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Abstract

Background and Despite the potential association between herpes zoster infection and cardiovascular events, limited studies have investi-

Aims

Methods

Results

gated the relationship between live zoster vaccination and cardiovascular outcomes. This large-scale, population-based co-
hort study with a long-term follow-up aimed to investigate the association between live zoster vaccination and the risk of
various cardiovascular events.

Data on comprehensive information of individuals aged >50 years from South Korea (n =2 207 784) were included from
1 January 2012, to 31 December 2021. National insurance information from the Korea Health Insurance Review and
Assessment Service, the national health examination results from the Korean National Health Insurance Service, and the
live zoster vaccination data from the Korea Disease Control and Prevention Agency were merged. The risk of incident car-
diovascular outcomes after live zoster vaccination was assessed compared with unvaccinated individuals. The primary out-
come was the risk of cardiovascular diseases based on International Classification of Diseases, Tenth Revision code diagnosis.
In propensity score—based overlap weighted cohorts, Cox proportional hazard models were used to estimate hazard ratios
(HRs) for overall and specific cardiovascular outcomes, while calculating restricted mean survival time (RMST) for each out-
come. The observation period was from 1 January 2012, to 31 January 2024. Multiple stratification analyses were performed.

After applying propensity score—based overlap weighting, 1 271 922 individuals were included [mean age, 61.3 years (stand-
ard deviation, 3.4); 548 986 (43.2%) male; median follow-up time, 6.0 years] in overlap-weighted cohort. Live zoster vaccin-
ation was associated with lower risks of overall cardiovascular events [HR 0.77, 95% confidence interval (Cl) 0.76-0.78],
particularly major adverse cardiovascular events [0.74 (0.71-0.77)], heart failure [0.74 (0.70-0.77)], cerebrovascular disor-
ders [0.76 (0.74-0.78)], ischaemic heart disease [0.78 (0.76—0.80)], thrombotic disorders [0.78 (0.74-0.83)], and dysrhyth-
mia [0.79 (0.77-0.81)]. The RMST difference for overall cardiovascular events following live zoster vaccination was 95.14
days per decade (95% ClI 94.99-95.30). The protective association persisted up to 8 years, with the greatest reduction ob-
served 2-3 years post-vaccination. The decrease in cardiovascular disease risk was more pronounced among males, indivi-
duals aged <60 years, those with unhealthy lifestyle habits, and those from low-income households and rural residents.
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Conclusions

These findings suggest that live zoster vaccination may be beneficial as a public health strategy with potential implications for

cardiovascular disease burden in the general population. This strategy may help address health disparities and mortality

linked to cardiovascular complications.

Structured Graphical Abstract

Key Question

Herpes zoster is known to increase cardiovascular risk. Does live zoster vaccination reduce long-term cardiovascular risk?

Key Finding

Live zoster vaccination was associated with lower rates of various cardiovascular events, including major cardiovascular events, heart
failure, stroke, thrombotic events, arrhythmias, and ischaemic heart disease. This association lasted up to 8 years and was stronger for

males, individuals aged <60 years, those with unhealthy lifestyles, lower income, and rural residence.

Take Home Message

This comprehensive, long-term study underscores the potential benefits of live zoster vaccination. This might impact on public health

policies.

South Korea cohort
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Introduction

Herpes zoster (HZ) results from the reactivation of the latent
varicella-zoster virus (VZV), manifesting as a painful rash, particularly in
individuals with compromised immune systems." The majority of HZ
cases, approximately two-thirds, occur in individuals aged over 49 years."
The condition can result in severe complications such as postherpetic
neuralgia and HZ ophthalmicus, often requiring hospitalization, with
morbidity increasing with advancing age.> Without vaccination, the life-
time risk of developing HZ is estimated to be 30%.” Individuals aged
over 65 years are known to experience high case fatality rates, under-
scoring the critical importance of vaccination within this demographic.”
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Two HZ vaccines, the live zoster vaccine and the recombinant zoster
vaccine, are licensed and administered globally to individuals aged over
49 years.* Previous studies have indicated the effectiveness of both vac-
cines in preventing HZ, particularly the live zoster vaccine, which has
shown efficacy in individuals with comorbidities such as heart disease, dia-
betes, lung disease, and chronic kidney disease.*

Among the various complications associated with HZ, cardiovascular
events are frequently recognized as potential complications of HZ infec-
tion. Associations between stroke and cardiovascular events following
HZ infection have been suggested, indicating a potential association with
acute myocardial infarction (MI) and stroke.” However, only a few studies
have suggested that the live zoster vaccine might lower the risk of
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HZ vaccination and cardiovascular events

cardiovascular disease. These studies are limited by their small sample sizes,
leaving uncertainty regarding the role of vaccination in preventing Ml or
stroke.®

Therefore, our objective was to investigate the association between
live zoster vaccine and all cardiovascular events, which are known to oc-
cur following HZ infection using a large-scale, population-based cohort.
Our dataset encompasses a long-term follow-up period, enabling the
identification of the association between vaccination and all cardiovascu-
lar outcomes. Considering the demographic shift towards an increasingly
aged population” and rising numbers of immunocompromised indivi-
duals,® both the risk of HZ infection and the burden of cardiovascular dis-
ease have become critical issues. Through this study, we aimed to
investigate whether the live zoster vaccine can reduce the risk of cardio-
vascular events, particularly in the vulnerable older population.” This
study will aid in identifying the long-term safety and benefits of vaccin-
ation, potentially contributing to public healthcare initiatives.

Methods

Data source

This study utilized a large-scale, nationwide, population-based cohort design: a
South Korean nationwide cohort (total n=2207 784). As South Korea is
based on a universal health insurance system, we merged the national insurance
information (outpatient and inpatient data, pharmaceutical information, and
death records) from the Korea Health Insurance Review and Assessment
Service, the national health examination results from the Korean National
Health Insurance Service, and the live zoster vaccination data from the Korea
Disease Control and Prevention Agency. The study protocol was approved
by the Korea Healthcare Bigdata of the Ministry of Health and Welfare
(no. 2022-00061), the Korea Health Insurance Review and Assessment
Service, the Korean National Health Insurance Service, and the Korea
Disease Control and Prevention Agency. Under the terms of the approval,
patient consent was not required to use routine health records for our study.
To ensure confidentiality, all patient-related information was anonymized by
the Korea Healthcare Bigdata of the Ministry of Health and Welfare.

This cohort is a nationwide, large-scale, general population-based cohort
in South Korea, encompassing 98% of the South Korean population.'®"
Detailed information on the cohort is provided in Supplementary data
online, Methods. We included all Korean individuals aged >50 years who re-
ceived the live zoster vaccine between 1 January 2012, and 31 December
2021. Additionally, as an unvaccinated control, we applied propensity
score—based overlap-weighting algorithm with the nationwide population
of Koreans aged >50 years who did not receive the live zoster vaccination.
We excluded individuals who met the following criteria: (i) insufficient
socioeconomic information or died before enrolment; (ii) missing data
from the national health examination; and (iii) previous history of cardiovas-
cular events before HZ vaccination (excluded n =528 951). Thus, the final
sample had 1678833 participants. The observation period was from
1 January 2012, to 31 January 2024.

Exposures and outcomes
We obtained data on the live zoster vaccinations from the Korea Disease
Control and Prevention Agency.'? In this cohort, 1093860 individuals re-
ceived live zoster vaccine from 1 January 2012 to 31 December 2021. In
South Korea, the live zoster vaccine is administered according to a single-dose
schedule. We classified individuals into vaccinated and unvaccinated cohorts
based on their immunization status with this single-dose live zoster vaccine.'*"?
The primary outcome was the onset of cardiovascular events as fol-
lows: (i) cerebrovascular diseases such as stroke and transient ischaemic
accident (TIA); (i) dysrhythmia such as atrial fibrillation, sinus tachycardia,
sinus bradycardia, ventricular arrhythmia, and atrial flutter; (iii) inflamma-
tory heart diseases such as pericarditis and myocarditis; (iv) ischaemic

heart diseases such as acute coronary disease, Ml, and angina; (v) other
cardiac disorders such as heart failure, cardiac arrest, and cardiogenic
shock; (vi) thrombotic disorders such as arterial thromboembolism, pulmon-
ary embolism, and deep vein thrombosis; and (vii) major adverse cardiovas-
cular events (MACEs). Major adverse cardiovascular events refers to
all-cause mortality, stroke, and MI."* A composite of any cardiovascular out-
come was defined as the first incident occurrence of any of the cardiovascular
outcomes investigated in this study. We provided a list of the International
Classification of Diseases, Tenth Revision (ICD-10) codes and medications
used to define each disease in this study (see Supplementary data online,
Table S1).

Covariates

The demographic characteristics of the participants were sourced from the
health insurance database as follows: age (50-54, 55-59, 60-64, and >65
years), sex (male and female), region of residence (urban and rural), and
household income [low (0-39 percentile), middle (40-79 percentile), and
high (80-100 percentile)]. The information on body mass index (BMI)
[underweight and normal (<23.0 kg/mz), overweight (23.0-24.9 kg/mz),
and obese (>25.0 kg/m?)], fasting blood glucose (<100 and >100 mg/dL),
blood pressure (systolic blood pressure <140 mmHg and diastolic blood
pressure <90 mmHg, systolic blood pressure >140 mmHg or diastolic
blood pressure >90 mmHg), and glomerular filtration rate (<60, 60-89,
and >90 mL/min/1.73 m?) were included from the fasting serum samples
of national health examination. Charlson comorbidity index score, history
of medication usage for diabetes, hyperlipidaemia, hypertension, smoking
status (non-, former, and current smoker), alcoholic drinks (<1, 1-2, 34,
and >5 days per week), and aerobic physical activity [sufficient (=600
Mmetabolic Equivalent Task scores) and insufficient] were collected based
on ICD-10 code and/or results of national health examination with medical
interview. The national health examination data have been matched with
the most recent data available up to or including the index date.
Furthermore, complete case methods were adopted to exclude individuals,
including those missing from all covariates.

Overlap-weighted cohort

Based on the literature and expert knowledge, we illustrated the hypothe-
sized causal relationship in Supplementary data online, Figure STA using a direc-
ted acyclic graph representing the effect of all covariates on vaccination and
cardiovascular disease.”™"” We identified sex, age, region of residence,
household income, BMI, smoking status, alcohol consumption, physical activ-
ity, and Charlson comorbidity index as potential confounders. To ensure a ba-
lanced comparison between the vaccinated and unvaccinated groups, we
adjusted for these variables in a multivariable logistic regression model to es-
timate the propensity score for vaccination. Additionally, to address the issue
of extreme propensity scores, we employed a propensity score—based over-
lap weighting algorithm."®"® The adequacy of overlap weighting was evaluated
by comparing standardized mean differences (SMDs), with an SMD <0.1 con-
sidered no significant imbalance between the two groups.'® Through these
methods of effectively balancing the confounding influence of covariates be-
tween the two groups, we were able to reduce the relationship between con-
founders and vaccination assignment, thereby controlling for confounding*°
The causal relationships between covariates, exposure, and outcomes, ad-
justed for confounders, are illustrated in Supplementary data online,
Figure S1B.2" Following overlap weighting, 1 271 922 individuals were included
in the study (Figure 1; Supplementary data online, Table S2).

Statistical analysis

In this study, live zoster vaccination was designated as the exposure variable.
The primary outcome was the new onset of any cardiovascular event after
at least 30 days following vaccination.?? Secondary outcomes encompassed
seven subtypes of cardiovascular events, including cerebrovascular diseases,
dysrhythmia, inflammatory heart disease, ischaemic heart disease, other
cardiac disorders, thrombotic disorders, and MACE. In the study, the
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Population

2207 784

Eligible subjects over 49 years of age in South Korea

Excluded, n = 528,951
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herpes zoster vaccination

1. With missing information of socioeconomic status or died before
2. With missing data of the national health examination
3. History of cardiovascular diseases in the look-back period
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!

Overlap-weighting
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=
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Figure 1 Study design

date of the live zoster vaccination was designated as the individual index
date (To) among the vaccinated group. To address immortal time bias, we
generated randomization by assigning random values based on a uniform
distribution to the unvaccinated control group. The control participants
were then assigned a Ty in the order of these random values, corresponding
to the distribution of Ty in the vaccinated group.'®*** The follow-up per-
iod ended upon new-onset cardiovascular events, reaching 31 January 2024,
or in the event of the subject’s death.

Cox proportional hazards regression models were used to calculate
cause-specific hazard ratios (HRs) and their 95% confidence intervals
(Cls), censoring participants at all-cause death.>*® The proportional ha-
zards assumption was met on examination of log-minus-log survival plots
using a Kaplan—Meier method. For more interpretable analysis, we esti-
mated restricted mean survival time (RMST) over a 10-year period for
both groups.?” The RMST difference (95% Cls), which represents the
number of days between the vaccinated and unvaccinated groups, is an ab-
solute measure of survival time and provides an independent value for
each outcome.”® Also, we executed stratification analyses according to
sex, age, region of residence, household income, BMI, smoking status, al-
cohol consumption, physical activity, and previous medication use for dia-
betes, hyperlipidaemia, and hypertension. We further assessed the time
persistence effect of cardiovascular events following live zoster vaccin-
ation using point estimates at specific time intervals (<1, 1-2, 2-3, 3-5,
5-8, and >8 years). We provided justification for the sensitivity analyses

herpes zoster vaccination

Overlap-weighted cohort

P$ 6359l
Individuals without
herpes zoster vaccination

in Supplementary data online, Table S3. We used SAS (version 9.4; SAS
Institute Inc., Cary, NC, USA) to perform all statistical analyses in this
study. A two-sided P-value of <.05 was considered statistically significant.

Sensitivity analysis

We assessed the proportion of the association between live zoster vaccin-
ation and cardiovascular events that is mediated by HZ complications. HZ
complications are defined as postherpetic polyneuropathy and other
neurological or systemic complications (see Supplementary data online,
Table S1). Counterfactual mediation analysis was performed to quantify
the indirect effect (the association of vaccination with the outcome that
is mediated by HZ complications), direct effect (the association of vaccin-
ation with the outcome that is not mediated by HZ complications), and to-
tal effect (the direct and indirect effects). We employed competing risks
regression models to investigate the association of exposure on the inci-
dence of cardiovascular events while accounting for the competing risk of
death from non-cardiovascular causes. Fine—Gray sub-distribution hazard
models were utilized to calculate sub-distribution HRs and their corre-
sponding 95% Cls. The cumulative incidence functions of cardiovascular
events were estimated considering non-cardiovascular death as a compet-
ing risk (see Supplementary data online, Figure $S2). To enhance the robust-
ness and explanatory of the results, we analysed HRs for any cardiovascular
event and MACE in the full unweighted cohort. Additionally, we conducted

G20z Ae z1 uo Josn ‘qr Ausieniun [edipa| 1edie | Aq 98721 8/0€ZiBUS/ESYINS/EE0L 0 L/10P/a|oIlE-00UBADE/[IESYING/WO0"dNO"0jWapedk//:SdNy WOy papeojumoq


http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf230#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf230#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf230#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf230#supplementary-data

HZ vaccination and cardiovascular events

an analysis in the overlap-weighted cohort, defining any cardiovascular
events while excluding sinus tachycardia and sinus bradycardia.

Patient and public involvement

No patients were involved in formulating the research question or study de-
sign. The study design and implementation were conducted without con-
sultation. However, we plan to disseminate the results of this study to all
study participants and wider relevant communities upon request.

Results

A total of 2207 784 individuals with a mean age of 61.8 [standard de-
viation (SD), 3.6] years were included, of which 46.1% (n =1 018 230)
were male (see Supplementary data online, Table $4). After applying
propensity score—based overlap weighting, 635 961 individuals were al-
located to each of the vaccinated and unvaccinated group. The overlap-
weighted cohort had a mean age of 61.3 (SD, 3.4) years, and 43.2%
(548 986/1 271 922) were male. SMDs of all covariates in the overlap-
weighted cohort were smaller than 0.1 (Table 1). The median follow-up
time was 6.0 (95% Cl 3.3-8.2) years.

Figure 2 shows that individuals with live zoster vaccination had a sig-
nificantly lower HR for overall cardiovascular disease outcomes than
unvaccinated individuals [HR 0.77 (95% CI 0.76-0.78)]. Among the spe-
cific cardiovascular disease categories, the lowest hazard was observed
for MACE [HR 0.74 (95% Cl1 0.71-0.77)], followed by heart failure [HR
0.74 (95% C1 0.70-0.77)], cerebrovascular disorders [HR 0.76 (95% ClI
0.74-0.78)], ischaemic heart disease [HR 0.78 (95% CI 0.76-0.80)],
thrombotic disorders [HR 0.78 (95% Cl 0.74-0.83)], and dysrhythmia
[HR 0.79 (95% ClI 0.77-0.81)]. Detailed analysis results are presented
in Supplementary data online, Table S5. Over a 10-year follow-up per-
iod, the RMST for any cardiovascular events was 95.14 (95% Cl 94.99—
95.30) days greater in individuals vaccinated with live zoster vaccine
compared with unvaccinated individuals. The RMST difference between
vaccinated and unvaccinated individuals was most pronounced for is-
chaemic heart disease [36.63 (95% Cl 36.51-36.75) days], followed
by dysrhythmia [35.61 (95% Cl 35.50-35.73) days], cerebrovascular
disorders [24.35 (95% Cl 24.23-24.47) days], MACE [16.51 (95% CI
16.41-16.61) days], other cardiac disorders [11.19 (95% CI 11.11-
11.28) days], and thrombotic disorders [6.19 (95% Cl 6.19-6.25) days].

Stratification analysis results, shown in Figure 3 and Supplementary
data online, Tables S6 and S7, indicate that for any cardiovascular dis-
ease, males showed greater differences in HR compared with females
[males: HR 0.73 (95% CI 0.71-0.74); females: HR 0.80 (95% CI 0.79—
0.82); Pinteraction <-001]. Age groups under 60 years had a more signifi-
cant risk reduction compared with those over 60 years [<60 years: HR
0.73 (95% Cl 0.71-0.75); >60 years: HR 0.84 (95% Cl 0.82-0.85);
Pinteraction <-001]. Significant disparities were observed based on socio-
economic status and region of residence. Individuals living in rural areas
presented larger differences in cardiovascular outcomes compared
with those living in urban areas [urban: HR 0.80 (95% CI 0.78-0.81);
rural: HR 0.75 (95% Cl 0.73-0.76); Piyteraction <-001], and the lower
HRs were more pronounced among individuals with low household in-
come compared with those with high household income [low: HR 0.74
(95% CI 0.72-0.76); high: HR 0.80 (95% CI 0.78-0.82); Piyteraction
<.001]. Individuals with obesity (BMI >25.0 kg/m?) showed more sub-
stantially lowered HR in cardiovascular outcomes following vaccination
[<23.0 kg/m% HR 0.79 (95% Cl 0.77-0.81); 23.0-24.9 kg/m* HR,
0.77 (95% Cl 0.75-0.79); and >25.0 kg/m% HR 0.75 (95% Cl 0.74—
0.77); Pinteraction <-001]. When comparing individuals by lifestyle habits,
those with unhealthy lifestyles such as smoking, excessive alcohol

consumption, and insufficient physical activity had similarly lowered
HR in cardiovascular events compared with those with healthy life-
styles. Individuals using medication for diabetes, hyperlipidaemia, and
hypertension presented similarly lowered HR individuals who were
not on medication. Similar patterns were observed for each disease cat-
egory (see Supplementary data online, Tables S7-S14).

The temporal pattern of lowered HR for cardiovascular outcomes
following live zoster vaccination showed a U-shaped curve (Figure 4).
The lowered HR was observed from the first year, with the most pro-
nounced difference in hazard occurring during 2-3 years post-
vaccination [<1 year: HR 0.80 (95% CI 0.78-0.82); 1-2 years: HR
0.74 (95% Cl1 0.72-0.77); 2-3 years: HR 0.74 (95% Cl 0.71-0.76); and
3-5 years: HR 0.80 (95% Cl 0.78-0.82)]. The lowered HR became
less pronounced after 5 years [5-8 years: HR 0.88 (95% Cl 0.83—
0.93)], though differences in HRs remained apparent for up to 8 years.
Similar patterns were observed in the detailed disease categories (see
Supplementary data online, Tables S15-522).

In sensitivity analysis, the total, direct, and indirect effects of vaccin-
ation on cardiovascular risks were examined. For any cardiovascular
event, an odds ratio of the total effect was 0.65 (95% Cl 0.41-0.97).
While for the indirect effect, representing the association between vac-
cination and the outcome mediated by HZ complications, it was 0.32
(95% C10.10-0.58), and for the direct effect (not mediated by HZ com-
plications), it was 2.03 (95% CI 1.30—4.90) (see Supplementary data
online, Table $23). We observed similar patterns through other sensi-
tivity analyses (see Supplementary data online, Tables $24-526).

Discussion

This is the first study to investigate the relationship between live zoster
vaccination and its association with reduced risk of cardiovascular out-
comes, utilizing a large-scale and nationwide cohort in South Korea
comprising over 2 million participants. The main findings of this study
are as follows: (i) live zoster vaccination was associated with lower
risk of overall cardiovascular events; (ii) the lowered HR for cardiovas-
cular outcomes was observed over time, with the most pronounced
difference noted 2-3 years post-vaccination, with diminishing differ-
ences after 8 years; (i) males, individuals aged <60 years, individuals
with unhealthy lifestyles, those with low and middle incomes, and rural
residents showed more prominently lowered HR in cardiovascular out-
comes following live zoster vaccination (Structured Graphical Abstract).

Comparisons with previous studies

While several studies have investigated cardiovascular outcomes such
as stroke,>?°3" M| >3° MACE,* coronary heart disease,*® heart fail-
ure,*? and dysrhythmia,33 only a few explored the association between
live zoster vaccination and the subsequent risk of cardiovascular out-
comes.>® Previous studies consistently reported increased risk of car-
diovascular diseases following HZ or VZV infection. Risks of stroke,
MI, MACE, coronary heart disease, and heart failure were found to in-
crease ~1.5-fold to two-fold following infection. A recent study re-
vealed that HZ infection could increase the risk of coronary heart
disease and stroke for up to 5-8 years, although no significant increase
was observed 1—4 years post-infection.*® Studies that examined the as-
sociation between live zoster vaccination and cardiovascular outcomes
had conflicting conclusions. One study suggested that all types of stroke
could be reduced through live zoster vaccination, indicating a 15% re-
duction in stroke risk compared with the unvaccinated population.®
However, another study concluded that the beneficial effect of
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Table 1 Baseline characteristics for propensity score-based overlap weighted cohort in South Korea

Characteristic

Overlap-weighted cohort (N =1271922)

Mean age (SD), years
Age, n (%)
50-54 years
55-59 years
60-64
>65 years
Sex, n (%)
Male
Female
Region of residence, n (%)
Urban
Rural
Household income, n (%)
Low (0-39th percentile)
Middle (40-79th percentile)
High (80—-100th percentile)
Charlson comorbidity index score, n (%)

0

>2
BMI group, n (%)
Underweight (<18.5 kg/m?)
Normal (18.5-22.9 kg/m?)
Overweight (23.0-24.9 kg/m?)
Obese (>25.0 kg/m?)
Smoking status, n (%)
Never
Former
Current
Alcohol consumption, n (%)
<1 day/week
1-2 days/week
3—4 days/week
>5 days/week
Aerobic physical activity, n (%)
Insufficient

Sufficient

613 (34)

18465 (2.9)
157199 (24.7)
334944 (52.7)
125353 (19.7)

274493 (432)
361468 (56.8)

300948 (47.3)
335013 (52.7)

182512 (28.7)
231270 (36.4)
222179 (349)

546 915 (86.0)
70955 (11.2)
18091 (2.8)

173783 (27.3)

175096 (27.5)

254 866 (40.1)
32216 (5.1)

440503 (69.3)
156 894 (24.7)
38564 (6.1)

347391 (54.6)
255693 (40.2)
21486 (3.4)
11391 (1.8)

486292 (76.5)
149 669 (23.5)

61.6 (34)

18078 (2.8)
156 090 (24.5)
336077 (52.9)
125716 (19.8)

274493 (4322)
361468 (56.8)

300841 (47.3)
335120 (52.7)

183169 (28.8)
232022 (36.5)
220770 (34.7)

548295 (86.2)
71078 (11.2)
16588 (2.6)

172586 (27.1)

175 642 (27.6)

256 870 (40.4)
30863 (4.9)

441724 (69.5)
157153 (24.7)
37084 (5.8)

350 653 (55.1)
254416 (40.0)
20312 32)
10580 (1.7)

487371 (76.6)
148 590 (23.4)

<.001

<.001

<.001

<.001

<.001

<.001

<.001

.004

Continued
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Table 1 Continued
Characteristic Overlap-weighted cohort (N =11271922)
Vaccinated (n=635961) Unvaccinated (n=635961) sMD*
. Unadjusted co\/amates n(%) ...................................................................................................................................................
Previous medication history
Medication use for diabetes 80120 (12.6) 77118 (12.1) 014
Medication use for hyperlipidaemia 85637 (13.5) 83364 (13.1) 01
Medication use for hypertension 188723 (29.7) 187403 (29.5) .005
Blood pressure .004
SBP <140 mmHg and DBP <90 mmHg 471319 (74.1) 472529 (74.3)
SBP >140 mmHg or DBP >90 mmHg 164 642 (25.9) 163432 (25.7)
Fasting blood glucose <.001
<100 mg/dL 333013 (524) 333148 (52.4)
>100 mg/dL 302948 (47.6) 302813 (47.6)
Glomerular filtration rate <.001

<60 mL/min/1.73 m?
60-89 mL/min/1.73 m?
>90 mL/min/1.73 m?

30055 (4.7)
330897 (52.0)
275009 (43.2)

29171 (4.6)
332272 (52.3)
274518 (43.2)

DBP, diastolic blood pressure; SBP, systolic blood pressure.
?An SMD <0.1 indicates no significant imbalance. All SMDs were <0.1 in the propensity score—based overlap weighted cohort.

Events, n (%)

Unvaccinated Vaccinated HR (95% CI) HR (95% CI) RMST " difference, day (95% CI

Any cardiovascular diseases outcome 102,776 (16.16) 78,463 (12.34) 0.77 (0.76 to 0.78) + L] i E 95.14
MACE 14,549 (2.29) 10.284 (1.62)  0.74(0.71 to 0.77) 4 Ll . E

Cerebrovascular disorders 23,249 (3.66) 17.040 (2.68) 0.76 (0.74 to 0.78) 4 L] : 1

Stroke 13,602 (2.14) 9626 (1.51)  0.74 (0.71 t0 0.77) 1ot ] g

Transient ischemic attack 11,022 (1.73) 8364 (1.32) 0.79 (0.75 to 0.82) e : b

Dysrhythmia 40,233 (6.33) 30,740 (4.83)  0.79(0.77 to 0.81) L] : 1

Adtrial fibrillation 5825(0.92) 4025 (0.63) 0.71 (0.67 to 0.76) ! 1

Sinus tachycardia 3260(0.51) 2405 (0.38) 0.78 (0.73 to 0.85) 1 =i 1

Sinus bradycardia 1290 (0.20) 960 (0.15) 0.77 (0.68 to 0.87) 7 e—i: b

Ventricular arrhythmias 32,681 (5.14) 25,274 (3.97) 0.80(0.78 to 0.82) 7 Lol : T

Inflammatory heart disease 125 (0.020) 96 (0.015) 0.76 (0.51 to 1.13) 1 '_'_:_‘ b

Pericarditis 63 (0.010) 45 (0.007) 070040123} F————p— 1

Myocarditis 62 (0.010) 54 (0.008) 0.88 (0.51 to 1.51) .

Ischaemic heart disease 40,774 (6.41) 31,167 (4.90)  0.78(0.76 to 0.80) 7 - . b

Acute coronary disease 12,610 (1.98) 10,118(1.59) 0,83 (0.80 to 0.86) 7 S 1

Myocardial infarction 2999 (0.47) 1879 (0.30) 0.65 (0.59 to 0.71) 7 L : T

Angina 32,109 (5.05) 24,064 (3.78)  0.77 (0.75 t0 0.79) ] - : 1

Other cardiac disorders 10,084 (1.59) 7177 (1.13) 0.73 (0.70 to 0.77) ke ; &

Heart failure 9995 (1.57) 7122 (1.12) 0.74 (0.70 to 0.77) 7 e . 7

Cardiac arrest 88 (0.014) 52(0.008) 0.56(0.33t0095) 1 ——*——— i ]

Cardiogenic shock 10 (0.0016) 13 (0.0020) 1,42 (0.44 t04.52) 7 1

Thrombotic disorders 6633 (1.04) 4960 (0.78) 0,78 (0.74 to 0.83) ] - 1

Arterial embolism and thrombosis 1441 (0.23) 1058 (0.17) 0.76 (0.67 to 0.86) | e : ]

Pulmonary embolism 758 (0.12) 576 (0.09) 0.83 (0.71 t0 0.98) —— 1

Deep vein thrombosis 4641 (0.73) 3452 (0.54) 0.78 (0.73 0 0.83) 7 i : )

0.25 015 ll‘TS l.D‘[rrf) 1525 1.5 160

Figure 2 Hazard ratio (95% confidence interval) and restricted mean survival time for incident risk of overall cardiovascular events after zoster vac-
cination in the overlap-weighted cohort. ||Estimated restricted mean survival time up to 10 years
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Figure 3 Stratification analysis for the incident risk of overall cardiovascular events after zoster vaccination in the overlap-weighted cohort. *History

of medication use

vaccination on reducing the risk of Ml and stroke remains unclear,” pos-
sibly due to its small sample size of vaccinated individuals. Additionally,
these studies had relatively short follow-up periods, which hindered the
identification of the long-term effects of live zoster vaccination on over-
all cardiovascular outcomes. Therefore, we aimed to investigate the as-
sociation of live zoster vaccination with overall cardiovascular events,
categorizing them into 18 types of diseases, with a follow-up period
up to a maximum of 12 years. Unlike previous studies that solely com-
pared vaccinated and unvaccinated individuals to identify the protective
effect of live zoster vaccination on stroke, we conducted a stratification
analysis. We compared individuals infected with HZ after live zoster
vaccination with those not vaccinated before infection. Furthermore,
while previous studies only included a few variables to calculate the ad-
justed HR, we incorporated diverse factors such as health conditions,
economic status, and behaviours (smoking, alcohol drinks, and physical
activity). Thus, there is a need to investigate the risk of cardiovascular
outcomes following live zoster vaccination with large-scale and
national-based cohorts.

Plausible underlying mechanisms

Several factors may contribute to reduced overall cardiovascular out-
comes following live zoster vaccination. Primarily, vaccination prevents
HZ infection, which has been associated with an increased risk of cardio-
vascular events through various mechanisms. VZV vasculopathy is caused
by a productive viral infection of blood vessels.** Following the initial infec-
tion, the virus can propagate via neural pathways upon vaccination, affect-
ing both the intracranial and extracranial blood vessels® VzV
vasculopathy leads to vascular injury and can cause ischaemic and haem-
orrhagic cerebrovascular and cardiovascular events.” Moreover,
VZV-related inflammation is associated with a hypercoagulable state
and endovascular inflammation,®® which can result in the rupture of ath-
erosclerotic plaques and the formation of thrombi, leading to M| and
other thrombotic diseases.®” Additionally, severe HZ infection has been
linked to a higher risk of heart failure. 3 Furthermore, HZ can involve
the vagus nerve and its ganglia, potentially leading to autonomic

dysfunction.®> As vagus nerve impairment is associated with dysrhythmia
and sudden cardiac death, HZ infection, which can cause vagus nerve im-
pairment, may trigger cardiac dysrhythmia. Vaccination may prevent HZ
complications, which in turn leads to a reduction in cardiovascular events
associated with VZV vasculopathy.

Alower hazard of overall cardiovascular events was observed in both
age groups, with a more pronounced reduction in younger individuals.
A previous study reported that older age groups experienced less effi-
cacy from live zoster vaccination, possibly due to a decreased biological
response to vaccination in older individuals.> The observed age-
dependent variation in vaccine effectiveness can be attributed to immu-
nosenescence, the progressive decline of immune function with age.38
This phenomenon may explain the enhanced protective effect against
cardiovascular events in younger individuals, whose immune systems
generally exhibit more robust responses to vaccination. Additionally,
males had a lower risk of cardiovascular events following vaccination.
A previous cohort study and meta-analysis reported that females
have a higher risk of HZ infection,>® with a less protective effect of
the vaccine against HZ infection in females.?

Our study showed a long-term protective effect of vaccination, with
the greatest protection observed 2-3 years following vaccination and a
gradual reduction after 8 years. A recent cohort analysis reported that
the risk of cardiovascular events remained elevated for more than a
decade after any infection, indicating that acute infection can influence
cardiovascular health for an extended period.40 Similarly, a previous
study suggested that vascular changes caused by VZV vasculopathy
can be chronic and persist for years.*' Previous studies have shown
that the effectiveness of the live zoster vaccination diminishes after
10 years, but it still protects against HZ infection for 2-3 years.>*
This is consistent with our finding that vaccinated individuals have a low-
er risk of HZ infection for several years than unvaccinated individuals.
Consequently, the long-term risk of cardiovascular events could be re-
duced in vaccinated individuals, as they are less likely to be infected with
HZ during vaccine-induced protection. The declined protective effect
after 8 years can be explained by several factors. Previous studies
have shown decreasing effectiveness over time. Vaccine effectiveness
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Any cardiovascular event
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Figure 4 Time persistence association with the development of overall cardiovascular events after zoster vaccination

drops to ~27%-31% by the eighth year post-vaccination and further
declines to ~15% after 10 years.>*? The immune response stimulated
by the vaccine naturally diminishes over time, and as vaccinated indivi-
duals aged, immunosenescence occurs thus leading to waning of pro-
tective effect.*?

Strengths and limitations
This study is the first to comprehensively analyse the long-term reduc-
tion in risk of all cardiovascular events following live zoster vaccination.

We investigated the association between live zoster vaccination and 18
categories of cardiovascular diseases over a maximum 12-year follow-
up period with diverse stratification analyses.

Although our study has several strengths, it also has some limitations.
First, the generalizability of our findings to other racial and ethnic popu-
lations can be restricted, as our data are based on an Asian cohort. It is
important to note that the risk factors and incidence rates of cardiovas-
cular events can vary significantly across different ethnic groups,” and
the immune response to live zoster vaccination may also differ among
these populations.43 Second, while we excluded individuals with a
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history of cardiovascular events before the index date, our study is lim-
ited by the absence of data before 2012. Consequently, we could not
account for individuals with a more distant history of cardiovascular
events, potentially leading to underlying bias in our analyses. However,
we excluded all individuals with missing data to mitigate the underlying
bias. Third, despite adjusting for a wide range of covariates, residual con-
founding factors still exist that could influence the results. For example,
other vaccines, such as the 23-valent polysaccharide pneumococcal and
influenza vaccines, have been reported to reduce the risk of stroke po-
tentially.** However, we were unable to incorporate this information
into our analysis. Fourth, our study relied on the assumption that indivi-
duals who use medication for a specific disease are likely to have that
disease. However, this assumption may not always hold true due to vari-
ous factors, including poor compliance with medication, limited access
to healthcare, under-diagnosis, and sub-optimal management of chronic
diseases. As a result, certain populations may not receive appropriate
medication despite having a disease. Fifth, the gradual changes in the as-
sociation between vaccination and cardiovascular outcomes after 8
years should be interpreted cautiously. This trend may be attributed
to the small sample size of individuals with more than 8 years of follow-
up, resulting in a large ClI. Further studies with extended follow-up per-
iods are necessary to accurately investigate the long-term association
between vaccination and cardiovascular outcomes. Sixth, the live zoster
vaccine is contraindicated for specific populations, including immuno-
compromised individuals, those receiving immunosuppressive therapy,
patients with active but untreated tuberculosis, pregnant women, and
recipients of haematopoietic stem cell transplants.* Further research
is necessary to evaluate the association between the recombinant zoster
vaccine and cardiovascular outcomes, as it is not contraindicated in most
of these groups. However, given the recent approval of the recombinant
zoster vaccine in South Korea in 2022, long-term data are currently un-
available, necessitating additional studies to address this knowledge gap.
Last, although we have conducted diverse sensitivity analyses and thor-
ough statistical evaluations, cautious interpretation is necessary.

Clinical and policy implications

Our data, analysed from a large-scale, population-based cohort, sug-
gest that live zoster vaccination was associated with lower rates of car-
diovascular disease in the general population, even among those
without known risk factors for cardiovascular diseases. Furthermore,
people with unhealthy lifestyles, such as smoking, excessive alcohol
consumption, insufficient physical activity, and obesity, also showed
an association with lower risks of cardiovascular diseases in relation
to live zoster vaccination. As these factors are known to be behaviour-
al risk factors of cardiovascular diseases,* live zoster vaccination in
these groups was associated with cardiovascular disease outcomes.
Interestingly, individuals residing in rural areas showed a stronger asso-
ciation than those in urban areas. Previously, disparities between peo-
ple with different socioeconomic statuses were identified in outcomes
of MI, heart failure, and stroke.*”*® Earlier research suggested that
challenges in accessing hospital care for both emergent care and
chronic disease management might be attributed to the increased
risk of cardiovascular disease and could impact these disparities.
Similarly, people with low socioeconomic status showed a stronger as-
sociation than those with high socioeconomic status. This implies that
a vaccination policy may be associated with lower risks of cardiovascu-
lar events among people with challenges in accessing routine health-
care from cardiovascular events. Moreover, previous studies

reported that individuals with HZ infection had a higher mortality
rate from acute Ml and MACE compared with those without HZ infec-
tion.*” By reducing the incidence of HZ infection, vaccination may in-
directly decrease the number of deaths attributable to these
cardiovascular complications.

Conclusions

In this first comprehensive study, we utilized a large-scale, population-
based, nationwide cohort database in South Korea to investigate the
association between live zoster vaccination and subsequent cardiovas-
cular outcomes. Live zoster vaccination was associated with lower risks
of overall cardiovascular events, particularly MACE, heart failure, cere-
brovascular disorders (stroke and TIA), thrombotic disorders (arterial
embolism and thrombosis, and deep vein thrombosis), dysrhythmia
(atrial fibrillation, sinus tachycardia, sinus bradycardia, and ventricular
arrhythmia), and ischaemic heart disease (M| and angina). The associ-
ation between live zoster vaccination and lower rates of cardiovascular
diseases was observed up to 8 years following vaccination, with the
most prominent association observed between 2 and 3 years. Males
and younger individuals showed more notable associations with lower
cardiovascular outcomes. Notably, even individuals with unhealthy life-
styles, with low-income households, and those living in rural areas bene-
fited from the protective effect. Therefore, the findings suggest that
implementing live zoster vaccination strategies may be associated
with favourable cardiovascular outcomes across different population
groups.

Supplementary data

Supplementary data are available at European Heart Journal online.

Declarations

Disclosure of Interest

All authors declare no disclosure of interest for this contribution.

Data Availability

Data are available on reasonable request. Study protocol and statistical
code are available from D.K.Y. (email: yonkkang@gmail.com). Data set
is available from the National Health Insurance Service of Korea (NHIS),
Korea Health Insurance Review and Assessment Service (HIRA), and
Korea Disease Control and Prevention Agency (KDCA) through a
data use agreement.

Funding

This research was supported by grants from the National Research
Foundation of Korea (NRF) funded by the Korea government (MSIT;
RS-2023-00248157) and the MSIT (Ministry of Science and ICT),
Korea, under the ITRC (Information Technology Research Center)
support programme (lITP-2024-RS-2024-00438239) supervised by
the IITP (Institute for Information & Communications Technology
Planning & Evaluation). The funders had no role in study design, data
collection, data analysis, data interpretation, or writing of the report.

G20z Ae z1 uo Josn ‘qr Ausieniun [edipa| 1edie | Aq 98721 8/0€ZiBUS/ESYINS/EE0L 0 L/10P/a|oIlE-00UBADE/[IESYING/WO0"dNO"0jWapedk//:SdNy WOy papeojumoq


http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehaf230#supplementary-data
mailto:yonkkang@gmail.com

HZ vaccination and cardiovascular events

1

Ethical Approval

The study protocol was approved by the Korea Healthcare Bigdata of
the Ministry of Health and Welfare (no. 2022-00061), the Korea Health
Insurance Review and Assessment Service, the Korean National Health

Insurance Service, and the Korea Disease Control and Prevention
Agency and the Institutional Review Board at Kyung Hee University.
Under the terms of the approval, patient consent was not required
to use routine health records for our study.

Pre-registered Clinical Trial Number
Not applicable.

References

1.

N

w

>

o

o

~

[os]

0

Tricco AC, Zarin W, Cardoso R, Veroniki AA, Khan PA, Nincic V, et al. Efficacy, effect-
iveness, and safety of herpes zoster vaccines in adults aged 50 and older: systematic re-
view and network meta-analysis. BMJ 2018;363:k4029. https:/doi.org/10.1136/bmj.
k4029

lzurieta HS, Wernecke M, Kelman J, Wong S, Forshee R, Pratt D, et al. Effectiveness and
duration of protection provided by the live-attenuated herpes zoster vaccine in the
medicare population ages 65 years and older. Clin Infect Dis 2017;64:785-93. https:/
doi.org/10.1093/cid/ciw854

. Centers for Disease Control and Prevention. 2024. https://www.cdc.gov/shingles/data-

research/?CDC_AAref_Val=https://www.cdc.gov/shingles/surveillance.html

Mbinta JF, Nguyen BP, Awuni PMA, Paynter J, Simpson CR. Post-licensure zoster vac-
cine effectiveness against herpes zoster and postherpetic neuralgia in older adults: a sys-
tematic review and meta-analysis. Lancet Healthy Longev 2022;3:e263-75. https:/doi.
org/10.1016/S2666-7568(22)00039-3

. Minassian C, Thomas SL, Smeeth L, Douglas |, Brauer R, Langan SM. Acute cardiovascu-

lar events after herpes zoster: a self-controlled case series analysis in vaccinated and un-
vaccinated older residents of the United States. PLoS Med 2015;12:e1001919. https:/
doi.org/10.1371/journal.pmed.1001919

Yang Q, Chang A, Tong X, Merritt R. Herpes zoster vaccine live and risk of stroke
among medicare beneficiaries: a population-based cohort study. Stroke 2021;52:
1712-21. https:/doi.org/10.1161/strokeaha.120.032788

The Lancet Healthy Longevity. Care for ageing populations globally. Lancet Healthy
Longev 2021;2:e180. https:/doi.org/10.1016/52666-7568(21)00064-7

. Waljee AK, Rogers MA, Lin P, Singal AG, Stein JD, Marks RM, et al. Short term use of

oral corticosteroids and related harms among adults in the United States: population
based cohort study. BMJ 2017;357:j1415. https:/doi.org/10.1136/bmj,j1415

. Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM, et al.

Global burden of cardiovascular diseases and risk factors, 1990-2019: update from
the GBD 2019 study. | Am Coll Cardiol 2020;76:2982-3021. https:/doi.org/10.1016/j.
jacc.2020.11.010

. Kim MS, Lee H, Lee SW, Kwon R, Rhee SY, Lee JA, et al. Long-term autoimmune inflam-

matory rheumatic outcomes of COVID-19: a binational cohort study. Ann Intern Med
2024;177:291-302. https:/doi.org/10.7326/m23-1831

. KimS, Lee H, Lee J, Lee SW, Kwon R, Kim MS, et al. Short- and long-term neuropsychi-

atric outcomes in long COVID in South Korea and Japan. Nat Hum Behav 2024;8:
1530-44. https:/doi.org/10.1038/s41562-024-01895-8

. Mbinta JF, Wang AX, Nguyen BP, Paynter |, Awuni PMA, Pine R, et al. Herpes zoster

vaccine safety in the Aotearoa New Zealand population: a self-controlled case series
study. Nat Commun 2023;14:4330. https:/doi.org/10.1038/s41467-023-39595-y

. Song Y], Cho SK, Kim H, Kim HW, Nam E, Jeon JY, et al. Increased risk of herpes

zoster with tofacitinib treatment in Korean patients with rheumatoid arthritis: a
single-center prospective study. Sci Rep 2023;13:7877. https:/doi.org/10.1038/
s41598-023-33718-7

. Xie Y, Xu E, Bowe B, Al-Aly Z. Long-term cardiovascular outcomes of COVID-19. Nat

Med 2022;28:583-90. https:/doi.org/10.1038/s41591-022-01689-3

. Wang Q, Yang L, Li L, Liu C, Jin H, Lin L. Willingness to vaccinate against herpes zoster

and its associated factors across WHO regions: global systematic review and
meta-analysis. JMIR Public Health Surveill 2023;9:¢43893. https:/doi.org/10.2196/
43893

. Yang TU, Cheong HJ, Song ]Y, Noh JY, Kim W]. Survey on public awareness, attitudes,

and barriers for herpes zoster vaccination in South Korea. Hum Vaccin Immunother
2015;11:719-26. https://doi.org/10.1080/21645515.2015.1008885

. Lewis CY, Mishra K, Sun Y, Sechrist S, Arnold BF, Acharya NR. Recombinant zoster vac-

cine coverage in the United States: an analysis of claims-based data. Vaccine 2023;41:
3493-6. https:/doi.org/10.1016/j.vaccine.2023.04.067

. Bowe B, Xie Y, Al-Aly Z. Acute and postacute sequelae associated with SARS-CoV-2

reinfection. Nat Med 2022;28:2398-405. https://doi.org/10.1038/s41591-022-
02051-3

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32,

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Lee S, Park J, Kang J, Smith L, Rahmati M, Lee H, et al. Risks of chronic urticaria after
SARS-CoV-2 infection: binational population-based cohort studies from South Korea
and Japan. | Allergy Clin Immunol Pract 2024;12:2540-2.e3. https:/doi.org/10.1016/j.
jaip.2024.05.044

Yang )Y, Webster-Clark M, Lund JL, Sandler RS, Dellon ES, Stiirmer T. Propensity score
methods to control for confounding in observational cohort studies: a statistical primer
and application to endoscopy research. Gastrointest Endosc 2019;90:360-9. https:/doi.
org/10.1016/j.gie.2019.04.236

Lee SW, Lee ], Moon SY, Jin HY, Yang JM, Ogino S, et al. Physical activity and the risk of
SARS-CoV-2 infection, severe COVID-19 illness and COVID-19 related mortality in
South Korea: a nationwide cohort study. Br | Sports Med 2022;56:901-12. https:/doi.
org/10.1136/bjsports-2021-104203

Sullivan NL, Eberhardt CS, Wieland A, Vora KA, Pulendran B, Ahmed R. Understanding
the immunology of the Zostavax shingles vaccine. Curr Opin Immunol 2019;59:25-30.
https:/doi.org/10.1016/}.c0i.2019.02.005

Bowe B, Xie Y, Al-Aly Z. Postacute sequelae of COVID-19 at 2 years. Nat Med 2023;29:
2347-57. https:/doi.org/10.1038/s41591-023-02521-2

Cai M, Xie Y, Topol EJ, Al-Aly Z. Three-year outcomes of post-acute sequelae of
COVID-19. Nat Med 2024;30:1564-73. https:/doi.org/10.1038/s41591-024-02987-8
Speiser JL, Ambrosius WT, Pajewski NM. Performance of Cox regression models for
composite time-to-event endpoints with component-wise censoring in randomized
trials. Clin Trials 2023;20:507-16. https:/doi.org/10.1177/17407745231177046
Millwood 1Y, Im PK, Bennett D, Hariri P, Yang L, Du H, et al. Alcohol intake and cause-
specific mortality: conventional and genetic evidence in a prospective cohort study of
512 000 adults in China. Lancet Public Health 2023;8:956—67. https:/doi.org/10.
1016/5s2468-2667(23)00217-7

McCaw ZR, Yin G, Wei LJ. Using the restricted mean survival time difference as an al-
ternative to the hazard ratio for analyzing clinical cardiovascular studies. Circulation
2019;140:1366-8. https:/doi.org/10.1161/circulationaha.119.040680

Peng ZY, Yang CT, Kuo S, Wu CH, Lin WH, Ou HT. Restricted mean survival time ana-
lysis to estimate SGLT2i-associated heterogeneous treatment effects on primary and sec-
ondary prevention of cardiorenal outcomes in patients with type 2 diabetes in Taiwan.
JAMA  Netw Open 2022;5:€2246928. https:/doi.org/10.1001/jamanetworkopen.2022.
46928

Grose C. Biological plausibility of a link between arterial ischemic stroke and infection
with varicella-zoster virus or herpes simplex virus. Circulation 2016;133:695-7.
https:/doi.org/10.1161/circulationaha.116.021459

Curhan SG, Kawai K, Yawn B, Rexrode KM, Rimm EB, Curhan GC. Herpes zoster and
long-term risk of cardiovascular disease. | Am Heart Assoc 2022;11:€027451. https:/doi.
org/10.1161/jaha.122.027451

Lin HC, Chien CW, Ho |D. Herpes zoster ophthalmicus and the risk of stroke: a
population-based follow-up study. Neurology 2010;74:792—7. https:/doi.org/10.1212/
WNL.0b013e3181d31e5¢

Seo HM, Cha M), Han JH, Han K, Park SH, Bang CH, et al. Reciprocal relationship be-
tween herpes zoster and cardiovascular diseases: a nationwide population-based case-
control study in Korea. | Dermatol 2018;45:13128. https:/doi.org/10.1111/1346-8138.
14597

Singhal R, Jin P, Nassereddin AT, Lopez JE, Keeley EC. Varicella zoster virus-induced
complete heart block. Am | Med 2023;136:e63—4. https:/doi.org/10.1016/jamjmed.
2022.12.013

Gilden D, Cohrs RJ, Mahalingam R, Nagel MA. Varicella zoster virus vasculopathies: di-
verse clinical manifestations, laboratory features, pathogenesis, and treatment. Lancet
Neurol 2009;8:731-40. https:/doi.org/10.1016/51474-4422(09)70134-6

Nagel MA, Bubak AN. Varicella zoster virus vasculopathy. | Infect Dis 2018;218:
$107-s112. https:/doi.org/10.1093/infdis/jiy425

Langan SM, Minassian C, Smeeth L, Thomas SL. Risk of stroke following herpes zoster: a
self-controlled case-series study. Clin Infect Dis 2014;58:1497-503. https:/doi.org/10.
1093/cid/ciu098

Heymans S, Eriksson U, Lehtonen |, Cooper LT Jr. The quest for new approaches in
myocarditis and inflammatory cardiomyopathy. | Am Coll Cardiol 2016;68:2348-64.
https:/doi.org/10.1016/j.jacc.2016.09.937

Liu Z, Liang Q, Ren Y, Guo C, Ge X, Wang L, et al. Inmunosenescence: molecular me-
chanisms and diseases. Signal Transduct Target Ther 2023;8:200. https:/doi.org/10.1038/
s41392-023-01451-2

Kim M-C, Yun S-C, Lee H-B, Lee PH, Lee S-W, Choi S-H, et al. Herpes zoster increases
the risk of stroke and myocardial infarction. | Am Coll Cardiol 2017;70:295—6. https:/doi.
org/10.1016/j.jacc.2017.05.015

Sipild PN, Lindbohm )V, Batty GD, Heikkild N, Vahtera J, Suominen S, et al. Severe infec-
tion and risk of cardiovascular disease: a multicohort study. Circulation 2023;147:
1582-93. https:/doi.org/10.1161/circulationaha.122.061183

Silver B, Nagel MA, Mahalingam R, Cohrs R, Schmid DS, Gilden D. Varicella zoster virus
vasculopathy: a treatable form of rapidly progressive multi-infarct dementia after 2 years’
duration. | Neurol Sci 2012;323:245-7. https:/doi.org/10.1016/.jns.2012.07.059
Morrison VA, Johnson GR, Schmader KE, Levin M|, Zhang JH, Looney D), et al.
Long-term persistence of zoster vaccine efficacy. Clin Infect Dis 2015;60:900-9.
https:/doi.org/10.1093/cid/ciu918

G20z Ae z1 uo Josn ‘qr Ausieniun [edipa| 1edie | Aq 98721 8/0€ZiBUS/ESYINS/EE0L 0 L/10P/a|oIlE-00UBADE/[IESYING/WO0"dNO"0jWapedk//:SdNy WOy papeojumoq


https://doi.org/10.1136/bmj.k4029
https://doi.org/10.1136/bmj.k4029
https://doi.org/10.1093/cid/ciw854
https://doi.org/10.1093/cid/ciw854
https://www.cdc.gov/shingles/data-research/?CDC_AAref_Val=https://www.cdc.gov/shingles/surveillance.html
https://www.cdc.gov/shingles/data-research/?CDC_AAref_Val=https://www.cdc.gov/shingles/surveillance.html
https://doi.org/10.1016/S2666-7568(22)00039-3
https://doi.org/10.1016/S2666-7568(22)00039-3
https://doi.org/10.1371/journal.pmed.1001919
https://doi.org/10.1371/journal.pmed.1001919
https://doi.org/10.1161/strokeaha.120.032788
https://doi.org/10.1016/S2666-7568(21)00064-7
https://doi.org/10.1136/bmj.j1415
https://doi.org/10.1016/j.jacc.2020.11.010
https://doi.org/10.1016/j.jacc.2020.11.010
https://doi.org/10.7326/m23-1831
https://doi.org/10.1038/s41562-024-01895-8
https://doi.org/10.1038/s41467-023-39595-y
https://doi.org/10.1038/s41598-023-33718-7
https://doi.org/10.1038/s41598-023-33718-7
https://doi.org/10.1038/s41591-022-01689-3
https://doi.org/10.2196/43893
https://doi.org/10.2196/43893
https://doi.org/10.1080/21645515.2015.1008885
https://doi.org/10.1016/j.vaccine.2023.04.067
https://doi.org/10.1038/s41591-022-02051-3
https://doi.org/10.1038/s41591-022-02051-3
https://doi.org/10.1016/j.jaip.2024.05.044
https://doi.org/10.1016/j.jaip.2024.05.044
https://doi.org/10.1016/j.gie.2019.04.236
https://doi.org/10.1016/j.gie.2019.04.236
https://doi.org/10.1136/bjsports-2021-104203
https://doi.org/10.1136/bjsports-2021-104203
https://doi.org/10.1016/j.coi.2019.02.005
https://doi.org/10.1038/s41591-023-02521-2
https://doi.org/10.1038/s41591-024-02987-8
https://doi.org/10.1177/17407745231177046
https://doi.org/10.1016/s2468-2667(23)00217-7
https://doi.org/10.1016/s2468-2667(23)00217-7
https://doi.org/10.1161/circulationaha.119.040680
https://doi.org/10.1001/jamanetworkopen.2022.46928
https://doi.org/10.1001/jamanetworkopen.2022.46928
https://doi.org/10.1161/circulationaha.116.021459
https://doi.org/10.1161/jaha.122.027451
https://doi.org/10.1161/jaha.122.027451
https://doi.org/10.1212/WNL.0b013e3181d31e5c
https://doi.org/10.1212/WNL.0b013e3181d31e5c
https://doi.org/10.1111/1346-8138.14597
https://doi.org/10.1111/1346-8138.14597
https://doi.org/10.1016/j.amjmed.2022.12.013
https://doi.org/10.1016/j.amjmed.2022.12.013
https://doi.org/10.1016/s1474-4422(09)70134-6
https://doi.org/10.1093/infdis/jiy425
https://doi.org/10.1093/cid/ciu098
https://doi.org/10.1093/cid/ciu098
https://doi.org/10.1016/j.jacc.2016.09.937
https://doi.org/10.1038/s41392-023-01451-2
https://doi.org/10.1038/s41392-023-01451-2
https://doi.org/10.1016/j.jacc.2017.05.015
https://doi.org/10.1016/j.jacc.2017.05.015
https://doi.org/10.1161/circulationaha.122.061183
https://doi.org/10.1016/j.jns.2012.07.059
https://doi.org/10.1093/cid/ciu918

12

Lee et al.

43. Mbinta JF, Wang AX, Nguyen BP, Paynter |, Awuni PMA, Pine R, et al. Herpes zoster
vaccine effectiveness against herpes zoster and postherpetic neuralgia in New
Zealand: a retrospective cohort study. Lancet Reg Health West Pac 2023;31:100601.
https:/doi.org/10.1016/j.lanwpc.2022.100601

44. Chu W-M, Chen C-W, Wei |C-C. Influenza vaccination and stroke risk: additional fac-
tors should be considered. Lancet Public Health 2023;8:€96. https:/doi.org/10.1016/
$2468-2667(22)00340-1

45. Dooling KL, Guo A, Patel M, Lee GM, Moore K, Belongia EA, et al. Recommendations of the
advisory committee on immunization practices for use of herpes zoster vaccines. MMWR
Morb Mortal Wkly Rep 2018;67:103-8. https:/doi.org/10.15585/mmwr.mmé703a5

46. Walli-Attaei M, Rosengren A, Rangarajan S, Breet Y, Abdul-Razak S, Sharief WA, et al.
Metabolic, behavioural, and psychosocial risk factors and cardiovascular disease in wo-
men compared with men in 21 high-income, middle-income, and low-income countries:

47.

48.

49.

an analysis of the PURE study. Lancet 2022;400:811-21. https:/doi.org/10.1016/S0140-
6736(22)01441-6

Loccoh EC, Joynt Maddox KE, Wang Y, Kazi DS, Yeh RW, Wadhera RK. Rural-urban
disparities in outcomes of myocardial infarction, heart failure, and stroke in the
United States. | Am Coll Cardiol 2022;79:267-79. https://doi.org/10.1016/j.jacc.2021.
10.045

Zhu Y, Wang Y, Shrikant B, Tse LA, Zhao Y, Liu Z, et al. Socioeconomic disparity in mor-
tality and the burden of cardiovascular disease: analysis of the Prospective Urban Rural
Epidemiology (PURE)-China cohort study. Lancet Public Health 2023;8:e968-77. https:/
doi.org/10.1016/52468-2667(23)00244-X

Horev A, Horev A, Gordon-Irshai A, Gordon M, Andre N, Ifergane G. Herpes zoster
and long-term vascular risk: a retrospective cohort study. Sci Rep 2023;13:2364.
https:/doi.org/10.1038/s41598-023-29667-w

G20z Ae z1 uo Josn ‘qr Ausieniun [edipa| 1edie | Aq 98721 8/0€ZiBUS/ESYINS/EE0L 0 L/10P/a|oIlE-00UBADE/[IESYING/WO0"dNO"0jWapedk//:SdNy WOy papeojumoq


https://doi.org/10.1016/j.lanwpc.2022.100601
https://doi.org/10.1016/S2468-2667(22)00340-1
https://doi.org/10.1016/S2468-2667(22)00340-1
https://doi.org/10.15585/mmwr.mm6703a5
https://doi.org/10.1016/S0140-6736(22)01441-6
https://doi.org/10.1016/S0140-6736(22)01441-6
https://doi.org/10.1016/j.jacc.2021.10.045
https://doi.org/10.1016/j.jacc.2021.10.045
https://doi.org/10.1016/S2468-2667(23)00244-X
https://doi.org/10.1016/S2468-2667(23)00244-X
https://doi.org/10.1038/s41598-023-29667-w

	Live zoster vaccination and cardiovascular outcomes: a nationwide, South Korean study
	Introduction
	Methods
	Data source
	Exposures and outcomes
	Covariates
	Overlap-weighted cohort
	Statistical analysis
	Sensitivity analysis
	Patient and public involvement

	Results
	Discussion
	Comparisons with previous studies
	Plausible underlying mechanisms
	Strengths and limitations
	Clinical and policy implications

	Conclusions
	Supplementary data
	Declarations
	Disclosure of Interest
	Data Availability
	Funding
	Ethical Approval
	Pre-registered Clinical Trial Number

	References


