Sleep and Breathing
https://doi.org/10.1007/s11325-022-02767-z

PSYCHIATRICS - ORIGINAL ARTICLE q

Check for
updates

Short sleep duration and the risk of nonalcoholic fatty liver disease/
metabolic associated fatty liver disease: a systematic review
and meta-analysis

JieYang' - Kuo Zhang' - Ziwei Xi' - Yue Ma? - Chunli Shao? - Wenyao Wang? - Yi-Da Tang?

Received: 18 October 2022 / Revised: 2 December 2022 / Accepted: 8 December 2022
© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2022

Abstract

Purpose It is unclear whether or not nonalcoholic fatty liver disease (NAFLD)/metabolic dysfunction—associated fatty liver
disease (MAFLD) is related to short sleep duration. A meta-analysis was conducted to determine if inadequate sleep time
increased the risk of NAFLD/MAFLD.

Methods A comprehensive systematic literature review was conducted in the Embase, PubMed, and Cochrane Library
databases from inception to August 1, 2022. Studies examining the correlation between inadequate sleep time and the risk
of NAFLD/MAFLD were included. We pooled the odds ratios (ORs) and 95% confidence intervals (CIs) using a random-
effects model.

Results This meta-analysis included fifteen studies involving a total of 261,554 participants. In the pooled analysis, short
sleep duration was found to be strongly correlated with an increased risk of NAFLD/MAFLD (OR, 1.15; 95% CI, 1.04-1.28;
P=0.01), with a moderate degree of heterogeneity between studies (I>=71.92%, Q=49.87, P <0.01). The sensitivity analysis
suggested that the primary outcome was robust, and there was no significant publication bias.

Conclusion This meta-analysis indicates that inadequate sleep duration is strongly correlated with an elevated risk of NAFLD/
MAFLD. The findings suggest that obtaining an adequate amount of sleep may be useful for preventing NAFLD/MAFLD,
which is especially important given the low rate of response to pharmacotherapy.
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Introduction

With economic development, a growing number of people
have been developing metabolism disorders characterized by
insulin resistance (IR). Additionally, nonalcoholic fatty liver
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world, even in developing countries. The global incidence
of NAFLD is approximately 24%, and the prevalence rates in
South America and the Middle East are greater than 30% [1,
2]. The heterogeneous pathogenesis of NAFLD and the low
response rate to pharmacotherapies make it very difficult to
control this disease [3, 4]. To diagnose, classify, and manage
fatty liver; conduct clinical trials; and develop new drugs
more efficiently, an international fatty liver nomenclature
group recommended revising the fatty liver nomenclature
from NAFLD to metabolic dysfunction—associated fatty
liver disease (MAFLD) [5].

In recent years, long work duration, shift work, academic
pressure, increased entertainment, and even the COVID-19
pandemic have resulted in inadequate sleep duration world-
wide [6—-10]. Sleep duration, sleep pattern, and sleep qual-
ity are crucial factors related to human health. Short sleep
duration can harm multiple systems by affecting endocrine
function [11], metabolism [12], and immune pathways [13].
Many studies have reported that inadequate sleep time is
associated with total mortality [14], myocardial infarction
[15], infection [13], obesity [16], type 2 diabetes mellitus
[17], high blood pressure [18], and asthma. [19] Some
studies showed that inadequate sleep time was related to
an increased risk of NAFLD/MAFLD [20-22], whereas
other studies showed a nonsignificant association or even

a reduced risk [23-25]. New studies have been published
in the past few years, especially those referring to MAFLD,
providing new clinical evidence. Therefore, we performed
this meta-analysis to determine the correlation between short
sleep time and the risk of NAFLD/MAFLD.

Method
Literature search strategy

We retrieved published studies from the Embase, PubMed,
and Cochrane Library electronic databases based on the
retrieval strategy outlined in Item S1 in the Supplementary
material. The databases were searched from inception to
August 1, 2022. Furthermore, we manually searched the
reference lists of the original articles and reviews to avert
overlooking any pertinent research. Only articles with full
texts were reviewed, while meeting abstracts were excluded.
There was no language limitation.

Inclusion and exclusion criteria

The criteria for inclusion were as follows: (1) cross-sectional,
case—control, or cohort study assessing the relevance between

Fig. 1 Flow chart of meta-
analysis for exclusion/inclusion
of individual articles

1595 citations identified by database searching
(Pubmed: 251, Embase: 1328, Cochrane library: 16)

4

=L Exclusion of 211 duplications

Title and abstract review of
potentially relevant articles

(n=1384)

( 1339 articles excluded as not

A 4

> relevant based on title and
L abstract

45 potentially relevant articles

underwent full-length article

review

30 articles excluded:
Irrelevant content (n=3)

Wrong outcomes (n=1)
Meeting abstract without full text (n=12)

Lack of outcomes of interest (n=11)

The design of the test group and the control
group not meet the requirements (n=2)
Using the same data source (n=1)

15 studies included in the meta-

analysis
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Table 1 (continued)

&

Quality assessment
(Newcastle-Ottawa

Scale)

Confounder adjust-

ment

Measurement
of NAFLD/

MAFLD

Definition of
NAFLD/MAFLD

Measurement of
sleep duration

Sleep duration
category (h)

Age (years)

Sex, female

Sample size

Study design

Country

Springer

Selection: 4

Liver ultrasound ~ Age, sex, drink-

Self-administered MAFLD was

=<7

China Cross-sectional 5011 60.0% 63.6+10.8 Short

Yang et al. 2022

Comparability: 2
Outcome: 3

ing, smoking,
sedentary time,
diet diversity,

diagnosed based on

ultrasound exami-
nation of hepatic

steatosis and the

questionnaire

=7-8

Reference

[24]

education level,

medication, HTN,
diabetes, and
obesity

presence of any one
of the following
three criteria:

overweight/obesity,

presence of diabetes

mellitus, or evi-

dence of metabolic

dysregulation

inadequate sleep time and the risk of NAFLD/MAFLD; (2)
research provided hazard ratios (HRs), odds ratios (ORs),
or risk ratios (RRs) with 95% confidence intervals (CI) or
adequate data to determine them; and (3) subjects with longer
sleep time were treated as a control group in cohort studies,
and subjects without NAFLD/MAFLD were treated as a con-
trol group in cross-sectional or case—control research.

The exclusion criteria were as follows: (1) research with-
out a clear definition of short sleep duration, such as just
using bedtime to determine sleep duration, (2) publications
that have been retracted, and (3) meeting abstracts without
full text. The screening of eligible studies was carried out
by the two reviewers mentioned above, and disagreements
were judged by a third reviewer (Y-D. T.).

If multiple published articles from the same data source
were available, we included only the study with the largest
sample size. In addition, the cohort and case—control stud-
ies were assessed using the Newcastle—Ottawa Scale [26].
Cross-sectional studies were appraised using the modified
Newcastle—Ottawa Scale proposed by Herzog et al. [27].
For the original Newcastle—Ottawa Scale, high quality was
defined as 7-9 points, moderate quality was defined as 5-6
points, and low quality was defined as 0—4 points. For the
modified form, high quality was defined as 8—10 points,
moderate quality was defined as 6-7 points, and low quality
was defined as 0-5 points.

Data extraction

Two reviewers standardized and extracted detailed informa-
tion from the studies, including the name of the first author,
country of origin, publication year, recruitment of partici-
pants, sleep duration category, NAFLD/MAFLD criteria,
study design, sample size, confounder adjustment, and
adjusted effect estimation with 95% CI.

Statistical analysis

STATA version 17.0 was utilized to perform the statistical
analysis. The correlation of inadequate sleep time with the
risk of NAFLD/MAFLD was explored by determining the
pooled OR and 95% CI. For any study that did not report
ORs, we used HRs as estimated ORs [20]. Galbraith plots,
the 17 statistic, and Cochran’s Q test were used to explore the
between-study heterogeneity. Furthermore, a random-effects
model (DerSimonian-Laird method) was utilized to determine
the pooled OR if the P value of Cochran’s Q test was <0.1 and
P was> 50%; otherwise, a fixed-effects model was utilized to
analyze the pooled data. The Z test was conducted to assess
the significance of the pooled OR (P <0.05 was regarded
as statistically significant). For studies [21-23, 28, 29] that
reported ORs and 95% Cls only by sex, we first computed the
pooled ORs and 95% CIs between sexes and put the pooled
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Fig.2 Forest plot of the risk of OR Weight

NAFLD/MAFLD associated Study Sample Size with 95% ClI (%)

xilp‘izgi”fﬁé‘f:f:riilfgzmup Imaizumi et al. 2015 2172 + 1.32[0.96, 1.81] 5.85
Takahashi et al. 2020 4828 —— 1.04[0.69, 1.57] 4.25
Miyake et al. 2015 2429 - 0.75[0.57, 0.99] 6.66
Hu et al. 2020 1960 - 1.10[0.85, 1.43] 7.05
Weng et al. 2021 4552 1 1.2710.93, 1.73] 5.99
Um et al. 2021 143306 ] 1.10[1.06, 1.15] 12.22
Kim et al. 2019 5427 — | 0.54[0.37, 0.78] 4.92
Liu et al. 2016 8965 L 1.30[0.79, 2.14]  3.22
Yu et al. 2015 335 . 0.38[0.10, 1.44] 0.59
Taheri et al. 2021 1932 .- 1.43[1.07, 1.92] 6.30
Peng et al. 2017 8559 - 1.66[1.28, 2.15]  7.05
Okamura et al. 2019 12306 - 1.41[1.18, 1.68] 9.18
Kim et al. 2018 17245 . 1.45[1.08, 1.95] 6.24
Kim et al. 2013 45293 ' 1.14[1.01, 1.29] 10.64
Yang et al. 2022 5011 t 1.11[0.95, 1.29] 9.83
Overall ¢ 1.15[1.04, 1.28]
Heterogeneity: 7° = 0.02, I* = 71.92%, H* = 3.56
Test of 6 = 6; Q(14) = 49.87, p = 0.00
Testof 6= 0: 2= 2.65, p = 0.01

e 14 12 1 2 4 8

Random-effects DerSimonian—Laird model

ORs and 95% ClIs into the final meta-analysis between studies
using the methods mentioned above. To examine the potential
sources of heterogeneity, we carried out subgroup analysis
and meta-regression analysis. Moreover, sensitivity analyses,
including a leave-one-out procedure and the application of a
random-effects model (Hunter-Schmidt method), were con-
ducted to examine the robustness of the results. In addition, an
assessment of publication bias was conducted utilizing funnel
plots, Egger’s test, and Begg’s test.

Results
Characteristics of the included studies

We searched a total of 1595 articles based on the retrieval
strategy mentioned above. We excluded 211 duplicates and
eliminated another 1339 articles based on relevance after
reviewing the titles and abstracts. Then, we reviewed the
remaining 45 articles in full-length form. Twelve articles
were excluded because they were meeting abstracts without
full-length articles available, eleven articles were excluded
because they did not address the outcomes of interest, and
seven studies were excluded on the basis of other exclusion
criteria. Ultimately, 15 studies referring to 261,554 partici-
pants were included in the present meta-analysis (Fig. 1).
They included subjects from five countries (four from Japan,
four from Korea, four from China, two from the USA, and
one from Iran). Ten studies directly reported the outcomes of

the overall population, whereas five studies only reported the
outcomes by sex, so we had to preprocess the data between
sexes by the method mentioned above. In addition, three of
the 15 studies used the latest nomenclature, i.e., MAFLD.
Sleep duration was evaluated by a self-administered ques-
tionnaire in all studies. Fatty liver disease was assessed by
direct ultrasound or CT examination in 12 studies, whereas
it was evaluated indirectly by a composite index in 3 studies.
Moreover, all studies reported confounder adjustment and
adjusted effect estimates with 95% ClIs (Table 1).

Meta-analysis results

In our pooled analysis, inadequate sleep duration was closely
related to an increased risk of NAFLD/MAFLD (OR, 1.15;
95% CI, 1.04-1.28; P=0.01) with a moderate degree of het-
erogeneity between studies (I>=71.92%, 0=49.87, P<0.01)
(Fig. 2 and Fig. 3A). The funnel plot was almost symmetri-
cal, and the outcomes of Egger’s test (P=0.20) and Begg’s
test (P=0.55) indicated no significant publication bias in our
meta-analysis (Fig. 3B). In addition, we conducted a subgroup
analysis stratified by study type, data preprocessing between
genders, nomenclature of fatty liver disease, diagnostic method
for fatty liver disease, and definition of short sleep duration. The
results of the subgroup analysis did not reveal the source of het-
erogeneity (Table 2). Therefore, a meta-regression analysis was
conducted to determine the possible source of heterogeneity;
the covariates included race, mean age, study design, sample
size, whether data were preprocessed, definition of inadequate

@ Springer
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Fig.3 Galbraith plot (A) and
funnel plot (B) A
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sleep time, method of determining fatty liver disease, nomen-
clature (MAFLD or NAFLD), and study quality. However, we
did not find a potential source of heterogeneity (Supplementary
Table 1). In addition, we carried out sensitivity analysis, includ-
ing excluding one study at a time and using the Hunter-Schmidt
model (Figs. 4 and 5). The outcomes of the sensitivity analysis
suggested that the primary outcome was robust.
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Discussion

The present study supplied a comprehensive review of
published articles and a quantitative estimation of the
correlation between inadequate sleep time and the risk
of NAFLD/MAFLD. The findings indicated that inade-
quate sleep time was closely related to an elevated risk of
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Table 2 Subgroup analyses to

. Subgroups Number of OR (95% CI) P for heterogeneity

explore source of heterogeneity studies

Type of studies

Cross-sectional 1.24 (1.09-1.41) P=0.24

Cohort 5 0.98 (0.76-1.26)

Case—control 1.24 (0.96-1.61)

Data preprocessing between genders

Yes 5 1.12 (0.92-1.37) P=0.78

No 10 1.16 (1.01-1.34)

Nomenclature of fatty liver disease

NAFLD 12 1.12 (0.99-1.28) P=048

MAFLD 3 1.21 (1.04-1.40)

Diagnostic method of fatty liver disease

Ultrasound or CT imaging 12 1.16 (1.06-1.28) P=0.73

Indirect estimation by composite index 3 1.05 (0.58-1.89)

Definition of short sleep duration

Short sleep defined as less than 5 h 7 1.21 (1.08-1.36) P=0.53

Short sleep defined as less than 6 h 6 1.07 (0.76-1.51)

Short sleep defined as less than 7/8 h

[\

1.11 (0.97-1.26)

OR

Omitted study with 95% CI p-value

Imaizumi et al. 2015
Takahashi et al. 2020
Miyake et al. 2015

1.14[1.02, 1.27] 0.017
1.16 [ 1.04, 1.29] 0.009
— > 1.19[1.07, 1.32] 0.001

Hu et al. 2020 1.15[1.03, 1.29] 0.011
Weng et al. 2021 1.14[1.03, 1.28] 0.016
Um et al. 2021 1.15[1.00, 1.32] 0.042
Kim et al. 2019 ———+—+———— 1.20[1.09, 1.31] 0.000
Liu et al. 2016 1.15[1.03, 1.28] 0.012
Yu et al. 2015 to———————  1.16[1.05, 1.29] 0.005

Taheri et al. 2021
Peng et al. 2017
Okamura et al. 2019
Kim et al. 2018

Kim et al. 2013
Yang et al. 2022

1.13[1.02, 1.26] 0.021
1.12[1.01, 1.24] 0.027
1.13[1.01, 1.26] 0.028
1.13[1.02, 1.26] 0.022
1.15[1.02, 1.30] 0.024
1.15[1.03, 1.30] 0.016

1.00 1.32
Random-effects DerSimonian—Laird model

Fig.4 Sensitivity analysis of leaving one out

NAFLD/MAFLD (OR, 1.15; 95% CI, 1.04-1.28; P=0.01),
with a moderate degree of heterogeneity (I*=71.92%,
0=49.87, P<0.01). There was no significant publica-
tion bias, and there was a high level of statistical power
owing to the inclusion of over 261,554 participants and the
extraction of covariate-adjusted ORs with 95% CIs from
every study. In addition, sensitivity analysis showed the
robustness of the primary outcome.

It is known that adequate sleep duration and regular circa-
dian rhythm are vital to human health. In recent years, long

work duration, shift work, academic pressure, chaos caused
by war, and even the COVID-19 pandemic have all led to
inadequate sleep duration worldwide. The incidence of inad-
equate sleep duration is nearly 35% in US juveniles and up
to 40% in adults working in healthcare support occupations
[6, 37]. Many studies have indicated that inadequate sleep
duration could increase the risk of multiple metabolic and
immune disorders, including obesity 38, IR 39, type 2 diabe-
tes mellitus 40, hypertension [41], hyperlipidemia [44], and
elevated C-reactive protein (CRP) and uric acid [45]. Most
patients diagnosed with NAFLD have metabolic disorders,
with obesity being the most common disorder. Addition-
ally, MAFLD is diagnosed in individuals with liver steato-
sis and metabolic disorders. Therefore, it is not surprising
that short sleep time correlates with the risk of NAFLD/
MAFLD. A previous meta-analysis [46] including six stud-
ies involving 59,040 participants concluded that short sleep
time significantly increased the risk of NAFLD (pooled RR,
1.19: 95% CI, 1.04—1.36; I>=0%). Moreover, another meta-
analysis [47] assessing the association between insomnia and
NAFLD suggested that insomnia was borderline relevant to a
higher risk of NAFLD (pooled OR, 1.13; 95% CI, 1.00-1.27;
P= 62%). Taheri et al. [36] conducted a nested case—control
study including 1932 adult subjects, of whom 968 were diag-
nosed with MAFLD and 964 were controls. The outcomes
showed that inadequate sleep time correlated with a 43%
increase in the risk of MAFLD. Okamura et al. [22] carried
out a historical cohort study involving 12,306 subjects in
Japan. Sleep duration was evaluated by a self-administered
questionnaire. The primary endpoint was defined as having
developed NAFLD at follow-up. The outcomes suggested
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Fig.5 Sensitivity analysis of OR Weight

using Hunter-Schmidt model Study with 95% ClI (%)
Imaizumi et al. 2015 -rl— 1.32[0.96, 1.81] 5.04
Takahashi et al. 2020 —— 1.04[0.69, 1.57] 3.36
Miyake et al. 2015 —— 0.75[0.57, 0.99] 6.01
Hu et al. 2020 - 1.10[0.85, 1.43] 6.51
Weng et al. 2021 -I— 1.27[0.93, 1.73] 5.20
Um et al. 2021 ] 1.10[1.06, 1.15] 16.35
Kim et al. 2019 —— 0.54[0.37, 0.78] 4.02
Liu et al. 2016 —— 1.30[0.79, 2.14] 242
Yu et al. 2015 — 0.38[0.10, 1.44] 0.39
Taheri et al. 2021 .— 1.43[1.07, 1.92] 5.57
Peng et al. 2017 - 1.66[1.28, 2.15] 6.50
Okamura et al. 2019 -I- 1.41[1.18, 1.68] 9.72
Kim et al. 2018 —-— 1.45[1.08, 1.95] 5.49
Kim et al. 2013 1.14[1.01, 1.29] 12.51
Yang et al. 2022 E’ 1.11[0.95, 1.29] 10.89
Overall ¢ 1.16 [ 1.06, 1.26]
Heterogeneity: 1° = 0.01, I’ = 54.93%, H’ = 2.22 :
Test of 6 = 6;: Q(14) = 49.87, p = 0.00
Testof =0:z=23.37,p=0.00

178 14 12 1 2 4 8

Random-effects Hunter—Schmidt model

that short sleep time was closely related to an increased risk
of NAFLD. The underlying biological mechanism of the
association between inadequate sleep and NAFLD/MAFLD
remains unclear. Underlying biological mechanisms may
include the following concepts. First, inadequate sleep can
activate brain networks related to reward [17], upregulate
the ghrelin/leptin ratio [48], and decrease cognitive control
and activity in the cerebral cortex [49], which results in
food overconsumption, positive energy balance, and obe-
sity. Inadequate sleep time can accelerate the development
of insulin resistance by activating sympathetic activity and
increasing free fatty acids [50-52]. Obesity and insulin
resistance can lead to NAFLD via endoplasmic reticulum
stress, mitochondrial defects, and oxidative stress [53, 54].
Specifically, lipotoxicity derived from the excessive release
of free fatty acids (FFAs) from disordered and insulin-resist-
ant adipose cells can cause inflammatory activation, hepatic
cellular dysfunction, and lipoapoptosis. Second, inadequate
sleep can increase the production of proinflammatory fac-
tors, such as tumor necrosis factor-a, interleukin-6, and CRP
[55]. Elevated inflammatory factors result in superfluous
accumulation of lipids in the liver, liver inflammation, and
liver fibrosis [56]. Third, the gut microbiota is a potential
mediator between short sleep duration and NAFLD/MAFLD
[57, 42]. Inadequate sleep duration can lead to gut dysbiosis
by activation of the hypothalamic—pituitary—adrenal axis,
affecting the natural oscillations of intestinal microbiota and
reducing the multiplicity and richness of intestinal microbi-
ota. Gut endothelial barrier dysfunction can result in hepatic

@ Springer

inflammation via bacterial translocation. In addition, a vari-
ety of metabolic products originating in the gut microbiota
may increase NAFLD susceptibility.

This study has limitations that need to be acknowledged.
First, all studies included in the meta-analysis used a self-
administered questionnaire to evaluate sleep duration, which
is somewhat subjective. Nevertheless, some studies have
suggested that self-reported sleep time is consistent with
parameters obtained by actigraphic monitoring [43]. Sec-
ond, the definitions of short sleep duration and confounding
variables adjusted were different across the studies, which
may contribute to the heterogeneity. Third, there was moder-
ate heterogeneity between studies (I2 =71.92%, Q=49.87,
P <0.01), and the subgroup analysis and meta-regression
did not determine the source of heterogeneity, which sug-
gested that unknown or unmeasured confounding factors
might contribute to heterogeneity. Fourth, only Asian and
American populations were included in this meta-analysis,
which restricts the generalizability of the results to other
populations, such as those in Africa or Europe.

Conclusion

This meta-analysis shows that inadequate sleep time is sig-
nificantly related to an increased risk of NAFLD/MAFLD.
Considering the low response rate to pharmacotherapies,
obtaining an adequate amount of sleep may be useful for
preventing NAFLD/MAFLD.
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