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Abstract

Background: Research on body size phenotype according to metabolic syndrome and obesity is being actively conducted. Quality of
sleep can vary depending on the body size phenotype. This study aimed to investigate the effects of body size phenotype on sleep quality
in middle-aged Korean men. Methods: This study used secondary data analysis from a community-based cohort of the Korean Genome
and Epidemiology Study (KoGES). Using BMI and metabolic health status, among 3675 men aged between 40 and 65 years, body size
phenotypes were classified as follows: metabolically healthy normal weight (MHNW) (50.8%), metabolically healthy obesity (MHO)
(32.5%), metabolically abnormal obesity (MAO) (12.7%), and metabolically abnormal but normal weight (MANW) (4.0%). Results:
MANW men had the most prolonged sleep duration (more than 7 hours), and MHO men had the shortest sleep duration. The degree of
difficulty falling back to sleep after waking in MHO men was 0.76 times that of MHNW men (p = 0.02). Conclusions: Sleep duration
and difficulties falling back to sleep were independently associated with body size phenotype in middle-aged men after adjusting for
confounding factors. Health professionals and officials in labor departments may use the results of this study to improve the quality of

sleep and ultimately help with productivity in the workplace.
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1. Introduction

Obesity is a significant public health concern and has
become a global epidemic. Globally, more than 650 million
people were obese in 2016, and this figure has nearly tripled
since 1975 [1]. In South Korea, the prevalence of obesity
in the Korean adult population in 2019 was 41.8% for men,
25% for women, 45% for men in their 40s, 43.4% for men
in their 50s, 25.8% for women in their 40s, and 29.6% for
women in their 50s, showing the highest prevalence among
middle-aged men [2].

Recently, a growing body of evidence has emerged
on health results by body size phenotype depending on the
combination of obesity and the metabolic syndrome (2 x
2): (1) metabolically healthy normal weight (MHNW), (2)
metabolically healthy obesity (MHO), (3) metabolically ab-
normal but normal weight (MANW), and (4) metabolically
abnormal obesity (MAQO). Of these phenotypes, MHO is
characterized by a lack of metabolic abnormalities, such
as dyslipidemia, insulin resistance, and high blood pres-
sure [3], and researchers’ interest in MHO is growing. In-
dividuals with the MHO phenotype are reported to have a
24% higher risk of a high prevalence of and mortality due
to cardiovascular disease, type 2 diabetes, and cancer than
individuals with the MHNW phenotype [4,5]. The preva-
lence of MHO varies from 6% to 75%, depending on the
definition, country, gender, age, and lifestyle [6]; 70.4%

of middle-aged obese Korean men were classified as MHO
using the definition of the National Cholesterol Education
Program (NCEP) [7].

In considering the increasing research on the outcome
of diabetes, hypertension, and mortality according to body
size phenotypes, the lack of studies on the relationship be-
tween MHO and sleep disorders has been addressed [8].
Excessive decreases or increases in sleep duration, insom-
nia, and difficulty maintaining sleep increase the risk of car-
diovascular disease and negatively affect quality of life [9].
Thus, to fill the study gap, this current study focused on the
impact of body size phenotypes on sleep quality.

Previous studies demonstrated the impact of obesity
and body size phenotype on sleep quality. For example,
obesity is associated with short and long sleep duration
and poor sleep quality [10,11]. In a study by Kanagasabai,
Dhanoa, Kuk ef al. [12], MHO individuals almost always
had sleep disorders, woke up regularly during the night, and
had daytime instability and excessive drowsiness [12]. A
study of Americans reported higher sleep times in MHO
than MAO for women, and the opposite is true for men [ 13].
These studies suggest that body phenotypes provide a new
strategy to analyze the improvement of sleep quality and
quality of life in obese patients by predicting sleep quality.
Poor sleep quality worsens metabolic syndrome and insulin
resistance components, leading to diabetes, hypertension,
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hyperlipidemia, and heart disease in otherwise healthy indi-
viduals [14]. A prospective study of German adults with an
average follow-up duration of 7.5 years revealed that those
who had difficulty falling asleep had an increased risk of
type 2 diabetes [15]. Thus, ensuring a good quality of sleep
for individuals becomes more important in ensuring long-
term health.

Middle-aged men who have many responsibilities and
obligations in society and at home, including increased per-
sonal and family responsibilities, are exposed to substan-
tial stress, affecting sleep quality [16]. Men have worse
sleep quality (longer sleep onset latency and lower sleep
efficiency) than women [17,18]. The mortality risk is four
times higher in men who sleep fewer than 6 hours per day
than men who sleep longer, but this difference has not been
shown in women [9].

Middle-aged men who have poor sleep quality have
been shown to have a high obesity rate, but research to
build scientific evidence for effective interventions is lack-
ing, which is a concern given that obesity is a major cause
of metabolic disorders. Still, recent studies have increased
the interest in the health outcomes of individuals with an
MHO phenotype, simultaneously considering obesity and
metabolic syndrome. However, studies on sleep and body
size phenotypes, especially in middle-aged men with a high
prevalence of obesity, are extremely lacking. This study
aimed to investigate the difference in sleep quality accord-
ing to the four body phenotypes in middle-aged Korean men
to inform the evidence-based practice for sleep manage-
ment services at the community level.

The hypotheses of this study are as follows: (1) sleep
duration will vary according to body size phenotype. (2)
The quality of sleep will depend on the body size pheno-

type.

2. Methods
2.1 Data and study population

This study used secondary data analysis with 2001—
2002 baseline data from the community-based cohort of the
Korean Genome and Epidemiology Study (KoGES) pro-
vided by the Korea Centers for Disease Control and Pre-
vention (KCDC). KoGES has established a large-scale co-
hort for the prevention and management of cardiovascular
disease for the general population aged between 40 and 69
years by the KCDC. A copy of the complete survey is avail-
able from the primary author.

Of 4165 men aged 40 to 65 years who completed
the baseline survey, those meeting the following conditions
that could affect sleep were excluded: BMI less than 18.5
kg/m?, arteriosclerosis, myocardial infarction, cerebrovas-
cular diseases (such as stroke, cerebral infarction, and cere-
bral hemorrhage), thyroid disease, kidney disease, various
cancers (n = 416), and missing data (n = 74). A total of
3675 men were included in the final analysis.

2.2 Definitions of metabolic syndrome and obesity

Metabolic syndrome was defined by the NCEP Adult
Treatment Panel III (NCEP-ATP) [19] as the presence of
three or more of the following five risk factors: (1) ele-
vated waist circumference (>90 cm), (2) elevated triglyc-
erides (>150 mg/dL), or the use of medication for hyper-
lipidemia, (3) reduced high-density lipoprotein cholesterol
(HDL-C) (<40 mg/dL), (4) elevated blood pressure (sys-
tolic blood pressure >130 mm Hg or diastolic blood pres-
sure >85 mm Hg), or the use of antihypertensive medica-
tion, and (5) elevated fasting glucose (>100 mg/dL), or the
use of antihyperglycemic medication. Obesity was defined
using the Asian standard for BMI, 25 kg/m? or more [20].
As a result, we created four different body size phenotypes
based on metabolic syndrome and obesity.

2.3 Quality of sleep

Sleep quality was assessed using one question about
sleep duration and two questions about sleep difficulties.
Sleep duration was divided into three groups using the
responses to the item ‘“How many hours do you usually
sleep?”. 6 hours or fewer, 7 to 8 hours, or 9 hours or
more. Two questions asked about sleep difficulties were:
(1) “Have you had difficulty falling asleep in the last
month?” (Difficulty falling asleep, yes/no) and (2) “Have
you had trouble falling back to sleep after waking in the past
month?” (Difficulty falling back to sleep, yes/no).

2.4 General information

Participants provided demographic information on
age, marital status, education level, monthly income, and
occupational status. Age was categorized into 40—49, 50—
59, and 60-64 years old based on the time of the base
survey. Marital status was categorized into “having a
spouse”, “yes” or “no”. Education level was classified into
“high school graduates or below” and “college graduates
or above”. Monthly income level was classified into three
groups: monthly wage of <200, 200 to <400, and >400
x 10* won. Occupational status was divided into two cat-
egories, “employed” or “unemployed”.

Health-related information (subjective health status,
fatigue, and insomnia) and health behavior (drinking sta-
tus, smoking status, and physical activity) were also ex-
amined. Subjective health status was categorized into
“healthy” (“healthy”, “very healthy”), “average”, and “un-
healthy” (“poor”, “very unhealthy”) as answers to the ques-
tion, “How would you rate your overall health?”. Fatigue
was divided into “yes” or “no” according to the question
“Lately, have you been feeling tired often?”. Insomnia was
divided into “yes” or “no” according to the question “Do
you have insomnia?”. Drinking status was divided into
“yes” or “no” according to the question “Do you abstain
from drinking alcohol (for religious or other reasons)?”.
Smoking status was divided into “yes” or “no” according to
the question “To date, have you smoked more than 20 packs
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Table 1. Sleep duration according to participants’ characteristics (n = 3675).

Sleep duration (per night)

Characteristics Categories n (%) <6h 7-8h >9h x? orF p

n(%)orM+SD n(%)orM=+SD n(%)orM =+ SD

Total Sleep duration 1551 (42.2) 1842 (50.1) 282 (7.7)
40-49 2057 (56.0) 865 (42.1) 1030 (50.1) 162 (7.9)
Age (yr) 50-59 1093 (29.7) 477 (43.6) 540 (49.4) 76 (7.0) 2.86 0.58
60-64 525 (14.3) 209 (39.8) 272 (51.8) 44 (8.4)
Yes 3548 (97.0) 1511 (42.6) 1772 (49.9) 265 (7.5)
Spouse 5.20 0.07
No 109 (3.0) 39 (35.8) 56 (51.4) 14 (12.8)
. <High school 3173 (86.8) 1302 (41.0) 1603 (50.5) 268 (8.4)
Education 27.96 <0.001
>College 483 (13.2) 241 (49.9) 230 (47.6) 12 (2.5)
<200 2336 (64.5) 922 (39.5) 1198 (51.3) 216 (9.2)
Monthly income (10,000 won)  200—-<400 1003 (27.8) 477 (47.6) 477 (47.6) 49 (4.9) 38.80 <0.001
>400 280 (7.7) 136 (48.6) 133 (47.5) 11 (3.9)
. Employed 2616 (71.4) 1064 (40.7) 1344 (51.4) 208 (8.0)
Occupation 8.38 0.02
Unemployed 1047 (28.6) 480 (45.8) 495 (47.3) 72 (6.9)
BMI (kg/m?) 24.85 £ 3.00 24.72 + 3.05 24.49 + 3.05 1.93 0.15
Healthy 1180 (32.2) 508 (43.1) 587 (49.7) 85(7.2)
Self-reported health status Average 1330 (36.3) 549 (41.3) 689 (51.8) 92 (6.9) 5.88 0.21
Unbhealthy 1153 (31.5) 489 (42.4) 560 (48.6) 104 (9.0)
. Yes 2110 (58.0) 928 (44.0) 1027 (48.7) 155(7.3)
Fatigue 5.71 0.06
No 1527 (42.0) 611 (40.0) 796 (52.1) 120 (7.9)
. Yes 583 (16.0) 310(53.2) 229 (39.3) 44 (7.5)
Insomnia 36.47 <0.001
No 3070 (84.0) 1230 (40.1) 1605 (52.3) 235(7.7)
Yes 1763 (48.2) 733 (41.6) 897 (50.9) 133 (7.5)
Alcohol 0.84 0.66
No 1894 (51.8) 812 (42.9) 935 (49.4) 147 (7.8)
. Yes 916 (25.2) 344 (37.6) 499 (54.5) 73 (8.0)
Smoking 11.30 0.004
No 2724 (74.8) 1194 (43.8) 1323 (48.6) 207 (7.6)
. . Yes 1482 (41.1) 536 (36.2) 807 (54.5) 139(9.4)
Physical activity 40.48 <0.001
No 2128 (58.9) 987 (46.4) 1003 (47.1) 138 (6.5)

BMI, body mass index; WC, waist circumference; FPG, fasting plasma glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglyc-
erides; HDL-C; high density lipoprotein cholesterol.

of cigarettes (400 cigarettes)?”. According to whether or  conducted in SPSS version 24.0 (IBM Corp., Armonk, NY,
not they engaged in physical activity (intense activity) dur- USA) for Windows.
ing the day, participants selected “yes” or “no”.

3. Results

2.5 Data analysis 3.1 Differences in sleep duration and difficulties according
to participant characteristics
The differences in body size phenotype, sleep dura-

. . . . o Among 3675 men, the prevalence of each phenotype
tion, and difficulties according to the characteristics of the

was about half for MHNW, about 33% for MHO, about

participants were determined using the x2-test and one-way 13% for MAO, and 4% for MANW. Of all participants,
ANOVA. The mean sleep duration according to body size about 42% slept fewer than 6 hours, and about 8% slept

phenotype was ana?yzed by [_\NCOVA ,Wlth the Tukey p'ost more than 9 hours. Men who had an education level higher
hoc test, and the difference in sleep difficulties according . N

he bodv size bh d ed by 2 bi 1 than college, were unemployed, had insomnia, did not
to the body size phenotype was determined by a binary lo- smoke, and who practiced physical activity during the day

gls‘[?j analys1s to lcalc(ljllate anAodds raAtlo (dOlR) 'agd 950? slept fewer than 6 hours more frequently (Table 1).
confidence interval (95% CI). ANCOVA and logistic anal- Of all participants, about 13% had difficulty falling

yses were performed with Model 1 (no control variable), asleep, and 13% had difficulty falling back to sleep after

Model 2 (variables 51gn1ﬁcant n the unl\{arl.ate analysis), waking. Men who had an education level lower than high
and Model 3 (Model 2 + insomnia). The significance level . 1

- school, had a monthly income less than 2 million won, were
of all analyses was set at p < 0.05. The data analysis was
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Table 2. Sleep disorder according to participants’ characteristics (n = 3675).

Difficulty in falling asleep Difficulty in falling asleep again

Characteristics Categories n (%) Yes No x2 orF p Yes No x2 or F p
n(%)orM+SD n(%)orM =+ SD n(%)orM=£+SD n(%)orM =+ SD
475 (12.9) 3200 (87.1) 479 (13.0) 3196 (87.0)
40-49 2057 (56.0) 288 (14.0) 1769 (86.0) 279 (13.6) 1778 (86.4)
Age (yr) 50-59 1093 (29.7) 127 (11.6) 966 (88.4) 4.82 0.09 134 (12.3) 959 (87.7) 1.19 0.55
60-64 525 (14.3) 60 (11.4) 465 (88.6) 66 (12.6) 459 (87.4)
Yes 3548 (97.0) 454 (12.8) 3094 (87.2) 457 (12.9) 3091 (87.1)
Spouse 0.74 0.39 1.24 0.27
No 109 (3.0) 17 (15.6) 92 (84.4) 18 (16.5) 91 (83.5)
. <High school 3173 (86.8) 445 (14.0) 2728 (86.0) 445 (14.0) 2728 (86.0)
Education 27.89 <0.001 22.64 <0.001
>College 483 (13.2) 26 (5.4) 457 (94.6) 30(6.2) 453 (93.8)
<200 2336 (64.5) 344 (14.7) 1992 (85.3) 349 (14.9) 1987 (85.1)
Monthly income (10,000 won)  200—<400 1003 (27.8) 91 (9.1) 912 (90.9) 21.71 <0.001 89 (8.9) 914 (91.1) 24.26 <0.001
>400 280 (7.7) 29 (10.4) 251 (89.6) 30 (10.7) 250 (89.3)
. Employed 2616 (71.4) 294 (11.2) 2322 (88.8) 302 (11.5) 2314 (88.5)
Occupation 21.43 <0.001 17.03 <0.001
Unemployed 1047 (28.6) 177 (16.9) 870 (83.1) 174 (16.6) 873 (83.4)
BMI (kg/m?) 24.54 +3.02 24.79 +3.03 2.70 0.10 24.53 +3.01 24.79 +3.03 3.19 0.07
Healthy 1180 (32.2) 94 (8.0) 1086 (92.0) 95 (8.1) 1085 (91.9)
Self-reported health status Average 1330 (36.3) 130 (9.8) 1200 (90.2) 113.29 <0.001 131 (9.8) 1199 (90.2) 115.45 <0.001
Unhealthy 1153 (31.5) 248 (21.5) 905 (78.5) 251 (21.8) 902 (78.2)
. Yes 2110 (58.0) 345 (16.4) 1765 (83.6) 351 (16.6) 1759 (83.4)
Fatigue 51.55 <0.001 54.64 <0.001
No 1527 (42.0) 126 (8.3) 1401 (91.7) 126 (8.3) 1401 (91.7)
. Yes 583 (16.0) 463 (79.4) 120 (20.6) 467 (80.1) 116 (19.9)
Insomnia 2791.96  <0.001 2819.62  <0.001
No 3070 (84.0) 0(0.0) 3070 (100.0) 0(0.0) 3070 (100.0)
Yes 1763 (48.2) 203 (11.5) 1560 (88.5) 213 (12.1) 1550 (87.9)
Alcohol 5.87 0.02 2.63 0.11
No 1894 (51.8) 269 (14.2) 1625 (85.8) 263 (13.9) 1631 (86.1)
. Yes 916 (25.2) 97 (10.6) 819 (89.4) 98 (10.7) 818 (89.3)
Smoking 5.87 0.02 5.96 0.02
No 2724 (74.8) 373 (13.7) 2351 (86.3) 377 (13.8) 2347 (86.2)
. . Yes 1482 (41.1) 192 (13.0) 1290 (87.0) 201 (13.6) 1281 (86.4)
Physical activity 0.01 0.91 0.59 0.44
No 2128 (58.9) 273 (12.8) 1855 (87.2) 270 (12.7) 1858 (87.3)

o)

2,

(i

4

Ss3id NI

BMI, body mass index; WC, waist circumference; FPG, fasting plasma glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglycerides; HDL-C; high density

lipoprotein cholesterol.
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Table 3. Mean of sleep duration according to the body size phenotypes (n = 3675) (hours).

L MHNW¢ MANW® MHO*® MAO4 )
Division Tukey Post hoc analysis F(p)
(n=1868) (n=148) (n=1193) (n=466)
Sleep duration (hours)  6.76 = 1.31  7.09 +1.39 6.68 =137 6.72+1.43 b>c,d 3.29 (0.02)

MHNW, metabolically healthy normal weight; MANW, metabolically abnormal but normal weight; MHO, metabolically healthy

obesity; MAO, metabolically abnormal obesity. Control variables, education, monthly income, occupation, smoking, physical activity,

insomnia.
o MHNW;® , MANW; ¢, MHO; ¢ , MAO.

unemployed, reported poor subjective health, had fatigue,
had insomnia, and did not smoke had more difficulty falling
asleep. When compared to difficulty falling asleep, these
characteristics showed the same significant differences in
difficulty falling back to sleep after waking (Table 2).

3.2 Differences in sleep duration and difficulties according
to body size phenotypes

Men with the MANW phenotype slept for the most
prolonged duration (7.09 & 1.39 hours), and men with the
MHO phenotype slept for the shortest duration (6.68 + 1.37
hours). In the Tukey post hoc test, men with the MANW
phenotype slept longer than men with the MHO phenotype
and men with the MAO phenotype (6.72 £ 1.43 hours) (p
=0.02) (Table 3).

Difficulty falling asleep did not show significant dif-
ferences according to body size phenotype in any model.
Compared to men with the MHNW phenotype, men with
the MHO phenotype had less difficulty falling back to sleep
after waking, with ORs of 0.77 (p=0.02) and 0.76 (p = 0.02)
in Model 1 and Model 2, respectively (Table 4).

4. Discussion

Studies on the associations between body size pheno-
types and their health outcomes have been actively con-
ducted, however, more research has been needed on the ef-
fects of body size phenotypes on the sleep quality of middle-
aged men. In this study, a population-based analysis exam-
ining the difference in sleep quality according to body size
phenotype in middle-aged men was carried out.

First, in the results, the sleep duration of MANW men
was the longest, and was significantly longer than that for
MHO and MAO men. MANW men had a normal sleep
duration of over 7 hours, but MHO and MAO men did
not. This result suggests that obesity, rather than metabolic
health, affects sleep duration [9,13]. Revealing a signifi-
cantly shorter sleep duration in MHO, a study reporting that
an obese group slept fewer than 6 hours [10] was consis-
tent with the findings of this study. For example, in a study
of 3158 adults by Singh et al. [21], the rate of obesity in-
creased in a group that slept less than 7 to 8 hours compared
to a group that slept 7 to 8 hours. In the study by Lopez-
Gracia et al. [22] in Spain, there was an association with
high rate of obesity in a group sleeping less than 5 hours
not seen in a group sleeping 8 hours. Although a precise
mechanism of a direct association between sleep duration
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and obesity is unknown, short sleep can lead to obesity. Par-
tial and total sleep deprivation increases cortisol, a hormone
closely related to obesity, in the plasma and saliva. Sleep
deprivation has been reported to promote weight gain by in-
creasing energy intake through changes in appetite suppres-
sant (leptin) and appetite hormone (ghrelin) concentrations
[23].

Adequate sleep duration restores mental and physi-
cal function, maintains body homeostasis, and regulates
unpleasant emotions experienced during waking hours
through dreams and information processing [24]. Lack of
sleep time is associated with emotional changes and delayed
physical growth [25]. In addition, shorter or longer than ad-
equate sleep duration is associated with a high prevalence
of chronic diseases [26]. For example, short sleep increases
the relative risk of developing diabetes by 1.57 times [26]
and hypertension by 1.20 times [27]. Lack of sleep has been
found to be an independent risk factor for type 2 diabetes
[28], and in a United States study, a group sleeping for less
than 6 hours had a higher risk of hypertension than a group
sleeping for 7 hours or more [29].

Therefore, ensuring an adequate sleep duration can
be a strategy to reduce obesity, and maintaining a nor-
mal weight is essential to reduce the risk of cardiovascu-
lar disease, diabetes, hypertension, and eventual mortality
for middle-aged men. Counseling and effective interven-
tion programs should focus on the type of men who had a
short sleep duration in this study. Middle-aged obesity de-
creases the quality of sleep, which in turn causes obesity
in old age; therefore, long-term health promotion and care
are needed in middle-aged men who have difficulty falling
asleep or who frequently wake during sleep.

Second, our study provides a new insight, that MHO
men have slightly better sleep quality than MHNW men.
Compared to MHNW men, MHO men have a 0.76 times
risk of difficulty falling back to sleep. This finding differed
from the findings of a study reporting that MAO Ameri-
cans had sleep disorders, had difficulty falling asleep, reg-
ularly woke during the night, and felt anxious during sleep
[12]. Although the cross-sectional analysis of our study did
not show that obesity worsened sleep quality, a longitudinal
study in the United States (n = 6850) that tracked BMI and
sleep quality in 1965 and 1994 (n = 6850) reported that peo-
ple’s sleep quality generally worsens as their weight status
changes from normal weight to obese [30].
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Table 4. Sleep disorder according to the body size phenotypes (n = 3675).

Difficulty in falling asleep

Difficulty in falling asleep again

Division Yes Yes
OR (p) 95% C1 OR (p) 95% CI
MHNW 1.0 (reference) 1.0 (reference)
Model 1 MANW  1.07(0.78)  0.66-1.73 0.91 (0.70) 0.55-1.49
MHO 0.82(0.08)  0.66-1.02  0.77 (0.02) 0.61-0.96
MAO 1.14(0.36)  0.86-1.52 1.03 (0.82) 0.77-1.38
MHNW 1.0 (reference) 1.0 (reference)
Model2 MANW 0.90(0.70)  0.54-1.52  0.75(0.29) 0.44-1.28
MHO 0.80 (0.07) 0.63-1.01 0.76 (0.02) 0.60-0.96
MAO 1.02(0.91)  0.75-1.39  0.93 (0.66) 0.69-1.27
MHNW 1.0 (reference) 1.0 (reference)
Model3 MANW  5.17(0.12)  0.67-40.10  1.05(0.94) 0.29-3.77
MHO 1.11 (0.69)  0.69-1.80  0.90 (0.68) 0.55-1.47
MAO 1.36 (0.37)  0.70-2.65  0.93(0.82) 0.49-1.76

MHNW, metabolically healthy normal weight; MANW, metabolically abnormal but nor-

mal weight; MHO, metabolically healthy obesity; MAO, metabolically abnormal obesity;

CI, confidence interval; OR, odds ratio. Model 1 = no control variable; Model 2 = sleep

hard: education (ref = >college), monthly income (ref=>400), occupation (ref = yes), self-

reported health status (ref = healthy), fatigue (ref = no), alcohol (ref = no), smoking (ref =

no), Re-sleep hard: education (ref = >college), monthly income (ref = >400), occupation

(ref = yes), self-reported health status (ref = healthy), fatigue (ref = no), smoking (ref = no);

Model 3 = Model 2 plus insomnia (ref = no).

People complaining of difficulty falling back to sleep
tend to feel worse and more depressed [31]. Poor sleep
quality increases the risk of chronic diseases, such as coro-
nary heart disease, cancer, type 2 diabetes, metabolic syn-
drome, and overweight, and increases the risk of mild men-
tal disorders, such as anxiety and depression [32,33]. In Ko-
rea, the number of patients treated for insomnia increased
by 37.3% for men and 32.5% for women in 2016 compared
to 2012 [34]. Middle-aged men in modern and industrial-
ized societies inevitably suffer from lack of sleep, arbitrar-
ily or involuntarily, in their busy daily lives due to press-
ing obligations, such as frequent overtime work required
for making a living and dinner meetings outside of work
[35]. Shift work and irregularly cycled work also reduce
sleep quality by inducing changes in the circadian rhythm
[36]. Factors that impair sleep quality include shift work
history, occupational stress, and lack of healthy behaviors
[37,38]. Therefore, these risk factors should be considered
to ensure the quality of sleep in middle-aged men.

Diverse measures including obesity management, re-
ducing occupational stress, and providing adequate work-
ing conditions should be applied to improve sleep duration
and quality of sleep in middle-aged men. Many countries,
such as the US, UK, Australia, Japan, and Korea, have
implemented health policies and programs to reduce obe-
sity. The Korean government and many of its ministries
have also established a strategic plan to mitigate and man-

age obesity, focusing on diet and physical activities, but not
sleep [2]. In our population-based intervention for obesity
or metabolic syndrome, we did not pay much attention to
sleep as an effective method. To improve the quality of
sleep, changes are required not only in lifestyle but also in
work conditions (e.g., work hours and commute hours). In-
terventions in lifestyle and work conditions are critical for
middle-aged men because they are the most socially active
population group. Individually, they need to understand the
importance of sleeping for more than 7 hours per day for
their health. At the population level, regulating and mon-
itoring work hours to not exceed 40 hours per week and
guaranteeing a 1-hour break time per every 8 hours might
be an effective strategy to ensure adequate sleep duration
[39].

Additionally, according to the results of univariate
analysis in this study, men with high education and income
had a problem with sleep duration, and men with low educa-
tion and income reported difficulty falling asleep and back
to sleep. To improve the quality of sleep for individuals
with low educational attainment and low income, it is nec-
essary to first carefully assess the risk factors for their sleep
disorders. Occupation is an influencing factor that plays a
key role in sleep [40,41]. The incidence of sleep problems
among those without a job is about four times higher than
those with a job [42], and unemployment causes a negative
psychological state and sleep problems due to a relatively
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low amount of activity [43] and irregular schedules during
the daytime hours [44]. This study suggests that efforts to
improve sleep quality should be customized according to
the socioeconomic status of individuals, such as their em-
ployment status, education level, and income.

Several limitations exist with our research. First, due
to the use of cross-sectional data, a causal relationship could
not be inferred between sleep quality and MHO status.
Long-term follow-up studies or country-provided longitu-
dinal research data (e.g., KoGES) could be used. Second,
the measurement of sleep duration and difficulties falling
asleep depended on self-reported data. Objectively col-
lected data using medical tests, such as polysomnography,
cyclic alternating pattern, and actigraphy, could confirm the
findings of this study. Third, due to the secondary nature of
the data, we could not control variables, such as depression
and shift work, affecting sleep and circadian rhythms; fu-
ture research could include these variables.

5. Conclusions

The purpose of this study was to identify the difference
in sleep quality according to body phenotype in middle-
aged Korean men. Of 3675 middle-aged men, 45.2% were
obese; 16.7% had metabolic syndrome; and 32.5% had an
MHO phenotype. The sleep duration of MANW men was
longer than that of MHO and MAO men and was normal at
over 7 hours (so we failed to reject the null hypothesis 1).
Difficulty falling back to sleep after waking occurred 0.76
times less in MHO men than in MHNW men (so we failed
to reject the null hypothesis 2).

In conclusion, sleep duration and difficulties falling
asleep were independently associated with body size phe-
notype after adjusting for confounding factors in middle-
aged Korean men. Men with an MHO phenotype who
were metabolically healthy but had sleep disorders demon-
strated a risk of long-term health problems. Physiological
changes with age are remarkably diverse and vulnerable,
and middle-aged men need an active strategy to promote
sleep quality.

Health providers and the officials of ministry of em-
ployment and labor may use the results of this study to im-
prove the quality of sleep and ultimately help with produc-
tivity in the workplace for middle-aged Korean men. In a
community setting, this paper may improve people’s, public
health providers’ and policymakers’ awareness of the possi-
ble implications of prevention and management of obesity.
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