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ABSTRACT

Background: Neuroinflammation may contribute to the pathogenesis of Parkinson disease (PD).
Use of nonsteroidal anti-inflammatory drugs (NSAID) in general, and possibly ibuprofen in partic-
ular, has been shown to be related to lower PD risk in previous epidemiologic studies.

Methods: We prospectively examined whether use of ibuprofen or other NSAIDs is associated
with lower PD risk among 136,197 participants in the Nurses’ Health Study (NHS) and the Health
Professionals Follow-up Study (HPFS) free of PD at baseline (1998 for NHS and 2000 for HPFS).
NSAIDs use was assessed via questionnaire. Results were combined in a meta-analysis with
those of published prospective investigations.

Results: We identified 291 incident PD cases during 6 years of follow-up. Users of ibuprofen had a
significantly lower PD risk than nonusers (relative risk [RR], adjusted for age, smoking, caffeine,
and other covariates � 0.62; 95% confidence interval [CI] 0.42–0.93; p � 0.02). There was a
dose–response relationship between tablets of ibuprofen taken per week and PD risk (p trend �

0.01). In contrast, PD risk was not significantly related to use of aspirin (RR � 0.99; 95% CI
0.78–1.26), other NSAIDs (RR � 1.26; 95% CI 0.86–1.84), or acetaminophen (RR � 0.86; 95%
CI 0.62–1.18). Similar results were obtained in the meta-analyses: the pooled RR was 0.73 (95%
CI 0.63–0.85; p � 0.0001) for ibuprofen use, whereas use of other types of analgesics was not
associated with lower PD risk.

Conclusions: The association between use of ibuprofen and lower PD risks, not shared by other
NSAIDs or acetaminophen, suggests ibuprofen should be further investigated as a potential neu-
roprotective agent against PD. Neurology® 2011;76:863–869

GLOSSARY
BMI � body mass index; CI � confidence interval; HPFS � Health Professionals Follow-up Study; NHS � Nurses’ Health
Study; NSAID � nonsteroidal anti-inflammatory drug; OR � odds ratio; PD � Parkinson disease; PPAR � � peroxisome
proliferator-activated receptor �; RR � relative risk.

Neuroinflammation may contribute to the progressive dopaminergic neuronal loss in the substan-
tia nigra that has been observed in some experimental models of PD.1,2 In 2003, we first reported
that use of nonaspirin nonsteroidal anti-inflammation drugs (NSAIDs), but not of aspirin, was
associated with a lower risk of PD in 2 large prospective cohorts: the Health Professionals Follow-up
Study (HPFS, 1986–2000) and the Nurses’ Health Study (NHS, 1980–1998).3 Later, using data
from the Cancer Prevention Study II Nutrition cohort, we reported that the lower PD risk among
nonaspirin NSAIDs users was largely explained by use of ibuprofen, but not other NSAIDs.4 A
lower PD risk among users of NSAIDs has been also reported in a few other investigations,5,6 but
most of these did not differentiate ibuprofen from other nonaspirin NSAIDs. Here we present new
results on NSAID use and PD risk based on recent surveys of the HPFS and the NHS cohorts,
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which assessed ibuprofen separately from aspirin
or other NSAIDs. These analyses are indepen-
dent of our previous publication3 as we only in-
cluded new cases that were diagnosed after the
completion of our previous study. Further, we
investigated the relationship between use of ibu-
profen or other types of NSAIDs and PD in a
meta-analysis combining the results of the cur-
rent study with those obtained in previous pro-
spective investigations.

METHODS Study population. The HPFS was established
in 1986, when 51,529 male US health professionals (dentists,
optometrists, osteopaths, podiatrists, pharmacists, and veterinar-
ians) aged 40–75 completed a mailed questionnaire regarding
their medical history and lifestyle. The NHS cohort was estab-
lished in 1976, when 121,700 female registered nurses re-
sponded to a similar questionnaire. In both cohorts, follow-up
questionnaires have been mailed to participants every 2 years to
update information on potential risk factors and to ascertain
newly diagnosed diseases. The overall response rate is greater
than 94% in the HPFS and the NHS follow-up has been 95% of
potential person-years in the overall cohort. Because our previ-
ous publication on NSAIDs and PD was based on follow-up
through 2000 in HPFS and 1998 in NHS, for the current anal-
ysis we used the 2000 survey as baseline for HPFS and the1998
survey for NHS, including a total of 37,305 men and 98,892
women.

Standard protocol approvals, registrations, and patient
consents. The study was approved by the Human Research
Committees at the Harvard School of Public Health and the
Brigham and Women’s Hospital, with receipt of each question-
naire accepted as participant’s consent.

Assessment of NSAID use and covariates. In the 2000
HPFS questionnaire, men were asked whether they regularly (2�

times/week) took each type of the following analgesics: aspirin or
aspirin-containing products (e.g., Alka-Seltzer with aspirin), ibupro-
fen (e.g., Advil, Motrin, Nuprin), other anti-inflammatory analge-
sics (e.g., Aleve, Naprosyn, Relafen, Ketofen, Anaprox, referred to as
other NSAIDs in the text), and acetaminophen (e.g., Tylenol).
Acetaminophen, though not an NSAID, was included in the analy-
sis as it is a commonly used for similar clinical indications. Regular
users of aspirin, ibuprofen, or acetaminophen were further asked for
the frequency and tablets of use per week. Similar questions were
included in the NHS 1998 questionnaire. Information on these
analgesics uses was updated biennially in both cohorts. The reasons
for using these analgesics and reproducibility of self-reported analge-
sic uses are shown in appendix e-1 on the Neurology® Web site at
www.neurology.org.

In both cohorts, dietary intakes were assessed every 4 years with
validated semi-quantitative food frequency questionnaires.7,8 Infor-
mation on age, ethnicity, body weight, height, and smoking status
was collected through biennial questionnaires. Body mass index
(BMI) was calculated as weight (kg)/height (m).2

Ascertainment of PD. Procedures for PD ascertainment have
been described previously.9,10 Briefly, physician-diagnosed PD
was first reported in the biennial questionnaires. After obtaining
permission from potential patients with PD, we asked their treat-
ing neurologists (or internist if there were no neurologist) to

complete a questionnaire to confirm or refute PD diagnosis and
to send us a copy of the medical records. The medical records
were reviewed by a movement disorder specialist (M.A.S.), blind
to the exposure status. A case was confirmed if a diagnosis of PD
was considered definite or probable by the treating neurologist or
internist, or if the medical record included either a final diagno-
sis of PD made by a neurologist, or evidence of at least 2 of the 3
cardinal signs (rest tremor, rigidity, bradykinesia) in the absence
of features suggesting other diagnoses. Overall, the diagnosis was
confirmed by the movement disorder specialist based on review
of the medical record or by the treating neurologist in 92.0% of
the cases who consented to the release of their medical informa-
tion. A signed consent form could not be obtained from 24% of
the participants who reported a diagnosis of PD. The effect of
including these individuals as PD cases was tested in sensitivity
analyses.

Statistical analyses. We computed person-time of follow-up
for each participant from the return of the 2000 (HPFS) or 1998
(NHS) questionnaires to the date of first PD symptoms, death,
or the end of follow-up (2006 for HPFS and 2004 for NHS),
whichever came first. In the primary analyses, we categorized
participants into regular users vs nonusers of each analgesic and
calculated relative risks (RRs) using a Cox proportional hazards
model, as there was no evidence of nonproportional hazards for
major exposures and covariates (p � 0.1 for all). We controlled
for age (in months), smoking status (never smoker, past smoker,
current smokers [cigarettes/day] 1–14 or �15), BMI (kg/m2 ;
�23, 23–24.9, 25–26.9, 27–29.9, or �30), and intakes of caf-
feine (quintiles), lactose (quintiles), and alcohol (0, 1– 4.9,
5–9.9, 10–14.9, or �15 g/day for women; 0, 1–9.9, 10–19.9,
20–29.9, or �30 g/day for men), which have been suggested to
be potential risk factors of PD. We also examined association
between dosages of aspirin, ibuprofen, and acetaminophen use
and PD risk. Tests for trend were assessed by assigning consecu-
tive integers (1 to 4) to the categories of the NSAIDs dosage. No
dose-response analysis was conducted for other NSAIDs as such
information was not collected in the HPFS. Log RRs from the 2
cohorts were pooled by a fixed-effects model, weighted by the
inverse of their variances as significance tests did not suggest
heterogeneity between cohorts (p � 0.1 for all tests).11

We conducted several sensitivity analyses to examine the ro-
bustness of our findings. We excluded baseline gout patients as
they were more likely to use NSAIDs than individuals without
gout and also had a lower PD risk probably due to high plasma
urate.12-14 Further, we conducted a lag analysis by excluding cases
identified in the first 2 years of follow-up to alleviate concerns
about the possibility that early PD symptoms might alter their
habits of NSAID use. Finally, we examined whether long-term
use of ibuprofen was associated with lower risk of PD. Because
the duration of ibuprofen use was not directly asked in these
cohorts, it was calculated based on the biennially updated sur-
veys; in this calculation, we assumed that users of nonaspirin
NSAIDs before 1998 for the NHS and 1996 for the HPFS were
ibuprofen users, because ibuprofen was not assessed separately
from other nonaspirin NSAIDs in those surveys.

We also explored potential interactions between NSAID uses
and age (� vs �70 y, approximately medians of PD onset),
smoking status (never vs ever), and caffeine intake (low vs high,
based on median intake) in relation to PD risk by adding multi-
plicative terms in the Cox models.

Finally, we conducted a meta-analysis of the current study
together with published prospective data on NSAIDs and PD
risk. Relevant studies were identified by searching the Medline,
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PubMed, and OMIM databases for all published studies from
1966 through July 2009, using the following search algorithm:
(nonsteroidal anti-inflammation drugs or aspirin or ibuprofen or
acetaminophen) and (PD or Parkinson). We also manually
searched the reference lists of relevant publications to identify
additional studies. To be included in our meta-analysis, studies
had to 1) use information on NSAIDs use collected prior to PD
onset (or diagnosis) (referred to as prospective study), and 2)
report RRs or odds ratios (ORs) separately for aspirin and ibu-
profen or nonaspirin NSAIDs. Six studies were found eligible
and included in the meta-analysis (see Results). Unlike previous
meta-analyses on NSAIDs and PD risk,5,6 our meta-analysis con-
sidered use of ibuprofen separately from use of other NSAIDs,
and included only prospective studies due to concern of recall
bias and change of behavior caused by PD. We used Q statistic
to examine heterogeneity among the studies and the significant
level was set at 0.1. We used fixed-effects models to calculate the
summary RRs as no significant heterogeneity was identified.
Publication bias was examined with the Begg and Egger tests.

We used the SAS statistical package (version 9: SAS Insti-
tute, Cary, NC) for the cohort analyses, and STATA (version
9.0; College Station, TX) for the meta-analysis.

RESULTS We identified 291 incident PD cases
(156 men and 135 women) during the 6 years of
follow-up. Participants who reported use of analge-
sics had higher BMI, consumed slightly larger
amounts of caffeine, were more likely to be ex-
smokers and less likely to be current smokers, and
had a higher prevalence of gout and arthritis relative
to nonusers (table 1).

Ibuprofen use was significantly associated with a
lower risk of developing PD. The combined multi-
variate RR of PD was 0.62 (95% confidence interval
[CI] 0.42–0.93; p � 0.02); in contrast, no signifi-
cant associations were observed for uses of aspirin,
other NSAIDs, or acetaminophen (figure 1; table
e-1). In the dose-response analysis, more tablets of
ibuprofen use, but not aspirin or acetaminophen,
were associated with lower risk of PD (p for trend �
0.01) (table 2). Further adjustment for self-reported
gout, use of other individual types of analgesics, sleep

Table 1 Basic characteristics according to use of ibuprofen, aspirin, other NSAIDs, and acetaminophen at baseline in the Health
Professionals Follow-up Study (2000) and the Nurses’ Health Study (1998)

Use of ibuprofen Use of aspirin Use of other NSAIDs Use of acetaminophen

No Yes No Yes No Yes No Yes

Men

No. 30,912 6,393 19,585 17,720 34,833 2,472 33,109 4,196

Person-years 181,409 37,839 115,049 104,199 204,710 14,539 194,954 24,294

Age, y 67.0 64.3 66.1 67.1 66.6 66.5 66.4 68.3

Current smokers, % 4.6 4.3 5.1 4.0 4.6 4.2 4.6 4.5

Past smokers, % 52.9 54.9 52.6 53.7 52.7 58.5 52.7 56.8

BMI, kg/m2 26.2 26.4 26.1 26.3 26.1 27.1 26.2 26.5

Alcohol intake, g/d 10.6 12.3 10.2 11.5 10.8 12.7 11.0 9.8

Caffeine intake, mg/d 203 234 205 213 208 225 208 217

Lactose intake, g/d 15.8 15.2 15.5 15.8 15.7 15.5 15.7 16.0

Physical activity, Met/wk 32.3 35.4 32.7 32.9 33.0 31.6 33.5 28.4

Gout, % 9.0 9.7 8.6 9.6 8.8 12.5 8.8 11.2

Arthritis, % 29.3 39.5 30.1 31.7 28.4 66.1 29.1 44.3

Women

No. 82,976 15,916 57,265 41,627 86,835 12,057 76,268 22,624

Person-years 459,864 91,658 313,719 237,803 482,798 68,724 423,506 128,016

Age, y 64.5 62.1 63.7 64.8 64.2 63.6 64.1 64.4

Current smokers, % 10.9 9.8 10.8 10.6 11.0 8.5 11.0 9.6

Past smokers, % 44.2 48.8 44.8 45.3 44.6 47.8 44.2 47.5

BMI, kg/m2 26.7 27.2 26.8 26.8 26.6 28.0 26.6 27.4

Alcohol intake, g/d 4.9 5.4 4.7 5.2 5.0 4.6 5.2 4.2

Caffeine intake, mg/d 201 214 200 207 204 198 207 194

Lactose intake, g/d 16.3 16.2 16.2 16.3 16.3 16.4 16.3 16.3

Physical activity, Met/wk 17.2 17.3 16.5 17.9 17.3 16.1 17.9 15.1

Gout, % 2.0 2.4 2.1 2.1 1.9 2.9 1.8 2.8

Arthritis, % 42.3 52.1 43.8 43.7 40.8 64.7 40.2 55.6

Abbreviations: BMI � body mass index; NSAID � nonsteroidal anti-inflammatory drug.
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duration, bowel movement, and use of antidepres-
sants did not materially change these results.

This association remained in all sensitivity analy-
ses. The multivariate RR for ibuprofen use was 0.64
(95% CI 0.43–0.96) after excluding patients with
gout, and 0.63 (95% CI 0.39–1.01) after excluding
patients with PD identified within 2 years of the

follow-up. Excluding ibuprofen use reported 2 years
prior to onset of PD generated similar results (multi-
variate RR � 0.65; 95% CI 0.43–0.99; p � 0.04).
Compared with nonusers, the RR was 1.00 (95% CI
0.73–1.38) for users with 2–4 years of cumulative
ibuprofen use, 0.74 (95% CI 0.24–2.29) for 6–8
years, and 0.43 (95% CI 0.15–1.28) for 10 or more
years. A similar association between ibuprofen and
PD risk remained in analyses including PD cases not
confirmed by treating physicians or review of medi-
cal record (RR � 0.62; 95% CI 0.42–0.91). There
were no significant interactions between use of any
analgesics and age, smoking, or caffeine intake.

We identified a total of 12 published studies that
had examined the association between NSAIDs use
and PD risk (table e-2).3,4,15-23 Six studies were ex-
cluded because of retrospective data collection15,17,22

or not differentiating nonaspirin NSAIDs from aspi-
rin.16,18,21 The remaining 6 studies3,4,19,20,23 were then
included in the meta-analysis with the current one,
including a total of 2,779 PD cases. The pooled RR
was 0.73 (95% CI 0.63–0.85; p � 0.0001) for ibu-
profen use (figure 2A) and 1.12 (95% CI 1.01–1.23,
p � 0.03) (figure 2B) for aspirin use. Use of other
NSAIDs or acetaminophen was not associated with
PD risk (figure 2, C and D). We identified no signif-
icant heterogeneity (p � 0.20 for all) nor evidence of
publication bias (p � 0.3 for the Begg and Egger
tests) among these studies.

DISCUSSION In this large prospective study, ibu-
profen use was associated with a lower future risk of
PD. In contrast, we did not find significant associa-
tions between use of aspirin, acetaminophen, or
other NSAIDs and PD risk. The meta-analyses of all
available prospective studies also showed that ibupro-
fen users had approximately 30% lower PD risk than
nonusers; this relation had not been examined in pre-
vious meta-analyses of NSAIDs and PD risk.

Strengths of this study include its large sample
size and high follow-up rate. Because we included
only incident PD cases, our results are unlikely to be
significantly affected by recall or selection bias. Fur-
ther, our assessment of NSAID use was previously
shown to be reliable (see appendix e-1) and intended
to cover both prescription and over-the-counter uses.
Studies based on prescription records16,18,19,21 may
have had exposure misclassification as ibuprofen is
primarily used over the counter in both the United
States and Europe. For example, in the third US Na-
tional Health and Nutrition Examination Survey
(1988–1994), 29.7% of US adults reported monthly
use of ibuprofen, as compared to only 1.9% prescrip-
tion use.24 A few limitations of the current study
should also be considered. The reproducibility of

Figure 1 Combined relative risks (RRs) of Parkinson disease according to
use of each type of nonsteroidal anti-inflammatory drug (NSAID)
or acetaminophen

Adjustment for age (in months), smoking status (never smoker, past smoker, current smoker
with 1–14 cigarettes/day, or current smoker with �15 cigarettes/day), body mass index
(�23, 23–24.9, 25–26.9, 27–29.9, or �30 kg/m2), and intake of caffeine (quintiles), lactose
(quintiles), and alcohol (none, 1–4.9, 5–9.9, 10–14.9, or �15 g/day for women; none, 1–9.9,
10–19.9, 20–29.9, or �30 g/day for men). Cox proportional hazard models were used to
calculate RR. Case number: 28 for ibuprofen users and 263 for nonusers; 143 for aspirin
users and 148 for nonusers; 32 for other NSAIDs users and 259 for nonusers; and 38 for
acetaminophen users and 243 for nonusers.

Table 2 Combined RR (95% confidence interval) of Parkinson disease
according to dosage of ibuprofen, aspirin, or acetaminophen in the
Health Professionals Follow-up Study (2000) and the Nurses’
Health Study (1998)

Dosage

p Trend0 1–2 tablets/wk 3–5 tablets/wk 6� tablets/wk

Ibuprofen

Case no. 263 9 4 10

RRa 1 0.85 (0.43–1.66) 0.40 (0.15–1.08) 0.55 (0.29–1.03) 0.01

Aspirin 0

Case no. 148 28 28 73

RRa 1 0.77 (0.50–1.16) 1.11 (0.73–1.67) 1.05 (0.78–1.41) 0.63

Acetaminophen 0

Case no. 243 12 12 13

RRa 1 1.04 (0.57–1.88) 1.03 (0.57–1.86) 0.65 (0.37–1.14) 0.16

Abbreviation: RR � relative risk.
a Adjusted for age (in months), smoking status (never smoker, past smoker, current smoker with
1–14 cigarettes/d, or current smoker with �15 cigarettes/d), body mass index (�23, 23–24.9,
25–26.9, 27–29.9, or �30 kg/m2), and intake of caffeine (quintiles), lactose (quintiles), and al-
cohol (none, 1–4.9, 5–9.9, 10–14.9, or �15 g/d for women; none, 1–9.9, 10–19.9, 20–29.9, or
�30 g/d for men). Cox proportional hazard models were used to calculate RR.
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NSAIDs use was assessed in the NHS, but not in the
HPFS. NSAID use was self-reported and thus sub-
ject to error; however, because of the prospective de-
sign, this error would most likely be nondifferential
with respect to the future risk of PD, and thus would
tend to attenuate the underlying association between
NSAID use and PD. The validity of exposure assess-
ment was supported by previous findings from these
cohorts on other chronic diseases for which the asso-
ciations of NSAIDs were consistent with their phar-
macologic effects.25,26 Our cohorts do not represent
random samples of US men and women; therefore,
the patterns of use of NSAIDs cannot be taken to
reflect the general population. Nevertheless, the bio-
logical effects of ibuprofen on PD in these cohorts
should be the same as those among men and women
in general, as suggested by the results obtained from
the meta-analysis.

Accumulating postmortem and experimental evi-
dence suggests that inflammatory mechanisms may

contribute to the progressive loss of dopaminergic
neurons in the substantia nigra of the brain.1,2 Con-
centrations of several proinflammatory cytokines
were elevated in the brain and CSF of patients with
PD and also in prediagnostic blood samples of pa-
tients with PD.1,2 While neuroinflammation may
have some beneficial effects, uncontrolled inflamma-
tory reactions may contribute to a self-perpetuating
cycle that eventually leads to the degeneration of do-
paminergic neurons.27,28 Experimentally, several
NSAIDs alleviate the loss of dopaminergic neurons
but the effect of individual drugs is inconsistent
across parkinsonian models, and the underlying
mechanisms remain uncertain.27,29 NSAIDs may
confer benefit by inhibiting cyclooxygenase (COX),
scavenging reactive oxygen and nitrite radicals, or in-
hibiting the activation of TNF�.29,30 Some NSAIDs,
such as ibuprofen and indomethacin, can also acti-
vate the peroxisome proliferator-activated receptor �

(PPAR�) pathway.27,29,30 Further, NSAIDs use was

Figure 2 Pooled relative risks (RRs) of Parkinson disease (PD) according to each type of nonsteroidal anti-inflammatory drug (NSAID) or
acetaminophen in the meta-analysis

(A) Ibuprofen; (B) aspirin; (C) other NSAIDs; and (D) acetaminophen. Rectangles indicate RRs from individual studies; error bars indicate 95% confidence
intervals (CIs); unshaded diamond indicates the pooled RR from the random-effects model and 95% CI. Pooled RR: ibuprofen, 0.73 (95% CI 0.63–0.85; p �

0.0001); aspirin, 1.12 (95% CI 1.01–1.23, p � 0.03); other NSAIDs, 1.00 (95% CI 0.86–1.16; p � 1.0); acetaminophen, 1.06 (95% CI 0.94–1.19; p �

0.37). *In the General Practice Research Database (GPRD) study, RR for other NSAIDs was calculated by pooling the RR estimates for the different types of
other NSAIDs (i.e., diclofenac, naproxen, and others), weighted by inverse of the variance within the study. CPS � Cancer Prevention Study; GHC � Group
Health Cooperative; HPFS � Health Professionals Follow-up Study; NHS � Nurses’ Health Study; REP � Rochester Epidemiology Project.
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examined in relation to PD in several epidemiologic
studies.5 However, the finding that ibuprofen use,
but not use of aspirin or other NSAIDs, was associ-
ated with lower PD risk suggests mechanisms other
than a generic anti-inflammatory activity of
NSAIDs.

NSAIDs are a heterogeneous group of com-
pounds with different structures and pharmacologic
properties.27 Because the neuroprotective effects of
individual compounds rank differently across parkin-
sonian models, no specific NSAIDs emerge from
experimental studies as an unequivocal neuropro-
tectant for PD. However, in inflammatory and oxi-
dative stress models of PD, ibuprofen can display
protective properties not shared by aspirin or other
NSAIDs.31,32 Ibuprofen acts as a ligand for PPAR�, a
novel therapeutic target for PD.29,30 PPAR� can in-
hibit apoptosis and oxidative damage and counteract
the activity of NF-�B, Ap-1, of the signal transducer
and activator of transcription-1, and of the nuclear
factor of activated T cells.33 In a recent animal study,
ibuprofen, but not aspirin, significantly attenuated
the reduction of PPAR� expression and dopamine
transporter–positive signals, and controlled the accu-
mulation of activated microglial cells induced by
methamphetamine.31 Further, in the MPTP mouse
model, ibuprofen dose-dependently alleviated the
loss of striatal dopamine without toxicity to dopami-
nergic neurons, while some other NSAIDs (e.g., in-
domethacin) appeared to be toxic at high doses.34

Interestingly, the dose equivalency for ibuprofen:
naproxen in CNS (10:1) is much higher than in pe-
ripheral inflammatory assays (10:7), although the
mechanisms underlying this difference remain un-
clear.35 Further support for a potential neuroprotec-
tive effect of ibuprofen comes from epidemiologic
studies of dementia, where long-term use of ibupro-
fen, among several individual commonly used
NSAIDs, was most strongly associated with a re-
duced risk of AD.36 Experimental studies also
showed that ibuprofen, but not aspirin, naproxen, or
celecoxib, lowered �-amyloid 42 levels, a main cul-
prit in the AD pathogenesis.37

Two alternative interpretations of our results
should be also considered. The first is confounding
by indication: the possibility that ibuprofen was used
to treat conditions that themselves are associated
with lower PD risk. However, the primary reason for
ibuprofen use was muscle/joint pain (accounting for
84% use in our previous study38) and there is no
evidence that these symptoms are associated with
lower risk of PD. On the contrary, because patholog-
ically confirmed cases of PD commonly present with
or are preceded by painful musculoskeletal symp-
toms,39 one might have actually expected an in-

creased risk of PD in those taking ibuprofen,
suggesting that the observed reduced risk of PD
among ibuprofen users may have been underesti-
mated. Further, we showed similar results after ex-
cluding participants with gout, a condition which
could be associated with both ibuprofen use and PD.
The other alternative explanation is that individuals
at high risk of PD have a more stoic personality,40

and are thus less likely to use analgesics. This person-
ality hypothesis, however, was based primarily on an-
ecdotal clinical observations and would not easily
explain why only ibuprofen use, but not use of other
analgesics, was associated with a lower risk of PD.

The lower risk of developing PD among users of
ibuprofen found in this large prospective study is
consistent with previous findings and suggests that
ibuprofen has potential neuroprotective effects not
shared by aspirin or other commonly used analgesics.
This hypothesis could be tested in clinical trials of
patients with early PD.
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