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Abstract: Background: Non-alcoholic steatohepatitis (NASH) is well recognized as an important cardiovascular 
disease (CVD) risk factor. However, not many studies have described the prevalence of traditional CVD risk factors 
and CV diseases, and respective sex differences, in patients with NASH. Methods: In this retrospective observa-
tional cohort study using the 2016 US National Readmissions Database, we studied adults with NASH to identify 
the prevalence of important CVD risk factors like age, obesity, hypertension, diabetes mellitus, renal failure, dyslip-
idemia, smoking, and drug abuse and cardiovascular diseases like coronary artery disease, myocardial infarction 
and coronary revascularization, peripheral vascular disease, cerebrovascular disease, and pulmonary vascular dis-
ease. We studied sex differences using the Pearson χ2 test for categorical variables, student t-test for continuous 
variables, and logistic regression for age-adjusted analysis. Results: Our study sample included 41,005 patients 
with NASH of which 15,758 (38.4%) were male and 25,247 (61.6%) were female. Hypertension was the most 
prevalent CVD risk factor (68%), followed by diabetes mellitus (62%), obesity (40%), dyslipidemia (37%), smoking 
(30%), and renal failure in 27%. Of the cardiovascular diseases studied, coronary artery disease (20.6%) and heart 
failure (19.6%) were highly prevalent followed by peripheral vascular disease (5.7%), stroke (4.7%), and pulmonary 
vascular disease (1.4%). Men had higher rates of most risk factors and diseases compared with women, except for 
higher rates of obesity and diabetes mellitus in women and a similar rate of drug abuse, stroke, and pulmonary 
vascular disease between the sex groups. Conclusion: In patients with NASH, CVD risk factors and diseases were 
highly prevalent and important sex differences were present. 

Keywords: NASH, cardiovascular disease, NAFLD, fatty liver, sex differences

Introduction

Non-alcoholic steatohepatitis (NASH) is a pre-
cirrhotic manifestation of non-alcoholic fatty 
liver disease and the spectrum of fatty liver  
disease is well recognized as an important car-
diovascular disease (CVD) risk factor [1, 2]. 
Mechanisms by which fatty metabolic liver dis-
ease increases CVD risk include systemic in- 
flammation, endothelial dysfunction, hepatic 
insulin resistance, oxidative stress, and alter- 
ed lipid metabolism, which constitute import- 
ant pathophysiologic changes associated with 
metabolic syndrome [3, 4]. Several studies 
have evaluated the elevated risk for CVD in 
patients with fatty liver disease and the health 
care impact of the coexistence of these condi-
tions [5-7]. In addition to metabolic risk, other 
CVD risk factors contribute to additional risk in 
patients with NASH. However, not many studies 
have described the prevalence of traditional 
CVD risk factors in patients with NASH.

In addition, certain sex differences were de- 
scribed in the pathogenesis of NASH [1]. Sever- 
al sex differences in CVD risk factors and ma- 
nifestations were described in existing litera-
ture. However, studies have not evaluated the 
sex differences in CVD risk factors and disease 
prevalence in patients with NASH. To overco- 
me these limitations, we aimed to evaluate the 
prevalence of CVD risk factors and cardiovas- 
cular diseases in patients with NASH and to 
study the respective sex differences.

Materials and methods

Study design and data source

For this retrospective observational cohort stu- 
dy, data were obtained from the publicly avail-
able 2016 US National Readmissions Databa- 
se (NRD). The NRD is part of the Healthcare 
Cost and Utilization Project (HCUP) that is spon-
sored by the Agency for Healthcare Research 
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and Quality (AHRQ) and is a database of all-
payer hospital inpatient stays [8]. 

Patient sample and study outcomes

In this study, we included all adult patients (≥ 
18 years of age) from the 2016 US NRD with a 
diagnosis of NASH (ICD 10 code K75.81). In 
this sample, we identified important CVD risk 
factors like age, obesity, hypertension, diabe-
tes mellitus, renal failure, dyslipidemia, smok-
ing, and drug abuse. Study outcomes also 
included analyzing the prevalence of important 
cardiovascular diseases like coronary artery 
disease, myocardial infarction and coronary 
revascularization, peripheral vascular disease, 
cerebrovascular disease, and pulmonary vas-
cular disease. These risk factors and diseas- 
es were identified using appropriate Interna- 
tional Classification of Diseases, Ninth Edi- 
tion, Clinical Modification (ICD-10-CM) diagno-
sis codes.

Ethical approval

This study utilized an ede-identified database 
and is exempt from patient consent require-
ment and ethical approval.

Statistical analysis

All statistical analyses were performed using 
IBM SPSS Statistics 25.0 (IBM Corp., Armonk, 
NY, USA). Weighted data were used for all  
statistical analyses. Categorical variables are 
expressed as percentages and continuous va- 
riables as mean ± standard deviation (SD).  
Sex differences were analyzed using the Pe- 
arson χ2 test for categorical variables and stu-
dent t-test for continuous variables. Age adjust-

ed sex differences for CVD risk factors and dis-
eases were analyzed using the logistic regres-
sion analysis by using age and NASH status as 
covariates. Results of logistic regression were 
presented as odds ratio (CI) and 95% confi-
dence intervals (CI). Two-sided P values with a 
threshold of < 0.05 were reported for all statis-
tical analyses.

Results

Prevalence of cardiovascular risk factors and 
diseases

Our study sample included 41,005 adult pa- 
tients with NASH of which 15,758 (38.4%) were 
male and 25,247 (61.6%) were female. Mean 
age of the study sample was 61.5±13.3 years. 
Hypertension (68%) was the most prevalent 
CVD risk factor (present in 2 out of 3 patients), 
followed by diabetes mellitus in 62%, obesity in 
40%, dyslipidemia in 37%, smoking in 30%, and 
renal failure in 27%. Of the cardiovascular dis-
eases studied, coronary artery disease (21%) 
and heart failure (20%) were highly prevalent 
with almost 1 in 5 patients having these condi-
tions, followed by peripheral vascular disease 
(6%) and stroke (5%) in roughly 1 in 20 patients; 
Tables 1 and 2. 

Sex differences

Females (mean age 62.0±13.2 years) were 
older than males (mean age 60.6±13.3 years; 
P < 0.001) in this study. Females had a lower 
prevalence of dyslipidemia (35.4% vs 40.6%; P 
< 0.001), renal failure (26.0% vs 28.3%; P < 
0.001), hypertension (66.0% vs 68.7%; P < 
0.001), and smoking (26.7% vs 34.5%; P < 
0.001) than their male counterparts but had 

Table 1. Prevalence of cardiovascular risk factors and sex differences in patients with non-alcoholic 
steatohepatitis

Cardiovascular Risk Factor Prevalence
(N = 41,005) (%)

Male
(N = 15,758) (%)

Female
(N = 25,247) (%) P value

Age adjusted OR 
(95% CI) for females 

compared with males
P value

Age 61.5±13.3 60.6±13.3 62.0±13.2 < 0.001 NA NA
Diabetes mellitus 62.4 61.6 62.9 0.007 1.03 (0.99-1.07) 0.200
Obesity 39.6 38.1 40.5 < 0.001 1.16 (1.11-1.21) < 0.001
Renal failure 26.9 28.3 26.0 < 0.001 0.83 (0.80-0.87) < 0.001
Dyslipidemia 37.4 40.6 35.4 < 0.001 0.78 (0.75-0.81) < 0.001
Hypertension 67.1 68.7 66.0 < 0.001 0.84 (0.81-0.88) < 0.001
Smoking 29.7 34.5 26.7 < 0.001 0.70 (0.67-0.73) < 0.001
Drug abuse 2.6 2.6 2.5 0.899 1.08 (0.95-1.22) 0.263
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had higher rates of diabetes mellitus (62.9%  
vs 61.6%; P = 0.007) and obesity (40.5% vs 
38.1%; P < 0.001). After age adjustment, re- 
sults remained consistent except for a similar 
rate of age adjusted prevalence of diabetes 
mellitus (adjusted odds ratio for females 1.03, 
95% CI 0.99-1.07; P = 0.2) between males and 
females; Table 1; Figure 1.

Males had higher rates of all the CVDs evaluat-
ed than females except for a similar prevalence 
of stroke (4.6% vs 4.7%; P = 0.579) and pulmo-
nary vascular disease (1.5% vs 1.3%; P = 0.107) 
between the sex groups. Males had a high- 
er rate of coronary artery disease (27.4% vs 

Our study evaluated CVD prevalence and sex 
differences in the largest number of patients 
with NASH studied till date and presents im- 
portant findings regarding the cardiovascular 
risk in these patients. Despite a relatively 
younger age of our study cohort (average 61 
years), a substantial proportion of clinical CVD 
were already diagnosed in patients with NASH. 
These findings carry clinical relevance and fu- 
ture studies should evaluate the significance  
of these differences in the context of sex dif- 
ferences in NASH pathophysiology.

Nonalcoholic fatty liver disease is now recog-
nized as an important CVD risk factor as these 

Table 2. Prevalence of cardiovascular diseases and sex differences in patients with non-alcoholic 
steatohepatitis

Cardiovascular Disease Prevalence
(N = 41,005) (%)

Male
(N = 15,758) (%)

Female
(N = 25,247) (%) P value

Age adjusted OR 
(95% CI) for females 

compared with males
P value

Coronary artery disease 20.6 27.4 16.3 < 0.001 0.46 (0.44-0.49) < 0.001

Heart failure 19.6 20.4 19.0 < 0.001 0.86 (0.82-0.90) < 0.001

Peripheral vascular disease 5.7 6.8 5.0 < 0.001 0.69 (0.63-0.65) < 0.001

Coronary artery stenting 0.6 0.9 0.4 < 0.001 0.43 (0.33-0.56) < 0.001

Coronary artery bypass grafting 4.3 6.9 2.6 < 0.001 0.32 (0.29-0.36) < 0.001

Myocardial infarction 5.1 7.0 3.9 < 0.001 0.52 (0.41-0.56) < 0.001

History of stroke 4.7 4.6 4.7 0.579 0.99 (0.90-1.08) 0.755

Pulmonary vascular disease 1.4 1.5 1.3 0.107 0.86 (0.74-1.04) 0.122

Figure 1. Sex differences in cardiovascular risk factors and disease in non-
alcoholic steatohepatitis patients. Unique sex differences in the prevalence 
of important cardiovascular risk factors and cardiovascular diseases were 
observed in patients with non-alcoholic steatohepatitis. Males had higher 
rates of atherosclerotic cardiovascular disease including a higher rate of cor-
onary artery disease (27.4% vs 16.3%; P < 0.001), coronary artery stenting 
(0.9% vs 0.4%; P < 0.001), coronary artery bypass surgery (6.9% vs 2.6%; P 
< 0.001), heart failure (20.4% vs 19.0%; P < 0.001), and peripheral vascu-
lar disease (6.8% vs 5.0%; P < 0.001). Females had a lower prevalence of 
dyslipidemia (35.4% vs 40.6%; P < 0.001), hypertension (66.0% vs 68.7%; 
P < 0.001), and smoking (26.7% vs 34.5%; P < 0.001), but had higher rates 
of obesity (40.5% vs 38.1%; P < 0.001).

16.3%; P < 0.001), myocardial 
infarction (7.0% vs 3.9%; P < 
0.001), coronary artery stent-
ing (0.9% vs 0.4%; P < 0.001), 
coronary artery bypass sur-
gery (6.9% vs 2.6%; P < 
0.001), heart failure (20.4% vs 
19.0%; P < 0.001), and periph-
eral vascular disease (6.8% vs 
5.0%; P < 0.001) than fema- 
les. Results were similar after  
age adjustment; Table 2. After  
age adjustment, compared to 
males, females had 54% low- 
er odds of coronary artery dis-
ease, 48% lower odds of myo-
cardial infarction, 57% lower 
odds of coronary artery stent-
ing, 68% lower odds of coro-
nary artery bypass surgery, 
14% lower odds of heart fail-
ure, and 31% lower odds of 
peripheral vascular disease.

Discussion
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conditions share a common metabolic patho-
physiology [3, 9]. The prognostic significance of 
this association with regards to the develop-
ment of clinical CVD events including myocar-
dial infarction, stroke, and thromboembolism 
were previously reported [5, 10-15]. However, 
data regarding the actual prevalence of clinical 
CVD in these high risk patients were not exten-
sively reported. Our study fills this important 
gap in the literature.

Data regarding CVD risk factor prevalence is 
very important to plan primary and secondary 
preventive strategies [16, 17]. It is on particular 
important in patients with NASH because in a 
large study, CVD risk factors were exclusively 
reported to be responsible for the increased 
CVD risk in patients with non-alcoholic liver dis-
ease [13]. After adjusting for these risk factors, 
fatty liver disease was not associated with 
increased CVD risk in this study [13, 18]. How- 
ever, as seen in our study, the burden of cardio-
vascular risk factors is very high in patients 
with NASH and early identification and manage-
ment are keys to prevent CVD incidence [19, 
20]. It is also important for cardiologists to 
assess for fatty liver changes in patients with 
CVD to ensure co-management and to optimize 
disease outcomes. 

Important strengths of this study are the sam-
ple size and the utilization of a well validated 
national database. Limitations include the 
administrative nature of the database which 
limits accurate clinical quantification of the 
CVDs and associated risk factors. Under-di- 
agnosis and misclassification bias from cod- 
ing inconsistencies across hospitals should be 
considered when interpreting the findings of 
this study.

Conclusion

In this study of a large sample of patients with 
NASH, we identified a very high prevalence of 
important CVD risk factors and diseases. Im- 
portantly, sex differences were present in the 
prevalence of these risk factors and the vari- 
ous diseases evaluated. Future studies sh- 
ould evaluate the significance of these differ-
ences in the context of sex differences in NASH 
pathophysiology.
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