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The authors prospectively examined bowel movement frequency at baseline in relation to future Parkinson’s

disease risk in the Health Professionals Follow-up Study (HPFS) during 2000—-2006 (33,901 men) and the Nurses’
Health Study (NHS) during 1982—-2006 (93,767 women). During the follow-up (6 years for the HPFS and 24 years
for the NHS), the authors identified 156 incident male Parkinson’s disease cases (HPFS) and 402 female cases
(NHS). In the HPFS, compared with men with daily bowel movements, men with a bowel movement every 3 days or
less had a multivariate-adjusted relative risk of 4.98 (95% confidence interval (Cl): 2.59, 9.57) for developing
Parkinson’s disease in the next 6 years. In the NHS, the corresponding relative risk was 2.15 (95% CI: 0.76,
6.10), and the risk of Parkinson’s disease was not elevated beyond 6 years of follow-up (relative risks = 1.25 for
years 7—12, 0.54 for years 13—18, and 0.88 for years 19-24). When these 2 cohorts were combined, the pooled
relative risks for Parkinson’s disease in the next 6 years were 0.75, 1 (referent), 2.62, and 3.93 (95% Cl: 2.26, 6.84)
(Prena < 0.0001) across 4 bowel movement categories. In conclusion, infrequent bowel movements may antedate
the onset of cardinal motor symptoms of Parkinson’s disease and may contribute to the identification of populations

with higher than average Parkinson’s disease risk.

constipation; Parkinson disease; prospective studies

Abbreviations: Cl, confidence interval; HPFS, Health Professionals Follow-up Study; NHS, Nurses’ Health Study.

Patients with Parkinson’s disease suffer from a variety of
nonmotor symptoms, such as olfactory dysfunction, consti-
pation, sleep disorders, sexual dysfunction, and weight loss,
in addition to motor dysfunctions (1-5). Some of these
symptoms may develop prior to the clinical onset of Parkin-
son’s disease, and research on these nonmotor symptoms
during disease development may improve our understanding
of the pathoetiology of this disease and lead to earlier dis-
ease diagnosis and better clinical management. Constipation
affects approximately 60%—-80% of Parkinson’s disease pa-
tients and may develop prior to the cardinal motor signs of
the disease (6). In Parkinson’s disease, constipation could be
the result of lesions in the enteric nervous system (e.g., gastric
myenteric plexus) or the dorsal motor nucleus of the vagus
nerve, which are among the earliest affected regions in Par-
kinson’s disease pathogenesis prior to the involvement of
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substantia nigra (1, 6-13). Consistent with this hypothesis,
in the men-only Honolulu-Asia Aging Study (Parkinson’s
disease cases = 96), infrequent bowel movements were as-
sociated with higher future Parkinson’s disease risk (14).
A higher Parkinson’s disease risk among individuals with
a history of constipation, as assessed through review of med-
ical records, was also observed in a nested case-control study,
which included both men (cases = 121) and women (cases =
75) (15). However, the temporal relation between bowel
movements and future risk of Parkinson’s disease was not
systematically examined in these studies. Further, although
the prevalence of constipation in women is approximately 2
times higher than that in men and the determinants of con-
stipation may differ by gender (16), women were underrep-
resented in the previous studies. We therefore prospectively
examined the temporal relation between bowel movement
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frequency and Parkinson’s disease risk among 33,901 men in
the Health Professionals Follow-up Study (HPFS) and 93,767
women in the Nurses’ Health Study.

MATERIALS AND METHODS
Subjects

The Nurses’ Health Study (NHS) comprises 121,700 fe-
male registered nurses aged 30-55 years at the time of en-
rollment in 1976. The HPFS was established in 1986, when
51,529 male US health professionals aged 40-75 years com-
pleted a mailed questionnaire about their medical history
and lifestyle. These 2 cohorts were then followed with bi-
ennial surveys to update information on exposures and the
occurrence of major chronic diseases. As the information on
bowel movement frequency was not collected until 1982 in
the NHS and 2000 in the HPFS, we therefore used 1982 as
baseline for the NHS and 2000 as baseline for the HPFS for
the current study. Further, we excluded participants with
a diagnosis of Parkinson’s disease at baseline or missing
information on bowel movement, leaving us 33,901 men
and 93,767 women in the current analyses.

The study was approved by the human research commit-
tees at the Harvard School of Public Health and the Brigham
and Women’s Hospital with receipt of each questionnaire
accepted as participant’s consent.

Assessment of bowel movement frequency, use of
laxatives, and covariates

In the 1982 survey of the NHS and the 2000 survey of the
HPFS, study participants were asked to report their fre-
quency of bowel movement at the time of the survey; 7
categories are allowed: more than once daily; daily; every
other day; every 3—4 days; every 5-6 days; and once a week
or less. Further, participants were also asked how often
they took laxatives (such as softeners, bulking agents, and
suppositories) in the following categories: daily, at least
once per week, 1-4 times per month, <1 time per month,
and never.

Information on potential confounders, including age,
weight, height, smoking status, use of medicines, and history
of chronic diseases, was collected via biennial questionnaires
through the follow-up. Dietary intakes were assessed with a
semiquantitative food frequency questionnaire validated for
use in this population (17, 18).

Ascertainment of Parkinson’s disease

The identification of Parkinson’s disease cases during the
cohorts’ follow-up has been described elsewhere (19, 20).
Briefly, physician-diagnosed Parkinson’s disease was first
reported in the biennial questionnaires. After obtaining per-
mission from potential Parkinson’s disease patients, we
asked their treating neurologists (or internist if there was
no neurologist) to complete a questionnaire to confirm or
refute Parkinson’s disease diagnosis or to send us a copy of
the medical records. A case was confirmed if a diagnosis of
Parkinson’s disease was considered definite or probable by
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the treating neurologist or internist, or if the medical record
included either a final diagnosis of Parkinson’s disease 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. The review of medical
records was conducted by a movement disorder specialist
(M. A. S.), blind to the exposure status. Overall, the diagnosis
was confirmed by the treating neurologist in >90% of the
cases. We also requested the death certificates of the deceased
study participants and identified Parkinson’s disease diagno-
ses that were not reported in the regular follow-up (<2%). In
this analysis, only confirmed Parkinson’s disease cases were
included as in our previous studies (2, 5, 19-21).

Statistical analysis

We computed the person-time of follow-up for each par-
ticipant from the return date of the baseline questionnaire
(2000 for the HPES and 1982 for the NHS) to the date of the
occurrence of the first symptoms of Parkinson’s disease, the
date of death, or the end of follow up in 2006, whichever
came first. Bowel movement frequency was categorized into
4 categories: more than once daily, daily, every 2 days, and
every 3 days or less. Relative risks and 95% confidence in-
tervals were calculated by dividing the incidence rate in each
category by the rate in the referent category (i.e., daily),
separately in each cohort. Multivariate-adjusted relative risks
were derived from Cox proportional hazard models control-
ling for age (in months), smoking status (never smoker, past
smoker, or current smoker: cigarettes/day, 1-14 or >15),
body mass index (<23, 23-24.9, 25-26.9, 27-29.9, or >30
kg/m?), use of nonsteroid antiinflammatory drugs (yes/no)
and laxatives (none, <1 time/month, 1-4 times/month, or
>1 time/week), and intakes of 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), caffeine (quintiles), and lactose
(quintiles). The analyses were first conducted by cohorts (gen-
der) and then pooled by a fixed-effects model, weighted by
the inverse of their variances because there was no evidence
of heterogeneity between these 2 cohorts (P > 0.1) (22).

We also examined potential interactions between bowel
movement frequency and age (years), smoking status (never
vs. ever), and caffeine intake (based on median intake) by
adding multiplicative terms in the Cox models, adjusting for
other potential confounders. In a secondary analysis, we
excluded regular laxative users (>1 time/week) because
some participants may use laxatives for other purposes, such
as weight control, rather than constipation. To test the ro-
bustness of our results, we conducted a sensitivity analysis
by excluding the individuals with a Parkinson’s disease di-
agnosis made by a physician who was not a neurologist
(n = 56 of 559 cases).

RESULTS

We identified 156 incident Parkinson’s disease cases dur-
ing 6 years of follow-up (2000-2006) in the HPFS and 402
cases over 24 years of follow-up (1982-2006) in the NHS.
Participants with fewer bowel movements were more likely
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Table 1.
Health Study (1982)2

Baseline Characteristics According to Bowel Movement Frequency in the Health Professionals Follow-up Study (2000) and the Nurses’

Bowel Movement Frequency

Men Women
>1/Day Daily Egz;ysz EVZ';VLZE:VS >1/Day Daily E;z;ysz EVZ';VL::E:VS
No. % No. % No. % No. % No. % No. % No. % No. %

Totals by bowel 8,999 26.5 22,374 66.0 2,046 6.0 482 1.4 10,117 10.8 58,833 62.7 16,801 179 8,016 8.5

movement

frequency and

sex
Age, years 65.9 67.1 69.3 71.6 49.5 48.8 47.3 47.3
Current smokers 3.2 4.3 4.0 7.9 27.0 28.1 23.2 24.9
Past smokers 52.5 53.1 52.4 51.3 29.3 28.7 30.7 30.3
Body mass index, 26.3 26.1 25.8 25.8 26.5 246 242 241

kg/m?
Alcohol intake, 11.0 1.2 9.2 9.6 6.9 6.7 5.6 5.4

g/day
Caffeine intake, 193 212 219 229 375 396 398 420

mg/day
Lactose intake, 15.9 15.7 15.3 15.0 13.4 14.0 13.2 12.6

g/day
Use of laxatives 8.3 8.5 15.0 22.3 4.0 4.3 9.3 17.0

weekly or more
Use of nonaspirin 271 25.1 25.0 26.6 7.4 4.8 5.0 5.7

nonsteroidal
antiinflammatory
drugs

& Values were standardized to the age distribution of the overall cohort.

to use laxatives regularly (>1 time/week), had a lower body
mass index, and consumed larger amounts of caffeine and
less alcohol and lactose than those with a bowel movement
daily or more often (Table 1), but no differences were ob-
served with respect to the other covariates.

In the HPFS, we found a significant association between
fewer bowel movements and higher risk of developing Par-
kinson’s disease in the next 6 years of follow-up (Table 2).
The multivariate relative risks were 0.75 for those with >1
bowel movement/day, 3.08 for those with bowel movements
every 2 days, and 4.98 (95% confidence interval (CI): 2.59,
9.57) (Pyena < 0.0001) for those with bowel movements
every 3 days or less in a comparison with men who had
daily bowel movements. In the NHS, the results appeared
to depend on the years of follow-up under investigation.
When the analysis was limited to the first 6 years of follow-
up, we identified an association that was similar to what we
found in men. The multivariate-adjusted relative risks as
compared with daily bowel movements were 0.74 for >1
per day, 1.42 for every 2 days, and 2.15 for every 3 days or
less (95% CI: 0.76, 6.10) (Pyena = 0.10). When we pooled
the 2 cohorts together, the combined relative risks for Par-
kinson’s disease during the first 6 years of follow-up were
0.75 for >1 per day, 1 (referent) for daily, 2.62 for every
2 days, and 3.93 for every 3 days or less (95% CI: 2.26, 6.84)
(Pgena < 0.0001) (Figure 1). The association remained
in both men and women after excluding participants who
reported use of laxatives >1 time/week: The multivariate
relative risk comparing a bowel movement every 3 days
or less with daily was 4.35 (95% CI: 1.80, 10.5) (Pyena <
0.0001) in men and 2.98 (95% CI: 1.09, 8.14) (Peng = 0.03)
in women. Similar results were observed when we included

only Parkinson’s disease cases confirmed by a neurologist:
The multivariate-adjusted relative risk for a bowel move-
ment every 3 days or less versus daily was 5.10 (95%
CI: 2.63, 9.88) (Pyena < 0.0001) in men and 3.07 (95%
CI: 1.10, 8.5) (Pyena = 0.08) in women. Further adjustment
for consumption of fruits and vegetables, supplements of
iron or calcium, physical activity, or use of drugs that may
result in constipation (i.e., aspirin, diuretics, H-2 blockers,
methyldopa, and valium or other minor tranquilizers) did
not materially change the results observed (Pyeng = 0.10
in women and < 0.0001 in men).

In the NHS, however, we did not find a significant asso-
ciation between baseline bowel movement frequency and
risk of Parkinson’s disease onset beyond the 6 years of
follow-up (Table 2). The multivariate-adjusted relative risks
comparing bowel movements every 3 days or less with
daily were 1.25 (95% CI: 0.61, 2.59) for Parkinson’s disease
onset during years 7-12, 0.54 (95% CI: 0.25, 1.19) for years
13-18, and 0.88 (95% CI: 0.43, 1.79) for years 19-24. Ex-
cluding regular users of laxatives did not materially change
the results.

We did not find a significant interaction between age
(years), smoking status (never vs. ever), use of hormone
replacement therapy (never vs. ever, in women only), and
caffeine intake (high vs. low, based on median value) and
bowel movement frequency in relation to Parkinson’s dis-
ease 1isk (Piperaction > 0.2 for all).

DISCUSSION

In this large prospective study, we found that infrequent
bowel movements were associated with a higher future risk
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Table 2. Relative Risk of Developing Parkinson’s Disease According to Frequency of Bowel Movement in the Health Professionals Follow-up

Study (2000—2006) and the Nurses’ Health Study (1982—-2006)

No. of >1/Day Daily Every 2 Days Every 3 Days or Less P
Cases  pg 95% CI RR  95%Cl RR 95% Cl RR 95% CI rend
Men (HPFS) 156
Multivariate RR® 0.75 0.49,1.17 1 Referent  3.08 197,482 498 259,957 <0.0001
Excluding laxative regular 0.78 0.48,1.25 1 Referent 3.31 1.96, 5.58 4.35 1.80, 10.5 <0.0001
users
Women (NHS)
Parkinson’s disease onset 37
during years 1-6
Multivariate RR® 0.74 0.22,252 1 Referent 142 059,339 215 0.76,6.10 0.10
Excluding laxative regular 0.85 0.25,2.90 1 Referent  1.71 0.71,410 298 1.09, 8.14 0.03
users
Parkinson’s disease onset 93
during years 7-12
Multivariate RR® 150 0.83,2.72 1 Referent  0.79  0.42,1.49 1.25 0.61,2.59 0.50
Excluding laxative regular 1.19 0.62, 2.29 1 Referent 0.72 0.36, 1.41 1.33 0.63, 2.79 0.80
users
Parkinson’s disease onset 140
during years 13-18
Multivariate RR® 0.94 0.55, 1.61 1 Referent  0.88  0.55, 1.41 0.54 0.25,1.19 0.23
Excluding laxative regular 0.89 0.50, 1.57 1 Referent 097 059,158 056 0.23,1.39 0.49
users
Parkinson’s disease onset 132
during years 19-24
Multivariate RR® 1.07 0.62,1.85 1 Referent 1.09 0.69,1.74 0.88 0.43,1.79 0.83
Excluding laxative regular 115 0.67,1.99 1 Referent  1.17  0.73,1.87 1.03 0.51,2.06 0.94

users

Abbreviations: Cl, confidence interval; HPFS, Health Professionals Follow-up Study; NHS, Nurses’ Health Study; RR, relative risk.

@ Adjusted for age (in months), smoking (never smoker, past smoker, or current smoker: cigarettes/day, 1-14 or >15), body mass index (<23,
23-24.9, 25-26.9, 27-29.9, or >30 kg/m?), use of nonaspirin nonsteroidal antiinflammatory drugs (yes/no), laxatives (none, <1 time/month, 1-4
times/month, or >1 time/week), and intakes of 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), caffeine (quintiles), and lactose (quintiles).

of Parkinson’s disease in the next 6 years in men and
women. This association is independent of known risk fac-
tors of Parkinson’s disease, such as age, smoking, and caf-
feine intake. Further, the NHS data showed that less
frequent bowel movements might not predict future Parkin-
son’s disease risk beyond 6 years of follow-up. Our study
provides direct evidence to support the hypothesis that in-
frequent bowel movements precede Parkinson’s disease on-
set by many years. Constipation alone is insufficient to
characterize Parkinson’s disease risk, but when integrated
with other nonmotor symptoms and biomarkers it may con-
tribute to identify individuals with high risk of developing
Parkinson’s disease.

Our findings support the results from the all-male Honolulu-
Asia Aging Study that an infrequent bowel movement was
associated with higher future risk for Parkinson’s disease and
further prospectively showed a similar association in women. In
the Honolulu study (96 cases, men only), men with infrequent
bowel movements had a higher risk of Parkinson’s disease (14)
and a higher likelihood of pathologic findings of Lewy bodies
and fewer nigral neurons in postmortem brains (23, 24). In a
case-control study, constipation as assessed by medical records

Am J Epidemiol. 2011;174(5):546-551

review was associated with a higher risk of developing Parkin-
son’s disease in both men (121 cases) and women (75 cases)
(15).

In our study, we do not have data for men beyond 6 years
of follow-up, and in women, we found little evidence that
the infrequent bowel movements predated Parkinson’s dis-
ease risk for more than 6 years. This showed some discrep-
ancy with the prospective Honolulu study and the later case-
control report. The former has ~15 years of follow-up, and
infrequent bowel movement was associated with higher risk
of Parkinson’s disease in both strata when stratified by the
median years of follow-up (12 years), although the numbers
in each stratum were small (14). The case-control study
primarily had male cases (15). It is therefore not unreason-
able to hypothesize that constipation is more predictive in
men and may predate Parkinson’s disease clinical onset over
a longer period than in women. This would be supported by
the fact that the reasons for constipation may be more com-
plicated in women, for example, due to pelvic floor dysfunc-
tion and pregnancy (16). This would be also consistent with
the fact that the prevalence of constipation is generally
higher in women than in men, but their Parkinson’s disease



550 Gao et al.

10.0

[0}
@
] { 3.93
a { 2.62
w
c
@ 104 oo S L
£ 0.75
@©
o
kS
1
o

0.1 T T T .

>1 /day Daily Every 2 days Every 3 days or

less
Bowel Movement Frequency

Figure 1. Pooled relative risk (RR) of Parkinson’s disease onset
during the first 6 years of follow-up in the Health Professionals Follow-
up Study (2000-2006) and the Nurses’ Health Study (1982-1988).
Adjusted for age (in months), smoking (never smoker, past smoker, or
current smoker: cigarettes/day, 1-14 or >15), body mass index (<23,
23-24.9, 25-26.9, 27-29.9, or >30 kg/mz), use of nonaspirin non-
steroidal antiinflammatory drugs (yes/no), laxatives (none, <1 time/
month, 1—4 times/month, or >1 time/week), and intakes of 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), caffeine (quintiles), and lac-
tose (quintiles). Pyeng < 0.0001. Bars, confidence intervals.

incidence is lower. However, we cannot exclude the possi-
bility that the observed gender difference in the current
study could be due to the difference in age at the time bowel
movement frequency was assessed in the 2 cohorts, al-
though we did not find significant interaction between age
and bowel movement in relation to Parkinson’s disease risk.

Further, the results that constipation was more predictive
of Parkinson’s disease risk in the immediate than in the
distant future also conform to the hypothesis that it is an
early marker of Parkinson’s disease. Alternately, one may
speculate that constipation also increases the risk of Parkin-
son’s disease as constipation results in a longer stay of the
feces in the bowel and thus more absorption of neurotox-
icants. However, this hypothesis does not reconcile well
with our finding that the infrequent bowel movement pre-
dicts increased Parkinson’s disease risk within a few years.
Another potential interpretation is that individuals with con-
stipation may visit physicians more frequently than the
others and, consequently, they are more likely to be found
to have Parkinson’s disease. In this case, the association
between constipation and Parkinson’s disease risk would
be expected to be stronger in women relative to men, as
women are more likely to report having constipation (16).

Strengths of the current study include its prospective de-
sign, large sample sizes, inclusion of both men and women,
and the assessment of temporal relation among women. A
potential limitation is that questions on bowel movement
frequency were asked only once, and bowel movement fre-
quency may change over time. Because we did not have
information on bowel movement frequency prior to the
baseline, the length of infrequent bowel movement and Par-
kinson’s disease onset could be longer than the observed 6
years. Further, because of short follow-up in the HPFS, we
are unable to examine in detail the temporal relation between

bowel movement frequency and Parkinson’s disease in men.
Another limitation is that we did not collect information on
antidepressant use in the NHS until 1996. However, further
adjustment for antidepressants in the HPFS did not materially
change the results.

In conclusion, in this large prospective investigation, we
found that infrequent bowel movements antedate the onset
of cardinal motor symptoms of Parkinson’s disease. As in-
formation on bowel movement frequency and constipation is
fairly easy to collect, it may be included in future nonmotor
screening tools for early Parkinson’s disease identification.
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