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Abstract

Background: Poor sleep quality and daytime fatigue are common features of chronic hepatitis.
Objectives: To evaluate the association between daytime sleepiness and hepatitis and to identify factors that contribute to daytime
sleepiness in patients with hepatitis B and those with hepatitis C.
Methods: In this prospective cross-sectional pilot study, outpatients with fatigue who did not receive any treatment for hepatitis
were recruited from the Department of Gastroenterology and Hepatology and were classified into 5 groups of hepatitis B, hepatitis
C, hepatitis B + C, other hepatitis types, and without hepatitis (controls). Gastroesophageal reflux and daytime sleepiness were
determined based on two self-reported questionnaires, and linear and logistic regression analyses were performed.
Results: In total 42 subjects had hepatitis B, 62 had hepatitis C, 9 had hepatitis B + C, 4 had other hepatitis types, and 14 had no
hepatitis. Of them, 38 (29.01%) had gastroesophageal reflux (GERDQ score ≥ 12), and 13 (9.92%) had daytime sleepiness (ESS score ≥
8). Hepatitis B patients with gastroesophageal reflux had significantly higher odds of daytime sleepiness [odds ratio (OR) = 12.44, 95%
confidence interval (CI) = 1.59 - 261.02]. In hepatitis C patients, hypertension was significantly associated with daytime sleepiness (OR
= 15.6, 95% CI = 2.13 - 143.21), while those with taller body height and elevated serum glutamic-oxaloacetic transaminase (GOT) levels
had significantly lower odds of daytime sleepiness (body height: OR = 0.81, 95% CI = 0.65 - 0.93; GOT: OR = 0.76, 95% CI = 0.55 - 0.95).
Conclusions: Gastroesophageal reflux is a risk factor for daytime sleepiness in hepatitis B patients. In hepatitis C patients, hyper-
tension is a risk factor, while taller body height and elevated serum GOT are protective factors for daytime sleepiness.
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1. Background

Excessive daytime sleepiness stemming from night-
time sleep disturbances is prevalent among individuals di-
agnosed with chronic hepatitis (1, 2). In Saudi Arabia, the
prevalence of excessive daytime sleepiness was higher in
patients with hepatitis C and induced liver cirrhosis than
in healthy subjects (1). A case-control study observed that
more than 50% of patients with chronic hepatitis C and
mild liver disease complained about chronic fatigue, day-
time sleepiness, and poor sleep quality (2). Furthermore,
sleep disturbance in patients with hepatitis B liver cirrho-
sis has also been reported (3).

The precise pathophysiologic mechanisms underlying
sleep disturbance in patients with liver cirrhosis remain to
be investigated (4). In addition to the dysfunction of neu-

ral circuits responsible for controlling wakefulness and
sleep states, the involvement of upper airway edema and
disrupted circadian rhythms is also suggested (1). Comor-
bid conditions may also predispose patients to sleep dis-
turbances or excessive daytime sleepiness; for example, pa-
tients with gastroesophageal reflux disease (GERD) who
are troubled by sleep disturbances often self-report day-
time sleepiness and are found to have decreased quality of
life (4).

Although patients with hepatitis B and C are reported
to have difficulty sleeping, either falling asleep or staying
asleep (1-3), relevant studies on daytime sleepiness in hep-
atitis are limited. To gain an overview of associations be-
tween daytime sleepiness and hepatitis in Taiwan, we con-
ducted the present prospective study.
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2. Objectives

This prospective pilot study aimed to evaluate the asso-
ciation between daytime sleepiness and chronic hepatitis
as well as identifying risk and protective factors associated
with daytime sleepiness in patients with hepatitis B and/or
hepatitis C but without treatment of hepatitis.

3. Methods

3.1. Study Design and Population
This prospective cross-sectional questionnaire-based

pilot study aimed to evaluate the association between day-
time sleepiness and chronic hepatitis. Consecutive out-
patients with fatigue who visited the Department of Gas-
troenterology and Hepatology at our hospital from Au-
gust 2016 to July 2017 were screened for eligibility. Inclu-
sion criteria were adults aged 20 years and older, with lab-
oratory and imaging results suggestive of early chronic
hepatitis and/or liver disease, and without antiviral treat-
ment. Only patients with minor liver inflammation (early
stage of hepatitis) who had not yet been treated for hep-
atitis were included. Liver inflammation was determined
based on ultrasonic examination and serum levels of glu-
tamic oxaloacetic transaminase (GOT) and glutamic pyru-
vic transaminase (GPT). Patients with a history or evidence
of liver cancer or liver transplantation were excluded.

At each patient’s first visit, clinical laboratory tests
were performed to measure serum GOT, GPT, and lipid lev-
els, and screening for hepatitis B and C. Liver cirrhosis
was diagnosed based on parenchymal liver disease score
derived from ultrasound imaging as previously described
(5). Based on the test results, these outpatients were first
classified into two groups of with and without hepatitis.
They were further reclassified into one of the five follow-
ing subgroups: hepatitis B (HBV positive), hepatitis C (HCV
positive), hepatitis B + C, other types of hepatitis, and no
hepatitis (controls). At 3-month follow-up visits, patients
who agreed to participate in this study and signed the in-
formed consent were enrolled and were asked to complete
the questionnaires at the hospital.

3.2. Ethical Considerations
The study protocol was reviewed and approved

by the Internal Review Board of our hospital (code:
201600332B0). All included patients provided signed
informed consent to participate.

3.3. Main Measures
Two Chinese versions of questionnaires were used to

evaluate the gastroesophageal reflux (defined as GERDQ
score≥ 12) and daytime sleepiness (defined as ESS score≥
8), as described below.

3.3.1. Gastroesophageal Reflux Disease Questionnaire

The Chinese version of the gastroesophageal Reflux
Disease questionnaire (GERDQ) was used to collect self-
reported data about daytime sleepiness. The reliability of
this Chinese version of the questionnaire was previously
validated, and the GERDQ score ≥ 12 was defined as day-
time sleepiness (6).

3.3.2. Epworth Sleepiness Scale

The Chinese version of the Epworth Sleepiness scale
(ESS) was used to collect self-reported data about daytime
sleepiness. The reliability of this questionnaire was vali-
dated previously, and the ESS score≥ 8 was defined as day-
time sleepiness (7).

3.4. Study Variables

Information about snoring, hypnotic use, and comor-
bidities was obtained retrospectively from patients’ med-
ical records. All included patients did not have severe
chronic liver diseases or psychiatric disorders, and they did
not take hypnotics on a regular basis. Although some of
them had minor sleep problems, they took hypnotics no
more than once a week. Therefore, patients with hypnotic
use were included for a larger sample size.

3.5. Statistical Analysis

Continuous variables are presented as mean and stan-
dard deviation (mean ± SD); categorical variables are pre-
sented as frequency and percentage. Associations between
hepatitis and ESS score/daytime sleepiness were evaluated
using linear and logistic regression models. Subgroup
analysis was conducted to identify the risk factors for day-
time sleepiness in patients with hepatitis B or hepatitis C.
Associations between risk factors and daytime sleepiness
were evaluated using univariate logistic regression anal-
ysis. The significance level was set as two-sided P < 0.05.
All statistical analyses were performed using the R version
3.6.2 statistical software.

4. Results

In total 131 patients with fatigue, who were screened
among consecutive patients visiting the Department of
Gastroenterology and Hepatology at the study hospital,
were included in this study. All patients did not have a
history of receiving any treatment for hepatitis. Of them,
42 were diagnosed with hepatitis B, 62 with hepatitis C,
9 had both hepatitis B and hepatitis C, and 4 had other
types of hepatitis (2 with alcoholic hepatitis and 2 with
non-alcoholic fatty liver disease). In addition, 14 partici-
pants, who were not diagnosed with any type of hepatitis,
served as the control group.
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The distribution of participants’ baseline demo-
graphic and clinical characteristics are provided in Table 1.
The mean age of the total population was 57.9 years; mean
body mass index (BMI) was 24.9 kg/m2; mean GOT was
25.0 U/L; and mean GPT was 22.1 U/L. Most participants did
not have snoring problems (hepatitis B, 54.76%; hepatitis
C, 61.29%; B + C, 77.78%; other types, 75%) and did not use
hypnotics (hepatitis B, 80.95%; hepatitis C, 88.71%; B + C,
88.89%; other types, 100%). Only 2 (out of 117) hepatitis
patients had liver cirrhosis, indicating that most included
hepatitis patients were at the early stage of disease. The
most common comorbidity in the total population was
hypertension (n = 13), followed by diabetes mellitus (DM,
n = 8), chronic obstructive pulmonary disease (COPD, n
= 3), and chronic kidney disease (CKD, n = 1). In the total
population, 38 (29.01%) participants had gastroesophageal
reflux (with a GERDQ score ≥ 12), and 13 (9.92%) had day-
time sleepiness (with an ESS score ≥ 8). In total, 11.90%
of patients had daytime sleepiness, while 80.6% of those
diagnosed with hepatitis B and hepatitis C were suffer-
ing from this problem. No patient in the control group
presented daytime sleepiness (Table 1).

Table 2 shows the results of linear and logistic regres-
sion analyses for the association between daytime sleepi-
ness and hepatitis in all patients, regardless of etiology. In
the linear regression model, the ESS score was positively as-
sociated with hepatitis, but it was not statistically signifi-
cant. Moreover, we could not use logistic regression anal-
ysis since no patient in the reference (control) group had
daytime sleepiness (Table 2).

Table 3 shows the risk, and protective factors for day-
time sleepiness in patients with hepatitis B or hepatitis C.
Patients with hepatitis B + C or other types of hepatitis were
not subjected to subgroup analysis because the number of
these patients was limited. Univariate regression analysis
revealed that among hepatitis B patients, those with gas-
troesophageal reflux had significantly higher odds of day-
time sleepiness [odds ratio (OR) = 12.44, 95% confidence in-
terval (CI) = 1.59 - 261.02], compared to those without gas-
troesophageal reflux. In contrast, gastroesophageal reflux
was not significantly associated with daytime sleepiness
in patients with hepatitis C (Table 3). However, hyperten-
sion was associated with significantly increased odds of
daytime sleepiness in patients with hepatitis C (OR = 15.6,
95% CI = 2.13 - 143.21), but not in hepatitis B patients. Higher
body height and elevated serum GOT levels were associated
with significantly lower odds of daytime sleepiness (body
height: OR = 0.81, 95% CI = 0.65 - 0.93; GOT: OR = 0.76, 95%
CI = 0.55 - 0.95) in patients with hepatitis C (Table 3).

5. Discussion

In the present prospective pilot study, the majority of
patients were early-stage hepatitis patients and had no his-
tory of receiving treatment. Besides, only 2 (out of 117) pa-
tients had liver cirrhosis. In all subgroups, most patients
reported having sleep problems, mainly snoring. The most
common comorbidity in the total population was hyper-
tension, followed by diabetes. Nearly one-third of all pa-
tients had gastroesophageal reflux. Among patients with
hepatitis B, those with gastroesophageal reflux had signifi-
cantly higher odds of daytime sleepiness, while those with
hepatitis C did not. In hepatitis C patients, hypertension
was associated with significantly increased odds of day-
time sleepiness, but not in hepatitis B patients. Concern-
ing the protective factors, taller body height and elevated
serum GOT levels were significantly associated with lower
odds of daytime sleepiness in hepatitis C patients, but not
in hepatitis B patients.

In the hepatitis B and hepatitis C groups, daytime
sleepiness was more common in hepatitis B (11.9%) patients
than in those with hepatitis C (8.06%). However, when
testing all hepatitis patients for daytime sleepiness using
the ESS, no statistically significant difference was observed
between the scores of hepatitis patients and controls. It
worth noting that the ESS instrument has been questioned
for its commonly used cutoff point of 11, which has been
suggested to be insufficient for clinical practice (8).

Hepatitis C patients with cirrhosis, with a history of
short sleep duration, had a higher prevalence of excessive
daytime sleepiness (1). Among all extrahepatic manifesta-
tions of hepatitis, the central nervous system is more often
affected (9), and chronic fatigue is reported in more than
half of hepatitis C patients, even without advanced dis-
ease or while receiving antiviral therapy (2). Patients with
chronic hepatitis B who have progressed to liver cirrhosis
have higher levels of sleep disturbances, daytime fatigue,
mood disturbances, and attention/memory deficits (3, 10).
As such, besides the integral factors of hepatitis itself, psy-
chological factors may be a cause of sleep disturbances, in-
cluding disruption of melatonin levels that may be associ-
ated with depression and anxiety. Fluctuations of viral load
and antiviral therapy may also contribute to sleep distur-
bances and the resulting daytime sleepiness (10). In hep-
atitis B patients, both inactive carriers and those undergo-
ing antiviral treatment exhibited psychological symptoms
such as anxiety and hostility as well as sleep disturbances,
which all are correlated with poorer health-related quality
of life (11). In a large multi-center cohort study of hepati-
tis C patients, pain, fatigue, and sleep disturbances were
common and frequently severe (12). Our non-significant
results linking hepatitis B and C with daytime sleepiness
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Table 1. Baseline Demographic and Clinical Characteristics of the Study Populationa

Overall (N = 131) Control (N = 14) Hepatitis B (N = 42) Hepatitis C (N = 62) Hepatitis B + C (N = 9) Other Types of
Hepatitis (N = 4)

Age, y 57.94 ± 12.57 58.79 ± 12.59 51.14 ± 12.87 61.65 ± 10.79 62.11 ± 7.44 59.50 ± 19.87

Body height, cm 161.76 ± 9.65 161.21 ± 9.20 165.27 ± 9.69 160.07 ± 9.53 156.82 ± 7.42 164.13 ± 8.81

Body weight, kg 65.65 ± 12.80 71.19 ± 19.48 68.86 ± 12.07 63.06 ± 11.24 59.13 ± 10.04 67.38 ± 8.24

Body mass index,
kg/m2

24.99 ± 3.80 27.00 ± 5.09 25.14 ± 3.52 24.58 ± 3.79 23.91 ± 2.72 25.04 ± 2.65

GOT, U/L 25.04 ± 4.68 26.00 ± 5.42 25.05 ± 4.70 24.89 ± 4.93 24.44 ± 2.30 25.25 ± 2.22

GPT, U/L 22.14 ± 6.07 23.50 ± 6.85 22.86 ± 5.95 21.03 ± 5.87 23.89 ± 6.11 23.00 ± 7.70

Snoring

No 77 (58.78) 6 (42.86) 23 (54.76) 38 (61.29) 7 (77.78) 3 (75.00)

Yes 54 (41.22) 8 (57.14) 19 (45.24) 24 (38.71) 2 (22.22) 1 (25.00)

Hypnotic use

No 113 (86.26) 12 (14.29) 34 (80.95) 55 (88.71) 8 (88.89) 4 (100)

Yes 18 (13.74) 2 (85.71) 8 (19.05) 7 (11.29) 1 (11.11) 0 (0)

Cirrhosis 2 (1.53) 0 (0) 1 (2.38) 0 (0) 1 (11.11) 0 (0)

Comorbidity

COPD 3 (2.29) 0 (0) 2 (4.76) 0 (0) 0 (0) 1 (25.00)

CKD 1 (0.76) 0 (0) 1 (2.38) 0 (0) 0 (0) 0 (0)

DM 8 (6.11) 0 (0) 1 (2.38) 6 (9.68) 1(11.11) 0 (0)

HTN 13 (9.92) 1 (7.14) 4 (9.52) 8 (12.90) 0 (0) 0 (0)

GERDQ 10.49 ± 4.36 10.07 ± 4.12 10.33 ± 3.97 10.50 ± 4.15 11.89 ± 7.80 10.25 ± 3.77

< 12 93 (70.99) 10 (71.43) 29 (69.05) 46 (74.19) 6 (66.67) 2 (50)

≥ 12 38 (29.01) 4 (28.57) 13 (30.95) 16 (25.81) 3 (33.33) 2 (50)

ESS 3.49 ± 2.86 2.71 ± 1.82 3.05 ± 2.81 3.71 ± 2.94 5.22 ± 3.83 3.50 ± 1.29

< 8 118 (90.08) 14 (100) 37 (88.10) 57 (91.94) 6 (66.67) 4 (100)

≥ 8 13 (9.92) 0 (0) 5 (11.90) 5 (8.06) 3 (33.33) 0 (0)

Abbreviations: CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; ESS, Epworth Sleepiness scale; GERDQ, gastroe-
sophageal reflux disease questionnaire; GOT, glutamic oxaloacetic transaminase; GPT, glutamic pyruvic transaminase; HTN, hypertension.
aValues are expressed as mean ± SD or No. (%).

Table 2. Associations Between Hepatitis and ESS Scores/Daytime Sleepiness

ESS Score, B± SE Daytime Sleepiness, OR (95% CI)

Control Reference Reference

Hepatitis 0.87 ± 0.81 NA

Abbreviations: β, beta coefficient; ESS, Epworth Sleepiness Scale; SE, standard
error.

can possibly be explained by the high prevalence of early-
stage hepatitis in the study population, and also that they
only reported “snoring” and not more severe sleep distur-
bances such as sleep apnea, which is positively associated
with daytime sleepiness (1). However, snoring is a feature
of obstructive sleep apnea (OSA) and is still reported to be

a risk factor for daytime sleepiness (13). More studies are
needed to determine the symptoms that may be resolved
by eradicating the virus.

Our patient population only included two patients
with liver cirrhosis, so we yielded no valid results for cir-
rhosis patients. GOT and GPT values in the non-hepatitis
control group were actually comparable to those of pa-
tients with hepatitis, suggesting that controls and patients
with hepatitis had a similar liver function and confirming
that most included hepatitis patients were at an early stage
of the disease. However, it has been demonstrated that bio-
chemical markers of liver function (in primary liver cir-
rhosis) are not necessarily correlated with sleep problems
and related daytime sleepiness (14). Nevertheless, studies
that specifically evaluated daytime sleepiness in cirrhosis
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Table 3. Risk and Protective Factors for Daytime Sleepiness in Patients with Hepatitis
B or Hepatitis C

Hepatitis B, OR (95%
CI)

Hepatitis C, OR (95%
CI)

Age, y 1.02 (0.95 - 1.11) 1.09 (0.99 - 1.25)

Body height, cm 0.96 (0.88 - 1.06) 0.81 (0.65 - 0.93)a

Body weight, kg 0.94 (0.86 - 1.02) 0.95 (0.86 - 1.03)

Body mass index,
kg/m2

0.83 (0.57 - 1.11) 1.13 (0.09 - 1.42)

GOT, U/L 0.89 (0.70 - 1.09) 0.76 (0.55 - 0.95)a

GPT, U/L 0.88 (0.71 - 1.05) 0.95 (0.79 - 1.12)

Snoring

No Reference Reference

Yes 0.78 (0.09 - 5.27) 1.06 (0.13 - 6.89)

Hypnotic use

No Reference Reference

Yes NA NA

COPD

No Reference Reference

Yes 8.90 (0.32 - 260.91) NA

CKD

No Reference Reference

Yes NA NA

DM

No Reference Reference

Yes NA 2.60 (0.12 - 22.57)

Hypertension

No Reference Reference

Yes 2.83 (0.12 - 29.49) 15.6 (2.13 - 143.21)a

GERDQ 1.24 (0.99 - 1.59) 1.13 (0.93 - 1.35)

< 12 Reference Reference

≥ 12 12.44 (1.59 - 261.02) a 2.05 (0.25 - 13.61)

Abbreviations: CI, confidence interval; GERDQ, gastroesophageal reflux disease
questionnaire; GOT, glutamic oxaloacetic transaminase; GPT, glutamic pyruvic
transaminase; OR, odds ratio.
aSignificant (P < 0.05).

patients found that excessive daytime sleepiness was espe-
cially high in hepatitis-associated cirrhosis patients (1, 2).
Likewise, sleep quality was impaired, and the risk of OSA
was increased in patients with compensated liver cirrho-
sis, and as the severity of liver cirrhosis increased, the sleep
patterns and excess daytime sleepiness increased (15).

In the present prospective pilot study, using subgroup
analysis, a series of certain risk and/or protective factors as-
sociated with daytime sleepiness in patients with hepatitis
B or hepatitis C were identified; however, there was an ob-

vious difference between the two groups concerning these
factors: gastroesophageal reflux was a risk factor in hepati-
tis B patients exclusively, while hypertension was an exclu-
sive risk factor in hepatitis C patients. In a previous study,
nocturnal gastroesophageal reflux is reported as a risk fac-
tor for daytime sleepiness in women and is mentioned to
have a more negative effect when combined with snoring
(13). Also, snoring and gastrointestinal reflux are lifestyle
factors that are both associated with obesity, but the associ-
ation with daytime sleepiness is independent of obesity, in-
dicating that obesity is not a risk factor for daytime sleepi-
ness (16).

A study on hepatitis C patients with underlying comor-
bidities reported no correlation between scores of tests for
health and mental status (cirrhosis-related symptom score
[CSS]; and short-form [SF-36] health survey) (17). However,
we found no comparable results of other studies consis-
tent with our findings concerning possible protective fac-
tors of taller body height and elevated GOT in hepatitis C
patients, except that laboratory values for liver parameters
(GPT and GOT) were not associated with daytime sleepiness
and altered sleep patterns in patients with compensated
liver cirrhosis (15). More studies are needed to confirm
these protective factors as well as identifying other factors.

In contrast to the previous studies that explored the ef-
fects of anti-viral treatment on sleeping problems in hep-
atitis patients (17-19), the present study included early-
stage hepatitis patients with no history of receiving treat-
ment, which precluded evaluating the possible impacts of
medication use.

Severe sleep problems were also absent in hepatitis pa-
tients in the present pilot study. However, in a compar-
ison of the severity of sleep problems between patients
with hepatitis C who received interferon vs. interferon-
free medications, the interferon therapies caused signifi-
cant sleep problems compared to the interferon-free ther-
apies (19). Understandably, those authors suggested that
the nature of sleep problems in hepatitis patients was not
well understood, and cautioned that inadequate sleep may
lead to exhaustion, irritability, and mood swings, exacer-
bating overall health status, and quality of life while try-
ing to rid the body of the virus (19). Raison et al. (20)
demonstrated that chronic exposure to immune cytokines
in chronic hepatitis patients treated with interferon-alpha
was associated with reduced continuity and depth of sleep
and resulted in insomnia and hyperarousal. Hence, im-
mune cytokines may be a link between chronic inflamma-
tory conditions, altered evening cortisol production, mo-
tor slowing, and daytime fatigue. Furthermore, the im-
portance of differentiating the effects of treatment vs. the
symptom burden of hepatitis, as well as the further eluci-
dation of causal pathways, have been suggested (12).
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The present prospective pilot study has several limita-
tions. First, we only included outpatients who were newly
diagnosed with chronic hepatitis but had not yet received
any treatment, which allowed us to evaluate hepatitis-
associated sleepiness without the possible influence of
antiviral medications; however, due to this special inclu-
sion criterion, the sample size of this pilot study is rela-
tively small. In addition, a few patients, who used hyp-
notics no more than once a week, were included in this
study for a larger sample size. But, to rule out the pos-
sibility of confounding effects, such patients may be ex-
cluded in the future large-scale multi-center study. The Chi-
nese version of the GERDQ do not contain items on noctur-
nal GERD, so whether the included patients have noctur-
nal GERD is unclear. Furthermore, the present research is
a cross-sectional study conducted in a single medical cen-
ter, which might include biases. Hence, caution should be
taken when generalizing results to other contexts or pop-
ulation groups. Although patients with hepatitis B + C had
the highest percentage of daytime sleepiness, but due to
the small sample size (n = 9), such high daytime sleepiness
in patients with hepatitis B + C needs to be confirmed by
studies with larger populations. This was a prospective pi-
lot study with only early-stage hepatitis patients (only two
had cirrhosis), and therefore, further studies are needed
to explore this issue. Future prospective studies should in-
volve a larger multi-center sample that includes patients
with hepatitis B and hepatitis C at different stages, includ-
ing those with and without hepatitis-associated cirrhosis.

5.1. Conclusions

This study demonstrated that gastroesophageal reflux
is a risk factor for daytime sleepiness in patients diagnosed
with hepatitis B, but not hepatitis C. Hypertension was
found to be associated with significantly increased odds
of daytime sleepiness in patients with hepatitis C, but not
in hepatitis B. Also, taller body height and elevated serum
GOT levels are protective factors for daytime sleepiness in
patients with hepatitis C.

Footnotes

Authors’ Contribution: JHH and MLC were involved in
the conception and design, analysis, and interpretation of
data. JHH performed the statistical analysis and definite of
intellectual content. CTY and TJH literature the research.
All authors contributed to the acquisition of data, drafting
of the manuscript, critical revision of the manuscript, and
final approval of the manuscript.

Conflict of Interests: The authors declare no conflict of
interest.

Ethical Approval: The study protocol was reviewed and
approved by the Internal Review Board of Chang Gung
Memorial Hospital (code: 201600332B0).

Funding/Support: None.

Informed Consent: All patients provided informed writ-
ten consent.

References

1. Enezi A, Al-Jahdali F, Ahmed AE, Shirbini N, Harbi A, Salim
B, et al. Symptoms of Daytime Sleepiness and Sleep Apnea
in Liver Cirrhosis Patients. Ann Hepatol. 2017;16(4):591–8. doi:
10.5604/01.3001.0010.0304. [PubMed: 28611264].

2. Heeren M, Sojref F, Schuppner R, Worthmann H, Pflugrad H, Tryc
AB, et al. Active at night, sleepy all day–sleep disturbances in pa-
tients with hepatitis C virus infection. J Hepatol. 2014;60(4):732–40.
doi: 10.1016/j.jhep.2013.11.030. [PubMed: 24308991].

3. Xiao G, Ye Q, Han T, Yan J, Sun L, Wang F. Study of the sleep quality and
psychological state of patients with hepatitis B liver cirrhosis. Hepatol
Res. 2018;48(3):E275–82. doi: 10.1111/hepr.12981. [PubMed: 28888081].

4. Iwakura N, Fujiwara Y, Shiba M, Ochi M, Fukuda T, Tanigawa T,
et al. Characteristics of Sleep Disturbances in Patients with Gas-
troesophageal Reflux Disease. Intern Med. 2016;55(12):1511–7. doi:
10.2169/internalmedicine.55.5454. [PubMed: 27301498].

5. Afzal S, Masroor I, Beg M. Evaluation of Chronic Liver Disease: Does
Ultrasound Scoring Criteria Help? Int J Chronic Dis. 2013;2013:326231.
doi: 10.1155/2013/326231. [PubMed: 26464843]. [PubMed Central:
PMC4590937].

6. Wong WM, Lam KF, Lai KC, Hui WM, Hu WH, Lam CL, et al. A
validated symptoms questionnaire (Chinese GERDQ) for the diag-
nosis of gastro-oesophageal reflux disease in the Chinese popula-
tion. Aliment Pharmacol Ther. 2003;17(11):1407–13. doi: 10.1046/j.1365-
2036.2003.01576.x. [PubMed: 12786635].

7. Chen NH, Johns MW, Li HY, Chu CC, Liang SC, Shu YH, et al. Valida-
tion of a Chinese version of the Epworth sleepiness scale. Qual Life Res.
2002;11(8):817–21. doi: 10.1023/a:1020818417949. [PubMed: 12482165].

8. Trimmel K, Zebrowska M, Bock M, Stefanic A, Mayer D, Klosch G, et al.
Wanted: a better cut-off value for the Epworth Sleepiness Scale. Wien
Klin Wochenschr. 2018;130(9-10):349–55. doi: 10.1007/s00508-017-1308-
6. [PubMed: 29340766]. [PubMed Central: PMC5966487].

9. Schaefer M, Capuron L, Friebe A, Diez-Quevedo C, Robaeys G, Neri S,
et al. Hepatitis C infection, antiviral treatment and mental health: a
European expert consensus statement. J Hepatol. 2012;57(6):1379–90.
doi: 10.1016/j.jhep.2012.07.037. [PubMed: 22878466].

10. Montagnese S, Middleton B, Mani AR, Skene DJ, Morgan MY. On
the origin and the consequences of circadian abnormalities in pa-
tients with cirrhosis. Am J Gastroenterol. 2010;105(8):1773–81. doi:
10.1038/ajg.2010.86. [PubMed: 20332771].

11. Simonetti G, Gitto S, Golfieri L, Gamal N, Loggi E, Taruschio G, et al.
Quality of life of hepatitis B virus surface antigen-positive patients
with suppressed viral replication: comparison between inactive car-
riers and nucleot(s)ide analog-treated patients. Eur J Gastroenterol
Hepatol. 2018;30(1):14–20. doi: 10.1097/MEG.0000000000000999.
[PubMed: 29064847].

12. Evon DM, Stewart PW, Amador J, Serper M, Lok AS, Sterling RK, et al.
A comprehensive assessment of patient reported symptom burden,
medical comorbidities, and functional well being in patients initi-
ating direct acting antiviral therapy for chronic hepatitis C: Results
from a large US multi-center observational study. PLoS One. 2018;13(8).
e0196908. doi: 10.1371/journal.pone.0196908. [PubMed: 30067745].
[PubMed Central: PMC6070182].

6 Hepat Mon. 2020; 20(12):e107606.

http://dx.doi.org/10.5604/01.3001.0010.0304
http://www.ncbi.nlm.nih.gov/pubmed/28611264
http://dx.doi.org/10.1016/j.jhep.2013.11.030
http://www.ncbi.nlm.nih.gov/pubmed/24308991
http://dx.doi.org/10.1111/hepr.12981
http://www.ncbi.nlm.nih.gov/pubmed/28888081
http://dx.doi.org/10.2169/internalmedicine.55.5454
http://www.ncbi.nlm.nih.gov/pubmed/27301498
http://dx.doi.org/10.1155/2013/326231
http://www.ncbi.nlm.nih.gov/pubmed/26464843
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4590937
http://dx.doi.org/10.1046/j.1365-2036.2003.01576.x
http://dx.doi.org/10.1046/j.1365-2036.2003.01576.x
http://www.ncbi.nlm.nih.gov/pubmed/12786635
http://dx.doi.org/10.1023/a:1020818417949
http://www.ncbi.nlm.nih.gov/pubmed/12482165
http://dx.doi.org/10.1007/s00508-017-1308-6
http://dx.doi.org/10.1007/s00508-017-1308-6
http://www.ncbi.nlm.nih.gov/pubmed/29340766
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5966487
http://dx.doi.org/10.1016/j.jhep.2012.07.037
http://www.ncbi.nlm.nih.gov/pubmed/22878466
http://dx.doi.org/10.1038/ajg.2010.86
http://www.ncbi.nlm.nih.gov/pubmed/20332771
http://dx.doi.org/10.1097/MEG.0000000000000999
http://www.ncbi.nlm.nih.gov/pubmed/29064847
http://dx.doi.org/10.1371/journal.pone.0196908
http://www.ncbi.nlm.nih.gov/pubmed/30067745
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6070182


Hu JH et al.

13. Hagg SA, Emilsson OI, Franklin K, Janson C, Lindberg E. Nocturnal
gastroesophageal reflux increases the risk of daytime sleepiness in
women. Sleep Med. 2019;53:94–100. doi: 10.1016/j.sleep.2018.08.036.
[PubMed: 30504084].

14. Anderson K, Jones DE, Wilton K, Newton JL. Restless leg syndrome is
a treatable cause of sleep disturbance and fatigue in primary biliary
cirrhosis. Liver Int. 2013;33(2):239–43. doi: 10.1111/liv.12035. [PubMed:
23295055].

15. Bueno CGR, Andrechuk CRS, Ceolim MF. Is Sleep Quality Impaired
and Is There Increased Risk of Obstructive Sleep Apnea Syndrome
in Patients With Compensated Liver Cirrhosis? Gastroenterol Nurs.
2020;43(2):126–34. doi: 10.1097/SGA.0000000000000411. [PubMed:
32251214].

16. Emilsson OI, Janson C, Benediktsdottir B, Juliusson S, Gislason T. Noc-
turnal gastroesophageal reflux, lung function and symptoms of ob-
structive sleep apnea: Results from an epidemiological survey. Respir
Med. 2012;106(3):459–66. doi: 10.1016/j.rmed.2011.12.004. [PubMed:
22197048].

17. Ichikawa T, Miyaaki H, Miuma S, Taura N, Motoyoshi Y, Akahoshi

H, et al. Hepatitis C virus-related symptoms, but not quality of life,
were improved by treatment with direct-acting antivirals. Hepatol
Res. 2018;48(3):E232–9. doi: 10.1111/hepr.12974. [PubMed: 28837746].

18. Pennisi M, Bertino G, Gagliano C, Malaguarnera M, Bella R, Borzi
AM, et al. Resveratrol in Hepatitis C Patients Treated with Pegylated-
Interferon-alpha-2b and Ribavirin Reduces Sleep Disturbance. Nu-
trients. 2017;9(8). doi: 10.3390/nu9080897. [PubMed: 28820468].
[PubMed Central: PMC5579690].

19. Yoh K, Nishikawa H, Enomoto H, Iwata Y, Kishino K, Shimono Y, et al.
Comparison of sleep disorders in chronic hepatitis C patients treated
with interferon-based therapy and direct acting antivirals using
actigraphy. Hepatol Res. 2016;46(13):1358–66. doi: 10.1111/hepr.12694.
[PubMed: 26950182].

20. Raison CL, Rye DB, Woolwine BJ, Vogt GJ, Bautista BM, Spivey JR,
et al. Chronic interferon-alpha administration disrupts sleep con-
tinuity and depth in patients with hepatitis C: association with fa-
tigue, motor slowing, and increased evening cortisol. Biol Psychia-
try. 2010;68(10):942–9. doi: 10.1016/j.biopsych.2010.04.019. [PubMed:
20537611]. [PubMed Central: PMC2937202].

Hepat Mon. 2020; 20(12):e107606. 7

http://dx.doi.org/10.1016/j.sleep.2018.08.036
http://www.ncbi.nlm.nih.gov/pubmed/30504084
http://dx.doi.org/10.1111/liv.12035
http://www.ncbi.nlm.nih.gov/pubmed/23295055
http://dx.doi.org/10.1097/SGA.0000000000000411
http://www.ncbi.nlm.nih.gov/pubmed/32251214
http://dx.doi.org/10.1016/j.rmed.2011.12.004
http://www.ncbi.nlm.nih.gov/pubmed/22197048
http://dx.doi.org/10.1111/hepr.12974
http://www.ncbi.nlm.nih.gov/pubmed/28837746
http://dx.doi.org/10.3390/nu9080897
http://www.ncbi.nlm.nih.gov/pubmed/28820468
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5579690
http://dx.doi.org/10.1111/hepr.12694
http://www.ncbi.nlm.nih.gov/pubmed/26950182
http://dx.doi.org/10.1016/j.biopsych.2010.04.019
http://www.ncbi.nlm.nih.gov/pubmed/20537611
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2937202

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Study Design and Population
	3.2. Ethical Considerations
	3.3. Main Measures
	3.3.1. Gastroesophageal Reflux Disease Questionnaire
	3.3.2. Epworth Sleepiness Scale

	3.4. Study Variables
	3.5. Statistical Analysis

	4. Results
	Table 1
	Table 2
	Table 3

	5. Discussion
	5.1. Conclusions

	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

