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Chang Hongu*, Chengkai wu't, Pengcheng Ma®", Hao Cui’', Liya Chen?, Ruining Li%, Qimei Li%, Lin Zengz,
Shengwu Liao', Lushan Xiao?', Li Liu'?" and Wenyuan Li*>"

Abstract

Background: A lack of sleep or disorder in sleep—wake cycles has been associated with metabolic impairments.
However, few studies have investigated the association between daytime napping duration and the risk of non-alco-
holic fatty liver disease. This study aimed to investigate the association of daytime napping duration with the risk of
non-alcoholic fatty liver disease in a Chinese population.

Methods: This cross-sectional study analyzed data from the Health Management Center of Nanfang Hospital, Guang-
dong Province. A total of 3363 participants aged 20-79 years were recruited and admitted from January 20, 2018, to
October 16, 2020. Non-alcoholic fatty liver disease was diagnosed using abdominal ultrasonography. The outcome
was the association between daytime sleep duration and the risk of non-alcoholic fatty liver disease.

Results: Compared with non-nappers, long daytime nappers (> 60 min) were associated with a higher risk of non-
alcoholic fatty liver disease in the crude model (odds ratio 2.138; 95% confidence interval 1.88-2.61, P<0.05) and in
the multivariable adjustment model (odds ratio 2.211; 95% confidence interval 1.042-4.690, P < 0.05) after adjusting
for demographic, educational, and metabolic risk factors. The association was moderately enhanced with additional
adjustments for night sleep duration and socioeconomic or other factors (odds ratio 2.253; 95% confidence interval
1.061-4.786, P=0.035).

Conclusion: In this cross-sectional study, daytime napping duration of > 60 min was positively associated with the
risk of non-alcoholic fatty liver disease in an occupational population of Guangdong Province after multivariable
adjustment.
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Background

With changes in dietary and lifestyle habits, non-alco-
holic fatty liver disease (NAFLD) has become the most
prevalent liver disease in both developed and develop-
ing countries [1, 2], with a current global incidence of
approximately 25% [2, 3]. NAFLD poses a significant
threat to people’s health and imposes a great burden
on the social economy. Moreover, NAFLD is currently
the most important emerging cause of hepatocellu-
lar carcinoma (HCC) in developed countries [4, 5].
Approximately 20%-30% of individuals with NAFLD
develop non-alcoholic steatohepatitis (NASH), which
progresses into cirrhosis in 10%—-20% of cases [6]. As a
result, more attention should be paid to the vulnerable
group to reduce the risk of NAFLD and its associated
complications and mortality. NAFLD is a multisys-
temic disease with a histologic spectrum that ranges
from macrovesicular steatosis to hepatic inflammation
and fibrosis indicative of NASH [2, 4]. Liver biopsy
remains the gold standard for the clinical diagnosis of
NAFLD [7]. In clinical practice, the initial diagnosis of
NAFLD is usually radiological and based on the pres-
ence of fat within the liver that involves at least 5% of
the liver weight [8, 9]. Currently, the most used imag-
ing technique is abdominal ultrasonography, which
has several advantages including good accuracy and
relative ease of performance [8].

Optimal sleep duration is necessary for maintaining
normal physical, cognitive, and psychological func-
tions. Many people have a habit of diurnal napping,
which is widely recommended as a safe and non-inva-
sive intervention to counteract the negative effects of
partial sleep deprivation. Souabni et al. reported that
diurnal napping improves short-term memory, atten-
tion, reaction time, repeated-sprint, endurance, and
specific skill performance, with greater improvement
following longer naps [10]. However, a long napping
duration may be detrimental to one’s health. Yin et al.
confirmed that daytime napping duration is positively
associated with the risk of hyperuricemia in a Chinese
population [11] and that there is a U-shaped relation-
ship between diurnal naps and diabetes [12].

Therefore, in this cohort study, we aimed to inves-
tigate the association between daytime napping dura-
tion and the risk of developing NAFLD among the
working-age population of Guangdong Province using
physical examination data from Nanfang Hospital.

Methods

Study design and population

This cohort study used physical examination data from
the Health Management Center of Nanfang Hospi-
tal. This regional cross-sectional study included 8,295
respondents. Questionnaire characteristics with missing
values of more than 20% were eliminated; consequently,
7,644 questionnaires were included. We investigated
whether participant had fatty liver via past medical his-
tory. Given the lack of records on alcohol consumption,
4,251 participants with a history of current or previous
alcohol intake and 30 participants with chronic hepatitis
or liver cirrhosis were excluded. Finally, a total of 3,363
individuals aged 20-79 years were included in the study,
and the study flowchart is shown in Fig. 1. All study
participants provided informed consent, and the study
design was approved by the appropriate ethics review
board of Nanfang Hospital.

Daytime napping and nighttime sleep duration

Participants were asked about the duration of napping
after lunch and the total night sleep duration. Day-
time naps are usually brief periods of sleep lasting from
a few minutes to a few hours [13]. Such naps may vary
in frequency from the occasional nap to planned peri-
ods of rest up to several times each day in habitual nap-
pers. Daytime napping duration was categorized as

Individuals who performed a health examination
and questionnaire at Nangfang Hospital from
January 20, 2015 to October 16, 2020.
(n=8287)

643 exclude due to:
questionnaire with missing
values of more than 20%

7644 individuals
in the study

4421 exclude due to:
Drinking history,
chronic hepatitis,

liver cirrhosis

3363 individuals include in the study

NAFLD Normal liver
n=140 n=3223

Fig. 1 Study flowchart of participant selection
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none, <30 min, 30-60 min, and > 60 min per day. Night-
time sleep duration was classified into <7 h and >7 h per
day.

Covariates

Information on sociodemographic and lifestyle vari-
ables, including age, sex, educational level (below high
school, college, bachelor’s degree, and above), smok-
ing status (never, smoking, quit smoking for more than
6 months, and passive smoking), and physical activity
(<1 time and > 1 time per week), was collected through a
questionnaire survey. Total cholesterol, triglyceride, low-
density lipoprotein cholesterol (LDL-c), and high-density
lipoprotein cholesterol (HDL-c) levels were measured
using an enzymatic colorimetric test.

Statistical analysis
Baseline characteristics are presented as frequency with
percentages for categorical variables and mean with
standard deviation for continuous variables. Differences
between the NAFLD and non-NAFLD groups were com-
pared using analysis of variance for continuous variables
and chi-square tests for categorical variables.
Subsequently, logistic regression analyses were per-
formed to evaluate the association of daytime napping
duration with the risk of NAFLD. Model 1 was the crude
model. Model 2 was further adjusted for age (years), sex
(men and women), and body mass index (BMI). Model
3 was additionally adjusted for educational level, annual
family income, physical exercise, smoking status, daily
sedentary duration, staying up late at night, and sleeping
pill use. Furthermore, Model 4 was adjusted for hyper-
tension, diabetes, coronary disease, and serum levels of
total cholesterol, triglyceride, HDL-c, and LDL-c. To
account for the mediating role of nocturnal sleep dura-
tion and dietary habit, Model 5 included these variables.
All statistical analyses were performed with IBM SPSS
Statistics for Windows version 25.0 (IBM Corp., Armonk,
NY, USA).

Results

A total of 3363 participants were included in this study,
and 140 individuals were diagnosed with NAFLD via
ultrasonography, which accounted for approximately
4.3% of the study population. Among the 3223 working-
aged individuals without NAFLD, 63.7% were men, and
the mean age was 33 £ 8 years. In addition, 391 individ-
uals reported no daytime napping and 833 had a day-
time napping duration of > 60 min every day. Findings
of the comparison of the characteristics between the
non-NAFLD and NAFLD groups are shown in Table 1.
In general, participants with NAFLD were more likely
to have longer daytime napping duration (>30 min
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per day). Moreover, those with NAFLD tended to
take sleeping pills and have a longer daily sedentary
duration.

The characteristics among the groups stratified by
daytime napping duration are shown in Table 2. Eighty
(77%) participants with NAFLD had a daytime napping
duration more than 30 min per day. Interestingly, com-
pared with non-nappers, participants with>60 min
of daytime napping were more likely to have a higher
educational level, to be diagnosed with hypertension,
and less likely to have a long daily sedentary duration
and stay up late. Importantly, we observed an increas-
ing trend in the difference of the incidence of NAFLD
across the four daytime napping durations (2.3% in
non-nappers, 2.6% in participants with <30 min of day-
time napping, 4.5% in those with 30—60 min of daytime
napping, and 4.7% in those with>60 min of daytime
napping).

To explore the association of daytime napping dura-
tion with the risk of NAFLD, five models, including dif-
ferent mediators, were created using logistic regression
(Table 3 and Additional file 1). Model 1, which was also
called the crude model, included only one variate, i.e.,
daytime napping duration. Compared with non-nap-
pers, those with > 60 min of daytime napping duration
had a more than two-fold (odds ratio [OR] 2.138; 95%
confidence interval [CI] 1.029-4.443) increased risk of
NAFLD in the crude model with statistical significance.
To rule out interference from other factors, the associa-
tion between daytime napping and the risk of NAFLD
was further evaluated, and an association was observed
after controlling for other confounders. As shown in
Table 3, the effect estimate was quite attenuated after
introducing the mediators of age, sex, and BMI in
Model 2 (OR 2.096; 95% CI 1.002-4.381). Especially,
the ORs are increasing stepwise in the models (Table 3),
and several variates, especially those that were found to
be significant after further including demographic or
lifestyle factors and clinical or biochemical variates in
Model 5, are shown in Fig. 2. In addition, <30 min of
daytime napping duration was not significantly asso-
ciated with the risk of NAFLD compared to the refer-
ence group in both crude and adjusted models. In the
crude model, no significant association was observed
between daily napping duration and the risk of NAFLD.
However, a significant association was found after the
inclusion of the variates. Additionally, <30 min of day-
time napping duration was not significantly related to
the risk of NAFLD compared to the reference group
in both crude and adjusted models. Consequently, we
observed that daytime napping duration was positively
associated with the risk of NAFLD in this working-aged
cohort in Guangdong Province.
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Table 1 Comparison of baseline characteristics according to NAFLD
Characteristics Without NAFLD (n=3223) With NAFLD (n = 140) P value
Age, year 33£8 3711 <0.001
Male, n(%) 2053 (63.7%) 86 (61.4%) 0.585
BMI, kg/m2 223433 219432 0.174
High school above, n(%) 2632 (81.7%) 109 (77.9%) 0323
Annual family personal income (thousand yuan) 0.601

<20 317 (9.8%) 15(10.7%)

20-40 236 (7.3%) 12 (8.6%)

40-60 298 (9.2%) 16 (11.4%)

60-80 473 (14.7%) 16 (11.4%)
Physical activity > 1 time/week, n (%) 1230 (38.2%) 65 (46.4%) 0.06
Sleeping pills using 193 (6.0) 16 (11.4%) 0.009
Nocturnal sleeping duration/h, n(%) 0.058

<7h 2154 (66.8%) 103 (73.6%)

>7h 1069 (33.2%) 37 (26.4%)
Daytime dapping duration/min, n(%) 0.043

0 391 (12.1%) 9 (6.4%)

<30 min 346 (10.8%) 11 (7.9%)

30-60 min 1653 (51.3%) 79 (56.4%)

>60 min 833 (25.8%) 41 (29.3%)
Smoking, n(%) 0.896

Never 2984 (92.6%) 126 (90.0%)

Current 141 (4.4%) 11 (7.9%)

Quitted 32 (1.0%) 2(1.4%)

Passive 66 (2.0%) 1 (0.7%)
Often staying up late 1751 (54.3%) 71 (50.7%) 0377
Sedentary duration/(h per day) 0387

>8 703 (21.8%) 36 (25.7%)
Coronary disease, n (%) 22 (0.7%) 0 0.999
Diabetes, n (%) 7 (0.2%) 0 0.742
Hypertension, n (%) 64 (2.0%) 8 (5.7%) 0.007
LDL-C 3.1(07) 3.2(06) 0.075
Triglycerides 1.2(0.9) 1.2(0.9) 0.672
HDL-C 1.3(02) 14(0.3) 0.028
Total cholesterol 4.8(0.9) 5.0(0.8) 0.014

BMI, body mass index; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol

Discussion

To the best of our knowledge, this is the first study to
demonstrate that long daytime napping was positively
associated with the risk of NAFLD, and this association
remained significant after adjustment for sex, BMI, and
other confounders. This excess risk appears to be inde-
pendent of several socioeconomic factors and hyperten-
sion. The study participants are of working age, which is
a relatively young cohort living in Guangdong Province.
Therefore, the incidence rates of diabetes, coronary dis-
ease, overweight, and hypertension or their complica-
tions were lower than those of the total population. In
this study, participants with hypertension are more likely

to have a higher risk of NAFLD. Consistently, among
middle-aged and older Chinese adults, individuals with
longer daytime napping duration were associated with
a significantly higher risk for hypertension compared to
non-nappers, whereas reduced napping duration may
confer a benefit for hypertension prevention [14]. Some
studies have shown that high BMI, specifically>30 kg/
m? is a risk factor for NAFLD [15, 16], but in this study,
there was no statistical difference in the increased risk of
NAFLD among participants with high BMI, which may
account for the small proportion of obese people in our
population. However, in our study, we found that lower
BMI is risky for NAFLD. BMI is an index based in the
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Table 2 Comparison of baseline characteristics according to different daytime napping duration
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Group(n) Daytime napping duration
0 min (400) 1-29 min (357) 30-59 min (1732) > 60 min (874)

Age, year

<30 202 (50.5%) 139 (38.9%) 624 (36.0%) 384 (43.9%)

30-40 131 (32.8%) 145 (40.7%) 702 (40.5%) 342 (39.1%)

40-50 53 (13.3%) 54 (15.1%) 314 (18.1%) 110 (12.6%)

>50 14 (3.5%) 19 (5.3%) 92 (5.4%) 38 (4.4%)
Male, n (%) 278 (69.5%) 250 (70.0%) 1114 (64.3%) 497 (56.9%)
BMI, kg/m?

<185 44 (11.0%) 44 (12.3%) 163 (9.4%) 95 (10.9%)

18.5-239 252 (63.0%) 232 (65.0%) 1053 (60.8%) 509 (58.2%)

>24 104 (26.0%) 81 (22.7%) 516 (29.8%) 270 (30.9%)
High school above, n(%) 256 (64.0%) 343 (96.1%) 1413 (81.6%) 729 (83.4%)
Annual family personal income( thousand
yuan/person)

<20 0(12.5%) 47 (13.2%) 163 (9.4%) 76 (8.7%)

20-40 (1 1.3%) 25 (7.0%) 123 (7 1%) 59 (6.8%)

40-60 47 (11.7%) 29 (8.1%) 6 (9.0%) 86 (9.8%)

60-80 72 (18.0%) 48 (13.4%) 239 (13.8%) 134 (15.3%)
Physical activity > 1time/week, n (%) 124 (31.0%) 129 (36.1%) 669 (38.6%) 376 (43.0%)
Sleeping pills using, n(%) 26 (6.5%) 26 (7.3%) 03 (5.9%) 54 (6.2%)
Nocturnal sleep duration>7 h, n(%) 136 (34.0%) 95 (26.6%) 535 (30.9%) 340 (38.9%)
Non-smoker, n (%) 372 (93.0%) 330 (92.4%) 1604 (92.6%) 803 (91.9%)
Often staying up late 218 (54.5%) 195 (54.6%) 970 (56.0%) 449 (51.4%)
Sedentary duration/ (h per day)

>8 80 (20.0%) 100 (28.0%) 407 (23.5%) 156 (17.8%)
Coronary disease, n (%) 3(0.8%) 1(0.3%) 13 (0.7%) 5(0.6%)
Diabetes, n (%) 0 0 7 (0.4%) 0
Hypertension, n (%) 6 (1.5%) 5(1.4%) 40 (2.3%) 21 (2.4%)
Total cholesterol 48(0.9) 48 (0.9) 48(0.9) 48(0.8)
LDL-C 3.0(0.7) 3.0(0.7) 0.7) 3.1(0.6)
Triglycerides 1.2(0.8) 1.2(0.9) 1.2(0.9) 1.2(1.0)
HDL-C 14(0.3) 14(0.3) 0.2) 14(0.2)
Outcomes
NAFLD 9(2.3%) 11 (3.1%) 79 (4.5%) 41 (4.7%)

BMI, body mass index; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol

weight and height, and one’s weight compose of bone,
muscle, water and fat. Hence, a low or normal BMI does
not mean you have less visceral fat, since fat is the least
dense part of the body [17]. In our study, more than half
of people with lower BMI exercise less than 1 time per
week. Lack of physical activity, increase of waist hip rate,
dysfunction of lipid metabolism or other reasons may
explain this finding.

This study demonstrated a dose-response relation-
ship between daytime napping duration and NAFLD.
Although the exact mechanism underlying the associa-
tion between daytime napping duration and the risk of
NAFLD remains unknown, several theories may explain

this relationship. First, long daytime napping duration
could elevate the level of cortisol in the blood [18, 19],
which might result in insulin resistance and disordered
glucose and lipid metabolism [20]. Cortisol can promote
the accumulation of lipids and visceral fat, including in
the liver [21]. Second, a long napping duration could
activate the sympathetic nervous system, resulting in an
imbalance of sympathetic vagal balance and activation
of the renin—angiotensin—aldosterone system [22, 23].
Consequently, the ability of pancreatic B-cells to secrete
insulin is suppressed [12, 24, 25], which could lead to
metabolic disturbances of glucose and lipids in the body.
Third, obstructive sleep apnea is a known risk factor
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Table 3 Association between daytime napping duration and

NAFLD

Model1 Model2 Model3 Model4 Model5
0 1(ref) 1(ref) 1(ref) 1(ref) 1(ref)
0-30 min 1.381 1.255 1.272 1.233 1.221
30-60 min 2.076* 1.888 1.920 1.956 1.959
>60 min 2.138* 2.096* 2.155% 2211* 2.253*

Model 1: crude model

Model 2: adjusted for age (years), sex (men and women) and body mass index
(BMI)

Model 3: adjusted for age (years), sex (men and women), body mass index,
education level, annual income per capita of the family, physical exercise,
smoking, daily sedentary time, staying-up and sleeping pill use

Model 4: adjusted for age (years), sex (men and women), body mass index,
education level, annual income per capita of the family, physical exercise,
smoking, daily sedentary time, staying-up, sleeping pill use, total cholesterol,
triglyceride, low-density lipoprotein cholesterol, high-density lipoprotein
cholesterol, coronary heart disease, diabetes and hypertension

Model 5: model 4 plus adjusted for nocturnal sleep duration
* represents P value <0.05

n P-value
Daytime napping duration
None(ref) 400
<30min 357 0.668
30-60min 1732 0.066 ——
=60min 874 0.035 ——
BMI
18.5-24(ref) 346
<18.5 2046  0.009 ——
24 o719 o334
Age
<30yref) 1349
30-40y 1320 0.016 p——
40-50y 531 0.001 ——
>50y 163 <0.001 —_—
Daily sit-in duration/h
<2(ref) 420
24 631 0473 g
4-8 1573 0.257 —
>8 743 0.054 L
Sleeping pills using 209 0.025 p——
Hypertension 72 0.067 —l—
L} T T T T 1
0 2 4 6 8 10
Fig. 2 Forest plot shows OR (95% Cl) of part of variables for NAFLD

for NAFLD [26-28]. Individuals with obstructive sleep
apnea who also have long daytime napping durations
tend to be at a higher risk of obstructive sleep apnea.
Fourth, people who take longer naps have lower levels of
leptin [29, 30], which is secreted by lipocytes and regu-
lates food intake and lipid metabolism by affecting the
central nervous system. [31] In general, the downregu-
lation of leptin in the body could promote appetite and
consequently excessive energy intake, causing the accu-
mulation of lipids and energy in the body and elevating
the risk of NAFLD [32]. In addition, high levels of leptin
could upregulate tumor growth factor-p [33], which is
positively related to the risk of NAFLD [1]. In addition,
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an elevated leptin level may be a risk factor for insulin
resistance. Last but not least, long daytime napping dura-
tion was shown to be related to high levels of pro-inflam-
matory cytokines in the body, such as interleukin-6 and
C-reactive protein [34, 35], which are known risk factors
for NAFLD development.

NAFLD is rapidly becoming the leading cause of HCC
worldwide, and with the declining incidence of virus-
related HCC, it is almost inevitable that NAFLD-related
HCC will be the predominant etiology of HCC in many
countries by 2030 [6, 36]. Importantly, many risk factors
for the development of NAFLD are also risk factors for
the onset of HCC. Therefore, effective screening of at-
risk individuals, risk-based interventions, and surveil-
lance could reduce the onset of NAFLD, identify patients
with pre-cirrhotic NAFLD, and ultimately reduce the
occurrence of NAFLD-related HCC and HCC-related
mortality. In our study, long daytime napping duration
increased the risk of developing NAFLD, along with
age, BMI, and hypertension. These results highlight the
potential value of lifestyle interventions focused on exer-
cise and healthy eating habits.

However, there are still several limitations of our
study. Firstly, the amount of alcohol consumed by the
participants was unknown; thus, individual drinkers
were excluded, leading to a reduction in the sample size
analyzed. Second, most of the data were gathered using
questionnaires, which may result in recall bias. Third, this
is a cross-sectional study, which precludes us from deter-
mining the longitudinal impact of napping on NAFLD.
Finally, although we have adjusted for several potential
factors, some inaccurately measured or unknown factors
could lead to residual bias.

Conclusion

In this cross-sectional study, daytime napping dura-
tion of > 60 min was positively associated with the risk
of NAFLD in an occupational population of Guangdong
Province after adjustment for socioeconomic factors,
daily lifestyle, and other factors. This study demonstrates
the potential negative effect of excessively long daily nap-
ping on NAFLD. Nevertheless, these results should be
interpreted with caution because of the quality of the
evidence, risk of bias, and limited evidence of napping
interventions.

Abbreviations

BMI: Body mass index; Cl: 95% Confidence interval; HCC: Hepatocellular
carcinoma; HDL-c: High-density lipoprotein cholesterol; LDL-c: Low-density
lipoprotein cholesterol; NAFLD: Non-alcoholic fatty liver disease; NASH: Non-
alcoholic steatohepatitis; OR: Odds ratio.
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