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Abstract
AIM
To determine the association between cirrhosis and is
chemic stroke in a large nationally representative sample. 

METHODS
A retrospective cross-sectional study of all hospitalized 
patients during 2012 and 2013 in the United States 
was performed using the National Inpatient Sample 
database. Hospitalizations with acute stroke, cirrhosis 
and other risk factors were identified using ICD-9-CM 
codes.

RESULTS
There were a total of 72082638 hospitalizations in the 
United States during the years 2012 and 2013. After 
excluding hospitalizations with missing demographic 
variables, that there were a total of 1175210 (1.6%) 
out of these were for acute ischemic stroke. Cirrhosis 
was present among 5605 (0.4%) cases of ischemic 
stroke. Mean age among the cirrhotic and non-cirrhotic 
groups with ischemic stroke were 66.4 and 70.5 years, 
respectively. Prevalence of risk factors among the two 
groups was also calculated. After adjusting for various 
known risk factors the odds of having an ischemic stroke 
(OR = 0.28, P  < 0.001) were 72% lower in cirrhotics 
compared to non-cirrhotics.

CONCLUSION
Our study suggests that in a large, nationally represen
tative sample of the United States population, cirrhosis 
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is associated with a lower likelihood of stroke.
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Core tip: Our study demonstrates that in a large, na
tionally representative sample, cirrhosis is associated 
with a lower likelihood of having an ischemic stroke, 
after adjusting for known risk factors. Although the odds 
of having a stroke are lower in cirrhotics, the mortality is 
significantly higher in them compared to non-cirrhotics.
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INTRODUCTION
Cirrhosis is among the top ten leading causes of death 
in the United States[1,2]. With recent advances in the 
management of various complications of cirrhosis, it has 
become one of the most prevalent chronic conditions, 
that patients live with for a considerable duration of 
time[3]. For instance, there were 633323 patients living 
with cirrhosis in 2010[4].

Due to altered homeostasis and hemodynamics in 
cirrhosis it is reasonable to assume that the risk of an 
ischemic cerebrovascular event [acute ischemic stroke 
(AIS)] in cirrhotics would be different from that of the 
general population[5-8]. The question whether cirrhosis 
is associated with a reduced risk of stroke has been a 
source of controversy for a long time. There have been 
various studies reporting increased incidence of carotid 
plaques and atherosclerosis in patients with advanced 
liver disease, both known risk factors for ischemic 
stroke[9-11]. On the other hand, it is also well known that 
liver disease causes thrombocytopenia and coagulopathy 
which should in turn be protective against an ischemic 
cerebrovascular accident (CVA)[12]. Recently, Chen et 
al[12] and Berzigotti et al[13] showed that patients with 
liver cirrhosis may be at a lower risk of experiencing an 
ischemic CVA[12-14]. However, due to predominance of 
one ethnic group in the former and the relatively small 
sample size in the latter, the impact of cirrhosis on risk of 
stroke still remains inconclusive. 

We therefore aim to define the impact of cirrhosis 
and extent of its association with ischemic stroke by 
using the largest national database for hospitalized 
patients in the United States.

MATERIALS AND METHODS
Data source
The National Inpatient Sample (NIS) formerly known as 

Nationwide Inpatient Sample database is an administrative 
database developed by the Agency of Healthcare Research 
and Quality for Healthcare Cost and Utilization Project 
(HCUP). It is the largest all-payer database of hospitalized 
patients in the United States. NIS is a 20% stratified 
sample of all discharges from United States commu
nity hospitals[15]. Thus, manufacturer provided sampling 
weights were used to produce national estimates. We 
used NIS databases for the years 2012 and 2013 in this 
study. The NIS database provides de-identified information 
regarding the demographic characteristics (age, gender, 
race), mortality, principal and secondary diagnoses, etc., 
for each hospitalization. It however does not contain 
any lab values, imaging or other advanced diagnostic 
information. 

Study design
This is a retrospective cross-sectional study using a 
national inpatient database. We used International Classi
fication of Diseases, 9th Revision, Clinical Modification 
(ICD-9-CM) codes 571.2 (Alcoholic cirrhosis of liver), 
571.5 (biliary cirrhosis) and 571.6 (cirrhosis without men
tion of alcohol) to identify the patients with cirrhosis[3,16]. 
ICD-9-CM codes 433.x1, 434.x1, 435 and 436 listed as 
principal diagnoses were used to identify hospitalizations 
for acute ischemic cerebrovascular events. These ICD-9-
CM codes with modifiers have been previously validated 
and used to identify AIS in administrative databases with 
good accuracy[17-20]. All the patients with missing age, 
gender or race information were excluded. The patients 
with missing age and gender information constituted 
< 1% of the included population. The hospitalization 
with missing race were more prevalent, however they 
were due to non-participation of some states in report
ing ethnic information and thus did not result in under-
representation of any particular ethnic group. The basic 
demographic characteristics for different sub-groups have 
been described in Table 1. We used ICD-9-CM codes to 
identify the known risk factors for ischemic stroke[21-25]. 
Prevalence of these risk factors was also calculated for 
different subgroups (Table 1). Since, this study was 
conducted using a de-identified commercially available 
database Institutional Review Board approval was not 
required.

Statistical analysis
Stata 13.1 (Stata Corp, College Station TX) and SPSS 
23.0 (SPSS Inc., Chicago, Ill) were used for statistical 
analysis. National estimates were produced by using 
the sampling weights provided by HCUP. χ2 test and 
Independent-samples t-test for means were used to 
determine statistical significance of differences in the 
prevalence of risk factors and demographic variables 
among the two groups. Due to the binary nature of 
the outcome/dependent variable, i.e., presence of 
ischemic stroke, multivariate logistic regression model 
was used to assess the association between cirrhosis 
and ischemic stroke while controlling for known risk 
factors (as listed in Table 1) of ischemic stroke. Wald’s 
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test was used to determine statistical significance of 
association between the factors used in the regression 
model and the outcome, i.e., stroke. P-value less than 
0.05 was considered statistically significant. The coe
fficient obtained as a result of the regression model was 
converted to OR for ease of understanding and is being 
reported here along with 95%CI. Since the prevalence 
of our outcome (Stroke) was less than 10%, the OR 
provides a good estimate of the relative risk[26]. The 
biostatistical methods and tests used in this study were 
reviewed by a biomedical statistician.

RESULTS
There were a total of 72082638 hospitalizations in the 
United States during the year 2012 and 2013. After 
excluding hospitalizations with missing demographic 
variables (age, gender, and race), a total of 1175210 
(1.6%) hospitalizations were for AIS. Out of these, 5605 
(0.4%) were identified to have co-existing cirrhosis of 
liver. Decompensated cirrhosis which was defined by 

presence of variceal hemorrhage, ascites, spontaneous 
bacterial peritonitis or hepatic encephalopathy, con
stituted 14.3% of the cirrhotic group[27]. Mean age 
among cirrhotic and non-cirrhotic patients were 66.4 
(SD = 11.9) and 70.5 (SD = 14.3) years, respectively. 
Proportion of males among the two groups was 55.1% 
and 46.5% respectively. The racial distribution was 
similar among the two groups with 66.6% and 70.8% 
Caucasians; and 14.9% and 15.9% African-Americans in 
cirrhotic and non-cirrhotics respectively. The prevalence of 
some risk factors (Figure 1) for AIS like - diabetes (45.1% 
vs 37.8%), hypertension (52.2% vs 62.5%), congestive 
heart failure (18.9% vs 13.1%), smoking (37.2% vs 
28.8%), atrial fibrillation (23.8% vs 21.9%), alcohol use 
(28.8% vs 3.8%) and peripheral vascular disease (8.7% 
vs 6.9%), were all higher among cirrhotics compared to 
non-cirrhotics (Table 1). Whereas, others like Coronary 
atherosclerosis (25.3% vs 27.7%), previous history of 
stroke (13.1% vs 14.8%), hypercholesterolemia (34.4% 
vs 56.5%) were found to be higher among the non-
cirrhotic group (Table 1). Anticoagulation use, which is 
considered to be associated with a lower risk of ischemic 
stroke was more prevalent among the non-cirrhotics at 
6.8% compared to 4.4% in cirrhotics. 

The overall P-value of the logistical regression model 
was statistically significant at < 0.001. The odds of 
having an AIS for patients with cirrhosis were 72% lower 
than patients without cirrhosis (OR = 0.28, 95%CI: 0.26 
to 0.29) and was statistically significant with a P-value 
< 0.001. The all cause in-hospital mortality among the 
cirrhotic group (5%) with AIS was significantly higher 
than non-cirrhotic group (3.3%) (P < 0.001). Even after 
adjusting (using logistic regression) for various co-
morbidities using Charlson comorbidity index (modified 
to exclude liver disease)[28,29], patient demographics, 
and hospital characteristics; the mortality remained 
higher among cirrhotics with stroke (OR = 1.6, 95%CI: 
1.22-2.10, P = 0.001).

DISCUSSION
The impact of cirrhosis on stroke has been controversial 

Cirrhotic Non-cirrhotic P  value

Mean age (SD) 66.4 (11.9) 70.5 (14.3) < 0.001
Age categories
   Age < 40   0.8      2.3 < 0.001
   Age 40-64 46.6    30.6
   Age > 65 52.6    67.1
Gender
   Male 55.1    46.5 < 0.001
   Female 44.9    53.5
Race
   Caucasian 66.6    70.8 < 0.001
   African-American 14.9    15.9
   Other races 18.5    13.3
Hospital characteristics
Teaching status
   Teaching 51.3    48.3   0.13
   Non-teaching 48.7    51.7
Location
   Rural   9.3    10.9   0.04
   Urban 90.7    89.1
Bed size
   Small 10.3 12   0.46
   Medium 26.8    26.7
   Large 62.9    61.3
Risk factors
   Hypertension 52.2    62.5 < 0.001
   Diabetes 45.1    37.8 < 0.001
   Tobacco use 37.2    28.8 < 0.001
   CHF 18.9    13.1 < 0.001
   Personal history of stroke 13.1    14.8 < 0.001
   CAD 25.3    27.7 < 0.001
   Peripheral artery disease   8.7      6.9 < 0.001
   Atrial fibrillation 23.8    21.9     0.001
   Anticoagulation use   4.4      6.8 < 0.001
   Dyslipidemia 34.4    56.5 < 0.001
   Alcohol abuse 28.8      3.8 < 0.001
   Family history of stroke   1.5      2.3 < 0.001

Table 1  Demographic characteristics and prevalence of risk 
factors in patients with ischemic stroke among cirrhotic and 
non-cirrhotic groups

The numbers in each cell represent percentage of patients with particular 
characteristics/risk factor in each group. SD: Standard deviation; CAD: 
Coronary artery disease; CHF: Congestive heart failure.
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Figure 1  Distribution of demographic characteristics and risk factors in 
cirrhotic and non-cirrhotic groups with ischemic stroke. CAD: Coronary 
artery disease; CHF: Congestive heart failure; Afib: Atrial fibrillation.
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for a long time. Our study demonstrates that the odds 
of having an AIS for cirrhotics are significantly lower 
(72%) than non-cirrhotics. This is consistent with some 
of the other smaller non-United States based studies 
done previously. The magnitude of association however, 
is different[12,13]. The study by Chen et al[12] showed that 
risk of having an AIS was lower in non-alcoholic cirrhosis. 
But, it was conducted in Taiwan, and has limited gene
ralizability due to predominance of only one kind of 
ethnic population. Since, ethnicity is itself an independent 
risk factor of AIS, our results have a more generalized 
applicability. Our study also had a much larger sample 
size and adjusted for the most number of risk factors of 
stroke in any study so far. The reduced likelihood of AIS in 
patients with cirrhosis represents a very important clinical 
finding. It may aid a clinician in determining the optimal 
management of often complicated cirrhotic patients with 
co-morbidities, that put them at a higher than usual 
risk of AIS, such as atrial fibrillation. The mechanism of 
this “protective effect of cirrhosis” is unclear but could 
be related to the underlying coagulopathy, thrombo
cytopenia or the altered hemodynamic flow patterns[12,13]. 
This study demonstrates the need for a prospective study 
to further explore this “protective effect of cirrhosis” on 
AIS.

Our study is to date the largest of its kind, and 
likely represents the true association between cirrhosis 
and strokes after adjusting for several known risk 
factors. Despite patients with cirrhosis being less likely 
to have a stroke, the mortality was significantly higher 
in them compared to non-cirrhotics. This is likely due 
to complications arising from the cirrhosis which may 
interfere with the usual management of stroke, for 
example, the coagulopathy due to cirrhosis may pose 
problems for planned interventions, if needed.

Our study findings, although important, need to be 
interpreted in light of some limitations. Firstly, NIS being 
an administrative database is not free from coding errors, 
especially related to liver diseases and acute strokes. 
However, we have used either the previously validated 
or commonly used codes for cirrhosis and AIS which 
have been shown to have good accuracy[3,30-32]. Secondly, 
the OR provides a close estimate of Relative Risk due to 
relatively low prevalence of Stroke in our population, but 
its not a replacement for the true relative risk which can 
only be obtained from a prospective cohort study.

Our study demonstrates that in a large, nationally 
representative sample, cirrhosis is associated with a 
lower likelihood of having an ischemic stroke, after 
adjusting for known risk factors. Although the odds of 
having a stroke are lower in cirrhotics, the mortality is 
significantly higher in them compared to non-cirrhotics. 
Prospective studies are needed to establish the causal 
relationship and better define this association in future. 
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