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Abstract

Short sleep duration among children and adolescents has been reported to be associated with 

elevated BMI and other adverse health outcomes. Food choices are one proposed mechanism 

through which this association may occur. In the present study, we examined whether self-

reported habitual sleep duration is associated with vegetable and fruit consumption and fast food 

consumption. Using cross-sectional data from the National Longitudinal Study of Adolescent 

Health (n 13 284), we estimated three nested logistic regression models for two outcome variables: 

daily vegetable and fruit consumption and previous week’s fast food consumption. The adjusted 

models included demographic and social/behavioural covariates. Self-reported habitual short sleep 

duration (<7 h/night) was associated with reduced odds of vegetable and fruit consumption 

compared with the recommended sleep duration (>8 h/night) (OR 0·66, P < 0·001), even after 

adjusting for demographic and social/behavioural factors (OR 0·75, P < 0·001). Short sleep 

duration was also associated with increased odds of fast food consumption (OR 1·40, P < 0·001) 

even after adjustment (OR 1·20, P < 0·05). Food choices are significantly associated with sleep 

duration and may play an important role in the mediation of the association between sleep and 

health among adolescents.
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Short sleep duration and poor sleep quality are associated with a wide range of negative 

health outcomes, including obesity, type 2 diabetes, heart disease and some cancers(1 – 10). 

However, the mechanisms by which these associations occur are not well understood. One 

mechanism through which short sleep duration may be associated with these negative health 
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outcomes is the regulation of energy balance(11). Previous literature has found significant 

associations between sleep duration and leptin and ghrelin, two hormonal appetite 

regulators(12 – 14). Therefore, changes in appetite due to changes in these hormones may 

affect dietary choices and decision-making, in terms of both the quality of food and the 

quantity of food consumed(15 – 17). For example, a recent study(18) has found that acute sleep 

deprivation is associated with increased food purchasing in men. Finally, individuals who 

sleep less may have different lifestyles – e.g. more sedentary activities – that are associated 

with less-healthy food choices(19,20).

Several studies have examined associations between sleep duration and diet among children 

and adolescents. These studies have reported relatively consistent findings across the 

observational studies(21 – 25), but some inconsistencies in the smaller experimental 

studies(26 – 28). For example, one observational study of over 3300 adolescents from ten 

European cities has found that the proportion of adolescents eating adequate amounts of fruit 

and vegetables is significantly lower among short-duration sleepers than among those who 

sleep ≥8 h/night(21). Another recent observational study of 240 American adolescents has 

found that those who sleep <8 h/ night consume a higher percentage of energy from fat than 

those who sleep ≥8 h/night(22). Similarly, a 2012 study of Iranian girls has found that short 

sleep duration is associated with poor diet quality, despite similar diet energy density across 

groups with differing sleep durations(25).

Observational studies have also obtained similar results in even younger populations. For 

instance, one study of 10- and 11-year-old Finnish children has found that shorter sleep 

duration is associated with the consumption of more energy-rich foods and fewer nutrient-

dense foods, with boys exhibiting a stronger association than girls(23). Another study of 

Danish school children has found that sleep duration is negatively associated with dietary 

risk factors for obesity such as energy density, added sugars and consumption of sugar-

sweetened beverages(24).

In support of this observational research, two experimental studies have found that sleep 

restriction stimulates appetite and food consumption. One study amoung young men found 

an association between sleep deprivation and increased self-reported hunger and larger 

portion size, especially for snack foods(26). Another study of both male and female 

adolescents found that chronic sleep restriction is associated with increased consumption of 

energy, carbohydrates, and foods with a high glycaemic index such as sweets and 

desserts(27).

However, two studies call these results into question. A recent experimental study of twenty-

one adolescent males has found that short-term sleep restriction (4 d) is associated with 

decreased ad libitum energy intake and decreased motivation to eat(28). In addition, one 

observational study of 550 Canadian school children has found that short sleep duration is 

independently associated with overweight and obesity, but that neither energy intake nor 

snacking mediates this association(29). However, this study does not have a representative 

sample, because participants had to have at least one obese biological parent.
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To date, no USA-based nationally representative studies have investigated whether dietary 

choices vary by habitual sleep duration during adolescence. Adolescence represents a 

‘critical period for normal growth and development in which sleep… plays an important 

role’(30). Moreover, previous literature suggests that sleep and dietary habits formed in 

adolescence tend to persist into adulthood(31,32), highlighting the importance of studying this 

crucial period of development. Consequently, the present study examined associations 

between sleep duration and both healthy and unhealthy food choices in a large nationally 

representative sample of American teenagers. We hypothesised that short sleep duration is 

associated with lesser consumption of healthy foods and greater consumption of unhealthy 

foods.

Methods

Data

Data analysed in the present study were from the National Longitudinal Study of Adolescent 

Health (Add Health), which has conducted in-home interviews in a nationally representative 

sample of American adolescents and young adults over the period 1994–2008. We used in-

home interview data from Wave II, which were collected in 1996 from 14 738 adolescent 

participants (88·6 % response rate). More details on study design are available online(33). 

Wave II data were analysed, as Wave II was the only wave in which all participants were 

adolescents. Wave I included younger participants (some under 13 years old), while Waves 

III and IV examined the cohort in young adulthood and adulthood, respectively. 

Furthermore, Wave II was the only wave in which adolescents were asked questions about 

specific dietary choices, allowing us to collect information about fruit and vegetable 

consumption. The present analysis used the restricted-use dataset, resulting in 13 284 

adolescents with non-missing data.

Measures

Outcome variables – food choices—The main outcomes analysed include vegetable 

and fruit consumption and fast food consumption. The vegetable and fruit consumption 

variable was defined as whether or not the adolescent reported eating at least one vegetable 

and at least one fruit on the previous day. The interviewer prompted the adolescent 

participant as follows: ‘Think about everything you had to eat and drink yesterday. This 

includes snacks as well as your regular meals.’ The interviewer then asked a series of 

questions about specific food consumption on the previous day, such as ‘Yesterday, did you 

eat cantaloupes, melons, mangoes, or papayas?’ and ‘Yesterday, did you eat string beans, 

green beans, peas, or snow peas?’ The participants responded with a dichotomous yes/no or 

had the option to select ‘Don’t know’.

The fast food consumption variable was created from information about how often the 

adolescent ate fast food, classified as a dichotomous variable: eating fast food zero or one 

time in the last 7 d or eating fast food two or more times in the last 7 d. More than 50 % of 

the adolescents reported eating fast food two or more times in the last 7 d, with only 15·9 % 

of the sample reporting not eating fast food in the past week. We tested several different 

specifications of the fast food cut-off, and the results did not change significantly. We chose 
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to present the ‘two or more times’ results because of the extremely high prevalence of 

adolescents reporting eating fast food one or more times per week.

Main explanatory variable – self-reported habitual sleep duration—The sleep 

duration variable was created from adolescents’ self-reports of how many hours of sleep 

they usually get. Responses were organised into three categories in accordance with 

previous literature and recommendations from the American Academy of Pediatrics: short 

sleep duration (<7 h/night); mid-range sleep duration (7–8 h/night); recommended sleep 

duration (>8 h/night)(34,35).

Covariates—Demographic covariates included sex, age (continuous), race/ethnicity (non-

Hispanic white, non-Hispanic black, Hispanic, and all other races), and pubertal status (1 if 

the adolescents have reached puberty; 0 otherwise).

Social and behavioural covariates included family socioeconomic status, perception of 

neighbourhood safety, physical activity level, screen time, number of siblings at home, and 

presence of two biological parents at home. Family socioeconomic status variable was 

proxied by adolescents’ reports of mother’s level of education with three categories: less 

than high school; high-school diploma/General Educational Development (GED); some 

college or more. We used conditional mean imputation to predict mother’s level of 

education for adolescents with missing values because 1502 participants (>10 % of the 

sample) had missing observations for this variable. Each imputed value was randomly drawn 

from the distribution of likely values, conditional on the observed covariates, so that that 

imputed values would better reflect the variability in the observed data(36).

The perception of neighbourhood safety variable was created using adolescents’ self-reports 

of feeling unsafe in their neighbourhood (1 if the adolescents reported feeling unsafe; 0 

otherwise). Physical activity level was measured by how often the adolescents reported 

playing an active sport or exercising in the past week. Although the Centers for Disease 

Control recommends that adolescents participate in 1 h of physical activity every day(37), 

only 33·1 % of the adolescents reported playing an active sport or exercising five or more 

times in the last 7 d. Thus, the variable was divided into three categories: 0–1; 2–4; ≥5 

times/week.

Screen time was assessed as self-reported hours spent watching television and videos and 

playing video and computer games in the past week, divided into three categories: 0–14; 15–

28; and ≥29 h/week. The low screen time category of ≤14 h/week was based on the 

Academy of Pediatrics guidelines for recommended screen time(38).

Number of siblings at home, a continuous variable, was determined from adolescents’ self-

report about family members in the household. The biological parent variable was also 

determined from adolescents’ self-report about family members at home (1 if the 

adolescents reported two biological parents at home; 0 otherwise).
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Statistical analyses

All statistical analyses were conducted using Stata version 12.1 (Stata Corporation). We 

examined the prevalence of both healthy and unhealthy food choices among the short, 

midrange and recommended sleepers. We adjusted for complex, multistage sample design in 

all analyses using sample weights with svy commands. ANOVA and Pearson’s χ2 tests were 

conducted to test for differences in food choices and covariates across the food choice 

categories. Logistic regression analysis was used to examine associations between food 

choices and sleep duration. For both food choice outcome variables, we used three nested 

models. Model 1 examined the association between food choices and sleep duration. Model 

2 adjusted for demographic covariates (i.e. age, sex, race/ethnicity, and pubertal status). 

Model 3 additionally adjusted for social and behavioural covariates (i.e. mother’s education 

level, perception of neighbourhood safety, physical activity level, screen time, number of 

siblings at home, and presence of biological parents at home). We tested for interactions 

between sleep duration and several sociodemographic variables, including sex, age, 

mother’s education level, and race/ethnicity. We also conducted sensitivity analyses by 

categorising sleep duration and our food consumption variables into multiple different 

specifications (e.g. as a continuous variable and as various categorical cut points).

Results

Characteristics of the study sample

The mean age of adolescents in the study sample was 16 years (range: 11–22 years; 10–90th 

percentile: 14–18 years), and half the adolescents were male (49·9 %) (Table 1). Non-

Hispanic white adolescents made up 67·4 % of the sample, with 15·2 % being non-Hispanic 

black adolescents, 12·2 % being Hispanic adolescents, and the remaining 5·2 % being 

adolescents of other races. A large percentage of the adolescents reported having reached 

puberty (73·6 %).

More than 80 % of the adolescents reported that their mother had received at least a high-

school diploma/GED, with 16·4 % reporting their mother to be less educated. Few 

adolescents reported feeling unsafe in their neighbourhood (10·2 %). The majority of 

adolescents reported engaging in physical activity at least 2 times/week, with 17·3 % 

reporting 0–1 times/week, 49·6 % reporting 2–4 times/week, and 33·1 % reporting ≥5 times/

week. Almost half of the sample (48·2 %) reported a non-excessive level of screen time, 

with 27·4 % viewing 15–28 h/week and 24·4 % viewing ≥29 h/ week. The mean number of 

siblings at home was 1·35, and 52·9 % of the adolescents reported having two biological 

parents living with them at home.

More than half of the adolescents (55·9 %) reported eating at least one vegetable and one 

fruit on the previous day, and the majority of adolescents (57·7 %) also reported consuming 

fast food two or more times in the last 7 d.

Bivariate analyses showed that age, physical activity level, screen time, number of siblings 

at home, and sleep duration varied significantly by both fruit and vegetable consumption and 

fast food consumption (Table 1). Adolescents reporting unhealthy food choices (i.e. not 

consuming at least one fruit and one vegetable on the previous day and/or consuming fast 
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food two or more times in the previous week) were significantly older and had significantly 

fewer siblings at home. Adolescents reporting high levels of physical activity consumed 

significantly greater amounts of fruit and vegetables and significantly less amounts of fast 

food. Greater screen time was associated with significantly less fruit and vegetable 

consumption and significantly greater fast food consumption. Finally, short-duration 

sleepers reported consuming significantly lower amounts of vegetables and fruit and 

significantly greater amounts of fast food.

Fast food consumption varied significantly by sex, with males reporting more frequent fast 

food consumption than females. Fruit and vegetable consumption varied significantly by 

race/ ethnicity, mother’s education level, and presence of two biological parents at home. 

Black adolescents reported less fruit and vegetable consumption, while Hispanic adolescents 

and adolescents in the other race/ethnicity category reported significantly more fruit and 

vegetable consumption. Adolescents reporting mother’s education level as high-school 

diploma/ GED were significantly less likely to report consuming fruit and vegetables, while 

those reporting mother’s education level as some college or more were significantly more 

likely to report consuming fruit and vegetables. Finally, adolescents reporting two biological 

parents at home were significantly more likely to report consuming fruit and vegetables.

Association between sleep duration and food choices

Adolescents reporting short sleep duration (<7 h/night) were less likely than those reporting 

the recommended sleep duration (>8 h/night) to consume at least one vegetable and one fruit 

on the previous day (model 1: OR 0·66, 95 % CI 0·57, 0·76) (Table 2). This association was 

significant after adjustment for demographic covariates (model 2: OR 0·74, 95 % CI 0·64, 

0·86) as well as in the fully adjusted model, which also included social/behavioural 

covariates (model 3: OR 0·75, 95 % CI 0·64, 0·88). Short-duration sleepers also were 

significantly more likely to report fast food consumption than the recommended-duration 

sleepers (model 1: OR 1·40, 95 % CI 1·18, 1·66) (Table 3). This association persisted in the 

model with demographic covariates (model 2: OR 1·20, 95 % CI 1·01, 1·43) and also in the 

fully adjusted model (model 3: OR 1·20, 95 % CI 1·01, 1·43).

Engaging in physical activity was associated with vegetable and fruit consumption, with 

adolescents reporting to be engaged in physical activity ≥5 times/week significantly more 

likely to report consuming of vegetables and fruit than peers who exercised less (Table 2, 

OR 2·80, 95 % CI 2·39, 3·28). Physical activity was not significantly associated with the fast 

food consumption variable (Table 3).

Screen time exhibited a significant association with both food choice outcomes. For 

example, adolescents reporting high screen time activity (≥29 h/week) were 23 % less likely 

than those reporting low screen time activity (0–14 h/week) to consume fruit and vegetables 

on the previous day in the fully adjusted model (Table 2, OR 0·77, 95 % CI 0·66, 0·89). 

Adolescents reporting medium screen time activity (15–28 h/week) and high screen time 

activity also had significantly higher odds of consuming fast food two or more times in the 

past week than those reporting low screen time activity (Table 3; medium: OR 1·17, 95 % 

CI 1·03, 1·33; high: OR 1·34, 95 % CI 1·18, 1·52).
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Other covariates that exhibited statistically significant associations with vegetable and fruit 

consumption in the fully adjusted model were age, sex, Hispanic ethnicity, other race, 

mother’s education level, and presence of two biological parents at home (Table 2). 

Similarly, age, sex, mother’s education level, and number of siblings at home exhibited 

statistically significant associations with the fast food consumption variable in the fully 

adjusted model (Table 3).

Our exploration of interaction terms between sleep duration and sociodemographic variables 

(sex, age, mother’s education level, and race/ethnicity) led to a series of null findings, with 

one exception – a statistically significant interaction between sleep duration and Hispanic 

ethnicity. Specifically, relative to whites, Hispanic short-duration sleepers have much higher 

odds of consuming fast food ≥2 times/week. However, based on the Wald test, the cluster of 

racial/ethnic interaction terms did not yield significant improvements in model fit, 

suggesting that model 3 is the best specification. Moreover, in additional analyses stratified 

by Hispanic ethnicity (n 2242), the increased odds of consuming fast food ≥ 2 times/week 

did not reach statistical significance (OR 1·62, P=0·07). On balance, these results provide 

only weak and suggestive evidence that race/ethnicity modifies the effects of short sleep 

duration on dietary choices. As a final point, we report that sensitivity analyses with 

different specifications of the sleep duration variable yielded results similar to those of the 

above-described analyses.

Discussion

The present study found that short sleep duration (<7 h/ night) was associated with 25 % 

decreased odds of adequate vegetable and fruit consumption and 20 % increased odds of fast 

food consumption. These associations were robust to the inclusion of several important 

covariates. This suggests that sleep duration is independently associated with both healthy 

and unhealthy food choices per se and may also support the hypothesis that food choices 

may contribute to the association between sleep duration and obesity in American 

adolescents.

Interestingly, while the recommended sleep duration for adolescents is >8 h/night, the 

analyses showed that mid-range sleepers (7–8 h/night) do not have significantly decreased 

odds of consuming vegetables and fruit or increased odds of consuming fast food compared 

with the recommended-duration sleepers. This suggests that the association of short sleep 

duration with dietary choices might occur only below a set threshold of habitual short sleep 

duration.

The present study used a large, nationally representative sample with a wide range of 

covariates to address the association between sleep duration and dietary choices in an 

adolescent sample. Although earlier studies(23 – 29,39 – 41) have established significant 

associations between sleep duration and dietary choices, they were conducted in smaller 

non-representative samples. In addition, the present study examined both unhealthy and 

healthy food consumption variables, contributing to previous literature, whereas most 

studies have focused only on unhealthy dietary variables.
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Although the present results are consistent with those of several observational studies(21 – 25) 

and one small experimental study(27), one experimental study has reported conflicting 

findings(28). However, this study only explored short sleep duration over a short period of 

time (4 d) and failed to assess food intake and appetite after the four-night sleep restriction. 

Additionally, that study recruited only male participants and did not specifically allow for 

differential food choices, as the participants were only able to choose the quantity of food 

rather than the type of food.

Although self-reported sleep duration has been shown to be moderately associated with 

actigraphically assessed sleep duration on school nights data(42), a more accurate measure of 

sleep, such as actigraphy, was not available at the time the present study was conducted, but 

should be considered for future population-based data collection efforts. In addition, the 

sleep data used fail to differentiate between weekday and weekend sleep, which may be 

relevant when examining dietary choices. Furthermore, the Add Health in-home interview 

questions regarding food consumption, although detailed, fail to provide specific 

information about quantity and timing. The quantity of food consumed is especially 

important, as it would allow us to control for total energy intake, which has been 

hypothesised in previous literature to mediate the association between sleep duration and 

obesity(43,44).

The present study demonstrates that sleep duration may be related to both healthy and 

unhealthy food choices of adolescents. The next step is to investigate the causal mechanisms 

behind the association between sleep duration and energy balance. For example, St-Onge & 

Shechter(45) point out that the timing of sleep may also play a role in dietary patterns. 

Understanding the causal mechanisms may lead to the development of programmes that aim 

to improve sleep and sleep hygiene as an important and underappreciated component of 

health-promotion and obesity-prevention interventions.
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