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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 tofaffof®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% ClI, 1.16—1.44]), similarly for fatal (n=5982; adjusted HR, 1.36 [95% ClI, 1.16-1.59]) and
nonfatal (n=5336; adjusted HR, 1.23 [95% Cl, 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%
Cl, 0.67-1.33)]), 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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permanent disability worldwide, with particularly high  tions, China has a relatively high proportion of intracere-

Stroke is a major cause of premature mortality and million deaths in 2019." Compared with Western popula-
rates in China, with 3.9 million incident cases and 2.2 bral hemorrhage (ICH), accounting for an equal number of
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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

deaths to those from ischemic stroke (1S), despite IS having
a b-fold higher incidence compared with ICH."? 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.®* 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?® China accounts for 1'in.3 global cases of chronic
HBV® where the major route of transmission is mother-to-
child transmission.” Over 90% of unvaccinated neonates
and 50% of children aged under 5 years exposed to HBV
infection will develop chronic infection, compared with <6%
among adults® Chronic HBV infection can cause liver dam-
age and alter the biosynthetic and metabolic capacity of
the liver, impacting coagulation status® and lipid levels,'®"?
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.'®"'® There were also
reports of associations of HBV infection with risks of
stroke in Korean,'® Taiwanese,''® and Western popula-
tions."""'® 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.''8° 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.
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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.®® 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).?"2?

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 C#onic: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.?0?

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-10 161),
IS (163), subarachnoid hemorrhage (160), other/unspecified
stroke (164), 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.?*

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.?® This included
5429 and 4758 incident cases of IS and ICH, respectively, with
a censoring date of January 1, 2015. Controls (n=6223) were
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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,?® 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 pmol/L, AST>30 pmol/L, GGT>50 pmol/L,
and albumin<35b g/L.2®

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 2 test) was used to compare cumulative incidence
by HBsAg status.

Cox proportional hazards models were used to estimate haz-
ard ratios (HRs) and 95% Cl 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 [>4x per week] or
lower intake of fresh fruit, dairy, and meat intake), BMI (kg/
m?2), 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)?" using the formula: AF = %, and the population
attributable fraction, which is the proportion of stroke cases in
the total population due to HBsAg positivity, using Miettinen
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formula: PAF = PC(HE;w, where P _is the prevalence of HBV
among stroke cases.?® 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®® 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 2 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.”

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 "Fi}efé}'rvéugly described (Supplemental
Methods).3® 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 pmol/L) and 1 point for albumin
<85 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 %? 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 49971 IS, 11318
ICH, 995 subarachnoid hemorrhage, and 3036 other/
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Table 1. Baseline Characteristics of Participants by HBsAg
Status
Overall HBsAg negative | HBsAg positive
(N=500 991) | (n=485 439) (n=15 552) P value*
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 21.2 21.3 19.6
above
Income (Yuan), %
<5000 9.6 9.6 10.1 <0.001
5000-19 999 476 476 48.6
>20 000 42.7 42.8 41.3
Ever regular smoker,t %
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 24 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 472 472 46.4 NS
Physical activity (MET- | 21.0 (11.6) 21.0 (12.3) 21.0 (11.6) <0.05
h/d), mean (SD)
Statin use,|| % 21 2.1 2.5 NS
Prior disease history, %
Chronic liver 1.3 0.8 10.8 <0.001
disease
Cancer 0.5 0.5 0.7 NS
Coronary heart 3.0 3.1 2.4 NS
disease
Stroke or transient 1.8 1.8 1.8 NS
ischemic attack
Diabetes 3.2 3.2 2.9 NS

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

“Pvalue obtained from t test for continuous variables or ? test for categorical
variables.

tEver-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 >4x per week.

|IAs the percentage of participants with a history of cardiovascular disease.

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

After multivariable adjustment, compared with HBsAg-
negative participants, HBsAg-positive individuals had
HRs of 1.29 (95% ClI, 1.16—1.44) for ICH, 0.97 (95%
Cl,0.91-1.03) for IS, 0.87 (95% Cl, 0.567-1.33) 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 (h=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 ICHand IS (Phetemgeneity<0.001), within ICH and IS sepa-
rately, there was no heterogeneity between fatal and non-
fatal strokes (ICH: A, _ eneity=0.'75; IS: Pheterogeneity=0.51).

Similar results were fgou_[)_cciwwhen confining the analy-
ses to adjudicated sffoke ¢ases, 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% ClI, 1.25—-1.71] versus 1.16 [95%
Cl, 0.99-1.35]; Pheterogenehy=0.04) but did not significantly
differ between-other population subgroups (Figure Sb)
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 20192%°; 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/m?), 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
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HR (95% CI)

HBsAg negative HBsAg positive
N.events IR" N.events IR"
ICH 10992 209 326 237
Fatal 5822 110 110 125
Non-fatal 5170 122 99 112
IS 48817 961 1154 878
Fatal 2910 55 65 58
Non-fatal 45907 904 1089 821
SAH 973 19 22 15
Other stroke 2964 56 72 53
Total stroke 57691 1140 1426 1082

— 1.29 (1.16-1.44)"

—. 1.36 (1.16-1.60)"

—. 1.23 (1.06-1.44)"

- 0.97 (0.91-1.03)

= 1.05 (0.82—1.35)

- 0.97 (0.91-1.03)
«m 0.87 (0.57-1.33)
— 1.12 (0.89-1.42)

-r- 1.02 (0.97-1.07)

r T T

08 1.0 15 2.0
HR (95% Cl)

Figure 1. Number of events, incidence rate of stroke types, and adjusted hazard ratios (H Rs)g’fo}'$i¥2>ke 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. 1/<0.01. #£<0.001.

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 (0.95-1.66; F<0.001), and further
addition of albumin attenuated the association to 1.15
(0.90-1.48; A<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

Stroke. 2023;54:00-00. DOI: 10.1161/STROKEAHA.123.043327

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 Asian'"'® and Western'"'® 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 mortality'® and 2 not specifying stroke type.'"'® To
our knowledge, only 2 cohort studies,'®'” included in this
meta-analysis, reported the association of HBV with risk
of stroke types, with 16 reporting ICH and IS and 1 report-
ing only I1S.'" 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 1S (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
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A Rural B Urban
HBsAg HBsAg ; . HBsAg HBsAg
negative positive HR (95% CI) negative positive HR (95% Cl)
ICH 7887 215 —— 1.30(1.13-1.48) 3105 111 —— 1.28 (1.06-1 .55)t
IS 22245 479 —- 0.90 (0.!32—0.99)T 26572 675 - 1.02 (0.95-1.10)
SAH 546 10 «— 88—t 0.73 (0.39-1.36) 427 12 < il » 1,05 (0.59-1.87)
Other 998 27 —+—8— 127 (0.86-1.86) 1966 45 —— 1.05 (0.78-1.41)
Total 28668 654 - 0.98 (0.91-1.06) 29023 772 Hl- 1.05 (0.98-1.13)
06 08 1.0 14 18 06 08 101214 18
HR (95% CI) HR (95% Cl)

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, smokinggi\étaé'k,"ﬁ!tqhol 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. *£<0.05. t <0.01. $/2<0.001.

among participants with abnormal liver tests. The ratio of
incident ICH to IS cases.in this study was not consistent
with that described previously®! In the other 8-year ret-
rospective cohort study!” of 110000 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% ClI, 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 1S2? For carotid atherosclerosis,
past evidence is divergent, where 2 studies'®*2 in Europe-
ans found no association with HBV, 1 study in Europeans
reported an inverse association,®® and 1 Japanese study
found a positive correlation.* 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.'9923% The present prospective study, with relatively low
statin use, refutes any clear inverse associations of HBV
infection with carotid atherosclerosis and risk of IS.
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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.’® 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.'®™
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% ClI, 3%—-32%) higher risk of ICH.?5%

The strengths of this study include its prospective design,
a large number of well-characterized (>90% diagnoses
confirmed by neuroimaging) stroke cases (10x more IS and
4x 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 ELISAS®® which may lead to
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Table 2. Adjusted Mean (SE) Values of Metabolic Traits and
Blood Biochemistry by HBsAg Status

HBsAg HBsAg
negative positive

P value for
difference

Quantitative traits

Systolic blood pressure; | 131.2 (0.028) | 130.5 (0.158) | <0.001
mm Hg

Body mass index;" kg/m? | 23.7 (0.005) 23.5 (0.026) <0.001

Carotid intima-media 0.66 (<0.001) | 0.65 (0.005) <0.05

thickness,t mm

Plaque score,t 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, | 2.32 (0.005) 2.19 (0.030) <0.001

mmol/L

High-density lipoprotein, | 1.25 (0.002)
mmol/L

1.24 (0.014) NS

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

Liver enzymes

Alanine transaminase,§ 18.65 (0.004) | 22.82 (0.023) |<0.001

pmol/L

Aspartate 26.20 (0.002) | 30.35(0.016) |<0.001

aminotransferase,§ umol/L

Gamma-glutamyl 20.26 (0.005) | 22.48 (0.032) |<0.001

transferase,§ pmol/L

Other
Albumin, g/L 4212 (0.021) | 41.44 (0.130) |<0.001
Fibrinogen, g/L 3.11 (0.007) 3.06 (0.042) NS
C-reactive protein,§ 0.94 (0.009) 0.89 (0.055) NS
mg/L
Glucose mmol/L 6.07 (0.033) 6.10 (0.184) NS

Uric acid, pmol/L 275.46 (0.520) | 273.17 (3.263) | <0.001

Creatinine, pmol/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).

tIn 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.

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;*” so this is unlikely to materially
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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.
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