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Abstract
Objective: To examine whether bedtime is associated with usual sleep duration
and eating behaviour among adolescents, emerging adults and young adults.
Design: Cross-sectional multivariable regression models, stratified by developmental
stage, to examine: (1) association between bedtime and sleep duration and
(2) associations between bedtime and specific eating behaviours at each develop-
mental period, controlling for sleep duration. All models adjusted for socio-
demographic characteristics, depressive symptoms and screen time behaviours.
Setting: National Longitudinal Study of Adolescent to Adult Health, waves I–IV, USA.
Participants: A national probability sample surveyed in adolescence (aged
12–18 years, wave I: 1994–1995, n 13 048 and wave II: 1996, n 9438), emerging
adulthood (aged 18–24 years, wave III: 2001–2002, n 9424) and young adulthood
(aged 24–34 years, wave IV: 2008, n 10 410).
Results: Later bedtimewas associatedwith shorter sleepduration in all developmental
stages, such that a 1-h delay in bedtime was associated with 14–33 fewer minutes
of sleep per night (Ps< 0·001). Later bedtime was also associated with lower odds
of consuming healthier foods (i.e. fruits, vegetables; range of adjusted OR (AOR),
0·82–0·93, Ps< 0·05) and higher odds of consuming less healthy foods and beverages
(i.e. soda, pizza, desserts and sweets; range of AOR, 1·07–1·09, Ps< 0·05). Later
bedtime was also associated with more frequent fast-food consumption and higher
sugar-sweetened beverage consumption (Ps< 0·05).
Conclusions: Later bedtime was associated with shorter sleep duration and
less healthy eating behaviours. Bedtime may be a novel behaviour to address in
interventions aiming to improve sleep duration and dietary intake.
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More than two-thirds of adolescents(1,2) and one-third of
adults(3) do not get the recommended amount of sleep.
Poor sleep behaviours increase the risk for a variety of
negative outcomes, including poor dietary quality(4–16)

and obesity(17–20). Although research has traditionally
focused on sleep duration as a key contributor to poor diet
and diet-related chronic diseases, there is growing interest
in understanding the role of sleep timing, in particular late

bedtime(16,21–24). Later bedtime could affect dietary behav-
iours and diet-related health outcomes through several
pathways. For example, later bedtimes may be a driver
of shorter sleep duration: individuals who go to bed later
may not be able to compensate by sleeping later the next
morning due to work, school and social schedules(25,26).
In turn, shorter sleep duration has been associated with
worse dietary quality(4–16). Later bedtime may also worsen
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dietary quality independently of its effects on sleep dura-
tion(23), as eating late at night is associated with higher
energetic intake and lower dietary quality compared with
eating at other times of day(16,27,28).

While evidence suggests that later bedtime could
contribute to both shorter sleep duration and less-healthy
dietary choices, these questions remain understudied.
Research has not investigated whether later bedtime is
associated with shorter sleep duration. Likewise, only a
handful of studies have examined the relationship between
bedtime and dietary behaviours in adolescents(23,29–31) or
adults(28,32,33), and none has been conducted in probability
samples of the US population. These relationships are
particularly important to assess in adolescence, emerging
adulthood and young adulthood, as these are three
key developmental stages for changing sleep patterns(34)

and for the development of dietary behaviours and
obesity(35–38). Understanding these associations will shed
light on whether sleep timing is a potentially promising
target for interventions aiming to improve sleep duration,
dietary quality and weight.

To address these gaps, we examined cross-sectional
associations between bedtime, sleep duration and eating
behaviours using a large national probability sample
followed in adolescence, emerging adulthood and young
adulthood. Our objectives were to: (1) investigate the
association between usual bedtime and sleep duration
and (2) examine the association between usual bedtime
and eating behaviours, independent of sleep duration.
We examined cross-sectional associations within develop-
ment stages, rather than longitudinal associations across
these stages, because sleep behaviours are expected to
exert relatively immediate impacts on eating behaviours.
We hypothesised that: (1) later bedtimes would be associ-
ated with shorter sleep duration, and (2) later bedtimes
would independently be associatedwith less healthy eating
behaviours.

Methods

Study sample
We used data from the National Longitudinal Study
of Adolescent to Adult Health (Add Health), a nationally
representative sample of approximately 20 000 individuals
recruited from middle and high schools in 1994–1995 and
followed into adulthood(39). We used data from wave I
(collected in 1994–1995),wave II (1996),wave III (2001–2002)
and wave IV (2008). Wave V did not assess sleep timing.

We examined participants in three developmental
stages: adolescence (waves I and II, including participants
age≥12 and≤18 years), emerging adulthood (wave III, age
>18 and ≤24 years) and young adulthood (wave IV, age
>24 and ≤34 years) (see online supplementary material,
Supplemental Figs. 1–4), following previous studies(40).

Measures

Usual bedtime
The main exposure variable was participants’ self-
reported usual bedtime. In waves I and II, participants
reported their usual bedtime on ‘weeknights’ during
the school year (see online supplementary material,
Supplemental Table 1 provides details on key study var-
iables). In waves III and IV, participants reported their
usual bedtimes for days when they go to work, school
or similar activities (‘weekdays’) and for days when they
do not have to wake up at a certain time (‘weekends’).
We calculated a weighted average of these variables,
following previous studies(41,42). In all waves, we con-
verted bedtimes to decimal hours after 12.00 hours
(e.g. we coded a bedtime of 21.30 hours as 9·5), such that
larger values indicated later bedtime.

Usual sleep duration
In waves I and II, participants self-reported usual sleep
duration in hours/night. In waves III and IV, participants
reported their usual bedtime and wake time for weekdays
and weekends, as described above. We used responses to
those items to calculate usual sleep duration in decimal
hours (e.g. 30 min equals 0·5 decimal hours), again calcu-
lating a weighted average of sleep duration on weekdays
and weekends.

Eating behaviours
We examined participants’ self-reported eating behav-
iours (online supplementary material, Supplemental
Table 1). Different behaviours were assessed in each
wave; for each wave, we identified eating behaviours
that could be easily defined as ‘healthier’ or ‘less healthy.’
In wave I, data were available on whether the participant
had consumed fruits, vegetables and sweets in the past
day (coded as yes/no). In wave II, we examined con-
sumption of fruits, vegetables, soda, pizza, desserts and
sweets, and French fries in the past day (coded as
yes/no), as well as on the frequency of fast-food con-
sumption (days in past week ate fast food). In wave III,
we examined frequency of fast-food consumption (days
in past week ate fast food). Finally, in wave IV, we exam-
ined frequency of fast-food consumption (times in
past week ate fast food) and amount of sugar-sweetened
beverage consumption (number of sugar-sweetened bever-
ages consumed in the past week).

Covariates
Covariates includedpotential confounders of the relationship
between bedtime, sleep duration and eating behaviours,
including sociodemographic characteristics (e.g. age,
parental education and income to reflect socio-economic
status, nativity), screen time behaviours and depressive
symptoms(12,18,23,29–32) (online supplementary material,
Supplemental Table 1).
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Statistical analysis
Analytic samples included participants with complete
information on key variables and valid sampling weights.
To reduce the influence of outliers, we decided a priori to
remove outlying observations with implausible values on
sleep duration and bedtime, excluding fromanalyses respon-
dents further than 2·576 SD from sample means on these
variables (online supplementary material, Supplemental
Figs. 1 through 4), similar to previous studies(40). Participants
excluded from analysis due to missing or extreme data were
similar to included participants in their average sleep duration,
bedtime and eating behaviours, but differed slightly in some
demographic characteristics (online supplementary material,
Supplemental Table 2).

To evaluate the relationship between bedtime and
sleep duration within each developmental stage, we esti-
mated multivariable ordinary least squares models strati-
fied by developmental stage, regressing sleep duration
on bedtime and covariates. To examine the relationship
between bedtime and each eating behaviour within each
developmental stage, we regressed each eating behav-
iour variable on bedtime, stratifying by developmental
stage and controlling for both sleep duration and cova-
riates. We used logistic regression for dichotomous eat-
ing behaviour variables (e.g. ate fruit yesterday) and
negative binomial regression for count variables
(e.g. fast food times/week). We report adjusted OR
and unstandardised coefficients/marginal effects (Bs).

Table 1 Sample characteristics by developmental stage, National Longitudinal Study of Adolescent to Adult Health*

Adolescents ≥12 and ≤18 years

Emerging adults
>18 and
≤24 years

Young adults >24
and ≤34 years

Wave I
(n 13 048)

Wave II
(n 9438)

Wave III
(n 9427)

Wave IV
(n 10 410)

Characteristics Mean SD Mean SD Mean SD Mean SD

Sleep duration (h) 7·8 1·2 7·7 1·2 8·1 1·5 8·9 2·0
Bedtime, decimal hours after noon 10·7 1·2 10·5 1·0 12·1 1·8 10·5 2·5
Eating behaviours (%)†
Ate fruit yesterday 79 66 – –
Ate vegetables yesterday 69 80 – –
Ate sweets/desserts yesterday 55 65 – –
Drank soda yesterday – 71 – –
Ate pizza yesterday – 26 – –
Ate French fries yesterday – 33 – –
Fast food, number of days in last week – 2·1 1·7 2·4 2·0 –
Fast food, number of times in last week – – – 2·4 3·2
SSB, number of drinks in last week – – – 12·3 13·9

Age (years) 15·3 1·7 15·7 1·4 21·5 1·6 28·2 1·8
Female (%) 49 50 49 49
Race/ethnicity (%)
White 69 69 69 69
Hispanic 11 11 11 11
Black 14 14 14 14
Other 6 6 6 6

Born in the USA (%) 95 95 95 97
Parental education (%)
Less than a high school diploma 10 10 10 10
High school diploma or GED 26 26 25 27
Some college 32 32 31 32
College or more 31 32 33 32

Parental income, logged 3·49 0·96 3·48 1·0 3·50 0·97 3·49 0·97
Usual television viewing (%)‡§
Low (0–14 h/week) 50 54 54 68
Medium (15–28 h/week) 28 27 28 22
High (≥29 h/week) 22 19 17 9

Usual video/computer games (%)§‖
Low (0–14 h/week) 96 96 91 94
Medium (15–28 h/week) 3 3 6 4
High (≥29 h/week) 1 1 3 2

Depressive symptoms¶ 7·0 3·8 7·0 3·8 6·2 3·8 7·0 3·8

*Means, SD and % adjusted for complex survey features of Add Health. Eating behaviours listed as ‘–’ were not assessed in this survey wave.
†See online Supplementary material, Supplemental Table 1 for information on measurement of eating behaviours in each wave.
‡Participants reported on the usual number of hours per week they spent watching television during the past 30 d.
§We trichotomised screen time variables using the categories reported in Kruger et al.(12).
‖Participants reported on the usual number of hours per week they spent playing video or computer games during the past 30 d.
¶Sumscore on the nine items fromCenter for Epidemiological StudiesDepressionScale(55) that were assessed in all four waves. Score on each item ranged from0 to 3 yielding
a possible sum scores of 0–27, where higher scores indicate more depressive symptoms.
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All analyses accounted for Add Health’s complex sam-
pling design.

We conducted analyses using Stata version 15.1 (StataCorp
LLC). The University of North Carolina Institutional Review
Board granted human subjects’ research approval for this
study.

Results

The analytic samples included 9427–13 048 individuals
per wave (Table 1). Average sleep duration increased
somewhat across waves. Average bedtime was similar in
waves I, II and IV (22.30–22.42 hours), and later in wave
III (24.06 hours).

In all developmental stages, later bedtime was
associated with shorter sleep duration, independently of
demographic characteristics, screen time behaviours and
depressive symptoms (range of Bs: –0·55 to –0·23 h/night,
all Ps< 0·001, Table 2). Associations between bedtime
and sleep duration significantly differed across the four
waves (adjusted Wald test F (3,126)= 82·12, P < 0·001).
The negative association was strongest among young
adults, for whom going to bed 1 h later was associated with
a reduction in usual sleep duration of 0·55 h (~33 min)
per night.

Generally, later bedtime was also associated with less
healthy eating behaviours in each development stage, even
after controlling for usual sleep duration (Fig. 1). Of the
thirteen associations tested, all but two were statistically
significant (Ps< 0·05) and all the significant associations
were in the expected direction, with later bedtime being
associated with less healthy eating behaviours. Only
eating sweets yesterday as reported by adolescents in
wave 1 (adjusted OR: 0·06, P= 0·08) and eating French
fries yesterday as reported by adolescents in wave 2
(adjusted OR: 1·06, P= 0·08) were not significantly
associated with bedtime, though the associations were in
the expected directions. Stronger associations were seen
between bedtime and consumption of fruits and vegetables
in adolescents, bedtime and the frequency of fast-food
consumption in adolescents, and bedtime and sugar-
sweetened beverage consumption in young adults.

Discussion

In this cross-sectional study with a large national sample,
bedtime was negatively associated with sleep duration
among adolescents, emerging adults and young adults.
Going to bed 1 h later was associated with 14–33 fewer
minutes of usual sleep duration per night. This reduction
could be clinically meaningful: previous studies have found
that a 1-h reduction in usual sleep duration is associated with
an 80% increase in odds of obesity among adolescents(43)

and a 0·35 kg/m2 increase in BMI among adults(18).T
ab
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Across developmental stages, later bedtimes were
generally associated with reporting lower consumption
of healthier foods and higher consumption of less healthy
foods. For example, adolescents who reported later
bedtimes had lower odds of fruit and vegetable consump-
tion and higher odds of consuming soda, desserts and
pizza. Likewise, later bedtime was associated with greater
frequency of fast-food consumption in all developmental
stages. These findings are consistent with studies examin-
ing bedtime and eating behaviours in non-national
samples(23,29,31,32). While some of the observed associations
were small, the consistent pattern of results suggests that
these small associations could add up to meaningful
differences in overall dietary quality and diet-related
health outcomes. For example, fruit and vegetable
consumption(44) and fast-food intake(45) have been found
to be associatedwith health outcomes such as heart disease
and insulin resistance.

Several mechanisms could underlie the observed
associations between bedtime and eating behaviours. For
example, those who go to bed later may be eating more
energy-dense snacks that are convenient for late night
eating, contributing to higher energetic intake and lower
dietary quality compared with eating during other
times of day(16,27,28). Another possibility is that poorer sleep
behaviours are a marker for a general profile of riskier
behaviours, rather than later bedtime being a driver of less
healthy dietary choices, though research on this question is
mixed(42,46–49). Additional research should also explore the
complex interplay of sleep behaviours, diet, adiposity, and
hunger, satiety, and growth hormones(50–52).

Strengths of our study include its use of a large
population-based national sample, examination of three
developmental stages critical to the development of eating
behaviours and obesity(35–38), and inclusion of important
potential confounders in analyses, particularly screen

0·5 0·6 0·7 0·8 0·9 1·0 1·1 1·2 1·3 1·4 1·5

AOR (95% Cl)

–0·5

Adolescents, Wave I

Adolescents, Wave II

Emerging adults, Wave III

Young adults, Wave IV

Fruit yesterday (yes/no)

Fruits yesterday (yes/no)

Vegetables yesterday (yes/no)

Vegetables yesterday (yes/no)

Sweets yesterday (yes/no)

Soda yesterday (yes/no)

Pizza yesterday (yes/no)

Desserts & sweets yesterday (yes/no)

French fries yesterday (yes/no)

Fast food (days/week in past week)

Fast food (days/week in past week)

Sugar-sweetened beverages (drinks/week in past week)

Fast food (times/week in past week)

0·92** (0·87, 0·98)

0·86*** (0·80, 0·92)

0·92*** (0·88, 0·96)

0·83*** (0·77, 0·90)

0·96 (0·92, 1·004)

1·08* (1·002, 1·16)

1·09* (1·01, 1·18)

1·07* (1·001, 1·13)

1·06 (0·99, 1·12)

0·28*** (0·22, 0·34)

0·04** (0·01, 0·08)

0·23** (0·07, 0·38)

0·07** (0·03, 0·12)

–0·4 –0·3 –0·2 –0·1 0·0 0·1 0·2 0·3 0·4 0·5 AOR or B     (95 % Cl)

B (95 % Cl)

Later bedtime associated
with lower intake

Later bedtime associated
with higher intake

Fig. 1 Associations of later bedtime with eating behaviours, controlling for sleep duration, National Longitudinal Study of Adolescent
to Adult Health. Figure shows associations between bedtime and eating behaviours. Bedtime was calculated in decimal hours after
12.00 hours, such that larger values indicate later bedtimes. Figure shows unstandardised regression coefficients (Bs) for continuous
outcomes (top horizontal axis) and adjusted OR (AOR) for binary outcomes (bottom horizontal axis), controlling for usual sleep dura-
tion, age, sex, race/ethnicity, nativity, parental educational attainment, logged parental income, usual time spent watching television,
usual time spent playing video/computer games and depressive symptoms. All analyses accounted for complex survey features of
Add Health. *P< 0·05, **P< 0·01, ***P< 0·001
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time(16) and depressive symptoms(53). By examining the
cross-sectional relationships over three developmental
periods, we demonstrate that the behaviours co-vary dur-
ing each developmental stage and that some behavioural
patterns are stable across developmental stages.

Limitations of our study include the inconsistency of
eating behaviour questions used across the four waves
and our inability to examine overall dietary quality.
Another limitation is that sleep behaviours were self-
reported. While self-reported and objectively measured
sleep variables are significantly correlated(54), future
research should examine these associations using gold
standard measures of sleep whenever possible. Third,
we used complete case analysis to account for missing
data. While participants included in analysis had similar
sleep and eating behaviours as those excluded from
analysis, we cannot rule out sample selection bias.
Finally, we cannot rule out alternate explanations for
the observed associations, including residual con-
founding and reverse causality (i.e. eating certain foods
causes individuals to go to bed later).

Conclusions

In a national probability sample, later bedtime was associ-
ated with shorter sleep duration during adolescence,
emerging adulthood and young adulthood. Further, later
bedtime was generally associated with less healthy eating
behaviours, even after controlling for sleep duration. Given
the cross-sectional design of this study, future research
using longitudinal and experimental designs is needed to
clarify the relationships between bedtime, sleep duration
and eating behaviours. If bedtime is causally related to
eating behaviours and sleep duration, encouraging earlier
bedtimes could be a promising strategy to incorporate
into interventions aiming to improve eating behaviours,
increase sleep duration or prevent obesity.
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