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Abstract.
Background: Parkinson’s disease (PD) is caused by the
oligomers and fibrils that have prion-like properties allgfy

models of PD by injection or oral exposure. Given o- cle
may be transmitted through colonoscopy proced; r@
i etween colonoscopy and PD.

Objective: This study examines a possible asgéci

Methods: Longitudinal health insurance ,000 individuals aged 50+ from 2004-2019 was analyzed. Cox pro-
portional hazard and competing risk m@ﬂn death as a competing event were estimated to calculate the risk of PD.
Colonoscopy was categorized as ne; e pciying colonoscopy, colorectal cancer (CRC) screening without or with biopsy,
destruction or excision (BDE), and dM@nostic colonoscopy without or with BDE.

Results: We identified 6,422 ne @ 8f PD among 221,582 individuals. The Cox model revealed a significantly increased
risk of PD for patients w Mbad a diagnostic colonoscopy without or with BDE (HR=1.31; 95% CI: [1.23-1.40];
HR=1.32 [1.22-1.42]) ai%ustment for age and sex. After controlling for covariates and death, persons who ever
underwent CRC screening ha®®®40% reduced risk of PD (CRHR = 0.60 [0.54-0.67]), while persons who underwent diagnostic
colonoscopy had a 20% reduced risk of PD (CRHR =0.81 [0.75-0.88]).

Conclusions: Colonoscopy does not increase the risk of PD, after adjusting for death and covariates. Individuals who
underwent only CRC screening had the lowest risk of PD, which may be a result of a more health-conscious lifestyle.

Keywords: Parkinson’s disease, colonoscopy, prion disease, brain-gut axis, event history analysis, competing risks, competing
risk analysis

INTRODUCTION disease and one of the central events in its pathogene-

sis is the misfolding and aggregation of a-synuclein,

a protein that is expressed in neurons of the central

and peripheral nervous system [1]. Pathologic «-

" — synuclein aggregates have prion-like properties and
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Parkinson’s disease (PD) is the second most fre-
quent neurodegenerative disease after Alzheimer’s
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monomers into growing a-synuclein aggregates [2].
Postmortem studies in PD patients revealed that
pathologic «-synuclein propagates along relatively
large distances within the central nervous system [3],
and, surprisingly, also between the enteric and central
nervous system along the vagal nerve, the so-called
neural gut-brain-axis [4]. This allows the experimen-
tal transmission of pathologic «-synuclein aggregates
to animal models of PD, including wild-type rodents
and non-human primates, by injection of a-synuclein
fibrils into the brain or gut, or by oral exposure [5—8].
In PD patients, pathologic «-synuclein can be present
in gut-associated tissues, such as the submucosal
and myenteric plexuses of the enteric nervous sys-
tem, and in stool, including those of prodromal PD
patients without obvious symptoms [9, 10]. Because
of its prion-like properties, iatrogenic transmission
of pathologic a-synuclein to humans is a threat that
has not been sufficiently investigated [11-13]. Since
2002, insured individuals are eligible for a colorec-
tal cancer (CRC) screening from the age of 55 two
times every ten years [14]. Pathologic a-synuclein
aggregates can adhere to various surfaces made of
plastic, glass, stainless steel, or aluminum and exhibit
remarkable stability and resistance to inactivatio
which is why they could be transmitted after a
sion to an endoscope during colonoscopy [1§~17].
Importantly, endoscopes cannot be autoclgve® a
alternative sterilization methods can be ient
to fully inactivate pathogens, which smit-
ted and cause infections when en opgs are reused
[18-20]. To assess the possible tr ion of patho-
logic a-synuclein seeding ac m one person to
another via endoscopes, yerigsi#oated here whether
colonoscopy shows an §ssoclation with PD in later
life.

MATERIALS AND METHODS

Data

A random sample of 250,000 individuals aged 50
and older was obtained from Germany’s largest statu-
tory health insurance. Individuals were followed from
the first quarter of 2004 to the last quarter of 2019.
Health claims data include demographic information
on age and sex as well as medical diagnoses coded
by ICD-10 (10th revision of the International Statis-
tical Classification of Diseases and Related Health)
and treatments coded by EBM (Einheitlicher Bewer-
tungsmafstab — uniform assessment standard) in the
outpatient sector and OPS (Operationen- und Proze-

durenschliissel — operation and procedure codes) of
the inpatient sector for billing purposes.

Definition of Parkinson’s disease

PD was coded with ICD-10 code G20. Individuals
with a differential diagnosis of parkinsonism were
excluded from the analysis. Atypical parkinsonism
included progressive supranuclear ophthalmoplegia
(G23.1), multiple system atrophy (G23.2, G23.3),
dementia with Lewy bodies (G31.82) and corti-
cobasal degeneration (G31.0). A valid PD diagnosis
was present if an individual received diagnoses in
both the inpatient and oytpatient sectors in the same
quarter, if more than O\Q)gnosis per individual was
present or if the di 1%of PD and death occurred
simultaneously ig quarter of observation over
the follow-up yd from 2004 to 2019. To only
j MmD cases, individuals with a PD
diagngsi 004 and 2005 were excluded. This val-
idati rategy employed in a previous paper, using

he san¥ data, was found to be effective [21]. For

@‘ alyses, patients were followed from 2006 until

a
%uarter of 2018.

alid PD diagnosis, death, censoring or the last

Colonoscopy

In Germany, colonoscopy procedures can be
characterized into two broad types: CRC screen-
ing colonoscopy and diagnostic colonoscopy. CRC
screenings are performed without indication as regu-
lar examinations or in patients with a family history of
CRC. Diagnostic colonoscopies are only performed
in case of relevant complaints or pathological find-
ings [22-24]. During both procedures an additional
biopsy, destruction, excision, laser vaporization or
argon plasma coagulation (BDE) of tissue may be
performed. We differentiated between the following
groups: never any colonoscopy, CRC screening, diag-
nostic colonoscopy, CRC screening with BDE, and
diagnostic colonoscopy with BDE. The correspond-
ing EBM and OPS codes can be found in the appendix
(Supplementary Tables 1 and 2).

In the administrative process, CRC screening or
diagnostic colonoscopy with a concurrent BDE are
billed at the same time. In this case the procedure
is counted only as a CRC screening or diagnos-
tic colonoscopy with BDE in the analysis to avoid
double counting of CRC screening or diagnostic
colonoscopy and to ensure exclusive categories.
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Colonoscopy was coded as a time-dependent vari-
able. An internal hierarchy of the colonoscopy
procedures was established in which a diagnostic
colonoscopy with BDE is considered the most severe
procedure to be expected in terms of a possible
transmission of PD [25-27]. Furthermore, individ-
uals were also coded as diagnostic colonoscopy with
BDE if they had a diagnostic colonoscopy followed
by a CRC screening with BDE. A person remained
in the state of having had a diagnostic colonoscopy
with BDE, even if that person subsequently had a
CRC screening without or with BDE or a diagnostic
colonoscopy, in order to maintain the level of internal
hierarchy.

Covariates

A selection of relevant comorbidities of PD was
obtained from the most recent article by Schrag et
al. [28]. Time-dependent index variables were estab-
lished to give an overview of related diseases or
conditions. The index variables were categorized as
“Never”, “1 morbidity ever” or “2 or more mor-
bidities ever”. Relevant comorbidities of PD are

G25.81), hypersomnia (F51.1, G47.1), inso
(F51.0, G47.0), other sleep disorders (F51.2, .8,
F51.9, G47.2, G47.9), parasomnia (F5 —@,
F47.8), sleep apnea (G47.3)), gastroint%dis—
orders (duodenal ulcer (K26), gastig e
gastritis (K29.0-K29.9), gastroesgpha
ease (K21.0, K21.9), gastroje ‘ micer (K28),
peptic ulcer (K27), Crohn’s & & (K50.0, K50.1,
K50.8, K50.9)), metaboly g cardiovascular disor-
ders (diabetes mellitus t)@ilO), diabetes mellitus
type 2 (E11), hypercholest€inemia (E78), hyperten-
sion (I10)) and other comorbidities (osteoarthritis
(M15-M19), seropositive inflammatory arthritis
(MOS), bipolar disorder (F31), schizophrenia (F20),
epilepsy (G40), migraine (G43)). Crohn’s disease of
the colon is included in Crohn’s disease, although it
can also be understood as a reason for colonoscopy
[29]. Behavioral risk factors were considered sep-
arately, including alcohol abuse (F10.1, F10.2),
nicotine abuse (F17.1, F17.2) and traumatic brain
injury (TBI) (S06.0-S06.3) [28]. A positive associ-
ation between hearing impairment and subsequent
PD was previously found by Simonet et al. [30]
and was included in the analyses (H90.0-H90.8,
H91.0-H91.3, H91.8, H91.9, H94.0).To overcome
the problem of confounding by indication, we
adjusted our regression models for diseases that may

act as indications for a colonoscopy but also occur in
the disease course of persons with PD in later life.
Therefore, the following diseases and conditions are
included in the analysis as reasons for colonoscopy:
Malignant neoplasm of colon (C18), diverticular dis-
ease of large intestine (K57.2, K57.3), functional
diarrhea (K59.1), neurogenic bowel (K59.2), unspec-
ified functional intestinal disorder (K59.9), acute
abdomen (R10.0), hemorrhage of anus and rec-
tum (K62.5), melaecna (K92.1) and irritable bowel
syndrome (K58.1-K58.8) [31, 22, 32, 33]. Since
constipation (K59.0) and ulcerative colitis (K51) are
reasons for a colonoscopy and prodromal symptoms
of PD at the same time [28, 34, 35] they were handled
separately.

Statistical analysi.OQ

Analyse rformed from 2006 to 2018 (13
years). @‘- dence rate of PD per 1,000 person-
year e mortality rate per 1,000 person-years
were Wdlculated for type of colonoscopy, age, sex,

ns for colonoscopy and comorbidities of PD by

ing the number of new PD cases and deaths by

sleep disorders (restless legs syndrome (G25.8(, @ son-years at risk. An extended Kaplan-Meier plot
n& W

as computed to reveal the survival probability with-
out PD for all types of colonoscopy over a 13-year
period. Cox proportional hazard models and Fine and
Gray competing risk models were estimated for the
risk of PD, adjusted for type of colonoscopy, age,
sex and additionally for reasons for colonoscopy and
comorbidities of PD. Cox proportional hazard models
were also estimated for the risk of death. The pro-
portional hazard assumption was verified graphically
by scaled Schoenfeld residual plots (Supplementary
Figures 1-6). Age was added as a polynomial func-
tion centered around age 78, as this age is the most
common age for incident PD cases in the underlying
sample. In a sensitivity analysis, we conducted a sub-
group analysis for the fully adjusted competing risk
model by age group and sex. Age was categorized
into individuals below 75 years and those 75 years
and above at baseline. For the analyses, Stata 17 was
used for data management and RStudio for statisti-
cal analyses, using the packages “haven”, “survival”,
“survminer” and “epiR”.

RESULTS
The analysis sample consisted of 221,582 individu-

als, resulting in a total of 2,108,378 person-years from
2006 to 2018. During this time 6,422 incident PD
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cases occurred and 88,008 individuals died. 68.8%
of all person-years were spent with never having
had a colonoscopy, while 7.6%, 14.0%, 1.2%, and
8.4% were spent with having had at least one CRC
screening, diagnostic colonoscopy, CRC screening
with biopsy, destruction, excision, laser vaporization
or argon plasma coagulation (BDE) and diagnostic
colonoscopy with BDE, respectively (Table 1).

Incidence rates

The incidence rate of PD was 2.8 cases per 1,000
person-years (95% confidence interval: [2.8-2.9]) in
people who never had a colonoscopy, whereas the
incidence was significantly lower in people who had
a CRC screening (2.3 [2.0-2.5]), as the confidence
intervals did not overlap (Table 1). The incidence
rate with additional BDE (2.5 [1.9-3.2]) was also
lower, but not significantly. The incidence rate was
significantly higher in persons undergoing a diagnos-
tic colonoscopy without BDE (3.8 [3.6—4.0]) and with
BDE (4.3 [4.0-4.6]). Across age groups the incidence
rate of PD increased. At ages 85-89 the incidence
rate reached the maximum (6.1 [5.7-6.5]) and signif-

(4.5 [4.0-5.0]). Men (3.4 [3.3-3.5]) showed a
nificant higher incidence rate of PD than

(2.8 [2.7-2.9]). Persons diagnosed wi

tion had a significantly higher 1nc1den@(6 9
[6.6-7.2]) than persons not d1agn0 tiMConsti-
pation (2.5 [2.4-2.6]). This is 31 individuals
diagnosed with (4.2 [3.2-5. thout ulcera-
tive colitis (3.0 [3.0-3.1]). T‘ r the number of
diagnosed reasons for a y, sleep disorders,
gastrointestinal dlsorde@!abohc and cardiovas-
cular disorders or other cothorbidities an individual
was, the higher was the incidence rate of PD.
Individuals with a diagnosis of alcohol abuse (3.8
[3.3-4.4]), nicotine abuse (3.7 [3.2—4.2]), or TBI (7.4
[6.7-8.1]) had significantly higher incidence rates of
PD than those without a diagnosis (3.0 [3.0-3.1], 3.0
[3.0-3.1], 2.9 [2.8-3.0], respectively). Additionally,
we found a higher incidence rate in individuals with

hearing impairment (3.8 [3.7—4.0]) compared to those
without (2.6 [2.5-2.7]).

Death rates

Mortality was lowest among individuals who had
a CRC screening without BDE (13.7 cases per 1,000
person-years; 95% confidence interval: [13.1-14.3])
and who had a CRC screening with BDE (17.4

[15.8-19.1]) (Table 1). Individuals who never had
a colonoscopy (40.6 [40.3—41.0]), who had diag-
nostic colonoscopy without BDE (45.6 [44.8—46.4])
and especially those who had diagnostic colonoscopy
with BDE (73.4 [72.1-74.6]) showed significant
higher death rates. The higher the age was, the higher
was the death rate. The death rate for persons aged
90 years and older was 243.9 cases per 1,000 person-
years [240.3-247.6]. Mortality was significantly
higher in men (43.1 [42.6-43.5]) than in women (40.8
[40.4-41.2]). Individuals with constipation (110.3
[109.0-111.6]) had a higher death rate than individu-
als without constipation (32.1 [31.9-32.4]). The same
applies for individuals diagnosed with ulcerative
colitis (61.3 [57.0-65.4) compared to persons not
i i colitis (41.6 [41.3-41.9]).
- f diagnosed reasons for

stmal disorders, sleep disor-
cardiovascular disorders or other

colonoscopy, g
ders, metabg
comorbi
rate. als diagnosed with alcohol abuse, nico-
tine ab@se or TBI had higher death rates than those

1th hearing impairment.

Iout such diagnoses. The death rate was higher in
iduals without hearing impairment than in those

icantly decreased for individuals aged 90 and old :

Extended Kaplan-Meier estimator

After 13 years of observation, 94.5% (survival
probability without PD; 95% confidence interval:
[94.1-94.9%]) of individuals who underwent a diag-
nostic colonoscopy with BDE were free of PD,
whereas 95.2% [94.9-95.5%] of individuals who
underwent a diagnostic colonoscopy without BDE
were free of PD (Fig. 1). 96,4% [96.3-96.5%] of
individuals who never had a colonoscopy were free of
PD, while individuals who had a CRC screening with
BDE showed a percentage of 96.9% [96.2-97.7%]
and without BDE of 97.2% [96.9-97.5%].

Model results

In Model 1, individuals who had a diagnostic
colonoscopy without BDE and with BDE had a
significant increase of PD incidence compared to
individuals who never had a colonoscopy, after only
adjusting for age and sex (Table 2). However, these
effects disappeared when adjusting for covariates:
In the fully adjusted Cox model (Model 2), the
effect of diagnostic colonoscopy without (HR =1.03;
95% confidence interval: [0.95-1.11]) and with BDE
(HR =1.01 [0.93-1.10]) was no longer significant.



Table 1

Incidence rate of Parkinson’s disease (PD) and death rate

% % PD cases Incidence rate 95% CI of PD % Deaths Death rate per 95% CI of
Person-years of PD per incidence rate 1000 death rate
1000 person-years
person-years
Total 100 100 3.1 3.0-3.1 100 41.7 41.4-42.0
(n=2,108,378) (n=6,422) P (n=288,008)
Colonoscopy Never 68.8 64.2 2.8 2.8-2.9 %670 40.6 40.3-41.0
CRC screening without 7.6 5.6 2.3 2.0- 2.5 13.7 13.1-14.3
BDE Q
Diagnostic colonoscopy 14.0 17.3 3.8 6% 153 45.6 44.8-46.4
without BDE
CRC screening with BDE 1.2 1.0 2.5 .9-3.2 0.5 174 15.8-19.1
Diagnostic colonoscopy 8.4 11.8 43 0-4.6 14.7 73.4 72.1-74.6
with BDE .
Age group 50-54 2.4 0.2 0.3 0.2-0.5 0.4 6.5 5.8-7.2
55-59 9.2 1.4 0, Q 0.4-0.6 1.8 8.3 7.9-8.7
60-64 14.1 4.1 .9% 0.8-1.0 43 12.7 12.3-13.1
65-69 16.8 9.3 1.6-1.8 7.0 17.3 16.9-17.8
70-74 18.0 18.5 3.1 3.0-33 10.8 25.2 24.7-25.7
75-79 16.9 24.4 4 4.2-4.6 16.2 40.0 39.3-40.7
80-84 12.3 23.1 5.7 5.5-6.0 19.6 66.8 65.8-67.8
85-89 7.1 14. 6.1 5.7-6.5 20.3 119.8 118.1-121.6
90+ 3.4 RN 4.5 4.0-5.1 19.7 243.9 240.3-247.6
Sex Male 41.7 4 A 34 3.3-35 43.0 43.1 42.6-43.5
Female 58.3 Pa 2.8 2.7-2.9 57.0 40.8 40.4-41.2
Reason for colon. and Constipation: Yes 12.3 . 6.9 6.6-7.2 32.6 1103 31.9-324
prodromal symptom/ Constipation: No 87.7 < 72.2 2.5 2.4-2.6 67.4 32.1 109.0-111.6
risk of PD Ulcerative Colitis: Yes 0.6 0.8 4.2 3.2-5.5 0.9 61.3 57.0-65.7
Ulcerative Colitis: No 99r o 99.2 3.0 3.0-3.1 99.1 41.6 41.4-41.9
Reason for 0 81 76.0 2.8 2.8-2.9 73.3 37.5 37.3-37.8
colonoscopy 1 153 19.2 3.8 3.6-4.0 20.6 56.5 55.7-57.3
2 or more 3.3 4.8 4.5 4.0-5.0 6.1 77.6 75.5-79.7
Gastrointestinal 0 59.4 49.8 2.6 2.5-2.7 474 333 33.0-33.7
disorders 1 23.0 27.7 3.7 3.5-3.8 28.9 52.4 51.8-53.1
2 or more 17.6 225 3.9 3.7-4.1 23.6 56.2 55.4-56.9
(Continued)
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Table 1
(Continued)
% % PD cases Incidence rate 95% CI @ ¥ % Deaths Death rate per 95% CI of
Person-years of PD per inci 1000 death rate
1000 b person-years
person-years
Sleep disorders 0 77.8 65.0 2.6 =26 70.2 37.6 37.3-37.9
1 17.0 24.5 44 —4.6 22.5 55.3 54.5-56.1
2 or more 52 10.5 6.1 5.7-6.6 7.4 59.1 57.7-60.6
Metabolic and 0 13.0 4.5 1.1 ¥ 09-1.2 6.1 19.6 19.1-20.1
cardiovascular 1 26.8 22.1 Q 2.4-2.6 22.7 353 34.8-35.8
disorders 2 or more 60.2 73.4 14 3.6-3.8 71.2 49.4 49.0-49.8
Other comorbidities 0 38.0 26.6 2.0-2.2 335 36.8 36.4-37.2
1 50.9 56.7 & 3.3-35 52.8 433 42.9-43.7
2 or more 11.1 16.7 f. %6 4.3-4.9 13.7 51.4 50.5-52.3
Behavioral risk Alcohol abuse: Yes 22 2.8 U 3.8 3344 4.3 79.0 76.5-81.6
factors Alcohol abuse: No 97.8 97. 3.0 3.0-3.1 95.7 40.9 40.6-41.2
Nicotine abuse: Yes 2.9 3.7 3242 5.7 822 80.0-84.5
Nicotine abuse: No 97.1 3.0 3.0-3.1 94.3 40.5 40.3-40.8
TBI: Yes 2.8 7.4 6.7-8.1 8.0 117.7 115.0-120.5
TBI: No 97.2 ) 2.9 2.8-3.0 92.0 39.5 39.3-39.8
Hearing impairment Yes 62.1 47.6 3.8 3.74.0 43.6 37.9 37.6-38.2
No 37.9 ‘ . 524 2.6 2.5-2.7 56.4 48.0 47.6-48.5
Incidence rate of PD and death rate. PD, Parkinson’s diseagf; IMdence interval; CRC, colorectal cancer; BDE, biopsy, destruction, polyp removal, laser vaporization or argon plasma

coagulation; TBI, traumatic brain injury. n=221,582. Source?

004-2019.
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Fig. 1. Extended Kaplan-Meier curves. Survival probability with-

out PD for all types of colonoscopy. PD, Parkinson’s disease; CRC,

colorectal cancer; BDE, biopsy, destruction, polyp removal, laser
vaporization or argon plasma coagulation. n=221,582. Source:

AOK 2004-2019.

persons with diagnostic colonoscopy without
with BDE can be fully explained by reaso
colonoscopy, gastrointestinal disorders, slgep
ders, metabolic and cardiovascular dlso@ther
comorbidities of PD, alcohol abuse, in®abuse
TBI and hearing impairment. s who had
CRC screening now showed a Q&nt reduction
of PD incidence (HR =0.86 6]) after con-
trolling for all covariat was a significant
positive effect of age wi@hnear term (HR =1.05
[1.05-1.06]) and a negativ€ association (HR =0.997
[0.996-0.997]) with the quadratic term, shaping an
increasing risk of PD, followed by a deceleration
in the rate of increase. Females showed a 39%
(HR =0.61 [0.58-0.64]) lower risk of PD than males.
When the death of individuals was considered as
the competing risk in the Fine and Gray competing
risk models, individuals who underwent any type of
colonoscopy had a significantly lower risk of PD than
individuals who never underwent a colonoscopy, after
adjusting for age and sex (Model 3). In the fully
adjusted competing risk model (Model 4), the sig-
nificant reduction of PD incidence remained for any
type of colonoscopy as compared to no colonoscopy.
Adjustment for reasons for colonoscopy, gastroin-

testinal disorders, sleep disorders, metabolic and
cardiovascular disorders, other comorbidities of PD,

The significant increase of PD incidence among

alcohol abuse, nicotine abuse, TBI, and hearing
impairment reduced the negative effect of the types
of colonoscopy, but only to a small extent. Indi-
viduals who had a diagnostic colonoscopy without
BDE had a 19% (CRHR=0.81 [0.75-0.88]) and
with BDE a 33% (CRHR =0.77 [0.70-0.84]) reduc-
tion of PD incidence. A CRC screening without
BDE lead to a reduction of PD incidence of 40%
(CRHR =0.60 [0.54-0.67] and with BDE of 37%
(CRHC=0.63 [0.49-0.81]), when adjusted for all
covariates and death. Subgroup analysis of the fully
adjusted competing risk model by age group and sex
revealed no significant associations between types of
colonoscopy and PD due to the reduction of subsam-

(Table 3), individ
and with BD

th'a CRC screening without
ificantly lower risks of death
compared £Q g/ who never had a colonoscopy,
adjusted and sex (Model 5). Conversely,
1nd1v IS\yith a diagnostic colonoscopy with and

w1th0 BDE showed increased risks of death.

controlling for all covariates (Model 6),
duals who had diagnostic colonoscopy with
D

E (HR=1.13 [1.11-1.16]) still had a signifi-

antly higher risk of death, but the magnitude was
reduced. However, individuals who only had diag-
nostic colonoscopy without BDE now showed a 10%
(HR=0.90 [0.88-0.92]) lower risk of death, com-
pared to individuals having never had a colonoscopy.
The effect on the risk of death remained for those who
had CRC screening, even with BDE.

DISCUSSION

This is to our knowledge the first investigation of
a possible association between colonoscopy proce-
dures and the risk of PD, based on a large sample
of insured individuals in Germany. We found a sig-
nificantly associated reduction of PD incidence for
persons who underwent any type of colonoscopy
compared to those who had never undergone a
colonoscopy adjusted for age, sex, mortality, relevant
comorbidities, prodromal symptoms, and risk factors
for PD.

The initially increased risk of PD in persons
who had a diagnostic colonoscopy with or with-
out BDE disappeared after controlling for reasons
for colonoscopy and comorbidities of PD. We con-
clude that the seen association between colonoscopy
and PD in the descriptive part of the results (e.g.,



Table 2

Model results for the risk of Parkinson’s disease (PD)

Risk of PD Model 1: Cox model Model 2: Cox model Model 3: Competing risk model Model 4: Competing risk model
HR*[95% CI] P HR**[95% CI] P CRHR*[95% CI] P CRHR**[95% CI] P

Colonoscopy (Ref. never)
CRC screening without BDE 0.94 [0.85-1.05] 0.292 0.86 [0.77-0.96] 0.007 0.61 [0.54-0.68] <0.001 0.60 [0.54-0.67] <0.001
Diagnostic colonoscopy 1.31 [1.23-1.40] <0.001 1.03 [0.95-1.11] 0.525 0.87 [0.81-0.93] <0.001 0.81 [0.75-0.88] <0.001
without BDE
CRC screening with BDE 0.93 [0.72-1.19] 0.550 0.85 [0.66-1.10] 0.221 0.63 [0.49-0.82] 0.001 0.63 [0.49-0.81] 0.001
Diagnostic colonoscopy with 1.32[1.22-1.42] <0.001 1.01 [0.93-1.10] 0.806 0.83 [0.77-0.89] <0.001 0.77 [0.70-0.84] <0.001
BDE P
Demographics
Age 1.06 [1.06-1.07] <0.001 1.05 [1.05-1.06] <0.001 <0.001 1.04 [1.03-1.04] <0.001
Age? 0.997 [0.997-0.997] <0.001 0.997 [0.996-0.997] <0.001 . <0.001 0.997 [0.997-0.997] <0.001
Sex (Ref. male) Female 0.67 [0.64-0.70] <0.001 0.61 [0.58-0.64] <0.001 ) ) <0.001 0.68 [0.64-0.71] <0.001
Reason for colonoscopy and ‘ :-
prodromal symptom/risk
for PD
Constipation (Ref. no) 1.84 [1.74-1.95] <Q001 1.63 [1.53-1.73] <0.001
Ulcerative colitis (Ref. no) 1.10 [0.84-1.45] 4 1.08 [0.82-1.42] 0.572
Reasons for colonoscopy 1 0.95[0.88-1.02] W 0.91 [0.84-0.97] 0.008
(Ref. no)

2 or more 0.92 [0.81— 1203 0.86 [0.76-0.97] 0.017
Gastrointestinal disorders 1 1.15[1.0851.2 <0.001 1.04 [0.98-1.11] 0.175
(Ref. no)

2 or more 1. 1P 13- 1JH9] 0.004 0.91 [0.85-0.98] 0.010
Sleep disorders (Ref. no) 1 .37-1.55] <0.001 1.27 [1.19-1.35] <0.001

2 or more 2-2.05] <0.001 1.38 [1.27-1.50] <0.001
Metabolic and 1 =&(1.35-1.74] <0.001 1.53 [1.34-1.74] <0.001
cardiovascular disorders
(Ref. no)

2 or more r\ 1.79 [1.58-2.02] <0.001 1.47 [1.30-1.66] <0.001
Other comorbidities (Ref. 1 V 1.21[1.14-1.29] <0.001 1.00 [0.94-1.06] 0.884
no)

2 or more C) 1.64 [1.51-1.78] <0.001 1.18 [1.09-1.28] <0.001
Behavioral risk factors o
Alcohol abuse (Ref. no) 1.18 [1.00-1.40] 0.052 0.96 [0.81-1.14] 0.670
Nicotine abuse (Ref. no) 1.31[1.13-1.53] <0.001 1.17 (1.00-1.36 0.048
TBI (Ref. no) 1.80 [1.63-1.99] <0.001 1.48 (1.34-1.63 <0.001
Hearing impairment (Ref. 1.04 [0.99-1.09] 0.156 0.85[0.81-0.89] <0.001

no)
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Cox and competing risk regression models. Competing risk: Death. HR, hazard ratio; CRHR, competing risk hazard ratio; *adjusted for colonoscopy, age, and sex; **adjusted for colonoscopy,
age, sex, reasons for colonoscopy, and comorbidities of PD; CRC, colorectal cancer; BDE, biopsy, destruction, polyp removal, laser vaporization or argon plasma coagulation; TBI, traumatic brain
injury. n=221,582. Source: AOK 2004-2019.



Table 3
Model results for the risk of death

Risk of death Model 5: Cox model Model 6: Cox model
HR*[95% CI] HR**[95% CI] p
Colonoscopy (Ref. never)
CRC screening without BDE 0.49 [0.46-0.51] 0.46 [0.44-0.48] <0.001
Diagnostic colonoscopy without BDE 1.16 [1.14-1.18] 0.90 [0.88-0.92] <0.001
CRC screening with BDE 0.55 [0.50-0.61] 0.52 [0.47-0.57] <0.001
Diagnostic colonoscopy with BDE 1.57 [1.53-1.60] 1.13[1.11-1.16] <0.001
Demographics
Age 1.11 [1.11- 1.10 [1.10-1.11] <0.001
Age? 1.001 [1.01 <0.001 1.001 [1.001-1.001] <0.001
Sex Female (Ref. male) 0.63 [ .6 <0.001 0.63 [0.62-0.64] <0.001
Reason for colonoscopy and prodromal symptom/risk for PD
Constipation (Ref. no) 1.94 [1.91-1.97] <0.001
Ulcerative colitis (Ref. no) » 0 1.09 [1.01-1.17] 0.022
Reasons for colonoscopy (Ref. no) 1 N 1.12[1.10-1.14] <0.001
2 or more 1.21 [1.18-1.25] <0.001
Gastrointestinal disorders (Ref. no) 1 1.31 [1.29-1.33] <0.001
2ormore 7 1.33 [1.30-1.35] <0.001
Sleep disorders (Ref. no) 1 U 1.15 [1.13-1.17] <0.001
2 or c g 1.10 [1.07-1.12] <0.001
Metabolic and cardiovascular disorders (Ref. no) 1 1.14 [1.11-1.18] <0.001
1.35[1.31-1.39] <0.001
Other comorbidities (Ref. no) 0.83 [0.82-0.84] <0.001
ore 0.99 [0.99-1.01] 0.302
NN\
Hearing impairment (Ref. no) C ) 0.78 [0.76-0.79] <0.001
Behavioral risk factors C 4
Alcohol abuse (Ref. no) 1.60 [1.54-1.67] <0.001
Nicotine abuse (Ref. no) 2.30 [2.22-2.38] <0.001
TBI (Ref. no) 1.63 [1.59-1.67] <0.001

Cox regression models. HR, hazard ratio; *adjusted for colonoscopy, age, and sex; **adjusted for colonoscopy, age, sex, reasons for colonoscopy and comorbidities
of PD; CRC, colorectal cancer; BDE, biopsy, destruction, polyp removal, laser vaporization or argon plasma coagulation; TBI, traumatic brain injury. n =221,582.
Source: AOK 2004-2019.
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Kaplan-Meier plot, Fig. 1) is misleading, because the
association is confounded by indication, i.e., by fac-
tors such as underlying reasons for colonoscopy or by
prodromal symptoms of PD. When death was addi-
tionally considered, individuals who had any type
of colonoscopy even showed a significant reduction
of PD incidence compared to individuals who never
had a colonoscopy. This change may be explained
by higher death rates among PD patients who had a
diagnostic colonoscopy. Berry et al. emphasize the
importance of considering death as the competing
risk in studies of older adults, as the risk of dis-
ease may be overestimated when mortality is high
[36]. In line with this, we found a higher risk of
mortality for individuals who underwent diagnostic
colonoscopy with BDE. During colonoscopies per-
forations or bleeding may occur and may lead to
premature death [37, 38], which may partly explain
the higher risk of all-cause mortality for this group. In
a meta-analysis estimating the overall lifetime gains
across cancer screening procedures, Bretthauer et al.
found a significant gain in lifetime only for individ-
uals who underwent a partial colonoscopy compared
with those who did not [37]. This is in line with the

CRC screening and diagnostic colonoscopy in
study.

Compared to other colonoscopy proced in.
viduals who had CRC screening with a@mut
BDE had lower risks of PD. It is reasogfabje toMssume
that screening measures are maj ¥ged by indi-
viduals who follow a health-co ifestyle and
therefore have an overall 10 of PD and any
other disease. Little is W about health behav-
iors and the risk of PD, @dies suggest that more
health-conscious individualS are more likely to seek
preventive examinations and have a healthier lifestyle
in general [39, 40]. This suggestion may be supported
by previous studies showing that healthy lifestyle
factors reduce the risk of disability and all-cause mor-
tality [41, 42]. Further, a higher use of CRC screening
can be found in people with a high socioeconomic sta-
tus (SES) compared to people with a low SES [43,
44], confirming that individuals with a higher SES
have a more health-conscious lifestyle [45]. How-
ever, there is strong evidence of higher incidence and
risk of PD for individuals with higher SES compared
to those with lower SES [46—48]. This may be due to
the fact that individuals who are more self-observant
and attend medical services more frequently are more
likely to be diagnosed with PD earlier than those who
do not attend regular health checks Still, it remains

lower mortality risks for individuals who underWK

unclear how the positive association between SES and
the use of CRC screening and the positive association
between SES and the risk of PD interact and shape
the association between CRC screening and the risk
of PD. In our study we were not able to control for
SES, but we included a number of comorbidities that
correlate with SES (see limitation section). Higher
regional deprivation and exposure to pesticides and
herbicides increase the risk of PD [49-51]. Concur-
rently, the more deprived the living of a person, the
lower is the use of CRC screening [52, 53].

In line with previous studies, we found a positive
association between constipation and a risk increase
of PD [28, 54]. Constipation as a prodromal symp-
tom of PD [22, 33] be a reason for having a
diagnostic colonoscapyNvhich may explain the loss
of significance for @ pstic colonoscopy in the fully
adjusted modefMQle¥?). No significant effect on the
risk of PD found in individuals with ulcer-
ative col@c is in line with previous findings

[5 5]?1 lcerative colitis is considered as another

possiBi€ prodromal symptom of PD [35]. In the fully

ii! ted competing risk model, we found no signif-

gf association between alcohol abuse and PD, but

@mgniﬁcant increase of PD incidence in individuals
diagnosed with nicotine abuse und TBI. While the

association found between TBI and PD is consistent
with previous studies [56], we cannot confirm a sig-
nificant association between alcohol abuse and PD
[57]. For nicotine abuse, we even find the opposite
direction [28, 58], with nicotine abuse leading to an
increased risk of PD. This may be due to the fact
that only harmful tobacco use and nicotine depen-
dence are coded in the data, which tends to affect
heavy smokers but not occasional smokers, for whom
the neuroprotective aspects of nicotine in relation to
PD risk may outweigh the general harmful effects of
nicotine. The associations may also be altered by the
age range of the individuals being studied, as only
those aged 50 and above were followed. In addition,
few person-years were spent with a diagnosis of alco-
hol abuse, nicotine abuse or TBI, which may further
bias the effect sizes. We found a significant reduc-
tion in the incidence of PD among individuals with
hearing impairment after adjusting for death, whereas
a previous study found a positive association when
death was not taken into account [30].

Strengths and limitations

A major advantage of health claims data is the low
sample attrition and the absence of recall bias due to
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the billing character of the data. There is no selection
bias by health care or self-selection. Regardless of the
current health status, all individuals can be included
in the study. Properties of administrative data result
in left and right censoring, indicating the presence
of incomplete health information prior to the start
of observation, as well as missing information due
to study drop-out and end of observation. Therefore,
an underestimation of both new-onset PD cases and
the use of colonoscopy must be considered, also with
regard to the limited follow-up of 13 years given the
prodromal phase of PD, which may last from a few
years to several decades [3, 59].

The study population is not representative for
the whole elderly German population. Most of the
German residents have a compulsory health insur-
ance, but especially a small number of individuals
with a higher income own a private health insur-
ance. Therefore, the underlying population has a
lower socioeconomic status, which may result in an
unhealthier population in general [60]. It is reason-
able that the lower SES is also attributable to an
underestimation of CRC screenings in the analysis
[43, 44]. Although SES, regional deprivation and
environmental factors could not be included becaus
of the billing character of the data, the consi
ation of comorbidities provide some insighf int
the lifestyle of insured individuals, as my |
vantaged individuals have poorer healt 1o The
diagnosis of diseases is based on IC codts and
the treatment is based in EB OPS codes.
Because of missing diagnoses lqwnect coding
of diagnosis and treatment@ ral, the results
may be biased. A cha gnosis over time
does not necessarily mdgn ajchange of the disease,
therefore time-dependent Variables and a validation
strategy for incident PD cases were introduced [21].
Because we begin our observation in 2004, it is pos-
sible that individuals who had a colonoscopy before
2004 were erroneously coded as never having had a
colonoscopy. This may also lead to underestimated
effect sizes. In addition, unambiguous classification
of colonoscopy indication is a challenge. A patient’s
medical history is not always available. Practition-
ers may not be aware of previous polyp removals,
which may lead to misclassification [62]. Individuals
with a family history of CRC are usually screened
more often and at an earlier age [24]. This means the
group of individuals that underwent a CRC screening
may be heterogeneous, as individuals with a higher
risk of CRC and individuals with a health-conscious
lifestyle are included. This could lead to distorted

effect sizes. A sensitivity analysis for the risk of PD
was performed restricted to individuals who ever had
any colonoscopy. There was no significant difference
between the types of colonoscopy. One explana-
tion for this is the possibility of a biopsy during a
rectoscopy, sigmoidoscopy or a partial colonoscopy
with a flexible instrument in the outpatient sector.
Therefore, CRC screening without BDE and CRC
screening with BDE may not be exclusive categories.
Still, both groups differ significantly from the group
of no colonoscopy in the included models. As the
data do not contain any clinical information, it was
not possible to differentiate between different phe-
notypes of incident PD cases, particularly for those
who underwent colong€Cqopy versus those who did
not. Based on the h sis of this study, it may be

reasonable to exped rst PD phenotypes among

incident PD cg€ e”underwent colonoscopy with
and witho ;@
this. Q,

uture studies could investigate
ConclM§ion and implication

er findings show that the risk of PD is not
@n reased after colonoscopy, suggesting that iatro-
g

enic transmission of pathologic a-synuclein does
not occur during colonoscopy. At present, there is
no justification for patients to forgo CRC screening
due to concerns about a higher risk of PD. However,
it is essential to conduct further research to address
the highlighted impact of confounding by indica-
tion (e.g., constipation) and differences in mortality
among different risk groups. These factors may lead
to an overestimation of PD risk in individuals facing
higher mortality rates.
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