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Abstract

Aim of the study: The primary purpose of this study was to assess the association of obstructive sleep apnea 
(OSA) and non-alcoholic steatohepatitis (NASH) from a large national inpatient sample database.

Material and methods: We conducted a retrospective analysis using the Healthcare Cost and Utilization Proj-
ect-Nationwide Inpatient Sample. OSA and NASH patients were identified using the ICD-10-CM code G47.33 
and K75.81. Non-NASH patients (control) were randomly selected and matched by age and gender to each 
NASH patient in a 4 : 1 ratio. Weighted logistic regression models were used to calculate the association between 
OSA and NASH in addition to different comorbidities.

Results: A total of 54,169 participants were included in our analysis; 10,740 cases of NASH were matched 
to 43,429 controls (non-NASH). NASH was significantly higher in the white population (82.12% vs. 76.64%,  
p < 0.001). The prevalence of OSA among NASH patients was significantly higher compared to the control 
group (15.8% vs. 8.9%, adjusted OR: 1.34, 95% CI: 1.14-1.56, p = 0.0003). The prevalence of celiac disease 
and Crohn’s disease was significantly higher in patients with NASH (0.7% vs. 0.2%, p < 0.0002 and 1.28%  
vs. 0.76%, p < 0.0001). Multiple comorbidities were significantly elevated in the NASH group compared to  
the non-NASH group, including diabetes mellitus (DM; 36% vs. 17.6%, p < 0.0001), obesity (36.4% vs. 18.2%, 
p < 0.0001) and metabolic syndrome (0.86% vs. 0.06%, p < 0.0001). The mortality rate was significantly higher 
in the NASH group (3.8% vs. 2%, p < 0.0001).

Conclusions: This is the first study using the ICD-10-CM code with a specific search code for NASH. Our large 
population database results emphasize that there is a significant association between OSA and NASH.
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Introduction

Non-alcoholic steatohepatitis (NASH) is a clinical 
condition that belongs to the spectrum of non-alco-
holic fatty liver disease (NAFLD) [1]. Histopatholog-
ically, it is characterized by inflammation, hepatocyte 
swelling, and steatosis [2]. Moreover, in 15% to 20% 
of patients, NASH may lead to hepatic cirrhosis [3, 4]. 
Another serious clinical condition is obstructive sleep 
apnea (OSA), characterized by upper airway obstruc-
tion (causing intermittent hypoxia) and interrupted 
sleep [5]. Both conditions have been associated togeth-

er as a cause/result or potential co-occurring compli-
cations of obesity [6, 7]. 

One of the prevalent theories for the development 
of NASH is the two-hit hypothesis. This theory indi-
cates that benign hepatic steatosis may be the first hit 
and then another precipitating factor (second hit) may 
start the pathogenesis [8]. The involvement of OSA as 
a  second hit in NASH development is supported by 
both experimental and epidemiological evidence. An 
experiment by Zamora-Valdés et al. in mice showed 
that exposure to a  high-fat diet along with chronic 
intermittent hypoxia was associated with lobular in-
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flammation and fibrosis, as well as significant increas-
es in the hepatic levels of pro-inflammatory cytokines 
(interleukin 1β and 6 and tumor necrosis factor α), as 
well as collagen-1α mRNA. Other in vivo experiments 
showed concordant results [9]. Oxidative stress and 
the release of hypoxia-inducible factor-1 are hypothe-
sized to be the main players in this association [10, 11]. 

Simultaneously, epidemiological studies have 
shown a higher prevalence of NASH in OSA patients, 
as well as a  higher prevalence of OSA in NASH pa-
tients. However, the evidence remains largely incon-
clusive, i.e. some studies have reported significant 
elevations of serum liver enzymes in OSA patients 
[12-14], while other studies failed to record such an 
observation [15-17]. This heterogeneity is probably ex-
plained by the small sample size of the existing studies 
and the variety of used definitions and diagnostic cri-
teria for NASH and OSA. Therefore, a large-scale study 
with a well-defined definition of both conditions may 
provide higher-quality evidence about this association. 

The primary purpose of this study was to assess the 
association between NASH and OSA using data from 
a large national inpatient sample database.

Material and methods

Study design

This retrospective cross-sectional analysis was con-
ducted using the Healthcare Cost and Utilization Proj-
ect’s (HCUP) Nationwide Inpatient Sample (NIS) data 
from the year 2016. HCUP data are sponsored by the 
Agency for Healthcare Research and Quality (AHRQ) 
and are specifically designed to determine and identi-
fy patterns in hospital utilization and costs across the 
United States (https://www.hcup-us.ahrq.gov/nisover-
view.jsp; accessed on August 3, 2019). This study was 
deemed exempt by the Institutional Review Board of 
the University of Toledo Medical Center, as the HCUP 
is a publicly available database that contains de-identi-
fied patient information. 

Participants

Our study included individuals who were at least 
18 years of age and had an ICD-10 diagnosis code for 
NASH. The NIS database allows up to 30 diagnoses 
per patient. Based on the International Classification 
of Diseases, Tenth Revision (ICD-10) diagnosis codes, 
we identified the target group as the patients admitted 
to the hospital with a diagnosis of NASH in any of the  
30 possible diagnoses. We generated a  matched case- 
control where the case group (patients NASH) was 

matched with the control group (patients without 
NASH) on the basis of age and sex. Four controls were 
matched to each NASH patient (10,740 NASH and 
43,429 controls). 

Statistical analysis

Statistical analyses were conducted using SAS ver-
sion 9.2 (SAS Institute, Cary, NC). Frequency distri-
butions between categorical variables were assessed 
using the χ2 test. An odds ratio with 95% confidence 
interval was calculated for each variable. Logistic re-
gression models were used to compare patients with 
and without NASH for different comorbidities. The 
survey logistic procedures were used in this analysis to 
include the weight variable provided in the database. 
The presence of NASH was used as the dependent vari-
able in these models. Each model was weighted and 
controlled for the comorbid condition as well as race 
and urban/rural location. A p-value of < 0.05 was con-
sidered statistically significant.

Results

Baseline characteristics of enrolled participants

Following our matching approach, the age of both 
NASH and control groups was comparable (p = 0.96) 
and females represented 61.3% of each group. Howev-
er, we noted significant differences between the groups 
in terms of race; White participants represented a sig-
nificantly larger portion of the NASH group, compared 
to the matched controls (82.1% vs. 76.6%, p < 0.0001). 
No significant difference was recorded between the 
two groups in terms of cigarette smoking (p = 0.15). 
Table 1 illustrates the details of participants’ baseline 
characteristics. 

Association between NASH and OSA

The prevalence of OSA was significantly higher 
in the NASH group (OR = 1.34, 95% CI: 1.14, 1.56,  
p = 0.0003) than the control group. 

Association between NASH and other 
comorbidities

In comparison to age and sex-matched controls, 
the NASH group displayed higher frequency of be-
ing diagnosed with metabolic conditions as obesity  
(OR = 2.23, 95% CI: 1.99-2.50, p < 0.0001), DM  
(OR = 2.55, 95% CI: 2.29-2.85, p < 0.0001), and met-
abolic syndrome (OR = 11.36, 95% CI: 3.61-35.71,  
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p < 0.0001). Similarly, we recorded a higher risk of asci-
tes (OR = 9.43, 95% CI: 6.85-13.16, p < 0.0001), esopha-
geal varices (OR = 7.04, 95% CI: 4.39-11.24, p < 0.0001), 
Crohn’s (OR = 1.3, 95% CI: 1.18-2.86, p = 0.007) and ce-
liac diseases (OR = 3.86, 95% CI: 1.91-7.81, p = 0.0002) 
in the NASH group than the control group. 

On the other hand, no significant differences were 
recorded between the NASH and control groups in 
terms of the frequency of pulmonary hypertension  
(OR = 1.21, 95% CI: 0.96-1.52, p = 0.1), ulcerative coli-
tis (OR = 1.38, 95% CI: 0.65-2.90, p = 0.39), and hemo-
chromatosis (OR = 2.35, 95% CI: 0.34-16.39, p = 0.38). 
Table 2 summarizes the details of comorbidities in both 
groups. 

Mortality rate in NASH patients and controls

The risk of in-hospital mortality was significantly 
higher in the NASH group (OR = 1.34, 95% CI: 1.22-
1.48, p < 0.0001) than in matched controls (Fig. 1). 

Discussion 

This retrospective nationwide study investigated 
the association between NASH and different medical 

conditions, including, but not limited to, OSA. We 
found a  significant association between NASH and 
OSA in a sample of 54,169 participants. Moreover, we 
detected a significant association between NASH and 
obesity, DM, and metabolic syndrome, hinting at the 
possible involvement of these conditions in the patho-
genesis of NASH. However, there was no significant 

Table 1. Distribution of non-alcoholic steatohepatitis (NASH) and non-NASH 
in relation to demographic variables

Variable NASH
n = 10,950

Controls
n = 43,810

p

Gender, female (%) 61.28 61.28 –

Age (mean ±SD) 61.21±13.92 61.23±14.30 0.96

Race (%)

White 82.12 76.61

< 0.0001*

Black 4.52 12.07

Hispanic 8.52 6.20

Asian or Pacific Islander 1.26 2.15

Native American 0.19 0.17

Other 3.39 2.80

Cigarette smoking 1.1 2.33 0.15

Match by age and gender of 1 : 4 (total is 54,760). *indicates significance at p < 0.05

Table 2. Distribution of selected co-morbidities between patients with and without non-alcoholic steatohepatitis (NASH)

Co-morbidities NASH, n (%)
(n = 10,950) 

Control, n (%)
(n = 43,810) 

OR
95% CI

p

Obstructive sleep apnea (OSA) 1740 (15.89) 3890 (8.88) 1.34
1.14-1.56

0.0003*

Diabetes mellitus 3950 (36.1) 7740 (17.67) 2.55
2.29-2.85

< 0.0001*

Obesity 3990 (36.44) 8000 (18.26) 2.23
1.99-2.5

< 0.0001*

Metabolic syndrome 95 (0.87) 25 (0.06) 11.36
3.61-35.71

< 0.0001*

Pulmonary hypertension  600 (5.48) 1765 (4.03) 1.21
0.96-1.52

0.10

Ascites 2685 (24.52) 440 (1.00) 9.43
6.85-13.16

< 0.0001*

Esophageal varices 1995 (18.22) 255 (0.58) 7.04
4.39-11.24

< 0.0001*

Ulcerative colitis 90 (0.82) 260 (0.59) 1.38
0.65-2.90

0.39

Crohn’s disease 140 (1.28) 335 (0.76) 1.83
1.18-2.86

0.007*

Hemochromatosis 15 (0.14) 30 (0.07) 2.35
0.34-16.39

0.38

Celiac disease 75 (0.68) 95 (0.21) 3.86
1.91-7.81

0.0002*

OR – odds ratio, CI – confidence interval, *indicates significance at p < 0.05
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association between NASH and pulmonary hyperten-
sion, ulcerative colitis, or hemochromatosis.

The literature on the association between NASH and 
OSA has been controversial. Various studies have re-
ported conflicting results between supporting [12-14] 
and negating it [15-17]. However, a  meta-analysis of  
11 studies identified a  significant association between 
OSA and elevated liver enzymes, as well as a  2.6-fold 
higher risk of developing liver fibrosis among those who 
had NAFLD [18]. However, the majority of these studies 
focused on obese individuals, who may not represent the 
entire population. Therefore, a large, nationwide study was 
required. The current study provides further evidence on 
the significant association between NASH and OSA. 

Several mechanisms were postulated to explain this 
association. Oxidative stress remains the predominant 
hypothesis. This occurs through repetitive cycles of 
hypoxia/reoxygenation, which disturb mitochondrial 
respiration, as well as bouts of catecholamine release, 
inducing metabolic changes [10, 11]. Moreover, hy-
poxia stimulates fibrosis and angiogenesis by enhanc-
ing the expression of hypoxia-inducible factor-1α, 
vascular endothelial growth factor, angiotensin-I-con-
verting enzyme, and transforming growth factor β1 
[19, 20]. In addition, hypoxia is an established risk fac-
tor for inflammation [9].

In addition, this study documented a  significant 
association between NASH and other comorbidities 
such as obesity, DM, and metabolic syndrome. Based 
on previous evidence, obesity, OSA and NASH seem to 
form a triad [16, 21] in which obesity leads to hepatic 
steatosis, OSA leads to hypoxia and oxidative stress, and 
both predispose to the development of NASH [22, 23]. 
However, the role of each condition in this triad re-
quires further elucidation. Diabetes also commonly 
co-occurs with NASH. OSA was suggested as a  con-
tributor to this association where it augments insulin 
resistance, hence inducing hepatic steatosis. Previous 
epidemiological studies showed a  significant associa-

tion between NASH and type 2 DM [24, 25]. The asso-
ciation between NASH and hypertension, obesity, and 
DM draws the full picture of metabolic syndrome. 

Interestingly, our study showed a significant associa-
tion between NASH and Crohn’s disease. Although this 
association was reported previously, the majority of rel-
evant publications were case reports/series [28]. To our 
knowledge, this is the largest study to report on this as-
sociation. Ulcerative colitis has been more frequently 
reported in association with NAFLD [28]; however, the 
current study did not provide any evidence of such an as-
sociation. Further prospective, large-scale studies are re-
quired to verify the existence of such an association. An-
other interesting association in our analysis was between 
NASH and celiac disease. This association has been high-
lighted before [29, 30], and disturbance of the gut-liver 
axis and increased permeability to intraluminal antigens 
have been suggested as potential mechanisms [31]. 

To our knowledge, this is the largest study on the 
association between OSA and NASH. However, it has 
some limitations. First, we could not assess the effects 
of OSA on the severity of NASH because data on the se-
verity of NASH were not reported in our database. The 
nationwide inpatient data cannot specify the method of 
diagnosis as to whether it is biopsy proven or based on 
imaging studies. We performed age and sex matching; 
however, we could not exclude the presence of other 
confounders such as obesity and lifestyle habits. More-
over, the results here merely prove the association with-
out defining its direction, i.e. which condition causes the 
other or whether both conditions are just consequences 
of obesity. Prospective studies may provide better results 
in this regard. The outcomes in these studies should not 
be simply the diagnosis of NASH, but should include 
the histological characteristics of NASH such as hepato-
cyte ballooning. Moreover, therapeutic interventions 
for OSA in NASH patients such as continuous positive 
airway pressure (CPAP) have produced controversial 
results [32, 33] and need better assessment in well-pow-
ered randomized controlled trials. 

In conclusion, this is the first study using the ICD-
10-CM code with a  specific search code for NASH. 
Our large population database results emphasize that 
there is a  significant association between OSA and 
NASH. This association should prompt physicians to 
evaluate for the presence of OSA in NASH patients. 
Moreover, it adds further evidence to the previously 
reported association between NASH and obesity, DM, 
and metabolic syndrome. 
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Fig. 1. Risk of in-hospital mortality in NASH and control groups. Columns 
represent percentages of mortality in both groups. ** indicates significance 
at p < 0.001
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