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Abstract

Background: Parkinson's disease (PD) is characterized by memory loss and multiple
cognitive disorders caused primarily by neurodegeneration. However, the preventa-
tive effects of the mitochondrial A10398G DNA polymorphism remain controversial.
This meta-analysis comprehensively assessed evidence on the influence of the mito-
chondrial DNA A10398G variant on PD development.

Methods: The PubMed, EMBASE, EBSCO, Springer Link, and Web of Science databases
were searched from inception to May 31, 2020. We used a pooled model with random
effects to explore the effect of A10398G on the development of PD. Stata MP version

14.0 was used to calculate the odds ratios and 95% confidence intervals (Cls) from the el-

igible studies to assess the impact of mitochondrial DNA A10398G on PD development.
Results: The overall survey of the populations showed no significant association be-
tween mitochondrial DNA A10398G polymorphism (G allele compared to A allele) and
PD (odds ratio = 0.85, 95% Cl = 0.70-1.04, p = 0.111); however, a significant associa-
tion between the mutation and PD was observed in the Caucasian population (odds
ratio = 0.71, 95% Cl = 0.58-0.87, p = 0.001). A neutral effect was observed in the
Asian population (odds ratio = 1.10, 95% Cl = 0.94-1.28, p = 0.242).

Conclusions: The results of this meta-analysis showed the potential protective effect
of the mitochondrial DNA A10398G polymorphism on the risk of developing PD in the
Caucasian population. Studies with better designs and larger samples with intensive

work are required to validate these results.
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1 | INTRODUCTION

and SNCA associated with PD. Moreover, mutations in mitochondria-
related genes, including PARKIN, PARKé6, POLG, DJ, and 12S rRNA are

Parkinson's disease (PD) is characterized by memory loss and mul- also implicated in PD.*> While most of these genes are nuclear, the

tiple cognitive disorders.! Neurodegeneration is the major cause of 12S rRNA gene is mitochondrial. To build (or maintain the function

symptoms.? A previous genome-wide association study of PD® iden- of) mitochondria,® these relevant genes are involved in encoding mi-

tified many genetic variants in genes including PARKIN, GBA, LRRK2, tochondrial proteins.
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Mitochondria play a critical role in providing cellular energy, me-
tabolism regulation, cell death, etc. Various diseases may be caused
by mitochondrial dysfunction. Owing to mitochondrial dysfunction
associated with PD, sporadic PD patients may have respiratory chain
enzyme deficiencies in the substantia nigra (SN).””? Thus, the eluci-
dation of the mechanism of genetic influence requires exploration of
the genetic components of PD. PD is a common phenotype of several
diseases, a critical finding in the past decade. As PD is genetically het-
erogeneous, various genes can contribute to its development. While
most causes of PD development are multifactorial, monogenic forms
related to mutations in genes like PARKIN and LRRK2 account for 10%
of PD cases. Thus, different genes are important for PD development
in most cases. Some genes are more likely than others to influence the
risk of an individual developing PD. This genetic heterogeneity may
provide conflicting information and confusing data in research studies.

Sharing a point mutation with a single-nucleotide polymorphism
(SNP),*%3 group of similar haplotypes forms a haplogroup. Alleles located
in different chromosomal regions that are combined as a haplogroup are
closely connected and inherited together. Different types of mainstream
Y-DNA haplogroups are detected in different races. For example, the H,
1,J, K, T, U, V, W, and X haplogroups are detected in European races.'!
Different haplogroups may confer increased (or decreased) risks of PD
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development. van der Walt et al.”* reported a reduced PD risk for the J

and K haplogroups, especially in women (609 affected, 340 controls).

1314 with small

Subsequent studies with Irish and Finnish populations
sample sizes (90 cases vs. 129 controls and 238 cases vs. 104 controls,
respectively) showed that the J and T haplogroups were associated with
increased PD risks. Recently, a study with a larger sample size (455 af-
fected vs. 447 nonaffected participants) by Pyle et al.'® showed that the
U, K, J, and T haplogroups were related to a reduced risk for PD develop-
ment, consistent with the findings reported by van der Walt.

van der Walt et al.*? and Pyle et al.'® reported a significantly re-
duced risk (p < 0.0001) for the U, K, J, and T haplogroups (1302 af-
fected, 891 controls). van der Walt attributed this observation to the
A10398G SNP polymorphism. Pyle et al. suggested that other SNPs
might be causative, as this SNP was also found in other haplogroup
backgrounds.'® Furthermore, another small study on the association
of A10398G with PD (102 affected, 112 controls) observed no sig-
nificant relationship with PD.1¢

While several recent studies concluded that the mitochondrial
A10398G DNA polymorphism prevented PD,'>*78 other studies did
not.*%1?24 Thus, the present meta-analysis evaluated 10 eligible case-
control studies to provide comprehensive evidence of the influence of
the mitochondrial A10398G DNA variant on the development of PD.

2 | MATERIALS AND METHODS

2.1 | Relevant and eligible literature search

Two investigators independently searched the PubMed, EMBASE,
EBSCO, Springer Link, and Web of Science databases for relevant lit-
erature published through May 2020 using the following keywords:

mitochondrial DNA or A10398G, gene polymorphism or variant, and
familial Parkinson's disease or familial PD. Human case-control stud-

ies set to be searched as references.

2.2 | Inclusion and exclusion criteria for the
eligible studies

The case-control studies included in this analysis fulfilled four in-
clusion criteria: (1) explored the effect of mitochondrial DNA poly-
morphism A10398G on PD, (2) provided odds ratios (ORs) and 95%
confidence intervals (Cls) from sufficient allele data, (3) investigated
equal numbers of cases and controls, and (4) were written in English
and had available full texts.

The exclusion criteria were: (1) case reports, editorials, review ar-
ticles, or meta-analyses; and (2) investigations of mitochondrial DNA
polymorphism A10398G without sufficient data.

2.3 | Extraction and assessment of the
eligible studies

Two investigators (IST and an anonymous investigator) indepen-
dently assessed eligible articles and collected the required data. We
also discussed with a third reviewer (second anonymous investiga-
tor) to resolve disagreement between the two investigators. We ex-
tracted and presented the eligible studies as the surname of the first
author followed by et al., and recorded the publication year, popu-
lation ethnicity, and the number of cases and controls. The qual-
ity of the eligible studies was evaluated independently by IST and
the anonymous investigators according to the Newcastle-Ottawa
Scale (NOS).?° We identified articles of high quality, defined as NOS
scores 26 stars.

2.4 | Ethical statements
This was a literature-based study; thus, no ethical approval was

required.

2.5 | Statistical analysis

Stata MP, version 14.0 (Stata Corporation) was used to analyze the
extracted data. To assess the impact of the relationship between the
variant and PD sensitivity, OR and Cl were calculated. Statistically
significant differences were defined as p < 0.05. Q- and I tests were
used to examine the heterogeneity between studies.?® Furthermore,
the relationship between the mitochondrial A10398G DNA vari-
ant and PD risk was assessed using the random-effects model of
allele data.?” We also addressed concerns regarding heterogene-
ity through subgroup analysis stratified by different populations to
re-examine the relationship between mitochondrial A10398G DNA
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variants and PD risk. In addition, we conducted a sensitivity analy-
sis to examine the stability of the results. Funnel plots and Begg's
tests were used to explore potential publication bias. We concluded
that no trial publication bias was embedded in the meta-analysis
(p>0.05).28

3 | RESULTS

Figure 1 illustrates the article screening process. First, the database
search identified 533 potentially relevant articles. The mitochondrial
DNA variant in familial PD was also crucial for the OR of the G al-
lele of the pooling model. This study analyzed a total of 3809 PD
patients and 3240 healthy individuals. Among the included studies,
seven and three assessed Caucasian and Asian populations, respec-
tively. Among the eligible studies, eight and two used polymerase
chain reaction (PCR) or TagMan, respectively, to measure the geno-
type frequencies of the controls. Tables S1 and S2 show the relevant

characteristics and NOS scores for each eligible study, respectively.

3.1 | Main findings

Table 1 summarizes the results of the meta-analysis. The I value in-
dicated the presence of heterogeneity in the allele model under the
random-effects assumption (I*> = 67.0%, p = 0.001). The results of
a subgroup analysis stratified by Caucasian (1> = 35.3%, p = 0.159)
and Asian (I*> = 10.1%, p = 0.329) populations showed no signifi-
cant relationship between the mitochondrial A10398G DNA poly-
morphism and PD (G allele compared to A allele: OR = 0.85, 95%

Record after initial
database searching
(n=533)
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Cl = 0.70-1.04, p = 0.111) in the pooled populations. However, in-
dividually, we observed a significant relationship between this poly-
morphism and PD in the Caucasian population (G allele compared
to A allele: OR = 0.71, 95% ClI = 0.58-0.87, p = 0.001) but not in
the Asian population (G allele compared to A allele: OR = 1.10, 95%
Cl = 0.94-1.28, p = 0.242). Figure 2 presents forest plots of the in-
cluded studies.

3.2 | Sensitivity test and publication bias of the
included studies

In the allele model, the sensitivity tests for integrated OR and Cl
showed no significant changes when removing each study individu-
ally. The OR of the meta-analysis also remained stable (Figure 3).
Figure 4 shows Begg's funnel plots indicating no publication bias in
this meta-analysis (p = 0.474).

4 | DISCUSSION

Endurance training is a powerful tool to improve health and per-
formance. Physical activity is an effective intervention for many
diseases.?”30 Activating mitochondrial function and exercising
muscles are among the most profound adaptations.3* Physical
activity is positively associated with mitochondrial quality and
quantity, and positive health effects have been reported after
endurance training. Furthermore, muscle oxidative capacity and
endurance performance are strongly associated with high mito-
chondrial content.

Article excluded after searching titles and abstracts
(n=517)

Article considered
worth further

review (n=16)

?| Exclude criteria

(1)Without describing association between
mitochondrial DNA A10389G variant and risk at PD
(2)Without case control study

(3)Insufficient genotype data

Article excluded after full-text review (n=6)

synthesis (n=10)

Articles included in qualitative

l

FIGURE 1 Flow chart for publication
selection

| Articles included in meta-analysis (n=10)
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TABLE 1 Summary of the results of the meta-analysis
Fix effect pooling model Random effect pooling model
(Mantel-Haenszel) (Mantel-Haenszel heterogeneity) Heterogeneity Begg's test
Ethnicity OR 95% Cl p OR 95% ClI p 12 z p
Overall 0.89 0.80-1.00 0.041 0.85 0.70-1.04 0.111 67.0% 0.72 0.474
population
Caucasian 0.71 0.61-0.83 <0.001 0.71 0.58-0.87 0.001 35.3% 0.00 1.000
population
Asian population  1.09 0.94-1.27 0.231 1.10 0.94-1.28 0.242 10.1% 1.04 0.296
Abbreviations: Cl, confidence intervals; OR, odds ratio.
Study %
ID OR (95% CI) Weight
T
Caucasian |
1
Cecilia Huerta (2005) - : 0.53 (0.33,0.85) 8.39
Cecilia Huerta (2007) —o— : 0.52 (0.34,0.81) 9.18
1
Joelle M. van der Walt (2003) —+—: 0.60 (0.43,0.84) 11.14
1
D. Otaegui (2004) ; * 1.57 (0.58, 4.27) 3.18
Helen Latsoudis (2008) —_— 0.93 (0.61, 1.41)  9.52
1
Joanne Clark (2011) g 0.84 (0.55,1.28) 9.44
David k Simon (2010) —_— 0.78 (0.57,1.08) 11.46
Subtotal (I-squared = 35.3%, p =0.159) <>' 0.71 (0.58,0.87) 62.31
1
I
Asian |
1
Qiaohong Chu (2015) : —- 1.34 (0.98, 1.82) 11.69
C. W. Liou (2016) -:—+— 1.01 (0.82,1.24) 13.85
1
C. M. Chen (2007) -{—-ﬁ— 1.08 (0.81, 1.44) 12.16
Subtotal (I-squared = 10.1%, p = 0.329) > 1.10 (0.94, 1.28)  37.69
1
1
1
Overall (l-squared =67.0%, p = 0.001) <>> 0.85(0.70, 1.04)  100.00
1
NOTE: Weights are from random effects analysis E
| |
234 1 4.27

FIGURE 2 Forest plot for the present meta-analysis

PD is one of the most common neurodegenerative disorders
due to the characteristic loss of dopaminergic neurons in the SN.
Although the genetic factors involved in the development of PD
have been identified, some etiological factors of PD remain am-
biguous. Previous studies showed that mitochondrial dysfunction
triggers PD development.®?** Other neurodegenerative disorders,
including Alzheimer's disease, Lewy body disease, and amyotrophic
lateral sclerosis, as well as multiple sclerosis, also involve mitochon-
drial DNA mutations.®>%” Based on our findings, the effect of the
mitochondrial A10398G DNA polymorphism on PD development

remains to be elucidated. Although previous studies evaluated the
effects of polymorphisms on PD sensitivity in various populations
worldwide, their results were contradictory. The results of this study
successfully clarified the effect of mitochondrial DNA A10398G on
PD development and addressed the limitations of the relatively small
sample sizes in some of the included studies.

Among included case-control studies, seven and three investi-
gated Caucasian and Asian populations, respectively. Among 271
cases and 230 controls in the Spanish population, Huerta et al.»” re-
ported a decreased risk of PD for the 10398G allele, with an OR (95%
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FIGURE 3 Sensitivity analysis of the
summary odds ratio coefficients on the
association between mitochondrial DNA
A10398G polymorphism and PD
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FIGURE 4 Funnel plot

Cl) of 0.53 (0.33-0.86).7 Another study including 450 cases and
200 controls in a Caucasian population from Spain'® reported a de-
creased risk of PD for the 10398G allele, with an OR (95% CI) of 0.52
(0.34-0.81).8 Similarly, van der Walt demonstrated the strong pro-
tective effect of 10398G against PD in European populations, with
an OR (95% Cl) of 0.53 (0.39-0.73).2 However, Chu et al. reported
negative associations, with 10398G allele a significant and positive
risk factor for PD in a northern Chinese population (OR = 1.30; 95%
Cl = 0.95-1.76; p = 0.013).2* Other studies observed no statistically
significant link between the 10398G allele and PD risk. For instance,
Otaegui et al. found no relationship between the A10398G polymor-
phism and PD in the general Caucasian population of Spain.*® Clark
et al. also detected no relationship between A10398G and PD risk
in a Caucasian population.? Similarly, a case-control study includ-
ing 416 cases and 372 controls by Chen et al. detected no associa-
tion between A10398G and PD.%° Moreover, a case-control study

by Latsoudis et al.??

|22

of 224 cases and 383 controls and a study by

Liou et a including 725 cases and 744 controls reported similar

WI LEYM

Meta-analysis random-effects estimates (linear form)
Study ommited

G allele frequencies among cases and controls. The random-effects
results of the present meta-analysis showed no increased risk of PD
for the G allele compared to the A allele (OR = 1.1, 95% Cl = 0.94-
1.28, p = 0.242) in the Asian population, consistent with the findings
of the included studies. Meanwhile, compared to the A allele, the G
allele of the mitochondrial A10398G DNA polymorphism exhibited
a protective function against PD (OR = 0.71, 95% Cl = 0.58-0.87,
p =0.001) in the Caucasian population.

Due to the amino acid replacement from Thr to Ala, which leads
to a transition from A to G, the A10398G ND3 SNP may encode one

1.8 The mitochondrial electron trans-

subunit constituting complex
port is catalyzed by a very large enzyme complex .374° The trivially
correlated 10398G allele may improve the expression of complex I.*2
An active complex | may lead to increased ATP synthesis and defend
against various PD-related biotoxins.*' Furthermore, the 10398G
allele may result in increased reactive oxygen species (ROS) com-
pared to the 10398A allele. ROS are produced by complex | during
cellular activity.*> However, alleviating oxidative stress enhances
complex | and decreases ROS generation.*® In general, SN tissues
are vulnerable to oxidative damage; thus, SN neuron degeneration
may be caused by excessive oxidative stress over time.** Therefore,
the 10398G allele may have neuroprotective functions to reduce the
risk of PD. More evidence-based research is required to elucidate
the mechanism underlying the regulation of complex I.
Theresultsin the Caucasian population differed from those of the
Asian population due to the different distributions of the A10398G
polymorphism. A previous study showed a lower frequency of the
10398G mitochondrial DNA allele in two Asian populations com-
pared to that of a Caucasian population.*> Our meta-analysis results
were similar to those of a previous meta-analysis.*® Unlike the meta-
analysis by Hua et al.,*® our study additionally included the study
by Simon et al.?% because PD includes familial and sporadic forms.
Caucasian and Asian populations may also exhibit contradictory
findings due to their different exposures to environmental factors.
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The etiology of PD is still largely unknown; however, the condition
is likely to be multifactorial, with genetic and environmental factors
contributing to disease genesis. Numerous environmental toxins
have been implicated in the onset of PD. Moreover, the incidence
of PD may be associated with occupational exposure to chemi-
cals.”” Individuals exposed to pesticides*® and heavy metals*’ may
also have increased risks of PD. Highly populated urban areas also
showed significant associations of airborne heavy metal pollution
from industry50 and traffic ambient air poIIution51 with increased
risk of PD onset. A previous study suggested that mainland Chinese
has a lower rate of exposure to putative environmental risk factors
for PD compared to the West.>? Hence, larger samples and well-
designed studies are required to validate these results.

Randomized clinical trials provide research inference with the high-
est level of evidence. However, some factors, including environmental
and socioeconomic factors, may not be completely excluded to strictly
control for their impact in epidemiologic research. Regardless of how
perfect the design and measurement of epidemiologic research are, it is
impossible to exclude potential and unmeasured confounders. Hence,
although the research designs may be similar, they produce different
conclusions, eventually leading to controversy. Meta-analyses are com-
monly used to address controversial conclusions from relevant studies
on similar issues. After considering the weight (random-effects model),
the pooled model provides greater objective research results. Recently,
Mendelian randomization was used to modify potential and unmeasured
confounders to obtain true causal inferences. Billingsley et al. used this
method to identify 14 mitochondrial function-associated genes linked
with the risk of PD.>® In future, superior to both research approaches,
a Mendelian randomization meta-analysis may help to identify the rela-
tionships between specific mitochondrial DNA polymorphisms and PD.

This meta-analysis has some limitations. First, PD development
may also be influenced by the interactions of genetic-genetic or
genetic-environmental factors. Second, the small sample sizes may
have limited the reliability of the studies. In particular, only three
studies included an Asian population. Furthermore, due to insuffi-
cient data, other possible variables associated with A10398G and

PD, including age of onset, sex, and smoking, were not assessed.

5 | CONCLUSION

The mitochondrial A10398G DNA polymorphism plays a protective role
in the risk of PD development in the Caucasian population. These results

require validation in well-constructed studies with larger sample sizes.

CONFLICT OF INTEREST
The author declared no competing interests.

AUTHOR CONTRIBUTIONS

The author constructed all works of the final manuscript. |-Shiang
Tzeng involved in the conceptualization, formal analysis, methodol-
ogy, supervision, writing original draft, reviewing and editing. I-Shiang
Tzeng and anonymous investigators involved in the data curation.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from

the corresponding author upon a reasonable request.

ORCID

I-Shiang Tzeng "= https://orcid.org/0000-0002-9047-8141

REFERENCES

1. Jiang H, Wang J, Rogers J, et al. Brain iron metabolism dysfunction
in Parkinson's disease. Mol Neurobiol. 2017;54(4):3078-3101.

2. Aarsland D, Creese B, Politis M, et al. Cognitive decline in Parkinson
disease. Nat Rev Neurol. 2017;13(4):217-231.

3. Benitez BA, Davis AA, Jin SC, et al. Resequencing analysis of five
Mendelian genes and the top genes from genome-wide association
studies in Parkinson's disease. Mol Neurodegener. 2016;11:29.

4. Abou-Sleiman PM, Mugit MM, Wood NW. Expanding insights of
mitochondrial dysfunction in Parkinson's disease. Nat Rev Neurosci.
2006;7(3):207-219.

5. Bonifati V, Rizzu P, Squitieri F, et al. DJ-1(PARK7), a novel gene
for autosomal recessive, early onset parkinsonism. Neurol Sci.
2003;24(3):159-160.

6. Mugit MM, Gandhi S, Wood NW. Mitochondria in Parkinson dis-
ease: back in fashion with a little help from genetics. Arch Neurol.
2006;63(5):649-654.

7. Hattori N, lkebe S, Tanaka M, et al. Inmunohistochemical studies
on complexes |, 11, lll, and IV of mitochondria in Parkinson's disease.
Adv Neurol. 1993;60:292-296.

8. Michel PP, Hirsch EC, Hunot S. Understanding dopaminergic cell
death pathways in Parkinson disease. Neuron. 2016;90(4):675-691.

9. Schapira AH, Cooper JM, Dexter D, et al. Mitochondrial complex |
deficiency in Parkinson's disease. Lancet. 1989;1(8649):1269.

10. Arora D, Singh A, Sharma V, et al. HgsDb: Haplogroups Database
to wunderstand migration and molecular risk assessment.
Bioinformation. 2015;11(6):272-275.

11. Mitchell SL, Goodloe R, Brown-Gentry K, et al. Characterization of
mitochondrial haplogroups in a large population-based sample from
the United States. Hum Genet. 2014;133(7):861-868.

12. van der Walt JM, Nicodemus KK, Martin ER, et al. Mitochondrial
polymorphisms significantly reduce the risk of Parkinson disease.
Am J Hum Genet. 2003;72(4):804-811.

13. Ross OA, McCormack R, Curran MD, et al. Mitochondrial DNA
polymorphism: its role in longevity of the Irish population. Exp
Gerontol. 2001;36(7):1161-1178.

14. Autere JM, Hiltunen MJ, Mannermaa AJ, et al. Molecular genetic
analysis of the alpha-synuclein and the parkin gene in Parkinson's
disease in Finland. Eur J Neurol. 2002;9(5):479-483.

15. Pyle A, Foltynie T, Tiangyou W, et al. Mitochondrial DNA hap-
logroup cluster UKJT reduces the risk of PD. Ann Neurol.
2005;57(4):564-567.

16. Otaegui D, Paisan C, Sdenz A, et al. Mitochondrial polymporphisms
in Parkinson's disease. Neurosci Lett. 2004;370(2-3):171-174.

17. Huerta C, Castro MG, Coto E, et al. Mitochondrial DNA polymor-
phisms and risk of Parkinson's disease in Spanish population. J
Neurol Sci. 2005;236(1-2):49-54.

18. Huerta C, Sdnchez-Ferrero E, Coto E, et al. No association between
Parkinson's disease and three polymorphisms in the eNOS, nNOS,
and iNOS genes. Neurosci Lett. 2007;413(3):202-205.

19. Clark J, Reddy S, Zheng K, et al. Association of PGC-1alpha poly-
morphisms with age of onset and risk of Parkinson's disease. BMC
Med Genet. 2011;12:69.

20. Chen CM, Kuan CC, Lee-Chen GJ, et al. Mitochondrial DNA poly-
morphisms and the risk of Parkinson’s disease in Taiwan. J Neural
Transm. 2007;114:1017.


https://orcid.org/0000-0002-9047-8141
https://orcid.org/0000-0002-9047-8141

WI LEYM

TZENG

21. Latsoudis H, Spanaki C, Chlouverakis G, et al. Mitochondrial DNA 40. Kosel S, Hofhaus G, Maassen A, et al. Role of mitochondria in
polymorphisms and haplogroups in Parkinson's disease and con- Parkinson disease. Biol Chem. 1999;380:865-870.
trol individuals with a similar genetic background. J Hum Genet. 41. Parsons RB, Aravindan S, Kadampeswaran A, et al. The expres-
2008;53(4):349-356. sion of nicotinamide N-methyltransferase increases ATP synthesis

22. Liou CW, Chuang JH, Chen JB, et al. Mitochondrial DNA vari- and protects SH-SY5Y neuroblastoma cells against the toxicity of
ants as genetic risk factors for Parkinson disease. Eur J Neurol. Complex | inhibitors. Biochem J. 2011;436:145-155.
2016;23(8):1289-1300. 42. Kazuno AA, Munakata K, Nagai T, et al. Identification of mitochon-

23. Simon DK, Pankratz N, Kissell DK, et al. Maternal inheritance and drial DNA polymorphisms that alter mitochondrial matrix pH and
mitochondrial DNA variants in familial Parkinson's disease. BMC intracellular calcium dynamics. PLoS Genet. 2006;2:e128.

Med Genet. 2010;11:53. 43. Orth M, Schapira AH. Mitochondrial involvement in Parkinson’s

24. Chu Q, Luo X, Zhan X, et al. Female genetic distribution bias in mi- disease. Neurochem Int. 2002;40:533-541.
tochondrial genome observed in Parkinson’s Disease patients in 44, Shoffner JM, Watts RL, Juncos JL, et al. Mitochondrial oxida-
northern China. Sci Rep. 2015;5:17170. tive phosphorylation defects in Parkinson's disease. Ann Neurol.

25. Stang A. Critical evaluation of the Newcastle-Ottawa scalefor 1991;30:332-339.
the assessment of the quality of nonrandomized studies in meta- 45. Torroni A, Wallace DC. Mitochondrial DNA variation in human popula-
analyses. Eur J Epidemiol. 2010;25:603-605. tions and implications for detection of mitochondrial DNA mutations

26. Zintzaras E, loannidis JP. Heterogeneity testing in meta-analysis of of pathological significance. J Bioenerg Biomembr. 1994;26:261-271.
genome searches. Genet Epidemiol. 2005;28:123-137. 46. Hua F, Zhang X, Hou B, et al. Relationship between mitochondrial

27. PetersJL, Sutton AJ, Jones DR, et al. Comparison of two methods to DNA A10398G polymorphism and Parkinson's disease: a meta-
detect publication bias in meta-analysis. JAMA. 2006;295:676-680. analysis. Oncotarget. 2017;8(44):78023-78030.

28. Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis 47. Gamache PL, Roux-Dubois N, Provencher P, et al. Professional ex-
detected by a simple, graphical test. BMJ. 1997;315(7109):629-634. posure to pesticides and heavy metals hastens Parkinson Disease

29. Meng Q, Lin MS, Tzeng IS. Relationship between exercise and onset (P6.008). Neurology. 2017;88:P6.008.

Alzheimer's disease: a narrative literature review. Front Neurosci. 48. Pouchieu C, Piel C, Carles C, et al. Pesticide use in agriculture and
2020;14:131. Parkinson's disease in the AGRICAN cohort study. Int J Epidemiol.

30. Kwok JY, Choi KC, Chan HY. Effects of mind-body exercises 2018;47:299-310.
on the physiological and psychosocial well-being of individuals 49. Castillo S, Mufioz P, Behrens M, et al. On the role of mining ex-
with Parkinson's disease: a systematic review and meta-analysis. posure in epigenetic effects in Parkinson's disease. Neurotox Res.
Complement Ther Med. 2016;29:121-131. 2017;32:172-174.

31. Granata C, Jamnick NA, Bishop DJ. Training-induced changes in 50. Palacios N. Air pollution and Parkinson's disease - evidence and
mitochondrial content and respiratory function in human skeletal future directions. Rev Environ Health. 2017;32:303-313.
muscle. Sports Med. 2018;48(8):1809-1828. 51. Ritz B, Lee P-C, Hansen J, et al. Traffic-related air pollution and

32. Luoma P, Melberg A, Rinne JO, et al. Parkinsonism, premature Parkinson's disease in Denmark: a case-control study. Environ
menopause, and mitochondrial DNA polymerase y mutations: clini- Health Perspect. 2016;124:351-356.
cal and molecular genetic study. Lancet. 2004;364:875-882. 52. Chan DK, Cordato D, Bui T, et al. Comparison of environmental

33. Abeliovich A. Parkinson's disease: mitochondrial damage control. and genetic factors for Parkinson's disease between Chinese and
Nature. 2010;463:744-745. Caucasians. Neuroepidemiology. 2004;23(1-2):13-22.

34. Sanders LH, McCoy J, Hu X, et al. Mitochondrial DNA damage: mo- 53. Billingsley KJ, Barbosa IA, Bandrés-Ciga S, et al. Mitochondria func-
lecular marker of vulnerable nigral neurons in Parkinson's disease. tion associated genes contribute to Parkinson's Disease risk and
Neurobiol Dis. 2014;70:214-223. later age at onset. NPJ Parkinson's Dis. 2019;5:8.

35. Keogh MJ, Chinnery PF. Mitochondrial DNA mutations in neurode-
generation. Biochem Biophys Acta. 2015;1847:1401-1411.

36. van der Walt JM, Dementieva YA, Martin ER, et al. Analysis of SUPPORTING INFORMATION
European mitochondrial haplogroups with Alzheimer disease risk. Additional supporting information may be found in the online
Neurosci Lett. 2004;365:28-32. version of the article at the publisher’s website.

37. Mancuso M, Conforti FL, Rocchi A, et al. Could mitochondrial
haplogroups play a role in sporadicamyotrophic lateral sclerosis?

Neurosci Lett. 2004;371:158-162. How to cite this article: Tzeng I-S. Role of mitochondria DNA

38. Oliver NA, Greenberg BD, Wallace DC. Assignment of a polymor- . . .
phic polypeptide to the human mitochondrial DNA unidentified A10398G polymorphism on development of Parkinson's
reading frame 3 gene by a new peptide mapping strategy. J Biol disease: A PRISMA-compliant meta-analysis. J Clin Lab Anal.
Chem. 1983;258(9):5834-5839. 2022;36:€24274. doi:10.1002/jcla.24274

39. Schapira AH. Mitochondrial complex | deficiency in Parkinson's dis-

ease. Adv Neurol. 1993;60:288-291.


https://doi.org/10.1002/jcla.24274

