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Abstract
Idiopathic Parkinson’s disease (PD) constitutes a complex trait influenced by genetic, environmental, and lifestyle factors, 
with an estimated heritability of nearly 30%. However, a large proportion of the heritable variation linked to PD remains 
uncertain, partly due to ancestral bias. Expanding research into Hispanic populations can contribute to address this gap. To 
review the evidence of genetic variants associated with idiopathic PD in Latin America. A PRISMA-compliant systematic 
review was conducted in MEDLINE, EMBASE and LILACS, compiling studies published up to February 7, 2025. Nineteen 
case–control studies were included. Two hypothesis-free studies identified rs525496 near H2BW1 as a protective factor and 
rs356182 in SNCA as a risk factor through XWAS and GWAS, respectively. Seventeen hypothesis-driven studies examined 
over three hundred variants, identifying nineteen genetic markers; risk factors included one INDEL in NR4A2, CNV bur-
dens in PRKN, SNCA, and PLA2G6, along with fourteen variants in six loci including GBA, APOEε4, MTHFR, LRRK2, 
and SNCA. Three SNPs in the PICALM, ALDH1A1, and APOE-ε3 loci were identified as protective factors. Additionally, 
six SNCA variant haplotypes appear to increase PD risk, while two NR4A2 INDELs haplotypes showed mixed effects. This 
review summarized genetic loci associated with idiopathic PD in Latin American populations evidencing an overlap with 
European findings as well as novel loci, although awaiting replication and validation. These observations contribute to the 
understanding of genetic configuration of the disease and highlight the need for further genomic research in underrepresented 
groups that include local ancestry analysis within admixed cohorts to guide development of personalized treatments and 
population-specific interventions.

Keywords  Systematic review · Genetic association studies · Parkinson’s disease · Latin America · Genetic architecture · 
Complex disease · Candidate gene · GWAS · XWAS

Introduction

The complex phenotypic expression of idiopathic Parkin-
son’s disease (PD) is underpinned by the intricate interac-
tions between genes, environment, and lifestyle factors. 
From a disease genetics perspective, it is essential to com-
prehend both the deterministic mutations for familial PD, 
and the genetic risk factors for idiopathic PD expression. 
As for familial PD, the identification of monogenic causal 
mutations such as SNCA, PINK1, DJ1, VPS35, VPS13C 
has aided in the understanding of the disease pathophysiol-
ogy and identification of potential therapeutic targets; yet, 
these account for merely 10% of PD cases [1–3]. On the 
other hand, multiple genetic variants have been shown to 
modify the risk for idiopathic PD, the most common version 
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of PD cases, with an estimated heritability within 16–36% 
depending on the disease prevalence of each population [4]. 
However, more than half of this polygenic variance remains 
unaccounted for in current genome-wide association studies 
[5]. As such, approximately 90 genetic susceptibility loci 
have been identified in European population [4], along with 
78 risk loci in the most recent multi-ancestry genome-wide 
association meta-analysis [6], from which SNCA, LRRK2 
and GBA stand out as risk factors for idiopathic PD [7].

Since the advent of genome-wide association studies 
(GWAS) in the early 2000s, the field of PD genomics has 
gained extensive insight into the genetic architecture of idi-
opathic PD; nonetheless, most of the variants that comprise 
the expected heritability observed in GWAS [4] and longitu-
dinal twin studies [8] have not been identified. The missing 
heritability of PD may arise from multiple factors; omission 
of gene epistasis and molecular interactions [9, 10]; contri-
bution of rare variants with high effect sizes in the “common 
disease-rare variant” hypothesis in contrast to the classical 
view of “common disease-common variant hypothesis” used 
in GWAS [5]; the need of greater cohorts to identify small 
effect sizes of common variants due to loss of power when 
correcting for multiple comparisons [11]; structural variants 
and complex genomic regions difficult to assess with cur-
rent genotyping and short read sequencing approaches [12] 
and ancestral bias of current genomic research centered in 
European populations [7]. Particularly, the latter excludes 
underrepresented populations which could account for a sig-
nificant contribution to the missing heritability of PD [13]. 
As understudying local ancestry within admixed cohorts 
underpowers genome-wide variance analysis [14]. Moreo-
ver, due to different linkage disequilibrium traits within dis-
tinct ancestries, specific variants could be missed, resulting 
in an incomplete disease genetic architecture [15].

In this sense, findings from European studies are hardly 
generalizable to all affected subjects, the pathophysiological 
inferences can be disproportionate, and the application of 
new diagnostic and therapeutic strategies based on genetic 
profiles is limited [13]. Hence, it is essential to extend 
genomic studies to underrepresented populations, to comple-
ment and enrich the genomic architecture of the disease [16]. 
Consequently, multiple national and international investiga-
tions have been carried out in the Latin American region, 
which have shown discordant and complementary results 
to the outcomes in populations that have been classically 
studied [16]. However, to date there is no compilation of 
evidence on the genetic variants associated with PD in the 
Latin American population. Therefore, assessing the overall 
findings of Hispanic genetic association studies allows for 
the unification of these efforts, identifying the status and 
direction needed for genomic research in Latin America. 
The present study aimed to compile the genetic variants 
associated with idiopathic PD in Latin America through a 

systematic review of genetic association studies to contrib-
ute to the identification of variants with a risk or protective 
association with idiopathic PD.

Methodology

A systematic review of genetic association studies was con-
ducted and reported based on the Preferred Reporting Items 
for Systematic Reviews (PRISMA) parameters [17].

Eligibility criteria

Original studies written in English and Spanish, with no 
publication time restriction, were considered eligible for 
inclusion to compile the largest number of reported genetic 
variants associated with idiopathic PD phenotype in the 
Latin American population. Analytical observational and 
genetic association studies were included to evaluate the 
distribution of genotypes and/or allele frequencies of genetic 
variants, as well as the risk or protection of developing idi-
opathic PD in relation to the presence of the variants based 
on association measures such as odds ratio (OR) or risk ratio 
(RR). Different types of genetic variants were considered: 
single nucleotide polymorphisms (SNPs), copy number vari-
ations (CNVs), variable number tandem repeats (VNRTs), 
insertion and deletion mutations (INDELs). Furthermore, 
studies were excluded based on the following criteria: lit-
erature review studies, case reports or series, postmortem 
investigations or in non-Latino populations, and studies in 
subjects with explicit family history of definite PD or with 
monogenic variants of the disease, secondary parkinsonian 
syndromes, or with inadequate diagnostic definition of idi-
opathic PD.

Search strategy and information sources

The systematic literature search considered articles pub-
lished up to February 7, 2025, and was performed in the 
MEDLINE database through PubMed, EMBASE through 
the Elsevier platform, and LILACS through the Biblioteca 
Virtual en Salud (BVS) platform. Search strategies con-
structed from MeSH, Emtree, and DeCS terms with their 
respective synonyms and free terms joined by Boolean 
operators (“AND” and “OR”) were employed as presented 
in the following algorithm: ("Latin American countries") 
AND (("gene locus") OR ("genotype") OR ("mutation") OR 
("genetic variation") OR ("genetic variability") OR ("genetic 
polymorphism") OR ("single nucleotide polymorphism") 
OR ("indel mutation") OR ("copy number variation") OR 
("variable number of tandem repeat") OR ("haplotype") 
OR ("haplogroup") OR ("gene linkage disequilibrium")) 
AND (("Parkinson Disease") OR ("Idiopathic Parkinson’s 
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Disease") OR ("Lewy Body Parkinson’s Disease") OR 
("Parkinson’s Disease, Idiopathic") OR ("Parkinson’s Dis-
ease, Lewy Body") OR ("Parkinson Disease, Idiopathic") 
OR ("Parkinson’s Disease") OR ("Idiopathic Parkinson Dis-
ease") OR ("Lewy Body Parkinson Disease") OR ("Primary 
Parkinsonism") OR ("Paralysis Agitans")). Detailed search 
strategies are presented in APPENDIX 1.

Selection process

Assessment of records independently by more than one 
reviewer was conducted for the study selection process. 
The systematic search in the databases consulted was per-
formed by three authors (FDZ, DFAC and JAB). Titles and 
abstracts of the retrieved records were compiled in the Men-
deley reference manager program, and the management of 
records including duplicates elimination was carried out in 
the Rayyan® software. Subsequently, nine reviewers (FDZ, 
DFAC, JAB, LARV, VMC, AOD) independently screened 
all titles and abstracts to exclude articles with no relevance 
to the review objective. Studies selected by consensus based 
on title and abstract were further assessed independently by 
the same reviewers based on full text evaluation to determine 
their final inclusion. Disagreements in the study selection 
process were resolved by consensus and, when necessary, 
an additional reviewer (HA) was consulted. The reasons for 
exclusion of studies during the full-text assessment are pre-
sented in APPENDIX 2.

Data items and data collection process

The following data were extracted for each record:

(a)	 Author(s) and year of publication.
(b)	 Type of study.
(c)	 Latin American country.
(d)	 Population characteristics.
(e)	 Diagnostic criteria for idiopathic PD.
(f)	 Genetic variants studied.
(g)	 Association of the variants with the development of 

idiopathic PD.

Risk of bias assessment

The risk of bias of the included studies was evaluated by 
three reviewers (FDZ, LARV and VMC) using the Quality 
of Genetic Studies (Q-Genie) tool [18]. This assessment tool 
was used to establish the methodological quality of genetic 
association studies based on the classification according to 
scores as follows: (a) studies with a control group: low qual-
ity (≤ 35 points), moderate quality (36–45 points), and high 
quality (> 45 points), (b) studies without a control group: 

low quality (≤ 32 points), moderate quality (33–40), and 
high quality (> 40 points).

Effect measures and data synthesis

The outcome of idiopathic PD risk was analyzed using 
measures of association including odds ratio (OR) or rela-
tive risk (RR) as the primary outcome estimator. Included 
studies were discussed separately according to geographi-
cal regions across Latin America, specific genetic loci that 
contained different types of mutations of interest and the 
type of methodological study, in the case of hypothesis free 
studies (e.g., GWAS) special focus was directed towards the 
replicated results within the studies.

Results

A total of 471 studies were identified in the initial database 
search. Following the elimination of 127 duplicate records, 
344 studies were evaluated by title and abstract. Of these, 
57 articles were selected for full-text evaluation. Finally, 19 
studies were included in the review. Figure 1 presents the 
study selection process. The list of excluded records and 
the reason for exclusion is presented in Appendixs 2 and 3.

The characteristics of the studies included in this review 
are synthesized in Table 1 presenting the main characteris-
tics of the population, diagnostic criteria for idiopathic PD, 
the studied mutations and their association status with PD of 
each included study. Likewise, a schematic summary of the 
main genetic loci identified is depicted in Fig. 2, color-coded 
with their risk association status with PD. Genetic variants 
associated with idiopathic PD sorted by Latin American 
region are summarized in Table 2, and candidate gene loci 
with non-statistically significant associations are presented 
in Appendix 4. Moreover, after the risk of bias assessment 
and based on the score obtained, 10 studies were classified 
as high quality, 8 studies as moderate quality, and 1 study 
as low quality.

Most of the gathered investigations used a candidate gene 
approach with seventeen hypothesis-driven studies, and just 
two studies used a hypothesis-free methodology of genome-
wide association study (GWAS) [32] and X-chromosome 
wide association study (XWAS) [20]. Different diagnostic 
criteria for idiopathic PD were reported, being the UK Par-
kinson’s Disease Society Brain Bank Diagnostic Criteria 
(UKPDSBB) [38] the most commonly used. The revised 
version of the Unified Parkinson’s disease rating scale [39] 
and a pure syndromic approach [27] supported idiopathic PD 
diagnosis as well. Among the main populations represented, 
the countries of Mexico, Brazil, Peru and Colombia stood 
out as the most studied regions, both in local studies and 
consortiums such as LARGE-PD. Of note, the growth of the 
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LARGE-PD consortium patient cohort (Brazilian, Chilean, 
Peruvian, Colombian and Uruguayan subjects) is evident 
by the different number of patients each study included by 
increasing date of publication. In total, more than three-
hundred genetic mutations across twenty-nine different loci 
were tested directly as genetic markers for idiopathic PD in 
Latin Americans. Out of these, twelve loci hosted multiple 
variants with statistically significant associations: seventeen 
SNPs, one INDEL and the combined burden of CNVs across 
three different loci.

SNP-type genetic variants showed a significant protec-
tive association against idiopathic PD in genes such as 
PICALM (rs3851179) in the Brazilian population, H2BW1 
(rs525496) in the LARGE-PD and replication cohort 
(XWAS), ALDH1A1 (rs3764435) and APOE-e3 in the 

Mexican population. On the other hand, SNPs in genes 
such as LRRK2 (rs1491942), MTHFR (rs1801133), SNCA 
(: rs2736990, rs7684318, rs356203, rs356220, rs3857059, 
rs356219 and rs356182), SYT11 (rs822508, rs729022, 
rs34372695) and APOE-e4 showed significant risk associa-
tions for idiopathic PD mainly in the Mexican population, in 
which haplotypes were found in the SNCA gene (across rs35
6220 + rs356203 + rs7684318 + rs2736990) with significant 
risk association. For the GBA gene, mutations classified as 
pathogenic for Gaucher disease were found to have a signifi-
cant risk association with idiopathic PD, and particularly the 
rs773409311 variant had a significant risk association in the 
Colombian population, but its presence was not documented 
in their Peruvian cohort. Regarding INDEL-type variants, 
a significant risk association was found with the NR4A2 

Fig. 1   PRISMA flow diagram 
of study selection process
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variant (rs35479735), for which haplotypes were identified 
that establish a risk association with idiopathic PD in the 
Mexican population. Finally, a significant risk association 
was identified when examining the burden of CNVs in genes 
typically associated with PD, mainly in PRKN/PARK2, 
SNCA and PLA2G6 loci. No associations regarding VNTRs 
were found.

Discussion

The findings gathered in this review disclose the genetic 
variants associated with idiopathic PD in the Latin America 
population, evidencing both risk and protective associa-
tions. Two high quality studies, Leal et al. [20] and Loesch 
et al. [32], used a hypothesis-free methodology identifying 
the rs525496 SNP near H2BW1 as a protective variant and 
the rs356182 SNP in SNCA as a risk factor for idiopathic 
PD through XWAS and GWAS studies, respectively. On 
the other hand, seventeen studies employed a hypothesis-
directed approach, testing more than three-hundred vari-
ants across twenty-nine different genetic loci and identify-
ing fourteen SNPs associated with an increased risk (GBA: 
rs773409311; SYT11: rs822508, rs729022, rs34372695; 
APOEε4: rs42935358; MTHFR: rs1801133, LRRK2: 
rs1491942; SNCA: rs2736990, rs7684318, rs356203, 
rs356220, rs3857059, rs356219 and rs356182), three 
SNPs with a protective association (PICALM: rs3851179; 
ALDH1A1: rs3764435 and APOE-ε3), one INDEL at NR4A2 
(rs35479735) and the cumulative burden of CNVs at PRKN, 
SNCA and PLA2G6 as risk factors. In parallel, six SNP 
haplotypes in SNCA were found to be associated with an 
increased risk of the disease, while two INDEL haplotypes 
in NR4A2 were linked to both risk and protective effects in 
idiopathic PD.

The identified genetic markers point to multiple neuro-
degenerative pathways relevant to idiopathic PD in Latin 
American populations, aligning with current hallmarks of 
neurodegeneration [40]. Accordingly, the products of the 
genes highlighted in this review are known to influence DNA 
and RNA defects (H2BW1: H2B histone family, member W) 
[41], influence pathological protein aggregations (SNCA: 
alpha-synuclein and GBA: glucocerebrosidase) [42], medi-
ate synaptic and neuronal networks defects (SYT11: synap-
totagmin 11 and PRKN: Parkin) [43], promote inflammation 
(APOE: apolipoprotein E, NR4A: nuclear receptor subfam-
ily 4 group A member 2 and PLA2G6: phospholipase A2 
group VI) [44–46], drive aberrant proteostasis (GBA, PRKN, 
LRRK2: Leucine-rich repeat kinase 2, PICALM: Phosphati-
dylinositol binding clatrhin assembly protein) [47–49], and 
alter energy homeostasis (MTHFR: methylenetetrahydro-
folate reductase and ALDH1A: aldehyde dehydrogenase 1) 
[50, 51]. Furthermore, this review outlines the overlap of 2C
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pathophysiological pathways with other clinical entities, 
underscoring their shared genetic loci as monogenetic PD 
variants such as PARK1, PARK2, PARK8 and PARK14 share 
SNCA, PRKN, LRRK2 and PLA2G6 loci respectively with 
idiopathic PD (although not the exact variants) [52, 53]. 
Importantly, the mechanisms of monogenic and idiopathic 
PD are interconnected and not entirely distinct [54]. Moreo-
ver, genetic loci relevant to Alzheimer’s disease, such as 
PICALM and APOE [48], appear to converge with PD patho-
physiological networks. This analysis underscores the poten-
tial of these genetic markers as future therapeutic targets.

Previous literature reviews on genetic markers for idi-
opathic PD in European populations [3, 7] have identified 
approximately 30 genetic susceptibility loci with more than 
70 specific variants that influence the risk of PD, and most 
of them obtained through hypothesis-free studies [7]. In 
contrast, most of the genetic loci and mutations identified 
in this review came from hypothesis-directed studies, lim-
iting validation of European findings. Nevertheless, Latin 
American efforts have managed to identify and overlap six 
genetic loci highly relevant in European population based on 
the results presented (SYT11, GBA, SNCA, PRKN, LRRK2 
and PLA2G6). Particularly, at validating specific European 
variants, Loesch et al. [32] found genome wide significance 
of rs356182 in SNCA, rs117615688 in CRHR1, rs1800547 
and rs117615688 in MAPT loci in their LARGE-PD cohort; 
validating European GWAS reported by Nalls et al., 2019 
[4]. Likewise, the SNP rs1491942 in LRRK2 and rs356219 
in SNCA of importance in Europeans [7] were reported by 
Romero-Gutierrez et al. [23] and Salas-Leal et al. [26] in 
Mexican cohorts. Also, the rs28602900 near RPL10 pre-
viously identified in European population through XWAS 
analysis [55], was validated by Leal et  al. [20] in the 
LARGE-PD discovery cohort. However, the variant missed 
significance within their Latin American replication cohort. 
On the other hand, speaking of novel genetic markers, the 
compiled evidence highlights NR4A2, APOE, MTHFR, 
ALDH1A1, PICALM and H2BW1 as new complementary 
susceptibility loci for idiopathic PD in Latin Americans, 
extending and diversifying the genetic architecture of the 
disease. Relevant to novel loci, a variant near NRROS gene 
within LARGE-PD GWAS [32] was near statistically sig-
nificant threshold, and further evidence will disclose if this 
new locus pertains to Hispanic idiopathic PD genetic archi-
tecture. Thus, there is a growing need to extend genomic 
research to classically underrepresented populations to 
enrich the genetic architecture of PD, not only for idiopathic 
PD but also familiar PD given the different deterministic 
mutations that drive the expression of monogenic PD in non-
European regions compared with known European patterns 
[2].

Locally, many relevant genetic markers are yet to be 
replicated and validated across the diverse regions of 

Latin America. The variability in the genetic variants 
studied across the populations currently precludes the 
possibility of meta-analyzing the results on risk asso-
ciations for the region as a whole or for specific sub-
populations. However, promising findings have emerged; 
specific variants in APOE, MTHFR and SNCA [23, 26, 
28, 31, 35] have been explored in few studies within the 
Mexican populations, yielding mixed outcomes except 
for the MTHFR rs1801133 variant which was statis-
tically significant in all its studies [23, 31]. Addition-
ally, the inherent population diversity in Latin America 
enriches the genetic landscape but introduces challenges 
in the study design. For instance, more than half of the 
LARGE-PD cohort comprises individuals of Peruvian 
origin and each region has different patterns of linkage 
disequilibrium [32]. Thus, important variants identified 
in Brazilian (e.g., PICALM) [19] and Colombian (e.g., 
GBA) [34] population by candidate gene analysis were 
not confirmed through GWAS analysis performed within 
LARGE-PD cohort, probablydue to the greater histori-
cal recombination and genetic diversity, since haplotypes 
within ancestries tend to differ in length (being shorter 
in African ancestry) [56]. Consequently, variants relevant 
in populations with higher African ancestry proportions, 
such as Colombia and Brazil (as reflected in the ancestry 
composition of the LARGE-PD sub-cohorts), may not be 
validated in cohorts from countries with a greater Native 
American ancestry component, such as Peru and Mexico 
[32, 57]. Similarly, variants specific to regions with lower 
European ancestry proportions (e.g., Peru) may not be 
detectable in populations with higher European ancestry 
proportions (e.g., Uruguay) [32]. Therefore, replication 
cohorts that closely match the global ancestry compo-
sition of the original study population are necessary to 
validate relevant genetic associations (see Table 2), along 
with methodologies that account for local ancestry within 
admixed populations [14]. Nonetheless, important efforts 
to overcome these limitations are highlighted, like the 
use of admixture mapping analysis. That has uncovered 
a locus on chromosome 14 (containing STXBP6 gene), 
demonstrating importance in both the combined ancestry 
test and the Native American single-ancestry test [32]. 
Additionally, a locus on chromosome 6, containing the 
gene RPS6KA2, showed significance in the African single 
ancestry test [32]. Furthermore, a recent multi-ancestry 
meta-analysis by Kim et al., 2024 [6] revealed the impor-
tance of incorporating different ancestry in identifica-
tion of novel risk loci for idiopathic PD; highlighting 
two independent loci that were close to strict GWAS 
significant threshold (JAK1 & H1SBP3) in Latin Ameri-
can and African sub-groups, that are pending to replicate 
in bigger cohorts. Finally, an emerging area of interest 
is the exploration of potential sex-dependent genetic 
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Fig. 2   Visual display of studied loci in Latino population with idiopathic PD in genetic association studies. Green: protective association; Red: 
risk association; Grey: loci not significantly associated with PD risk. Source: own elaboration, BioRender

Table 2   Summary of genetic 
variants associated with 
idiopathic PD sorted by Latin 
American region

For specific details about ORs, allele and genotype configuration refer to Table 1.

Region Loci

Colombia SNPs
GBA: rs773409311 [34]

Brazil SNPs
PICALM: rs3851179 [19]

Mexico SNPs
ALDH1A1: rs3764435 [22]
APOE: (wild type allele) & rs429358 [27]
SYT11: rs729022, rs822508 & rs34372695
MTHFR: rs1801133 [23, 31]
LRRK2: rs1491942 [23]
SNCA: rs356203, rs356219, rs356220, rs2736990, rs3857059
& rs7684318 [26, 35, 36]
SNCA haplotypes: rs356220 + rs356203 + rs7684318 + rs2736990 [35]
INDELs
NR4A2: rs35479735 [32]
NR4A2: haplotypes: rs35479735 + rs34884856 [32]

LARGE-PD
(Brazil, Chile, Colombia, Peru & 

Uruguay)

SNPs
H2BW1: rs525496 [20]
SNCA: rs356182 [32]
CNVs
PRKN/PARK2 + SNCA + PLA2G6: Combined CNV burden across the 

three loci [21]
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effects in idiopathic PD. For instance, the GG genotype 
of SNCA rs3857059 has been associated with increased 
risk exclusively in females (OR: 1.31, 95% CI: 1.01–1.7) 
[36], while the protective effect of ALDH1A1 rs3764435 
remains significant only in males after sex-specific analy-
sis [22]. Additionally, the protective locus rs525496 near 
H2BW1 was also identified through an X-chromosome 
wide association study, highlighting sex differences in 
genomic susceptibility for the disease [20]. These find-
ings collectively highlight the importance of incorporat-
ing sex-specific analyses in future research to validate 
these results and better understand their implications.

Limitations & future directions

The discipline of PD genetics comes with unique chal-
lenges. In contrast to other complex neurodegenerative 
diseases such as Alzheimer’s, the penetrance of mono-
genic PD variants is incomplete and age-dependent, and 
can be influenced by polymorphisms [1] making it dif-
ficult to distinguish between Mendelian inheritance pat-
terns and sporadic disease in selected cases. Fortunately, 
monogenetic cases are a minority and increasing access 
to next generation sequencing techniques could help to 
clarify doubts in these specific cases, along with exquisite 
clinical and family history taking. Also, the ever-changing 
clinical approach to idiopathic PD diagnosis, the different 
techniques to genotype the variants of interest and the het-
erogeneity of the populations coupled with the variability 
of candidate variant selection, limit the comparison of the 
results between studies and the performance of a meta-
analysis. In addition, is worth to mention that novel and 
validated loci from European population summarized by 
this review in Latin American population remain to be fur-
ther replicated in individual cohorts with matching ances-
try patterns to underscore these discoveries. The findings 
of the present review highlight the need for increasing 
hypothesis-free studies within cohorts that preserve the 
proportion of Latin American diversity, and that consid-
ers admixture and sex-dependent effects in order confirm 
the current and future genetic markers. Finally, epistasis, 
functional genomics and therapeutic targets analysis along 
with genome-wide association studies with age at onset 
of idiopathic PD, its prognosis and pharmacogenomics 
of treatment response are future pathways that diverse 
genomic research should include in subsequent studies.

Conclusions

The results of the present study contribute to the understand-
ing of idiopathic PD genetics in Latin America and highlights 
potential genetic markers that aid disease in vivo diagnosis, 
identification of potential therapeutic targets, and strengthen 
the basis for prevention based on the knowledge of genetic 
susceptibility loci. Multiple genetic variants with significant 
risk and protective associations with idiopathic PD in the 
Latin American population, particularly SNPs, INDELs, 
CNVs, and haplotype clusters of SNPs and INDELs, were 
identified. Variants in genes such as PICALM, H2BW1, 
ALDH1A1 and APOE-ε3 showed a protective association, 
whereas variants in the SNCA, NR4A2, PRKN, PLA2G6, 
GBA, APOE-ε4, MTFHR and LRRK2 genes exhibited a 
major risk association for idiopathic PD in populations from 
Mexico, Brazil, Colombia and LARGE-PD consortia cohort. 
There are, however, a limited number of studies addressing 
the genetics of PD in Latin America, and many of the genetic 
markers identified await replication and validation. This 
review reports genetic loci that aligns with existing European 
findings as well as novel loci that enhance the understand-
ing of the genetic landscape of idiopathic PD. Hence, these 
findings highlight the genetic diversity in the Latin Ameri-
can population, and its contribution to the construction of 
the global genetic architecture of PD, while establishing the 
opportunity for the functional analysis of the genes identified, 
their possible relationship with environmental factors and 
new therapeutic targets. Further genetic studies enabling the 
development of personalized diagnostic and treatment strate-
gies in idiopathic PD in Latin America are encouraged, due 
to the increasing prevalence of PD [58] and utility of genetic 
testing [59] in this region.
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