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Abstract
BACKGROUND
Non-alcoholic fatty liver disease (NAFLD) is an emerging liver disease and
currently the most common cause of incidental abnormal liver tests. The
pathogenesis of NAFLD is multifactorial and many mechanisms that cause fatty
liver infiltration, inflammation, oxidative stress and progressive fibrosis have
been proposed. Obstructive sleep apnea (OSA) may be linked with the
pathogenesis and the severity of NAFLD.

AIM
To study the association between NAFLD and OSA considering also the efficacy
of continuous positive airway pressure (CPAP) treatment.

METHODS
A PubMed search was conducted using the terms “non-alcoholic fatty liver
disease AND (obstructive sleep apnea OR obstructive sleep disorders OR sleep
apnea)”. Research was limited to title/abstract of articles published in English in
the last 5 years; animal and child studies, case reports, commentaries, letters,
editorials and meeting abstracts were not considered. Data were extracted on a
standardized data collection table which included: First author, publication year,
country, study design, number of patients involved, diagnosis and severity of
OSA, diagnosis of NAFLD, patient characteristics, results of the study.

RESULTS
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In total, 132 articles were initially retrieved on PubMed search and 77 in the last
five years. After removal of irrelevant studies, 13 articles were included in the
qualitative analysis. There was a total of 2753 participants across all the studies
with a mean age between 42 and 58 years. The proportion of males ranged from
21% to 87.9% and the mean body mass index ranged from 24.0 to 49.9 kg/m2. The
results of this review showed an increased prevalence of NAFLD in patients with
diagnosis of OSA, even in the absence of coexisting comorbidities such as obesity
or metabolic syndrome. Furthermore, the severity of NAFLD is associated with
the increase in OSA severity. Effective CPAP treatment, although not always
decisive, may stabilize or slow NAFLD progression with benefits on metabolic
and cardiovascular functions.

CONCLUSION
In NAFLD patients, although asymptomatic, it is recommended to systematically
perform polysomnography in order to early and better treat them before the
development of potentially life threatening systemic dysfunctions.

Key words: Continuous positive air pressure; Non-alcoholic fatty liver disease; Non-
alcoholic steatohepatitis; Obstructive sleep apnea; Obstructive sleep disorders; Sleep
apnea
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Core tip: The development of non-alcoholic fatty liver disease (NAFLD) seems to be
closely associated with obstructive sleep apnea (OSA) even in the absence of coexisting
comorbidities such as obesity or metabolic syndrome. Furthermore, the severity of
NAFLD is associated with the increase in OSA severity. Effective continuous positive
airway pressure therapy for OSA may improve serum aminotransferase levels and liver
steatosis. As clinicians, our aim should be to screen OSA patients for NAFLD and vice
versa those with NAFLD for OSA in order to early and better treat them before the
development of potentially life threatening systemic dysfunctions.

Citation: Umbro I, Fabiani V, Fabiani M, Angelico F, Del Ben M. Association between non-
alcoholic fatty liver disease and obstructive sleep apnea. World J Gastroenterol 2020; 26(20):
0-0
URL: https://www.wjgnet.com/1007-9327/full/v26/i20/0.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i20.0000

INTRODUCTION

Non-alcoholic fatty liver disease
Non-alcoholic fatty liver disease (NAFLD) is an emerging liver disease in Western
countries[1,2] and currently the most common cause of incidental abnormal liver tests.
Fatty  liver  includes  a  wide  spectrum  of  histologic  alterations.  Simple  steatosis
generally represents a benign condition following a non-progressive clinical course.
On the contrary, a subset of patients with non-alcoholic steatohepatitis (NASH), in
particular those with a more severe fibrosis, are at higher risk for progressing to liver
disease  complications  such  as  decompensated  cirrhosis,  liver  cancer,  and  liver
mortality[3].  NASH is  projected to  eventually  overtake the  hepatitis  C virus  and
alcoholic liver disease as the leading cause of liver transplant[4].

However, the association of liver steatosis with a number of common metabolic
conditions and cardiovascular risk factors has been also extensively reported. Indeed,
it appears that in NAFLD the increased mortality of patients is primarily a result of
cardiovascular diseases and, to a lesser extent, to liver related diseases[5,6].  In fact,
patients with NAFLD show early signs of atherosclerosis, such as increased carotid
artery  intima-media  thickness[7],  coronary  artery  calcification[8]  and  endothelial
dysfunction[9].

The pathogenesis of NAFLD is multifactorial and many mechanisms that cause
fatty liver infiltration, inflammation, oxidative stress and progressive fibrosis have
been proposed. Insulin resistance, the key feature of the metabolic syndrome (MetS),
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is considered to play a central role in the first stages of fatty liver infiltration[10,11].
However, whether insulin resistance and hyperinsulinemia are components of MetS
promoting fatty liver or whether NAFLD itself induces chronic hyperinsulinemia by
impaired insulin degradation is still under debate. Chronic oxidative stress is a major
player triggering the progression of simple steatosis to NASH as the result of an
imbalance between pro-oxidant and anti-oxidant chemicals that lead to liver cell
damage[12,13].

Finally, several lines of evidence clearly indicated that also genetic factors may
predispose to NAFLD and among the others a variant located at the PNPLA3 gene
(I148M) appears to show the strongest effect[14,15].

Obstructive sleep apnea
Obstructive sleep apnea (OSA) is a breathing disorder characterized by narrowing of
the upper airway during sleep which compromise the normal ventilation[16]. The most
common symptoms of  OSA are  excessive  daytime sleepiness,  fragmented sleep,
snoring, fatigue and impairments in cognitive functions[17,18].

The prevalence of OSA is estimated to be 4% in the general population increasing
up to 40% in some disease-specific populations, such as in patients suffering from
metabolic  syndrome[19],  obesity[20],  diabetes  mellitus[21],  arterial  hypertension[22],
cardiovascular  disease[23],  chronic  kidney disease[24]  and non-alcoholic  fatty liver
disease[25]. Furthermore, the prevalence of OSA increases with age, race and world
region[26].

In  these  clinical  settings,  OSA  is  still  underdiagnosed;  probably  the  atypical
presentation, the lack of data on the criteria for identifying the disorder and the lack
of awareness of this entity among clinicians are important reasons.

The polysomnography (PSG) is the gold standard for the diagnosis of OSA[16]. The
severity of OSA is defined by an apnea-hypopnea index (AHI) ≥ 5 and < 15 events/h
as mild, ≥ 15 and < 30 events/h as moderate, and ≥ 30 events/h as severe[27].

Since continuous positive airway pressure (CPAP) can eliminate upper airway
narrowing during sleep improving sleep fragmentation,  daytime symptoms and
quality of life[28,29], it remains the gold standard treatment for the clinical management
of OSA.

OSA and chronic intermittent hypoxia may be linked with the pathogenesis and the
severity  of  NAFLD[30].  Several  studies  indicate  that  OSA  is  a  well-established
independent factor of insulin resistance, which may predispose to the development
and the progression of liver steatosis[31-33]. However, to clarify the independent effects
of  OSA  on  the  development  and  progression  of  NAFLD  in  literature  data  is
challenging due to the numerous cardiovascular and metabolic comorbidities which
often coexist.

The  aim  of  this  review  is  to  provide  a  more  comprehensive  overview  of  the
association  between  NAFLD  and  OSA  considering  also  the  efficacy  of  CPAP
treatment.

MATERIALS AND METHODS

Literature search, data selection and extraction
A PubMed search was conducted using the terms “non-alcoholic fatty liver disease
AND (obstructive sleep apnea OR obstructive sleep disorders OR sleep apnea)”.
Research was limited to title/abstract of articles published in English in the last 5
years; animal and child studies, case reports, commentaries, letters, editorials and
meeting abstracts were not considered. Review articles were examined to identify
studies that were potentially eligible for inclusion.

Only potentially relevant studies underwent full-text review. Data were extracted
on a standardized data collection table which included: First author, publication year,
country, study design, number of patients involved, diagnosis and severity of OSA,
diagnosis of NAFLD, patient characteristics, results of the study.

RESULTS

Study flow
A flow chart of the search for relevant studies is presented in Figure 1. In total, 132
articles were initially retrieved on PubMed search and 77 in the last five years. After
removal of irrelevant studies and exclusion according to title, language and abstract
(n  =  67),  18  articles  were  selected  for  full-text  review.  A further  5  articles  were
excluded  for  the  following  reasons:  1  did  not  have  a  clear  description  of  OSA
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diagnosis, 1 had an inaccurate diagnosis of OSA and 1 did not have a clear description
of  patients  enrollment  and  evaluation.  Finally,  13  articles  were  included  in  the
qualitative analysis.

Study characteristics
A summary of the 13 relevant studies is reported in Table 1. There was a total of 2,753
participants across all  the studies with a mean age between 42 and 58 years. The
proportion of males ranged from 21% to 87.9% and the mean body mass index (BMI)
ranged from 24.0 to 49.9 kg/m2.

All the studies used PSG and AHI to diagnose OSA, according to the American
Academy of Sleep Medicine (AASM) Clinical Practice Guideline[16], except for two that
used cardio-respiratory polygraphy[34,35].  In  7  studies  NAFLD was diagnosed by
abdominal ultrasound, in 4 studies by abdominal computed tomography[36], fatty liver
index (FLI)[37], aspartate aminotransferase (AST) to platelet ratio index (APRI)[38] and
elastography[39], whereas only two studies used the gold standard liver biopsy[34,40].

The exclusion criteria considered in the relevant studies were as follows: Patients
who had been previously diagnosed with or treated for OSA, patients with other
sleep disorders or other chronic liver disease besides NAFLD; patients who were
infected with hepatitis B and/or C virus; patients with excessive alcohol consumption;
patients with current use of hepatotoxic drugs; patients who had any acute or chronic
inflammatory disease, coronary heart disease, chronic obstructive pulmonary disease,
and/or any solid organ failure or transplantation. Furthermore, diabetes mellitus
represented an exclusion criterion in three studies[39,41,42].

DISCUSSION

Increased prevalence of NAFLD in patients with diagnosis of OSA
The results of this review showed an increased prevalence of NAFLD in patients with
diagnosis of OSA. Therefore, hypoxia should be considered to have a key role in the
pathogenesis of NAFLD.

The pathogenesis of NAFLD is commonly described as a two-hit model. The first
hit is characterized by an increased intrahepatocytes triglyceride accumulation from
adipose  tissue  lipolysis  due  to  obesity  and insulin  resistance.  The  second hit  is
characterized by lipotoxic metabolite production, liver inflammation and steatosis
progression due to oxidative stress, lipid peroxidation, mitochondrial dysfunction
and  some  gene  polymorphisms[43,44].  In  OSA  hypoxic  environment,  there  is  an
increased adipose tissue lipolysis, oxidative stress, inflammation and liver fibrosis[45].

OSA is a well-established risk factor for hypertension, renal failure, obesity, insulin
resistance, diabetes mellitus, MetS, liver steatosis and cardiovascular diseases[31-33,46,47].
However,  to  clarify  the  effects  of  OSA  on  the  development  and  progression  of
NAFLD is challenging due to the several comorbidities which common coexist and
are independently associated with systemic inflammation[48].

Bhatt  et  al [42]  reported  significantly  higher  levels  of  interleukin-6,  leptin,
macrophage migration inhibitory factor, high-sensitive C-reactive protein and tumor
necrosis  factor  alpha,  and significantly  lower serum adiponectin  levels  in  obese
patients with OSA and NAFLD compared to the other groups, as a consequence of
nocturnal hypoxia. All these inflammatory biomarkers seem to have an important
pathophysiological role in the development of early metabolic and cardiovascular
dysfunctions.  Therefore,  NAFLD  represents  an  additional  risk  for  systemic
inflammation  in  patients  with  OSA.  Furthermore,  Agrawal  et  al[49]  described  a
prevalence of 91.3% of NAFLD in a small group of patients with OSA and abdominal
obesity whereas Qi et al[50] found a prevalence of 64% in 149 non-obese OSA patients.

Association between NAFLD and OSA in the absence of coexisting comorbidities
Furthermore, the results of this review showed that the association between OSA and
NAFLD seems to be independent of coexisting comorbidities such as visceral fat or
MetS. Yu et al[36]  showed an association between OSA and NAFLD independently
from visceral fat level in subjects with mean BMI of 24.7 kg/m2, particularly in those
with short sleep duration or excessive daytime sleepiness. Benotti et al[40] reported
that,  in  patients  with  OSA  without  MetS,  as  the  severity  of  AHI  and  hypoxia
increased, the prevalence of more severe NAFLD significantly increased as well.
However, the exact mechanisms involved in this association in the absence of visceral
fat and MetS is still unclear. Certainly the effects of chronic intermittent hypoxia on
liver may involve increased lipogenesis, formation of reactive oxygen species and
proinflammatory cytokines which cause lipid peroxidation and hepatocyte injury[45].
Therefore, lipid metabolism, inflammation and OSA hypoxic environment may be of
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Figure 1

Figure 1  Flow chart of the search for relevant studies.

key importance in reducing the risk of NAFLD in OSA patients.

The severity of NAFLD is associated with the increase in OSA severity
Another important result of this review is that the severity of NAFLD is associated
with the increase in OSA severity. Cakmak et al[51]  found a significant association
between the increase in NAFLD development and severity and the lowest oxygen
saturation. Similarly, Petta et al[34] showed an association between the severity of liver
damage with high risk of OSA and lower oxygen saturation. Arisoy et al[41] observed
that BMI and hepatosteatosis grade progressively and significantly increased from
patients  without  OSA  to  those  with  severe  OSA.  Chen  et  al[37]  found  a  positive
association between the severity of OSA and NAFLD. In particular, the prevalence of
NAFLD was 20.4% in patients with AHI < 15 whereas it reached 52.1% in patients
with AHI ≥ 15. Trzepizur et al[39] demonstrated an association between increasing OSA
severity and liver fibrosis; patients with severe OSA and metabolic comorbidities are
at higher risk of significant liver disease and advanced liver fibrosis.

Effective CPAP treatment may stabilize or slow NAFLD progression
The gold standard for the clinical management of OSA is CPAP treatment. Effective
CPAP therapy for OSA may improve AST/alanine aminotransferase (ALT) levels[38,52]

and liver steatosis[35]. Chen et al[52] showed a statistically significant increase in liver
steatosis and serum aminotransferases with increasing OSA severity, and a significant
decrease in both ALT and AST levels just after 3 mo of CPAP treatment. Kim et al[38]

showed a favorable dose-response association between the severity of OSA and the
improvement in serum aminotransferase levels and the regression of hepatic fibrosis
after 6 mo of CPAP treatment; these findings correlated with the degree of adherence
and were independent from the severity of obesity. Buttacavoli et al[35] described a
significant improvement in hepatic steatosis after 6-12 mo of therapy with CPAP.
Since in these studies the treatment with CPAP was relatively short, it was difficult to
state  definite  and  clear  conclusions.  However,  some  other  longitudinal  studies
showed that 1 to 3 years CPAP therapy improved and reversed liver steatosis[35,53].

WJG https://www.wjgnet.com May 28, 2020 Volume 26 Issue 20

Umbro I et al. NAFLD and obstructive sleep apnea

4



Table 1  Summary of the 13 included studies

Ref. Study design Number of
patients

Diagnosis and
severity of OSA

Diagnosis of
NAFLD

Patient
characteristics Results

Agrawal[49], 2015
(India)

Prospective 23 (3 mild OSA, 5
mode rate OSA, 15
severe OSA)

- No OSA, AHI < 5; -
Mild OSA, 5-14.9; -
Moderate OSA, 15-
30; - Severe OSA, >
30

Abdominal
ultrasound

Consecutive patients
with diagnosis of
OSA and abdominal
obesity. Mean age:
46. Mean BMI: 32.2.
Males: 78%

- The prevalence of
NAFLD in patients
with OSA was
91.3%. - AHI was an
independent
predictor of
significant fibrosis. -
No differences in the
prevalence of
NAFLD, raised
transaminase levels
and fibrosis
according to the
severity of OSA

Cakmak[51], 2015
(Turkey)

Retrospective 137 (118 OSA: -19
mild, - 39 moderate,
- 60 severe 19 no
OSA)

- No OSA, AHI < 5; -
Mild OSA, 5-14; -
Moderate OSA, 15-
29; - Severe OSA, ≥
30

Abdominal
ultrasound

All consecutive
patients referred to a
sleep laboratory due
to sleep apnea
symptoms. Mean
age: 55.7. Mean BMI:
34.5 (OSA), 33.2 (no
OSA). Males: 44.5%

- Severity of NAFLD
increased as AHI
increased and lowest
SpO2, mean
nocturnal SpO2
levels decreased. -
There was a strong
association between
NAFLD severity and
a decrease in lowest
SpO2 levels. - Strong
association between
elevated liver
enzymes and
increase in nocturnal
hypoxia severity in
OSA patients

Petta[34], 2015
(Italy)

Cross-sectional 50 (25 OSA; 25 no
OSA)

- No OSA, AHI < 5; -
OSA, AHI ≥ 5

Liver biopsy Consecutive patients
with biopsy-proven
NAFLD who
underwent cardio-
respiratory
polygraphy. Mean
age: 53. Mean BMI:
33.5 (OSA), 29.0 (no
OSA). Males: 58%

- Significant fibrosis
was independently
associated with
mean nocturnal
oxygen saturation <
95% in patients with
NAFLD and OSA

Yu[36], 2015 (South
Korea)

Cross-sectional 621 (286 OSA; 335 no
OSA)

- No OSA, AHI < 5; -
OSA, AHI ≥ 5

Abdominal CT scan Subjects who
examined the PSG
and abdominal CT.
Mean age: 56.6.
Mean BMI: 24.7.
Males: 57.2%

- Patients with OSA
were significantly
older and had
significantly higher
BMI than those
without OSA. - The
prevalence of
NAFLD was 34%
among patients with
OSA and 21%
among patients
without OSA. -
Association between
OSA and NAFLD
independent of the
visceral fat level in
relatively lean
individuals. - This
association was
particularly strong
in participants with
excessive daytime
sleepiness or short
sleep duration
regardless of visceral
fat level
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Arısoy[41], 2016
(Turkey)

Case-control 176 (52 mild; 34
moderate; 48 severe;
42 no OSA)

- No OSA, AHI < 5; -
Mild OSA, 5-14; -
Moderate OSA, 15-
29; - Severe OSA, ≥
30

Abdominal
ultrasound

Subjects referred to a
sleep center with
clinical suspicion of
OSA. Mean age: 45.1
(no OSA), 42.9
(mild), 47.6
(moderate), 47.0
(severe). Mean BMI:
28.3 (no OSA), 30.1
(mild), 34.1
(moderate), 32.7
(severe). Males:
73.9%

- Hepatosteatosis
grade, ALT and AST
levels, BMI differed
significantly among
the groups. - BMI
and hepatosteatosis
grade increased
progressively and
significantly from no
OSA to severe OSA.
- Average
desaturation and
BMI were the
parameters with the
greatest
independent effects
on hepatosteatosis in
the subjects with
OSA

Benotti[40], 2016
(United States)

Retrospective 362 (115 mild; 80
moderate; 74 severe;
93 no OSA)

- No OSA, AHI < 5; -
Mild OSA, 5-14; -
Moderate OSA, 15-
29; - Severe OSA, ≥
30

Liver biopsy Bariatric surgery
candidates with
clinical suspicion of
OSA. Mean age:
46.2. Mean BMI:
49.9. Males: 21%

- OSA severity was
associated with
NAFLD liver
histology only in
patients without
metabolic syndrome

Buttacavoli[35], 2016
(Italy)

Observational 15 - Severe OSA, AHI ≥
30

Abdominal
ultrasound and
elastography

Consecutive severe
OSA patients at
baseline and after 6-
12 mo of CPAP
treatment. Mean
age: 49.3. Mean BMI:
35.4. Males: 86.7%

- Most patients at
diagnosis had severe
liver steatosis (87%).
- During follow-up,
steatosis
significantly
improved in six
patients without
concurrent changes
in the BMI range in
the entire sample. -
No correlation was
found between
steatosis score and
BMI at baseline,
although a positive
relationship between
these variables was
evident during
CPAP treatment

Chen[37], 2016
(China)

Cross-sectional 319 (Group 1: 187
OSA with FLI < 60;
Group 2: 132 OSA
with FLI ≥ 60)

- No OSA, AHI < 5; -
light OSA, 5-14.9; -
moderate OSA, 15-
30; - severe OSA, >
30

Fatty liver index
(FLI) ≥ 60

All consecutive
patients referred to a
sleep center and
diagnosed with
OSA. Mean age: 46.8
(Group 1), 42.3
(Group 2). Mean
BMI: 24.5 (Group 1),
28.5 (Group 2).
Males: 79%

- Participants with a
FLI ≥ 60 tended to be
significantly fatter
and had higher
transaminase levels
and severe PSG
parameters of sleep
apnea. - Severity of
OSA was
independently
associated with
prevalence of
NAFLD (52.1% in
patients with AHI ≥
15 vs. 20.4% in
patients with AHI <
15).

Qi[50], 2016 (China) Cross-sectional 175 (149 OSA: - 96
NAFLD, - 53 no
NAFLD; 26 no OSA:
- 10 NAFLD, - 16 no
NAFLD)

- No OSA, AHI < 5; -
Mild OSA, 5-14.9; -
Moderate OSA, 15-
29.9; - Severe OSA, >
30

Abdominal
ultrasound

All consecutive non-
obese patients
referred to a sleep
laboratory with
clinical suspicion of
OSA. Mean age: 52.9
(OSA and NAFLD).
Mean BMI: 24.0.
Males: 87.9% (OSA),
77.3% (no OSA)

- Prevalence of
NAFLD in OSA
patients was 64%. -
BMI, lowest SpO2,
and triglycerides
may be risk factors
for promoting
NAFLD in OSA
patients
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Chen[52], 2018
(China)

Observational 160 (42 moderate
OSA; 88 severe OSA;
30 controls)

- No OSA, AHI < 5; -
Moderate OSA, 5-30;
- Severe OSA, ≥ 30

Abdominal
ultrasound

All consecutive
patients referred to a
sleep laboratory
with clinical
suspicion of OSA.
Mean age: 42.6.
Mean BMI: 28.0.
Males: 86.9%

- Prevalence of liver
steatosis was 64%
among the groups;
59.5% and 81.8% in
patients with
moderate and severe
OSA respectively. -
Increasing OSA
severity was
associated with
higher BMI, waist
circumference and
neck circumference.
- ALT, AST and liver
steatosis score
increased
significantly with an
increase in OSA
severity. - OSA
severity was
independently
associated with liver
steatosis and
elevation of serum
aminotransferases,
but not with liver
fibrosis. - Serum
aminotransferase, as
a biomarker of liver
injury, decreased in
OSA patients after 3
mo of CPAP
treatment.

Kim[38], 2018
(United States)

Retrospective 351 (73 mild OSA;
102 moderate OSA;
176 severe OSA)

- No OSA, AHI < 5; -
mild OSA, 5-14.9; -
moderate OSA, 15-
30; - severe OSA, >
30

Suspected NAFLD
was diagnosed if
serum ALT > 30
U/L for men and >
19 U/L for women.
Advanced fibrosis
was identified by the
AST to platelet ratio
index (APRI) score

CPAP-treated OSA
adult patients who
had available serum
ALT data before
(within 3 mo) and
after (within 6 mo)
CPAP treatment.
Mean age: 57.6.
Mean BMI: 32.2.
Males: 59.3%

- The prevalence of
suspected NAFLD
was higher (90.3%)
among patients with
moderate to severe
OSA versus among
those with mild OSA
(86.3%). - Fibrosis
was correlated with
OSA severity (7.6%
for mild OSA versus
12.0% moderate
OSA versus 19.7%
for severe OSA). -
There was a dose-
response
relationship between
OSA severity and
improvement in
ALT and AST levels
and APRI score after
CPAP treatment,
correlating with
adherence status
and without
differences in the
obesity severity
status
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Trzepizur[39], 2018
(France)

Cross-sectional 124 (34 mild; 38
moderate; 52 severe)

- No OSA, AHI < 5; -
mild OSA, 5-14.9; -
moderate OSA, 15-
29.9; - severe OSA, ≥
30

Elastography Patients with at least
one criterion for
metabolic syndrome
with diagnosis of
OSA. Mean age:
52.4. Mean BMI:
29.9. Males: 65.6%

- Prevalence of
advanced liver
fibrosis was 12%. -
Increasing OSA
severity was
associated with BMI,
waist circumference,
ODI, percentage of
sleep time with SpO2
< 90% and higher
proportions of male
patients with
metabolic syndrome.
- Increasing OSA
severity was also
associated with
higher LSM values
with a marked
increase between
mild-to-moderate
OSA and severe
OSA. - Patients with
severe OSA and
metabolic
comorbidities are at
higher risk of
significant liver
disease (LSM ≥ 7.3
kPa) and advanced
liver fibrosis (LSM ≥
9.6 kPa). - AHI and
ODI were the factors
with the strongest
independent
association with
LSM

Bhatt[42], 2019
(India)

Case-control 240 (124 OSA and
NAFLD; 47 OSA
without NAFLD; 44
NAFLD without
OSA; 25 no OSA and
no NAFLD)

- No OSA, AHI < 5; -
OSA, AHI ≥ 5

Abdominal
ultrasound

Overweight/obese
subjects (BMI > 23
kg/m2). Mean age:
44.8 (OSA and
NAFLD). Mean BMI:
33.3 (OSA and
NAFLD). Males:
55.0%

- Mean values of
AST, ALT and BMI
were significantly
higher in OSA with
NAFLD group as
compared to the
other groups. -
Inflammatory
markers showed a
significant
correlation in the
OSA and NAFLD
group. - OSA and
NAFLD operate as
an independent
contributors to the
increased systemic
inflammation that
occurs in
overweight/obese
subjects

ALT: Alanine aminotransferase; AHI: Apnea-hypopnea index; APRI: Aspartate aminotransferase to platelet ratio index; AST: Aspartate aminotransferase;
BMI: Body mass index; CPAP: Continuous positive airway pressure; CT: Computed tomography; FLI: Fatty liver index; LSM: Liver stiffness measurement;
NAFLD: Non-alcoholic fatty liver disease; ODI: Oxygen desaturation index; OSA: Obstructive sleep apnea; PSG: Polysomnography; SpO2:  Oxygen
saturation.

In conclusion, the development of NAFLD seems to be closely associated with OSA
even  in  the  absence  of  coexisting  comorbidities  such  as  obesity  or  MetS.  These
findings suggest that even relatively lean patients with OSA should be referred to
hepatologists for specific management. As clinicians, our aim should be to screen OSA
patients for NAFLD and vice versa those with NAFLD for OSA. Therefore, it is of
great importance to set up a strong collaboration between gastroenterology and sleep
medicine, in which internal medicine, cardiology and nephrology should have a key
role. Furthermore, in NAFLD patients, although asymptomatic, it is recommended to
systematically  perform  PSG  in  order  to  early  and  better  treat  them  before  the
development of potentially life threatening systemic dysfunctions. Effective CPAP
treatment, although not always decisive, may stabilize or slow NAFLD progression
with benefits on metabolic and cardiovascular functions.
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ARTICLE HIGHLIGHTS
Research background
The pathogenesis of non-alcoholic fatty liver disease (NAFLD) is multifactorial and is commonly
described  as  a  two-hit  model.  The  first  hit  is  characterized  by  an  increased  triglyceride
accumulation  in  the  hepatocytes  due  to  obesity  and  insulin  resistance.  The  second  hit  is
characterized by lipotoxic metabolite production, liver inflammation and steatosis progression
due  to  oxidative  stress,  lipid  peroxidation,  mitochondrial  dysfunction  and  some  gene
polymorphisms. In obstructive sleep apnea (OSA) hypoxic environment, there is an increased
adipose  tissue  lipolysis,  oxidative  stress,  inflammation  and  liver  fibrosis.  OSA  is  a  well-
established independent factor of insulin resistance, which may predispose to the development
and the progression of liver steatosis. However, to clarify the effects of OSA on the development
and progression of NAFLD is challenging due to the several comorbidities which common
coexist and are independently associated with systemic inflammation.

Research motivation
NAFLD is  an  emerging  liver  disease.  The  increased  mortality  of  patients  with  NAFLD is
primarily a result of cardiovascular diseases and, to a lesser extent, to liver related diseases. OSA
is still underdiagnosed; its prevalence is estimated to be 4% in the general population increasing
up to 40% in some disease-specific populations, such as in patients suffering from cardiovascular
disease or metabolic syndrome. Probably the atypical  presentation,  the lack of data on the
criteria  for  identifying OSA and the  lack  of  awareness  of  this  entity  among clinicians  are
important reasons. Since OSA may be linked with the pathogenesis and the severity of NAFLD,
it is very important to early and better diagnose and treat OSA in NAFLD patients, in which
numerous cardiovascular and metabolic comorbidities often coexist.

Research objectives
The  aim  of  this  systematic  review  is  to  provide  a  more  comprehensive  overview  of  the
association  between  NAFLD  and  OSA  considering  also  the  efficacy  of  the  gold  standard
treatment for the clinical management of OSA, the continuous positive airway pressure (CPAP)
treatment.

Research methods
A PubMed search limited to the last 5 years was conducted using the terms “non-alcoholic fatty
liver disease AND (obstructive sleep apnea OR obstructive sleep disorders OR sleep apnea)”. We
did not consider animal and child studies, case reports, commentaries, letters, editorials and
meeting abstracts.

Research results
Initially, a total of 132 articles were retrieved on PubMed search and 77 in the last 5 years. After
removal  of  irrelevant  studies,  13  articles  were  included  in  the  qualitative  analysis.  2753
participants with a mean age between 42 and 58 years were included across all the studies. The
proportion of males ranged from 21% to 87.9% and the mean body mass index ranged from 24.0
to 49.9 kg/m2. The results of this systematic review showed an increased prevalence of NAFLD
in  patients  with  OSA,  even  in  the  absence  of  coexisting  comorbidities  such  as  obesity  or
metabolic syndrome. Furthermore, the severity of NAFLD is associated with the increase in OSA
severity. Effective CPAP treatment may stabilize or slow NAFLD progression with benefits on
metabolic and cardiovascular functions.

Research conclusions
NAFLD seems to be closely associated with OSA even in the absence of coexisting comorbidities
such as obesity or MetS. Hypoxia should be considered to have a key role in the pathogenesis of
NAFLD. Therefore, all OSA patients, even relatively lean, should be referred to hepatologists for
specific management and all NAFLD patients, even if asymptomatic, should be screened for
OSA. Effective CPAP treatment, although not always decisive, may stabilize or slow NAFLD
progression with benefits on metabolic and cardiovascular functions. The systematic use of
polysomnography in NAFLD patients, although asymptomatic, will help clinicians to early
diagnose OSA and better treat it before the development of potentially life threatening systemic
dysfunctions.

Research perspectives
The association between NAFLD and OSA has been reviewed. A strong collaboration between
gastroenterology and sleep medicine will  have a key role in the management of  these two
conditions.  Future  research  is  needed to  validate  the  efficacy  of  CPAP treatment  on  liver
steatosis with longer longitudinal studies.
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