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Abstract: This research explored whether hepatitis C virus (HCV)

infection leads to the development of intracerebral hemorrhage (ICH).

Using Taiwan National Health Insurance claims data, 9023 patients

newly diagnosed with HCV infection between 2000 and 2010 were

identified, and 36,092 age- and sex-frequency-matched patients without

HCV infection were selected randomly as the control group. The risk of

ICH for patients with HCV infection and comorbidities of diabetes,

hypertension, ischemic heart disease, hyperlipidemia, atrial fibrillation,

alcoholic liver disorder, and head injury was evaluated at the end of

2011.

The risk of ICH was higher in the HCV cohort than in the control

group, with an adjusted hazard ratio (aHR) of 1.60 (95% confidence

interval [CI]: 1.24–2.06), estimated using a multivariate Cox regression

model. Age-specific analysis revealed that the risk of ICH in the HCV

patients was higher in the younger groups, with aHRs of 1.92 (95% CI:

1.18–3.11) and 2.45 (95% CI: 1.52–3.98) in the�55 and 56 to 64 years

age groups, respectively. The risk of ICH increased with the severity of

HCV infection, from an aHR of 1.66 (95% CI: 1.21–2.30) in mild HCV
ng Y. Hsu, MD, PhD, and Chia-Hung Kao, MD

We found that HCV infection is associated with an increased risk to

develop ICH, particularly in the patients with relatively younger ages.

(Medicine 94(46):e2132)

Abbreviations: aHR = adjusted hazard ratio, CI = confidence

interval, HCV = hepatitis C virus, ICD-9-CM = International

Classification of Diseases Ninth Revision Clinical Modification,

ICH = intracerebral hemorrhage, NHIRD = National Health

Insurance Research Database.

INTRODUCTION

I ntracerebral hemorrhage (ICH) is one of the main causes of
debilitation and death among adults.1–3 ICH patients con-

sume more socioeconomic resources and represent a greater
health care burden than patients with ischemic stroke. ICH
comprises approximately 10% to 20% of all strokes,1–3 and
some pathological changes in the cerebral arteriolar wall, such
as death and proliferation of vascular wall smooth muscle cells,
ectasia of arteriolar walls with formation of microaneurysms,2

and subsequent rupture of the microaneurysms,1–3 are fre-
quently observed in ICH. Some traditional risk factors for
ICH, including hypertension,1–6 diabetes,1,2,4–6 hyperlipide-
mia,5,6 ischemic heart disease (IHD),4–6 atrial fibrillation
(AF),4,5 alcoholic liver disorder (ALD),1–3,6 and head injury,7,8

may trigger these pathological changes in the cerebral arteriolar
walls. However, in approximately 10% to 25% of patients, the
risk factors for ICH remain unclear,6,9 particularly among
younger patients.6,10

The role of chronic inflammation in increasing the for-
mation of arterial ectasia and microaneurysms in coronary
arteries has been proven in the literature.11,12 Some studies
have also connected the development of ICH with chronic
vasculitis in cerebral arterioles caused by viral infections such
as human immunodeficiency virus (HIV)13,14 and varicella-
zoster virus (VZV),13,15 and autoimmune diseases such as
systemic lupus erythematosus (SLE)16,17 and rheumatoid arthri-
tis (RA).16,18 Nevertheless, how inflammations trigger the
cerebral arteriolar ectasia and subsequent generation and rup-
ture of microaneurysms remains unknown.

Transmitted through the use of injection drug, blood
transfusions, and unsafe therapeutic injections, the hepatitis
C virus (HCV) has infected approximately 130 million people
globally and has become a major worldwide health issue.19,20

HCV can lead to chronic liver disease, hepatic cirrhosis, and
hepatocellular carcinoma, thereby increasing the socioeco-
nomic burden.19,20 A few clinical studies have linked chronic
HCV infection with the subsequent development of ICH, but the
relevance of those studies is limited by their small sample
sizes.21,22 Because the majority of the Taiwanese population
nal Health Insurance (NHI) program of
a subset of the NHI claims database for

o 2010 to investigate the association
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between HCV infection and the risk of ICH with a 12-year
follow-up period.

MATERIALS AND METHODS

Data Source
This study enrolled patients from the 1 million insurants in

the Longitudinal Health Insurance Database (LHID), which
comprises data derived from the National Health Insurance
Research Database (NHIRD) for the period of 2000 to
2011.23,24 The data in the NHIRD are derived from Taiwan’s
NHI program, which was implemented in 1995 and covers
>98% of the population of Taiwan. The details in the LHID
include the medical facilities where patients were enrolled, the
types of medical services provided, and demographic infor-
mation. When the data of outpatient and inpatient enrollments
were accessed into the LHID, they required the approval of the
insurance authorities. Patient identification numbers, which are
linked to data files, are scrambled before the release of files to
researchers to ensure patient privacy. This study was approved
by the Institutional Review Board of China Medical University
(CMU-REC-101-012). Disease diagnoses were identified
according to International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) codes.

Study Subjects
The HCV cohort comprised patients with HCV (ICD-9-

CM codes 070.41, 070.44, 070.51, 070.54, and V02.62) newly
diagnosed between January 1, 2000 and December 31, 2010
without a previous history of stroke (ICD-9-CM codes 430–
438). Patients with a history of HCV and hepatitis B virus
(HBV) infections (ICD-9-CM 070.20, 070.22, 070.30, 070.32,
and V02.61) during 1996 to 1999, or age <20 years were
excluded. The date of the initial diagnosis of HCV infection
was defined as the entry date. The control group comprised
randomly selected patients without hepatitis infection or a
history of stroke, sex- and age-frequency-matched to those in
the HCV cohort at a ratio of 4:1. The flow chart of patient
selection in HCV and control cohorts was shown in Figure 1.

Outcome and Relevant Variables

Tseng et al
Both the HCV and the control cohorts were followed up
until the end of 2011 to determine the incidence of ICH (ICD-9-
CM code 431). Relevant factors to ICH were sex, age, annual

LHID 

N=1,000,000 

HCV pa�ents without stroke 

history in 2000-2010 

N=12,345 

Exclusion: 

1. Age < 20 years (n=243) 

2. With HCV and HBV history 

in 1995-1999 (n=3079) 

HCV cohort 

N=9,023 

People without HCV, HBV and 

stroke diagnosis before 2000 

N=863,844 

Exclusion: As HCV cohort 

Frequency matched: 

1. With age, gender and 

index-year as HCV  

2. At 4:1 ra�o 

Comparison cohort 

N=36,092 

FIGURE 1. Flow chart for study subjects. HBV¼hepatitis B virus,
HCV¼hepatitis C virus, LHID¼ Longitudinal Health Insurance
Database.
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outpatient visits during the study period, medicine for HCV
treatment (Ribavirin and Peginterferon), and comorbidities of
diabetes (ICD-9-CM code 250), hypertension (ICD-9-CM
codes 401–405), IHD (ICD-9-CM codes 410–414), hyperlipi-
demia (ICD-9-CM codes 272.0–272.4), AF (ICD-9-CM code
427.31), ALD (ICD-9-CM code 571.2), and head injury (ICD-9-
CM codes 959.01, 432.1, 852.2, and 852.3). The risk of ICH was
evaluated for patients with or without these variables.

Statistical Analysis
The t test and x2 test were used to compare the distributions

of continuous and discrete variables, respectively, between the
HCV cohort and the control group. The incidence of ICH was
estimated per 1000 person-years, measured from the entry date
to the initial ICH diagnosis, death, withdrawal from the insur-
ance program, or the end of 2011. The HCV cohort and the
control group were compared using the Cox regression model
to determine the hazard ratios (HRs) and 95% confidence
intervals (CIs), with stratification for sex, age (�55, 56–64,
and �65 years), and comorbidity stratum (with and without
anyone comorbidity including hyperlipidemia, hypertension,
IHC, AF, diabetes, ALD, and head injury). The interaction tests
for HCVand age, HCVand sex, and HCVand comorbidity were
estimated using Cox proportional hazard regression. Multivari-
able Cox proportional hazard regression was adjusted for age,
sex, annual outpatient visits, medicine for HCV treatment,
and comorbidities.

The risk for ICH was further evaluated according to the
severity of HCV infection, determined as HCV patients without
(mild) and with hospitalization for HCV infection (severe).
Incidence rates of ICH were measured for levels of severity,
as well as adjusted hazard ratios (aHRs) relative to the control
group. Trend test of ICH and the HCV severity was assessed
using Cox proportional hazard regression. The effects of
medical treatment on the ICH risk among HCV patients were
also evaluated. The cumulative proportional incidences of ICH
were further plotted for both cohorts by using the Kaplan–
Meier model, and the log-rank test was used to determine the
difference. A 2-tailed P< 0.05 was defined as significant. SAS
Version 9.1 (SAS Institute Inc, Cary, NC) was used for all
statistical analyses.

RESULTS
Men were slightly more in the both cohorts of HCV and

controls (51.9%). Approximately one-fourth of the patients
were >65 years old. After comparing with controls, the comor-
bidity correlated to ICH (such as diabetes, hypertension, hyper-
lipidemia, IHD, AF, ALD, and head injury) was significantly
higher prevalent in the HCV cohort. The annual outpatient visit
for HCV cohort was significantly higher than controls (29.8%
vs 18.0%) (Table 1).

The risk of ICH was higher for men and elderly patients
(Table 2). The comorbidities of hypertension, diabetes, ALD,
and head injury were associated with a higher risk of ICH in all
patients (Table 2). However, the HCV cohort had a greater risk
of ICH than the comparison group (aHR¼ 1.68, 95% CI: 1.24–
2.27 and 2.33, 95% CI: 1.36–3.98, respectively) regardless of
comorbidities (Table 3). The overall risk of ICH was 1.83 times
higher in the HCV cohort than in the control group (95% CI:
1.41–2.38). The incidence rates for ICH in the HCV and

Medicine � Volume 94, Number 46, November 2015
comparison cohorts were 1.60 and 0.94 per 1000 person-years,
respectively (Table 2). The incidence of ICH increased with age
in both cohorts (Table 3), but the age-specific risk for ICH was
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TABLE 1. Demographic Factors and Comorbidities in the Hepatitis C Virus Infection and Control Groups

Control
N¼ 36,092

HCV Infection
N¼ 9023

n % n % P

Age
�
, y 0.99

�55 21,831 60.5 5212 57.2
56–64 6001 16.6 1746 19.4
�65 8260 22.9 2065 22.9
Mean (SD)y 52.3 (15.2) 52.7 (14.9)

Sex 0.99
Women 17,356 48.1 4339 48.1
Men 18,736 51.9 4684 51.9

Comorbidity at baseline
�

Hyperlipidemia 6096 16.9 1934 21.4 <0.0001
Hypertension 9380 26.0 313 34.5 <0.0001
Ischemic heart disease 4073 11.3 1450 16.1 <0.0001
Atrial fibrillation 199 0.55 77 0.85 0.001
Diabetes 3436 9.52 1515 16.8 <0.0001
Alcoholic liver disorder 72 0.20 159 1.76 <0.0001
Head injury 2598 7.20 1071 11.9 <0.0001
Mean annual OPD visit, mean (SD)y 18.0 (16.5) 29.8 (21.2) <0.0001
Mean follow-up duration, y (SD)y 6.23 (3.18) 5.80 (3.33) <0.0001

Medicine use for HCV
Only Peginterferon 6 0.07
Only Ribavirin 8 0.09
Both 1055 11.7

.
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significantly higher in the 56 to 64 years old HCV patients
(aHR¼ 2.45, 95% CI: 1.51–3.98) (Table 3). The Kaplan–
Meier plot showed that the cumulative incidence of ICH was
higher in the HCV cohort than in the control group (log-rank
P< 0.0001) (Figure 2).

Comparing the correlation between the severities of HCV
infection with the risk of ICH revealed a dose–response associ-
ation. The risk of developing ICH increased with the severity of
HCV infection (Table 4). Compared with the control group, the
aHRs for patients with HCV infection increased from 1.66 (95%
CI: 1.21–2.30) for those with mild infection to 2.12 (95% CI:
1.47–3.06) for those with severe infection. HCV patients with

HCV¼ hepatitis C virus, OPD¼ outpatient, SD¼ standard deviation�
x2 test.
y t test.
medical treatment had a relatively lower ICH risk than those

without medical treatment, with aHRs of 0.19 (95% CI: 0.03–
1.38) and 1.83 (95% CI: 1.41–2.38), respectively (Table 4).

DISCUSSION
Previous studies have shown that patients with viral infec-

tions, such as HIV13,14 and VZV,13,15 and autoimmune diseases,
such as SLE16,17 and RA,16,18 are at a higher risk of ICH. In the
present study, HCV patients were compared with patients
without this infectious disease in a 12-year follow-up period,
and the HCV patients had a 1.60 times higher risk of ICH. A
dose–response association with the severity of HCV infection
was also observed. Persistent inflammation due to HCV infec-
tion might cause pathological changes in cerebral arterioles,

which might trigger ICH development, as noted in some viral
infections (eg, VZV and HIV infections) and autoimmune
disorders (eg, RA and SLE). HCV-related chronic liver disease,

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
hepatic cirrhosis,19,20 and hepatocellular carcinoma might
impair the human coagulation functions that might further
enhance the risk of ICH noted in the present study.

More than 50% of our study patients were men and >75%
were <65 years of age (Table 1). This is consistent with prior
studies, noting that middle-aged men or younger are at higher
risk of HCV infection.20,25,26 Men were more susceptible to the
development of ICH than women (Table 2), which has been
proven in prior studies.1–6,27 The most critical risk factor for
ICH is age.1–6,27,28 The incidence rates of ICH increased with
age in both the HCV and control groups in this study. Never-
theless, the observed age-specific aHRs for the HCV cohort and
the control group were higher for relatively younger patients,
with the higher aHRs of 1.92 and 2.54 noted in the �55 and 56
to 64 years age groups, respectively, decreasing to 1.33 in the
�65-year age group (Table 3). Because the younger patients
had fewer comorbidities associated with ICH, HCV is a more
critical risk factor for younger patients than older patients. It is
clear from this research that the risk of ICH increased in
conjunction with HCV severity. These findings suggest a causal
role of HCV in the development of ICH.

Comorbidities for Intracerebral Hemorrhage
Numerous studies have shown that the development of

ICH risk is positively associated with older age,1–6,27,28 male
sex,1–6,27 and the comorbidities of hypertension,1–6,27,28 dia-
betes,1,2,4–6,27,28 hyperlipidemia,5,6,27–29 IHD,4–6,27 AF,4,5,27,28
ALD,1–3,6,28 and head injury.7,8 In this study, the risk of ICH
increased in participants with the comorbidities of hypertension,
diabetes, ALD, and head injury (Table 2).

www.md-journal.com | 3



TABLE 2. Incidence and Hazard Ratios for Intracerebral Hemorrhage, Stratified by Demographic Factors and Comorbidities

Event P-Y IR Crude HR (95% CI) Adjusted HRy (95% CI)

HCV infection
No 211 224,959 0.94 1.00 1.00
Yes 84 52,364 1.60 1.71 (1.33–2.20)

���
1.83 (1.41–2.38)

���

Age, y
�55 89 172,382 0.52 1.00 1.00
56–64 80 49,154 1.63 3.16 (2.33–4.27)

���
2.44 (1.78–3.36)

���

�65 126 55,796 2.26 4.38 (3.34–5.75)
���

2.92 (2.15–3.98)
���

Sex
Women 121 136,157 0.89 1.00 1.00
Men 174 141,176 1.23 1.39 (1.10–1.75)

��
1.56 (1.23–1.97)

���

Comorbidity
Hyperlipidemia

No 242 230,499 1.05 1.00 –
Yes 53 46,834 1.13 1.08 (0.80–1.45) –

Hypertension
No 119 205,499 0.58 1.00 1.00
Yes 176 71,834 2.45 4.24 (3.56–5.35)

���
2.77 (2.11–3.65)

���

IHD
No 235 245,600 0.96 1.00 1.00
Yes 60 31,733 1.89 1.98 (1.49–2.62)

���
0.80 (0.60–1.09)

Atrial fibrillation
No 292 276,110 1.06 1.00 —

Yes 3 12,223 2.45 2.31 (0.74–7.20) —

Diabetes
No 241 250,012 0.96 1.00 1.00
Yes 54 27,320 1.98 2.05 (1.53–2.76)

���
1.08 (0.79–1.47)

Alcoholic liver disorder
No 291 276,523 1.05 1.00 1.00
Yes 4 810 4.94 4.67 (1.74–12.5)

��
2.95 (1.09–8.02)

�

Head injury
No 259 258,553 1.00 1.00 1.00
Yes 36 18,779 1.92 1.91 (1.35–2.71)

���
1.72 (1.21–2.45)

��

Annual outpatient visit 1.01 (1.01–1.02)
���

0.97 (0.99–1.00)
Medicine use for HCV

No 294 270,493 1.09 1.00 1.00
Yes 1 6839 0.15 0.14 (0.02–0.96)

�
0.11 (0.02–0.76)

�

CI¼ confidence interval, HCV¼ hepatitis C virus, HR¼ hazard ratio, IHD¼ ischemic heart disease, IR¼ incidence rate per 1000 person-years,
P-Y¼ person-years.

�
P< 0.05;

��
P< 0.01;

���
P< 0.001.

, me
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Strengths and Limitations
This study had the advantages of a large sample size and a

longitudinal design with minimal loss to follow-up. The large
sample size enabled stratified analysis of data for examining the
differences among sex, age, comorbidities, and severity of
HCV. The dose–response relationship correlating to severity
of HCV reinforces the validity of this research. Insurance claims
for health care reimbursements in the Taiwan NHI program are
under rigorous surveillance to prevent fraud. The NHI inves-
tigation system helps validate the diagnoses listed in insurance
claims.

Nevertheless, this study also had limitations. First, infor-
mation on some risk factors for cardiovascular diseases was not
available in the claims data, including physical activity, lifestyle

yAdjusted HR: mutually adjusted with age, sex, annual outpatient visits
model.
factors, and alterations of patients’ immunity associated with
HCV infection. Second, the results of laboratory data, for
example, liver function tests (eg, alanine aminotransferase,

4 | www.md-journal.com
aspartate aminotransferase, g-glutamyl transferase, alkaline
phsosphatase, and bilirubin), serum levels of HCV antigen titers
and anti-HCV antibodies, serum C-reactive protein level and
erythrocyte sedimentation rate, are unavailable in the NHIRD.
Therefore, it was impossible to measure the relationship
between various immune conditions in different HCV patients
and the risk of ICH. Third, information regarding patients’
personal habits and behaviors, such as alcohol consumption and
cigarette smoking, are unavailable in the database. However,
the relatively low smoking rate (<3.5%) among Taiwanese
women30 and the similar prevalence of ICH in men and women
imply that cigarette smoking and alcohol consumption were
unlikely to be confounders that would bias the correlation
between HCV infection and ICH. This study estimated the risk

dicine use, and all comorbidities that had significant differences in crude
of ICH in patients with HCV infection and revealed a higher
prevalence of comorbidities in the patients with HCV infection
than in the control group. However, after adjustment for these

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



infection. The findings in this study could lead to a useful
method of preventing ICH for patients with HCV infection,

TABLE 3. Incidence and Hazard Ratios for Intracerebral Hemorrhage Between the Hepatitis C Virus Infection and Control Groups,
Stratified by Demographic Factors and Comorbidities

Control HCV Infection HR (95% CI)

Event IR Event IR Crude Adjusted

Age, yy

�55 62 0.44 27 0.82 1.85 (1.18–2.90)
��

1.92 (1.18–3.11)
��

56–64 51 1.30 29 2.93 2.24 (1.42–3.54)
���

2.45 (1.51–3.98)
���

�65 98 2.12 28 2.90 1.37 (0.90–2.09) 1.33 (0.87–2.05)
Sexz

Women 91 0.83 30 1.15 1.40 (0.92–2.11) 1.53 (0.99–2.35)
Men 120 1.04 54 2.06 1.96 (1.42–2.71)

���
2.03 (1.45–2.84)

���

Comorbidity stratum§,�

No 63 0.45 19 0.77 1.70 (1.02–2.85)
�

2.33 (1.36–3.98)
��

Yes 148 1.73 65 2.35 1.36 (1.01–1.82)
�

1.68 (1.24–2.27)
���

CI¼ confidence interval, HCV¼ hepatitis C virus, HR¼ hazard ratio, IR¼ incidence rate per 1000 person-years.
�
P< 0.05;

��
P< 0.01;���

P< 0.001. All interaction tests P> 0.05 in Cox proportional hazard regression.
yAdjusted for sex, annual outpatient visits, medicine use, and all comorbidities that had significant differences in crude model (except

hyperlipidemia and atrial fibrillation).
zAdjusted for age, annual outpatient visits, medicine use, and all comorbidities that had significant differences in crude model (except

hyperlipidemia and atrial fibrillation).

dise
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confounding factors, the risk of ICH remained higher in the
HCV cohort than in the comparison group. Thus, HCV infection
is likely a causal factor in the development of ICH. The exact
pathogenic mechanisms involved in this relationship warrant
further research.

§ Adjusted for age, sex, annual outpatient visits, and medicine use.
� Comorbidity included hyperlipidemia, hypertension, ischemic heart
CONCLUSIONS
This study revealed a significant relationship between the

risk of ICH and HCV infection. The results also showed that the

FIGURE 2. Comparison of cumulative incidence rates for intra-
cerebral hemorrhage between the hepatitis C virus infection and
control groups, demonstrated with the Kaplan–Meier model.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
risk of ICH increases with the severity of HCV infection.
Further research is required to confirm our results, particularly
regarding younger patients and more severe cases of HCV

ase, atrial fibrillation, diabetes, alcoholic liver disorder, and head injury.
particularly those of a younger age.

TABLE 4. Incidence and Hazard Ratios for Intracerebral
Hemorrhage, Stratified by Hepatitis C Virus Infection With
or Without Hospitalization During the Study Period, or Stra-
tified by Hepatitis C Virus Infection With or Without Medical
Treatment During the Study Period

N Event IR aHR (95% CI)

Model 1y

Control group 36,092 211 0.94 1.00

Hospitalization due to HCV infection

No 5656 47 1.37 1.66 (1.21–2.30)
��

Yes 3367 37 2.05 2.12 (1.47–3.06)
���

P for trend 0.0001

Model 2z

Control group 3692 211 0.94 1.00

Medicine use for HCV

No 7954 83 1.82 1.83 (1.41–2.38)
���

Yes 1069 1 0.15 0.19 (0.03–1.38)

aHR¼ adjusted hazard ration, CI¼ confidence interval, HCV¼ he-
hepatitis C virus, IR¼ incidence rate per 1000 person-years.

��
P< 0.01;���

P< 0.001.
yAdjusted for age, sex, annual outpatient visits, medicine use, and all

comorbidities that had significant differences in crude model (except
hyperlipidemia and atrial fibrillation).
zAdjusted for age, sex, annual outpatient visits, and all comorbidities

that had significant differences in crude model (except hyperlipidemia
and atrial fibrillation).
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