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Impact of Hepatitis B virus infection on the risk of gallbladder
polyps: a cohort study
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392,913 asymptomatic adults who Hepatitis B surface antigen positive Increased gallbladder polyp
underwent abdominal ultrasonography (adjusted OR 1.49, 95% Cl 1.41-1.59)

GB polyp > 5mm (OR 1.66)
GB polyp > 10mm (OR 2.39)

) The presence of HBsAg may be an independent risk factor for GBP development in the current context of a decreasing
Concl usion prevalence of HBsAg positivity. A more comprehensive evaluation of GBP during abdominal US surveillance of HBsAg-
positive individuals may be necessary.

Background/Aims: We aimed to determine whether hepatitis B virus (HBV) or hepatitis C virus (HCV) infection remains an
important risk factor for gallbladder polyps (GBPs) in the current context of reduced prevalence of these infections.
Methods: The cohort included 392,913 asymptomatic adults who underwent abdominal ultrasonography (US).

Results: The prevalence of GBP sized > 5 mm, > 10 mm, and overall (< 5, 5-9 and > 10 mm) was 2.9%, 0.1%, and 12.8%,
respectively. The prevalence of hepatitis B surface antigen (HBsAg), hepatitis B core antibody (HBcAb), and hepatitis C anti-
body (anti-HCV) positivity was 3.2%, 26.7%, and 0.1%, respectively. The GBP risk was significantly increased in HBsAg-pos-
itive individuals, with an adjusted odds ratio of 1.66 (95% confidence interval, 1.49-1.85) for GBP > 5 mm, 2.39 (1.53-3.75)
for GBP > 10 mm, and 1.49 (1.41-1.59) for overall, whereas there was no significant association between anti-HCV positivity
and GBP risk. The GBP risk did not increase significantly in individuals who tested negative for HBsAg but positive for HBcADb.
Conclusions: The presence of HBsAg may be an independent risk factor for GBP development in the current context of a
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decreasing prevalence of HBsAg positivity. A more comprehensive evaluation of GBP during abdominal US surveillance of

HBsAg-positive individuals may be necessary.
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INTRODUCTION

Gallbladder polyps (GBPs), characterized by protruding le-
sions in the mucosal lining of the gallbladder, are often in-
cidentally detected on abdominal ultrasonography (US) [1].
GBP are usually benign; however, their malignant potential
makes them clinically significant [2]. Although the reported
malignancy rate is relatively low (3-8%), gallbladder cancer
(GBCQ) is highly lethal because it is often not diagnosed until
at an advanced stage [2,3]. Some GBC cases can present as
polyp-like lesions. However, abdominal US, commonly used
for evaluating gallbladder diseases, has limited sensitivity
for detecting early-stage GBC and cannot accurately distin-
guish between neoplastic and non-neoplastic polyps [2,4,5].
Moreover, most GBP and GBC cases are asymptomatic or
present only with nonspecific symptoms. The prevalence of
GBP recently increased in Asian countries, including Korea
[2]. Therefore, it is crucial to identify and address modifiable
risk factors for GBP to prevent further increases in its inci-
dence and associated complications.

Hepatitis B virus (HBV) infection is a risk factor for GBP
[2,6-13]. Many epidemiological studies, including those in
HBV infection-endemic areas, reported that the presence of
hepatitis B surface antigen (HBsAg) is significantly associated
with an increased risk of GBP [7-13]. Several meta-analyses
reported a positive association between the presence of HB-
sAg and GBP [6]. However, other studies reported weak or
null associations [2,14,15]. Additionally, in a Korean study
that evaluated the temporal changes in the prevalence and
risk factors of GBP for approximately 10 years, HBsAg posi-
tivity was a risk factor in the early (2002-2004) but not later
(2010-2012) period [2]. A nationwide HBV vaccination pro-
gram in Korea may contribute to reducing the prevalence of
HBV infection, and the impact of HBV on GBP development
may decline [2,6]. However, previous studies of HBsAg pos-
itivity and risk of GBP were based on data obtained many
years ago, even 20 years ago [2,6-14]. Therefore, we need
to determine whether HBsAg remains an important predis-
posing factor for GBP in these days when the prevalence of
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this infection has decreased.

Regarding hepatitis C virus (HCV) infection, the presence
of hepatitis C antibody (anti-HCV) is a well-established risk
factor for cholelithiasis [16,17]; however, the effect of an-
ti-HCV positivity on GBP development is unclear [2,9], as is
whether HCV infection affects GBP risk.

Therefore, this study aimed to evaluate the association
between HBV and HCV infections and GBP risk in a large
sample of Korean adults. We sought to identify whether the
presence of HBsAg, hepatitis B core antibody (HBcAb), and
anti-HCV status is independently associated with GBP risk.
Since differentiating GBP < 5 mm diameter from gallstone
disease is difficult and most GBP < 5 mm are non-neoplastic
[4,10], we determined GBP risk by considering clinically sig-
nificant GBP > 5 mm or > 10 mm in addition to overall size
(<5,5-9,and > 10 mm).

METHODS

Study population
The Kangbuk Samsung Health Study comprised a group of
adult Korean males and females aged > 18 years who un-
derwent a comprehensive health check-up annually or bi-
annually at a Kangbuk Samsung Hospital Total Healthcare
Center clinic in Seoul or Suwon, South Korea, as previously
described [18,19]. The study population comprised a subset
of Kangbuk Samsung Health Study participants who under-
went abdominal US screening between January 2011 and
December 2016 (n = 419,058). According to the Industrial
Safety and Health Law of Korea, employees must undergo
health checkups annually or biannually. Approximately 80%
of the individuals who participated in the screening program
were employed by various companies or local government
organizations (or were their spouses), and the remaining
participants chose to volunteer for the program.

The exclusion criteria were as follows (Fig. 1): (1) history of
cholecystectomy; (2) history of malignancy, including GBC,
hepatocellular carcinoma, and cholangiocarcinoma; (3) in-
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complete data on HBsAg, HBcADb, and anti-HCV; and (3)
incomplete data on other demographic factors, including
smoking status and alcohol consumption. After excluding
26,145 participants who met one or more exclusion criteria,
the final sample comprised 392,913 participants.

This study was approved by the Institutional Review Board
of the Kangbuk Samsung Hospital (no. KBSMC 2023-02-
023), which waived the requirement for informed consent
since the study utilized anonymized retrospective data col-
lected during routine health screening procedures.

Measurements and definitions of variables

Standardized self-administered questionnaires were used to
obtain demographic characteristics, health-related behav-
iors, and medical histories, whereas trained staff measured
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anthropometry, blood pressure, and serum biochemical
parameters during health examinations [18,19]. Smoking
status was classified as never, former, or current, while
the frequency of moderate or vigorous physical activity per
week was evaluated. The Korean version of the Internation-
al Physical Activity Questionnaire was used to estimate phys-
ical activity levels, which were converted into a metabolic
equivalent (MET) score and grouped into three categories:
inactive, minimally active, and health-enhancing physical ac-
tive (HEPA) [20]. HEPA level was defined as meeting one of
the following criteria: engaging in physical activity that con-
sumes > 1,500 MET minutes per week, which includes at
least three days of vigorous activity; or engaging in physical
activity that consumes > 3,000 MET minutes per week [20].

Blood samples were collected from the participants af-

Samsung Hospital, 2011-2016 (n = 419,058)

Participants who underwent abdominal ultrasonography during health examination at Kangbuk

\ 4

Exclusions (n = 26,145): some individuals met multiple exclusion criteria
- History of cholecystectomy (n = 4,231)

- History of malignancy (n = 10,094)

- Incomplete data on HBsAg, HBcAb, and Anti-HCV (n = 11,274)

- Incomplete data for other demographic factors (n = 1,954)

\ 4
Total participants (n = 392,913)

Fig. 1. Flow chart of study participant enroliment process. anti-HCV, hepatitis C antibody; HBcAb, hepatitis B core antibody; HBsAg, hep-

atitis B surface antigen.

Table 1. Prevalence of HBsAg, HBcAb, and anti-HCV status by GBP size

Variable Total GBP > 5 mm GBP > 10 mm GBP, all (< 5, 5-9, and
(n=392,913) (n=11,484) (n=493) > 10 mm) (n = 50,371)

HBsAg

+ 12,601 (3.2) 589 (5.1) 34 (6.9) 2,259 (4.5)

- 380,312 (96.8) 10,895 (94.9) 459 (93.1) 48,112 (95.5)
HBcAb

+ 105,050 (26.7) 3,258 (28.4) 151 (30.6) 14,669 (29.1)

- 287,863 (73.3) 8,226 (71.6) 342 (69.4) 35,702 (70.9)
Anti-HCV

+ 545 (0.1) 16 (0.1) 0(0.0) 81(0.2)

- 392,368 (99.9) 11,468 (99.9) 493 (100.0) 50,290 (99.8)
HBSsAg (-) 380,312 10,895 459 48,112

HBCcAb (+) 92,488 (24.3) 2,671 (24.5) 117 (25.5) 12,415 (25.8)

HBCcAD (-) 287,824 (75.7) 8,224 (75.5) 342 (74.5) 35,697 (74.2)

Values are presented as number (%) or number only.

anti-HCV, hepatitis C antibody; GBP, gallbladder polyp; HBcAb,

846  www.kjim.org
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ter a minimum fasting period of 10 hours, and blood tests
included viral hepatitis indices, including HBsAg, HBCAD,
and anti-HCV, liver enzymes, lipid profiles, high-sensitivity
C-reactive protein, fasting blood glucose (FBG), and insulin
levels. The homeostasis model assessment of insulin resis-
tance (HOMA-IR) was performed as follows: fasting blood
insulin (IU/L) x FBG (mg/dL) / 405. Body mass index (BMI)
was classified according to the Asia-specific criteria into four
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categories: < 18.5, 18.5-22.9, 23.0-24.9, and > 25 kg/m2.
Obesity was defined as having a BMI > 25 kg/m?2, which is
the recommended cutoff value for diagnosing obesity in the
Asian population [21].

Diagnosis of GBP
The abdominal US was performed by experienced radiolo-
gists who were blinded to the study’s objectives and clinical

Table 2. Baseline characteristics according to HBsAg and anti-HCV status

Variable Total HBsAg (+) HBsAg (-) el Anti-HCV (+)  Anti-HCV (-) DEINE
(n=392,913) (h=12,601) (n=380,312) (n=545) (n=392,368)
Age (yr) 39.3+£99 40.7£9.2 39.3+99 <0.001 50.0+12.8 39399 <0.001
Male, sex 53.3 60.0 53.0 <0.001 46.8 53.3 0.002
Current smoker 224 244 224 < 0.001 26.8 224 0.025
Alcohol intake > 20 g/d 19.2 17.2 19.3 < 0.001 204 19.2 0.547
HEPA 17.2 18.1 17.1 0.006 22.2 17.2 0.003
High education level 78.3 79.1 78.2 0.035 55.4 78.3 < 0.001
(> college graduate)
Hypertension? 12.1 12.8 12.1 0.009 251 12.1 <0.001
Diabetes” 4.5 4.3 4.5 0.400 1.4 4.5 <0.001
Medication for dyslipidemia 2.8 2.1 2.8 < 0.001 4.8 2.8 0.005
BMI (kg/m?) 233+34 23633 233x34 < 0.001 23.6+3.2 233x34 0.040
Obesity (BMI > 25 kg/m?) 281 30.8 28.0 <0.001 29.5 28.1 0.462
Fatty liver 27.7 25.2 27.8 < 0.001 23.3 27.7 0.022
Metabolic syndrome 11.6 9.7 1.7 <0.001 17.8 11.6 <0.001
Systolic BP (mmHg) 1096 +13.3 1104134 1096+ 133 <0.001 1119+13.7 1096+133 <0.001
Diastolic BP (mmHg) 70.2+10.0 706+102 70.2+99 <0.001 71.3£9.6 70.2+10.0 0.010
Glucose (mg/dL) 954+154 953+155 954154 0.225 100.7 255 954154 <0.001
Total cholesterol (mg/dL) 193.8+345 190.8+33.1 1939+346 <0.001 188.7 351 193.8+345 0.001
LDL-C (mg/dL) 120.3+32.3 1186+30.5 1204+324 <0.001 177 £32.2 120.3+32.3 0.061
HDL-C (mg/dL) 58.8+15.3 585+ 151 58.8+15.3 0.048 571+153 58.8+15.3 0.009
Triglycerides (mg/dL) 1M1 +£779 1001+£60.3 111.5+£784 <0.001 103.9+578 1111 £78.0 0.030
AST (U/L) 225+145 286305 222+136 <0.001 323+256 224+144 <0.001
ALT (U/L) 23.6+22.2 331+53.8 233+202 <0.001 347 +442  23.6+22.1 < 0.001
GGT (U/L) 314423 312400 314x424 0.605 396+495 31.4+423 <0.001
hsCRP (mg/L) 0103 01x04 01+0.3 0.445 01+04 01+0.3 0.559
HOMA-IR 1.5(0.8-1.8) 1.6(0.9-2.00 1.4(0.8-1.8) <0.001 1.8(0.9-2.1) 15(0.8-1.8) <0.001

Values are presented as mean = standard deviation, percentage only, or median (interquartile range).

ALT, alanine aminotransferase; anti-HCV, hepatitis C antibody; AST, aspartate transaminase; BMI, body mass index; BP, blood pres-
sure; GGT, gamma-glutamyl transpeptidase; HBsAg, Hepatitis B surface antigen; HDL-C, high-density lipoprotein cholesterol; HEPA,
health-enhancing physically active; HOMA-IR, homeostasis model assessment of insulin resistance; hsCRP, high-sensitivity C-reac-

tive protein; LDL-C, low-density lipoprotein cholesterol.

ADefined as systolic BP > 140 mmHg, diastolic BP > 90 mmHg, a history of hypertension, or current use of antihypertensive medications.
®Defined as fasting serum glucose > 126 mg/dL, HbAlc > 6.5%, a history of diabetes, or current use of anti-diabetic medications.
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data using a 3.5-MHz transducer (LOGIQ 9; General Elec-
tric, Madison, WI, USA) to assess GBP only after a minimum
fasting period of 10 hours. GBP was diagnosed according
to standard radiological criteria when an immobile mucosal
lesion protruding into the GB lumen and attached to the
GB wall without posterior acoustic shadowing was detect-
ed [22]. The primary endpoint for analysis was the develop-
ment of GBP categorized by size (> 5 mm, > 10 mm, and
overall; < 5, 5-9, and > 10 mm).

Statistical analyses
The patients’ baseline characteristics are presented based on
HBsAg and anti-HCV status. The primary outcome was GBP
development across size categories (> 5 mm, > 10 mm, and
overall [< 5, 5-9, and > 10 mm)]). Patients’ baseline charac-
teristics and GBP prevalence according to HBsAg, HbcAb,
and anti-HCV status were compared using the chi-square
test and Student's t-test for categorical and continuous vari-
ables, respectively. Data are expressed as mean = standard
deviation, median (interquartile range), or frequency (%).
Adjusted odds ratios (ORs) with corresponding 95% con-
fidence intervals (Cls) were estimated for the development
of GBP in comparison with the reference exposure groups
using multivariate logistic regression analysis. The model
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was first adjusted for age and sex. The multivariable-adjust-
ed model was adjusted for confounders, including age, sex,
smoking status, alcohol intake, physical activity (inactive,
minimally active, or HEPA), educational level, obesity, fatty
liver, metabolic syndrome, aspartate transaminase, alanine
aminotransferase, and HOMA-IR. To assess the independent
effect of HBcAb positivity on GBP development, we con-
ducted subgroup analyses among HBsAg-negative individ-
uals.

All reported p values were two-tailed, and values of p <
0.05 were considered statistically significant. SPSS version
21 (IBM Corp., Armonk, NY, USA) was used for the statis-
tical analyses.

RESULTS

At baseline, the mean age of the 392,913 participants was
39.3 years (standard deviation, 9.9 years); the proportion of
male participants was 53.3%. The prevalence of GBP sized
> 5 mm, > 10 mm, and overall (< 5, 5-9, and > 10 mm)
was 2.9%, 0.1%, and 12.8%, respectively. The over-
all prevalence of HBsAg, HBcAb, and anti-HCV positivity
was 3.2%, 26.7%, and 0.1%, respectively. Among the

Table 3. Risk of GBPs by HBsAg, HBcAb, and anti-HCV status among the 392,913 participants

Risk factors Crude OR DU . Age- and sex- DU . Multivariable- Sl
(95% ClI) adjusted OR (95% Cl) adjusted OR (95% Cl)
GBP >5mm
HBsAg 1.66 (1.53-1.81) < 0.001 1.60 (1.47-1.74) < 0.001 1.66 (1.49-1.85) < 0.001
HBcAb 1.09 (1.04-1.13) <0.001 1.04 (1.00-1.09) 0.068 1.05 (0.99-1.11) 0.088
Anti-HCV 1.01 (0.61-1.65) 0.986 1.05 (1.64-1.74) 0.835 1.47 (0.80-2.69) 0.216
GBP > 10 mm
HBsAg 2.24 (1.58-3.17) < 0.001 2.17 (1.53-3.08) < 0.001 2.39(1.53-3.75) <0.001
HBcAb 1.21(1.00-1.47) 0.051 1.25 (1.01-1.54) 0.037 1.26 (0.96-1.65) 0.099
Anti-HCV NA NA NA NA NA NA
GBP, overall (< 5, 5-9,
and > 10 mm)
HBsAg 1.51 (1.44-1.58) < 0.001 1.45 (1.38-1.51) < 0.001 1.49 (1.41-1.59) < 0.001
HBcAb 1.15 (1.12-1.17) <0.001 1.02 (1.00-1.04) 0.079 1.04 (1.01-1.07) 0.010
Anti-HCV 1.19 (0.94-1.50) 0.154 1.12 (0.88-1.42) 0.357 1.23 (0.88-1.70) 0.223

ALT, alanine aminotransferase; anti-HCV, hepatitis C antibody; AST, aspartate transaminase; Cl, confidence interval; GBP, gallblad-
der polyp; HBcAb, hepatitis B core antibody; HBsAg, hepatitis B virus surface antigen; HOMA-IR, homeostasis model assessment of

insulin resistance; OR, odds ratio.

The multivariable-adjusted model was adjusted for confounders including age, sex, smoking status, alcohol intake, physical activity,
educational level, obesity, fatty liver, metabolic syndrome, AST, ALT, and HOMA-IR.
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380,312 HBsAg-negative participants, the prevalence of
HBCcADb positivity was 24.3% (Table 1). Compared with the
HBsAg-negative group, the HBsAg-positive group tended
to be older and obese; had a higher proportion of men,
current smokers, and hypertension; and had fewer in-
dividuals with alcohol intake (> 10 g/d for male, > 5 g/d
for female) and fatty liver. HBsAg-positive participants also
tended to have elevated liver enzyme levels but more fa-
vorable lipid levels than HBsAg-negative participants. In the
anti-HCV-positive group, the mean age, BMI, proportion of
current smokers, hypertension, and diabetes were higher,
whereas the proportion of fatty liver was lower than that
in the anti-HCV-negative group. Anti-HCV-positive partici-
pants also tended to have elevated liver enzyme levels but
more favorable low-and high-density lipoprotein cholesterol
levels than anti-HCV-negative participants. The proportion

KJIM™

of individuals with HEPA of physical activity and met was
higher among HBsAg- and anti-HCV-positive participants
than among HBsAg- and anti-HCV-negative participants
(Table 2).

Table 3 shows the association between presence of HB-
sAg, HBcAb, and anti-HCV, and GBP risk categorized by size
(=5 mm, > 10 mm, and overall [< 5, 5-9, and > 10 mm]).
After the adjustment for age, sex, smoking status, and oth-
er confounders, HBsAg-positive individuals had significantly
increased risks of developing GBP of all different sizes, in-
cluding > 5 mm (adjusted OR, 1.66; 95% Cl, 1.49-1.85),
> 10 mm (adjusted OR, 2.39; 95% Cl, 1.53-3.75), and
overall (< 5, 5-9, and > 10 mm; adjusted OR, 1.49; 95%
Cl, 1.41-1.59) (Table 3, Supplementary Table 1), while an-
ti-HCV individuals did not. Factors such as age, male sex,
current smoking status, higher education level, obesity, fatty

Age (yr) ' = 1.00 [1.00, 1.00]
Male, sex — 1.83 [1.72, 1.94]
Current smoker \ — 1.07 [0.96, 1.18]
Alcohol intake > 20 g/d E = 0.93 [0.88, 0.98]
HEPA . 0.97 [0.91, 1.03]
High education level E — 1.39 [1.29, 1.49]
Obesity (BMI > 25 kg/m?) —— 1.18 [1.11, 1.25]
Fatty liver | = 1.23 [1.16, 1.30]
Metabolic syndrome E I 1.01 [0.94, 1.08]
AST (UI) ] 0.99 [0.99, 0.99]
ALT (UIL) = 1.00 [1.00, 1.00]
HOMA-IR = 1.01 [1.00, 1.02]
HBsAg —_— 1.66 [1.48, 1.84]

I T T T T T 1

08 1 12 14 16 18 2

0dds ratio (95% confidence interval)

Fig. 2. Forest plot depicting the risk factors for gallbladder polyps > 5 mm in multivariate analysis. ALT, alanine aminotransferase; AST,
aspartate transaminase; BMI, body mass index; HBsAg, hepatitis B surface antigen; HEPA, health-enhancing physically active; HOMA-IR,

homeostasis model assessment of insulin resistance.

Table 4. Risk of GBPs among 380,312 HBsAg-negative participants

Risk factor Crude OR DU . Age and sex- DU . Multivariable- Gl
(95% ClI) adjusted OR (95% Cl) adjusted OR (95% Cl)
GBP >5mm 1.01 (0.97-1.06) 0.627 0.96 (0.91-1.01) 0.080 0.96 (0.90-1.02) 0.163
GBP > 10 mm 1.07 (0.86-1.31) 0.558 1.08 (1.85-1.35) 0.539 1.04 (0.77-1.41) 0.794
GBP, overall (< 5,5-9,  1.10(1.07-1.12) < 0.001 0.96 (0.94-0.98) 0.001 0.97 (0.94-1.00) 0.089
and > 10 mm)

ALT, alanine aminotransferase; AST, aspartate transaminase; Cl, confidence interval; GBP, gallbladder polyp; HBsAg, hepatitis B vi-
rus surface antigen; HOMA-IR, homeostasis model assessment of insulin resistance; OR, odds ratio.

The multivariable-adjusted model was adjusted for confounders including age, sex, smoking status, alcohol intake, physical activity,
educational level, obesity, fatty liver, metabolic syndrome, AST, ALT, and HOMA-IR.
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liver, and elevated HOMA-IR were also found to significantly
increase the risk of GBP > 5 mm, whereas, alcohol con-
sumption and elevated AST level were inversely associated
with this risk (Fig. 2).

HBcAb presence was significantly associated with an
increased the risk of GBP with overall size (< 5, 5-9, and
> 10 mm; adjusted OR, 1.04; 95% Cl, 1.01-1.07). How-
ever, this association was no longer observed for GBP > 5
mm or > 10 mm. In a subgroup analysis of 380,312 HB-
sAg-negative individuals, the presence of HBcAb was not
significantly associated with an increased risk of developing
GBP of any size (> 5 mm, > 10 mm, and overall [< 5, 5-9,
and > 10 mm]) (Table 4).

DISCUSSION

Here we evaluated GBP risk according to HBsAg, HBCAD,
and anti-HCV status in a large-scale cohort of young and
middle-aged Korean adults. GBP risk was significantly in-
creased in HBsAg-positive individuals, and the increased risk
applied to GBP > 5 mm, > 10 mm, and overall (< 5, 5-9, and
> 10 mm). In contrast, anti-HCV-positive individuals were
not at significantly increased risk of developing GBP. In par-
ticular, among HBsAg-negative individuals, the presence of
HBcAb did not significantly increase the risk of GBP of any
size. Our results indicated that HBsAg is an independent risk
factor for GBP development, suggesting that HBV infection
may be involved in its pathogenesis.

Several epidemiological studies demonstrated an associ-
ation between HBV or HCV infection and the development
of extrahepatic cancers, including GBC [23,24]. A recent
nationwide cohort study of Korea reported that individuals
with chronic HBV (hazard ratio [HR], 1.55; 95% Cl, 1.05-
2.29) or HCV (HR, 1.46; 95% Cl, 1.10-1.93) infection are
at higher risk of GBC than those without it [23]. Another
prospective cohort study also exhibited an increased risk of
GBC or extrahepatic bile duct cancer (HR, 14.89; 95% Cl,
10.36-21.41) among HBsAg-positive participants [24]. Both
the direct effect of HBV DNA integration into the host ge-
nome, which can alter host gene expression and signaling
pathways, and the indirect effect of chronic HBV infection,
which induces persistent inflammatory hypoxia, angio-
genesis, and oxidative stress, are potential mechanisms of
HBV-induced GBC [24-26]. Accumulating epidemiological
evidence demonstrated a link between HBV infection and
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GBP, indicating that HBV infection increases the risk of GBP,
which can progress to GBC [6,7,9,27]. A study by Yang et
al. [7] of 11,816 healthy screening subjects showed a 2.563-
fold increased risk of GBP in HBsAg-positive versus -negative
subjects. Another Chinese study of 34,669 healthy partici-
pants reported that HBsAg positivity was significantly asso-
ciated with an increased risk of developing GBP (adjusted
OR, 1.113; p < 0.0005) [9]. A case—control study in Korea,
matched for age and sex, also identified HBsAg positivity as
an important risk factor for GBP formation (adjusted OR,
3.548; 95% Cl, 1.295-9.716) [27]. A recent meta-analysis
evaluating risk factors associated with GBP development in
an East Asian population demonstrated that HBsAg posi-
tivity was a significant risk factor for GBP development [6].
However, several other studies reported weak or insignif-
icant associations between HBV infection and GBP risk
[14,15]. A Korean study that evaluated temporal changes in
the prevalence and risk factors of GBP over a 10-year peri-
od found a significant increase in the prevalence of GBP in
2002-2012; the risk factors for GBP also changed over time
[2]. This study demonstrated that HBsAg positivity was a
significant risk factor for GBP during the early (2002-2004)
but not later (2010-2012) study period, suggesting that the
impact of HBV infection on GBP risk may have decreased
over time [2]. Most previous studies that reported a positive
correlation between the presence of HBsAg and GBP risk
used data collected many years ago, some as far back as
20 vyears. It is important to consider potential changes in
disease patterns, treatment options, and population char-
acteristics over time when interpreting the relevance and
applicability of these findings in the current context. Korea
was formerly an HBV-endemic area, but the epidemiology
of HBV infection changed with the introduction of HBV vac-
cinations in 1983, nationwide immunizations in 1995, and
advances in antiviral treatment [28-30]. The prevalence of
HBsAg was 8-10% in the 1980s versus 4.6% in the 1990s
and has remained around 3.0% since 2010; thus, Korea is
now classified as an area of intermediate endemicity [28,30].
Consistent with these findings, our large-scale cohort study
of recent data reported an HBsAg-positive prevalence of
3.2%. Our study also confirmed a significantly increased
risk of GBP in HBsAg-positive individuals, even in the current
context of a reduced prevalence of HBsAg positivity, and the
increased risk applied to all sizes of GBP including > 5 mm,
> 10 mm, and overall (< 5, 5-9, and > 10 mm). Furthermore,
this study confirmed HBsAg positivity, age, male sex, current
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smoking, obesity, and fatty liver as independent risk factors
for GBP development, thereby corroborating the findings of
previous studies [2,12,31].

HBCcAD positivity is generally considered indicative of past
or persistent HBV infection, and its presence could poten-
tially reflect an unrecognized occult HBV infection, which re-
fers to the presence of HBV DNA without detectable HBsAg
[32]. Hence, the presence of HBcAb can be an important
indicator of previous or ongoing HBV infection, even in the
absence of detectable HBsAg, and its clinical significance
was recently highlighted [32]. However, there are limited
studies on the association between HBcAb and the risk of
GBP, with conflicting findings. A Chinese study examining
60,064 asymptomatic screening examinees found a strong
positive association between HBcAb (without HBsAg) and
GBP (adjusted OR, 2.88; 95% Cl, 2.69-3.09) [11], whereas
another Chinese study showed no correlation [14]. The rea-
son for the inconsistent findings on the association between
HBcAb+/HBsAg- and GBP is not clear, but the small sample
sizes of previous studies may have contributed to this in-
consistency. Furthermore, unmeasured confounding factors
related to the presence of HBcAb could have affected the
development of GBP and contributed to the discrepancy in
the results. In this large cohort study, HBcAb positivity in
the absence of HBsAg did not increase the risk of develop-
ing GBP. Further mechanistic studies are necessary to better
understand the relationship between HBV infection and the
risk of GBP.

Although studies examining the association between HCV
infection and GBP are limited and the impact of anti-HCV
positivity on GBP development is unclear, the available ev-
idence suggests that anti-HCV positivity is not a significant
risk factor for GBP [9,13]. Consistent with previous studies,
we found that anti-HCV positivity was not a significant fac-
tor in GBP development.

To the best of our knowledge, this is the largest cohort
study with the most recent data examining the impact of
the presence of HBsAg, HBcAb, and anti-HCV on the devel-
opment of GBP using high-quality standardized clinical and
laboratory indices. Most importantly, our study is the first to
assess the risk of GBP by subdividing polyps into different
sizes and highlighting the independent contribution of HB-
sAg positivity to GBP development.

However, the current study has several limitations that
require consideration. First, this was a hospital-based rath-
er than a population-based study, and our data consisted
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mostly of young, middle-aged, and relatively healthy Kore-
ans. Hence, our findings may not be generalizable to older
groups or other ethnicities. However, previous epidemiolog-
ical studies have reported that the highest incidence of GBP
occurs in individuals aged 30-50 years [1,33]. This may be
attributed to the fact that most individuals who have un-
dergone cholecystectomy are in their 50s, 60s, or older [2].
Therefore, our study cohort of predominantly young and
middle-aged individuals may be better suited to identify risk
factors for GBP. Second, the histological classification of
GBP was not performed, which could have improved the
accuracy and reliability of identifying its predictors. Differ-
ences may exist in the formation and pathological processes
of cholesterol and non-cholesterol GBP [34]. Nonetheless,
this study assessed the risk of GBP with a size of > 5 mm
and > 10 mm, in addition to overall size since data on GBP
> 5 mm may have greater clinical significance. This is be-
cause a GBP < 5 mm can be challenging to differentiate
from gallstones or is unlikely to be a neoplastic polyp in
most cases. Third, this study did not assess inter-observer
variations in the sonographic diagnosis of GBP. However,
all sonographic examinations were conducted by skilled
board-certified radiologists using the same classification
system with a well-defined definition of GBP. Fourth, infor-
mation about specific antiviral drugs used to treat hepatitis
that could affect GBP development was not included in this
study. Finally, the cross-sectional design of this study does
not allow the establishment of causal or temporal relation-
ships. The presence of HBsAg, HBcAb, and the anti-HCV
status may change over time; however, most patients were
evaluated only once (during the initial visit). Therefore, the
impact of dynamic changes in hepatitis virus status on GBP
risk could not be assessed here. Nevertheless, most patients
with chronic viral hepatitis requiring treatment are not typ-
ically included in asymptomatic health checkups, and the
large sample size in this study may mitigate the potential in-
fluence of disease fluctuation bias. Despite these limitations,
our findings provide valuable insight into the distinct roles of
HBsAg, HBcAb, and anti-HCV in GBP risk.

In conclusion, HBsAg positivity may be an independent
risk factor for GBP, even in the current context of the declin-
ing prevalence of HBsAg positivity. Our results suggest that
HBV infection is involved in the pathogenesis of GBP. Given
the association between HBsAg and GBP, it may be neces-
sary to perform more thorough screening for GBP during
surveillance abdominal US among HBsAg-positive patients.
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Further large-scale prospective studies are needed to eluci-
date whether HBV treatment contributes to GBP regression
or reduces its development and consequences.

KEY MESSAGE

1. HBsAg positivity is an independent risk factor for
gallbladder polyps.

2. Hepatitis B core antibody positivity/HBsAg negativ-
ity is not significantly associated with gallbladder
polyp.

3. Hepatitis C antibody positivity is not significantly
associated with risk of gallbladder polyps.
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