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Abstract

Background Dementia affects ability to remember, think, or make decisions that interfere with doing everyday
activities. There is no cure, therefore any prevention or delay of the onset is of importance. This study aims to investi-
gate the association between zoster and influenza vaccinations and the risk of developing dementia.

Methods We conducted a retrospective population-based cohort study using electronic health records from 1469
general practices contributing to the Clinical Practice Research Datalink (CPRD) Aurum database with linked hospital
episode statistics (HES) and Office for National Statistics (ONS) mortality records. We built two ‘'matched cohorts”: zos-
ter vaccine (854,745 exposed individuals) matched with 8.8 million comparators without a history of zoster vaccina-
tion, and influenza vaccine (742,487 exposed individuals) matched with 7.12 million comparators without a history
of vaccination as another comparator group. The cohorts were then followed to assess the association of exposure
(vaccine) with outcome (dementia diagnosis).

Results Zoster vaccination was associated with a lower risk of dementia diagnosis (adjusted hazard ratio (HR) 0.78
with 95% Cl: 0.77-0.79), Alzheimer's diagnosis (adjusted HR 0.91 with 95% Cl: 0.89-0.92 and other types of dementia
(adjusted HR 0.71 with 95% Cl: 0.69-0.72). Influenza vaccination also was associated with a slightly reduced hazard
of dementia risk (adjusted HR 0.96 with 95% Cl: 0.94-0.97).

Conclusion Both zoster vaccine for prevention of shingles / herpes zoster and influenza vaccine to prevent influenza
were associated with diminished risk of dementia, with the zoster association appearing more pronounced.
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Background

Globally, it has been estimated that the number of peo-
ple with dementia would increase from 57.4 million
cases in 2019 to 152.8 (130.8—175.9) million cases in
2050 [1]. Dementia affects 850,000 people in the UK. It
has been estimated to rise to one million by 2025. The
National Health Service costs for its management are
also expected to double by 2050 [2]. In addition to life-
style and genetic factors, epidemiological studies have
linked infection by various types of virus with dementia
[3-7]. In recent years, several studies have investigated
the effect of herpes zoster (HZ also known as shingles)
on dementia risk [8—14], and in 2021, we reported a
reduction between zoster vaccination and dementia
risk using data from the UK Biobank study (OR: 0.81
with 95% CI: 0.66 to 0.99) [12]. Also in 2021, a study
analysed medical health record data in a large Veter-
ans Health Affairs (VHA) cohort and replicated their
analysis in another cohort comprisingMarketScan®
commercial and Medicare claims. The authors reported
a significant association with lower dementia risk in
both cohorts (VHA HR =0.69; 95% CI: 0.67-0.72; Mar-
ketScan HR=0.65; 95% CI: 0.57-0.74) [14]. Another
recent study used data from The Behavioral Risk Factor
Surveillance System (BRESS) to evaluate the relation-
ship between HZ vaccination and cognitive impair-
ment. They also reported that herpes zoster vaccination
reduces the risk of dementia [15]. In 2022, a meta-
analysis and systematic review of seven studies with
1,857,134 participants from population-based observa-
tional studies reported overall pooled results indicating
that several common types of vaccine, including those
against HZ and influenza were associated with lower
dementia risk (HR=0.65, 95% CI: 0.60-0.71, P-value
overall effect<0.001; 1>=91.8%, P-value heterogene-
ity <0.001) [16]. Questions remain as to whether resid-
ual confounding is affecting all of these observational
studies and also as to whether there is a specific effect
of vaccinations against herpes zoster or a non-specific
immune stimulatory effect of multiple vaccinations. It
is against this background that we sought to explore
the separate effects of both zoster and flu vaccina-
tion in a large nationally representative dataset with
time dependent adjustment for potential confounders
including that of prescribed anti-viral medications.

In the UK, shingles vaccination has been offered rou-
tinely by the National Health Service (NHS) since 2013
for people aged 70-80 years. In this study, we aimed to
investigate the association between zoster vaccination for
shingles and dementia risk using data from the Clinical
Practice Research Datalink (CPRD) Aurum database. As
influenza (flu) vaccination is also common in the UK, we
explored the association between influenza vaccination
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and dementia risk, which we considered to represent a
comparator.

Methodology

Data sources

We conducted retrospective matched cohort stud-
ies using primary care electronic health records from
the Clinical Practice Research Datalink (CPRD) Aurum
database obtained under licence from the UK Medicines
and Healthcare products Regulatory Agency (MHRA)
[17, 18]. The CPRD contains anonymised consultation
records and includes patient demographic information,
symptoms, diagnoses, medication prescriptions, and vac-
cination data. In June 2021, there were 1360 general prac-
tices using the EMIS clinical platform that were based in
England and contributing data to CPRD Aurum [19]. We
restricted our cohorts to patients from these practices as
data linkage is only available for English practices that
participate in the CPRD linkage scheme, linking data for
all eligible patients with a valid National Health Service
(NHS) identifier. We utilised linkages between CPRD
Aurum and external data sources. Inpatient Hospital
Episode Statistics (HES) were used to augment capture
of diagnoses of dementia (as both an outcome and an
exclusion factor) and comorbidities. Data from the Office
for National Statistics (ONS) were used to ascertain spe-
cific causes of death according to the 10th revision of
the International Classification of Diseases (ICD-10).
Individual patients are entitled to opt out of the linkage
scheme.

Study cohorts
Cohort members were aged 70 years and over, were reg-
istered in a practice contributing to CPRD Aurum, and
were administered their first zoster vaccination between
1% January 2013 and 31* October 2020 (identified using
the product codes listed in Additional file 1 and the clin-
ical Read/SNOMED/EMIS codes listed in Additional
file 2). We did not include the Shingrix vaccine because
it was not in use in the contributing CPRD practices
during our study period (the end of the study period was
31st October 2020). Henceforth, we define a patient’s
index date as the date of the first recorded evidence that
a relevant vaccination occurred. We included patients
who had been registered with their general practice for
at least one year and had no recorded history of demen-
tia at that time. Follow-up ended on the first to occur
of dementia diagnosis (in primary or secondary care);
death; migration from general practice; the end of data
collection for the practice; the end of the study period
(31% October 2020).

Using incidence density sampling, a representative
comparison cohort was created whereby each patient
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with an incident vaccination was matched with up to 10
comparators without a history of zoster vaccination to
create a ‘matched set’ Requiring the comparators to have
been unaffected by any form of dementia prior to the
index date of the ‘case; we matched the patients on age,
gender, and registered general practice. The same regis-
tration and practice contribution criteria were applied
when sampling patients for the comparison cohort. The
process of matching was as follows. Each vaccinated
patient was matched on sex, age (within 3 years), and
general practice with up to 10 registered comparators on
the date of vaccination. The comparators were required to
have no history of the vaccination in question. Matching
was undertaken using the nearest neighbour approach
(via the minimisation of the Mahalanobis distance [20]).
In the event of ties, random selection was used. The dis-
tribution of the number of comparators in the matched
sets can be found in Additional file 3. To update vaccine
status, patients who featured as comparators (without a
history of the relevant vaccination type) could subse-
quently go on to become a case if they received the vac-
cine at a later date. At this point, their follow-up time as
a comparator would be terminated. The influenza vac-
cination cohort was delineated in similar way to zoster
vaccination cohort. Influenza vaccine identified using the
product codes listed in Additional file 4 and the clinical
Read/SNOMED/EMIS codes listed in Additional file 5.
In this study, repeat vaccinations are not incorporated.
Once a patient has a relevant vaccine in their record,
they are defined as a ‘case’ and their exposure status is
described using a dichotomous variable: “Ever exposed to
zoster vaccine? =YES”.

Dementia diagnoses

Diagnoses of dementia were identified in the primary
care records using the Read/SNOMED/EMIS codes listed
in Additional file 6, and in the HES and ONS mortality
records using the International Classification of Diseases
10th Revision (ICD-10) codes listed in Additional file 7.
We also looked separately at diagnoses of Alzheimer’s
disease (AD) and other forms of dementia (an identifier
is included in the code lists). Dementia diagnosis dates
were used as both the study outcome and for exclusions
from the study cohort if the diagnosis was recorded prior
to vaccination or matching (for the comparison group).

Statistical analyses

All data processing and statistical analyses were con-
ducted using Stata V.16 (StataCorp, College Station,
Texas, USA). To compare the prevalence of comor-
bidities at baseline in the vaccinated patients and
their matched comparators, we used conditional Pois-
son regression. For the specific forms of dementia
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(Alzheimer’s disease and 'other’ dementia) and for the
composite outcome (‘any dementia’), we estimated
the relative risk of onset using Cox regression mod-
els with stratification on the matched sets of exposed
individuals and comparators. The proportional hazards
assumption was formally assessed using the Gramb-
sch—Therneau test [21] and graphical diagnostics were
performed using scaled Schoenfeld residuals [22].
Stratified analyses were conducted according to gender
and age-band.

By virtue of the matched cohort study design, the
estimated hazard ratios (HRs) were naturally adjusted
for the potentially confounding effects of age, gender,
and practice-level factors. We also applied a series of
adjustments on patient-level socio-economic status,
ethnicity, indicators for the conditions included in the
Charlson Comorbidity Index (CCI) (treated in separate
models as baseline comorbidities and as time-depend-
ent confounders) [23], and varicella-zoster antiviral
status (again, treated as a baseline risk factor and as a
time-dependent covariate in separate models). Read/
SNOMED/EMIS codes used to identify the comor-
bidities included in the CCI can be found in Additional
file 8. The corresponding ICD-10 codes can be found in
Additional file 9. The codes for antiviral treatments can
be found in Additional file 10.

Patient-level socioeconomic status was measured,
according to patient postcodes, using English Indices
of Multiple Deprivation (IMD) quintiles [24], a meas-
ure representing an area’s relative level of deprivation,
ranked within England. Ethnicity was classified from pri-
mary care and Hospital Episode Statistics (HES) records
as white/Asian/black/mixed/other. The relevant Read/
SNOMED/EMIS code list can be found in Additional
file 11. For patients with multiple records and conflicts,
we defined ethnicity as (a) the category with most cor-
responding records; (b) according to the last available
record when record numbers were tied across two or
more categories; and (c) by randomly selecting between
candidate ethnicities when record numbers were tied
across two or more categories and multiple categories
were entered in the last available record.

We fitted 3 different models.

Model 1: Adjusted for age, gender, and general prac-
tice factors (based on matched design).

Model 2: Further adjustments for IMD, ethnicity, and
time-dependent indicators for the conditions in the
Charlson Comorbidity Index.

Model 3: Further adjustments for IMD, ethnicity,
time-dependent indicators for the conditions in the
Charlson Comorbidity Index, and time-dependent
antiviral status.
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Sensitivity analyses

We used the E-value to demonstrate the minimum
strength of association that an unmeasured confounder
would need to have with both the exposure and the out-
come to fully explain away a specific exposure—outcome
association, conditional on the measured covariates.
The E-value can be calculated for an observed risk ratio
(denoted RR) by E-value=RR + +/RR x RR — 1| If the
original risk ratio is below 1, then the inverse is taken
before applying the E-value formula. This formula can
also be used for hazard ratio [25]. The lowest possible
E-value is 1 (i.e. no unmeasured confounding is needed
to explain away the observed association). The higher the
E-value the stronger the confounder associations would
have to be to explain away the effect [26]. Finally, we took
a further step to assess the potential for residual unmeas-
ured confounding of our exposure—outcome association
measures, by conducting a set of comparator analyses
with influenza vaccination as the exposure of interest. All
aspects of the analyses were identical with the exception
that the index dates (and subsequent delineation of the
matched cohort) were defined by vaccination for influ-
enza, rather than zoster vaccination.

We also carried out sensitivity analysis with left-cen-
soring at 2 years after vaccination (or matching for the
comparators) to assess the estimated HRs for a longer
period after vaccination.

Patient and public involvement

There was no patient or public involvement in the study
including development of the research question, selec-
tion of outcome measures, study design, conduct or dis-
semination of findings.

Results

Table 1 shows the characteristics for both the zoster
and influenza vaccine cohorts. The total number of par-
ticipants in the zoster vaccinated group was 854,745 and
approximately 8.8 million participants with no record of
zoster vaccination. The total number in the influenza vac-
cinated group was 742,487 and approximately 7.12 mil-
lion participants with no record of influenza vaccination.
The numbers of people developing dementia in zoster
vaccinated and unvaccinated cohorts were 28,012 with a
rate of 9.9 per 1000 person-year (95% CI 9.8-10.0) and
197,618 with a rate of 12.1 per 1000 person-year (95% CI
12.1-12.2), respectively. The numbers of people develop-
ing dementia in influenza vaccinated and unvaccinated
cohorts were 21,931 with a rate of 17.2 per 1000 person-
year (95%CI 17.0-17.4) and 120,297 with a rate of 15.8
(95%CI 15.7-15.9). Results can be found in Additional
file 12. In both cohorts, the majority of participants are
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in the age group 70-74 and of white ethnicity (~80%).
There was also a slightly higher number of females than
males in both cohorts. Around a quarter of participants
were from areas in the least deprived quintile. The dis-
tribution of IMD was similar between zoster and influ-
enza vaccination cohorts. The highest prevalence ratio of
co-morbidity in both zoster and influenza cohort — com-
parison of the prevalence between 'vaccinated group’ VS
‘comparator (non-vaccinated) group’—was diabetes with
chronic complications (1.12 and 1.19). Similar results
were seen with anti-viral treatments (1.06 for the zoster
cohort and 1.10 for the influenza cohort). The median
follow-up times in the zoster vaccine exposed individu-
als and the unvaccinated comparator group were 3.07
yrs (IQR: 1.73, 5.04) and 3.01 yrs (IQR: 1.57, 4.99). The
median follow-up times in the influenza vaccine exposed
individuals and the unvaccinated comparator group were
1.08 yrs (IQR: 0.98, 2.07) and 1.08 yrs (IQR: 0.97, 2.07).
Table 2 showed the hazard ratio of developing demen-
tia and subtypes with zoster vaccination as an exposure.
Results from all models suggested zoster vaccination
was significantly associated with a reduced risk of devel-
oping dementia. The fully adjusted model (model 3:
adjusted for IMD, ethnicity, time-dependent indicators
for the conditions in the Charlson Comorbidity Index,
and time-dependent antiviral status) produced a hazard
ratio of 0.78 (with 95% CI: 0.77-0.79) and for other types
of dementia (HR: 0.71; 95% CI: 0.69-0.72). The reduced
HR was less pronounced in AD (HR: 0.91; 95% CI: 0.89—
0.92). The results from the stratified analysis by gen-
der suggested similar patterns as seen in non-stratified
analysis. However, the HRs for males were slightly higher
than those for females. The HRs for all types of dementia
decreased with increasing age group.

In the influenza vaccination cohort (Table 3), the
results from the fully adjusted model (model 3) also sug-
gested a slightly reduced hazard ratio (HR) risk of AD and
other types of dementia (HR 0.96 with 95% of 0.94-0.97
and HR 0.89 with 95% CI of 0.87-0.90, respectively) but
not with AD (HR 1.10 with 95% CI of 1.07-1.12). Results
similar to those reported in zoster were seen with gender.
In age subgroup analyses, results were inconsistent as
reported in zoster vaccination. Moreover, non-significant
HRs were observed in age group 70-74, 75-79 and 90 +.

In the zoster cohort, the smallest E-value was seen in
AD (1.44 with E-value closet to 1 equal to 1.38). Similar
patterns were also applied to stratified analyses by gen-
der and age group (Table 2). In the influenza cohort, a
smaller E-value was found (1.26 with E-value closet to 1
of 1.20) (Table 3).

Table 4 showed results of HRs of developing demen-
tia according to zoster and influenza vaccination from
the sensitivity analysis for the left censoring at 2 years
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Table 1 General characteristics of vaccinated and unvaccinated groups based on vaccination type
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Vaccination type Demographic/Characteristic Vaccinated  Matched Prevalence ratio (95% Cl)
patients comparators
n % n %
Zoster All 854,745 8,490,813

Gender Male 407,361 47.7 4046215 47.7
Female 447,384 523 4444598 523

Age 70-74 519,822 60.8 5,177,036 61.0
75-79 275,698 323 2,733,974 322
80-84 58401 68 572024 67
85-89 610 0.1 5,821 0.1
90+ 214 0.03 1,958 0.02

Ethnicity White 702463 822 6,636,714 782
Asian 25113 29 226362 2.7
Black 10488 1.2 116,742 14
Other 8,569 1.0 93,022 1.1
Unknown 108,112 126 1417973 16.7

IMD 1 (least deprived) 236,851 27.7 2,238,248 264
2 205,189 24.0 2,000,088 23.6
3 171,309 200 1,721,476 203
4 137,555 161 1,412,409 166
5 (most deprived) 103,292 12.1 1,112,569 13.1
Unknown 549 0.1 6,023 0.1

Baseline comorbidities:
Any malignancy 193,171 226 1,905820 224 1.01(1.00,1.01)
Cerebrovascular disease 85,038 99 858,129 10.1 0.98(0.98,0.99)
Chronic pulmonary disease 71459 20.1 1,587,020 187 1.07(1.07,1.08)
Congestive heart failure 44400 52 454834 54 097(0.96,0.98)
Diabetes with chronic complica- 103,028 12.1 909,926  10.7 2(1.12,1.13)
tions
Diabetes without chronic com- 161,741 189 1,443,053 170 1.11(1.11,1.12)
plications
AIDS/HIV 194 0.02 4,855 0.1 0.40(0.34,046)
Hemiplegia or paraplegia 8,184 1.0 105649 12 0.77(0.75,0.79)
Metastatic solid tumour 14187 1.7 195887 23 0.72(0.71,0.73)
Mild liver disease 14,457 1.7 160,340 19 0.90(0.88,091)
Moderate or severe liver disease 5,505 06 65993 08 0.83(0.81,0.85)
Myocardial infarction 61,399 7.2 588844 69 1.03(1.03, 1.04)
Peptic ulcer disease 59548 70 571816 6.7 1.03(1.02,1.04)
Peripheral vascular disease 50,170 59 502,301 59 0.99(0.98, 1.00)
Renal disease 143,735 168 1,371,452 162 1.04(1.03,1.05)
Rheumatic disease 55879 65 653,749 7.7 0.85(0.84,0. 86)

Antiviral treatment history (at baseline) 90,344 106 845499 100 1.06(1.05,1.07)
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Table 1 (continued)

Vaccination type Demographic/Characteristic Vaccinated  Matched Prevalence ratio (95% Cl)
patients comparators
n % n %
Influenza All 742,487 7,219,770
Gender Male 344460 464 3,351,283 464
Female 398,027 53.6 3,868487 536
Age 70-74 307,303 414 3,071,413 425
75-79 201,955 272 1992571 276
80-84 130,963 176 1,271,165 176
85-89 68996 93 640653 89
90+ 33270 45 243968 34
Ethnicity White 607,439 81.8 5468741 757
Asian 21,003 28 167,049 23
Black 9630 13 106665 15
Other 7,763 1.0 75,869 1.1
Unknown 96,652 13.0 1,401,446 194
IMD 1 (least deprived) 199,952 269 1,877,787 260
2 172,867 233 1,664,335 23.1
3 149466 20.1 1,460,983 20.2
4 122,125 164 1,204,077 16.7
5 (most deprived) 97481 13.1 1,005699 139
Unknown 596 0.1 6,889 0.1

Baseline comorbidities:

Any malignancy 201,889 272 1,730,019 240 1.13(1.12,1.13)
Cerebrovascular disease 98,482 133 880,249 122 1.07(1.06,1.08)
Chronic pulmonary disease 154,449 208 1,254,053 174 1.19(1.19,1.20)
Congestive heart failure 57,757 78 485843 6.7 1.13(1.12,1.14)

Diabetes with chronic complica- 91,204 123 742,247 103 1.19(1.18,1.20)
tions

Diabetes without chronic com- 141,673 19.1 1,176490 163 1.17(1.16,1.17)

plications

AIDS/HIV 277 004 2,564 004 1.06(0.93,1.19)
Hemiplegia or paraplegia 10,097 14 101,623 14 095(0.93,097)
Metastatic solid tumour 17522 24 160371 22 1.06(1.05,1.08)
Mild liver disease 15922 21 142440 20 1.09(1.07,1.11)

Moderate or severe liver disease 5,612 0.8 49966 0.7 1.10(1.07,1.13)

Myocardial infarction 61,985 83 522655 72 1.14(1.13,1.15)
Peptic ulcer disease 55,733 75 487815 68 1.10(1.09,1.11)
Peripheral vascular disease 52918 7.1 457310 63 1.11(1.10,1.12)
Renal disease 163,397 220 1,396,081 193 1.12(1.11,1.12)
Rheumatic disease 63,273 85 540,083 75 1.13(1.12,1.14)

Antiviral history (at baseline) 81419 11.0 716244 99 1.10(1.10,1.11)
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Table 2 Hazard ratio of developing dementia according to zoster vaccination

Vaccine type Demographic Category Dementiatype Model 1: HR (95%C.l.) Model 2: HR (95%C.l.) Model 3: HR (95%C.l.) E-value®

Zoster All All 0.80 (0.79-0.81) 0.78(0.77-0.79) 0.78 (0.77-0.79) 1.89(1.85)
Alzheimer's 0.94 (0.92-0.96) 0.91 (0.89-0.92) 91 (0.89-0.92) 1.44 (1.38)

Other 0.73(0.72-0.74) 0.71(0.69-0.72) 0.71 (0.69-0.72) 2.19(2.13)

Gender Male All 0.86 (0.85-0.88) 0.83 (0.81-0.85) 0.83 (0.81-0.85) 1.71 (1.65)
Alzheimer's 1.04 (1.00-1.07) 0.99 (0.96-1.02) 0.99 (0.96-1.02) 1.12 (1.00)

Other 0.79 (0.77-0.80) 0.76 (0.74-0. 77) 0.76 (0.74-0.77) 1.98 (1.90)

Female All 0.76 (0.74-0.77) 0.74 (0.73-0.75) 0.74 (0.73-0.75) 2.05(1.99)

Alzheimer's 0.87 (0.85-0.90) 0.85 (0.83-0.88) 0.85(0.83-0.88) 1.62 (1.54)

Other 0.68 (0.67-0.70) 0.66 (0.65-0.68) 0.66 (0.65-0.68) 2.38(2.30)

Age 70-74 All 0.86 (0.84-0.88) 0.81 (0.79-0.83) 0.81(0.79-0.83) 1.76 (1.69)
Alzheimer's 1.02 (0.98-1.06) 0.97 (0.93-1) 0.97 (0.93-1) 1.23 (1.00)

Other 0.77 (0.74-0.79) 0.72 (0.7-0.75) 0.72(0.7-0.75) 2.12(2.02)

75-79 All 0.77 (0.76-0.79) 0.75(0.74-0.77) 0.75(0.74-0.77) 1.99 (1.94)

Alzheimer's 0.90 (0.87-0.92) 0.87 (0.85-0.9) 0.87 (0.85-0.9) 1.55 (1.46)

Other 0.70 (0.69-0.72) 0.68 (0.66-0.7) 0.68 (0.66-0.7) 230(222)

80-84 All 0.82(0.79-0.84) 0.8 (0.78-0.82) 0.8 (0.78-0.82) 1.81(1.72)

Alzheimer's 0.93 (0.88-0.97) 091 (O 87-0.95) 0.91 (0.87-0.95) 1.44 (1.28)

Other 0.76 (0.73-0.79) 0.74(0.71-0.77) 0.74 (0.71-0.77) 03 (1.91)

85-89 All 0.78 (0.62-0.99) 0.78 (0.61-0.99) 0.77 (0.61-0.99) 90 (1.13)

Alzheimer's 0.91 (0.60-1.38) 0.93 (06 1.43) 0.93 (0.6-1.43) 1.36 (1.00)

Other 0.73 (0.55-0.98) 0.72 (O 54-0. 96) 0.71 (0.53-0.96) 6(1.27)

90+ All 0.83 (0.57-1.20) 0.74 (0.51-1.09) 0.75(0.51-1.09) 2.02(1.00)

Alzheimer's 0.57 (0.22-1.44) 0.39 (O 13-1.22) 0.39(0.13-1.22) 4.52(1.00)

Other 0.90 (0.60-1.34) 0.83 (0.55-1.27) 0.83 (0.55-1.27) 1.69 (1.00)

Model 1: Adjusted for gender, age, and practice-level factors. Model 2: Further adjustments for IMD, ethnicity, and time-dependent indicators for the conditions in the
Charlson Comorbidity Index. Model 3: Further adjustments for IMD, ethnicity, time-dependent indicators for the conditions in the Charlson Comorbidity Index, and

time-dependent antiviral status

2 E-value and minimum effect (confidence interval closest to the null) based on HR estimates with model 3

of follow-up. HRs for all models showed similar pattern
although slightly attenuated.

Discussion
In this study, we investigated the effect of zoster vacci-
nation on dementia risk in a large UK population-based
data, the CPRD. We reported an inverse association
between zoster vaccination and dementia outcome in our
fully adjusted model (HR 0.78, 95% CI: 0.77-0.79). For
Alzheimer’s disease, the effect size is smaller (HR 0.91,
95% CI: 0.89-0.92) however this result is likely only sig-
nificant because of the very large sample size involved.
The magnitude is negligible. To investigate if the result
seen was exclusive to HZ vaccination, we also explored
the effect of influenza vaccine and dementia/Alzheimer’s
disease. We found a slight decreased hazard risk with HR
of 0.96 (95% CI: 0.94—0.97) for dementia and HR of 1.10
(95% CI: 1.07-1.12) for Alzheimer’s disease.

A number of population-based studies have suggested
a link between herpes zoster infection or vaccine against
shingles and dementia [6-9, 27]. There are, however,

other population based-studies that did not show any
association between zoster infection and dementia risk
[28, 29].

To prevent viral HZ, HZ vaccine stimulates the body’s
immune system such that when VZV reactivates, the
immune system rapidly recognises it as harmful and will
trigger a response to limit the infection.

Our findings are in keeping with other population-
based studies. These studies were included in a recent
meta-analysis study which was published in 2022 [16].
The study included 17 high quality population-based
studies with 1,857,134 participants. The studies investi-
gated various types of vaccine including vaccines target-
ing HZ. The results suggested a significant decreased risk
of dementia by 31% in their subgroup analysis of HZ-vac-
cinated compared to non-vaccinated subjects. The author
reported significant heterogeneity of the included stud-
ies; nevertheless, all studies showed a protective effect of
HZ vaccination (HR 0.69, 95% CI: 0.67-0.72, P<0.001).
Our study reported a slightly smaller effect of risk reduc-
tion. Another study investigated the association of
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Table 3 Hazard ratio of developing dementia according to influenza vaccination

Vaccine type Demographic Category Dementiatype Model 1: HR (95%C.l.) Model 2: HR (95%C.l.) Model 3: HR (95%C.l.) E-value®

Influenza All All 1.03 (1.02-1.05) 0.96 (0.94-0.97) 0.96 (0.94-0.97) 1.26 (1.20)

Alzheimer's 1.15(1.12-1.18) 1.1 (1.07-1.12) 1.10(1.07-1.12) 142 (1.33)

Other 0.98 (0.96-1.00) 0.89 (0.87-0.91) 0.89 (0.87-0.91) 1.50 (1.44)

Gender Male All 1.07 (1.04-1.09) 0.97 (0.94-0.99) 0.97 (0.94-0.99) 1.23(1.11)

Alzheimer’s 1.20(1.15-1.25) 1.11(1.07-1.16) 1.11(1.07-1.16) 147 (1.33)

Other 1.01 (0.98-1.04) 0.9 (0.88-0.93) 0.90 (0.88-0.93) 145 (1.35)

Female All 1.01 (0.99-1.03) 0.95 (0.93-0.97) 0.95 (0.93-0.97) 129 (1.21)

Alzheimer's 1.13(1.09-1.17) 08 (1.05-1.12) 1.08 (1.05-1.12) 1.38(1.27)

Other 0.96 (0.93-0.98) 0.88 (0.86-0. 9) 0.88 (0.86-0.9) 1.53 (1.46)

Age 70-74 All 1.11(1.07-1.16) (O 97-1.05) 1.01 (0.97-1.05) 1.09 (1.00)

Alzheimer's 1.27 (1.20-1.35) 8(1.1 26) 1.18 (1.11-1.26) 1.65 (1.46)

Other 1.02 (0.97-1.08) 0.9 (O 85-0. 96) 0.9 (0.85-0.95) 145 (1.27)

75-79 All 1.06 (1.03-1.10) 0.98 (094 01) 0.97 (0.94-1.01) 1.19 (1.00)

Alzheimer's 1.14 (1.08-1.20) 07 (1.02-1.13) 1.07 (1.02-1.13) 1.34 (1.14)

Other 1.01 (0.97-1.06) 092 (O 88-0. 96) 0.92 (0.88-0.96) 141 (1.26)

80-84 All 1.00 (0.97-1.03) 0.94 (0.91-0.97) 0.94 (0.91-0.97) 1.31(1.20)

Alzheimer's 1.15(1.09-1.2) 1(1.06-1.17) 1(1.06-1.17) 147 (1.32)

Other 0.93 (0.89-0.96) 0.86 (0.83-0. 89) 0.86 (0.83-0.89) 1.60 (1.49)

85-89 All 0.97 (0.94-1.01) 0.91 (0.88-0.94) 0.91 (0.88-0.94) 144 (1.33)

Alzheimer’s 1.08 (1.02-1.14) 03 (0.97-1.09) 1.03 (0.97-1.09) 1.21 (1.00)

Other 0.93 (0.9-0.97) 0.85 (0.82-0. 89) 0.85 (0.82-0.89) 1.62 (1.50)

90+ All 1.09 (1.04-1.14) 01 (0.97-1.06) 01 (0.97-1.06) 1.12(1.00)

Alzheimer’s 1.19(1.09-1.3) 4(1.04-1.25) 1.14 (1.04-1.25) 1.54 (1.25)

Other 1.06 (1.01-1.11) 0.98 (0.93-1.03) 0.98 (0.93-1.03) 1.19 (1.00)

Model 1: Adjusted for gender, age, and practice-level factors. Model 2: Further adjustments for IMD, ethnicity, and time-dependent indicators for the conditions in the
Charlson Comorbidity Index. Model 3: Further adjustments for IMD, ethnicity, time-dependent indicators for the conditions in the Charlson Comorbidity Index, and

time-dependent antiviral status

2 E-value and minimum effect (confidence interval closest to the null) based on HR estimates with model 3

shingles vaccination with incident dementia in Wales
between 2013 and 2020 using retrospectively collected
national health data. The study showed adjusted hazard
ratio: 0.72; 95% CIL: 0.69-0.75). The authors suggested
selection bias could account for the reduced risk [30]. In
contrast, the study using CPRD (both Gold and Aurum
dataset) with a population aged >50 years during 1988—
2018 suggested no association between shingles vaccina-
tion and dementia (OR 0.95 with 95%CI 0.92-0.98). The
fact that shingles vaccination is available in the UK for
people aged 70 onwards, by inclusion of people aged 50
could reduce the overall estimated risk. The authors also
suggested frailty may also play a role as the study had lim-
ited access to data to enable assessment of the frailty of
the participants [31]. This was also the case for our study.

Our study derives strength from using a very large UK
population-based dataset, CPRD Aurum. The CPRD col-
lects fully coded patient electronic health records from
GP practices. The CPRD data are available for research
with an approved project. Our analyses accounted for
confounding factors that other studies did not adjust for

such as time-dependent viral medication and CCI. We
explored our fitted model with fixed covariates and time-
dependent covariates. The latter approach was recom-
mended based on the assumption that factors may change
over the period of time that the subject is observed [32].
The observed association between outcome and time-
dependent covariates may be biased if they are not appro-
priately modelled [33]. In our study, anti-viral treatments
and co-morbidity were the two factors that could poten-
tially change over time, therefore fitting the model with
these two time-dependent variables could reduce any bias
in our findings. Model 1 (fitted with confounding factors
including gender, age, and practice-level factors), model
2 (with further adjustments for IMD, ethnicity, and time-
dependent indicators for the conditions in the Charl-
son Comorbidity Index-CCI) and model 3 (with further
adjustments for IMD, ethnicity, time-dependent indicators
for the conditions in the Charlson Comorbidity Index, and
time-dependent antiviral status) results showed similar
effects. In this study, we applied an index with an adjust-
ment on indicators for each of the conditions to derive a
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Table 4 Hazard ratio of developing dementia according to zoster and influenza vaccination—sensitivity analysis with left-censoring at
2 years of follow-up

Vaccinetype  Demographic  Category Dementiatype Vaccinated Matched Model 1: HR (95% Cl) Model 2: HR (95% Cl)  Model 3: HR (95% Cl)
comparators
zoster All All 16,782 94,144 0.86 (0.85,0.88) 0.83(0.81,0.84) 0.83(0.81,0.84)
Alzheimer's 6893 33,133 01(0.99, 1.04) 0.98(0.95,1.01) 0.98(0.95,1.01)
Other 9889 61,011 0.78 (0.76,0.80) 0.75(0.73,0.76) 0.75(0.73,0.76)
Gender Male All 7930 39,710 0.93(0.91,0.95) 0.88(0.86,0.91) 0.88(0.86,0.91)
Alzheimer’s 2995 12,551 1.12(1.08,1.17) 07(1.02,1.12) 07(1.02,1.12)
Other 4935 27,159 0.84 (0.81,0.87) 0.80(0.77,0.83) 0.80(0.77,0.83)
Female All 8852 54,434 81(0.79,0.83) 0.79(0.77,0.81) 0.79(0.77,0.81)
Alzheimer's 3898 20,582 0.95(0.91,0.98) 0.92 (0.89,0.95) 0.92 (0.89,0.95)
Other 4954 33,852 0.73(0.71,0.76) 0.70 (0.68,0.73) 0.70 (0.68,0.73)
Age 70-74 All 4853 22,594 0.90 (0.87,0.93) 0.84(0.82,0.87) 0.84(0.82,0.87)
Alzheimer’s 2015 8099 1.08 (1.02,1.13) 1.01(0.96, 1.07) 01(0.96, 1.07)
Other 2838 14,495 81(0.78,0.84) 0.75(0.71,0.78) 0.75(0.71,0.78)
75-79 All 8491 38,608 0.84(0.81,0.86) 0.80(0.78,0.82) 0.80(0.78,0.82)
Alzheimer’s 3486 13,425 0.99 (0.95, 1.03) 0.96 (0.92, 1.00) 0.96 (0.92, 1.00)
Other 5005 25,183 0.75(0.73,0.78) 0.72(0.70,0.75) 0.72(0.70,0.75)
80-84 All 3377 22,939 0.88 (0.85,0.91) 0.86 (0.83,0.89) 0.86 (0.83,0.89)
Alzheimer’s 1369 8200 0.99 (0.93, 1.05) 0.97 (091, 1.03) 0.97 (0.91, 1.03)
Other 2008 14,739 0.82(0.78,0.86) 0.80(0.76, 0.84) 0.80(0.76, 0.84)
85-89 All 53 347 0.95(0.70, 1.28) 0.95(0.69, 1.31) 0.94 (0.68, 1.30)
Alzheimer’s 21 86 1.37(0.81,2.31) 146 (0.82, 2.59) 1.54(0.86, 2.75)
Other 32 261 0.80(0.55,1.17) 0.77 (0.52,1.15) 0.75(0.50, 1.13)
90+ All 8 9656 040 (0.18,0.89) 0.33(0.15,0.75) 0.33(0.15,0.75)
Alzheimer’s <5 3323 0.59(0.13,267) 0.53(0.12,2.39) 0.53(0.12,2.39)
Other 6 6333 0.36 (0.14,0.91) 0.29(0.11,0.74) 0.28(0.11,0.74)
Influenza All All 7786 32414 1.13(1.10,1.17) 1.06 (1.03,1.09) 1.06 (1.03,1.09)
Alzheimer’s 2823 10,971 1.26(1.21,1.33) 1.20(1.14,1.25) 1.20(1.14,1.25)
Other 4963 21,443 1.07 (1.03,1.11) 0.98(0.95,1.02) 0.99 (0.95,1.02)
Gender Male All 3187 12,010 1.20(1.15,1.26) 1.09 (1.04, 1.15) 1.09 (1.04, 1.15)
Alzheimer's 1099 3963 132(1.22,1.43) 1.22(1.13,1.32) 1.22(1.13,1.32)
Other 2088 8047 5(1.08,1.21) 1.05(0.99,1.11) 1.05(0.99,1.11)
Female All 4599 20,404 1.09 (1.05, 1.13) 1.03 (0.99, 1.07) 1.03 (0.99, 1.07)
Alzheimer’s 1724 7008 1.23(1.16,1.31) 1.18(1.11,1.26) 1.18(1.11,1.26)
Other 2875 13,396 1.02 (0.97,1.07) 0.95 (0.90, 0.99) 0.95 (0.90, 0.99)
Age 70-74 All 1440 5375 1.21(1.14,1.29) 1.12(1.05,1.19) 1.12(1.05,1.19)
Alzheimer’s 594 1967 146 (1.32,1.61) 1.36(1.23,1.51) 1.37(1.24,1.51)
Other 846 3408 1.08 (1.00, 1.17) 0.99 (0.91,1.08) 0.99 (0.90, 1.08)
75-79 All 1987 7327 2(1.06,1.18) 1.04(0.98,1.10) 1.04(0.98,1.10)
Alzheimer’s 790 2734 1.20(1.10,1.31) 1.16 (1.06, 1.26) 1.16 (1.06, 1.26)
Other 1197 4593 1.07 (1.00, 1.14) 0.96 (0.89, 1.04) 0.96 (0.89, 1.04)
80-84 All 2208 7341 2(1.06,1.18) 1.06 (1.00, 1.12) 1.06 (1.00, 1.12)
Alzheimer's 843 2589 1.26 (1.16,1.38) 1.22(1.12,1.33) 1.22(1.12,1.33)
Other 1365 4752 1.04(0.98, 1.12) 0.98 (0.91, 1.05) 0.98 (0.92, 1.06)
85-89 All 1462 4502 1.07 (1.00, 1.15) 1.00 (0.93,1.07) 1.00 (0.93,1.07)
Alzheimer's 447 1378 0(0.97,1.24) 1.04(0.92,1.18) 1.04(0.92,1.18)
Other 1015 3124 1.06 (0.98,1.15) 0.97 (0.89, 1.06) 0.97 (0.89, 1.06)
90+ All 689 7869 19(1.07,1.33) 1.13(1.01,1.27) 1.13(1.01,1.27)
Alzheimer's 149 2303 142(1.13,1.79) 1.37(1.09, 1.73) 1.37(1.08,1.72)
Other 540 5566 .13(1.00,1.28) 1.09 (0.95, 1.24) 1.09 (0.95, 1.24)

Model 1: Adjusted for gender, age, and practice-level factors. Model 2: Further adjustments for IMD, ethnicity, and time-dependent indicators for the conditions in the
Charlson Comorbidity Index. Model 3: Further adjustments for IMD, ethnicity, time-dependent indicators for the conditions in the Charlson Comorbidity Index, and
time-dependent antiviral status
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CCL Most of the studies in the literature used a combina-
tion of selected illnesses. CCI provides a more overview of
health status. We also investigated the prevalence ratios of
co-morbidity, which were similar between the two cohorts
indicating that the potential for selection bias was low.

To enable comparison between zoster and influenza vac-
cination, we restricted both cohorts for eligibility from year
2013 onwards when zoster vaccination was widely avail-
able from the National Health Services. We investigated if
a common vaccine such as influenza, when used over the
same time period, had a similar effect to zoster vaccine,
thereby testing if any vaccine, regardless of its type, showed
similar effects. The analysis of influenza vaccination was
carried out as a “comparator group” which aimed to help
identify and resolve whether there was possible residual
confounding [34]. Our results showed that influenza vacci-
nation was also associated with reduction of dementia risk:
however the effect was very small (HR 0.96 with 95% C.I
0.94—0.97). Influenza vaccine is routinely offered by the UK
National Health Service to adult aged 50 and over and any-
one with specific underlying health problems (https://www.
nhs.uk/conditions/vaccinations/flu-influenza-vaccine/).
Our findings were in-keeping with findings from recent
meta-analysis studies. In January 2022, a meta-analysis of
influenza vaccination by Veronese et al. reported a signifi-
cant reduction associated with influenza vaccination and
dementia risk (RR=0.97; 95% CIL: 0.94—1.00; Z=99%). The
authors included 5 studies with 292,157 older people free
from dementia at baseline. Each study adjusted for various
confounding factors, however none of these studies adjusted
for anti-viral treatment and co-morbidity adjustment was
different between studies. The authors discussed potential
bias introduced by not including the influenza vaccination
status during follow-up as a covariate, except in one study
[35]. Publication bias was also identified as a source of bias
in their meta-analysis. In May 2022, another meta-analysis
study investigated various types of vaccines and dementia
risk. They reported significant risk reduction in all vaccina-
tions including rabies (HR=0.43), tetanus & diphtheria &
pertussis (HR=0.69), herpes zoster (HR=0.69), influenza
(HR=0.74), hepatitis A (HR=0.78), typhoid (HR=0.80),
and hepatitis B (HR=0.82) vaccinations [16]. However, the
study found that any individuals who received between 1 to
3 influenza vaccinations during the follow-up period had
no reduced risk of dementia compared to unvaccinated
individuals. Only individuals with at least 4 annual influ-
enza vaccinations had a 49% reduced hazard risk of demen-
tia (HR=0.51, 95% CI: 0.32—0.80, P=0.003). The authors
addressed unmeasured or residual confounding as a poten-
tial bias of the analyses in the original studies. Despite the
slightly decreased HR seen in our study, the benefit of influ-
enza vaccine in preventing influenza itself is paramount,
particularly in the elderly population.
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We also performed an E-value analysis. This particu-
lar analysis is proposed as a sensitivity analysis in obser-
vational studies to assess the robustness of an association
which has potential unmeasured confounders which could
potentially bias the results. A large E-value implies that
considerable unmeasured confounding would be needed
to explain an effect estimate. A small E-value implies lit-
tle unmeasured confounding would be needed to explain
an effect estimate [26]. The E-value results for zoster vac-
cination using the HR from model 3 produced a value of
1.89 with a lower limit of the confidence interval of 1.85.
This indicates that our finding for zoster vaccination of a
reduced HR of 0.78 (95%CI 0.77-0.79) is therefore unlikely
to be accounted for by unmeasured confounding factors.
The result seen for the E-value for the influenza vaccine
result (E-value 1.26 with E-value closet to 1 of 1.20), how-
ever, suggests that residual confounding could account for
the magnitude of the result (0.96 with 95%CI 0.94—0.97)).

To explore if vaccination could directly influence
dementia development over longer time periods after
vaccination, we carried out sensitivity analysis with left-
censoring at 2 years after vaccination (or matching for
the comparators). Although slightly attenuated, the pat-
tern of results remains the same.

Our results support the suggestion that there is a spe-
cific effect of vaccinations against Herpes zoster rather
than a non-specific immune stimulatory effect of other
types of vaccinations, given that the influenza vaccina-
tion did not show a large effect.

The limitations of our study included potential variation
in the definition and use of medical codes between practices
[36]. However, we included only practices that were classed
as ‘Tesearch standard. In addition, the records of anti-viral
treatment could be incomplete due to missing information
on over-the-counter medications. Furthermore, selection
bias cannot be ruled out. For example, there is a possibility
that people who had received vaccinations were more likely
to visit a physician than those in the non-vaccinated group,
potentially indirectly increasing the chance of dementia
detection. We have adjusted for co-morbidity but as for any
epidemiological study there remains potential for bias and
confounding. For studies of the effect of vaccination, this
may pertain in particular to the possibility that the group
that takes up vaccination are inherently healthier [37]. In
reality, the only way to fully address this in future studies is
to undertake a randomised control trial.

Conclusion
In conclusion, our study found a significant reduced
hazard of developing dementia in individuals who had
had HZ vaccination as compared to non-vaccinated
individuals.
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