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A B S T R A C T

Background: Meta-analyses have reported lower cancer incidence in patients with Parkinson’s disease (PD) 
compared to the general population but with considerable data heterogeneity.
Objective: To explore how the validity of the PD diagnoses is related to the association with cancer.
Methods: We conducted a systematic review and meta-analysis in which studies were stratified into groups based 
on the diagnostic validity of Parkinson’s disease. Studies investigating mortality data and those examining cancer 
risk within certain genetic subgroups of PD were excluded.
Results: Thirty-four articles encompassing 533,102 patients with PD from 11 countries met the inclusion criteria. 
Stratified analyses revealed no association between PD and overall cancer risk preceding or following the PD 
diagnosis in studies using validated PD data. Studies utilizing less robust PD identification methods, the majority 
of which were cohort studies, demonstrated a neutral or decreased cancer risk among PD patients. In the studies 
with the most rigorous PD validation organ-specific analyses showed an increased risk of cutaneous melanoma 
but no decreased risk in any type of cancer. The positive association between PD and melanoma was more 
pronounced in the studies with more robust PD diagnosis validity.
Conclusions: The reported associations between PD and cancer are substantially influenced by the quality of PD 
data. Future investigations should concentrate on organ-specific cancers, instead of pooling cancers together, and 
use only PD cohorts with validated diagnosis.

1. Introduction

Numerous epidemiological studies have reported associations be
tween Parkinson’s disease (PD) and cancer [1–5]. Most of these studies 
have reported that cancer occurs less often in persons with PD than in 
persons without PD. This negative overall association between cancer 
and PD can, to some extent, be anticipated given that smoking has been 
clearly associated with an increased risk of cancer and a decreased risk 
of PD [6–9]. Meta-analyses have revealed that after stratification by the 
strength of smoking associations in various cancer types, smoking does 
not entirely account for the observed link between cancer and PD [2].

There are some discrepancies in the existing literature, with some 
studies reporting no statistically significant differences in cancer risk 
between PD and non-PD populations [10,11]. The sole study to 

investigate PD risk in cancer patients also revealed no association be
tween the incidence of overall cancer and subsequent PD development 
[12]. However, cutaneous melanoma seems to be more common among 
individuals diagnosed with PD [13–22]. In contrast to studies in Europe 
and the U.S., a Taiwanese cohort study with 60,023 patients reported 
that following PD diagnosis, an increased cancer risk was observed 
among patients, with the exception of breast, ovarian and thyroid can
cers [18]. These results suggest that ethnicity and geographical factors 
may play an important role in the association between PD and cancer. 
Moreover, genetic data have revealed bidirectional links between the 
risk of PD and various cancer types, but the current body of evidence 
lacks consistency in supporting these genetic associations [23–25].

One potential reason for the inconsistent study outcomes may be 
limitations in the validity of PD diagnoses. This concern was previously 
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highlighted in a systematic review published in 2010 [1]. However, the 
validation of PD diagnoses has been variably implemented or considered 
in subsequent research, and recent meta-analyses have generally over
looked this critical aspect [2,3,5].

Interestingly, inception studies have been shown to report lower 
standardized mortality ratios than non-inception studies for patients 
with PD with one probable reason for this being differences in diagnostic 
accuracy [26]. The issue of diagnostic code accuracy becomes particu
larly important when relying solely on administrative data without 
mechanisms for verification [27]. Therefore, we investigated the extent 
to which the validity of PD diagnosis influences the association with 
cancer incidence in previously published epidemiological studies.

2. Methods

2.1. Data sources and search strategy

PubMed, Web of Science and Google Scholar databases were 
searched from January 1, 1980 to March 1, 2022. Additionally, the 
reference lists of retrieved articles were searched. The keywords used for 
the search included “Parkinson’s disease”, “Parkinson”, “cancer”, and 
“neoplasm”, and these keywords were connected via Boolean operators. 
Two reviewers (AM, JS) independently screened the abstracts to identify 
relevant articles, followed by a full-text review of the selected articles. 
Several additional relevant studies were found by searching the refer
ence lists of the published articles that were initially identified through 
the database search. We conducted and reported this analysis in accor
dance with PRISMA guidelines for meta-analysis of observational 
studies in epidemiology [28]. This systematic review was registered at 
PROSPERO (CRD42023431783).

2.2. Study selection

Studies were eligible for inclusion if they were cohort or population- 
based case–control studies or cross-sectional studies of adults that re
ported original data. The search results were imported into Zotero 
software (version 6.0.30) to eliminate duplicates. Studies investigating 
the risk of PD in cancer patients, mortality data studies and studies 
limited to investigating cancer risk in only a certain genetic subgroup of 
PD patients were excluded. If a research article reported data on cancer 
risk both before and after PD, these data were included as separate 
studies.

2.3. Data extraction and quality assessment

The following variables were extracted: study design, the duration of 
the study, when the study was conducted, population characteristics 
(country, number of participants, cancer type), adjusted factors, number 
of cancer outcomes, year of publication and effect size.

The quality of studies was assessed using the Newcastle–Ottawa 
Scale (NOS) [28].

NOS evaluates studies based on three key domains. Selection (0–4 
points): evaluates representativeness, selection of controls, and expo
sure ascertainment. Comparability (0–2 points): assesses adjustments for 
key confounders. Outcome (cohort)/Exposure (case-control) (0–3 
points): considers follow-up length, assessment methods, and 
completeness of data. NOS scores were separately calculated for case- 
control, cohort studies and cross-sectional studies. The maximum total 
score was nine points.

In the primary analysis all studies were classified into two different 
categories (CAT A and CAT B) based on the validation of PD diagnoses. 
In CAT A studies, all PD diagnoses were prospectively or retrospectively 
verified by a neurologist using specified diagnostic criteria. In CAT B 
studies PD diagnoses were either partially or not validated at all. We also 
performed a sensitivity analysis, where we further classified CAT B 
studies into two groups CAT B1 and CAT B2. In CAT B1 studies PD 

diagnoses were only partially verified, e.g., by validating a subsample of 
the total cohort [29] or using an algorithm based on the prescription of 
PD medication and the absence of medical PD induced medication 
within 180 days before PD diagnosis [30].

In CAT B2 studies, there was no PD diagnosis verification. All cancer 
data in the included studies were extracted from reliable national cancer 
registries or prospective cancer databases, apart from one CAT B2 study, 
where cancer cases were self-reported and then confirmed by medical 
records and pathology review [31]. The duration of follow up between 
PD and cancer occurrence as well as between cancer and PD onset is 
shown in Table 1. Organ-specific cancer analyses were performed only 
for cancer types for which at least ten studies were available. When 
possible, cancer risk was stratified by sex, as several included studies 
reported cancer risk in men and women separately.

2.4. Statistical analysis

Under the assumption that the person-time of the unexposed group is 
vastly larger than that of the exposed group, we made no distinction 
between incidence rate ratios, hazard ratios and risk ratios and com
bined them in our pooled analyses. In consultation with our resident 
statistician and to enhance the robustness of our analysis, we performed 
a conversion of odds ratios (ORs) to risk ratios (RRs), thus enhancing the 
comparability individual studies. We converted odds ratios into risk 
ratios via the following equation: RR=OR/(1− Pref)+(Pref*OR), where 
RR = risk ratio; OR = odds ratio; Pref = prevalence of the outcome in the 
reference group. The distribution of categorical variables was assessed 
using Fisher’s exact test.

Publication bias was assessed via Begg’s rank test. Between-study 
heterogeneity was assessed with I2 statistics. Due to the presence of 
substantial heterogeneity, a random effects model was used to calculate 
pooled RRs. We performed all the statistical analyses on Cochrane Re
view Manager 5.4.1. In some cases, this resulted in slightly, but not 
significantly different risk estimate figures compared to the original 
papers.

3. Results

Thirty-four articles met the eligibility criteria (supplementary ma
terial S1) and were included in the analysis, involving a total of 533,102 
patients (9382 in CAT A studies and 523720 in CAT B studies) with PD 
from eleven countries (Table 1). Nine articles described cancer risk 
before PD diagnosis, 21 articles described cancer risk after PD diagnosis, 
and four articles reported cancer risk both before and after PD diagnosis, 
yielding 13 studies examining the risk of cancer before and 25 studies 
after the PD diagnosis. Regarding study quality, the median New
castle–Ottawa Scale score was 7 for all studies as well as for both CAT A 
and CAT B. Begg’s test revealed no significant publication bias (Ken
dall’s tau r = − 0.032, p = 0.519). Publication date was not associated 
with CAT A/B distribution B (separate analyses for before/after/all 
divided in two groups: p > 0.09 for all).

The majority (8/13) of the studies investigating the association be
tween PD and cancer before PD involved clinical validation of PD by a 
neurologist. In contrast, the majority (17/25) of studies on cancer risk 
following PD were partially validated or not validated.

When stratifying all studies by study design, irrespective of whether 
they assessed cancer risk before or after Parkinson’s disease, a notable 
difference in Category proportions was observed. Among case-control 
studies, 66.6 % were classified as CAT A, whereas this proportion was 
significantly lower in cohort studies (26 %) (p = 0.018). However, when 
accounting for the before/after PD status, this difference was no longer 
statistically significant (p > 0.20).

A pooled sensitivity analysis of all studies of overall cancer risk 
showed a negative association between PD and considerable heteroge
neity (Fig. 1A).
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Table 1 
Characteristics of included studies

Before PD, N = 13

First author, 
year

Country Study period PD 
cases, 
N

Study design Mean/median 
duration of 
follow up before 
outcome, years

NOS CAT Cancer outcomes, 
included in meta 
analysis

Adjustment factors Overall 
cancer, N

Jansson, 
1985[32]

USA 1978–1984 406 Retrospective 
cohort study

NR 7 A Overall cancer Age, sex 5

Rajput, 1987 
[33]

USA 1967–1979 118 Case control 
study

NR 8 A Overall cancer Age, sex 19

Elbaz, 2002 
[34]

USA 1976–1995 196 Case control 
study

Median 5.5 8 A Overall, urinary 
tract, colorectal, 
lung, prostate, breast 
cancer, melanoma

Age, sex, 38

Amelio, 2022 
[35]

Italy 2001–2002 222 Case-control 
study

NR 8 A Overall cancer Age, smoking 
Alcohol, coffee

15

Powers, 
2006[36]

USA 1992–2005 352 Case control 
study

NR 9 A Overall, breast 
cancer, melanoma

Age, smoking, 
ethnicity,education

74

Olsen, 2006 
[37]

Denmark 1986–1998 8090 Case-control 
study

NR 6 B Overall, lung, 
melanoma, breast, 
prostate, uterine 
cancer

Age, sex 74

Driver, 2007 
[38]

USA 1982–2005 487 Nested case- 
control study

NR 7 A Overall Age, sex, Smoking, 
BMI, exercise

64

Fois, 2009 
[39]

UK 1963–1999 4355 Record linkage 
cohort study

3.4 5 B Overall, lung, 
melanoma, breast, 
prostate, colorectal, 
uterine cancer

Age, sex, region, year 
of hospitaladmission

926

Lo, 2010[10] USA 1994–1995, 
2000–2008

692 Nested case- 
control study

4.3 8 A Overall, lung, 
melanoma, breast, 
urinary tract, 
colorectal cancer

Age, sex, smoking, 
alcohol,body mass 
index

56

Wirdefeldt, 
2013[22]

Sweden 1964–2009 11786 Register-based 
matched cohort 
study

NR 8 B Overall, lung, 
melanoma, breast, 
urinary tract, 
prostate, colorectal, 
uterine cancer

Age, sex, education 1.264

Tacik, 2016 
[40]

USA 2003–2014 971 Retrospective 
case-control 
study

5 8 A Overall, lung, 
melanoma, breast, 
prostate, colorectal, 
uterine cancer

Age, sex 202

Dalvin, 2017 
[41]

USA 1976–2013 974 Case control 5 6 B Melanoma Age, sex ​

Cui, 2019 
[42]

Denmark 1996–2009 1813 Population-based 
case-control 
study

NR 8 A Overall, melanoma, 
breast, prostate, 
urinary tract, 
colorectal cancer

​ 175

After PD, N = 25

First author, 
year

Country Study period PD, 
patients, 
N

Study design Duration of 
follow up 
before 
outcome, 
years

NOS CAT Cancer outcomes, 
included in meta 
analysis

Adjustment Overall 
cancer, 
N

Jansson,1985 
[32]

USA 1978–1984 406 Retrospective 
cohort study

8.6 6 A Overall cancer Age, sex 13

Moller,1995 
[17]

Denmark 1977–1990 7046 Retrospective 
cohort study

4.6 4 B Overall, 
melanoma, lung, 
breast, prostate, 
colorectal, uterine

Age 554

Minami,2000 
[43]

Japan 1984–1992 228 Retrospective 
cohort study

8 6 B Overall, lung, 
breast cancer

– 15

Olsen, 2005 
[20]

Denmark 1977–1999 14088 Retrospective 
cohort study

5 5 B Overall, lung, 
breast, urinary 
tract, colorectal, 
prostate cancer, 
melanoma

Age, sex 1.282

Elbaz,2005 
[44]

USA 1976–2002 196 Cohort study Median 8 8 A Overall Age, sex, smoking 71

Leibson, 2005 
[11]

USA 1976–1995 197 Population based 
cohort study

NR 6 A Overall ​ 72

Driver, 2007 
[31]

USA 1982–2005 487 Prospective 
cohort study

Median 5.2 6 B Overall, lung, 
breast, colorectal, 
urinary tract, 

Age, sex, smoking, BMI, 
exercise, alcohol

53

(continued on next page)
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Table 1 (continued )

After PD, N = 25

First author, 
year 

Country Study period PD, 
patients, 
N 

Study design Duration of 
follow up 
before 
outcome, 
years 

NOS CAT Cancer outcomes, 
included in meta 
analysis 

Adjustment Overall 
cancer, 
N

prostate cancer, 
melanoma

Fois, 2009[39] UK 1963–1999 4355 Record linkage 
cohort study

3.4 5 B Overall, lung, 
melanoma, breast, 
prostate, 
colorectal, uterine 
cancer

Age, sex, region, year of 
hospitaladmission

219

Bertoni, 2009 
[13]

USA, 
Canada

1/2003–9/ 
2003

2106 Cross sectional 
study

NR NR A Melanoma Sex, age ​

Lo, 2010[10] USA 1994–1995, 
2000–2008

692 Nested case- 
control study

5 8 A Overall, lung, 
melanoma, breast, 
urinary tract, 
colorectal cancer

Age, sex, smoking, 
alcohol,body mass 
index

90

Schwid, 2010 
[15]

USA, 
Canada, 
Denmark

– 806 Cohort 1.8 3 A Melanoma, breast, 
prostate cancer

– ​

Becker, 2010 
[29]

Israel 1994–2005 2993 Cohort with 
nested case 
control study

NR 8 B Overall, lung, 
urinary tract, 
colorectal, breast 
cancer, melanoma

Age, sex, smoking, BMI 188

Sun, 2011[45] Taiwan 2000–2005 4957 Population- 
based cohort 
study

NR 8 B Overall cancer, 
melanoma

Age, sex, occupation, 
urbanization, 
comorbidity

NR

Inzelberg, 
2011[14]

Israel 2002–2003 1395 Cross sectional 
study

NR 5 A Melanoma Sex, age, race ​

Rugbjerg, 
2012[46]

Denmark 1977–2008 20343 Population based 
cohort study

5.7 7 B Overall, 
melanoma, lung, 
breast, urinary 
tract, uterine, 
prostate cancer

Age, sex,PD onset 2.218

Wirdefeldt, 
2013[22]

Sweden 1964–2009 11,786 Register-based 
matched cohort 
study

NR 8 B Overall, lung, 
melanoma, breast, 
urinary tract, 
prostate, 
colorectal, uterine 
cancer

Age, sex, level of 
education

562

Ong, 2014[19] UK 1999–2011 219,194 National record- 
linkage cohort 
study

NR 7 B Overall, lung, 
breast, urinary 
tract.prostate 
colorectal, uterine 
cancer

Age, sex, residence, 
Socioeconomic status, 
year of first hospital 
admission

17.524

Lin, 2015[18] Taiwan 2004–2012 62023 Population based 
cohort study

8 7 B Overall, 
melanoma, lung, 
breast, urinary 
tract, prostate, 
colorectal, uterine 
cancer

Age, sex NR

Shalaby, 2016 
[16]

USA 2009–2014 108 Case-control 
study

NR 7 A Melanoma Age, sex, race 
education

​

Peretz,2016 
[30]

Israel 2000–2012 7125 Population- 
based, 
retrospective 
cohort study

6 7 B Overall, 
melanoma, lung, 
breast, prostate, 
colorectal cancer

Age 366

Lerman, 2018 
[47]

Israel 2010–2018 7727 Population- 
based, 
retrospective 
cohort study

8 8 B Melanoma Age at index date sex, 
smoking, residence, 
birthplace

​

Park, 2019 
[48]

South 
Korea

2010–2015 52009 Population- 
based cohort 
study

6 8 B Melanoma, breast, 
urinary tract, 
prostate, uterine, 
colorectal cancer

Age, sex, comorbidity, 
income

​

Ording, 2019 
[49]

Denmark 1980–2013 28835 Population- 
based cohort 
study

4.0 6 B Melanoma, breast, 
urinary tract, lung 
cancer

Age, sex,CCI score ​

Agaliu,2019 
[50]

Israel, 
Spain, 
USA

– 712 Case control NR 5 B Melanoma, breast, 
urinary tract, 
prostate, 
colorectal cancer

Age, sex, ethnicity, 
BMI,smoking, alcohol

​

Ryu, 2020[21] South 
Korea

2010–2015 70730 Population- 
based cohort 
study

NR 8 B Melanoma Age, sex, income, 
comorbidity

​
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Fig. 1A. Pooled sensitivity analysis of all studies of overall cancer risk.

Fig. 1B. Overall cancer before PD.
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3.1. Cancer risk before PD diagnosis

There was no association between overall cancer risk in patients with 
PD prior to the diagnosis of PD among CAT A and B studies (Fig. 1B). The 
same tendency was observed in the sensitivity analysis in any of the 
categories or in all the studies combined (Supplementary material S2). 
Only three studies (two CAT A study and one CAT B2 study) reported a 
decreased cancer risk in patients with PD, whereas none of the other 
studies reported an association between cancer and PD (S2). The risk of 
lung and uterine cancers was lower among PD patients only because of 
the presence of CAT B studies, but there was no association between PD 
and cancer in CAT A studies (Supplementary material S3). In organ- 
specific analyses there was no association between PD and bladder, 
breast, colorectal, prostate cancers or cutaneous melanoma in either 
CAT A or CAT B studies (S3).

3.2. Cancer risk after PD diagnosis

There was no association between PD and overall cancer risk in any 
of the categories or in the entire cohort (Fig. 1C). The risk of cutaneous 
melanoma was higher in PD patients than in non-PD patients, with 
considerably higher risk estimates in CAT A studies (Supplementary 
material, S4). The risks of lung, urinary tract and colorectal cancers were 
lower in patients with PD, but these associations were observed only in 
CAT B studies. Other organ-specific results consistently showed no as
sociation between PD and breast or prostate cancers among all studies. 
Additionally, uterine cancer, which was only examined in CAT B studies, 
was not found to be associated with PD.

3.3. Cancer risk in genetic PD subgroups

As previously stated, we excluded studies examining cancer risk in 
monogenic Parkinson’s disease cohorts. Three out of the four studies in 
genetic subgroups (LRKK2 gene), performed during the period found an 

increased risk of cancer, particularly in breast cancer risk in genetic 
carriers [51,52,53], whereas one study did not find any association 
between cancer risk and PD [54].

4. Discussion

In this meta-analysis, the impact of PD diagnosis validity on the as
sociations between PD and cancer was explored across 34 research ar
ticles. In the CAT A studies, which are characterized by the highest 
diagnostic validity of PD, we did not observe any association between 
overall cancer risk and PD. Furthermore, CAT A studies showed that risk 
for cutaneous melanoma was increased among patients diagnosed with 
PD, a finding also reported in previous meta analyses [1–3]. Interest
ingly, following PD diagnosis, negative associations between PD and 
cancer were mostly found in the studies with unvalidated PD diagnosis 
(CAT B2), whereas only one study within the PD validated group (CAT 
A) showed a negative association. This was also clearly evident in the 
difference between CAT A and CAT B2 Risk Ratios estimates. This 
finding challenges the prevailing notion that PD is a “cancer-protective” 
condition. Consistent with existing evidence [23], these results under
score the limited meaningfulness of investigating overall cancer risk in 
PD patients while also demonstrating the crucial importance of diag
nostic PD validity methods when evaluating the associations.

High heterogeneity has been recognized in earlier meta-analyses 
[1–3]. This is particularly pertinent considering that the outcome mea
sure of these studies has been binary [55]. It may not be sensible to 
combine estimates when there is heterogeneity, and the potential 
sources of heterogeneity should be determined via methods such as 
subgroup analysis [56]. Our findings underscore the significant impact 
of variability in the correctness of PD case definitions on the validity of 
the results. Indeed, a similar finding seems to concern PD mortality data 
[26]. Importantly, studies with the most meticulous methods of PD 
validation comprise fewer patients than those that have used non
verified PD case definitions. Consequently, the outcomes of studies with 

Fig. 1C. Overall cancer after PD.
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less robust methodologies have disproportionately influenced the 
overall results, potentially introducing bias and leading to a perception 
of an inverse association between PD and cancer. Indeed, when pooling 
all studies investigating overall cancer risk in PD patients within the 
current dataset and omitting diagnostic validity categories and timing in 
relation to PD diagnosis, we observed a result similar to previous 
meta-analyses, due to the combined number of CAT B patients in the 
analysis (Fig. 2). This seemed to be driven by cohort studies, which also 
far more often lacked robust validation.

On average, the cohort studies included in our review featured 
approximately 24,000 patients with PD, in contrast to around 1470 
cases in case-control studies. This disparity reflects a common method
ological difference—cohort studies often rely on large-scale adminis
trative datasets, which enable broader population coverage and 
statistical power. However, the use of such data typically comes at the 
cost of limited clinical validation. In practice, detailed confirmation of 
individual diagnoses in large datasets is often infeasible due to resource 
constraints.

As our sensitivity analysis demonstrated, even partial validation did 
not substantially improve the assessment of cancer outcomes. This may 
be attributed to limitations in outcome classification accuracy. Specif
ically, high specificity, while necessary, is insufficient alone to ensure 
high positive predictive value, particularly when the prevalence of the 
disease is low. In such contexts, even a small proportion of false positives 
can lead to a problematic number of misclassified individuals [57].

Moreover, the validity of administrative data for PD research is 
known to vary. Prior studies have reported substantial heterogeneity in 
the accuracy of PD case identification from routine healthcare records 
[58]. Additionally, recent findings from the U.S. Veterans Affairs data
base indicate ongoing challenges with diagnostic validity, including 
potential racial biases [59]. These issues underscore the need for caution 
and methodological rigor in interpreting results derived from adminis
trative data sources.

Interestingly, none of the four studies in genetic PD subgroups re
ported a negative association between cancer and PD but the majority 
(3/4) found a positive association. The generalizability of these results 

Fig. 2. Overall cancer risk in PD patients in combined analysis of case-control and cohort studies.
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to the wider PD population is limited, but it should be noted that the 
validity of the PD diagnosis is naturally very high in these studies. It is 
unclear why studies with less robust PD case definitions more often find 
negative associations between PD and cancer. However, it has been 
reported that inception studies report lower standardized mortality ra
tios between PD patients and controls than non-inception studies, 
possibly because of differences in diagnostic accuracy [26]. It therefore 
seems possible that in the studies where PD data validity is lower the 
higher mortality of the assumed PD cohort leads to fewer cancer di
agnoses since patients die from other causes before developing cancer. 
Our findings also illustrate that the studies without robust PD verifica
tion dilute the robust association between PD and melanoma. In five 
CAT A studies, the RR for melanoma after PD diagnosis was 5.78 (95 % 
CI 2.75–12.13), while in fourteen CAT B studies, it decreased to 1.37 
(1.18–1.59). However, similar regression towards the mean observed in 
CAT B studies was not evident in CAT A studies that included cancer 
types that are negatively associated with PD. Methodological differences 
are important, as indicated by the conflicting results of two Taiwanese 
studies (both CAT B2 studies) investigating overall cancer risk after PD 
diagnosis [18,45]. The absence of associations between cancer and PD 
preceding PD diagnosis also remains somewhat unclear, but this phe
nomenon may be partially attributed to survival bias, which has been 
shown to exert a statistically significant impact on results when inves
tigating PD risk following cancer [42]. It is also important to note that 
chronic, progressive disease may remain undiagnosed in individuals 
who have already been diagnosed with another such disorder [60,61]. 
The negative association may therefore partly result from possible un
derdiagnosis of cancer in PD patients.

The positive association between PD and melanoma, as observed in 
our data, is a well-established phenomenon, and several pathogenic 
mechanisms have been proposed to explain this relationship [62–64]. 
Conversely, the consistently lower risk of lung, bladder, and colorectal 
cancer in PD patients, as demonstrated in our analyses, warrants 
consideration. These cancers are strongly associated with smoking, and 
thus, their reduced incidence in PD patients could be attributed to the 
lower prevalence of smoking in this population. It is also possible that 
the biology of these cancers is different in PD patients than in the general 
population. Considering, that this reduced risk was observed in Category 
B studies, it is essential to conduct future organ-specific analyses uti
lizing validated PD data.

The strengths of this PRISMA-guided meta-analysis include the high 
quality of the majority of included studies according to the New
castle–Ottawa Scale. To provide a consistent analysis of the association 
between PD and cancer, we included only studies that did not investi
gate a specific monogenic subgroup of PD, and we excluded the few 
studies investigating the prevalence of PD in cancer patients. Apart from 
previous meta-analysis we also excluded studies relying on mortality 
data due to their documented inaccuracies [65–68]. In contrast to the 
previous meta-analysis [2] we included four additional articles [11,32, 
34,38] on cancer incidence in PD patients and also included a study on 
cancer occurrence before PD only partially assessed earlier [22]. Addi
tionally, several limitations of our analysis should be acknowledged. 
Our pooled estimates on organ-specific cancers are drawn from a modest 
number of CAT A studies, making it difficult to evaluate the association 
with PD. Moreover, organ-specific analyses were not feasible for many 
types of cancer because of the lack of studies fulfilling the inclusion 
criteria. The categorization of the included studies was based on the data 
provided in the articles; therefore, some studies with insufficient or 
lacking information on the validation of the diagnosis could have been 
misclassified. Nevertheless, it should be noted that our results are quite 
consistent with previous data if study categorization is disregarded, as 
shown by our sensitivity analysis [2–4]. We note that converting odds 
ratios (ORs) to risk ratios (RRs) may lead to overestimation when the 
outcome is not rare. Although we applied a standard conversion formula 
to adjust for this, the resulting RRs should be interpreted with caution. 
Our data also included a few studies (especially CAT A) conducted 

outside of the United States and Europe. Considering the differences in 
both cancer and PD epidemiology between populations, it would be very 
important to have more data of diverse ethnic and geographical origins 
[69].

Connections between PD and cancer are particularly intriguing 
because it is difficult to conceptualize two different diseases at the 
cellular level: the hallmark of PD is the degeneration of dopaminergic 
neurons in the substantia nigra, whereas uncontrolled cell growth is a 
key feature in all cancers. Furthermore, the identification of possible 
early triggering risk factors is highly valuable for the development of 
therapeutic strategies for both chronic and progressive disorders. Our 
results suggest that PD cannot be considered a fixed predisposing or 
protecting state in terms of cancer risk. It is essential to note the exis
tence of subgroups within both PD and cancer populations. The exam
ination of overall cancer risk across all PD patients may therefore be 
misguided, given the inherent heterogeneity in these conditions. 
Therefore, future analyses must strive for better precision to contribute 
meaningfully to the understanding of underlying mechanisms in various 
cancers and across the spectrum of Lewy body diseases.
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