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Abstract

The relationship between smoking and neurological diseases has always been controversial. Even the expected association
between smoking and increased risk for cerebrovascular disease has been debated for years. It was at the end of the 1980s that
smoking became definitively accepted as a risk factor for ischemic stroke. More recently, two other neurological diseases have
been studied in relation to smoking: Parkinson’s disease (PD) and Alzheimer’s disease (AD). Many epidemiological studies have
found a highly significant negative association between cigarette smoking and these two neurodegenerative disorders. The risk of
AD or PD in nonsmokers has generally been about twice that of smokers. That is, patients with AD or PD are :50% less likely
to have smoked cigarettes during their lifetime than are age- and gender-matched controls. Alternatively, cigarette smokers are
:50% less likely to have PD or AD than are age- and gender-matched nonsmokers. This statistically significant negative
association has been interpreted as suggesting that cigarette smoking exerts an undefined, biologic, neuroprotective influence
against the development of PD and AD. A review of all studies that either support or refute this hypothesis is presented separately
for PD and AD. © 2000 Elsevier Science B.V. All rights reserved.
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ing: Parkinson’s disease (PD), and Alzheimer’s disease
(AD). Many epidemiological studies have found a
highly significant negative association between cigarette
smoking and these two neurodegenerative disorders.
The reported risk of AD or PD in nonsmokers is
generally about twice that of smokers. That is, patients
with AD or PD are :50% less likely to have smoked
cigarettes during their lifetime than have age- and gen-
der-matched controls. Alternatively, cigarette smokers
are :50% less likely to have PD or AD than are age-
and gender-matched nonsmokers. This statistically sig-
nificant negative association has been interpreted as a
protective effect of smoking against the development of
PD and AD. The hypothesis is that cigarette smoking
might exert a biologic, neuroprotective influence against
neurodegeneration. A review of all studies that either
support or refute this hypothesis is presented separately
for PD and AD.

1. Introduction

Smoking has been extensively studied in relation to
different brain disorders, mainly vascular and degenera-
tive diseases. The relationship between smoking and
neurological diseases, however, has always been contro-
versial. Even the expected association between smoking
and increased risk for cerebrovascular disease has been
debated for years. It was only at the end of the 1980s
that smoking became definitely accepted as a risk factor
for ischemic stroke [1]. More recently, two other neuro-
logical diseases have been studied in relation to smok-
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2. Methodological considerations

When reviewing the literature concerning smoking
and neurodegenerative disorders in the elderly, two
main methodological aspects need to be taken into
account.

First, most of the studies carried out on AD and PD,
included prevalent cases, that is, all subjects affected by
the disease in a defined area or hospital during the
detection time. This means that the prevalent cases are
selected towards those who have more chance to sur-
vive after they have developed the disease. When study-
ing a risk factor that is also a prognostic factor for that
disease (e.g. it affects the natural history such as mor-
tality), the inclusion of prevalent cases in epidemiologi-
cal studies may cause survival bias. This is the case for
smoking that has been shown to affect survival among
PD and AD subjects more than among controls. In Fig.
1, data from our longitudinal study on aging and
dementia, the Kungsholmen Project, are reported [41].
Subjects with AD survived less than the controls and
smoking affected their risk of death much more than

the risk of death in the controls. In the non-dementia
group, smoking was not associated with greater mortal-
ity: age-, sex- and education-adjusted hazard ratio was
0.8, 95% CI=0.5–1.2. In the dementia group, smoking
was associated with a significantly higher mortality:
age-, sex- and education-adjusted hazard ratio was 3.5,
95% CI=1.4–8.8. The interaction effect between
smoking and dementia proved significant (P=0.04).
Survival bias can be eliminated by using a prospective
study with detection of incident cases.

Second, the entire group of smokers who survive
until old age is likely to be a selected group of subjects
due to the high mortality among smokers. The differen-
tial survival between smokers and nonsmokers may be
the explanation of the negative association found be-
tween smoking and neurodegenerative disorders. Riggs
(1996) [36], suggests that smokers not only die sooner
than nonsmokers, but also die from different diseases.
Thus, the differential survival leads to a gene pool of
surviving smokers different from that of surviving non-
smokers. This hypothesis explains the neuroprotection
of smoking as an artifact caused by ‘life selection’. At
present, no data are really available to test such hy-
pothesis. However, the selection due to differential
mortality in smokers, needs to be taken into account.
This selection is not eliminated by using longitudinal
study of the elderly.

3. Smoking and Parkinson’s disease

More than 40 epidemiological studies have been pub-
lished on this topic. The earliest reports of a negative
association between smoking and PD were derived
from mortality studies in 1959 [9]. Later, some studies,
both case-control and longitudinal, were carried out,
mostly confirming such negative association. An exten-
sive and critical review was published in 1995 [33]. In
Table 1 the risk estimates from prospective investiga-
tions are reported: all studies, including a 29-year fol-
low-up from the Honolulu Heart Study [32], found a
protective effect. In this study, both incidence and
mortality rates of idiopathic PD were detected among
smokers and nonsmokers. The incidence for PD in
smokers was less than half that in nonsmokers and the
lower incidence was present in all age strata. The
adjusted relative risk was 0.4 (95% CI=0.3–0.6). Sub-
jects with and without PD showed similar increased
mortality in smokers than in nonsmokers. Moreover,
the authors underlined that the small differential mor-
tality between smokers and nonsmokers in younger
ages did not easily account for a large ‘life selection’
able to explain the negative association between smok-
ing and PD found in old age. These last two observa-
tions provide strong evidence against the hypothesis
that the association between smoking and reduced PD

Fig. 1.

Table 1
Prospective studies concerning cigarette smoking and Parkinson’s
disease

Risk estimates (RR/SMR)References

0.36*Dorn (1959) [9]
Kahn (1966) [27] 0.23*
Hammond (1966) [20] 0.76†

0.43†,*Doll and Peto (1976) [8]
0.57Hirayama (1985) [23]
0.39*Grandinetti et al. (1994) [16]
0.40Morens et al. (1996) [32]

* Males only.
† Indicates associations that were not statistically significant at the

level of PB0.05. All other associations were statistically significant
(PB0.05).
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Table 2
Dose–response relationship between Parkinson’s disease and smoking
and its cessation [15]

AdjustedSmoking history
OR (95% CI)

1 (reference)Never smoked
0.6 (0.2–1.5)Current light smokers
0.1 (0.01–0.6)Current heavy smokers
0.9 (0.4–1.8)Former heavy smokers – stopped \20 years

ago
Former heavy smokers – stopped 1–20 years 0.4 (0.2–0.7)

ago

4. Smoking and Alzheimer’s disease

The relationship between smoking and AD has not
been explored to the same extent as between smoking
and PD. Moreover, the results are largely inconsistent.
A summary of the studies is reported in Table 3. Most
of the studies have reported inconclusive results [2,5–
7,12,13,18,22,24,25,28,31,35,39]. Recently, results from
some case-control studies have suggested an inverse
association [4,10,19,37,40], confirmed by two meta-
analyses [17,30]. This inverse association was supported
by the findings of a significant dose-dependent relation
[17,40].

All these studies reporting a protective effect included
prevalent cases and could have introduced a survival
bias. We verified this hypothesis by using the data from
the Kungsholmen Project. We found that smoking af-
fected survival in persons with AD much more than in
nondementia subjects (Fig. 1). Thus, it is likely that
smokers who succumb to dementia might be eliminated
early from the population, resulting in an underrepre-
sentation of smokers with dementia in cross-sectional
samples. Further, we estimated the risk of dementia in
the same cohort initially by using a case-control study
design including prevalent cases, then by estimating the
relative risk with follow-up data (Table 4). The
prospective study failed to confirm the protective effect
of smoking on the occurrence of AD that we found in
the case-control study [41]. This finding from the Kung-
sholmen Project is in agreement with a prospective
study from Boston, MA [21] and with two other longi-
tudinal surveys examining cognitive impairment [11,29].

Finally, from The Rotterdam Study, a positive asso-
ciation between smoking and the incidence of AD has
been reported, limited to subjects without any apolipo-
protein-E o4 allele [34]. Only one other prospective
study has shown a similar positive effect between smok-
ing and cognitive impairment [14].

5. Conclusions

The following considerations have emerged: (1) The
negative association of PD with smoking has been
consistently found, whereas for AD such an association
is controversial; (2) Many possible biases, foremost of
all, survival bias, which may be responsible for the
negative association have been taken into account in
PD research and partially ruled out. This is not the case
for AD studies; and (3) Some studies reported a posi-
tive association between AD and smoking, but the
known relationship between smoking and cerebrovas-
cular disease was only partially taken into account. In
conclusion, there is evidence concerning a protective
effect of smoking in PD, but not a clear effect in AD.
Smoking seems to play a causative role in dementia and

Table 3
Epidemiological studies concerning cigarette smoking and
Alzheimer’s disease

Number ofFindings Number of
follow-upcase-control
studiesstudies

Inconclusive results –14
[2,5–7,12,13,18,22,24,25,28,31,35,39]

Smoking is a risk factor 3 2*
[3,26,38];[14,34]

5/2 studies/Smoking is a protective factor –
metanalysis[4,10,19,37,40];[17,30]

No association [11,21,29] – 3c

* One study concerned cognitive impairment [14].
c Two studies concerned cognitive impairment [11,29].

Table 4
Finding from the Kungsholmen Project concerning the relation be-
tween smoking and Alzheimer’s disease [41]a

Follow-up studyCase-control study
OR (95% CI) RR (95% CI)

Crude 0.6 (0.4–1.1) 0.8 (0.4–1.7)
Adjusted for age, sex 0.6 (0.4–1.1) 1.1 (0.5–2.4)

and education

a OR, odds ratios were computed from logistic regression models.
RR, relative risks were computed from Cox’s regression models.

incidence is due to selective mortality in younger ages
and/or among diseased subjects.

Finally, a recently published population-based case-
control study from the Henry Ford Health System
database [15] have strongly confirmed the negative as-
sociation. In spite of the retrospective assessment of the
smoking habits, this study has the strength of reporting
a clear dose–response relationship between PD and
smoking and its cessation (Table 2).
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