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As long-term survival after liver transplantation (LT) continues to 
improve, there has been greater focus on issues related to health-

related quality of life (HRQoL) (1-4). Sleep disturbance in patients 
with cirrhosis has a clear negative impact on HRQoL (5,6) and even 
survival (7). However, it is uncertain how sleep parameters are affected 
following LT. 

Prevalence of sleep disturbance in cirrhotic patients without hep-
atic encephalopathy has been reported to be as high as 47.7% (8). The 
mechanisms of sleep disturbance in cirrhotic patients are not well 
elucidated, but appear temporally related to the liver disease itself (8).
The absence of circadian oscillation in plasma melatonin results in a 
lack of synchronicity between internal and social rhythms (9). A case 
report involving a patient with hepatitis C cirrhosis attested to this 
lack of melatonin oscillation pretransplant, with full restoration of 
circadian rhythm following LT (10). One would assume that restora-
tion of circadian rhythms would enhance sleep quality after LT. Three 

studies measuring HRQoL in the post-LT period, although not directly 
focusing on sleep disturbance itself, found inconsistent results. One 
reported sleep as the most common problem in post-LT patients (45%) 
(11), a second found sleep quality improved back to the level of the 
general population (12) and a third (13) suggested less sleep disturb-
ance, although impairments that remained in excess of 20% relative to 
the individual’s premorbid status. 

We performed a retrospective observational study to determine the 
prevalence and risk factors for sleep disturbance before and after LT in 
long-term survivors (>6 months). We hypothesized that patients with 
hepatitis C virus (HCV) infection, which is universally recurrent fol-
lowing LT, would sleep less well than those whose liver disease did not 
recur. The primary outcome of our study was overall self-reported sleep 
satisfaction; the secondary outcomes were sleep latency (time required 
to fall asleep) and total sleep duration.
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Background: Patients with cirrhosis are known to experience sleep 
disturbance, which negatively impacts health-related quality of life. 
OBJECTIVE: To assess the prevalence and predictors of sleep distur-
bance before and after liver transplantation (LT).
Methods: Both pre- and post-LT patients were administered the 
Basic Nordic Sleep Questionnaire. The primary outcome was overall 
sleep satisfaction; the secondary outcomes were sleep latency and sleep 
duration.
Results: Eighty-three patients participated pre-LT and 273 post-LT. 
Overall, participants having completed both pre- and post-LT ques-
tionnaires reported satisfactory sleep 61% of the time before LT and 
65% of the time after LT. However, on review of all questionnaires, 
patients with alcoholic liver disease (ETOH) experienced dramati-
cally less sleep disturbance (OR 0.13 [95% CI 0.03 to 0.60]) post-LT, 
whereas those with hepatitis C remained without improvement (OR 
0.90 [95% CI [0.38 to 2.15]). On logistic regression, patients with 
ETOH had statistically less sleep satisfaction pre-LT (OR 5.8 [95% CI 
1.0 to 40.5]) and significantly better sleep satisfaction post-LT (OR 0.50 
[95% CI 0.20 to 1.00]) compared with those with hepatitis C. In addi-
tion, both ETOH and other conditions had significantly better sleep 
latency than hepatitis C patients.
Conclusions: Sleep parameters for patients who undergo LT for 
hepatitis C do not improve following LT as much as they do in patients 
transplanted for ETOH. Following LT, patients transplanted for 
ETOH are significantly more satisfied with their sleep than those 
transplanted for hepatitis C. Physicians should address and manage 
sleep quality after LT, so as to ultimately improve quality of life.

Key Words: Sleep; Liver transplant; Hepatitis C; BNSQ (Basic Nordic 
Sleep Questionnaire)

La prévalence et les prédicteurs des troubles du 
sommeil chez les survivants d’une transplantation 
hépatique de longue date

HISTORIQUE : Les patients atteints de cirrhose se caractérisent par 
des troubles du sommeil qui nuisent à leur qualité de vie liée à la santé. 
OBJECTIF : Évaluer la prévalence et les prédicteurs de troubles du som-
meil avant et après une transplantation hépatique (TH).
MÉTHODOLOGIE : Des patients ont participé au questionnaire de 
base sur le sommeil dans les pays nordiques avant ou après une TH. La 
satisfaction générale vis-à-vis du sommeil était le résultat principal, tan-
dis que le délai d’endormissement et la durée du sommeil étaient les 
résultats secondaires.
RÉSULTATS : Quatre-vingt-trois patients ont participé au question-
naire avant la TH et 273, après la TH. Dans l’ensemble, les participants 
qui avaient rempli les deux questionnaires ont déclaré avoir un sommeil 
satisfaisant 61 % du temps avant la TH et 65 % du temps après la TH. 
Cependant, à l’analyse de tous les questionnaires, les patients atteints 
d’une stéatose hépatique non alcoolique (ETOH) éprouvaient beaucoup 
moins de troubles du sommeil (RC 0,13 [95 % IC 0,03 à 0,60]) après la 
TH, tandis que le sommeil de ceux qui étaient atteints d’hépatite C ne 
s’améliorait pas (RC 0,90 [95 % IC [0,38 à 2,15]). À la régression logis-
tique, les patients atteints d’ETOH étaient statistiquement moins satis-
faits vis-à-vis de leur sommeil avant la TH (RC 5,8 [95 % IC 1,0 à 
40,5]) et beaucoup plus satisfaits vis-à-vis de leur sommeil après la TH 
(RC 0,50 [95 % IC 0,20 à 1,00]) que ceux qui étaient atteints d’hépatite C. 
De plus, tant l’ETOH que les autres problèmes de santé s’associaient à 
une réduction considérable du délai d’endormissement par rapport aux 
patients atteints d’hépatite C.
CONCLUSIONS : Les paramètres du sommeil chez les patients qui 
subissent une TH en raison de l’hépatite C ne s’améliorent pas autant 
après la TH que chez les patients greffés en raison de l’ETOH. Après la 
TH, les patients greffés en raison de l’ETOH sont considérablement plus 
satisfaits de leur sommeil que ceux greffés en raison de l’hépatite C. Les 
médecins devraient évaluer et prendre en charge la qualité du sommeil 
après la TH afin de finir par améliorer la qualité de vie.
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Methods
All patients seen at the outpatient LT clinic of the McGill University 
Health Centre (Montreal, Quebec), between July 1998 and December 
2012 were invited to participate in the present study. Patients were 
administered the Basic Nordic Sleep Questionnaire (BNSQ) (14) at 
each outpatient visit pre-LT and every follow-up visit post-LT 
(Appendix 1 [go to www.pulsus.com]). Not all patients completed 
questionnaires at each visit because they had the right to refuse at any 
time. For pre-LT questionnaires, the survey completed closest to trans-
plant was chosen. If a patient was already transplanted when first 
approached for the study, only post-LT questionnaires existed. The 
questionnaire furthest away from LT was chosen as being the most 
representative of the patient’s post-LT sleep health.

The BNSQ is a quantitative measure of subjective sleep com-
plaints, and has been validated in several studies (14-20). Three items 
from this questionnaire have been shown to most closely correlate 
with objective sleep polysomnography (21,22) and were, therefore, 
included in the analysis:
•	 Overall sleep satisfaction (binary: yes, no)
•	 Sleep latency (binary: time to fall asleep ≥30 min; yes, no)
•	 Sleep duration (binary: total sleep duration ≥6 h; yes, no)

Patients were classified into three categories based on their liver 
disease: HCV, alcoholic (ETOH) and other. Demographic and clinical 
characteristics, such as age, sex, body mass index (BMI) and Model for 
End-stage Liver Disease (MELD) scores, were obtained. MELD scores 
were calculated based on laboratory data immediately pre-LT. The 
number of postoperative days spent in hospital was also included as a 
surrogate for perioperative complications at LT. At the time of each 
questionnaire, information regarding all medication use, including 
sleep aids, was recorded. Sleep aids included all benzodiazepines, such 
as lorazepam and diazepam, as well as quetiapine. The generic as well 
as pharmaceutical names were used to interrogate the transplant data-
base as to the use of these sleep aids.

The present study was approved by the Institutional Review Board 
at the McGill University Health Centre, Montreal, Quebec.

Statistical analysis
Demographic and clinical characteristics such as sex, age, and bili-
rubin levels were summarized using descriptive statistics (medians and 
ranges for continuous covariates, proportions for binary covariates). 
Subject information was summarized by selecting the visit closest to 
the time of LT in the pre- and postoperative period, so that at most one 
visit per patient was included in each of the pre-LT and post-LT sum-
mary of characteristics.

The analyses were performed using a linear or a logistic regression 
model (multivariable analysis). To make use of all the information, the 
missing data were imputed using the MICE package in R and the 
analyses are based on 25 imputations. Because the analysis was 
exploratory in nature, all tests of association were performed at the 
0.05 level of significance.

Results
Patient characteristics 
A total of 83 patients participated before LT (32 HCV, nine ETOH, 
42 other). The ‘other’ category included patients with cirrhosis second-
ary to hepatitis B (n=4), nonalcoholic steatohepatitis or cryptogenic 
cirrhosis (n=18), primary biliary cirrhosis (n=5), primary sclerosing 
cholangitis (n=9), autoimmune hepatitis (n=2), polycystic liver disease 
(n=2) and acute liver failure due to thrombosed hepatic artery (n=2). 
Their demographic characteristics are listed in Table 1. There was a 
significantly greater percentage of men among patients with ETOH 
(89.9%) than among patients with HCV (75%) or other liver diseases 
(52%). HCV patients used more sleep aids than those with ETOH or 
other chronic liver diseases (12.5% versus 0% and 4.8%, respectively). 
No patients completed a questionnaire before repeat transplant.

A total of 273 patients participated following LT (73 HCV, 53 ETOH, 
147 other). The ‘other’ category included patients with cirrhosis secondary 

to hepatitis B (n=35), nonalcoholic steatohepatitis or cryptogenic 
cirrhosis (n=48), hemochromatosis (n=6), primary biliary cirrhosis 
(n=21), primary sclerosing cholangitis (n=24), Wilson disease (n=3), 
autoimmune hepatitis (n=3), polycystic liver disease (n=1), acute liver 
failure due to thrombosed hepatic artery (n=3), Caroli disease (n=1), 
drug-induced liver failure (n=1) and alpha-1-antitrypsin deficiency 
(n=1). Again, individuals with ETOH tended to be male (86.8%) 
compared with HCV (76.7%) or other (67.3%). All groups of patients 
used sleep aids to a similar extent. There was no difference in median 
MELD score at the time of transplant. All groups of patients stayed in 
hospital for a similar median number of postoperative days. 

Sleep satisfaction pre-LT and post-LT 
When examining the 57 patients with both pre-LT and post-LT question-
naires completed, 61% pre-LT patients reported satisfactory sleep experi-
ence in the past month versus 65% in the post-LT period (OR 1.17 [95% 
CI 0.53 to 2.56]). Participants reported taking ≥30 min to fall asleep 36% 
of the time before and 25% after LT, respectively (OR 0.60 [95% CI 0.35 
to 1.01]). Patients reported staying asleep for ≤6 h 45% of the time before 
and 34% after LT, respectively (OR 0.65 [95% CI 0.39 to 1.08]). 

All questionnaires completed pre-LT and post-LT across types of 
liver disease were then evaluated, using at most one preoperative and 
one postoperative measure per person. The ETOH group improved 
dramatically from most sleep disturbance pre-LT (66.7%) to least sleep 
disturbance post-LT (20.7%, OR 0.13 [95% CI 0.03 to 0.60]). HCV 
patients experienced no improvement in sleep disturbance, with 40% 
reporting sleep disturbance pre-LT and 38.4% post-LT (OR 0.90 [95% 
CI 0.38 to 2.15]). Similarly, patients with other types of liver disease 
had no differences in reported sleep disturbance pre-LT at 33.1% ver-
sus post-LT (27.2%, OR 0.74 [95% CI 0.35 to 1.57]). 

Those with HCV had sleep latency of 47.8 min pre-LT and 37.1 min 
post-LT. Sleep duration was 6.9 h and 6.95 h pre-LT and post-LT, 
respectively. Patients with ETOH had the shortest sleep latency 

Table 1
Demographic characteristics of pre- and post-transplant 
patients 

Characteristic
Liver transplant indication

Hepatitis C Alcoholic Other 
Pretransplant
n 32 9 42
Age, years 55.25 (28.9–66.7) 58.20 (40.9–64.0) 58.55 (23.3–71.6)
Male sex, % 75 89.9 52.4
Using sleep aid, % 12.5 0 4.76
Days before  

transplant 
122 (1–2659) 71 (14–947) 138 (3–2660)

Post-transplant
n 73 53 147
Age, years 55.1 (37.7–74.0) 57.2 (42.3–70.8) 57.8(18.0–73.1)
Male sex, % 76.7 86.8 67.3
Second transplant, % 9.5 1.8 12.9
Using sleep aid, % 15 16.9 13.6
MELD score 20 (10–34) 20 (8–38) 20 (6–62)
Days in hospital stay 

post-transplant
20 (6–81) 20 (8–141) 21 (7–376)

Total days in hospital 
stay

26 (6–140) 30 (9–234) 30 (7–376)

Days since transplant 868 (31–5892) 1510 (56–6263) 1427 (19–6738)

Data presented as median (range) unless otherwise indicated. Sleep out-
comes (%) according to patient type, before and after surgery: information 
from the visit nearest to time of transplant before surgery and nearest to (but 
no less than) six months after surgery (at most one measure per person in 
each of the pre- and postoperative periods). MELD Model for End-stage 
Liver Disease
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pre-LT (21.1 min) and 26.3 min post-LT, while mean sleep duration 
was 6.8 h pre-LT and 7.4 h post-LT. 

Predictors of sleep parameters (Tables 2 and 3)
Logistic regression modelling was performed using, at most, one pre-
operative and one postoperative measure per person.
Pre-LT: Pre-LT patients with ETOH were significantly less likely to 
report satisfactory sleep than those with HCV (OR 5.8 [95% CI 1.0 to 
40.5]). Patients with HCV trended toward poor sleep satisfaction, as 
well as worse sleep latency and duration compared with both ETOH 
and other. Pre-LT patients with stage 3 encephalopathy took 119 min 
(95% CI 29.3 min to 210.3 min) longer than those with stage 1 
encephalopathy to fall asleep. 
Post-LT: Post-LT patients who underwent LT for ETOH slept much 
better than those transplanted for HCV, with statistically significant 
less sleep disturbance (OR 0.50 [95% CI 0.20 to 1.00]).

Both ETOH and other patients had significantly less sleep latency 
than HCV patients (OR 0.4 [95% CI 0.2 to 0.9] and OR 0.5 [95% CI 
0.2 to 0.9], respectively) (22). 

Discussion
In the present retrospective study, we used a validated questionnaire 
(21-23) to evaluate sleep quality before and after LT. Sleep disturbance 
significantly affects quality of life, and is known to be prevalent in up 
to 48% of patients with advanced liver disease (7). This is postulated 
to be due to disrupted circadian rhythms in cirrhotic patients, caused 
by constantly elevated melatonin levels (24-26). Increased melatonin 
levels are hypothesized to alter function of the suprachiasmatic 
nucleus (27-29). Additional physiological processes that affect sleep in 
cirrhotic patients include endocrine abnormalities leading to melato-
nin derangement (29), decreased activation of the retinohypothalamic 
system (30), central nervous system effects of gut-derived toxins (31), 
and less sensory input due to decreased activity level and light expos-
ure (29). These phenomena translate into abnormal sleep actigraphy 
with delayed bedtime, late wake-up time and evening chronotypology 
(8). There is also animal evidence of deranged sleep patterns in cir-
rhosis. Male rats with pharmacologically induced cirrhosis had pro-
gressively decreased total wake time, along with increased total slow 
wave and rapid eye movement sleep (32). 

In our study, we found that overall sleep parameters did not improve 
following LT, which was likely driven by the HCV group (the largest) 
based on subsequent analysis. Specifically, when reviewing all question-
naires, patients with ETOH experienced dramatically less sleep disturb-
ance following LT compared with pre-LT (OR 0.13 [95% CI 0.03 to 
0.60]). In contrast, HCV patients remained without improvement 
following LT (OR 0.90 [95% CI 0.38 to 2.15]). On logistic regression, 
patients transplanted for ETOH had statistically less sleep satisfaction 
pre-LT (OR  5.8 [95% CI 1.0 to 40.5]) and significantly better sleep 
satisfaction post-LT (OR 0.50 [95% CI 0.20 to 1.00]) compared with 
those transplanted for HCV. The HCV group had worse sleep latency, 
duration and satisfaction after LT compared with the ETOH group. 
This was consistent with our a priori hypothesis that universal HCV 
recurrence in long-term LT survivors would result in decreased sleep 
quality as shown in other areas of HRQoL (33-37). This may be due to 
liver dysfunction caused by the virus, or may be a direct viral cerebral 
effect (38,39) and can be considered to be an extrahepatic manifesta-
tion of HCV. In contrast, the improvement and overall better sleep 
parameters in ETOH patients may be attributed to the resolution of 
disease in most patients as opposed to the universal recurrence of HCV 
after LT.

Stage 3 encephalopathy was also a predictor of decreased sleep 
quality before LT in our study. Patients with stage 3 encephalopathy 
took 119 min longer to fall asleep than patients with stage 1 encephal-
opathy, which was likely a reflection of worse circadian physiology. LT 
then corrected circadian rhythms, with patients with stage 3 enceph-
alopathy before LT having a quality of sleep similar to that of patients 
with stage 1 encephalopathy. Not surprisingly, use of a sleep aid post-
LT was independently associated with better sleep satisfaction. 

Various quality of life questionnaires incorporate sleep as a param-
eter. The Liver Disease Quality of Life instrument has been developed 
and validated in patients with advanced, chronic liver disease (40). It 
incorporates not only aspects related to sleep, but also multiple other 
items such as liver disease-related symptoms, their effects on activities 

Table 2
Predictors of poor pretransplant sleep according to 
logistic regression analysis

Parameter
Sleep*

Latency Duration Satisfaction
Age 0.97  

(0.92–1.02)
1.01  

(0.97–1.06)
0.98  

(0.93–1.02)
Female sex 3.53  

(1.16–11.51)†
0.51  

(0.19–1.37)
3.83  

(1.27–12.65)†

Sleep aid 2.07  
(0.29–18.32)

1.29  
(0.21–10.27)

2.13  
(0.30–15.54)

Primary Dx of ETOH 
(relative to HCV)

0.19  
(0.009–1.47)

0.72  
(0.14–3.78)

5.82  
(1.04–40.58)†

Primary Dx of other 
liver diseases  
(relative to HCV)

0.50  
(0.16–1.54)

0.93  
(0.34–2.53)

0.64  
(0.20–1.95)

Body mass index 0.95  
(0.84–1.07)

0.97  
(0.88–1.07)

0.99  
(0.87–1.11)

Model for End-stage 
Liver Disease score

0.97  
(0.90–1.04)

0.99  
(0.93–1.05)

0.91  
(0.83–0.97)†

Data presented as OR (95% CI). *Latency, duration and satisfaction as binary 
variables (note: an OR <1 suggests shorter sleep latency, longer sleep dura-
tion and more sleep satisfaction); †Associations with P<0.05. Dx Diagnosis; 
ETOH Alcoholic liver disease; HCV Hepatitis C virus

Table 3
Predictors of poor post-transplant sleep according to 
logistic regression analysis

Parameter
Sleep*

Latency Duration Satisfaction
Age 0.99  

(0.97–1.03)
0.97  

(0.94–0.99)†
1.00  

(1.00–1.01)
Female sex 2.10  

(1.11–3.96)†
1.54  

(0.83–2.93)
1.40  

(0.80–2.70)
Sleeping aid 0.92  

(0.37–2.08)
0.55  

(0.26–1.16)
2.30  

(1.10–4.90)†

Primary Dx ETOH,  
relative to HCV

0.40  
(0.16–0.95)†

1.37  
(0.63–3.02)

0.50  
(0.20–1.00)†

Primary Dx of other 
liver diseases,  
relative to HCV

0.47  
(0.25–0.90)†

1.10  
(0.59–2.01)

0.60  
(0.30–1.10)

Body mass index 1.01  
(0.963–1.06)

1.02  
(0.97–1.07)

1.00  
(1.00–1.10)

Model for End-stage 
Liver Disease score

0.99  
(0.955–1.04)

0.97  
(0.94–1.01)

1.00  
(0.90–1.00)

Hospital discharge 0.99  
(0.97–1.00)

1.00  
(0.99–1.02)

1.00  
(0.98–1.00)

Data presented as OR (95% CI) for the association between each of three 
sleep outcomes – latency, duration and satisfaction – and diagnostic group 
before and at least 180 days after liver transplantation. Questionnaires were 
administered at least six months after transplant. When >1 was available, the 
questionnaire furthest away from liver transplantation was selected. An OR <1 
suggests shorter sleep latency, longer sleep duration and more sleep satisfac-
tion. *Latency, duration and satisfactory as binary; †Associations with P<0.05. 
Dx Diagnosis; ETOH Alcoholic liver disease; HCV Hepatitis C virus
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of daily living, concentration, memory and sexual functioning. The 
sleep-related questions pertained principally to the quality of sleep 
and fatigue as a consequence. A better HRQoL has been shown to 
predict better survival in patients with cirrhosis (7). A survey of 
pediatric LT recipients found that poor sleep quality after LT had a 
significant impact on HRQoL (41). In a smaller cross-sectional study 
of pre-LT and post-LT patients, 73% of pre-LT and 77% of post-LT 
patients complained of poor sleep quality (42). The different findings 
in our study may be due to our use of a standardized sleep question-
naire, with different definitions as to what constitutes impaired sleep 
latency and duration. 

The BNSQ is comprised of 21 different questions, with 27 total 
items covering sleep complaints. These include difficulty in initiating 
and maintaining sleep, general sleep habits, subjective sleep quality, 
use of sleep-inducing medication, excessive daytime sleepiness, nap-
ping and snoring. The questionnaire takes 5 min to 10 min to com-
plete and is self-reported. Participants assign scores for most of these 
items, ranging from 1 (mild or infrequently present) to 5 (severe or 
frequently present). Other questions relating to sleep duration and 
sleep latency require specific durations or times to be assigned. The 
BNSQ has been administered to various patient populations, includ-
ing those with chronic conditions (23), and has been confirmed to be 
reproducible and reliable. The three items from this questionnaire 
(overall sleep satisfaction, sleep latency, and sleep duration) that we 
chose to evaluate have been shown to most closely correlate with 
objective sleep polysomnography (21,22). 

Our observational study had certain limitations. The question-
naires were not administered systematically, and questionnaire 
responses were analyzed in a retrospective manner. 

Additionally, there may have been a selection bias in terms of the 
type of patient who agreed to complete a questionnaire before LT; 
however, it is likely nondifferential across types of liver disease. Use of 
self-reported questionnaires for sleep quality assessment may lead to 
recall bias that can misclassify patients. Physical symptoms may dom-
inate a patient’s quality of life before LT, with sleep disturbance being 
less important. However, because LT recipients improve physically, 
patients may report sleep disturbance more when physical issues are 
less consuming, possibly underestimating the benefit of orthotopic LT 
on sleep quality. Sleep quality is notoriously difficult to measure, and 

future work should likely combine multiple modalities of sleep assess-
ment. These may include wrist actigraphy (8,43) (measures arm move-
ment to infer sleep and wakefulness) and/or polysomnography (which 
measures cerebral and muscle activity, and eye movement). The 
present study did not have the statistical power to examine more sub-
groups of patients and could not explore other liver diseases. Finally, 
no control group was examined. However, a large population-based 
Canadian study examining mental health, including sleep disturbance, 
using a self-reported questionnaire found a prevalence of 15.6% to 
15.9% for individuals 45 to 74 years of age and 12.6% for the those 35 
to 44 years of age (44). Our prevalence post-LT of inadequate sleep 
quality was considerably higher and highlights the need for further 
work in this field. 
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