calculated based on participant survey responses regarding
household car and computer ownership, frequency of family
vacations, and bedroom sharing (31). Parent education was

ascertained during the consent process and categorized as high
school graduate or General Education Development graduate,
some post–high school education, and Bachelor’s degree or
more.
Anthropometrics
Baseline weight was measured by using a calibrated digital
scale (Healthometer 489KL), with excess clothing, shoes, and
additional items removed. Baseline height without shoes was
measured by using a stadiometer (SECA). Baseline weight status
was calculated according to CDC age- and sex-adjusted BMI
percentile cutoffs (normal weight: BMI percentile $5 to ,85;
overweight: BMI percentile $85).
Statistical analysis
Multiple imputation by chained equations assuming missing at
random (32, 33) was used for missing data. Generally, ,10% of
the data for the variables were missing, although because of loss
to follow-up, missingness of the diet data reached 28% by wave
4. Fifty imputed datasets were generated by using IVEware (34).
Datasets were analyzed separately and results combined by using Rubin’s rule in StataSE version 14 (StataCorp LP).
First, by using unadjusted linear regression models with
generalized estimating equation (GEE) with robust SE estimation, we estimated the mean values for each diet-quality indicator
and lifestyle behavior over time (wave) and performed an overall
test for time trend. Next, adjusted GEE models investigated
whether baseline weight status and sociodemographic characteristics (age, sex, race/ethnicity, Family Affluence Scale score,
parent education) predicted time-varying diet-quality indicators.
Finally, the associations of diet-quality indicators with each timevarying lifestyle behavior (meal practices, physical and sedentary
activity, and self-reported sedentary behaviors) were estimated
by using separate, adjusted GEE models (controlling for baseline
weight status and sociodemographic characteristics as in the
previous models). Analyses of associations with watching television during meals and with family meals were restricted to
waves 1–3 because these were not assessed at wave 4.
RESULTS

Just over half of the 566 participants were female; baseline age
was 16.5 y (Table 1). By design, approximately half of the
participants were normal weight, and the other half were overweight or obese at baseline. Over half of the sample was of
racial-ethnic minority, and approximately two-thirds of the
sample had parents with more than a high school or General
Education Development diploma but less than a bachelor’s degree. At baseline, mean duration of MVPA was ,30 min/d, and
sedentary activity duration exceeded 8 h/d. On average, participants
skipped breakfast .2 d/wk and ate at a fast-food restaurant
$1 d/wk. Participants reported using a computer or cell phone for
social networking nearly 4 h/d, longer than the combined duration
of the other sedentary behaviors.
Mean diet quality indicator scores changed modestly over
waves 1–4 (Table 2). Minor improvements in diet quality, as
indicated by an increase in the WPF score and a decrease in EC,
were observed in wave 4 compared with wave 1. The HEI at
wave 4 was not statistically significantly different from that at
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TABLE 1
Baseline sociodemographics and lifestyle behaviors in the NEXT Plus
study (n = 566, imputations = 50)
Mean 6 SE
Sociodemographics
Female, %
Age, y
Weight status,1 %
Normal weight
Overweight
Obese
Race/ethnicity, %
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
Family Affluence Score2
Parent education, %
#High school graduate/GED3
Some post-high school
$College degree
Lifestyle behaviors
Physical activity, h/d
Moderate-to-vigorous physical activity
Sedentary activity
Meal practices, d/wk
Breakfast
Family meals
Fast food
Television during meals
Sedentary behaviors, h/d
Electronic gaming
Social networking
Television viewing

54.6 6 2.1
16.5 6 0.0
51.0 6 2.1
22.8 6 1.8
26.3 6 1.9
44.9
16.6
33.9
4.6
5.1

6
6
6
6
6

2.1
1.6
2.0
0.9
0.1

36.1 6 2.0
40.5 6 2.1
24.3 6 1.8
0.4 6 0.0
8.3 6 0.1
4.6
2.5
1.0
3.3

6
6
6
6

0.1
0.1
0.1
0.1

1.2 6 0.1
3.9 6 0.1
2.3 6 0.1

1
Normal weight: BMI percentile $5 to ,85; overweight: BMI percentile $85 to ,95; obese: BMI percentile $95.
2
Validated scale ranging from 1 to 5; higher scores reflect greater
affluence.
3
GED, General Education Development.

wave 1. Unadjusted time-varying associations between the indicators are presented in the online supplemental material
(Supplemental Table 1). As expected, HEI and WPF were
positively associated; EC was inversely associated with HEI and
WPF.
Baseline sociodemographic characteristics (sex, family affluence, and parent education) were not consistently associated
with time-varying diet-quality indicators (Table 3), except that
more favorable HEI and EC scores were observed in Hispanic
relative to non-Hispanic white participants. WPF scores were
greater in females than in males, but sex was not related to HEI
or EC.
Results from models estimating associations of time-varying
diet-quality indicators with time-varying lifestyle behaviors indicate that more MVPA was associated with higher HEI and WPF,
whereas sedentary activity was not associated with any dietquality indicator (Table 4). In contrast, meal practices and
self-reported sedentary behaviors were consistently associated
with diet quality. More frequent breakfast and family meals
were associated with higher HEI and WPF scores and lower EC
scores. Conversely, more frequent fast food, television viewing,
and social networking were associated with lower HEI and WPF
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scores and higher EC scores. Similarly, more frequent television
during meals was associated with lower HEI and WPF scores,
whereas gaming was associated inversely with HEI and positively with EC.
DISCUSSION

To our knowledge, this is the first longitudinal study of overall
diet quality and its association with time-varying lifestyle behaviors
in US emerging adults. At baseline, this national cohort of US 10th
graders consumed less than half the minimum recommended
amount of whole plant foods and met less than half of minimum
guidelines overall as indicated by an HEI score of ,50. Intake of
EC, accounting for nearly 36% of energy intake, equivalent to
w680 kcal/d, was nearly 75% greater than the recommended
maximum intake. Diet quality remained well short of minimum
guidelines but improved modestly during the transition to young
adulthood with respect to WPF and EC. Few sociodemographic
differences in diet quality over this 4-y period were observed. In
contrast, diet quality over time was associated positively with
breakfast and family meal frequency and negatively with frequency of fast food, watching television during meals, and selfreported sedentary behaviors.
Previous cross-sectional studies have shown that diet quality in
adolescents is poorer than in younger children (1, 2) and older
adults (1, 35). A prospective study of students in Minnesota
assessed in 1999 and 2004 showed a decrease in fruit and
vegetable intake and an increase in fast-food intake from
childhood and young adolescence to older adolescence (16). Only
one previous prospective study has reported change in dietary
intake between adolescence and adulthood; the study, conducted
in Norway in the 1990s, reported a decrease in fruit and vegetable
intake and an increase in sweets and chocolate and in sugarcontaining soft drinks between ages 14 and 21 y (36). This
evidence, taken together with the current estimates showing
stable or modest improvement in diet quality between w16.5 and
20.5 y of age suggests adolescence may represent the nadir of
diet quality over the life course.
We observed few associations of diet quality over time with
baseline sociodemographic characteristics other than modestly
more optimal HEI and EC scores in Hispanic participants relative
to non-Hispanic whites. Similarly, several cross-sectional studies
conducted after the year 2000 have shown better diet quality in
Mexican-Americans and Hispanics relative to non-Hispanic
black and non-Hispanic white children, adolescents, and adults
(1, 37, 38). The null association of diet quality over time with
family affluence is consistent with cross-sectional studies based
on data from NHANES collected between 2001 and 2006
showing no association of diet quality with income in youth (1,
37, 38). In contrast, the findings are not consistent with disparities
in diet quality observed in The Coronary Artery Risk Development in Young Adults Study, a prospective, multisite study
conducted between 1985 and 2006 in adults aged 18–30 y at
baseline (35). In that study, socioeconomic disparities in
diet quality persisted but decreased over time which, taken
in context with this data and other recent evidence, may
indicate secular changes in the association of socioeconomic
status with diet quality. It should be noted that the present
study is not equipped to answer questions about the association of diet quality with severe poverty or food insecurity.
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TABLE 2
Diet-quality indicator scores and lifestyle behaviors by wave in the NEXT Plus study, 2010–2014 (n = 566, imputations = 50)1

Diet-quality indicators
HEI
WPF
EC
Physical activity, h/d
Moderate-to-vigorous
physical activity
Sedentary activity
Meal practices, d/wk
Breakfast
Family meals
Fast food
Television during meals
Sedentary behaviors, h/d
Electronic gaming
Social networking
Television viewing

Wave 1

Wave 2

Wave 3

Wave 4

P2

44.07 6 0.53
1.24 6 0.04
35.66 6 0.55

45.66 6 0.52**
1.31 6 0.04
34.02 6 0.42**

44.85 6 0.54
1.38 6 0.06*
33.32 6 0.47**

45.22 6 0.60
1.44 6 0.05**
33.47 6 0.52**

0.22
,0.001
,0.001

0.42 6 0.01

0.44 6 0.01

0.45 6 0.01

0.43 6 0.02

0.67

8.34 6 0.06

8.69 6 0.06***

8.59 6 0.06**

8.38 6 0.08

0.92

4.55
2.46
1.02
3.33

6
6
6
6

0.10
0.08
0.05
0.12

1.17 6 0.06
3.95 6 0.11
2.27 6 0.08

4.29
2.20
1.00
2.98

6
6
6
6

0.10***
0.08***
0.05
0.11**

1.24 6 0.06
3.73 6 0.10*
2.12 6 0.07*

4.19
1.98
1.04
2.86

6
6
6
6

0.10***
0.07***
0.05
0.11***

1.12 6 0.06
3.80 6 0.10
2.09 6 0.06*

3.85 6 0.11***
—
1.19 6 0.05**
—
1.13 6 0.07
3.88 6 0.10
2.17 6 0.07

,0.001
,0.001
0.003
,0.001
0.32
0.72
0.19

1
Values are means 6 SEs. Estimates from linear GEEs predicting time-varying diet quality and lifestyle behaviors
over time (no covariates). *,**,***Different from wave 1: *P , 0.05, ** P , 0.01, *** P , 0.001. EC, Empty Calories
(percentage of energy from added sugar, discretionary solid fats, and alcohol); GEE, generalized estimating equation; HEI,
Healthy Eating Index-2010 (minimum: 0, maximum: 100; reflects conformance to 2010 Dietary Guidelines for Americans);
WPF, Whole Plant Foods Density (continuous measure representing sum of cup or ounce equivalents per 1000 kcal of
whole fruits, vegetables, legumes, nuts, and seeds).
2
Overall time trend from GEE regression models.

Similarly, with respect to weight status, our findings are in
line with those of a recent systematic review, which reported
that a majority of studies (18 out of 26) observed null associations between diet-quality indexes and weight status in
youth (39). Overall, these findings suggest that suboptimal
diet quality is not exclusive to any of these population
subgroups.
This study extends the literature on behavioral correlates of
diet quality by examining a broad range of time-varying lifestyle
behaviors and diet-quality indicators during an understudied
developmental stage. Findings largely confirm those from previous studies showing associations of aspects of better diet
quality with more frequent breakfast (8, 18) and family meals
(40) and with less frequent television viewing during meals (41,
42), eating at fast-food restaurants (17, 43), and overall television
viewing (11, 42, 44, 45). The consistency of these associations
across a variety of age groups supports the plausibility of causality between the variables, although controlled intervention
trials are necessary to confirm these observational findings.
The current findings have implications for understanding the
associations of diet quality with objectively measured physical
activity and self-reported sedentary behaviors. Time-varying
MVPA was positively associated with more favorable timevarying HEI and WPF scores, consistent with previous studies
showing positive associations of self-reported physical activity
with several aspects of better dietary intake in adolescents and
older adults (46, 47). Similarly, the inverse relations of television
viewing with all diet quality indicators and of gaming with HEI
and EC in this study are consistent with 2 prospective studies that
reported inverse associations of these behaviors with aspects of
diet quality (e.g., intake of fruits and vegetables, fast food, sugarsweetened beverages, and energy-dense snacks) (44, 48). To our

knowledge, the association of diet quality with social networking
and other Internet use has not been examined previously. The
inverse association of sedentary behaviors with diet quality may
result from concomitant, passive consumption of unhealthy foods
(49, 50) or the effects of exposure to marketing for energy-dense
foods (51), the latter of which is common to all 3 sedentary
behaviors examined herein (52). Our findings are consistent with
these hypothesized pathways and suggest the importance of
addressing suboptimal eating behaviors in these behavioral
contexts.
Limitations of this study include the observational study design, which limits inferences regarding causality, and the reliance
on self-reported data for several lifestyle behaviors (meal
practices and sedentary behaviors), which may be susceptible to
response bias. In addition, the Family Affluence Scale, although a
validated measure of family socioeconomic status, may be only a
proxy for household income, which may have affected our ability
to detect associations with diet quality. Although the diet assessment method may not reflect long-term diet quality, it is
likely to represent intake around the same time when other behaviors were assessed. Strengths of the study include the prospective design and repeated assessments of diet and several
lifestyle behaviors as well as the use of multiple 24-h recalls for
measuring dietary intake, an accelerometer for measuring
physical activity, and measured height and weight for assessing
weight status. The measurement of and adjustment for several
hypothesized confounders are additional strengths. Finally, the
use of multiple imputation reduces bias relative to complete case
analysis, and the diverse, national sample supports the generalizability of the results.
These findings demonstrate that overall diet quality remains
suboptimal across several population subgroups but improves
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TABLE 3
Associations of time-varying diet quality with baseline weight status and sociodemographic characteristics in the NEXT
Plus study, 2010–2014 (n = 566, imputations = 50)1
Dependent variable
HEI

WPF

b 6 SE

Independent variables

P

EC

b 6 SE

P

b 6 SE

P

2

Baseline weight status
(reference: normal weight)
Overweight
Obese
Sex (reference: male)
Baseline age, y
Height, cm
Race/ethnicity (reference:
non-Hispanic white)
Non-Hispanic black
Hispanic
Other
Family Affluence Scale3
Parent education (reference:
high school/GED)
Post–high school
$Bachelor’s degree

20.49
0.24
1.90
20.31
0.03

6
6
6
6
6

1.01
0.86
1.05
0.72
0.06

0.63
0.77
0.07
0.67
0.64

0.05
0.12
0.24
0.004
0.0005

6
6
6
6
6

0.08
0.07
0.08
0.06
0.005

0.57
0.08
0.003
0.95
0.91

0.55
20.62
1.15
20.06
0.04

6
6
6
6
6

0.76
0.77
0.84
0.60
0.04

0.47
0.42
0.17
0.92
0.35

20.14
3.82
2.51
20.19

6
6
6
6

0.95
0.95
1.85
0.28

0.88
,0.001
0.17
0.51

20.14
0.07
0.22
0.009

6
6
6
6

0.08
0.07
0.16
0.02

0.09
0.33
0.18
0.70

21.05
22.52
22.53
0.33

6
6
6
6

0.84
0.76
1.66
0.23

0.21
0.001
0.13
0.15

0.10 6 0.07
0.11 6 0.09

0.19
0.20

20.70 6 0.56
21.19 6 0.90

0.83 6 0.89
0.43 6 1.09

0.35
0.70

0.36
0.19

1
Estimates from linear generalized estimating equations examining associations of each dependent variable with all
independent variables. EC, Empty Calories (percentage of energy from added sugar, discretionary solid fats, and alcohol);
GED, General Education Development; HEI, Healthy Eating Index 2010 (minimum: 0, maximum: 100; reflects conformance to 2010 Dietary Guidelines for Americans); WPF, Whole Plant Foods Density (continuous measure representing sum
of cup or ounce equivalents per 1000 kcal of whole fruits, vegetables, legumes, nuts, and seeds).
2
Normal weight: BMI percentile $5 to ,85; overweight; BMI percentile $85 to ,95; obese: $95).
3
Validated ordinal scale ranging from 1 to 7; higher scores reflect greater affluence.

modestly during emerging adulthood. Improved diet quality over
time was consistently associated with several modifiable, timevarying behaviors, including more frequent family meals and

breakfast, less frequent television during meals, and lower duration
of television viewing, social networking, and gaming. The potential for age-related differences in developmental, social, and

TABLE 4
Time-varying associations of diet quality with physical activity, meal practices and sedentary behaviors in the NEXT Plus
study, 2010–2014 (n = 566, imputations = 50)1
Dependent variable
HEI
Independent variables

b 6 SE

Physical activity, h/d
Moderate-to-vigorous physical activity
1.99 6 0.94
Sedentary activity
0.32 6 0.22
Meal practices, d/wk
Breakfast
0.69 6 0.13
Family meals
0.54 6 0.19
Fast food
21.38 6 0.25
Television during meals
20.48 6 0.12
Sedentary behaviors, h/d
Television viewing
20.60 6 0.18
Gaming
20.44 6 0.20
Social networking
20.55 6 0.13

WPF
P
0.03
0.16

b 6 SE
0.32 6 0.09
0.03 6 0.02

,0.001
0.005
,0.001
,0.001

0.06
0.05
20.11
20.04

6
6
6
6

0.001
0.03
,0.001

20.06 6 0.02
20.01 6 0.02
20.04 6 0.01

0.01
0.02
0.03
0.01

EC
P

b 6 SE

0.001 21.25 6 0.78
0.13 20.09 6 0.18

P
0.11
0.60

,0.001 20.28 6 0.11
0.001 20.35 6 0.16
,0.001
1.01 6 0.23
0.001
0.21 6 0.11

0.02
0.03
,0.001
0.06

,0.001
0.52
,0.001

,0.001
0.006
0.003

0.58 6 0.16
0.47 6 0.17
0.32 6 0.11

1
Estimates from generalized estimating equations examining associations of each dependent variable with each independent variable, separately. Covariates included time (wave) and time-varying height and baseline age, sex, weight
status, race/ethnicity, Family Affluence Scale score, and parent education. EC, Empty Calories (percentage of energy from
added sugar, discretionary solid fats, and alcohol); HEI, Healthy Eating Index-2010 (minimum: 0, maximum: 100; reflects
conformance to 2010 Dietary Guidelines for Americans); WPF, Whole Plant Foods Density (continuous measure representing sum of cup or ounce equivalents per 1000 kcal of whole fruits, vegetables, legumes, nuts, and seeds).
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environmental characteristics to modify the associations of behavioral factors with diet quality may be an important area for
further study. Additionally, the strength of the observed associations of diet-quality indicators with different behavioral factors
was similar, although we observed that the associations with
MVPA and fast-food frequency tended to be stronger than for other
behaviors, which may inform specific behavioral intervention
targets. Overall, these findings suggest that there is widespread
need for improvement in diet quality in emerging adults. The
behavioral correlates identified in this study may represent attractive lifestyle modification targets for achieving this objective.
The authors’ responsibilities were as follows—LML: designed the research, analyzed the data, wrote the manuscript, and had primary responsibility for the final content; BS-M, RJI, CAP, DLH, DL, and KL: designed the
research; and all authors: interpreted the data, revised the manuscript, read
and approved the final manuscript. None of the authors reported a conflict of
interest related to the study.
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