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Abstract

Objective—To estimate the incidence and lifetime risk (LTR) of Parkinson disease (PD) in a large
cohort of men.

Background—Age is the strongest risk factor for PD, but whether its incidence continues to in-
crease after age 80 years remains unclear.

Methods—Prospective cohort of 21,970 US male physicians aged 40-84 years at baseline who did
not report PD before study entry. Participants self-reported PD on yearly follow-up questionnaires,
and all deaths were confirmed. We calculated incidence rates and cumulative incidence using a
modified Kaplan—Meier analysis. LTR was estimated by adjusting cumulative incidence for
competing risks of death.

Results—Five hundred sixty-three cases of PD were identified over 23 years of follow-up. The
crude incidence rate of PD was 121 cases/100,000 person-years. Age-specific incidence rates
increased sharply beginning at age 60 years, peaked in those aged 85-89 years, and declined
beginning at age 90 years. Cumulative incidence substantially overestimated the long-term risk of
PD, particularly in those aged 80 years and older. Cumulative incidence was 9.9% (95% confidence
interval [CI] 8.48%-11.30%) from ages 45 to 100 years, whereas LTR for the same period was 6.7%
(95% CI 6.01%—7.43%). The incidence and LTR of PD decreased with increasing exposure to
smoking.

Conclusions—Our study provides evidence that the incidence of Parkinson disease (PD) in men
increases through age 89 years. Whether the subsequent decline represents a true decrease in risk
remains to be established. A history of smoking substantially decreased the incidence and lifetime
risk of PD. Incidence studies that do not adjust for competing risks of death may overestimate the
true risk of PD in the elderly.

The burden of Parkinson disease (PD) in developing nations is expected to double over the

next generation as the result of increasing life expectancy.1 People aged 85 years and older are
currently the fastest growing segment of the US population.2 Age is the strongest risk factor
for PD, with a nearly exponential increase in incidence between ages 55 and 79 years. However,
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the incidence of PD in advanced age remains controversial.3 The majority of prior studies have
combined those aged 80 or 85 years and older together because of low numbers of participants
in that age group, obscuring the relationship between PD and advanced age. Accurate
predictions of the future population burden of PD depend on whether its incidence continues
to increase, plateaus, or declines in those aged 80 years and older.

To appreciate the actual risk of an age-related neurodegenerative disease, it is necessary to ad-
just for competing risks of death, as was first shown in Alzheimer disease (AD) By taking
into account the mortality rate of the population, the lifetime risk method estimates the absolute
risk of developing a disease before dying of some other cause. Such estlmates are useful for
predicting individual risk, health education, and populatlon health plannmg Only one prior
estimate of lifetime risk in PD has been publlshed To further investigate the incidence of PD
in advanced age, we estimated its age-specific incidence and remaining lifetime risk in a large
prospective cohort of men with more than 23 years of follow-up.

METHODS

The Physicians’ Health Study (PHS) was a randomized trial of aspirin and p-carotene for the
primary prevention of cardiovascular disease and cancer among 22,071 US male physmans
Detailed descriptions of the study design and findings have been published prewously 8 All
participants provided written informed consent, and the trial was approved by the institutional
review board of the Brigham and Women’s Hospital. At study entry in 1982, participants were
aged between 40 and 84 years and had no history of cardiovascular disease, cancer (with the
exception of nonmelanoma skin cancer), or other serious illnesses. Ninety-two percent of the
participants identified their race as white. Baseline information was self-reported and collected
by a mailed questionnaire that asked about risk factors for disease as well as lifestyle variables.
Participants were sent follow-up questionnaires asking about study outcomes and other medical
information twice in the first year and then yearly. Post-trial follow up is ongoing. 9 Follow-
up information through March 30, 2007, was used in this analysis.

Ascertainment of PD

We identified all participants who reported a new diagnosis of PD on their annual survey
between 1982 and 2006. To evaluate the accuracy of the physicians’ self-report of PD, we
performed a validation study using the available medical records of 73 participants who
indicated a new PD diagnosis, as previously reported. 10 1n the PHS, medical records were
obtained for each reported study outcome (cardiac event, TIA, stroke, cancer, pulmonary
embolism, or death). A physician (J.A.D.) reevaluated medical records of participants who
self-reported PD before developing an outcome event. The records were then reviewed
independently by two trained neurologists (T.K., G.L.).

The clinical diagnosis of PD was considered valid if record review revealed one or more of the
following: 1) established diagnosis of PD in the medical record or PD as cause of death on the
death certificate; 2) current use of PD medication such as DOPA or a DOPA agonist; 3)
neurologic examination with physical findings consistent with parkinsonism (at least two of
the following: rest tremor, rigidity, bradykinesia or postural instability) with no evidence of a
secondary cause of parkinsonism such as stroke, history of encephalitis, brain tumor, or
neuroleptic treatment in the year before disease onset; patients who developed dementia or
severe dysautonomia within the first year of PD diagnosis were also not considered valid cases
of PD; 4) patient followed up by a neurologist or a movement disorders specialist for PD.

Of the 73 patients with available medical records, the self-reported PD diagnosis was found to
be valid in 90% (66 patients). Of these, 26 patients had an established diagnosis, had a
confirmatory neurologic examination, and were taking PD medication. Thirty-six patients had
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an established diagnosis and were taking PD medication, and 8 had an established diagnosis
or were taking PD medication. In 7% (5 patients), criteria for a clinical diagnosis of
parkinsonism was present, but a secondary cause could not be ruled out. The diagnosis was
found to be incorrect in only 3% (2 patients): one patient had intention tremor and the other
did not have adequate evidence for a diagnosis of PD.

Statistical analysis

RESULTS

We used a modified life-table method to determine the crude and age-specific incidence rates
of PD. An actuarial method was used in calculating person-time. A weight of 0.5 was given to
all observations censored during a given age, and a weight of 1 was given to all other
observations. Age (in years) was used as the time scale. Follow-up began at age at study entry,
and we censored individuals at the age they developed PD, died, or reached the end of follow-
up. Because few participants lived beyond their 10th decade, we censored data for those aged
100 years and older. We calculated 1-year crude incidence rates (per 100,000 person-years)
for each age and then collapsed them into 5- or 10-year age groups. We calculated PD incidence
in smokers and nonsmokers and then estimated age-adjusted incidence rates using direct
standardization to the distribution of person-years in the overall group. We chose to stratify
lifetime risk estimates by smoking because, with age, it is the best established factor associated
with PD risk and a major predictor of mortality.

We estimated the cumulative incidence of PD conditional on survival to age 45 years using a
modified Kaplan—Meier method.11 We calculated lifetime risk, an adjusted cumulative
incidence for the competing risk of death from other causes, by a method described by Gaynor
et al.12 We calculated the remaining lifetime risk of PD for those who reached the baseline
ages of 45, 55, 65, 75, and 85 years free of the disease of interest.

Incidence estimates were produced using the Practical Incidence Estimators Macro, which has
been described in detail else-where.13 All statistical calculations were performed using SAS
statistical software (SAS Institute, Inc., version 9.1).

Over 23.1 years of median follow-up (437,316.5 person-years), participants reported 563 cases
of incident PD. The median age of PD onset was 73.1 years (range 45.7-93.9 years). Men who
developed PD during follow-up were older at baseline (median age 59.8 vs 52.3 years) than
men without PD. The percentage of ever-smokers at baseline was slightly lower in those who
developed PD (48.9% vs 50.4%). They were also less likely to be current smokers at baseline
(6.8% vs 11.1%) and to smoke more than 2 packs per day (3.7% vs 7.2%).

The crude annual incidence rate of PD in our population was 120.5 cases/100,000 person-years.
The age-specific incidence rate increased sharply beginning at age 60 years, peaked in those

aged 85-89 years at 614.7 cases/100,000 person-years, and declined in those aged 90-99 years.
Overall and age-specific incidence rates are shown in table 1. The figure (A) shows the effect
of adjustment for the competing risk of mortality on the cumulative incidence of PD. The curves
begin to diverge after age 70 years, and the adjustment is greatest for those aged 85 years and
older because of their high mortality rate. Cumulative incidence from ages 45 to 100 years is
9.89 (95% confidence interval [CI] 8.48-11.30), whereas lifetime risk for the same period is

6.72 (95% CI 6.01-7.43).

Table 2 shows mortality-adjusted risk estimates for the development of PD from different ages
reached free of the disease. The lifetime risk, which was 1 in 15 at age 45 years, remained
relatively stable at ages 55 and 65 years and then declined to 1 in 18 at age 75 years and 1 in
25 at age 85 years.
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The age-adjusted incidence rate in ever-smokers at baseline (113 cases/100,000 person-years)
was lower than among never-smokers (127 cases/100,000 person-years). Table 2 displays
mortality-adjusted short-term, intermediate, and lifetime risks for PD in never- and ever-
smokers. Both incidence and lifetime risks of PD decreased as the level of smoking exposure
increased (table 3). The figure (B and C) shows the cumulative incidence and lifetime risk
curves for PD according to baseline smoking status. Further stratification of smoking exposure
into four categories reveals a substantial difference in life-time risk between heavy smokers
and never-smokers (figure, D).

To better understand the relationship between smoking and lifetime risk for PD and to explore
the possibility that the inclusion of cases of vascular parkinsonism influenced our results, we
repeated the analysis after excluding 5,251 participants with confirmed cardiovascular disease.
The study findings did not change substantially. Smokers still had a lower age-adjusted
incidence than nonsmokers (101.5 cases/100,000 person-years vs 116.1 cases/100,000 person-
years). Lifetime risk of PD for the overall population was 6.6% (95% CI 5.69%—7.57%), 7.8%
among nonsmokers and 5.6% among smokers.

DISCUSSION

In this large prospective cohort study among male physicians, the average annual incidence of
PD was 121 cases/100,000 person-years. The age-specific incidence increased steeply through
age 89 years and then declined in the 10th decade of life. Unadjusted cumulative incidence
substantially over-estimated the true risk of PD in those aged 80 years and older. The lifetime
risk curve for PD reached a plateau by age 90 years. The cumulative incidence and lifetime
risks of PD decreased substantially with increasing smoking exposure.

Our study has several strengths, including its large number of participants and outcome events,
prospective design, and well-defined population with a long follow-up. We were able to adjust
cumulative incidence for competing risks using mortality information from the same
population and could perform stratified analyses by smoking status.

A number of limitations should be considered in the interpretation of our results. First, our
diagnosis of PD was based on self-reports. However, prior work has shown the self-reported
diagnosis of PD to be highly valid in a population of health professionals. 14 Direct validation
of more than 10% of self-reported PD diagnoses using available medical records revealed an
accuracy of 90%, which is similar to that found in validation studies of self-reported
hypercholesterolemia and hypertension in the PHS.15 However, despite this good validation,
misclassification of PD remains possible. A number of factors limit the generalizability of our
results to other populations. Our cohort was composed of white men of the same educational
level and profession who were motivated to modify their risks for disease. They also may have
higher rates of disease diagnosis than nonphysicians because of easier access to medical care.
However, our incidence estimates for PD were similar to that of a population-based study with
direct ascertainment.16 We were unable to estimate the incidence and risk of PD in women.

Prior estimates of PD incidence have varied widely depending on nationality, sex, population
age distribution, and case ascertainment methods. General populations have an average
estimate of 13 cases/ 100,000 (range 1.5—26),17 whereas fopulations aged 65 years and older
have an average of 180 cases/100,000 (range 39_332)_16, 8-22 \we recalculated the incidence
rates of studies that evaluated most or all population members using accepted diagnostic criteria
and reported age-specific incidence in older white men (table 4). The rate obtained in our cohort
(224 cases/100,000 person-years) was similar to that of the Rotterdam Study (261 cases/
100,000 person-years),16 a primarily white population-based cohort in which the diagnosis of
PD was obtained by direct screening followed by a detailed clinical workup. Thirty-nine
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percent of PD cases were newly diagnosed by study physicians, demonstrating the substantial
number of patients with PD who are missed when case finding is based on medical records
alone. Despite the fact that our participants are physicians with easy access to medical care,
our rate was lower than that of two door-to-door studies of elders in Italy and Spain, in which
PD was directly ascertained.18:19 Finally, our rate was higher than that in three US-based
studies in which no population screening was performed and cases were found through health
care providers or medical records systems.6’21'22

In our cohort, PD incidence increases through age 89 years and then declines in the 10th decade
of life. In the majority of studies reporting age-specific incidence in white men, incidence
increases through the oldest age group,16v18'19v 1-23 55 it does in our study when those aged
85 years and older are combined. However, a number of well-conducted studies show a decline
in PD incidence in men after age 75 or 79 years.6’23‘25 Similar results have been found for
AD in a cohort characterized by exceptional longevity in which the incidence of AD in men
began to decline in their early 90s.26

It is unclear whether the observed decline represents a true decrease in the risk of PD or is
simply due to underdiagnosis. Older patients may become lost to follow-up, particularly in
studies with less-intensive cohort surveillance.23 Because parkinsonian signs as well as
comorbidities increase markedly with age,27 the decline of PD in the oldest old may also reflect
the difficulty of distinguishing idiopathic PD from other causes of parkinsonism.20 In the
Rochester Epidemiology Project, the incidence of PD declined in men after age 79 years when
strict diagnostic criteria were used, but continued to increase through age 99 years when broad
criteria were used.28 When included PD patients with concurrent dementia, the incidence rate
increased slightly but still declined after age 89 years (data not shown). Our study provides
evidence that PD incidence increases at least to age 90 years, thus shifting to the right the age
where we can be confident that incidence is still increasing.

Cumulative incidence is often used to provide a measure of long-term disease risk. However,
it over-estimates the incidence when the disease has a prevalence of 10% or greater, or the
competing risk of mortality is high.29 The lifetime risk method adjusts the incidence rate of a
disease by the all-cause mortality rate in the population. It thus provides the actual risk of
developing the disease before dying of some other cause, assuming one has survived free of
that disease to a specified age. Lifetime risk estimates are helpful as an absolute measure of
long-term individual risk and are easily understood by the lay public. They are increasingly
being used by researchers and policy makers to predict population risks30 and develop clinical
practice guidelines.®

Our study illustrates the importance of adjusting for the competing risk of death when
estimating the incidence of a disease in an older population. The cumulative incidence of PD
from ages 45 to 100 years was 9.9% (1 in 10), but mortality-adjusted life-time risk for the same
period was 6.7% (1 in 15). Our estimate of lifetime cumulative incidence at age 40 years was
remarkably similar to that of the Rochester Epidemiology Project (10.9%), but our estimates
of lifetime risk were higher. This likely reflects the increased longevity of our cohort, which
has a life expectancy of 49.3 additional years at age 40 years, 12 years longer than that of 40-
year-old men in the general US population.33 Populations with a longer life expectancy have
a longer period at risk; thus, life-time risk estimates cannot be compared across different
populations unless they have similar mortality rates.

Although smoking is known to decrease PD risk, 34 it increases the risk of many other major
diseases and of death. The cumulative incidence of PD decreased as the level of smoking
exposure increased, suggesting a dose—response relationship between smoking and protection
from PD. The lifetime risk of PD followed the same pattern (figure, D), and lifetime risk in
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heavy smokers (2.3%) was substantially less than in never-smokers (7.8%). The difference in
lifetime risk curves between ever- and never-smokers was accounted for by increased mortality
from cardiovascular disease, cancer, and pulmonary disease among smokers (data not shown).
Because we had relatively few current smokers in the cohort, smoking-associated mortality
rates were lower than might be found in a general population. In a cohort with a higher smoking
exposure, both cumulative incidence and lifetime risks of PD among smokers might be even
lower. It is worth emphasizing that while smoking may decrease the incidence of PD by some
protective factors, it decreases the lifetime risk of PD by substantially increasing the risk of
death from smoking-related diseases.

We were unable to address the incidence and life-time risk of PD in women. Women are known
to have a twofold decreased risk of PD compared with men,20 which seems to persist even to
very old aLges.18 On the other hand, older women have increased longevity compared with men
and are less likely to be smokers. Thus, although incidence in men is higher at all ages, the
difference in lifetime risk between men and women likely decreases with age.6 Further studies
of lifetime risk in elderly women are needed.

Our results illustrate the sensitivity of PD incidence and risk estimates to a number of factors,
including the age and longevity of the population, methods of case finding, the strictness of
PD criteria, and the prevalence of smoking. In this population of health-conscious male
physicians with exceptional longevity, PD incidence increased sharply to age 90 years, and
lifetime risk was as high as 1 in 15 at age 40 years. As life expectancy increases worldwide,
similar lifetime risks can be expected in general populations.

GLOSSARY

AD, Alzheimer disease; Cl, confidence interval; LTR, lifetime risk; PD, Parkinson disease;
PHS, Physicians’ Health Study.
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Figure 1.
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(A) Unadjusted cumulative incidence vs mortality-adjusted lifetime risk of Parkinson disease
(PD) for the entire cohort. (B) Cumulative incidence of PD in never- vs ever-smokers. (C)
Lifetime risk of PD in never- vs ever-smokers. (D) Lifetime risk of PD by four categories of
baseline smoking status (never, past, current <20 cigarettes/day, current >20 cigarettes/day).
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Age-specific and overall annual incidence rates of Parkinson disease per 100,000 person-years

Table 1
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Age group, y No. of PD cases Person-years Incidence rate
40-44 0 12,553.0 0.0
45-49 2 34,324.0 5.83
50-54 9 54,448.5 16.53
55-59 28 72,172.0 38.80
60-64 57 84,889.0 67.15
65-69 101 75,356.5 134.03
70-74 111 58,443.0 189.93
75-79 101 39,660.0 254.67
80-84 80 22,512.5 355.36
85-89 59 9,597.5 614.74
90-99 15 3,361.0 446.30
Total 563 467,316.5 120.48

PD = Parkinson disease.
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Table 2
Age-specific, mortality-adjusted risk estimates for the development of Parkinson disease in men of different ages
reached free of Parkinson disease

Short-term, intermediate, and lifetime risks (95% CI)

1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Age, y 10-y risk 20-y risk 30-y risk Lifetime risk
Overall population
45 0.11 (0.04-0.17) 0.62 (0.49-0.74) 2.04 (1.81-2.27) 6.72 (6.01-7.43)
55 0.51 (0.41-0.63) 1.96 (1.73-2.18) 4.23 (3.83-4.63) 6.72 (6.00~7.45)
65 1.51 (1.30-1.71) 3.87 (3.46-4.27) 6.46 (5.72-7.21) 6.46 (5.72-7.21)
75 2.63 (2.24-3.01) 5.52 (4.72-6.32) 5.52 (4.72-6.32)
85 3.91 (2.96-4.86) 3.91 (2.96-4.86)

Never-smokers
45

0.17 (0.05-0.28)

0.68 (0.49-0.86)

2.33 (1.97-2.68)

7.76 (6.55-8.96)

55 0.52 (0.36-0.67) 2.19 (1.85-2.53) 4.49 (3.87-5.10) 7.70 (6.48-8.91)
65 1.73 (1.41-2.05) 4.09 (3.48-4.71) 7.42 (6.17-8.66) 7.42 (6.17-8.66)
75 2.58 (2.00-3.17) 6.20 (4.88-7.52) 6.20 (4.88-7.52)
85 4,59 (3.07-6.10) 4,59 (3.07-6.10)

Ever-smokers
45

0.04 (0.00-0.10)

0.54 (0.38-0.71)

1.76 (1.47-2.05)

5.81 (4.98-6.64)

55 0.51 (0.35-0.67) 1.76 (1.47-2.05) 3.99 (3.46-4.52) 5.90 (5.05-6.74)
65 1.31 (1.05-1.57) 3.65 (3.13-4.18) 5.66 (4.78-6.53) 5.66 (4.78-6.53)
75 2.66 (2.14-3.19) 4,93 (3.98-5.88) 4,93 (3.98-5.88)
85 3.23 (2.10-4.38) 3.23 (2.10-4.38)

CI = confidence interval.
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