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Abstract: The risk of dementia among Parkinson’s disease
(PD) patients is greatly elevated compared to controls, yet little
is known about determinants of cognitive function among PD
patients. We assessed the relation between cigarette smoking
prior to disease onset and later cognitive function among PD
patients (n � 286) and age- and sex-matched controls (n �
1144) participating in the Nurses’ Health Study and Health
Professionals Follow-up Study. Both groups completed tele-
phone-administered assessments of cognitive function. We
used linear regression to calculate mean differences in cogni-
tive test scores across smoking categories, adjusted for age,
education, sex, age at onset of PD, and years since diagnosis.
PD patients scored significantly worse on all tests than their
matched controls. In analyses only among PD cases, but not

among controls, current smokers at PD onset scored worse than
never smokers on the Telephone Interview for Cognitive Status
(difference � �0.82, 95% CI: �1.33, �0.30, P � 0.002) as
well as on a global score combining results of all tests (differ-
ence � �0.36, 95% CI: �0.72, 0.01, P � 0.06). This differ-
ence was equivalent to the difference in global score observed
among controls �10 years apart in age. Analyses of pack-years
of smoking prior to disease onset gave similar results. These
findings, nested in prospective cohort studies, suggest that
cigarette smoking prior to disease onset is associated with
worse cognitive function in PD. © 2007 Movement Disorder
Society
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The risk of dementia among Parkinson’s disease (PD)
patients is up to 6 times greater than in healthy controls1-3

with accompanying increased risk for institutionaliza-
tion, mortality, and caregiver distress.4-6 Nonetheless,
research into risk factors for dementia or cognitive im-
pairment in PD has been relatively limited.7,8

There are several reasons to believe that cigarette
smoking may impact cognitive function in PD. Nicotine
is neuroprotective in many in vitro and in vivo experi-
mental settings, and in animal experiments has been
found to improve performance in learning and memory
tasks.9 Cigarette smoking is also the most consistent risk

factor other than age for PD, with regular long time
smokers having less than one third the risk of PD as
never smokers.10,11 Although early studies were some-
what inconclusive as to the association between cigarette
smoking and risk of Alzheimer’s disease (AD),12 more
recent cohort studies suggest that smoking increases the
risk of AD.13-15 Smoking also increases inflammation,
thrombosis, and oxidative stress and as a result is
strongly associated with cardiovascular damage16; sub-
stantial data indicate that vascular disease is related to
cognitive impairment. Studies of nondemented elderly
have had somewhat inconsistent results, although the
more recent large studies suggest a slightly greater cog-
nitive decline among smokers.17-22 Two early case-con-
trol studies did not find an association between cigarette
smoking and dementia in PD, although two subsequent
longitudinal studies did.23-26 Both of the longitudinal
studies enrolled prevalent cases, which can influence
study results depending on survival patterns of individ-
uals with PD. Since cognitive impairment is a strong
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predictor of dementia risk, the aim of our study was to
assess the association between cigarette smoking prior to
PD and cognitive function among PD patients in the
Nurses’ Health Study (NHS) and Health Professionals
Follow-Up Study (HPFS), in which we had identified
incident cases of PD.

PATIENTS AND METHODS

Study Population

The NHS was established in 1976 when 121,700 fe-
male registered nurses, aged 30 to 55 years and from 11
US states, responded to a mailed questionnaire about
disease history and lifestyle. The HPFS was established
in 1986, when 51,529 male health professionals (dentists,
optometrists, pharmacists, osteopaths, podiatrists, and
veterinarians), aged 40 to 75 years and from all US
states, responded to a similar questionnaire. Follow-up
questionnaires are mailed to participants every two years
to update information on potential risk factors for
chronic diseases and to ascertain whether major medical
events have occurred. All incident PD cases identified
through the 2000 (NHS) and 2002 (HPFS) question-
naires who had no cancer at the cohort baseline nor
history of stroke at any time and were still alive were
considered eligible for the study. For each confirmed
case of PD, we randomly selected four controls among
members of the two cohorts who had no report of PD and
met the same inclusion criteria as the cases. The controls
were matched on year of birth and sex.

We selected 215 cases and 901 controls from the NHS
into our cognitive study. Of these, 16 cases and 20
controls were either too sick or deceased by the time we
attempted to reach them or we were unable to reach them
by phone (n � 19 cases and 74 controls). Of the remain-
ing 180 cases and 807 controls, 149 (82.8%) and 678
(84.0%), respectively, participated in the telephone cog-
nitive interviews. We selected 225 cases and 732 con-
trols from the HPFS into our cognitive study. Of these,
29 cases and 35 controls were either too sick or deceased
by the time we attempted to reach them or we were
unable to reach them by phone (n � 35 cases and 89
controls). Of the remaining 161 cases and 608 controls,
137 (85.1%) and 466 (76.6%), respectively, participated
in the telephone cognitive interviews. All interviewed
participants gave consent to participate.

PD Case Ascertainment

Ascertainment of the PD cases in this cohort has been
described previously.27 In brief, for cohort participants
who reported a new diagnosis of PD we obtained per-
mission to contact their treating neurologist (or internist

if the neurologist did not respond). We asked the con-
tacted physician to complete a questionnaire to confirm
the diagnosis of PD and the certainty of the diagnosis, or
to send a copy of the medical record. A case was con-
firmed if a diagnosis of PD was considered definite or
probable by the treating neurologist (82%) or internist
(15%), or if the medical record included either a final
diagnosis of PD made by a neurologist, or evidence at a
neurological examination of at least two of the three
cardinal signs (rest tremor, rigidity, bradykinesia) in the
absence of features suggesting other diagnoses (3%). The
review of medical records was conducted by the inves-
tigators, blind to the exposure status. Deaths in the cohort
were reported by family members, coworkers or postal
authorities, or were identified by searching the National
Death Index. If PD was listed as a cause of death on the
death certificate, we requested permission from the fam-
ily to contact the treating neurologist or physician and
followed the same procedure as for the nonfatal cases.

Assessment of Cognitive Function

As part of a separate investigation of cognitive func-
tion among NHS participants, �20,000 healthy NHS
participants over the age of 70 have been interviewed
over the telephone by nurses trained to conduct these
interviews. As part of the current study, we used, if
available, the results of the cognitive testing that had
already been done (between 1995 and 2002). Cases and
controls who had not already been tested, were contacted
by telephone and tested in the same manner. The inter-
view included the following cognitive tests: Telephone
Interview for Cognitive Status28 (TICS), delayed recall
of a 10-word list, the East Boston Memory Test29

(EBMT, immediate and delayed recall), digit span back-
wards,30 and verbal fluency.31

The TICS is modeled on the Mini-Mental State Ex-
amination32 (MMSE) and a strong linear relation has
been shown between performance on the two (Pearson
correlation � 0.94).28 Scores on the TICS can range from
0 to 42. For the EBMT, a short story is read to the
respondent. Twelve key elements must be repeated im-
mediately and scores range from 0 to 12; a test of delayed
recall is given 15 min later also scored 0 to 12. To further
assess verbal memory, we included a delayed recall of a
10-word list, scored 0 to 10. For the digit span backwards
test, sequences of digits are read to the respondent who
must recall them in backward order. Digit span back-
wards scores range from 0 to 12. In the test of verbal
fluency, participants name as many animals as they can
during 1 min, and their score is the number of animals
named.
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Substantial data support the validity of telephone tests
of cognitive function. The test-retest reliability on the
TICS is 0.97,28 and reported correlations are 0.85 to 0.96
for comparison of telephone and in-person administra-
tions.33,34 In a validation study we conducted among 61
nuns from the Rush Religious Orders Study, women of
similar age and educational status as the NHS partici-
pants, a correlation of 0.81 was found when comparing
the global score from the telephone-administered inter-
view to the global score from an in-person interview.35

Statistical Analyses

Our primary outcome was a global score of cognitive
function calculated for those participants who completed
all tests. This global score was calculated by converting
results from each test to z scores, defined as the differ-
ence between the participant’s score on that test and the
mean score among all participants, divided by the stan-
dard deviation. The z scores corresponding to each test
were then added together and the total was divided by the
number of tests to calculate a global score for each
participant. In addition, each of the cognitive tests was
examined separately. Multiple factors are likely to be
related to cognitive function, including age at cognitive
interview, age at PD diagnosis, and duration of PD.
Because these variables are collinear, it is not possible to
fit regression models to estimate the independent associ-
ation between each variable and cognitive function.
Therefore, we calculated an age-adjusted score on each
test (and the global score) for all subjects by taking the
difference between a subject’s actual score and the pre-
dicted score based on an ordinary least squares regres-
sion of cognitive score as a function of age at interview
among the controls. Differences in scores between cases
and controls were assessed with random effects models
to account for the matching between cases and controls.
Ordinary least squares regression was then used to ex-
amine the association between smoking variables and
continuous age-adjusted cognitive test scores first among
the cases only, adjusted for sex, education (RN, BA, or
postgraduate degree), age of onset of PD (in years), and
duration (in years) of PD (for interviewed cases this was
the time between onset and the cognitive interview).
Additional analyses were run also adjusting for alcohol
consumption (none, �5 g/day, 5–10 g/day, and �10
g/day) from the most recent NHS and HPFS data (1998)
and physical activity (quartiles of mets/day) from the
1986 questionnaires. We also ran logistic regression
models for the odds of scoring in the lowest 10% of the
global score and each individual test. Such a population-
based 10% cutpoint is a valid predictor of cognitive
impairment. The same covariates as mentioned earlier

were included in these models. For women, we ran
additional analyses adjusting for the highest educational
attainment of their spouses (high school or less, college,
graduate school, or missing), since spouses’ education is
likely a reasonable marker of their socioeconomic status.
Smoking was considered as never, past or current smoker
at the time of onset of PD, or lifetime pack-years of
smoking at that time. There was little change in this
status after PD onset: among all never smokers at PD
onset, 1 case reported smoking 10 years later; among all
past smokers at PD onset, only 2 cases subsequently
reported smoking (2 and 8 years later); and among all
current smokers at PD onset, 5 cases reported quitting by
2 years later, and 1 case reported quitting 8 years later.
To test for a difference in this association between male
and female PD cases, interaction terms between sex and
the smoking variables were added to the models. To test
for a difference between cases and controls, we ran
models with all subjects that included a term for case
control status and an interaction term between the smok-
ing variables and case-control status.

RESULTS

Among NHS and HPFS participants selected into our
study, those cases and controls who were interviewed for
cognitive testing and those who were not had similar
smoking history and caffeine intake, although cases who
were not interviewed were slightly older and had a
slightly longer duration of PD (Table 1). As expected,
among participants cases smoked less than controls.
Characteristics of interviewed cases by smoking status
are shown in Table 2.

The difference in cognitive performance between PD
cases and their matched controls was highly significant
(P � 0.0001) for all tests (Fig. 1). Among the cases, the
mean difference compared with never smokers in global
score was �0.09 for past smokers [95% confidence
interval (CI): �0.26, 0.07; P � 0.26] and �0.36 for
current smokers (95% CI: �0.72, 0.01, P � 0.06) (Fig.
2). The difference in global score between current smok-
ers and never smokers with PD was approximately
equivalent to the average difference in global score be-
tween study controls 10 years apart in age. Current
smokers performed worse than never smokers on all
tests, most significantly on the TICS (difference �
�0.82, 95% CI: �1.33, �0.30, P � 0.002). Scores of
past smokers were also worse than never smokers, but
not to the extent of current smokers (Fig. 2). Additionally
adjusting for alcohol and physical activity did not mark-
edly change results. Results using continuous pack-years
as the smoking variable were similar: the effect estimate
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for the global score per 10 pack-years of smoking was
�0.05 (95% CI: �0.09, 0.00).

The results for the global score were effectively un-
changed when the verbal fluency score was excluded,
which relies on speed of word production and therefore
could be affected by bradykinesia. In addition, there was
no significant interaction between smoking status and
sex among PD cases, and in analyses among women
only, additional adjustment for spousal education level
had almost no effect on the smoking estimates. In logistic
regression models, current smokers had an odds ratio
(OR) of 3.3 (95% CI: 1.1–10.4; P � 0.04) for cognitive
impairment on the global score. These results for odds of

cognitive impairment showed overall a similar pattern of
results as those for mean differences in cognitive func-
tion. The association between current smoking and cog-
nitive test results among PD cases was significantly
different from that among PD controls for TICS (P �
0.0004) and the immediate EBMT (P � 0.05), and
approached a significant difference for the global score
(P � 0.07) and the delayed EBMT (P � 0.12).

DISCUSSION

In this study of incident PD cases within two large
prospective cohort studies we found that current smokers
at PD onset had a markedly worse global cognitive

TABLE 1. Baseline characteristicsa by case and participation status among all subjects selected into study

Interviewed

Cases Control

Yes (n � 286) No (n � 154) Yes (n � 1144) No (n � 489)

Male (% of all men) 47.9 57.1 40.7 54.4
Smoking (%)

Never smoker 53.8 54.5 43.6 43.7
Past smoker 38.9 41.2 42.1 42.8
Current 5.6 4.0 12.6 11.7
Missing 1.7 0.4 1.7 1.8

Pack-years (mean) 22.5 19.0 26.1 27.7
Caffeine intake (mean mg/day) 187 180 225 225
Education,b highest degree attained (%)

RN 71.5 71.5 69.6 61.4
BA 19.2 14.5 21.5 13.2
Postgraduate 9.3 2.8 8.6 5.0
Missing 0 11.2 0 20.5

PD durationc (yr) 6.4 8.0 – –
Mean age in 2000 (yr) (SD) 71.9 (6.5) 74.4 (7.7) 72.2 (6.5) 72.1 (8.3)

aAt time of PD onset or equivalent year for matched controls. All variables, except age and sex, are age-adjusted by direct
standardization to all participants.

bAmong women only. There is more missing data among noninterviewed women because we collected extra education data at the
time of the interview. All men had postgraduate degrees.

cFrom onset of PD to the time the letter of invitation into study was sent.

TABLE 2. Characteristicsa of interviewed cases by smoking status

Smoking Status

Never (n � 153) Past (n � 112) Current (n � 16)

Male (%) 50.3 45.5 25.0
Age at onset of PD (yr) (SD) 66.7 (7.6) 67.1 (7.9) 65.3 (7.8)
Age at interview (yr) (SD) 74.1 (6.3) 73.9 (6.0) 73.1 (6.5)
PD durationb (mean yr) (SD) 7.3 (4.1) 6.8 (4.2) 8.0 (4.7)
Education,c highest degree attained (%)

RN 75.5 68.2 50.9
BA 15.7 21.9 39.0
Postgraduate 8.8 10.0 10.1

Pack-years of smoking 0 20.2 37.8
Caffeine (mg/day) 179 209 256

aEducation, smoking, and caffeine variables are from the time of PD onset. Education, smoking, and caffeine
variables are age adjusted by direct standardization to all cases.

bFrom onset of PD to the time of cognitive testing.
cAmong women only. All men had postgraduate degrees.
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function score about 6 years after PD onset than never
smokers. The difference in cognitive function between
smokers and never smokers was approximately equiva-
lent to the difference in cognitive function that we ob-
served in our healthy participants who were 10 years
apart in age; that is, cigarette smoking among PD pa-
tients appeared to be cognitively equivalent to 10 more
years of age among our controls. These results are not
likely the result of motor speed impairment as the only
test with significant motor speed demands was the verbal
fluency test and the results were virtually the same for the
global score when this test was removed from analysis.

Because the NHS and HPFS are comprised of people
from across the US, we assessed participants’ cognitive
function with telephone interviews. We found high cor-
relation between telephone and in-person cognitive test-
ing.35 Nonetheless, telephone cognitive assessment does
not allow for the testing of some cognitive domains, such
as visual information processing. Visuospatial deficits
have been commonly reported in PD patients, although
these may be secondary to executive function deficits,
which are perhaps the most frequently reported deficit
among PD patients.7 However, executive function defi-
cits would also be expected to affect performance in
other cognitive domains, such as the verbal fluency task
and the digit span backwards test we administered. The
assessment of cognitive function by telephone also
meant that we did not have data on other symptoms of
PD nor neuroimaging data that might be related to cog-
nitive function. We were also limited by the inability to
obtain cognitive data on all incident cases in the cohorts
because of death or other nonparticipation. However,
there was little difference in smoking characteristics be-

tween participating and nonparticipating PD cases.
Lastly, we had only a single assessment of cognition,
thus we could not determine whether smoking may be
related to change in cognitive function over time. Be-
cause of this, we cannot determine whether the differ-
ence in cognitive function between smokers and non-
smokers is already present at the time of diagnosis or
occurs as a result of more rapid decline in cognitive
function after PD onset.

Although no previous studies have examined cogni-
tion, the association between smoking and risk of de-
mentia among PD patients has been examined in two
previous studies. In the first of these,23 which included
100 PD patients, the OR for dementia was 4.0 (95% CI:
1.4–12.0) for smokers compared with nonsmokers
(asked as a yes/no question). In a more recent study,25

among 180 nondemented PD patients followed for an
average of 3.6 years, the risk ratio was 2.0 (95% CI:
1.0–3.9) for ever smokers compared with never smokers,
adjusting for age at baseline, gender, years of education,
duration of PD, and total UPDRS motor score; the mul-
tivariate risk ratio for current smokers compared with
never smokers was 4.5 (95% CI: 1.2–16.4). The opposite
association of smoking and cognitive function in PD than
of smoking and risk of developing PD itself is intriguing.
A possible interpretation is that the onset of PD renders
patients more susceptible to some adverse effects of
smoking. This could be related to vascular complications
and subclinical brain infarcts,16 or increased oxidative
stress in the central nervous system (CNS).36 Another
possibility is that smoking exerts selective neuroprotec-
tive effects on the dopaminergic neurons in the substan-

FIG. 1. Age-adjusted global score and standardized age-adjusted in-
dividual test scores among all interviewed Parkinson’s disease cases
relative to their matched controls. Standardization was done by divid-
ing a subject’s score on a given test by the standard deviation of scores
on that test among all participants. All differences were significant at
P � 0.0001. TICS, Telephone Interview for Cognitive Status; EBMT,
East Boston Memory Test. Mean raw scores on the TICS, EBMT,
delayed EBMT, delayed word recall, digit span backwards, and verbal
fluency for cases/controls were 31.7/33.8, 8.8/9.6, 8.2/9.1, 1.4/2.3,
5.7/6.3, and 16.2/18.1, respectively.

FIG. 2. Age-adjusted global score and standardized age-adjusted in-
dividual test scores among all interviewed Parkinson’s disease (PD)
cases relative to never smokers for past (open bars) and current (stip-
pled bars) smokers at the time of PD onset, adjusted for sex, education,
age at onset of PD, and duration of PD. Standardization was done by
dividing a subject’s score on a given test by the standard deviation of
scores on that test among all cases. TICS, Telephone Interview of
Cognitive Status; EBMT, East Boston Memory Test.
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tia nigra without protecting other areas of the CNS that
are more directly involved in cognitive function. Because
the diagnosis of PD relies on the motor manifestations,
by the time of diagnosis smokers could have more wide-
spread nonmotor signs of disease. Finally, because PD is
rare among smokers, the positive predictive value of a
diagnosis of PD among smokers is probably lower than
among nonsmokers. Some smokers with PD could in fact
have other neurodegenerative conditions with a more
pronounced cognitive component than PD, and thus con-
tribute to lower the global cognitive score in this group.
In summary, these findings, nested in prospective cohort
studies, suggest that cigarette smoking prior to disease
onset is associated with worse cognitive function at older
ages in PD.
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