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Background. Observational studies suggesting that immunizations strongly decrease the risk of dementia had several 
methodological limitations. We assessed whether common vaccines are associated with the risk of dementia.

Methods. We assembled a population-based cohort of dementia-free individuals aged ≥50 years in the United Kingdom’s 
Clinical Practice Research Datalink between 1988 and 2018. Using a nested case-control approach, we matched each patient 
with dementia with 4 controls. Conditional logistic regression yielded confounder-adjusted odds ratios (ORs) with 95% 
confidence intervals (CIs) of dementia associated with common vaccines >2 years before the index date compared with no 
exposure during the study period. Moreover, we applied a 10-year lag period and used active comparators (participation in 
breast or prostate cancer screening) to account for detection bias.

Results. Common vaccines were associated with an increased risk of dementia (OR, 1.38 [95% CI, 1.36–1.40]), compared with 
no exposure. Applying a 10-year lag period (OR, 1.20 [95% CI, 1.18–1.23]) and comparing versus prostate cancer screening (1.19 [ 
1.11–1.27]) but not breast cancer screening (1.37 [1.30–1.45]) attenuated the risk increase.

Conclusions. Common vaccines were not associated with a decreased risk of dementia. Unmeasured confounding and 
detection bias likely accounted for the observed increased risk.
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Dementia currently affects 50 million people globally, and its 
prevalence is expected to triple in the next decades owing to 
the aging population [1]. Given the scarcity of effective treat
ments and the poor prognosis of dementia, a major research fo
cus has been the understanding of its pathology, with the 
ultimate aim being the development of novel therapeutic and 
prevention strategies. Based on numerous preclinical, serolog
ical, and pathological studies suggesting a link between a wide 
range of infectious pathogens and the development of demen
tia, the infectious hypothesis was postulated [2–8]. More re
cently, population-based observational studies corroborated 
this hypothesis by showing that infectious disease burden is as
sociated with an increased risk of dementia [9–11].

Considering this growing body of evidence, a role for vaccines 
as preventive intervention for dementia was proposed. Indeed, 
subsequent observational studies uniformly reported strongly 
decreased risks of dementia (up to 80%) associated with several 
routinely administered vaccines, including those for influenza 
[12–14], shingles [15–17], or tetanus, diphtheria, and pertussis 
[17–19]. However, these studies had several potential methodo
logical limitations, such as protopathic bias and detection bias 
due to the absence of a lag period [12–18] and immortal time 
bias [14, 15, 17, 18]. Moreover, healthy vaccinee bias poses an ad
ditional challenge for observational studies that aim to assess po
tentially beneficial effects of vaccines [20]. Of note, several of the 
aforementioned biases could lead to decreased effect estimates 
and spurious associations [21, 22]. Therefore, the interpretation 
of these impressive findings is challenging, and their potential 
translation in clinical practice unclear.

Given the limitations of available evidence, more research is 
urgently needed to address this clinically important question. 
To this end, we conducted a large, population-based cohort 
study to assess whether exposure to commonly administrated 
vaccines is indeed associated with a decreased risk of dementia.

METHODS

Data Source

We conducted a cohort study with a nested case-control anal
ysis using the GOLD and Aurum data sets from the United 
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Kingdom Clinical Practice Research Datalink (CPRD). The 
CPRD is a large primary care database enrolling >50 million 
patients across 1900 publicly funded UK practices, and it is 
broadly representative of the general population for critical var
iables such as age, sex, and ethnicity [23]. Medical diagnoses 
and procedures are coded using the Read code (GOLD) and 
SNOMED (Aurum) classification systems, and drugs pre
scribed by general practitioners are coded using the UK 
Prescription Pricing Authority Dictionary [23]. General practi
tioners in the United Kingdom serve as the first point of contact 
for nonemergency health-related issues. Thus, information on 
routinely recorded immunization, symptoms, laboratory tests, 
diagnoses, therapies, health-related behaviors, and referrals to 
secondary care is recorded in the database [23].

The CPRD undergoes routine quality control assessments, 
and recorded diagnoses are valid and of high quality [24]. To 
obtain proxies of socioeconomic status, the CPRD was linked 
to the Index of Multiple Deprivation (IMD), an area-level mea
sure of deprivation comprising 7 domains (income, employ
ment, education, health, crime, barriers to housing and 
services, and living environment) [25]. The study protocol 
was approved by the Independent Scientific Advisory 
Committee of the CPRD (protocol 21_000550) and the 
Research Ethics Board of the Jewish General Hospital in 
Montreal, Quebec, Canada. Written consent from participants 
was not required owing to the use of anonymized data.

Study Cohort

The study cohort included all individuals aged ≥50 years who 
were enrolled in the CPRD between 1 January 1988 and 31 
December 2018. Cohort entry was defined as the date of the 
study participant’s 50th birthday or 1 year after their date of en
rollment in the database, whichever occurred later. All partici
pants were required to be dementia free at cohort entry; thus, 
we excluded those with a prior diagnosis of any dementia, in
cluding mild cognitive impairment, and those with early signs 
or symptoms suggestive of dementia (eg, memory impairment, 
aphasia, apraxia, and agnosia) at any time before cohort entry. 
Moreover, we excluded persons with prescriptions for medica
tions indicated for the treatment of dementia, including acetyl
cholinesterase inhibitors (eg, donepezil, rivastigmine, and 
galantamine) and N-methyl-D-aspartate receptor antagonists 
(memantine) at any time before cohort entry. All eligible par
ticipants were then followed up from the date of cohort entry 
until the date of the first outcome event, the end of registration 
with the general practice, death from any cause, or the end of 
the study period (31 March 2021), whichever came first.

Case Definition

Within the study cohort, we identified all patients with a first- 
time diagnosis of dementia at any time after cohort entry. The 
diagnosis of dementia was based on Read codes (CPRD GOLD) 

and SNOMED codes (CPRD Aurum). The index date was set as 
the date corresponding to the date of the diagnostic code. 
Codes for dementia diagnoses have previously been confirmed 
to be reliable in the CPRD [26].

Control Selection

We used risk-set sampling to select appropriate controls. Each 
patient with dementia was matched with up to 4 dementia-free 
controls randomly selected from the risk set defined by the pa
tient with dementia (ie, those still being followed up and event 
free at the date of the dementia event). Matching criteria in
cluded sex, age, year of cohort entry, duration of follow-up, 
and CPRD data set. Sex, age, year of cohort entry, and CPRD 
data set were included to minimize the potential confounding 
effect of these covariates, while duration of follow-up was in
cluded to ensure that patients with dementia and controls 
have an equal time-window to get exposed to vaccines and 
thus to avoid time-window bias [27]. The date corresponding 
to the same duration of follow-up for the case patients and con
trols was set as the index date for the controls. To avoid selec
tion bias, controls could contribute to different risk sets and 
eventually become a case patient.

Exposure Definition

For all case patients and controls, we assessed the exposure to 
any of the common vaccines with a potential link to the risk 
of dementia that were received for the first time after cohort en
try: immunization for influenza, pneumonia, shingles, tetanus, 
diphtheria, or pertussis. To account for the nonacute nature of 
dementia and potential diagnostic delays and to control for pro
topathic bias and early detection bias, we implemented a 2-year 
lag period [28, 29]. Thus, immunizations within 2 years before 
the dementia diagnosis for case patients or the corresponding in
dex date for controls were considered unrelated to dementia, and 
these patients and controls were considered unexposed.

Covariates

We adjusted for the following potential confounders measured 
at cohort entry: body mass index category (<18.5, 18.5–24.9, 
25–29, ≥ 30, or unknown [calculated as weight in kilograms di
vided by height in meters squared] in the last measurement be
fore cohort entry), smoking history (ever, never, or unknown), 
socioeconomic status (IMD quintiles 1–5), and ethnicity. We 
also adjusted for a wide range of comorbid conditions, includ
ing alcohol-related disorders, arterial hypertension, atrial fibril
lation, congestive heart failure, coronary artery disease, stroke 
or transient ischemic attack, peripheral vascular disease, dysli
pidemia, diabetes mellitus, chronic kidney disease, liver disease, 
depression, epilepsy, Parkinson disease, traumatic brain injury, 
osteoporosis, hypothyroidism, and cancer, all diagnosed before 
cohort entry. Moreover, we adjusted for the use of the following 
drugs in the year before cohort entry: treatment for varicella 
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zoster virus infection, antibiotics, oral anticoagulants, anti
platelet agents, lipid-lowering drugs, β-blockers, thiazides, 
angiotensin-converting enzyme inhibitors, angiotensin II re
ceptor blockers, calcium channel blockers, proton pump inhib
itors, nonsteroidal anti-inflammatory drugs, opioids, 
immunosuppressants and biologics, antipsychotics, and 
antidepressants.

Primary Analysis

We used conditional logistic regression to estimate odds ratios 
(ORs) and 95% confidence intervals (CIs) for dementia associ
ated with exposure to any of the common vaccines, compared 
with no exposure to these vaccines. To maximize the validity 
and completeness of the underlying data, we did not consider 
in the analyses case patients and matched controls who entered 
the study cohort in CPRD Aurum before 1 January 1996 [30]. 
We also excluded case patients and matched control with 
<2 years of follow-up, owing to the use of a 2-year lag period.

Secondary Analyses

We conducted 8 exploratory secondary analyses. First, we as
sessed the effect of each vaccine (influenza, pneumonia, shingles, 
tetanus, diphtheria, and pertussis) separately. Exposure to the tet
anus vaccine was defined as exposure to the diphtheria- 
tetanus-pertussis (combined), diphtheria-tetanus (combined), 
or tetanus-only vaccine. Exposure to the diphtheria vaccine 
was defined as exposure to the diphtheria-tetanus-pertussis 
(combined), diphtheria-tetanus (combined), or diphtheria-only 
vaccine. Exposure to the pertussis vaccine was defined as expo
sure to the diphtheria-tetanus-pertussis (combined) or 
pertussis-only vaccine. Second, to assess potential effect modifi
cation by demographic characteristics, we stratified by age at co
hort entry (<65 vs ≥65 years) and sex. Third, to examine a 
potential dose-response relation, we analyzed the risk of demen
tia in relation to the overall number of administered common 
vaccines (1, 2–3, ≥ 4). This analysis was also conducted for indi
vidual vaccines with statistically significant results.

Fourth, in a post hoc secondary analysis, we repeated the 
dose-response relation analysis using different cutoffs based 
on the distribution of the number of vaccines among exposed 
case patients and controls (1–3, 4–7, 8–12, or ≥ 13). Fifth, in 
another post hoc secondary analysis, we modeled the number 
of vaccines as a continuous variable, using restricted cubic 
splines with 5 interior knots to account for potential nonlinear 
associations with the outcome [31]. Sixth, to examine a poten
tial time-response relation, we assessed the association of dif
ferent time intervals since first immunization (for any and for 
individual vaccines) and dementia diagnosis. The intervals 
were based on the distribution of durations among the controls. 
To account for a potential nonlinear association with the out
come, we also modeled the time since first immunization as a 
continuous variable using the same approach mentioned above 

[31]. Finally, to assess potential effect modification by socioeco
nomic status and infectious disease burden, we stratified the co
hort by IMD quintiles, immunization with any of the common 
vaccines before cohort entry, and the number of prior infec
tions targeted by the vaccines of interest (0 or ≥ 1).

Sensitivity Analyses

We also performed 2 sensitivity analyses to assess the robust
ness of our findings. First, to account for the uncertainty re
garding the delay between symptom onset and the diagnosis 
of dementia and the length of the time window between vaccine 
administration and dementia development, as well as to control 
for late detection bias, we repeated the primary analysis after 
extending the 2-year lag period to 3, 5, and 10 years. For these 
analyses, we considered only case patients and controls with a 
duration of follow-up at least equal to the lag period. Second, to 
account for residual detection bias and unmeasured confound
ing, we changed the reference group from “no exposure to 
common vaccines”’ to “participation in breast cancer screen
ing” among female patients and “participation in prostate can
cer screening” among male patients. The rationale for using 
“active comparators,” an approach initially developed by phar
macoepidemiologists for confounding control [32], was that 
the probability of disease detection and also the clinical charac
teristics should be comparable among patients who participate 
in different preventive healthcare programs, such as routine 
immunizations or cancer screening. For the analysis comparing 
exposure to common vaccines with participation in breast can
cer screening, we restricted the study period from 1996 onward, 
given the absence of national coverage for the latter procedure 
in the United Kingdom before that date [33].

Supplementary Analyses

Some studies assessing the role of vaccines in the risk of demen
tia also looked specifically at Alzheimer disease (AD) [16]. 
Hence, we repeated the analyses after narrowing our case def
inition to include only diagnoses of AD. The diagnosis of AD 
was based on a modified algorithm initially developed and val
idated by Imfeld et al [34] and previously used by our group 
(Supplementary Methods) [9, 35]. All analyses were conducted 
using SAS software, version 9.4 (SAS Institute).

RESULTS

Our study cohort included 13 383 431 dementia-free individu
als aged ≥50 years (Figure 1). The mean (standard deviation) 
age at cohort entry was 70 (10) years, and 62% of the cohort 
members were female. During 140 721 533 person-years of 
follow-up, 443 484 individuals in the cohort developed demen
tia, generating a crude incidence rate of 3.2 per 1000 person- 
years. As expected, the prevalence of risk factors for dementia 
—such as cardiovascular disease, diabetes mellitus, and 
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depression—was higher among patients with dementia than 
among dementia-free controls (Table 1). Exposed case patients 
and controls were, on average, sicker than unexposed case pa
tients and controls (Supplementary Table 1).

Exposure to common vaccines, when compared with no expo
sure, was associated with an increased risk of dementia (OR, 1.38 
[95% CI, 1.36–1.40]), (Table 2). This increase in the risk was 
driven by the immunizations for influenza (OR, 1.39 [95% 
CI, 1.37–1.41]) and pneumococcus (1.12 [1.11–1.13]). The immu
nizations for shingles (OR, 0.95 [95% CI, .92–.98]) and diphtheria 
(0.94 [.92–.96]) were associated with small decreases in the risk of 
dementia, while no such associations were observed for the 
immunizations for tetanus (0.99 [.97–1.00]) or pertussis (1.00 
[.89–1.11]). There was no major effect modification by age or sex.

The risk of dementia increased further with increasing num
ber of administered vaccines (up to an OR of 1.55 with ≥13 vac
cines; Supplementary Table 2), although the risk curve was less 
steep and became flatter for larger numbers of vaccines 
(Supplementary Figure 1). Moreover, the greatest increase in 
the risk was observed in the first 2 years after the end of the im
posed lag period (Supplementary Table 2 and Figure 2). 
Socioeconomic status did not modify the association between 
exposure to common vaccines and risk of dementia, and study 

participants with vaccines or infections before cohort entry 
showed smaller increases in risk than those without 
(Supplementary Table 3). The application of longer lag periods 
led to a gradual attenuation of the increased risk (down to an 
OR of 1.20 with a 10-year lag period; Table 3). This attenuation 
was also observed among male study participants when prostate 
cancer screening was used as the active comparator (OR, 1.17 
[95% CI, 1.09–1.25]) but not among female participants when 
breast cancer screening was used (1.39 [95% CI, 1.31–1.47]).

Focusing on AD led to findings that were consistent with 
those derived from the dementia analyses. The flowchart illus
trating the construction of the study cohort and the selection 
of case patients and controls is shown in Supplementary 
Figure 2. The baseline characteristics of patients with AD and 
AD-free controls and of exposed and unexposed case patients 
and controls are shown in Supplementary Tables 4 and 5. 
Finally, the results of the primary, secondary, and sensitivity 
analyses are shown in Supplementary Tables 6–9 and 
Supplementary Figure 3.

DISCUSSION

Our large population-based cohort study showed no decreased 
risk of dementia associated with exposure to common vaccines 

212 562 Patients with dementia
with ≥2 years 
follow-up and valid 
records

443 454 Patients with dementia

13 722 225 Patients ≥50 years of age enrolled in
CPRD GOLD or Aurum between 1 January
1988 and 31 December 2018

Excluded:
253 210 Previous dementia
82 123 Previous symptoms of dementia 
3461 Previous prescriptions for 

dementia-related medications

13 383 431 Study cohort

1 623 806 Matched dementia-
free controls with 
≥2 years follow-up 
and valid records

1 773 522 Matched dementia-
free controls

Excluded: 
37 438 <2 years of follow-up
193 454 cohort entry in CPRD 

Aurum before 1 January 1996

Excluded: 
149 716 <2 years of follow-up
776 915 cohort entry in CPRD 

Aurum before 1 January 1996

Figure 1. Flowchart illustrating the construction of the study cohort and the selection of patients with dementia and dementia-free controls. Patients with dementia and 
matched controls entering the cohort in Clinical Practice Research Datalink (CPRD) Aurum before 1 January 1996 were excluded to maximize the validity and completeness of 
the underlying data [30].
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among adults ≥ 50 years of age. Instead, we observed an in
creased risk of dementia, which was driven by immunizations 
for influenza and pneumococcus. The strongest increase in 
the risk was observed in the first years after immunization. In 
sensitivity analyses addressing the potential impact of detection 
bias and unmeasured confounding, the results were not always 
consistent, generally showing an attenuation of the increased 
risk.

The rationale for our study was based on the infectious hy
pothesis for the development of dementia [36]. This hypothesis, 
according to which neurotoxic inflammation and oxidative 
stress in the brain caused by different microorganisms may 
play a pivotal role in the pathophysiology of dementia, is 
>100 years old but was recently rediscovered and corroborated 
by preclinical and population-based observational studies [9– 
11, 36]. Building on that, it was further proposed that vaccines 
could decrease the risk of dementia by preventing infections 
[19].

To date, observational studies in the area have shown that 
different vaccines are associated with strongly decreased risks 
of dementia [19]. However, flaws in the design of these studies 
may have introduced major biases. First, the studies did not ap
ply a lag period between the vaccination and the diagnosis of 
dementia or used a short (90-day) time interval that is probably 
insufficient to account for the insidious, nonacute nature of the 
outcome dementia and the known associated diagnostic delays 
[12–18]. On one hand, the lack of a lag period can lead to pro
topathic bias, if initial symptoms of an underlying but yet un
diagnosed disease alter the probability of exposure. Indeed, 

Table 1. Baseline Characteristics of Patients With Dementia and 
Dementia-Free Controls

Characteristic

Patients With 
Dementia, No. (%)a 

(n = 212 562)

Controls, No. 
(%)a 

(n = 846 891)

Age, mean (SD), y 70.4 (10.0) 70.5 (10.0)

Follow-up, mean (SD), y 10.3 (5.6) 10.3 (5.6)

Male sex 80 904 (38.1) 322 183 (38.0)

Race

White 99 079 (46.6) 400 339 (47.3)

Black 2741 (1.3) 8990 (1.1)

Asian 3877 (1.8) 16 105 (1.9)

Other 363 (0.2) 1603 (0.2)

Mixed 568 (0.3) 2273 (0.3)

Unknown 105 934 (49.8) 417 581 (49.3)

Socioeconomic status

IMD 1 (least deprived) 22 782 (10.7) 97 968 (11.6)

IMD 2 24 521 (11.5) 104 592 (12.4)

IMD 3 27 064 (12.7) 111 329 (13.1)

IMD 4 32 576 (15.3) 124 010 (14.6)

IMD 5 (most deprived) 30 724 (14.5) 111 870 (13.2)

Unknown 74 895 (35.2) 297 122 (35.1)

BMIb,c

18.5–24.9 58 842 (27.7) 217 833 (25.7)

<18.5 2921 (1.4) 8848 (1.0)

25–29.9 58 847 (27.7) 238 519 (28.2)

≥30 30 070 (14.1) 118 855 (14.0)

Unknown 61 882 (29.1) 262 836 (31.0)

Smokingb

Never 81 176 (38.2) 328 409 (38.8)

Ever 86 073 (40.5) 318 333 (37.6)

Unknown 45 313 (21.3) 200 149 (23.6)

Comorbid conditions

Alcohol-related disorders 11 431 (5.4) 37 494 (4.4)

Arterial hypertension 73 255 (34.5) 278 977 (32.9)

Atrial fibrillation 9045 (4.3) 30 590 (3.6)

Congestive heart failure 6233 (2.9) 22 058 (2.6)

Coronary artery disease 28 356 (13.3) 96 151 (11.4)

Stroke or transient ischemic 
attack

13 578 (6.4) 38 074 (4.5)

Peripheral vascular disease 5744 (2.7) 18 653 (2.2)

Cancer 17 911 (8.4) 70 586 (8.3)

Chronic kidney disease 7058 (3.3) 25 807 (3.0)

Liver disease 1686 (0.8) 5911 (0.7)

Hypothyroidism 13 632 (6.4) 50 120 (5.9)

Dyslipidemia 23 169 (10.9) 82 328 (9.7)

Diabetes mellitus 19 864 (9.3) 59 497 (7.0)

Osteoporosis 8656 (4.1) 29 186 (3.4)

Traumatic brain injury 44 (0.0) 44 (0.0)

Epilepsy 4385 (2.1) 10 296 (1.2)

Parkinson disease 2140 (1.0) 3390 (0.4)

Depression 30 616 (14.4) 92 838 (11.0)

Medicationsd

VZV treatment 1322 (0.6) 4836 (0.6)

Antibiotics 40 449 (19.0) 147 744 (17.4)

Oral anticoagulants 6696 (3.2) 23 384 (2.8)

Antiplatelet agents 46 343 (21.8) 154 781 (18.3)

Opioids 51 312 (24.1) 173 630 (20.5)

Lipid-lowering drugs 41 469 (19.5) 141 255 (16.7)

Table 1. Continued  

Characteristic

Patients With 
Dementia, No. (%)a 

(n = 212 562)

Controls, No. 
(%)a 

(n = 846 891)

β-Blockers 36 467 (17.2) 135 029 (15.9)

Thiazides 33 986 (16.0) 133 378 (15.7)

Angiotensin-converting 
enzyme inhibitors

31 451 (14.8) 115 980 (13.7)

Angiotensin II receptor 
blockers

12 044 (5.7) 46 554 (5.5)

Calcium channel blockers 34 207 (16.1) 125 957 (14.9)

Nonsteroidal 
anti-inflammatory drugs

43 094 (20.3) 158 829 (18.8)

Immunosuppressants or 
biologics

14 811 (7.0) 54 303 (6.4)

Proton pump inhibitors 31 445 (14.8) 113 158 (13.4)

Antidepressants 30 044 (14.1) 81 115 (9.6)

Antipsychotic drugs 12 602 (5.9) 35 171 (4.2)

Abbreviations: BMI, body mass index; IMD, Index of Multiple Deprivation; SD, standard 
deviation; VZV, varicella zoster virus.  
aData represent no. (%) of case patients or controls, unless otherwise specified.  
bMeasured at the earliest time before cohort entry.  
cBMI calculated as weight in kilograms divided by height in meters squared.  
dMeasured in the year before entry into the cohort.
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early signs of dementia may result in avoiding or postponing 
vaccinations, especially in older adults, which would then pro
duce artificially decreased estimates. On the other hand, the 
lack of a lag period can introduce early detection bias, if physi
cian visits for the purpose of vaccination alter the probability of 
a subsequent diagnosis of dementia. Of note, it also weakens the 
biological rationale, since a decrease in the risk of dementia im
mediately after vaccination does not seem plausible.

Second, several studies required a minimum number of phy
sician visits during the study period [14, 15, 17, 18]. This ap
proach can introduce immortal time bias because study 
subjects are not allowed to experience the outcome (are “im
mortal”) until the required number of physician visits is 
reached. Importantly, immortal time bias has been shown to ar
tificially decrease point estimates and lead to spurious associa
tions with strongly “protective” effects [21]. Finally, another 
bias that can decrease point estimates and that possibly contrib
uted to previous findings is healthy vaccinee bias, which occurs 
when individuals with better overall health and inclined toward 
health-seeking behaviors are more likely to participate in pre
ventive programs such as vaccinations [22].

Our results do not support a role for vaccinations in the pre
vention of dementia. Indeed, we did not observe a decreased 
risk of dementia with common vaccines overall or with individ
ual vaccines (apart from marginal effects with shingles and 
diphtheria vaccines). Design-specific aspects, such as the appli
cation of a nested case-control analysis that eliminated immor
tal time bias and the use of a 2-year lag period that minimized 
protopathic and early detection bias, may have accounted for 
the discrepancy between our results and those from previous 
studies.

The observed increase in the risk was unexpected. Given the 
lack of any biological rationale linking vaccinations to an in
creased risk of dementia, and considering the totality of our find
ings, we deem unmeasured confounding and late detection bias to 
be the most plausible explanations. First, unmeasured confound
ing—that is, confounding bias due to covariates that are not re
corded in the underlying data source—is an inherent challenge 
in observational studies. The fact that case patients and controls 
exposed to common vaccines were, on average, sicker than unex
posed patients and controls supports this notion. Second, late de
tection bias is also possible. In line with this hypothesis, the 

Table 2. Association Between Common Vaccines and the Risk of Incident Dementia: Primary Analysis and Stratified by Individual Vaccines and 
Demographic Characteristics

Exposure
Patients With Dementia 

(n = 212 562) Controls (n = 846 891)
Crude OR 
(95% CI)

Adjusted ORa 

(95% CI)

Primary analysis

Any vaccine 174 253 (82.0) 652 704 (77.1) 1.48 (1.46–1.50) 1.38 (1.36–1.40)

Unexposed 38 309 (18.0) 194 187 (22.9) Reference Reference

Individual vaccines

Influenza vaccine 169 628 (79.8) 630 359 (74.4) 1.48 (1.46–1.50) 1.39 (1.37–1.41)

Unexposed 42 934 (20.2) 216 532 (25.6) Reference Reference

Pneumococcal vaccine 89 638 (42.2) 340 426 (40.2) 1.13 (1.12–1.14) 1.12 (1.11–1.13)

Unexposed 122 924 (57.8) 506 465 (59.8) Reference Reference

Shingle vaccine 11 768 (5.5) 47 784 (5.6) 0.96 (.93–.98) 0.95 (.92–.98)

Unexposed 200 794 (94.5) 799 107 (94.4) Reference Reference

Diphtheria vaccineb 13 873 (6.5) 58 521 (6.9) 0.94 (.92–.96) 0.94 (.92–.96)

Unexposed 198 689 (93.5) 788 370 (93.1) Reference Reference

Tetanus vaccinec 27 432 (12.9) 110 313 (13.0) 0.99 (.97–1.00) 0.99 (.97–1.00)

Unexposed 185 130 (87.1) 736 578 (87.0) Reference Reference

Pertussis vaccined 405 (0.2) 1603 (0.2) 1.01 (.90–1.12) 1.00 (.89–1.11)

Unexposed 212 157 (99.8) 845 288 (99.8) Reference Reference

Age at cohort entry

50-64 y 44 809 (21.1) 164 248 (19.4) 1.65 (1.61–1.70) 1.41 (1.37–1.45)

≥65 y 129 444 (60.9) 488 456 (57.7) 1.42 (1.40–1.45) 1.35 (1.33–1.38)

Sex

Female 106 941 (50.3) 403 068 (47.6) 1.41 (1.38–1.43) 1.32 (1.30–1.35)

Male 67 312 (31.7) 249 636 (29.5) 1.63 (1.59–1.66) 1.50 (1.46–1.54)

Abbreviations: CI, confidence interval; OR, odds ratio.  
aWe adjusted for the following potential confounders measured at cohort entry: body mass index, smoking, socioeconomic status, ethnicity, alcohol-related disorders, arterial hypertension, 
atrial fibrillation, congestive heart failure, coronary artery disease, stroke or transient ischemic attack, peripheral vascular disease, dyslipidemia, diabetes mellitus, chronic kidney disease, liver 
disease, depression, epilepsy, Parkinson disease, traumatic brain injury, osteoporosis, hypothyroidism, cancer, treatment for varicella zoster virus infection, antibiotics, oral anticoagulants, 
antiplatelet agents, lipid-lowering drugs, β-blockers, thiazides, angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, calcium channel blockers, proton pump 
inhibitors, nonsteroidal anti-inflammatory drugs, opioids, immunosuppressants and biologics, antipsychotics, and antidepressants.  
bDiphtheria-tetanus-pertussis (combined), diphtheria-tetanus (combined), or diphtheria vaccine.  
cDiphtheria-tetanus-pertussis (combined), diphtheria-tetanus (combined), or tetanus vaccine.  
dDiphtheria-tetanus-pertussis (combined) or pertussis vaccine.
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Figure 2. Association between time since first immunization and risk of incident dementia. Abbreviations: CI, confidence interval; OR, odds ratio.

Table 3. Association Between Common Vaccines and the Risk of Incident Dementia: Sensitivity Analyses

Exposure Patients With Dementia, No. (%) Controls, No. (%)
Crude OR 
(95% CI)

Adjusted ORa 

(95% CI)

Lag period: 3-y n = 196 331 n = 782 174

Any vaccine 159 390 (81.2) 596 179 (76.2) 1.47 (1.45–1.49) 1.37 (1.35–1.39)

Influenza 154 819 (78.9) 574 193 (73.4) 1.48 (1.46–1.50) 1.38 (1.36–1.40)

Pneumococcus 82 282 (41.9) 311 491 (39.8) 1.14 (1.12–1.15) 1.12 (1.11–1.14)

Shingles 8250 (4.2) 32 746 (4.2) 1.00 (.97–1.03) 0.99 (.96–1.03)

Diphtheriab 12 802 (6.5) 53 588 (6.9) 0.95 (.93–.96) 0.95 (.93–.97)

Tetanusc 25 885 (13.2) 103 510 (13.2) 1.00 (.98–1.01) 1.00 (.98–1.01)

Pertussisd 359 (0.2) 1395 (0.2) 1.02 (.91–1.15) 1.00 (.89–1.13)

Lag period: 5 y n = 166 684 n = 663 978

Any vaccine 131 486 (78.9) 490 598 (73.9) 1.44 (1.42–1.47) 1.34 (1.32–1.36)

Influenza 126 957 (76.2) 469 282 (70.7) 1.45 (1.43–1.48) 1.35 (1.33–1.37)

Pneumococcus 67 366 (40.4) 253 218 (38.1) 1.15 (1.14–1.17) 1.13 (1.12–1.15)

Shingles 2790 (1.7) 10 860 (1.6) 1.03 (.98–1.09) 1.02 (.96–1.07)

Diphtheriab 10 497 (6.3) 43 574 (6.6) 0.95 (.93–.98) 0.96 (.94–.98)

Tetanusc 22 473 (13.5) 89 307 (13.5) 1.00 (.99–1.02) 1.00 (.99–1.02)

Pertussisd 266 (0.2) 1047 (0.2) 1.01 (.88–1.16) 1.00 (.87–1.14)

Lag period: 10 y n = 101 496 n = 404 100

Any vaccine 69 505 (68.5) 259 500 (64.2) 1.30 (1.28–1.32) 1.20 (1.18–1.23)

Influenza 65 382 (64.4) 240 815 (59.6) 1.34 (1.31–1.36) 1.23 (1.21–1.25)

Pneumococcus 30 510 (30.1) 113 653 (28.1) 1.15 (1.13–1.17) 1.11 (1.09–1.13)

Shingles …e …e 2.00 (.18–22.06) 1.00 (.06–15.50)

Diphtheriab 4872 (4.8) 20 167 (5.0) 0.96 (.93–.99) 0.96 (.93–1.00)

Tetanusc 13 462 (13.3) 53 203 (13.2) 1.01 (.99–1.03) 1.01 (.99–1.03)

Pertussisd 104 (0.1) 411 (0.1) 1.01 (.81–1.25) 1.00 (.80–1.24)

Active comparator for female patients n = 119 422 n = 475 824

Any vaccine 87 306 (73.1) 326 650 (68.6) 1.50 (1.41–1.58) 1.39 (1.31–1.47)

Breast cancer screening 1618 (1.4) 8261 (1.7) Reference Reference
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strongest increase in the risk was observed immediately after the 
end of the imposed 2-year lag period, and the use of longer lag pe
riods led to the attenuation of increased risk. Moreover, the increase 
in risk was driven by regularly recurring vaccinations (influenza 
and pneumococcus for those at higher risk)—that is, vaccinations 
leading to more frequent physician visits and potentially to elevated 
chances of disease detection—and not by vaccinations more likely 
to be administered in an one-off fashion.

Our study has strengths. First, the application of nonrestric
tive inclusion criteria likely maximized the generalizability of 
our findings. Second, the large sample size, including >200 000 
patients with dementia, allowed the calculation of precise effect 
estimates for the primary analysis but also for secondary analyses 
including individual vaccines and demographic or other clinical
ly relevant subgroups. Finally, the use of a nested case-control 
analysis and a lag period minimized biases, such as immortal 
time and protopathic bias.

Our study also has limitations. First, despite extensive statis
tical adjustments, residual confounding possibly affected our 
findings, leading to the observed increased risk. For example, 
while we matched for age, chronological age does not necessar
ily reflect biological age. Therefore, residual confounding due 
to frailty, for example, cannot be excluded. Moreover, time- 
dependent confounding is also possible, especially given the 
long duration of follow-up. Second, given that the mean age 
at cohort entry was high (70 years), potentially protective ef
fects of vaccination in nonelderly populations may have been 
“masked.” However, the OR did not change in the subgroup 
of study participants who entered the cohort at 50–64 years 
of age. That being said, the effects of early vaccination need 
to be specifically assessed in future studies. Third, exposure 
was assessed based on records from public healthcare provid
ers, which could introduce some underreporting and misclassi
fication. However, we expect the majority of study cohort 
members to be vaccinated at their primary care practice, as vac
cines are free under the routine immunization program [37]. 
Finally, misclassification of the outcome is also possible. That 

being said, the recording of dementia in the CPRD has been 
shown to be accurate [26].

Overall, our large population-based study showed no de
creased risk of dementia associated with routinely administered 
vaccines. Thus, our findings do not support a role for immuni
zations in the prevention of this neurodegenerative disease. The 
observed increased risk is likely a result of unmeasured con
founding and detection bias.
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