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Abstract

Purpose Obstructive sleep apnea (OSA) is suggested as a
potential risk factor of nonalcoholic fatty liver disease
(NAFLD). However, the underlying mechanism is still far
from clear. The aim of this observational study was to inves-
tigate the influence of OSA-related hypoxia on severity of
liver injury in patients with NAFLD.

Methods Consecutive patients with ultrasound-diagnosed
NAFLD who underwent standard polysomnography were
enrolled. Fasting blood samples were obtained from all pa-
tients for biological profile measurements, and demographic
data were collected. Subjects were divided into control, mod-
erate, and severe groups.

Results A total of 85 subjects with 73 males and 12 females
were included (mean age, 44.67+1.28 years; mean body mass
index, 27.28+0.33 kg/m?). Alanine aminotransferase (ALT),
aspartate aminotransferase (AST), ALT/AST, gamma
glutamyltransferase, total cholesterol, low density
lipoprotein-cholesterol, fasting glucose, and high-sensitivity
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C-reactive protein significantly increased with the aggravation
of OSA. In multivariate analysis, oxygen desaturation index
was the major contributing factor for elevated ALT (5=0.435,
p=0.000), average O, saturation was the major independent
predictor of elevated AST (8=-0.269, p=0.020).
Conclusions OSA-related hypoxia was independently associ-
ated with the biochemical evidence of liver injury in the
presence of NAFLD.

Keywords Obstructive sleep apnea - Hypoxia - Fatty liver -
Liver injury

Introduction

Obstructive sleep apnea (OSA) is characterized by repetitive
episodes of partial or complete obstruction of the upper airway
during sleep, resulting in sleep fragmentation and hypoxemia.
The prevalence of OSA among the adult population is high,
being 2 to 4 % in the general population and 35 to 45 % in
obese individuals [1, 2]. There is accumulating evidence
supporting the relationship of OSA with all manifestations of
the metabolic syndrome, including visceral obesity, hyperten-
sion, dyslipidemia, and insulin resistance [3, 4]. An effective
treatment for OSA has become available and continuous
positive airway pressure (CPAP) may ameliorate metabolic
outcomes [5, 6]. Recent data suggest that OSA is associated
with another manifestation of metabolic dysfunction, nonal-
coholic fatty liver disease (NAFLD) [7-9].

NAFLD represents a wide spectrum of liver disorders from
isolated steatosis to nonalcoholic steatohepatitis (NASH) and
cirrhosis. NAFLD is a common cause of chronic liver disease,
affecting 30 % of the general adult population and up to 60 to
70 % of diabetic and obese patients [10]. Liver biopsy remains
the gold standard to diagnose and stage NAFLD from
steatosis to cirrhosis. Obesity, advanced age, diabetes mellitus,
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hypertriglyceridemia, and hypertension have been identified
as the main risk factors of NAFLD [11]. A “two-hit” hypoth-
esis has been proposed to explain the pathogenesis of NASH
[12]. The “first hit” consists of excess hepatic triglyceride
accumulation due to dysregulation of fatty acids and insulin
resistance, in the absence of significant alcohol consumption
or other liver disease. Whereas oxidative stress and cytokine
expression constitute a “second hit”, leading to the shift from
steatosis to NASH [11, 13].

In C57BL/6 J mice with diet-induced obesity (DIO), inter-
mittent hypoxia for 6 months caused significant increase in
serum transaminases, inflammation, and fibrosis. However,
the DIO mice without hypoxia showed only hepatic steatosis
but no histological evidence of steatohepatitis [ 14]. Given that
chronic intermittent hypoxia (CIH) is a potential risk factor in
the progression from fatty liver to NASH, we hypothesized
that OSA-related hypoxia was independently associated with
the biochemical evidence of liver injury in patients with
ultrasound-diagnosed NAFLD.

Materials and methods
Subjects

All consecutive patients who presented to our sleep laboratory
because of symptoms of sleep apnea between December 2012
and October 2013 were included in the study. We selected
subjects with ultrasound-diagnosed NAFLD. All patients
completed an Epworth sleepiness scale (ESS) and a detailed
questionnaire on sleep symptoms, history of alcohol con-
sumption and smoking, medical history, and medications.
Individuals with hepatitis virus B and/or C were excluded by

Fig. 1 Study flow chart. Some
subjects met more than one
criterion for exclusion. OS4
obstructive sleep apnea, PSG
polysomnography, NAFLD

systematic history taking and blood tests. Other exclusion
criteria included known diagnosis of OSA and use of CPAP
within the prior 3 months, excess alcohol intake (defined as
>20 g/day for males and 10 g/day for females), current use of
hepatotoxic drugs and other causes of chronic liver disease,
severe cardiopulmonary chronic disease, or acute inflamma-
tory disease. Figure 1 displays the study flow chart. Written
informed consents were obtained from all subjects before the
study, and this study had been approved by the local institu-
tional ethics committee.

Anthropometric and biochemical measurements

Body weight and height were measured in bare feet and light
clothing in the morning with the same equipments. Body mass
index (BMI) was calculated by dividing body weight to height
square (kg/m?). Waist circumference was measured at a level
midway between the lower costal margin and the iliac crest.
Blood pressure was gauged by a standard mercury sphygmo-
manometer on the right arm with the participants in a sitting
position after 5 min of rest—the average of two measure-
ments, with 1-min interval, was considered. Fasting blood
was taken in the morning for the measurement of serum
glucose, alanine aminotransferase (ALT), aspartate amino-
transferase (AST), alkaline phosphatase (Alk Phos), total bil-
irubin (T. bilirubin), gamma glutamyltransferase (GGT), and
lipid profile comprising total cholesterol (TC), high-density
lipoprotein-cholesterol (HDL-C), low-density lipoprotein-
cholesterol (LDL-C), and triglycerides (TG). All blood sam-
ples were analyzed using the Modular P800 autoanalyzer
(Roche, Tokyo, Japan). High-sensitivity C-reactive protein
(hs-CRP) was measured with a BNII nephelometer (Dade
Behring, Deerfield, IL, USA). The value of mean arterial

Consecutive subjects referred for PSG
n=139

nonalcoholic fatty liver disease

27 did not have NAFLD based on
abdominal ultrasound

6 with previously treated OSA

Other reasons:

9 excess alcohol intake

8 hepatitis virus B

4 acute inflammatory diseases
1 use of hepatotoxic drugs

9 refused abdominal ultrasound
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Fig. 2 Abdominal US of a
patient without NAFLD (a) in
comparison with a patient with
NAFLD (b). US scan of the liver
of a 26-year-old patient without
NAFLD showed solid
homogenous echo texture (a). US
scan of the liver of a 45-year-old
patient with NAFLD showed
diffusely increased liver
echogenicity, blurring of vascular,
and increased acoustic attenuation
(b). US ultrasonography

pressure (MAP) was calculated by the following equation:
diastolic blood pressure+1/3 (systolic blood pressure—dia-
stolic blood pressure).

Polysomnographical evaluation

Overnight polysomnography (P Series Sleep System,
Compumedics, Melbourne, Australia) was performed with
recording of the following parameters: electroencephalogra-
phy, electrooculography, electromyography, airflow using na-
sal and oral thermistors, respiratory effort using thoracic and
abdominal impedance belts, arterial oxyhemoglobin

saturation using pulse oximetry, snoring using tracheal micro-
phone, and body position using a sensor. The
polysomnography started, on average, at 22:00 hours (lights
off) and finished around 06:00 hours (lights on). Sleep staging
was scored according to the criteria of American Academy of
Sleep Medicine (AASM) published in 2007 [15]. Apnea was
defined as decrements in airflow >90 % from baseline for
>10 s. Hypopnea was defined as a 30 % or greater decrease in
flow lasting >10 s and was associated with a 4 % or greater
oxyhemoglobin desaturation. The number of apneas and
hypopneas per hour of sleep were calculated to obtain the
apnea-hypopnea index (AHI). The oxygen desaturation index

Table 1 Anthropometric and polysomnographic parameters of all patients according to the presence of OSA and its severity

Controls Moderate OSA Severe OSA p values

Subjects n 14 36 35

Age, years 46.21+11.81 44.14£8.95 44.60+£14.29 0.857
Male sex, number (%) 11 (78.6) 32 (88.9) 30(85.7) 0.592
Antihypertensive agents, number (%) 3(214) 8(22.2) 6(17.1) 0.878
Antidiabetic agents, number (%) 2(14.3) 1(2.8) 1(2.9) 0.275
Antilipemic agents, number (%) 0(0.0) 0(0.0) 12.9) 0.576
Current smoking, number (%) 5(35.7) 10 (27.8) 11 (31.4) 0.853
Body mass index (kg/m?) 24.85+2.52 26.86+2.70 28.69+2.80 0.000
Neck circumference (cm) 37.29+£2.77 39.68+2.96 42.00+3.18 0.000
Waist circumference (cm) 90.25+5.13 97.194+7.72 102.17+6.95 0.000
AHI 5.00 (3.48-6.90) 24.10 (17.50-37.00) 64.10 (58.10-76.40) 0.000
ODI 2.60 (1.58-8.33) 19.47 (11.93-29.85) 60.40 (49.81-73.75) 0.000
T90 %(%) 0.10 (0.01-0.32) 3.14(0.70-6.12) 20.04 (9.60-44.58) 0.000
LaSO, (%) 87.00 (82.75-89.25) 75.00 (68.25-84.00) 66.00 (49.00-71.00) 0.000
Average SpO, (%) 96.00 (94.00-96.25) 94.00 (93.00-95.00) 90.00 (85.00-92.00) 0.000
ESS score 9.07+5.08 9.06+4.80 11.60+5.49 0.087

Normally distributed data were expressed as mean+SD, skewed data (including AHI, ODI, T90 %, LaSO,, average SpO,) were presented as median
(interquartile range). Categorical variables were expressed as number (percentage)

OSA obstructive sleep apnea, 4HI apnea-hypopnea index, ODI oxygen desaturation index, 790% the percentage of total sleep time spent with SpO, <
90 %, LaSO; lowest O, saturation, average SpO, average O, saturation, ESS score Epworth Sleepiness Scale score
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(ODI) was defined as the number of dips in oxygen saturation
(SpOy) >4 % per hour of total sleep time. Polysomnographical
parameters including lowest O, saturation (LaSO,), mean
nocturnal oxygen saturation (average SpO,), and the percent-
age of sleep time with SpO,<90 % (T90 %) were also record-
ed. OSA was defined as absent when AHI was <10 events/h,
moderate when it was 10-50 events/h, and severe when it was
>50 events/h [16].

Definition of NAFLD

Abdominal ultrasound was performed using a 3.5 MHz trans-
ducer (Technos DU 8§, Genoa, Italy) by an experienced radi-
ologist who was unaware of the aim of the study and blinded
to the laboratory values. Both subcostal and intercostal scan-
ning was done. Images were captured in a standard fashion
with the subject in the supine position and with the right arm
raised above the head. Normal liver parenchyma was seen as
solid homogenous echo texture, which was midway between
the renal cortex and pancreatic echogenicity (Fig. 2a). Fatty
liver disease was diagnosed as diffusely increased
echogenicity of the hepatic parenchyma compared to the
kidneys, vascular blurring, and deep-echo attenuation [17,
18] (Fig. 2b). NAFLD was defined as subjects with fatty liver
disease and no history of excessive alcohol consumption.

Statistical analysis

Statistical analyses were performed using SPSS v 17.0 (SPSS
Inc., Chicago, IL, USA). All variables were tested for normal
distribution before analysis. Data were expressed as mean+SD,
median (interquartile range), and number (percentage) for nor-
mally distributed, skewed, and categorical data, respectively.
Normally distributed continuous variables were compared by
using one-way ANOVA for multiple-group comparison. Non-
normally distributed continuous variables were compared by
using Kruskal-Wallis H (K) for multiple-group comparison.
Chi-square test or Fisher’s exact test was performed for cate-
gorical variables. Correlations between variables were explored
using the Spearman rank test. All descriptive data not in normal
distribution were In-transformed before multivariate analysis.
Multiple linear regression analysis was performed to determine
the independent predictors of ALT and AST. A stepwise selec-
tion method was used in the multivariate analysis. Differences
were considered significant if the p value was <0.05.

Results

Eighty-five subjects with ultrasound-diagnosed NAFLD, in-
cluding 73 males and 12 females, were finally included

Table 2 The metabolic and liver function parameters of all patients according to the presence of OSA and its severity

Controls Moderate OSA Severe OSA p values

Subjects n 14 36 35

MAP (mmHg) 93.17+8.93 94.99+7.95 98.67+13.18 0.177
TC (mmol/L) 4.88+0.91 4.94+0.80 5.65+£0.92 0.001
TG (mmol/L) 1.69 (1.37-3.09) 1.93 (1.40-2.70) 2.21 (1.46-3.38) 0.455
HDL-C (mmol/L) 1.26+0.45 1.03+0.20 1.09+0.24 0.036
LDL-C (mmol/L) 2.95+0.83 3.12+0.80 3.66+0.81 0.005
Fasting glucose (mmol/L) 5.06 (4.40-6.44) 5.37 (4.98-5.77) 5.98 (5.28-6.79) 0.028
Hs-CRP (mg/L) 0.48 (0.25-1.04) 0.99 (0.55-2.79) 3.26 (1.77-4.59) 0.000
ALT (U/L) 19.00 (16.50-26.00) 31.50 (26.00-48.50) 54.00 (31.00-81.00) 0.000
AST (U/L) 21.50 (18.75-24.00) 25.00 (20.25-31.75) 36.00 (23.00-49.00) 0.001
ALT/AST ratio 1.00+0.36 1.35+£0.37 1.54+0.51 0.001
Elevated ALT", number (%) 1(7.1) 13 (36.1) 22 (62.9) 0.001
Elevated AST®, number (%) 0(0.0) 4 (11.1) 13 (37.1) 0.003
T. bilirubin (umol/L) 11.13+4.40 10.32+3.75 12.33+4.40 0.129
Alk Phos (U/L) 69.43+£16.12 75.06+25.29 71.54+14.58 0.613
GGT (U/L) 21.00 (19.75-29.50) 38.00 (26.00—69.00) 67.00 (40.00-95.00) 0.000

Normally distributed data were expressed as mean+SD, skewed data (including TG, fasting glucose, hs-CRP, ALT, AST, and GGT) were presented as
median (interquartile range). Categorical variables were expressed as number (percentage)

0S4 obstructive sleep apnea, MAP mean arterial pressure, 7C total cholesterol, 7G triglycerides, HDL-C high-density lipoprotein-cholesterol, LDL-C
low-density lipoprotein-cholesterol, Hs-CRP high-sensitivity C-reactive protein, ALT alanine aminotransferase, AS7T aspartate aminotransferase,
T. bilirubin total bilirubin, Al/k Phos alkaline phosphatase, GGT gamma glutamyltransferase

*Elevated ALT and AST were defined as higher than the upper limit of normal
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(Fig. 1). The mean BMI was 27.28+0.33 kg/m” (range,
21.05-35.59 kg/m?) and mean age was 44.67+1.28 years
(range, 20-72 years). OSA (AHI >10 events/h) found in 71
(83.5 %) patients, was moderate in 36 patients, and severe
(AHI >50 events/h) in 35 patients.

The anthropometric and polysomnographic characteristics
of the patients are presented in Table 1. Polysomnographical
parameters including LaSO,, average SpO, decreased signif-
icantly with an increase in OSA severity, whereas BMI, neck
circumference, waist circumference, AHI, ODI, and T90 %
increased with OSA severity (all p=0.000). There were no
significant differences among the three groups for age, current
smoking, sex ratio, medications, or ESS score.

The metabolic and liver function parameters are reported in
Table 2. The three groups did not differ in terms of MAP, TG,
T. bilirubin, or Alk Phos. A strong positive association was
observed between OSA severity and the indices of TC, LDL-
C, hs-CRP, GGT, and ALT/AST (p=0.001, p=0.005, p=
0.000, p=0.000, and p=0.001, respectively). In addition, a
statistically significant positive association with the fasting
glucose as well as negative association with HDL-C was seen.
ALT increased from 19.00 to 54.00 U/L with OSA severity
(»=0.000). AST increased from 21.50 to 36.00 U/L with OSA
severity (p=0.001). A statistically significant increase in the
prevalence of elevated serum aminotransferases was observed
from controls to severe OSA group.

Table 3 shows the correlations between ALT, AST, and the
other variables. Both indices were significantly correlated
with BMI, waist circumference, fasting glucose, TG, TC,
AHI, ODI, T90 %, and average SpO, (all p<0.05). Hs-CRP,
as an expression of inflammation, was also correlated with
ALT and AST (r=0.263, p=0.015 and »=0.349, p=0.001,
respectively). Stepwise multiple linear regression analyses
were used to determine predictors of ALT and AST. These
analyses identified In ODI (5=0.435, p=0.000), In TG (5=
0.259, p=0.008) and age (6=-0.190, p=0.046) as indepen-
dent explanatory variables for In ALT (Fig. 3), In average
SpO, (8=-0.269, p=0.020), In TG (5=0.221, p=0.024) and
In AHI (5=0.226, p=0.047) for In AST (Fig. 4).

Discussion

In this cross-sectional study performed in a group of
ultrasound-diagnosed NAFLD patients with both sexes, we
found that OSA commonly affected patients with NAFLD
(83.5 %). Nocturnal hypoxia was associated with the elevation
of liver enzymes, independent of a variety of relevant factors
such as age, gender, obesity, inflammation, blood pressure,
serum glucose, and lipid profile, which suggested that noctur-
nal hypoxia might be a risk factor in the progression of
NAFLD.

Table 3 Spearman rank correlation coefficients between liver enzyme
levels (ALT and AST) and anthropometric, metabolic, and polysomno-
graphic characteristics

ALT AST

r p values r p values
Age -0.264 0.015 —0.099 0.366
Body mass index 0.335 0.002 0.347 0.001
Waist circumference 0.342 0.001 0.372 0.000
AHI 0.512 0.000 0.469 0.000
ODI 0.485 0.000 0.444 0.000
T90 % 0.330 0.002 0.300 0.005
Average SpO, -0.304 0.005 —0.296 0.006
LaSO, —0.235 0.030 —0.206 0.059
MAP 0.091 0.407 0.119 0.277
Fasting glucose 0.247 0.023 0.321 0.003
TC 0.215 0.048 0.214 0.049
TG 0.333 0.002 0.241 0.026
HDL-C —0.172 0.116 —0.034 0.754
LDL-C 0.101 0.358 0.122 0.268
Hs-CRP 0.263 0.015 0.349 0.001

ALT alanine aminotransferase, AST aspartate aminotransferase, AHI ap-
nea-hypopnea index, ODI oxygen desaturation index, 790% the percent-
age of total sleep time spent with SpO,<90 %, average SpO, average O,
saturation, LaSO, lowest O, saturation, MAP mean arterial pressure, 7C
total cholesterol, 7G triglycerides, HDL-C high-density lipoprotein-cho-
lesterol, LDL-C low density lipoprotein-cholesterol, Hs-CRP high-sensi-
tivity C-reactive protein

Several studies evaluating the relationship between OSA
and NAFLD have been conducted, and the results were con-
flicting. A study including 109 OSA patients showed that ALT
and AST levels significantly correlated with the severity of
nocturnal hypoxia, but not with the AHI or metabolic syn-
drome features. On regression analysis, T90 % remained a
stronger predictor of the variance in ALT [19]. It should be
noted that this study did not include a control group.
Kheirandish-Gozal and colleagues [20] reported significantly
higher prevalence of elevated ALT levels in children with
OSA compared to children without OSA. Mishra et al. [8]
studied 101 bariatric patients with biopsy-proven NAFLD, all
of whom had full PSG in a sleep laboratory. Subjects with
histological NASH had significantly lower LaSO,, lower
average SpO,, higher AHI, and higher ALT/AST compared
with non-NASH controls. Multivariate analysis showed that
the LaSO, was independently associated with histological
NASH. Polotsky et al. [9] studied 90 consecutive bariatric
patients who underwent PSG, and reported that nocturnal
oxygen desaturation might predispose to hepatic inflamma-
tion, hepatocyte ballooning, and liver fibrosis. Notably, ALT
and AST values were within the normal range in all patients.
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6.00]

5.007

4.004

Ln ALT

3.007

2.00

I
-2.00 0.00

Fig. 3 Correlation between In ALT and In ODI. Age, gender, current
smoking, BMI, waist circumference, MAP, LDL-C, HDL-C, TC, In TG,
In fasting glucose, In hs-CRP, In AHI, In ODI, In T90 %, In LaSO,, and In
average SpO,, as independent variables, were entered into the regression
model, and In ALT was taken as dependent variable; stepwise linear
regression showed that age, In TG, and In ODI were included in the final
model. Ln ODI was the independent predictor of In ALT (5=0.435,

This study was limited by the fact that the number of subjects
from whom liver biopsies were available was small. More
recently, a study based on pediatric patients with liver biopsy-
proven NAFLD identified that the severity and duration of
hypoxemia were associated with both histological measures of
NAFLD disease severity and with elevated AST and ALT
levels [21]. However, Turkay and co-workers [22] found that
there were no significant differences in the results of liver
function tests grouped by severity of obstructive sleep apnea.
Singh et al. [23] evaluated 190 patients with a biochemical
diagnosis of NAFLD, of whom 50 had undergone hepatic
biopsy. They did not find a difference between the prevalence
of OSA symptoms in the patients with steatosis and
steatohepatitis. Another study which enrolled 40 bariatric
patients also elucidated that there was no association between
AHI or oxyhemoglobin desaturation and liver enzymes, he-
patic histologic features, or NASH overall [24]. Factors such
as sample size, population, diagnosis methodology, and study
design may be responsible for the discrepancies in study
outcomes.

We focused on patients with ultrasound-diagnosed
NAFLD and demonstrated that ODI and average SpO, were
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2.00 4.00

Ln ODI

adjusted °=0.322, p=0.000). BMI body mass index, MAP mean arterial
pressure, LDL-C low-density lipoprotein-cholesterol, /DL-C high-den-
sity lipoprotein-cholesterol, 7C total cholesterol, 7G triglycerides, Hs-
CRP high-sensitivity C-reactive protein, AHI apnea-hypopnea index,
ODI oxygen desaturation index, 790% the percentage of total sleep time
spent with SpO,<90 %, LaSO, lowest O, saturation, average SpO,
average O, saturation, AL T alanine aminotransferase

the determinant factors predicted serum liver enzyme levels
after controlling for confounders. At the same time, our results
showed that liver injury was better predicted by markers of
oxygen desaturation than by AHI, which was consistent with
previous reports [21, 7, 9]. The findings of our study suggest
that in the setting of NAFLD, repeated nocturnal hypoxemic
episodes may act as the “second hit” leading to the progres-
sion of NAFLD. A recently published study including a large
range of BMI patients from lean to overweight and massively
obese demonstrated a dose-response relationship between the
severity of nocturnal hypoxia and liver injury only in morbidly
obese but not in lean [25]. This hypothesis has been further
supported by animal experiments. In diet-induced obesity
models, mice exposed to CIH exhibited elevated aminotrans-
ferase levels, hepatic steatosis, lobular inflammation, and
fibrosis, while mice exposed to intermittent air showed only
hepatic steatosis. The changes in mice exposed to CIH were
coupled with significant increases in serum and liver lipid
peroxidation products and in hepatic myeloperoxidase, proin-
flammatory cytokines, chemokine macrophage inflammatory
protein-2, and ol (I)-collagen expression [14]. In another
experiment, C57BL/6 J mice were fed a high fat diet for



Sleep Breath (2015) 19:273-280

279

5.00]

4.507]

4.00

Ln AST

3.50

3.007

2.507]

Ln average SpO3

Fig. 4 Correlation between In AST and In average SpO,. Age, gender,
current smoking, BMI, waist circumference, MAP, LDL-C, HDL-C, TC,
In TG, In fasting glucose, In hs-CRP, In AHI, In ODI, In T90 %, In LaSO,,
and In average SpO,, as independent variables, were entered into the
regression model, and In AST was taken as dependent variable; stepwise
linear regression showed that In average SpO,, In TG, and In AHI were
included in the final model. Ln average SpO, was the independent
predictor of In AST (3=-0.269, adjusted /7=0.244, p=0.020). BMI body

12 weeks and then exposed to CIH or control conditions for
4 weeks. CIH doubled HOMA index, induced severe glucose
intolerance, significantly increased liver enzymes, inflamma-
tion, and oxidative stress [26].

Conflicting results were also observed in the effect of
CPAP treatment on NAFLD. Chin et al. [27] observed that
treatment with CPAP produced a significant reduction in
aminotransferases during the first night of treatment; these
improvements were maintained after 1 and 6 months of nasal
CPAP treatment. A significant improvement in liver enzymes
after effective treatment of OSA has also been demonstrated in
obese kids [20]. Conversely, a randomized placebo-controlled
study failed to show this beneficial effect on liver enzymes in
patients with moderate-to-severe OSA after 4 weeks of treat-
ment with CPAP compared to sham CPAP [28]. Taken togeth-
er, there is clearly a need for large-scale, randomized con-
trolled interventional trials to assess whether effective versus
sham CPAP treatment is able to improve liver injury.

There are several limitations of our study that will require
further evaluation. Its cross-sectional design allowed us to

mass index, MAP mean arterial pressure, LDL-C low-density lipoprotein-
cholesterol, HDL-C high-density lipoprotein-cholesterol, 7C total choles-
terol, 7G triglycerides, Hs-CRP high-sensitivity C-reactive protein, AHI
apnea-hypopnea index, ODI oxygen desaturation index, 790% the per-
centage of total sleep time spent with SpO,<90 %, LaSO- lowest O,
saturation, average SpO, average O, saturation, AST aspartate
aminotransferase

support a correlation but not a causative relationship between
OSA and the severity of NAFLD. Second, the sample size of
the present study was relatively small, and it could not be
analyzed separately by sex since female subjects were few. In
addition, we excluded other rare forms of chronic liver disease
such as Wilson disease, o1-anti-trypsin deficiency, and auto-
immune hepatitis by medical history rather than blood test.
Furthermore, confounding factors such as BMI and waist
circumference were not matched for each group, and multi-
variate analysis was performed to overcome the limitation.
Another potential limitation is the use of serum aminotrans-
ferases as a surrogate marker of liver injury. Various other
noninvasive methods to assess NAFLD have been used, in-
cluding Steato Test for hepatic steatosis, Nash Test for NASH,
and Fibro Test for liver fibrosis. Although liver biopsy is the
best way to confirm the diagnosis of NAFLD and to determine
the severity of this disease, it could not be widely performed
for ethical reasons. However, previous studies have reported
less than 10 % of nonalcoholic fatty liver and as many as
100 % of NASH patients with elevated serum
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aminotransferases [29, 30], and this method has been
employed previously by a number of studies to examine
potential links between OSA and NAFLD [23, 19, 27].

In conclusion, our study showed that nocturnal hypoxia in
patients with OSA was a risk factor of liver injury in the
presence of NAFLD. For a better understanding of this com-
plex relationship, further randomized controlled studies in-
cluding patients with histologically proven NAFLD and
PSG defined OSA are needed to establish whether there is
an independent association between them.

Acknowledgments
tance in statistics.

We would like to thank Xiao-Bin Zhang for assis-

Open Access This article is distributed under the terms of the Creative
Commons Attribution License which permits any use, distribution, and
reproduction in any medium, provided the original author(s) and the
source are credited.

References

1. Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S (1993)
The occurrence of sleep-disordered breathing among middle-aged
adults. N Engl J Med 328:1230-1235

2. Lindberg E, Gislason T (2000) Epidemiology of sleep-related ob-
structive breathing. Sleep Med Rev 4:411-433

3. Bonsignore MR, Esquinas C, Barcelo A, Sanchez-de-la-Torre M,
Paterno A, Duran-Cantolla J, Marin JM, Barbe F (2012) Metabolic
syndrome, insulin resistance and sleepiness in real-life obstructive
sleep apnoea. Eur Respir J 39:1136-1143

4. Kono M, Tatsumi K, Saibara T, Nakamura A, Tanabe N, Takiguchi Y,
Kuriyama T (2007) Obstructive sleep apnea syndrome is associated
with some components of metabolic syndrome. Chest 131:1387—
1392

5. Dorkova Z, Petrasova D, Molcanyiova A, Popovnakova M, Tkacova
R (2008) Effects of continuous positive airway pressure on cardio-
vascular risk profile in patients with severe obstructive sleep apnea
and metabolic syndrome. Chest 134:686—-692

6. Iftikhar IH, Khan MF, Das A, Magalang UJ (2013) Meta-analysis:
continuous positive airway pressure improves insulin resistance in
patients with sleep apnea without diabetes. Ann Am Thorac Soc 10:
115-120

7. Aron-Wisnewsky J, Minville C, Tordjman J, Levy P, Bouillot JL,
Basdevant A, Bedossa P, Clement K, Pepin JL (2012) Chronic
intermittent hypoxia is a major trigger for non-alcoholic fatty liver
disease in morbid obese. J Hepatol 56:225-233

8. Mishra P, Nugent C, Afendy A, Bai C, Bhatia P, Afendy M, Fang Y,
Elariny H, Goodman Z, Younossi ZM (2008) Apnoeic-hypopnoeic
episodes during obstructive sleep apnoea are associated with histo-
logical nonalcoholic steatohepatitis. Liver Int 28:1080-1086

9. Polotsky VY, Patil SP, Savransky V, Laffan A, Fonti S, Frame
LA, Steele KE, Schweizter MA, Clark JM, Torbenson MS,
Schwartz AR (2009) Obstructive sleep apnea, insulin resis-
tance, and steatohepatitis in severe obesity. Am J Respir Crit
Care Med 179:228-234

10. Younossi ZM, Stepanova M, Afendy M, Fang Y, Younossi Y, Mir H,
Srishord M (2011) Changes in the prevalence of the most common
causes of chronic liver diseases in the United States from 1988 to
2008. Clin Gastroenterol Hepatol 9:524-530, €521; quiz 560

@ Springer

11.

12.

13.

14.

15.

16.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Farrell GC, Larter CZ (2006) Nonalcoholic fatty liver disease: from
steatosis to cirrhosis. Hepatology 43:S99-S112

Day CP, James OF (1998) Steatohepatitis: a tale of two “hits”?
Gastroenterology 114:842-845

Browning JD, Horton JD (2004) Molecular mediators of hepatic
steatosis and liver injury. J Clin Invest 114:147-152

Savransky V, Bevans S, Nanayakkara A, Li J, Smith PL, Torbenson
MS, Polotsky VY (2007) Chronic intermittent hypoxia causes hepa-
titis in a mouse model of diet-induced fatty liver. Am J Physiol
Gastrointest Liver Physiol 293:G871-G877

Schulz H (2007) Phasic or transient? Comment on the terminology of
the AASM manual for the scoring of sleep and associated events. J
Clin Sleep Med 3:752

Meslier N, Gagnadoux F, Giraud P, Person C, Ouksel H, Urban T,
Racineux JL (2003) Impaired glucose-insulin metabolism in males
with obstructive sleep apnoea syndrome. Eur Respir J 22:156-160

. Osawa H, Mori Y (1996) Sonographic diagnosis of fatty liver using a

histogram technique that compares liver and renal cortical echo
amplitudes. J Clin Ultrasound 24:25-29

. Saadeh S, Younossi ZM, Remer EM, Gramlich T, Ong JP, Hurley M,

Mullen KD, Cooper JN, Sheridan MJ (2002) The utility of radiolog-
ical imaging in nonalcoholic fatty liver disease. Gastroenterology
123:745-750

Norman D, Bardwell WA, Arosemena F, Nelesen R, Mills PJ, Loredo
JS, Lavine JE, Dimsdale JE (2008) Serum aminotransferase levels are
associated with markers of hypoxia in patients with obstructive sleep
apnea. Sleep 31:121-126

Kheirandish-Gozal L, Sans Capdevila O, Kheirandish E, Gozal D
(2008) Elevated serum aminotransferase levels in children at risk for
obstructive sleep apnea. Chest 133:92-99

Sundaram SS, Sokol RJ, Capocelli KE, Pan Z, Sullivan JS, Robbins
K, Halbower AC (2013) Obstructive sleep apnea and hypoxemia are
associated with advanced liver histology in pediatric nonalcoholic
fatty liver disease. J Pediatr. doi:10.1016/j.jpeds.2013.10.072
Turkay C, Ozol D, Kasapoglu B, Kirbas I, Yildirim Z, Yigitoglu R
(2012) Influence of obstructive sleep apnea on fatty liver disease: role
of chronic intermittent hypoxia. Respir Care 57:244-249

Singh H, Pollock R, Uhanova J, Kryger M, Hawkins K, Minuk GY
(2005) Symptoms of obstructive sleep apnea in patients with nonal-
coholic fatty liver disease. Dig Dis Sci 50:2338-2343

Daltro C, Cotrim HP, Alves E, de Freitas LA, Araujo L, Boente L,
Leal R, Portugal T (2010) Nonalcoholic fatty liver disease associated
with obstructive sleep apnea: just a coincidence? Obes Surg 20:
1536-1543

Minville C, Hilleret MN, Tamisier R, Aron-Wisnewsky J, Clement
K, Trocme C, Borel JC, Levy P, Zarski JP, Pepin JL (2013)
Nonalcoholic fatty liver disease, nocturnal hypoxia and endothelial
function in sleep apnea patients. Chest. doi:10.1378/chest.13-0938
Drager LF, Li J, Reinke C, Bevans-Fonti S, Jun JC, Polotsky VY
(2011) Intermittent hypoxia exacerbates metabolic effects of diet-
induced obesity. Obesity (Silver Spring) 19:2167-2174

Chin K, Nakamura T, Takahashi K, Sumi K, Ogawa Y, Masuzaki H,
Muro S, Hattori N, Matsumoto H, Niimi A, Chiba T, Nakao K,
Mishima M, Ohi M (2003) Effects of obstructive sleep apnea syn-
drome on serum aminotransferase levels in obese patients. Am J Med
114:370-376

Kohler M, Pepperell JC, Davies RJ, Stradling JR (2009) Continuous
positive airway pressure and liver enzymes in obstructive sleep
apnoea: data from a randomized controlled trial. Respiration 78:
141-146

Bacon BR, Farahvash MJ, Janney CG, Neuschwander-Tetri BA
(1994) Nonalcoholic steatohepatitis: an expanded clinical entity.
Gastroenterology 107:1103—1109

Sanyal AJ (2002) AGA technical review on nonalcoholic fatty liver
disease. Gastroenterology 123:1705-1725


http://dx.doi.org/10.1016/j.jpeds.2013.10.072
http://dx.doi.org/10.1378/chest.13-0938

	Association between nocturnal hypoxia and liver injury in the setting of nonalcoholic fatty liver disease
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Subjects
	Anthropometric and biochemical measurements
	Polysomnographical evaluation
	Definition of NAFLD
	Statistical analysis

	Results
	Discussion
	References


