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ABSTRACT: Sleep pattern disruptions have been reported to be associated with an increased risk of obesity. This study 

was performed to investigate the association between sleep quality and sleep duration with dietary consumption, psycho-

logical factors, and obesity in Korean adults. A total of 288 Korean men and women who visited a public health center 

were included in this study. Data on general characteristics, health-related habits, psychological symptoms, dietary intake, 

and sleep patterns (including quality and duration) were collected using self-report questionnaires. Approximately half of 

the included Korean adults experienced sleep of low quality and short duration. Subjects who reported short sleep dura-

tions had a significantly higher weight (P=0.015), body mass index (P<0.001), and prevalence of obesity (P=0.012) than 

those reporting proper sleep durations. After adjustment for covariates, subjects reporting short sleep durations con-

sumed more dietary carbohydrates (P=0.043) and higher levels of perceived stress (P=0.001), depression (P=0.001), and 

anxiety (P<0.001) than subjects reporting proper sleep durations. However, obesity-related variables, dietary intake and 

psychosocial symptoms did not differ significantly by reported sleep quality. The results of this study demonstrated that 

sleep duration but not sleep quality was associated with dietary macronutrient intake and psychological symptoms, 

which might affect obesity. 
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INTRODUCTION

Obesity has been officially recognized as a chronic disease 

(1) as well as a major risk factor for serious problems, 

including hypertension, hypercholesterolemia, type 2 di-

abetes, cardiovascular disease, and some types of cancer 

(2). Both genetic and environmental factors, such as so-

cioeconomic status, physical activity, and dietary con-

sumption, have been reported to influence obesity risk. 

Urbanization and industrialization might also be associ-

ated with changes in dietary consumption, physical activ-

ity, and sleep patterns (2-4). Studies have reported that 

sleep durations have decreased dramatically over the past 

few decades (4). Interestingly, a simultaneous increase 

in the prevalence in obesity has been identified (4).

Insufficient sleep duration may be associated with an 

increased risk of obesity (5-7). Some studies (6,7), using 

representative data from the Korean population, have re-

ported short sleep duration to be associated with in-

creased consumption of dietary carbohydrates and/or car-

bohydrate-rich foods, which may also be associated with 

a modified risk of obesity. Additionally, obese individu-

als have been reported to experience more sleep prob-

lems, including difficulty falling asleep, sleep disturb-

ances, excessive daytime sleepiness, and insufficient sleep 

compared to those of normal weight (8,9). To clarify the 

association between sleep and obesity, sleep patterns 

should be evaluated, including the assessment of sleep 

quality as a qualitative indicator and sleep duration as a 

quantitative indicator. Therefore, in the present study, we 

examined the associations between obesity, psychologi-

cal symptoms, and dietary consumption and sleep pat-

terns, including sleep quality, sleep duration, and obesity 

in a Korean adult population.

SUBJECTS AND METHODS

Subjects

This study was recruited 288 subjects (141 men and 147 
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women) aged 20 years old who visited the Songpa public 

health center, which is located in Seoul, Korea. Question-

naires were used to collect data from study subjects be-

tween Jan and Feb 2016. The study questionnaires were 

designed to collect data on general characteristics, health- 

related habits, psychological symptoms, dietary intake, 

and sleep patterns. All data were self-reported with the 

exception of dietary intake. Subjects with current mental 

illness or who were currently taking sleep or psychologi-

cal medications that could directly affect sleep pattern 

were excluded. Additionally, men subjects who consumed 

<800 kcal/d or ≥4,000 kcal/d and women subjects who 

consumed <500 kcal/d or ≥3,500 kcal/d were excluded. 

The study was approved by the Research Council and 

Ethical Committee of the Ewha Womans University (IRB: 

107-18), and all subjects provided written informed con-

sent before participating in the study.

Data collection

General characteristics, such as gender, age, educational 

level, and occupation, were collected. Educational levels 

were classified as “≤high school” or “＞high school”. 

Current occupational status was categorized as “unem-

ployed” or “employed”.

Study subjects were asked about alcohol consumption, 

smoking, physical activity, and use of dietary supple-

ments. Participants were categorized as “non-drinkers” 

or “drinkers” based on their current alcohol consump-

tion habits and “non-smokers” and “smokers” based on 

their smoking habits. The consumption of dietary sup-

plements over 3 times per week was assessed, and sub-

jects were classified as non-consumers of dietary supple-

ments (“no”) and dietary supplement consumers (“yes”).

Psychological data, including perceived stress levels, 

health status and depression, and anxiety symptoms were 

collected by self-reports. The subjects’ perceived levels 

of stress and health during the past month were meas-

ured using a 5-point Likert scale. Using a score of three 

times as the cutoff value, subjects were divided into “low 

stress” and “high stress” groups based on their perceived 

stress levels and “unhealthy status” and “healthy status” 

based on their perceived health status. The subjects were 

divided into “<3 day per week” and “≥3 days per week” 

groups based on their reported physical activity levels 

during the past month. Depressive symptoms were meas-

ured using the Center for Epidemiologic Studies Depres-

sion scale, which may be used to measure depressive 

symptoms in the general population (10). The scale in-

cludes 20 items related to the depressive symptoms ex-

perienced during the previous week. The overall scores 

possible on this scale ranged from 0 to 60. Anxiety symp-

toms were assessed using the State-Trait Anxiety Inven-

tory, which is a 20-item scale with which the anxiety 

symptoms experienced during the previous week were 

assessed (11). The overall scores possible on this scale 

ranged from 20 to 80.

Body mass index (BMI, kg/m2) was calculated using 

the following equation: body weight in kilograms divided 

by the square of height in meters. Obesity was defined 

in accordance with the definition of obesity in Asian 

populations proposed by the Western Pacific Regional 

Office of the World Health Organization as a BMI≥25 

kg/m2. 

Dietary intake was evaluated using 24-h recall inter-

views, which were conducted by trained dietitians. To re-

flect usual dietary consumption habits, all subjects were 

asked about the food items and their portion sizes of the 

meal they consumed. The dietary data were analyzed to 

evaluate average dietary intake using the CAN Pro 4.0 

software (Computer-aided nutritional analysis program 

for professionals, a nutrient database developed by the 

Korean Nutrition Society (Seoul, Korea). The consump-

tion of each macronutrient (protein, fat, and carbohy-

drate) was calculated as its percentage of total energy 

consumption.

Sleep patterns were assessed using the Pittsburgh Sleep 

Quality Index (PSQI) developed by Buysse et al. (12) 

and has been widely used to assess sleep quality during 

the previous month using self-report data. The PSQI con-

sists of 7 elements, including perceived sleep quality, 

sleep latency, sleep duration, sleep efficiency, sleep dis-

turbances, use of sleeping medication, and daytime dys-

function, as has been described previously (12). The to-

tal sleep quality score possible ranged from 0 to 21, with 

higher scores indicating poorer sleep quality. The partic-

ipants were divided into “poor sleep quality” and “good 

sleep quality” groups using a cutoff score of 5. Addition-

ally, the participants were divided into “<7.0 hours a day” 

and “≥7.0 hours a day” based on their reported sleep du-

rations and in accordance with previous studies (13,14).

Statistical analyses

Differences between general characteristics were eval-

uated using independent Student’s t-tests for continuous 

variables and chi-square tests for categorical variables. 

Data are presented as the mean±standard deviation (SD) 

or N (%). Generalized linear models were used to adjust 

for confounders, including gender, age, depression, anxi-

ety, alcohol consumption status, and smoking status. A 

multivariable logistic regression analysis was performed 

to assess the risk of obesity according to sleep duration 

and sleep quality as indicated by the calculated odds ra-

tios (ORs) and 95% confidence intervals (CIs). To inves-

tigate the association between sleep status and obesity 

after adjustment for covariates, a logistic regression mod-

el was generated. All statistical analyses were completed 

using SPSS (version 21.0; IBM Corporation, Armonk, 

NY, USA) software for Windows, and statistical signifi-
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Table 1. General characteristics of the population according to sleep quality and sleep duration

Sleep quality Sleep duration

Poor (n=97) Good (n=191) P <7 h (n=107) ≥7 h (n=181) P

Age (years) 45.0±1.7 43.8±1.3 0.582 49.8±1.5 40.9±1.3 <0.001

Sex 0.531 0.171

Men 50 (51.5) 91 (47.6) 58 (54.2) 83 (45.9)

Women 47 (48.5) 100 (52.4) 49 (45.8) 98 (54.1)

Height (cm) 166.8±1.0 165.4±0.6 0.209 165.6±0.9 166.1±0.6 0.642

Weight (kg) 64.5±1.4 63.3±0.8 0.375 65.9±1.2 62.3±0.9 0.015

BMI (kg/m
2
) 23.0±0.3 23.0±0.2 0.980 23.9±0.3 22.4±0.2 <0.001

Obesity prevalence (%) 28.9 20.9 0.135 31.8 18.8 0.012

Alcohol consumption 0.324 0.002

Non-drinker 45 (46.4) 77 (40.3) 58 (54.2) 64 (35.4)

Current drinker 52 (53.6) 114 (59.7) 49 (45.8) 117 (64.6)

Smoking 0.567 0.236

Non-smoker 83 (85.6) 168 (88.0) 90 (84.1) 161 (89.0)

Current smoker 14 (14.4) 23 (12.0) 17 (15.9) 20 (11.0)

Dietary supplementation 0.371 0.433

No 51 (52.6) 111 (58.1) 57 (53.3) 105 (58.0)

Yes 46 (47.4) 80 (41.9) 50 (46.7) 76 (42.0)

Exercise (≥30 min) 0.686 0.170

<3 d/wk 56 (57.7) 115 (60.2) 58 (54.2) 113 (62.4)

≥3 d/wk 44 (42.3) 76 (39.8) 49 (45.8) 68 (37.6)

Education 0.061 0.523

≤High school 33 (34.0) 87 (45.5) 42 (39.4) 78 (43.1)

>High school 64 (66.0) 104 (54.5) 65 (60.7) 103 (56.9)

Job 0.234 0.431

Unemployed 41 (42.3) 67 (35.1) 71 (39.2) 108 (37.5)

Employed 56 (57.7) 124 (64.9) 110 (60.8) 180 (62.5)

Values represent the mean±SD or N (%).
P-values were calculated using the Student’s t-test and the chi-square test.

cance was defined as a P<0.05.

RESULTS

The general characteristics were stratified by sleep qual-

ity and duration, and these data are shown in Table 1. 

The average age was 44.2 years, and the average sleep 

quality score and duration were 5.0 and 6.8 h, respect-

ively. Subjects reporting short sleep durations were sig-

nificantly older (P<0.001) and reported current alcohol 

drinking more frequently (P=0.002) compared to sub-

jects reporting proper sleep durations. Short sleep dura-

tion was associated with several obesity-related variables. 

Body weight (65.9±1.2 kg vs. 62.3±0.9 kg, P=0.015) and 

BMI (23.9±0.3 kg/m2 vs. 22.4±0.2 kg/m2, P<0.001) 

were significantly higher in subjects reporting short sleep 

durations compared with those reporting proper sleep 

durations. In addition, the prevalence of obesity was ap-

proximately 1.7 times higher in subjects reporting short 

sleep durations than in those reporting proper sleep du-

rations (31.8% vs. 18.8%, P=0.012). However, no signifi-

cant differences were identified in smoking, exercise, or 

education by reported sleep duration. In addition, none 

of the general characteristic variables differed significant-

ly by reported sleep quality. 

Significant differences in dietary macronutrient con-

sumption were observed by reported sleep duration but 

not by reported sleep quality in the crude model and age, 

gender, alcohol consumption status, and smoking status- 

adjusted model (Table 2). In the crude model, subjects 

reporting short sleep durations had significantly higher 

carbohydrate consumptions (60.9±0.9% vs. 57.4±0.8%, 

P=0.005) and lower fat consumptions (23.2±0.9% vs. 

26.4±0.7%, P=0.004) than subjects reporting proper 

sleep durations. After adjustment for covariates, carbo-

hydrates were consumed more (P=0.043), but not fats 

(P=0.090) in subjects with short sleep. However, no sig-

nificant difference between dietary protein consumption 

and sleep duration was observed in either the crude or 

the adjusted model. Additionally, the consumption of all 

dietary macronutrients did not differ significantly by sleep 

quality. 

Physiological variable values, including perceived stress, 

depression, and anxiety according to sleep quality and 

sleep duration were examined in the crude and adjusted 

models (Table 3). Perceived stress (P=0.047), depression 

(P=0.002), and anxiety (P=0.004) by sleep duration 
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Fig. 1. Odd ratios for the associations between obesity and sleep
quality and sleep duration. P-values based on the logistic re-
gression adjusted for age, gender, alcohol consumption status, 
and smoking status. OR (95% CI): odds ratio (95% confidence 
interval).

Table 2. Dietary macronutrient intake according to sleep quality and sleep duration

Sleep quality Sleep duration

Poor (n=99) Good (n=189) P*1) P**2) <7 h (n=107) ≥7 h (n=181) P* P**

Energy (kcal/d) 1,875.7±56.0 1,851.5±39.9 0.724 0.832 1,854.0±52.0 1,863.3±41.5 0.891 0.973

Carbohydrates (% of E) 58.7±1.1 58.7±0.8 0.945 0.782 60.9±0.9 57.4±0.8 0.005 0.043

Protein (% of E) 16.1±0.4 16.2±0.3 0.944 0.905 15.9±0.4 16.3±0.3 0.369 0.134

Fat (% of E) 25.1±1.0 25.2±0.7 0.982 0.788 23.2±0.9 26.4±0.7 0.004 0.090

Values represent the mean±SD.
1)
Values were calculated using the Student’s t-test.

2)
Values were calculated using a generalized linear model adjusted for age, sex, alcohol consumption status, and smoking status.

Table 3. Physiological variable values according to sleep quality and sleep duration

Sleep quality Sleep duration

Poor (n=99) Good (n=189) P*1) P**2)
<7 h (n=107) ≥7 h (n=181) P* P**

Perceived stress 1.4±0.1 1.4±0.1 0.524 0.722 1.6±0.1 1.3±0.1 0.047 0.001

Depression score 11.9±0.8 12.2±0.7 0.798 0.837 14.3±0.9 10.8±0.6 0.002 0.001

Anxiety score 39.5±1.1 39.5±0.8 0.987 0.799 42.0±1.1 38.0±0.8 0.004 <0.001

Values represent the mean±SD.
1)
Values were calculated using the Student’s t-test.

2)
Values were calculated using a generalized linear model adjusted for age, sex, alcohol consumption status, and smoking status.

were significantly different in the crude model. Subjects 

reporting short sleep durations reported higher levels of 

perceived stress (1.6±0.1 vs. 1.3±0.1, P=0.001), depres-

sion (14.3±0.9 vs. 10.8±0.6, P=0.001), and anxiety (42.0 

±1.1 vs. 38.0±0.8, P<0.001) than subjects reporting 

proper sleep in the adjusted model. However, no signifi-

cant differences between psychological symptoms and 

sleep quality observed in either the crude or the adjusted 

models.

The ORs for risk of obesity by sleep quality and dura-

tion were estimated based on multivariate logistic regres-

sion models adjusted for age, gender, alcohol consump-

tion status, and smoking status (Fig. 1). A significant as-

sociation between sleep duration and the ORs for obe-

sity risk was observed (P=0.036). The ORs for obesity 

risk were 1.95 times (95% CIs=1.05∼3.64) higher among 

subjects reporting short sleep durations compared with 

those who slept properly after adjusting for age, gender, 

alcohol drinking, and smoking status. However, no signif-

icant differences were observed with the ORs of obesity 

in terms of sleep quality in the adjusted model. 

DISCUSSION

In this study, 49.0% of Korean adults had low quality 

sleep according to the PSQI (12) criteria, and 54.0% of 

the subjects reported short sleep durations of less than 

7.0 hours a day (13,14). The obesity-related, dietary mac-

ronutrient consumption, and psychological variables were 

associated with sleep duration but not sleep quality in the 

age, gender, alcohol drinking, and smoking status-ad-

justed models.

Short sleep durations were associated with several obe-

sity-related variables, a finding that is consistent with the 

results of our previous studies (6,7). Body weight, BMI, 

and prevalence of obesity were higher in participants re-

porting short sleep durations compared to those in prop-

er sleepers group. These results might be postulated to 

be associated with changes in dietary consumption (15, 

16), the levels of hormones that contribute to metabolic 

profiles (17-19), and psychological symptoms (20,21). 

In this study, significant differences were identified in 

the associations between dietary macronutrient consump-

tion and psychological symptom and sleep duration after 

adjustment for age, gender, alcohol drinking, and smok-

ing status. Subjects reporting short sleep durations con-
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sumed more dietary carbohydrates and experienced more 

psychological problems, including perceived stress, anxi-

ety, and depressive symptoms, than subjects reporting 

proper sleep durations. Some studies (17-19) have re-

ported that sleep deprivation was associated with a re-

duced level of circulating leptin and elevated level of 

ghrelin, which may result in increased appetite and food 

intake. In addition, increased dietary carbohydrate con-

sumption, defined as increased consumption of carbohy-

drate-rich foods in the form of snacks or meals, have been 

observed in short sleepers (5,22). Many studies (23-25) 

have reported an association between psychosocial symp-

toms and sleep. According to the fifth edition of the Di-

agnostic and Statistical Manual of Mental Disorders (23), 

short sleep duration is one of symptoms of psychological 

conditions, including depression and anxiety. Further-

more, sleep disorders may directly contribute to increased 

risk of developing some psychosocial problems, and these 

problems may lead to obesity. 

Unfortunately, in this study, none of the obesity-re-

lated dietary consumption or psychosocial symptom var-

iables were significantly associated with sleep quality. 

These results might be explained by several limitations. 

First, the sample size was small to derive a definitive 

conclusion regarding the association between sleep pat-

terns and obesity in Korean. Second, although PSQI is a 

well-developed and widely used tool for the measure-

ment of sleep quality, sleep quality may be affected by 

various factors such as physiological variables and sea-

sonal variations. Therefore, further studies will need to be 

conducted to clarify these associations in a larger pop-

ulation. Although some limitations existed, the results 

of this study demonstrated that short sleep duration but 

not poor sleep quality was associated with high dietary 

macronutrient intake and psychological problems, which 

might affect obesity.
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