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Background: 
Non-alcoholic fatty liver disease (NAFLD) is a common disorder leading to severe medical conditions such as liver failure or 
malignancy. Given the potential relation between sleep dis turbance and NAFLD, we aimed to inves tigate the association between 
the deterioration of sleep and liver s tiffness with NAFLD.

Materials and Methods: 
In this cross-sectional s tudy, 134 patients who were proven to have NAFLD were included. Liver s tiffness was determined by 
transient elas tography, and sleep patterns were evaluated using Pittsburg Sleep Quality Index (PSQI). 

Results:
 The results showed that sleep disorder was more prevalent in women (P = 0.007), and they had higher liver s tiffness than men 
(P = 0.001). Habitual Sleep Efficiency: The adequate sleep time was worsened in patients with more severe liver s tiffness (P = 
0.037). Also, Subjective Sleep Quality that is the self-es timation of patients about sleep quality, was reversely related to liver 
s tiffness (P = 0.003). Categorized liver s tiffness groups had a negative association between sleep quality and liver s tiffness (P = 
0.001), but there was no significant association between liver s tiffness and sleep latency, sleep duration, and daytime dysfunction 
or using sleeping pills. 

Conclusion:
 The present s tudy indicates that bad sleep habits and poor sleep quality correlate with increased liver s tiffness in patients with 
NAFLD, sugges ting that patients' lifes tyle modification can improve the quality of their lives and prevent more severe disorders 
caused by sleep dysfunction.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is de-

fined as hepatic fat accumulation without secondary 
causes such as alcohol abuse or other proven liver dis-
orders(1). This term refers to a broad spectrum of liver 
diseases, from simple s teatosis to more severe cirrho-
sis or hepatocellular carcinoma(2). NAFLD is the mos t 
common cause of chronic liver disease worldwide, and 
the incidence rate is growing rapidly(3) Moghaddasifar 
and colleagues, in a sys tematic review, es timated the 
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total prevalence of fatty liver disease in the Iranian 
population was about 34%(4).

NAFLD’s risk factors are diabetes mellitus, dys-
lipidemia, and metabolic syndrome. Many lifes tyle 
habits such as low physical activity, poor diet, and 
sleep disorders might contribute to NAFLD develop-
ment(5). On the other hand, sleep dis turbance may lead 
to obesity, type 2 diabetes mellitus, metabolic disor-
ders(6-8) and the risk of progression to NAFLD(9,10).
However, it is unclear if NAFLD is the cause or con-
sequence of sleep dis turbance.

Sleep dis turbance has been reported to change eat-
ing behaviors and timing of food intake to cause obe-
sity(10), and also gut microbiota alteration is blamed 
for metabolic changes related to sleep patterns(11).
Moreover, obs tructive sleep apnea syndrome (OSAS) 
is associated with NAFLD in several s tudies sug-
ges ting that hypoxia may cause liver s teatosis(12).
Recently, Kim and colleagues reported a significant 
relationship between poor sleep quality and NAFLD.
(13) Marin-Alejandre and co-workers sugges ted that 
short sleep duration and poor quality were associated 
with liver s tiffness(14), however, there were contro-
versial results(9,15). So far, little is known about the 
relation between liver s tiffness and sleep patterns; in 
this regard, in the current s tudy, we aimed to evaluate 
this potential association. 

MATERIALS AND METHODS
Study population
134 patients were randomly selected among adult 

patients referred to the gas trointes tinal clinic. The 
patients were diagnosed with fatty liver disease by 
having elevated alanine aminotransferase (ALT) and 
liver ultrasonography with pieces of evidence of liver 
s teatosis performed by the same qualified radiologis t. 
Patients with viral hepatitis, a his tory of alcohol in-
take, and other known liver diseases like drug-induced 
hepatitis or autoimmune hepatitis were excluded from 
the s tudy. 

Transient elas tography is a safe and accurate 
method for assessing hepatic fibrosis in chronic liv-
er disease, which is recently preferred to aggressive 
methods such as liver biopsy(15). In this s tudy, we per-
formed transient elas tography for all the patients with 
NAFLD under fas ting conditions. All measurements 
were categorized into four groups based on Cas tera 

transient elas tography breakpoints(16). Patients with 
liver s tiffness below 7.1 kPa were included in the F1 
group, 7.1 to 9.5 kPa in the F2 group, 9.5 to 12 kPa in 
the F3 group, and more than 12 kPa in the F4 group. 
Written consent was obtained from all participants.

Ques tionnaire survey
To assess sleep quality, we used the Pittsburgh 

Sleep Quality Index (PSQI). The PSQI is a validated 
ques tionnaire used to evaluate seven items: subjective 
sleep quality, sleep latency, sleep duration, habitual 
sleep efficiency, sleep dis turbances, use of sleeping 
medication, and daytime function(17). The sum of 
PSQI scores was determined for all the participants, 
and sum scores more than 5 were defined as poor 
sleep quality, and a higher PSQI score indicated more 
inferior sleep quality. A validated Persian version was 
used in this s tudy with specificity and sensitivity of 
89% and 86%, respectively(16).

Statis tical analysis
Descriptive analyses were used to determine the 

patients’ characteris tics and describe their sleep be-
haviors. Independent sample t tes t, Mann-Whitney 
U tes t, Chi-square tes t, one-way analysis of variance 
(ANOVA), Kruskal-Wallis tes t, and Fisher’s exact tes t 
were used to determine differences between groups 
for continuous and categorical variables, respectively. 
SPSS software (version 23.0) was used for data anal-
ysis. Throughout the analysis, s tatis tical significance 
was defined as a P < 0.05 (two-sided).

RESULTS
Characteris tics of the Participants
Of the 134 s tudy participants, 84 (62.7%) were 

men, and 50 (37.3%) were women. In table 1, differ-
ences in liver s tiffness and sleep characteris tics are 
compared between the sex groups. Liver s tiffness was 
higher in women (8.7 kPa) than men (6.4 kPa). The 
prevalence of sleep dis turbance is shown according to 
every sleep subgroup in table 1. Sleep characteris tics 
of patients with NAFLD are shown in table 1. The 
overall PSQI score of women was more significant 
than men, which may reveal higher sleep dis turbance 
in women with NAFLD [mean ±SD: women=7.2 
±2.8, and men=5.8±2.6, p = 0.007], but there was no 
difference in other sleep characteris tics between sex-
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es. Overall, mos t of the participants (56.7 %) reported 
poor sleep quality, but no one reported terrible sleep 
s tatus. Only 14% of the patients ever used sleeping 
medications, of whom women took more pills than 
men. Mos t participants reported no daily dysfunction 
due to sleepiness (66%) and mainly explained their 
subjective sleep quality fairly well (64%).

  
Association between Sleep Characteris tics and 

Liver Stiffness
In table 2, sleep characteris tics are compared to 

every liver s tiffness group. The liver s tiffness of the 
participants ranged from 3 to 15.1 (kPa) (mean ± SD 
= 7 ± 2.4), and about half of the patients (50.7 %) 
had mild liver fibrosis (lower than 7.5 kPa). 10.5% of 
the patients had mild fibrosis, 55% had moderate, and 
34% had severe fibrosis. Liver s tiffness in women was 
significantly higher than in men (P = 0.001). 

According to different sleep categories, comparing 
elas tography levels revealed that higher liver s tiffness 
values were significantly associated with a poorer 
overall sleep quality (total PSQI score) and lower ha-
bitual sleep efficiency and Subjective Sleep Quality 
score. However, there were no significant associations 
between liver s tiffness and other sleep characteris tics 
in the PSQI ques tionnaire (table 1).

Mos t patients (62%) did not report daytime dys-
function, and only 3% experienced severe daytime 
dysfunction. Also, mos t participants (86%) did not 
use any sleeping pills.

The total PSQI scores according to different liver 
fibrosis categories are shown in figure 1 by box plot, 
demons trating higher scores in more severe liver s ta-
tus groups. A significant difference was observed only 
between F1 and F2 groups (P < 0.001) according to 
the pos t-hoc Bonferroni tes t.

DISCUSSION
In this cross-sectional s tudy, a reverse association 

was observed between sleep quality and liver s tiff-
ness, and in subgroup analysis, we also found a signif-
icant association between Habitual Sleep Efficiency, 
Subjective Sleep Quality, Total Sleep Quality Score, 
and liver s tiffness. 

Studies regarding the association between sleep 
disorders and NAFLD have conflicting results. Dif-
ferent methods used for evaluating sleep patterns 

may be the reason for inconsis tencies in the findings. 
Moreover, subjective sleep quality, a self-perceived 
measurement, may differ due to the lack of a s tandard 
definition. PSQI is a valid and reliable ques tionnaire 
applicable in different populations, decreasing this 
lack of consensus in definitions and measurements. 

Evaluating the fibrosis s tage in patients with 
NAFLD is independently associated with long-term 
outcomes(17), however, few s tudies focused on liver 
s tatus while working on sleep disorders in NAFLD. 
A recent s tudy reported a significant association be-
tween sleep efficiency and sleep dis turbance with 
liver s tiffness in obese patients with NAFLD(17). On 
the other hand, Bernsmeier and colleagues found that 
daytime sleepiness was correlated with the severity of 
liver fibrosis(7). Being aware that in patients with liver 
cirrhosis, the risk of daytime sleepiness is high(7,18).

The underlying mechanisms of the relationship be-
tween sleep dis turbance and NAFLD are not entirely 
unders tood. However, previous s tudies have demon-
s trated that poor sleep quality is associated with resis-
tant hypertension(8), impaired glucose tolerance(17), 
and metabolic syndrome(18), which are the same risk 
factors for NAFLD. Therefore, sleep patterns could af-
fect the liver s tatus by altering metabolic balances. In 
addition, inflammatory markers are sugges ted respon-
sible for causing NAFLD due to sleep dis turbance(19).
Finally, the liver’s role in hormone regulation, such 
as melatonin, may affect the sleep patterns in patients 
with NAFLD.

There are limitations in this s tudy: Firs t, we could 
not conclude a causal relationship due to the s tudy’s 
cross-sectional design. Second, no data was available 
on age, weight, and other lifes tyle differences that af-
fect sleep quality and liver s tatus. Finally, self-report-
ed sleep quality could have biases(18).

CONCLUSIONS
This s tudy supports a negative association between 

sleep characteris tics and the severity of liver fibrosis 
in patients with NAFLD. Sleep quality may be related 
to the pathogenesis of NAFLD, and the alteration of 
the liver s tatus may be affecting sleep patterns. There-
fore, the identification of factors that can affect the 
quality of life in NAFLD is crucial.
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Table 1: Comparisons of elas tography and sleep characteris tics between women and men

Variables Total population Women Men P value*

Elastography levels, median 
(IQR) 7 (5.6-9.4) 8.7 (6.7-10.3) 6.4 (4.9-8.1) 0.001

Elastography categories

Sleep Latency 0.103

less than 5 minutes 24 (21.1) 5 (12.2) 19 (26.4)

16-30 minutes 43 (38.1) 14 (34.1) 29 (40.3)

31-60 minutes 26 (23.0) 11 (26.8) 15 (20.8)

more than 60 minutes 20 (17.7) 11 (26.8) 9 (12.5)

Sleep duration 0.642

More than 7 hrs 43 (38.1) 16 (39.0) 27 (37.5)

6-7 hrs 30 (26.5) 10 (24.4) 20 (27.8)

5-6 hrs 21 (18.6) 6 (14.6) 15 (20.8)

Less than 5 hrs 19 (16.8) 9 (22.0) 10 (13.9)

Habitual sleep efficiency 0.560

More than 85% 51 (45.1) 16 (39.0) 35 (48.6)

75-84% 46 (40.7) 17 (41.5) 29 (40.3)

65-74% 14 (12.4) 7 (17.1) 7 (9.7)

Less than 65% 2 (1.8)    1 (2.4) 1 (1.4)

Sleep disturbance 0.096

0 points 3 (2.7) 1 (2.4) 2 (66.7)

1-9 points 69 (61.1) 20 (48.8) 49 (68.1)

10-18 points 40 (35.4) 20 (48.8) 20 (27.8)

19-27 points 1 (0.9) 0 (0.0) 1 (1.4)

Subjective sleep quality 0.725

Very good 23 (20.4) 8 (19.5) 15 (20.8)

Fairy good 73 (64.6)    26 (63.4) 47 (65.3)

Fairy bad 16 (14.2) 6 (14.6) 10 (13.9)

Very bad 1 (0.9) 1 (2.4) 0

Use of sleeping medications 0.073

Never 97 (85.8) 31 (75.6) 66 (91.7)

Once a week 5 (4.4) 3 (7.3) 2 (2.8)

Twice a week 2 (1.8) 1 (2.4) 1 (1.4)

Three times a week 9 (8.0) 6 (14.6) 3 (4.2)

Daytime dysfunction 0.495

0 points 74 (65.5) 28 (68.3) 46 (63.9)

1-2 points 24 (21.2) 6 (14.6) 18 (25.0)

3-4 points 13 (11.5) 6 (14.6) 7 (9.7)

5-6 points 2 (1.8) 1 (2.4) 1 (1.4)

Overall PSQI score, mean 
(SD) 6.3 (2.8) 7.2 (2.8) 5.8 (2.6) 0.007

<5 58 (43.3) 16 (32) 42 (50)

5-11 69 (51.5) 28 (56) 41 (48.8)

11-17 7 (5.2)

>17 0.0 0 0
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Table 2: Elas tography levels according to different sleep categories

Variables
Liver Stiffness categories, n (%)

P valueF1
(n=68)

F2
(n=41)

F3
(n=17)

F4
(n=8)

Sleep latency, median (IQR) 0.067

Less than 5 minutes 16 (23.5) 3 (7.3) 6 (35.3) 3 (37.5)

16-30 minutes 26 (38.2) 13 (31.7) 8 (47.1) 1 (12.5)

31-60 minutes 16 (23.5) 13 (31.7) 1 (5.9) 1 (12.5)

More than 60 minutes 10 (14.7) 12 (29.3) 2 (11.8) 3 (37.5)

Sleep duration 0.444

More than 7 hrs. 27 (39.7) 14 (34.1) 7 (41.2) 5 (62.5)

6-7 hrs. 23 (33.8) 9 (22.0) 3 (17.6) 1 (12.5)

5-6 hrs. 7 (10.3) 9 (22.0) 5 (29.4) 1 (12.5)

Less than 5 hrs. 11 (16.2) 9 (22.0) 2 (11.8) 1 (12.5)

Habitual sleep efficiency 0.037

More than 85% 42 (61.8) 16 (39.0) 5 (29.4) 3 (37.5)

75-84% 21 (30.9) 17 (41.5) 9 (52.9) 4 (50.0)

65-74% 5 (7.4) 5 (7.4) 3 (17.6) 0

Less than 65% 0 0 0 1 (12.5)

Sleep disturbance 0.059

0 points 1 (1.5)       1 (2.4) 1 (5.9) 0

1-9 points 44 (64.7) 19 (46.3) 10 (58.8) 7 (87.5)

10-18 points 23 (33.8) 21 (51.2) 6 (35.3) 0

19-27 points 0 0 0 1 (12.5)

Subjective sleep quality 0.003

Very good 15 (22.1) 5 (7.4) 5 (29.4) 2 (25.0)

Fairy good 46 (67.6) 30 (73.2) 10 (58.8) 1 (12.5)

Fairy bad 7 (10.3) 6 (14.6) 1 (5.9) 5 (62.5)

Very bad 0 0       1 (5.9) 0

Use of sleeping medications 0.079

Never 64 (94.1)       32 (78.0)       14 (82.4) 6 (75.0)

Once a week      2 (2.9)   3 (7.3)          1 (5.9) 0

Twice a week 0   1 (2.4)          1 (5.9) 0

Three times a week      2 (2.9)  5 (7.4)          1 (5.9) 2 (25.0)

Daytime dysfunction 0.069

0 points 41 (60.3) 24 (58.5) 13 (76.5) 6 (75.0)

1-2 points 22 (32.4) 10 (24.4) 1 (5.9) 0

3-4 points 5 (12.2) 5 (7.4) 3 (37.5) 2 (25.0)

5-6 points 2 (2.9) 2 (4.9) 0 0

Overall PSQI score, mean 
(SD) 5.5 (2.4) 7.6 (2.7) 5.9 (2.8) 7 (3.4) 0.001

Abbreviations: hrs.: hours; n: number
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