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Live zoster vaccination and hepatobiliary risk reduction: a nationwide South Korean study
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Background/Aims: Herpes zoster (HZ) vaccination is primarily administered to prevent shingles, yet its systemic immuno-
modulatory effects may offer protection against other organ-related diseases, including hepatobiliary and pancreatic diseas-
es. Therefore, this emulated target trial aimed to evaluate whether live HZ vaccination reduces the long-term risk of hepato-
biliary diseases in older adults.

Methods: We conducted a nationwide, population-based cohort study in South Korea (n = 2,207,784 individuals aged > 50
years) from January 1, 2012, to December 31, 2021, with follow-up until January 31, 2024. This cohort was built by merging
health insurance (Korea Health Insurance Review and Assessment Service), national health screening (Korean National Health
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Insurance Service), and vaccination records (Korea Disease Control and Prevention Agency). To assess the risk of any hepato-
biliary diseases and eight subcategories following HZ vaccination, we performed 1:1 exposure-driven propensity score match-
ing and estimated adjusted hazard ratios (@HRs) using Cox proportional hazards models.

Results: After matching, 1,462,070 individuals were included (mean age, 61.57 years; 56.26% females). HZ vaccination
was associated with a 14% lower risk of developing any hepatobiliary events (@aHR 0.86, 95% Cl 0.85-0.87). Risk reductions
were consistent across all subcategories, notably for hepatic failure (@HR 0.71, 95% Cl 0.63-0.78) and liver cirrhosis (@HR 0.74,
95% Cl 0.70-0.77). Protective associations were more pronounced in males, younger individuals (< 60 years), and smokers.
The benefit persisted for eight years, peaking within the first four years.

Conclusions: HZ vaccination was associated with significantly reducing hepatobiliary and pancreatic diseases, supporting

potential broader health benefits beyond shingles prevention in older adults.
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INTRODUCTION

Herpes zoster (HZ), or shingles, results from the reactiva-
tion of the latent varicella-zoster virus (VZV) and commonly
affects among older adults [1]. Its lifetime incidence is ap-
proximately one-third, increasing markedly after the age of
50 years due to immunosenescence [1,2]. While HZ typi-
cally manifests as a painful vesicular rash, it may also lead
to systemic and long-term complications. Well-known com-
plications include postherpetic neuralgia [3], ophthalmic in-
volvement [4], and neurological sequelae [5,6]. These com-
plications suggest that HZ can affect various organ systems
through systemic inflammation or direct viral injury.

Two vaccines are available to prevent HZ in adults aged >
50 years: the live-attenuated zoster vaccine (Zostavax; Mer-
ck & Co., Inc., Rahway, NJ, USA) [6] and the recombinant
zoster vaccine (Shingrix; GlaxoSmithKline, London, UK) [6-
8] While the primary goal of vaccination is to diminish HZ
incidence and severity, recent studies suggest broader ben-
efits, including reduced dementia risk [9]. Given its potential
systemic effects, vaccination may confer protection against
other conditions, including hepatobiliary and pancreatic,
though this remains understudied.

There is growing recognition that HZ infection may con-
tribute to hepatobiliary dysfunction through direct viral ef-
fects or immune-mediated pathways. Some studies have
documented VZV reactivation leading to acute hepatitis or
fulminant hepatic failure, particularly in immunocompro-
mised patients [10,11], and VZV infection has been implicat-
ed in cases of acute pancreatitis [12]. Furthermore, individu-
als with liver cirrhosis exhibit a higher risk of developing HZ
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than the general population [13], suggesting an interplay
between liver dysfunction and VZV reactivation. These find-
ings raise the question of whether preventing HZ through
vaccination could also reduce the incidence of hepatobiliary
diseases in the general population.

Despite these observations, no long-term, large-scale
study has comprehensively investigated the association be-
tween HZ vaccination and hepatobiliary disease risk. There-
fore, this study uses a nationwide, population-based cohort
in South Korea, encompassing over two million participants
with up to 12 years of follow-up, to assess the long-term
risk reduction of developing hepatobiliary and pancreatic
conditions following HZ vaccination.

METHODS

Data source

This is a large-scale, population-based cohort study in South
Korea, comprising 2,207,784 individuals. The cohort is built
upon the country’s universal health insurance system, inte-
grating multiple national databases: outpatient and inpatient
records, pharmaceutical data, and mortality records from
the Korea Health Insurance Review and Assessment Service
(HIRA); national health examination results from the Kore-
an National Health Insurance Service (NHIS); and live zoster
vaccination records from the Korea Disease Control and Pre-
vention Agency (KDCA). The study protocol was approved
by the Korea Healthcare Bigdata of the Ministry of Health
and Welfare (No. 2022-00061), HIRA, NHIS, and KDCA. As
per the approval terms, patient consent was waived due to
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the use of anonymized health records. All patient data were
de-identified by the Korea Healthcare Bigdata of the Minis-
try of Health and Welfare to ensure confidentiality.

This cohort represents nearly 100% of the South Korean
population [14,15] and includes all individuals aged > 50
years who received the live zoster vaccine between January
1, 2012, and December 31, 2021. We excluded those who
meet the following criteria: (1) insufficient socioeconomic
information or death before enroliment; (2) missing national
health examination data; and (3) a history of hepatobiliary
events prior to HZ vaccination (n = 713,871 excluded). A
1:1 propensity score-matched control group was selected
from unvaccinated individuals with similar demographic
characteristics. After matching, the final sample consisted
of 1,462,070 participants (731,035 vaccinated vs. 731,035
unvaccinated), with an observation period from January 1,
2012, to January 31, 2024. Details on the cohort selection
are provided in Supplementary Methods.

Exposures and outcomes

In this study, HZ vaccination was defined as the exposure.
A total of 1,093,860 individuals within this cohort received
the HZ vaccine between January 1, 2012, and December 31,
2021. The primary outcome of interest was the new onset of
any hepatobiliary events occurring at least 30 days post-vac-
cination to minimize reverse causation [16]. The secondary
outcomes encompassed the following eight hepatobiliary
events: (1) hepatic failure; (2) inflammatory liver disease;
(3) chronic hepatitis; (4) liver cirrhosis; (5) cholelithiasis; (6)
cholecystitis, cholangitis; (7) acute pancreatitis; and (8) other
diseases of the gallbladder and the pancreas [17]. The fol-
low-up period ended at the earliest of the following events:
January 31, 2024, the onset of a hepatobiliary event, or
death. A list of the International Classification of Diseases,
10th Revision (ICD-10) codes for each disease is provided in
Supplementary Table 1 [17].

Covariates

Participant demographics were obtained from the nation-
al health insurance database and included age (50-54,
55-59, 60-64, > 65 years), sex, residential area (urban vs.
rural), and household income (low [0-39th percentile], mid-
dle [40-79th percentile], and high [80-100th percentile]).
Clinical characteristics were derived from national health
examination records and included body mass index (BMI;
underweight/normal [< 23.0 kg/m?]; overweight [23.0-24.9
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kg/m?], and obese [> 25.0 kg/mZ]), blood pressure (normal
[systolic < 140 mmHg and diastolic < 90 mmHg] and hyper-
tensive [systolic > 140 mmHg or diastolic > 90 mmHg]), fast-
ing blood glucose (< 100 mg/dL vs. > 100 mg/dL), and glo-
merular filtration rate (< 60, 60-90, and > 90 mL/min/1.73
m?) [14,15].

Comorbidity data were assessed using the Charlson co-
morbidity index (CCl), while medication history for hyper-
tension, coronary artery disease, diabetes, and hyperlipid-
emia was identified through ICD-10 codes and prescription
records. Lifestyle factors were also included: smoking sta-
tus (non-smoker, former smoker, current smoker), alcohol
consumption (< 1, 1-2, 3-4, and > 5 days per week), and
aerobic physical activity (> 600 metabolic equivalent task
[MET] scores vs. < 600 MET scores) [18]. To ensure data
completeness, health examination records were matched
with the most recent available data up to or including the
index date. In addition, a complete-case approach was ap-
plied, with individuals missing any covariate data excluded
from the analysis.

Propensity score matching

We ensured balance in the distribution of covariates be-
tween the vaccinated and unvaccinated groups by imple-
menting 1:1 exposure-driven propensity score matching. A
greedy nearest-neighbor algorithm was used with a random
selection without replacement within a 0.001 standard de-
viation caliper width [17]. Matching adequacy was evalu-
ated using standardized mean differences (SMDs), with an
SMD < 0.1 indicating no significant imbalance. The variables
used for matching included age, sex, household income,
residential area, and CCl. After propensity score matching,
the final study population comprised 1,462,070 individuals
(Fig. 1, Supplementary Table 2). To address immortal time
bias, external comparators were assigned the same index
date as their matched vaccinated counterparts.

Statistical analysis

To evaluate the association between HZ vaccination and the
onset of hepatobiliary outcomes, Cox proportional hazard
models were used to derive adjusted hazard ratios (aHRs)
with 95% confidence intervals (Cls) [17]. We further per-
formed stratification analysis by sex, age, residential area,
household income, BMI, smoking status, alcohol consump-
tion, physical activity, and CCl, as well as medication use
for coronary artery disease, diabetes, hyperlipidemia, and
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Figure 1. Study design.

hypertension. We also assessed the time-persistent effect
of hepatobiliary events post-vaccination, categorizing fol-
low-up into< 1, 1-2, 2-4, 4-6, 6-8, > 8 years). Justifications
for sensitivity analyses are provided in Supplementary Figure
1. All statistical analyses were conducted using SAS soft-
ware (version 9.4; SAS Institute Inc., Cary, NC, USA), with a
two-sided p value < 0.05 considered statistically significant.

Patient and public involvement

Patients were not involved in defining the research ques-
tion, study design, or implementation. However, we plan
to share the findings with study participants and relevant
communities upon request.

RESULTS

Baseline characteristics

Atotal of 2,207,784 individuals aged > 50 years were includ-
ed in the initial cohort (Table 1). The baseline characteristics
for the full unmatched cohort are presented in Supplemen-
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tary Table 3. Among these participants, 1,093,860 (49.5%)
received an HZ vaccination during the study period. After
applying exclusion criteria and performing 1:1 propensity
score matching, 1,462,070 individuals were included in the
matched cohort (731,035 vaccinated and 731,035 unvacci-
nated). The matching process achieved balance in baseline
characteristics; all covariate SMDs were < 0.1, indicating no
significant differences between the vaccinated and unvac-
cinated groups. The mean age of the matched cohort was
61.57 years (standard deviation, 3.47 years), and 56.26%
(822,493) of the participants were female. Additional base-
line characteristics, including health check-up records and
lifestyle factors, are provided in Table 1.

Reduction in hepatobiliary disease risk
following HZ vaccination

Figure 2 and Supplementary Table 4 illustrate the risk for
overall and each hepatobiliary outcome following HZ vac-
cination. The incident risk of any hepatobiliary events was
14% lower in vaccinated individuals than in unvaccinated
individuals (@aHR 0.86, 95% ClI 0.85-0.87). Specifically, HZ

https://doi.org/10.3904/kjim.2025.171
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Table 1. Demographic characteristics of 1:1 propensity score-matched cohort in South Korea
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Matched cohort (n = 1,462,070)

Characteristic Unvaccinated Vaccinated SMD?
(n =731,035) (n =731,035)

Mean age (yr) 61.74 + 3.45 61.39 +£3.48

Age (yr) < 0.001
50-54 20,312 (2.78) 24,237 (3.32)
55-59 174,207 (23.83) 172,441 (23.59)
60-64 385,788 (52.77) 383,901 (52.51)
> 65 150,728 (20.62) 150,456 (20.58)

Sex 0.012
Male 317,711 (43.46) 321,866 (44.03)
Female 413,324 (56.54) 409,169 (55.97)

Region of residence 0.001
Urban 339,412 (46.43) 339,206 (46.40)
Rural 391,623 (53.57) 391,829 (53.60)

Household income < 0.001
Low (0th-39th percentile) 211,260 (28.90) 210,223 (28.76)
Middle (40th—79th percentile) 264,495 (36.18) 261,690 (35.80)
High (80th—100th percentile) 255,280 (34.92) 259,122 (35.45)

Charlson comorbidity index score 0.036
0 656,048 (89.74) 648,721 (88.74)
1 60,370 (8.26) 65,191 (8.92)
>2 14,617 (2.00) 17,123 (2.34)

Medication history
Medication use for coronary artery disease 26,209 (3.59) 25,858 (3.54) 0.003
Medication use for hypertension 244,598 (33.46) 253,026 (34.61) 0.024
Medication use for diabetes 96,592 (13.21) 102,913 (14.08) 0.025
Medication use for hyperlipidemia 105,451 (14.42) 111,775 (15.29) 0.024

Body mass index group (kg/m?) < 0.001
Underweight (< 18.5) 191,302 (26.17) 191,214 (26.16)
Normal (18.5-22.9) 200,326 (27.40) 199,023 (27.22)
Overweight (23.0-24.9) 300,469 (41.10) 298,572 (40.84)
Obese (> 25.0) 38,938 (5.33) 42,226 (5.78)

Blood pressure (mmHg) 0.013
SBP < 140 and DBP < 90 537,969 (73.59) 533,752 (73.01)
SBP > 140 or DBP > 90 193,066 (26.41) 197,283 (26.99)

Fasting blood glucose (mg/dL) 0.009
<100 377,842 (51.69) 374,494 (51.23)
> 100 353,193 (48.31) 356,541 (48.77)

Glomerular filtration rate (mL/min/1.73 m?) 0.021
<60 37,560 (5.14) 39,403 (5.39)
60-89 383,339 (52.44) 385,337 (52.71)
>90 310,136 (42.42) 306,295 (41.90)
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Matched cohort (n = 1,462,070)

Characteristic Unvaccinated Vaccinated SMD?
(n=731,035) (n=731,035)
Smoking status <0.001
Never 505,260 (69.12) 500,870 (68.52)
Former 182,327 (24.94) 184,359 (25.22)
Current 43,448 (5.94) 45,806 (6.27)
Alcohol consumption (day/wk) 0.083
<1 405,767 (55.51) 403,774 (55.23)
1-2 290,144 (39.69) 289,050 (39.54)
3-4 23,053 (3.15) 24,999 (3.42)
>5 12,071 (1.65) 13,212 (1.81)
Aerobic physical activity 0.017
Insufficient 560,827 (76.72) 555,669 (76.01)
Sufficient 170,208 (23.28) 175,366 (23.99)
Values are presented as mean + standard deviation or number (%).
SMD, standardized mean difference; SBP, systolic blood pressure; DBP, diastolic blood pressure.
JAn SMD < 0.1 indicates no significant imbalance. All SMDs were < 0.1 in the propensity score—matched cohorts.
Events, n (%)
aHR (95% Cl) aHR (95% Cl)
Unvaccinated Vaccinated
Any hepatobiliary events 108,007 (14.77) 89,764 (12.28) 0.86 (0.85t00.87) s E
1
Hepatic failure 824 (0.11) 563 (0.08) 0.71 (0.63 t0 0.78) - — e— E
1
Inflammatory liver disease 43,846 (6.00) 36,502 (4.99) 0.87 (0.86 t0 0.88) A E
Liver cirrhosis 3394 (0.46) 2,405 (0.33) 0.74(0.70 t0 0.77) | —e—i E
Chronic hepatitis 23,765 (3.25) 18,599 (2.54) 0.81(0.80 t0 0.83) 2 2 E
Cholecystitis, cholangitis 9,176 (1.26) 7,197 (0.98) 0.82 (0.80 to 0.85) —o— E
1
Cholelithiasis 19,980 (2.73) 15,643 (2.14) 0.82 (0.80 t0 0.84) | o~ E
1
Acute pancreatitis 4,251 (0.58) 3,429 (0.47) 0.84 (0.80 t0 0.88) —e— E
1
Others? 24,549 (3.36) 22,072 (3.02) 0.95(0.93 t0 0.96) | o i
T T T T ‘
0.5 0.6 07 0.8 0.9 1.0

Figure 2. The aHR (95% Cl) for the incidence risk of hepatobiliary diseases following zoster vaccination in the propensity score-matched

cohort. aHR, adjusted hazard ratio; Cl, confidence interval. ?Others include other diseases of the gallbladder and pancreas.

vaccination was associated with a 29% lower risk of he-
patic failure (@HR 0.71, 95% Cl 0.63-0.78), which was the
most pronounced reduction among the outcomes studied.
Likewise, the vaccinated group showed lower incident risks
of liver cirrhosis (@HR 0.74, 95% CI 0.70-0.77), chronic
hepatitis (@HR 0.81, 95% CI 0.80-0.83), and inflammato-
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ry liver disease (aHR 0.87, 95% Cl 0.86-0.88). For biliary
and pancreatic diseases, compared to individuals who did
not receive HZ vaccination, vaccinated individuals showed
significantly lower risks of cholelithiasis (aHR 0.82, 95%
Cl 0.80-0.84), cholecystitis/cholangitis (aHR 0.82, 95% Cl
0.80-0.85), acute pancreatitis (aHR 0.84, 95% Cl 0.80-
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0.88), and other diseases of the gallbladder and pancreas
(aHR 0.95, 95% C1 0.93-0.96).

Stratified analyses

Figure 3 and Supplementary Table 5 show that according
to the stratification analysis, males had a more pronounced
reduction in any hepatobiliary events compared to females
(males: aHR 0.83, 95% Cl 0.81-0.84; females: aHR 0.88,
95% Cl 0.87-0.89). Individuals aged < 60 years exhibited
a lower risk (@HR 0.79, 95% Cl 0.78-0.80) compared to
those aged > 60 (aHR 0.90, 95% Cl 0.89-0.91), while in-
dividuals with a smoking history exhibited a greater risk re-
duction (aHR 0.83, 95% Cl 0.82-0.84) than never-smokers
(aHR 0.87, 95% Cl 0.86-0.88) for any hepatobiliary events.
When stratified by alcohol consumption, individuals who
drink alcohol 1-4 days per week had the least risk reduc-
tion (@HR 0.90, 95% Cl 0.89-0.91) than those who drink
alcohol < 1 day (aHR 0.80, 95% C1 0.79-0.81) and > 5 days
per week (aHR 0.81, 95% Cl 0.76-0.86). When stratified
by household income, those with low socioeconomic status
have a slightly stronger association (low: aHR 0.83, 95% Cl
0.82-0.85; middle: aHR 0.86, 95% (1 0.85-0.88; high: aHR
0.87, 95% C1 0.86-0.89).

The risk reduction was similar across the regions of res-
idence (urban: aHR 0.87, 95% Cl 0.86-0.88; rural: aHR
0.85, 95% Cl 0.84-0.86), BMI (< 23.0 kg/m2: aHR 0.88,
95% Cl 0.86-0.89; 23.0-24.9 kg/m?: aHR 0.85, 95% ClI
0.84-0.87; > 25.0 kg/m?: aHR 0.85, 95% Cl 0.84-0.86),
physical activity (insufficient: aHR 0.86, 95% Cl 0.85-0.87

https://doi.org/10.3904/kjim.2025.171

sufficient: aHR 0.86, 95% Cl 0.84-0.87), medication use for
coronary artery disease (no: aHR 0.86, 95% Cl 0.85-0.87;
yes: aHR 0.88, 95% Cl 0.84-0.92), medication use for di-
abetes (no: aHR 0.86, 95% Cl 0.85-0.87; yes: aHR 0.84,
95% Cl 0.82-0.86), medication use for hyperlipidemia (no:
aHR 0.86, 95% Cl1 0.85-0.87; yes: aHR 0.83, 95% C1 0.81-
0.85), and medication use for hypertension (no: aHR 0.86,
95% C10.85-0.87; yes: aHR 0.85, 95% Cl 0.84-0.86). Sim-
ilar results were found across eight hepatobiliary outcomes
(Supplementary Tables 6-13).

Time-dependent effects

The association between HZ vaccination and the risk of
hepatobiliary diseases across different post-vaccination
time intervals (< 1, 1-2, 2-4, 4-6, 6-8, and > 8 years) was
assessed, as presented in Figure 4. There was a significant
protective effect within the first year after vaccination (aHR
0.88, 95% Cl 0.86-0.89), which became more pronounced
between 1 and 4 years (1-2 years: aHR 0.84, 95% Cl
0.83-0.86; 2-4 years: aHR 0.85, 95% Cl 0.83-0.86). The
association slightly attenuated between 4 and 6 years (aHR
0.88, 95% Cl 0.86-0.90) and further declined at 6-8 years
(aHR 0.90, 95% Cl 0.86-0.94). After eight years, no signif-
icant protective association was observed (aHR 1.08, 95%
Cl 0.84-1.39). These findings were consistent across eight
hepatobiliary outcomes (Supplementary Tables 14-22), with
the protective association generally persisting for up to eight
years post-vaccination, though variations were observed
within this period.
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Figure 4. Time persistence effect on hepatobiliary disease development following zoster vaccination. aHR, adjusted hazard ratio; Cl, con-
fidence interval. ?Others include other diseases of the gallbladder and the pancreas.

DISCUSSION

Principal findings of this study

This large, nationwide, population-based cohort study, en-
compassing over a million individuals in South Korea, is the
first to assess the association between live HZ vaccination
and a reduced risk of hepatobiliary diseases. First, vaccinat-
ed individuals had a 5-29% lower risk of developing any
hepatobiliary events. Second, the risk reduction was most
pronounced for hepatic failure and cirrhosis—outcomes
with high morbidity and mortality—suggesting that pre-
venting HZ might be particularly beneficial in averting se-
vere liver decompensation events. Even for more common
chronic conditions, such as chronic hepatitis or gallstone
disease, the vaccine significantly reduced the risk of incident
cases. Third, with a long-term follow-up of up to 12 years,
this protective association persists for eight years, with the
greatest risk reduction occurring in one to four years for
most diseases, then gradually attenuating, which is consis-
tent with the known duration of immunity following the
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live HZ vaccine. Fourth, these findings remained robust
across multiple subgroup analyses, with the protective as-
sociation observed across different age, sex, socioeconomic,
and health behavior groups. However, the magnitude of
the association varied, with stronger benefits seen in males,
younger individuals (< 50 years), and those with unhealthy
lifestyles. Overall, our findings support the hypothesis that
HZ vaccination provides broader health benefits and may
help reduce the burden of serious hepatobiliary diseases in
the aging population.

Comparisons with previous studies

Several studies have suggested a potential association be-
tween VZV infection and hepatobiliary outcomes, including
acute hepatitis, fulminant hepatic failure [10,11], acute pan-
creatitis [12], and liver cirrhosis [13]. However, these studies
primarily focused on infection-related complications rather
than on the potential protective effects of HZ vaccination.
Moreover, the existing evidence is largely derived from case
reports and case-control studies with short-term follow-up,
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offering lower levels of evidence. In contrast, our study pro-
vides a novel contribution by investigating the association
between HZ vaccination and hepatobiliary health over a
longer term.

Some long-term studies have investigated the risk of VZV
infection itself or primary complications of infection, such as
HZ ophthalmicus and postherpetic neuralgia [6,19], high-
lighting greater vaccine efficacy in younger individuals and
females, with protection lasting five to eight years. None-
theless, their primary outcomes are localized complications
rather than broader systemic benefits. While these studies
primarily addressed localized outcomes, our findings expand
the scope by emphasizing the vaccine’s potential systemic
benefits, including hepatobiliary outcomes. By shifting the
focus from immediate and localized complications to long-
term systemic outcomes, this study adds new insights into
how HZ vaccination may contribute to hepatobiliary health.
Our findings underscore the importance of considering
vaccination for its well-established role in preventing acute
complications and its potential to mitigate chronic disease
progression and broader inflammatory effects.

Plausible underlying mechanisms

The observed association between HZ vaccination and re-
duced hepatobiliary disease risk may be attributed to its
modulation of systemic inflammation and immune dys-
regulation caused by VZV reactivation [20]. HZ vaccination
enhances T-cell-mediated immunity and induces transient
increases in IL-6, IFN-y, and IL-2 without inducing chronic
inflammation, thereby supporting immune homeostasis and
reducing inflammatory burden on the hepatobiliary system
[21,22]. In contrast, HZ infection triggers systemic inflam-
mation [20], vascular injury [5], and hepatic microcirculato-
ry damage, all of which may contribute to hepatic fibrosis,
hepatic decompensation, and biliary complications. In addi-
tion, acute HZ-related stress responses, including increased
catecholamine release and autonomic dysfunction [23], may
impair gallbladder motility and bile acid metabolism, con-
tributing to cholecystitis and cholangitis.

In this study, the protective benefits of HZ vaccination
peaked at one to four years after vaccination and dimin-
ished after eight years, likely reflecting waning immunity
and the natural progression of hepatobiliary diseases. The
early peak may result from preventing acute VZV-triggered
exacerbations in individuals with or without subclinical liver
disease [24,25]. For conditions such as hepatic failure and
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cirrhosis, which evolve gradually or worsen with infection
[26,27], early immune protection may delay progression.
For cholelithiasis, risk reduction was most prominent in the
first two years post-vaccination, and a U-shaped pattern
was noted for cholecystitis and cholangitis. This may also
reflect the natural progression of gallstone disease, where
asymptomatic stones eventually become large enough to
cause complications. As expected with live vaccines, the
protective effect gradually declined, leading to an increased
disease risk beyond this period.

Clinical and policy implications

HZ vaccination could prevent shingles and even reduce the
burden of serious hepatobiliary diseases in the older popula-
tion, broadening its value. Clinicians and policymakers typi-
cally assess zoster vaccination based on its role in preventing
shingles; however, our findings suggest additional benefits,
including reducing the incidence of hepatobiliary diseases.
Given the substantial healthcare costs of these conditions,
even a modest reduction could have significant public health
implications. Patients with risk factors for liver disease (e.g.,
chronic viral hepatitis, alcohol use, or metabolic syndrome)
might particularly benefit from vaccination. This study also
suggests that individuals with unhealthy lifestyles or low
socioeconomic status may derive even greater advantages.
Ensuring high vaccine uptake in these groups could help
prevent acute zoster and even severe liver disease progres-
sion. From a public health perspective, our findings support
the expansion of HZ immunization programs. As aging pop-
ulations face rising rates of nonalcoholic fatty liver disease
and gallstone disease, the indirect benefits of vaccination
could be meaningful. Additionally, with the advent of the
recombinant HZ vaccine offering greater than 90% efficacy
and longer-lasting immunity [28,29], revaccination policies
may be considered to sustain these benefits. Future studies
should further investigate these associations through cohort
analyses and mechanistic research.

Limitations

This study has several limitations. First, as an emulated tar-
get trial, residual confounding from unmeasured factors,
such as dietary habits, which influence both gallstone risk
and metabolic dysfunction-associated steatotic liver disease,
may exist. Second, despite excluding individuals with prior
hepatobiliary events, limited data availability before 2012
and possible underdiagnosis could have introduced bias.
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Third, “healthy vaccine bias” may have affected results, as
vaccinated individuals may engage more in health-promot-
ing behaviors or utilize healthcare services more frequent-
ly, potentially inflating the observed protective effects [30].
Fourth, the study population was restricted to South Korea,
which may limit the generalizability to populations with dif-
ferent healthcare systems, vaccination policies, or charac-
teristics. To account for the heterogeneity within the study
population, we assessed the representativeness of the study
participants [31], as shown in Supplementary Table 2. Fifth,
the number of individuals followed beyond 8 years was
relatively small, reducing statistical power to evaluate long-
term effects. Sixth, this study focused on the live-attenuated
HZ vaccine, while emerging evidence suggests that the re-
combinant vaccine may also offer systemic benefits beyond
preventing VZV infection [32]. However, since the recombi-
nant vaccine was introduced in South Korea in 2022 [7], we
limited our analysis to the live-attenuated vaccine to ensure
an adequate follow-up period for assessing long-term out-
comes. Thus, further investigation with extended follow-up
is needed to elucidate their long-term effectiveness.

Conclusions

HZ vaccination is associated with a reduced risk of devel-
oping hepatobiliary diseases, mainly hepatic failure and cir-
rhosis, suggesting benefits beyond shingles prevention. This
protective association lasted for up to eight years, with the
most pronounced risk reduction within the first four years.
These findings suggest that reducing VZV infection may in-
directly lower the risk of severe morbidity associated with
hepatobiliary diseases through vaccination. If validated in
further studies, this could help shape vaccination strategies
to prevent hepatobiliary complications.

KEY MESSAGE

1. Live zoster vaccination was associated with a re-
duced risk of hepatobiliary and pancreatic diseases.

2. The protective effect persisted for up to 8 years,
peaking at 1-4 years after vaccination, consistent
with the duration of live herpes zoster vaccine im-
munity.

3. Benefits were consistent across subgroups, with
greater effects in males, younger adults, and those
with unhealthy lifestyles.
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