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Abstract

Background—National and state-level self-reported frequency of fruit and vegetable 

consumption is available for high school students from the Centers for Disease Control and 

Prevention’s Youth Risk Behavior Surveillance System (YRBSS). YRBSS monitors priority 

health-risk behaviors among a nationally representative sample of US high school students and 

representative samples of students in states and selected large urban school districts. However, 

YRBSS measures intake in times per day and not the cup equivalents national goals use, which 

limits interpretation.

Objective—To help states track youth progress, scoring algorithms were developed from external 

data and applied to 2013 YRBSS data to estimate the percentages of high school students in the 

nation and 33 states meeting US Department of Agriculture Food Patterns fruit and vegetable 

intake recommendations.

Design—24-hour dietary recalls were used from the 2007–2010 National Health and Nutrition 

Examination Survey to fit sex-specific models for 14–18 year olds that estimate probabilities of 

meeting recommendations as a function of reported frequency of consumption and race/ethnicity, 
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adjusting for day-to-day dietary variation. Model regression parameters were then applied to 

national cross-sectional YRBSS data (N=12,829) and to data from the 33 states (N=141,006) that 

had complete fruit and vegetable data to estimate percentages meeting recommendations.

Results—Based on the prediction equations, 8.5% of high school students nationwide met fruit 

recommendations (95% confidence interval 4.9%, 12.1%) and 2.1% met vegetable 

recommendations (95% confidence interval 0.0%, 8.1%). State estimates ranged from 5.3% in 

Nebraska and Missouri to 8.9% in Florida for fruit and 1.0% in New Jersey, North Dakota, and 

South Carolina to 3.3% in New Mexico for vegetables.

Conclusions—This method provides a new tool for states to track youth progress towards 

meeting dietary recommendations and indicates that a high percentage of youth in all states 

examined have low intakes of fruits and vegetables.
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Introduction

Healthy eating patterns are associated with a reduced risk of cardiovascular disease, type 2 

diabetes, certain types of cancers such as colorectal and breast cancers, overweight, and 

obesity.1 Higher intakes of vegetables and fruits have consistently been identified as 

characteristics of healthy eating patterns and are important sources of many nutrients that are 

under-consumed in U.S. diets including dietary fiber, potassium, magnesium, choline, and 

vitamins A, C, and E.1 Despite these benefits, 2007–2010 data from the National Health and 

Nutrition Examination Surveys (NHANES) indicate that 75% of the US population 

consumed less fruit than recommended and 87% consumed fewer vegetables than 

recommended.2

Unhealthy dietary behaviors established early in life may extend into adulthood.3 Among 

children, adherence to fruit and vegetable intake recommendations declines with age. 2 

About one quarter of 1–3 year old children consumed fewer fruit than recommended versus 

85–87% of 14–18 year olds.2 Approximately 85% of 1–3 year olds did not consume enough 

vegetables versus 96–98% of 14–18 year olds.2 Children and adolescents who are inactive 

should be consuming 1–2 cup equivalents of fruits and 1–3 cup equivalents of vegetables 

daily depending on their age and sex according to the US Department of Agriculture 

(USDA) Food Patterns intake recommendations, one pattern consistent with the Dietary 

Guidelines for Americans .4;5 Active individuals should consume more. One cup is 

approximately 1 small apple (149 g) or 12 baby carrots (120 g).4;5

Twenty-four hour dietary recall (24HR) data from NHANES are the source for monitoring 

national progress towards meeting USDA Food Patterns fruit and vegetable 

recommendations, hereafter referred to as federal recommendations. However, national 

estimates may mask significant state level variation 6;7; NHANES is not designed to produce 

state-specific estimates. The Centers for Disease Control and Prevention’s Youth Risk 

Behavior Surveillance System (YRBSS) and Behavioral Risk Factor Surveillance System 
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(BRFSS) monitor state and local level priority health behaviors and risk factors among high 

school students and adults, respectively. Both surveys measure the frequency of fruit and 

vegetable intake, but frequency of intake cannot be directly compared to federal 

recommendations.4;5;8 Federal recommendations are measured in cup equivalents and 

frequency of intake is not equal to cup equivalents consumed.9;10 For example, males aged 

18–27 drink a median of 1.5 cups of 100% fruit juice each time they have juice but only 

consume a third cup of salad each time.10

Scoring procedures that estimate the state-specific percentages of adults meeting federal 

recommendations using BRFSS were recently developed using 2007–2010 NHANES.7 

Comparable scoring algorithms are needed for YRBSS, which focuses on a younger 

population than the BRFSS and uses different questions to measure fruit and vegetable 

frequency of intake. To address this state level surveillance gap, scoring algorithms were 

derived based on prior methods for BRFSS 7 and applied to 2013 YRBSS frequency data to 

estimate the percentage of high school students meeting fruit and vegetable intake 

recommendations.

Materials and Methods

This study was deemed exempt by the Centers for Disease Control and Prevention 

Institutional Review Board because only public use data was used.

NHANES Background

NHANES data from 2007–2010 were used to derive the scoring algorithms to apply to 

YRBSS data. A full description of NHANES methods is available elsewhere.11 Briefly, 

since 1999, NHANES has conducted annual interviews and physical examinations on a 

nationally representative sample of about 5,000 adults and children in the United States to 

assess health and nutritional status. Survey participants 12 years and older completed an 

initial interviewer-administered 24HR during the physical examination and a second 24HR 

by telephone approximately 3 to 10 days after the exam. All NHANES 2007–2010 

participants aged 14–18 years of age with a complete 24HR were included in the 

development of the scoring algorithm (N=1,535 participants; 220 participants with only 1 

24HR and 1,315 participants with 2 24HRs).

YRBSS Background

Conducted biennially since 1991, the YRBSS monitors priority health-risk behaviors, 

including fruit and vegetable intake, via a nationally representative survey of 9th–12th grade 

students in all public and private US high schools and separate state surveys that are 

representative samples of students in states and selected large urban school districts.12 A full 

description of the surveillance system is provided elsewhere.12 On the YRBSS national 

questionnaire, students are asked how often, during the past 7 days, they consumed 100% 

fruit juice such as orange juice, apple juice, or grape juice (not including punch, Kool-Aid, 

sports drinks, or other fruit-flavored drinks); fruit (not including 100% fruit juice); green 

salad; potatoes (not including French fries, fried potatoes, and potato chips); carrots; and 

other vegetables (not including green salad, potatoes, or carrots) via a self-administered 

Moore et al. Page 3

J Acad Nutr Diet. Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



questionnaire in their classrooms. Response options included 0, 1–3, or 4–6 times during the 

past 7 days or 1, 2, 3, or 4 or more times per day. In 2013, 33 states asked each of these 6 

questions about fruit and vegetable intake and had a sufficient overall response rate to obtain 

data weighted to be representative of the state; these states were included in analyses. Five 

states were excluded from analysis because they did not have a sufficient response rate for 

state-representative data (response rates <60% for California, Colorado, Indiana, Iowa, and 

Pennsylvania). Nine states were excluded because data on these 6 fruit and vegetable 

questions were not asked or modified or were unavailable (Arizona, Delaware, Hawaii, 

Louisiana, Maine, Massachusetts, New Hampshire, New York, and Wisconsin). Three states 

did not participate in the 2013 YRBSS (Minnesota, Oregon, and Washington).

In 2013, the overall response rate for the YRBSS national sample was 68.0%.13 The overall 

response rates for states in YRBSS surveys included in this analysis ranged from 60% to 

87%.14 Students from the YRBSS national sample and the 33 state samples who answered 

all 6 fruit and vegetable frequency questions as on the national survey and who reported 

their race/ethnicity were included in analyses. Among the 13,583 students in the 2013 

national Youth Risk Behavior Survey dataset, 407(3%) did not answer all 6 fruit and 

vegetable frequency questions and 307(2%) did not report their race/ethnicity or age; these 

students were excluded from analyses. An additional 40 students under the age of 14 years 

were excluded to correspond to the data from the NHANES participants used to create the 

scoring algorithms. The final analytic sample for the national dataset was 12,829 students. 

On average, 6% of students were excluded from the state samples due to missing data 

ranging from 1% in Oklahoma to 12% in Maryland. Responses that included a range of 

values were assigned the midpoint of the range and then divided by 7 to determine daily 

intake. Daily frequencies were capped at 4 times a day for those respondents who indicated 

they consumed a fruit or vegetable 4 or more times per day. Student self-reported race/

ethnicity was classified as non-Hispanic Black, Hispanic, or all others including non-

Hispanic whites to be consistent with prior work estimating percentages meeting 

recommendations. 7;15

Development of the Prediction Model

Scoring algorithms to estimate the percentage of the nation’s and each state’s youth 

population meeting fruit and vegetable intake recommendations were derived and applied to 

YRBSS following methods previously developed for BRFSS.7 The steps involved in the 

development and application of the final scoring algorithm are outlined in Figure 1. Two 

types of variables derived from NHANES 24HR data were needed to develop the scoring 

algorithms: times per day each fruit and vegetable group was consumed (independent 

variables) and cup equivalents from all sources of fruits and vegetables (dependent 

variables). These variables are described below. Since YRBSS has been shown to 

overestimate mean intake of fruits and vegetables,9 YRBSS daily frequencies of intake were 

examined to determine whether a correction was necessary to avoid overinflating 

percentages meeting recommendation estimates.

Moore et al. Page 4

J Acad Nutr Diet. Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Independent Variables

Using NHANES 24HRs, the reported number of times per day fruits and vegetables were 

consumed was calculated. To derive this, all foods and beverages reported on the 24HRs 

were sorted based on main ingredients into one of the 6 fruit and vegetable food groups on 

the 2013 YRBSS questionnaire or labelled as all other foods (Online Supplementary Table 

1). Fried potatoes (e.g. french fries, potato chips) and non-100% fruit juices (e.g. punch, 

Kool-Aid, sports drinks, or other fruit-flavored drinks) were excluded because YRBSS 

explicitly instructs respondents not to include these items. The number of times each 

participant reported any food classified as one of the 6 fruit and vegetable groups was then 

summed for each day of report. Some foods from the 24HRs were excluded because 

cognitive testing indicates that when individuals are asked food frequency questions, they do 

not consider some types of foods without explicit prompting.16–18 These excluded foods 

consisted of baby foods, dried fruit, condiments including tomato sauces (salsa, ketchup, 

spaghetti sauce, etc.), olives, pickles, relishes, vinegars, and fruits and vegetables eaten in 

combination with other foods such as tomatoes and lettuce in sandwiches, fruit in yogurts, or 

tomato sauce on pizza. Reported frequencies greater than 4 times per day were capped at 4 

to correspond with the highest allowable response option on the YRBSS questionnaire. 

Frequencies extracted from the NHANES 24HR were used as the independent variables in 

the scoring algorithms.

Dependent Variables

The second set of variables calculated from the NHANES 24HR data was reported cup 

equivalents of fruits (except non-100% fruit juice beverages) and of vegetables (except fried 

potatoes) consumed from all foods reported on the 24HRs. These variables include foods 

and beverages previously excluded when estimating times per day variables (e.g., baby 

foods, dried fruit) to account for foods typically forgotten when answering dietary screeners 

as background intake. All reported single and multi-ingredient foods and beverages were 

separated into their components and assigned cup-equivalents of fruits and vegetables 

according to standard recipes using the USDA Food Patterns Equivalents Databases 2007–

2008 and 2009–2010.19;20 For each individual, cup equivalents of fruits and vegetables from 

all relevant food sources (excluding non-100% fruit juices and fried potatoes) were totaled 

for each day of report. Total cup equivalents of fruits and total cup equivalents of vegetables 

were used as the dependent variables in the scoring algorithms.

Simulated Usual Intake Amounts

The two types of variables above were used to simulate individual usual intake amounts by 

fitting one- or two-part nonlinear mixed models using macros provided by the National 

Cancer Institute (NCI).21 These simulated intakes reflect relationships between reported 

frequencies of the 6 fruit and vegetable groups per day and usual intake amounts after 

adjusting for day-to-day dietary variation, participant’s race/ethnicity, day of week 

(weekend: Friday–Sunday vs. weekdays: Monday–Thursday), and sequence (first vs. second 

24HR).

Consistent with prior work, models were estimated by sex for fruits and vegetables. 15;22 

Two-part nonlinear mixed models were used to estimate the usual fruit intake amounts and 
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the usual vegetable intake amounts since both fruit and vegetables were consumed 

episodically (40% of 24 hour recall days had zero intake for fruit and 12% had zero intake 

for vegetables).15;23 For fruit, the first part of these two-part models, indicated as Part I 

models below, model the probability of consuming any fruit (defined as cup equivalents of 

fruit consumed > 0) by extracted times per day fruit juice and whole fruits were consumed 

for each NHANES participant’s day of recall. The second part of the two-part fruit model, 

indicated below as Part II fruit models, estimate the amount of fruit consumed in cup 

equivalents by the frequencies of fruit juice and fruit intake for each reported recall day 

among those who ate any fruit. Amount data were transformed to approximate normality, 

using the Box-Cox transformation as part of the model-fitting process. Part I and Part II 

models were fit simultaneously.23 Additional details regarding how models were fit are 

available from prior work.7 Models for vegetables were similar to models for fruit and 

included extracted times per day green salad, potatoes, carrots, and other vegetables were 

consumed. Dummy variables were included for all models to account for variation due to 

collecting 24HR on weekends versus weekdays (weekend effect), first versus second 24HR 

(sequence effect), and race/ethnicity (Hispanic and non-Hispanic Black versus a referent 

group of non-Hispanic others). Similar to prior methods,7 most (50%–63%) of the variation 

in the predicted amounts of fruits and vegetables consumed on consumption days is 

explained by frequency of intake. All modeling accounted for the NHANES survey design.

Two-part model for fruit

Part I: Probability of consumption model with a person-specific random effect

where p(consuming fruit)=probability of consuming fruit, Tfruit juice and Tfruit = 

number of times 100% fruit juice and fruit consumed on each 24HR, respectively, 

and the person-specific effect is normally distributed

Part II: Consumption amount model with a person-specific random effect (among 

those who ate fruit)

where Cλ = Box-Cox transformed cup equivalents of fruits consumed from all 

sources, Tfruit juice and Tfruit = Number of times 100% fruit juice and fruit consumed 

on each 24HR, respectively, and the person-specific effect and within-person random 

variability are normally distributed

The estimated model parameters from the fitted one- and two-part models above are used to 

simulate the usual intake distributions of fruits and vegetables, separately, for a pseudo-

population with the same characteristics and between-person variability as the sample on 
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which the model was fit. The usual intakes were then used as the dependent variable in the 

final step of deriving the prediction models described below.

Prediction Model

The final step of developing the scoring algorithm involves generating the sex-specific 

logistic regression prediction equations to apply to YRBSS from the simulated usual intake 

amounts calculated above, frequency of intake of fruits and vegetables, and participant race/

ethnicity. A generalized linear model was used to predict the logit of the expected 

probability of meeting the intake recommendations, the dependent variable in the final 

prediction model. Simulated intake amounts were first classified as meeting or not meeting 

federal recommendations. For fruit, the log odds of meeting the recommendation was 

modeled by the reported daily frequencies of fruit juice and fruit intake and participant race/

ethnicity (shown below). For vegetables, the log odds of meeting recommendations was 

modeled by the frequency of intake of the 4 vegetable subgroups and race/ethnicity. For 

these analyses, the minimum recommended amounts of fruits and vegetables were used for 

14–18 year olds (i.e. amounts recommended for sedentary individuals, Table 1). 4;5 The 

resulting regression parameters form the prediction models used to apply to YRBSS (Online 

Supplementary Table 2).

Logistic regression prediction equation for fruit:

where p(meeting fruit intake recommendation)= probability of meeting the fruit 

intake recommendation for sex group i and Tfruitjuice and Tfruit = Number of times per 

day participants reported consuming 100% fruit juice and fruit, respectively

Application of Scoring Algorithms to YRBSS

The above derived logistic prediction equations were applied to YRBSS to obtain 

percentages of each state’s high school student population meeting fruit and vegetable intake 

recommendations. Using the 2013 YRBSS data, the times per day each student reported 

eating each fruit and vegetable group and each student’s race/ethnicity were substituted for 

the frequency and race/ethnicity covariates in the prediction equations, respectively, to 

obtain the student’s log odds of meeting recommendations. Weighted averages of the 

predicted probabilities from the equations were computed to obtain the national and state-

specific estimates of the percentage of high school students meeting recommendations.

Before entering YRBSS participants’ frequencies of intake into the prediction models, 

YRBSS frequencies were examined to determine whether unadjusted frequencies may 

overinflate estimates of percentages meeting recommendations because YRBSS has been 

shown to overestimate mean intake in prior work.9 To test this, YRBSS mean daily 

frequencies of intake were compared to the mean extracted daily frequencies of intake from 

the NHANES 24HRs. Prior work demonstrated that frequencies of intake can be up to twice 

as high and still produce reasonable estimates of percentages meeting recommendations.7 

YRBSS fruit and vegetable frequencies of intake were 2–7 times higher than extracted 
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frequencies (Online Supplementary Figure 1); consequently, multiplicative correction factors 

were derived and applied to YRBSS estimates. Correction factors were calculated by 

dividing reported mean servings per day from multiple 24HRs for each fruit and vegetable 

group by mean daily frequencies of intake as reported in a 2010 study of 610 high school 

students (see Online Supplementary Table 3).9 Correction factors were 0.73, 0.36, 0.08, 

0.34, 0.16, and 1.34 for 100% juice, fruit, salad, potatoes, carrots, and other vegetables 

respectively.

Statistical Analysis

Analyses were conducted using SAS24 and SAS-Callable SUDAAN25 to account for 

YRBSS’s complex, multistage, probability sample design. Confidence intervals for the 

percentages meeting recommendations were calculated using standard errors that reflect 

variation from the combination of both survey sources. Specifically, standard errors were 

calculated using the Balanced Repeated Replication technique and replicate weights to 

account for variation in the models from NHANES26 and using Taylor linearization to 

account for variation due to the YRBSS sampling design.27 Negative values for lower 

confidence interval bounds were truncated at zero. Median YRBSS frequencies of fruit and 

vegetable intake nationally and for the 33 states were also calculated for display purposes.

Results

Median frequency of intake and cup equivalents consumed for the NHANES variables used 

to derive the prediction models are shown in Table 2 by sex and race/ethnicity. Median cup 

equivalents of fruit and vegetables consumed was 0.5 and 0.8, respectively (dependent 

variables in models). NHANES participants consumed fruit a median of 0.2 times per day 

and vegetables 0.1 times per day (independent variables in models).

Median frequency of fruit intake among students in the YRBSS national sample was 0.9 

times per day, ranging from 0.7 to 1.0 times per day in the 33 states included in the state-by-

state analysis (Table 3). Median vegetable intake was 1.1 times per day, nationally, ranging 

from 0.9 to 1.4 times per day across the 33 states. Based on estimates from the prediction 

equations, 8.5% of high school students nationwide met fruit recommendations (95% 

confidence interval 4.9%, 12.1%) and 2.1% met vegetable recommendations (95% 

confidence interval 0.0%, 8.1%). Percentages of each the 33 state’s high school student 

population meeting recommendations ranged from 5.3% in Nebraska and Missouri to 8.9% 

in Florida for fruit and 1.0% in New Jersey, North Dakota, and South Carolina to 3.3% in 

New Mexico for vegetables.

Discussion

Ongoing collection of state-level fruit and vegetable intake and relevant program data are 

needed to help identify public health nutrition issues and support the design, evaluation, and 

management of nutrition intervention programs in addition to catalyzing local interest in 

nutrition programs and policies.28 This analysis enhances current surveillance efforts by 

providing state level estimates of percentages of high school students meeting fruit and 

vegetable intake recommendations. To do so, previously developed methods7;29 were used to 
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derive scoring algorithms for high school students in YRBSS that could also be used with 

other screeners with similar questions. When calculating the total cup equivalents of fruits 

and vegetables from NHANES (the dependent variables), foods often not considered by 

participants when they respond to brief screeners like YRBSS, such as mixtures and 

condiments were included. By including intake of these foods as background intake via the 

intercept, the prediction equation may give a better estimate of total fruit and vegetable 

intake than not including them.

In 2013 most high school students consumed too few fruits and vegetables with some 

variation by state. In this analyses, 8.5% of a nationally representative sample of high school 

students met the federal fruit recommendation and 2.1% met the vegetable recommendation, 

based on prediction equations and national YRBSS frequency data. Fruit estimates were 

lower than those estimated by NCI using 2007–2010 NHANES 24HR data (14–15% of 14–

18 year olds met fruit recommendations) but similar for vegetables (NCI: 2–4% met 

vegetable recommendations).2 These differences may be due to various methodological 

differences between the NHANES and YRBSS.

There were several important differences in the YRBSS and NHANES survey methods. The 

two surveys used different instruments; information elicited from a screener like YRBSS is 

inherently different from and less accurate than that generated from 24HRs.30 Furthermore, 

they had different recall timeframes (24 hours versus 7 days), and were collected in different 

years: 2007–10 for NHANES and 2013 for YRBBS. Another difference is that YRBSS-

derived estimates do not include contributions from non-100% fruit juice or fried potatoes 

because YRBSS specifically instructs respondents not to include these items. Including these 

food and beverage sources results in higher YRBSS estimates for fruit (9.8% versus 8.5%) 

and vegetables (2.3% vs. 2.1%).

In this analysis, intake recommendations for sedentary individuals, those engaging in less 

than 30 minutes of moderate activities daily,4;5 were used. Consequently, results likely 

overestimate the proportion of adolescents meeting recommendations given that nationwide, 

47.3% of students were estimated to be physically active at least 60 minutes per day on 5 or 

more days based on self-report, and active youth should eat more fruits and vegetables while 

staying within calories limits.31 A second limitation of this analysis is that results may not 

be generalizable to the entire US adolescent population because it only surveys adolescents 

who attend public and private high schools, and not those home-schooled or not in school.12 

In 2013, 85% of 14–17 year olds were enrolled in high school.32 Also, national NHANES 

24HRs were used to derive the prediction equations because state-specific 24HRs were not 

systematically available; thus separate scoring algorithms for each state were not derived. It 

is also important to note that the national sample is not an aggregation of the state surveys 

and data in the national sample may come from states that are not included in the state-

specific analysis.12 Likewise, the NHANES is designed to be representative of the whole 

country, not any particular state. Finally, even though the data are weighted to account for 

nonresponse and to reflect the national population, both NHANES and YRBSS may be 

subject to selection bias. In 2007–2010, NHANES had an interview response rate of 78–

79% and an examination response rate of 75–77%.33 Overall response rates for the national 
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component of the YRBSS was 68% and ranged from 60%–87% for all states included in this 

study.13;34

Multiplicative correction factors were used to compensate for overestimation in YRBSS; 

YRBSS daily frequencies were 2–7 times higher than frequencies extracted from NHANES. 

In prior work, BRFSS daily frequencies were up to 2 times higher than extracted frequencies 

but predicted estimates of percentages of each state population meeting recommendations 

were comparable to published estimates using 24HRs.7 Not applying correction factors 

yielded estimates of 18.6% for fruit and 22.9% for vegetables. Estimating the tail ends of 

distributions using this methodology may be less precise than estimating mean intake, 

however, estimates may still be useful for tracking change over time within a state and 

making comparisons across states. Ideally, prediction equations would be derived from a 

population that has both YRBSS questions and 24HRs available (i.e. direct calibration) to 

establish their internal validity. In the absence of this type of direct calibration, correction 

factors derived from a population of high school students who answered the YRBSS fruit 

and vegetable frequency of intake questions and multiple 24HRs measured in servings were 

used to account for overestimation. While extracted times per day from the 24 hour dietary 

recalls were similar to servings per day for four of the six fruit and vegetable groups (Online 

Supplementary Figure 1), utilizing data from this external study to derive correction factors 

allows for direct comparisons of the amounts individuals consumed to frequencies of intake 

rather than relying on intake estimates from very different survey populations. While intake 

measured in servings and intake in cups are not equivalent, the consistency of predicted 

intake with other national estimates indicate this method produces reasonable estimates.

With less than 10% of high school student consuming enough fruit and only 2% consuming 

enough vegetables, efforts to improve low fruit and vegetable intake are needed because 

food preferences track from childhood later into life.3;35;36 Implementing nutrition standards 

that meet or exceed federal regulations for meals and snacks in early care and education 

centers and schools where approximately 60 million children and adolescents 37;38 spend a 

significant share of their day may help set a healthy trajectory to adulthood.39 School-based 

interventions have been shown to significantly improve fruit consumption but have minimal 

impact on vegetable intake.40 This disparity in intake may be due to stronger preferences for 

fruits than vegetables.41 Recent changes to school meal standards have improved the 

nutritional quality of meals selected by adolescents driven primarily by the increase in 

variety, portion size, and number of servings of fruits and vegetables.42 In elementary and 

middle school children, recent improvements have also improved students’ overall diet 

quality with students consuming significantly more fruits and vegetables.43 However, 

opportunities exist to improve school meal standard implementation.44 Interventions 

targeting the home environment have also been shown to increase fruit and vegetable intake 

among adolescents.45;46

Conclusions

With less than 10% of the youth across 33 states consuming the recommended amount of 

fruits and less than 3% consuming the recommended amount of vegetables, concerted efforts 

to improve the environments to which youth are exposed may be needed to substantially 
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change dietary behavior, especially for vegetables. Modifications to the home, child care, 

school, and community environments as well as complementary strategies including parental 

modeling of healthy eating behavior, improved nutrition education and social marketing may 

be helpful.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Overview of method to estimate percent of the population meeting fruit intake 

recommendations National Health and Nutrition Examination Survey, United States, 2007–

2010, and Youth Risk Behavior Surveillance System, United States and 33 states, 2013.

Moore et al. Page 14

J Acad Nutr Diet. Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Moore et al. Page 15

Table 1

Amounts of fruits and vegetables 14–18 year olds need daily per US Department of Agriculture fruit and 

vegetable intake recommendations

Sex Recommended servings (cups equivalents/day)a

Vegetables Fruit

Females 2½ cups 1 ½ cups

Males 3 cups 2 cups

a
Amounts appropriate for individuals who get less than 30 minutes per day of moderate physical activity, beyond normal daily activities.4,5 

Physically active individuals may be able to consume more while staying within calorie needs.4,5

b
One cup is approximately equal to 1 small apple (149 g), 8 large strawberries (144 g), 12 baby carrots (120 g), or 1 large tomato (182 g).4,5
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