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1 | INTRODUCTION

Herpes zoster, commonly known as shingles, is a viral infection caused
by the reactivation of the varicella-zoster virus (VZV), the same virus

responsible for chickenpox (varicella) (Centers for Disease Control

Abstract

Introduction: Previous studies have reported a decreased risk of dementia with herpes
zoster vaccination. Given this background, this systematic review and meta-analysis
aimed to investigate the association between herpes zoster vaccination and the risk of
dementia.

Methods: We searched five databases until November 2023 for case-control, cross-
sectional, or cohort studies investigating the association of herpes zoster vaccination
and dementia. Odds ratios and 95% confidence intervals (95% Cls) were pooled
in the meta-analysis. Meta-regression, subgroup, and sensitivity analysis were also
conducted.

Results: We evaluated a total of five studies (one cross-sectional, one case-control,
and four cohort studies) that included a total number of 103,615 patients who were
vaccinated with herpes zoster vaccine. All the studies were of high quality, ranging from
7 to 9. Due to the high heterogeneity (1> = 100%, p < .00001) observed in our study, a
random effect model was used for the analysis. The pooled odds ratio was 0.84 (95% Cl:
0.50, 1.43), p (overall effect) = .53), indicating that herpes zoster vaccination reduces
the risk of dementia.

Conclusion: Herpes zoster vaccination is associated with a reduction of the risk of
dementia. More epidemiological studies are needed to confirm the association.
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and Prevention, 2023a). After an individual recovers from chick-
enpox, the VZV remains dormant in the dorsal nerve root ganglia
which, when reactivated, causes herpes zoster and is characterized by
grouped vesicular rashes (Centers for Disease Control and Prevention,
2023).
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Vaccines are available for herpes zoster and post-herpetic neu-

ralgia, a live attenuated VZ virus (VZV) vaccine ZVL (zoster vaccine
live); ZOSTAVAX (Merck) and VZV glycoprotein E (adjuvanted, gE)
subunit vaccine recombinant ZV (RZV); ShINGRIX (GlaxoSmithkline).
A number of studies have shown that both ZVL and RZV are safe
and efficacious. RZV is safe among immunocompromised people due
to its non-replicating nature. For the purpose of preventing HZ and
its consequences, including post herpetic neuralgia (PHN), the Advi-
sory Committee on Immunization Practices (ACIP) advised routine ZVL
(ZOSTAVAX; Merck) treatment to people >60 years of age in 2006.
However, the ACIP recommended RZV for immunocompetent peo-
ple >50 years of age in 2018 because of its greater efficacy (Dooling
et al., 2018). The varicella zoster vaccine contains a minimum of 19,400
PFU of the Oka/Merck strain of the varicella virus (Centers for Dis-
ease Control and Prevention, 2023b). The minimum potency of the
zoster vaccine is at least 14 times the potency of the varicella vac-
cine (Varivax), which contains a minimum of 1350 PFU, and is similar
in potency to the varicella zoster virus content of measles-mumps-
rubella-varicella vaccine (ProQuad) (Centers for Disease Control and
Prevention, 2023b). In the elderly population, widely available zoster
vaccines have been a blessing for their health (Harbecke et al., 2023).

The relationship between HZ and dementia is still controversial.
The likely pathophysiology of dementia could be due to the pro-
cess called neuroinflammation, involving the formation of misfolded
oligomers, amyloid plague accumulation, and hyperphosphorylated
Tau protein containing neurofibrillary tangles (Johannesdottir Schmidt
et al,, 2022). This may result from direct neural damage or cerebral
vasculopathy. In some hypotheses, astrocytes may be infected directly,
leading to the generation of intracellular amyloid and the aggrega-
tion of amyloid fibrils in the extracellular environment (Johannesdottir
Schmidt et al., 2022). Another possibility suggests that during the
involvement of cranial nerves due to HZ, cerebral vasculopathy and
stroke may occur, leading to neural damage (Johannesdottir Schmidt
etal, 2022).

Several studies show that HZ is associated with a slight increase
in the risk of dementia when antivirals are administered, but it also
appears to lower the risk of dementia development in individuals with
HZ (Chen et al., 2018). One study by Bae et al. (2021) demonstrated a
positive relationship between HZ and dementia, as well as the effect of
antiviralsinreducing the risk of dementiain HZ patients. Another study
by Tsai et al. (2017) found that patients with herpes zoster ophthalmi-
cus are linked with a higher risk of dementia. However, the study by
Choi et al. (2021) did not find an increased risk of dementia due to HZ.
Nevertheless, these postulations lack sufficient evidence to fully sup-
port them. Therefore, this systematic review and meta-analysis aimed
to investigate the association between herpes zoster vaccination and

the risk of dementia

2 | METHODOLOGY

The Preferred Reporting Items for Systematic Reviews and Meta-

Analyses and Cochrane Handbook of systematic review standards
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were followed for conducting this meta-analysis (Green, 2019; Liberati
etal., 2009).

2.1 | Search strategy

Databases from their inception to November 2023 were thoroughly
searched, including PubMed, EMBASE, Cochrane Library, clinicaltri-
als.gov, and Web of Science. No language constraints were applied, and
both keywords and medical topic headings (MeSH) were used in the
search approach. The study’s search criteria were “herpes zoster” OR
“shingles” OR “HZV” OR “varicella zoster virus” OR “vaccine®” AND
“Dementia.” Additionally, we manually searched reference lists and
evaluations of related research that were included in order to find

other papers that were pertinent.

2.2 | Eligibility criteria

According to the following eligibility requirements, studies were
included: (1) cohort, case-control, or cross-sectional study designs and
(2) dementia reports as the result. When multiple data from a single
study were presented, we took the data from the study with the longest

follow-up or considered the most participants.

2.3 | Exclusion criteria

The following types of studies were not included: (1) conference
abstracts or research protocols, (2) publications that were published
twice, (3) studies with insufficient or no results, (4) articles not
mentioning dementia, and (5) non-English language articles.

24 | Research selection

Using eligibility and exclusion criteria, two reviewers independently
assessed the literature included in this investigation. First, duplicate
publications were eliminated, as well as those deemed irrelevant to
this study based on titles and abstracts. Afterward, potential articles
were found, downloaded, and thoroughly studied to make sure the data
could be properly integrated. In cases where there was debate about
whether or not to include an article, the two researchers talked with a

third reviewer to come to a decision.

2.5 | Data extraction

The first author, year of publication, country, study type, study design,
sample size, participant age, participant gender, and dementia diag-
nosis were all retrieved and summarized independently by the two
authors from each of the included studies. Another author verified the

extracted data.
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2.6 | Risk of bias assessment

The Newcastle-Ottawa Scale (NOS) for nonrandomized studies was
employed to rate the research quality. The NOS is a method of rat-
ing studies in which points are assigned depending on the degree to
which a researcher’s objectives are met in the three distinct domains of
selection, comparability, and outcome (Lo et al., 2014). Two researchers
carried out the scoring. The final step was to calculate the overall score,
with 7-9 being regarded as a good-quality study with a low chance of
bias, 4-6 as a high risk of bias, and 0-3 as an extremely high risk of bias.
Any disagreements that arose during the risk of bias assessment were

resolved by the supervisor.

2.7 | Statistical analysis

We took the adjusted odds ratio (OR) and 95% confidence interval (Cl)
from each trial to analyze the relationship between the herpes vac-
cine and the risk of dementia. Statistical analysis was performed on the
retrieved adjusted OR and 95% Cl using Statav. 16.0 (Stata Corp.). The
chi-square test and 12 were used to determine how heterogeneous the
included studies were. Statistical heterogeneity was regarded as non-
significant when p was >0.05. The random-effects model was used if
12 > 50%, that indicated considerable heterogeneity and fixed-effects
model was employed when 12 was >50%, or P 0.1 indicated consider-
able heterogeneity. Through subgroup analysis and sensitivity analysis,
the robustness of the results with regard to the overall effect of statis-
tics and sources of heterogeneity was confirmed. The visual inspection
of funnel plots was utilized to validate publication bias, and the Egger
regression test was applied to quantitatively detect publication bias for

asymmetry.
3 | RESULTS
3.1 | Study selection

There were 1022 studies found in the literature search. Following the
elimination of duplicate articles, the remaining articles were subjected
to title and abstract screening, full-text screening, and finally, inclusion
of five studies that met the inclusion criteria for both qualitative and

quantitative syntheses. Figure 1 shows the full list of studies selections.

3.2 | Study characteristics

The characteristics of the included studies (n = 4) are summarized in
Table 1. All studies were retrospective in nature and were published in
the years 2021 and 2023. The studies included are cohort study (n = 2),
case-control study (n = 1), and cross-sectional study (n = 1). The stud-
ies were conducted in United States (n = 2) (Lehrer & Rheinstein, 2021;
Scherrer et al.,, 2021) or in the United Kingdom (n = 2) (Lophatananon

etal.,2021,2023). Atotal number of 941,991 patients were vaccinated
with herpes zoster vaccine.

3.3 | Bias assessment

Table 2 displays the findings of the studies’ assessment of quality.
The studies were all of high quality, ranging from 7 to 9. The average
result was 8.25. The evaluation of the studies’ quality is summarized in
Figure 2.Sensitivity tests revealed that the aggregate estimations were

unaffected significantly by removing any one study at a time.

3.3.1 | Herpes zoster vaccination and dementia

Figure 3 demonstrates the combined effect estimate (HR) for the effect
of herpes zoster vaccination on the incidence of dementia. Since high
heterogeneity (12 = 100%, p < .00001) was observed, the random
effects model was used. The pooled OR of 4 studies was 0.91 (95%
Cl: 0.47, 1.75), p (overall effect) = .78), suggesting that herpes zoster

vaccination reduces the risk of dementia (Figure 2).

4 | DISCUSSION

In this meta-analysis, the association between herpes zoster vacci-
nation and dementia was investigated. Our data demonstrated that
patients who had herpes zoster vaccination were at a significantly
lower risk of developing dementia. Although a significant heterogene-
ity (12 = 98%, p < .00001) was observed in the meta-analysis, a pooled
OR was estimated at 0.84 (95% Cl: 0.50, 1.43), p (overall effect) = .53),
which indicated that herpes zoster vaccination reduces the risk of
dementia. Our study was consistent with the finding in the review and
meta-analysis by Wu et al. (2022) where all vaccinations including her-
pes zoster were found to be significantly associated with a reduced
risk of dementia. In this meta-analysis, we included two more studies
(one cross-sectional and one cohort study) that were not included in
the study by Wu et al. and analyzed the data to show evidence of the
association of herpes zoster vaccination with the risk of dementia.

The exact mechanism for the reduced risk of dementia after her-
pes zoster vaccination is still controversial. HZ immunization may have
unique neuroprotective benefits that lessen central nervous system
(CNS) inflammation and/or prevent viruses from infecting the brain
compared to no HZ vaccination. A latent chronic viral infection is
reactivated in zoster illness. It is feasible that preventing clinically con-
firmed and/or asymptomatic zoster reactivation occurrences through
vaccination could lower the associated CNS inflammation and, in turn,
lessen the ensuing neuronal damage. Another possible explanation
can be that HZ vaccination may decrease abnormal neuroinflamma-
tion by reducing proinflammatory cytokines which contribute to the
deposition of amyloid-beta (X. X. Wang et al., 2020; W. Y. Wang
et al., 2015). The other possible mechanism could be by reducing the
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FIGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart of the included studies.

infection. Studies have shown that infectious events may impair cogni-
tion and increase the risk of dementia (Douros et al., 2021; Muzambi
et al., 2020). This postulation can be supported by the studies done
for other vaccinations such as influenza vaccination in the study by
Wiemken et al. (2021) and diphtheria, pertussis, and pertussis vaccina-
tion in the study by Scherrer et al. (2021) which have shown the role of
vaccination on reducing the risk of dementia.

As suggested by the meta-analysis of Xinhui et al., all vaccinations
could reduce the risk of dementia. The capacity of vaccination to lower
the risk of contracting infectious diseases is one argument that could
apply. Research has indicated that viral episodes can worsen cog-
nitive function and raise the possibility of dementia (Douros et al.,
2021; Muzambi et al., 2020). A large multi-cohort study indicates
that infection affecting the central nervous system can raise the risk
of dementiaand also reveals that the brain may be impacted by the
systemic effects of general inflammation (Sipila et al., 2021). Recent
studies indicate that brain structural alterations and cognitive impair-

ment may still be linked to viral disorders such as COVID-19, which is

mostly characterized by respiratory symptoms (Douaud et al., 2022;
Hampshire et al., 2021; Hosp et al., 2021). The relationship between
vaccinations and dementia risk, however, may not be entirely explained
by eliminating the pertinent pathogens, since vaccines are not equally
effective against all pathogens (Wu et al., 2022). Vaccinations may
make it possible for the immune system to develop and sustain proper
immunological responses, strengthening the body’s defense against
bacteria and viruses.

The non-specific effects (NSEs), commonly known as off-target
effects, represent an additional plausible idea (Benn et al., 2013).
Numerous basicimmunizations were demonstrated to lower childhood
all-cause mortality in studies, supporting the NSEs for vaccinations
(McGovern & Canning, 2015). The NSEs hypothesis is further sup-
ported by the dose-dependent connection. Additionally, certain vac-
cinations may influence the onset of dementia in other, distinct ways.
For instance, the herpes zoster vaccine stops the herpes virus from
reactivating in the brain; the influenza vaccine lowers cerebrovascular

events, a known risk factor for dementia (Raz et al., 2016; Tsivgoulis
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Odds Ratio

Odds Ratio
M-H,Random, 95% CI

0.54 [0.33, 0.90]
1.18 [1.06, 1.31]
0.56 [0.54, 0.59)]
0.93 [0.84, 1.03]
0.67 [0.63, 0.71]
0.73[0.63, 0.85]

0.76 [0.60, 0.96]

Experimental Control

Study or Subgroup Events Total Events Total Weight M-H,Random,95%Cl
Lehrer et al 38 99 94 176  10.0%

Lophatananon et al. 417 35116 1954 193020 17.9%

Scherrer et al. 3032 27419 19678 108597 18.5%

Scherrer et al. 1 447 24612 2888 148178 18.0%

Wiemken et al. 1546 11432 11895 63021 18.4%

Wiemken et al. 1 191 13774 1928 101819 17.3%

Total (95% Cl) 112452 614811 100.0%

Total events 5671 38437

Heterogeneity: Tau? = 0.08; Chi? = 220.96, df = 5 (P < 0.00001); I? = 98%
Test for overall effect: Z = 2.33 (P = 0.02)

0507 1 15 2

Favours [experimental] Favours [control]

FIGURE 2 Forest plot showing risk of dementia after herpes zoster vaccination.
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FIGURE 3 Funnel plot showing publication bias among included studies. OR, odds ratio.
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et al, 2018); and intravenous BCG instillation dramatically raises

serum IL-2 levels, which increases the quantity of neuroprotective Treg

Total
score

© ~ o & cells (Taniguchi et al., 1999). Therefore, it is possible that the vaccines
have preventive benefits by interfering in the pathological process of
dementia.
This systematic review and meta-analysis has its own limita-
tions. Since all the studies are retrospective in nature, selection bias

Adequacy of
follow-up

could have occurred. The number of studies showing the association
between herpes zoster vaccination and dementia risk is less. The reli-
ability of our findings may have been impacted by the short amount

of experimental data (gathered from all research) and methodologi-

Assessment of

Outcomes
outcome

cal heterogeneity of the included studies. The results may have been
skewed by the varying diagnosis standards for dementia. Regarding
the conclusions of the included research’s generalizability, caution
should also be exercised. There may be regional bias because these
investigations were carried out in the United States and the United

Kingdom.

Comparability

5 | CONCLUSION

Our meta-analysis has demonstrated that herpes zoster vaccination
is significantly associated with a reduction of the risk of dementia.
However, more epidemiological studies and experiments are needed

to understand the association between herpes zoster vaccination and

Ascertainment/exposure

dementia.
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