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An inverse association between cigarette smoking and idiopathic Parkinson’s disease has been reported in several retro-
spective studies, but prospective evidence is available only for men. We assessed the association between the incidence of
Parkinson’s disease and smoking in two large prospective cohort studies comprising men and women. New cases of
Parkinson’s disease were identified in the Nurses’ Health Study for 1976-1996, and in the Health Professionals
Follow-up Study for 1986-1996. Smoking history was assessed at baseline and updated on subsequent biennial ques-
tionnaires. In women, the age-adjusted rate ratios (95% confidence intervals) for Parkinson’s disease relative to never-
smokers were 0.7 (0.5, 1.0) for past smokers, and 0.4 (0.2, 0.7) for current smokers. In men, the age-adjusted rate ratios
for Parkinson’s disease relative to never-smokers were 0.5 (0.4, 0.7) for past smokers, and 0.3 (0.1, 0.8) for current
smokers. In both cohorts, the strength of the association decreased with time since quitting (among past smokers),
increased with number of cigarettes per day (among current smokers), and increased with pack-years of smoking. These
prospective findings confirm that an inverse association between smoking and the incidence of Parkinson’s disease exists

in both men and women.

Ann Neurol 2001;50:780-786

Virtually all case-control studies have found a strong
inverse association between cigarette smoking and idio-
pathic Parkinson’s disease (PD)."~'* However, a num-
ber of arguments have been raised against the existence
of a truly protective effect of smoking on the risk of
PD."'> These include confounding, selection bias, in-
formation bias, and reverse causation. Data from pro-
spective studies of the incidence of PD are much less
susceptible to some of these potential biases, but few
such studies have been conducted.'®'” In addition,
data from prospective studies have not provided age-
specific estimates of incidence by smoking status for
women.

We report on the association between smoking and
the incidence of PD in two large ongoing prospective
studies including both women and men: the Nurses’
Health Study (NHS) and the Health Professionals’
Follow-Up Study (HPES).

Patients and Methods

Patients

The NHS was established in 1976, when 121,700 female
registered nurses from 11 states, aged 30 to 55 years, re-
sponded to a mailed questionnaire about disease history and
lifestyle items. The HPFS was established in 1986, when
51,529 male health professionals (dentists, optometrists, os-
teopaths, pharmacists, podiatrists, and veterinarians) from all
states, aged 40 to 75 years, responded to a similar question-
naire. Follow-up questionnaires are mailed to the participants
of both studies every 2 years to update information on po-
tential risk factors for chronic diseases and to ascertain
whether major medical events have occurred. A specific ques-
tion on the lifetime occurrence of PD was first included in
the 1994 (NHS) and 1988 (HPFS) questionnaires. A ques-
tion on PD diagnosis within the last 2 years was included in
subsequent questionnaires. For this analysis, we excluded
participants who had received a diagnosis of PD, stroke, or
cancer before they answered the baseline questionnaire.
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Fig 1. Incidence of Parkinson’s disease among women.

Case Ascertainment

As previously described,'® we requested permission to obtain
relevant medical records from all participants who reported a
new diagnosis of PD. After obtaining permission, we sent a
questionnaire to the treating neurologists to confirm the di-
agnosis of primary idiopathic parkinsonism and the certainty
of the diagnosis (definite, probable, or possible), and re-
quested medical records. The questionnaire included details
on date of first neurological symptoms, date of diagnosis,
clinical signs, and response to treatment with L-dopa. If a
neurologist was not involved or did not respond, we mailed
the questionnaire to the patient’s internist. The diagnosis was
confirmed (definite or probable idiopathic PD) in 95%
(NHS) and 88% (HPES) of the self-reported cases by the
treating physicians or by review of the medical records. We
also requested death certificates of all deceased participants to
search for possibly unreported diagnoses of PD. Only con-
firmed definite and probable diagnoses of idiopathic PD are
used in this analysis.

Assessment of Exposure

A detailed lifetime smoking history was obtained at the be-
ginning of the study and updated every 2 years, ecither up to
4 years before the diagnosis or to the date of first symptoms.
Smoking status was defined as never, past, or current (if any
amount of current smoking was reported). Cumulative expo-
sure to cigarette smoking was summarized by multiplying the
number of packs smoked per day (1 pack contains 20 ciga-
rettes) by the number of years over which that amount was
smoked (pack-years). Other covariates considered in the
analyses included coffee and alcohol intake, as reported by
the participants in the questionnaires. Caffeine intake was
assessed at baseline using a semiquantitative food-frequency
questionnaire, as previously reported.'®

Statistical Analysis

Each participant contributed person-time of follow-up from
the date of return of the baseline questionnaire to the date of
PD diagnosis, death from any cause, or end of follow-up,
whichever came first. For the rates presented here, end of
follow-up was June 1996 for the NHS and February 1996
for the HPFS. Age-specific incidence rates were calculated as
the number of PD cases (definite and probable only) divided

by person-time of follow-up in each age group. We esti-
mated Mantel-Haenszel age-adjusted incidence rate ratios
(RR) and their 95% confidence intervals (CI). A Wald test
was used to test for heterogeneity of RR between the 2 stud-
ies. Log RR from the 2 studies were weighted by the inverse
of their variances to obtain a pooled estimate. We used time-
dependent Cox proportional hazards regression to estimate
RR and CI for smoking status and pack-years of smoking,
adjusted for age and other covariates.

Separate analyses were performed according to date of first
symptoms, defined as the earliest date at which neurological
symptoms attributable to PD were reported by the partici-
pant or by the participant’s physician. In those analyses, par-
ticipants who reported that their symptoms started before the
baseline were excluded.

Results

We documented 153 new physician-confirmed diag-
noses of PD during the 20 years of follow-up in NHS,
and 146 during the 10 years of follow-up in HPFS.
There were 152 PD cases in the NHS, and 128 in the
HPES, with first symptoms during the follow-up pe-
riod. Only 4 cases (2.6% of the total) in the NHS, and
1 case (0.7%) in the HPFS were identified from death
certificates.

The incidence of PD rose sharply after age 60 and
was higher among men than among women for all age
groups, both among never-smokers (Fig 1) and ever-
smokers (Fig 2). These rates were similar to others pre-
viously reported.'” '

In both cohorts, smoking was associated with a
lower incidence of PD (Table 1). The pooled RR for
current smokers compared with never-smokers was 0.4
(95% CI: 0.2, 0.6). The RR (95% CI) were 0.5 (0.2,
0.9) for smokers of between 1 and 14 cigarettes per
day, and 0.3 (0.2, 0.6) for smokers of 15 or more cig-
arettes per day, compared with never-smokers. The
pooled RR (95% CI) for past smokers was 0.6 (0.5,
0.8), compared with never-smokers. By time since
quitting smoking, the RR were 0.7 (0.5, 0.9) for 10 or
more years, and 0.3 (0.2, 0.6) for less than 10 years.

Fig 2. Incidence of Parkinson’s disease among men.
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Table 1. Relative Rates and 95% Confidence Intervals for the Diagnosis of Parkinson’s Disease by Smoking®

Cohort Smoking Status No. Cases Person-Years RR (95% CI)
NHS® Never-smoker 87 988,491 1.0 (ref)
Past smoker 51 722,971 0.7 (0.5, 1.0)
Quit =10 yr ago 46 473,454 0.9 (0.6, 1.3)
Quit <10 yr ago 5 243,509 0.2 (0.1, 1.6)
Current smoker 15 574,802 0.4 (0.2, 0.7)
1-14 cigarettes/day 6 172,071 0.5(0.2,1.1)
=15 cigarettes/day 9 393,302 0.4 (0.2,0.7)
HPFS© Never-smoker 88 207,270 1.0 (ref.)
Past smoker 51 182,408 0.5 (0.4, 0.7)
Quit =10 yr ago 42 139,577 0.5 (0.4, 0.8)
Quit <10 yr ago 6 38,293 0.4 (0.2, 0.9)
Current smoker 4 35,978 0.3 (0.1, 0.8)
1-14 cigarettes/day 2 10,518 0.4 (0.1, 1.6)
=15 cigarettes/day 1 18,605 0.1 (<0.1, 1.0)
Pooled? Never-smoker 1.0 (ref.)
Past smoker 0.6 (0.5, 0.8)
Quit =10 yr ago 0.7 (0.5, 0.9)
Quit <10 yr ago 0.3(0.2,0.6)
Current smoker 0.4 (0.2, 0.6)
1-14 cigarettes/day 0.5 (0.2, 0.9)
=15 cigarettes/day 0.3 (0.2, 0.6)

*Adjusted for age (5-year categories).
bSmoking information was missing for 4,691 person-years.

“Smoking information was missing for 24,764 person-years, including 3 cases.
dp Values from Wald tests for heterogeneity of RR were 0.24, 0.05, 0.44, 0.56, 0.96, and 0.39 for past, quit <10 years ago, quit =10 years
ago, current smokers, 1-14 cigarettes/day, and =15 cigarettes/day, respectively.

RR = relative rate; CI = confidence interval; NHS = Nurses’ Health Survey; HPFS = Health Professionals’ Follow-Up Study.

Similar RR (95% CI) were obtained for first symptoms
of PD: 0.3 (0.2, 0.6) for current smokers, and 0.6 (0.5,
0.8) for past smokers, versus never-smokers.

The incidence of PD decreased with the number of
pack-years smoked (p <<0.001, Table 2). Smokers of
45 or more pack-years had the lowest incidence of PD
compared with never-smokers. The pooled RR (95%
CI) was 0.4 (0.3, 0.6) for both diagnosis and first
symptoms of PD.

When restricting analysis to cases that had been con-
firmed by a neurologist (86% of cases in NHS and
75% in HPES), the pooled RR were almost identical
to those reported above. We repeated all analyses with
a more restrictive case definition (ie, only PD-definite
cases) and again found almost identical pooled RR.
Compared with never-smokers, the pooled RR (95%
CI) were 0.4 (0.2, 0.6) for current smokers and 0.6
(0.5, 0.8) for past smokers. The corresponding RR
(95% CI) for categories of pack-years were 0.9 (0.6,
1.4) for 1 to 9 years, 0.7 (0.4, 1.0) for 10 to 24 years,
0.4 (0.3, 0.6) for 25 to 44 years, and 0.4 (0.2, 0.6) for
more than 45 years. The pooled RR for smoking status
were similar for participants under 65 years of age, al-
though the Cls were wider due to the smaller number
of cases. Age of starting smoking was not significantly
associated with the incidence of PD in pooled analyses.

Statistical adjustment for alcohol and caffeine intake
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had little effect on the results. Because we have previ-
ously reported an inverse association between caffeine
consumption and PD risk,'® we evaluated the associa-
tion between smoking and PD within 2 groups defined
by daily caffeine consumption at baseline: less than
150mg and more than 150mg (1 cup of coffee con-
tains ~150mg). The strength of the association was
similar in both groups (Table 3). Compared with
never-smokers, the pooled RR (95% CI) for smokers
of more than 24 pack-years was 0.4 (0.2, 0.6) among
those who consumed less than 150mg of caffeine per
day, and 0.5 (0.3, 0.7) among those who consumed
more than 150mg caffeine per day.

The mean age at first symptoms was 61.3 years (SD
7.0) among ever-smokers and 62.2 years (SD 6.3)
among never-smokers in the NHS (p = 0.96; analysis
of covariance adjusted for age at entry in the study),
and 68.3 years (SD 7.5) among ever-smokers and 65.3
years (SD 10.1) among never-smokers in the HPES
(» = 0.81).

Compared with never-smokers, the age-adjusted rel-
ative mortality rate was 1.4 (95% CI: 1.3, 1.5) for past
smokers and 2.1 (2.0, 2.3) for current smokers in
women, and 1.3 (1.2, 1.4) for past smokers and 2.3
(2.1, 2.6) for current smokers in men. Mortality in-
creased with age and was greater among smokers than
among nonsmokers in all age groups (Figs 3 and 4).
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Table 2. Relative Rates and 95% Confidence Intervals for the Diagnosis of Parkinson’s Disease by Pack-years of Smoking,

Current and Past Smokers Combined®

Cohort/Smoking Status/

Pack-Years No. Cases Person-Years RR (95% CI) ?
NHS"

Never-smoker 87 988,491 1.0 (ref.)

1-9 19 283,100 1.0 (0.6, 1.6)

10-24 19 366,148 0.8 (0.5, 1.3)

25-44 12 378,018 0.4 (0.2,0.7)

=45 15 250,257 0.4 (0.3, 0.7) <0.001
HPES®

Never-smoker 88 207,270 1.0 (ref.)

1-9 10 40,469 0.6 (0.3, 1.2)

10-24 17 77,251 0.5 (0.3, 0.8)

25-44 16 57,848 0.5(0.3,0.9)

=45 8 32,786 0.3 (0.2, 0.7) <0.001
Pooled?

Never-smoker 1.0 (ref.)

1-9 0.8 (0.6, 1.2)

10-24 0.6 (0.4, 0.9)

25-44 0.5 (0.3, 0.7)

=45 0.4 (0.3, 0.6) <0.001

*Adjusted for age (5-year categories).

Total of 24,940 person-years, including 1 case, with missing pack-years information.
“Total of 33,437 person-years, including 7 cases, with missing pack-years information.
dp Values from Wald tests for heterogeneity of RR were 0.26, 0.22, 0.52, and 0.61 for 1-9, 10-24, 25-44, and =45 pack-years, respectively.

Discussion

Our findings support the existence of a strong inverse
association between cigarette smoking and the risk of
idiopathic PD. Compared with never-smokers, the in-
cidence of PD was 60% lower among current smokers,
and 40% lower among past smokers. The risk de-
creased with number of cigarettes smoked among cur-
rent smokers, and increased with years since quitting

smoking among past smokers. Similar associations were
found for women and men.

An inverse association between PD and smoking,
which was first detected in mortality studies,”?2° has
been found in virtually all case-control studies re-
ported.k14 Little information is available, however,
from follow-up studies that identify incident PD cases.
The incidence of PD was 60% lower among ever-

Table 3. Relative Rates and 95% Confidence Intervals for the Diagnosis of Parkinson’s Disease by Smoking and Caffeine Intake®

<150mg Caffeine/Day

=150mg Caffeine/Day

No. No.
Cohort Pack-Years Cases Person-Years RR (95% CI) Cases Person-Years RR (95% CI)
NHS® 0 23 161,937 1.0 (ref.) 51 442,551 1.0 (ref)
1-9 7 36,973 1.6 (0.7, 3.7) 11 138,669 0.9 (0.5, 1.8)
10-24 2 39,995 0.4 (0.1, 1.6) 12 172,531 0.8 (0.4, 1.5)
=25 2 59,167 0.2 (<0.1, 0.8) 16 328,202 0.4 (0.2,0.7)
HPES® 0 58 114,797 1.0 (ref.) 26 86,311 1.0 (ref.)
1-9 8 18,796 0.8 (0.4, 1.7) 2 20,671 0.4 (0.1, 1.5)
10-24 2 33,217 0.6 (0.3, 1.1) 5 41,834 0.4 (0.2, 1.0)
=25 10 33,625 0.4 (0.2, 0.7) 14 54,483 0.6 (0.3, 1.2)
Pooled! 0 1.0 (ref.) 1.0 (ref.)
1-9 1.1 (0.6, 0.9) 0.8 (0.4, 1.4)
10-24 0.6 (0.3, 1.0) 0.6 (0.4,1.1)
=25 0.4 (0.2, 0.6) 0.5 (0.3, 0.7)

*Adjusted for age (5-year categories). NHS include cases diagnosed after 1980 (first dietary assessment) only.

>Total of 12,637 person-years, including 1 case, with missing pack-years information.
“Total of 31,875 person-years, including 7 cases, with missing pack-years information.

dp Values from Wald tests for heterogeneity of RR were 0.23, 0.60, 0.36 (<150mg) and 0.29, 0.22, 0.37 (=150mg) for 1-9, 10-24, and =45

pack-years, respectively.
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Fig 3. Mortality rate among women.

smokers compared with never-smokers in the Hono-
lulu Heart Program, a cohort study of 8,006 men of
Japanese and Okinawan ancestry born between 1909
and 1919 who resided in Oahu, Hawaii, in 1965."7
(Another prospective study has reported but not quan-
tified an inverse association between smoking and
PD.'®) Our results, based on two of the largest series of
prospectively identified PD cases, confirm the results of
previous case-control and cohort investigations, and
apply to both men and women.

The key question is whether this strong inverse as-
sociation reflects a truly protective effect of smoking on
the risk of developing PD, or whether there are alter-
nate noncausal explanations. Several biological theories
of PD that are consistent with smoking protection have
been summarized by Morens and colleagues.1 These
theories include (1) a direct chemical protective effect
of smoking, mediated through the stimulation of do-
pamine release and upregulation of nicotinic receptors
induced by nicotine; (2) protection against toxic neu-
ronal damage conferred by smoking, perhaps by inhi-
bition of the potentially toxic-generating enzyme
MAOB or by competitive inhibition of neurotoxins
binding to nicotinic receptors; and (3) smoking-
associated inhibition of free radical damage to nigral
cells mediated through CO, which appears to be pro-
tective against the membrane damage induced by
H,0,.

Proposed alternative explanations to the inverse as-
sociation between smoking and PD are that (1) PD
diagnoses are more frequently omitted in the death cer-
tificates and medical records of smokers (information
bias); (2) there is an increased mortality of younger
smokers from causes other than PD (selection bias); (3)
smoking and PD share common genetic or environ-
mental causes (confounding); and (4) patients predis-
posed to develop PD or with preclinical PD are less
susceptible to smoking or are more likely to quit (re-
verse causation).

The information bias due to a differential misclassi-

784 Annals of Neurology Vol 50 No 6 December 2001

fication of PD diagnoses by smoking status is referred
to as “diagnostic displacement.”’ According to this hy-
pothesis, smokers’ medical charts and death certificates
would be so overwhelmed by diagnoses of other
smoking-related diseases that the diagnosis of PD,
which may be perceived as a less serious condition or
one that did not lead to death, is not always recorded.
Although this possibility cannot be ruled out in mor-
tality and certain case-control studies, it is highly un-
likely in follow-up studies'®'” in which cases of PD
are actively sought among the participants, and even
more in our studies of health professionals.

There are a number of variations of the hypothesis
that selection bias due to mortality can explain the in-
verse association between smoking and PD. Briefly,
this hypothesis states that smokers with PD die
younger than smokers without PD. As case-control
studies using prevalent cases are only able to identify
those PD patients alive at the time of the study, non-
smokers would be guaranteed to be overrepresented
among those surviving cases. Obviously, this explana-
tion does not apply to follow-up studies that follow
participants who have not yet developed PD and that
identify incident PD cases continuously. A more re-
fined version of the selection bias hypothesis is that
smokers who are genetically predestined to develop PD
die young from smoking-related diseases, perhaps even
before the first recognizable signs of PD appear.’> A
strong argument against the existence of this differen-
tial survival is that smoking has been associated with a
lower incidence of PD in studies of monozygotic twins,
in which both twins in each pair possess the same nu-
clear genes and are of the same age.27’28 In our data, as
expected, smokers had higher mortality than occurred
among nonsmokers in all age groups, and because of
premature death smokers would have a lower lifetime
risk of PD. Nevertheless, this differential mortality can-
not explain the lower incidence rate of PD in smokers
compared with nonsmokers of the same age across all
age groups, including people under age 60 who have a

Fig 4. Mortality rate among men.
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relatively low overall mortality. (This was also observed
in the Honolulu Heart Program.)29

Confounding seems an unsatisfactory explanation for
the magnitude of the association. A number of candi-
date genes for smoking behavior have been identi-
fied>*?" but none of these have been independently
linked to an increased risk of PD; and adjustment for
lifestyle correlates of smoking behavior, such as coffee
and alcohol intake, had negligible effects on the asso-
ciation between smoking and PD in our studies and in
a previous prospective study.'” Furthermore, the hy-
pothesized common cause should be constant across
ethnic groups and geographical locations, the magni-
tude of its association with both smoking and PD
should be very large to induce such a strong inverse
association,®* and it should preserve the observed dose-
response and time-since-quitting relations with the risk
of PD. All of the above greatly diminishes the proba-
bility that such a strong hypothetical confounder has
not yet been identified.

There are also several versions of the argument
claiming the existence of a causal effect of PD on
smoking behavior, rather than a protective effect of
smoking on PD. That first symptoms of PD induce
quitting smoking is not very convincing, as we found
an inverse relation even when we used smoking status
before first symptoms of the disease and even among
people who quit smoking more than 10 years before
first symptoms. Hence, if smoking is affected by PD,
and not the other way around, some forms of PD must
already be present—but subclinical—in the first de-
cades of life, manifesting themselves only as the person
ages. A further elaboration of this hypothesis is that
PD patients have a characteristic pre-existing personal-
ity (moralistic, law-abiding, conscientious, risk averse)
that avoids smoking, or an underlying metabolism (ge-
netic or as a result of a toxic insult early in life) that
makes smoking particularly unrewarding.>® This hy-
pothesis is remarkably difficult to test. A finding that
seems to go against the hypothesis of aversion to ad-
dictive behaviors as one of the first symptoms of the
disease is that PD patients did not drink less alcohol
than other members of the cohort in the Honolulu
Heart Program and in our studies (data not shown).
Another piece of indirect evidence against this hypoth-
esis is a reported improvement, or at least not worsen-
ing, of parkinsonian symptoms after smoking.‘ﬁf41
However, some recent studies suggest that smoking
may also accentuate parkinsonian symptoms in some
patients.@*45

In summary, we present age—speciﬁc incidence rates
of PD by smoking status that are consistent with a pro-
tective effect of cigarette smoking on the risk of PD in
both men and women, although the existence of aver-
sion to smoking among predestined PD patients can-
not be excluded. Other alternatives, such as confound-

ing, diagnostic displacement, and selective mortality,
seem much less likely explanations of this strong in-
verse association. Of course, any public health benefits
of smoking derived from a potential reduction of the
incidence of PD would be overwhelmed by its detri-
mental effects on conditions such as cancer and cardio-
vascular disease. The chief interest of elucidating the
role of smoking on PD is to enhance our understand-
ing of the pathogenesis of the disease, which may lead
to preventive or therapeutic advancements.
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