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BACKGROUND: Stroke is a leading cause of mortality and permanent disability in China, with large and unexplained geographic 
variations in rates of different stroke types. Chronic hepatitis B virus infection is prevalent among Chinese adults and may 
play a role in stroke cause.

METHODS: The prospective China Kadoorie Biobank included >500 000 adults aged 30 to 79 years who were recruited 
from 10 (5 urban and 5 rural) geographically diverse areas of China from 2004 to 2008, with determination of hepatitis 
B surface antigen (HBsAg) positivity at baseline. During 11 years of follow-up, a total of 59 117 incident stroke cases 
occurred, including 11 318 intracerebral hemorrhage (ICH), 49 971 ischemic stroke, 995 subarachnoid hemorrhage, and 
3036 other/unspecified stroke. Cox regression models were used to estimate adjusted hazard ratios (HRs) for risk of stroke 
types associated with HBsAg positivity. In a subset of 17 833 participants, liver enzymes and lipids levels were measured 
and compared by HBsAg status.

RESULTS: Overall, 3.0% of participants were positive for HBsAg. HBsAg positivity was associated with an increased risk of 
ICH (adjusted HR, 1.29 [95% CI, 1.16–1.44]), similarly for fatal (n=5982; adjusted HR, 1.36 [95% CI, 1.16–1.59]) and 
nonfatal (n=5336; adjusted HR, 1.23 [95% CI, 1.06–1.44]) ICH. There were no significant associations of HBsAg positivity 
with risks of ischemic stroke (adjusted HR, 0.97 [95% CI, 0.92–1.03]), subarachnoid hemorrhage (adjusted HR, 0.87 [95% 
CI, 0.57–1.33]), or other/unspecified stroke (adjusted HR, 1.12 [95% CI, 0.89–1.42]). Compared with HBsAg-negative 
counterparts, HBsAg-positive individuals had lower lipid and albumin levels and higher liver enzyme levels. After adjustment 
for liver enzymes and albumin, the association with ICH from HBsAg positivity attenuated to 1.15 (0.90–1.48), suggesting 
possible mediation by abnormal liver function.

CONCLUSIONS: Among Chinese adults, chronic hepatitis B virus infection is associated with an increased risk of ICH but not 
other stroke types, which may be mediated through liver dysfunction and altered lipid metabolism.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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Stroke is a major cause of premature mortality and 
permanent disability worldwide, with particularly high 
rates in China, with 3.9 million incident cases and 2.2 

million deaths in 2019.1 Compared with Western popula-
tions, China has a relatively high proportion of intracere-
bral hemorrhage (ICH), accounting for an equal number of 
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deaths to those from ischemic stroke (IS), despite IS having 
a 5-fold higher incidence compared with ICH.1,2 Although 
several major risk factors for stroke are established, they 
do not explain the large difference in stroke rates between 
China and Western populations and between regions 
within China.3,4 Identification of new risk factors for stroke 
and stroke types, including chronic infections, is needed, 
which may inform prevention and treatment.

Chronic hepatitis B virus (HBV) affects >250 million 
people worldwide and is responsible for 0.8 million deaths 
per year, predominantly from chronic liver disease and liver 
cancer.5 China accounts for 1 in 3 global cases of chronic 
HBV,6 where the major route of transmission is mother-to-
child transmission.7 Over 90% of unvaccinated neonates 
and 50% of children aged under 5 years exposed to HBV 
infection will develop chronic infection, compared with <5% 
among adults.8 Chronic HBV infection can cause liver dam-
age and alter the biosynthetic and metabolic capacity of 
the liver, impacting coagulation status9 and lipid levels,10–12 
which may also contribute to the risk of nonliver diseases.

Previous cohort studies of national health insurance 
data in Taiwan have reported a positive association 
between liver cirrhosis and ICH.13–15 There were also 
reports of associations of HBV infection with risks of 
stroke in Korean,16 Taiwanese,17,18 and Western popula-
tions.11,19 However, several of these studies are limited 
by their cross-sectional nature, modest size, noncommu-
nity settings, having coinfection with other blood-borne 
viruses, or lacking information on stroke types.11,18,19 To 
date, no prospective evidence is available from mainland 
China, which has a high burden of both chronic HBV 
infection and stroke.

Therefore, in the prospective China Kadoorie Biobank 
of 0.5 million Chinese adults, we aimed to (1) assess 
the associations of hepatitis B surface antigen (HBsAg) 
positivity with risks of stroke types, including ICH, IS, and 
subarachnoid hemorrhage and (2) explore the associa-
tion between HBsAg positivity and a range of metabolic 
traits including blood biochemistry.

METHODS
Study Population
This article follows the Strengthening the Reporting of 
Observational Studies in Epidemiology statement for cohort 
studies (Supplemental Material). The China Kadoorie Biobank 
Study design included a baseline survey conducted from 2004 
to 2008 among 512 726 men and women aged 30 to 79 
years, from 5 urban and 5 rural areas.20 Trained health work-
ers used a laptop-based questionnaire to collect information 
about sociodemographic and lifestyle factors, and medical 
conditions diagnosed by a doctor, including liver cancer, cir-
rhosis, or chronic viral hepatitis. Physical measurements were 
undertaken, including blood pressure, height, weight, and a 
nonfasting blood sample for on-site tests (including HBsAg) 
and long-term storage. Resurveys were conducted in 2008, 
2013 to 2014, and 2020 to 2021 among a subset (4%–5%) 
of participants, with additional measurements including carotid 
intimal thickness and carotid plaque score conducted in 2013 
to 2014 resurvey (Supplemental Methods).21,22

All participants provided written informed consent, and inter-
national, national, and regional ethics approvals were obtained. 
The data used in this study are available to the wider research 
community, which can be applied through the China Kadoorie 
Biobank website (www.ckbiobank.org).

Measurement of Chronic HBV Infection
HBsAg was measured in participants at baseline using a 
point of care lateral flow rapid diagnostic test (ACON dipstick) 
applied to venous whole blood, interpreted as positive, negative, 
or unclear. Participants were classified as having chronic HBV 
infection if their HBsAg test was positive.20,23

Follow-Up for Stroke Outcomes
The vital status of participants and disease events occur-
ring during follow-up were monitored via electronic linkage 
to mortality and morbidity registries (Supplemental Methods). 
Information on hospitalization episodes was collected via link-
age to national health insurance systems, which has almost uni-
versal coverage in study areas. The outcomes were International 
Classification of Diseases-Tenth Revision (ICD-10) coded by 
trained health workers who were blinded to baseline participant 
information. By January 1, 2018, 48 167 (9.6%) participants 
died and 5226 (1.0%) were lost to follow-up.

Stroke end points assessed included ICH (ICD-10 I61), 
IS (I63), subarachnoid hemorrhage (I60), other/unspecified 
stroke (I64), and total stroke (ICD-10 160, 161, 163, 164). 
Fatal strokes were defined as one with any death within 30 
days and a nonfatal event denoted survival at least 30 days 
after stroke diagnosis. To ensure the accuracy of stroke report-
ing, adjudication of stroke occurrence was undertaken by a 
review of retrieved original medical records by a panel of clini-
cal specialists in China.24

Measurement of Blood Biochemistry
As part of a nested cardiovascular case-control study, blood bio-
chemistry measurements were made in baseline plasma sam-
ples in a subset of up to 17 833 participants.25 This included 
5429 and 4758 incident cases of IS and ICH, respectively, with 
a censoring date of January 1, 2015. Controls (n=6223) were 

Nonstandard Abbreviations and Acronyms

ALT	 alanine transaminase
AST	 aspartate aminotransferase
BMI	 body mass index
CRP	 C-reactive protein
CVD	 cardiovascular disease
GGT	 gamma-glutamyl transferase
HBsAg	 hepatitis B surface antigen
HBV	 hepatitis B virus
ICD-10	� International Classification of  

Diseases-Tenth Revision
ICH	 intracerebral hemorrhage
IS	 ischemic stroke
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selected among those who were free of diagnosis of cardiovas-
cular disease (CVD) at the censoring date, frequency matched 
by age, sex, and area. Cases and controls had no prior history 
of CVD, cancer, or lipid-lowering treatment reported at baseline. 
Plasma biochemistry measurements were conducted at the 
accredited Wolfson Laboratory, Oxford,20 where lipid concen-
trations (total cholesterol, low-density lipoprotein-cholesterol, 
high-density lipoprotein-cholesterol, and triglycerides), liver 
enzymes (ALT [alanine transaminase], AST [aspartate amino-
transferase], and GGT [gamma-glutamyl transferase]), albumin, 
fibrinogen, vitamin D, CRP (C-reactive protein), creatinine, uric 
acid and vitamin D were measured using AU680 Chemistry 
Analysers (Beckman Coulter). Abnormal liver test levels were 
defined as ALT>30 μmol/L, AST>30 μmol/L, GGT>50 μmol/L, 
and albumin<35 g/L.26

Statistical Analyses
Individuals with missing (n=8194) or unclear HBsAg sta-
tus (n=3539) were excluded from the analysis, in addition to 
2 people with missing body mass index (BMI) data, leaving 
500 991 people in the main analysis (Figure S1). Baseline 
characteristics of participants with missing compared with non-
missing and unclear data are shown in Table S1, where missing 
data occurred due to a lack of HBsAg test supplies in 2 rural 
sites in the first few months of the study.

Baseline characteristics of participants by HBsAg sta-
tus were standardized by sex, age (5-year groups), and study 
site (10 sites). The number of events and incidence rate per 
100 000 person-years at risk standardized by age and sex 
were calculated. Cumulative incidence curves of stroke types 
by HBsAg status were constructed using the cuminc function 
in R, where all-cause mortality was treated as a competing risk, 
and age attained on the study was the timescale. The Gray test 
(a modified χ2 test) was used to compare cumulative incidence 
by HBsAg status.

Cox proportional hazards models were used to estimate haz-
ard ratios (HRs) and 95% CI for stroke associated with HBsAg 
positivity, with age at risk as the timescale. Analyses were strati-
fied by baseline hazard among sex, age-at-risk (5-year groups), 
and study site (10 sites) and adjusted for education (no formal 
education, primary/middle school, and high school or above) 
and household income (<5000, 5000–19 999, and >20 000 
yuan), smoking (never regular and ever regular), alcohol (never, 
occasional, and regular), physical activity (metabolic equivalent 
of task-hours/day), dietary factors (regular [≥4× per week] or 
lower intake of fresh fruit, dairy, and meat intake), BMI (kg/
m2), systolic blood pressure (mm Hg), and history of diabetes or 
cancer. For ICH and IS, HRs for fatal and nonfatal stroke were 
also calculated, with tests of heterogeneity by fatality status 
performed. The proportional hazards assumption was assessed 
using the test of proportionality and visualizing Schoenfeld 
residuals, with no evidence of violation of the Cox proportional 
hazards assumption (Table S2; Figure S2).

If HRs were statistically significant, estimates of absolute 
risk were additionally calculated. This included the attributable 
fraction, which is the proportion of stroke cases due to HBsAg 
positivity among the exposed (ie, among those with chronic 
HBV),27 using the formula: AF = HR−1

HR , and the population 
attributable fraction, which is the proportion of stroke cases in 
the total population due to HBsAg positivity, using Miettinen 

formula: PAF = Pc
(HR−1)

HR , where Pc is the prevalence of HBV 
among stroke cases.28 The number of stroke cases attributed 
to chronic HBV in the Chinese population was estimated by 
multiplying the population-attributable fraction with reported 
Chinese stroke prevalence estimates from the 2019 Global 
Burden of Disease Study.29 Subgroup analyses with tests of 
heterogeneity for categorical variables and trend for ordered 
categorical variables were performed to examine potential 
effect modification of associations by sex, age, urban/rural 
location, education, income, smoking status, alcohol intake, 
BMI category, systolic blood pressure, prior history of diabetes, 
or CVD. Tests of trend were performed using a χ2 test for 1 
degree of freedom, with the null hypothesis of no linear trend.

Sensitivity analyses were undertaken among (1) adjudi-
cated stroke cases only; (2) excluding participants with baseline 
chronic liver disease, CVD, or cancer; (3) excluding first 2 years 
of study follow-up; and (4) restricting analyses to first stroke of 
any type. Participants with prior CVD were retained in the main 
analysis, as, consistent with the epidemiology of chronic HBV in 
China, it was assumed most participants acquired chronic HBV 
via mother-to-child transmission.7

For BMI, systolic blood pressure, carotid intimal thickness, 
and blood biochemistry, multivariable linear regression was 
used to calculate weighted marginal mean values by HBsAg 
status. For participants in the CVD case-control study, inverse 
probability-weighted linear regression was used to adjust for 
case ascertainment as previously described (Supplemental 
Methods).30 We constructed a liver test abnormality score 
incorporating abnormal transaminases and albumin, where a 
maximum of 1 point was awarded for the presence of abnormal 
transaminase (ALT or AST>30 μmol/L) and 1 point for albumin 
<35 g/L. Logistic regression was used to estimate adjusted 
odds ratios (ORs) for stroke stratified by abnormal liver enzymes, 
hypoalbuminemia, and liver test abnormality score. Mediation 
of the HBV-stroke association by liver enzymes, albumin, and 
lipids was evaluated with a likelihood ratio test that assessed 
the change in likelihood ratio χ2 comparing models additionally 
adjusted for liver enzymes, albumin, and lipids.

Analyses used R software, Version 4.0.2.

RESULTS
Among 500 991 participants, the mean age was 52.1 
(SD, 10.7) years, 41.0% were men, 55.4% lived in a 
rural area, and 18.2% received no formal education 
(Table  1). The overall HBsAg prevalence was 3.0% 
(men, 3.4%; women, 2.8%), decreasing with age and 
higher in urban areas (Figure S3). Compared with 
HBsAg-negative people, HBsAg-positive participants 
were younger, more likely to be men, had lower educa-
tion and income levels, drank less alcohol (among men), 
and had a higher proportion of baseline chronic liver 
disease (Table  1). These associations were similar in 
the nested case-control CVD subset and second resur-
vey (Tables S3 and S4).

During a mean follow-up of 10.8 years, 59 117 inci-
dent strokes occurred, including 49 971 IS, 11 318 
ICH, 995 subarachnoid hemorrhage, and 3036 other/
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unspecified strokes. Of incident strokes, about 90% 
were confirmed by computed tomography/mag-
netic resonance imaging. Incidence rates of ICH were 
higher among HBsAg-positive participants (237 per 
100 000) compared with negative counterparts (209 
per 100 000), while they were higher in HBsAg-negative 
participants for all other stroke types (Figure 1). By age 
75 years, 4.8% of HBsAg-positive compared with 4.4% 

of HBsAg-negative participants had an ICH (P<0.01), 
while, for IS, 18% positive compared with 19% nega-
tive participants had events (P<0.01), and there was no 
significant difference in cumulative incidences for other 
stroke types (Table S5; Figure S4).

After multivariable adjustment, compared with HBsAg-
negative participants, HBsAg-positive individuals had 
HRs of 1.29 (95% CI, 1.16–1.44) for ICH, 0.97 (95% 
CI, 0.91–1.03) for IS, 0.87 (95% CI, 0.57–1.33) for sub-
arachnoid hemorrhage, 1.12 (95% CI, 0.89–1.42) for 
other/unspecified stroke, and 1.02 (95% CI, 0.97–1.07) 
for total stroke (Figure  1), which were similar for par-
ticipants in rural and urban areas (Figure 2). For ICH, a 
higher risk was found among HBsAg-positive individuals 
for both fatal (n=5982 cases; HR, 1.36 [1.16–1.59]) and 
nonfatal (n=5336; 1.23 [1.06–1.44]) stroke events. For 
IS, no statistically significant change in risk was found 
for either fatal (n=2975; 1.05 [0.82–1.35]) or nonfatal 
(n=46 996; 0.97 [0.91–1.03]) events. While there was 
significant statistical heterogeneity between HRs for risk 
of ICH and IS (Pheterogeneity

<0.001), within ICH and IS sepa-
rately, there was no heterogeneity between fatal and non-
fatal strokes (ICH: Pheterogeneity=0.75; IS: Pheterogeneity=0.51).

Similar results were found when confining the analy-
ses to adjudicated stroke cases, with adjusted HRs of 
1.29 (1.07–1.55) for ICH (n=3768) and 0.95 (0.87–
1.04) for IS (n=21 181; Table S6). For ICH, the esti-
mated HR associated with HBsAg positivity was greater 
among ever-regular smokers than never-regular smok-
ers (HR, 1.46 [95% CI, 1.25–1.71] versus 1.16 [95% 
CI, 0.99–1.35]; Pheterogeneity=0.04) but did not significantly 
differ between other population subgroups (Figure S5) 
or by study site (Tables S7 and S8). Excluding partici-
pants with baseline disease, first 2 years of follow-up, or 
restricting the analysis to the first stroke did not materi-
ally alter HRs (Tables S9 through S11).

The attributable fraction of overall ICH events among 
HBsAg-positive participants was 25% (31% for fatal 
ICH and 22% for nonfatal ICH). The population attribut-
able fraction for ICH events was 0.7%, meaning that of 
2.46 million ICH cases in 201929; ≈30 000 ICH events 
were attributed to chronic HBV in Chinese adults.

Compared with HBsAg-negative people, HBsAg-pos-
itive participants had lower mean BMI (23.5 versus 23.7 
kg/m2), systolic blood pressure (130.5 versus 131.2 mm 
Hg), and carotid intimal thickness but no difference in 
carotid plaque score (Table 2). Among the biochemistry 
subset, HBsAg-positive participants had lower total cho-
lesterol, low-density lipoprotein-cholesterol, triglyceride, 
and albumin and higher ALT, AST, GGT, and vitamin D 
but no difference in high-density lipoprotein-cholesterol, 
fibrinogen, CRP, glucose, uric acid, or creatinine com-
pared with HBsAg-negative individuals (Table 2).

There was evidence of some mediation of the HBV-
ICH association based on liver enzymes and albumin, 
with attenuation of the OR with the addition of liver 

Table 1.  Baseline Characteristics of Participants by HBsAg 
Status

 

Overall HBsAg negative HBsAg positive 

P value* (N=500 991) (n=485 439) (n=15 552)

Age, y; mean (SD) 52.1 (10.7) 52.1 (10.7) 49.8 (10.0) <0.05

Men, % 41.0 40.8 46.1 <0.001

Rural residence, % 55.4 55.6 48.4 <0.001

Education, %

 � No formal education 18.2 18.2 18.9 <0.001

 � Primary or middle 60.6 60.6 61.5  

 � High school or 

above

21.2 21.3 19.6  

Income (Yuan), %

 � <5000 9.6 9.6 10.1 <0.001

 � 5000–19 999 47.6 47.6 48.6  

  �≥ 20 000 42.7 42.8 41.3  

Ever regular smoker,† %

 � Men 74.2 74.2 73.7 NS

 � Women 3.2 3.2 3.8 NS

Current alcohol intake,‡ %

 � Men 38.0 38.1 36.2 <0.01

 � Women 2.4 2.4 2.6 NS

Dietary factors, regular intake,§ %

 � Vegetable 98.3 98.3 98.2 NS

 � Fruit 28.1 28.1 27.6 NS

 � Dairy 12 12 12.2 NS

 � Meat 47.2 47.2 46.4 NS

Physical activity (MET-

h/d), mean (SD)

21.0 (11.6) 21.0 (12.3) 21.0 (11.6) <0.05

Statin use,∥ % 2.1 2.1 2.5 NS

Prior disease history, %

 � Chronic liver 

disease

1.3 0.8 10.8 <0.001

 � Cancer 0.5 0.5 0.7 NS

 � Coronary heart 

disease

3.0 3.1 2.4 NS

 � Stroke or transient 

ischemic attack

1.8 1.8 1.8 NS

 � Diabetes 3.2 3.2 2.9 NS

HBsAg indicates hepatitis B surface antigen; and MET, metabolic equivalent 
of task.

*P value obtained from t test for continuous variables or χ2 test for categorical 
variables. 

†Ever-regular smoker includes ex and current smokers; never regular includes 
never and occasional smoking. 

‡No current alcohol intake includes participants reporting monthly, occasional, 
or ex-regular alcohol intake; current includes weekly and reduced intake. 

§Participants reporting intake ≥4× per week. 
∥As the percentage of participants with a history of cardiovascular disease. 
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enzymes and albumin to the model. After adding liver 
enzymes to the model, the OR was attenuated from 1.28 
(1.01–1.62) to 1.22 (0.95–1.56; P<0.001), and further 
addition of albumin attenuated the association to 1.15 
(0.90–1.48; P<0.001; Table S12). In stratified analy-
ses by abnormal liver biomarkers, there was a tendency 
toward higher ORs for ICH associated with HBsAg posi-
tivity compared with HBsAg-negative participants, but 
these differences were not statistically significant (Fig-
ure S6). For lipids, there was no attenuation of the OR 
when they were added to the base model (Table S12).

DISCUSSION
In this large prospective cohort study of 0.5 million Chi-
nese men and women, we examined the associations of 
chronic HBV infection with risks of incident stroke and 
stroke types. Among 3% of the study population who 
were HBsAg-positive, the risk of ICH was significantly 
elevated compared with HBsAg-negative counterparts. 
There were no significant associations of HBsAg positiv-
ity with risks of IS and other stroke types. Chronic HBV 
infection was associated with elevated liver enzymes and 
lower lipid levels, and the HBV-ICH association may be 
mediated partially by abnormal liver function and, possibly 

to a smaller extent, by an altered lipid profile. While the 
population-attributable fraction was small, among HBsAg 
carriers, one-quarter of ICH cases could be attributed to 
infection, highlighting the need for consideration among 
people living with chronic HBV.

Few cohort studies have examined the associations of 
chronic HBV with the risk of stroke, with inconsistent find-
ings. In a meta-analysis of 4 cohorts and 1 cross-sectional 
study conducted in East Asian17,18 and Western11,19 popu-
lations, chronic HBV was associated with reduced risk 
of total stroke (≈6000 stroke cases; RR, 0.78 [95% CI, 
0.70–0.86]), with no information for stroke type. Across 
different cohorts included in the meta-analysis, stroke 
outcomes were heterogeneous, with 1 reporting only total 
stroke mortality18 and 2 not specifying stroke type.11,19 To 
our knowledge, only 2 cohort studies,16,17 included in this 
meta-analysis, reported the association of HBV with risk 
of stroke types, with 116 reporting ICH and IS and 1 report-
ing only IS.17 In the former study, an 11-year occupational 
cohort study of 500 000 South Korean male public ser-
vants, there was a positive association of HBsAg positivity 
with risk of ICH (2523 events, HR, 1.33 [1.15–1.52]) and 
an inverse association with IS (4223 events, 0.79 [0.68–
0.90]), with adjustment consistent with the present study. 
The HRs for both ICH and IS were more pronounced 

Figure 1. Number of events, incidence rate of stroke types, and adjusted hazard ratios (HRs) for stroke types by hepatitis B 
surface antigen (HBsAg) status.
HRs are stratified by age-at-risk, sex, study site and adjusted for education, household income, smoking status, alcohol intake, physical activity, 
dietary factors, body mass index (BMI), systolic blood pressure, and baseline diabetes or cancer. ICH indicates intracerebral hemorrhage; IR, 
incidence rate; IS, ischemic stroke; PYAR, person-years at risk; and SAH, subarachnoid hemorrhage. *Age and sex standardized incidence rate per 
100 000 PYAR. †P<0.01. ‡P<0.001. 
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among participants with abnormal liver tests. The ratio of 
incident ICH to IS cases in this study was not consistent 
with that described previously.31 In the other 8-year ret-
rospective cohort study17 of 110 000 Taiwanese adults 
in the National Health Insurance Research Database, 
chronic HBV was associated with a lower risk of IS (1490 
cases; HR, 0.77 [95% CI, 0.66–0.89]), but ICH was not 
reported. This study used hospital diagnoses to ascertain 
HBsAg status and did not report the use of neuroimaging, 
and adjustment did not include important lifestyle factors 
(eg, smoking and alcohol intake).

The excess risk of ICH associated with HBsAg positiv-
ity in the present study was similar to the Korean study. 
However, we did not find an inverse association between 
HBsAg positivity and IS risk, including among adjudicated 
cases. Moreover, we found no clear association between 
chronic HBV and carotid atherosclerosis, consistent with 
a null association with IS.22 For carotid atherosclerosis, 
past evidence is divergent, where 2 studies19,32 in Europe-
ans found no association with HBV, 1 study in Europeans 
reported an inverse association,33 and 1 Japanese study 
found a positive correlation.34 However, these studies were 
case-control or cross-sectional studies with low power 
(<50 HBsAg-positive participants), and an unclear expo-
sure, with several combining chronic HBV and HCV infec-
tion.19,32,33 The present prospective study, with relatively low 
statin use, refutes any clear inverse associations of HBV 
infection with carotid atherosclerosis and risk of IS.

The mechanisms underlying the HBV-ICH association 
remain unclear and may be partially mediated by liver dys-
function, which can cause an anticoagulant state predis-
posing to bleeding. Although we did not have coagulation 
markers, we found that hypoalbuminemia may partially 
mediate the HBV-ICH association, which is a marker of 
the liver’s biosynthetic capacity. It is also possible that 
the HBV-ICH association may be linked to lipid metabo-
lism, as there is evidence of impairment of host cell lipid 
metabolism via HBV antigens and HBV gene expression 
manipulating key transcription factors involved in lipid 
metabolism.10 A study on HCV and ICH has also shown 
that low lipid levels may contribute to vessel wall friability, 
and past studies have reported inverse associations of 
chronic HBV with cholesterol and triglyceride levels.10,11 
Moreover, there is genetic and randomized trial evidence 
that lower levels of low-density lipoprotein-cholesterol 
increase the risk of ICH, with each 1 mmol/L lower 
low-density lipoprotein-cholesterol associated with 17% 
(95% CI, 3%–32%) higher risk of ICH.25,35

The strengths of this study include its prospective design, 
a large number of well-characterized (>90% diagnoses 
confirmed by neuroimaging) stroke cases (10× more IS and 
4× more ICH cases than previous studies combined), and 
completeness of follow-up and ability to assess the consis-
tency of the association for both fatal and nonfatal strokes. 
However, the study also had limitations. First, the HBsAg 
test has lower sensitivity than ELISA,36 which may lead to 

Figure 2. Adjusted hazard ratios (HRs) for stroke and hepatitis B surface antigen (HBsAg) positivity among rural and urban 
participants. 
HRs are stratified by age-at-risk, sex, study site and adjusted for education, household income, smoking status, alcohol intake, physical activity, 
dietary factors, body mass index (BMI), systolic blood pressure, and baseline diabetes or cancer. ICH includes intracerebral hemorrhage; IS, 
ischemic stroke; and SAH, subarachnoid hemorrhage. *P<0.05. †P<0.01. ‡P<0.001. 
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false negative results, and there were a modest number of 
participants with missing or unclear HBsAg data. Second, 
chronic HBV diagnosis was based on a single test, whereas 
2 HBsAg-positive tests 6 months apart are the gold stan-
dard. Third, we lacked information to classify HBV disease 
severity, including HBV DNA levels, e-antigen status, serial 
liver enzyme markers, liver fibrosis measures, platelets, 
and coagulation status, preventing in-depth exploration of 
mechanisms underlying the HBV-ICH association. Fourth, 
biochemistry data were available only in a subset of par-
ticipants, so the analyses would be underpowered. Fifth, we 
lacked information about HBV vaccination status or treat-
ment during follow-up. However, this cohort is of the pre-
vaccine era in China and is largely unvaccinated, and HBV 
treatment in China is low,37 so this is unlikely to materially 

affect the results. We also lacked data on other factors that 
may impact chronic hepatitis or stroke risk, including inject-
ing drug use and sexual risk factors. Finally, this is an obser-
vational study, and thus, it is unable to investigate causality 
or eliminate unmeasured confounding.

CONCLUSIONS
Overall, our findings provide robust new evidence support-
ing the link between chronic HBV infection and the risk 
of ICH in Chinese adults. Further research is needed to 
clarify the causal nature of the association and underly-
ing biological mechanisms, including the potential role of 
host and viral genetics. Our findings may inform clinical 
decision-making about the potential risks and benefits of 
antithrombotic therapies among people with chronic HBV.

ARTICLE INFORMATION
Received March 23, 2023; final revision received October 12, 2023; accepted 
October 17, 2023.

Affiliations
Clinical Trial Service Unit and Epidemiological Studies Unit (E.M.H., L.Y., N.W., I.T., 
Y.C., H.D., C.K., X.Y., D.A., R.C., I.Y.M., Z.C.) and Medical Research Council Popula-
tion Health Research Unit (L.Y., C.K., I.Y.M., Z.C), Nuffield Department of Popula-
tion Health, University of Oxford, United Kingdom. Wellcome Centre for Human 
Genetics (A.J.M.), University of Oxford, United Kingdom. Division of Infection and 
Immunity, University College London, United Kingdom (P.C.M.). Matthews lab 
HBV Elimination Laboratory, The Francis Crick Institute, London, United King-
dom (P.C.M.). Department of Epidemiology and Biostatistics, School of Public 
Health, Peking University Health Science Center, Beijing, China (Y.P., C.Y., J.L., 
L.L.). Peking University Center for Public Health and Epidemic Preparedness and 
Response, Beijing, China (Y.P., P.P., C.Y., J.L., L.L.). Non-Communicable Diseases 
Prevention and Control Department, Henan, China (H.T.).

Sources of Funding
The China Kadoorie Biobank baseline survey and the first resurvey were support-
ed by the Kadoorie Charitable Foundation in Hong Kong. Long-term follow-up 
has been supported by Wellcome grants to Oxford University (212946/Z/18/Z, 
202922/Z/16/Z, 104085/Z/14/Z, and 088158/Z/09/Z) and grants from 
the National Natural Science Foundation of China (82192900, 82192901, 
and 82192904) and the National Key Research and Development Program 
of China (2016YFC0900500). The UK Medical Research Council (MC_
UU_00017/1, MC_UU_12026/2, and MC_U137686851), Cancer Research 
UK (C16077/A29186 and C500/A16896), and the British Heart Foundation 
(CH/1996001/9454) provided core funding to the Clinical Trial Service Unit and 
Epidemiological Studies Unit, Oxford University, for the project. Dr Hamilton is a 
recipient of an National Institute for Health and Care Research (NIHR) Biomedi-
cal Research Center Award supporting DPhil studies (NIHR-INF-1266). This re-
search was funded in whole, or in part, by the Wellcome Trust (212946/Z/18/Z, 
202922/Z/16/Z, 104085/Z/14/Z, and 088158/Z/09/Z).

Disclosures
P.C. Matthews receives grants from GlaxoSmithKline, NIHR, and Wellcome Trust. 
The other authors report no conflicts.

Supplemental Material
STROBE Checklist
Supplemental Methods
Tables S1–S12
Figures S1–S6

REFERENCES
	 1.	 Wang YJ, Li ZX, Gu HQ, Zhai Y, Zhou Q, Jiang Y, Zhao XQ, Wang YL, Yang X, 

Wang CJ, et al. China stroke statistics: an update on the 2019 report from 
the National Center for Healthcare Quality Management in Neurological 

Table 2.  Adjusted Mean (SE) Values of Metabolic Traits and 
Blood Biochemistry by HBsAg Status

 
HBsAg  
negative 

HBsAg  
positive 

P value for 
difference 

Quantitative traits

 � Systolic blood pressure,* 
mm Hg

131.2 (0.028) 130.5 (0.158) <0.001

 � Body mass index,* kg/m2 23.7 (0.005) 23.5 (0.026) <0.001

 � Carotid intima-media 
thickness,† mm

0.66 (<0.001) 0.65 (0.005) <0.05

 � Plaque score,† mm 0.80 (0.007) 0.76 (0.034) NS

Biomarkers‡

Lipids

 � Total cholesterol, mmol/L 4.61 (0.007) 4.40 (0.042) <0.001

 � Low-density lipoprotein, 
mmol/L

2.32 (0.005) 2.19 (0.030) <0.001

 � High-density lipoprotein, 
mmol/L

1.25 (0.002) 1.24 (0.014) NS

 � Triglycerides, mmol/L 1.61 (0.004) 1.43 (0.028) <0.001

Liver enzymes

 � Alanine transaminase,§ 
μmol/L

18.65 (0.004) 22.82 (0.023) <0.001

 � Aspartate  
aminotransferase,§ μmol/L

26.20 (0.002) 30.35 (0.016) <0.001

 � Gamma-glutamyl  
transferase,§ μmol/L

20.26 (0.005) 22.48 (0.032) <0.001

Other

 � Albumin, g/L 42.12 (0.021) 41.44 (0.130) <0.001

 � Fibrinogen, g/L 3.11 (0.007) 3.06 (0.042) NS

 � C-reactive protein,§ 
mg/L

0.94 (0.009) 0.89 (0.055) NS

 � Glucose,* mmol/L 6.07 (0.033) 6.10 (0.184) NS

 � Uric acid, μmol/L 275.46 (0.520) 273.17 (3.263) <0.001

 � Creatinine, μmol/L 64.52 (0.127) 64.71 (0.812) NS

 � Vitamin D, mg/L 33.92 (0.096) 36.12 (0.578) NS

HBsAg indicates hepatitis B surface antigen; and SE, standard errors.
*In overall study cohort (N=500 991).
†In second resurvey cohort (n=24 664).
‡In CVD case-control study (n=17 833 for biomarkers other than: albumin, 

n=16 699; fibrinogen n=9280; uric acid, n=16 509; and vitamin D, n=8924).
§Geometric means of log-transformed values.

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 15, 2023



Original





 A
rticle




Hamilton et al Chronic HBV and Risk of Stroke in Chinese Adults

8    December 2023� Stroke. 2023;54:00–00. DOI: 10.1161/STROKEAHA.123.043327

Diseases, China National Clinical Research Center for Neurological Dis-
eases, the Chinese Stroke Association, National Center for Chronic and 
Non-Communicable Disease Control and Prevention, Chinese Center for 
Disease Control and Prevention and Institute for Global Neuroscience 
and Stroke Collaborations. Stroke Vasc Neurol. 2022;7:415–450. doi: 
10.1136/svn-2021-001374

	 2.	 Zhou M, Wang H, Zhu J, Chen W, Wang L, Liu S, Li Y, Wang L, 
Liu Y, Yin P, et al. Cause-specific mortality for 240 causes in China 
during 1990–2013: a systematic subnational analysis for the global 
burden of disease study 2013. Lancet. 2016;387:251–272. doi: 
10.1016/s0140-6736(15)00551-6

	 3.	 Tsai CF, Thomas B, Sudlow CL. Epidemiology of stroke and its sub-
types in Chinese vs White populations: a systematic review. Neurology. 
2013;81:264–272. doi: 10.1212/WNL.0b013e31829bfde3

	 4.	 Wang W, Jiang B, Sun H, Ru X, Sun D, Wang L, Wang L, 
Jiang Y, Li Y, Wang Y, et al; NESS-China Investigators. Prevalence, inci-
dence, and mortality of stroke in China: results from a nationwide popula-
tion-based survey of 480 687 adults. Circulation. 2017;135:759–771. doi: 
10.1161/CIRCULATIONAHA.116.025250

	 5.	 Yuen MF, Chen DS, Dusheiko GM, Janssen HLA, Lau DTY, 
Locarnini SA, Peters MG, Lai CL. Hepatitis B virus infection. Nat Rev Dis 
Primers. 2018;4:18035. doi: 10.1038/nrdp.2018.35

	 6.	 Chen S, Li J, Wang D, Fung H, Wong L-y, Zhao L. The hepatitis B epi-
demic in China should receive more attention. Lancet. 2018;391:1572. doi: 
10.1016/s0140-6736(18)30499-9

	 7.	 Jing W, Liu J, Liu M. Eliminating mother-to-child transmission of HBV: 
progress and challenges in China. Front Med. 2020;14:21–29. doi: 
10.1007/s11684-020-0744-2

	 8.	 Whittaker E, Lopez-Varela E, Broderick C, Seddon JA. Examining the com-
plex relationship between tuberculosis and other infectious diseases in chil-
dren. Front Pediatr. 2019;7:233. doi: 10.3389/fped.2019.00233

	 9.	 Chen J, Duan Z, Bai L, Zhao J, Ding M, Tong X, Cong Y. Changing character-
istic of blood coagulation factors and their correlation with blood coagula-
tion status in different hepatic diseases. Zhonghua Gan Zang Bing Za Zhi. 
2012;20:206–210. doi: 10.3760/cma.j.issn.1007-3418.2012.03.014

	10.	 Katoonizadeh A, Ghoroghi S, Sharafkhah M, Khoshnia M, Mirzaei S, 
Shayanrad A, Poustchi H, Malekzadeh R. Chronic hepatitis B infection is not 
associated with increased risk of vascular mortality while having an asso-
ciation with metabolic syndrome. J Med Virol. 2016;88:1230–1237. doi: 
10.1002/jmv.24466

	11.	 Gillis J, Smieja M, Cescon A, Rourke S, Burchell A, Cooper C, Raboud J. Risk 
of cardiovascular disease associated with HCV, HBV coinfection among 
antiretroviral-treated HIV-infected individuals. Antivir Ther. 2014;19:309–
317. doi: 10.3851/IMP2724

	12.	 Zhang J, Ling N, Lei Y, Peng M, Hu P, Chen M. Multifaceted interaction 
between hepatitis B virus infection and lipid metabolism in hepatocytes: a 
potential target of antiviral therapy for chronic hepatitis B. Front Microbiol. 
2021;12:636897. doi: 10.3389/fmicb.2021.636897

	13.	 Lai CH, Cheng PY, Chen YY. Liver cirrhosis and risk of intracerebral 
hemorrhage: a 9-year follow-up study. Stroke. 2011;42:2615–2617. doi: 
10.1161/STROKEAHA.111.617076

	14.	 Wu HY, Lin CS, Yeh CC, Hu CJ, Shih CC, Cherng YG, 
Chen TL, Liao CC. Cirrhosis patients’ stroke risks and adverse out-
comes: two nationwide studies. Atherosclerosis. 2017;263:29–35. doi: 
10.1016/j.atherosclerosis.2017.05.030

	15.	 Zheng K, Yoshida EM, Tacke F, Li Y, Guo X, Qi X. Risk of stroke in liver 
cirrhosis: a systematic review and meta-analysis. J Clin Gastroenterol. 
2020;54:96–105. doi: 10.1097/MCG.0000000000001201

	16.	 Sung J, Song YM, Choi YH, Ebrahim S, Davey Smith G. Hepatitis B virus 
seropositivity and the risk of stroke and myocardial infarction. Stroke. 
2007;38:1436–1441. doi: 10.1161/STROKEAHA.106.466268

	 17.	 Tseng CH, Muo CH, Hsu CY, Kao CH. Association of hepatitis B virus infec-
tion with decreased ischemic stroke. Acta Neurol Scand. 2016;134:339–
345. doi: 10.1111/ane.12548

	18.	 Wang CH, Chen CJ, Lee MH, Yang HI, Hsiao CK. Chronic hepatitis B infec-
tion and risk of atherosclerosis-related mortality: a 17-year follow-up study 
based on 22,472 residents in Taiwan. Atherosclerosis. 2010;211:624–629. 
doi: 10.1016/j.atherosclerosis.2010.03.008

	19.	 Volzke H, Schwahn C, Wolff B, Mentel R, Robinson DM, Kleine V, 
Felix SB, John U. Hepatitis B and C virus infection and the risk of athero-
sclerosis in a general population. Atherosclerosis. 2004;174:99–103. doi: 
10.1016/j.atherosclerosis.2004.01.010

	20.	 Chen Z, Chen J, Collins R, Guo Y, Peto R, Wu F, Li L; China Kadoorie Bio-
bank (CKB) Collaborative Group. China Kadoorie Biobank of 0.5 million 
people: survey methods, baseline characteristics and long-term follow-up. 
Int J Epidemiol. 2011;40:1652–1666. doi: 10.1093/ije/dyr120

	21.	 Clarke R, Du H, Kurmi O, Parish S, Yang M, Arnold M, Guo Y, Bian Z, 
Wang L, Chen Y, et al; China Kadoorie Biobank Collaborative Group. Burden 
of carotid artery atherosclerosis in Chinese adults: implications for future 
risk of cardiovascular diseases. Eur J Prev Cardiol. 2017;24:647–656. doi: 
10.1177/2047487317689973

	22.	 Parish S, Arnold M, Clarke R, Du H, Wan E, Kurmi O, Chen Y, Guo Y, Bian Z, 
Collins R, et al; China Kadoorie Biobank Collaborative Group. Assessment 
of the role of carotid atherosclerosis in the association between major car-
diovascular risk factors and ischemic stroke subtypes. JAMA Netw Open. 
2019;2:e194873. doi: 10.1001/jamanetworkopen.2019.4873

	23.	 Hamilton E, Yang L, Mentzer AJ, Guo Y, Chen Y, Lv J, Fletcher R, Wright N, 
Lin K, Walters R, et al. Conventional and genetic risk factors for chronic 
hepatitis B virus infection in a community-based study of 05 million Chinese 
adults. Sci Rep. 2022;12:12075. doi: 10.1038/s41598-022-16360-7

	24.	 Turnbull I, Clarke R, Wright N, Guo Y, Kartsonaki C, Pei P, Hacker A, Yu C, 
Gilbert S, Yang L, et al. Diagnostic accuracy of major stroke types in Chinese 
adults: a clinical adjudication study involving 40,000 stroke cases. Lancet Reg 
Health West Pac. 2022;21:100415. doi: 10.1016/j.lanwpc.2022.100415

	25.	 Sun L, Clarke R, Bennett D, Guo Y, Walters RG, Hill M, Parish S, Millwood IY, 
Bian Z, Chen Y, et al; China Kadoorie Biobank Collaborative Group. Causal 
associations of blood lipids with risk of ischemic stroke and intracere-
bral hemorrhage in Chinese adults. Nat Med. 2019;25:569–574. doi: 
10.1038/s41591-019-0366-x

	26.	 Farinde A. Lab values, normal adult. 2019. Accessed July 6, 2023. Med-
scape. https://emedicine.medscape.com/article/2172316-overview

	 27.	 Kirkwood BR. Essential Medical Statistics. John Wiley & Sons, Inc.; 2003.
	28.	 Miettinen OS. Proportion of disease caused or prevented by a given 

exposure, trait or intervention. Am J Epidemiol. 1974;99:325–332. doi: 
10.1093/oxfordjournals.aje.a121617

	29.	 Ma Q, Li R, Wang L, Yin P, Wang Y, Yan C, Ren Y, Qian Z, 
Vaughn MG, McMillin SE, et al. Temporal trend and attributable risk fac-
tors of stroke burden in China, 1990-2019: an analysis for the global bur-
den of disease study 2019. Lancet Public Health. 2021;6:e897–e906. doi: 
10.1016/S2468-2667(21)00228-0

	30.	 Pang Y, Kartsonaki C, Du H, Millwood IY, Guo Y, Chen Y, Bian Z, Yang L, 
Walters R, Bragg F, et al. Physical activity, sedentary leisure time, circulating 
metabolic markers, and risk of major vascular diseases. Circ Genom Precis 
Med. 2019;12:386–396. doi: 10.1161/CIRCGEN.118.002527

	31.	 Feigin VL, Stark BA, Johnson CO, Roth GA, Bisignano C, Abady GG, 
Abbasifard M, Abbasi-Kangevari M, Abd-Allah F, Abedi V, et al. Global, 
regional, and national burden of stroke and its risk factors, 1990-2019: 
a systematic analysis for the global burden of disease study 2019. Lancet 
Neurol. 2021;20:795–820. doi: 10.1016/S1474-4422(21)00252-0

	32.	 Kiechl S, Egger G, Mayr M, Wiedermann CJ, Bonora E, 
Oberhollenzer F, Muggeo M, Xu Q, Wick G, Poewe W, et al. Chronic infec-
tions and the risk of carotid atherosclerosis. Circulation. 2001;103:1064–
1070. doi: 10.1161/01.cir.103.8.1064

	33.	 Bilora F, Rinaldi R, Boccioletti V, Petrobelli F, Girolami A. Chronic viral hepa-
titis: a prospective factor against atherosclerosis a study with echo-color 
Doppler of the carotid and femoral arteries and the abdominal aorta. Gastro-
enterol Clin Biol. 2002;26:1001–1004.

	34.	 Ishizaka N, Ishizaka Y, Takahashi E, Toda Ei E, Hashimoto H, 
Ohno M, Nagai R, Yamakado M. Increased prevalence of carotid atheroscle-
rosis in hepatitis B virus carriers. Circulation. 2002;105:1028–1030. doi: 
10.1161/hc0902.105718

	35.	 Fulcher J, O’Connell R, Voysey M, Emberson J, Blackwell L, Mihaylova B, 
Simes J, Collins R, Kirby A, Colhoun H, et al; Cholesterol Treatment Tri-
alists' (CTT) Collaboration. Efficacy and safety of LDL-lowering therapy 
among men and women: meta-analysis of individual data from 174,000 
participants in 27 randomised trials. Lancet. 2015;385:1397–1405. doi: 
10.1016/S0140-6736(14)61368-4

	36.	 Amini A, Varsaneux O, Kelly H, Tang W, Chen W, Boeras DI, Falconer J, 
Tucker JD, Chou R, Ishizaki A, et al. Diagnostic accuracy of tests to detect 
hepatitis B surface antigen: a systematic review of the literature and meta-
analysis. BMC Infect Dis. 2017;17:698. doi: 10.1186/s12879-017-2772-3

	 37.	 Liu J, Liang W, Jing W, Liu M. Countdown to 2030: eliminating hepati-
tis B disease, China. Bull World Health Organ. 2019;97:230–238. doi: 
10.2471/BLT.18.219469

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 15, 2023


	Chronic Hepatitis B Virus Infection and Risk of Stroke Types: A Prospective Cohort Study of 500 000 Chinese Adults
	Methods
	Study Population
	Measurement of Chronic HBV Infection
	Follow-Up for Stroke Outcomes
	Measurement of Blood Biochemistry
	Statistical Analyses

	Results
	Discussion
	ARTICLE INFORMATION
	Affiliations
	Sources of Funding
	Disclosures
	Supplemental Material

	References


