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Introduction: The relationship between the risk of Parkinson disease and well-water 
consumption has been extensively studied, but the results have been contradictory. 
Therefore, we conducted a meta-analysis of observational studies to systematically assess 
the relationship between well-water consumption and Parkinson disease risk.
Methods: We followed the PRISMA checklist in completing the meta-analysis. We 
searched two electronic databases (PubMed, EBSCO, EMBASE and Cochrane) from estab-
lishment to October, 2021, to identify relevant studies linking well-water drinking to 
Parkinson risk. We used a random-effects model to calculate the overall odds ratio (OR) 
with 95% confidence interval (CI). To reduce intragroup heterogeneity, we conducted sub-
group analyses according to the research design and geographic area.
Results: After careful review, a total of 15 case–control-designed studies included data suitable 
for our meta-analysis. The total number of cases and total controls that contribute to the combined 
OR were 2182 and 2456. The combined OR for ever well-water drinkers versus non-drinkers was 
1.16 (95% CI: 0.97–1.39, I2 = 44.52%). In subgroup analysis by geographic area, a significant 
association was observed in studies conducted in Asia (OR 1.29, 95% CI: 1.05–1.58, I2 = 0.0%, 
p for heterogeneity = 0.460) but not in studies conducted in America (OR 0.97, 95% CI: 0.76–1.24, 
I2 = 41.2%, p for heterogeneity = 0.164). In subgroup analysis by study design, a borderline 
significant association emerged in hospital-based case–control studies (OR 1.31, 95% CI: 1.04– 
1.65, I2 = 40.9%, p for heterogeneity = 0.118) but not in population-based case–control studies (OR 
0.96, 95% CI: 0.73–1.26, I2 = 41.1%, p for heterogeneity = 0.165).
Discussion: Our results indicate that there is no significant correlation between well-water 
consumption and PD risk.
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Introduction
Parkinson disease (PD) is one of the most common neurodegenerative diseases. 
Globally, approximately 2% of people over age 60 year and 4% of people over age 
80 years are affected by PD.1 Much research has been conducted to explore 
possible PD risk factors and protective factors.2–5 Among the possible risk factors, 
different designs have been used to extensively study the consumption of well 
water, and many studies report that the use of well water may increase the risk of 
PD,6–11 however, other studies have observed a reverse correlation or no 
correlation.12–15 Thus it remains unclear whether there is a causal relationship 
between well-water consumption and PD risk.16

Existing studies have proved pathologically that there is a positive correlation 
between PD and some substances in pesticides (such as Rotenone). Therefore, we 
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speculate that the pathological basis for well water to 
cause PD could be that it functions as a medium of 
pesticides and other harmful substances. However, the 
content of various substances in the well water may be 
affected by factors such as the differences in the geogra-
phical environment. This is cause disparities in 
conclusions.

To clarify this issue, we conducted a meta-analysis of 
published observational studies. After careful review, 
a total of 15 case–control-designed studies included data 
suitable for our meta-analysis, most of which are from 
Asia, Europe and North America. The included studies 
were all case–control studies. Participants comprised 
patients with PD and controls without PD. We investigated 
whether there was a difference in the exposure ratio of 
using well water as drinking water between the two groups 
to determine whether there is a connection between drink-
ing well water and PD.

Materials and Methods
Search Strategy
We identified eligible studies in this systematic review and 
meta-analysis by conducting a search of the PubMed, 
EBSCO, EMBASE and Cochrane databases to 
October 2021. We used the search terms (well-water drink-
ing OR well-water consumption OR well water OR rural 
life OR country life) AND (Parkinson’s disease OR 
Parkinson’s OR Parkinson disease OR Parkinson).

Inclusion Criteria
We adopted the following inclusion criteria: (1) case– 
control design; (2) average age of participants more than 
40 years; (3) diagnosis of clinically probable or possible 
PD if patients met the following criteria: 1) manifestation 
of at least two of the following symptoms: resting tremor, 
bradykinesia, or cogwheel rigidity; 2) no suggestion of 
parkinsonian syndrome owing to trauma, brain tumor, 
infection, cerebrovascular disease, other known neurolo-
gic disease, or treatment with dopamine-blocking or 
dopamine-depleting agents; 3) no atypical features such 
as prominent oculomotor palsy, cerebellar signs, vocal 
cord paresis, severe orthostatic hypotension, pyramidal 
signs, amyotrophy, or limb apraxia; 4) asymmetric 
onset; and 5) if treatment with levodopa had been 
initiated, symptomatic improvement after treatment. (4) 
sufficient data to calculate odd ratio[OR] with 

corresponding 95% confidence interval [CIs]; and (5) 
the language used is English.

We excluded studies for the following reasons: (1) 
unable to extract valid outcome data from the report; (2) 
more than one report based on the same study population 
published, in which case only the most comprehensive 
publication was included in this meta-analysis; (3) unable 
to obtain the full text; (4) the sample size was too large or 
too small (sample size less than 60 or more than 10,000); 
studies with a very large sample size were analyzed 
separately.

Data Extraction and Assessment of 
Methodological Quality
Data extraction and research quality assessment were con-
ducted by the same reviewer. The following data were 
extracted: first author’s last name, year of publication, 
country, study design, sample size, years of exposure, 
method of exposure assessment (in-person interview, 
phone interview, and self-administered questionnaire), 
matching factors and covariates for adjustment, and risk 
estimates with corresponding 95% CIs. The quality of 
included studies was assessed using the Newcastle– 
Ottawa Scale (NOS). The NOS yields results from zero 
to nine stars. When the study obtains more than six stars, it 
is considered to be of relatively high quality. Otherwise, it 
is considered to have relatively low quality.

Statistical Analysis
All statistical analyses were performed using Stata soft-
ware (StataCorp LLC, College Station, TX, USA). The 
adjusted OR for the study was extracted for the meta- 
analysis; however, when unavailable, raw data were 
used. A random-effects model to combine the heterogene-
ity within and between studies was used to aggregate risk 
estimates. The statistical heterogeneity between the studies 
was evaluated using the Q statistic and the I-square statis-
tic. For the Q statistic, p > 0.1 was considered statistically 
unimportant. For the I-square statistic, I-square < 50% was 
considered statistically unimportant.

To reduce intragroup heterogeneity, we conducted sub-
group analyses according to the research design and geo-
graphic area.

We performed sensitivity analysis to assess the impact 
of individual studies on the overall results. After excluding 
studies with influential heterogeneity, we re-analyzed the 
overall studies.
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Given the possible publication bias between studies, 
we also conducted publication bias analysis using an 
Egger’s test or Begg’s funnel chart. For the Egger’s test, 
p < 0.05 was considered statistically significant.

Finally, we use the Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) 
method to assess certainty (or confidence) in the body of 
evidence for an outcome.

As the most common definition of well-water con-
sumption is ever intake of well water, our main analysis 
was ever use of well water as a water source versus never 
using well water. Positive exposure was defined as the 
continuous use of well water for drinking water for 6 
months or for 1 year more ever in one’s life. Studies 
with other exposure standards and those with extremely 
large sample sizes are discussed separately.

Results
Search Results and Description of Studies
Figure 1 presents the flowchart of the study selection pro-
cess. The literature search yielded a total of 758 articles: 514 
from PubMed, 108 from EMBASE, 6 from Cochrane, and 
130 from EBSCO. After careful review, 32 studies were 

identified for full-text assessment. Seventeen of the 32 
studies were further excluded for the following reasons: 
unable to find the full text,5,17–20 unable to extract valid 
outcome data,21–29 the language used was not English,30 the 
sample size was too large31 and quality evaluation was too 
low.32 Therefore, a total 15 studies included data suitable for 
our meta-analysis.6–15,33–37 Studies were published from 
1990 to 2014. Of the 15 studies, three originated from the 
United States,7,9,15 three from Italy,6,14,33 one from Serbia,10 

two from Canada,34,35 two from China,12,37 one from 
Spain,36 one from Korea,8 and two from India.11,13 The 
vast majority of study participants were diagnosed accord-
ing to symptoms. Of the 15 studies, 13 provided data on the 
continuous use of well water as drinking water, including 8 
with ever well-water consumption,7–9,12,14,15,36,37 one with 
6 months or more,10 three with 1 year or more,6,13,35 and 
one with 5 years or more of well-water consumption;11 two 
studies provided data on ever use of well water as drinking 
water before age 15 years and before 20 years old.33,34 

Controls were recruited randomly from hospitals or the 
general population. Data were ascertained in telephone 
interviews, in-person interviews, or self-administered ques-
tionnaires. Further details of the included studies are shown 
in Table 1.

Figure 1 Flow diagram of study selection.
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As shown in Tables 2, 13 studies had six or more stars 
according to the NOS, indicating that the overall quality of 
the studies was relatively high.

Overall Association of Well-Water 
Consumption and Risk of Parkinson’s 
Disease
Twelve studies evaluated the association between ever 
using well water as a water source and the risk of PD. 
The pooled OR was 1.25 (95% CI: 1.01–1.53, p for 

heterogeneity = 0.003, I2 = 61.2%), with p < 0.1 and I2 

> 50%. This suggested that the heterogeneity between the 
selected documents in this study was statistically signifi-
cant. Next, subgroup analysis and sensitivity analysis 
were used to determine the reasons for the heterogeneity 
(Table 3). Studies with other exposure standards and 
those with extremely large sample sizes are discussed 
separately. (For example, three studies were excluded 
from the evaluation temporarily owing to a more restric-
tive definition of positive exposure).11,33,34

Table 1 Characteristics of Studies Included in the Meta-Analysis

Study Selection Comparability Exposure Total Score

Liou 199712 ★★ ★★ ★ ★★★★★
Behari 200113 ★★★ ★★ ★ ★★★★★★
Michele 19966 ★★★ ★★ ★ ★★★★★★
Zorzon 200233 ★★★ ★★ ★ ★★★★★★
Cho 20088 ★★★ ★ ★ ★★★★★
Hristina 201010 ★★★ ★★ ★ ★★★★★★
Morano 199436 ★★★ ★★ ★ ★★★★★★
Hancock 200815 ★★★ ★★ ★ ★★★★★★
Firestone 20057 ★★★ ★★ ★★ ★★★★★★★
Wang 199337 ★★★ ★★ ★ ★★★★★★
Sanyal 201011 ★★★ ★★ ★ ★★★★★★
Semchuk 199534 ★★★★ ★★ ★★★ ★★★★★★★★★
Nuti 200414 ★★★★ ★★ ★★ ★★★★★★★★
Gatto 20099 ★★★★ ★★ ★★★ ★★★★★★★★★
Wang 199435 ★★★★ ★★ ★★★ ★★★★★★★★★

Notes: One “★” will be given if one standard is reached. The more stars, the better the quality of the research.

Table 2 Quality Analysis Diagrams of the Included Studies

Study Country Design Sample Size Blind Method Adjustments Exposure Definition Study Quality

Liou 199712 China HCC 120/240 N 1,2 Ever 5

Behari 200113 India HCC 377/377 N 2 >1year 6

Michele 19966 Italy HCC 116/116 N 1,2,3 >1year 6
Zorzon 200233 Italy HCC 136/272 N 1,2 Before 20 years old 5

Cho 20088 Korea HCC 235/77 N 5 Ever 5

Hristina 201010 Serbia HCC 110/220 N 1,2,5 >6mouths 6
Morano 199436 Spain HCC 74/148 N 1 >1year 6

Hancock 200815 USA PCC 319/296 N 4 Ever 6

Firestone 20057 USA HCC 250/388 N 1,2 Ever 7
Wang 199337 China HCC 93/186 N 1,2 Ever 6

Sanyal 201011 India HCC 175/350 N 1,2,4 >5 years 6

Semchuk 199534 Canada PCC 97/194 Y 1,2 Before 15 years old 9
Nuti 200414 Italy PCC 190/190 N 1,2,6 Ever 8

Gatto 20099 USA PCC 368/341 Y 2,5 Ever 9

Wang 199435 Canada PCC 40/97 Y 4 Ever 9

Note: Matching or adjustments were: (1) sex, (2) age, (3) institution, (4) gene, (5) residential area, (6) socio-cultural factors. 
Abbreviations: PCC, population-based case–control study; HCC, hospital-based case–control study.
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Stratifying Analysis
A significant association was observed for hospital-based 
case–control studies (HCC) (OR 1.47, 95% CI: 1.12–1.92, 
I2 = 61.1%, p for heterogeneity = 0.012) whereas no 
significant association was detected for population-based 
case–control studies (PCC) (OR 0.96, 95% CI: 0.73–1.26, 
I2 = 41.1%, p for heterogeneity = 0.165). The heterogene-
ity of research subgroups designed by PPC was lower than 
the risk value, but the heterogeneity of HCC was still high, 
considering that there may be other confounding factors 
leading to the heterogeneity.

In stratification by geographic area, the pooled ORs 
were 0.97 (95% CI: 0.76–1.24, I2 = 41.2%, p for hetero-
geneity = 0.164), 1.29 (95% CI: 1.05–1.58, I2 = 0.0%, 
p for heterogeneity = 0.460), and 1.80 (95% CI: 1.01–3.19, 
I2 = 73.2%, p for heterogeneity = 0.011) for North 
America, Asia, and Europe, respectively. After stratified 
analysis, the heterogeneity of studies conducted in North 
America and Asia was low. However, owing to the large 
heterogeneity of the overall data and the data in Europe, 
we considered that other heterogeneities were present in 
the included literature.

Sensitivity Analysis
The results of sensitivity analysis showed that Hristina 
2010 had a large influence on heterogeneity (Figure 2). 
After removing this study, the combined effect of the 
variables on the meta-analysis was very large. Therefore, 
we again reviewed this article and decided to delete it.

For the remaining 11 documents, summary statistics 
for each group and an effect estimate and its precision 
were calculated, as presented in Table 4. After removing 
the study, the heterogeneity test was performed again; the 
results showed that the heterogeneity of the remaining 11 
articles was reduced (I2 = 44.5%, p = 0.054); however, the 
heterogeneity was still statistically significant. Figure 3 
presents forest plots for ever well-water drinkers versus 
non-drinkers. The pooled RR was 1.16 (95% CI: 0.97– 
1.39, I2 = 44.52%, p for heterogeneity = 0.054). Then the 
remaining 11 documents were analyzed in a stratified man-
ner (Table 5).

Compared with the previous stratified analysis, the 
intra-group heterogeneity of the HCC design in the study 

Table 3 Results of Subgroup Analyses Stratified by Studied Design, Geographic Area and Study Quality

Group Number of Studies Summary Effect Heterogeneity

OR(95% CI) p value I-Squared p

All studies 12 1.245(1.011–1.533) 0.039 61.2% 0.003

Study design

HCC 8 1.471(1.124–1.923) 0.005 61.1% 0.012
PCC 4 0.962(0.734–1.261) 0.781 41.1% 0.165

Geographic area

America 4 0.969(0.757–1.240) 0.803 41.2% 0.164

Asia 4 1.286(1.045–1.582) 0.017 0.0% 0.460
Europe 4 1.798(1.014–3.187) 0.045 73.2% 0.011

Study quality

High 4 0.919(0.717–1.179) 0.507 32.3% 0.219

Low 8 1.495(1.177–1.898) 0.001 50.9% 0.047

Figure 2 Sensitivity analysis. 
Abbreviation: CI, confidence interval.
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design group analysis was reduced (I2 = 40.9%, p for 
heterogeneity = 0.118), which was no longer statistically 
significant. It can be concluded from the table that the 
subgroup with an HCC design showed a positive correla-
tion between the use of well water and PD (OR 1.31, 95% 
CI: 1.04–1.65, I2 = 40.9%, p for heterogeneity = 0.118) 
whereas studies with a PCC design showed no link 
between them (OR 0.96, 95% CI: 0.73–1.26,I2= 41.1%, 
p for heterogeneity = 0.165). The results of subgroups 
based on geographic area showed that studies from North 
America generally did not find that the use of well water is 

related to PD (OR 0.97, 95% CI: 0.76–1.24, I2 = 41.2%, 
p for heterogeneity = 0.164) whereas Asian studies 
reported that these are positively related (OR 1.29, 95% 
CI: 1.05–1.58, I2 = 0.0%, p for heterogeneity = 0.460). 
The results of European studies were unreliable owing to 
the high degree of heterogeneity.

As controls in HCC-design studies were more likely to 
go to a hospital, HCC-design studies can be more biased 
than PCC-design studies, which may lead to different 
conclusions. When it comes to subgroup analysis by geo-
graphic area, although we consider that an association 

Table 4 Results of Individual Studies

Study Country Tevent Tnoevent Cevent Cnoevent OR (95% CI)

Liou 199712 China 90 30 177 63 1.07(0.65,1.77)
Behari 200113 India 156 221 140 237 1.19(0.89,1.60)

Michele 19966 Italy 51 65 68 264 1.89(1.10,3.26)

Cho 20088 Korea 34 102 35 237 1.83(1.08,3.08)
Morano 199436 Spain 156 79 40 37 3.28(0.93,11.51)

Hancock 200815 USA 76 34 102 118 1.12(0.81,1.54)

Firestone 20057 USA 71 3 130 18 0.94(0.69,1.30)
Wang 199337 China 197 122 175 121 1.39(0.84,2.29)

Nuti 200414 Italy 133 117 212 176 0.93(0.59,1.44)
Gatto 20099 USA 45 48 75 111 1.09(0.79,1.50)

Wang 199435 Canada 32 10 60 24 0.45(0.21,0.96)

Figure 3 Forest plots for ever-well-water drinkers versus non-drinkers (95% CI). 
Abbreviations: CI, confidence interval; OR, odd ratio.
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between well-water exposure and PD risk cannot be estab-
lished, we assume that the association between well-water 
use and PD cannot be ruled out in a specific, small geo-
graphic area.

Publication Bias and Certainty of Evidence
The Begg’s funnel plot did not show any asymmetry 
(Figure 4), indicating that no evidence of publication bias 
was detected. Additionally, the Egger’s test suggested that 
there was no publication bias (p for Egger’s test = 0.458). 
The GRADE method was used to evaluate the evidence. 
Though the included studies were all case–control studies 
and did not meet the requirements of increasing the evi-
dence, we believe that the level of evidence is high, since 

the interest here is not a factor particularly susceptible to 
recall bias.

Discussion
Our research shows that, in general, it cannot be consid-
ered that there is an association between well-water expo-
sure and PD risk. However, in the subgroup analysis 
according to a specific experimental design (such as 
HCC) or a specific location (such as Asia), certain conclu-
sions about this association can be drawn.

When studies with a narrower definition of exposure were 
included in the analysis, we found one study reporting that 
people with a history of drinking well water for more than 5 
years were more likely to develop PD,11 and another study 
found that people who drank well water for their first 20 
years of life were more likely to develop PD,33 These find-
ings suggest that the standards selected for positive exposure 
may affect the final conclusions. However, a high-quality 
study with a PCC design claimed that drinking well water 
during the first 15 years of life is unrelated to the prevalence 
of PD,34 this conclusion contradicts previous studies, high-
lighting the need for further research.

The association between well-water consumption and 
risk of PD has long been explored, with conflicting results. 
So far, many studies have shown that the use of well water 
may increase the risk of PD,6–11 but other studies have 
observed a reverse correlation or no correlation.12–15 The 
aim of this study was to attempt to clarify whether there is 
a correlation between the use of well water and PD. We 

Table 5 Results of Subgroup Analyses Stratified by Studied Design, Geographic Area and Study Quality

Group Number of Studies Summary Effect Heterogeneity

OR(95% CI) p value I-Squared p

All studies 11 1.158(0.968–1.386) 0.109 44.52% 0.054

Study design

HCC 7 1.314(1.044–1.654) 0.020 40.9% 0.118
PCC 4 0.962(0.734–1.261) 0.781 41.1% 0.165

Geographic area

America 4 0.969(0.757–1.240) 0.803 41.2% 0.164

Asia 4 1.286(1.045–1.582) 0.017 0.0% 0.460
Europe 3 1.542(0.793–3.001) 0.202 67.6% 0.046

Study quality

High 4 0.919(0.717–1.179) 0.507 32.3% 0.219

Low 7 1.331(1.100–1.611) 0.003 18.6% 0.288

Figure 4 Funnel plot analysis to detect publication bias.
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conclude that an association between well-water exposure 
and PD risk cannot be clearly established; however, var-
ious mechanisms have been proposed. There are many 
environmental factors that may cause an increased inci-
dence of PD.4,38–42 Among these, rural residence and 
pesticide use have been proved in many studies to have 
a positive correlation with PD,25,43–46,48 these factors are 
highly related to the use of well water, which suggests that 
they may be distorting factors that influence investigation 
of the relationship between well-water drinking and PD. In 
fact, some studies have reported that the positive correla-
tion between well water and PD is caused by well water as 
a carrier of pesticides.45 Studies have shown that harmful 
substances in well water that are related to PD may include 
rotenone, paraquat and so on. Take rotenone as an exam-
ple, it is a naturally occurring insecticide and it has been 
proved that even at a low free rotenone concentration of 
about 20–30 nmol/L in the brain, the binding of specific 
complex I can be reduced by 75%, accompanied by dopa-
minergic lesions of the substantia nigra striatum.48 

Therefore, we suppose that the correlation between well 
water and PD depends on the pesticide content in well 
water, to some extent, which can explain the clustering of 
PD cases in a small area.47

A nationwide case–control study published in 2020, 
which was excluded in this study because the sample size 
was too large, also reported that reliance on well water does 
not appear to increase risk of PD in general,31 which further 
increases the credibility of our conclusions. In this nation-
wide, population-based case–control study, the researchers 
identified all incident PD cases (N = 89,790) and all compar-
able controls (N = 21,549,400) age 66–90 who solely relied 
on Medicare coverage in the US in 2009. After careful 
research, they came to the conclusion that use of well water 
was inversely associated with PD risk (OR= 0.87, 95% CI 
0.85–0.89), which is quite surprising. The study then pro-
posed that solvents in private wells in the United States is 
usually lower than the federal drinking water standards, in 
which case well water may be considered even a poor indi-
cator of the content of such chemicals in drinking water, 
which may be a reason leading to the above irrelevant 
conclusion.

In combination with our study, the low pesticide con-
tent in well water in the United States may also be a reason 
why the conclusions obtained in studies from North 
America were inconsistent with those conducted in Asia. 
Take China as an example, studies have shown that, com-
pared with developed countries, China’s pesticide 

registration system, operating license system and other 
systems have been established late, with poor practical 
experience and effects.49 Meanwhile, China’s pesticide 
application is large and the pesticide application load per 
unit of arable land is high. It is 3.42 and 3.11 times for the 
total application of pesticides and its load in China than 
that in the developed countries, which may result in 
a higher concentration of harmful substances in the well 
water in China than in North America, making the results 
different.

We can see that there is a big flaw in observational 
research that bias counts a lot. During the research pro-
cess, we found that many studies did not measure the 
content of the main harmful substances in the well water, 
which can be quite distorting factors. As a result, it can 
lead to a certain deviation in the definition of well water, 
which may be the main reason for the different results.

Also, the researches of PCC design are less biased than 
the experimental design of HCC, which is consistent with 
our conclusion, so the PCC-designed studies should be 
given more weight when the conclusions are contradictory, 
which gives our conclusions greater credibility.

To conclude, these findings further support our guess 
that whether the well water itself is positively correlated 
with PD is likely to be related to the level of harmful 
substances in the well water, and we cannot conclude 
that there is correlation between well water and PD in 
a wider area.

Several limitations in our analysis should be addressed. 
First, because our meta-analysis was based on observa-
tional studies, distorting factors are of concern, which has 
been discussed above. Second, the included studies 
applied strict standards, especially for positive exposure, 
which may have led to some studies being missed. This 
could result in insufficient research results included in our 
analysis. Third, we were unable to quantitatively assess the 
relationship between the number of years of well-water 
consumption and the incidence of PD owing to limited 
available data. Fourth, a separate analysis for women and 
men was not possible as only two studies provided results 
separately for men and women.6,7 Finally, potential pub-
lication bias may distort the association between well- 
water consumption and risk of PD.

To conclude, firstly, we found reliance on well water 
does not appear to increase risk of PD in general, which is 
contrary to the mainstream notion. Secondly, we pointed 
out the reasons why previous studies have reached differ-
ent conclusions, hopefully it will remind researchers who 
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are engaged in similar research to heed. Thirdly, we hope 
to encourage people and public management departments 
to pay attention to the impact of pesticides and other 
pollution on land and water sources. It is not our final 
purpose to simply conclude that there is no significant 
correlation between well-water consumption and PD risk, 
but why the impact of well water in different regions on 
PD is different is what we most want to remind the public. 
This conclusion can be used as a reference for health 
systems when making policies.

Conclusions
This meta-analysis provides evidence of a lack of associa-
tion between well-water consumption and risk of PD.
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