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Abstract
Objective  This study examined the relationship between 
sleep duration, sleep quality and food consumption among 
adolescents.
Design  Cross-sectional study.
Setting  Data from the 2014 and 2015 Korea Youth Risk 
Behavior Web-based Survey were used.
Participants  Participants aged 12–18 years (n=118 462 
(59 431 males and 59 031 females)) were selected.
Primary and secondary outcome measures  Sleep 
duration, sleep quality and the frequencies of fruits, soda, 
soft drinks, fast food, instant noodle, confectionaries, 
vegetables and milk consumption.
Results  Short sleep durations (<6 hours) were associated 
with higher soft drinks and confectionaries intake than 
longer sleep durations (9+ hours) (adjusted ORs (AORs) 
(95% CIs) for ≥5 times a week for soft drinks: 1.73 (1.57 to 
1.91) and confectionaries: 1.32 (1.20 to 1.46); p<0.001). 
Poor sleep quality, with 7–8 hours of sleep, was associated 
with a lower intake of fruits, vegetables and milk (AORs 
(95% CIs) for ≥5 times a week for fruits: 0.71 (0.65 to 
0.77); vegetables: 0.66 (0.58 to 0.75); and milk: 0.80 
(0.74 to 0.86); each p<0.001), and higher intake of soda, 
soft drinks, fast food, instant noodle and confectionaries 
(AORs (95% CIs) for ≥5 times a week for soda: 1.55 (1.40 
to 1.70); soft drinks: 1.58 (1.43 to 1.73); fast food: 1.97 
(1.65 to 2.35); instant noodle: 1.55 (1.37 to 1.76); and 
confectionaries: 1.30 (1.18 to 1.43); each p<0.001) than 
good sleep quality of the same duration.
Conclusion  Short sleep durations and poor sleep 
quality might be associated with higher consumption of 
unhealthier foods, such as sugar-sweetened beverages, 
fast food, instant noodle and confectionaries, and 
associated with lower consumption of fruits, vegetables 
and milk.

Introduction 
Sufficient sleep in adolescents is important 
to maintain good health status and school 
performance. According to the National Sleep 
Foundation,1 approximately 8–10 hours of 
sleep a night is best for adolescents. However, 

sleep durations for adolescents have been 
declining.2 The reasons for decreasing sleep 
durations and reduced sleep quality among 
adolescents have been suggested to be asso-
ciated with increased use of the internet and 
social media and earlier school start times.3 4 
Inadequate sleep durations or quality could 
lead to poor school performance, physical 
health problems such as atopic conditions, 
headaches, mental health problems and 
unhealthy behaviours.4–7 

One of the outcomes of sleep deprivation 
among adolescents is obesity,8 which has 
become a serious public health problem 
worldwide.9 The fundamental factor leading 
to obesity is an energy imbalance between 
the calories consumed and the calories 
expended10; therefore, dietary factors are 
closely related to the prevalence of obesity11 12 
and are considered as a potential link between 
sleep deprivation and obesity in adolescents. 
According to previous studies, the intake 
of fruits, vegetables and milk has a positive 
association, and the intake of sweets, snacks 

Strengths and limitations of this study

►► Our study was conducted on a representative popu-
lation of Korean adolescents.

►► We considered numerous socioeconomic status 
variables as confounding factors to investigate the 
independent relationship between sleep status and 
food consumption.

►► We considered sleep duration and sleep quality in 
explaining sleep status.

►► Our study was based on secondary data, and it has 
some limitations in providing specific information.

►► Because the data were collected based on a self-re-
ported questionnaire, the precision of the informa-
tion may be low.
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and fast food has negative association with sleep dura-
tion.13–15 In short, adolescents who get less sleep may be 
more likely to consume more calories in the form of fast 
foods, sweets and snacks and fewer micronutrients than 
adolescents who get more sleep. Previous studies demon-
strated that one of the possible reasons for sleep depriva-
tion in association with the consumption of higher energy 
foods might be changes in hormones such as decreased 
leptin and increased ghrelin levels, which can lead to an 
increase in appetite.16 17 In summary, sleep deprivation 
in adolescents might affect dietary habits as a factor of 
health problems including obesity.

In Korea, the prevalence of childhood obesity in 
males and females was 15.3% and 11.1% in 2016, respec-
tively, and it increased steadily since 2010.18 Lee, who 
performed a study using the Korea Youth Risk Behavior 
Web-based Survey (KYRBWS), reported that <7 hours of 
sleep per night in high school students was associated 
with increased cracker consumption.19

Meanwhile, studies of sleep deprivation should consider 
sleep duration  and sleep quality. However, few studies 
have investigated the relationship between sleep dura-
tion, along with sleep quality, and the intake of various 
foods while also adjusting for the numerous confounding 
factors among adolescents in population-based data-
sets. Lee used KYRBWS data, which is population-based 
datasets containing numerous variables, but she did not 
consider the sleep quality.19 The aim of our study was to 
identify the associations between sleep duration, sleep 
quality and food intake among adolescents by using 
KYRBWS datasets. We used the data of the participants’ 
level of recovery from fatigue after sleeping as sleep 
quality.

Materials and methods 
Data collection
The Institutional Review Board (IRB) of the Centers 
for Disease Control and Prevention of Korea (KCDC) 
approved this study (2014-06EXP-02-P-A). Written, 
informed consent was obtained from each participant 
prior to the survey. Because this web-based survey was 
performed at schools and included a large number of 
participants, informed consent from their parents was 
exempted. This consent procedure was approved by the 
IRB of KCDC.

This was a cross-sectional study using data from the 
KYRBWS, covering only Korea and using statistical 
methods based on a designed sampling method and 
adjusted, weighted values. The results from the KYRBWS 
conducted in 2014 and 2015 were analysed. The data 
were collected by the KCDC.

Participants
The survey consists of 125 questions assessing demo-
graphic characteristics and health-related behaviours. 
Korean adolescents from 7th to 12th grade completed 
the self-administered questionnaire voluntarily and 

anonymously. Using 43 regions (considering adminis-
trative districts, geographic accessibility, the number of 
schools and population size) and the school participants 
attended, the mother population was stratified into 129 
levels to identify the sample distribution. Groups were 
then selected using stratified, two-stage (schools and 
classes) clustered sampling based on data from the Educa-
tion Ministry. Sampling was weighted by statisticians, 
who performed a poststratification step and considered 
non-response rates and extreme values. Detailed methods 
are described at the KYRBWS website (https://​yhs.​cdc.​
go.​kr/​new/​pages/​main.​asp).

Of a total of 140 103 participants, we excluded the 
following participants from analysis in this study; partic-
ipants who slept less than 3 hours or more than 12 hours 
per night or who had no sleep records (18 594 partici-
pants); participants who did not give their age (403 partic-
ipants); and participants without height or weight data 
(2644 participants). Finally, 118 462 participants (84.5% 
of total participants; 59 431 males; 59 031 females; 12–18 
years old) were included in this study (figure 1).

Patients and Public involvement
Patients and public were not involved in the design and 
development of this research.

Sleep duration and sleep quality
The times at which participants fall asleep and wake 
up were recorded to within 10 min. The participants 
were asked the time they fall asleep and the time they 
wake up for the seven most recent days classified into 
weekdays and weekends. Sleep duration was calculated 
by subtracting the time they fall asleep from the time 
they wake up. The mean daily sleep duration was calcu-
lated by adding weekday and weekend sleep durations 
with weights of 5/7 and 2/7, respectively. Sleep dura-
tion was divided into five groups:  <6 hours (less than 
6 hours),  ≥6 hours and  <7 hours (6 hours),  ≥7 hours 
and <8 hours (7 hours), ≥8 hours and <9 hours (8 hours) 
and  ≥9 hours (9+  hours). The participants were asked 
about their recovery from fatigue after sleeping for the 
seven most recent days (quality of sleep). The answer 
options were very good, good, moderate, poor and very 
poor. We regrouped answers into three groups of sleep 
quality to simplify the categories: good (very good and 
good), moderate and poor (poor and very poor). We 
analysed the association between sleep quality and food 
consumption only in the 7-hour and 8-hour groups as 
sleep duration was closely related to its quality (online 
supplementary S1 table).

Food intake frequency
The KCDC collected the participants’ certain food intake 
frequencies in the seven most recent days. The foods were 
fruits (not fruit juice), soda, soft drinks (including sports 
drinks, coffee-based beverages and fruit drinks; excluding 
soda), fast food (such as pizza, hamburgers or chicken), 
instant noodle, confectionaries, vegetables and milk. The 
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data were divided into four groups: ≥5 times a week, 3–4 
times a week, 1–2 times a week and 0 times a week.

Health examination and socioeconomic status
The participants were asked their weight (kg) and height 
(cm). Obesity levels were categorised into four groups 
according to the Centers for Disease Control and Preven-
tion guidelines regarding body mass index (BMI; kg/m2) 
for children and teens20 as follows: obese: ≥95th percen-
tile; overweight: ≥85th percentile and <95th percentile; 
healthy weight: ≥5th percentile and <85th percentile; and 
underweight: <5th percentile. The region of residence was 
divided into three groups by administrative district: large 
city, small city and rural area. Subjective self-assessments of 
health were divided into five groups, from very good to very 
bad. The stress level of participants was divided into five 
groups: severe, moderate, mild, a little and no stress. Self-re-
ported economic level was grouped into five levels, from the 
highest to lowest. Parent educational level was divided into 
four groups: graduated college or higher, graduated high 
school, graduated middle school or below, unknown and 
no parents. The participants who did not know the educa-
tional level of their parents or who had no parents were not 
excluded as this could have increased the number missing 
values for participants of relatively lower economic levels.

Statistical analysis
Differences in the general characteristics according to 
sleep duration were calculated using linear regression 
analysis with complex sampling for age. The rate differ-
ences in relation to sex, region of residence, economic 
level, educational level of parents, stress level, food 
consumption and quality of sleep were compared using 
χ2 tests with Rao-Scott corrections.

Adjusted ORs (AORs) for sleep duration in relation 
to food consumption were calculated using multino-
mial logistic regression analysis with complex sampling 
for adjusted covariates (age, sex, obesity, region of resi-
dence, stress level, economic level and educational level 
of parents).

AORs for sleep quality in relation to food consumption 
were calculated using multinomial logistic regression 
analysis with complex sampling for adjusted covariates in 
the 7-hour and 8-hour groups.

Two-tailed analyses were conducted. P  values lower 
than 0.05 were considered to indicate significance, and 
95% CIs were calculated. The weighted values recom-
mended by the KYRBWS were applied, and all results are 
presented as weighted values. The results were analysed 
using SPSS V.21.0.

Figure 1  A schematic illustration of the participant selection. From a total of 140 103 participants, those getting <3 hours 
or >12 hours of sleep per night or with no sleep records (n=18 594), without a record of their age (403) or without height or 
weight data (2644) were excluded. The data for the 118 462 participants from whom complete records were obtained were 
analysed.
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Results
Analysis of the general characteristics of the study partic-
ipants shows that an older age, being female, reporting 
being healthy, living in a large city, feeling severe or 
moderate stress, being at a lower economic level and 

having higher parental educational levels were associated 
with shorter sleep durations (all p values <0.001, table 1).

Higher frequencies of instant noodle, fruits, vegetables 
and milk intake were associated with longer sleep dura-
tions, while higher frequencies of soda, soft drinks, fast 

Table 1  General characteristics of participants according to sleep duration

Factors Total

Sleep duration

P values<6 hours 6 hours 7 hours 8 hours 9+ hours

Number

 � n 118 462 27 409 29 773 30 254 20 743 10 283

 � % 100 23.1 25.1 25.5 17.5 8.7

Mean age (year, SD) 15.0 (1.7) 16.1 (1.5) 15.5 (1.6) 14.7 (1.6) 13.9 (1.5) 14.0 (1.6) <0.001*

Sex (%) <0.001†

 � Male 50.2 41.8 47.7 52.3 57.1 59.5

 � Female 49.8 58.2 52.3 47.7 42.9 40.5

Obesity (%) <0.001†

 � Underweight 6.1 5.9 6.2 6.0 6.2 6.9

 � Healthy 78.8 80.3 79.5 78.1 77.8 76.5

 � Overweight 11.3 10.8 10.8 11.8 11.8 11.8

 � Obese 3.8 3.0 3.5 4.1 4.2 4.8

Region (%) <0.001†

 � Large city 44.7 49.4 46.6 43.3 40.6 39.0

 � Small city 47.3 44.5 46.4 48.1 49.8 50.1

 � Rural area 8.0 6.1 7.1 8.6 9.6 10.9

Stress (%) <0.001†

 � Severe 8.9 13.7 9.3 7.1 5.7 7.1

 � Moderate 27.3 34.4 29.1 25.0 21.4 21.7

 � Mild 43.8 39.9 45.1 45.8 44.8 42.8

 � A little 16.6 10.1 14.3 18.8 23.0 21.9

 � No 3.3 1.9 2.3 3.3 5.2 6.6

Economic level (%) <0.001†

 � Highest 8.1 7.3 6.9 7.9 9.5 11.1

 � Middle high 26.5 26.7 25.5 25.7 28.1 27.7

 � Middle 48.3 46.9 48.9 49.5 48.3 46.3

 � Middle low 14.0 15.2 15.2 13.9 11.8 11.9

 � Lowest 3.2 3.9 3.5 3.0 2.3 3.0

Educational level, father (%) <0.001†

 � Unknown 19.7 12.8 16.0 21.9 26.6 28.5

 � Middle school 2.7 2.6 2.8 2.8 2.4 2.6

 � High school 29.2 28.8 30.5 30.3 27.5 26.9

 � College or over 48.4 55.8 50.8 45.0 43.6 42.0

Educational level, mother (%) <0.001†

 � Unknown 18.9 12.0 15.2 21.0 25.8 28.1

 � Middle school 2.3 2.3 2.5 2.3 2.0 2.2

 � High school 37.1 39.1 39.3 37.1 33.7 31.8

 � College or over 41.7 46.7 43.0 39.6 38.5 37.9

*Linear regression analysis with complex sampling. Significance at p<0.05.
†χ2 test with Rao-Scott correction. Significance at p<0.05.
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Table 2  Food consumption of participants according to sleep duration

Factors

Sleep duration

P valuesTotal <6 hours 6 hours 7 hours 8 hours 9+ hours

Fruits (%) <0.001*

 � ≥5 times a week 33.4 33.4 31.9 32.5 35.6 35.8

 � 3–4 times a week 28.9 28.2 29.0 29.2 29.4 28.0

 � 1–2 times a week 29.5 30.1 30.8 29.9 27.0 27.9

 � 0 times a week 8.3 8.3 8.3 8.4 8.0 8.7

Soda (%) <0.001*

 � ≥5 times a week 8.0 8.3 8.1 8.0 7.7 8.0

 � 3–4 times a week 18.2 17.2 18.8 18.8 18.2 17.4

 � 1–2 times a week 48.9 48.0 49.0 49.8 49.0 48.0

 � 0 times a week 24.9 26.5 24.2 23.4 25.1 26.6

Soft drinks (%) <0.001*

 � ≥5 times a week 13.9 16.3 14.5 13.1 12.0 11.6

 � 3–4 times a week 25.9 26.7 26.5 26.0 24.7 24.0

 � 1–2 times a week 44.1 42.2 43.9 44.8 45.6 44.6

 � 0 times a week 16.1 14.7 15.0 16.1 17.7 19.8

Fast food (%) <0.001*

 � ≥5 times a week 2.5 2.8 2.6 2.2 2.2 2.7

 � 3–4 times a week 11.9 12.6 12.8 11.7 10.6 10.7

 � 1–2 times a week 59.8 60.0 60.7 60.5 58.8 56.2

 � 0 times a week 25.8 24.6 23.8 25.5 28.3 30.3

Instant noodle (%) <0.001*

 � ≥5 times a week 4.6 4.4 4.3 4.8 4.8 5.4

 � 3–4 times a week 17.6 15.0 16.9 18.6 19.7 18.6

 � 1–2 times a week 51.6 49.8 51.9 52.4 52.6 51.3

 � 0 times a week 26.2 30.8 26.9 24.2 22.9 24.6

Confectionaries (%) <0.001*

 � ≥5 times a week 10.7 12.2 11.1 9.9 9.7 9.7

 � 3–4 times a week 26.4 27.1 26.9 26.4 25.5 24.4

 � 1–2 times a week 45.4 44.3 45.6 45.9 45.9 45.6

 � 0 times a week 17.6 16.5 16.5 17.8 18.9 20.3

Vegetables (%) <0.001*

 � ≥5 times a week 56.6 57.3 55.4 55.4 57.8 58.7

 � 3–4 times a week 24.1 23.8 24.5 25.1 23.2 22.6

 � 1–2 times a week 15.7 15.0 16.4 16.1 15.6 14.9

 � 0 times a week 3.6 4.0 3.7 3.4 3.4 3.8

Milk (%) <0.001*

 � ≥5 times a week 41.9 36.7 38.4 42.9 48.4 50.4

 � 3–4 times a week 20.0 20.3 20.4 20.2 19.6 18.2

 � 1–2 times a week 22.4 24.3 24.0 22.2 19.4 18.6

 � 0 times a week 15.7 18.7 17.3 14.8 12.5 12.8

*χ2 test with Rao-Scott correction. Significance at p<0.05.
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food, and confectionaries intake were associated with 
shorter sleep durations (all p values <0.001, table 2).

Short sleep durations (<6 hours) were associated with 
a higher intake of soft drinks (AOR (95% CI) for  ≥5 
times a week: 1.73 (1.57  to  1.91); p<0.001) and with a 
higher intake of confectionaries (AOR (95% CI) for  ≥5 
times a week: 1.32 (1.20  to  1.46); p<0.001). Soda and 
fast food intake showed an increasing trend in the group 
getting  <6 hours of sleep. However, it was not definite. 
Fruits, instant noodle, vegetables and milk intake did not 
show an evident association with getting <6 hours of sleep 
per night despite the significant association with sleep 

duration overall (table  3). Unadjusted model was also 
analysed (online supplementary S2 table).

Sleep quality was also associated with the frequency of 
food intake. Poor quality of sleep was associated with a 
lower intake of fruits, vegetables and milk (AOR (95% CI) 
for ≥5 times a week for fruits: 0.71 (0.65  to 0.77); vege-
tables: 0.66 (0.58 to 0.75); and milk: 0.80 (0.74 to 0.86); 
each p<0.001). Poor sleep quality was also related with 
a higher intake of soda, soft drinks, fast food, instant 
noodle and confectionaries (AOR (95% CI) for  ≥5 
times a week for soda: 1.55 (1.40  to  1.70); soft drinks: 
1.58 (1.43 to 1.73); fast food: 1.97 (1.65 to 2.35); instant 

Table 3  Adjusted ORs of sleep duration for food consumption using multiple logistic regression analysis with complex 
sampling (reference of food frequency=0 times a week)

Factors

AOR (95% CI) of sleep duration

P values<6 hours 6 hours 7 hours 8 hours 9+ hours

Fruits (%) <0.001*

 � ≥5 times a week 1.07 (0.97 to 1.18) 0.97 (0.89 to 1.06) 0.95 (0.87 to 1.04) 1.03 (0.94 to 1.12) 1

 � 3–4 times a week 1.04 (0.94 to 1.15) 1.05 (0.96 to 1.16) 1.05 (0.95 to 1.15) 1.11 (1.00 to 1.22) 1

 � 1–2 times a week 0.98 (0.89 to 1.08) 1.02 (0.92 to 1.12) 1.03 (0.94 to 1.13) 1.02 (0.92 to 1.12) 1

Soda (%) <0.001*

 � ≥5 times a week 1.27 (1.14 to 1.41) 1.29 (1.17 to 1.42) 1.27 (1.16 to 1.40) 1.08 (0.97 to 1.19) 1

 � 3–4 times a week 1.08 (1.00 to 1.17) 1.25 (1.17 to 1.34) 1.29 (1.21 to 1.38) 1.13 (1.05 to 1.22) 1

 � 1–2 times a week 1.00 (0.94 to 1.07) 1.12 (1.06 to 1.18) 1.20 (1.14 to 1.27) 1.09 (1.03 to 1.16) 1

Soft drinks (%) <0.001*

 � ≥5 times a week 1.73 (1.57 to 1.91) 1.57 (1.44 to 1.71) 1.38 (1.26 to 1.50) 1.16 (1.06 to 1.28) 1

 � 3–4 times a week 1.36 (1.25 to 1.47) 1.36 (1.37 to 1.46) 1.28 (1.19 to 1.38) 1.15 (1.07 to 1.24) 1

 � 1– 2 times a week 1.16 (1.09 to 1.25) 1.22 (1.15 to 1.30) 1.18 (1.11 to 1.26) 1.14 (1.07 to 1.22) 1

Fast food (%) <0.001*

 � ≥5 times a week 1.12 (0.95 to 1.32) 1.15 (0.99 to 1.34) 0.95 (0.82 to 1.11) 0.86 (0.74 to 1.00) 1

 � 3–4 times a week 1.18 (1.08 to 1.29) 1.31 (1.20 to 1.28) 1.22 (1.12 to 1.32) 1.07 (0.99 to 1.17) 1

 � 1–2 times a week 1.12 (1.05 to 1.19) 1.22 (1.15 to 1.28) 1.22 (1.15 to 1.28) 1.13 (1.07 to 1.19) 1

Instant noodle (%) <0.001*

 � ≥5 times a week 1.09 (0.96 to 1.24) 1.03 (0.91 to 1.17) 1.07 (0.95 to 1.20) 0.98 (0.87 to 1.11) 1

 � 3–4 times a week 0.93 (0.86 to 1.01) 1.06 (0.98 to 1.14) 1.15 (1.07 to 1.23) 1.17 (1.08 to 1.26) 1

 � 1– 2 times a week 0.92 (0.86 to 0.98) 1.04 (0.98 to 1.10) 1.09 (1.03 to 1.16) 1.11 (1.04 to 1.18) 1

Confectionaries (%) <0.001*

 � ≥5 times a week 1.32 (1.20 to 1.46) 1.28 (1.17 to 1.41) 1.10 (1.00 to 1.20) 1.06 (0.97 to 1.17) 1

 � 3–4 times a week 1.20 (1.11 to 1.29) 1.22 (1.13 to 1.31) 1.16 (1.08 to 1.24) 1.10 (1.02 to 1.18) 1

 � 1–2 times a week 1.09 (1.12 to 1.17) 1.15 (1.07 to 1.23) 1.11 (1.04 to 1.18) 1.08 (1.01 to 1.16) 1

Vegetables (%) <0.001*

 � ≥5 times a week 0.96 (0.85 to 1.10) 0.95 (0.83 to 1.07) 1.04 (0.92 to 1.17) 1.07 (0.94 to 1.22) 1

 � 3–4 times a week 0.92 (0.80 to 1.05) 0.98 (0.86 to 1.12) 1.15 (1.02 to 1.30) 1.10 (0.96 to 1.25) 1

 � 1–2 times a week 0.91 (0.79 to 1.05) 1.02 (0.90 to 1.17) 1.17 (1.03 to 1.33) 1.15 (1.01 to 1.33) 1

Milk (%) <0.001*

 � ≥5 times a week 0.99 (0.91 to 1.07) 0.91 (0.85 to 0.98) 0.92 (0.85 to 0.99) 0.97 (0.89 to 1.04) 1

 � 3–4 times a week 1.06 (0.97 to 1.15) 1.04 (0.96 to 1.13) 1.09 (1.00 to 1.18) 1.09 (1.00 to 1.19) 1

 � 1–2 times a week 1.01 (0.93 to 1.09) 1.05 (0.97 to 1.14) 1.06 (0.98 to 1.14) 1.03 (0.95 to 1.12) 1

*Significance at p<0.05.

https://dx.doi.org/10.1136/bmjopen-2018-022848
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noodle: 1.55 (1.37  to  1.76); and confectionaries: 1.30 
(1.18 to 1.43); each p<0.001, table 4).

Discussion
We found that shorter sleep durations were associated 
with higher frequencies of consuming soft drinks and 
confectionaries than longer sleep durations. Additionally, 
poor sleep quality, with 7–8 hours of sleep per night, was 
associated with a lower frequency of fruits, vegetables and 
milk intake, and a higher frequency of soda, soft drinks, 
fast food, instant noodle and confectionaries intake. 

These results are consistent with the results from previous 
studies in regard to the association between sleep dura-
tion and food consumption.13–15 19 Furthermore, we 
demonstrated an association between sleep quality and 
the intake of various foods.

Along with these outcomes, sleep duration in associ-
ation with sleep quality might affect one’s appetite and 
even be related to health problems such as obesity21 and 
diabetes.22 A short sleep duration or poor sleep quality 
is associated with appetite-related hormonal changes 
such as lower leptin and higher ghrelin levels in previous 

Table 4  Adjusted ORs of quality of sleep for food consumption using multiple logistic regression analysis with complex 
sampling (reference of food frequency=0 times a week) in 7-hour and 8-hour groups

Factors

Quality of sleep

P valuesGood Moderate Poor

Fruits (%) <0.001**

 � ≥5 times a week 1 0.81 (0.74 to 0.89) 0.71 (0.65 to 0.77)

 � 3–4 times a week 1 0.93 (0.85 to 1.01) 0.79 (0.72 to 0.87)

 � 1–2 times a week 1 1.00 (0.92 to 1.09) 0.90 (0.82 to 0.99)

Soda (%) <0.001**

 � ≥5 times a week 1 1.27 (1.16 to 1.40) 1.55 (1.40 to 1.70)

 � 3–4 times a week 1 1.25 (1.16 to 1.33) 1.35 (1.25 to 1.45)

 � 1–2 times a week 1 1.14 (1.08 to 1.20) 1.15 (1.08 to 1.22)

Soft drinks (%) <0.001**

 � ≥5 times a week 1 1.24 (1.15 to 1.35) 1.58 (1.43 to 1.73)

 � 3–4 times a week 1 1.21 (1.13 to 1.29) 1.36 (1.26 to 1.46)

 � 1–2 times a week 1 1.09 (1.03 to 1.16) 1.10 (1.03 to 1.18)

Fast food (%) <0.001**

 � ≥5 times a week 1 1.26 (1.07 to 1.49) 1.97 (1.65 to 2.35)

 � 3–4 times a week 1 1.28 (1.19 to 1.38) 1.49 (1.37 to 1.62)

 � 1–2 times a week 1 1.11 (1.06 to 1.17) 1.18 (1.11 to 1.25)

Instant noodle (%) <0.001**

 � ≥5 times a week 1 1.29 (1.14 to 1.45) 1.55 (1.37 to 1.76)

 � 3–4 times a week 1 1.27 (1.19 to 1.36) 1.31 (1.22 to 1.42)

 � 1–2 times a week 1 1.14 (1.09 to 1.20) 1.11 (1.05 to 1.18)

Confectionaries (%) <0.001**

 � ≥5 times a week 1 1.13 (1.03 to 1.23) 1.30 (1.18 to 1.43)

 � 3–4 times a week 1 1.12 (1.04 to 1.19) 1.08 (1.01 to 1.17)

 � 1–2 times a week 1 1.05 (0.99 to 1.12) 1.00 (0.93 to 1.07)

Vegetables (%) <0.001**

 � ≥5 times a week 1 0.97 (0.86 to 1.10) 0.66 (0.58 to 0.75)

 � 3–4 times a week 1 1.14 (1.00 to 1.30) 0.78 (0.68 to 0.89)

 � 1–2 times a week 1 1.30 (1.14 to 1.49) 0.98 (0.85 to 1.12)

Milk (%) <0.001**

 � ≥5 times a week 1 0.89 (0.83 to 0.95) 0.80 (0.74 to 0.86)

 � 3–4 times a week 1 1.01 (0.941.09) 0.86 (0.79 to 0.93)

 � 1–2 times a week 1 0.99 (0.92 to 1.06) 0.91 (0.84 to 0.99)

*Significance at p<0.05.
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studies. These results were also associated with greater 
energy intake and a higher BMI.16 17 Baron et al21 reported 
that people who fall asleep later sleep less and consume 
more calories than people who fall asleep earlier. More-
over, consuming calories after 20:00 was associated with a 
higher BMI. Rudnicka et al22 reported that shorter sleep 
durations in children were associated with a higher preva-
lence of risk factors for type 2 diabetes, such as increases in 
the fat mass index, insulin resistance and fasting glucose 
level. Meanwhile, Doo et al23 reported that participants 
with shorter sleep durations and a higher consumption 
of dietary antioxidant vitamins had a lower risk of obesity 
than those with a lower consumption of dietary antioxi-
dant vitamins. In summary, a short sleep duration in asso-
ciation with poor sleep quality could affect dietary habits 
and appetite, which could result in health problems. 
Nevertheless, people who sleep for shorter durations can 
reduce the risks of health problems by consuming foods 
rich in micronutrients such as vitamins.

Although nutrient profiles were not available in our 
study, sugar-sweetened beverages, such as soda and soft 
drinks, confectionaries, fast food and instant noodle have 
higher energy levels but less micronutrients than fruits, 
vegetables and milk. Sugar-sweetened beverages contain 
mainly liquid calories provided by sugars and have very 
few of other nutrients. A potential biological mechanism 
for sugar-sweetened beverages leading to obesity is that 
liquid calories may result in decreased satiety, leading to 
the consumption of more sugar-sweetened beverages with 
subsequent weight gain.24

Fast food, confectionaries and instant noodle contain 
high energy densities, with calories derived from carbohy-
drates and fats and with minimal amounts of other nutri-
ents. Nevertheless, humans have a weak innate ability to 
recognise energy density, so humans fail to downregulate 
the consumption of most of these foods accordingly.25 
Obesity is one of the risk factors of type 2 diabetes, 
because it is related to an increase in insulin resistance.26 
In fact, previous studies reported that sugar-sweetened 
beverage and fast food consumption were associated 
with changes in bodyweight and increased insulin resis-
tance.24 27 Hence, consumption of these foods could be 
a potential mechanistic link between sleep duration in 
association with quality and health problems, including 
obesity and type 2 diabetes in adolescents.

However, food intake might affect sleep duration and 
sleep quality. Fruits, vegetables and milk are sources of 
vitamins and minerals. Grandner et al28 reported that 
sleep symptoms such as difficulty falling asleep, difficulty 
maintaining sleep, non-restorative sleep, and daytime 
sleepiness were associated with a lower intake of calcium, 
potassium, selenium, vitamin C, vitamin D, alpha-caro-
tene and lycopene. Although mechanistic links between 
vitamin intake and sleep quality are unclear, previous 
studies have verified the relationship between sleep dura-
tion and vitamin intake.29 30 In addition, Grandner et al 
reported that sleep symptoms associated with poor sleep 
quality were associated with a higher intake of salt,28 and 

fast food and instant noodle intake are associated with 
salt intake. In accordance with the Korean food compo-
sition table, the sodium content of cooked hamburger is 
498 mg/100 g and that of cheese pizza is 447 mg/100 g. 
Instant noodle seasoning contains 2225 mg of sodium 
in one portion (10.5 g).31 Excessive salt (and therefore 
sodium) intake leads to elevated blood pressure, whereas 
calcium and potassium lower blood pressure.32 Fereidoun 
and Pouria reported that providing 0.05 g/kg of salt to 
participants resulted in poor sleep quality.33 According to 
a study by Javaheri et al34, poor sleep quality in adoles-
cents was associated with prehypertension. The findings 
of previous studies and those of our study show that 
consuming foods with high levels of salt and low levels of 
other micronutrients might result in reduced sleep dura-
tions and poor sleep quality.

The limitations of our study are as follows. First, our 
study was based on data collected by the KYRBWS, and 
as secondary data, it has some limitations in providing 
specific information. For example, the dataset did not 
have information on nutrient contents or the quantity of 
food consumed to go along with intake frequency data. 
In addition, data on other confounding factors such as 
school examination periods or the timing of food intake 
across the 24 hours were not present. Second, because 
the data were collected based on a self-reported question-
naire including weight and height, the precision of the 
information may be low such as BMI have possibility of 
underestimation by self-reported questionnaire.35 Third, 
the validity of questionnaires of sleep duration, sleep 
quality and food intake frequencies is unclear. Hence, 
the responses on the questionnaire may not represent 
the usual sleep duration, sleep quality or food intake 
frequency of each participant. To collect usual sleep 
duration, sleep quality and food intake data, the validity 
and reliability of the questionnaire should be evaluated 
in a further study. Finally, because of the cross-sectional 
design, the causal relationship between sleep dura-
tion, sleep quality and food intake frequency is unclear. 
Longitudinal, randomised, controlled studies should be 
conducted to determine the causal relationship.

Nevertheless, our findings provide valuable information 
for the following reasons. First, our study was conducted 
on a representative population of Korean adolescents. 
Second, we considered numerous socioeconomic status 
variables as confounding factors to investigate the inde-
pendent relationship between sleep status and food 
consumption. Third, we considered sleep duration and 
sleep quality in explaining sleep status. Finally, we inves-
tigated the intake frequency of various foods to show the 
relationship between sleep status and food consumption.

Conclusion
A short sleep duration was related to a higher frequency of 
soft drinks and confectionaries intake. Additionally, poor 
sleep quality with a normal sleep duration was related to a 
lower frequency of fruits, vegetables and milk intake, and 
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a higher frequency of soda, soft drinks, fast food, instant 
noodle and confectionaries intake in adolescents. Hence, 
we demonstrate that short sleep durations and poor 
sleep quality might be associated with unhealthy food 
consumption, such as consuming more sugar-sweetened 
beverages, fast food, instant noodle and confectionaries, 
and fewer fruits, vegetables and milk. Further studies with 
a longitudinal, randomised, controlled design are needed 
to elucidate the specific causal relationship between sleep 
status and food consumption in adolescents.
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