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Background: Some pathogenetic risk factors (platelet-derived growth factor
(PDGF); tumor necrosis factor alpha (TNFa); and Endothelin-1 (ET1)) are involved
in the development of diabetic maculopathy (DMP) in type 2 diabetes mellitus. We
hypothesized that the same factors are involved in the formation of postsurgical
recurrent DMP.

Purpose: To investigate new risk factors of postsurgical recurrent DMP in patients
with DM2.

Materials and Methods: The study included 313 patients with DM2 (313 eyes)
and diabetic maculopathy. These included patients with mild nonproliferative
diabetic retinopathy (NPDR; Group 1; n=40), moderate or severe NPDR (Group
2; n=92), and proliferative diabetic retinopathy (PDR; Group 3; 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). Enzyme-linked immunosorbent assay was used
to determine presurgical levels of DMP risk factors in blood. Statistical analyses
were conducted using Statistica 10.0 (StatSoft, Tulsa, OK, USA) sofiware.

Results: Presurgical levels of DMP risk factors in blood substantially increased with
an increase in severity of diabetic retinopathy (from Group 1 to Group 3), with the
maximum values achieved in patients with PDR. For each group, PDGF blood levels
in patients with recurrent DMP were 1.3- to 1.4-fold (and statistically significantly,
p < 0.001) higher than in those without recurrent DMP. TNFa. blood levels in Group
1 and Group 2 patients with recurrent DMP were 1.2- to 1.4-fold (and statistically
significantly) higher than in those without recurrent DMP. Only for Group 1, median
ET1 blood level in patients with recurrent DMP was significantly (1.4-fold; p < 0.001)
higher than in those without recurrent DMP. All patients exhibiting recurrent DMP
after any of the used surgical treatment technologies had statistically significantly
increased baseline PDGF levels (p < 0.001). The pre-surgery cut-off PDGF blood
level for which the development of recurrent DMP becomes probable was > 51.8
ng/mL. Associations of TNFa and ETI blood levels with recurrent DMP were most
prominent in NPDR, and depended on recurrence time points: presurgical TNFa
blood levels were associated with early recurrent DMP, whereas presurgical ETI
blood levels were associated with late recurrent DMP.

Conclusion: New risk factors for post-surgical recurrent DMP in DM2 were
established. The PDGF blood level was found to influence the development of both
early and late recurrent DMP, whereas the TNFo blood level, only early SMP
recurrence, and the ETI blood level, only late recurrent DMP.
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Introduction

A search is underway to identify predicting and risk
factors associated with diabetic maculopathy (DMP) in
patients with type 2 diabetes mellitus (DM2) [1, 2, 3].
Duration (more than 6 years) and severity of diabetes
(moderate or severe course with transfer to insulin therapy),
obesity and arterial hypertension have been found to be
among these factors [4]. It is important also to identify
pathophysiological factors influencing the development
and progression of DMP [5, 6]. Platelet pro-aggregating
status triggers thrombosis, retinal vascular hemorrhage,
neurosensory and glial cell ischemia, development of
inflammation and accumulation of interstitial fluid [6],
and seems promising for research. Previously, we have
demonstrated the role of platelet proaggregating status in
DMP, and the potential for predicting the risk of diabetic
retinopathy (DR) and macular edema based on the
functional status of platelet receptors [7, 8]

An important regulating polypeptide, platelet-derived
growth factor (PDGF), is a transmembrane glycoprotein
with mitogenic properties [9], and a focus for further
research in this area. The major source of PDGF in blood is
from platelet alpha-granules, whereas the source in tissues
is from fibroblasts, smooth muscle cells and astrocytes
[10]. PDGF-BB has an important role under conditions of
hypoxia and ischemia, when it contributes to endothelial
cell proliferation and neoangiogenesis and improves
capillary permeability [9, 10]. Retina-specific expression
of PDGF-B in transgenic mice has been reported to result
in severe neovascularization and retinal detachment, which
is typical for ischemic retinopathy [11].

Ameta-analysis[12]hasshownthat, inadditionto PDGF,
there are number of factors (including tumor necrosis factor
alpha (TNFa)) that contribute to the development of DMP.
It has been demonstrated that TNFo modulates the effect
of insulin on receptors by inducing serine phosphorylation
of insulin receptor substrate 1 (IRS-1) at serine residues
636/639 and impeding tyrosine phosphorylation of IRS-1
[13]. This prevents further activation of the PI3K/Akt and
ERK/MAP-Kinase Pathways and glucose consumption
[14]. Alternative serine/ tyrosine phosphorylation of
IRS normally regulates the efficacy of insulin signal
transfer, whereas TNFo was shown to stimulate multi-site
S/T phosphorylation of IRS1 and IRS2, blocking their
interaction with an IR juxtamembrane domain peptide
and causing insulin resistance [15]. In our point of view,
these mechanisms may also influence the development of
recurrent diabetic maculopathy, since they exacerbate DM2
course, especially after surgical procedures that activate
proinflammatory cytokine expression by activating Pyrin
domain 3 (NLRP3) inflammasomes, the components of
pro-inflammatory signalling complexes [16]

Currently, the vascular endothelium is recognized
as a dynamically regulated organ that plays a key role
in various metabolic and vascular disorders including
DM2 [4-6]. In DM2, endothelium is a site of a series
of pathological reactions to glucotoxicity, intensified

oxidative stress, thrombotic activators and excessive action
of stimulating hypertensive and inflammatory factors [17,
18]. Endothelial dysfunction emerges in conditions of
DM2, is a player in its pathogenesis and causes further
development of the disorder [19]. Endothelin-1 (ET1) is a
key marker of endothelial dysfunction [17, 20].

Various surgical procedures have been used for the
treatment of DMP. They include e.g. closed subtotal
vitrectomy (CSTV) that can be combined with internal
limiting membrane (ILM) peeling, endolaser coagulation
or panretinal laser coagulation (PRLC), and cataract
phacoemulsification, if indicated [21]. Favorable treatment
outcomes without a substantial risk of decreased visual
acuity or other complications have been demonstrated
with the use of CSTV combined with cataract extraction
in patients with DM2, evidencing high efficacy of the
combined surgical intervention [22].

We hypothesized that the pathogenetic factors of the
development of DMP in patients with DM2 and diabetic
retinopathy in postoperative period play also a major role
in recurrent DMP.

The purpose of the study was to investigate new risk
factors of recurrent diabetic maculopathy after surgical
treatment of patients with DM2.

Materials and Methods

The study included 313 patients with DM2 (313 eyes)
and diabetic maculopathy. These included patients with
mild nonproliferative diabetic retinopathy (NPDR; Group
1; n=40), moderate or severe NPDR (Group 2; n=92), and
proliferative diabetic retinopathy (PDR; Group 3; n=181).

Informed consent was obtained from all patients. The
study design and protocol were approved by the ethics
committee.

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 fluoresecent 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, zo.o, Zawiercie, Poland; scan
programs, Retina 3D and Retina Raster) and OCT (Retina
Angio mode). We identified the presence of the true
decorrelation signal from blood flow within the preretinal
vitreous layer in OCTA images for identification of initial
vitreoretinal neovascularization and areas of capillary
occlusion (ischemia) in the superficial and deep retinal
vascular plexuses. Fundus photography (the ETDRS seven
standard fields) was performed with the fundus camera
TRC-NW7SF (Topcon, Tokyo, Japan). Fluoresecent
angiography (FA) was performed with the fundus camera
if (a) mild vitreoretinal neovascularization was suspected
but not identified with ophthalmoscopy or fundus
photography or (b) the visual function did not correspond
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either to ophthalmoscopic changes in the macula or OCT
findings.

Severity of DR and DMP was graded as per the 2002
guidelines of the American Academy of Ophthalmology
[21].

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.

Patients received one of the four types of surgical
treatment. Seventy-eight patients (78 eyes) had only
a three-port 25G+ closed subtotal vitrectomy using
the Constellation Vision System with 25+ Total Plus
Combined Procedure Pak (Alcon Laboratories, Inc., Fort
Worth, TX). Eighty-five patients (85 eyes) had a closed
subtotal vitrectomy with ILM peeling at a 2.5-mm- to
3.5-mm macular region without PRLC; ILM peeling was
facilitated by staining with Membrane-Blue dye. Eighty-
one patients (81 eyes) had a closed subtotal vitrectomy with
ILM peeling and panretinal endolaser coagulation. Sixty-
nine patients (69 eyes) had cataract phacoemulsification in
addition to a closed subtotal vitrectomy, ILM peeling and
panretinal endolaser coagulation.

Follow-up visits were at months 1, 3, 6 and 12 after
surgery. A percentage of post-surgical DMP recurrence after
surgery was determined by the presence of macular edema
and/or other DMP manifestations (microhemorrhages,
hard exudates, etc.)

ELISA was used to determine PDGF-BB, TNFo and
ETI1 levels with Human PDGF-BB Quantikine ELISA Kit
(R&D Systems; USA), and kits from Bender Medsystems,
and Biomedica Immunoassays (Austria), respectively.
Ninety-five age- and sex-matched individuals without
ocular pathology or DM2 were used as controls.

We investigated possible associations between above
factors and early and late recurrent DMP after various
types of surgery.

Statistical analyses were conducted using Statistica 10.0
(StatSoft, Tulsa, OK, USA) software. The Kolmogorov-
Smirnov and squared chi tests were applied to test for
normal distribution of the data. Data are presented as
median (Me) (with first quartile (Q1) and third quartile
(Q3) in parenthesis) values. Contingency tables were
made and non-parametric Pearson chi square test was
applied for comparison of categorical variables. The level
of significance p < 0.05 was assumed.

Results

As distributions of the obtained values were non-
normal (Kolmogorov-Smirnov test, p < 0.05; squared
chi test, p < 0.001) for all characteristics, non-parametric

statistical Kruskal-Wallis and Mann-Whitney tests were
applied for multiple and paired comparisons, respectively
(Table 1).

Marker levels in blood of patients were found to
increase with increase in severity of DR (Fig. 1).

Maximum and minimum PDGF levels were found in
patients with PDR and NPDR, respectively, and PDGF
blood levels in the former patients (Group 2) were 2.2-
fold higher than in controls (p < 0.001). TNFa and ET1
blood levels also were found to increase with increase in
severity of DR. TNFa blood levels in patients of group
1, group 2 and group 3 were 1.2-fold (p=0.005), 2.0-fold
(p <0.001) and 3.4-fold (p < 0.001), respectively, higher
than in controls. Maximum and minimum TNFa blood
levels were found in patients with PDR (Group 3) and
mild NPDR (Group 1), respectively. ET1 blood levels in
patients of group 1, group 2 and group 3 were 2.9-, 3.7- and
4.6-fold (p < 0.001), respectively, higher than in controls.
Maximum and minimum ET1 blood levels were found in
patients with PDR (Group 3) and mild NPDR (Group 1),
respectively.

Table 2 presents levels of DMP markers in blood
for patients for patients with the presence or absence of
recurrent DMP.

Various types of surgery did not vary in baseline levels
of examined markers. For each group, PDGF blood levels
in patients with recurrent DMP were 1.3- to 1.4-fold (and
statistically significantly, p < 0.001) higher than in those
without DMP recurrence. In addition, TNFa blood levels
in Group 1 and Group 2 patients with recurrent DMP were
1.2- to 1.4-fold (and statistically significantly) higher than
in those without recurrent DMP, which was especially
characteristic for patients with mild NPDR. For Group
3, median TNFa blood level in patients without recurrent
DMP was higher than in those with recurrent DMP, but
with no substantial difference (p = 0.062). Only for Group
1, median ET1 blood level in patients with recurrent
DMP was significantly (1.4-fold; p < 0.001) higher than
in those without recurrent DMP. There was no significant
difference (p>0.2) in ET1 blood level between patients
with recurrent DMP and those without recurrent DMP for
Groups 2 and 3.

For each group, there was no statistical difference (p >
0.1) between various types of surgery with regard to levels
of DMP markers in blood.

The obtained results determined that there was a need
for clarifying the effect of baseline (i.e., pre-surgery) levels
of DMP markers in blood on the development of post-
surgical recurrent DMP. Univariate logistic regression
analysis with the baseline DMP marker blood level for 313
patients involved in the study as an independent variable
was used to accomplish this goal. The presence or absence
of recurrent DMP (coded as 0 or 1, respectively) was used
as a dependent variable. Table 3 presents beta coefficients
for the obtained regression equation at various follow-up
time points.
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The PDGF blood level was found to have a marked
effect on the development of recurrent DMP at all follow-
up time points, with w-value varying from 37.63 to 63.41;
p < 0.001). The TNFa blood level was found to have an
association with the development of recurrent DMP at 1
and 3 months (p=0.019 ta p=0.040, respectively). The ET1
blood level (p=0.019 Ta p=0.040, respectively), but not
TNFa blood level was found to have an association with
the development of recurrent DMP at 6 and 12 months.
Therefore, of the examined DMP factors, the PDGF blood
level was found to effect the development of both early
and late recurrent DMP, whereas the TNFo blood level,
only early recurrent DMP, and the ET1 blood level, only
late recurrent DMP.

In addition, multivariate logistic regression analysis
demonstrated (Table 4) that the PDGF blood level had
an effect on the post-surgical recurrent DMP (without
adjustments for methods or retinopathy severity).

Therefore, we found it reasonable to build a regression
model for predicting recurrent DMP based on the baseline
PDGF blood level (Table 5).

The regression equation for the effect of the baseline
PDGF blood level on the probability of recurrent DMP is
as follows:

P=1/(1+¢7:622+0.114*PDGF) N
where PDGF is the baseline PDGF blood level.

ROC analysis was used to calculate performance
measures of the model. Performance measures of the
model were satisfactory, with Area Under Curve (AUC) =
0.84; -2*log (Likelihood) =267.60; 2 = 114.97 (p<0.001).
The curve (Fig. 2) presents the relationship between
sensitivity, specificity and accuracy of the built regression
model and probability of predicting recurrent DMP by
plotting sensitivity, specificity and accuracy against the
probability. The curve was used to determine the optimum
probability for discriminating between negative and
positive predictions. Based on the accuracy characteristic
analysis, the probability cut-off was set to Pcut-off=0.460.

Table 6 presents classification characteristics of the
regression model.

We calculated the pre-surgery cut-off PDGF blood level
(in ng/ml) conforming to the development of recurrent
DMP to facilitate practical utilization of the obtained data.
The following formula was used for this purpose:for the
selected Pcut-off value.

PDGF=(-In(1/(Pcut-off)-1)+7.622)/0.114 ),

where PDGF is the baseline PDGF blood level and
Pcut-off is the probability cut-off value.

The pre-surgery cut-off PDGF blood level for which
the development of recurrent DMP becomes probable was
> 51.8 ng/mL with 89.8% accuracy.

Discussion

It has been reported [23] that the levels of all PDGF
isoforms in vitreous were significantly increased in the
PDR group, as compared to controls. In addition, PDGF-
AA and PDGF-BB correlated significantly to the severity
of PDR. Moreover, PDGF-AB and -BB were significantly
lower in vitreous of patients with pre-performed complete
panretinal photocoagulation (PRP) as compared to
incomplete or without PRP. This is in agreement with
our findings of (a) increased PDGF-BB levels in blood of
patients with DM2 and DMP, in the presence of mild or
severe NPDR, or especially PDR; and (b) association of
post-surgical DMP recurrence with baseline PDGF-BB
levels in blood.

Therefore, first, the fact of increased PDGF blood
levels in DM2 patients with DMP in the presence of
mild or moderate NPDR was established, and, second,
an association of the post-surgery recurrent DMP with
baseline PDGF blood levels was established. This was
confirmed by regression analysis for all recurrent DMP
cases without adjustments for recurrence time point,
retinopathy severity and surgical treatment methods.

Others [24] have reported that the level of IL-8 in the
vitreous body of severe PDR patients undergoing posterior
vitrectomy was significantly increased. It has been
demonstrated [25] that the levels of pro-inflammatory
cytokines in eyes of patients with DR were increased. It
is under conditions of PDR that Pyrin domain 3 (NLRP3)
inflammasomes, the components of pro-inflammatory
signalling complexes [16], mostly become activated. After
surgery, the activity of the components of this complex
increases, which determined the pathogenetic role of
proinflammatory cytokines and their association with
recurrent DMP. In addition to angiogenic cytokines, the
study by Boss et al [26] found pro-inflammatory cytokines
to be important in the development of retinal ischemia
under conditions of diabetes mellitus.

Therefore, our data are in agreement with those
available in the literature (the TNFa level is associated
with the severity of retinopathy). However, the association
of the factor with the recurrent DMP was not obvious.
Thus, for Group 2, the blood cytokine level for the use
of all methods of treatment (posterior subtotal vitrectomy,
ILM peeling, PRLC and cataract phacoemulsification)
was 1.3-fold to 1.4-fold higher than for the use of other
methods (p < 0.001). It is likely that a higher intensity of
inflammatory response could cause higher expression of
pro-inflammatory cytokines [16]. Further, we found that
a significant association of the TNFa blood level with
the recurrent DMP was in NPDR, but not in PDR. It is
likely that for those cases, angiogenic cytokines were
more important than pro-inflammatory cytokines, which
is in agreement with the opinion of Kovacs et al [26]. This
was confirmed also by the results of the regression analysis
which demonstrated the association of the TNFa blood
level with the early, but not late recurrent DMP. Therefore,
there was a significant association of the TNFa blood level
with the early but not late recurrent DMP in NPDR.
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Several studies reported on increased ET1 levels in
blood of patients with DT and in vitreous body samples,
which was mostly attributed to proliferative effect of ET1.
Thus, the formation of epiretinal membranes in PDR
is associated with high ETI1 levels in tissues and high
fibroblast activity [17, 27, 28]. Others have reported that
ET1 levels in vitreous body samples were significantly
higher than in controls [29]. In addition, ET1 levels
correlated with VEGF and TNFa levels not only in vitreous
body samples, but also in blood samples.

Therefore, a several-fold increased ET1 blood
level can be considered as pathogenetic factor for the
development of DMP, which confirms that endothelial
dysfunction is of key importance for the development
of vascular impairments in DM2 [19]. Out data are in
agreement with those available in the literature and prove
that ET1 and endothelial dysfunction are involved in major
pathogenetic mechanisms of DT and associated with its
severity. It was demonstrated that, in mild NPDR, the ET1
level was important for the formation of recurrent DMP
and especially late recurrent DMP.

The absence of probable effect of TNFa and ET1
on the development of recurrent DMP in PDR can be
explained by (a) severe damage to the retinal structure
in these cases and (b) possible effect of other factors like
IL-6, von Willebrand factor (vWf) and sE-selectin [30].
Based on the results of a meta-analysis [12], platelet-
derived growth factor BB chain (PDGF-BB), transforming
growth factor beta (TGFP) and platelet-derived growth
factor receptor beta SERPINF1 (PEDF) are other potential
candidate factors the development of recurrent DMP in
PDR. Therefore, further research is warranted to explore
the factors (PDGF, TNFo and ETI1) influencing the
development of recurrent DMP after surgical treatment of
DMP in patients with DM2.

Conclusion

Baseline levels of examined DMP factors in patients
with DM2 were increased, with the most prominent
increase related to patients with PDR.

All patients exhibiting recurrent DMP after any of
the used surgical treatment technologies had statistically
significantly increased baseline PDGF levels (p < 0.001).
The pre-surgery cut-off PDGF blood level for which the
development of recurrent DMP becomes probable was >
51.8 ng/mL with 89.8% accuracy.

Associations of TNFa and ET1 blood levels with
recurrent DMP were most prominent in NPDR, and
depended on recurrence time points: presurgical TNFa
blood levels were associated with early recurrent DMP,
whereas presurgical ET1 blood levels were associated
with late recurrent DMP.
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Table 1. Median (Me), first quartile (Q1) and third quartile (Q3) values for levels of diabetic maculopathy markers in blood of

controls and patients

Marker Controls, n=95 Group 1, n=40 Group 2, n=92 Group 3, n=181
27.55 27.81 45.28 61.72
PDGF, ng/ml (20.18; 33.47) (22.09; 33.13) (38.99; 50.78) (56.85; 72.89)
H=321.09; p<0.001
15.95 19.52 31.20 53.99
TNFa, pg/ml (9.95; 21.54) (16.30; 22.61) (25.39; 37.01) (42.31; 66.27)
H=315,79; p<0,001
0.578 1.685 2114 2.663
ET1, fmol/ml (0.396; 0.754) (1.454; 1.960) (1.845; 2.369) (2.321; 3.026)
H=302.63; p<0.001

Note: H, Kruskal-Wallis H statistic (intergroup multiple comparisons); p, significance of differences for intergroup
comparisons (the level of significance p < 0.05 was assumed)

Table 2. Median (Me), first quartile (Q1) and third quartile (Q3) values for levels of diabetic maculopathy (DMP) markers in
blood of patients in the presence or absence of post-surgical recurrent DMP

Marker Recurrent DMP Group 1 Group 2 Group 3 H; p
34.40 59.71 76.46 H=64.73-
present (32.75; 40.35) (56.57; 64.02) (72.89; 82.96) <0 601’
(n=11) (n=21) (n=61) p=b.
PDGF, ng/ml 24.56 41.40 58.66
absent (21.32; 28.07) (38.34; 46.92) (54.96; 61.71) |H=269.32; p<0.001
(n=29) (n=71) (n=120)
U;p U=14.00; p<0.001 | U=23.00; p<0.001 | U=12,00; p<0,001
24.09 34.89 49.24 H=45.89-
present (22.49; 25.32) (29.46; 40.22) (39.77; 65.56) <0 601’
(n=11) (n=21) (n=61) p=v.
TNFa, pg/ml 17.76 29.98 57.39
absent (15.12; 20.28) (23.17; 36.89) (43.62; 67.08) |H=152.04; p<0.001
(n=29) (n=71) (n=120)
U;p U=25.00; p<0.001 | U=498,0; p=0.022 {U=3038.0; p=0.062
2.067 2.138 2.544 H=31 15-
present (1.871; 2.209) (1.982; 2.345) (2.273; 3.060) <0 (')01’
(n=11) (n=21) (n=61) p=>
ET1, fmol/ml 1.528 2.085 2.743
absent (1.370; 1.655) (1.837; 2.393) (2.375; 3.016) |H=115.21; p<0.001
(n=29) (n=71) (n=120)
U;p U=29.00; p<0.001 | U=699,0; p=0,669 |U=3242.0; p=0.210

Note: H, Kruskal-Wallis H statistic (intergroup multiple comparisons); U, Mann-Whitney U statistic (pairwise comparisons);
p, significance of differences for intergroup comparisons (the level of significance p < 0.05 was assumed)
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Table 3. Effect of diabetic maculopathy (DMP) markers on the development of recurrent DMP at various post-surgical time

points (results of univariate logistic regression analysis)

Post-surqical time Marker B£SE w 95% ClI p
point
ET1 0.442+0.260 2.88 -0.068-0.952 0.090
Month 1 PDGF 0.085+0.012 47.89 0.061-0.109 <0.001
TNFa 0.0110.004 5.95 0.003-0.019 0.019
ET1 0.505+0.285 3.15 -0.053-1.064 0.076
Month 3 PDGF 0.095+0.014 47.23 0.068-0.123 <0.001
TNFa 0.013+0.006 4.39 0.001-0.025 0.040
ET1 0.664+0.265 4.40 0.145-1.183 0.041
Month 6 PDGF 0.11310.018 37.63 0.077-0.149 <0.001
TNFa 0.01540.011 219 -0.005-0.037 0.139
ET1 0.486+0.200 4.68 0.094-0.878 0.025
Month 12 PDGF 0.133£0.017 63.41 0.100-0.166 <0.001
TNFa 0.011£0.007 224 -0.003-0.026 0.134

Note: B+SE, beta coefficient of the regression equation and relevant standard error; W, Wald statistic; 95% CI, 95% confidence

interval; p, significance of difference from null hypothesis

Table 4. Effect of diabetic maculopathy (DMP) markers on
the development of post-surgical recurrent DMP (results of
multiivariate logistic regression analysis

Table 5. Beta coefficients of the regression equation for the
probability of occurrence of post-surgical recurrent DMP
based on the pre-surgical PDGF blood level

Marker B+SE w 95% CI p
ET1 0.304+0.238 1.63 |-0.163-0.771| 0.201

PDGF 0.114+0.014 | 63.563 | 0.086-0.142 | <0.001

TNFa 0.006£0.007 | 0.73 |-0.008-0.020| 0.393

Note: B+SE, beta coefficient of the regression equation and
relevant standard error; W, Wald statistic; 95% Cl, 95%
confidence interval; p, significance of difference from null
hypothesis

Characteristic
PDGF (B,)

BSE w
0.114£0.014 | 63.563

95% Cl p
0.086-0.142 |<0.001

Beta zero (B,) |-7.622+0.896| 72.411 |-(9.378-5.866)|<0.001

Note: BxSE, beta coefficient of the regression equation and
relevant standard error; W, Wald statistic; 95% Cl, 95%
confidence interval; p, significance of difference from null
hypothesis

Table 6. Classification characteristics of the regression model for predicting the probability of occurrence of post-surgical

recurrent DMP based on the pre-surgical PDGF blood level

Detection o Number of negative | Sensitivity, Specificity, Accuracy,
method Number of positive results | P_ . results % % %
Fact 93 220

0.460 70.9 97.7 89.8
Prediction 66 215
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Fig. 1. Levels of diabetic maculopathy markers in blood
of controls and patients. Presented are median, first (Q1;
25%) and third (Q3; 75%) quartile values. Significance
for the Mann-Whitney U statistic (pairwise comparisons)
with regard to PDGF for comparisons between controls
and group 1 is p=0.262, and for comparisons between
controls and group 2 or 3, and among all treatment
groups is p < 0.001. Significance for the Mann-Whitney
U statistic (pairwise comparisons) with regard to TNFa for
comparisons between controls and group 1 is p=0.005,
and for comparisons between controls and group 2 or 3,
and among all treatment groups is p < 0.001. Significance
for the Mann-Whitney U statistic (pairwise comparisons)
with regard to ET1 for comparisons among all treatment
groups is p < 0.001.
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Fig. 2. Sensitivity (orange curve), specificity (blue curve) and accuracy (green curve) percentages plotted
against the probability of predicting the post-surgical DMP recurrence. The dashed red line corresponds
to probability cut-off value of Pcut-off=0.460. The values of sensitivity (98.71%), specificity (70.21%) and
accuracy (89.78%) conform to the percentages of matched predicted and actual data
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