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Abstract

Background: Diabetic retinopathy (DR) is characterized by ischemia, hypoxia, and angiogenesis. Erythropoietin
(EPO), an angiogenic hormone, is upregulated in DR, and the association of £PO genetic variants with DR is still uncer-
tain, as conflicting results have been reported. Therefore, we performed a case—control study followed by a meta-
analysis to investigate whether the rs1617640, rs507392, and rs551238 polymorphisms in £PO gene are associated
with DR.

Methods: The case-control study included 1042 Southern Brazilians with type 2 diabetes (488 without DR and 554
with DR). Eligible studies for the meta-analysis were searched from electronic databases up to June 1, 2021. Pooled
odds ratios (ORs) and 95% confidence intervals (Cls) were estimated for five genetic inheritance models.

Results: The minor alleles of the £PO polymorphisms had nearly the same frequency in all groups of patients (35%),
and no association was detected with DR in the case—control study. The meta-analysis included 14 independent sets
of cases and controls with 9117 subjects for the rs1617640 polymorphism and nine independent sets with more

than 5000 subjects for the rs507392 and rs551238 polymorphisms. The G allele of the rs1617640 polymorphism was
suggestively associated with DR under the dominant (OR=0.82, 95% Cl: 0.68-0.98), heterozygous additive (OR=10.82,
95% Cl: 0.69-0.97), and overdominant (OR =0.88, 95% Cl: 0.79-0.97) models. In the subgroup analyses, the G allele
was also suggestively associated with proliferative DR (PDR), non-proliferative DR (NPDR), and DR (PDR + NPDR)
among patients with type 1 diabetes (T1DM) or non-Asian ancestry. After considering the Bonferroni correction for
multiple comparisons, the G allele remained associated with NPDR and DR in T1DM. Regarding the rs507392 and
rs551238 polymorphisms, no association was found between these variants and DR.

Conclusion: Our findings provide additional support to EPO as a susceptibility gene for DR, with the rs1617640 poly-
morphism deserving further investigation.
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Non-proliferative DR is characterized by microaneu-
rysms, exudates, venous beading, and intraretinal micro-
vascular abnormalities, whereas PDR is characterized
by neovascularization, which can result in intraocular
bleeding, vision loss, and retinal detachment [1]. Chronic
hyperglycemia augments the activation of biochemical
pathways that promote the production of inflammatory
cytokines, reactive oxygen species, and vasoactive sub-
stances. Collectively, these changes disrupt the neuro-
vascular structures and alter normal retinal function by
leading to the blood—retinal barrier breakdown, pericyte
loss, neuronal death, and angiogenesis [2, 3].

Erythropoietin (EPO) is a pleiotropic hormone pro-
duced mainly by the adult kidney in response to hypoxia
or anemia to increase the production of red blood cells
[4, 5]. Erythropoietin and its receptors are also expressed
in several other tissues in response to tissue injury [5,
6], including the retinal pigment epithelium, outer and
inner nuclear layers, and ganglion cell layer of the ret-
ina [4], where they exert cytoprotective effects. Experi-
mental studies have shown that EPO has antiapoptotic,
anti-inflammatory, antioxidant, and angiogenic proper-
ties [4—6], thereby protecting against retinal damage by
reducing the pericyte loss, formation of acellular capil-
laries, and degeneration of neuroretinal layers, amongst
several other features of early DR. Despite the beneficial
effects of EPO administration reported in small human
clinical trials and several experimental models of ocular
diseases [4, 5], patients with PDR have high levels of EPO
in the vitreous fluid, aqueous humor [5], postmortem ret-
inal tissue [7], plasma [7, 8], and serum [9].

The human EPO gene is located on chromosome
7q22.1, contains five exons and encodes a precursor pro-
tein of 193 amino acids (https://www.ncbi.nlm.nih.gov/
gene/2056). The rs1617640 (G>T), rs507392 (C>T),
and rs551238 (C>A) polymorphisms in the EPO gene
were first investigated regarding their potential asso-
ciation with PDR and end-stage renal disease (ESRD) in
European-Americans. In that study, the T allele of the
rs1617640 polymorphism was associated with PDR and
ESRD in three different cohorts and had a functional
role in EPO expression [10]. Since then, the relationship
between these genetic variants and DR has been evalu-
ated in other populations [11-20], with half of the stud-
ies reporting positive associations with either allele [11,
16, 17, 19, 20] and the other half reporting no associa-
tion [12-15, 18]. Specifically, the minor G allele of the
rs1617640 polymorphism was associated with risk of
DR in Australian [11], Chinese [17], and Slovenian [20]
patients with type 2 diabetes (T2DM). In contrast, the
T allele was associated with the risk of DR in European-
Americans [10] and North Indians [19] with T2DM. In
relation to the rs507392 and rs551238 polymorphisms,
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the minor C allele was also associated with risk of DR in
Australian [11] and Chinese [17] T2DM patients, whereas
it was associated with protection against DR in another
Chinese population of T2DM patients [16]. In addition,
the C allele of the rs507392 polymorphism and the C
allele of the rs551238 polymorphism were also associated
with protection against DR in North Indians [19] and
European-Americans [10] with T2DM, respectively.

Here, we aimed to investigate whether the rs1617640,
rs507392, and rs551238 polymorphisms in the EPO gene
are associated with DR. To address this question, we per-
formed a case—control study in Southern Brazilians with
T2DM and conducted a systematic review followed by a
meta-analysis of previous studies and ours. In addition,
we performed an exploratory analysis to evaluate the
association between EPO polymorphisms and diabetic
macular edema (DME).

Methods

This study was reported in accordance with the
STrengthening the REporting of Genetic Association
Studies (STREGA) [21] and Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
[22] statements.

Case-control study
Study population and clinical data collection
Our case—control study was carried out on a total of
1042 adult T2DM patients from Rio Grande do Sul, the
southernmost Brazilian state. Most patients (n=740)
were enrolled between 1999 and 2010 as part of a mul-
ticenter study that aimed to investigate risk factors for
chronic complications of diabetes. It mainly included the
endocrinology outpatient clinics and the dialysis centers
of four public tertiary care hospitals in the cities of Porto
Alegre (Hospital de Clinicas de Porto Alegre—HCPA
and Hospital Nossa Senhora da Concei¢édo), Passo Fundo
(Hospital Sdo Vicente de Paulo), and Rio Grande (Hospi-
tal Universitario de Rio Grande). The remaining patients
(n=302) were enrolled between 2015 and 2017 in the
endocrinology and the ophthalmology outpatient clinics
of HCPA. This study adhered to the Declaration of Hel-
sinki and was approved by the Human Research Ethics
Committee of Universidade Luterana do Brasil—ULBRA
(CAAE number: 55236216.2.0000.5349; consolidated
review number: 1.553.469). All patients gave their written
informed consent prior to the data and blood collection.
Type 2 diabetes was diagnosed according to the crite-
ria of the American Diabetes Association [23], and the
inclusion criteria of this study were as follows: age at the
diagnosis of diabetes > 30 years, no need for daily insu-
lin treatment within the first year of diagnosis, and no
previous episodes of ketoacidosis. Patients underwent
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a complete clinical evaluation consisting of physical
examination and routine biochemical exams, including
the measurement of glycated hemoglobin (HbA1lc), cre-
atinine and lipid levels, which were determined accord-
ing to standard methods as described elsewhere [24].
Glomerular filtration rate (eGFR) was estimated using
the CKD-EPI equation [25] and diabetic kidney disease
was defined according to the KDIGO 2012 classification,
as previously described [26]. A structured questionnaire
was used to collect demographic data and information
regarding the clinical history, such as the age at the diag-
nosis of diabetes, history of cigarette smoking, and pres-
ence of comorbidities, which were obtained directly by
interview with the patient or from medical records. Skin
color/ethnicity was self-reported and dichotomized as
white or non-white (pardo or black).

Diagnosis of DR was based on either ophthalmoscopy
(for patients included in the study until 2010) or reti-
nography (for patients included between 2015 and 2017)
after mydriasis by staff retinal ophthalmologists in each
institution. All eye examinations were performed before
DNA isolation and genotyping procedures, and patients
who had any eye condition that impaired the funduscopic
examination, such as severe cataract, were excluded
from the study. Retinopathy was defined according
to the worst affected eye and was classified as absent
(no fundus abnormalities)) NPDR (microaneurysms,
intraretinal hemorrhages, and/or venous beading and
intraretinal microvascular abnormalities), or PDR (neo-
vascularization and/or vitreous/preretinal hemorrhage)
[27]. Patients with a prior history of panretinal photoco-
agulation were also included in the PDR group. Overall,
of the 1042 T2DM patients included in this case—control
study, 488 patients did not have DR, 317 had NPDR, and
237 had PDR.

DNA isolation and genotyping

Genomic DNA was isolated from peripheral white blood
cells using a standard salting out procedure [28]. Geno-
typing of EPO polymorphisms was performed by real-
time polymerase chain reaction (PCR) using specific
primers and hydrolysis probes contained in validated
commercial assays for allelic discrimination (TagMan®
Genotyping Assay, ID numbers C__8786860_10,
C__27168915_10, and C__2868037_10 for rs1617640,
rs507392, and rs551238 polymorphisms, respectively;
Thermo Fisher Scientific, Waltham, USA). Amplifica-
tion reactions were carried out in a total volume of 8 pL
containing 2 pL genomic DNA (10 ng/pL), 4 uL. TagMan
Genotyping Master Mix (2 X) (Thermo Fisher Scientific),
and 0.4 puL genotyping assay (20 X). Plates were loaded
into a real-time PCR thermal cycler (StepOnePlus Real-
Time PCR System; Thermo Fisher Scientific) and heated
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under the standard conditions recommended by the
manufacturer. The genotyping was done in the Labora-
tory of Human Molecular Genetics at ULBRA.

A sample of each genotype was used in all PCR runs
as a positive control; the investigators who performed
the genotyping were blinded to the patients’ DR status
(L.EC.S. and R.C.S.) and the genotypes were read inde-
pendently by two investigators (L.E.C.S. and E.R.P.). Gen-
otyping success rate ranged from 97.8% (rs507392) to
99.1% (rs1617640), and 15% of the samples that were suc-
cessfully genotyped for all three polymorphisms (152 out
of 1010) were randomly selected to be re-genotyped to
assess accuracy. One sample was discordant for the three
polymorphisms, while another sample was discordant for
only the rs551238 polymorphism. The discordant results
were confirmed in a further PCR. The genotyping data
generated in this study are available in a public repository
(https://doi.org/10.6084/m?9.figshare.16417161).

Statistical analysis

Continuous data are shown as the meand=+standard
deviation or median (25th—75th percentiles), while cat-
egorical data are shown as absolute frequency (percent-
age), percentage, or relative frequency. After checking
for the normal distribution using the Shapiro—Wilk test,
continuous data were compared between groups by the
Kruskal-Wallis test followed by the Dunn post hoc test
for multiple comparisons where appropriate. Categori-
cal data, including the genotype and allele frequencies,
were compared between groups using the chi-square
test followed by Bonferroni correction for multiple pair-
wise comparisons, if appropriate. Allele frequencies
were determined by gene counting, and deviations from
Hardy—Weinberg equilibrium (HWE) were also veri-
fied by the chi-square test. Statistical analyses were per-
formed using SPSS version 18 (SPSS Inc., Chicago, USA)
and WinPEPI version 11.50 [29] statistical software. Hap-
lotype frequencies were estimated by a Bayesian method
and compared between groups by a random permutation
test (1000 replicates) implemented in the PHASE soft-
ware version 2.1 [30, 31]. Linkage disequilibrium (LD)
between the EPO polymorphisms was estimated and
expressed in terms of D’ and 7* [32]. P values <0.05 were
considered statistically significant.

Sample size estimates were performed using the
WinPEPI program. Calculations were based on the
association effect sizes previously reported for EPO
polymorphisms and DR [10, 11, 16, 17], considering a
significance level of 5% and global frequencies of 0.33
(rs1617640 and rs507392) and 0.34 (rs551238) for the
minor alleles, as described in the 1000 Genomes Project
(https://www.ncbi.nlm.nih.gov/snp/). These estimates
indicated that 1118 patients with T2DM (559 cases and
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559 controls) would be needed to detect an odds ratio
(OR) of as low as 1.30 (95% confidence interval [CI]):
1.02-1.65) for the association between the G allele of the
rs1617640 polymorphism and DR, under the dominant
model, as found in Chinese T2DM patients [17].

Systematic review and meta-analysis

Search strategy and eligibility criteria

PubMed and Virtual Health Library (Biblioteca Virtual
en Salud—BYVS) databases were last searched on June 1,
2021, to retrieve all studies that investigated the asso-
ciation of at least one EPO gene polymorphism with DR
(PDR, NPDR, or both combined), with no restriction on
language. The following search terms were used: diabetes
AND retinopathy AND (erythropoietin OR EPO) AND
(polymorphism OR polymorphisms OR SNP OR SNPs
OR variant OR variants OR mutation OR mutations OR
rs1617640 OR rs507392 OR rs551238). In addition, we
searched abstracts presented from 2018 to 2020 at scien-
tific meetings of the following societies of diabetes, endo-
crinology, and ophthalmology: American Academy of
Ophthalmology (AAO), American Diabetes Association,
Endocrine Society (ENDO), European Association for
the Study of Diabetes (EASD), International Society for
Eye Research (ISER), and the Association for Research in
Vision and Ophthalmology (ARVO).

Reference lists of the retrieved papers were also
searched to identify additional studies. Studies presented
in the form of a thesis or published in predatory jour-
nals were not included in our meta-analysis. Titles and
abstracts of the retrieved articles were screened for eligi-
bility, and then original studies on human subjects were
reviewed in full. Authors of the papers that did not report
the genotype and/or allele frequencies were contacted by
e-mail. In case of no reply, the study was not included in
the meta-analysis.

Data extraction and methodological quality assessment

Data from eligible studies were extracted independently
by two of the authors (D.S.S. and K.G.S.) and disagree-
ments were resolved by discussion and consensus. The
following data were extracted and entered in an elec-
tronic spreadsheet: (i) characteristics of the study setting
(name of the first author, year of publication, design type,
period of inclusion, total sample size, number of cases
and controls, degrees of DR, and diagnosis method of
DR); (ii) characteristics of the study population (country
and region, ethnicity, age, gender, type of diabetes, dura-
tion of diabetes, and presence of other diabetic compli-
cations); (iii) information regarding the polymorphisms
(genotyping method, HWE in the control group, minor
allele, and allele and genotype frequencies in cases and
controls). Where available, haplotype frequencies and
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genotype/allele frequencies reported separately by the
degree of DR were also registered for further analysis.

Genotype and allele data were extracted and carefully
checked for accuracy. In the cases that genotype fre-
quencies could not be clearly deduced from the paper or
seemed to be incomplete, incorrect, or unclear, at least
one of the authors was contacted regarding the data.
Incomplete, incorrect, or unclear information regarding
the DR definition was also checked with the authors of
the eligible studies by e-mail. The methodological quality
of each study included in our meta-analysis was assessed
independently by two of the authors (D.S.S. and K.G.S.)
using the Newcastle-Ottawa scoring Scale (NOS) for
case—control studies [33].

Quantitative synthesis
The association between EPO polymorphisms and DR
was evaluated by estimating pooled ORs and correspond-
ing 95% Cls, using the minor allele for the rs1617640 (G),
rs507392 (C), and rs551238 (C) polymorphisms as the
exposure factor in the following five genetic inheritance
models: (i) dominant (GG+TG vs. TT, CC+TC vs. TT,
and CC+AC vs. AA); (ii) recessive (GG vs. TG+ TT,
CC vs. TC+TT, and CC vs. AC+ AA); (iii) homozygous
(GG vs. TT, CC vs. TT, and CC vs. AA) and heterozygous
additive (TG vs. T'T, TC vs. TT, and AC vs. AA); (iv) over-
dominant (TG vs. GG+ TT, TC vs. CC+TT, and AC vs.
CC+AA); and, (v) allele contrast (G vs. T, C vs. T, and C
vs. A). Meta-analysis of haplotypes was also performed by
comparing the GCC haplotype against the TTA haplotype.
Genotype frequencies were tested for HWE using the
goodness-of-fit chi-square test and the overall analy-
ses were repeated by excluding the studies in which the
genotype frequencies deviated from HWE in the control
group, as recommended elsewhere [34—36]. In addition,
subgroup analyses were performed stratifying for the
degree of DR (NPDR or PDR vs. no DR), type of diabetes
(type 1 diabetes mellitus [TIDM] or T2DM), and ethnic-
ity (Asian or non-Asian), including only the studies that
met HWE. Some of the studies included in the meta-
analysis enrolled two or more independent sets of cases
and controls ([10, 11], present study); therefore, these
groups were analyzed as separate populations.
Heterogeneity among studies was evaluated using the
1%, 1%, and Q metrics, and all the individual and pooled
ORs were estimated using both fixed- and random-
effects models. In the presence of moderate/high het-
erogeneity, as defined by I>>50% and P<0.10 in the
Q-test, the random-effects model was considered more
suitable than the fixed-effects model for interpretating
our meta-analysis. Otherwise, the fixed-effects model
was considered as the appropriate model [34, 35]. Esti-
mates with P<0.05 were considered as evidence of
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suggestive association. As we performed 42 compari-
sons for rs1617640, 18 comparisons for rs507392, and
24 comparisons for rs551238, only the estimates with
P-values less than 0.0012 (0.05/42), 0.0028 (0.05/18),
and 0.0021 (0.05/24) for these three polymorphisms,
respectively, were considered as statistically significant.
Following the recommendations of Sterne et al. [37],
small-study effects were examined by visual inspection
of funnel plots and formal statistical testing for the
rs1617640 polymorphism, as this was the only poly-
morphism for which at least 10 studies were included
in the meta-analysis. Riicker’s test, based on arcsine
transformation of the effect measure, was used to test
for funnel plot asymmetry because it is indicated for
meta-analyses with binary outcomes and performs
reasonably well in the presence of substantial between-
study heterogeneity, as defined by 1*>0.1 [37, 38].
Statistical analyses were performed using the ‘meta’
package version 4.14—0 [39] in R version 4.0.2 [40].

Results

Case-control study

Characteristics of study population

Subjects with T2DM included in our case—control
study were predominantly elderly (60.3+9.5 years),
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female (53.3%), and white (89.0%). Subjects with DR
were more often male and daily insulin users, had
a longer duration of diabetes, and lower body mass
index than those without this complication. In addi-
tion, patients with PDR were older and had worse

renal function than those without DR (Supplementary
Table 1).

Relationship between EPO polymorphisms and DR
Genotype frequencies were in agreement with those pre-
dicted by the Hardy—Weinberg equation for the three
EPO polymorphisms in all T2DM groups. As the geno-
type and allele frequencies did not differ according to the
period of inclusion in the study (Supplementary Table 2)
and were quite similar in white and non-white subjects
(Supplementary Table 3), all T2DM patients were ana-
lyzed together in relation to DR. As shown in Table 1,
the genotype frequencies were similar between subjects
with PDR, NPDR, and without DR, and the minor alleles
had a frequency of approximately 0.35 in these three
groups.

Among the 1010 T2DM patients successfully geno-
typed for the three EPO polymorphisms, 413 (41%) were
homozygous for the major alleles, 454 (45%) were triple
heterozygotes, and 110 (11%) were homozygous for the

Table 1 Genotype and allele frequencies of EPO polymorphisms in Brazilians with type 2 diabetes

SNPs Genotypes and All subjects Without DR NPDR PDR P

alleles

rs1617640 Genotype n=1033 n=483 n=316 n=234
T 438 (42.4) 208 (43.1) 138 (43.7) 92 (39.3) 0519
TG 480 (46.5) 221 (45.7) 149 (47.1) 110 (47.0)
GG 115(11.1) 54(11.2) 29(9.2) 32(137)
Allele
T 0.66 0.66 0.67 0.63 0.299
G 0.34 0.34 033 037

rs507392 Genotype n=1019 n=473 n=314 n=232
T 426 (41.8) 198 (41.9) 137 (43.6) 91(39.2) 0.538
TC 477 (46.8) 220 (46.5) 148 (47.2) 109 (47.0)
CcC 116 (11.4) 55(11.6) 29(9.2) 32(13.8)
Allele
T 0.65 0.65 0.67 063 0.306
@ 0.35 035 033 037

rs551238 Genotype n=1028 n=481 n=315 n=232
AA 427 (41.5) 200 (41.6) 138 (43.8) 89 (384) 0.628
AC 477 (46.4) 223 (46.3) 145 (46.0) 110 (47.4)
CcC 124(12.1) 58 (12.1) 32(10.2) 33(14.2)
Allele
A 0.65 0.65 067 0.62 0.266
@ 035 0.35 033 0.38

Data are shown as absolute frequency (and percentage) or relative frequency. SNPs single nucleotide polymorphisms, DR diabetic retinopathy, NPDR non-proliferative

DR, PDR proliferative DR
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minor alleles, while the remaining 33 patients (3%) had
other genotype combinations. In fact, the three poly-
morphisms were in strong LD (D’'=0.96 and r*=0.90,
for rs1617640 vs. rs507392; D’=0.95 and r*=0.88, for
rs507392 vs. rs551238; and D’=0.98 and *=0.93, for
rs1617640 vs. rs551238). Two haplotypes accounted
for>97% of the chromosomes in our population, whereas
the other six possible haplotypes had estimated indi-
vidual frequencies varying from 0.01% to 1.1%. Haplo-
type frequencies were not significantly different between
patients with PDR, NPDR, and without DR (Supplemen-
tary Table 4).

Relationship between EPO polymorphisms and DME
Considering that we have information on the pres-
ence or absence of DME for 139 out of the 302 T2DM
patients enrolled between 2015 and 2017, an explora-
tory analysis was performed to examine the potential
association of the three EPO polymorphisms with this
retinal complication. Ten of the 139 patients (7.2%)
had DME, with 8 patients having NPDR and 2 patients
having PDR. As shown in Supplementary Table 5, the
genotype, allele, and haplotype frequencies were not
statistically different between those with and without
DME.
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Meta-analysis

Study characteristics

Nineteen non-duplicate articles were initially retrieved
from PubMed and Virtual Health Library (BVS) data-
bases, and another five studies were identified by check-
ing the reference lists of the retrieved articles (Fig. 1).
No studies were identified from the abstracts of the sci-
entific meetings. After reviewing the titles and abstracts,
13 studies were excluded because they did not evaluate
the association of EPO polymorphisms with DR, they
did not report original data (reviews and meta-analysis),
the full-text was not available, or they had not been pub-
lished in peer-reviewed journals. Among the 11 full-texts
reviewed, two of them were excluded because they did
not report the genotype and/or the allele frequencies
and the contacted author did not reply to our e-mail ask-
ing for these data [13, 15]. In addition to our case—con-
trol study, nine articles fulfilled the eligibility criteria
and were included in the meta-analysis, giving 14 inde-
pendent sets in total (Fig. 1) with 9117 subjects analyzed
for the rs1617640 polymorphism [10-12, 14, 16-20].
Nine independent sets from seven studies, with more
than 5000 subjects, were analyzed for the rs507392 and
rs551238 polymorphisms ([11, 14, 16—19], present study)
(Table 2).

]

Studies included in
previous version of review
(n=4)

Identification

Records identified from:

Databases (n = 19)
Registers (n = 0)

Screening

Included

}

Records screened

Records removed before screening:
Duplicate records removed (n = 0)
Records removed for other reasons
(n=0)

Records identified from:
Reference list of the retrieved papers (n = 5)
Unpublished original data from the Authors of this study (n = 1)

(n=19)

l

Reports sought for retrieval

Records excluded:
Studies that did not evaluate DR (n = 3)
Reviews (n = 5)
Meta-analysis (n = 1)

(n=10)

l

Reports assessed for eligibility

A4

Reports not retrieved
(n=0)

(n=10)

4

Studies included in review
(n=8)
Reports of new included studies

Reports excluded:

Genotype/allele frequencies not
reported and no response to our
e-mail (n = 2)

A,

Reports sought for retrieval Reports not retrieved
- > -
(n=5) (n=1)

l

Reports excluded:
Thesis for master
degree (n=2)

Reports assessed for eligibility

(n=4) 1

Published in predatory
journal (n = 1)

(n=2)

}

_J

10 studies/reports with 14 independent
sets of cases and controls included in
quantitative synthesis (meta-analysis)

Fig. 1 PRISMA flow diagram depicting the results of the search and selection of studies included in the meta-analysis
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Studies included in our meta-analysis were case—con-
trol or cross-sectional studies, and most of them enrolled
T2DM patients. Most independent sets of cases and con-
trols were composed predominantly of white subjects
of European ancestry ([10, 11, 18, 20], present study),
while five studies were carried out on Indian [12, 19] and
Chinese [14, 16, 17] populations (Table 2). According to
NOS, all the previous studies included in the meta-anal-
ysis were of good quality, with the total scores ranging
from 7 to 9 (Supplementary Table 6).

Table 2 Characteristics of the studies included in the meta-analysis
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Quantitative pooled analyses of rs1617640 polymorphism

Pooled estimates for the overall association between the
rs1617640 polymorphism and DR revealed a moder-
ate to high between-study heterogeneity (I>=57-76%)
in almost all genetic models including all the 14 inde-
pendent subject sets (Supplementary Table 7). We then
sought to identify its source by excluding set #2 of Tong
et al. [10], which had the highest weight in the analyses
(18-27%), and the three sets with controls deviating from
HWE [set #1 of 11, 17, 19]. Exclusion of these studies

First author and Year Country Type of diabetes n (cases/controls) Cases Controls HWE
reference

Genotypes Alleles  Genotypes Alleles
rs1617640 9117 (4462/4655)  TT/TG/GG T/G TT/TG/GG T/G
Tong (1) [10] 2008 USA T2DM 613 (374/239) 150/172/52  472/276  66/127/46 259/219  Yes
Tong (2) [10] 2008 USA T1DM 1439 (865/574) 335/419/111 1089/641 148/307/119 603/545  Yes
Tong (3) [10] 2008 USA TIDM 520 (379/141) 139/180/60  458/300 35/78/28 148/134  Yes
Abhary (1) [11] 2010 Australia  T2DM 333 (170/163) 65/78/27 208/132  64/88/11 216/110  No
Abhary (2) [11] 2010 Australia  T1DM 167 (102/65) 40/44/18 124/80 24/30/11 78/52 Yes
Balasubbu [12] 2010 India T2DM 702 (344/358) 31/163/150  225/463  30/171/157  231/485  Yes
Yang [14] 2014 China T2DM 491 (211/280) 146/55/10  347/75 182/82/16  446/114  Yes
Song [16] 2015 China T2DM 782 (444/338) 293/138/13  724/164  225/98/15 548/128  Yes
Fan [17] 2016 China T2DM 1193 (397/796) 208/161/28  577/217  468/302/26  1238/354 No
Montesanto [18] 2018 Italy T2DM 433 (107/326) 51/42/14 144/70 140/145/41  425/227  Yes
Kaur [19] 2021 India T2DM 614 (302/312) 125/129/48  379/225 122/116/74  360/264 No
Mankoc Ramus [20] 2021 Slovenia T2DM 797 (217/580) 70/96/51 236/198  180/305/95 665/495  Yes
Sesti (1) Present study Brazil T2DM 1(422/309) 183/194/45 560/284  132/147/30  411/207  Yes
Sesti (2) Present study Brazil T2DM 302 (128/174) 47/65/16 159/97 76/74/24 226/122  Yes
rs507392 5023 (2281/2742)  TT/TC/CC T/C TT/TC/CC T/C
Abhary (1) [11] 2010 Australia  T2DM 332(170/162) 65/78/27 208/132  63/88/11 214/110  No
Abhary (2) [11] 2010 Australia  T1DM 167 (102/65) 40/44/18 124/80  24/30/11 78/52 Yes
Yang [14] 2014 China T2DM 496 (216/280) 141/65/10 347/85 181/81/18 443/117  No
Song [16] 2015 China T2DM 782 (444/338) 281/149/14  711/177  217/97/24 531/145 No
Fan [17] 2016 China T2DM 1193 (397/796) 202/161/34  565/229  463/305/28 1231/361 No
Montesanto [18] 2018 Italy T2DM 420 (104/316) 48/43/13 139/69 130/146/40  406/226  Yes
Kaur [19] 2021 India T2DM 614 (302/312) 138/124/40  400/204 132/106/74  370/254  No
Sesti (1) Present study Brazil T2DM 722 (418/304) 81/192/45  554/282 126/148/30  400/208  Yes
Sesti (2) Present study Brazil T2DM 297 (128/169) 47/65/16 159/97 72/72/25 216/122  Yes
rs551238 5031(2279/2752)  AA/AC/CC  A/C AA/AC/CC  A/C
Abhary (1) [11] 2010 Australia  T2DM 333(170/163) 65/78/27 208/132  64/88/11 216/110  No
Abhary (2) [11] 2010 Australia  T1DM 167 (102/65) 40/44/18 124/80  24/30/11 78/52 Yes
Yang [14] 2014 China T2DM 494 (216/278) 141/65/10 347/85 182/79/17 443/113  No
Song [16] 2015 China T2DM 774 (439/335) 286/140/13  712/166  219/92/24  530/140 No
Fan [17] 2016 China T2DM 1193 (397/796) 203/156/38  562/232  452/299/45 1203/389 Yes
Montesanto [18] 2018 Italy T2DM 428 (106/322) 51/42/13 144/68 138/143/41  419/225  Yes
Kaur [19] 2021 India T2DM 614 (302/3 2) 130/125/47  385/219  123/117/72  363/261  No
Sesti (1) Present study Brazil T2DM 1(419/312) 181/188/50  550/288  129/150/33  408/216  Yes
Sesti (2) Present study Brazil T2DM 297 (128/ 69) 46/66/16 158/98 71/73/25 215/123  Yes

SNP single nucleotide polymorphism, T2DM type 2 diabetes mellitus, T1DM type 1 diabetes mellitus, HWE Hardy-Weinberg equilibrium
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from the meta-analysis markedly reduced the heteroge-
neity (I=12-39%), while the pooled estimates became
suggestively significant with the removal of the studies
that did not meet the HWE in half of the genetic mod-
els. Although the funnel plots were asymmetric with set
#2 by Tong et al. [10] and some others lying outside the
boundary line, this asymmetry was not confirmed by sta-
tistical analysis (Supplementary Table 7). The forest and
funnel plots are provided in Supplementary Figs. 1-48.

Table 3 shows the overall and subgroup analyses after
removing the three subject sets in which the genotype
frequencies were not in agreement with HWE. The G
allele was suggestively associated with a reduced risk
of DR under the dominant, heterozygous additive, and
overdominant genetic models. Following the standard
recommendations for meta-analysis of genetic associa-
tion studies, we also stratified the analyses by the degree
of DR, type of diabetes, and ethnicity including only the
studies whose genotype frequencies met the HWE in the
control group. Again, the G allele was suggestively asso-
ciated with both PDR and NPDR, under the overdomi-
nant and recessive models, respectively, and with DR
among patients with TIDM under all the genetic mod-
els. Regarding the subjects of non-Asian ancestry, the G
allele was suggestively associated with the reduced risk of
DR under the dominant, heterozygous additive, and over-
dominant models. However, only the association of the
GG genotype with NPDR and the association of the G
allele with DR in T1DM remained statistically significant
after taking into account multiple testing (£<0.0012).
Moreover, no association between the rs1617640 poly-
morphism and DR was detected in patients with T2DM
or Asian ancestry (Table 3). The forest plots are shown in
Supplementary Figs. 49—84.

Quantitative pooled analyses of rs507392 and rs551238
polymorphisms

In relation to the rs507392 polymorphism, five of the
nine subject sets initially eligible for the meta-analysis did
not meet the HWE [set #1 of 11, 14, 16, 17, 19]. Remov-
ing these studies from the meta-analysis eliminated the
between-study heterogeneity, while the association esti-
mates remained statistically non-significant. With fewer
data available, subgroup analyses including only the stud-
ies that met the HWE were restricted to T2DM patients
(who were all of non-Asian ancestry), and no association
was observed in this group (Table 4 and Supplementary
Figs. 85-102).

Regarding the rs551238 polymorphism, the genotype
frequencies in controls were not in agreement with HWE
in four of the nine subject sets [set #1 of 11, 14, 16, 19].
The overall pooled analyses including or excluding these
studies revealed no association between the rs551238 and
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DR in any genetic model, even among T2DM patients or
non-Asians (Table 5 and Supplementary Figs. 103—126).

Quantitative pooled analyses of EPO haplotypes

The combined analysis, including seven sets of cases and
controls, showed that the haplotype carrying the minor
alleles (GCC) was not associated with DR in comparison
to the haplotype carrying the major alleles (TTA), regard-
less of whether the genotype frequencies were in HWE in
the control groups (Fig. 2).

Discussion

In our case—control study, we did not find evidence of
an association between EPO gene polymorphisms and
DR in patients with T2DM from Southern Brazil. How-
ever, the meta-analysis showed that the G allele of the
rs1617640 was associated with protection for NPDR
under the recessive model. In the subgroup analyses by
type of diabetes and ancestry, the G allele was also associ-
ated with a decreased risk of DR (PDR+ NPDR) among
patients with T1IDM. No other statistically significant
associations were detected after taking into account the
multiple comparisons.

Regarding the rs1617640 polymorphism, the findings
of our case—control study are in accordance with most of
the previous individual studies, which reported no associ-
ation between this genetic variant and DR in Indian [12],
Chinese [14, 16], and Italian T2DM patients [18], as well
as in five different cohorts of subjects of white European
ancestry with TIDM [11, 13, 15]. The rs1617640 poly-
morphism was also not associated with time to develop-
ment of severe DR in a large cohort of TIDM patients
followed for over 15 years (from the WESDR+DCCT/
EDIC studies) [15]. However, other studies have found
opposing results [10, 11, 17, 19, 20]. The T allele was
associated with an increased risk of PDR in three Euro-
pean-American cohorts of T2DM and T1DM patients
from different geographic areas in the United States [10]
and with DR in North Indians with T2DM [19]. On the
other hand, the G allele was associated with the increased
risk of DR in T2DM patients from Australia [11], China
[17], and Slovenia [20]. Thus, differences in ethnicity and
type of diabetes do not seem to explain the discrepancies
between these studies.

When all the available genotype data were pooled in
the meta-analysis, the between-heterogeneity was sub-
stantial, and the random-effects model revealed no asso-
ciation between the rs1617640 polymorphism and DR.
The asymmetry seen in the funnel plots, and not con-
firmed by statistical test, can be attributed to neither
publication bias nor small study effects [34—37] because
most of the studies did not find an association between
the rs1617640 variant and DR, and two of the subject
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Table 3 Pooled estimates for the association between the EPO rs1617640 polymorphism and DR
Subgroup and genetic model n (cases/controls) Heterogeneity Effect model Pooled OR (95% Cl) P**
12 (%) P*
Overall (n=11)
Dominant (GG+TG vs. TT) 6977 (3593/3384) 62 0.003 Random 0.82 (0.68-0.98) 0.029
Recessive (GG vs. TG+TT) 6977 (3593/3384) 55 0.013 Random 0.88 (0.71-1.10) 0273
Homozygous additive (GG vs. TT) 3845 (2025/1820) 65 0.002 Random 0.78 (0.58-1.04) 0.088
Heterozygous additive (TG vs.TT) 5855 (3053/2802) 50 0.030 Random 0.82 (0.69-0.97) 0018
Overdominant (TG vs. GG+TT) 6977 (3593/3384) 7 0.375 Fixed 0.88 (0.79-0.97) 0.009
Allele contrast (G vs.T) 13,954 (7186/6768) 67 <0.001 Random 0.88(0.77-1.01) 0.075
PDR (n=28)
Dominant (GG+TG vs. TT) 4843 (2130/2713) 74 <0.001 Random 0.79 (0.60-1.04) 0.089
Recessive (GG vs. TG+TT) 4843 (2130/2713) 65 0.006 Random 0.90 (0.68-1.21) 0.490
Homozygous additive (GG vs. TT) 2592 (1186/1406) 75 <0.001 Random 0.76 (0.50-1.15) 0.188
Heterozygous additive (TG vs.TT) 3929 (1730/2199) 66 0.004 Random 0.78 (0.61-1.01) 0.058
Overdominant (TG vs. GG+TT) 4843 (2130/2713) 38 0.127 Fixed 0.82(0.73-0.93) 0.002
Allele contrast (G vs.T) 9686 (4260/5426) 77 <0.001 Random 0.88 (0.73-1.06) 0.181
NPDR (n=4)
Dominant (GG+TG vs. TT) 2438 (1043/1395) 72 0014 Random 0.90 (0.65-1.26) 0.552
Recessive (GG vs. TG+TT) 2438 (1043/1395) 25 0.260 Fixed 0.63 (0.49-0.82) 0.0006
Homozygous additive (GG vs. TT) 1329 (560/769) 60 0.055 Random 0.69 (041-1.15) 0.152
Heterozygous additive (TG vs.TT) 2152 (945/1207) 56 0.076 Random 0.94 (0.71-1.25) 0.689
Overdominant (TG vs. GG+TT) 2438 (1043/1395) 0 0.633 Fixed 02 (0.87-1.20) 0.804
Allele contrast (G vs.T) 4876 (2086/2790) 73 0.010 Random 0.90 (0.69-1.16) 0.404
T2DM (n=8)
Dominant (GG+TG vs. TT) 4851 (2247/2604) 35 0.152 Fixed 0.90 (0.79-1.02) 0.100
Recessive (GG vs. TG+TT) 4851 (2247/2604) 31 0.180 Fixed 1.00 (0.85-1.18) 0.993
Homozygous additive (GG vs. TT) 2777 (1322/1455) 35 0.151 Fixed 0.91(0.74-1.12) 0367
Heterozygous additive (TG vs.TT) 4076 (1896/2180) 32 0.174 Fixed 0.89(0.78-1.02) 0.100
Overdominant (TG vs. GG+TT) 4851 (2247/2604) 23 0.243 Fixed 091 (0.8 03) 0.124
Allele contrast (G vs.T) 9702 (4494/5208) 38 0.124 Fixed 0.95 (0.87-1.04) 0.251
TIDM (n=3)
Dominant (GG+TG vs. TT) 26 (1346/780) 4 0353 Fixed 0.58 (0.48-0.70) <0.0001
Recessive (GG vs. TG+TT) 26 (1346/780) 24 0.269 Fixed 0.63 (0.50-0.80) 0.0001
Homozygous additive (GG vs.TT) 1068 (703/365) 41 0.183 Fixed 0.47 (0.36-0.62) <0.0001
Heterozygous additive (TG vs.TT) 1779 (1157/622) 0 0.569 Fixed 0.62 (0.50-0.76) <0.0001
Overdominant (TG vs. GG+TT) 2126 (1346/780) 0 0.841 Fixed 0.80 (0.67-0.96) 0.016
Allele contrast (G vs. T) 4252 (2692/1560) 30 0.241 Fixed 0.69 (0.61-0.78) <0.0001
Non-Asian (n=28)
Dominant (GG+TG vs. TT) 5002 (2594/2408) 68 0.003 Random 0.78 (0.62-0.99) 0.037
Recessive (GG vs. TG+TT) 5002 (2594/2408) 67 0.004 Random 0.90 (0.67-1.21) 0474
Homozygous additive (GG vs. TT) 2577 (1382/1195) 75 <0.001 Random 0.77 (0.53-1.13) 0.186
Heterozygous additive (TG vs.TT) 4241 (2227/2014) 53 0.037 Random 0.77 (0.63-0.95) 0.013
Overdominant (TG vs. GG+TT) 5002 (2594/2408) 4 0399 Fixed 0.83 (0.74-0.94) 0.002
Allele contrast (Gvs.T) 10,004 (5188/4816) 74 <0.001 Random 0.87 (0.73-1.04) 0.122
Asian (n=3)
Dominant (GG+TG vs. TT) 1975 (999/976) 0 0.681 Fixed 0.94 (0.76-1.17) 0.580
Recessive (GG vs. TG+TT) 1975 (999/976) 0 0571 Fixed 0.92 (0.71-1.20) 0.547
Homozygous additive (GG vs. TT) 1268 (643/625) 0 0.785 Fixed 0.82 (0.55-1.21) 0.306
Heterozygous additive (TG vs. TT) 4(826/788) 0 0.602 Fixed 0.97 (0.78-1.22) 0.804
Overdominant (TG vs. GG+TT) 1975 (999/976) 0 0.599 Fixed 1.00 (0.82-1.20) 0.959
Allele contrast (G vs. T) 3950 (1998/1952) 0 0.743 Fixed 0.95 (0.81-1.10) 0467

n=number of independent sets of cases and controls. *Computed by Q-test. Statistically suggestive association estimates are shown in bold, considering the
most appropriate model for each analysis (fixed- or random-effects). **P-values that reached the threshold for statistical significance after considering the multiple

comparisons (<0.05/42=0.0012) are shown in bold. OR odds ratio, 95% Cl 95% confidence interval, PDR proliferative DR, NPDR non-proliferative DR
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Table 4 Pooled estimates for the association between the EPO rs507392 polymorphism and DR

Subgroup and genetic model n (cases/controls) Heterogeneity Effect model Pooled OR (95% Cl)

12 (%) P

Overall (n=9)
Dominant (CC+TCvs. TT) 5023 (2281/2742) 2 0414 Fixed 1.04 (0.93-1.17)
Recessive (CCvs. TC+TT) 5023 (2281/2742) 79 <0.001 Random 0.99 (0.63-1.54)
Homozygous additive (CC vs. TT) 3029 (1360/1669) 76 <0.001 Random 1.00 (0.64-1.55)
Heterozygous additive (TC vs. TT) 4545 (2064/2481) 0 0.622 Fixed 1.06 (0.94-1.20)
Overdominant (TC vs. CC+TT) 5023 (2281/2742) 26 0216 Fixed 1.06 (0.94-1.19)
Allele contrast (Cvs.T) 10,046 (4562/5484) 60 0.010 Random 1.00 (0.86-1.16)

Only in HWE (n=4)
Dominant (CC4+TCvs.TT) 1606 (752/854) 0 0.568 Fixed 0.96 (0.78-1.18)
Recessive (CCvs. TC+TT) 1606 (752/854) 0 0.921 Fixed 1.00(0.73-1.37)
Homozygous additive (CC vs. TT) 866 (408/458) 0 0.986 Fixed 0.98 (0.70-1.37)
Heterozygous additive (TC vs.TT) 1408 (660/748) 0 0414 Fixed 0.95(0.77-1.19)
Overdominant (TC vs. CC+TT) 1606 (752/854) 7 0.360 Fixed 0.96 (0.78-1.18)
Allele contrast (C vs.T) 3212 (1504/1708) 0 0.888 Fixed 0.98 (0.84-1.14)

T2DM (n=3)
Dominant (CC4+TCvs. TT) 1439 (650/789) 0 0.369 Fixed 0.96 (0.77-1.20)
Recessive (CCvs. TC+TT) 1439 (650/789) 0 0.789 Fixed 0.99 (0.71-1.39)
Homozygous additive (CC vs. TT) 773 (350/423) 0 0.929 Fixed 0.98 (0.69-1.41)
Heterozygous additive (TC vs.TT) 1270 (576/694) 29 0.247 Fixed 0.96 (0.76-1.21)
Overdominant (TC vs. CC+TT) 1439 (650/789) 36 0.207 Fixed 0.97 (0.78-1.20)
Allele contrast (C vs.T) 2878 (1300/1578) 0 0.729 Fixed 0.98 (0.83-1.15)

n=number of independent sets of cases and controls. *Computed by Q-test. OR odds ratio, 95% Cl 95% confidence interval, HWE Hardy-Weinberg equilibrium

sets that lied outside the majority of funnel plots and had
shown the strongest association had sample sizes of more
than 1100 individuals [set #2 of 10, 17]. Apart from this,
genotype frequencies were not in HWE among controls
in three studies [set #1 of 11, 17, 19]. Departures from
HWE may occur due to several reasons other than geno-
typing errors, such as population stratification and selec-
tion bias in the enrollment of controls [34, 35]. Despite
these considerations, HWE has been used as the main
parameter of post-genotyping quality control in associa-
tion studies.

Therefore, following the standard recommendations
for meta-analyses of gene-disease associations [34-36],
we removed the sets in which genotype frequencies were
in Hardy—Weinberg disequilibrium to repeat the over-
all analysis and perform the subgroup analyses for the
rs1617640 polymorphism to identify the possible causes
of between-study heterogeneity. Heterogeneity was still
moderate to high for most genetic models in the PDR,
NPDR, and non-Asian subgroup analyses, while it was
low or null among T2DM, T1DM, and Asian patients.
The subject set #2 of Tong et al. [10], which contributed
20.6% of the total sample size in the overall meta-anal-
ysis, seemed to be the main factor contributing to the
heterogeneity across the studies and also contributed

to statistically significant and suggestive associations
between the rs1617640 polymorphism and DR in PDR,
NPDR, T1DM, and non-Asian subgroups.

An issue that may raise some criticism regarding the
results is the fact that our case—control study did not
detect an association between the rs1617640 polymor-
phism and DR, whereas our meta-analysis revealed an
association of the G allele with a reduced risk of DR.
This is not unexpected. First, the meta-analysis involves
a larger number of subjects, therefore it is more pow-
erful than a single study to detect an association of low
magnitude. Second, the association with either one of
the two alleles, or the lack of it, may be population-spe-
cific. Third, although the type of diabetes did not seem
to explain the discrepant results across the individual
studies, the meta-analysis showed that the G allele of
the rs1617640 polymorphism was associated with a
decreased risk of DR under almost all the genetic mod-
els in T1DM patients, while no association was observed
in T2DM patients. Thus, the results of our case—control
study are not necessarily in conflict with those obtained
in the meta-analysis.

Moreover, the findings of our meta-analysis regard-
ing the rs1617640 polymorphism are in line with those
reported in a previous study, in which the TT genotype
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Table 5 Pooled estimates for the association between the EPO rs551238 polymorphism and DR
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Subgroup and genetic model n (cases/controls) Heterogeneity Effect model Pooled OR (95% Cl)
12 (%) P

Overall (n=9)
Dominant (CC+ AC vs. AA) 5031 (2279/2752) 0 0.595 Fixed 1.02 (0.91-1.15)
Recessive (CC vs. AC+AA) 5031 (2279/2752) 69 0.001 Random 0.98 (0.68-1.40)
Homozygous additive (CC vs. AA) 3056 (1375/1681) 66 0.003 Random 0.98 (0.68-1.40)
Heterozygous additive (AC vs. AA) 4520 (2047/2473) 0.698 Fixed 1.04 (0.92-1.18)
Overdominant (AC vs. CC+AA) 5031 (2279/2752) 0.362 Fixed 1.04 (0.92-1.16)
Allele contrast (C vs. A) 10,062 (4558/5504) 43 0.084 Fixed 1.01 (0.92-1.10)

Only in HWE (n=5)
Dominant (CC+ AC vs. AA) 2816 (1152/1664) 20 0.288 Fixed 1.07 (0.92-1.25)
Recessive (CC vs. AC+ AA) 2816 (1152/1664) 13 0.329 Fixed 1.20(0.93-1.55)
Homozygous additive (CC vs. AA) 1625 (656/969) 22 0.277 Fixed 1.22 (0.94-1.60)
Heterozygous additive (AC vs. AA) 2526 (1017/1509) 10 0.348 Fixed 1.03(0.88-1.22)
Overdominant (AC vs. CC+AA) 2816 (1152/1664) 0 0405 Fixed 1.00 (0.85-1.17)
Allele contrast (C vs. A) 5632 (2304/3328) 24 0.260 Fixed 1.08 (0.96-1.22)

T2DM (n=4)
Dominant (CC+ AC vs. AA) 2649 (1050/1599) 36 0.194 Fixed 1.08 (0.92-1.27)
Recessive (CC vs. AC+ AA) 2649 (1050/1599) 33 0214 Fixed 1.22 (0.94-1.59)
Homozygous additive (CC vs. AA) 1532 (598/934) 38 0.184 Fixed 1.25(0.94-1.65)
Heterozygous additive (AC vs. AA) 2388 (933/1455) 29 0.238 Fixed 1.04 (0.88-1.24)
Overdominant (AC vs. CC+AA) 2649 (1050/1599) 22 0.278 Fixed 1.01 (0.86-1.19)
Allele contrast (C vs. A) 5298 (2100/3198) 40 0.171 Fixed 1.09 (0.97-1.24)

Non-Asian (n=4)
Dominant (CC+ AC vs. AA) 1623 (755/868) 0 0.537 Fixed 0.96 (0.78-1.18)
Recessive (CC vs. AC+AA) 1623 (755/868) 0 0.881 Fixed 1.02 (0.75-1.38)
Homozygous additive (CC vs. AA) 887 (415/472) 0 0.964 Fixed 0.99 (0.72-1.38)
Heterozygous additive (AC vs. AA) 1416 (658/758) 1 0.386 Fixed 0.95(0.76-1.18)
Overdominant (AC vs. CC+AA) 1623 (755/868) 13 0.329 Fixed 0.95 (0.78-1.17)
Allele contrast (Cvs. A) 3246 (1510/1736) 0 0.857 Fixed 0.98 (0.84-1.14)

n=number of independent sets of cases and controls. *Computed by Q-test. OR odds ratio, 95% CI 95% confidence interval, HWE Hardy-Weinberg equilibrium

was associated with an increased risk of PDR+ESRD, as
compared to the GG genotype, with a similar magnitude
of association [41]. In their analyses, without the cohorts
of Tong et al. [10], no association between the rs1617640
polymorphism and DR was observed in any genetic
model, as well as in T2DM and Asian populations [41].
Supplementary Table 8 summarizes the main differences
between our meta-analysis and the previous one [41].
Although both meta-analyses indicate the existence
of an association between the rs1617640 polymorphism
and DR, the actual biological model that describes such
relationship is yet to be defined. The G allele was associ-
ated with DR under a recessive model in four studies [11,
17, 19, 20]. However, in our overall meta-analysis, the G
allele was suggestively associated with a decreased risk of
DR under the dominant, heterozygous additive, and over-
dominant genetic models. This is in line with the original

report by Tong et al. [10], which suggested an additive
allele-dosage effect for the rs1617640 polymorphism.
To the best of our knowledge, those authors were the
only ones who performed functional assays and predic-
tion analysis to evaluate the effect of the rs1617640 vari-
ant on gene expression. The T allele markedly increased
the EPO expression in cultured human embryonic kid-
ney (HEK) 293 cells, and the computational analysis
suggested that the T allele creates a binding site for the
transcription factors EVI1/MEL1 and AP1, which likely
accounted for the enhanced expression as compared with
the G allele. Moreover, vitreous levels of EPO were much
higher in non-diabetic subjects with the TT genotype
than in those with the GG genotype [10]. Taken together,
these findings suggest that high levels of EPO are asso-
ciated with DR, especially PDR, and the T allele of the
rs1617640 is likely a risk factor for DR as it increases the
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Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (fixed) (random)
Abhary et al. 2010 (1) 130 336 109 324 ——'—'— 1.24 [091;1.71 10.4% 11.9%
Abhary et al. 2010 (2) 80 202 52 130 098 [063;154] 59% 6.0%
Yang et al. 2014 74 414 112 557 0.86 [0.62;1.20] 12.0% 11.4%
Song et al. 2015 152 854 124 648 091 [0.70;1.19] 17.8% 17.5%
Kaur et al. 2021 178 529 198 504 0.78 [0.61;1.01] 20.6% 18.7%
Sesti et al. Present study (1) 280 829 203 606 —E 1.01 [0.81;1.26] 23.8% 24 6%
Sesti et al. Present study (2) 86 243 113 326 103 [0.73;1.46] 96% 10.0%
Fixed effect model 3407 3095 z“ 0.95 [0.86; 1.07] 100.0% -
Random effects model 0.95 [0.86; 1.07] - 100.0%
Heterogeneity: /1~ = 0%, = 0,p =043 ' ' |
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Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (fixed) (random)
Abhary et al. 2010 (2) 80 202 52 130 :! 098 [0.63;1.54] 149% 14.7%
Sesti et al. Present study (1) 280 829 203 606 — 1.01 [0.81;1.26] 60.7% 60.7%
Sesti et al. Present study (2) 86 243 113 326 'i 1.03 [0.73;1.46] 24.4% 24.6%
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gene expression. This is consistent with experimental
evidence showing that exogenous EPO protects against
early DR, but it is detrimental in PDR [4-6].

In relation to the rs507392 and rs551238 polymor-
phisms, available data are scarcer [10, 11, 14, 16—19]. Not
all the studies discussed so far have investigated the asso-
ciation of these two genetic variants with DR and, among
those that examined such an association, not all reported
the genotype data. The findings of the previous studies
are varied, even in populations with the same ethnicity.
Under the recessive and homozygous additive models,
the C allele of both polymorphisms was strongly associ-
ated with an increased risk of DR in Australian [11] and
Chinese [17] T2DM patients, whereas it was strongly
associated with a decreased risk of DR in another popula-
tion of Chinese T2DM patients [16]. In addition, the C
allele of the rs507392 polymorphism was associated with
a decreased risk of DR in North Indian T2DM patients,
whereas the C allele of the rs551238 was not associated
with this complication [19]. In contrast, the C allele of
the rs551238 polymorphism was less frequent in patients
with DR than in those without this complication, while
the rs507392 polymorphism was not associated with

DR in the cohort of Utahns (USA) of European ancestry
with T2DM [10]. Similar to our case—control study, the
rs507392 and rs551238 polymorphisms were not associ-
ated with DR in T1DM patients from Australia [11] and
in T2DM patients from China [14] and Italy [18]. Our
meta-analysis, including either all the studies or only the
subject sets in which the control groups met the HWE,
revealed no association of the rs507392 and rs551238
variants with DR.

Although the rs1617640, rs507392, and rs551238 pol-
ymorphisms were in high LD with each other in TIDM
and T2DM patients ([10, 11, 14, 16, 19], present study),
findings regarding an additional combined effect of the
three EPO polymorphisms in the susceptibility of DR are
also inconclusive. No evidence of an association between
EPO haplotypes and DR was found in our case—control
study as well as in two Chinese T2DM populations [14,
16]. However, the GCC haplotype was reported to be
independently associated with an increased risk of DR
under a recessive model in T2DM, but not in T1DM, in
a white Australian population [11]. In another study of
Chinese T2DM patients, the strongest relationship was
observed for the carriership of at least one copy of the
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minor allele of each polymorphism (GCC) in comparison
to the homozygosity for the three major alleles [17]. It is
worth noting that risk and protective haplotypes were
identified in the cohorts studied by Tong et al. [10], and
the main difference between them was the rs1617640
polymorphism. Risk haplotypes carried the T allele, while
the G allele was present in the protective haplotypes,
irrespective of the alleles at the other two polymorphisms
[10]. On the other hand, a recent study on North Indians
with T2DM reported that the main source of the associa-
tion between the TTA haplotype and DR was the T allele
of the rs507392 polymorphism [19]. However, our meta-
analysis detected no association between the GCC haplo-
type and DR.

In general, the studies included in our meta-analy-
sis can be considered of good quality as suggested by
the scoring scale used for this purpose (NOS). How-
ever, specific guidelines for genetic association studies
have focused on the HWE test in controls as a means
of assessing study quality [34-36] and on the phenotyp-
ing, blinding, validity of genotyping method, and popu-
lation stratification [21, 34]. A critical aspect related
to the methodological quality of the previous studies is
the lack of blinding and re-genotyping as quality control
procedures in half of them [16, 17, 19, 20]. In the other
studies, at least one procedure to improve the genotyping
accuracy was reported, such as the re-genotyping of part
of the samples by sequencing [10], sequencing of some
samples for each genotype at each polymorphism [11],
and genotype reading by two investigators blinded to the
sample phenotypes [12]. Other authors, who genotyped
the samples for EPO polymorphisms using the Sequenom
technology, described a battery of quality control tests
[14, 18]. In addition, retinopathy grading was reported to
have been performed without prior knowledge of geno-
types in one study [10].

Population stratification is unlikely to have been a
confounding factor [21, 42] in the previous studies
since the authors enrolled subjects from populations
with a majority ethnic group (>90%) [10, 11, 14, 16, 17,
19, 20], used the ancestry from a given region as one
of the inclusion criteria [10, 18] or matched the cases
and controls by ethnicity [12]. In the study by Abhary
et al. [11], there was no difference in the allele frequen-
cies of EPO polymorphisms among white subjects of
European ancestry and non-white subjects of Asian and
Middle Eastern ancestry. In our case—control study, the
genotype and allele frequencies were virtually identical
in white and non-white subjects.

On the other hand, the unavailability of all genotype
data that could be incorporated in the quantitative syn-
thesis is the main limitation of our meta-analysis. Some
of the previous original studies were published without
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reporting the genotype frequencies of the polymor-
phisms under investigation. In addition, data reported
in some papers were unclear, inaccurate, or did not
match the sample size described in the text or in the
tables. Despite our attempt to obtain all the missing
genotype data by e-mail, they were still missing for the
rs1617640 [13, 15], rs507392, and rs551238 [10] poly-
morphisms. Hence, we included most, but not all the
previous studies that examined the association of EPO
polymorphisms with DR and met the screening criteria.
Although we could perform subgroup analyses by the
severity of DR, considering NPDR and PDR as separate
outcomes, it was also limited by the lack of this infor-
mation in most of the eligible studies. In future studies,
authors, as well as the reviewers and editors, should be
aware that the complete description of genotype fre-
quencies and outcomes is essential to allow for compar-
isons across the studies and perform pooled association
analyses.

Finally, DME is another retinal complication of dia-
betes that is also one of the leading causes of visual loss
and can occur at any stage of DR [43]. Intravitreal lev-
els of EPO have been found to be increased in patients
with DME and both clinical and experimental evidence
suggest that EPO could be beneficial for the treatment
of DME [5]. Therefore, it would be intuitive to hypoth-
esize that EPO gene polymorphisms could be involved
in the susceptibility to DME. However, few studies
have investigated the association of genetic variants
with DME [44, 45] and Abhary et al. [11] were the only
ones who reported the association of EPO polymor-
phisms with DME. In their study, the minor alleles of
the rs1617640 (G), rs507392 (C), and rs551238 (C) pol-
ymorphisms were associated with the increased risk of
DME in Australians with T2DM. The GCC haplotype
was also associated with DME in T2DM [11]. In our
case—control study, however, we did not detect such
an association, which may be due to the fact that data
on DME were available to only a subset of the patients.
Thus, the impact of EPO polymorphisms on DME sus-
ceptibility is yet to be defined.

Conclusion

Despite some limitations and the negative findings of our
case—control study, suggestive evidence provided by our
meta-analysis supports EPO as a potential gene involved
in the susceptibility of DR, with the rs1617640 polymor-
phism deserving further investigation.

Abbreviations

DR: Diabetic retinopathy; NPDR: Non-proliferative diabetic retinopathy; PDR:
Proliferative diabetic retinopathy; EPO: Erythropoietin; ESRD: End-stage renal
disease; T2DM: Type 2 diabetes mellitus; DME: Diabetic macular edema; PCR:



Sesti et al. BMC Ophthalmology ~ (2022) 22:250

Polymerase chain reaction; HWE: Hardy-Weinberg equilibrium; LD: Linkage
disequilibrium; OR: Odds ratio; 95% Cl: 95% Confidence interval; NOS: New-
castle-Ottawa Scale; TIDM: Type 1 diabetes mellitus; SNP: Single nucleotide
polymorphism.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512886-022-02467-y.

Additional file 1: Supplementary Table S1. Clinical and demographic
profile of Brazilian T2DM patients. Supplementary Table S2 Genotype
and allele distribution of £PO polymorphisms according to the period

of inclusion in the study. Supplementary Table S3 Genotype and allele
distribution of EPO polymorphisms according to the skin color/ethnicity.
Supplementary Table S4 Haplotype frequencies of EPO polymorphisms
according to the presence or absence of diabetic retinopathy (DR). Sup-
plementary Table S5 Genotype, allele, and haplotype frequencies of EPO
polymorphisms according to the presence or absence of diabetic macular
edema (DME).

Additional file 2: Table S6. Quality assessment of included studies in the
meta-analysis according to the Newcastle-Ottawa Scale (NOS).

Additional file 3: Table S7. Pooled estimates for the overall association
between the EPO 151617640 polymorphism and DR in the sensitivity
analyses.

Additional file 4: Figure S1—S126. Forest and funnel plots of the asso-
ciation between EPO gene polymorphisms and diabetic retinopathy.

Additional file 5: Table S8. Summary of the main differences between
our meta-analysis and the previous one by Li et al. [41].

Acknowledgements

The authors are grateful for the fellowships provided by Conselho Nacional de
Desenvolvimento Cientifico e Tecnoldgico (National Council for Scientific and
Technological Development—CNPq) and Coordenagdo de Aperfeicoamento
de Pessoal de Nivel Superior (Coordination for the Improvement of Higher
Education Personnel—CAPES), Brasilia, Brazil. D.C,, LH.C,, and K.G.S. are recipi-
ents of research fellowships (Bolsa PQ) from CNPg, while D.S.S. is a recipient of
a Doctoral degree fellowship from CAPES (Finance Code 001). R.C.S.and ERP.
were recipients, respectively, of master's degree and post-doctoral fellowships
from CAPES at the time the case-control study was conducted (Finance Code
001). We are also grateful to the authors of eligible papers for their replies to
our queries, namely Dr. Giuseppina Rose, Dr. Periasamy Sundaresan, and Dr.
Vanita Vanita.

Authors’ contributions

L.FS. conceived the case-control study and performed the genotyping

and statistical analyses. R.C.S. enrolled the patients and performed the DNA
extraction and genotyping. E.R.P. enrolled the patients, updated the database,
performed the DNA extraction, and supervised the genotyping. D.S. extracted
the data from eligible papers and assessed the methodological quality of each
study included in the meta-analysis. D.C. enrolled the patients, updated the
database, and performed the DNA extraction. L.H.C. contributed to acquire
data from patients and supervised the clinical stages of the study. KG.S.
enrolled the patients, updated the database, performed the DNA extraction,
supervised the study, contributed funding resources, performed the search lit-
erature, study screening, data extraction, methodological quality assessment,
and statistical analyses of the case—control study and meta-analysis, inter-
preted the data, and wrote the paper. All authors reviewed the manuscript for
critical comment and approved the submitted version.

Funding
This research received no external funding.

Availability of data and materials

The genotyping dataset generated during the case—control study are availa-
ble in the Figshare repository (https://doi.org/10.6084/m9.figshare.16417161).
The data used in the meta-analysis are included within the supplementary

Page 14 of 15

material (Additional file 4: Fig. S1-5126). Additional data are available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was performed according to the tenets of the Declaration of
Helsinki and written informed consent was obtained from all participants. The
study was approved by the Human Research Ethics Committee of Univer-
sidade Luterana do Brasil — ULBRA (CAAE number: 55236216.2.0000.5349;
consolidated review number: 1.553.469; date of approval: May 20, 2016).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Lutheran University Center of Palmas, Universidade Luterana do Brasil
(ULBRA), Palmas, TO, Brazil. ’Laboratory of Human Molecular Genetics, Pro-
grama de P6s-Graduacao em Biologia Celular e Molecular Aplicada a Satde
(PPGBioSaude), Universidade Luterana do Brasil (ULBRA), Av. Farroupilha, 8001,
Prédio 22, 5° andar, Canoas, RS 92425-900, Brazil. *Cardiovascular Research
Laboratory, Hospital de Clinicas de Porto Alegre (HCPA), Porto Alegre, RS, Brazil.
“Endocrine Division, Hospital de Clinicas de Porto Alegre (HCPA), Porto Alegre,
RS, Brazil. *Department of Internal Medicine, Universidade Federal do Rio
Grande do Sul (UFRGS), Porto Alegre, RS, Brazil.

Received: 11 March 2022 Accepted: 26 May 2022
Published online: 04 June 2022

References

1. Le HG, Shakoor A. Diabetic and retinal vascular eye disease. Med Clin
North Am. 2021;105(3):455-72.

2. Semeraro F, Cancarini A, dellOmo R, Rezzola S, Romano MR, Costagliola C.
Diabetic retinopathy: vascular and inflammatory disease. J Diabetes Res.
2015;2015: 582060.

3. Antonetti DA, Silva PS, Stitt AW. Current understanding of the molecu-
lar and cellular pathology of diabetic retinopathy. Nat Rev Endocrinol.
2021;17(4):195-206.

4. Shirley Ding SL, Leow SN, Munisvaradass R, Koh EH, Bastion ML, Then KY,
et al. Revisiting the role of erythropoietin for treatment of ocular disor-
ders. Eye. 2016;30(10):1293-309.

5. Reid G, Lois N. Erythropoietin in diabetic retinopathy. Vision Res.
2017;139:237-42.

6. Kimakova P, Solér P, Solérové Z, Komel R, Debeljak N. Erythropoietin and
its angiogenic activity. Int J Mol Sci. 2017;18(7):1519.

7. Mohan N, Monickaraj F, Balasubramanyam M, Rema M, Mohan V. Imbal-
anced levels of angiogenic and angiostatic factors in vitreous, plasma
and postmortem retinal tissue of patients with proliferative diabetic
retinopathy. J Diab Complications. 2012;26(5):435-41.

8. Gholamhossein Y, Behrouz H, Asghar Z. Diabetic retinopathy risk factors:
plasma erythropoietin as a risk factor for proliferative diabetic retinopa-
thy. Korean J Ophthalmol. 2014,28(5):373-8.

9. Davidovi¢ S, Babi¢ N, Jovanovic S, Barisi¢ S, Grkovi¢ D, Miljkovi¢ A. Serum
erythropoietin concentration and its correlation with stage of diabetic
retinopathy. BMC Ophthalmol. 2019;19(1):227.

10. Tong Z,Yang Z, Patel S, Chen H, Gibbs D, Yang X, et al. Promoter poly-
morphism of the erythropoietin gene in severe diabetic eye and kidney
complications. Proc Natl Acad Sci U S A. 2008;105(19):6998-7003.

11. Abhary S, Burdon KP, Casson RJ, Goggin M, Petrovsky NP, Craig JE.
Association between erythropoietin gene polymorphisms and diabetic
retinopathy. Arch Ophthalmol. 2010;128(1):102-6.

12. Balasubbu S, Sundaresan P, Rajendran A, Ramasamy K, Govindarajan G,
Perumalsamy N, et al. Association analysis of nine candidate gene poly-
morphisms in Indian patients with type 2 diabetic retinopathy. BMC Med
Genet. 2010;11:158.


https://doi.org/10.1186/s12886-022-02467-y
https://doi.org/10.1186/s12886-022-02467-y
https://doi.org/10.6084/m9.figshare.16417161

Sesti et al. BMC Ophthalmology ~ (2022) 22:250

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Williams WW, Salem RM, McKnight AJ, Sandholm N, Forsblom C,

Taylor A, et al. Association testing of previously reported variants in a
large case-control meta-analysis of diabetic nephropathy. Diabetes.
2012,61(8):2187-94.

Yang X, Deng Y, Gu H, Ren X, Li N, Lim A, et al. Candidate gene association
study for diabetic retinopathy in Chinese patients with type 2 diabetes.
Mol Vis. 2014;20:200-14.

Hosseini SM, Boright AP, Sun L, Canty AJ, Bull SB, Klein BE, et al. The
association of previously reported polymorphisms for microvascular
complications in a meta-analysis of diabetic retinopathy. Hum Genet.
2015;134(2):247-57.

Song Q, Zhang Y, Wu'Y, Zhou F, Qu Y. Association of erythropoietin gene
polymorphisms with retinopathy in a Chinese cohort with type 2 diabe-
tes mellitus. Clin Exp Ophthalmol. 2015;43(6):544-9.

FanY, FuYY, Chen Z, Hu YY, Shen J. Gene-gene interaction of erythropoi-
etin gene polymorphisms and diabetic retinopathy in Chinese Han. Exp
Biol Med. 2016;241(14):1524-30.

Montesanto A, Bonfigli AR, Crocco P, Garagnani P, De Luca M, Boemi M,
et al. Genes associated with type 2 diabetes and vascular complications.
Aging. 2018;10(2):178-96.

Kaur N, Singh IR, Vanita V. Association of erythropoietin gene polymor-
phisms with type 2 diabetic retinopathy in adult patients from Northern
India. Can J Diabetes. 2021;45(8):785-91.

Manko¢Ramus S, Pungersek G, Petrovi¢ MG, Petrovi¢ D. The GG genotype
of erythropoietin rs1617640 polymorphism affects the risk of proliferative
diabetic retinopathy in Slovenian subjects with type 2 diabetes mellitus:
enemy or ally? Acta Ophthalmol. 2021;99(8):e1382-9.

Little J, Higgins JP, loannidis JP, Moher D, Gagnon F, von EIm E, et al.
STrengthening the REporting of Genetic Association Studies (STREGA): an
extension of the STROBE statement. PLoS Med. 2009;6(2): e22.

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD,
et al. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021;372: n71.

American Diabetes Association. (2) Classification and diagnosis of diabe-
tes. Diabetes Care. 2015;38(Suppl):8-16.

Buffon MP, Carpena MP, Sortica DA, Santer A, Carlessi R, de Souza BM,

et al. rs1888747 polymorphism in the FRMD3 gene, gene and protein
expression: role in diabetic kidney disease. Diabetol Metab Syndr.
2016;8:3.

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman HI,
et al. A new equation to estimate glomerular filtration rate. Ann Intern
Med. 2009;150(9):604-12.

Polina ER, da Silva Pereira BL, Crispim D, Sbruzzi RC, Canani LH, dos Santos
KG. Association of -1082A>G polymorphism in the interleukin-10 gene
with estimated glomerular filtration rate in type 2 diabetes. Kidney Blood
Press Res. 2017:42(6):1164-74.

Flaxel CJ, Adelman RA, Bailey ST, Fawzi A, Lim JI, Vemulakonda GA, et al.
Diabetic retinopathy preferred practice pattern®. Ophthalmology.
2020;127(1):P66-145.

Lahiri DK, Nurnberger JI Jr. A rapid non-enzymatic method for the
preparation of HMW DNA from blood for RFLP studies. Nucleic Acids Res.
1991;19(19):5444.

Abramson JH. WINPEPI updated: computer programs for epidemiologists,
and their teaching potential. Epidemiol Perspect Innov. 2011;8(1):1.
Stephens M, Scheet P. Accounting for decay of linkage disequilibrium

in haplotype inference and missing-data imputation. Am J Hum Genet.
2005;76(3):449-62.

Stephens M, Smith NJ, Donnelly P. A new statistical method for
haplotype reconstruction from population data. Am J Hum Genet.
2001,68(4):978-89.

Smith RD. The nonlinear structure of linkage disequilibrium. Theor Popul
Biol. 2020;134:160-70.

Wells GA, Shea B, O'Connell D, Peterson J, Welch V, Losos M, et al. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonran-
domised studies in meta-analyses. http://www.ohri.ca/programs/clinical _
epidemiology/oxford.asp. Accessed Nov 2020.

Zintzaras E, Lau J. Synthesis of genetic association studies for pertinent
gene-disease associations requires appropriate methodological and
statistical approaches. J Clin Epidemiol. 2008,61(7):634-45.

Lee YH. Meta-analysis of genetic association studies. Ann Lab Med.
2015;35(3):283-7.

Page 15 of 15

36. Munafd MR, Flint J. Meta-analysis of genetic association studies. Trends
Genet. 2004;20(9):439-44.

37. Sterne JA, Sutton AJ, loannidis JP, Terrin N, Jones DR, Lau J, et al. Recom-
mendations for examining and interpreting funnel plot asymmetry in
meta-analyses of randomised controlled trials. BMJ. 2011;343: d4002.

38. Rucker G, Schwarzer G, Carpenter J. Arcsine test for publication bias in
meta-analyses with binary outcomes. Stat Med. 2008;27(5):746-63.

39. Balduzzi S, Rucker G, Schwarzer G. How to perform a meta-analysis with
R: a practical tutorial. Evid Based Ment Health. 2019;22(4):153-60.

40. R Core Team. R: A language and environment for statistical computing.
R Foundation for Statistical Computing, Vienna, Austria. https://www.R-
project.org. Accessed Sep 2020.

41. LiH,XuH,LiY, Zhao D, Ma B. Associations between erythropoietin poly-
morphisms and risk of diabetic microvascular complications. Oncotarget.
2017,8(68):112675-84.

42. Forrest IS, Chaudhary K, Paranjpe |, Vy HMT, Marquez-Luna C, Rocheleau
G, et al. Genome-wide polygenic risk score for retinopathy of type 2
diabetes. Hum Mol Genet. 2021;30(10):952-60.

43. Gundogan FC, Yolcu U, Akay F, llhan A, Ozge G, Uzun S. Diabetic macular
edema. Pak J Med Sci. 2016;32:505-10.

44. Broadgate S, Kiire C, Halford S, Chong V. Diabetic macular oedema:
under-represented in the genetic analysis of diabetic retinopathy. Acta
Ophthalmol. 2018;96(Suppl A111):1-51.

45. Gurung RL, FitzGerald LM, McComish BJ, Verma N, Burdon KP. Identifying
genetic risk factors for diabetic macular edema and the response to treat-
ment. J Diabetes Res. 2020,2020:5016916.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.R-project.org
https://www.R-project.org

	Association of polymorphisms in the erythropoietin gene with diabetic retinopathy: a case–control study and systematic review with meta-analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Case–control study
	Study population and clinical data collection
	DNA isolation and genotyping
	Statistical analysis

	Systematic review and meta-analysis
	Search strategy and eligibility criteria
	Data extraction and methodological quality assessment
	Quantitative synthesis


	Results
	Case–control study
	Characteristics of study population
	Relationship between EPO polymorphisms and DR
	Relationship between EPO polymorphisms and DME

	Meta-analysis
	Study characteristics
	Quantitative pooled analyses of rs1617640 polymorphism
	Quantitative pooled analyses of rs507392 and rs551238 polymorphisms
	Quantitative pooled analyses of EPO haplotypes


	Discussion
	Conclusion
	Acknowledgements
	References


