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Introduction

Background: Tumor necrosis factor alpha (TNFa) induces insulin resistance in
type 2 diabetes mellitus (T2DM). TNF-a -308G/A (rs1800629) polymorphism is
associated with T2DM and its complications (particularly, diabetic retinopathy (DR)
and diabetic maculopathy (DMP)) since it contributes to TNF-a expression.
Purpose: To investigate the value of TNF-o. (rs1800629) polymorphism in recurrent
DMP after surgery in a Ukrainian population of patients with T2DM.

Materials and Methods: The study included 313 patients with T2DM (313 eyes)
and diabetic maculopathy. These included patients with mild nonproliferative DR
(NPDR; n=40), moderate or severe NPDR (n=92), and proliferative DR (PDR;
n=181). Patients received one of the four types of surgical treatment: only three-
port closed subtotal vitrectomy (CSTV; n=78); CSTV combined with internal limiting
membrane (ILM) peeling (n=85); CSTV combined with ILM peeling and panretinal
laser coagulation (PRLC) (n=81); and CSTV combined with ILM peeling, PRLC
and cataract phacoemulsification (phaco) (n=69). Baseline blood TNF-a. levels were
measured by enzyme-linked immunosorbent assay and rs1800629 was investigated
by polymerase chain reaction. Statistical analyses were conducted using Statistica
10.0 (StatSoft, Tulsa, OK, USA) software.

Results: In patients with DMP, rs1800629 was associated with the development
and recurrence of DMP after surgery. Recurrent DMP developed in 96.9% of A/A
genotype carriers. Heterozygous G/A genotype carriers had an increased risk (OR =
3.76, 95% CI: 2.27-6.27), whereas homozygous ancestral G/G genotype carriers, a
decreased risk (OR = 0.02; 95% CI: 0.01-0.06) for recurrent DMP. TNF-a. rs1800629
A-allele carriage was associated with macular edema. Among study patients, central
retinal thickness was highest in A-allele carriers, both at baseline and after surgery,
and did not decrease in these carriers within the follow-up period.

Conclusion: An elevated TNFa blood level in carriers of the minor A-allele of the
TNFo rs1800629 polymorphism was a factor promoting recurrent DMP after surgery.

Ocular complications (particularly, diabetic retinopathy
(DR) and diabetic maculopathy (DMP)) are one of the most
common complications associated with type 2 diabetes
mellitus (T2DM) [1-3]. In addition, DMP develops not in
any patient with DR, but DMP incidence increases with an
increase in severity of DR. Thus, DMP develops in 3-38%
of patients with non-proliferative DR (NPDR), 20-63% of
those with pre-proliferative DR, and above 70%% of those
with proliferative DR (PDR).

It has been reported that pro-inflammatory cytokines,
particularly, tumor necrosis factor alpha (TNFa), are
important for the development of insulin resistance [4].
The role of TNFa in signaling from the insulin receptor
(specifically, inhibiting insulin receptor substrate (IRS)-1
and tyrosine phosphorylation of the insulin receptor and
thus suppressing further activation of PI3K/Akt and ERK/
MAP kinase pathways and uptake of glucose) constitutes

the molecular basis for this effect [5, 6]. Therefore,
TNFa-induced IRS-1 inactivation is a mechanism for the
development of insulin resistance [7]. In addition, three
novel proteins (RIPK1, BIRC2 and BIRC3) have been
identified through computational analysis of TNFa protein
network, and network analysis showed the interconnectivity
between signaling pathways such as TNF receptor, NFkB,
Toll-like receptor and apoptosis; these proteins also effect
the development of insulin resistance [§].

Genetic factors, particularly, gene polymorphisms,
contribute to the development of T2DM and its
complications [8-13]. A meta-analysis was applied to
integrate the findings from 10 studies (with a total of
1425 T2DM patients and 1116 healthy control subjects) to
provide an overall assessment whether TNF-a -308G>A
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(rs1800629) polymorphism is associated with T2DM
risk in a population of Han Chinese subjects. The pooled
ORs (95% Cls) for TNF-a -308G>A of A vs. G allele
and G/A+A/A vs. G/G genotype were 1.63 (1.17-2.25)
and 1.47 (1.17-1.85), respectively [9]. A Brazilian study
[10] involving 745 outpatients with T2DM, including
331 subjects without DR, 246 with NPDR, and 168 with
PDR, demonstrated that the A allele of the —308G>A
polymorphism was (a) more frequent in subjects with PDR
than in those with no DR (18.1% vs. 11.5%, corrected P =
0.035), and (b) independently associated with an increased
risk of PDR, under a dominant model (adjusted odds ratio
[aOR], 1.82; 95% confidence interval [CI], 1.11-2.98).
Indian studies [11, 12] showed the association of TNF-a
-308G/A (rs1800629) with the development of T2DM and
its complications, which was accompanied by increased
blood levels of TNFa, IL-6 and SDF-1.

A systemic overview by Luna et al [13] noted
contradictory results of prior studies aimed at establishing
associations between TNF-a -308G/A (rs1800629) and
T2DM in various populations. They believe that ethnic
differences may play a role in these conflicting results;
the results of these studies suggest the need for further
investigation.

Therefore, the data above pointed to an association
of TNF-o -308G/A (rs1800629) with T2DM and its
complications (particularly, DR and DMP), and provided
evidence on the need for investigating a possible
association of this SNP with recurrent DMP after surgery
in a Ukrainian population of patients with T2DM.

The purpose of this study was to investigate the value
of TNF-a -308G/A (rs1800629) in recurrent DMP after
surgery in a Ukrainian population of patients with T2DM.

Material and methods

The study included 313 patients with DM2 (313 eyes)
and diabetic maculopathy. These included patients with
mild NPDR (Group 1; n=40), moderate or severe NPDR
(Group 2; n=92), and PDR (Group 3; n=181). Ninety-
five age- and gender- matched individuals without ocular
disorders were used as controls. The patients were ethnic
Ukrainians and were not relatives.

Each patient underwent an eye examination which
included visual acuity assessment, static Humphrey
perimetry, refractometry, slit lamp biomicroscopy,
gonioscopy, ophthalmoscopy with Volk Super Field lens
and Goldmann three-mirror lens (Volk Optical, Mentor,
OH) and fundus photography (the ETDRS seven standard
fields) and fluorescent angiography with the fundus camera
TRC-NW7SF (Topcon, Tokyo, Japan). In addition, they
underwent spectral domain optical coherence tomography
(SD-OCT; Copernicus REVO, Optopol Technology Sp,
70.0, Zawiercie, Poland; scan programs, Retina 3D and
Retina Raster) and OCT (Retina Angio mode, 6 x 6 mm).

Severity of DR and DMP was graded as per the 2002
guidelines of the American Academy of Ophthalmology [3].

Indications for surgical intervention were progressive
vision loss; visual field defects in the central and paracentral

regions; changes in the quality of vision in the presence
of (a) NPDR with refractive macular edema or macular
edema with the presence of tangential tractions resulting
from incomplete detachment of the posterior hyaloid
membrane of the vitreous, (b) PDR with refractive macular
edema, presence of epiretinal membranes or presence of
tangential or axial retinal tractions and imminent tractional
retinal detachment, (c) presence of vitreous, preretinal
and/or subhyaloid hemorrhage [14]. Patients received
one of the four types of surgical treatment: only three-
port closed subtotal vitrectomy (CSTV; n=78); CSTV
combined with internal limiting membrane (ILM) peeling
(n=85); CSTV combined with ILM peeling and panretinal
laser coagulation (PRLC) (n=81); and CSTV combined
with ILM peeling, PRLC and cataract phacoemulsification
(n=69).

Follow-up visits were at months 1, 3, 6 and 12 after
surgery.

Enzyme-linked immunosorbent assay (ELISA) was
used to measure blood TNFa levels with kits from Bender
Medsystems (Austria). The intensity of staining of the
enzymatic reaction product was measured quantitatively
with a Multiskan Ex plate reader (ThermoFisher Scientific,
Vantaa, Finland).

TNF-a  -308G/A  (rs1800629; locus, 6p21.33)
polymorphism was investigated by real-time polymerase
chain reaction (PCR) using TagMan Mutation Detection
Assays(Life Technologies, Carlsbad, CA; contextsequence,
GAGGCAATAGGTTTTGAGGGGCATG[A/G]
GGACGGGGTTCAGCCTCCAGGGTCC ) and Gene
Amp® 7500 PCR System (Applied Biosystems, Foster
City, CA).

At the first phase of the study, DNA extraction from
venous blood was done using the Invitrogen™ PureLink
Genomic DNA kit for purification of genomic DNA
(Invitrogen Inc.) following the manufacturer’s instructions.

The study design and protocol were approved by the
ethics committee of Shupik National Medical Academy of
Postgraduate Education and adhered to the tenets of the
Declaration of Helsinki. Informed consent was obtained
from all patients.

The percentage of patients with recurrent DMP after
different surgical treatments, and the relationship of
recurrent DMP with TNF-a -308G/A (rs1800629) were
determined.

Statistical analyses were conducted using Statistica
10.0 (StatSoft, Tulsa, OK, USA) software. Since the
Kolmogorov-Smirnov, Andersen—Darling and squared
chi tests found that distributions of variational series data
were not normal (p < 0.05), the quantitative data were
presented as median, first quartile (Q1) and third quartile
(Q3) values of variational series. Kruskal-Wallis (H) and
Mann-Whitney (U) tests were applied for comparisons of
independent samples. Contingency tables were made and
non-parametric Pearson-Yates chi-square test was applied
for comparison of categorical variables. The level of
significance p < 0.05 was assumed.
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Results

In the first phase of the study, frequency distributions
of genotypes and alleles were compared between the cases
of diabetic maculopathy and controls (Fig. 1).

The homozygous ancestral (G/G) genotype for
rs1800629 was 1.3-fold and significantly (p = 0.005)
less frequent in patients than in controls. In addition, the
heterozygous G/A genotype and minor A/A genotype were
1.4-fold and 2.4-fold, respectively, and not significantly
(p = 0.068 and p = 0.096, respectively) more frequent
in patients than in controls. Moreover, the ancestral (G)
allele was found 1.16-fold and significantly (p=0.002)
less frequently, whereas the minor (A) allele was found
1.61-fold and significantly (p=0.002) more frequently in
patients than in controls.

Therefore, there were significant differences in
frequency distributions of the G/G genotype and both
alleles between patients and controls.

Based on these findings, we assessed the effect of
the genotype and allele frequency distributions on the
development of DMP, and the degree of their association
with the disease (Table 1). Hardy-Weinberg equilibrium
was met in the controls and cases (¥*=0.28; df=1; p=0.597
and ¥>=1.40; df=1; p=0.237, respectively).

Analysis of the effect of genotype distribution based
on a general inheritance model (with a 3 x 3 contingency
table) showed an association between this distribution and
the occurrence of DMP (3*=8.87; p=0.0012). The carriers
of the homozygous minor A/A genotype at rs1800629
had a 2.6-fold (OR = 2.59; 95% CI: 0.89-7.52) higher
risk of developing DMP. The heterozygous G/A genotype
was also found to increase the risk of developing DMP
(OR = 1.61; 95% CI: 0. 98-2.65). Therefore, both the
wild and the heterozygous genotypes of rs1800629 were
found to be DMP-risk genotypes. Since the homozygous
G/G genotype at rs759853 was associated with a twofold
decreased risk (OR = 0.50; 95% CI: 0.31-0.81) for DMP, it
can be considered as protective in our population.

Analysis of the effect of allele distribution based on a
multiplicative inheritance model (with a 2 x 2 contingency
table) showed an association between this distribution and
the occurrence of DMP (¥*=9.40; p=0.002). The minor
A allele was associated with a 1.9-fold increased risk
(OR=1.87; 95% CI: 1.25-2.81), whereas the ancestral
G allele was associated with a 1.9-fold decreased risk
(OR=0.53; 95% CI: 0.36-0.80) for the disease.

The comparison of dominant and recessive models of
inheritance showed that the genotype distribution under a
dominant model (G/G versus G/A+A/A) was statistically
significant by Pearson chi-square test (¥2=8,05; P=0.004),
which confirmed an association between rs1800629 and
DMP in the presence of the minor A allele (for G/A+A/A,
OR=2.0; 95% CI: 1.23-3.24); these results are in agreement
with reports from others [9, 10].

In the current study, we found no significant differences
in genotype or allele frequencies between patients operated

with different CSTV techniques, which was evidence of
genetic homogeneity of patients before surgery (p > 0.05).

In addition, we found no significant differences
in genotype or allele frequencies (p = 0.975 and p =
0.870, respectively) between groups of patients, whereas
previous studies by others [4, 9, 10] found that frequencies
of minor A/A genotype and A allele were significantly
higher in patients with PDR. At first glance, our latter
finding might seem paradoxical. It should be, however,
taken into consideration that, in the current study, patients
from all groups had indications (like progressive vision
loss; visual field defects in the central and paracentral
regions; changes in the quality of vision; refractive
macular edema; or presence of vitreous, preretinal and/
or subhyaloid hemorrhage) for surgery. Therefore, all our
patients, irrespective of the stage of diabetic retinopathy,
did have a marked pathological process, likely due to
the presence of unfavorable factors, particularly, those
of genetic origin. This was indirectly evidenced by the
distribution of patients among groups, with the numbers
and percentages of patients in the moderate or severe
NPDR group (group 2: 92 patients; 29.4%) and PDR
group (group 3: 181 patients; 57.8%) being substantially
higher than in the mild NPDR group (group 1: 40 patients;
12.8%). In other words, the current study included patients
exhibiting a rapid DMP progression and requiring surgery,
which resulted in forced selection of DR variants with a
very poor clinical course.

We believe that this feature explains also the high
overall incidence and percentage of recurrent DMP (93
eyes; 29.7%) within 12 months after surgery, and the
absence of significant difference (p = 0.18) in percentage of
recurrent DMP between groups (group 1: 27.5%, 11 eyes;
group 2: 22.8%, 21 eyes; and group 3: 33.7%, 61 eyes).

This led to the main objective of this study, to examine
the relationship between the TNF-a (rs1800629) SNP
and recurrent DMP after surgery (Table 2). The ancestral
(G/G) genotype was found significantly (p < 0.001) less
frequently in patients with recurrent DMP than in those
without it. However, frequencies of risk variants of the
TNF-a (rs1800629) SNP (heterozygotes G/A or minor
homozygotes A/A) were significantly (p <0.001) increased
in the former patients.

It was of interest that, among the study cohort, there
were 32 (10.2%; Table 1) minor A/A genotype carriers, and
almost all of them (31; 96.9%) had recurrent DMP after
surgery. This directly pointed to the decisive importance
of the minor A/A genotype at the TNF-a (rs1800629) SNP
for the development of recurrent DMP. The heterozygous
G/A genotype at rs759853 was associated with a 3.8-fold
increased risk (OR = 3.76; 95% CI: 2.27-6.27), whereas
the protective homozygous ancestral G/G genotype was
associated with a 50-fold decreased risk (OR = 0.02; 95%
CI: 0.01-0.06) for recurrent DMP.

Further analysis of genotype frequencies at different
follow-up time points revealed the same tendency, a.i., at
each time point, frequencies of risk variants of the TNF-a
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(rs1800629) SNP were significantly (p < 0.001) higher in
patients with recurrent DMP than in those without it.

Therefore, our findings directly demonstrated an
important role of the TNF-a (rs1800629) SNP in recurrent
DMP after surgery, irrespective of DR severity, surgical
technique utilized for CSTV, and follow-up time points.

It has been reported that elevated blood TNFa levels
in patients with T2DM corresponded to the severity of the
disease and its complications, particularly, DR [11]. In
the current study, elevated baseline blood cytokine levels
corresponded to progression in DR stage (Table 3), and
these levels in groups 1, 2 and 3 were found to be 1.2-
fold (p=0.005), 2.0-fold and 3.4-fold (p <0.001) increased
compared to controls. Patients from group 3 (PDR) and
those from group 1 (mild NPDR) exhibited maximum and
minimum blood TNFa levels, respectively.

Table 4 presents median blood TNFa levels in our
patients with different genotypes of rs1800629.

It is noteworthy that median blood TNFa levels were
2.4-fold to 2.6-fold higher in patients with any genotype of
rs1800629 than in controls (p < 0.001). In addition, blood
TNFa levels in carriers of risk A/A genotype and A allele
were higher than in carriers of other genotypes; this was true
both for patients with DMP and controls, but the difference
was statistically significant only for patients. Moreover,
differences in these levels for patients with different
genotypes and for those with different alleles of rs1800629
were also significant (p = 0.004 and p=0.002, respectively).

In addition to vascular manifestations, diabetic
macular edema (DME) is of importance in patients with
DMP. Previously, we have found it in eyes with central
retinal thickness (CRT) of more than 250 um [15]. It was
found that DME frequency in recurrent DMP increased
with an increase in time between surgery and follow-up
and did not depend on surgical technique. At 1 month, 3
months and 12 months after surgery, DME was found in
30.4%-53.3%, 73.3%-86.7%, and 68.4%-100% of eyes
with recurrent DMP.

Preoperative CRT value varied from 195 um to 880
um (median value, 358.09+6.96 pum). There was no
statistically significant difference in preoperative CRT
between groups; this is in agreement with the idea of a
decisive value of preoperative clinically significant DME
that affected visual acuity and was an indication for surgery
[3]. Postoperatively, in all groups, CRT decreased by 113-
118 pm and became normal (p < 0.001). No significant
difference in CRT between groups was observed at any
follow-up time point (p > 0.2).

Identifying a relationship of the TNF-a (rs1800629)
SNP with baseline CRT (CRTO0) and severity level of DR
(ETDRS scale) was also of some interest (Table 5) [16].

CRTO values were higher (a) in heterozygous G/A
or minor homozygous A/A carriers than in ancestral
homozygous G/G carriers (p=0.013) and (b) in A allele
carriers than in ancestral G allele carriers (p = 0.003).
There was no significant difference in ETDRS severity
score under conditions of such distribution (p > 0.1).

Therefore, among patients with recurrent DMP, carriers
of the A allele of the TNF-a (rs1800629) SNP had a greater
CRT before surgery.

In addition, minor homozygous A/A carriers exhibited
a greater CRT (Fig. 2A) at any follow-up time point (p
< 0.001). Moreover, such patients showed a somewhat
gradual increase in median CRT at subsequent follow-up
visits after month 1 (p < 0.001). Furthermore, CRT was
1.1-fold to 1.5-fold greater in minor A allele carriers than
in ancestral G allele carriers at any follow-up time point
(p <0.001).

Therefore, among the patients treated for DMP,
CRT was greater in the risk A/A genotype carriers and
risk A allele carriers, and did not decrease in these risk
patients within the follow-up period. This confirmed the
pathogenetic role of the TNF-a (rs1800629) SNP in the
development of DME in recurrent DMP after surgery.

A series of univariate logistic regression models were
built to prove the impact of the TNF-a (rs1800629) SNP
on recurrent DMP, development of DME, TNF-a levels,
CRT, and, correspondingly, on severity of DR (ETDRS
scale). The model analysis demonstrated that the TNF-a
(rs1800629) SNP exerted a significant effect on recurrent
DMP (p < 0.001) and development of DME (p < 0.001)
at all follow-up time points, and a significant effect on an
increase in TNF-a blood levels (p = 0.002) and on CRT
at baseline (p = 0.008), at month 1 (p = 0.006) and at
subsequent follow-up time points (p < 0.001). Therefore,
the results of the model analysis proved the impact of the
SNP on recurrent DMP after surgery.

Discussion

Dozens of studies reporting on identification of
associations of SNPs of proinflammatory cytokine genes
(TNFa, IL-6 and IL-1B) with T2DM and its complications
have been subjected to a meta-analysis [17]. Individual
SNP analysis showed the highest association of TNF-a
rs1800629-A/A genotype (OR=2.75, 95% CI=1.64-
4.59,P =0.001) with T2DM and diabetic nephropathy [18].
Those authors related it to the fact that TNF-o expression
was increased by more than four-folds (n-fold=4.43+1.11),
which was accompanied by a substantial increase in TNF-a
blood level in T2DM patients carrying the minor A/A
genotype [18]. Another study [19] found that the minor
A/A genotype and minor A allele of rs1800629 significantly
increased TNF-a blood level, which was more expressed in
patients with complications of T2DM. Therefore, one can
identify the following pattern of pathogenetic relationship:
carriage of the minor A allele is a pathogenetic factor for
T2DM and its complications, with TNF-a overexpression
leading to excessive TNF-o production.

With regard to our findings, it can be noted that TNF-a
(rs1800629) polymorphism was associated not only with
the development of DMP in T2DM, but also with the
development of recurrent DMP after surgery. This could
be explained by elevated blood TNF-a levels in A allele
carriers.
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Conclusion

First, distributions of genotypes and alleles of the
TNFa rs1800629 were associated with the development
of the disease (p=0.012 and p=0.002, respectively) in a
Ukrainian cohort of patients with DR, DMP and T2M.
Carriers of genotypes with the minor A allele had a 2.0-
fold higher risk of developing DMP (under a dominant
model, OR = 1.82; 95% CI, 1.23-3.24’ p = 0.004).

Second, the minor A/A genotype at rs1800629
determined the development of recurrent DMP, and 96.9%
of its carriers exhibited recurrent DMP in the postoperative
period. The heterozygous G/A genotype at rs759853
was associated with an increased risk (OR = 3.76; 95%
CI: 2.27-6.27), whereas the homozygous ancestral G/G
genotype, with a decreased risk (OR = 0.02; 95% CI: 0.01-
0.06) for recurrent DMP. Recurrent DMP frequency did
not depend on DR stage, surgical technology or follow-up
time point.

Third, carriage of the minor A allele of the TNFa
rs1800629 polymorphism was associated with a greater
CRT both at baseline and within 12 months after surgery.
CRT was 1.1-fold to 1.5-fold greater in minor A allele
carriers than in ancestral G allele carriers at any follow-up
time point (p < 0.001), and did not decrease in A-allele
carriers within the follow-up period.

Finally, our findings and analysis of recent literature
allow us to state that an elevated TNFa blood level in
carriers of the minor A-allele of the TNFa rs1800629
polymorphism was a pathogenetic factor promoting
recurrent DMP after surgery.
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Table 1. Effect of the frequency distribution of genotypes and alleles of TNFa rs1800629 on diabetic maculopathy (DMP) and
on the association with the disease

Genotype or DMP, Controls (n=95), . o
allele n (f) n (f) X P o S (¢
GIG 159 (0.508) 64 (0.674) 0.50 0.31-0.81
G/A 122 (0.390) 27 (0.284) 8.87 0.012 1.61 0.98-2.65
A/A 32 (0.102) 4(0.042) 2.59 0.89-7.52
G 440 (0.703) 155 (0.816) 0.53 0.36-0.80
9.40 0.002
A 186 (0.297) 35 (0.184) 1.87 1.25-2.81

Note: n, number; f, frequency; x?, Chi-square Pearson test; p, statistical significance of difference between groups; OR,
odds ratio; 95% ClI, 95% confidence interval for odds ratio

Table 2. Effect of the frequency distribution of genotypes and alleles of TNFa rs1800629 on recurrent diabetic maculopathy
(DMP)

Presence of recurrent DMP, n (f)
Genotype X2 p OR 95% CI
+ -
GIG 5 (0.054) 154 (0.700) 0.02 0.01-0.06
G/IA 57 (0.613) 65 (0.295) 139.7 <0.001 3.76 2.27-6.27
A/A 31 (0.333) 1 (0.005) 109.50 14.65-818.23

Note: n, number; f, frequency; x?, Chi-square Pearson test; p, statistical significance of difference between groups as per chi-
square Pearson test (the level of significance p < 0.05 was assumed)

Table 3. Blood TNFa levels presented as median (Q1; Q3) in controls and groups of patients

Marker Controls, n=95 Group 1, n=40 Group 2, n=92 Group 3, n=181
15.95 19.52 31.20 53.99
(9.95; 21.54) (16.30; 22.61) (25.39; 37.01) (42.31; 66.27)
TNFa, pg/mi

H=315.79; p<0.001

Note: H, Kruskal-Wallis H value (multiple comparisons); p, p-value for differences in comparisons between groups (the level
of significance p < 0.05 was assumed)
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Table 4. Blood TNFa levels presented as median (Q1; Q3) in controls and groups of patients with different genotypes and
alleles of TNFa rs1800629

TNFa, pg/ml
Characteristic
Controls DMP

GIG 16.03 (11.04; 21.72) 38.70 (26.05; 56.51)
G/A 16.62 (7.16; 19.9) 43.28 (29.61; 60.15)
A/A 20.77 (12.09; 25.68) 51.91 (40.11; 69.23)
H; p 2.04;0.340 11.26; 0.004

G 16.06 (10.00; 21.55) 39.15 (27.63; 56.51)

A 16.82 (7.77; 21.42) 42.27 (33.76; 65.59)
U, p 2706; 0.681 34428; 0.002

Note: H; p, Kruskal-Wallis H value (multiple comparisons) and p-value for differences in multiple comparisons; U; p, Mann-
Whitney U value and p-value for differences in pairwise comparisons. The level of significance p < 0.05 was assumed.

Table 5. Effect of genotypes and alleles of TNFa rs1800629 on central retinal thickness at baseline (CRTO) and Early
Treatment Diabetic Retinopathy Study (ETDRS) diabetic retinopathy severity score

CRTO Diabetic retinopathy severity
Characteristic pum ETDRS score
GIG 315.0 (280.0; 385.0) 68.0 (38.0; 76.0)
G/A 322.5(290.0; 420.0) 68.0 (50.0; 76.0)
A/A 356.5 (315.0; 453.0) 74.0 (60.5; 76.5)
H; p 8.64;0.013 2.13;0.344
G 317.5 (280.0; 392.0) 68.0 (49.0; 76.0)
A 345.0 (392.0; 431.0) 68.5 (53.0; 76.0)
Uy p 34732; 0.003 38070; 0.168

Notes: Data are presented as median (Q1-Q3) unless otherwise stated. H; p, Kruskal-Wallis H value (multiple comparisons)
and p-value for differences in multiple comparisons; U; p, Mann-Whitney U value and p-value for differences in pairwise
comparisons. The level of significance p < 0.05 was assumed.
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Fig. 1. Frequency distribution of genotypes and alleles of TNFa rs1800629 in controls and total patients with diabetic
maculopathy (DMP)

The vertical axis represents f as frequency. The horizontal axis represents genotypes (under a general inheritance model)
and alleles (under a multiplicative inheritance model). P is a p-value for difference in frequency between controls and total
patients with DMP as assessed by the Fisher exact test

Fig. 2. Effect of genotypes and alleles of TNFa rs1800629 on central retinal thickness (CRT) values at different follow-up
time points

Intergroup comparisons for repeated measurements using the Friedman’s test were statistically significant for genotypes
(A; xr2=8,04; p<0.,001) and alleles (B; xr2=16,09; p<0.001)
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