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Abstract.

Background: Given the growing evidence for an environmental contribution to the etiology of Parkinson’s disease (PD),
searching for local and regional differences in PD prevalence in multiple areas across the world may further clarify the role
of environmental toxins.

Objective: To provide local and regional prevalence estimates of PD in Poland.

Methods: We analyzed the prevalence of PD and its trend over the last decade (2010 to 2019) based on data from the
National Health Fund in Poland. We specifically examined sex differences in PD prevalence, as well as differences across
Polish regions.

Results: During the above period, the prevalence of PD in Poland increased from 226 per 100,000 to 269 per 100,000
inhabitants. Unexpectedly, we found that PD was 1.2-times more common in women than men. The increase in prevalence
over the past decade was different between both sexes: an increase from 250 to 283 per 100,000 for women (13.3% increase),
and from 200 to 254 per 100,000 for men (27.1% increase). In addition, we observed differences in prevalence across different
Polish regions, with some regions having up to 51% lower prevalence rates than others.

Conclusions: The prevalence of PD in Poland is in line with previously reported prevalence rates across Europe. However,
unlike the situation in most of the world, PD was more prevalent in women than men. We discuss several possible explanations
as well as potential measures that might help to reduce the growth of PD.
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INTRODUCTION

Parkinson’s disease (PD) is a complex neurodegen-
erative disease presenting with motor and non-motor
symptoms [1, 2]. Typically, the prevalence of PD
increases with age, and its incidence rises sharply
after the age of 60 years, with a projected exponen-
tial growth in subsequent decades. For a large part
of the history of humankind, PD was presumably a
rare disorder, certainly prior to 1817 when the dis-
ease was meticulously described for the first time by
James Parkinson. The severe air pollution that arose
at the beginning of the 19th century in London may
have contributed to the appearance of PD during this
time [3]. Based on the available resources in the early
19th century, the prevalence reported in, for example,
England and Wales, was approximately 22 people in
a population of 15 million [4]. These numbers have
grown rapidly since, and currently PD is the world’s
fastest-growing neurological disorder, with over six
million individuals affected with the disease globally,
having more than doubled since 1990, thus becom-
ing a leading cause of neurological disability [5].
Overall age-standardized PD prevalence rates have
increased worldwide by nearly 22% [6] and based
on prevalence data from a 2014 meta-analysis, the
number of people with PD will have more than dou-
bled again to 14.2 million in 2040 [7]. Nonetheless,
these estimates probably represent an underestimate
of the future prevalence due to underreporting of PD
in current datasets [8].

The rapid growth in PD prevalence could be driven
by multiple factors, including aging of the population,
increasing longevity, declining smoking rates (smok-
ing has been associated with a 50% decreased risk
of developing PD), reduced mortality from PD due
to better care, and increasing industrialization [8, 9].
There are growing concerns that the increased PD
prevalence rates may be explained, at least in part, by
exposure to environmental toxins, including chemi-
cals such as pesticides and trichloroethylene [10—-12].
Here, studies of differences in the regional preva-
lence of PD may be of particular help to clarify the
possible role of environmental toxins in the etiology
of this disease. For example, studies in France have
highlighted that the prevalence of PD shows marked
regional differences, the prevalence being consider-
ably higher in areas with intensive wine culture, and
with somewhat of a dose-response relationship to
the concentration of pesticides [13]. Other countries
where such regional differences have been identified
include Canada [14] and the United States [15]. In

order to provide prevalence estimates of PD and aid
in better understanding the local situation in Poland,
we aimed to analyze the prevalence rates of PD and its
trend over the last decade (2010 to 2019). In addition,
we sought to determine whether regional differences
in PD prevalence across Poland were present.

METHODS

The analyses described here were based on data
available in the database of the National Health Fund
in Poland (NHF) (https://www.nfz.gov.pl). Popula-
tion size estimates were obtained from the Central
Statistical Office of Poland (https://stat.gov.pl). The
NHF is a public organ, financed by compulsory
health insurance contributions, which finances health
services provided to individuals and reimburses
the cost of medicines in Poland. Therefore, the
NHF databases contain data of all patients who
received healthcare services financed from public
funds related to a diagnosis of PD. It does not include
those diagnosed and treated entirely within private
healthcare, but due to the general structure of the
healthcare system and services in Poland, such cases
are likely to be incidental as nearly all patients who
have private insurance (around 11% of all patients)
are also seen in public healthcare facilities. In our
analyses, we limited the data to the last decade,
spanning the years 2010 to 2019 (inclusive). The
data obtained from the NHF database were all in
anonymized form, in compliance with the Polish Act
on the Protection of Personal Data.

We defined PD by its relevant ICD-10 diagnosis
code “G20 — Parkinson’s disease” as the principal
diagnosis or comorbidity for any person who was
identified in the NHF database as having received
care for this diagnosis during a given calendar year.
From the database, it was not possible to ascertain
whether this diagnosis had been made within a pri-
mary or secondary/tertiary care setting, so a certain
rate of misclassification (e.g., atypical parkinsonism)
can be expected, although this would be unlikely to
affect the time trends or the differences between sexes
or regions.

The primary aim of the current analyses was to
estimate the prevalence of PD in Poland over the
period 2010-2019. To this aim, we divided the num-
ber of patients with ICD-10 code G20 for each year by
the average population for that year. Additionally, we
repeated this separately for male and female patients
to obtain sex-specific PD prevalence estimates.
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Fig. 1. Sex-specific Parkinson’s disease prevalence in Poland for the years 2010-2019. PD, Parkinson’s disease; F, female; M, male.

Further stratification was performed by analyzing the
prevalence estimates per age group as provided by
the NHF: 1) 0-17 years; 2) 18-20 years; 3) 21-50
years; 4) 51-70 years; and 5) 71 years and over.
Finally, we performed separate analyses to determine
the PD prevalence across the different Polish regions
(called Voivodships; Fig. 1) and explored possible
reasons explaining regional differences in PD preva-
lence. For the latter, we obtained data on the number
of neurologists per region from the Polish Cham-
ber of Physicians and Dentists (https://nil.org.pl), the
percentage of people who never smoked [16], and
regional life expectancy at birth from the Statista web-
site (https://www.statista.com). Regional data on the
number of movement disorders neurologists were not
available.

Statistical analysis

Data were summarized descriptively and were
presented as numbers (percentages) unless other-
wise specified. For group comparisons, we used the
Kruskal-Wallis test with a Bonferroni correction for
multiple testing, where relevant. For the comparison
of prevalence figures between men and women, the
prevalence rate ratio (PRR) was used with a corre-
sponding 95% confidence interval (CI) and p-value.
The sex-specific prevalence was compared with the
crude odds ratios (OR) as well as with the odds ratios
based on the Mantel-Haenschel method of stratifi-
cation (by age group) and presented with a 95% CI
and p-value. The Breslow-Day test was used to assess

the homogeneity for a 2 by 2 by k table in order to
investigate whether all k strata have the same OR.
For univariate analyses, we used the non-parametric
Spearman’s rank correlation coefficient. Where rele-
vant, we corrected the effects of multiple testing using
the Bonferroni-Holmes technique. All analyses were
performed using SPSS Version 27 (IBM SPSS Statis-
tics for Windows, Version 27.0. Armonk, NY: IBM
Corp.) and MedCalc (Version 22.006).

RESULTS

Over the period 2010 to 2019, the crude prevalence
of PD in Poland increased from 226 per 100,000 to
269 per 100,000 (prevalence rate ratio (PRR) of 1.19,
95% CI: 1.18 — 1.20, p<0.001; Table 1). We also
observed that the prevalence of PD over the decade
that we investigated increased more for men than for
women (from 200 to 254 for men, and from 250
to 283 per 100,000 for women). This corresponded
to a PRR of 1.27 (95% CI: 1.25 - 1.29, p<0.001)
for men and 1.13 (95% CI: 1.12 — 1.15, p<0.001)
for women. Analysis of the sex-specific prevalence
during follow-up showed that PD was more preva-
lent among women than men (Table 1). The crude
odds ratio of PD for women, compared to men, var-
ied slightly throughout the decade between 1.11 and
1.25, and the unadjusted odds ratio stratified by years
was 1.20 (95% CI: 1.19 — 1.20; p <0.001). However,
taking age groups into account, the age-adjusted odds
ratios of PD for women, compared to men, were in
the opposite direction, varying slightly between 0.84



Table 1
The number of people with Parkinson’s disease and the estimated prevalence of the disease in Poland over the period 2010-2019

People with ICD-10 diagnosis G20 (Parkinson’s disease) in Poland

All Men ‘Women Female vs. Male
OR (£95% CI)
Year  Population  Parkinson’s  Crude Population  Parkinson’s ~ Crude Population ~ Parkinson’s  Crude Crude Age-adjusted
prevalence® prevalence prevalence
2010 38,529,866 87,034 226 18,653,125 37,313 200 19,876,741 49,721 250 1.251% (1.234 - 1.268) 0.842% (0.831 -0.854)
2011 38,538,447 91,561 238 18,654,577 39,192 210 19,883,870 52,369 263 1.254% (1.238 - 1.271) 0.842* (0.831 - 0.854)
2012 38,533,299 99,660 258 18,649,334 42,662 229 19,883,965 56,938 286 1.252% (1.237 - 1.268) 0.836% (0.826 — 0.847)
2013 38,495,659 97,906 254 18,629,535 42,353 227 19,866,124 55,553 280 1.231% (1.215 - 1.246) 0.823% (0.813 - 0.834)
2014 38,478,602 99,420 258 18,619,809 43,418 233 19,858,793 56,002 282 1.212% (1.197 - 1.227) 0.822% (0.812 - 0.833)
2015 38,437,239 100,485 261 18,597,991 44,438 239 19,839,248 56,047 283 1.183% (1.168 — 1.198) 0.796% (0.786 — 0.807)
2016 38,432,992 101,348 264 18,593,166 45,366 244 19,839,826 55,982 282 1.189% (1.174 — 1.204) 0.782% (0.772 - 0.792)
2017 38,433,558 102,236 266 18,593,175 46,167 248 19,840,383 56,069 283 1.105% (1.092 - 1.119) 0.774% (0.764 - 0.783)
2018 38,411,148 101,432 264 18,581,886 46,264 249 19,829,262 55,168 278 1.155% (1.141 - 1.170) 0.806% (0.796 — 0.817)
2019 38,382,576 103,331 269 18,567,052 47,190 254 19,815,524 56,141 283 1.115% (1.101 - 1.129) 0.769% (0.759 - 0.778)

*The prevalence calculated per 100,000. #p <0.001.
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and 0.77. The mean magnitude of the ageing effect
was 32%. In addition, we noted that in those over
70 years, the prevalence during follow-up increased
more for men than for women (from 1,844 to 2,091
and from 1,560 to 1,644 per 100,000, respectively),
which corresponds to a PRR of 1.13 (95% CI: 1.12
—-1.15, p<0.001) for men and 1.05 (95% CI: 1.04 —
1.07, p<0.001) for women (Table 2; Fig. 1).

In 2019, the prevalence of early-onset PD, defined
as an age of onset between 21 and 50 years, was 11
per 100,000 for women and 14 per 100,000 for men,
representing 2.0% of all PD cases with an overall
prevalence of 12.3 per 100,000. In contrast, in 2010
the prevalence was 18 per 100,000 for women and
21 per 100,000 for men, representing 3.8% of all PD
cases, with an overall prevalence of 19.8 per 100,000.
The PRR was 0.63 (95% CI: 0.59 — 0.68, p<0.001)
for men and 0.60 (95% CI: 0.56 — 0.66, p <0.001) for
women.

Finally, we looked at regional differences in PD
prevalence in 2019. Although we did not observe dif-
ferences at a group level (p =0.45), post-hoc analysis
showed that the crude PD prevalence was signifi-
cantly different between the regions with the highest
prevalence (the Lublin and Podlaskie regions) com-
pared to regions with the lowest prevalence (the West
Pomeranian and Lubusz regions) (p <0.05; Fig. 2).
To explore possible reasons behind these regional dif-
ferences we performed univariate analyses looking
at the relationship between regional PD prevalence
rates and regional percentage of people who never
smoked (stratified for sex), regional life expectancy,
as well as the number of neurologists per region
(to identify possible diagnostic bias). After correc-
tion for multiple testing (»p=0.05/5=0.01) we did
not observe significant correlations between regional
PD prevalence figures and the number of neurol-
ogists per region (3=0.327; p=0.217), regional
life expectancy (=0.267, p=0.318 for men, and
B=0.359, p=0.172 for women), or percentage of
male non-smokers (3 =0.083, p=0.761), although a
trend towards statistical significance was observed for
female non-smokers (8 =0.558, p=0.025).

DISCUSSION

This is the first study aiming to assess the overall
and region-specific prevalence of PD in Poland. The
main findings from this data analysis are: 1) the data
suggest that PD prevalence in Poland has increased
over the period 2010 to 2019; 2) PD appears to be

more prevalent in women in Poland than in men; and
3) PD prevalence shows regional differences across
Poland. While our analyses have not provided a clear
rationale for these three observations, they do point
out an interesting trend. If we assume that PD preva-
lence in Poland follows the broader pattern seen in
other European countries, the unique nature of points
2 and 3 becomes more pronounced. This divergence
from the common European trends adds to the dis-
tinctiveness of the situation in Poland.

The prevalence of PD generally ranges from
between 1 and 2 per 1,000 in unselected popula-
tions [17]. Other estimates put the PD prevalence
around 0.3% of the entire population and around 1%
of the population above 60 years [18, 19]. These esti-
mates are in line with our findings for Poland where
we showed an estimated crude prevalence ranging
between 226 (for men) and 269 (for women) per
100,000 inhabitants over the years 2010-2019. More-
over, in 2019, approximately 0.8% (for men) to 0.9%
(for women) of those aged 60 or above were affected.
Notably, PD prevalence increased consistently for
both genders during this period. Are findings related
to early onset PD are similar to other European coun-
tries [20]. Whether these might have been related to
specific gene mutations remains unclear due to the
nature of the data used. In the Polish population,
only a limited number of positive results have been
reported in genes that have previously been associ-
ated with PD. Notably, in genetic studies involving
150 patients with early-onset Parkinson’s disease
(defined as the onset of PD before the age of 45),
mutations were exclusively identified in the PARK2
and PINKI1 genes, with frequencies of 4.7% and
2.7%, respectively [21, 22]. Therefore, environmen-
tal factors may be of greater importance for PD
prevalence in general, particularly when it comes to
gene-environment interactions (virtually all known
Parkinson genes interact in some way with environ-
mental toxicants such as pesticides) [23]. As PD links
to heightened pesticide usage [2, 24], it is interest-
ing to note that the use of pesticides in Poland has
increased significantly substantially over the last 20
years. Specifically, according to the Food and Agri-
culture Organization of the United Nations, pesticide
use in kilogram per capita in Poland increased from
approximately 0.15 in 1990 to 0.7 in 2021, in line
with an increase in Eastern Europe overall from 0.3
to 0.6, while the use of pesticide in Western Europe
decreased from 0.8 to 0.7 [25]. It may be assumed
that, based on this rise, a further in PD prevalence
is likely to occur in the future. Of note, better diag-
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Table 2
Prevalence of Parkinson’s disease across different age groups for men and women in Poland
Year Sex Age Population Number of people with Estimated
group ICD-10 code G20 prevalence per
(Parkinson’s disease) 100,000 population
2010 F 0-17 3,531,399 107 3
18-20 774,383 75 10
21-50 8,338,237 1,528 18
51-60 3,015,180 3,491 116
61-70 1,916,945 8,622 450
70+ 2,300,597 35,898 1,560
M 0-17 3,711,840 152 4
18-20 808,656 75 9
21-50 8,523,326 1,819 21
51-60 2,810,128 4,114 146
61-70 1,548,909 8,102 523
70+ 1,250,266 23,051 1,844
2011 F 0-17 3,483,048 122 4
18-20 743,535 78 10
21-50 8,317,206 1,459 18
51-60 2,998,319 3,367 112
61-70 2,011,278 9,057 450
70+ 2,330,484 38,286 1,643
M 0-17 3,663,503 142 4
18-20 776,615 75 10
21-50 8,508,594 1,702 20
51-60 2,798,446 3,923 140
61-70 1,638,346 8,773 535
70+ 1,269,073 24,577 1,937
2012 F 0-17 3,442,368 87 3
18-20 710,611 56 8
21-50 8,306,388 1,393 17
51-60 2,951,924 3,272 111
61-70 2,125,690 9,615 452
70+ 2,346,984 42,515 1,811
M 0-17 3,624,400 124 3
18-20 740,198 61 8
21-50 8,502,210 1,705 20
51-60 2,763,303 4,136 150
61-70 1,738,778 9,344 537
70+ 1,280,445 27,292 2,131
2013 F 0-17 3,406,419 70 2
18-20 677,799 43 6
21-50 8,288,324 1,263 15
51-60 2,892,464 3,078 106
61-70 2,251,310 9,824 436
70+ 2,349,808 41,275 1,757
M 0-17 3,588,943 72 2
18-20 705,642 48 7
21-50 8,487,592 1,478 17
51-60 2,715,033 3,961 146
61-70 1,848,933 9,747 527
70+ 1,283,392 27,047 2,107
2014 F 0-17 3,380,346 87 3
18-20 647,744 44 7
21-50 8,266,258 1,220 15
51-60 2,828,145 3,034 107
61-70 2,378,158 10,125 426
70+ 2,358,142 41,492 1,760
M 0-17 3,562,650 39 2
18-20 675,325 44 7
21-50 8,468,003 1,462 17
51-60 2,662,799 3,740 140

(Continued)
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Table 2
(Continued)
Year Sex Age Population Number of people with Estimated
group ICD-10 code G20 prevalence per
(Parkinson’s disease) 100,000 population
61-70 1,959,960 10,393 530
70+ 1,291,072 27,690 2,145
2015 F 0-17 3,359,862 89 3
18-20 618,627 35 6
21-50 8,242,307 1,138 14
51-60 2,757,525 2,854 103
61-70 2,499,417 10,622 425
70+ 2,361,510 41,309 1,749
M 0-17 3,541,933 87 2
18-20 646,907 46 7
21-50 8,442,872 1,408 17
51-60 2,604,223 3,629 139
61-70 2,065,314 11,247 545
70+ 1,296,742 28,021 2,161
2016 F 0-17 3,357,327 50 1
18-20 595,320 28 5
21-50 8,215,290 1,074 13
51-60 2,672,915 2,695 101
61-70 2,629,497 10,838 412
70+ 2,369,477 41,297 1,743
M 0-17 3,538,551 61 2
18-20 624,889 33 5
21-50 8,413,904 1,361 16
51-60 2,531,344 3,465 137
61-70 2,178,337 11,904 546
70+ 1,306,141 28,542 2,185
2017 F 0-17 3,369,155 47 1
18-20 573,746 25 4
21-50 8,184,624 1,008 12
51-60 2,590,117 2,575 99
61-70 2,698,214 10,959 406
70+ 2,424,527 41,455 1,710
M 0-17 3,551,497 54 2
18-20 601,860 26 4
21-50 8,383,366 1,349 16
51-60 2,459,724 3,273 133
61-70 2,243,591 12,217 545
70+ 1,353,137 29,248 2,161
2018 F 0-17 3,375,681 37 1
18-20 558,244 19 3
21-50 8,149,016 919 11
51-60 2,504,043 2,332 93
61-70 2,748,915 10,759 391
70+ 2,493,363 41,102 1,648
M 0-17 3,559,842 43 1
18-20 586,060 22 4
21-50 8,345,961 1,192 14
51-60 2,386,330 3,080 129
61-70 2,292,062 12,179 531
70+ 1,411,631 29,748 2,107
2019 F 0-17 3,381,734 31 1
18-20 546,554 22 4
21-50 8,103,468 896 11
51-60 2,427,490 2,153 89
61-70 2,778,757 10,654 383
70+ 2,577,521 42,385 1,644
M 0-17 3,566,972 45 1
18-20 573,176 14 2
21-50 8,299,910 1,123 14
51-60 2,320,514 2,948 127
61-70 2,323,615 12,056 519
70+ 1,482,865 31,004 2,091

M, male; F, female.
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Fig. 2. Regional distribution of Parkinson’s disease crude prevalence in Poland for the year 2019. Numbers represent prevalence per 100,000
inhabitants. The map used in this figure was created through MapChart (https://www.mapchart.net).

nostic skills appear not to be a good explanation for
the rise in PD, because other neurological conditions
for which the diagnostic ancillary tests have changed
dramatically in the past decades (such as multiple
sclerosis) do not show such a rise in incidence or
prevalence, in contrast to PD which is still largely
diagnosed in very much the way it was diagnosed
over 200 years ago by James Parkinson [3, 26].
Another intriguing observation is the elevated PD
prevalence among women in comparison to men.
However, within the 70+ age group, females outnum-
bered males (1.73 times more in 2010 and 1.62 times
more in 2019). Conversely, among younger groups,
gender ratios were similar, necessitating consider-
ation of a possible Simpson Paradox [27]. Similar
trends have been noted in East Asian countries like
Japan, South Korea, and Kazakhstan in Central Asia
[28-31], challenging the assumption that PD preva-
lence is invariably 1.5 times higher in men [7]. Our
analyses do not unravel the reasons behind these
sex-specific disparities, but multiple factors might
contribute. Local variations in occupational distri-
bution could play a role, such as a relatively high

percentage of female farmers in Poland. In fact,
Poland is 4th among the European countries with
the highest number of female farmers (over 40% of
the farming work force) [32], aligning with findings
in Japan and South Korea, and suggesting a higher
proportionate exposure to pesticides among Polish
women compared to other countries. Furthermore,
the higher proportion of women (110: 100 ratio) in
many post-communist countries in Eastern Europe
due to significantly shorter male lifespans might also
be a contributing factor [33], although we did not find
an association between life expectancy and PD preva-
lence across regions. Significantly, considering the
regional disparities we have observed, the degree of
feminization in densely populated regions in southern
Poland and the Mazovian region is of interest. Con-
versely, the eastern regions, characterized by rural
dominance and the absence of major cities, exhibit
lower levels of feminization [34].

Taking into consideration the hypothesis that the
higher prevalence of PD in rural areas is related to
pesticides, air pollution may play a similar role in
urban settings. According to the World Bank Group,
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36 of the 50 most polluted cities in the European
Union are in Poland [35]. Moreover, Polish cities
are among the urban areas with the highest esti-
mated mortality due to particulate matter pollution
[36]. Air pollution is a significant risk factor for var-
ious diseases, including PD, and it might contribute
significantly to global cases. Recent epidemiological
studies support a link between PD and air pollution,
prompting further investigation into a potential cause.
Multiple potential mechanisms are being explored
to understand how air pollution could facilitate
neurodegeneration, and it is probable that multiple
disease-related pathways are implicated. Given the
widespread impact on individuals worldwide and the
likelihood of shared pathological pathways with other
disorders like Alzheimer’s disease, a deeper compre-
hension of this field is imperative. This should include
factors that we were not able to include in the cur-
rent analyses, such as caffeine intake, diet, and head
trauma. Such insights can play a pivotal role due to
the extensive global prevalence of these conditions
and can lead to enhanced strategies for reducing inci-
dence rates and developing more effective therapies
that target the underlying causes [37].

The other observation of note in our findings is
the regional difference in PD prevalence, with vari-
ation between different Polish regions. We have to
interpret this finding cautiously as the primary anal-
ysis showed no overall regional difference, and the
regional disparity was only found in a post-hoc anal-
ysis comparing the regions with the highest versus
the lowest prevalence. Here, environmental pollution,
as already outlined above, might play a role in the
occurrence of PD [38], coinciding with high pollution
rates in the Polish regions of Silesia, Lesser Poland,
Lower Silesia, £odz, and Masovia [39], where we
observed some of the highest PD prevalence among
Polish regions. On the other hand, the Podlaskie or
Lodzkie regions also had high PD prevalence rates,
but these are only relatively weakly industrialized,
while low prevalence rates of PD also appeared in
heavily industrialized regions such as West Pomera-
nia and the Lubuskie region [40]. Moreover, in some
of the regions with the highest PD prevalence, air
pollution appears not to be pronounced [41], except
for pollution associated with residential heating as
its distribution appears to coincide with the regions
showing the highest PD prevalence [42]. In turn,
inhabitants of rural areas may be exposed to high
pollution despite living in relatively unindustrialized
regions [42], as reflected by a study by Dorsey et al.
who recently suggested a link between trichloroethy-

lene exposure and PD. Poland has been identified
as one of the countries with published groundwa-
ter TCE contamination [38], but it shows a fairly
even distribution across the country. In these rural
areas the exposure to pesticides, as an often-cited
cause of PD, would also be expected to be higher
[1, 10-13]. Finally, regional differences in smoking
rates may influence PD prevalence given its well-
known risk-reducing nature for the development of
PD. Although it failed to the reach statistical signifi-
cance, we did observe a trend for higher percentages
of non-smoking amongst women to be associated
with higher regional PD prevalence rates. Nonethe-
less, it is likely that risk factors for the development
of PD are diverse, and the epidemiological data pre-
sented here reflect their simultaneous interplay.

It is important to acknowledge the strengths and
limitations of the current analysis. Firstly, we were
only able to study prevalence in the dataset used
and were unable to comment on the incidence of
PD in Poland. Secondly, we used publicly avail-
able data, capturing registered diagnoses recorded
for reimbursement of medical care. As such, the
PD prevalence that we calculated may have been an
underestimate of the actual prevalence as not every
person with PD symptoms and without a formal diag-
nosis might have sought medical help. Moreover,
from the database, it becomes clear that some peo-
ple under the age of 18 received a diagnosis of PD,
which according to current criteria and guidelines
would likely represent a miscoding and we feel these
should have been coded as parkinsonism. Addition-
ally, we were unable to specify types of pesticides
as this information is not contained within the Food
and Agriculture Organization of the United Nations
database. We were also not informed about who made
the diagnosis of PD. However, the way in which PD
was diagnosed in the past decade has not changed in
Poland, therefore regardless of who made the diag-
nosis, it is unlikely that this factor explains the time
trends that was noted in the publication. Finally, we
were not informed about the distribution of people
across rural and urban places of habitation, nor about
the distribution and impact of several other poten-
tial risk factors. Nonetheless, given our structured
approach, we feel our data are meaningful, also given
that the identified prevalence rates were in line with
general prevalence rates for PD.

In summary, here we estimated the prevalence of
PD in Poland and showed that this prevalence is in
line with previously reported prevalence rates across
Europe. However, unlike most other European coun-
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tries, PD seemed more prevalent in women than in
men in Poland, although in those above 70 years,
this ratio changed, and PD was more prevalent in
men. Further studies are needed to understand the
causes specific to Poland driving these sex-specific
and region-specific PD prevalence rates. International
collaboration, similar to the one happening in other
areas of PD research in Poland [43], are likely to be
key.
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