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Smoking duration, intensity, and risk of

Parkinson disease
ey

ABSTRACT

Objective: To evaluate the relative importance of smoking duration vs intensity in reducing the risk
of Parkinson disease (PD).

Methods: The study included 305,468 participants of the NIH-AARP Diet and Health cohort, of
whom 1,662 had a PD diagnosis after 1995. We estimated odds ratios (OR) and 95% confidence
intervals from multivariate logistic regression models.

Results: Compared with never smokers, the multivariate ORs were 0.78 for past smokers and
0.56 for current smokers. Among past smokers, a monotonic trend toward lower PD risk was
observed for all indicators of more smoking. Stratified analyses indicated that smoking duration
was associated with lower PD risk within fixed intensities of smoking. For example, compared
with never smokers, the ORs among past smokers who smoked >20 cigarettes/day were
0.96 for 1-9 years of smoking, 0.78 for 10-19 years, 0.64 for 20-29 years, and 0.59 for
30 years or more (p for trend = 0.001). In contrast, at fixed duration, the typical number of
cigarettes smoked per day in general was not related to PD risk. Close examination of smoking
behaviors in early life showed that patients with PD were less likely to be smokers at each age
period, but if they smoked, they smoked similar numbers of cigarettes per day as individuals
without PD.

Conclusions: This large study suggests that long-term smoking is more important than smoking
intensity in the smoking-Parkinson disease relationship. Neurology® 2010;74:878-884

GLOSSARY
Cl = confidence interval; DH = Diet and Health; OR = odds ratio; PD = Parkinson disease.

Despite the well-known adverse effects of cigarette smoking on health, epidemiologic studies
consistently find lower risk of PD among smokers.! Recent evidence suggests this association is

1,4 yet the small sample sizes and limited data on smoking in prior studies

likely to be causa
have left many details of this relationship poorly understood. Of particular importance is the
relative impact of duration vs intensity of smoking on PD risk. A thorough understanding of
this relative impact is essential both for determining the clinical usefulness of administering the
active constituents of tobacco to new patients with PD and for guiding animal experimental
research.” This is particularly true given the numerous adverse health effects of tobacco use. By
taking advantage of the large NIH-AARP (formerly known as American Association of Retired
Persons) Diet and Health (DH) Study,® we examined detailed aspects of smoking over life in
relation to PD, and report the greater importance of duration than intensity in mediating the

smoking—PD relationship.
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METHODS Study population and PD case identifica-
tion. The NIH-AARP DH cohort was assembled in 1995-
1996 by the National Cancer Institute to investigate the roles of
diet and lifestyle in cancer etiology.® The cohort comprised
566,402 AARP members (ages 50-71) from 6 US states and 2
metropolitan areas who completed a comprehensive survey on
diet and lifestyle.® From 2004 to 20006, a follow-up survey was
conducted among surviving participants to update lifestyle expo-
sure and to ascertain the occurrence of major chronic diseases,
including PD. A total of 318,261 participants (187,499 men and
130,762 women) responded to the follow-up survey and were
thus eligible for the current study. The follow-up questionnaire
asked participants whether they had been diagnosed by a doctor
with PD and the year of diagnosis in the following categories:
before 1985, 1985-1994, 1995-1999, or after 2000. A total of
2,432 participants reported a PD diagnosis on the follow-up
questionnaire. As the baseline survey was in 1995-1996, we ex-
cluded from our analyses 459 cases who reported a PD diagnosis
before 1995. We further excluded 293 self-reported cases whose
diagnosis was later denied either by patients themselves or by
their treating physicians in our diagnostic confirmation effort as
described below and 18 cases who had missing information on
smoking. Of those who did not report a PD diagnosis, we ex-
cluded 12,023 participants with missing data on smoking (n =
4,053) or PD status (n = 7,970). After these exclusions, we had
a total of 1,662 self-reported PD cases diagnosed in or after 1995
and 303,806 participants without PD in the primary analyses.

As part of an effort to collect saliva samples from surviving
patients with PD for genetic research, we began in 2007 to vali-
date the self-reported PD diagnosis in this cohort. We asked
surviving self-reported cases for permission to contact their treat-
ing neurologists, and then asked the neurologists either to com-
plete a diagnostic questionnaire or to send us a copy of the
patient’s medical records. The questionnaire collects informa-
tion on PD cardinal signs (rest tremor, rigidity, bradykinesia,
and postural instability), response to dopaminergic treatments,
and clinical features that may corroborate a PD diagnosis or
suggest an alternative diagnosis. The medical records were re-
viewed and abstracted by a movement disorder specialist of the
research team (X.H.). A case was confirmed if the diagnosis was
considered clinically definitive or probable by the treating neu-
rologist, or if the medical record included a final PD diagnosis or
evidence of 2 or more cardinal signs with one being rest tremor
or bradykinesia, a progressive course, responsiveness to dopami-
nergic treatments, and absence of features that suggest an alter-
native diagnosis. This protocol has been successfully
implemented in other large cohorts.”® To date, we have received
a total of 1,069 responses from physicians and 940 (87.9%) PD
diagnoses were confirmed; 129 (12.1%) diagnoses were denied
due to uncertainty (n = 62) or misdiagnosis (n = 67).

Exposure assessment. On the baseline questionnaire, we
asked participants whether they had ever smoked more than 100
cigarettes during their lifetime. We asked ever smokers the typi-
cal number of cigarettes smoked per day and their current smok-
ing status and asked former smokers the number of years since
they last smoked. The follow-up questionnaire further ascer-
tained the numbers of cigarettes smoked per day by 5-year age
periods from <15 to 25-29 and then by 10-year age periods
from 30-39 to 70 years or older. Using information from both
the baseline and follow-up questionnaires, we reconstructed the
following variables for our analyses: age at first smoking; age at
last smoking; total years of smoking; typical number of cigarettes

smoked per day; total pack-years of smoking; and, for past smok-

ers, years since last smoking. In addition to smoking, the baseline
survey collected information on age, sex, and race as well as in-
formation on coffee and other caffeinated drinks as part of a food

frequency questionnaire.®

Statistical analysis. We estimated odds ratios (OR) and 95%
confidence intervals (CI) from unconditional logistic regression
models. Lifetime smoking information was categorized in as
much detail as sample sizes allowed: typical number of cigarettes
smoked per day (1-10, 11-20, 21-30, 31-40, and >40), dura-
ton (years, 1-9, 10-19, 20-29, 3039, and =40), pack-years
(1-9,10-19, 20-29, 30-39, 40—49, and =50), and years since
last smoked (past smokers only, =35, 30-34, 20-29, 10-19,
5-9, and 1-4). As almost all smokers (92.7%) started smoking
in their late teens or early 20s and this cohort had a narrow age
distribution, there was little variation in smoking duration
among current smokers. Therefore, we limited analyses involv-
ing smoking duration to past smokers. Analyses were conducted
first among all participants and then by gender, adjusting for age
(in 5-year groups), race (non-Hispanic Caucasians vs others),
caffeine intake (in quintiles), and gender (when appropriate). To
evaluate the relative importance of duration vs intensity of smok-
ing in past smokers, we included both variables simultaneously
in the regression model. We also categorized past smokers ac-
cording to combinations of years of smoking and number of
cigarettes smoked per day to examine whether years of smoking
was related to PD risk at fixed smoking intensities and vice versa.
We tested the significance of linear trends by including the me-
dian of each exposure category as a continuous variable in the
regression model.

To examine whether participants with and without PD had
different smoking behavior in early life, we first calculated the
proportion of smokers during each lifetime period up to age
50-59 according to whether they were diagnosed with PD after
1995. We then calculated the average number of cigarettes
smoked per day at each age period for smokers with and without
PD. Finally, we examined the average number of cigarettes
smoked per day at each age period in relation to future PD risk,
with and without adjusting for years of smoking. All statistical
analyses were conducted using SAS software (Version 9.1, Cary,
NC) and the significance tests were 2-tailed with a = 0.05.

Standard protocol approvals, registrations, and patient
consents. Participants consented to the study by returning sur-
vey questionnaires. The study protocol was approved by the In-
of the

Environmental Health Sciences and the Special Studies Institu-

stitutional Review Board National Institute of

tional Review Board of the National Cancer Institute.

RESULTS Table 1 shows the population character-
istics according to PD diagnosis after 1995. Com-
pared with those without PD, PD cases were older at
baseline, were more likely to be male, were less likely
to be current smokers, and had less caffeine intake.
Among ever smokers, more than 67.7% had tried
cigarettes before age 20, and 92.7% had started
smoking by age 25. The distribution of age at the
initiation of smoking was similar between PD cases
and noncases. Among past smokers, participants who
later developed PD were more likely to quit at earlier
ages than those who remained PD free: the propor-
tions of quitters were 26.8% vs 24.0% before age 30,
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[ Table 1

Age,y
Men, %

White, %

Caffeine

intake, mg/d

Smokers, %

Never
Past

Current

Population characteristics® of the NIH-AARP Diet and Health Study with respect to Parkinson disease (PD) diagnosis after 1995 ]

234.0(26.5-559.1)

187.7 (19.7-543.0) 265.3(33.0-580.7)

43.5 32.8 38.9
51.3 58.8 571
5.2 8.3 4.0

212.2(22.2-552.4)

Men Women
PD No PD PD No PD PD
(n = 303,806) (n=1,662) (n=177,852) (n=1,228) (n=125,954) (n=434)
63.8+438 61.5+53 64.0+47 612 +54 63.3+5.2
73.9
94.6 93.8 95.3 91.0 92.9

210.3(20.4-530.4) 120.8(14.0-514.2)

471 56.5
41.0 34.8
119 8.8

aMeans + SD are presented for age; medians and interquartile ranges (25%-75%) are presented for caffeine intake; and proportions are provided for

other variables.
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25.9% vs 24.9% before age 40, 21.7% vs 24.1% be-
fore age 50, and 25.6% vs 27.0% after age 50.

Compared with never smokers, the multivariate
ORs were 0.78 for past smokers and 0.56 for baseline
current smokers (table 2). Among past smokers, we
observed a monotonic trend toward lower PD risk
with more cigarettes smoked per day, longer years of
smoking, fewer years since quitting, and more pack-
years of smoking. In reference to never smokers, the
multivariate ORs for the highest exposed category
was 0.54 (p for trend < 0.0001) for years of smoking
and 0.56 (p for trend < 0.0001) for years since last
smoking as compared with 0.61 (p for trend = 0.01)
for the number of cigarettes smoked per day.

When the model contained both duration and in-
tensity simultaneously, the number of cigarettes
smoked per day was no longer significantly associ-
ated with PD risk, whereas the risk estimates for years
of smoking were barely changed. Compared with
never smokers, the ORs were 0.94 for past smokers
who smoked 1-10 cigarettes/day, 0.92 for 11-20
cigarettes/day, 0.94 for 21-30 cigarettes/day, 0.91
for 31-40 cigarettes/day, and 0.79 (95% CI 0.59—
1.04) for >40 cigarettes/day (p for trend = 0.3).
The ORs for years of smoking, on the other hand,
were 0.94 for 1-9 years, 0.76 for 10-19 years, 0.74
for 20-29 years, 0.66 for 30-39 years, and 0.54
(95% CI 0.42-0.69) for =40 years (p for trend
<0.0001). We found similar patterns when we com-
pared years since last smoking with typical number of
cigarettes smoked per year (data not shown).

Current smokers represented only 9.8% of the
study population at the baseline survey. Whereas cur-
rent smokers at baseline had lower PD risk than
never smokers, no further risk reduction was evident
for more cigarettes smoked per day (table 2). The
numbers of cases became too small to provide stable
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estimates for current smokers with more than 30 cig-
arettes per day.

As expected, in both men and women, there were
proportionally fewer smokers in each life period
among individuals who later developed PD than
among those who remained PD free (figure e-1 on
the Neurology® Web site at www.neurology.org). On
the other hand, there was little difference in the
number of cigarettes smoked per day among smokers
by later PD status (figure e-2). Starting from earlier 20s,
being a smoker in each of the life periods was associated
with a lower PD risk (table 3); however, those smoking
more than 20 cigarettes per day did not have a lower
tisk of PD than participants smoking less. Further anal-
yses suggested that these associations were largely ex-
plained by smoking duration (table 3).

Finally, we examined the joint associations of in-
tensity and duration of smoking in relation to PD
risk among past smokers (figure). In general, within
each level of smoking intensity, longer duration
tended to be associated with lower odds of having
PD. Conversely, the typical number of cigarettes
smoked per day was not related to the PD risk in
most of the duration categories. We obtained similar
results when we analyzed years since last smoking in

conjunction with intensity (data not shown).

DISCUSSION Characterizing the smoking—PD re-
lationship and understanding its nature are of great
scientific and clinical importance, yet few epidemio-
logic studies have had large sample sizes and suffi-
cient smoking information to do so. In the Cancer
Prevention Study II Nutrition cohort, Thacker et al.”
indicated that the number of cigarettes per day, years
of smoking, pack-years of smoking, and years since
cessation were each associated with PD risk in a dose-
response manner, consistent with results from a larger
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Table 2 Odds ratios (OR) and 95% confidence intervals (Cl) of Parkinson disease according to baseline
smoking status®

All Men Women
Cases/controls OR (95% CI) Cases/controls OR (95% CI) Cases/controls OR (95% Cl)
Never smokers 723/117,752 1.0 478/58,424 1.0 245/59,328 1.0

Past smokers 852/156,235 0.78(0.70-0.86) 701/104,593 0.79(0.70-0.89) 151/51,642 0.72(0.59-0.88)

Cigarettes

per day
1-10 230/41,992 0.87(0.75-1.01) 157/21,962 0.86(0.71-1.03)  73/20,030 0.90(0.69-1.17)
11-20 268/48,298 0.77(0.67-0.89) 236/32,627 0.84(0.71-0.98) 32/15,671 0.51(0.35-0.73)
21-30 166/29,672 0.77(0.65-0.91) 141/21,781 0.77(0.64-0.93) 25/7,891 0.81(0.53-1.22)
31-40 105/19,079 0.74(0.60-0.91) 91/14,502 0.74(0.59-0.93) 14/4,577 0.78(0.45-1.34)
>40 75/15,965 0.61(0.48-0.78) 72/12,943 0.66 (0.51-0.84) 3/3,022 0.26 (0.08-0.81)

p for trend 0.01 0.04 0.09

Years of

smoking
1-9 223/36,556 0.92(0.79-1.07) 184/24,659 0.94(0.79-1.12) 39/11,897 0.85(0.60-1.20)
10-19 185/35,128 0.75(0.63-0.88) 152/24,140 0.75(0.62-0.90) 33/10,988 0.76 (0.53-1.10)
20-29 169/33,396 0.72(0.61-0.85) 140/22,537 0.73(0.61-0.89) 29/10,859 0.68(0.46-1.00)
30-39 120/27,051 0.65(0.53-0.79) 102/17,624 0.69(0.56-0.86) 18/9,427 0.49(0.30-0.79)
=40 61/12,703 0.54(0.41-0.70) 53/8,492 0.58(0.43-0.77) 8/4,211 0.38(0.19-0.77)

p for trend <0.0001 <0.0001 0.004

Years since

last smoking

=35 168/20,897 0.91(0.77-1.09) 147/15,484 0.94(0.78-1.13) 21/5,413 0.79(0.50-1.25)
30-34 146/21,463 0.83(0.69-1.00) 119/15,675 0.80(0.65-0.98) 27/5,788 1.06(0.71-1.58)
20-29 186/36,515 0.74(0.63-0.87) 153/25,527 0.74(0.61-0.89) 33/10,988 0.77(0.53-1.10)
10-19 136/30,963 0.69(0.57-0.83) 116/20,607 0.74(0.60-0.91) 20/10,356 0.51(0.32-0.81)
5-9 82/20,370 0.64(0.51-0.81) 66/12,073 0.69(0.53-0.90) 16/8,297 0.51 (0.30-0.84)
1-4 53/16,351 0.56 (0.42-0.74)  40/9,054 0.58(0.42-0.81) 13/7,297 0.48(0.28-0.85)
p for trend <0.0001 0.006 0.005
Pack-years
of smoking
1-9 338/57,659 0.90(0.79-1.02) 261/34,895 0.91(0.79-1.06) 77/22,764 0.85(0.66-1.10)
10-19 146/29,394 0.69(0.58-0.83) 129/20,444 0.75(0.61-0.91) 17/8,950 0.48(0.29-0.79)
20-29 105/22,539 0.64(0.52-0.79) 93/15,754 0.69(0.55-0.86) 12/6,785 0.44(0.25-0.79)
30-39 62/13,268 0.63(0.48-081) 53/9,581 0.64(0.48-0.85) 9/3,687 0.60(0.31-1.17)
40-49 44/8,979 0.65(0.48-0.88) 38/6,649 0.66(0.47-0.91) 6/2,330 0.63(0.28-1.41)
=50 61/12,762 0.57(0.44-0.74) 55/9,973 0.59(0.44-0.78) 6/2,789 0.49(0.22-1.11)
p for trend <0.0001 <0.0001 0.04

Current smokers  87/29,819 0.56(0.45-0.70)  49/14,835 0.47(0.35-0.64) 38/14,984 0.74(0.52-1.05)

Cigarettes
per day
1-10 24/7,964 0.58(0.39-0.88) 11/3,276 0.45(0.25-0.83) 13/4,688 0.78(0.44-1.37)
11-20 35/11,997 0.57(0.40-0.80) 19/5,558 0.48(0.30-0.76)  16/6,439 0.72(0.43-1.21)
>20 28/9,796 0.53(0.36-0.78)  19/5,957 0.47(0.30-0.76) 9/3,839 0.70(0.35-1.37)
21-30 20/6,120 0.62(0.39-0.97) 14/3,457 0.59(0.35-1.02) 6/2,663 0.67(0.29-1.51)
>30 8/3,676 0.40(0.20-0.80) 5/2,500 0.30(0.12-0.74) 3/1,176 0.77(0.24-2.43)
p for trend 0.9 0.9 0.99

aAdjusted for age, race, caffeine intake, and gender when appropriate.
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Table 3

Odds ratios (OR) and 95% confidence intervals (Cl) of Parkinson

disease according to smoking intensity in each life period without
and with adjustment for years of smoking

Ageinyears
<15

No

<20 cigarettes/day

=20 cigarettes/day
15-19

No

<20 cigarettes/day

=20 cigarettes/day
20-24

No

<20 cigarettes/day

=20 cigarettes/day
25-29

No

<20 cigarettes/day

=20 cigarettes/day
30-39

No

<20 cigarettes/day

=20 cigarettes/day
40-49

No

<20 cigarettes/day

=20 cigarettes/day
50-59

No

<20 cigarettes/day

=20 cigarettes/day

Adjusting for

Cases/controls? Basic model® years of smoking

1,371/252,261 1.0 1.0
182/37,904 0.83(0.71-0.97) 1.10(0.92-1.30)
10/1,135 1.48(0.79-2.76) 1.94(1.03-3.64)
1,006/174,506 1.0 1.0
488/104,084 0.76 (0.68-0.84) 0.97(0.84-1.13)
69/12,710 0.80(0.62-1.02) 1.05(0.80-1.37)
806/132,820 1.0 1.0
527/114,260 0.71(0.63-0.79) 0.90(0.71-1.15)
230/44,220 0.73(0.63-0.85) 0.95(0.73-1.24)
833/137,346 1.0 1.0
437/94,534 0.71(0.64-0.80) 0.93(0.74-1.18)
293/59,420 0.69(0.60-0.79) 0.93(0.72-1.20)
929/154,237 1.0 1.0
333/75,574 0.70(0.62-0.79) 1.05(0.81-1.36)
301/61,489 0.70(0.62-0.80) 1.09(0.83-1.43)
1,110/188,092 1.0 1.0
234/55,064 0.73(0.63-0.84) 1.07(0.85-1.33)
219/48,144 0.70(0.61-0.81) 1.07(0.84-1.36)
1,329/231,748 1.0 1.0
134/34,682 0.70(0.59-0.84) 1.05(0.80-1.36)
100/24,870 0.64 (0.52-0.79) 0.98(0.73-1.32)

@Numbers may not add up to total due to missing values.
PAdjusted for age, gender, race, and caffeine intake.
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pooled analysis of 11 US studies.’® Interestingly, both
articles reported lower PD risk even among smokers
who quit 2 decades before disease diagnosis. Further, in
the Cancer Prevention Study II Nutrition cohort, the
authors stated in the text that the association of PD
with cigarettes per day lost its significance after ad-
justing for years of smoking, whereas the association
between years of smoking and PD remained after
adjusting for smoking intensity.

The large sample size and lifetime smoking data
of the current study enabled us to examine the smok-
ing—PD relationship in further detail. In addition to
the significant dose-response relationships between
various smoking indicators and PD risk, we showed
that the duration and the recency of smoking were
more important than smoking intensity in modulat-

Neurology 74 March 16,2010

ing PD risk. Among past smokers, the lowest risk of
PD was observed for participants who smoked the long-
est or who had quit most recently. Further, the number
of cigarettes smoked per day became irrelevant once ad-
justed for smoking duration or years since last smoking.
Finally, a longer smoking duration or fewer years since
quitting was generally associated with lower PD risk
within strata of smoking intensity, whereas the reverse
was not observed. Among current smokers, where there
was little variation in smoking duration, the number of
cigarettes smoked per day was not related to PD risk.

This study, consistent with previous ones,”!°

sug-
gests that patients with PD were less likely than con-
trols to develop habitual smoking in early life or they
were able to quit eatlier. Further, the overall epide-
miologic evidence favors a causal relationship be-
tween smoking and PD over several alternatives.
Suspicion that this association is related to higher
mortality among PD smokers than PD nonsmokers
cannot explain results from prospective cohorts,!!:2
and previous studies found that PD smokers did not
have a higher mortality than PD nonsmokers.>!4
Reverse causality also is an unlikely explanation be-
cause the current work, as well as 2 other recent stud-
ies,”!? found lower PD risk even among smokers who
had quit 2 decades ago. The other alternative hy-
pothesis suggests that the association is explained ei-
ther by confounding from common genetic factors
or by a low novelty-seeking personality that underlies
both avoidance of smoking and a higher PD risk.
Genetic factors are unlikely to be a major confounder
because smoking was associated with lower PD risk
among genetically controlled twins.>"> A link be-
tween a risk-adverse or low novelty-seeking personal-
ity and PD is primarily based on anecdotal clinical
observations and case-control studies.'®'” Further,
smoking was related to lower PD risk even after con-
trolling for sensation-seeking score.!® Finally, recent
findings on passive smoking,” parental smoking,* and
secular changes in gender ratios on smoking and
PD' provide novel support for the hypothesis that
smoking decreases PD risk.

The robust epidemiologic evidence on smoking
and PD has led to experimental efforts to elucidate a
biologic basis.*® The existing animal models, how-
ever, may not be mechanistically similar, or at best,
capture only a minor aspect of the smoking—PD rela-
tionship.”> This may explain why nicotine has been
found to be protective in some animal experiments,
but not in others.?” Most animal PD models have
focused on relatively short-term, high-dose protec-
tion against cellular damage from exogenous cyto-
toxicants. The acute pharmacologic effects of
nicotine (e.g., effects on dopamine turnover or me-
tabolism) make untangling experimental data diffi-
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Figure

Odds ratio (OR)

1.007

0.75T

0.507

0.257

0.00+

Odds ratios of Parkinson disease according to joint categories of
baseline years of smoking and cigarettes smoked per day among

11-20 >20

Cigarettes smoked per day

Never smokers were used as the reference group. p for linear trend across years of smoking
within fixed intensities: 0.3 (1-10 cigarettes/day), 0.04 (11-20 cigarette/day), 0.001 (>20
cigarette/day); p for linear trend across intensity of smoking within fixed duration groups:
0.4 (1-9 years), 0.8 (10-19 years), 0.06 (20-29 years), and 0.5 (=30 years).

cult. Most importantly, results from the current
study suggest a chronic long-term effect of tobacco
chemicals that may saturate at a low daily dose. If this
observation is confirmed, the high-dose, acute ad-
ministration of tobacco chemicals in laboratory stud-
ies should possibly be eschewed for experiments
based on low-dose and long-term administration.

These findings also have clinical implications as
nicotine has been investigated as a neuroprotectant
in clinical trials. Small trials using nicotine delivered
via patch or chewing gum typically lasted from days
to weeks and largely failed to show beneficial ef-
fects on PD.2'"® The current study suggests that
years of smoking (and hence nicotine administra-
tion) may be needed for any reduction of PD risk.
Further, preliminary epidemiologic studies have
shown that smoking was not associated with lower
PD mortality'’>'* or slower clinical progres-
sion.2®?” Therefore, while it is crucial to under-
stand the smoking—Parkinson relationship, the
epidemiologic evidence to date lends little support
for the clinical usefulness of nicotine or other
cigarette-derived chemicals in PD treatment.

The major limitation of this study is its reliance
on self-report for case identification, inevitably lead-
ing to diagnostic and reporting errors. We tried to
limit the potential impact from this source by exclud-
ing from the analysis erroneous reports identified in
the ongoing validation study. Further, by contacting

patients’ neurologists and conducting medical record
review, we were able to confirm 88% of the cases
whose medical information was available. Another
limitation is that we did not have detailed informa-
tion on the date at onset or date at diagnosis for all
PD cases, and thus were unable to estimate the inci-
dence of PD and to conduct time to event analysis.
Further, measurement errors of exposure variables
were also likely. It is possible that the years of smok-
ing were more reliably recalled than smoking inten-
sity, which might be partially responsible for our
finding. The current analyses were limited to partici-
pants of the follow-up survey. Because preliminary
epidemiologic data suggest that PD smokers and PD
nonsmokers have a similar clinical course and mor-
tality,!>142627 this limitation was unlikely to intro-
duce a substantial bias. Finally, to our knowledge,
this is the first study that comprehensively examined
the relative importance of smoking duration vs in-
tensity in PD etiology; therefore, the validity and
generalizability of this finding should be further ex-
amined in future investigations.

As nearly all smokers in this cohort started smoking
in their late teens and early 20s, years of smoking and
years since last smoking are highly correlated among
past smokers. Therefore we were unable to rule out the
possibility that our findings on years of smoking were
actually due to years from cessation. For the same rea-
son, we were unable to examine directly the potential
effects of recent short-term high-dose smoking on PD
among individuals who did not smoke in early life.
Nonetheless, this large study showed that the duration
of smoking was more important than its intensity in
reducing PD risk. Although the numerous adverse
health effects of cigarette smoking may eventually limit
the clinical implications of the epidemiologic findings
on smoking and PD, research to reveal the underlying
chemicals and mechanisms are warranted.
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