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A B S T R A C T

Background: The association between obstructive sleep apnea (OSA) and the risk of liver disease is unclear.
Moreover, population-based studies on the risk of liver disease among people with OSA have not yet been
conducted. This study aimed to investigate the risk of subsequent development of liver disease among
people with OSA.
Methods: Using Taiwan National Health Insurance claims data, this study collected subjects from a cohort
of 17,374 people with OSA who were diagnosed between 2000 and 2008. A control group of 69,496 people
was selected from the same database and matched by age, gender, urbanization, income, and date of initial
admission. All subjects were followed up until 2010. Liver disease incidence and risk were calculated.
Results: The overall risk of liver disease among people with OSA was significantly higher than in the control
group (aHR = 5.52, p < 0.001). Non-alcoholic fatty liver disease, cirrhosis, and hepatitis C had significant
aHRs of 5.29, 7.50, and 7.19 (all at p < 0.001), respectively. In contrast, hepatitis B had the smallest aHR
of 3.71.
Conclusions: The risk of liver disease was more than five times higher among people with OSA com-
pared with the control group; this was particularly for cirrhosis and hepatitis C. Liver disease is thus a
very important health issue among people with OSA.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Liver diseases, including viral infections, alcoholic, and non-
alcoholic causes, are major global health problems. In the Far East,
the prevalence of viral and non-alcoholic causes of liver disease is
extremely high [1,2]. Fatty liver disease is also a widespread and
common global health issue. Particularly in China, population-
based surveys have revealed that fatty liver has become a serious
public health problem as a result of improved living standards and
increased alcohol consumption [3]. Epidemiological studies of fatty
liver disease have revealed some important risk factors. Large

population-based surveys in the Asia-Pacific region have indi-
cated that the prevalence rates of non-alcoholic fatty liver disease
(NAFLD) range from 12 to 24% in population subgroups of age,
gender, ethnicity, and geographic location (urban vs rural) [4]. Most
important, the major risk factors of NAFLD are obesity and insulin
resistance [5]. Non-alcoholic fatty liver disease exists along a con-
tinuum with various degrees of severity, such as steatosis without
inflammation, non-alcoholic steatohepatitis (NASH), and liver cir-
rhosis or end-stage NAFLD [6]. Insulin resistance and dyslipidemia
are the key promoters of fatty acid deposition in the liver [7,8]. The
identified risk factors for the progression of NAFLD are: obesity, being
over 45 years of age, having diabetes, hypertriglyceridemia, or hy-
pertension [9,10]. Previous studies have also shown hepatitis B and
hepatitis C prevalence in Taiwan to be 13.0% and 4.2%, respective-
ly [11]. The major risks for hepatic viral infection are family history,
vertical transmission from mother to child, and age [12].

Although the pathogenesis of NAFLD is not fully understood, a
‘two-hit’ hypothesis has been proposed [13]. In this hypothesis, the
first hit represents increased fat accumulation in the liver because
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of peripheral insulin resistance. The nature of the second hit is NASH,
which results from the progression of NAFLD. Although the patho-
genesis remains unclear, the consequences of oxidative stress,
including lipid peroxidation, cell degeneration and necrosis, apop-
tosis, pro-inflammatory cytokine expression, liver stellate cell
activation, and fibrogenesis have all been implicated [14–16]. Oxi-
dative stress also plays an important role in the pathogenesis of viral
hepatitis by worsening the severity of fibrosis progression [17].

Obstructive sleep apnea (OSA) is a sleep breathing disorder char-
acterized by recurrent airflow obstruction caused by a total or partial
collapse of the upper airways [18]. Untreated OSA can contribute
to the development or progression of other disorders that affect mul-
tiple daily functions [19]. Obstructive sleep apnea is also associated
with systemic or pulmonary hypertension [20,21], cardiac and cere-
brovascular morbidity and mortality [18,22], neuropsychological
impairment [23], and increased risk of automobile and occupation-
al accidents [24,25]. Moreover, previous studies have postulated a
correlation between OSA and liver disease. A meta-analysis by Musso
et al., which included 18 cross-sectional studies, showed a two-
fold increased risk of liver disease among people with OSA, indicating
that OSA is associated with liver disease [26]. Obstructive sleep apnea
can induce oxidative stress after intermittent hypoxia (IH) and may
damage the liver because of lipid peroxidation [27]. However, studies
of NAFLD, cirrhosis, hepatitis B, and hepatitis C infection among
people with OSA are limited. It is believed that there are no studies
that have utilized a national database in an Asian population. Most
studies of people with OSA correlated with liver disease are cross-
sectional, hospitalized-based study types; no large-scale, population-
based study has been conducted to elucidate the relationship
between OSA and liver disease. Given the need for research in this
area, and the findings supporting the association of OSA with liver
disease, the present retrospective and population-based study at-
tempted to determine the incidence of NAFLD, NASH, hepatitis B,
and hepatitis C infection among people with OSA in Taiwan over a
10-year follow-up period, and it investigated the incidence and effects
of comorbidities on liver disease.

2. Materials and methods

2.1. Data sources

The National Health Insurance (NHI) database, which was pub-
lished by the Department of Health of Taiwan, covers the period
from 1997 to 2010. The NHI program was started in 1995 to finance
health care for all Taiwanese residents. In 2010, the coverage rate
was more than 99% of the whole population. The completeness and
accuracy of the NHI Research Database (NHIRD) is guaranteed by
the Department of Health and the NHI Bureau of Taiwan. This ret-
rospective, population-based cohort study screened all subjects. All
sampled individuals were followed up until the end of 2010.

2.2. Ethics statement

The NHIRD is composed of anonymous secondary data re-
leased to the public for research purposes. Thus, this study was
exempted from a full review by the local ethics review committee.

2.3. Subject collection and study design

From the database, this study selected all people aged >20 years
who were diagnosed with OSA (based on ICD-9-CM codes 780.X,
32720, 32721, 32726, and 32729) between January 1, 2000 and De-
cember 31, 2008. The first day of OSA diagnosis was assigned as the
index day. All were diagnosed with OSA and examined with
polysomnography (PSG) within one year before or after the index
day.

To avoid confounding effects, the people who had liver disease before
the index day were excluded. The control group was selected from
the same database, excluding those diagnosed with OSA or liver
disease before the index day, and they were matched by age, gender,
urbanization status, income, and index day at a ratio of 1:4 (OSA
vs control group) during the same time period. Liver disease diag-
nosis, including NAFLD (ICD-9-CM code: 571.8), cirrhosis (ICD-9-
CM codes: 571.2, 571.5, and 571.6), hepatitis B (ICD-9-CM codes:
V02.61, 070.20, 070.22, 070.30, and 070.32), and hepatitis C (ICD-
9-CM codes: V02.62, 070.41, 070.44, 070.51, and 070.54) were
identified among the people with OSA and the control group. To
ensure matching accuracy, social indicators for each subject were
calculated using age, gender, income, and insurance district. In total,
17,374 people with OSA and 69,496 controls were enrolled in the
study. The cohort was followed until their exit from the NHI program,
death, or the end of 2010.

2.4. Statistical analysis and liver disease risk analysis

Based on symptoms alone, it is difficult to detect liver disease
developing in the first year after the index day. Therefore, people
diagnosed with liver disease registered in the first year after the index
day were excluded. Each subject was followed up for a minimum
of two years and a maximum of 11 years. The demographic data
and comorbidities of these two cohorts were first analyzed. Cumu-
lative incidence analyses were performed using the Kaplan–Meier
method, and the differences between the curves were tested with
the log-rank test. The hazards ratios (HRs) of liver disease were mea-
sured using the stratified Cox proportional hazards model to
determine whether OSA is a risk factor for developing liver disease.
The model included age, gender, and comorbidities. All data man-
agement and calculation of HRs were performed using the SAS
System (version 9.3; SAS Institute, Cary, NC). Cumulative inci-
dence was analyzed using the Statistical Package for the Social
Sciences (version 10.0; SPSS Inc, Chicago, IL). Statistical signifi-
cance was set as a two-tailed p-value of <0.05.

3. Results

3.1. Demographic data

A total of 17,374 people with OSA were selected as the OSA
cohort. The control cohort consisted of 69,496 matched subjects
without OSA diagnosis. Obstructive sleep apnea predominantly af-
fected males (11,852, 68.2%). Approximately 4314 (24.8%), 3414
(19.7%), 1612 (9.3%), 2156 (12.4%), and 818 (4.7%) people with OSA
and 1221 (1.8%), 2616 (3.8%), 1910 (2.8%), 439 (0.6%), and 170 (0.2%)
people in the control group had hypertension, diabetes, hyperlip-
idemia, congestive heart failure, and atrial fibrillation, respectively.
All incidences of comorbidities were higher in people with OSA com-
pared with the control group (p < 0.001) (Table 1).

3.2. Incidence of liver disease among subjects

Table 2 shows the liver disease incidence in the OSA cohort and
the control group. The incidence of liver disease was higher among
people with OSA compared with the control group (11.6% vs 3.0%).
Non-alcoholic fatty liver disease and cirrhosis also showed higher
incidences among people with OSA than the control group (7.0% vs
1.8% and 1.8% vs 0.4% for NAFLD and cirrhosis, respectively). Viral
hepatitis showed the same pattern, and hepatitis B and hepatitis
C incidences were nearly three-fold and five-fold higher among
people with OSA than in the control group, respectively.
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3.3. Cumulative incidence of liver disease in the obstructive sleep
apnea and control groups

Kaplan–Meier estimates of the cumulative incidences of liver
disease for OSA and the control group are shown in Fig. 1. The cu-
mulative incidence of all liver disease in the OSA cohort was
significantly higher than in the control group (p < 0.001, log-rank
test, Fig. 1A). After the 10-year follow-up, the cumulative inci-
dence was almost 10 times higher among people with OSA than in
the control group. The greatest difference between the two groups
was for NAFLD (p < 0.0001, log-rank test, Fig. 1B). Nevertheless, cir-
rhosis, hepatitis B, and hepatitis C showed smaller, but still significant,
differences between people with OSA and the control group
(Fig. 1C–E).

After adjusting the Cox multivariable proportional hazards anal-
ysis for age, gender, and comorbidities (Table 3), the risk of liver
disease among the people with OSA was significantly higher than
in the control group (aHR = 5.52, p < 0.001), and the risk was similar
with NAFLD (aHR = 5.29, p < 0.001). Cirrhosis had an aHR of 7.50,
whereas hepatitis C had an aHR of 7.19. Hepatitis B had the smallest

aHR of 3.71, although all liver diseases showed a significant risk in-
crease among people with OSA (all at p < 0.001).

4. Discussion

Liver disease is a common global health problem, especially in
the Far East. Studies have shown that the overall prevalence of NAFLD
in Taiwan is approximately 11.4–41.0%. The rates were higher in pop-
ulation subgroups – from 66.4% in healthy taxi drivers to 80% in obese
individuals who attended weight-reduction programs [28]. Com-
pared with other cross-sectional, hospital-based studies, the present
research is probably the first large-scale, population-based cohort
study to show an increase in liver disease among people with OSA
compared with a control group. In the present study, the risks of
NAFLD and cirrhosis were higher among people with OSA com-
pared with the control group (aHR = 5.29 and 7.50, 95% CI 4.81–5.81
and 6.02–9.34, respectively). This study is also the first one to show
a significant risk of viral hepatitis among people with OSA com-
pared with the control group (aHR = 3.71 and 7.19, 95% CI 3.09–4.46
and 5.41–9.55 in hepatitis B and hepatitis C, respectively). The use
of a large, representative, nationwide, and population-based sample
to observe the risk of liver disease among people with OSA in-
creases the validity of the results. The retrospective cohort study
design provides a sufficient conclusion that represents the general
OSA population.

Previous studies have postulated a relationship between OSA and
liver disease since 2005. A study of 83 people with OSA and matched
controls suggested a relationship between OSA and the progres-
sion of steatosis to steatohepatitis [29]. In a larger study of 218 people
with OSA, severe OSA (defined as >50 apneic/hypopneic episodes/h
[AHI]) was associated with increased liver enzymes (OR 5.9, p < 0.02).
People with an AHI >50/h were also more likely to have steatosis,
lobular necrosis, and fibrosis by liver biopsy [30]. One study on NASH
included 99 people with PSG data: 77 NASH and 22 non-NASH con-
trols. The results suggested that frequent nocturnal hypoxic episodes
among people with NAFLD might be a risk factor for developing
NASH [31].

Nocturnal IH can increase systemic oxidative stress and serum
lipid peroxidation [27], which is implicated in the pathogenesis of
NAFLD, NASH, and its progression to advanced stages of hepatic fi-
brosis [32]. Aside from studies demonstrating a higher prevalence
of NAFLD in people with sleep-related breathing disorders [33], a
recent study has indicated that a significant correlation exists
between OSA and the presence and severity of NAFLD. Obstruc-
tive sleep apnea syndrome was found to be highly common,
especially in severe NAFLD cases. The incidences of NAFLD in mild,
moderate, and severe OSA were 59%, 58.3%, and 78.2%, respective-
ly. The most highly correlated parameter to the severity of NAFLD
was found to be the duration of hypoxia, so the authors suggested
that nocturnal hypoxemia is a key pathophysiologic factor in the
development of NAFLD [34].

Table 1
Comparison of baseline characteristics and comorbidities among people with and
without obstructive sleep apnea.

People with obstructive
sleep apnea
N = 17,374

Control group
N = 69,496

p*

Age 0.99
<30 1184 (6.8%) 4759 (6.9%)
30–59 7106 (40.9%) 28,404 (40.9%)
≥60 9084 (52.3%) 36,333 (52.3%)
Gender 1.00

Male 11,852 (68.2%) 47,408 (68.2%)
Female 5522 (31.8%) 22,088 (31.8%)

Urbanization area 1.00
Area 1 6086 (35.0%) 24,344 (35.0%)
Area 2 3861 (22.2%) 15,444 (22.2%)
Area 3 2941 (16.9%) 11,764 (16.9%)
Area 4 2530 (14.6%) 10,120 (14.6%)
Area 5 1956 (11.3%) 7824 (11.3%)

Income per month (NTD) 1.00
<10,000 7554 (43.5%) 30,216 (43.5%)
10,000–20,000 5601 (32.2%) 22,404 (32.2%)
20,001–30,000 1270 (7.3%) 5080 (7.3%)
30,001–40,000 893 (5.1%) 3572 (5.1%)
40,001–50,000 949 (5.5%) 3796 (5.5%)
>50,000 1107 (6.4%) 4428 (6.4%)

Comorbidities
Hypertension 4314 (24.8%) 1221 (1.8%) <0.001
Diabetes 3414 (19.7%) 2616 (3.8%) <0.001
Hyperlipidemia 1621 (9.3%) 1910 (2.8%) <0.001
Congestive heart failure 2156 (12.4%) 439 (0.6%) <0.001
Atrial fibrillation 818 (4.7%) 170 (0.2%) <0.001

* By chi-squared test.

Table 2
Incidence of all liver diseases, non-alcoholic fatty liver disease, cirrhosis, hepatitis
B, and hepatitis C among people with and without obstructive sleep apnea.

People with obstructive
sleep apnea
N = 17,374

Control group
N = 69,496

p*

All liver diseases 2008 (11.6%) 2049 (3.0%) <0.001
Non-alcoholic fatty liver

disease
1217 (7.0%) 1226 (1.8%) <0.001

Cirrhosis 310 (1.8%) 249 (0.4%) <0.001
Hepatitis B 255 (1.5%) 352 (0.5%) <0.001
Hepatitis C 182 (1.1%) 153 (0.2%) <0.001

* By chi-squared test.

Table 3
Cox proportional-hazards regression estimated hazard ratios (HR) in all liver dis-
eases, non-alcoholic fatty liver disease, cirrhosis, hepatitis B and C among people
with and without obstructive sleep apnea.

Crude HR
(95% CI)

p Adjusted HR
(95% CI)*

p

All liver diseases 6.24 (5.82–6.70) <0.001 5.52 (5.12–5.96) <0.001
Non-alcoholic fatty

liver disease
5.83 (5.34–6.37) <0.0001 5.29 (4.81–5.81) <0.001

Cirrhosis 8.84 (7.23–10.80) <0.0001 7.50 (6.02–9.34) <0.001
Hepatitis B 3.89 (3.27–4.62) <0.0001 3.71 (3.09–4.46) <0.001
Hepatitis C 8.47 (6.55–10.96) <0.0001 7.19 (5.41–9.55) <0.001

* Adjusted for age, gender, and comorbidities.
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Data from studies on animal and human models that mimic con-
ditions of IH and sleep fragmentation in OSA have demonstrated
the adverse effects of OSA on insulin resistance, glucose intoler-
ance, and diabetes risk [35]. Intermittent hypoxia has also been
shown to induce insulin resistance, which is independent of obesity,
in healthy humans [36]. Insulin resistance is strongly linked to the

excessive deposition of triacylglycerol in hepatocytes, which is the
hallmark for NAFLD diagnosis [37]. However, the causal relation-
ship between insulin resistance and NAFLD remains debatable [38].
Given that lab tests showing insulin and glucose levels in subjects
were unavailable, the present study was unable to include this in-
formation in the analysis. In an effort to consider the effects of insulin

Fig. 1. The estimated cumulative incidence of liver disease among people with and without obstructive sleep apnea by Kaplan–Meier analysis. (A) All liver diseases.
(B) Non-alcoholic fatty liver disease. (C) Cirrhosis. (D) Hepatitis B. (E) Hepatitis C.
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resistance and glucose intolerance, diabetes was included as a
comorbidity in this study. Moreover, all crude HRs showed that
people with comorbidities such as hypertension, diabetes,
hyperlipidemia, congestive heart failure, and atrial fibrillation had
significantly higher risk for the development of liver diseases (5.19,
2.89, 2.15, 6.73, and 6.70, respectively). In the multivariate analy-
sis, obviously decreased HRs were found for all comorbidities (aHRs
of 1.26, 1.46, 1.13, 1.48, and 1.79, respectively), but they still re-
mained statistically significant (p < 0.05) for all comorbidities except
hyperlipidemia (p = 0.19). These results emphasize the impor-
tance of comorbidities in developing liver diseases in the present
study group. Nevertheless, during the observation period after the
index day of this study, when comparing the OSA group with the
control group with any liver disease, the incidences of comorbidities
for hypertension, diabetes, and hyperlipidemia were 20.6% vs 1.7%,
16.4% vs 7.8%, and 9.0% vs 5.9%, respectively. As compared with the
baseline status of comorbidities (when comparing the OSA group
with the control group for hypertension, diabetes, and hyperlipid-
emia, 24.8% vs 1.8%, 19.7% vs 3.8%, and 9.3% vs 2.8%, respectively)
(Table 1), a slight decrease in incidences of comorbidities among
people with OSA and a slight increase in incidences of comorbidities
in the control group were detected after the index day. This could
lead to liver diseases occurring more frequently in the control group
than in the OSA group. However, in this study, it was still found that
an obvious risk of liver diseases occurred in people with OSA, in-
dicating that the conclusion drawn from this study could actually
be more conservative.

Some investigations have focused on antiviral drug use, such as
interferon alpha, in people with hepatitis C and have made corre-
lations with sleep disturbances [39].

Nevertheless, limited studies have discussed the relationship
between OSA and viral hepatitis. Hypoxemia with reoxygenation
may be analogous to ischemia–reperfusion, and reoxygenation may
cause additional damage through the further production of free
radical species that may cause different manifestations, especially
in the hepatitides [40]. Other studies have postulated that
hypoxemia-induced factors play an important role in the patho-
genesis of viral hepatitis, including hepatitis B, hepatitis C, and
hepatitis E [41]. Previous investigations have illustrated that dis-
rupted sleep appears to have a serious impact on immune function.
In healthy humans and animals, sleep disruption or deprivation could
lead to changes in immunological reactions [42]. Sleep depriva-
tion or restriction has been demonstrated to inhibit the response
of antibodies to vaccination against hepatitis A and hepatitis B
[43,44]. People with OSA have poor sleep quality because of fre-
quent sleep interruption and apnea-related arousals [45]. Pro-
inflammatory markers, including tumor necrosis factor-a, interleukin
(IL)-6, IL-8, and C-reactive protein, are increased among people with
OSA [46]. Although the present study could not provide direct his-
torical observation of liver disease in both groups, the results for
viral hepatitis have given insight into the response to infections in
the context of sleep disorders, especially OSA. Using a prospective
cohort study design on a topic related to viral hepatitis incidence
among people with OSA and the influence of OSA on viral hepati-
tis is warranted for future study.

The present study is a large, population-based, retrospective
cohort study. Nevertheless, it has some limitations that should be
addressed. First, the NHIRD does not contain personal informa-
tion, such as lifestyle, body mass index, or smoking/alcohol use,
which may contribute to NAFLD risk. The indices of OSA severity
and apnea/hypopnea, as well as the frequency and degree of IH, were
also unavailable in the database. Second, misclassification of OSA
may occur in the NHIRD. Thus, this study enrolled people with OSA
with nocturnal PSG evidence and definite diagnoses to minimize
possible bias. Third, liver function tests, liver biopsies, or
ultrasonographic data were unavailable. These data can be used to

determine the factors that best correlate with the presence of NAFLD,
which may add to the knowledge of underlying mechanisms linking
NAFLD to OSA. Fourth, while previous studies have reported an
overall prevalence rate of ≥2–4% in the general population [47], OSA
was found to be occurring in approximately 0.9% of the subjects in
the database. Therefore, it seems very likely that OSA is being under-
diagnosed in Taiwan. This scenario leads to the possibility of many
undiagnosed people with OSA in the general Taiwanese popula-
tion, which may dilute the association detected in this study.
Moreover, a lack of clinical and basic personal information could
limit the interpretation of data and conclusions that can be drawn
from this study. For instance, the high risk of liver disease among
people with OSA warrants further verification using other
population-based databases.

5. Conclusions

In conclusion, the risk of liver disease was more than five times
higher among people with OSA compared with the control group
in this large population-based study, particularly for cirrhosis and
hepatitis C. A more than five-fold increased risk of NAFLD and an
almost four-fold increased risk of hepatitis B infection among people
with OSA were observed, indicating that liver disease is a relevant
and very important health issue among people with OSA. Further
evaluation of this population is warranted to ensure earlier diag-
nosis and treatment of these health issues. Given that the data
analysis was limited by a lack of direct evidence for some poten-
tially confounding variables, a prospective cohort study on liver
disease among people with OSA is warranted in the future. More-
over, future studies should clarify the multi-factorial nature of liver
disease development among people with OSA with sufficient basic
characteristics; it would also be of interest to assess if therapies for
OSA, such as continuous positive airway pressure, can decrease mor-
bidity and mortality in the context of liver disease.
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