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Background and Aims: Circadian misalignment (CM) leads to metabolic disorder. 
Metabolic (dysfunction) associated fatty liver disease (MAFLD) is a novel definition for 
fatty liver disease that requires the presence of metabolic dysfunction. As the association 
between CM and MAFLD remains unclear, this study is designed to explore whether there is 
an association between CM and MAFLD.
Methods: NHANES 2017–2018 database was used in this study. Liver steatosis and fibrosis 
were diagnosed by Fibroscan®. CM was defined by the presence of mistimed sleep, late sleep 
or irregular chronotype. Propensity score matching (PSM) was used to match subjects for 
their age and gender.
Results: A total of 4552 participants were included in the study, with 2089 (45.89%) 
identified as MAFLD and 894 (19.64%) as CM. Participants with CM were significantly 
younger than those without (46.06 ± 18.06 vs 50.93 ± 17.78, p<0.001). PSM for age and 
gender resulted in 894 participants with CM and 892 with non-CM. CM group had higher 
body mass index, liver enzymes, glucose and lipid levels. The prevalence of MAFLD was 
higher in the CM group than the non-CM group (45.41% vs 28.48%, p<0.001). The presence 
of CM increased the risk of MAFLD by more than twofold. Short sleep duration (<6 hours) 
was not independently associated with MAFLD or fibrosis if additionally adjusting for CM.
Conclusion: CM is independently associated with MAFLD, while short sleep duration (<6 
hours) is not an independent risk factor for MAFLD or liver fibrosis after adjusting for CM.
Keywords: fatty liver disease, MAFLD, circadian, sleep, fibrosis

Introduction
Circadian system is the most important physiological regulator of mammals. It is 
affected by various environmental signals, especially the changes in light. In response 
to the light–dark cycle caused by the Earth rotation, humans have evolved an approx-
imate 24-hour endogenous circadian clock. The circadian clock is controlled by the 
clock genes whose proteins are necessary for the generation and regulation of circadian 
rhythms.1 Circadian clock proteins also control the transcription of various genes of 
metabolic system. Circadian misalignment (CM) might lead to dysregulation of meta-
bolic genes and eventually result in metabolic diseases.2,3

Sleep is the major physiological process for humans to regulate circadian rhythm. 
When the sleep time is not synchronized with the body’s natural circadian rhythm, it 
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may cause CM. Given the socio-economic realities of mod-
ern societies, it is not possible to avoid excessive artificial 
light exposure.4 Epidemiological studies have shown that 
insufficient and mistimed sleep causes obesity, type-2 dia-
betes, cardiovascular disease and cancers.3 Shorter sleep 
duration was positively associated with liver fibrosis/ 
stiffness.5 However, most studies have only focused on 
the sleep duration, neglecting the sleep chronotype.

Metabolic (dysfunction) associated fatty liver disease 
(MAFLD) is a new concept coming out in 2020.6 The 
diagnosis of MAFLD does not require the exclusion of 
other chronic liver diseases, while the presence of meta-
bolic disorder is necessary, which helps to identify more 
cases at risk.7–9 The impact of CM on MAFLD is unclear. 
As CM increases the risk of metabolic disorders,10 we 
hypothesize that the change in circadian rhythm, including 
the sleep duration and chronotype, may have a substantial 
impact on the risk of MAFLD and liver fibrosis. To answer 
this question, we used a national survey database to match 
participants with or without CM, and compare the preva-
lence of MAFLD and significant fibrosis between the two 
groups, aiming to evaluate the impact of CM on MAFLD.

Methods
Study Population
The study dataset was obtained from the NHANES 
(National Health and Nutrition Examination Surveys) 
2017–2018 database. NHANES is a national-based survey 
conducted by the National Center for Health Statistics of the 
Centers for Disease Control and Prevention of the United 
States and has been frequently used for the study of liver 
disease.11–13 NHANES 2017–2018 is the only publically 
available survey database with liver fibrosis assessment via 
Fibroscan® examination and has been used for the study of 
MAFLD.14 The National Center for Health Statistics 
Research Ethics Review Board approved the NHANES 
protocol and informed consent was obtained from all parti-
cipants. The dataset could be assessed online free of any 
costs (https://www.cdc.gov/nchs/nhanes/index.htm).

Definition of Sleep Habit and Circadian 
Dysregulation
The sleep data were obtained from the results of the adapted 
Munich chronotype questionnaire15 in the NHANES data-
base. The definitions used to classify sleep patterns were 
based on the American Academy of Sleep Medicine and 
Sleep Research Society recommendations. According to 

this recommendation, 7–9 hours of sleep is recommended 
for young adults and adults, and 7–8 hours for older adults.16 

In this study, the short sleep duration was defined as total 
sleep time of less than 6 hours on weekdays. The reported 
bedtime of most people is 11 PM and wake-up time is 7–8 
AM.17 In this study, we defined the late sleeper as those who 
usually “fell asleep” after 0:00 AM, ie, midnight. Mistimed 
sleepers were defined as those who fell asleep in the daytime 
(after 6 AM) or those who slept before 8 PM and woke up 
before 3 AM. Irregular chronotype was defined as the differ-
ence in time of falling asleep >5 hours between weekday and 
weekend (eg, 8 PM on weekday and 2 AM on the weekend). 
CM was diagnosed if any of the mistimed sleep, late sleep or 
irregular chronotype was present.

Definition of MAFLD and Fibrosis
Liver steatosis and liver fibrosis were defined by the con-
trolled attenuation parameter (CAP) and liver stiffness 
measurements (LSM) respectively, obtained via transient 
elastography (FibroScan®). CAP and LSM are validated 
tools to measure the steatosis (S) and liver fibrosis (F) in 
participants with fatty liver disease.18,19 The severity of 
steatosis was stratified as S0-3, and the thresholds of CAP 
for steatosis grade S1, S2 and S3 were 248, 268 and 280, 
respectively.20 Significant steatosis was defined as steato-
sis grade greater than S1. The fibrosis was stratified as F0- 
4 and the thresholds of LSM for F1, F2, F3 and F4 were 
6.3, 8.3, 10.5 and 12.5, respectively.19 Significant liver 
fibrosis was diagnosed as fibrosis grade greater than F1. 
Cases with a fasting time of <3 hours, less than 10 com-
plete LSM readings, or a liver stiffness interquartile (IQR) 
range/median LSM of more than 30% were deemed as 
failed FibroScan® measurement and were excluded.

MAFLD was diagnosed based on the evidence of hepatic 
steatosis and any of the following three conditions: over-
weight/obesity, diabetes mellitus or metabolic dysfunction. 
According to the definition of MAFLD, the metabolic dys-
function was defined as the presence of at least two of the 
following conditions: 1) waist circumference greater than 
102 cm in male and 88 cm in female, 2) hypertension 
(arterial blood pressure ≥130/85 mmHg or under anti- 
hypertension therapy), 3) hyperlipidemia (triglyceride (TG) 
≥1.70 mmol/L or with specific drug treatment), 4) low high- 
density lipoprotein cholesterol (HDL-C) level (<1.0 mmol/L 
for male and <1.3 mmol/L for female), 5) prediabetes and 6) 
hypersensitive C-reactive protein level >2 mg/L.
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Statistical Analysis
Continuous variables were expressed as mean ± standard 
deviation. Kolmogorov–Smirnov test was used to examine 
the normality of continuous variables. The differences 
between continuous variables that were non-normally distrib-
uted were analyzed by the Mann–Whitney U-test, while nor-
mally distributed variables were analyzed by Student’s t-test. 
The categorical variables were expressed as percentages and 
analyzed by the Chi-squared test. Multivariate logistic regres-
sion was used to explore the independent factors for MAFLD 
or fibrosis. Propensity score matching (PSM) was used to 
match the participants with and without CM with a ratio of 
1:1 and a clipper of 0.0001. All tests were two-tailed, and 
results with a p value less than 0.05 were considered statisti-
cally significant. All analysis was conducted by R 3.6.2 
(https://www.r-project.org/).

Results
Baseline Characteristics of Overall 
Participants
There were 8703 cases in the NHANES 2017–2018 data-
base. After excluding 2992 participants who were less than 
18 years old and 1159 with missing data, a total of 4552 
cases were eligible for final analysis (Figure 1: consort 
diagram). The mean age of this population was 49.97 ± 
17.94 years and 49.32% of them were male. The mean 
BMI was 29.49 ± 7.11 kg/m2. MAFLD was identified in 
2089 (45.89%) participants. A total of 894 (19.64%) par-
ticipants had CM and 3658 (80.36%) did not.

Table 1 demonstrates the baseline difference between 
participants with or without CM, before and after propensity 
matching (Table 1). Compared to those without CM, parti-
cipants with CM were significantly younger (46.06 ± 18.06 
vs 50.93 ± 17.78, p<0.001), more likely to be male (55.82% 
vs 47.73%, p<0.001), less likely to have diabetes (17.34% vs 
20.67%, p=0.029). The prevalence of MAFLD was similar 
between the two groups (45.41% vs 46.01%, p=0.778). The 
results of most biochemical tests, BMI and waist-to-hip ratio 
were not significantly different between these two groups.

As age and gender are known to be associated with the 
development of metabolic disorder and fatty liver 
disease,22,23 we chose propensity score-matched participants 
with and without CM by age and gender. After PSM, 894 
cases with CM and 892 without were included in the analysis 
(Table 1). The age, gender and race were comparable after 
PSM. Compared to participants without CM, the age- and 
gender-matched CM participants had higher BMI (29.36 ± 
7.67 vs 27.72 ± 6.81 kg/m2, p<0.001), waist-to-hip ratio 
(0.93 ± 0.08 vs 0.92 ± 0.08, p<0.001), fasting plasma glucose 
(5.64 ± 1.95 vs 5.46 ± 1.88 mmol/L, p=0.048), TG (1.60 ± 
1.18 vs 1.37 ± 0.86 mmol/L, p<0.001), while lower HDL 
(1.35 ± 0.38 vs 1.40 ± 0.39 mmol/L, p=0.008). The liver 
enzymes were significantly increased in the CM group than 
the non-CM group (alanine transaminase (ALT): 23.06 ± 
21.78 vs 12.84 ± 5.71 U/L, p<0.001; aspartate aminotrans-
ferase (AST): 22.45 ± 15.86 vs 16.66 ± 4.16 U/L, p<0.001). 
The prevalence of MAFLD was almost twofold higher in 
CM (45.41% vs 28.48%, p<0.001).

NHANES (2017-2018)  N=8703

Age <18 years  N= 2992

Adult participants
N=5711

Propensity Matching 
based  on age and gender

Eligible(N=4552) 
Circadian misalignment n=894 

No circadian misalignment n=3658    

Circadian misalignment
N=894

No circadian 
misalignment N=892

Excluded: 
No data of sleep habits N= 65
No or ineligible Fibroscan data N=884
No biological data N=210

Figure 1 Case selection flow.
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Table 1 Baseline Characteristics of Patients with or without Circadian Dysregulation

Variables Before PSM After PSM P value

Non-CM (n = 3658) CM (n = 894) P value Non-CM (n = 892) CM (n = 894)

Age 50.93 ± 17.78 46.06 ± 18.06 <0.001 46.1 ± 18.06 46.06 ± 18.06 0.96

Gender, n (%) <0.001 1

male 1746 (47.73) 499 (55.82) 497 (55.72) 499 (55.82)

female 1912 (52.27) 395 (44.18) 395 (44.28) 395 (44.18)

Race, n (%) <0.001 0.239

Mexican American 544 (14.87) 99 (11.07) 98 (10.99) 99 (11.07)
Other Hispanic 362 (9.9) 84 (9.4) 89 (9.98) 84 (9.4)

Non-Hispanic White 1282 (35.05) 276 (30.87) 275 (30.83) 276 (30.87)

Non-Hispanic Black 764 (20.89) 251 (28.08) 258 (28.92) 251 (28.08)
Non-Hispanic Asian 532 (14.54) 118 (13.2) 131 (14.69) 118 (13.2)

Other race 174 (4.76) 66 (7.38) 41 (4.6) 66 (7.38)

Diabetes, n (%) 0.029 0.349

No 2902 (79.33) 739 (82.66) 753 (84.42) 739 (82.66)

Yes 756 (20.67) 155 (17.34) 139 (15.58) 155 (17.34)

Hypertension, n (%) 0.396 0.003

No 2002 (54.73) 504 (56.38) 565 (63.34) 504 (56.38)
Yes 1656 (45.27) 390 (43.62) 327 (36.66) 390 (43.62)

BMI (kg/m2) 29.52 ± 6.96 29.36 ± 7.67 0.573 27.72 ± 6.81 29.36 ± 7.67 <0.001

Waist-to-hip ratio 0.94 ± 0.08 0.93 ± 0.08 0.237 0.92 ± 0.08 0.93 ± 0.08 <0.001

FPG (mmol/L) 5.68 ± 1.97 5.64 ± 1.95 0.645 5.46 ± 1.88 5.64 ± 1.95 0.048
HbA1c (%) 5.85 ± 1.09 5.78 ± 1.07 0.077 5.68 ± 1.02 5.78 ± 1.07 0.062

hs CRP (mg/L) 3.91 ± 7.2 4.13 ± 8.43 0.485 3.74 ± 7.22 4.13 ± 8.43 0.298

TC (mmol/L) 4.87 ± 1.05 4.8 ± 1.06 0.101 4.76 ± 1.04 4.8 ± 1.06 0.383
TG (mmol/L) 1.64 ± 1.26 1.6 ± 1.18 0.407 1.37 ± 0.86 1.6 ± 1.18 <0.001

UA (µmol/L) 323.73 ± 88.24 327.77 ± 84.74 0.218 316.14 ± 87.39 327.77 ± 84.74 0.005

HDL-C (mmol/L) 1.38 ± 0.4 1.35 ± 0.38 0.089 1.4 ± 0.39 1.35 ± 0.38 0.008
TBIL(μmol/L) 7.89 ± 4.64 7.96 ± 4.71 0.672 7.68 ± 4.5 7.96 ± 4.71 0.197

ALB (g/L) 40.64 ± 3.23 40.81 ± 3.42 0.186 40.71 ± 3.38 40.81 ± 3.42 0.542

ALT (U/L) 22.53 ± 16.62 23.06 ± 21.78 0.513 12.84 ± 5.71 23.06 ± 21.78 <0.001
AST (U/L) 22.1 ± 12.41 22.45 ± 15.86 0.553 16.66 ± 4.16 22.45 ± 15.86 <0.001

GGT (U/L) 31.47 ± 39.94 34.61 ± 62.44 0.165 20.08 ± 15.92 34.61 ± 62.44 <0.001

ALP (U/L) 78.59 ± 24.64 79.58 ± 33 0.413 75.78 ± 22.31 79.58 ± 33 0.006
Creatinine (µmol/L) 78.76 ± 37.69 80.8 ± 43.04 0.208 83.71 ± 58.28 80.8 ± 43.04 0.235

MAFLD, n (%) 0.778 <0.001
No 1975 (53.99) 488 (54.59) 638 (71.52) 488 (54.59)

Yes 1683 (46.01) 406 (45.41) 254 (28.48) 406 (45.41)

FLD, n (%) 0.986 <0.001

No 1935 (52.9) 472 (52.8) 623 (69.84) 472 (52.8)

Yes 1723 (47.1) 422 (47.2) 269 (30.16) 422 (47.2)

Note: Categorical values are shown as n (%). Continuous variables are shown as mean ± standard deviation. 
Abbreviations: CM, circadian misalignment; BMI, body mass index; FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin; hs CRP, hypersensitive C-reactive protein; 
TC, total cholesterol; TG, triglyceride; UA, uric acid; HDL-C, high-density lipoprotein cholesterol; TBIL, total bilirubin; ALB, albumin; ALT, alanine aminotransferase; AST, 
aspartate aminotransferase; GGT, γ-glutamyl transpeptidase; ALP, alkaline phosphatase; MAFLD, Metabolic-associated fatty liver disease; FLD, Fatty liver disease.
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Sleeping Habit in Participants After PSM
Participants were divided into MAFLD group and non- 
MAFLD group. MAFLD participants had shorter sleep 
length (6.90 ± 1.82 vs 7.36 ± 1.80, p<0.001) and higher 
proportion of short sleep duration (24.54% vs 16.78%, 
p<0.001). MAFLD cases were more likely to have at 
least one type of CM (61.52% vs 43.34%, p<0.001). Late 
sleep was the most commonly seen in MAFLD (in 43.18% 
MAFLD cases). (Table 2).

Regardless the presence of MAFLD, the comparison 
between fibrosis and non-fibrosis groups showed that the 
length of sleep time, as well as the proportion of short sleep 
duration, did not differ between participants with or without 
fibrosis (both p>0.05). The comparison of CM and its subtypes 
demonstrated that participants with fibrosis were more likely 
to have at least one subtype of CM. Late sleep is the most 
common subtype of CM in the fibrotic population (Table 2).

Figure 2 exhibits the proportion of different degrees of 
hepatic steatosis and fibrosis in the CM and non-CM groups. 

Compared to the non-CM group, the CM participants had 
significantly higher proportions of S3-4 (Figure 2A) and F3-4 
(Figure 2B).

Multivariate Analysis for Sleeping Habit 
and the Risk of MAFLD
We performed a multivariate regression to evaluate the risk 
of CM and sleep duration for MAFLD. Three models were 
used to evaluate the odds ratio (OR) of aforementioned 
factors. Model 1 adjusted for age, gender and race. Model 
2 adjusted for age, gender, race and the presence of meta-
bolic profiles (diabetes, hypertension, waist circumstance, 
overweight, triglyceride, uric acid and high-density lipopro-
tein cholesterol). Model 3 adjusted for additional sleep dura-
tion and CM on the basis of Model 2.

The results of multivariable analysis (Table 3) showed 
MAFLD was independently associated with CM after adjust-
ing for anthropometric and metabolic parameters (ORs were 
around 2 in both model 1 and 2, p<0.05). After adjusting for the 

Table 2 The Demographic Characteristics and the Sleep Habit in Cases with MAFLD or Fibrosis

MAFLD Fibrosis

Variables Non-MAFLD 
(n = 1126)

MAFLD 
(n = 660)

p Non-Fibrosis 
(n = 1402)

Fibrosis 
(n = 384)

p

Age(years) 43.37 ± 18.26 50.71 ± 16.7 <0.001 44.93 ± 17.95 50.27 ± 17.82 <0.001

Male, n (%) 601 (53.37) 395 (59.85) 0.009 750 (53.5) 246 (64.06) <0.001

Race, n (%) <0.001 0.093

Mexican American 94 (8.35) 103 (15.61) 149 (10.63) 48 (12.5)
Other Hispanic 110 (9.77) 63 (9.55) 135 (9.63) 38 (9.9)

Non-Hispanic White 336 (29.84) 215 (32.58) 440 (31.38) 111 (28.91)

Non-Hispanic Black 356 (31.62) 153 (23.18) 384 (27.39) 125 (32.55)
Non-Hispanic Asian 155 (13.77) 94 (14.24) 210 (14.98) 39 (10.16)

Other race 75 (6.66) 32 (4.85) 84 (5.99) 23 (5.99)

Sleep time (hours) 7.36 ± 1.8 6.9 ± 1.82 <0.001 7.23 ± 1.8 7.04 ± 1.88 0.071

Sleep duration< 6 hours, n (%) 189(16.78) 162(24.54) <0.001 263(18.76) 88(22.92) 0.069

Circadian misalignment, n (%) 488 (43.34) 406 (61.52) <0.001 665 (47.43) 229 (59.64) <0.001

Number of circadian misalignments, n (%) <0.001 <0.001

0 638 (56.66) 254 (38.48) 737 (52.57) 155 (40.36)

1 422 (37.48) 347 (52.58) 572 (40.8) 197 (51.3)
2 65 (5.77) 58 (8.79) 92 (6.56) 31 (8.07)

3 1 (0.09) 1 (0.15) 1 (0.07) 1 (0.26)

Mistimed sleep, n (%) 140 (12.43) 128 (19.39) <0.001 196 (13.98) 72 (18.75) 0.025

Late sleep, n (%) 350 (31.08) 285 (43.18) <0.001 479 (34.17) 156 (40.62) 0.022

Irregular chronotype, n (%) 65 (5.77) 53 (8.03) 0.079 84 (5.99) 34 (8.85) 0.059
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sleep duration, the effect of CM was still significant 
(OR=1.893, 95% CI: 1.469–2.440, p<0.001). Short sleep dura-
tion (<6 hours) was independently associated with MAFLD if 
only adjusted for age, gender and race (Model 1, OR=1.554, 
95% CI: 1.219–1.982, p<0.001) or metabolic profiles (Model 
2, OR=1.653, 95% CI: 1.239–2.204, p=0.001). However, after 
additionally adjusting for CM, the association between sleep 
duration and MAFLD attenuated and was no longer statisti-
cally significant (Model 3, OR=1.267, 95% CI: 0.932–1.723, 
p=0.131).

We analyzed the relationship between different cir-
cadian components and the prevalence of MAFLD by 
adjusting age, gender, race and sleep duration. In this 
multivariate analysis, the mistimed sleep (OR=2.035, 
95% CI: 1.477–2.804, p<0.001) and late sleep 
(OR=1.891, 95% CI: 1.523–2.347, p<0.001) indepen-
dently increased the risk for MAFLD, while the irre-
gular chronotype (OR=0.988, 95% CI: 0.641–1.523 
p=0.957) was not significantly associated with 
MAFLD.

S0 (CAP <248) S1 (CAP 248-267) S2 (CAP 268-280) S3 (CAP >280)
Non-CM 57.4 12.4 7.2 23
CM 42.4 10.4 7.9 39.3
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Figure 2 The distribution of different degrees of hepatic steatosis (A) and fibrosis (B) in the CM and non-CM groups.
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Multivariate Analysis for Sleeping Habit 
and the Risk of Fibrosis in MAFLD 
Population
In this multivariable analysis, three models were adjusted 
for the same variables as the MAFLD (Table 4). The 
correlation between CM and advanced fibrosis persisted 
in each model (OR 1.307–1.637, p<0.05), while the short 
sleep duration was not associated with advanced fibrosis in 
both univariate and multivariate analysis (all p>0.05).

In the analysis of the components of CM, mistimed 
sleep (OR=1.458, 95% CI: 1.012–2.102, p=0.043), and 
late sleep (OR=1.434; 95% CI: 1.116–1.843, p=0.005) 
were significantly associated with fibrosis while irregular 
chronotype was not (OR=1.369, 95% CI: 0.786–2.048, 
p=0.330).

Discussion
The main and novel finding of our study is that, compared 
to short sleep (<6 hours), CM is more important for the 
development of MAFLD. These findings have important 
implications in the overall management of participants 
with MAFLD.

The prevalence of MAFLD was similar between parti-
cipants with or without CM in overall population. 
However, the CM group was significantly younger than 
the non-CM group. As age and gender are known risk 
factors for the development of metabolic syndrome,24 not 
surprisingly that after matching for age and gender, the 

proportions of participants with deranged metabolic pro-
files and MAFLD were significantly higher in CM than the 
non-CM group. Further multivariate analysis revealed that 
CM was independently associated with nearly twofold 
higher risk of MAFLD independent of other metabolic 
disorders. The results of our study are in line with pre-
viously published epidemiology studies showing that night 
shift work is associated with higher odds of developing 
non-alcoholic fatty liver disease25 and deranged liver 
enzymes.26 Thus, the management of sleep should be 
another important part of lifestyle management for the 
prevention and treatment of MAFLD.

Shorter sleep duration is known to be associated with 
obesity and metabolic syndrome.27–29 The results of this 
study show that rather than sleep duration, it is actually the 
CM which is the predominant risk factor for steatosis and 
significant fibrosis. We firstly showed the short sleep dura-
tion (<6 hours/day) was independently associated with 
MAFLD before adjusting for CM. This result is consistent 
with the previous meta-analysis.30 However, once adjusted 
for CM, this relationship was no longer significant. This 
observation can be explained by the fact that sleep time is 
controlled by circadian genes, and some people physiolo-
gically tend to have short sleep.15,31 Sleep duration also 
changes with advancing age.32,33 However, CM due to the 
artificial light–dark cycle is not a normal physiological 
process. Continuous and prolonged CM may result in 
significant changes in circadian clock and downstream 

Table 3 Multivariate Analysis for the Relationship Between Circadian Misalignment/Sleep Duration and the Risk of MAFLD

OR Circadian Misalignment P value Sleep Duration <6 Hours P value

Univariate 2.090(1.718–2.543) <0.001 1.613(1.273–2.043) <0.001
Model 1 2.198(1.795–2.691) <0.001 1.554(1.219–1.982) <0.001

Model 2 2.024(1.594–2.569) <0.001 1.653(1.239–2.204) 0.001

Model 3 1.893(1.469–2.440) <0.001 1.267(0.932–1.723) 0.131

Notes: Model 1 adjusted for age, gender and race. Model 2 adjusted for age, gender, race and metabolic profiles (diabetes, hypertension, waist circumstance, overweight, 
triglyceride, uric acid and high-density lipoprotein cholesterol). Model 3 adjusted for additional sleep duration or circadian misalignment on the basis of Model 2.

Table 4 Multivariate Analysis for the Relationship Between Circadian Misalignment/Sleep Duration and the Risk of Fibrosis in MAFLD 
Population

OR Circadian Misalignment P value Sleep Duration <6 Hours P value

Univariate 1.637(1.302–2.059) <0.001 1.288(0.980–1.692) 0.070
Model 1 1.450(1.142–1.840) 0.002 1.140(0.858–1.513) 0.366

Model 2 1.321(1.027–1.699) 0.030 1.157(0.857–1.562) 0.342

Model 3 1.307(1.002–1.706) 0.049 1.040(0.757–1.429) 0.808

Notes: Model 1 adjusted for age, gender and race. Model 2 adjusted for age, gender, race and metabolic profiles (diabetes, hypertension, waist circumstance, overweight, 
triglyceride, uric acid and high-density lipoprotein cholesterol). Model 3 adjusted for additional sleep duration or circadian misalignment on the basis of Model 2.
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metabolic gene which may eventually lead to 
a pathological change.34

In this population-based study, we also established 
a significant correlation between CM and fibrosis. 
Circadian rhythm is frequently studied in animal experi-
ment models because it is easier to control light–dark 
cycle in laboratory. Evidences from animal studies show 
that the loss of circadian gene Per2 (period 2) increases the 
risk of fibrosis by increasing hepatic stellate cell activation 
and inhibiting its apoptosis,35 therefore exacerbates chole-
static fibrosis in mice.36 The secretory product of the 
pineal gland, melatonin has also been shown to up- 
regulate clock genes expression and attenuate CCl4- 
induced fibrosis in mice and human hepatic stellate 
cells.37 These studies may explain the fibrogenesis 
mechanism of CM.

This study is the first population-based study using 
Fibroscan®, a recommended tool for detecting hepatic 
steatosis and fibrosis in clinical practice, to explore the 
association between CM and MAFLD/fibrosis. Propensity 
matching methods make the results even more robust. 
However, our study should be interpreted in light of 
some limitations. First, the type of work and proportion 
of participants involved in night shift work are not avail-
able in this dataset. Population with rotating work or night 
shift work only accounts for a small proportion of the 
general population and thus is neither representative nor 
the results are applicable to wider population at risk. This 
study directly analyzed the sleep habit in general popula-
tion and the results are more representative. Second, data 
regarding sleep apnea, clinical diagnosis of insomnia and 
the use of sleeping pills were not available, which may 
have a bearing on the study results.

In conclusion, CM is independently associated with 
MAFLD whereas short sleep duration (<6 hours) is not an 
independent risk factor after adjusting for CM. Efforts 
should be directed to advice patients on the management of 
sleep in addition to diet, exercise and pharmacologic therapy.
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