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Prevalence of and Factors Associated with
Sleep-Wake Abnormalities in Patients with Cirrhosis
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Background & aims: Sleep-wake abnormalities [poor nighttime sleep and excessive daytime sleepiness (EDS)] are
common in patients with cirrhosis. The aimof this study was to assess the prevalence of sleep-wake abnormalities
and clinical factors associated with these abnormalities in a group of patients with cirrhosis. Methods: 1098 pa-
tients with cirrhosis [Child Turcotte Pugh (CTP) class A, 22.2%; CTP class B, 29.2% and CTP class C, 48.6%],
with either no ascites or mild ascites controlled on diuretics, and no history of or current overt hepatic enceph-
alopathy were included in the study. Results: Poor nighttime sleep and EDS were found in 569 (51.8%) and 489
(44.5%) patients respectively. On multivariate analysis, factors associated with poor nighttime sleep were CTP
class C (vs. class A), presence of minimal hepatic encephalopathy (MHE), intermediate or evening type of diurnal
preference category (vs. morning type), high risk for obstructive sleep apnea (OSA), diuretic use, presence of ma-
jor depression, and presence of generalized anxiety disorder (GAD). Factors associated with EDS onmultivariate
analysis were CTP class B and C (vs. class A), intermediate or evening type of diurnal preference category (vs.
morning type), high risk for OSA, presence of major depression, and presence of GAD. Conclusions: Sleep-
wake abnormalities are common in patients with cirrhosis. CTP status, diurnal preference chronotype, risk of
OSA, major depression and GAD are associated with both poor nighttime sleep and EDS. MHE and diuretic
use are associated with poor nighttime sleep, but not with EDS. ( J CLIN EXP HEPATOL 2021;11:453–465)
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Sleep–wake disturbances are common in patients
with cirrhosis, with poor nighttime sleep reported
in 47–69%, and excessive daytime sleepiness (EDS)

in 18.5–38% of patients with cirrhosis.1–6 Sleep-wake dis-
turbances are considered a classic sign of overt hepatic en-
cephalopathy (HE),7 but such disturbances may also occur
in patients without overt HE.1,3,4

There is conflicting/confusing evidence of a direct rela-
tionship between poor nighttime sleep and EDS in pa-
tients with cirrhosis4,5
s: cirrhosis, insomnia, sleep disturbances, sleep-wake abnormal-
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Itching and tense ascites are obvious causes of sleep-
wake disturbances in patients with cirrhosis, but these
can also occur in the absence of such obvious causes.1,4

The associations of poor nighttime sleep and EDS with
other clinical factors like Child Turcotte Pugh (CTP)
status1,3,4 minimal hepatic encephalopathy
(MHE)1,4,5 evening chronotype,1,4 obstructive sleep apnea
(OSA),6,8 and depression or anxiety1,2 have been previously
studied in small studies, with differing results. Patients
with cirrhosis are often taking diuretics and beta-
blockers which have the potential to cause sleep-wake dis-
turbances.1,9 No previous study has assessed association of
these drugs with poor nighttime sleep or EDS in patients
with cirrhosis.

There are no large studies that have assessed the associ-
ation of all these clinical parameters in a single cohort of
patients with cirrhosis.
AIMS

The aim of this study was to assess the prevalence of sleep-
wake abnormalities (poor nighttime sleep and EDS) and
clinical factors associated with these abnormalities in a
group of patients with cirrhosis.
vier B.V. All rights reserved.
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Study design: This was a single center prospective cross-
sectional study.

Setting: The study was conducted at the Department of
Hepatology and Liver transplantation, Institute of Liver
and Biliary Sciences (ILBS), New Delhi from June 30,
2015 toMay 20, 2017. The study was approved by the Insti-
tutional Review Board (IRB) of the Institute of Liver and
Biliary Sciences (D1 Vasant Kunj, New Delhi, India) [Insti-
tutional ethical committee number: F. 25/5/75/ILBS/AC/
2014/392, dated May 22, 2015].

Participants
Patients with cirrhosis who presented to the outpatient
clinic of Hepatology department of the institute were as-
sessed for inclusion in the study.

The inclusion criteria were the following: Patients with
cirrhosis, >18 years age, either no ascites or mild ascites
controlled on diuretics, and no history of overt hepatic en-
cephalopathy.

Exclusion criteria were the following: Patients with
acute-on-chronic liver failure (ACLF) as defined by Asia Pa-
cific Association for study of Liver (APASL) 2014 criteria10;
total serum bilirubin $5 mg/dL (but not fulfilling criteria
for ACLF); hepatocellular carcinoma (HCC); patients with
history of overt hepatic encephalopathy (HE) or currently
having overt encephalopathy; prior history of transjugular
intrahepatic portosystemic shunt (TIPS) placement;
gastrointestinal bleed in the last 1 month; alcohol intake
within 6 months of enrollment; active substance abuse or
intake within 1 month of enrollment; patients using anti-
depressants and anticonvulsants; pregnancy or lactation;
complaints of itching interfering with sleep; moderate-to-
tense ascites; active infection; acute febrile illness; and no
consent.

We excluded patients with currently in overt HE or had
previous history of overt HE, as such patients are likely to
be on treatment with ammonia-lowering therapies like lac-
tulose or rifaximin, which could be a confounder for the
prevalence of minimal hepatic encephalopathy.

Variables assessed
Patients underwent the following investigations at base-
line: complete hemogram, renal function tests, serum elec-
trolytes, liver function tests (LFTs) including International
normalized ratio (INR), etiological workup for cirrhosis as
needed, ultrasound abdomen with Doppler splenoportal
axis and hepatic veins, blood sugar fasting, venous
ammonia, chest X-ray, Pittsburgh sleep quality index
(PSQI) questionnaire, Epworth sleepiness scale (ESS) ques-
tionnaire, critical flicker frequency (CFF), composite scale
of morningness (CSM) questionnaire, Berlin questionnaire
(BQ), patient health questionnaire (PHQ-9) questionnaire,
454 © 2020 Indian National Associa
generalized anxiety disorder 7 (GAD-7) questionnaire and
chronic liver disease questionnaire (CLDQ) questionnaire.

Cirrhosis was diagnosed by clinical, radiological criteria
or liver biopsy (if required). Twenty g/d of alcohol use was
taken as significant for males and females.11 Non-alcoholic
steatohepatitis (NASH) cirrhosis was diagnosed using his-
tological (histological evidence of NASH with cirrhosis on
liver biopsy within last 12 months) or clinical criteria [If bi-
opsy was not available within 12 months, the diagnosis of
NASH cirrhosis was made using any one of the following
after excluding other causes of cirrhosis: (1) current or
prior documentation of hepatic steatosis with non-
invasive evidence of cirrhosis, or (2) two or more risk fac-
tors for NASH (overweight/obesity, type 2 diabetes melli-
tus, hypertension, or dyslipidemia) with evidence of
cirrhosis].

Venous ammonia was measured by the ammonia
checker II (Daiichi Kagaku Co. Ltd., Kyoto, Japan), within
3 min of blood sampling.

Methods of assessments (measurements)
Pittsburgh sleep quality index (PSQI) and Epworth sleepiness
scale (ESS): The PSQI is a self-administered questionnaire;
with a global PSQI score greater than 5 indicating a “poor”
sleeper.12,13 ESS is used to assess daytime sleepiness, with
values higher than 10 reflecting above normal daytime
sleepiness.14

Methods for measuring nighttime sleep disturbances
include physiologic measurement instruments (polysom-
nography and actigraphy) and self-report measures (sleep
diary and sleep questionnaires like PSQI). While physio-
logic measurement instruments are preferable for studying
nighttime sleep disturbances, many studies have used sleep
diaries and self report measures (like PSQI) as well. In pa-
tients with primary insomnia, PSQI score has sensitivity of
98.7% and specificity of 84.4% in separating patients with
poor nighttime sleep and good sleepers.13 Many previous
studies on sleep disturbances in patients with cirrhosis
have also used PSQI.4,5 Similarly methods for assessing
EDS include physiologic measurement instruments (poly-
somnography, multiple sleep latency test andmaintenance
of wakefulness test) and self-report measures (like ESS).
Many previous studies on excessive daytime sleepiness in
patients with cirrhosis have also used ESS.3–5

Measurement of critical flicker frequency (CFF)
threshold:CFF was analyzed by HEP Atonorm analyzer (Ac-
celab GmbH, Kusterdingen, Germany).15 Patients were
diagnosed as minimal hepatic encephalopathy (MHE) if
mean of eight CFF readings was <39 Hz.15

Composite scale of morningness (CSM) questionnaire:
The 13-item CSM is a self-reported questionnaire widely
used to assess morningness/eveningness. Total CSM
scores may range from 13 to 55. CSM score of 36 and below
were considered as evening types, those with scores
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Figure 1 Patient enrollment in the study.
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between 36 and 49 would represent intermediates and
scores above 49 were considered as morning types. For
any individual, morningness-eveningness refers to the
diurnal preferences, and sleep-wake patterns and alertness
for activity in the morning and evening. Habitual sleep pat-
terns and sleep parameters can be influenced by the morn-
ingness/eveningness of any individual.16

Berlin questionnaire (BQ): The BQ, which consists of
three categories of symptoms, classifies patients as having
a high risk of obstructive sleep apnea (OSA) if two or more
categories had positive score; and as low risk of OSA if only
one or no category had positive score.17

Generalized anxiety disorder 7 (GAD-7) questionnaire:
GAD 7 is a self-reported questionnaire for screening and
severity measuring of generalized anxiety disorder, with
GAD 7 score of $10 indicated probable diagnosis of
GAD.18

Patient health questionnaire (PHQ-9): The PHQ-9 is the
depression module, with PHQ-9 score $10 being taken as
indication of major depression.19

Chronic liver disease questionnaire (CLDQ): CLDQ is a
CLD specific health related quality of life (HRQOL) instru-
ment.20

All of the above questionnaires used in this study were
in both English and a Hindi translated version, and the pa-
tients were asked to read in the language they preferred.
These questionnaires were administered within 2 days of
enrollment.

Statistical methods
Assuming the prevalence of sleep-wake abnormalities to be
60%, with confidence limits of 5%, and design effect of 1,
sample size of 1039 was required for a confidence level of
99.9%. Data were processed using the SPSS version 20.0
software. Chi-square and Fisher's exact tests were used
for comparison of categorical variables. For comparison
of continuous variables, t-test and Mann–Whitney test
Journal of Clinical and Experimental Hepatology | July–August 2021 | Vol. 1
were used for normally distributed and non-normally
distributed data respectively. A univariate logistic-
regression analysis was performed for the assessment of
variables associated with poor nighttime sleep and EDS
Variables likely to be associated with poor nighttime sleep
and EDS based on a priori theory were used in multivariate
logistic regression analysis, and forward selection was
applied at a 5% significance level.
RESULTS

Participants: 1098 patients fulfilling the inclusion and
exclusion criteria were enrolled for this study (Figure 1).

Baseline patient characteristics
The etiology of the cirrhosis was non-alcoholic steatohepa-
titis (NASH) in 530 (48.3%) of the 1098 patients, alcohol in
457 (41.6%), hepatitis B in 50 (4.5%) and hepatitis C in 39
(3.6%). Overall, 243 patients (22.2%) were classified as Child
Turcotte Pugh (CTP) class A, 321 (29.2%) as CTP class B,
and 534 (48.6%) as CTP class C. On the day of study, 626
(57%) of patients had critical flicker frequency
(CFF) < 39 Hz (i.e. classified as having minimal hepatic en-
cephalopathy). None of the patients had overt hepatic en-
cephalopathy.

Sleep–wake disturbances
Overall, 724 (65.9%) patients had sleep-wake disturbances.
Disturbed nighttime sleep (poor sleepers, Pittsburgh sleep
quality index (PSQI) score >5) was seen in 569 (51.8%) pa-
tients. Excessive daytime sleepiness (EDS) [Epworth sleep-
iness scale (ESS) score >10] was seen in 489 (44.5%)
patients.

Nighttime sleep: There were no significant differences in
age, gender and etiology of cirrhosis between ‘good’ and
‘poor’ sleepers. As compared to good sleepers, poor sleepers
1 | No. 4 | 453–465 455



Table 1 Baseline Characteristics of Patients According to Night Time Sleep Status.

Parameters Total (n = 1098) Poor Sleepers (PSQI score >5)
(n = 569)

Good Sleepers (PSQI score #5)
(n = 529)

P value

Demographic parameters

Age (years), mean � SD 48.3 � 10.5 48.4 � 10.1 48.2 � 10.9 0.820

Male sex, n (%) 1010 (92%) 517 (90.9%) 493 (93.2%) 0.182

Etiology of cirrhosis, n (%)

NASH 530 (48.3%) 274 (48.2%) 256 (48.4%) 0.440

Alcohol 457 (41.6%) 233 (40.9%) 224 (42.3%)

HBV 50 (4.5%) 29 (5.1%) 21 (4.0%)

HCV 39 (3.6%) 18 (3.2%) 21 (4.0%)

Others 22 (2%) 15 (2.6%) 7 (1.3%)

BMI (kg/m2), mean � SD 25.9 � 3.7 26.4 � 3.8 25.4 � 3.6 <0.001

Laboratory parameters

Bilirubin (mg/dL), mean� SD 2.6 � 1.1 2.7 � 1.1 2.4 � 1.1 <0.001

Serum albumin (g/L),
mean � SD

2.9 � 0.6 2.9 � 0.5 3.0 � 0.6 <0.001

INR, mean � SD 1.9 � 0.5 2.0 � 0.5 1.8 � 0.5 <0.001

CTP class A/B/C, n (%) 243 (22.2%)/321 (29.2%)/534
(48.6%)

96 (16.9%)/151 (26.5%)/322
(56.6%)

147 (27.8%)/170 (32.1%)/212
(40.1%)

<0.001

CTP score, mean � SD 8.5 � 2.2 8.8 � 2.1 8.1 � 2.3 <0.001

Sleep parameters

PSQI variables, mean �SD

Subjective sleep quality 1.8 � 1.1 2.7 � 0.6 0.8 � 0.4 <0.001

Sleep latency 1.7 � 1.1 2.7 � 0.5 0.7 � 0.5 <0.001

Sleep duration 1.6 � 1.1 2.5 � 0.6 0.6 � 0.5 <0.001

Habitual sleep efficiency 1.4 � 1.2 2.3 � 0.8 0.3 � 0.5 <0.001

Sleep disturbances 1.2 � 1.2 2.2 � 0.9 0.2 � 0.4 <0.001

Sleeping medication 0.02 � 0.1 0.1 � 0.2 0.0 � 0.0 <0.001

Daytime dysfunction 0.5 � 0.5 0.6 � 0.6 0.4 � 0.4 <0.001

Total PSQI score [0–21] 8.3 � 5.4 13.1 � 2.9 3.1 � 0.8 <0.001

Day-time sleepiness score

ESS score (0–24),
mean � SD

9.8 � 4.7 11.9 � 5.1 7.7 � 2.9 <0.001

ESS >10, n (%) 489 (44.5%) 334 (58.7%) 155 (29.3%) <0.001

MHE and ammonia levels

CFF (Hz), mean � SD 36.3 � 5.0 33.8 � 5.5 38.9 � 2.5 <0.001

CFF < 39 Hz, n (%) 626 (57%) 371 (65.2%) 255 (48.2%) <0.001

Ammonia (mmol/L),
mean � SD

94.7 � 26.8 101.5 � 27.3 87.5 � 24.4 <0.001

Diurnal preference category, n(%)

Morning type 307 (28.0%) 94 (16.5%) 213 (40.3%) <0.001

Intermediate type 427 (38.9%) 216 (38.0%) 211 (39.9%)

Evening type 364 (33.2%) 259 (45.5%) 105 (19.8%)

Risk for OSA, n(%)

Low risk 826 (75.2%) 399 (70.1%) 468 (88.5%) <0.001

High risk 272 (24.8%) 170 (29.9%) 102 (19.3%)
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Table 1 (Continued )

Parameters Total (n = 1098) Poor Sleepers (PSQI score >5)
(n = 569)

Good Sleepers (PSQI score #5)
(n = 529)

P value

Concomitant medications, n(%)

Diuretics 135 (12.3%) 83 (14.6%) 52 (9.8%) 0.017

Beta-blockers 587 (53.5%) 336 (59.1%) 251 (47.4%) <0.001

Depression and anxiety scores

PHQ 9 score, mean � SD 11.3 � 6.5 14.3 � 6.9 8.0 � 4.0 <0.001

PHQ 9 score $10, n (%) 420 (38.3%) 358 (62.9%) 62 (11.7%) <0.001

GAD 7 score, mean � SD 9.1 � 5.4 11.2 � 5.9 6.8 � 3.9 <0.001

GAD 7 score $10, n (%) 374 (34.1%) 317 (55.7%) 57 (10.8%) <0.001

Quality of life score

CLDQ variables, mean�SD

Abdominal symptoms 4.7 � 1.9 3.3 � 1.6 6.3 � 0.7 <0.001

Activity 4.7 � 1.8 3.3 � 1.4 6.2 � 0.8 <0.001

Fatigue 4.5 � 1.9 2.9 � 1.5 6.1 � 0.8 <0.001

Emotional function 4.4 � 1.7 3.1 � 1.5 5.8 � 0.6 <0.001

Systemic symptoms 4.9 � 1.7 3.5 � 1.3 6.4 � 0.6 <0.001

Worry 4.7 � 1.8 3.5 � 1.7 6.0 � 0.7 <0.001

Total CLDQ score 4.7 � 1.7 3.3 � 1.3 6.1 � 0.5 <0.001

Abbreviations: NASH-Non-alcoholic steatohepatitis; HBV-Hepatitis B virus; HCV-Hepatitis C virus; BMI-Body mass index; INR-International normalized
ratio; CTP-Child turcotte pugh; PSQI-, Pittsburgh sleep quality index; ESS-Excessive day-time sleepiness;MHE-Minimal hepatic encephalopathy; CFF-Crit-
ical flicker frequency; OSA-Obstructive sleep apnea; PHQ-Patient health questionnaire; GAD-Generalized anxiety disorder; CLDQ-Chronic liver disease
questionnaire.
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had higher CTP scores andmore likely to have CTP class C;
had more minimal hepatic encephalopathy (MHE) and
higher venous ammonia levels; were more likely to be eve-
ning type; more likely to have higher body mass index
(BMI), and high risk for obstructive sleep apnea (OSA);
more often using diuretics and beta-blockers; more likely
to have major depression and generalized anxiety disorder;
significantly more impaired health-related quality of life
(HRQOL); and had higher ESS score; and more likely to
have EDS (Table 1).

Daytime sleepiness: EDS (ESS score >10) was seen in
489/1098 (44.5%) patients. There were no significant differ-
ences in age, gender and etiology of cirrhosis between pa-
tients with excessive EDS and those without (Table 2).

As compared to patients without EDS, patients with
EDS had higher CTP scores and more likely to have CTP
class C; hadmoreMHE and higher venous ammonia levels;
were more likely to be evening type; more likely to have
higher BMI, and high risk for OSA; more often using
beta-blockers; were more likely to have major depression,
and generalized anxiety disorder; significantly more
impaired HRQOL; and had higher PSQI score and were
more likely to have poor nighttime sleep (PSQI >5).

There was no significant difference as regards to diuretic
use between patients with and without EDS.
Journal of Clinical and Experimental Hepatology | July–August 2021 | Vol. 1
Correlation of venous ammonia levels, beta-
blocker doses, and diuretics doses with PSQI
score and ESS score
Correlation of venous ammonia levels, beta-blocker doses,
and diuretics doses with PSQI score and ESS score was as-
sessed in all the patients and patients with different etiol-
ogies (NASH and alcohol). The analysis was not done for
etiologies other than NASH and alcohol, as the number
of subjects with these etiologies (hepatitis B virus infection,
hepatitis C virus infection, others) were small.

There was a significant correlation between venous
ammonia levels and the PSQI score [Pearson correlation
coefficient (P value), 0.244 (P < 0.001) for all patients;
0.278 (P < 0.001) for NASH patients; 0.306 (P < 0.001)
for patients with alcohol as etiology of cirrhosis]. There
was also a significant correlation between venous ammonia
levels and the ESS score [Pearson correlation coefficient (P
value), 0.173 (P < 0.001) for all patients; 0.247 (P < 0.001)
for NASH patients; 0.172 (P < 0.001) for patients with
alcohol as etiology of cirrhosis].

Of 1098 patients, 587 (53.5%) were on beta-blockers;
340 (31.01%) were on carvedilol (mean � SD of dose,
13.4 � 4.4 mg) and 247 (22.5%) were on propranolol
(mean � SD of dose, 115.3 � 30.4 mg). There was no cor-
relation between the PSQI score and dose of beta-blockers
1 | No. 4 | 453–465 457



Table 2 Baseline Characteristics of Patients According to Daytime Sleepiness Status.

Parameters Excessive day time sleepiness present
(ESS score >10) (n = 489)

Excessive day time sleepiness absent
(ESS score #10) (n = 609)

P value

Demographic parameters

Age (years), mean � SD 48.2 � 10.8 48.3 � 10.3 0.838

Male sex, n (%) 442 (90.4%) 568 (93.3%) 0.093

Etiology of cirrhosis, n (%)

NASH 244 (49.9%) 286 (47.0%) 0.470

Alcohol 195 (39.9%) 262 (43.0%)

HBV 23 (4.7%) 27 (4.4%)

HCV 20 (4.1%) 19 (3.1%)

Others 7 (1.4%) 15 (2.5%)

BMI (kg/m2), mean � SD 26.6 � 3.8 25.4 � 3.5 <0.001

Laboratory parameters

Bilirubin (mg/dL), mean � SD 2.7 � 1.1 2.5 � 1.1 0.019

Serum albumin (g/L), mean � SD 2.9 � 0.5 2.9 � 0.6 0.024

INR, mean � SD 1.9 � 0.5 1.8 � 0.5 0.005

CTP class A/B/C, n (%) 86 (17.6%)/145 (29.7%)/258 (52.8%) 157 (25.8%)/176 (28.9%)/276 (45.3%) 0.003

CTP score, mean � SD 8.6 � 2.1 8.3 � 2.3 0.008

Sleep parameters

PSQI variables, mean �SD

Subjective sleep quality 2.1 � 0.9 1.5 � 1.0 <0.001

Sleep latency 2.0 � 1.0 1.4 � 1.1 <0.001

Sleep duration 1.9 � 1.0 1.4 � 1.0 <0.001

Habitual sleep efficiency 1.6 � 1.2 1.2 � 1.1 <0.001

Sleep disturbances 1.4 � 1.1 1.1 � 1.2 <0.001

Sleeping medication 0.02 � 0.1 0.02 � 0.1 0.196

Daytime dysfunction 0.8 � 0.6 0.2 � 0.4 <0.001

Total PSQI score [0–21] 10.0 � 5.3 6.8 � 5.1 <0.001

PSQI score >5 334 (68.3%) 235 (38.6%) <0.001

Day-time sleepiness score

ESS score (0–24), mean � SD 14.0 � 3.8 6.6 � 1.9 <0.001

MHE and ammonia levels

CFF (Hz), mean � SD 35.4 � 5.4 37.0 � 4.6 <0.001

CFF < 39 Hz, n (%) 298 (60.9%) 328 (53.9%) 0.020

Ammonia (mmol/L), mean � SD 99.7 � 26.6 90.8 � 26.4 <0.001

Diurnal preference category, n(%)

Morning type 104 (21.3%) 203 (33.3%) 0 < 0.001

Intermediate type 192 (39.3%) 235 (38.6%)

Evening type 193 (39.5%) 171 (28.1%)

Risk for OSA, n(%)

Low risk 293 (59.9%) 533 (87.5%) <0.001

High risk 196 (40.1%) 76 (12.5%)

Concomitant medications, n(%)

Diuretics 58 (11.9%) 77 (12.6%) 0.712

PREVALENCE OF AND FACTORS ASSOCIATED WITH SLEEP-WAKE KUMAR ET AL

458 © 2020 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.

Liver
cirrh

o
sis



Table 2 (Continued )

Parameters Excessive day time sleepiness present
(ESS score >10) (n = 489)

Excessive day time sleepiness absent
(ESS score #10) (n = 609)

P value

Beta-blockers 284 (58.1%) 303 (49.8%) 0.006

Depression and anxiety scores

PHQ 9 score, mean � SD 14.2 � 6.5 8.9 � 5.5 <0.001

PHQ 9 score $10, n (%) 324 (66.3%) 96 (15.8%) <0.001

GAD 7 score, mean � SD 12.1 � 5.6 6.5 � 3.8 <0.001

GAD 7 score $10, n (%) 311 (63.6%) 63 (10.3%) <0.001

Quality of life score

CLDQ variables, mean�SD

Abdominal symptoms 4.3 � 1.9 5.1 � 1.8 <0.001

Activity 4.2 � 1.8 5.1 � 1.8 <0.001

Fatigue 4.0 � 1.9 4.8 � 1.9 <0.001

Emotional function 4.0 � 1.8 4.7 � 1.7 <0.001

Systemic symptoms 4.4 � 1.7 5.2 � 1.7 <0.001

Worry 4.2 � 1.9 5.1 � 1.7 <0.001

Total CLDQ score 4.2 � 1.7 5.0 � 1.6 <0.001

Abbreviations: NASH-Non-alcoholic steatohepatitis; HBV-Hepatitis B virus; HCV-Hepatitis C virus; BMI- Body mass index; INR- International normalized
ratio; CTP-Child turcotte pugh; PSQI-, Pittsburgh sleep quality index; ESS- Excessive day-time sleepiness; MHE- Minimal hepatic encephalopathy; CFF-
Critical flicker frequency; OSA- Obstructive sleep apnea; PHQ- Patient health questionnaire; GAD- Generalized anxiety disorder; CLDQ- Chronic liver dis-
ease questionnaire.
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[Pearson correlation coefficient (P value) for carvedilol,
0.030 (P = 0.581) for all patients, �0.057 (P = 0.472 for
NASH patients; 0.130 (P = 0.123) for patients with alcohol
as etiology of cirrhosis; for propranolol, 0.019 (P = 0.770),
for all patients, �0.023 (P = 0.804) for NASH patients;
0.048 (P = 0.643) for patients with alcohol as etiology of
cirrhosis]. Similarly, there was no correlation between the
ESS score and dose of beta-blockers [Pearson correlation
coefficient (P value) for carvedilol, 0.093 (P = 0.086 for all
patients, 0.067 (P = 0.394) for NASH patients; 0.118
(P = 0.161) for patients with alcohol as etiology of cirrhosis;
for propranolol, �0.0333 (P = 0.610) for all patients,
�0.006 (P = 0.951) for NASH patients; �0.009
(P = 0.928) for patients with alcohol as etiology of
cirrhosis].

Of 1098 patients, 135 (12.3%) were on diuretics; 20
(1.8%) on aldosterone antagonists and 115 (10.5%)
were additionally on loop diuretics also (mean � SD
of spironolactone equivalent dose, 168.4 � 80.9 mg
and furosemide equivalent dose, 72.6 � 39.2 mg). Dose
equivalencies for aldosterone antagonists used were
amiloride–spironolactone 3.3 to 1, and for loop diuretics
were torsemide-furosemide 4 to 1. There was significant
correlation between the PSQI score and dose of diuretics
[Pearson correlation coefficient (P value) for aldosterone
antagonists, 0.664 (P < 0.001) for all patients, 0.953
Journal of Clinical and Experimental Hepatology | July–August 2021 | Vol. 1
(P < 0.001 for NASH patients; 0.708 (P < 0.001 for pa-
tients with alcohol as etiology of cirrhosis; for loop di-
uretics, 0.714 (P < 0.001), for all patients, 0.617
(P < 0.001) for NASH patients; 0.743 (P < 0.001) for pa-
tients with alcohol as etiology of cirrhosis]. However,
there was no correlation between the ESS score and
dose of diuretics [Pearson correlation coefficient (P
value) for aldosterone antagonists, 0.165 (P = 0.078 for
all patients, 0.119 (P = 0.378) for NASH patients;
�0.033 (P = 0.606) for patients with alcohol as etiology
of cirrhosis; for loop diuretics, 0.173 (P = 0.063) for all
patients, �0.089 (P = 0.540) for NASH patients; 0.051
(P = 0.935) for patients with alcohol as etiology of
cirrhosis].

Analysis of factors associated with poor
nighttime sleep (Pittsburgh Sleep Quality Index
score >5)
The factors assessed for association with poor nighttime
sleep and excessive daytime sleepiness were Child Turcotte
Pugh (CTP) class, presence of minimal hepatic encephalop-
athy (MHE), diurnal preference category, risk for obstruc-
tive sleep apnea (OSA), diuretics use, beta-blockers use,
presence of major depression, presence of generalized anx-
iety disorder, presence of Excessive daytime sleepiness
(EDS). Chronic liver disease questionnaire (CLDQ) was
1 | No. 4 | 453–465 459



Table 3 Analysis of Factors Associated With Poor Sleepers (PSQI Score >5).

Parameters Univariate analysis OR (95% CI),
P value

Adjusted univariate analysisa OR (95% CI),
P value

Multivariate analysis OR (95% CI),
P value

Child-Turcotte-Pugh Class

A 1 1

B 1.360 (0.970–1.907), P = 0.074 – 1.040 (0.658–1.644), P = 0.865

C 2.326 (1.706–3.172), P < 0.001 2.158 (1.431–3.255), P < 0.001

Minimal hepatic encephalopathy

No 1 1

Yes 2.013 (1.580–2.566), P < 0.001 – 1.658 (1.211–2.271), P = 0002

Diurnal preference category

Morning type 1 1 1

Intermediate type 2.320 (1.705–3.156), P < 0.001 2.267 (1.654–3.105), P < 001 2.751 (1.855–4.078), P < 0.001

Evening type 5.589 (4.010–7.791), P < 0.001 5.383 (3.835–7.557), P < 0.001 5.851 (3.864–8.861), P < 0.001

Risk for OSA

Low risk 1 1 1

High risk 1.784 (1.347–2.362), P < 0.001 1.959 (1.463–2.622), P < 0.001 2.400 (1.489–3.866), P < 0.001

Diuretics use

No 1 1 1

Yes 1.567 (1.083–2.266), P = 0.017 1.304 (0.890–1.912), P = 0.174 2.129 (1.344–3.371), P = 0.001

Beta blocker use

No 1 1 1

Yes 1.597 (1.258–2.028), P < 0.001 1.114 (0.829–1.498), P = 0.474 1.204 (0.821–1.767), P = 0.341

Major depression

No 1 1 1

Yes 12.780 (9.328–17.509), P < 0.001 14.644 (10.487–20.448),P < 0.001 11.437 (7.039–18.584), P < 0.001

Generalized anxiety disorder

No 1 1 1

Yes 10.417 (7.558–14.356), P < 0.001 10.176 (7.740–15.002), P < 0.001 2.977 (1.823–4.861), P < 0.001

Excessive daytime sleepiness

No 1 1 1

Yes 3.429 (2.669–4.407),P < 0.001 3.314 (2.564–4.283), P < 0.001 0.752 (0.518–1.091), P = 0.133

Abbreviations: OSA- Obstructive sleep apnea.
aAdjusted for Child-Turcotte-Pugh Class and Minimal hepatic encephalopathy status.
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not included as a factor in analysis, as poor quality of life is
a consequence of, rather than contributing to, the sleep-
wake disturbances. Table 3 shows univariate analysis,
adjusted univariate analysis (adjusted for Child-Turcotte-
Pugh Class and MHE status) and multivariate analysis.

On multivariate analysis, factors associated with poor
nighttime sleep (PSQI > 5) were CTP class C (vs. class A),
presence of MHE, intermediate or evening type of diurnal
preference category (vs. morning type), patients with high
risk for OSA, diuretics use, presence of major depression,
460 © 2020 Indian National Associa
and presence of generalized anxiety disorder. Beta-
blocker use and EDS were not associated with poor sleep
on multivariate analysis (Table 3).

Supplementary table 1shows analysis of factors predic-
tive of poor nighttime sleep for the two most common eti-
ologies of cirrhosis (NASH and alcohol) and found results
that were similar to the combined analysis. The analysis
was not done for other etiologies as the number of subjects
with these etiologies (hepatitis B virus infection, hepatitis
C virus infection, others) was small.
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Table 4 Analysis of Factors Associated With Excessive day Time sleepiness (ESS Score >10).

Parameters Univariate analysis OR (95% CI)
P value

Adjusted univariate analysisa OR (95% CI)
P value

Multivariate analysis OR (95% CI)
P value

Child-Turcotte-Pugh Class

A 1 – 1

B 1.504 (1.068–2.119), P = 0.020 1.904 (1.224–2.960), P = 0.004

C 1.707 (1.248–2.334), P = 0.001 2.126 (1.414–3.198), P < 0.001

Minimal hepatic encephalopathy

No 1 – 1

Yes 1.337 (1.050–1.702), P = 0.019 0.987 (0.725–1.344), P = 0.932

Diurnal preference category

Morning type 1 1 1

Intermediate type 1.595 (1.177–2.161), P = 0.003 1.552 (1.144–2.107), P = 0.005 1.563 (1.076–2.271), P = 0.019

Evening type 2.203 (1.610–3.014), P < 0.001 2.117 (1.544–2.904), P < 0.001 1.618 (1.014–2.393), P = 0.016

Risk for OSA

Low risk 1 1 1

High risk 4.691 (3.473–6.338), P < 0.001 5.205 (3.814–7.102),P < 0.001 2.110 (1.437–3.101), P < 0.001

Diuretics use

No 1 1 1

Yes 10.930 (0.646–1.338), P = 0.695 0.822 (0.566–1.192), P = 0.301 1.021 (0.675–1.213), P = 0.543

Beta blocker use

No 1 1 1

Yes 1.399 (1.101–1.778), P = 0.006 1.226 (0.915–1.644), P = 0.172 1.352 (0.941–1.945), P = 0.103

Major depression

No 1 1 1

Yes 10.493 (7.827–13.988). P < 0.001 10.799 (8.054–14.480), P < 0.001 2.749 (1.843–4.100), P < 0.001

Generalized anxiety disorder

No 1 1 1

Yes 15.142 (11.003–20.838), P < 0.001 15.979 (11.511–22.181), P < 0.001 6.055 (3.941–9.303), P < 0.001

Sleep status

Good sleeper 1 1 1

Poor sleeper 3.429 (2.669–4.407), P < 0.001 3.314 (2.565–4.284), P < 0.001 0.821 (0.564–1.193),P = 0.300

Abbreviations: OSA- Obstructive sleep apnea.
aAdjusted for Child-Turcotte-Pugh Class and Minimal hepatic encephalopathy status.
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Analysis of factors associated with excessive
daytime sleepiness (ESS score >10)
Table 4 shows univariate analysis, adjusted univariate anal-
ysis (adjusted for Child-Turcotte-Pugh Class andMHE sta-
tus) and multivariate analysis of factors associated with
excessive daytime sleepiness.

On multivariate analysis, factors associated with EDS
were CTP class B and C (vs. class A), intermediate or eve-
ning type of diurnal preference category (vs. morning
type), patients with high risk for OSA, presence of major
depression, and presence of generalized anxiety disorder.
Journal of Clinical and Experimental Hepatology | July–August 2021 | Vol. 1
Presence of MHE, diuretics use, beta-blocker use, and
poor nighttime sleep were not associated with excessive
daytime sleepiness on multivariate analysis (Table 4).

Supplementary Table 2 shows analysis of factors predic-
tive of EDS for the two most common etiologies of
cirrhosis (NASH and alcohol) and found results that
were similar to the combined analysis.
DISCUSSION

In this study on patients with cirrhosis,65.9% had sleep-
wake disturbances [51.8%, poor nighttime sleep and
1 | No. 4 | 453–465 461
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44.5%, EDS]. Previous studies have found sleep-wake dis-
turbances in 47%–69%1,2 of patients with cirrhosis, with
26%–67%3–6 complaining of poor nighttime sleep and
18.5%–38%3–6 having EDS. The likely reasons for the
variations in the reported prevalence of sleep-wake distur-
bances reported in various studies include, heterogeneity
of the assessment tools used, differences in the studies
population characteristics (e.g differences in the severity
of cirrhosis and proportion of patients with history of
overt HE or MHE).

Prevalence of MHE varies between 22% and 74% in pa-
tients with cirrhosis, depending on the inclusion criteria
and the diagnostic cut-offs used the study.21 In the previ-
ous study from our Institute in 91 patients with cirrhosis
(patients with previous history of or currently in hepatic
encephalopathy were excluded), MHE was seen in 53
(58.2%) patients (7/18, 39% in CTP-A; 32/54, 59% in
CTP-B and 14/19, 74% in Child CTP-C patients).22 Simi-
larly another Indian study from another tertiary care center
in 100 patients with cirrhosis (patients with history of or
the presence of overt HE were excluded) also found MHE
in 46% of patients (18/53, 33.9% in CTP-A; 19/34, 55.8%
in CTP-B and 9/13,69.2% in CTP-C patients).5 The high
prevalence of MHE in our study (among patients with
cirrhosis without prior history of HE) could be due to
higher number of patients with CTP-C (48.6%) and CTP-
B (29.2%) as compared to CTP-A (22.2%). This may be
due to referral bias with more sick patients getting referred
to our institute. The high prevalence of MHE in our cohort
of patients with cirrhosis encephalopathy could have
added to the observation of higher sleep disturbances.

The prevalence of poor nighttime sleep and excessive
daytime sleepiness in patients with cirrhosis are much
higher as compared to the general population in India.
There have been a few studies on prevalence of poor night-
time sleep and EDS in the general population in India.
Prevalence of poor nighttime sleep in general population
has been reported from 6.2% to 15.4%23–25 One study
reported EDS prevalence of 0.2% in general population.24

Sleep-wake disturbances amongst patients with
cirrhosis are due to abnormalities in both circadian
sleep-wake regulation and homeostatic sleep-wake regula-
tion. Abnormalities in circadian sleep-wake regulation
include delayed clearance of melatonin (resulting in high
daytime melatonin levels,26 low urinary 6-sulfatoxymelato-
nin (aMT6s),27 reduced overnight melatonin clearance28)
and delays the start of the nocturnal rise of melatonin
and the time to peak melatonin levels at night.26 These ab-
normalities in circadian rhythm are due to central circa-
dian dysfunction.28 The delayed sleep phase syndrome
(DSPS), characterized by evening preference, delayed sleep
habits, impaired sleep quality, and delayed circadian
rhythms, is a common feature in patients with cirrhosis.28

Abnormalities in homeostatic sleep-wake regulation
include HE/hyperammonemia related compromised ho-
462 © 2020 Indian National Associa
meostatic build-up of sleep pressure,29 and decreased den-
sity of the adenosine receptor A1AR in cortical and
subcortical regions of the brain of patients with cirrhosis.30

EDSmay be attributable to a dysfunction of the neural cir-
cuits responsible for the maintenance of wakefulness. Hy-
perammonemia reduces serotonin and noradrenaline
levels in the central nervous system and leads to low alert-
ness and attention-associated problems, including
EDS.31,32

In this study, excessive daytime sleepiness was not asso-
ciated with poor nighttime sleep on multivariate analysis.
There is confusing evidence of a direct relationship be-
tween nighttime sleep disturbance and excessive daytime
sleepiness in patients with cirrhosis, with study by Monta-
gnese et al. finding no significant association between
excessive daytime somnolence and disturbed nighttime
sleep,4 while other studies finding significant correlation
between excessive daytime somnolence and disturbed
nighttime sleep.6,8 Poor nighttime sleep and EDS in pa-
tients with cirrhosis, may be different disease processes
altogether.

We found that, onmultivariate analysis, CTP class C (vs.
class A) was associated with poor nighttime sleep, and CTP
class B and C (vs. class A) was associated with EDS. Some
previous studies have found significant association of
CTP score with poor nighttime sleep,4 whereas others
have not found any association of CTP with either poor
nighttime1,3 sleep or EDS.3,4,6 Poor night time sleep has
been related to melatonin metabolism disturbances. The
delay in the timing of melatonin/aMT6s peaks are corre-
lated to the degree of hepatic failure.28,33 Also, in decom-
pensated cirrhosis, sympathetic/parasympathetic
imbalance affects the autonomic transmission of the su-
prachiasmatic nuclei signal to the periphery; the vascular
mechanisms involved in sleep onset are affected by hyper-
dynamic circulation, peripheral vasodilatation, and loss of
temperature regulation; and reduced/blunted response to
exercise cues occur due to sarcopenia. 31 Although poor
sleep is related to melatonin metabolism, EDS seems to
be related to degree of HE (and not to disturbances in
melatonin metabolism).28 In a study of 106 patients with
cirrhosis, it has been found that patients complaining of
EDS had slower EEGs than those without EDS. Also, the
absence of EDS had a 92% negative predictive value for
HE-related hospitalizations during an 8-month follow-up
period.34 Since the degree of HE/MHE correlates with
the CTP scores, it might explain the correlation of EDS
with CTP class B and C in our study.

In this study, on multivariate analysis, intermediate or
evening type of diurnal preference category (vs. morning
type) was associated with poor nighttime sleep, and EDS.
patients with cirrhosis with sleep disturbance have signifi-
cant delay of the nocturnal period of rest and significantly
higher morningness/eveningness score than those with
normal sleep.1 Another study found that patients with
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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cirrhosis with total PSQI scores $11 were significantly
more likely to be moderate/definite evening chronotypes
(22 vs. 4%; P = 0.03).4 In patients with cirrhosis, the delay
in hepatic metabolism of melatonin may exacerbate the
DSPS. 33

This study (which did not include patients with history
of or current overt HE) found that onmultivariate analysis,
presence of MHE was associated with poor sleep, but not
with EDS. Some experimental animal studies support the
association of sleep-wake abnormalities with HE.35

Regarding human studies, some studies have found no as-
sociation between MHE and poor nighttime sleep1,2,4 and
EDS,4 whereas others have found significant association
between MHE and poor nighttime sleep3,5 and EDS.3,5 In
a study, induced hyperammonemia resulted in increased
subjective sleepiness in patients with cirrhosis as well as
matched controls, which were correlated with blood
ammonia levels. However, in healthy controls, the sleep
was longer and deeper; where as in patients with cirrhosis,
the sleep was more superficial (indicating difficulty in pro-
ducing restorative sleep in patients with cirrhosis).29 This
highlights ammonia to be an important contributor for
sleep disturbance among patients with cirrhosis. Neuroin-
flammation can also contribute to sleep-wake abnormal-
ities in cirrhosis. 35 Ammonia and proinflammatory
cytokines may act synergistically to produce sleep-wake ab-
normalities as well as cognitive alterations in MHE. On the
other hand, hyperammonemia is associated with both
increasing Child-Pugh grade of liver cirrhosis and hepatic
encephalopathy36 and proinflammatory cytokines are
also related to severity of cirrhosis.37

In our study, on multivariate analysis, high risk for OSA
(vs. low risk) was associated with poor nighttime sleep, and
excessive daytime sleepiness. Another study amongst pa-
tients with cirrhosis without overt HE, found that high
risk of OSA was equally frequent among patients with
cirrhosis with and without insomnia. Patients having
both EDS and high risk OSA were more frequent among
patients with cirrhosis with insomnia vs those without
insomnia. High risk of OSA was associated with EDS
(EDS was related to neck size and neck size was related
to high risk OSA].6 The contribution of OSA to sleep dis-
turbances can be important in patients with cirrhosis,
given the increasing prevalence of obesity. Besides obesity,
OSA might also be considered as a complication in
cirrhosis per se (edema of the pharyngeal and laryngeal
soft tissues with fluid retention could increase the collaps-
ibility of the upper airways).38

This study also found that on multivariate analysis, di-
uretics use was associated with poor sleep, but not with
excessive daytime sleepiness. Nocturia associated with
diuretic administration can lead to sleep fragmentation.

In this study, we found that on multivariate analysis,
generalized anxiety disorder and major depression were
Journal of Clinical and Experimental Hepatology | July–August 2021 | Vol. 1
associated with both poor nighttime sleep, and EDS. Anx-
iety and depression questionnaire scores are significantly
higher among patients with cirrhosis with unsatisfactory
sleep.1,2 Unrecognised depression or anxiety may lead to
disturbed sleep–wake patterns in patients with cirrhosis;
and disturbed sleep-wake patterns may themselves lead
to these psychological problems.

Our study found that, poor night time sleepers (as
compared to good sleepers) and patients with EDS (as
compared to those without EDS) had significantly more
impaired HRQOL. Multiple studies have found that
impaired HRQOL is associated with poor night-time
sleep4,5,39–41 and EDS.4,5,40,41 Poor HRQOL is associated
with chronic insomnia in otherwise healthy individuals
also, and patients with chronic sleep disturbances have
occupational maladjustment, physical and social role mal-
functioning, and poor mental health.42 Additionally, EDS
also impairs HRQOL, even in the absence of significant
night-time sleep disturbance.43

There are a few limitations to our study. This study
did not dwell into mechanistic basis of sleep distur-
bances among patients with cirrhosis. Most of the sub-
jects in this study were male (92%). This may be
important as men and women differ somewhat in the
phenotype of sleep problems. As compared to men,
women have better sleep quality (i.e. shorter sleep-
onset latency, longer total sleep time and higher sleep ef-
ficiency). But, women do have more sleep-related com-
plaints as compared to men.44 This study may
represent a select group of patients with cirrhosis with
advanced liver disease as, only 243 (22.2%) cases in this
study were CTP-A. Hence the results may not be repre-
sentative of findings in patients with compensated
cirrhosis. This may reflect the referral bias of our insti-
tute. Patients with HBV as the etiology of cirrhosis
were small in number in this study (4.5% of all patients).
One recent study has shown that the disturbed sleep in
patients with hepatitis B liver cirrhosis causes symptoms
of anxiety. Thus, the evaluation of sleep quality and anx-
iety in patients with hepatitis B liver cirrhosis are impor-
tant.45 Recently, muscle cramps, a common problem in
patients with cirrhosis, has been shown to indepen-
dently and negatively impact the quality of life and
sleep.46 However our study did not assess the impact
of muscle cramps on sleep problems. Melatonin levels
were not assessed in this study. Also the impact of social
status and occupation on sleep pattern was not studied
in the study.

In conclusion, sleep-wake abnormalities are common
in patients with cirrhosis. CTP status, diurnal preference
chronotype, risk of OSA, major depression and GAD are
associated with both poor nighttime sleep and EDS.
MHE and diuretic use are associated with poor night-
time sleep, but not with EDS.
1 | No. 4 | 453–465 463
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