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Abstract

Background and Objective—To investigate whether obesity and diabetes are related to risk of
Parkinson disease (PD).

Methods—We prospectively followed 147,096 participants in the Cancer Prevention Study |1
Nutrition Cohort from 1992 to 2005. Participants provided information on anthropometric
variables and medical history at baseline, and on waist circumference in 1997. Incident cases of
PD (n = 656) were confirmed by treating neurologists and medical record review. Relative risks
(RR) were estimated using proportional hazards models, adjusting for age, gender, smoking and
other risk factors.

Results—Neither BMI nor waist circumference significantly predicted PD risk. The RR
comparing individuals with a baseline BMI of = 30 to those with a BMI < 23 was 1.00 (95% ClI:
0.75, 1.34; p-trend: 0.79), and that comparing individuals with a waist circumference in the top
category (>=40.3 inches in men and >=35 inches in women) to those in the bottom category
(<34.5 inches in men and <28 inches in women) was 1.35 (95% CI 0.95, 1.93; p-trend 0.08).
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diabetes was not significantly associated with PD risk (combined RR = 0.88; 95 % CI:

0.62, 1.25; p-heterogeneity = 0.96). In addition, neither BMI at age 18, nor changes in weight
between age 18 and baseline were significantly associated with PD risk. The results did not differ
significantly by gender

Conclusi

on—oOur results do not provide evidence for a relationship between BMI, weight

change, waist circumference or baseline diabetes and risk of PD.

INTRODUCTION

METHODS

Obesity, defined as a body mass index (BMI) over 30, has been established as a risk factor
for a variety of diseases, including several cancers® 2 heart disease® 4 type 11 diabetes® and
Alzheimer’s disease.> Dopamine may play an important role in both obesity (e.g., by
regulating energy intake’- 8) and PD in which there is a loss of dopaminergic neurons and
thus lower dopamine activity in the hypothalamus.®: 10

In two prospective studies, BMI and other anthropometric measures were related to
increased risk of PD. In a Finnish cohort, risk of PD was two-fold higher among men with
BMI over 30 as compared to those with BMI under 23; a 70% higher risk was observed in
an analogous comparison in women.11 Among men of Japanese ancestry in Hawaii, PD risk
increased with increasing triceps skinfold thickness!? , although not with BMI. In contrast,
in two other large prospective cohorts, the Nurses Health Study (NHS) and the Health
Professionals Follow-up Study (HPFS), obesity was not related to risk of PD.13 A similar
null result was found for obesity and self-reported PD in the Harvard Alumni Study.1#

Type 11 diabetes is a growing public health problem.> 16 There is some evidence of a high
prevalence of insulin resistance in Parkinson patients, although the mechanism is still
debated.1” Obesity is a strong predictor of type 11 diabetes.® In models adjusting for BMI,
baseline diabetes has been associated with an over 80% increase in risk of PD in a
prospective Finnish cohort of men and women.18 However, in the NHS and the HPFS,
neither men nor women with diabetes at baseline were at altered risk of PD.19 In a third
prospective study, a modest positive correlation was found between self-reported diabetes
and self-reported PD.20

We therefore examined prospectively whether anthropometric factors, including BMI at
baseline and in young adulthood, weight change in adulthood, waist circumference, and
location of weight gain, and a history of diabetes was associated with risk of PD in the
American Cancer Society CPS Il Nutrition Cohort.

Study population

The CPS-I1 Nutrition cohort (Nutrition Cohort) was established in 1992 and is a subgroup of
the original 1982 CPS Il mortality cohort. The Nutrition Cohort includes 184,190
participants (86,404 men and 97,786 women) from 21 U.S. states, who reported their
medical histories, lifestyle characteristics, and dietary habits in response to a mailed baseline
(1992-1993) questionnaire.2! About 97% of the participants reported their race/ethnicity as
white. Participants had also reported their medical, lifestyle and dietary intake information
on a questionnaire during their original enrollment in 1982. In 1997, the participants
responded to a follow-up questionnaire that was very similar to the baseline 1992
questionnaire, but also included additional questions, in particular asking participants to
measure and report their waist circumference in inches. As part of cohort follow-up, in 2001,
participants were asked to report if they had ever been diagnosed with PD, as described
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previously.22 We included in this study the 147,096 (63,303 men and 79,949 women) cohort
participants who returned one or more of the 2001, 2003 or 2005 questionnaires and had no
symptoms nor a diagnosis of PD at study baseline in 1992.

Additional exclusions were made in each analysis to account for those missing the exposure
variable of interest (BMI, diabetes and others). This study was approved by the Human
Subjects Committee at the Harvard School of Public Health (HSPH) and the Institutional
Review Board (IRB) at Emory University.

Assessment of BMI, body composition and diabetes

BMI (weight in kg/height in m2) at baseline was calculated using self-reported weight (in
1992) and height (reported in 1982) and categorized into five categories as follows: 18.5-23
(ref), 23-24.9, 25-26.9, 27-29.9 and >=30. Participants with a BMI of lower than 18.5 in
1992 were excluded from these analyses (n = 9) because the weight of these participants
may be low due to undiagnosed PD. Because younger individuals tend to be leaner, we
categorized BMI at age 18 (using recalled weight at age 18 reported in 1992 and height
reported in 1982) in the following way: <20 (ref), 20-22.4, 22.5-24.9, 25-26.9 and >=27.
The same category cutoffs for BMI at baseline and BMI at age 18 were used for men as for
women.

We categorized weight change in pounds between age 18 and 1992 in the following five a
priori defined categories (participants with a 5+ Ib weight loss were excluded): weight
maintainers (ref) [defined as <5 Ib of weight loss, no change in weight or <5 Ib weight gain],
and gain of 5-14.9 Ib, 15-24.9 Ib, 25-44.9 Ib, > 45lb. Additionally, participants were asked
“When you gain weight, where on your body do you mainly add the weight: chest and
shoulders, waist, hips and thighs, other part of the body, equally all over, or don’t gain
weight?” Central weight gain was defined as reported weight gain in the chest and shoulders
or waist, and peripheral weight gain was defined as reported weight gain in hips and thighs
or equally all over.23 On the 1997 questionnaire, participants were asked to measure their
waist just above the navel with a tape measure while standing (without wearing bulky
clothing) and to record it to the nearest ¥ inch. Waist circumference was categorized in the
following a priori defined categories based on a previous publication on adiposity and risk
of PD: (men: <34.5, 34.5-36.2, 36.3-37.9, 38.0-40.2 and >=40.3 inches; women: <28.0,
28.0-29.9, 36.3-37.9, 38.0-40.2, >=40.3 inches).13

Parkinson disease case ascertainment

The initial procedures for case ascertainment were based on those in our prior studies on
PD.24 We contacted all CPS-11 Nutrition Cohort participants who reported a diagnosis of PD
on the 2001, 2003 and 2005 questionnaires and requested permission to contact their treating
neurologists and obtain copies of their medical records. The treating neurologists, or
internists, who were contacted if the neurologists did not respond, were asked to respond to
a diagnostic questionnaire or to mail us a copy of the participant’s medical record. The
questionnaire included questions regarding cardinal signs of PD (rest tremor, rigidity,
bradykinesia, and postural instability), response to levodopa treatment, and the presence of
other symptoms or features to support a diagnosis of PD or suggest an alternative diagnosis.
Cases were labeled as confirmed for the purpose of this study if the PD diagnosis was
considered definite or probable by the treating neurologist or internist, or if the medical
record indicated a final diagnosis of PD made by a neurologist or evidence at a neurological
exam of at least two of the four cardinal signs (with one being rest tremor or bradykinesia), a
progressive course, and the absence of unresponsiveness to levodopa or other features
suggesting an alternative diagnosis. Similar procedures were implemented to confirm PD
cases reported in the 2003 and 2005 follow-up questionnaires, except that copies of the
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medical records were requested for all cases and were reviewed by a movement disorder
specialist (M.A.S.).

Within the cohort, 1810 participants self-reported PD in 2001, 2003 or 2005 and returned a
follow-up consent form. Of these, 1055 consented to have their medical records reviewed,
246 confirmed that they have PD but did not consent to medical record review, 328 denied
having PD, 54 refused to participate and 127 had died. A diagnosis of PD was confirmed in
877 cases. Of the confirmed cases, 220 were excluded because their symptoms onset
occurred before the baseline survey and one was excluded due to missing all three of the
2001, 2003 and 2005 surveys. Of the 656 incident cases included in this analysis, 75% were
confirmed by the treating neurologists or movement disorders specialists, 13% by the review
of neurological medical records, 6% by the treating internists or family physicians and 6%
by other physicians. The proportion of cases confirmed did not vary from that not confirmed
by BMI at baseline, BMI at age 18, weight change, area of weight gain, waist circumference
or the self-report of diabetes. In a sensitivity analysis, we included self-reported cases who
met the above criteria and had reported the onset of PD during the study follow-up period
(164 men and 82 women).

Statistical analyses

RESULTS

All anthropometric variables were analyzed as categorical variables, with the median value
in each category used to create a continuous variable for linear trend tests. This was done to
minimize the potential effects of extreme values on regression analysis and to allow for
nonlinear associations. Study follow-up lasted from the date of return of the 1992
questionnaire to the earlier of date of return of the latest complete questionnaire (August 31,
2001, 2003 or 2005 respectively), date of onset of the first symptoms of PD or date of death,
except in analyses of waist circumference (collected in 1997) where follow-up lasted from
the date of return of the 1997 questionnaire to the earlier of either the date of return of the
latest complete questionnaire (August 31, 2001, 2003 or 2005), date of death, or date of
onset of the first PD symptoms. Multivariate relative risks were calculated using Cox
proportional hazards models, with adjustment for 1) age in months and smoking in quintiles
of pack years and 2) age in months and smoking in quintiles of pack years, alcohol intake,
caffeine intake, caloric intake, dairy intake, pesticide exposure, education and physical
activity. In analysis of diabetes, BMI was also entered into the model as a covariate. We
calculated 95 percent confidence (95% CI) intervals for all relative risks and all p values
were two-tailed (a = 0.05). Gender specific and combined analyses are presented. The
combined estimate was calculated by weighting the gender-specific log relative risks by the
inverse of their variances using a random-effects model.2

We documented a total of 420 male and 236 female cases during follow-up in this cohort.
The age range at baseline (in 1992 when BMI was assessed) for the cohort was 63.6 years
old in men and 62.0 years old in women. The mean age at onset and range for the PD cases
was 71.9 years (range: 56.9 — 93.9 years) in men and 71.2 years (range: 55.0 to 88.0 years)
in women. The mean time from baseline to PD diagnosis and range was 6.3 years (range:
0.25—12.7) years in men and 6.4 years (range: 0.25-12.7) in women. Table 1S in the
appendix describes the baseline characteristics of the population.

No significantly altered risk of PD was observed in analyses of BMI at baseline (in 1992)
(Table 1). Using BMI 18.5-23 as the reference group, the multivariate-adjusted relative risk
for a BMI of 30 or more was 1.00 (95 percent confidence interval (Cl): 0.75, 1.34; p-trend:
0.79).
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BMI in early adulthood (age 18) did not predict later risk of PD (Table 1); the combined
multivariate relative risk comparing the top category of BMI (=27) to the bottom category
(<20) was 1.15 (95% CI: 0.76, 1.73; p-trend: 0.23). Men who gained a significant amount of
weight between age 18 and study baseline were at a slightly lower risk of PD compared to
those who gained little or no weight or lost weight (Table 1). The relative risk comparing
those who had gained 45 pounds or more (top category) between age 18 and study baseline
in 1992 to those who had gained less than 5 pounds (bottom category) was 0.54 (95% ClI:
0.35, 0.85, p —trend: 0.34) in men and 0.62 (95% CI: 0.32, 1.21; p-trend: 0.05) in women.
The association with weight gain could have been caused by recent weight loss or absence
of weight gain due to undiagnosed PD. To examine the possibility that this effect was due to
a loss of weight among women with undiagnosed PD, we conducted a sensitivity analysis
excluding the first five years of follow-up. In this analysis, the RR comparing the women in
the top category of weight gain to the lowest category was 0.72 (95% CI: 0.36, 1.42, p-trend:
0.35).

Waist circumference reported in 1997 did not appear to predict risk of PD in men or in
women (Table 2); the RR comparing the highest to the lowest category in the multivariate
combined analyses was 1.35 (95% CI: 0.95, 1.93; p-trend: 0.08) (Table 2).

A diagnosis of diabetes at baseline in 1992 was not significantly related to PD risk. The
multivariate combined RR of PD among those with diabetes at baseline was 0.88 (95% 0.62,
1.25; p-trend: 0.40).

Central weight gain, defined as a self-reported tendency to gain weight predominantly in the
chest and shoulders or waist rather than in the hips and thighs or ‘equally all over’, was not
significantly associated with PD risk. Men and women who reported a tendency for central
weight gain had a combined RR of 0.89 (95% CI: 0.75, 1.06; p = 0.20) of developing PD
during follow-up.

Because of the strong inverse relationship between smoking and PD risk, we also conducted
analyses stratified by smoking history (never vs. ever smoker at baseline). We did not
observe any significant interactions with smoking and none of the results differed
significantly by smoking status (data not shown).

To account for possible influence of undiagnosed PD on our results, we conducted
sensitivity analyses excluding the first five years of follow-up. Other than the loss of
significance in the effect of weight change on risk of PD in women mentioned above, the
results were not significantly altered.

While the primary analyses were conducted among participants for whom we were able to
obtain medical records, around 20% of PD cases (164 men and 82 women) in our study
reported a diagnosis of PD but did not provide consent to contact their treating neurologist
or internist. We repeated the analyses including all participants who reported PD, whether or
not they provided consent to contact their neurologist. The results did not materially change
by including these additional participants. In these analyses, the association with waist
circumference in men reached statistical significant (p-trend: 0.04).

Because weight gain and loss are strongly related to age, we conducted additional sensitivity
analyses stratifying on age at baseline dichotomized at 60 years of age. In our cohort, 125
PD cases (80 male and 45 female) were 60 years old or younger at baseline in 1992 and 531
PD cases (340 male and 191 female) were over 60 years old at baseline. We observed a
significant interaction of BMI at age 18 with age at baseline (p-int = 0.009) in women.
Women under 60 at baseline, with higher BMI at age 18 were at an increased risk of PD (p-
trend: 0.004); no relation was found in women 60 or older at baseline or in men of either
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age. No effect of BMI in 1992 on risk of PD was observed in either age category in neither
men nor women. No interactions with age at baseline were observed for weight change,
tendency for central weight gain, waist circumference or diabetes at baseline in men or
women.

DISCUSSION

In this large prospective cohort of US men and women, we did not find significantly altered
risk of PD when examining BMI, weight change, tendency for central weight gain or
baseline diabetes. Among women, PD risk decreased with increasing weight gain after age
18, but this RR was only marginally significant and was attenuated in sensitivity analyses.

The advantages of this study include its large size, longitudinal design with a large number
of confirmed incident PD cases, and the thoroughly collected prospective data on exposure
variables as well as on potential confounders. We were able to analyze not only BMI and
history of diabetes, but also a number of anthropometric factors, such as waist
circumference, change in weight, body area where weight is gained, as well as BMI in
young adulthood, providing for a comprehensive analysis of the relationship between
adiposity and risk of PD. The diagnosis of PD was based on medical records obtained from
the patient’s neurologist and reports from treating physicians, which have been found to
have over 90% accuracy.28 Thus, bias from misdiagnosis is likely to be modest.

A limitation that should be considered in interpreting the results of this study is that the
exposure variables, including BMI, weight change, waist circumference, body area where
weight is gained, and diabetes diagnosis, are based on self-report and thus may be subject to
misclassification. In separate cohort studies, the validity of self-reported weight (r=0.98 in
both NHS and HPFS),27 waist circumference (0.98 in the HPFS and 0.91 in the NHS)27 and
self-reported diabetes (98% in the HPFS28 and 97% in the NHS2? of diabetes cases
confirmed by medical record review), has been high. On the other hand, the validity of the
self-reported location of weight gain is uncertain, and misclassification in this variable may
have attenuated an existing relation with risk of PD.

The results of our study are overall consistent with those of a previous large longitudinal
investigation among participants in the NHS and HPFS, in which neither obesity (at baseline
or in young adulthood), abdominal obesity, or diabetes were significantly related to PD
risk.13 19 The only noteworthy difference is that, in the NHS and HPFS, the authors reported
that waist circumference and waist to hip ratio were associated with an increased risk of PD
among never smokers,13 whereas no relation between waist circumference (waist to hip ratio
was not measured) and PD risk was found in this cohort.

In contrast to the mainland US, strong positive associations with PD were reported in a
Finnish population for both obesity! and for diabetes.18 The reasons for the difference
between our results and those in the Finnish cohort are unclear. An important difference is
that, in the Finnish study, the PD cases were identified through a link with a drug registry,
and therefore only included PD cases who were taking anti-parkinsonian medications.
Further, the Finnish study started in 1982, ten years earlier than our cohort, and the age at
onset of PD in the Finnish cohort was 71.9 years in men and 71.2 years in women,
approximately 9 and 6 years later than in our study. How such methodological and
demographic differences could explain the conflicting results is, however, uncertain.
Alternatively, a genetic factor predisposing to both obesity and PD may be present in the
Finnish population and not in the mainland US. The main results of a study of 7,990 men of
Asian descent in the Honolulu Heart Program (HHP) were intermediate between those from
mainland US and those from Finland, in that no significant association was found with BMI,
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but a positive association was found with other measures of fat distribution.12 Because fat
distribution is largely genetically determined 39, the latter finding is consistent with the
notion that genetic factors may modify the relation between obesity and PD risk. Because
diet, particularly fat composition, may explain this difference in results seen in Finnish and
American cohorts, we examined in our cohort interactions between percent calories from
saturated fat with obesity and diabetes. We did not observe any significant interactions in
this analysis. To account for possible role of ancestry on the discrepancy between our results
and those reported in the Finnish study, we also considered place of birth of the participant
(categories: US; UK/Europe; Asia/Middle East; South America/Puerto Rico/Mexico) and
place of birth of mother and father. We did not observe an interaction with any of these
covariates and adding them to our models did not significantly alter the results.

In summary, in this large prospective study comprising mostly white Caucasian Americans,
we found no relation between obesity, measures of central obesity, and diabetes with risk of
developing Parkinson disease. These results confirm previous findings in a similar US
population, but are discordant with results obtained in a Finnish cohort. This heterogeneity
of results across populations with different ancestry raises the possibility of a genetic
influence.
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Relative risk of Parkinson’s disease according to baseline diabetes mellitus diagnosis.

Table 3

Diabetes Reported in 1992 No Yes p-trend § p—heterogeneity'\
Men*

No. cases 338 24

No. PY 62367 52731

RRI 1.0 (Ref) 0.82(0.54, 1.24)

RRZ 1.0 (Ref)  0.87 (0.57, 1.33) 0.47

Women*

No. cases 191 11

No. PY 797915 48194

RRI 1.0 (Ref)  0.87 (0.47, 1.60)

RRZ 1.0 (Ref)  0.90 (0.48, 1.66) 0.67

Men and Women

RRZ 0.88(0.62,1.25)  0.40 0.96

l*adjusted for age in months and smoking in quintiles of pack years

Page 14

*adjusted for age in months and smoking in quintiles of pack years, alcohol intake, caffeine intake, calories, dairy intake, pesticide exposure,

physical activity and education

§trend tests conducted in multivariate models

N
p-heterogeneity comparing analyses including only men to those including only women

Mov Disord. Author manuscript; available in PMC 2013 April 16.



