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Introduction and objectives: Recently, interest in the relationship between weekend catch-up sleep (WCUS)
and chronic diseases is increasing. We aimed to study the correlation between sleep duration and non-alco-
holic fatty liver disease (NAFLD), an emerging metabolic disease.
Materials and methods: Data on sleep duration from the Korea National Health and Nutrition Examination
Survey was recorded. The subjects were divided into three groups according to the duration of WCUS: Group
1, those who slept for less than 7 hours in a week; Group 2, those who slept for less than 7 hours on week-
days but more than 7 hours on weekends (those with WCUS pattern); and Group 3, those who slept for more
than 7 hours in a week. Multivariate logistic regression analysis was used to analyze the correlation between
sleep duration and NAFLD.
Results: A mean sleep time of 7 hours or more showed a significant negative relationship with NAFLD (odds
ratio [OR]: 0.84, 95% confidence interval [CI]: 0.79—0.89 in all; OR 0.91, 95%CI 0.84—0.99 in males; OR 0.86,
95%CI 0.79—0.94 in females). Groups 2 and 3 showed significant negative relationships with NAFLD when
Group 1 was used as a reference (Group 2; OR: 0.80, 95%CI: 0.70—0.92, Group 3; OR: 0.73, 95%CI: 0.66—0.82).
WCUS showed similar correlations with NAFLD, regardless of sex.
Conclusions: WCUS and sleep duration are significantly associated with NAFLD. A prospective cohort study is
needed to prove the causal effects.
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1. Introduction patients with chronic diseases [4,5]. In addition, insufficient sleep

adversely affects mental health [6]. Sleep duration is associated with

Sleep duration is an important indicator of the state of human
health. Several studies on the general population have reported that
short sleep duration correlates with obesity, hypertension, diabetes
mellitus, and cardiovascular diseases [1—3]. In one meta-analysis
study, it was reported that insufficient sleep was associated with sys-
temic chronic inflammatory disorders such as metabolic syndrome
and an increase in the blood levels of inflammatory markers in

Abbreviation: NAFLD, Non-alcoholic fatty liver disease; WCUS, Weekend catch-up
sleep; KNHANES, Korea National Health and Nutrition Examination Survey; AST,
Aspartate aminotransferase; ALT, Alanine aminotransferase; BMI, Body mass index;
HSI, Hepatic steatosis index; OR, Odds ratio; CI, confidence interval; GLP-1, Glucagon-
like peptide-1
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various forms of human health.

The liver is essential for the maintenance of life and plays an
important role in metabolism. Non-alcoholic fatty liver disease
(NAFLD) is a metabolic liver disease caused by excessive accumula-
tion of fat, and its prevalence is very high worldwide [7]. NAFLD is a
term for a wide spectrum of pathological diseases ranging from sim-
ple steatosis to non-alcoholic steatohepatitis, which can progress to
liver cirrhosis [8—10]. Furthermore, NAFLD is associated with an
increased risk of metabolic conditions such as type 2 diabetes, cardio-
vascular diseases, obesity, metabolic syndrome, and insulin resis-
tance [11,12]. Therefore, it is considered to be a serious disease
according to recent clinical research.

Insufficient sleep was negatively correlated with liver fibrosis [13].
Insufficient sleep, as well as poor sleep quality, can trigger several
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pathophysiological processes that are associated with NAFLD [14]. The
most common forms of sleep disturbance in NAFLD include obstructive
sleep apnea (OSA), insomnia, and restless leg syndrome [15]. In particu-
lar, several studies investigating the prevalence of liver dysfunction in
obstructive sleep apnea have reported that it is independently associ-
ated with elevated transaminases and progression to non-alcoholic
steatohepatitis and liver fibrosis [16]. NAFLD patients have more than
one feature of the metabolic syndrome, and now it is considered to be
the hepatic component of this syndrome [17]. Therefore, the study of
sleep duration can have important implications for public health and
clinical studies related to chronic metabolic diseases.

Recently, people are not only required to do a lot of work in the
community to which they belong but also have other personal activi-
ties, leading to insufficient sleep during the week. Therefore, some
people can get enough sleep on both weekdays and weekends, while
others cannot due to various enormous responsibilities during the
week and compensate for this lack of sleep on weekends. This is
called weekend catch-up sleep (WCUS), which is a sleep pattern to
compensate for insufficient sleep during the week by sleeping for
longer hours on weekends [18]. A previous study reported that there
was a correlation between WCUS and obesity by directly and indi-
rectly modulating the chronic inflammatory state of the human body
[19]. Hwangbo et al. reported that WCUS was correlated with hyper-
tension and metabolic syndrome [20].

Sleep duration is associated with NAFLD, but studies on the corre-
lation between the various patterns of sleep and NAFLD are still lack-
ing. In addition, WCUS is one of the most common sleep patterns
among modern people, and it is related to obesity. However, its effect
on fatty liver disease is unclear. We investigated the correlation
between sleep duration, WCUS, and NAFLD using data from the Korea
National Health and Nutrition Examination Survey (KNHANES).

2. Methods
2.1. Participants

This study was based on the results of the KNHANES conducted
from 2008 to 2019. The KNHANES is a highly representative national
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cross-sectional survey data that is managed by the Korea Disease
Control and Prevention Agency. The KNHANES consists of strictly
selected data by stratified multi-step probabilistic cluster sampling
based on gender, age, and geographical area. The data included vari-
ous past diseases, health surveys, nutritional status surveys of sub-
jects, and clinical information such as blood tests, including aspartate
aminotransferase (AST) and alanine aminotransferase (ALT).

A total of 101,138 subjects were registered in the KNHANES from
2008 to 2019, and the health survey reported the average daily sleep
duration of all the participants over the past years. Since the
KNHANES collected the sleep duration differently as of 2016, we
divided the total data into Set 1 and Set 2 according to the type of
sleep duration collected.

From 2008 to 2015, the mean sleep duration regardless of week-
days and weekends were collected (Set 1; n = 68,759), while KHANES
data were collected separately for mean weekday and weekend sleep
duration from 2016 to 2019 (Set 2; n = 32,379). Among them, we
excluded subjects who were less than 20 years (n = 16,679 in Set 1
and n = 6640 in Set 2), with hepatitis B and C infections (n = 1834 in
Set 1 and n =931 in Set 2), liver cirrhosis or liver cancer (n = 85 in Set
1 and n = 48 in Set 2), shift workers and others who slept irregularly
(n=13,652 in Set 1 and n = 8840 in Set 2), and those who consume
alcohol excessively (more than 210 g/week for male, more than
140 g/week for women; n =2175 in Set 1 and n = 1322 in Set 2). Sub-
jects with missing data on major blood tests, clinical information,
and sleep duration were excluded from the analysis (n = 7346 in Set
1 and n =2884 in Set 2) (Fig. 1).

The study was approved by the Medical Institution Ethics Com-
mittee of the International St. Mary's Hospital (IRB No. IS21EISI0076).

2.2. Measurements of clinical and biochemical variables

The smoking status was classified as follows: non-smoker, former
smoker, or current smoker. Alcohol consumption was calculated as
the amount of alcohol intake in grams based on the number of drinks
per week or month and the average number of drinks consumed at a
time. Body mass index (BMI) was calculated by dividing the weight
(kg) by the square of the height (kg/m?). Obesity was defined as BMI

Set 1
(n= 68,759)

Total n = 26,988 assessed for eligibility in Set 1

9,744 (2008)

Exclusion

8,150 (2016)
8,127 (2017)
7,992 (2018)
8,110 (2019)

ONO O WN -

1. Under 20 years old (n = 16,679)
10,533 (2009) || 5 g Ag positive (n = 1,656)
8,958 (2010) || 3 Anti HCV positive (n = 178)
8,518 (2011) || 4 Not available data for AST, ALT and BMI data (n = 6,064)
8,058 (2012) 5. Not available data of for sleeping time (n = 1,282)
Q 8,018 (2013) |1 g Significant alcohol intake (n = 2,175)
- 7,550 (2014) || 7. History of liver cirrhosis or liver cancer (n = 85)
) 7,380 (2015) || g |rregular working (n = 13,652)
]
% Total n = 11,714 assessed for eligibility in Set 2
ke
Set 2 Exclusion
(n= 32,379)

. Under 20 years old (n = 6,640)

. HBs Ag positive (n = 724)

. Anti HCV positive (n = 207)

. Not available data for AST, ALT and BMI data (n = 2,062)
. Not available data of for sleeping time (n = 822)

. Significant alcohol intake (n = 1,322)

. History of liver cirrhosis or liver cancer (n = 48)

. Irregular working (n = 8,840)

Fig. 1. Study design.
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> 25 kg/m?. The average of two—three blood pressure measurements
was recorded. Hypertension was considered when the systolic blood
pressure was > 140 mmHg and/or the diastolic blood pressure was >
90 mmHg, or the subject was on antihypertensive medication.
Venous blood samples were collected for blood testing after fasting
for 8 hours and the levels of fasting blood sugar, AST, ALT, triglycer-
ides, and cholesterol were measured. Individuals whose fasting blood
sugar level was > 126 mg/dL or who had previously been diagnosed
with diabetes by a doctor were classified as having diabetes. Hyper-
triglyceridemia was considered when the triglyceride level was
greater than or equal to 200 mg/dL. Metabolic syndrome was defined
based on the National Cholesterol Education Program (NCEP) Adult
Treatment Panel III (ATP IIT) [21].

2.3. Definition of sleep habits, WCUS, significant steatosis

In Set 1, the group was divided into a group that slept more than
7 hours and a group that slept less than 7 hours according to the aver-
age duration of sleep per week. In Set 2, the group was also divided
based on 7 hours of sleep duration and the data was analyzed for
weekdays and weekends, respectively. In addition, in Set 2, sleep pat-
terns in which sleep less than 7 hours during the week but supple-
mented for more than 7 hours on weekends were defined as WCUS.
Therefore, subjects who had less than 7 hours of sleep during the
weekdays and did not have WCUS were classified into Group 1, sub-
jects who had less than 7 hours of sleep during the weekdays and
had WCUS were classified into Group 2, and subjects who had more
than 7 hours of sufficient sleep also during the weekdays were classi-
fied into Group 3.

For fatty liver, the hepatic steatosis index (HSI) was used to deter-
mine the presence of a fatty liver. The HSI was calculated as follows:
his = 8 x (ratio of ALT/AST) + BMI (+ 2 for female, + 2 in case of diabe-
tes). HSI is an indicator developed based on the medical examination
of the subjects whose fatty liver condition was assessed by ultra-
sound, and an HSI of greater than or equal to 36 was considered as an
indicator of fatty liver [22].

We separated the data from sets 1 and 2 according to the forms
from the survey of sleep duration and studied the correlation
between sleep duration and NAFLD within each set.

2.4. Statistical analyses

All statistical analyses were performed using the R software ver-
sion 4.1.1. The baseline characteristics were expressed as mean +
standard deviation for continuous variables or as percentages for cat-
egorical variables. The significance of differences in continuous varia-
bles between the two groups was investigated using the
independent t-tests. The significance of differences in categorical var-
iables was determined using the chi-square test. Multiple logistic
regression analysis was performed to determine the effect of sleep
duration and WCUS on HSI > 36 after adjusting for covariates. A p-
value of < 0.05 was considered statistically significant.

3. Results
3.1. Baseline participants characteristics

Set 1 included 26,988 subjects and Set 2 included a total of 11,714
subjects. In Set 1, there were 12,372 male subjects (45.8%), 20,345
city dwellers (75.3%), and 23,100 married persons (85.5%). There
were 8675 (32.1%), 2481 (9.1%), 7726 (28.6%), and 3437 (12.7%) peo-
ple with obesity, diabetes, hypertension, and hyperlipidemia, respec-
tively. The mean AST, ALT, serum glucose, and total cholesterol levels
were 21.8 IU/L (+ 10.7), 21.4 IUJL (& 16.2), 98.2 mg/dL (+ 22.8), and
189.3 mg/dL (+ 35.5), respectively. Collected without distinction
between weekday and weekend time in Set 1, the mean sleep
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duration of the subjects in Set 1 was 6.8 hours (+ 1.3 hours), and
15,825 (58.6%) subjects had more than 7 hours of sleep during the
entire week.

In Set 2, there were 5873 male subjects (50.1%), 9452 city dwellers
(80.7%), and 9595 married persons (81.9%). There were 4125 people
with obesity (35.2%), 1228 people with diabetes (10.5%), 3153 people
with hypertension (26.9%), and 2494 people with hyperlipidemia
(21.3%). With respect to the blood tests, the mean AST, ALT, serum
glucose, and total cholesterol levels were 23.0 IU/L (+ 11.1), 23.0 IU/L
(£ 17.4), 100.7 mg/dL (& 23.3), and 194.8 mg/dL (+ 37.0), respec-
tively. The average sleep duration during the weekdays of Set 2 sub-
jects was 6.9 hours (+ 1.2 h), and 7026 subjects had an average sleep
time of more than 7 hours (59.9%). The mean duration of sleep during
the weekend was 7.7 hours (+ 1.5 hours). The basic features of all the
subjects are described in Table 1.

3.2. Relationship between sleep habits and HSI

In all Set 1 subjects, the mean sleep duration of 7 hours or more
was associated with a negative OR for NAFLD compared with less
than 7 hours of sleep duration (odds ratio [OR]: 0.84, 95% confidence
interval [CI]; 0.79-0.89 for all; OR; 0.91, 95%CI; 0.84—0.99 for male
subjects; OR: 0.86, 95%CI; 0.79—0.94 for female subjects) (Table 2).

In Set 2 subjects, the mean sleep duration of 7 hours or more dur-
ing the weekdays was associated with a negative OR for NAFLD com-
pared with less than 7 hours sleep duration (OR: 0.81, 95%CI: 0.74
—0.89 for all; OR: 0.88, 95%CI: 0.78—0.99 for male subjects; OR: 0.79,
95%Cl: 0.68—0.90 for female subjects) (Table 2). Set 2 subjects with a
mean sleep duration of 7 hours or more during the weekend was
associated with a negative OR for NAFLD (OR: 0.78, 95%CI: 0.70—-0.87
for all; OR: 0.82, 95%CI: 0.71—0.94 for male subjects; OR: 0.76, 95%CI:
0.65-0.89 for female subjects) (Table 2).

3.3. Relationship between sleep habits and HSI according to WCUS

In Set 2, which consists of data separated according to the dura-
tion of sleep on weekdays and weekends, there were 2365 (20.2%)
subjects who slept for less than 7 hours during the week and could
not catch up on weekends (Group 1); 2602 (22.2%) subjects who slept
for less than 7 hours during the week and had WCUS (Group 2); and
6747 (57.6%) subjects who slept for more than 7 hours during the
week (Group 3).

Based on Group 1, the OR of Group 2 was 0.80 for NAFLD (95%CI:
0.70-0.92), and the OR of Group 3 was 0.73 (95%Cl: 0.66—0.82)
(Fig. 2). In men, based on Group 1, the ORs for Groups 2 and 3 for
NAFLD were 0.80 (95%Cl: 0.66—0.94) and 0.79 (95%CI: 0.68-0.92),
respectively, which showed a significant correlation. In women,
based on Group 1, the ORs of Group 2 and Group 3 for NAFLD were
0.81 (95%CI: 0.65—-0.99) and 0.72 (95%Cl: 0.60—0.85), respectively
(Fig. 2). In the sub-analysis of subjects with obesity, the ORs of Group
2 and Group 3 based on Group 1 were 0.81 (95%Cl: 0.67—0.99) and
0.84 (95%CI: 0.72—0.99), respectively. In the subjects with metabolic
syndrome, the ORs of Group 2 and Group 3, based on Group 1 were
0.72 (95%Cl: 0.57—0.91) and 0.77 (95%CI: 0.64—0.92), respectively
(Fig. 3).

3.4. Relationship between WCUS and abnormal ALT and obesity

For ALT > 40 IU/L, based on Group 1, the OR of Group 2 was 0.76
(95%CI: 0.63—0.92) and the OR of Group 3 was 0.75 (95%CI: 0.64
—0.88). For BMI > 25 kg/m?, based on Group 1, the OR of Group 2 was
0.87 (95%Cl: 0.77—0.98) and the OR of Group 3 was 0.77 (95%ClI: 0.70
—0.86).
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Table 1
Clinical characteristics in the study population in Set 1.
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Characteristics Set 1 (n=26,988)

Set2 (n=11,714)

Total HSI P Total HSI P
<36 >36 <36 >36
26,988 20,989 5999 11,714 8926 2788

Sleep duration (h/days)
on all weeks 6.8 +1.3 68+13 6.7+1.3 <0.001
on weekdays 69+1.2 70+1.2 68+13 <0.001
on weekends 7.7+15 7.7+15 75+15 <0.001

Age, years 489+ 153 48.7 £15.7 485 + 14.0 0.326 483 £14.7 48.6 + 15.1 475+ 13.6 <0.001

Gender <0.001 <0.001
Men 12,372 9261 (44.1%) 3,111 (51.9%) 5873 4169 (46.7%) 1704 (61.1%)

Women 14,616 11,728(55.9%) 2888 (48.1%) 5841 4757 (53.3%) 1084 (38.9%)

Residential district 0.557 0.003
Urban area 20,345 15,821(75.4%) 4524 (75.4%) 9452 7257 (81.3%) 2195 (78.7%)

Rural area 6643 5168 (24.6%) 1475 (24.6%) 2262 1669 (18.7%) 593 (21.3%)

Marital status <0.001 0.372
Married 23,100 17,825(84.9%) 5275 (87.9%) 9595 7295 (81.7%) 2300 (82.5%)
Unmarried 3852 3135 (14.9%) 717 (12.0%) 2119 1631 (18.3%) 488 (17.5%)

Divorced, etc 35 29(0.1%) 6(0.1%)

Household income 0.006 0.002
Low 4573 3591 (17.3%) 982 (16.6%) 1410 1108 (12.4%) 302 (10.8%)

Low Middle 6565 5032 (24.3%) 1533 (25.9%) 2,705 2042 (22.9%) 663 (23.8%)
Middle High 7586 5862 (28.3%) 1724 (29.1%) 3481 2589 (29.0%) 892 (32.0%)
High 7948 6265 (30.2%) 1683 (28.4%) 4,103 3176 (35.6%) 927 (33.3%)

Occupation <0.001 0.032

Agriculture 5884 4711 (22.5%) 1173 (19.7%) 2164 1673 (18.8%) 491 (17.6%)
Blue collar 3051 2295 (11.0%) 756 (12.7%) 1712 1259 (14.2%) 453 (16.3%)
White collar 7399 5760 (27.5%) 1,639 (27.5%) 4628 3561 (40.0%) 1067 (38.4%)
Pink collar 3815 2865 (13.7%) 950 (15.9%) 1889 1421 (16.0%) 468 (16.8%)

Unemployment 6730 5290 (25.3%) 1440 (24.2%) 1286 983 (11.0%) 303 (10.9%)

Education level 0.039 0.883

Elementary school 6468 4960 (23.7%) 1,508 (25.2%) 1694 1291 (14.5%) 403 (14.5%)
Middle school 2944 2276 (10.9%) 668 (11.2%) 1035 787 (8.8%) 248 (8.9%)
High school 8628 6881 (32.8%) 1,947 (32.5%) 3637 2756 (30.9%) 881(31.6%)

College 8722 6855 (32.7%) 1867 (31.2%) 5347 4091 (45.8%) 1256 (45.1%)

Smoking <0.001 <0.001
Never 15,637 12,428(59.2%) 3209 (53.5%) 6719 5322 (59.6%) 1397 (50.1%)

Past 3384 2638 (12.6%) 746 (12.4%) 2702 2006 (22.5%) 696 (25.0%)
Current 7962 5919 (28.2%) 2043 (34.1%) 2289 1595 (17.9%) 694 (24.9%)

Chronic disease
Hypertension 7726 5211 (24.9%) 2515 (42.1%) <0.001 3153 2048 (23.0%) 1105 (39.8%) <0.001
Diabetes 2481 1168 (5.7%) 1313 (22.4%) <0.001 1228 665 (7.6%) 563 (20.7%) <0.001

Hypercholesterolemia 3437 2205 (10.7%) 1232 (21.1%) <0.001 2494 1649 (18.8%) 845 (31.0%) <0.001

Hypertriglyceridemia 3217 1891 (11.7%) 1326 (29.2%) <0.001 1360 742 (10.5%) 618 (28.5%) <0.001

Cardiovascular disease 466 342 (1.7%) 124 (2.1%) <0.001 180 135 (1.5%) 45 (1.6%) 0.641
Stroke 507 370(1.8%) 137 (2.4%) <0.001 245 199 (2.3%) 46 (1.7%) 0.09

BMI (kg/m?) 237+33 226+25 277429 <0.001 240+35 227425 282 +3.1 <0.001

BMI>25 8675 3609 (17.2%) 5,066 (84.4%) <0.001 4125 1691 (18.9%) 2434 (87.3%) <0.001

AST (IU/L) 21.8+10.7 20.8 +10.1 2544120 <0.001 23.0+11.1 21.7+£10.2 27.0+12.7 <0.001

ALT (IU/L) 214 +£16.2 17.3+9.6 35.5+24.6 <0.001 23.0+174 18.1+£9.7 38.8+254 <0.001

Glucose (mg/dl) 982 +22.8 95.3 +18.2 108.7 +£32.2 <0.001 100.7 £ 23.3 97.6 +18.9 1104 +31.8 <0.001

Total cholesterol (mg/dl)  189.3 £ 35.5 186.8 +34.7 198.2 +£36.9 <0.001 194.8 +£37.2 193.3 £36.1 199.4 +40.3 <0.001

LDL-C (mg/dl) 114.2 £32.0 111.8£31.3 120.7 £33.2 <0.001 120.1 £35.6 117.3 £34.8 124.0 £ 36.3 <0.001

HDL-C (mg/dl) 49.0+ 115 503+ 11.6 445+99 <0.001 514+126 531+12.7 46.0 +10.4 <0.001

Triglycerides (mg/dl) 1346 +£1063  121.8+959 179.6 £126.7  <0.001 1360 £ 111.1 122.0+£1023  180.7+ 1256  <0.001

*ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipo-

protein cholesterol.

Continuous variables are expressed as means and standard deviations. Categorical variables are expressed as numbers and percentages

4. Discussion

From the analysis of the data from the KNHANES (2008—2015) in
this study, less than 7 hours of sleep showed a significant correlation
with HSI > 36, suggestive of NAFLD. Even when the sleep duration is
analyzed by dividing it into weekdays and weekends using the
KNHANES data (2016—2019), less than 7 hours of sleep showed a sig-
nificant correlation with HSI > 36. In addition, when separated into
male and female subjects, less than 7 hours of sleep in both male and
female subjects showed a significant correlation with HSI > 36.

There are some plausible mechanisms that link the decrease in
sleep and NAFLD. Hypothalamic—pituitary—adrenal axis and

autonomic nervous system activities are important in the regulation
of physical and mental health conditions. Cortisol, inflammatory
cytokines, and norepinephrine, which are derivatives of these sys-
tems, are associated with the variation in sleep such as total sleep
time, sleep quality, sleep efficiency, and circadian midpoint. The dys-
regulation of this axis caused by changes in sleep can increase the
risk of NAFLD onset [23].

Leptin may be also considered a physiologic cause of metabolic
disease. This peptide hormone secreted by the adipose tissue from a
molecular physiological perspective promotes satiety. The blood con-
centration of leptin is closely related to the sleep duration [24]. A
decrease in sleep duration results in a decrease in leptin
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Table 2
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Associations between sleep duration and quality and the risk of fatty liver in clinically relevant subgroups.

Subgroup Total

Men Women

Sleep duration(h) N

Multivariate OR (95% CI) N

OR (95% CI) N OR (95% CI)

Set 1 <7 11,163 1.00 (Reference)

>7 15,825  0.84(0.79 - 0.89)
Set2 <7 4688 1.00 (Reference)
Weekdays >7 7026 0.81(0.74-0.89)
Set 2 <7 2644 1.00 (Reference)
Weekends >7 9070 0.78 (0.70 - 0.87)

5175 1.00 (Reference) 5988 1.00 (Reference)
7197 0.91 (0.84 - 0.99) 8628 0.86 (0.79 - 0.94)
2415 1.00 (Reference) 2273 1.00 (Reference)
3458 0.88(0.78 - 0.99) 3568 0.79 (0.68 - 0.90)
1,359  1.00 (Reference) 1285  1.00 (Reference)
4514 0.82(0.71 - 0.94) 4556 0.76 (0.65 - 0.89)

*The risk of sleep duration on the prevalence of hepatic steatosis in (A) total, (B) men, and (C) women.
Adjusted for age (continuous), residence, education, marital status, smoking (never, former, current), alcohol consumption (g/week), sys-

tolic blood pressure, and serum total cholesterol.

A .
1.00 (Ref) ] Group 1
0.80 (0.70 - 0.92) o i Group 2
0.73 (0.66 — 0.82) — i Group 3

B !
1.00 (Ref) ] Group 1
0.80 (0.66 — 0.94) = i Group 2
0.79 (0.68 — 0.92) = i Group 3

c 1
1.00 (Ref) B Group 1
0.81 (0.65 — 0.99) = | Group 2
0.72 (0.60 — 0.85) » | Group 3

1

)

1

ORs (95% CI)

Fig. 2. The odds ratio (OR) for non-alcoholic fatty liver disease according to the sleep
pattern (Group 1: less than 7 hours of sleep during the entire week, Group 2: Weekend
catch up sleep, Group 3: 7 or more than 7 hours of sleep during the entire week); (A)
entire cohort, (B) male subjects, (C) female subjects.
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Fig. 3. The odds ratio (OR) for non-alcoholic fatty liver disease according to the sleep
pattern (Group 1: less than 7 hours of sleep during the entire week, Group 2: Weekend
catch up sleep, Group 3: 7 or more than 7 hours of sleep during the entire week); (A)
obesity, (B) metabolic syndrome.

concentration and an increase in the activity of the food reward sys-
tem. This leads to an increase in calorie intake and weight gain. In
addition, a decrease in sleep duration causes a decrease in the intesti-
nal-derived peptide, glucagon-like peptide-1 (GLP-1), and GLP-1
delays gastric emptying and promotes satiety [25]. The physiological
background on the development of obesity can explain the occur-
rence of NAFLD due to reduced sleep duration.

Sleep duration is an important factor that affects the development
of diabetes and cardiovascular diseases. A previous meta-analysis
reported a significant correlation between sleep duration and the
development of diabetes [26]. A previous epidemiological study
reported that insufficient sleep duration increases the risk of devel-
oping cardiovascular diseases [27,28]. In addition, Hoevenaar-Blom
et al. reported that sufficient sleep can reduce the risk of cardiovascu-
lar diseases [29]. According to a study by Kwon et al,, sleep duration
is a factor that can predict not only the mortality rate of

cardiovascular diseases but also cancer. Therefore, it can be inferred
that sleep duration is closely related not only to the occurrence of a
disease but also to its survival rate [30].

NAFLD is a metabolic disease. It is a major risk factor for obesity,
diabetes, and cardiovascular diseases. It can progress to cirrhosis or
liver cancer. Fatty liver has several causes, and insufficient sleep is
closely related to NAFLD. Kim et al. reported that poor sleep quality
and reduced sleep duration are significantly correlated with the
occurrence of NAFLD [14]. An inadequate sleep habit affects the hor-
mone metabolism of the body, which can lead to obesity, metabolic
syndrome, and NAFLD.

In a previous report, WCUS was reported to be significantly corre-
lated with a decrease in the incidence of metabolic syndrome [31]. In
that study, it was found that WCUS can reduce the OR of metabolic
syndrome by 45%. This present study revealed a significant correla-
tion between sleep duration and HSI. Our result is similar to that of a
previous study which showed a correlation between overall sleep
duration and chronic metabolic disease. Furthermore, NAFLD is asso-
ciated with WCUS. In modern societies, it is difficult for people to get
enough sleep during the week leading to sleep supplementation on
weekends. In our study, Group 2 of the WCUS accounted for approxi-
mately 22.2%. When Group 1 was used as a reference, the ORs of
Group 2 and Group 3 for NAFLD were 0.80 (CI: 0.70—0.92) and 0.73
(CI: 0.66—0.82), respectively. Our study revealed that people who get
enough sleep have a lower risk of developing NAFLD than those who
get insufficient sleep. Furthermore, we revealed that people who had
WUCS have a lower risk of developing NAFLD than those who did not
get enough sleep, even on weekends.

When analyzed in men and women, the largest negative correla-
tion of 7 hours or more of sleep was higher than less than 7 hours
with NAFLD, and a negative correlation was observed in the WCUS
group with NAFLD. WCUS was found to be highly correlated with the
incidence of NAFLD, regardless of sex.

Other results support the correlation between WCUS and NAFLD.
Reduced total sleep duration showed a significant relationship with
ALT of 40 IU/L or higher. In addition, those who had enough sleep
during both weekdays and weekends or WCUS showed a negative
relationship with an ALT of 40 IU/L or higher. Similar results were
also obtained with obesity, which is a known prognostic factor of
chronic diseases. Those who had 7 hours or more of sleep on week-
days and weekends and those who had WCUS showed a negative cor-
relation with obesity in our study. Based on these results, it is thought
that WCUS is significantly correlated with NAFLD. No research has
shown how WCUS relieves the fatty liver in animal experiments and
other clinical studies, however, we have suggested that sleep supple-
mentation during weekends may ease oxidative stress and inflamma-
tion in the liver.

This study had some limitations. First, this was a cross-sectional
study. Therefore, it is not known whether insufficient sleep duration
is a causal factor of NAFLD. However, the KNHANES is a representa-
tive national survey data, and the sample size is large. It is a major
discovery that there is a high correlation between WCUS and NAFLD.
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Second, sleep duration was not an individually observed measure.
However, since the data was from a national survey it was considered
highly reliable because it was collected by survey experts. Third, the
gold standard method of diagnosing NAFLD is a biopsy, and our study
did not include histological results. However, due to the high cost of
biopsy and the complications related to biopsy, non-invasive diag-
nostic methods have been widely used in recent research [32]. HSI is
a representative method for diagnosing NAFLD [22].

In conclusion, the overall sleep duration and WCUS were nega-
tively correlated with NAFLD (HSI > 36). In the future, the causal rela-
tionship between WCUS and NAFLD should be prospectively studied
to enhance the proper concepts and methods of sleep hygiene. Based
on this study, it is expected that the methods of treatment of NAFLD
will be expanded since there is no clear treatment of NAFLD other
than improving eating habits or weight loss.
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