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IntroductIon

Diabetic retinopathy (DR) is a microvascular complication 
of diabetes. It is the leading cause of new cases of blindness 
among adults. There were more than 382 million people suf-
fering from diabetes in 2013 worldwide [1]. The International 
Diabetes Federation projected that the number of diabetic 
patients will reach 592 million in 2035 [1]. It has been reported 
that about one-third of diabetic patients have sings of DR and 
about one-tenth of them have vision-threatening retinopathy. 
Total of 60% of all patients with diabetes mellitus type 2 (DMT2) 
was diagnosed with DR, and 35% of DR patients progress to pro-
liferative DR and severe vision loss in 10 years, respectively [2].

DR can be categorized into early non-proliferative dia-
betic retinopathy (mild NPDR), moderated and severe, or 
pre-proliferative diabetic retinopathy (PPDR) and prolifer-
ative diabetic retinopathy (PDR) [3]. Early pathology is con-
sidered to be mild non-proliferative. Clinically, the retinal 
vascular microaneurysms, and blot hemorrhages may be 
seen. The middle stages include moderate, severe, and very 
severe non-proliferative diabetic retinopathies, usually with 
hard exudates and maculopathy. During this phase, venous 
changes, retinal capillary loss, retinal ischemia, cotton wool 
or soft exudates, dot, blot spots, and extensive intraretinal 
hemorrhages are evident. Finally, advanced disease is called 
PDR. Clinical signs include neovascularisation, preretinal and 
vitreous hemorrhages, fibrovascular proliferation, and retinal 
detachments.The retinal vessels are accessible to noninvasive 
visualization, providing a unique opportunity to investigate 
the relationship between structure and pathologic features of 
the microcirculation and systemic and ocular diseases, such as 
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Abstract

The aim of the study was to investigate the correlation between the levels of C-reactive protein (CRP) and chitinase 3-like protein 1 (YKL-40) 
in blood samples with morpohometric parameters of retinal blood vessels in patients with diabetic retinopathy. Blood laboratory examination 
of 90 patients included the measurement of glycemia, HbA1C, total cholesterol, LDL-C, HDL-C, triglycerides and CRP. Levels of YKL-40 were 
detected and measured in serum by ELISA (Micro VueYKL-40 EIA Kit, Quidel Corporation, San Diego, USA). YKL-40 correlated positively 
with diameter and negatively with number of retinal blood vessels. The average number of the blood vessels per retinal zone was significantly 
higher in the group of patients with mild non-proliferative diabetic retinopathy than in the group with severe form in the optic disc and all five 
retinal zones. The average outer diameter of the evaluated retinal zones and optic disc vessels was significantly higher in the group with severe 
compared to the group with mild diabetic retinopathy. Morphological analysis of the retinal vessels on digital fundus photography and correla-
tion with YKL-40 may be valuable for the follow-up of diabetic retinopathy.
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glaucoma, cardiovascular diseases, stroke, obesity and dyslip-
idemia [4-12].

It has been proven that low activity chronic inflamma-
tion underlies the development of diabetes mellitus type  2. 
However, the precise mechanism which is responsible for the 
development of DR complication has remained unclear. The 
hypothetical role of inflammation and oxidative stress has 
been a focus of many different studies recently [12-18].

Some inflammatory biomarkers and risk factor for endo-
thelial dysfunction such as C- reactive protein (CRP), tumor 
necrosis factor α (TNF-α), interleukin 18 (IL-1β) and serum 
asymmetric dimethylarginine (ADMA) have been the sub-
jects of new studies [13-19]. Chitinase 3-like protein 1 is a novel 
biomarker of inflammation and tissue remodelation [20]. It is 
suggested that it may be considered as a promoter of angio-
genesis in neoplasms [21].

The aim of this paper was to investigate the correlation 
between the levels of CRP and chitinase 3 protein 1 (YKL-40) 
in blood samples with morphometric parameters of retinal 
blood vessels, number and diameter, on digital fundus pho-
tography, in patients with DMT2 and DR.

MAterIAls And Methods

Subjects

The study included 90 Caucasian patients of whom 60 had 
DMT2. Thirty patients (17 males and 13 females) suffered from 
mild NPDR and, 30 patients (18 females and 12 males) had very 
severe NPDR. The control group included 30 healthy individ-
uals (17 males and 13 females) without any form of glycemia 
disorder or eye disease previously diagnosed, or any other 
systemic or inflammatory disease at the moment of study. 
In addition, they had no family history of diabetes. The study 
was performed at the Clinic for Eye Diseases, in the Center 
for Biochemical Research of the Clinical Centre Niš, and 
Department of Biochemistry, Faculty of Medicine, University 
of Niš, Serbia. All patients were informed about the methods 
and aim of the study and provided their written informed con-
sent to participate. The study was in keeping with the rules of 
the Internal Ethic Committee of the Medical Faculty in Niš.

The standard ophthalmic examination was performed in 
all patients and controls: the best corrected visual acuity, ante-
rior segment examination, tonometry, and posterior segment 
examination by indirect ophthalmoscopy, photofundus (FF) 
and fluorescein angiography (FA). Photofundus check-up, 
color and green mode, as well as fluorescein angiography were 
performed in all patients with DR, having their pupils dilated; 
under the same conditions, by the same digital fundus camera 
and by the same ophthalmologist. ETDRS classification was 
used for the staging of the DR [3]. Patients with any sign of 

presence of newly formed blood vessels were excluded from 
the study.

Blood Chemistry Analysis

Blood laboratory examination of all 90 patients included 
the measurement of glycemia, glycated hemoglobin (HbA1C), 
total cholesterol, LDL-C, HDL-C, triglycerides, plasma fibrin-
ogen (PF) and CRP with olympus AU680. Levels of YKL-
40 were detected and measured in serum by an enzyme 
immunoassay method (Micro VueYKL-40 EIA Kit, Quidel 
Corporation, San Diego, USA). Blood samples were taken in 
early morning hours, on an empty stomach, and before receiv-
ing any treatment.

Morphometric Analysis

Digital retinal photography with pupils dilated, accord-
ing to an imaging protocol described below, was taken by 
the same ophthalmologist under the same conditions. we 
preformed morphometric analysis using the ImageJ software 
(http://rsbweb.nih.gov/ij/) in controls and all the patients. 
Both the right and the left eye of each patient were analyzed. 
System was spatially calibrated for magnification of retinal dig-
ital camera (1 pixel = 17.7 µm) according to the manufacturer 
instructions. In the first phase of the morphometric analysis 
the optic disc Ferret’s diameter (DF), circularity and centroid 
were measured. Then, in the second phase we applied the 
“concentric circles” plugin (http://rsbweb.nih.gov/ij/plugins/
concentric-circles.html) in order to divide retinal images into 
five concentric zones with the center matching the centroid of 
the optic disc (Figure 1).

The first concentric area was the optic disc and the 
next one was marked as the first zone (zone I). other zones 
(zone II, zone III, zone IV and zone V) were marked according 
to the gradual increase of their distance from the optic disc. 
Zones were determined as equal and their size in different 

Figure 1. Digital fundus photography with concentric zones
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patients depended on the optic disc location in the retinal 
images. Macular region was located in the zone II and zone III 
in the majority of the retinal images. In some images it occu-
pied some parts of the zone IV which was caused by more 
medial location of the optic disc and subsequent reduction of 
the width of the concentric retinal zones determined around 
it. The number of retinal blood vessels (N) in each retinal zone, 
including the optic disc, was established with “cell counter” 
plugin (http://rsbweb.nih.gov/ij/plugins/cell-counter.html). 
All observed vessels were counted. In the case of blood vessel 
bifurcations, two newly formed blood vessels were counted as 
separate vessels, too. The outer diameter of all counted blood 
vessels (DBw) in one zone was measured at three different loca-
tions in each of them and then the mean value was calculated.

Statistical Analysis

Statistical package NCSS PASS 2007 was used for sta-
tistical analysis. Mean values of analyzed parameters were 
compared between the evaluated groups by Kruskal-wallis 
one-way ANoVA test and Dunn’s post hoc test. Mann 
whitney U test was applied in both groups of patients with 
DR. Correlations between evaluated parameters in each of the 
analyzed groups were established by Spearman’s rho (ρ).

results

Indirect ophthalmoscopy, in patients with mild DR, FF 
and FA showed a small number of stable microaneurysms 
without leaking, while cotton walls were detected in the 
group of patients with very severe DR, as well as hemorrhages; 
microaneurysms were observed in all 4 quadrants of retina, 
venous bleeding in more than two quadrants and intraretinal 
vascular abnormalities (IRMAs) in two or more quadrants. 
These were in accordance with ETDRS classification.

The mean age of examined group of patients is given in 
Table  1. Results of the median values of evaluated parame-
ters of blood in the analyzed groups are also given in Table 1. 
Median duration of DMT2 in the group of patients with mild 
NPDR was 10 years (95% CI: 8 – 11 years), and in the group of 
patients with very severe NPDR 11.5 years (95% CI: 9 – 14 years) 
which statistically did not differ (Z=1.89, p=0.06). Levels of 
glycemia were significantly higher in patients with DR (95% 
CI:  8.2  mmol/L) than in controls (95% CI: 5.0 mmol/L), but 
without statistical significance among the two different groups 
with different form of DR and HbA1C. Levels of HbA1C in the 
group with very severe form were significantly higher than the 
same in the group with mild NPDR (Z=2.26, p=0.03).

Non-specific markers of inflammation significantly dif-
fered between the evaluated groups (PF: H=56.07, df=2, 
p<0.0001; CRP: H=57.46, df=2, p<0.0001). The values for PF 

and CRP were significantly higher in the groups with mild, as 
well as very severe NPDR in relation to the controls (p<0.05) 
(Table  1). However, in case of PF and CRP, the value of the 
group with very severe form was higher than the value in 
case of the mild NPDR, but this difference was not significant 
(p>0.05) (Table 1).

Finally, the values of YKL-40, as specific marker of inflam-
mation, were significantly different between the evaluated 
groups (H=76.13, df=2, p<0.0001). Using Dunn’s post hoc test 
we showed that its value was significantly higher in the group 
with very severe NPDR in relation to the group with the mild 
form of the disease and controls (p<0.05). Additionally, the 
average value of the YKL-40 in the group with mild NPDR 
group was significantly higher than the average value in the 
control group (p<0.05).

Markers of the lipoprotein profile: total cholesterol 
(H=25.83, df=2, p<0.0001), LDL-C (H=20.12, df=2, p<0.0001), 
HDL-C (H=10.98, df=2, p=0.004) and triglycerides (H=25.32, 
df=2, p<0.0001) significantly differed between the evaluated 
groups. Using Dunn’s post hoc test we showed that total cho-
lesterol levels were significantly higher in the groups of patients 
with DR (patients with mild and very severe NPDR) than in 
controls (p<0.05), but their values were not significantly dif-
ferent. The same trend of statistical significance was found 
for the LDL-C and triglycerides’ levels (Table 1). However, the 
values of HDL-C were significantly higher in controls and the 
group with mild non-proliferative DR in relation to the group 
with very severe form of the disease (p<0.05).

According to the Kruskal-wallis one-way ANoVA, the 
values of BMI (H=9.88, df=2, p=0.007) were significantly dif-
ferent between the analyzed groups. As far as BMI was con-
cerned, the using Dunn’s post hoc test we showed that its 
values in the groups with mild, and very severe NPDR were 
significantly higher than in controls (p<0.05) (Table1). Average 
value of BMI in the group with mild NPDR was higher than 

Table 1. Mean values of measured parameters in blood of 
evaluated groups

Parameter N Controls Mild NPDR Very severe 
NPDR p

Age (years) 30 50.7±6.9 50.6±7.4 52.6±7.7 NS
Glucose (mmol/L) 30 5.04±0.44 8.48±2.26a 8.9±2.43a 0,05
HbA1C (%) 30 5.07±0.49 7.45±0.95a 8.46±1.68a,b 0.05
Cholesterol 
(mmol/L) 30 4.41±0.69 5.92±1.39a 5.51±0.96a 0.05

HDL-C (mmol/L) 30 1.61±0.69 2.00±1.39 1.26±0.26 a,b 0.05
LDL-C (mmol/L) 30 2.80±0.97 4.03±0.99a 3.88±0.96a 0.05
Triglycerides 
(mmol/L) 30 1.21±0.31 1.91±0.72a 1.90±0.67a 0.05

BMI (kg/m2) 30 24.37±3.87 28.57±4.82a 27.37±5.65 0.001
PF (g/L) 30 3.99±0.40 7.83±3.10a 7.37±2.38a 0.001
CRP (mg/L) 30 2.34±0.60 3.66±1.82a 6.02±4.71a 0.05
YKL-40 (ng/mL) 30 64.27±12.11 115.91±12.93a 231.98±73.35a,b 0.05

a vs. control; b vs. mild NPDR
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the one in the patients with very severe form of the disease, 
but this difference was not significant (p>0.05) (Table 1).

Using correlation analysis, we demonstrated that there 
was a significant positive correlation between BMI and CRP 
(ρ=0.53, p=0.02) in the control group. As for non-specific 
inflammatory markers, a significant positive correlation was 
found between the CRP and HDL-C (ρ=0.43, p=0.018). Apart 
from the abovementioned significant correlations of HDL-c, a 
significant positive correlation between the total plasma cho-
lesterol and YKL-40 (ρ=0.43, p=0.018) was established.

In the group of patients with mild NPDR, as in the control 
group, BMI was significantly positively correlated with CRP 
(ρ=0.37, p=0.042), and, in this group, with total plasma choles-
terol as well (ρ=0.40, p=0.027). Among non-specific inflam-
matory markers, CRP and PF were significantly positively cor-
related (ρ=0.53, p=0.003).

The results of the morphometric analysis (the number 
of observed blood vessels, and their mean outer diameter in 
each of evaluated retinal zones) were used for cluster analysis 
(k-means method) and mean values are given in Table 2 and 
Figure 2 A and B. These tables also present the results of the 
Student’s t – test.

The average number of the blood vessels per retinal zone 
was significantly higher in patients with mild NPDR than 
in patients with very severe NPDR in the optic disc and 
all five retinal zones on the right side (Table  2). opposite 

to the previous results, the average outer diameter of the 
evaluated retinal zones and optic disc vessels of this side 
was significantly higher in the group of patients with very 
severe NPDR than in the mild NPDR (Table 2, Figure 2 B). 
The same morphometric parameters showed a similar trend 
on the left side. However, the average number of observed 
blood vessels in the optic disc, zone I and zone V was higher 
in the group with mild than in the group with very severe 
form of disease, however, this difference was not significant. 
This parameter was significantly higher in the group with 
mild than in the group with very severe form of disease in 
the zones II, III and IV (Table  2, Figure  2A). The average 
blood vessels outer diameter of this side was significantly 
higher in the group with very severe form of diseases than 
in the group with mild form in all retinal zones, except in 
the optic disc in which this difference was not significant 
(Table 2, Figure 2 B).

Using one way ANoVA we showed that the aver-
age number of observed blood vessels was significantly 
different between optic disc and each of all five retinal 
zones on the right eye in the group of mild NPDR patients 
(F(5,96)=29.44, p<0.0001, d=2.05) and very severe NPDR 
patients (F(5,48)=6.24, p<0.0001, d=2.58) and, on the left eye, 
F(5,96)=29.61, p<0.0001, d=2.07 and F(5,48)=12.63, p<0.0001, 
d=1.89, in both groups, respectively. Generally, the values of 
this parameter increased from the optic disc towards the zone 
III, in which its value was the highest and, then decreased 
gradually toward the zone V on both sides and in both groups 
of examinees. Using Games Howell post hoc test we showed 
that the average number of retinal blood vessels in the right 
eye of the group of patients with mild NPDR was significantly 
higher (p<0.05) in the zone II, zone III and zone IV than in the 
optic disc, zone I and zone V. This parameter was higher in 
the zone IV than in the zone I, but this difference was not sig-
nificant. The average number of zone II, zone III and zone IV 
blood vessels was not significantly different, according to this 
test. Tukey’s post hoc test showed that in the group of patients 
with very severe NPDR the average number of blood vessels 
was significantly higher (p<0.05) in the zone II and zone III 
than in the optic papilla and zone V, as well as, in zone I than 
in zone V. The values of this parameter were not significantly 
different between all other zones of this side in this group. The 
average number of blood vessels per each zone showed a sim-
ilar trend on the left side in the group of patients with mild 
form of disease, while in the group with very severe NPDR in 
zones I, II and III there was a significantly higher average num-
ber of blood vessels than in the optic disc and the zones  IV 
and V. Therefore, these findings might suggest that the reduc-
tion of blood supply in patients with very severe form of dis-
ease is more pronounced in the macular region than in other 
zones, in both eyes.

Figure 2. Mean retinal blood vessels number and diameter per 
each retinal zone. I Group - patients with mild NPDR, II Group - 
patients with very severe NPDR. Pa, Papilla

B

A
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The average blood vessel outer diameter decreased 
from the optic disc towards the zone V and, this decrease 
was significant on the right side in the mild NPDR 
(F(5,  96)=48.22, p<0.0001, d=2.78) and in the very severe 
NPDR (F(5,48)=6.04, p<0.0001, d=1.26). Using Tukey’s post 
hoc test we showed that in the first group this parameter’s 
decrease was significant (p<0.05) in the zones I and II than 
in the optic disc. The outer diameter of the blood vessels in 
the zones III, IV and V was significantly (p<0.05) lower than 
in the optic disc, zones I and II, but its values did not signifi-
cantly differ between these zones. In the very severe NPDR 
this parameter showed a similar trend with exception that 
its decrease was significant (p<0.05) in the zones III, IV and 
V in relation to the optic disc and zone I. The difference of 
this parameter between all other zones was not significant. 
The outer diameter of blood vessels in the left eye decreased 
from the optic disc towards the zone V. Similarly to the right 

eye in the patients with mild NPDR, using Tukey’s post hoc 
test we showed that the outer diameter decreased signifi-
cantly (p<0.05) in the zones II, III, IV and V in relation to 
the optic disc and zone I. Its decrease was significant on this 
side in the patients with very severe NPDR, too. However, 
using Games Howell post hoc test we showed that blood 
vessels’ outer diameter was significantly (p<0.05) higher in 
the zone I than in zone IV.

Correlation analysis revealed that the outer diameter reti-
nal blood vessels positively correlated with levels of YKL-40 in 
all zones and in both eyes, and negatively correlated with the 
number of retinal vessels (Table 3 and 4). The levels of CRP 
also had a positive correlation with outer retinal blood vessels 
diameter and a negative correlation with the number of retinal 
vessels. This correlation was not present in all zones, and not 
on the optic disc of the left eye. This correlation was not signif-
icant as in case of YKL-40 (Table 3 and 4).

Table 2. Number and diameter of retinal blood vessels on optic disc and different retinal zones on both eyes

Zone Parameter Group N Right eye±SD
X
_

±SD p Left eye±SD
X
_

±SD p

optic disc Number Controls 30 18.64±3.22 18.48±3.15
Mild NPDR 30 17.76±3.80 NS 16.53±3,86a 0.05
Very severe NPDR 30 14.00±3.39a,b 0.05 14.56±3.13a,b 0.05

Dbw(µm) Controls 30 74.89±10.35 76.37±8.14
Mild NPDR 30 83.56±6.66a 0.05 86.37±9.19a 0.05
Very severe NPDR 30 94.75±12.28a,b 0.05 91.05±14.46a,b

Zone I Number Controls 30 29.88±6.610 30.000±4,983
Mild NPDR 30 28.59±5.112a 0.05 30.000±6.982a 0.05
Very severe NPDR 30 24.11±4.106a,b 0.05 26.333±4.472a,b 0.05

Dbv(µm) Controls 30 74.287±8.317 76.579±7.563
Mild NPDR 30 79.043±6.660a 0.05 79.435±8.581a 0.05
Very severe NPDR 30 93.300±10.643a,b 0.05 91.894±12.422a,b 0.05

Zone II Number Controls 30 43.760±8.828 40.68±8.097
Mild NPDR 30 39.294±2.289a 0.05 38.29±8.380a 0.05
Very severe NPDR 30 28.667±7.382a,b 0.05 30.00±7.106a,b 0.05

Dbw(µm) Controls 30 64.194±8.052 64.316±7.266
Mild NPDR 30 68.537±7.768a 0.05 66.974±8.266a 0.05
Very severe NPDR 30 83.859±11.612a,b 0.05 85.282±14.973a,b 0.05

Zone III Number Controls 30 44.04±7.080 42.96±10.826
Mild NPDR 30 41.65±11.096a NS 39.47±9.362a NS
Very severe NPDR 30 26.00±11.325a,b 0.05 26.11±9.033a,b 0.05

Dbw(µm) Controls 30 59.389±8.591 60.269±10.146
Mild NPDR 30 61.994±8.231 NS 59.273±7.568 NS
Very severe NPDR 30 77.758±10,064a,b 0.05 75.198±15.229a,b 0.05

Zone IV Number Controls 30 36.44±7.932 31.36±7.999
Mild NPDR 30 35.88±8.371a 0.05 34.18±10.979a 0.05
Very severe NPDR 30 23.56±11.26a,b 0.05 19.00±7.382a,b 0.05

Dbw(µm) Controls 30 55.62±6.683 57.677±11.357
Mild NPDR 30 56.276±4.519a 0.05 57.765±10.154a 0.05
Very severe NPDR 30 75.043±8.860a,b 0.05 71.844±14.084a,b 0.05

Zone V Number Controls 30 21.40±5.099 16.76±6.023
Mild NPDR 30 21.65±5.766 NS 15.47±6,135 0.05
Very severe NPDR 30 13.33±4.243a,b 0.05 10.78±4.764a,b 0.05

Dbw(µm) Controls 30 56.114±6.466 61.805±15.052
Mild NPDR 30 56.575±6.722 NS 69.487±10.324 0.05
Very severe NPDR 30 75.014±11.394a,b 0,05 74.795±17.345a,b 0.05

a P<0.05 vs. Controls; b P<0.05 vs. RDNP
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dIscussIon

Recent advances in retinal photographic imaging tech-
niques have allowed objective and precise measurement 
of subtle vascular characteristics in the retina, including the 
retinal vessel caliber (diameter). Data from population-based 
and clinic-based studies show that changes in retinal caliber 
are associated with systemic vascular risk factors and might 
reflect early microcirculatory alterations in people with dia-
betes prior to the onset of clinically significant complications, 
such as DR. Prospective studies suggest that in people with 
type 1 diabetes, wider retinal venules are associated with pro-
gression of mild to more severe levels of retinopathy, including 
PDR [8]. Studying retinal vascular caliber changes might offer 
the potential to improve our understanding of the early patho-
physiological pathways of diabetic retinopathy, potentially 
allowing the development of novel therapies.

Some of the theories have postulated that in diabetic 
retina, hyperglycemia and hypoxia initiate retinal blood 
vessel vasodilatation, leading to hyperperfusion [7,8,11]. 
Hyperperfusion in turn interferes with autoregulation, 
resulting in further vasodilatation [9,10]. In our study, the 
average outer diameter of the evaluated retinal zones and 
optic disc vessels was significantly higher in the group of 
patients with very severe diabetic retinopathy than in the 
group with mild non-proliferative diabetic retinopathy 
(Table 2, Figure 2B). Retinal vessel occlusion and degenera-
tion is in the focus of other theories [11,12,13]. occlusion and 
degeneration of retinal vessels are typical features of DR and 
also cause further progression of DR, which starts with the 
loss of two cellular components of retinal capillaries, peri-
cyte and endothelial cell [13]. The exact sequence of loss has 
not been established in humans. The average number of the 
blood vessels per retinal zone was significantly higher in the 
group with mild NPDR than in the group with very severe 
NPDRwith respect to the optic disc and all five retinal zones 
(Table 2, Figure 2A). In the group with very severe NPDR, 
zones I, II and III had significantly higher average number 

of blood vessels than the optic disc and zones  IV and V. 
Therefore, these findings might suggest that the reduction 
of blood supply in the case of the group with very severe 
NPDR is more pronounced in the macular region in relation 
to the other zones, on both sides.

Mechanisms leading to capillary degeneration may involve 
inflammatory cytokine- induced endothelial cells death since 
inflammatory cytokines are also known to increase caspase 3 
activity and strongly induce endothelial cell apoptosis [13,14,15]. 
This theory is also known as the vasoregression theory. In our 
study, we measured the levels of CRP and YKL-40 in blood 
samples of the examinees.

CRP is one of the best-studied biomarkers of inflamma-
tion. It has always been considered to be a marker of acute and 
chronic inflammation. New studies have investigated CRP 
as it predicts fatal and/or nonfatal coronary events, stroke 
and peripheral arterial disease [16, 22, 23]. our results have 
shown statistical significance between the examined groups 
of patients with DMT2 and controls CPR (Table 1).However, 
there was no statistical significance between the two groups 
with different stages of DR. In the study of Flosom et al. [24] 
and Schram et al. [25] a strong relationship between DMT2 
and CRP was confirmed. Streja et al. [22] and Hung et al. [23] 
in their study concluded that CRP reflects the process of 
atherosclerosis and vulnerability of plaques, and metabolic 
syndrome. Muni RH et al. [16] studied highly sensitive CRP 
(hs-CRP), and concluded that it had predicted high risk of 
clinically significant macular edema and macular and retinal 
hard exudates. The role of CRP in development of DR can be 
explained by higher levels of intracellular adhesion molecule 
1(ICAM-1) and break of blood-retinal barrier. The results of 
our study have shown that the correlation between the levels 
of CRP and retinal blood vessels, diameter and number, was 
not present in all examined zones of the retina (Table 3 and 4). 
In zones where a correlation is present, it positively correlates 
with diameter and negatively with number of retinal blood 
vessels. A  possible role of this biomarker in retinal vascular 
disorders in DR needs more investigation.

Table 3. Correlation between number and diameter of blood vessels and YKL-40, CRP on the right eye

Parameter oDnbv oDDbv Inbv IDbv IInbv IIDbv IIInbv IIIDbv IVnbv IVDbv Vnbv VDbv

YKL- 40 (ng/ml) R −0.34 0.49 −0.29 0.57 −0.45 0.56 −0.45 0.50 −0.34 0.63 −0.47 0.58
p 0.013 0.000 0.040 0.000 0.001 0.000 0.001 0.000 0.014 0.000 0.001 0.000

CRP (mg/L) R −0.27 0.48 −0.23 0.30 −0.31 0.39 −0.34 0.36 −0.23 0.26 −0.27 0.34
p 0.028 0.000 0.108 0.031 0.030 0.005 0.013 0.009 0.008 0.050 0.056 0.014

Table 4. Correlation between number and diameter of blood vessels and YKL-40, CRP on the right eye

Parameter oDnbv oDDbv InbvS IDbv IInbvS IIDbv IIInbv IIIDbv IVnbv IVDbv Vnbv VDbv

YKL- 40 (ng/ml) R −0.29 0.43 −0.23 0.42 −0.40 0.53 −0.47 0.37 −0.37 0.33 −0.30 0.26
p 0.036 0.001 0.105 0.002 0,004 0.000 0.001 0,008 0,009 0.018 0.033 0.066

CRP (mg/L) R −0.06 0.12 −0.01 0.17 −0.17 0.17 −0.13 0.11 −0.19 0.13 −0.16 0.22
p 0.676 0.004 0.971 0.040 0.042 0.020 0.061 0.030 0.187 0.078 0.,277 0.027
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YKL-40 is a heparin-, chitin-, and collagen-binding lectin 
produced by immunologically active cells such as macro-
phages and neutrophils, vascular smooth muscle and endothe-
lia cells, arthritic chondrocytes, cancer cells, and embryonic 
and fetal cells [21, 26]. High plasma concentrations of YKL-40 
are found in patients with diseases characterized by inflamma-
tion or increased tissue remodeling or with cancer [21,27]. we 
presumed that YKL-40 is valid and independent biomarker 
of inflammation in peripheral blood, which can be used for 
the follow-up of DR development. The levels of YKL-40 in the 
peripheral blood samples were statistically higher in the group 
of patients with DMT2 and DR than in controls. Also, there 
was statistical significance in the levels of plasma concentra-
tion of YKL-40 among two groups of patients with DMT2 and 
different forms of DR. Rathcke et al. have shown an elevation 
of serum YKL-40 in type 2 diabetes [27]. Further, Nielsen et al. 
have proved that plasma YKL-40 was identified as an obesity 
independent marker of DMT2 related to glycemia and plasma 
IL-6 levels [28]. we correlated the results of plasma levels of 
YKL-40 with PF, CRP and BMI. There was no correlation 
among the examined parameters. The role of YKL-40 in devel-
opment of DR can be explained by its influence on metabolic 
processes. It also activates the protein kinase C that plays a key 
role in multiple cellular processes such as glucose metabolism, 
apoptosis, cell proliferation, transcription and cell migration, 
and phosphoinositide-1,3 kinase signaling pathway, leading to 
antiapoptosis. Moreover, it has a role in angiogenesis and role 
in the innate immune response [21]. Recent studies have iden-
tified YKL-40 as a promoter of angiogenesis in neoplasms, 
including activating the mitogen activated protein kinase/
extracellular signal regulated kinase (MAPK/ERK) pathway 
in endothelial cells [21]. YKL-40 promotes chemotaxis, cell 
attachment, spreading, and migration of vascular endothe-
lial cells [21]. YKL-40 also modulates the vascular endothelial 
cell morphology by promoting the formation of branching 
tubules, indicating a role of YKL-40 in angiogenesis by stim-
ulating the migration and reorganization of vascular smooth 
muscle cells [22]. The results from our study have shown that 
the levels of YKL-40 strongly correlate with diameter and 
number of retinal blood vessels (Table 3 and 4). Sakamoto et 
al. [29] have found no association between hs-CRP and albu-
minuria, as a marker of endothelial dysfunction. These results 
are similar to ours and may reflect the fact that serum YKL-
40 levels increase more sensitively to focal inflammation and 
endothelial dysfunction as compared to serum CRP levels.

The presented data may have clinical and therapeutic 
implications. A  quantitative measurement of caliber of ret-
inal blood vessels may provide information on further pro-
gression of DR[12]. The correlation between measurement 
of retinal blood vessels and biomarkers as CRP and YKL-40 
may also support the value of targeting the microcirculation in 

treatment of systemic disease. Certain pharmacological agents 
(antiplatelet therapy, glucocorticoides, aldose reductase inhib-
itors, protein kinase C inhibitors, advanced glycosylation end 
product inhibitors, statins, cannabinoids, nitrat therapy, anti-
oxidants) as well as anti-TNF agents have been suggested to 
have direct beneficial effects on microvessel structure and 
function and may therefore have added therapeutic value in 
the management of patients with changes, narrowing of ret-
inal blood vessels and vasoregression [15,17]. Statins have a 
capacity to inhibit inflammation. Since statins reduce inflam-
mation, higher levels of YKL-40 would be expected in patients 
without statins in therapy. According to our data, 51 patients 
with DR (85%), 24 with mild and 27 with very severe NPDR, 
were treated with statins. The data on duration of therapy in 
our patients were not available. In our study, according to pre-
sented data, a similar number of patients were treated with 
statins. Therefore, the effect of statins on inhibition of inflam-
mation cannot be observed as relevant. Similar results are pre-
sented in the study conducted by Rodbjerg et al. [30].

Limitation factors of this study that should be noted 
are:  this study included only the white population, and it is 
unclear how local and ocular factors can influence the vascu-
lar caliber.
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