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Parkinson disease and smoking revisited

Ease of quitting is an early sign of the disease

ABSTRACT

Objective: To assess whether being able to quit smoking is an early marker of Parkinson disease
(PD) onset rather than tobacco being “neuroprotective,” we analyzed information about ease of
quitting and nicotine substitute use.

Methods: For this case-control study, we identified 1,808 patients with PD diagnosed between
1996 and 2009 from Danish registries, matched 1,876 population controls on sex and year of
birth, and collected lifestyle information. We estimated odds ratios and 95% confidence intervals
with logistic regression adjusting for matching factors and confounders.

Results: Fewer patients with PD than controls ever established a smoking habit. Among former
smokers, those with greater difficulty quitting or using nicotine substitutes were less likely to
develop PD, with the risk being lowest among those reporting “extremely difficult to quit” com-
pared with “easy to quit.” Nicotine substitute usage was strongly associated with quitting diffi-
culty and duration of smoking, i.e., most strongly among current smokers, followed by former
smokers who had used nicotine substitutes, and less strongly among former smokers who never
used substitutes.

Conclusions: Our data support the notion that patients with PD are able to quit smoking more eas-
ily than controls. These findings are compatible with a decreased responsiveness to nicotine dur-
ing the prodromal phase of PD. We propose that ease of smoking cessation is an aspect of
premanifest PD similar to olfactory dysfunction, REM sleep disorders, or constipation and sug-
gests that the apparent “neuroprotective” effect of smoking observed in epidemiologic studies
is due to reverse causation. Neurology® 2014;83:1396-1402

GLOSSARY

Cl = confidence interval; GWAS = genome-wide association study; OR = odds ratio; PD = Parkinson disease.

According to epidemiologic studies, patients with Parkinson disease (PD) are less likely to
smoke.'” Also, those who smoke for longer are at lower risk while lengthening time since
quitting increases PD risk, causing some to argue that smoking may protect against PD and
even prompting nicotine PD prevention trials.* While this is counterintuitive given the other-
wise adverse health effects of smoking, common biases including confounding, selection, or
measurement error do not explain this finding. Alternatively, the possibility exists that biological
mechanisms responsible for PD result in smoking avoidance or the ability to quit smoking more
easily among those at risk of developing PD. That is, individuals who develop PD may not
experience the positive reinforcement from, and possibly the addictive response to, nicotine
many years before motor symptom development, and thus are able to quit more easily than
smokers who never develop PD. This distinction is important because smoking may either
provide leads for treatment/prevention of PD or be plainly no more than an early marker of
insidious PD onset. To explore this, we examined difficulty quitting and use of nicotine sub-
stitutes in relation to PD risk in the Danish PASIDA (Parkinson’s Disease in Denmark) Study.
We hypothesize that (1) those who smoked and have greater difficulty quitting (vs those who
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found it easy) are less likely to develop PD; (2)
use of nicotine substitutes is related to quitting
difficulty; and (3) those who used nicotine
substitutes (vs those who never used) have a

decreased risk of PD.

METHODS Study population. We selected all 2,762 pa-
tients identified in the Danish National Hospital Register files
between 1996 and 2010 at 10 large neurologic treatment centers
in Denmark by diagnosis code for PD assigned by a neurologist.
Patients were younger than 70 years at diagnosis before 2002 and
younger than 80 years at diagnosis in 2002 and after to ensure
that most eligible patients survived to time of interview. We den-
sity sampled between 5 and 10 controls matched on birth year,
sex, and being alive and without a PD diagnosis at the time of case
identification from the Danish Central Population Registry, a
register of the whole Danish population. We collected interview
and medical record data between January 2008 and December
2010. Patients and controls had to be able to speak Danish or
English, and be alive and well enough to participate. From the list
of 2,762 initially eligible patients, we excluded 179 subjects for
whom medical record review before contact did not confirm idi-
opathic PD, thus we attempted to contact 2,583 patients. Of
these, 497 declined to participate, and for 20, we were unable
to retrieve a medical record to confirm the diagnosis. The remain-
ing 2,066 patients with PD were interviewed, and medically
trained staff supervised by a movement disorder specialist rigor-
ously reviewed their complete medical records applying standard
diagnostic criteria.”® After this review, we removed 238 patients
who did not have idiopathic PD, leaving 1,828 confirmed cases,
of whom 1,808 provided all data necessary for this analysis.

Of 3,626 eligible controls whom we initially contacted, 1,909
agreed to participate, were matched to a valid case, and completed
an interview; 1,876 contributed to this analysis. Generally, we at-
tempted to interview one control of 5 to 10 selected for each case
after all cases from one hospital had been interviewed, but for 101
cases, we also matched by sex and birth year an already inter-
viewed control whom we originally had matched to cases consid-
ered invalid after chart review. We required that controls did not
have a diagnosis of PD at the date their respective case was iden-
tified in the Hospital Register. We used the occurrence of the first
cardinal (motor) symptom on the medical records as the referent
date for calculating time-dependent exposures and assigned con-
trols the date of their respective case. When medical records did
not contain a first symptom onset date, we used the first date of

PD diagnosis instead.

Standard protocol approvals, registrations, and patient
consents. We obtained written informed consent from all sub-
jects, and the University of California at Los Angeles (UCLA)
Institutional Review Board and Danish Data Protection Agency
approved the study protocol.

Smoking and nicotine substitute data collection. We ob-
tained information on demographics, education, and lifestyle
habits, including lifelong smoking history and nicotine replace-
ment, in a structured telephone interview. We allowed persons
with speech or physical difficulties to respond by mail (approxi-
mately 17%). The questions on cigarette smoking included
smoking status at interview, age at start and end of smoking al-
lowing for multiple periods during which the participant may
have started and stopped, and number of cigarettes smoked per
day in each period. We defined “ever smoked” as having smoked

at least 1 cigarette (or the equivalent amount of tobacco) per week

for 6 months or more. A former smoker reported having smoked
but was not smoking on the index date. In addition, we asked
ever-smokers about their use of nicotine substitutes (ever/never
and type: chewing gum, tablets, skin patch, nasal spray/inhaler)
and former smokers to report how much difficulty they had
experienced quitting (“How hard did you find it to quit
smoking?” Answers: “Extremely difficult, I started and stopped
several times”; “Hard, but successful the first time”; “Medium—
it took some time getting used to it, but not a big deal”;

“Remarkably easy to quit”’; and “Other”).

Statistical analyses. To guide analyses, we drew simplified
directed acyclic graphs depicting assumptions and relationships
between key exposure and outcome variables” (see figure e-1 on
the Neurology® Web site at Neurology.org).*'* We used
multivariable logistic regression analyses to estimate odds ratios
(ORs) and 95% confidence intervals (CIs) and assess the
following: (1) main effects of smoking and nicotine substitute use
on PD as well as main effects of difficulty to quit smoking among
former smokers on PDj; (2) joint effects of smoking and nicotine
substitute use on PD; and (3) associations between smoking-related
variables and nicotine substitute use. In regression models with PD
as the outcome, we adjusted for age at first cardinal symptom
(years), year of birth (matching variable) and sex (matching
variable), education (basic, vocational training, higher education),
caffeinated drinks (never/ever), alcohol drinking (never/ever),
residential location within 3 years before the time of diagnosis or
index date (capital, provincial cities, rural, peripheral region), family
history of PD (none, one, more than one family member), and in
sensitivity analysis, we also stratified by sex.

In addition, we conducted some probabilistic bias analyses to
formally address the potential for uncontrolled confounding of
the PD-smoking association (for technical details, see the supple-

mental appendix).

RESULTS The average age at first cardinal symptom
for cases was 61.5 years (SD = 9.7), and controls
were matched on birth year and sex and had similar
education as cases (table 1). More population controls
than cases lived in rural areas or Copenhagen, and
cases consumed less caffeine (high consumption
OR = 0.57; 95% CI 0.47-0.68) and alcohol (high
consumption OR = 0.70; 95% CI 0.57-0.85) and
were more likely to report a family history of PD
(OR = 2.83; 95% CI 2.16-3.72).

Patients with PD were less likely to ever smoke cig-
arettes and associations were strongest for current
smokers followed by former smokers (table 2). Former
smokers reporting that it was “extremely difficult to
quit smoking” had a 31% decreased risk of developing
PD compared with those reporting “quitting was easy”;
and we observed a reduced risk of PD for those ever
using nicotine substitutes (table 2). Few study partic-
ipants ever used nicotine substitutes (3% cases; 5%
controls) with nicotine gum being most common
(2% cases; 4% controls) and an average duration of
use of 4.4 years in cases and 2.8 years in controls.
Among ever-smokers, 83% of patients with PD and
69% of controls quit smoking before the index date.

Examining the combined effect of smoking and nic-
otine substitutes, we observed the strongest associations
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[ Table 1 Demographic characteristics of the study population by PD status ]

Cases (n = 1,808) Controls (n = 1,876)

Age,® y, mean (SD) 61.5(9.7) 61.5(9.7)
Sex
Female 741 (41.0) 760 (40.5)
Male 1,067 (59.0) 1,116 (59.5)
Education®
Basic education and high school, 7-12 y 421 (23.4) 421 (22.5)
Vocational training, 10-12 y 870 (48.3) 930 (49.8)
Higher education, 213 y 511 (28.3) 518 (27.7)

Smoking history

Never smoked 909 (50.3) 667 (35.6)
Former smoker 750 (41.5) 833 (44.4)
Current smoker 149 (8.2) 376 (20.0)

Caffeinated drink consumption®
Never 91 (5.1) 46 (2.5)
Ever 1,711 (94.9) 1,826 (97.5)
Alcohol consumption®
Never 665 (37.3) 541 (29.0)
Ever 1,120 (62.7) 1,322 (71.0)

Degree of urbanization®

Capital 441 (24.4) 559 (29.8)
Provincial cities 1,115 (61.8) 962 (51.3)
Rural areas 167 (9.3) 208 (11.1)
Peripheral regions 82 (4.5) 146 (7.8)

Family history of PD

None 1,558 (86.2) 1,778 (94.8)
One member 120 (6.6) 26 (1.4)
More than one member 130 (7.2) 72 (3.8)

Abbreviation: PD = Parkinson disease.

Data are n (%) unless otherwise indicated.

2 Age at first cardinal symptom of patients with PD and their matched controls.

b Missing: education (n = 13), caffeinated drinks (n = 10), alcohol consumption (n = 36), and
degree of urbanization (n = 4).

with PD for current smokers with or without nicotine
substitute use, followed by former smokers who re-
ported having used nicotine substitutes (table 3). We
saw the weakest association in former smokers who
never used nicotine substitutes. In sensitivity analyses,
we did not find more than minimal differences by sex
and when excluding subjects whom interviewers con-
sidered unreliable.

Among former smokers, participants who were
more educated and lived in the capital or provincial cit-
ies were more likely to use nicotine substitutes than
those living in peripheral and rural regions, but neither
sex nor depression or alcohol consumption were related
to nicotine substitute use (results not shown). Most
importantly, participants reporting it was “extremely
difficult” to quit smoking were much more likely to
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have ever used nicotine substitutes (more than 9 times)
compared with those who found it “easy to quit”
(table 4). Longer duration of smoking and quitting at
older ages were also strongly associated with ever use of
nicotine substitutes (e.g., more than 16-fold with ever
use of nicotine substitutes and >40 years of smoking),
while age at starting was unrelated (no association for
smoking initiation at 20+ vs <15 years of age).

In table e-1, we present formal bias analyses illus-
trating that we need to invoke implausibly strong
uncontrolled confounding to explain the reported
smoking—PD associations.

DISCUSSION We reexamined the role of smoking
and, hence, nicotine in PD focusing on the difficulty
to quit smoking and the related use of nicotine substi-
tutes. As observed by others,? patients with PD in our
study were less likely to become habitual smokers,
which previously gave rise to speculations about
genetic or biological factors or “risk-avoiding” person-
ality traits that may affect smoking initation and PD
risk. This hypothesis cannot be tested in our data, but
we are able to explore quitting-related factors in a large
group of smoking initiators who later nevertheless
developed PD. Our hypothesis is that individuals at
risk of developing PD have a much easier time quitting
smoking and found that 17% of ever-smoking PD
cases vs 31% of controls remained smokers. Ease of
quitting results in fewer current smokers and a lower
number of pack-years smoked among patients with PD
and may explain previous epidemiologic findings
without the need to invoke a “protective” role of
smoking or nicotine. Indeed, we found that not only
those who smoked but those (1) with the most
difficulty quitting and/or (2) more often using
nicotine substitutes were less likely to develop PD.
Furthermore, the use of nicotine substitutes was
strongly associated with quitting difficulty and heavy
smoking. Finally, our bias analyses showed that risk
factors that could cause confounding and account for
the very strong “protective” effect of smoking reported
in studies (suggesting an up to 70% reduction in PD
risk?) require such factors to be very strong predictors
of PD and it is implausible that they would be
unknown. The only factors known to be as strongly
associated with PD are prodromal symptoms of PD
occurring years before diagnosis, such as olfactory
dysfunction, REM sleep disorders, and constipation,
with reported 5- to 9-fold relative risks for PD."'-*
Also, an autopsy study reported ORs as high as 11
for finding incidental Lewy bodies in the substantia
nigra and the locus ceruleus of the deceased with
the greatest recorded predeath olfactory impairment
Lewy body protein aggregates are characteristic of PD
pathology, and loss of smell is a well-known prodromal
sign of PD.'



[ Table 2 ORs (95% Cls) for Parkinson disease and cigarette smoking or nicotine replacement use ]

No. of cases/controls Crude OR®
Cigarette smoking
Never smoked 909/667 1.00
Former smoker 750/833 0.65
Current smoker 149/376 0.28
How difficult to quit smoking?
(for former smokers only)®
Easy 454/469 1.00
Moderate 114/143 0.83
Difficult but successful first attempt 92/106 0.89
Extremely difficult 64/92 0.72
Use of nicotine substitutes (for all)®
Never 1,740/1,768 1.00
Ever 53/101 0.53

Abbreviations: Cl = confidence interval; OR = odds ratio.
2Unconditional logistic model adjusted for age at first cardinal symptom, sex, and year of birth.

b Unconditional logistic model adjusted for age at first cardinal symptom, sex, education, caffeinated drinks, alcohol consumption, degree of urbanization,
family history of Parkinson disease, and year of birth.
¢Unconditional logistic model also adjusted for smoking status.
dMissing: how difficult to quit smoking (17 cases and 8 controls), nicotine substitutes (15 cases and 7 controls); 9 cases and 15 controls reported “other”
under difficulty to stop smoking and were excluded.

In our large population-based, case-control study,
we find a strong association between smoking and PD
and a trend in risk with increasing smoking duration,
and weaker smoking-PD associations among those
who quit at younger ages. Generally, such findings
have been interpreted as evidence for “protective”
effects of smoking (or nicotine) on PD risk, with
the caveat that “unknown or unmeasured causes”
responsible for both a reduction in smoking and
increase in PD remain alternative explanations. Here,
we focus our attention on quitting difficulty and

Table 3

ORs (95% Cls) for Parkinson disease and combined cigarette smoking

and nicotine replacement use

No. of cases/controls Crude Adjusted OR®

(1,808/1,876)* ORP (95% CI)

Never smoked 909/667 1.00 1.00

Former smokers who had never 714773 0.66 0.67 (0.58-0.78)
used nicotine substitutes

Former smokers who had ever 35/60 0.41 0.44 (0.29-0.69)
used nicotine substitutes

Current smokers who had never 135/336 0.29 0.28 (0.22-0.35)
used nicotine substitutes

Current smokers who had ever 14/40 0.25 0.24 (0.13-0.46)

used nicotine substitutes

Abbreviations: Cl = confidence interval; OR = odds ratio.
2Missing: n = 1.

b Unconditional logistic model adjusted for age at first cardinal symptom, sex, and year of

birth.

¢Unconditional logistic model adjusted for age at first cardinal symptom, sex, education,
caffeinated drinks, alcohol consumption, degree of urbanization, family history of Parkinson

disease, and year of birth.

Adjusted OR® (95% Cl) Adjusted OR* (95% CI)

1.00 —
0.65 (0.56-0.76) -
0.28 (0.22-0.34) —

1.00 =
0.86 (0.64-1.14) -
0.86 (0.63-1.19) -
0.69 (0.48-0.99) —

1.00 1.00

0.54 (0.38-0.76) 0.74 (0.51-1.06)

nicotine substitute use in smokers in an attempt to,
for the first time, assess more explicitly influences
related to changes in smoking behavior, which we
refer to as a loss of nicotine “reward” or “sensitivity”
that encourages quitting (note: in bias analyses, we
thus expected lack of reward to be common in non-
smokers, less in quitters, and rare in long-time smok-
ers). Our hypothesis that nicotine substitute use
indicates high nicotine reward among those who
attempt to quit was corroborated: we observed the
smallest risk of developing PD in current smokers
(at first cardinal symptom) who did or did not report
nicotine substitute use followed by former smokers
reporting to have used substitutes and finally those
who quit smoking without using substitutes. Further-
more, we observed a trend in PD risk with the re-
ported ease of quitting: former smokers reporting that
it was extremely difficult to quit had a 31% reduced
risk of developing PD compared with those who
reported that quitting was easy. Nicotine substitute
use and duration of smoking were both strongly pre-
dictive of quitting difficulty. Thus, both nicotine
substitute use and higher quitting difficulty among
controls suggest that when smokers decide to quit,
nicotinic reward is less strong in those who later
develop PD. Finally, while fewer patients with PD
ever establish a smoking habit,® those who do and
nevertheless develop PD tend to quit smoking at an
earlier age than control smokers (mean age at quitting
for cases = 41 years; for controls = 44 years). These
observations suggest that a mechanism associated
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Table 4

ORs (95% Cls) for “ever use of nicotine replacement” (yes/no) and

smoking- and quitting-related characteristics among former smokers

only

Age when started smoking, y
<15
15-19
220
Years of smoking
<20
20-29
30-39
240
Age when quit smoking, y
<40
40-49
50-59
260
Difficulty of quitting smoking
Remarkably easy

Moderate

Difficult but achieved success

at first attempt

Extremely difficult

No. ever/never used Crude Adjusted OR®
nicotine replacement OR (95% CI)

22/253 1.0 1.0

60/600 1.22 1.18 (0.70-2.00)
28/334 1.08 1.01 (0.55-1.84)
15/532 1.0 1.0

22/241 3.54 3.54 (1.76-7.12)
31/225 5.66 5.75 (2.95-11.2)
42[196 16.64 16.62 (8.16-33.8)
16/544 1.0 1.0

28/269 3.54 3.34(1.74-6.44)
39/226 78 7.48 (3.97-14.1)
31/185 12.78 12.99 (6.23-27.1)
29/893 1.0 1.0

23/234 3.0 3.2 (1.77-5.64)
29/169 538 5.4 (3.07-9.43)
38/118 9.6 9.5(5.51-16.4)

Abbreviations: Cl = confidence interval; OR = odds ratio.
2Unconditional logistic model adjusted for age at first cardinal symptom, sex, education,
caffeinated drinks, alcohol consumption, degree of urbanization, family history of Parkinson

disease, and year of birth.

1400

with PD risk may influence smoking behavior or that
less reward from nicotinic stimulation might be an
event prodromal to PD in the same category as con-
stipation, loss of smell, and REM sleep behavior
problems for which very long latency periods and
large relative risks for PD are reported in population
studies.'?

A major strength of our study is that we abstracted
complete medical records for patients with PD, limit-
ing misclassification of diagnosis. While patients
search for explanations for their disease, it is harder
to imagine that recall bias affects “risk reduction”
from smoking, i.e., that underreporting of smoking
differs by disease status. If, however, smokers who
develop PD underreport smoking more often than
controls, this would systematically bias the associa-
tions such that we would overestimate the “risk
reduction” from smoking or vice versa. Our study
population was necessarily elderly, and interview data
collected late in life may have inaccuracies and some
degree of nondifferential exposure misclassification.
Patient participation was high (80.8%), but partici-
pation was moderate in controls (52.6%). Twice as
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many nonparticipants than participants had died as of
March 2013 (13.0% vs 5.9% controls and 38% vs
18% cases). In addition, nonparticipants were more
often hospitalized with diagnoses related to smoking,
specifically ischemic heart disease or chronic obstruc-
tive pulmonary disease (19.4% vs 16.5% controls and
26% vs 17.8% cases). Thus, we cannot rule out selec-
tion (or survivor) bias in our study through the
influence of smoking-related health status on partic-
ipation. However, such bias would lead to an overes-
timation of the effect of smoking on PD because
hospitalization for smoking-related diseases was
greater for nonparticipating cases compared with
controls.

Some authors speculated that personality traits
related to smoking behavior may confound the associ-
ation with PD such that genetic traits would increase
susceptibility to PD but prevent smoking. A recent
study reported that environmental factors such as
school or peer influences shape nicotine, alcohol, and
caffeine use behaviors in early adolescence, but as
people age, environmental factors become less impor-
tant while genetic factors gradually become more
important.®>'> Large genome-wide association studies
(GWAYS) identified polymorphisms in genes encoding
for the neuronal acetylcholine receptors and their sub-
units and nicotine-metabolizing enzymes that are
related to smoking quantity.'®'® A New Zealand study
created a “genetic risk score” by summing across
GWAS-derived risk alleles related to smoking, and
even though this score did not explain smoking initi-
ation, higher-scoring individuals were more likely to
convert to daily smoking, progress to heavy smoking,
develop nicotine dependence, and failed in cessation
attempts.”® Thus, muldple genetic factors may influ-
ence addictiveness and nicotine reward-related re-
sponses. For genetics to explain the reported strong
smoking—PD associations, these complex traits need
to be highly predictive of smoking and also strongly
related to PD risk, which has not been shown.

Twin studies reporting that the twin with PD
smoked less than the twin without PD also discredited

2021 Fyrthermore,

a simple genetic trait hypothesis.
among twin pairs, the one who developed PD stopped
smoking on average 3.7 years eatlier than the twin
without PD; when both developed PD, the one
affected first stopped smoking on average 1.3 years
earlier.® These observations fit the “loss of nicotine
reward” hypothesis because one would expect the cot-
win who develops PD first to quit smoking earlier.
Notably, a similar sequence was observed for loss of
smell in these twins: at baseline, the olfactory function
of the twin who developed PD was impaired while the
cotwin without PD had normal function, and cotwins
who developed PD had a greater decline in smell than
cotwins who did not develop PD.?> While these twin



studies suggest that the smoking—PD associations are
not easily attributable to a genetic trait shared by twins,
they do not contradict, and even corroborate, the
hypothesis that loss of nicotine reward may indicate
insidious PD onset similar to loss of smell.

The simplest explanation for the smoking—PD
association relates to the sensitivity of the brain
reward system in response to nicotine; specifically,
it has been suggested that loss or downregulation of
nicotinic receptors may precede neurodegenera-
tion.”>** Postmortem studies of patients with PD
have demonstrated a substantial loss of nicotinic re-
ceptors in the parietal cortex,” frontal and temporal

26-28 ¢ih-

cortices, hippocampus, thalamus, striatum,
stantia nigra pars compacta, and laterodorsal tegmen-
tal nucleus,? leading to speculations that receptor loss
might be responsible for cognitive, motoric, and
behavioral deficits in PD.

Our analyses support the hypothesis that ease of
smoking cessation is an early manifestation of premo-
tor PD related to the loss of nicotinic rewards. Instead
of tobacco being “neuroprotective,” we propose the
possibility that smoking and PD are related through a
reduction in nicotinic reward such that ease of quit-
ting may act as an early prodromal marker.
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NEW! Breakthroughs in Neurology Conference

Discover how to translate today’s discoveries into tomorrow’s clinic with six topic-intensive tracks,
two plenary sessions focusing on year-in-review of the best science and education and controversial
issues, and valuable information to help you prepare for your maintenance of certification recerti-
fication exam—all while earning up to 28.25 CME credits! The American Academy of Neurology’s
new Breakthroughs in Neurology Conference is set for January 23 through 25, 2015, at the
picturesque Pointe Hilton Tapatio Cliffs Resort in Phoenix, AZ. Early registration and hotel
reservation deadline is December 19.

Visit AAN.com/view/breakthroughs to secure your spot today!

New Neurology Compensation and Productivity Report:
How Do You Compare?

The AAN’s 2014 Neurology Compensation and Productivity Report is now available. Based on data
from hundreds of neurologists and neurology practice managers, this is the most recent and reliable
information on the neurology profession.

The Neurology Compensation and Productivity Report is a powerful, versatile tool that can help you:

* Compare your salary, productivity, and practice characteristics to your peers—and use this
information in contract negotiations

* Evaluate physician performance compared to your peers

* Discover fair-market value based on customizable filters such as your subspecialty, region,
and practice type

* Analyze whether it makes sense to expand your practice

¢ Identify variances in key metrics for use in practice improvements

Learn more at AAN.com/view/2014NeuroReport.
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