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Abstract
Background  Neuropathy is a frequent complication of diabetes mellitus, a disease that is growing exponentially 
worldwide. Genetic research has emerged as an important tool for better understanding its predisposition, although a 
systematic synthesis of existing evidence is needed to better comprehend its association. The objective of this review 
was to determine the association between polymorphic variants identified through massive genomic testing and the 
risk of peripheral diabetic neuropathy in patients with type 2 diabetes mellitus.

Methods  Inclusion criteria were case-control, cohort, and cross-sectional studies examining polymorphic variants 
and diabetic neuropathy (DNP) risk in type 2 diabetes, studies using GWAS, EWAS, or microarray for identifying genetic 
polymorphisms, studies involving adults, and articles in English or Spanish. Exclusion criteria included case reports, 
case series, ecological studies, editor letters, reviews, or secondary studies and conference abstracts. Exhaustive search 
in PubMed, Scopus, and Web of Science databases, using keywords. Risk of bias was determined through Newcastle-
Ottawa scale. A qualitative synthesis of the results was performed (frequency), including meta-analysis where 
applicable (forest plot and funnel plot).

Results  The searching strategy identified 370 studies, from which 7 were chosen for the systematic review, included 
9478 participants. The quality of the studies was mostly good, but a significant heterogeneity in methods was found. 
We identify a significant association between peripheral neuropathy and plenty of single nucleotide variants (SNVs). 
Just the SNV rs10555080 in the gene THEG5 showed a higher likelihood of neuropathy (OR:1,34; IC 95%: 1,19 − 1,49).

Discussion  This study faced limitations due to heterogeneity in DNP definitions, genotyping methods, and a focus 
on white and Arab populations, limiting generalization. Only English and Spanish articles were included, potentially 
excluding relevant research in other languages. Multiple SNVs were identified through genomic testing that were 
associated with peripheral diabetic neuropathy in patients with type 2 diabetes mellitus; however, the SNVs were not 
similar between studies.
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Background
Diabetes mellitus (DM) is a chronic disease that has 
become increasingly prevalent in the last decades, and 
it is estimated that around 79% of affected persons with 
this condition reside in low and middle income countries 
[1]. In Latin America, studies also show an increase in the 
prevalence of DM, being Mexico, Haiti, and Puerto Rico 
the most affected regions [2].

Neuropathies are a set of clinical syndromes belong-
ing to microvascular complications developed by diabetic 
patients, characterized by their variable presentation in 
symptoms, pattern of neurological involvement, risk fac-
tors, and mechanisms that produce them [3]. Half of dia-
betic neuropathy (DN) cases present in its most typical 
form as distal symmetric polyneuropathy (DSP), which is 
a frequent type of diabetic peripheral neuropathy (DPN). 
DSP arises in a context of metabolic dysfunction and can 
manifest in around 10–15% recently diagnosed people 
with type 2 DM, and 50% of patients with 10 years of dis-
ease [4, 5].

The estimated prevalence of DPN in the world is 31,5% 
in patients with type 2 DM patients with type 2 DM n 
patients with type 2 DM [6]. It is characterized by vari-
able clinical expressions, ranging from asymptomatic to 
the presence of painful neuropathic discomfort, diabetic 
foot, Charcot arthropathy, and non-traumatic lower limb 
amputations. Therefore, early detection and prevention 
are of vital importance [7, 8].

While type 2 DM is a disease with multifactorial 
inheritance and various environmental risk factors, 
such as poor glycemic control, hypertension, cardiovas-
cular disease, depressive symptoms, among others [9, 
10], the importance of genetic factors cannot be over-
looked. In recent years, genetic polymorphism research 
has emerged as an important tool for understanding the 
pathways of genetic predisposition that increase the risk 
of DPN, providing valuable information to guide the 
development of more personalized, preventive and thera-
peutic approaches in the management of this diabetic 
complication [11].

Although multiple previous studies have found various 
types of polymorphisms associated with the risk of type 2 
DM and its complications [12–14], the intrinsic complex-
ity of DPN and the heterogeneity of individual studies, 
along with the use of new technologies, emphasize the 
need of a systematic synthesis of the existing evidence. 
This is necessary to establish consistent and robust pat-
terns in the underlying genetic relationship, an area 
where research is currently lacking. Therefore, this article 
aims to determine the association between polymorphic 

variants identified through genomic testing and the risk 
of DPN in patients with type 2 DM.

Methods
This study is a systematic review, registered in PROS-
PERO (ID CRD42024505256) and IBR (INICIB) (ID PG 
264 2023) [15]. Protocol can be requested to Universi-
dad Ricardo Palma. We included all case-control, cohort, 
and cross-sectional analytical studies that evaluated the 
association between polymorphic variants and the risk of 
DPN in patients with type 2 DM, studies that had used 
genomic testing such as Genome-wide association study 
(GWAS), Exome association study (EWAS), or Microar-
ray to identify genetic polymorphisms, and studies con-
ducted in adults, published in English or Spanish. We 
excluded case reports, case series, ecological studies, let-
ters to the editor, review articles, secondary studies and 
conference summaries.

Information source
A comprehensive search was conducted in the databases 
PubMed, Scopus and Web of Science.

Search strategy
This search was conducted using terms and combination 
of the following keywords: “Diabetes Mellitus; Periph-
eral Nervous System Diseases; Diabetic Neuropathies”; 
“Genome-Wide Association Study”; “Exome Sequenc-
ing”; “Oligonucleotide Array Sequence Analysis” (Sup-
plementary material 1).

Studies selection
Articles identified through the database search up to 
January 23rd of 2024 were transferred to the program 
Rayyan (https://rayyan.qcri.org), and duplicated articles 
were eliminated. The authors of this study conducted 
an independent and blind initial review of the titles and 
abstracts of the articles, which allowed the selection of 
those that met the inclusion and exclusion criteria. A 
third reviewer, a medical genetics specialist, solved any 
discrepancies that arose and took responsibility for mak-
ing the final decision.

The first reviewers individually read and reviewed the 
full text of each study included in the process. The same 
way, when discrepancies arose regarding the inclusion 
or quality of a study, the third reviewer was included. 
Once the research articles from various databases 
were selected, a thorough review of their bibliography 
sources and the studies referred to in those articles was 
performed. This process aimed to detect possible new 

Trial registration  This research received no funding and was registered in PROSPERO (ID CRD42024505256).
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studies that may not have been considered in the initial 
search. Additionally, an exhaustive review of the arti-
cles citing the selected studies was carried out using the 
search engine provided by Google Scholar ​(​​​h​t​t​p​s​:​/​/​s​c​h​o​
l​a​r​.​g​o​o​g​l​e​.​c​o​m​/​​​​​)​. The inclusion and evaluation of these 
studies followed the methodology previously described.

Data collection process
The reviewers performed independently the extraction 
and verification of required data of each study included 
in the process. Similarly, when discrepancies arose, the 
third reviewer was involved in the process. We utilized 
Rayyan, a web-based tool designed to streamline the 
screening and selection process of systematic reviews. 
Rayyan helped in managing and categorizing the studies 
during the data extraction process, ensuring a more effi-
cient review. At last, the data collected was registered in a 
sheet of Microsoft Excel 2019.

Data items
The extraction of relevant data from each study was car-
ried out, including information about the authors, year of 
the study, country, study design, number of participants, 
sex, age (median or mean), ethnicity (ethnic background 
of participants), diabetic neuropathy, type of polymor-
phic variant studied, diagnostic technology used (GWAS, 
EWAS or microarray analysis).

Bias risk assessment
Bias risk assessment in the selected studies was con-
ducted by the reviewers independently, and discrepancies 
were resolved with the intervention of the third reviewer. 
To evaluate the quality of the studies, the Newcastle-
Ottawa Scale [16] was used for case control studies, as 
well as its adaption for analytical cross-sectional studies 
made by Modesti et al. [17]. This scale consists of three 
categories: selection, comparability, and ascertainment 
for the case control studies; and selection, comparabil-
ity, and outcome for cross-sectional studies. A score was 
assigned to each category based on the specific charac-
teristics of each study. The study quality was considered 
good when it obtained from 7 to 9 points, acceptable 
when it obtained 5 to 6 points, and bad when it obtained 
from 0 to 4 points [18]. This process guaranteed a rigor-
ous assessment of the methodological quality of the stud-
ies included in the review.

Effect measures
The odds ratio (OR) value between the polymorphic vari-
ants and DNP, along with their respective 95% confidence 
intervals and p values.

Data processing and analysis technique
During the qualitative analysis of the systematic review, 
a careful reading of all collected studies was conducted, 
providing a detailed description of clinical and meth-
odological characteristics present in the included stud-
ies. Additionally, the strengths and weaknesses inherent 
to each study were identified. We also paid attention to 
the structure of the studies, considering their poten-
tial to bias their results, and we explored the relation-
ship between the characteristics of the studies and the 
reported outcomes.

A meta-analysis was conducted when at least two stud-
ies evaluating the same SNVs were found in the system-
atic review. As the variables in this study were categorical 
in nature, the OR was calculated as a summary measure, 
along with 95% confidence intervals, considering the 
association significant when the p-value was less than 
0,05. For the analysis, Stata v.14 software was used, while 
Excel was employed for graphical representation.

Reporting bias assessment
Publication bias was determined through heterogeneity 
between studies, evaluated with the I² index, consider-
ing that a value less than 40% indicates little variability 
between studies.

Regarding incomplete Data Reporting, we reviewed the 
completeness of data in each study, flagging those with 
missing or unclear results and considering their impact 
on the synthesis.

We reached out to study authors for additional data or 
clarification to address missing information and reduce 
bias.

Sensitivity analyses were performed to evaluate how 
missing data affected overall conclusions.

We assessed study quality using established criteria like 
the Newcastle-Ottawa Scale to identify potential report-
ing biases.

Certainty assessment
We employed the GRADE (Grading of Recommen-
dations, Assessment, Development, and Evaluations) 
framework to assess the overall certainty of the evidence 
for each outcome. This framework evaluates evidence 
based on study design, risk of bias, inconsistency, indi-
rectness, and imprecision.

Results
370 published studies were identified using the search 
formula in the following databases: Pubmed (75), Sco-
pus (116) and Web of Science (179). After removing 173 
duplicate studies recognized by the Rayaan program, 
197 publications were evaluated by title and abstract, 
with 179 publications being excluded for not meeting 
the required criteria. Subsequently, the whole text of the 

https://scholar.google.com/
https://scholar.google.com/
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18 remaining articles was analyzed, and 12 articles were 
excluded (Supplementary material 2). Articles were iden-
tified from citations of the included articles, and one was 
excluded due to the study design. Finally, seven articles 
were included in the systematic review (Fig. 1).

Characteristics of the studies
The publication period of the seven studies included in 
this systematic review goes from 2013 to 2023, identi-
fying four case control studies and three prospective 
cross-sectional studies. The studied population was pre-
dominantly white and Arab; only the study by Margolis et 
al. [19] evaluated genetic variants associated with periph-
eral neuropathy in African American population.

Regarding the methodology of the studies, heterogene-
ity was observed in the definition of DPN. Only the study 
by Tang et al. [20] defined the presence of DPN using the 
Michigan neuropathy screening instrument (MNSI), a 
validated instrument for the diagnosis of this condition.

Results of individual studies
Additionally, heterogeneity was found in the evaluation 
of genetic variants regarding the genotyping method and 
the number of SNVs. A total of 66 SNVs in various genes 
were identified and studied for their association with 
DPN (Supplementary material 3).

Bias risk assessment
Four articles were evaluated using the NOS tool for case 
control studies, and three articles were assessed using 
the NOS tool modified by Modesti et al. [17] for cross-
sectional studies. However, due to the number of studies 
(< 10) it was not possible to assess the risk of publication 
bias using the funnel plot [21]. In general, the evaluation 
of the articles showed that they were of “good quality”, 
only the article by Margolis et al. [19] showed “acceptable 
quality” (Table 1).

A possible bias in this article is the focus on the study 
by Tang et al. This occurred because of the methodologi-
cal robustness of the study. It was the only one that used 
a validated instrument to define DPN. Also, it got the 
highest quality evaluation score, which was “Very good 
quality”. However, this emphasis might underestimate the 
contribution of the other 6 studies. The heterogeneity of 
the studies limited the ability of comparing and integrat-
ing the data in the metanalysis. This highlights the need 
of future research to standardize diagnostic criteria, have 
high quality methodological designs and reduce bias in 
the systematic reviews.

Meta-analysis
Two studies that evaluated the association of the SNV 
rs1963645 of the gene NOS1AP and DPN were included, 
however, due to the heterogeneity in both studies, the 
article by Margolis et al. [19], was not considered for the 

Fig. 1  Flowchart for the selection of studies on polymorphic variants in patients with neuropathy in type 2 diabetes mellitus
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analysis results due to its atypical values, obtaining an OR 
of 0,84 (IC 95%: 0,75 − 0,93; p < = 0,0001) (Fig. 2A).

On the other hand, when conducting the meta-analysis 
of the study by Tang et al. [20], the association between 
DPN and several SNVs in their cohorts BARI2D and 
ACCORD was evaluated. A significant association was 
found between DPN and SNP rs13417783 of the gene 

XIRP2 (OR: 0,63; IC 95%: 0,54 − 0,71), rs11073752 of 
the gene WBSCR17 (OR: 0,75; IC 95%: 0,66 − 0,84), 
rs60770880 of the gene NTRK3 (OR: 0,77; IC 95%: 
0,68 − 0,85), rs1202660 of the gene LOC101–927,394 
(OR: 0,77; IC 95%: 0,68–0,85), and rs9948095 of the gene 
IMPA2 (OR: 0,73; IC 95%: 0,63 − 0,83), which suggests 
a lower likelihood of DPN with the presence of these 

Fig. 2  A. Forest plot diagram showing the association between the SNV of NOS1AP (rs1963645) and DPN. B. Forest plot diagram of heterogeneous stud-
ies of SNVs associated with DPN, revealing an association between the THEG5 gene and DPN. Conversely, polymorphisms in XIRP2, IMPA2, LOC101927394, 
and WBSCR17 appear to act as protective factors against the development of DPN. C. Forest plot diagram for studies on SNVs associated with DPN. Protec-
tive SNVs include HDAC4, GUF1, CSMD1, OPCML, ESRRB, and MX1 genes. The SNV associated with DPN is KIAA1279. Heterogeneity Test Statistic (Q); Degrees 
of Freedom (df ); Heterogeneity (I²)
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genetic variants. However, the SNV rs10555080 of the 
gene THEG5 showed an OR of 1,34 (IC 95%: 1,19 − 1,49), 
indicating a higher likelihood of DPN (Fig. 2B).

Additionally, the association of DPN with other 
SNVs of the study by Tang et al. [20], was evaluated, 
where a significant association was found with the SNV 
rs12988669 of the gene HDAC4 (OR: 0,73; IC 95%: 
0,63 − 0,83), rs11932946 of the gene GUF1 (OR: 0,71; 
IC 95%: 0,60 − 0,82), rs13265430 of the gene CSMD1 
(OR: 0,66; IC 95%: 0,54 − 0,78), rs2491019 of the gene 
KIAA1279 (OR: 1,24; IC 95%: 1,11 − 1,37), rs77494074 
of the gene OPCML (OR: 0,64; IC 95%: 0,52 − 0,76), 
rs201655918 of the gene ESRRB (OR: 0,77; IC 95%: 
0,68 − 0,87), rs34948558 of the gene MX1 (OR: 0,78, IC 
95%: 0,70–0,87). Although all these associations were 
significant (p < 0,0001), considerable heterogeneity was 
observed between the studies, with I [2] values over 40% 
(Fig. 2C).

Reporting biases
The overall assessment of the risk of bias due to missing 
results is rated as moderate to high. This assessment is 
based on the exclusion of studies with atypical values and 
the presence of moderate to high heterogeneity across 
several syntheses, which suggest a considerable risk of 
bias from missing results. While this risk is partially miti-
gated in analyses where findings are consistent across the 
included studies, the potential for publication bias con-
tinues to be a significant concern (Supplementary mate-
rial 4).

Certainty of evidence
The certainty of the evidence for the association between 
genetic variants and diabetic peripheral neuropathy 
(DPN) varies across outcomes. For the association with 
the SNV rs1963645 of the NOS1AP gene, the certainty is 
rated as low due to the exclusion of studies with atypical 
values and the resulting high risk of bias and imprecision. 
The evidence for SNVs in the BARI2D and ACCORD 
cohorts shows a moderate level of certainty. Despite sig-
nificant associations, moderate heterogeneity affects the 
confidence in these findings. The association of SNV 
rs10555080 of the THEG5 gene with DPN is rated as 
moderate due to consistent results across studies but 
limited data. Additional SNVs from the Tang et al. study 
show a low to moderate certainty due to considerable 
heterogeneity and potential reporting biases. Overall, the 
evidence is characterized by moderate to high risk of bias 
due to missing results and heterogeneity, impacting the 
overall confidence in the findings.

Protein interaction analysis
Finally, all genes whose polymorphisms showed signifi-
cant association with DPN in the articles included in this 

systematic review were enter into the STRING CON-
SORTIUM 2023 platform, which is a database that col-
lects information on protein-protein interactions and 
creates association networks between functional pro-
teins. Among the studies reviewed, identified significant 
associations with XIRP2, CSMD1, PPARA, EDN1, and 
NOS1. Using STRING, a functional relationship was 
found between XIRP2 and CSMD1, and alternatively 
between PPARA, EDN1 and NOS3. This finding high-
lights potential protein-protein interactions that may 
underlie the molecular mechanism contributing DPN 
(Fig. 3).

Discussion
The results of this review suggest a significant associa-
tion between several genetic variants and DPN. However, 
most of the included studies focused on white patients. 
Similarly, Vujkovic et al. [27], mention that, despite large 
disparities in the prevalence and severity of type 2 DM 
complications, most studies have been conducted in 
patients of European or Asian ancestry.

Chehadeh et al. [24] report that, prior to their study in 
the Arab population, the SNV rs4496877 in the NOS3 
gene had not been reported as associated with DPN. 
Therefore, while the evidence supports significant asso-
ciation between genetic variants and DPN, the of ethnic 
diversity in the studies available is still a limitation.

Regarding the risk of bias, even though most studies 
demonstrated good quality, significant differences were 
found in case definitions. This variability in DPN diagno-
sis has also been mentioned by Chicharro-Luna et al. [28], 
who reported that various criteria exist for diagnosing 
DPN, making this a complex diagnosis that should not be 
diagnosed solely on monofilament testing. Additionally, 
the American Diabetes Association (ADA) recommends 
using 3 clinical tests to diagnose DPN, assessing long and 
small fiber function from distal to proximal [4].

Regarding the association between SNVs and DPN, the 
Italian Society of Diabetology (ISD) stated in 2017, that 
research on these genetic determinants that could influ-
ence on the presentation and development of diabetic 
neuropathies was in its early stages, and that there was 
still insufficient evidence to use these genetic markers 
to evaluate the risk of DN in patients [29]. Therefore, 
the results of this study allow us to expand the current 
knowledge about the genetics of DPN, although, as men-
tioned before, there is still need for additional research.

To further understand the genetic factors that con-
tribute to DPN, it is essential to evaluate different genes 
involved in various biological processes that take place 
in the neuronal signaling and the pathophysiology of 
DPN. One of these genes is the NOS1AP gene, which 
encodes a protein that binds to Neuronal nitric oxide 
synthase (NOS1), that is involved in neuronal signaling 
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and neurotransmission [30]. Margolis et al. observed 
four variants in the NOS1AP gene associated with an 
increased risk of lower extremity amputation in diabetic 
patients. Two of these variants were linked to a higher 
risk of loss of protective sensation [31], suggesting a 
potential association between this gene and DPN.

On the other hand, the NOS3 gene encodes the enzyme 
nitric oxide synthase, which is responsible for producing 
nitric oxide in the vascular endothelium [32]. This gene 

has been evaluated through PCR in other studies, show-
ing an association with DPN [33]. This is consistent with 
the results obtained in the study by Chehadeh et al. [24], 
in which new technologies were used for the genomic 
analysis in diabetic patients. The influence of this gene in 
DPN could be due to excessive production of highly reac-
tive compounds in diabetics due to hyperglycemia. This 
could lead to oxidative stress, mitochondrial dysfunction, 

Fig. 3  Diagram representing the network of protein interactions
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and direct damage to proteins, lipids, and nucleic acids in 
nerve cells [34].

The XIRP2 gene is involved in the formation of cardiac 
muscle tissue, organization of cellular connections, and 
development of the heart wall [35]. The association of 
the SNV rs7595556 in this gene with neuronal networks 
had recently been observed in Mexican Americans, and 
it was also mentioned that it could be related with meta-
bolic characteristics, such as DN [36]. However, before 
the study by Tang et al. [20], this gene had not been eval-
uated in DPN or type 2 DM. This could be attributable to 
the inherent complexity of multifactorial diseases such as 
DPN and type 2 DM, which could have led to some genes 
being overlooked in previous studies.

The gene NTKR3 encodes tyrosine kinase neurotrophic 
receptors, which are membrane receptors that, when 
they bind neurotrophins, they phosphorylate themselves 
and members of the MAPK pathway. These receptors 
play a crucial role in the development of proprioceptive 
neurons, responsible of detecting the position of the body 
[37]. In this regard, the genetic variants affecting tyrosine 
kinase receptors may influence DN by affecting myelina-
tion of the peripheral nervous system and the response 
to key neurotrophins in the neuronal development. These 
variants could alter the ability of the Schwan cells to form 
myelin, which would contribute to neuronal dysfunction 
[38]. However, their relationship with peripheral neurop-
athy has not been previously studied.

The gene WBSCR17, officially known as GALNT17, 
encodes the enzyme N-acetylgalactosaminyltransferase 
17, which transfers N-acetyl-D-galatosamin residues to 
serine or threonine in protein receptors; additionally, it 
has been suggested that it could have an important role 
in membrane traffic [39].

In this context, it should be noted that, in the case of 
DPN, alterations in glycosylation can affect the function 
of proteins in peripheral nerves; in addition, type 2 DM 
is associated with metabolic changes, including abnormal 
protein glycosylation [40, 41]. Therefore, although there 
is no definitive evidence, the GALNT17 gene could be 
related to peripheral DN through its function in protein 
glycosylation and its expression in nerves.

The gene IMPA2 encodes the enzyme inositol mono-
phosphatase 2, which catalyzes the dephosphorylation of 
inositol monophosphate, converting it into inositol, and 
plays a crucial role in phosphatidylinositol signaling [42]. 
In diabetic patients, a deficit of myo-inositol is observed 
in the nerves due to inhibition of sodium dependent 
myo-inositol absorption and significant alterations in 
the polyol pathway [43]. Additionally, the activity of the 
ATPase Na/K enzyme, vital for nerve impulse conduc-
tion, decreases when myo-inositol levels are low [43]. 
Likewise, the decrease in nitric acid and the deficient 
production of glutathione due to NADPH depletion can 

affect vasodilation and increase reactive oxygen species, 
damaging endothelial cells function [44].

On the other hand, an association has also been found 
between intergenes, such as LOC101–927,394 and 
THEG5, and DPN. Intergenic regions are DNA segments 
located between genes that do not code for proteins and 
constitute most of the genome. It is known that intergenic 
DNA regulates the expression of nearby genes, often con-
taining enhancer DNA sequences, which can activate the 
expression of discrete sets of genes at distances of several 
thousand base pairs [45]. Changes in protein bound to 
enhancers can reprogram gene expression and affect cel-
lular phenotype [45].

Some polymorphisms in these intergenic regions could 
increase individual susceptibility to developing DPN, by 
interacting with environmental and metabolic factors. 
In this sense, Guo et al. [46] explored the relationships 
between HbA1c, DNA methylation, and gene expression 
patterns by integrating epigenomic and transcriptomic 
data. They found that 44% of these genetic variations 
were in intergenic regions. Similarly, a recent study found 
an association between five SNVs that increased the risk 
of DPN, located in an intronic region of the genes [47]. 
Therefore, although more research is needed, polymor-
phisms and intergenic regions may affect DPN by modu-
lating the expression of genes related to nervous system 
function and metabolic response.

Studies of genes involved in metabolic diseases and 
their complications are an active and evolving area of 
genetics, and understanding the involved polymorphisms 
could help design personalized therapeutic strategies 
for patients with DPN, since current treatments often 
failed to stop or reverse DPN development in type 2 
DM patients [48]. For example, it has been shown that 
limiting the number of free radicals produced by oxida-
tive stress, supplementation with alpha lipoic acid in 
combination with epalrestat or methylcobalamin clearly 
improves these latter medications, reduces adverse 
events, and accelerates nerve conduction, interpreted as 
improvement in neuropathic symptoms [49, 50].

This study did not find articles reporting the associa-
tion between CNVs and DPN using genomic tests. How-
ever, the study by Latini et al., [51] analyzed the variants 
in the number of copies of mitochondrial DNA (mtDNA) 
in the presence of the rs3746444 polymorphism of the 
gene MIR499A and its association with DPN; finding that 
the variant homozygous genotype was associated with a 
significant reduction in the number of mtDNA copies, 
which was especially notable in DPN patients (p = 0,009). 
In this regard, Gamazon and Stranger [52] mention that 
transcriptome studies will continue to reveal functional 
consequences of CNVs, making it relevant to improve 
structural variation maps in the genome to better under-
stand their impact on gene expression.
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Due to the inclusion of only two studies per analysis, a 
conventional sensitivity analysis by excluding studies was 
not feasible and had limited interpretability. Typically, 
sensitivity analyses are performed to assess the robust-
ness of the findings by systematically excluding individual 
studies; however, with only two studies, this approach 
would leave a single study, precluding meaningful sta-
tistical evaluation. The quality of the included studies 
ranged from acceptable to very good.

Heterogeneity, measured by I [2], varied from 0 to 93%, 
suggesting considerable variability in some analyses. This 
could be attributed to methodological differences or 
variations in study populations. While a formal statisti-
cal assessment of potential biases (e.g., publication and 
selection bias) was not possible due to the limited num-
ber of studies, a qualitative evaluation was conducted. 
The findings should therefore be interpreted with cau-
tion, acknowledging the limitations imposed by the small 
sample size and heterogeneity. Additional studies are 
needed to allow for a more robust sensitivity analysis and 
to enhance the reliability of the pooled estimates.

Finally, it should be mentioned that a limitation of this 
study was the heterogeneity observed in the definition of 
DPN among the analyzed studies, making comparabil-
ity of results difficult. Similarly, the heterogeneity in the 
methodology used for genotyping polymorphism and the 
number of variants studied should be taken into consid-
eration. Some of the studies did not adequately adjust for 
confounding factors such as age, sex, duration of diabe-
tes, and glycemic control, potentially biasing the asso-
ciations found in this study. On the other hand, studies 
with atypical values, high heterogeneity and incomplete 
data were excluded, which could affect the final results. 
Another limitation was that most of the included stud-
ies focused on white and Arab populations, limiting the 
generalization of the results to other ethnic populations. 
Lastly, this study only considered articles in English or 
Spanish, so there may be other relevant research in other 
languages, such as Chinese, so it would be important to 
consider studies in other languages for future reviews. 
None of the included studies explored Copy Number 
Variants (CNVs), which could have an important role 
in DPN risk, and could have an important impact in the 
conclusions of this study.

For future reviews, we recommend expanding the 
search strategy to include publications in other languages 
other than English and Spanish, unpublished studies and 
grey literature, which would provide a broader dataset for 
analysis and additional insights. Additionally, we would 
encourage including more studies with standardized 
diagnostic criteria and genotyping methods to obtain 
more comparable results.

In conclusion, the studies evaluating the association 
between polymorphic variants and the risk of DPN in 

patients with type 2 DM showed significant heteroge-
neity in their methodology, differing in the genotyping 
method used and the number of single nucleotide vari-
ants evaluated. Additionally, only one study used a vali-
dated instrument to measure DPN, however, the quality 
of the studies was overall good, as only one study showed 
acceptable quality. To date, 66 SNVs identified through 
genomic testing have been reported to be associated 
with the risk of DPN in type 2 diabetic patients, of which 
only some showed a significant association, but no CNVs 
identified through genomic testing have been reported to 
be associated with DPN.

Further research is required on the association between 
polymorphic variants and the risk of DPN in patients 
with type 2 DM. Identifying an association with specific 
polymorphisms could lead to personalized treatment for 
type 2 DM. Additionally, it may eventually be possible to 
create risk profiles that include these polymorphisms, 
along with other known factors such as glycemic con-
trol or other comorbidities. Moreover, understanding the 
molecular mechanisms affected by these polymorphisms 
could drive the development of new therapies. Finally, 
routine genetic testing could be implemented in clini-
cal settings to assess risk and inform patients about their 
genetic risk of developing this diabetes complication.
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