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INTRODUCTION
Type 2 diabetes mellitus (DM2) is one the most significant 
health problems worldwide, affects more than 415 million 
people worldwide, and it is estimated to increase to 642 mil-
lion by 2040[1-2]. In 2015, Mexico was the second Latin Amer-
ican country and sixth in the world in prevalence of this dis-
order with nearly 11.5 million of patients, and its costs to the 
health care system continue to rise, It is related to themorbid-
ity and mortality associated with microvascular complications 
such as retinopathy[2-3]. Diabetic retinopathy (DR) is a lead-
ing cause of visual impairment in patients at productive age 
[3-4]. DR prevalence is of 22–37 % in individuals with diabetes 
[3-4]. Damage of the retina microvasculature is a result of pro-
longed exposure to metabolic changes induced by diabetes 
[3-4]. Based on the severity of symptoms, DR is classified into 
two categories; non-proliferative diabetic retinopathy (NPDR) 
and proliferative diabetic retinopathy (PDR). The key sign of 
NPDR, as a result of hypoxia and venous bleeding, are micro-
aneurysms, vascular leakage, hard exudates, intraretinal mi-
crovascular abnormalities and cotton wool spots. Retinal 

neovascularization induced by ischemia is the main character-
istic of PDR [3-4]. The DR diagnostic methods for early identi-
fication of diabetic patients with significantly elevated risk of 
development DR and optimal prevention and intervention of 
metabolic control of DM patients are needed [3-4]. The explo-
ration of candidate genes through the search of genetic mark-
ers such as polymorphisms is a good option, because clinical 
risk factors for DR, such as duration of disease, and glucose 
control, do not adequately predict disease progression in pa-
tients, suggesting the influence of a genetic component. 

In these sense, multiple studies have investigated genotype-
phenotype correlations in DR, included genes encoding vas-
cular endothelial growth factor (related to the vascular endo-
thelial dysfunction), aldose reductase (related to the polyol 
pathway), the receptor for advanced glycation end products, 
genes associated with inflammation, such as RAAS (renin–an-
giotensine–aldosterone system), glucose induced pathways, 
remodeling of extracellular matrix (ECM), and angiogenesis 
genes [3]. In general, reported results have been conflicting, 
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due to factors including small sample sizes, variations in study 
design, differences in clinical end points, and underlying ge-
netic differences between study groups. At this time, there 
is no confirmed association with any risk allele reported or 
principal gene in NPDR and PDR [3-4]. Nineteen markers are 
proposed in the personalizedtherapy of DR, a new trend at 
therapeutic response in patients, by identifying genotypic and 
phenotypic factors, may result in less optimal response to con-
ventional therapy, and consequently, lead to poorer outcome, 
mainly polymorphism in the gene VEGF [5].

Considering this entire context, the objective of this work 
was to make an exhaustive review of the literature, looking 
for association studies with genes in diabetic retinopathy in 
the Mexican population, which allow us to know the molecu-
lar epidemiology of this disease in Mexico. We searched the 
article bases in PudMed, Scielo, Google academic, Proquest, 
Science Direct, HighWire Press, Imbiomed, Medigraphic data 
bases, as well as looking at google academic and complete 
or preliminary studies presented at congresses or scientific 
meetings.

In Mexican population, only six association studies, have fo-
cused on finding genetic markers for predisposition for DR; 
Such genes are related to polyol pathway, dyslipidemia, an-
giogenesis, remodeling ECM and antigen presentation [3-4]. 
There have been various studies in relation to retinopathy 
and diabetic ophthalmopathy like macular edema. This last, in 
populations from Western from Mexico, the epsilon4 allele of 
the APOE gene is a potential risk factor for the severity of reti-
nal hard exudates (p<0.05) and visual loss (AV< 0.5 Log MAR, 
p=0.057) [6]. The relationship of the APOE gene with the de-
terioration of visual acuity has not been previously reported 
in other populations, and should be considered by clinicians 
worldwide, since the variants of this gene are also closely re-
lated to dyslipidemia and diabetes, and they can be sensitive 
markers in monitoring and prognosis of the diabetic patient 
for the control as well as detection of the diabetic ophthal-
mopathy.

Carrillo et al., also studied a factor correlated to levels of total 
lipids. Also, heterozygous genotype from the polymorphism 
p.P207S of CYP19A1 gene is related to moderate macular ede-
ma in diabetic patients. This genetic variant is related to high 
levels of cholesterol and triglyceridesin Mexican Mestizos [7]. 
The same author and his collaborators reported association 
in diabetic retinopathy to ALR2 gene (encodes for aldose re-
ductase). Carriers with repeats longer than 23 from the poly-
morphism (AC)n, show a risk of 5.16. This suggests that long 
allele’s carriers for this genetic marker are at increased odds 
ratio [8]. Certainly the polymorphism in the CYP19A1 gene has 
not been studied in other populations, it is very important, 

since it has its locus in the region that codes for the active site 
of the aromatase enzyme, which is very important to main-
tain the conversion of androgens to estrogens, which, as we 
already know, influence the dyslipidemia state, but also regu-
late vascular processes, which are part of the etiology of dia-
betic retinopathy. For this reason, this variant will have to be 
considered in future replication studies at the level of genetic 
epidemiology.

On the other hand, Mexican Mestizos with diabetic retinop-
athy showed less frequency of HLA-D11 compared with the 
control group (p = 0.043). NPDR patients with 10 or more 
years of DM2 showed an increase of HLA-DR7 (p = 0.01), finds 
odds less than one unit. These results suggest that the car-
riers of the HLA-DR7 protects against the development of 
proliferative disease in the diabetic Mexican population [9]. 
The genetic markers of HLA in retinopathy have only been re-
viewed in the Mexican and Turkish population, in which pre-
sumably HLA-DR7 andHLA-D11marker coincides, which sug-
gests an important participation of the immune component, 
which is not only linked to the presentation and formation of 
immune complexes, but also with the inflammatory response 
and fibrogenesis, which can explain the association with the 
development of proliferative retinopathy[10]. The markers in 
HLA genes at the clinical level are very useful, because they 
are also markers widely used for their sensibility, specificity 
and are accessible for molecular detection. Considering the 
association with PDR, they should be analyzed in replication 
epidemiological studies in other populations.

In México, population of the Western, the genotypes Ar-
g64Arg Trp64Arg from gene encoding for adrenergic beta re-
ceptor type 3 are related to mixed dyslipidemia and prolifera-
tive retinopathy in diabetics [11]. A marker in ADRB3 gene is 
very little studied in relation to diabetes mellitus type 2 and 
its complications worldwide, however it must be retaken by 
clinicians in the management as well as prognosis, and pre-
vention of complications such as DR, for two reasons. The 
first one, that is associated with components of the metabolic 
syndrome (hyperglycemia and hypertension), which are pre-
cipitating factors of DR [12]. The second one is related to body 
composition and lifestyles, which makes it a useful marker for 
the clinician, which should not only be considered in research 
studies, but in the clinical management of the diabetic patient 
[13].

The first analysis in México involving VEGF polymorphisms 
(rs3025021, rs3025035 and rs2010963) and proliferative dia-
betic retinopathy found lack of association to PDR. Based on 
these results, we can infer that different populations have dif-
ferent genetic background and for this reason there is a varia-
tion in the rate of associations for the same polymorphisms 
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[14]. However, even though these polymorphisms are not 
associated, replication studies are required in other popula-
tions in Mexico, since they present a great ethnic and genetic 
diversity, but other markers in genes related to angiogenesis 
must also be analyzed. Also BglII/NdeIα2 integrin gene poly-
morphisms found lack of association to PDR [15]. The study 
of ECM genes as well as α2 integrin gene in Mexico is limited, 
more studies are required. We are currently studying variants 
at the gene ELMO1, which is an important regulator of cyto-
kinesis, ciliogenesis and fibrogenesis, some of these variants 
are already associated with diabetes mellitus type 2, which 
can be very important because ELMO1 could be associated 
with proliferative retinopathy, given that when there is endo-
thelial dysfunction, it is activated by hyperglycemia, also dur-
ing vasculogenesis or vascular damage [16-17]. Furthermore, 
this gene is related to diabetic nephropathy [18]. Certainly, 
the pathological processes, in which ELMO1 is involved, are 
closely related to diabetic retinopathy, which is why he posi-
tions it very well as a candidate gene, a new frontier not ex-
plored worldwide.

Certainly at the clinical level there is a direct relationship be-
tween the development of microalbuminuria, established 
nephropathy and DR. With this pathophysiological relation-
ship, it could suggest that some genes participating in al-
buminuria or predisposition for kidney damage, may also 
be associated with DR [19]. As well as SNP in the LPR2 and 
CUBN genes, which have already studied their association 
with diabetes and diabetic nephropathy. The analysis of its 
variants, p.I2984V (rs1801239) and p.G3002E (rs1801240) of 
CUBN and the polymorphisms p.H498Q, p.R4220P, p.I4210L, 
rs17848169 (p.N2632D) of LRP2 gene in the DR is a new fron-
tier of research.

CONCLUSION

We conclude that considering the molecular heterogeneity 
of the DM2 and DR, in Mexican population is required more 
association studies with different candidate genes, there are 
five genes associated APOE, CYP19A1, ALR2, HLA-DR7, and 
ADRB3, Two marker lack association in VEGF andα2 integrin 
genes. A new frontier for research in DR, are de variant of the 
ELMO1, CUBN and LRP2 genes. Studies will be needed also at 
the interaction gene-gene, in diabetic eye disease because a 
single gene or genetic variant cannot explain the risk of devel-
opment of DR which actually is expected.
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