
Introduction
The obstructive sleep apnea (OSA) is a com-

mon condition with prevalence estimates of 2%
to 4% in the general population [1]. The majori-
ty of patients are obese and therefore at risk for
fatty liver [2].

However, several studies suggest that OSA

per se could be a risk factor for liver injury inde-
pendent of overweight and several cases of is-
chemic hepatitis during severe OSA have been
reported [3-4]. Moreover epidemiological stud-
ies have shown that the OSA is an independent
risk factor for impairment of glucose homeosta-
sis [5-12].

Obesity has been linked to hepatic steatosis
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Abstract
Bckground: Patients with obstructive sleep apnea (OSA) are at risk of developing the

fatty liver as a result of being overweight. Several studies suggest that OSA per se could be a
risk factor for liver injury; and ischemic hepatitis with OSA. The OSA is an independent
risk factor for Insulin  resistance. Therefore, we investigated liver enzymes and insulin re-
sistance in patients with OSA, and compared with controls.

Methods: Eighty-one consecutive patients with clinical suspicion of OSA were referred
to the Sleep Unit of Masih Daneshvary hospital. On the basis of Polysomnography results
patients were divided into two groups: The OSA and non-OSA cases, and also patients with-
out OSA were used as internal controls. The Serum levels of liver enzymes were measured
in all patients and abdominal ultrasound examination performed for screening the fatty liv-
er and its grading. Insulin resistance was calculated via homeostasis model assessment
(HOMA).

Results: The OSA was present in 41 and absent in 40 patients. Age, sex and body mass
indices were not significantly different in two groups. The mean of alanine aminotrans-
ferase (ALT) was 31.24±14.05 IU/L in OSA and 29.97±8.9 IU/L in non-OSA (p= 0.349)
and aspartate aminotransferase (AST) was 29.07±9.6 IU/L in OSA and 26.85±6.7 IU/L in
non-OSA (p= 0.389). The mean of HOMA was 2.05±18.2 in OSA and 1.5±0.54 in non-OSA
(p< 0.001).

Conclusion: This study shows that OSA, independent of overweight conditions, is not a
risk factor for abnormal liver enzymes. However, the OSA per se seems to be associated
with increase in insulin resistance and severity of fatty liver.
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(fatty liver), which occurs in about 90% of pa-
tients with unexplained chronic elevations in
serum aminotransferase levels [13] Hepatic
steatosis is common in many industrialized
countries [14] with almost a quarter of adults
having excessive fat accumulation in the liver
[15,16]. It is also a significant risk factor for se-
rious liver disease, [17] which may contribute
to obesity-related morbidity and mortality. At
least 20% of patients with hepatic steatosis de-
velop cirrhosis, half of whom die of liver-relat-
ed causes within a decade of diagnosis, making
liver disease the second leading cause of death
in these patients.17 Hepatic steatosis is also as-
sociated with hyperinsulinemic insulin resist-
ance in humans [18,19] and in various animal
models [20-22] raising the possibility that en-
hancing insulin sensitivity may reduce hepatic
fat deposition. Since obstructive sleep apnea
leads to insulin resistance and visceral fat accu-
mulation and increases serum leptin levels, it
may also affect hepatic function [14]. Indeed,
hepatocytes from fatty livers have increased
sensitivity to anoxia [23] and frequent hypoxic
episodes in patients with OSA syndrome could
hinder hepatic function.

We believed that OSA-induced insulin resist-
ance and direct liver hypoxia could possibly be
involved in the pathogenesis of liver disease as-
sociated with OSA. In view of the fact that few
data concerning the prevalence and characteri-
zation of liver injury in patients with OSA inde-
pendent of the body weight is present, this study
was designed to access liver injury, and insulin
resistance in patients with OSA, taking into ac-
count their overweight conditions.

Method
Between April 2008 and January 2009, 81

consecutive patients with clinical suspicion of
OSA were referred to the Sleep Unit of Masih
Daneshvary hospital. Exclusion criteria were as
follows: decompensated cardiac or respiratory
insufficiency, treatment for OSA, alcohol in-
take higher than 20 g/d, regular use of hepato-

toxic drugs, known liver disease, and history of
liver transplantation. All patients gave their in-
formed consent, and the study was approved by
the local ethics committee.

The following data were recorded at the time
of polysomnography: age, sex, body mass in-
dex (BMI), history of diabetes, and hyper-
triglyceridemia. The Overweight condition was
defined as a BMI higher than 25 kg/m2.

Polysomnography: Measurements included
sleep stage (electroencephalogram, electroocu-
logram, and submental electromyogram), nasal
airflow (nasal cannulae) and oral airflow (ther-
mistor), rib cage and abdominal wall motion
(respiratory inductance plethysmography), and
arterial oxygen saturation (SaO2). All
polysomnographic data were analyzed visually.
Apnea was defined as cessation of airflow for
more than 10 seconds. The number of apnea
and hypopnea episodes per hour of sleep, or ap-
nea hypopnea index (AHI) was calculated. The
OSA was present when the AHI was 10/hr or
above, and absent when it was less than 10/hr
[14,15]. Patients were divided into two groups
on the basis of Polysomnography results: OSA
and non-OSA cases. The patients without OSA
were used as internal controls.

After a 10-hour overnight fast, in the morn-
ing immediately after sleep, venous blood sam-
ples were drawn to determine levels of ALT,
AST, triglycerides, glucose, and insulin. All
measurements were performed on fresh serum.
Plasma aminotransferases (alanine aminotrans-
ferase [ALT] and aspartate aminotransferase
[AST]) were routinely assayed on a Synchron
CX4-CE analyzer (Beckman-Coulter Instru-
ments, Palo Alto, CA) at 30°C. Patients with el-
evated liver enzymes were defined as having
serum ALT, AST higher than the upper limit of
normal (40 IU/L). Serum insulin level was de-
termined via radioimmunoassay. Insulin resist-
ance was calculated via homeostasis model as-
sessment (HOMA) as follows:

HOMA  = Fasting glucose (μmol/L) × Insulin (mU/L)
22.5
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Abdominal ultrasonic examination was per-
formed for fatty liver and its grading. The probe
was positioned in the right intercostal space in
each patient so that stable parenchymal echo
images of the liver could be obtained.

Statistical analysis: Qualitative variables
were expressed as a percentage and compared
using the Chi- square and Fisher’s exact tests.
Continuous variables were expressed as the
mean ± standard deviation (SD) and compared
using the Student t-test. The relationships be-
tween continuous variables were analyzed by
Pearson’s correlation. Differences considered
significant if the P-value was less than 0.05.

Results 
Eighty-one patients were involved in this

study. The OSA was present in 41 and absent in
40 patients. Mean age of patients with OSA was
50.1±11.6 years as compared to 50.4±11.7
years in non-OSA patients, and showed no sta-

tistical significance (p>0.05). The ratio of male
to female in OSA group was 18:23 as compared
to 18:22 in non-OSA group, and this difference
also was not statistically significant (p=0.921).

Our results show that mean BMI in patients
with OSA was 41.3±4.4 kg/m2 when compared
to 41.04±3.8 kg/m2 in non-OSA patients. This
difference was not statistically significant
(p=0.743, t-test). Table 1 shows characteristics
of patients with or without OSA. The mean val-
ue of lab indices for AST,ALT, FBS, HOMA,
triglyceride and cholesterol in the two groups
were compared using student t-test and results
are shown in table 1. Seven patients (17.1%)
had serum AST higher than the upper limit of
normal (40 IU/L) in OSA groups and 2 patients
(5%) in non-OSA (p=0.084). Ten patients
(24.4%) had serum ALT higher than the upper
limit of normal (40 IU/L) in OSA group in com-
parison to 4 patients (10%) in non- OSA
(p=0.087).

The results of our study showed that the
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Table 1.Characteristics of Patients in OSA and non-OSA groups.

Table 2. The correlation of AHI and O2 saturation with AST, ALT, FBS and HOMA.



mean for oxygen saturation in OSA group was
87.3±7 and for AHI was 28.8±11.6. On the ba-
sis of these results 46.3% (19 patients) with
OSA condition had O2 saturation below normal
limit while allpatients had abnormal values of
AHI. The correlation between AHI and AST,
ALT, FBS and HOMA, and O2 saturation and
ALT, FBS and HOMA are shown in Table 2.

Our finding showed that steatosis was pres-
ent in 15 patients (36.6%) in OSA groups and 9
patients (22.5%) in non-OSA (p=0.165). Table
3 compares the frequency of steatosis grades in
OSA and non-OSA groups as determined by
sonography of liver.

Discussion
Results from our study show that the patients

under study in the 2 groups were not signifi-
cantly different so far as demographics were
concerned, including age and gender, further-
more there was no significant difference in
BMI of OSA and non-OSA groups, thus having
no confounding effect in this study.

Our results show that mean AST and ALT
levels had no statistically significant difference
between OSA and non-OSA groups. In a study
done by Florence et al., AST was not signifi-
cantly different in OSA and non-OSA groups,
however, ALT showed a significant difference
in the two groups [24]. The serum ALT and AST
values have long been used as surrogate mark-
ers of liver injury [25-26]. It is, however, well
known that the ALT and AST values do not cor-
relate well with the severity of liver disease not-
ed on liver biopsy in subjects with chronic liver
disease [26]. Also there was no significant cor-
relation between AHI with AST and ALT. From
these findings it does not seem that OSA can in-
duce damage to hepatocites independently,

which is in contradiction to the findings of
Savransky [27] Tanné [28] Jouët [29] and Singh
[30].

Results of our study show that no statistically
significant difference in FBS, triglycerides and
cholesterol was present in OSA and non-OSA
groups. However, a strong and statistically sig-
nificant relation existed between insulin resist-
ance and OSA. The HOMA showed a strong
correlation with severity of OSA and also with
oxygen saturation, such that with increase in
oxygen saturation, insulin resistance was de-
creased, and in view of the fact that BMI of
OSA and non-OSA groups had no statistically
significant difference, it can be speculated that
this correlation was independent of other vari-
ables under consideration. This result was also
in concordance with the results obtained by
Florence, [24] further reaffirming this relation.
The mechanism whereby OSA results in insulin
resistance and fatty infiltration of the liver has
yet to be elucidated. The OSA is associated with
increased nocturnal sympathetic activity and
high serum glucagon and corticosteroids levels
and urinary chatecholamines, which increase
insulin resistance [31]. Indeed, an altered hypo-
thalamus-pituitary-adrenal axis has been re-
ported in patients with OSA [11]. Also, it seems
OSA can cause insulin resistance by stress ox-
idative mechanism.

However, more studies are needed to reach a
definitive result and elucidate the probable
mechanism.

Previous studies demonstrated that ultra-
sonography has relatively high sensitivity (82-
94%) and specificity(66-95%) in detecting fat-
ty liver. On the basis of new abdominal ultra-
sound scoring system for fatty liver suggested
by Hamaguchi et al., our patients were either
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Table 3. Frequency of Steatosis grades in OSA and non-OSA patients as determined by abdominal ultrasound. 



normal or had mild, moderate or severe steato-
sis [32]. A statistically significant relation was
present between severity of steatosis and OSA,
such that moderate and severe steatosis were
seen more frequently in OSA group as com-
pared to controls. However, presence or ab-
sence of steatosis in the 2 groups lacked statisti-
cal significance. Absence of this difference can
be partly contributed to the small sample size;
therefore further studies on larger groups can
prove helpful in this regard.

Conclusion
In conclusion, based on the findings of this

study, further studies on larger groups are re-
quired to confirm that an association exists be-
tween liver enzymes, insulin resistance and
OSA, independent of overweight states. Fur-
thermore, to determine whether OSA con-
tributes to the pathogenesis of non-alcoholic
fatty liver disease (NAFLD), patients should be
screened for OSA and referred for formal
polysomnographic testing where appropriate.
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