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Abstract—Objective: To characterize further the relationship between smoking history and Parkinson disease (PD) risk
by considering temporal and qualitative features of smoking exposure, including duration, average intensity, and recent-
ness, as well as the relative importance of smoking during different periods of life. Methods: We prospectively assessed
incident PD from 1992 to 2001 among 79,977 women and 63,348 men participating in the Cancer Prevention Study II
Nutrition Cohort, according to their cigarette smoking status and lifetime smoking histories. Results: During follow-up,
413 participants had definite or probable PD confirmed by their treating neurologists or medical record review. Compared
with never smokers, former smokers had a relative risk (RR) of 0.78 (95% CI 0.64 to 0.95) and current smokers had an RR
of 0.27 (95% CI 0.13 to 0.56). On average, participants with more years smoked, more cigarettes per day, older age at
quitting smoking, and fewer years since quitting smoking had lower PD risk. The relative risks and trends did not vary
significantly by sex. The cumulative incidence of PD was lowest among participants who quit smoking at later ages. A 30%
to 60% decreased risk of PD was apparent for smoking as early as 15 to 24 years before symptom onset, but not for
smoking 25 or more years before onset. Conclusions: The lower risk of Parkinson disease among current and former
smokers varied with smoking duration, intensity, and recentness. The dependence of this association on the timing of
smoking during life is consistent with a biologic effect.
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The lower risk of Parkinson disease (PD) among cur-
rent and former smokers is documented in numerous
retrospective studies but in only a few prospective
investigations.1-3 Few groups have published results
from studies in women,2 and the relative importance
of smoking duration, total lifetime dose, average in-
tensity, age at quitting, years since quitting, and
smoking during different periods of life remains un-
certain. Clarifying these issues would provide addi-
tional evidence for or against the association with
smoking being causal. If it is causal, screening to-
bacco constituents for neuroprotective effects would
be important. Here we present results on the associ-
ation between cigarette smoking and incident PD
from the Cancer Prevention Study II Nutrition Co-
hort, a large prospective study of women and men
with detailed lifetime smoking histories.

Methods. Study participants. The participants in this study
are members of the Cancer Prevention Study II Nutrition Cohort,
a prospective study of 97,786 women and 86,404 men in the
United States.4 The Nutrition Cohort is a subset of the Cancer

Prevention Study II, which began in 1982.5 Participants joined the
Nutrition Cohort by responding to a mailed baseline questionnaire
in 1992 and completed subsequent questionnaires in 1997, 1999,
and 2001. The 2001 questionnaire included a question about the
lifetime occurrence of PD. Our cohort for analysis comprised
79,977 women and 63,348 men who returned the 2001 question-
naire and had no PD symptoms or suspected PD at baseline in
1992. Participants were followed from baseline until the onset of
PD symptoms or the end of follow-up on September 30, 2001,
whichever occurred first. The Human Subjects Committee at the
Harvard School of Public Health and Institutional Review Board
at Emory University approved the research protocol.

Exposure assessment. Participants reported their cigarette
smoking status (never, former, or current) and smoking exposure
history in 1992 and updated their smoking status in 1997. We
characterized former smokers by their age at starting smoking,
number of years smoked, number of pack-years smoked (years
smoked times number of packs per day), number of cigarettes
smoked per day, age at quitting smoking, and number of years
since quitting smoking. We evaluated potential confounding by
several variables that could have affected the association between
smoking and PD, including age, sex, race, coffee drinking, alcohol
use, nonsteroidal anti-inflammatory drug use, supplementary vi-
tamin intake, pesticide exposure, education, physical activity, and
body mass index. These variables were ascertained at baseline in
1992, except for race, coffee drinking, pesticide exposure, educa-
tion, and height (for body mass index calculation), which were
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collected through the 1982 questionnaire of the Cancer Prevention
Study II.

Case ascertainment. PD cases were first identified by self-
report in the 2001 questionnaire and then followed for diagnostic
confirmation, as previously described.6 Briefly, cases were con-
firmed either if the treating neurologists (or internists if the neu-
rologists did not respond) reported a diagnosis of clinically definite
or probable PD, or if there was evidence in the medical records of
at least two of four cardinal signs (with one being rest tremor or
bradykinesia), a progressive course, and the absence of unrespon-
siveness to L-dopa or other features suggesting an alternative
diagnosis, as assessed by a movement disorders specialist (M.A.S.)
who reviewed the records blind to exposure. Of 840 participants
who reported a diagnosis of PD at any time in the past, 677
provided informed consent for contacting the treating neurolo-
gists, and 588 were confirmed. We excluded 175 confirmed cases
with symptom onset before the baseline survey, retaining 413
with symptom onset after baseline. Of these 413 incident cases,
67.6% were confirmed by the treating neurologists or movement
disorders specialists, 21.1% by the review of medical records, and
11.4% by the treating internists or family physicians. Most analy-
ses in this report are based on confirmed incident cases using the
date of first symptoms of PD as the primary outcome. For estima-
tion of the age- and sex-specific incidence of PD, we included as
cases 160 additional participants who self-confirmed their PD di-
agnosis but did not permit access to their detailed medical infor-
mation for confirmation of the diagnosis. Permitting release of
medical information was not associated with baseline smoking
status (�2

df � 2 � 3.2; p � 0.2).
Statistical analyses. We calculated sex– and age group–

specific PD incidence rates (per 100,000 person-years) among
never smokers and ever smokers by dividing the number of PD
cases by the total number of person-years in each group. Using
never smokers as the reference group, we calculated relative risks
(RRs) of PD for former and current smokers, adjusting for sex and
5-year age groups by the Mantel–Haenszel method. We also calcu-
lated age- and sex-adjusted RRs and trend tests for former smok-
ers by categories of age at starting smoking (�15, 15 to 19, 20 to
24, �25 years), years smoked (�10, 10 to 19, 20 to 29, �30),
pack-years smoked (�10, 10 to 24, 25 to 44, �45), cigarettes per
day (�10, 10 to 19, 20 to 29, �30), age at quitting smoking (�35,
35 to 44, 45 to 54, 55 to 64, �65), and years since quitting smoking
(�10, 10 to 19, 20 to 29, �30). More than 37% of ever smokers
reported one or more period of quitting for 6 months or longer. In
secondary analyses, we therefore recalculated smoking duration
by subtracting 6 months for each report of temporary quitting. We
used Cox proportional hazards models stratified on age and sex to
obtain RRs and trend tests adjusted for additional variables and
to obtain mutual adjustments for pairs of smoking history vari-
ables. In addition to sex-adjusted RRs, we calculated RRs for
women and men separately.

To determine how smoking during particular time periods of
life was related to PD risk, we plotted the cumulative incidence of
PD for women and men separately, through age 80 years, strati-
fied by the age at quitting smoking. We also used a series of Cox
proportional hazards models to estimate the RRs for smoking
during specific 10-year intervals before PD symptom onset. In the
first model, we focused on the interval 0 to 9 years before PD
symptom onset, and in each subsequent model, we shifted the
interval of interest 5 years earlier (i.e., 5 to 14 years before, 10 to
19 years before, 15 to 24 years before, and so on until 35 to 44
years before). In each model, the RR for smoking during the inter-
val of interest was adjusted for all previous and subsequent pack-
years of smoking. Using this series of RRs, we examined the
differences in PD risk for very recent smoking vs smoking in the
distant past, in the context of the lifetime smoking history.

Results. Baseline characteristics of the Nutrition Cohort
have been reported previously.4 More than 98% of the par-
ticipants were between ages 50 and 79 years at baseline,
with more than half between ages 60 and 69 years. The
majority of cohort participants were white (97%), most
were currently married (89%), and many had graduated
from college (38%). During follow-up, 413 participants, in-
cluding 405 with valid baseline smoking data (142 women
and 263 men), were confirmed to have clinically definite or

probable PD with the onset of first symptoms occurring
after the 1992 survey date and up to the study cutoff date.
Confirmed cases were predominantly white (99%), and
48% were college graduates. The mean age at onset was
70.0 years in women and 70.5 years in men. Rest tremor
was documented in 75% of cases, bradykinesia in 83%,
rigidity in 73%, and postural instability in 42%. The cumu-
lative incidence of PD through age 80 years was 0.6% in
women and 1.2% in men. When we included the cases for
which diagnostic confirmation could not be obtained, the
estimated cumulative incidence through age 80 years was
0.9% in women and 1.7% in men. Age-specific incidence
rates for PD were lower for ever smokers than for never
smokers through age 74 years in both sexes (figure 1).
Compared with never smokers, the risk of PD was 22%
lower in former smokers and 73% lower in current smokers
(table). These results were not substantially altered when
we adjusted for race, coffee drinking, alcohol use, nonste-
roidal anti-inflammatory drug use, supplementary vitamin
intake, pesticide exposure, education, physical activity,
and body mass index, and did not vary significantly by sex.

In age- and sex-adjusted analyses, more years smoked,
more cigarettes per day, and more recent smoking (fewer
years since quitting) were all associated with lower PD
risk. (table) The results for smoking duration did not
change appreciably when we accounted for periods of tem-
porarily quitting smoking for 6 months or longer. More
pack-years smoked also predicted a lower risk of PD (�45
pack-years vs never smoking, RR 0.55; 95% CI 0.35 to 0.86;
ptrend across pack-year categories � 0.0008). Sex-specific
age-adjusted models and models with additional covariate
adjustments produced similar results. For former smokers,
when we included cigarettes per day and years smoked in
the same model, the trend for cigarettes per day was no
longer significant, but the trend for years smoked was still
significant. Similarly, when we modeled cigarettes per day
and years since quitting together, the trend for cigarettes
per day nearly lost significance, whereas the trend for age
at quitting remained significant.

When stratified by the age at quitting smoking, the
cumulative incidence of PD through age 80 years was
lower for participants who quit smoking at later ages, in
both women (figure 2) and men (figure 3). As shown in
figure 4, the reduced PD risk among smokers was stron-

Figure 1. Incidence of Parkinson disease by age group, sex,
and smoking status in the Cancer Prevention Study II Nu-
trition Cohort, 1992 to 2001.
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Table Relative risks of the onset of Parkinson disease according to smoking status in the Cancer Prevention Study II Nutrition Cohort,
1992 to 2001*

Sex Smoking status No. of cases Person-years RR (95% CI) p Trend†

Both sexes Never smokers 201 556,616 1.00 (reference)
Former smokers 196 572,353 0.78 (0.64–0.95)

Years of smoking
�10 36 105,329 0.89 (0.62–1.27)
10–19 62 140,122 1.08 (0.81–1.44)
20–29 47 137,753 0.73 (0.52–1.02)
�30 45 167,718 0.56 (0.40–0.78) 0.002

Cigarettes per day
�10 53 136,239 1.05 (0.77–1.42)
10–19 47 137,959 0.80 (0.58–1.10)
20–29 58 167,006 0.74 (0.55–1.01)
�30 35 120,125 0.58 (0.39–0.84) 0.009

Years since quitting
�30 94 198,644 1.00 (0.78–1.28)
20–29 58 145,319 0.93 (0.69–1.25)
10–19 32 124,726 0.61 (0.42–0.90)
�10 11 88,886 0.33 (0.18–0.60) 0.0004

Current smokers 8 79,295 0.27 (0.13–0.56)
Women‡ Never smokers 94 372,976 1.00 (reference)

Former smokers 46 251,299 0.76 (0.53–1.07)
Years of smoking

�10 12 54,883 1.00 (0.55–1.81)
10–19 18 63,861 1.24 (0.75–2.05)
20–29 5 55,089 0.37 (0.15–0.90)
�30 11 68,602 0.59 (0.31–1.10) 0.02

Cigarettes per day
�10 24 86,856 1.12 (0.72–1.76)
10–19 11 68,911 0.64 (0.34–1.20)
20–29 10 59,797 0.70 (0.37–1.34)
�30 1 30,926 0.14 (0.02–0.99) 0.01

Years since quitting
�30 24 80,263 1.12 (0.71–1.75)
20–29 13 61,722 0.92 (0.52–1.63)
10–19 6 57,147 0.44 (0.19–1.01)
�10 3 45,452 0.29 (0.09–0.91) 0.007

Current smokers 2 44,031 0.20 (0.05–0.83)
Men§ Never smokers 107 183,640 1.00 (reference)

Former smokers 150 321,055 0.79 (0.62–1.02)
Years of smoking

�10 24 50,446 0.83 (0.54–1.30)
10–19 44 76,260 1.02 (0.72–1.45)
20–29 42 82,664 0.86 (0.60–1.23)
�30 34 99,116 0.54 (0.37–0.81) 0.02

Cigarettes per day
�10 29 49,383 0.99 (0.65–1.49)
10–19 36 69,048 0.87 (0.60–1.27)
20–29 48 107,209 0.76 (0.54–1.07)
�30 34 89,199 0.66 (0.45–0.97) 0.11

Years since quitting
�30 70 118,381 0.95 (0.70–1.29)
20–29 45 83,597 0.93 (0.66–1.32)
10–19 26 67,578 0.69 (0.45–1.05)
�10 8 43,434 0.35 (0.17–0.71) 0.01

Current smokers 6 35,263 0.31 (0.14–0.71)

* Adjusted for age in 5-year categories; results for both sexes combined also adjusted for sex.
† Trend tests do not include never smokers.
‡ Smoking status was missing for 10,473 person-years, including 5 cases. Additionally, for former smokers, years of smoking was missing for 8,864 person-

years, cigarettes per day for 4,809 person-years, and years since quitting for 6,715 person-years.
§ Smoking status was missing for 4,710 person-years, including 3 cases. Additionally, for former smokers, years of smoking was missing for 12,569 person-

years, including 6 cases; cigarettes per day for 6,216 person-years, including 3 cases; and years since quitting for 8,064 person-years, including 1 case.

RR � relative risk.
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gest for participants who smoked during the interval 0 to 9
years before symptom onset, independent of pack-years
smoked in earlier intervals (smoked during interval vs did
not smoke during interval, RR 0.42; 95% CI 0.26 to 0.68).
Participants who smoked during the interval 0 to 9 years
before symptom onset included those who smoked up to
the onset of symptoms (current smokers) or nearly so (re-
cent quitters). The risk reduction persisted for smoking as
early as 15 to 24 years before symptom onset, with adjust-
ment for previous and more recent pack-years smoked, but
was not apparent for smoking during earlier intervals (fig-
ure 4). Results including as cases individuals who reported
a PD diagnosis but did not give permission to review their
medical records were virtually identical.

Discussion. We conducted a prospective study of
cigarette smoking and PD in a large population of
women and men in the United States. The risk of PD
was lowest among participants with the longest du-
ration of smoking, the greatest lifetime dose of smok-
ing, the highest average daily intensity of smoking,

and the most recent smoking. The duration and re-
centness of smoking were more relevant to PD risk
than the average daily amount of smoking. Examina-
tion of PD risk according to the age at quitting smok-
ing and smoking behavior during 10-year intervals
before symptom onset showed that the timing of
smoking during life was an important component of
the relationship between smoking and PD. Smoking
up to or nearly up to the onset of symptoms was most
strongly associated with decreased PD risk, and
smoking as early as 20 years in the past was also
associated with lower PD risk after adjusting for ear-
lier and more recent smoking. Overall, women had a
lower incidence of PD than men, but both sexes had
similar RRs and trends for smoking history
variables.

Several aspects of our study support the validity
of the results. We examined a large population, as-
sessed lifetime smoking histories before symptom on-
set, identified and rigorously confirmed incident PD
cases, and considered adjustments for multiple risk
factors. We also recognize limitations of our data.
Our results could have been influenced by misdiag-
nosis or underdiagnosis of PD. Some level of diagnos-
tic error by the treating physicians, who confirmed
the majority of the cases, is probably inevitable.
However, the accuracy of PD diagnosis has been re-
ported to be 90% by neurologists7 and 99% by move-
ment disorders specialists.8 Also, because some
participants reporting PD did not permit us to con-
tact their neurologists or access their medical
records, our confirmation of PD cases was incom-
plete. However, sensitivity analyses including the
participants who did not release medical information
as cases in our models did not materially change the
association between smoking and PD risk, suggest-
ing that bias from this source was minimal.

Studies of PD mortality or prevalent PD cases

Figure 2. Cumulative incidence of Parkinson disease
through age 80 years by age at quitting smoking for
women in the Cancer Prevention Study II Nutrition Co-
hort, 1992 to 2001. The category “quit age 65�” includes
current smokers.

Figure 3. Cumulative incidence of Parkinson disease
through age 80 years by age at quitting smoking for men
in the Cancer Prevention Study II Nutrition Cohort, 1992
to 2001. The category “quit age 65�” includes current
smokers.

Figure 4. Relative risks of Parkinson disease (PD) for
smoking during 10-year periods before disease onset in the
Cancer Prevention Study II Nutrition Cohort, 1992 to
2001. The relative risk for smoking during each period
was adjusted for age, sex, and pack-years of smoking oc-
curring before and after that period.
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have been criticized as being biased toward spuri-
ously showing that smokers have a reduced risk of
PD due to various methodologic problems. However,
most potential biases, including increased early mor-
tality among smokers, should not influence the re-
sults of prospective cohort studies based on incident
PD cases.1,2 Further, mortality among PD patients
has been shown to be similar for smokers and non-
smokers.9 Debate continues over whether the re-
duced risk of PD among smokers is due to a
protective effect of smoking.2,10,11 Some researchers
support the alternative that a low novelty-seeking or
low sensation-seeking personality, appearing early
in life as a correlate of PD, protects against develop-
ing or maintaining a smoking habit, and thus the
apparent protective effect of smoking against PD
arises.12,13 However, in a recent study, although PD
cases had higher sensation seeking scores than con-
trols, adjusting for sensation seeking barely influ-
enced the strong, significant association between
higher levels of smoking and lower risk of PD.14 An-
other issue regarding causality, as discussed by oth-
ers, is whether protection against PD by smoking
persists at later ages.15 Our results suggest that
smoking may not reduce the risk of PD among older
subjects (i.e., age 75 years and older), but because of
small numbers, a longer follow-up will be needed to
confirm this finding.

A biologic explanation of protection against PD by
smoking should accommodate dose dependency, du-
ration dependency, and a decline in protection after
quitting smoking.10,16 Possible mechanisms and can-
didate molecules have been reviewed,17,18 but evi-
dence supporting any specific mechanism or
chemical remains inconclusive. The observation that
smokeless tobacco users also have a lower risk of
PD19,20 suggests that the most likely candidates are
not compounds generated by combustion, but rather
constituents of the tobacco leaves.
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