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Upper and Lower L)
Gastrointestinal

Symptom Association

and Duration

Preceding Parkinson’s
Disease

Parkinson’s disease (PD) is a
complex, multisystem neuro-
degenerative disorder. While diagnosis
and treatment of PD have primarily
focused on motor symptomatology,
non-motor symptoms (NMS) have
become an evolving area of research
for earlier diagnosis and treatment.
Gastrointestinal (GI) NMS are particu-
larly prevalent, underscoring Braak’s
hypothesis’ that PD may spread from
the intestine to the brain via the vagus
nerve. A 2021 National Institutes of
Health workshop highlighted the need
for an increased understanding of GI
symptoms in PD pathology in view of
important knowledge gaps in the onset
of GI symptoms prior to diagnosis and
gender differences.” Previous retro-
spective studies have evaluated subsets
of prodromal GI symptoms (more often,
a single symptom, with a particular
focus on dysphagia or constipation).
However, these analyses rarely exam-
ined the timeline in which prodromal
GI symptoms precede motor symptom
onset—a clinically important addition
to the comprehensive and increasing
number of evidence-based markers
that could allow for initiation of neuro-
protective therapies at an earlier stage
in PD when therapies might be most
effective.® They have also often lacked
controls, been limited by sample size
or recall bias, or did not investigate
possible gender differences.*” There-
fore, we conducted a case-control study
investigating the association and dura-
tion of fourteen different upper and
lower GI symptoms among men and
women prior to PD diagnosis utilizing
the medical record.

We assembled a retrospective sam-
ple of adult PD patients who presented

to the outpatient neurology clinic at
Mass General Brigham from 2018 to
2019. Patients were identified using the
Research  Patient Data  Registry.
Research Patient Data Registry is a
Partners Healthcare electronic database
that contains patient billing codes,
medications, and encounters.'® Patients
with atypical and secondary Parkin-
sonism were excluded. Cases were 1:1
matched by age (+/— 3 years), race,
and sex with non-PD patients who
completed a visit with their primary
care physician at Mass General Brigham
during the same period. Medical charts
were manually reviewed to obtain in-
formation on demographics, symptom
onset and duration, comorbidities, and
PD (or for controls, index) diagnosis
dates. Additional details on chart re-
view methods are available in
Supplementary Information. Contin-
uous variables were reported as means
with standard deviation and compared
with t tests or Mann-Whitney U tests, as
appropriate. Categorical variables were
reported as frequencies with percent-
ages and compared with Fisher’s exact
tests. Odds ratios with 95% confidence
intervals were calculated (applying
Haldane-Anscombe  correction  to
groups with zero patients). Covariates
with significance of P < .05 in the uni-
variate analysis were entered stepwise
into the multivariable model. Multi-
collinearity was assessed and not
detected for the 4 covariates included
in the final model by generating a
variance inflation factor. Time to diag-
nosis from GI symptom onset was pre-
sented as medians with 95%
confidence intervals. Statistical analyses
were conducted using R version 4.0.3
(R Project for Statistical Computing)
and Prism version 9.4.0 (GraphPad).
This study was approved by the Insti-
tutional Review Board of Massachusetts
General Hospital.

197 patients with PD were matched
to 197 controls. Both groups had similar
demographic profiles, including similar
Charlson Comorbidity Indices (CCI, 3.38
vs 3.63, P = .118, respectively), indi-
cating a comparable burden of chronic

disease between the 2 groups. Of the
fourteen GI symptoms screened, 4 were
associated with the subsequent devel-
opment of PD on univariate screen
(Table), including dry mouth (odds ra-
tio [OR] 6.5, 95% confidence interval
[CI] 1.47-28.8), dysphagia (OR 5.5,95%
CI 1.22-24.810), heartburn (OR 1.94,
95% CI 1.06-3.54), and constipation
(OR 3.4, 95% CI 1.68-6.45). In multi-
variate analysis, dry mouth (OR 6.22,
95% CI 1.24-31.26) and constipation
(3.49, 95% CI 1.19-10.24) were the
strongest GI predictors of PD develop-
ment. Both analyses were adjusted for
age, sex, and race. Multivariable anal-
ysis was additionally adjusted for dry
mouth, dysphagia, heartburn, and
constipation.

Significantly associated GI symp-
toms preceded the onset of PD diag-
nosis by several years (Figure A1l).
Heartburn appeared the earliest with
a mean of 4.95 (6.04) years prior to
PD diagnosis in our study sample,
followed by constipation at 3.8 (4.93)
years, dysphagia at 1.46 (1.5) years,
and dry mouth at 1.36 (1.22) years
prior to PD diagnosis. Among PD
patients, the Hoen-Yahr scale (a stan-
dard instrument describing the pro-
gression of PD motor symptoms) and
GI symptom occurrence prior to PD
diagnosis were similar between sexes
(Table A1).

In this case-control study, we
identified several upper and lower GI
symptoms that are associated with the
PD prodromal state as compared to
matched controls. Our results suggest
the onset of 4 GI symptoms preceding
PD diagnosis: dry mouth, dysphagia,
heartburn, and constipation. These re-
sults corroborate the known associa-
tion of dysphagia and constipation
with prodromal PD,” while presenting
dry mouth and heartburn as prodro-
mal symptoms that were previously
less accounted for and demonstrating
the strength of these associations
compared to controls. This study also
estimates the time by which these 4
symptoms precede PD diagnosis,
which has not been widely mentioned
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Table. Association Between Parkinson’s Disease and Preceding Gastrointestinal Symptoms

Exposure frequency

Univariate analysis®

Multivariable analysis®

Controls, Cases, Odds Odds
n (%) n (%) ratio (95% CI) P Value ratio (95% CI) P Value
Demographics N =197 N =197
Age (mean, SD) 71.99 (9.01) 71.96 (9.18) - .969 N/A
Race 1 N/A
White 172 (87.3) 172 (87.3) -
Black 11 (5.6) 11 (5.6) -
Asian 7 (3.6) 7 (3.6) -
Sex (M) 104 (52.8) 104 (52.8) - 1
Marital status .61 N/A
Single 27 (13.7) 27 (13.7)
Married or long-term 116 (58.9) 129 (65.7)
partner
Divorced or separated 20 (10.2) 13 (6.6)
Widowed 23 (11.7) 23 (11.7)
Unknown 11 (5.6) 5 (2.5)
Veteran 18 (9.1) 24 (12.2) .32 N/A
Charlson Comorbidity 3.38 (1.6) 3.63 (1.7) - 12 N/A
Index (mean, SD)
Gastrointestinal symptom
Dry mouth 2 (1.0) 13 (6.6) 6.5 (1.47-28.8) .014 6.22 (1.24-31.3) 027
Dysphagia 3(1.5) 12 (6.1) 5.5 (1.22, 24.8) 027 4.83 (0.91-25.7) .065
Odynophagia 0 (0.0 1(0.5) 3.01 (.12-74.5) 5 - -
Nausea 21 (10.7) 26 (13.2) 1.31 (0.68, 2.5) 41 - -
Vomiting 12 (6.1) 16 (8.1) 1.36 (0.63, 3.0) 41 - -
Early satiety 4 (2.0) 4 (2.0) 1.0 (0.25, 4) 1 - -
Heartburn 21 (10.7) 36 (18.3) 1.94 (1.06, 3.5) .03 1.48 (0.75-2.9) .26
Abdominal pain 25 (12.7) 40 (20.3) 1.71 (1-2.9) .05 - -
Bloating 9 (4.6) 8 (4.1) 0.89 (0.34, 2.3) .81 - -
Constipation 15 (7.6) 39 (19.8) 3.4 (1.7, 6.5) .0006 3.49 (1.2-10.2) .023
Straining 1(0.5) 8 (4.1) 8 (1, 64.0) .05 - -
Sense of incomplete 0 (0) 0(0) - - - -
defecation
Diarrhea 11 (5.6) 20 (10.2) 1.82 (0.87, 3.8) 11 - -
Fecal incontinence 2(1.0) 0 (0.0) 0.20 (0.009-4.2) 3 - -

Bold values indicate P < .05.
Cl, confidence interval; SD, standard deviation.
@Analyses reflecting the case-control matching by age, sex, and race. Covariates with P < .05 in univariate analyses were

entered stepwise into a multivariable model.
bAnalyses adjusted for age, sex, race, dry mouth, dysphagia, heartburn, and constipation; Hosmer-Lemeshow statistic

3.686, P = .29.

with prodromal PD.? Furthermore, we
present detailed information on the
effect of sex on GI symptoms preceding
PD, notably demonstrating no signifi-
cant differences.

This study has strengths and limi-
tations. Our documentation-based
approach overcomes the barriers of
recall bias in other survey-based
studies. However, this form of retro-
spective chart review may be imper-
fect if a symptom was never shared
with a provider, a provider did not
complete a full GI review of systems,
or if the true onset of a symptom

(or PD diagnosis) was decades prior
to the electronic medical record. We
suspect this accounts for why our time
estimates appear shorter than in other
studies.” Variable levels of patient
interaction with the medical system
also affect our results, including
possible unaccounted for differences
in medication use between cases and
controls, despite controlling for the
overall degree of illness with the CCI.
However, by focusing on prodromal
PD, our analysis does avoid capturing
the GI side effects of PD therapies.
While our study contains a nearly

equal male-to-female ratio, which
does not reflect the typical male pre-
dominance of the general PD popula-
tion,"" our analyses were adjusted for
sex among other covariates. In terms
of generalizability, our results are
limited in terms of racial and ethnic
diversity, with most study members
being non-Hispanic white. Nonethe-
less, this study is the first controlled
study of its size to comprehensively
screen for fourteen upper and lower
GI symptoms and attempt to under-
stand the time course of these symp-
toms relative to PD diagnosis.
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Overall, this work furthers our un-
derstanding of the NMS and early nat-
ural history of PD. Our findings also
represent the early stages of an oppor-
tunity for early recognition by charac-
terizing several symptoms of interest
that may raise suspicion for PD devel-
opment in the correct clinical context.
Further research conducted in a pro-
spective manner is needed to better
define the chronicity and progression of
GI symptoms in PD beyond initial diag-
nosis. We hope this work can contribute
to ongoing efforts® for the development
and validation of a clinical predictor tool
using a pattern of NMS preceding overt
motor symptom onset of PD.
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