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dyslipidemia in Koreans
A cross-sectional study

Hyungie Doo, PhD?, Hyejin Chun, MD®, Miae Doo, PhD®"

Abstract
Daily sleep duration is known to be associated with obesity and dyslipidemia.

This study was performed to examine the interactions between daily sleep duration and the risks of obesity and dyslipidemia
according to dietary macronutrient consumption in 14,680 Korean adults using the 5th Korean National Health and Nutrition
Examination Survey.

Sleep duration was inversely associated with body mass index (P < 0.001), waist circumference (P < 0.001), total cholesterol (P <
0.001), and low-density lipoprotein -cholesterol (P=0.001). Participants with short sleep durations consumed less dietary protein
(P<0.001) and fat (P < 0.001), and consumed more dietary carbohydrates (P < 0.001). Among participants with the shortest sleep
duration (<5 hours a day), the odds ratio of obesity was found to increase in the high fat consumption group (1.393, 95% confidence
interval 1.083-1.790) and decrease in the high carbohydrate consumption group (0.770, 95% confidence interval 0.604-0.983).
High fat and low carbohydrate consumption were confirmed to be associated with the risk of obesity in the shortest sleep duration
group (<5hours a day).

These findings indicate that sleep duration was negatively associated with obesity and dyslipidemia-related indices in Korean
adults. Additionally, the association of short sleep duration with the risk of obesity was potentially changed by dietary fat and
carbohydrate consumption.

Abbreviations: BMI = body mass index, CHO = carbohydrate, Cls = confidence intervals, HDL-C = high-density lipoprotein
cholesterol, KNHANES = Korean National Health and Nutrition Examination Survey, LDL-C = low-density lipoprotein cholesterol,
NCEP ATP = National Cholesterol Education Program Adult Treatment Panel, ORs = odds ratios, TC = total cholesterol, TG =

triglycerides, WC = waist circumference.
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1. Introduction

Insufficient durations of sleep have been reported to be related
with cardiometabolic problems,™! including obesity,*! type 2
diabetes mellitus,'>*! dyslipidemia,'®*®! and cardiovascular dis-
ease.>”! Accordingly, there has been much interest in sleep
duration and cardiometabolic profiles. Many studies'"! have
reported that short and long sleep durations are associated with
adverse health outcomes in a U-shaped pattern; however, other
studies have not shown this pattern of association.!®%!

The excessive fat accumulation caused by obesity is likely to
change lipid metabolism, that is, obesity can lead to the
development of dyslipidemia.””! Dyslipidemia caused by obesity
is influenced by lifestyle factors, including diet and physical
activity, in addition to genetic factors. Dietary factors, such as
total energy and dietary compositions, are very important
contributors in the etiology of obesity and dyslipidemia.!'"’
However, modifying dietary factors alone is insufficient to
improve obesity and dyslipidemia, as insufficient sleep duration
might be an additional factor influencing the development of
these diseases.!''?!

Although the associations of sleep duration with obesity and
dyslipidemia are well-established, the definition of the appropri-
ate duration of sleep for the prevention or improvement of
obesity and dyslipidemia remains unclear. Additionally, as
described above, modifications of these associations by diet
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have not been clearly elucidated. Therefore, the aim of this study
was to examine the association of sleep duration (3 categories)
with obesity and dyslipidemia-related indices using data from the
5th Korean National Health and Nutrition Examination Survey
(KNHANES). Moreover, this study examined the interaction
between sleep duration and dietary consumption in relation to
the risks of obesity and dyslipidemia.

2. Subjects and methods
2.1. Study design and participant selection

This study used data that were collected from the S5th
KNHANES (2010-2012), which is a national cross-sectional
survey that has been conducted annually by the Korean Centers
for Disease Control and Prevention (KCDC) since 1998.1'31 The
KNHANES consists of health interviews, health examinations
(ie, a physical examination, laboratory test, and radiologic
study), and dietary surveys including the frequency and type of
food intake. The dietary surveys are conducted to investigate the
relationship between health and the nutritional status of the
population. The participants in the 5th KNHANES were
selected from stratified multistage samples of the noninstitu-
tionalized civilian South Korean population, and included a
total of 25,534 people. Of these participants, 14,680 (weighted
n=35,023,421 including 17,430,498 men and 17,592,922
women) who were aged >19 years with a daily energy
consumption >500kcal and <5000kcal, and had no missing
data were enrolled in this study (Fig. 1). The survey protocol
was approved by the KCDC Institutional Review Board (IRB
No. 2010-02CON-21-C, 2011-02CON-06-C, 2012-01EXP-
01-2C), and all participants signed an informed consent form to
participate in the KNHANES. However, this study did not
require any ethics approval, because the KNHANES data are
publicly available.
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2.2. Data collection

The participants’ age, sex, sleep duration, anthropometric
measurements, and blood lipid profile data were collected
through health interviews and health examinations.

Sleep duration was assessed using the following self-reported
question: “How long do you usually sleep per day?” The reported
duration was divided into 3 categories: <5hours, 6 to 7hours,
and >8 hours of sleep per day. Duration of 6 to 7 hours per day
was selected as the reference according to the average sleep
duration identified in previous studies.'*15!

The participants’ heights were measured to within 0.1 cm with
an anthropometer, and their weights were measured using a
digital weight scale to the nearest 0.01 kg. Body mass index (BMI)
was calculated by dividing the weight (kg) by the square of height
(m?), and BMIs greater than 25 kg/m” were used to define obesity
based on the recommendations of the Korean Society for the
Study of Obesity."®) Waist circumference (WC) was measured to
the nearest 0.1cm at the midpoint between the lower border of
the rib cage and the iliac crest at the end of a normal expiration
using a non-elastic tape.

Blood lipid profiles were analyzed using venous blood samples
that were collected in the morning after an overnight fast. Total
cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), and
triglycerides (TGs) were measured using a Hitachi automatic
analyzer 7600 (Hitachi High-Technologies, Tokyo, Japan). Fur-
thermore, low-density lipoprotein cholesterol (LDL-C) concentra-
tions were calculated using the equation described by Friedewald for
individuals with TG concentrations <400 mg/dL.""”! Dyslipidemia
was defined by the Korean Society of Lipidology and Atherosclerosis
criteria as exceeding 1 or more of the following cut-offs!*®k: TC level
>200mg/dL, TG level >200mg/dL, HDL-C level <40mg/dL, or
LDL-C level <130mg/dL. These cut-offs differ from those of the
modified National Cholesterol Education Program Adult Treatment
Panel (NCEP ATP) III.

( )
Total participants, The Korea National Health and
Nutrition Examination Survey V, 2010-2012
(n=25,534)
- J
e ¢ N\
Participants with over 19 years old
(n=19,599) ) P
Excluded those with missing or implausible
} data on sleep duration
(n=1,891)
v -
Remained participants
(n=17.708) f
Excluded those reported implausible daily
} energy consumptions of < 500 or > 5,000 kcal
(n=2,242)
v \
e A
Remained participants
(n=15,466)
. J
Excluded those with missing data on
anthropometric or blood lipid variable
(n="1786)
) v .
Included participants in final analysis
(n =14,680, weighted n= 35,023,421)
. J

Figure 1. Framework of participant selection.
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Anthropometric, blood lipid and dietary consumption of a Korean
population.

Men Women

Number
(unweighted/weighted)  5919/17,430,498  8761/17,592,922 P
Age, y 44.26+0.30 45.75+0.28 <0.001
Height, cm 170.93+0.12 157.49+0.10 <0.001
Weight, kg 70.48+0.20 57.67+0.15 <0.001
BMI, kg/m? 24.07+0.06 23.26+0.06 <0.001
WC, cm 84.08+0.17 77.85+0.18 <0.001
TC, mg/dL 187.47 £0.65 188.71+£0.51 0.013
HDL-C, mg/dL 49.50+0.22 55.62+0.18 <0.001
LDL-C, mg/dL 109.28 +0.57 111.00+0.43 <0.001
TG, mg/dL 162.27 +2.06 111.19+1.23 <0.001
Sleep duration, h/d 6.87+0.02 6.84+0.02 0.250
Dietary intake

Energy, kcal 2386.87 +£15.79 1714.06 £9.77 <0.001

Protein, E% 14.52+0.07 14.28 +0.06 <0.001

Fat, E% 18.57+0.15 17.84+0.15 0.005

Carbohydrate, E% 66.91+0.19 67.88+0.19 <0.001

BMI=body mass index, E% = percentage of energy, HDL-C = high-density lipoprotein cholesterol,
LDL-C=low-density lipoprotein cholesterol, TC=total cholesterol, TG=triglyceride, WC=waist
circumference.

The values are presented as the means =+ the standard errors or the Ns (%).

“The P values were obtained by t test or chi-square test.

Information on the participants’ dietary consumption was
obtained from the dietary surveys. Dietary consumption was
assessed using a food frequency questionnaire that was developed
and validated for the KNHANES.!"?! The cut-offs for the total
daily energy consumption levels and percentages of the total daily
energy from protein, fat, and carbohydrates (CHO) were defined
by the medians (energy: 1830.00kcal, protein: 13.63%, fat:
15.86%, and CHO: 69.72%).

2.3. Statistical analysis

Sleep durations were divided into tertiles based on the hours of
sleep per day as follows: <5h/d, 6 to 7h/d, and >8h/d. The
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analyses were conducted according to sex or sleep duration; chi-
square tests were used to analyze the categorical variables, and ¢
tests or analyses of variance (ANOVAs) were used to analyze the
continuous variables. A multivariable logistic regression analysis
was used to determine the odds ratios (ORs) and 95% confidence
intervals (Cls) of obesity and dyslipidemia according to the
interaction between sleep duration and dietary consumption after
adjusting for age and sex. All statistical analyses were performed
using the survey procedures of SPSS (version 21.0; IBM
Corporation, Armonk, NY) software for Windows in accordance
with the KNHANES complex sampling design. P values less than
0.05 were considered statistically significant.

3. Results

3.1. General characteristics

The characteristics of the participants including sleep duration,
anthropometric measurements, blood lipid profiles, and dietary
consumption are presented according to sex in Table 1. A total of
14,680 subjects [5,919 men (40.3%) and 8761 women (59.7%)]
participated in this study. The average age was 44.26 +0.30 years
for men and 45.75+0.28 years for women (P<0.001). The
anthropometric measurements such as height, weight, BMI, and
WC were significantly higher in men than in women (P < 0.001 for
all). TC (P=0.013) and TG (P <0.001) levels were significantly
higher in men; in contrast, HDL-C (P <0.001) and LDL-C (P <
0.001) were significantly higher in women. However, there was no
significant difference between men and women in sleep duration
(6.87+0.02hours for men and 6.84+0.02 hours for women; P=
0.250). Dietary consumption varied significantly according to sex;
men consumed more energy (P < 0.001), protein (P <0.001), and
fat (P=0.005), and less CHO (P < 0.001) than women.

3.2. Anthropometrics, blood lipid profiles, and dietary
macronutrient consumption by sleep duration

Table 2 illustrates the anthropometric, blood lipid, and dietary
macronutrient consumption data according to daily sleep

Anthropometric, blood lipid and dietary consumption of a Korean population by sleep duration.

<5h/d 6-7h/d >8h/d
Number (unweighted/weighted) 2209/4,482,828 8046/19,669,954 4425/10,870,639 P
Sex, %" 10.4/15.2 59.8/52.5 29.8/32.3 <0.001
Age, y 52.99+0.51%* 44.36+0.26 42.90+0.36° <0.001
Height, cm 161.17 +0.26° 164.82+0.15° 164.27 +0.18" <0.001
Weight, kg 62.56+0.33° 64.96+0.20" 63.00+0.27° <0.001
BMI, kg/m? 24.02+0.09 23.81+0.06" 23.25+0.08° <0.001
WC, cm 82.05+0.29° 81.24+017° 79.99+0.23° <0.001
TC, mg/dL 190.61 4+ 0.99% 188.59+0.54° 186.17+0.72° <0.001
HDL-C, mg/dL 52.51+0.35 52.56+0.19 52.64+0.27 0.954
LDL-C, mg/dL 112,06+ 0.89°% 110.69+0.44° 108.41+0.62 0.001
TG, mg/dL 134.04+2.73 131.93+1.60 130114217 0.512
Dietary intake
Energy, kecal 1889.81+21.74 2096.07 +13.58° 2029.17+0.17° <0.001
Protein, E% 13.78+0.12° 14.53+0.07° 14.42+0.09° <0.001
Fat, E% 16.32+0.28° 18.48+0.13° 18.49+0.20° <0.001
Carbohydrate, E% 69.90+0.35% 66.99+0.17° 67.09+0.25" <0.001

The values are presented as the means =+ the standard errors or the N (%).

BMI=body mass index, E% = percentage of energy, HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, TC=total cholesterol, TG =triglycerides, WC=waist circumference.

“The P values were obtained by ANOVA or chi-square test.
 Men/women.

* Different superscripts indicate significant differences between each sleep duration group at P< 0.05 by Bonferroni multiple test.
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duration. Of the total 14,680 subjects, 10.4% of men and 15.2%
of women confirmed having a short sleep duration (<5hours a
day). Subjects with short sleep durations were older (P <0.001).
Moreover, BMI (P<0.001), WC (P<0.001), TC (P<0.001),
and LDL-C (P=0.001) were inversely associated with sleep
duration. However, there was no significant difference in HDL-C
or TG. The participants who slept >8hours a day had lower
BMIs and WC, TC, and LDL-C levels than those who slept <5
hours a day. Dietary energy consumption was significantly
associated with sleep duration (P <0.001), but the relationship
was not proportional or inverse.

However, participants with the shortest sleep duration (<5
hours a day) consumed less dietary protein (P <0.001) and fat
(P<0.001). Additionally, dietary CHO consumption was higher
in the shortest sleep duration group (P <0.001).

3.3. Effects of the interactions of sleep duration and
dietary macronutrients consumption on obesity

To analyze whether the interaction between sleep duration and
dietary consumption affected the risks of obesity and dyslipide-
mia, a multivariable logistic regression analysis was performed
after adjusting for age and sex. There was a significant interaction
between sleep duration and dietary consumption only regarding
the risk of obesity (P interaction < 0.001 for the consumption of
all dietary macronutrients). However, there was no significant
interaction between sleep duration and dietary consumption on
the risk of dyslipidemia. Regarding the effects of sleep duration
and dietary consumption on the risk of obesity, sleep duration
significantly influenced the risk of obesity via dietary fat and
CHO levels (Fig. 2). Of the participants with short sleep
durations, the risk of obesity was higher in those with a high fat
intake diet compared with those with a low fat intake [OR (95%
CI) 1.393 (1.083-1.790), P<0.005]. In contrast, the risk of
obesity was lower in those with a low CHO intake [OR (95% CI)
0.770 (0.604-0.983), P<0.005]. High fat and low CHO
consumptions were confirmed to be associated with risk of
obesity in the shortest sleep duration group (<5hours a day).
There were no significant differences in the risk of obesity
according to dietary fat or CHO consumption levels among those
who slept 6 to 7hours or >8 hours a day.

4. Discussion

The results of this study showed that sleep duration is associated
with obesity and dyslipidemia-related indices and with dietary
macronutrient consumption in the Korean population. More-
over, we confirmed the effects of the interactions between low
sleep duration and dietary consumption such as fat and CHO on
the risk of obesity in a relatively large sample of the population.
However, there were no significant interaction effects between
sleep duration and dietary consumption on the risk of
dyslipidemia.

In this study, sleep duration was found to be associated with
obesity and dyslipidemia-related indices, including BMI, WC,
TC, and LDL-C, and these findings corroborate those of previous
studies.!*>>*8 However, this study revealed inverse relation-
ships between sleep duration and obesity and dyslipidemia-
related indices, and these findings are inconsistent with those of
several studies,>>°! which have suggested a U-shaped associa-
tion between sleep duration and these metrics. These differences
can be explained by differences in the definitions of the sleep
duration categories. For example, Grandner et al''! classified a
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Figure 2. Effects of the interactions of sleep duration and dietary fat (A) and
carbohydrate (B) consumption on obesity in a Korean population. Sleep
durations were categorized as <5hours, 6 to 7 hours, and >8hours a day. =,
low intake; m, high intake. The odds ratios (95% confidence intervals) and
corresponding P values ( P<0.05) after adjusting for sex and age in the
multiple logistic regression analysis are presented.

short sleep duration as <5 to 6hours a day and a long sleep
duration as >9 hours a day, whereas another study classified <6
hours a day as a short sleep duration and >9 hours a day as a long
sleep duration."*! Therefore, the variations in the definitions of
sleep duration may have contributed to the different results
identified by the studies.

Several studies have reported a significant association between
dietary energy consumption and sleep duration.'*?°7231 The
result of our study also showed that subjects with a short sleep
duration tended to have a decreased dietary energy consumption.
These results differ from those of other studies, in which a short
sleep duration was found to be associated with increased dietary
energy consumption.?®*!" Additionally, the present study
observed that short sleep durations were associated with
decreases in dietary fat and protein consumption, and the
consumption of a large amount of CHO. These findings are
partly consistent with previous studies, which have also shown
that individuals with short sleep durations consume more energy-
rich foods, particularly high-CHO foods, due to increased hunger
and decreased satiety.*>*3! However, 2 studies in Chinese
populations!'®?!! reported contradictory results regarding the
association between sleep duration and dietary consumption,
even though both of these studies were performed in Asian
populations.

Interestingly, dietary consumption, particularly dietary fat and
CHO consumption, modified the effect of sleep duration on the risk
of obesity, but not on the risk of dyslipidemia after adjusting for age
and sex. Among only the participants who slept <5 hours a day, the
risk of obesity was increased for those who consumed more fat and
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decreased for those who consumed more CHO. A previous
study?*! reported that children with short sleep durations are at an
increased risk of overweight/obesity and that they consume more
CHO. The results of other populations clearly cannot be
generalized to the whole, and these findings are inconsistent with
those of our study. However, greater proportions of dietary fat
(compared with greater proportions of dietary CHO) can be
interpreted as greater consumptions of energy-dense diets,*"!
which consequently result in an increase in the risk of obesity.
Moreover, the consumption of highly fatty diets could adversely
affect health outcomes, such as abdominal fat and dyslipidemia.'?®!
In contrast, a higher dietary CHO proportion is related to a greater
consumption of healthy foods, including fruits, vegetables, beans,
and fiber-rich foods.””! Furthermore, most Koreans typically
consume CHO-rich foods as staples of their diet, which means that
the traditional diets of Koreans are higher in CHO and lower in fat.
Therefore, this study may not be fully generalizable to Western
populations. In addition, future studies are needed to confirm these
findings in other populations.

Although the results of this study have several limitations
regarding their interpretation, this study provides a basis for
examining relatively large populations in terms of the effects of the
interactions between sleep duration and dietary consumption
patterns on the risks of obesity and dyslipidemia. These findings
provide a foundation for future studies to examine whether the
modification of sleep duration and dietary consumption delays the
development of obesity and dyslipidemia. However, Leischik et al
reported that the types of health problems explored in this study,
such as obesity and dyslipidemia, are determined by different factors
including genetics, medical care, national or global policy,
empowerment (health literacy, education), socioeconomic status,
and type of setting (environment, healthy cities), and also by health
behavior (physical activity, nutrition, and sleep condition).*8! In
particular, with the rapid and unplanned urbanization and
industrialization emerging from globalization, various changes in
the patterns of physical activity, and also diet have occurred.?>-*3!
These changes in physical activity are associated with an increase in
sedentary behaviors—using motorized transportation, having
sedentary occupations, spending leisure time watching TV, playing
computer games, and checking mobile phones.***!! Additionally,
the design of a city’s built environment is one of the factors affecting
the time spent on sedentary behavior.*!**I The increase in sedentary
behaviors has been reported to be associated with cardiometabolic
problems including obesity, type 2 diabetes mellitus, metabolic
syndrome, and cardiovascular disease./*>?31:33-351 Moreover,
health is influenced by disparities in socioeconomic status, such as
differences in education level, household income, and place of
residence.>**%371 A recent study®”! reported that various health
policies have been able to decrease the disparities in socioeconomic
status, with the greatest reduction associated with physical activity-
related policies. Therefore, as mentioned by Leischik et al, future
studies will need to consider multidimensional factors including the
level of physical activity and the types and qualities of foods
composing the diet, and also sleep status, in relation to the risk of
obesity and dyslipidemia.
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