
Research

Recherche

From *Laval University
Geriatric Research Unit,
Centre d’hébergement Saint-
Augustin du Centre
hospitalier affilié universitaire
de Québec, Beauport, Que.;
†the Department of Social
and Preventive Medicine,
Université Laval, Sainte-Foy,
Que.; ‡the Department of
Epidemiology and
Community Medicine,
University of Ottawa, Ottawa,
Ont.; §Surveillance and Risk
Assessment Division, Centre
for Chronic Disease
Prevention and Control,
Health Canada, Ottawa, Ont.;
and ¶the Centre de santé
publique de Québec, Quebec
City, Que.

This article has been peer reviewed.

CMAJ 2001;165(11):1495-8

Abstract

Background: It has been suggested that changes to the immune system could be a
factor in age-related conditions such as Alzheimer’s disease. Our objective was
to examine the association between past exposure to conventional vaccines and
risk of Alzheimer’s disease.

Methods: We analyzed data from a representative community sample of subjects
65 years of age or older participating in the Canadian Study of Health and Ag-
ing, a prospective cohort study of dementia. Screening and clinical evaluations
were done at both baseline and follow-up. Past exposure to vaccines was as-
sessed at baseline by means of a self-administered questionnaire.

Results: Of the 4392 eligible subjects who were cognitively unimpaired and for
whom vaccine information was available at baseline (in 1991–1992) and who
completed follow-up 5 years later (in 1996–1997), 527 were diagnosed as hav-
ing cognitive impairment or dementia other than Alzheimer’s disease and were
excluded from these analyses. Of the remaining subjects, 3682 were cognitively
unimpaired at follow-up and 183 were newly diagnosed as having Alzheimer’s
disease. After adjustment for age, sex and education, past exposure to vaccines
against diphtheria or tetanus, poliomyelitis and influenza was associated with
lower risk for Alzheimer’s disease (odds ratio [OR] 0.41, 95% confidence inter-
val [CI] 0.27–0.62; OR 0.60, 95% CI 0.37–0.99; and OR 0.75, 95% CI
0.54–1.04 respectively) than no exposure to these vaccines.

Interpretation: Past exposure to vaccines against diphtheria or tetanus, po-
liomyelitis and influenza may protect against subsequent development of
Alzheimer’s disease. 

The causes of Alzheimer’s disease are unknown. Among the many hypotheses
that have been raised is the possibility that conventional infectious agents,
in conjunction with changes in the immune system, play a role.1–3 Evidence

for a relation between viral infection and development of Alzheimer’s disease comes
from the neuroinflammation and apoptosis that are known to occur in this disease.4

Furthermore, changes to the immune system have been implicated in age-related
conditions such as Alzheimer’s disease.5,6 We analysed the association between past
exposure to conventional vaccines and risk of Alzheimer’s disease for subjects in the
Canadian Study of Health and Aging (CSHA), a multicentre prospective study of
dementia in a representative community sample of elderly Canadians.

Methods

Details of the CSHA have been published elsewhere.7,8 Briefly, 9008 subjects 65 years of
age or older, randomly selected from the general population living in the community in
1991–1992 (CSHA-1), were screened for dementia with the Modified Mini-Mental State
(3MS) examination.9 Subjects who screened positive (score of 77% or less) and a random
sample of those who screened negative underwent standardized clinical and neuropsycholog-
ical evaluations. Preliminary diagnoses of dementia and Alzheimer’s disease, according to the
criteria in the revised third edition of the Diagnostic and Statistical Manual of Mental Disorders
(DSM-III-R)10 and the National Institute of Neurological and Communicative Disorders
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and Stroke and the Alzheimer’s Disease and Related Disorders
Associations,11 were made independently by the physician and the
neuropsychologist, who subsequently determined the definitive
diagnosis by consensus. Follow-up was carried out 5 years later, in
1996–1997, according to the same diagnostic process (CSHA-2).
At that time, dementia and Alzheimer’s disease were diagnosed
according to the more recent DSM-IV criteria.12 Ethical approval
for both phases of the study was obtained from ethics review
boards in all participating centres.

Exposure to vaccines was assessed at baseline for cognitively
unimpaired subjects who agreed to complete a self-administered
risk factor questionnaire. Respondents were asked whether they
had ever received vaccinations for tetanus, diphtheria, po-
liomyelitis or influenza. For the purposes of our analyses, vaccines
against tetanus and diphtheria were considered together, as they
are usually given simultaneously in vaccination programs.

Multivariate logistic regression models were used to calculate
odds ratios, with adjustment for age (continuous variable), sex and
years of education (continuous variable). Other potential con-
founders that we considered included current smoking (yes or no),
regular alcohol consumption (yes or no), family history of demen-
tia (yes or no), performance scores in basic and instrumental activ-
ities of daily living (ADL and IADL; continuous variables), num-
ber of antecedents of chronic diseases (continuous variable) and
perceived health status (poor or good).

To evaluate the impact of excluding from the analyses subjects
who died during follow-up, we tried to estimate the probability of
dementia for this group from various sources (specifically, death
certificates; information from proxies about diagnosis of a mem-

ory problem, Alzheimer’s disease or senile dementia before death;
and predictive regression models estimating the probability that a
deceased person had dementia before dying, based on 71 subjects
who died 2 to 5 months after a diagnostic evaluation).7

Results

Of the 7740 eligible subjects who were cognitively
unimpaired at baseline, information on past exposure to
vaccines was available for 6211 (80%). Of these, 1172 died
before CSHA-2, 374 refused to participate in CSHA-2 and
273 were lost to follow-up. Of the remaining 4392 subjects,
527 were diagnosed as having cognitive impairment or de-
mentia other than Alzheimer’s disease and were excluded
from these analyses, leaving 3682 subjects who remained
cognitively normal at CSHA-2 (the controls) and 183 sub-
jects with a new diagnosis of probable or possible
Alzheimer’s disease (the cases).

We compared subjects who had Alzheimer’s disease at
follow-up with those who remained cognitively unim-
paired. Those with Alzheimer’s disease were older (median
81 v. 72), comprised more women (65% v. 60%) and had
completed fewer years of education (median 10 v. 11 years)
(Table 1). The reported rates of vaccination against diph-
theria or tetanus and for poliomyelitis were lower for sub-
jects with Alzheimer’s disease than for controls, but there
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Table 1: Baseline characteristics of study population (subjects in the Canadian
Study of Health and Aging)

No. (and %) of patients

Characteristic
Cases*
n = 183

Controls
n = 3682

OR
(and 95% CI)

Age, yr
65–74 24 (13.1) 2194 (59.6)   1.00
75–84 101 (55.2) 1347 (36.6)   6.86   (4.29–11.04)

≥ 85 58 (31.7) 141 (3.8) 37.60 (22.09–64.37)

Sex
Male 60 (32.8) 1475 (40.0)   1.00
Female 123 (67.2) 2207 (59.9)   1.37   (0.99–1.90)
Education, yr
0–8 68 (37.2) 899 (24.4)   1.00
9–12 79 (43.2) 1667 (45.3)   0.63   (0.44–0.89)

≥ 13 36 (19.7) 1116 (30.3)   0.43   (0.28–0.66)

Past exposure to vaccines
Diphtheria or tetanus
No 151 (82.5) 1989 (54.0)   1.00
Yes 32 (17.5) 1693 (46.0)   0.25   (0.17–0.37)
Poliomyelitis
No 163 (89.1) 2626 (71.3)   1.00
Yes 20 (10.9) 1056 (28.7)   0.31   (0.19–0.50)
Influenza
No 81 (44.3) 1606 (43.6)   1.00
Yes 102 (55.7) 2076 (56.4)   0.97   (0.72–1.33)

Note: OR = odds ratio, CI = confidence interval.
*Subjects with a new diagnosis of probable or possible Alzheimer’s disease at follow-up.



was no difference in the reported rate of vaccination against
influenza (Table 1).

For each type of vaccine, subjects who reported at least
one vaccination were at lower risk for Alzheimer’s disease
than those who had never been exposed, after adjustment for
age, sex and education (Table 2). Vaccines against diphtheria
or tetanus and against poliomyelitis were associated with sta-
tistically significantly lower risk of Alzheimer’s disease (60%
and 40% lower respectively). Exposure to influenza vaccine
was also related to a lower risk of Alzheimer’s disease, but
the association did not reach statistical significance. Addi-
tional adjustment for smoking, alcohol use, family history of
dementia, ADL and IADL, chronic diseases and perceived
health status yielded similar results (Table 2).

Analyses including people who had died, incorporating
estimates of dementia in this group (as described above),
produced similar results (not shown).

Interpretation

According to this analysis of data from a large-scale longi-
tudinal study of elderly Canadians, vaccination against diph-
theria or tetanus, poliomyelitis or influenza was associated
with lower risk for Alzheimer’s disease than no vaccination.

The analysis had some limitations. First, rates of report-
ing of vaccination were relatively low (28% for poliomyelitis,

45% for diphtheria or tetanus and 56% for influenza), which
probably reflects some degree of underreporting. Routine
vaccination against diphtheria in infancy and childhood has
been in place in Canada since 1930.13 Routine vaccination
against tetanus started in 1948, with the introduction of the
combined diphtheria–pertussis–tetanus vaccine for school
programs.14 For vaccination against poliomyelitis, the inacti-
vated vaccine was introduced in 1952, and the trivalent oral
vaccine has been used since 1962.13 Widespread influenza
vaccination started in the 1970s. However, none of these
vaccines has ever been compulsory. Second, because of the
self-reported nature of the risk factor questionnaire, we can-
not exclude the possibility of recall bias. Moreover, no infor-
mation was available about the timing of vaccination or the
number of doses of vaccine received. Nevertheless, because
of the prospective nature of the study, whereby question-
naires were completed at baseline by cognitively unimpaired
subjects, before any onset of Alzheimer’s disease, any mis-
classification of exposure should be nondifferential and
would tend to produce bias toward the null hypothesis,
rather than to generate false-positive results.

It might also be argued that exposure to vaccines is only
indirectly associated with Alzheimer’s disease, as a potential
marker of a healthy lifestyle. However, when we controlled
for other baseline characteristics that are also related to
lifestyle, the results remained the same (Table 2).
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Table 2: Associations between past exposure to vaccines and risk of Alzheimer’s disease,
at 5-year follow-up

Type of vaccine; OR (and 95% CI)

Model Diphtheria or tetanus Poliomyelitis Influenza

Model 1*
Vaccine (yes) 0.41 (0.27–0.62) 0.60 (0.37–0.99) 0.75 (0.54–1.04)
Age (per year) 1.21 (1.18–1.24) 1.21 (1.18–1.25) 1.22 (1.19–1.26)
Sex (female) 0.86 (0.61–1.22) 0.94 (0.66–1.32) 0.93 (0.66–1.31)
Education (per year) 0.93 (0.89–0.97) 0.92 (0.88–0.96) 0.91 (0.87–0.96)

Model 2†
Vaccine (yes) 0.40 (0.25–0.65) 0.54 (0.30–0.97) 0.81 (0.55–1.19)
Age (per year) 1.19 (1.16–1.23) 1.19 (1.16–1.23) 1.20 (1.16–1.24)
Sex (female) 0.78 (0.49–1.23) 0.84 (0.53–1.33) 0.83 (0.53–1.32)
Education (per year) 0.95 (0.90–1.00) 0.94 (0.89–0.99) 0.93 (0.88–0.98)
Smoking (yes) 1.00 (0.64–1.54) 0.97 (0.63–1.50) 1.00 (0.64–1.54)
Alcohol consumption (yes) 0.58 (0.36–0.93) 0.57 (0.36–0.92) 0.57 (0.36–0.92)
Family history of dementia
  (yes) 1.04 (0.57–1.91) 1.01 (0.55–1.85) 1.01 (0.55–1.85)
Activities of daily living
  (per point of score) 1.11 (0.86–1.43) 1.11 (0.85–1.43) 1.12 (0.87–1.45)
Instrumental activities of daily
  living (per point of score) 0.82 (0.72–0.94) 0.82 (0.71–0.93) 0.81 (0.71–0.92)
Antecedents of chronic
  diseases (per antecedent) 0.83 (0.72–0.96) 0.82 (0.71–0.95) 0.83 (0.71–0.96)
Health status (poor) 1.21 (0.78–1.89) 1.29 (0.83–2.01) 1.30 (0.84–2.02)

Note: OR = odds ratio, CI = confidence interval.
*Model 1: Adjusted for age, sex and education.
†Model 2: Adjusted for age, sex, education, current smoking, regular alcohol consumption, family history of dementia, activities of daily living
and instrumental activities of daily living, antecedents of chronic diseases and perceived health status.



Our findings may result from some artifact related to
the limited quality of available data on exposure to vaccines.
They are also compatible with the hypothesis that past ex-
posure to specific types of vaccines may be related to a
lower risk of Alzheimer’s disease in elderly people. As such,
they support recent reports suggesting that both aging and
Alzheimer’s disease may involve changes in immune re-
sponses.1,2 Epidemiological and clinical studies seem war-
ranted to explore this hypothesis.
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