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ABSTRACT

BACKGROUND: Atherosclerosis, which is one of the leading causes of death all over the world, can create major or minor thromboembolic com-
plications with the exponentially increasing diabetic status. Despite all the studies, the mechanism by which endothelial damage in atheroscler-
osis is triggered in diabetic setting is still not fully understood.

METHODS: In this study, tissue factor (TF), which is thought to act together in the formation of vasular endothelial growth factor (VEGF-A) and
coagulopathy in diabetic atherosclerotic patients, may be an important indicator in this regard, a total of 100 cases who were undergone off-pump
coronary artery bypass (OPCAB) which were at same risk group examined by dividing into diabetic status. Early postoperative process and bio-
chemical parameters analyzed in terms of TF and VEGF-A levels measured before and after the operation.

RESULTS: TF and VEGF-A expression of the T1DM group were statistically high compared to non-diabetics. Significantly longer hospital stays
with changes in TF and VEGF-A were found in patients in the diabetic group compared to pre- and postoperatively, respectively; TF (95% CI:
0.879–0.992; p= 0.025), VEGF-A (95% CI: 0.964–0.991; p= 0.001) and hospital stay (95% CI: 1.96–7.49; p=0.0001). Preoperatively measured
carotid intima-media thickness (CT) was higher in diabetics and was significantly associated with atrial fibrillation (AF), (r= 0.873). Surgical
team and protocols were same and OPCAB procedures were routinely applied to all patients in our clinic. No minor or major events were
observed in any of the cases.

CONCLUSION: TF and VEGF-A values in patients with diabetic atherosclerosis may be important in the early detection of thromboembolic
complications.
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Background
Diabetic status is one of the leading causes of death worldwide

due to its vascular effects, and its association with atheroscler-

osis increases the risk of cardiovascular disease.1 Endothelial

cells, which also take part in vascularization, function dynamic-

ally via synthesize many activators as well as on the surface

between the blood and vessel wall, and inhibitor molecules

for establish an optimal balance.2

In this endothelial dynamic balance, it has been reported in

many studies that tissue factor (TF) has multidimensional bio-

logical effects affecting hemostasis, thrombosis, angiogenesis,

and inflammation, and thus is effective in micro and macrovas-

cular complications that occur when this delicate balance is dis-

rupted.3 Since high TF values, which are the main triggers of

coagulation, are seen in atherosclerotic plaque, plaque rupture,

and thrombus formation usually follow each other.4 TF has

also been shown to be essential for normal embryonic develop-

ment. When the TF gene is silenced, embryonic death is

encountered.5 TF induces migration of vascular SMCs, angio-

genesis, activation of protease-activated receptors, and an

inflammatory response.6,7 It was observed that TF values of

atherectomy samples taken from patients with acute coronary

syndrome were higher than patients with stable angina

pectoris.8,9

Angiogenesis, like hyperglycemia, is one of the important

clinical manifestations of the diabetic status.10 About a

quarter of a century ago vascular endothelial growth factor

(VEGF-A) a new multifunctional protein isolated and involved

in angiogenesis, was found to be collateralized in a wide spec-

trum of ischemic and inflammatory tissue from tumor

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0
License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without

further permission provided the original work is attributed as specified on the SAGE and Open Access page (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Clinical Medicine Insights: Circulatory,
Respiratory and Pulmonary Medicine
Volume 17: 1–9
© The Author(s) 2023
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/11795484231167737

https://orcid.org/0000-0002-4728-1079
mailto:dr.tijenalkan@gmail.com
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/11795484231167737


growth, wound healing, age-related macular degeneration,

rheumatoid arthritis, and diabetic retinopathy.10,11 In

diabetic-atherosclerotic patients especially type II diabetics,

the chronicity of the process and angiogenesis, which is a

more prominent finding in the prolonged inflammatory

process, may play a key role in the formation of micro and

macrovascular complications.12 As a result of endothelial prolif-

eration created by VEGF-A, which ensures the migration of

endothelial cells, vascular permeability increases and it regulates

the thrombogenic surface and process in the endothelium.13,14

The aim of our study is to investigate the possible prognostic

features of TF and VEGF-A in terms of looking at the early

postoperative outcomes of diabetes, especially from a thrombo-

embolic perspective, in a randomized and homogenized series

that underwent off-pump coronary artery bypass (OPCAB)-

thus free from possible pump effects - in advanced atheroscler-

otic patients.

Patients and Methods
Patient Selection

100 consecutive elective patients who were going to undergo

coronary artery bypass surgery for the first time with the

OPCAB technique due to angiographically severe coronary

artery atherosclerotic lesions were randomized to those in the

moderate risk category according to the EuroScore risk classifi-

cation and included in the study. The system, which enables

preoperative preparation and risk assessment according to the

risks carried by the patients who will be taken into cardiac

surgery, was prepared 24 years ago based on the European clin-

ical database data, and since it is the risk scoring system,

EuroSCORE (The European System for Cardiac Operative

Risk) Evaluation) is named. This scoring system was updated

as EuroScoreII in 2012, with the data being expanded to the

whole world. It shows the risk category of the post-operative

death risk according to the patient’s own risk score before

heart surgery and thus provides standardization.15

The ages of the cases are between 40 and 60 years old and 1/

3 of whom were women, were divided into two groups in equal

numbers according to whether they were diabetic or not. The

analysis parameters of the patients in the low-intermediate

risk group with a mean Euroscore II15 of 4.31± 0.65 were com-

pared with the serum samples taken from 15 volunteer patients

in the same age range as the non-aerosclerotic and non-diabetic

patient group. In our series, 12 of 35 female cases were in the

menopausal period, and this factor was also investigated in

the relevant biochemical analyzes.

Surgical Techniques

In our study, off-pump coronary bypass surgery, which is rou-

tinely performed in our clinic, was applied to all cases. Under

general anesthesia, after appropriate heparinization with a

midline sternotomy approach, full-arterial revascularization

was achieved by performing sequential artery anastomosis to

the ITA (internal thoracic artery) with composite grafts

created with the radial artery. A heart-lung machine was not

used in any of the cases. Myocardial stabilization was achieved

with special suspenders-technique16 (Figure 1). Preoperative

rate control was performed with beta-blocker in all cases. The

operation was performed normothermic without partial clamp-

ing of the aorta. The carotid intima-media thicknesses (CT)

were determined by preoperative carotid doppler ultrasound

in all cases.

Blood and Tissue Sample Collection and Analysis

After ethics committee approvals and the consent forms

obtained from each patient and volunteer, pre- and post-

operative blood samples from the patients in the study group

on the morning of the day before surgery and 72 h after the

surgery, and blood samples taken from healthy volunteers on

an empty stomach in the morning (8 ml), vacuum gel red

taken to capped tubes. Blood samples were centrifuged

(3000 g/10 min) using the NUVE (NF-800R) brand centri-

fuge, and serum samples were separated. The serum samples

obtained were placed in Eppendorf tubes and stored at −80°C.

TF and VEGF-A Measurements

To determine protein levels of TF (Cat. No. E-EL-H0040)

and VEGF-A (Cat. No. E-EL-H0111), (Elabscience

Biotechnology Co., Ltd, Wuhan, China) in blood samples

from patients method was used. Hemolyzed plasma samples

were excluded from the study as it would affect the results.

To determine the TF and VEGF-A protein levels, the protocol

Figure 1. Myocardial stabilization was achieved with special suspenders

stitches for off-pump coronary bypass surgery.
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will be followed and the ready-made ELISA kit was used.

Samples were placed in microwells of ELISA 96 well plates.

Horseradish peroxidase (HRP) conjugate, substrate reagent,

and stop solution were added to each well, respectively.

Washing with washing solution was carried out at each step.

Protein levels were determined with a microplate reader

(Synergy HTX Multimode reader) set to 450 nm.

HbA1c and hsCRP Measurements

The turbidimetric inhibition method and the particle surface

expanded immunoturbidimetric test were used to measure

HbA1c and hsCRP levels, respectively. (Roche Cobas 6000

device, Roche, Germany).

Western Blot Analysis

Tissue samples of 5 mg were lysed in cold RIPA lysis buffer

with a Qiagen homogenizer. It was centrifuged at 10,000 g

for 20 min and the supernatant was transferred to Eppendorf

tubes. Protein concentration was determined using the

Thermo Fischer Nanodrop instrument and conducted in gel

electrophoresis (SDS-PAGE). Then, the proteins were trans-

ferred electrophoretically onto the polyvinylidene fluoride

(PVDF) membrane using the Bio-Rad Trans-Blot system.

They were incubated with TF and VEGF-A primary anti-

bodies (dilution ratios of 1/1000) at +4˚C. β-actin primary

antibody (dilution ratio 1/3000) was used as a control.

Primary antibodies for the parameters to be examined were pur-

chased as immunohistochemistry (IHC) compatible primary

antibodies.17

Immunohistochemistry (IHC)

Vascular tissues embedded in paraffin were kept in an oven at

37 °C overnight, using a microtome, with 5 μm thick sections.

It was microwaved in 10% citrate buffer to remove deparaffini-

zation, hydration, and antigen masking, respectively. Hydrogen

peroxide blockade and protein blockade were performed. The

primary antibody (Anti-TF or Anti-VEGF-A) whose concen-

tration was determined was dropped and kept at +4 °C over-

night. Excess of primary antibody was removed and

secondary antibody was administered. After washing with

phosphate buffer, 3,3-diaminobenzedine chromogen was

applied. Core staining was done with Mayer Hematoxylin.

After dehydration, entellan was dripped onto the sections and

closed with the help of forceps. It was kept at room temperature

until the image was taken with a microscope (Sterio Discovery

V16, Carl Zeiss).9

Statistical Analysis

Data were analyzed using SPSS 22.0 software (SPSS Inc.,

Chicago, IL, USA). Oneway Anova and Kruskall-Wallis

Test were used to examine differences between groups for con-

tinuous variables. Kolmogorov-Smirnov test was used to test

the normality. Chi-square test of independence was used to

test group differences for categorical variables. Partial spearman

rank correlation analysis was used to examine associations

between variables. Binary analysis was used to determine the

confidence interval. P < 0.05 was considered significant, P <

0.001 was considered statistically significant.

A logistic regression was performed to ascertain the effects

of age, gender, smoking, hospital time, and difference of pre-

and post-measurements of TF, VEGF, CRP on the likelihood

that participants have diabets.

Results
Results of HbA1c and hsCRP Analysis

HbA1c levels were significantly higher in the T1DM and

T2DM groups compared to nondiabetics. Although hsCRP

values were higher in TIDM compared to nondiabetics pre-

operatively but there is no difference between the groups

(Table 1A,1B).

Results of ELISA Analysis of TF and VEGF-A in Blood

Δ TF (post-pre) levels in blood decreased significantly in the

T2DM group compared to the NonDM (p < 0.001) and

T1DM (p < 0.001) groups. Similarly, Δ VEGF-A (post-pre)

levels in blood decreased in the T1DM and T2DM groups

compared to the NonDM group (p < 0.001) (Figure 2).

Table 1. HbA1c (A) and hsCRP(B) levels in groups.

A Non DM (n=50) T1DM (n=25) T2DM (n=25) Statistical Analysis P value s/ns

HbA1c (%)a 4.08± 0.22 8.02± 1.72* 5.60±0.55*▴ X2= 86.824 0001 s

B Control NonDM (n= 50) T1DM (n=25) T2DM (n=25)

C-reactive protein (mg/L) Ref. value <0.5 preOP 1.36±0.91 3.52±3.75* 1.82±1.98

postOP 2.62±1.45 3.71±2.80 2.35±1.41

Δpost-pre 1.26±1.44 0.19±3.82 0.81±2.27

Data are expressed as mean± standard deviation. *p<0.001: Significantly different from the NonDM group, ▴p<0.001: Significantly different from the T1DM group. ns=
non-significant mean comparison, n= significant mean comparison.
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Results of Western Blot Analysis of TF and VEGF-A

T1DM was significantly higher in the TF and VEGF-A values

compared to nondiabetics. (p < 0.05) (Figure 3).

Results of Immunohistochemical (IHC) Analysis of TF and
VEGF-A

When TF and VEGF-A expression was compared observa-

tionally by immunohistochemical methods, it was observed

that TF expression was slightly higher in the tunica media in

the T1DM group compared to the other groups. When

VEGF-A expression was compared observationally between

groups, it was found to be more expressed in T1DM group

compared to the non-diabetic group. Intensity analysis

showed that TF expression increased significantly in T1DM

group when compared to non-diabetic group (*p < 0.05).

Also, VEGF-A TF expression increased significantly in

T1DM group when compared to non-diabetic group (**p <

0.001) (Figure 4).

TF, VEGF-A, hsCRP, AF, and Carotid Intima-Media
Thicknesses Correlations

Correlations between HbA1c and hsCRP levels with TF and

VEGF-A levels of total diabetic patients are given in

Table 2. TF and VEGF-A levels were correlated with

HbA1c levels, and a more significant correlation was found

between VEGF-A and hsCRP.

Correlations according to AF, hsCRP, TF, VEGF-A, and

carotid intima-media thicknesses (CT) in the non-diabetic

group are given in Table 3. Preoperatively measured carotid

intima-media thickness measurements were significantly corre-

lated in diabetic patients who developed atrial fibrillation (AF)

after coronary bypass. In the non-diabetic-atherosclerotic group;

while AF developed in 6 of 50 cases, in the diabetic-atherosclerotic

group in 15 of 50 cases, in the T1DM and T2DM subgroups,

respectively; AF was seen in 7 and 8 cases.

The correlation between AF patients in the non-diabetic group

and CT measurements was r=0.550; In the diabetic group,

AF-CT correlation was significantly correlated in the T1DM sub-

group, r=0.725, and in the T2DM sub-group, r=0.873.

Figure 2. TF and VEGF-A levels in diabetic and non-diabetic patients with atherosclerosis. Data are expressed as mean± standard deviation. *p<0.001:

Significantly different from the NonDM group, ▴p<0.001: Significantly different from the T1DM group.
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However, logistic regression analysis could not be performed

because the relative number was low in subgroups. It was

planned to reevaluate the series in larger cases (Table 3 and 4).

AF transition was generally in the first 48 h and did not persist

in any of the cases at discharge from the hospital, and no anti-

coagulant treatment was required at discharge. No major or

minor neurological events and mortality were observed.

Logistic Regression Test Results

The logistic regression model was statistically significant, χ2(7)
= 87.722, p < .0001. The model explained 77.9% (Nagelkerke

R2) of the variance in heart disease and correctly classified

89% of cases. Diabetics length of stay was 3.83 (95%CI:

1.96; 7.49) times higher than non-diabetic patients.

Increasing difference between TF and VEGF-A was associated

with a reduction in the likelihood of exhibiting diabetics (p <

0.05) (Table 4).

Discussion
Our primary goal is to detect the initiator/trigger factors of ath-

erosclerosis in terms of public health early. The thrombotic

process, which started with vascular endothelial damage,

blood flow, and abnormalities in blood’s elements, which is

the classical triad defined by Virchow about two centuries

ago, still maintains its validity even though it has been

renewed with the discovery of new biochemical formations

and it is aimed to predict before complications develop with

advanced biochemical analyzes.1,18–20

Gleissner et al showed that microvascular diabetic complica-

tions can be reduced by providing normoglycemia. As a result,

they emphasized the importance of early detection of inflam-

matory and thrombogenic factors that may be effective in add-

ition to providing normoglycemia in diabetic patients.21

In another study showing the role of oxidative stress in dia-

betic and morbid obese patients, there was no difference

between TF and Interleukin-33 (IL-33) values when compared

to the healthy group, while significantly higher in the diabetic

morbid-obese groups and they found also a positive correlation

was found between HbA1c and TF.6,7 In our study, preopera-

tive hsCRP values were significantly higher in the

diabetic-atherosclerotic group, which we defined as uncon-

trolled diabetes and whose HbA1c level was 7 and above, and

both TF and VEGF values were higher in these cases also.

Tissue factor, which is one of the basic building blocks of the

cell membrane and in the glycoprotein structure, combines with

the active form of Factor VII and triggers the coagulation

cascade. TF plays an active role in both vascular angiogenesis

Figure 3. Western blot results of TF and VEGF-A proteins. * p < 0.05 denotes significance.
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and tumor formation and metastatic spread. The interaction

with VEGF in its role in angiogenesis is emphasized. The

TF-aFVII complex has been shown to initiate VEGF synthesis

by lung-fibroblasts through proteolytic activity.22 While endo-

thelial cells are not thrombogenic under normal conditions, the

pathological angiogenesis process in which VEGF takes an

active role is triggered by the effect of endothelial damage devel-

oping in chronic inflammatory processes accompanied by ath-

erosclerosis and diabetes or both, or tumor formation

processes reported that both in the form of abnormal blood

vessels in the glomeruli of diabetics.3,4,22,23

VEGF production may give important clues about the sever-

ity or extent of atherosclerosis in diabetic atherosclerotic

patients. VEGF is a glucoprotein that has a protective effect

by providing angiogenesis to ischemic tissues during the forma-

tion of atherosclerosis. Studies have indicated the vital role of

VEGF in abnormal angiogenesis, especially in chronic athero-

sclerotic or carcinogenic processes. In this series, it is known

that TF is effective in micro and macrovascular complications

with its versatile biological effects affecting hemostasis, throm-

bosis, angiogenesis, and inflammation. Although the cause of

microvascular complications of diabetes is not fully explained,

various hypotheses state that the cause of microvascular compli-

cations is related to angiogenesis. It has been reported that

VEGF inhibitors reduce macular degeneration and macular

edema. In patients with diabetic atherosclerosis, it has been

reported that the VEGF receptor signal is impaired in the myo-

cardium with the increase in VEGF expression. Mahdy et al in

which they examined micro and macrovascular complications in

type 2 diabetic patients and they showed the VEGF levels and

vascular complications were related in diabetics. We found that

TF and VEGF were significantly associated with length of hos-

pital stay and especially in diabetics.12,24,25

Inoue M. et al, in their study, showed that VEGF is an

important angiogenic factor that induces migration and prolif-

eration of endothelial cells, increases vascular permeability and

modulates thrombogenicity. It has been shown that VEGF

expression in cultures of different phases of atherosclerotic

Figure 4. A) Immunohistochemical examination of TF and VEGF-A expression in type I diabetic, type ii diabetic and non-diabetic patients with atherosclerosis.

B) Graphics showing intensity of TF and VEGF-A expression in vessels. Values expressed in arbitrary unit (*p<0.05, **p< 0.001). (TF; tissue factor, VEGF-A;

vascular endothelial growth factor, NonDM; Non-Diabetic, T1DM; Type1 Diabetes, T2DM; Type2 Diabetes. Bar: 100 µm).
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plaque formation from the initial stage of atherosclerotic plaque

formation to the advanced stage, which narrows the entire

vessel lumen, is associated with intraplaque microvascular

increase, unlike in normal arteries.14 VEGF, which has been

shown to have multipotent effects in experimental studies,

may be a determining factor in atherosclerosis as well as a clin-

ically helpful factor in staging.26–28

In a study pointing out that VEGFmay be a precursor factor

in the early detection of atherosclerosis; Between the ages of

30–75, 400 people who come to the normal annual check-up,

approximately 10% have hypertension and hyperlipidemia in

5% and they reported that there is a significant correlation

between VEGF and atherosclerotic process, especially in

smoking men, who have diabetics. In our study, all of cases

were in the same risk category and objective critical (≥70%) ath-
erosclerotic stenosis in the coronary arteries was detected angio-

graphically in all 100 cases, and half of the cases consisted of

diabetic cases requiring treatment. In this respect, we think

that the atherosclerotic burden of our series is stronger and

more specific in this regard. Off-pump coronary bypass

surgery, which is routinely performed in our clinic, was per-

formed in all cases, and carotid intima-media thicknesses

were determined by pre-operative carotid doppler evaluation

of all cases. We found that TF expression in the T1DM

group was statistically high compared to the non-diabetics (p

< 0.05) but in T2DM group showed a slight increase compared

to the non-diabetic group. VEGF protein expression in the

T1DM group was statistically high also compared to non-

diabetics (p < 0.05). According to our results, the correlation

between VEGF-A and CT values is especially evident in

uncontrolled diabetic patients with an increase in carotid

intima-media thickness, while this increase can be thought to

be caused by microangiogenesis induced by VEGF. We also

agree with the researchers in terms of analyzing VEGF-A

values in serum for possible leaks.29,30

Although new-onset atrial fibrillation is reported as the most

common arrhythmia after coronary bypass surgeries in 1/3–1/5
of cases, many publications have not shown a difference

between on-pump or off-pump coronary bypass techniques.

Considering the effects of atrial fibrillation on long hospital

stays due to possible thromboembolic co-morbidities and pro-

longed medical treatment processes, its importance in terms

of postoperative course is clear. Although recent studies have

reported that critical atherosclerosis and diabetic status trigger

postoperative atrial fibrillation in patients, the underlying

mechanism and related factors have not been clearly identified.

In our study, we compared transient atrial fibrillation attacks,

which we see more frequently in diabetic-atherosclerotic cases

(30% vs 12%, p= 0.0272), and preoperative CT in all cases;

Although there was a significant correlation between AF and

CT (r= 0.720) in diabetic patients but not significant in the

T1DM and T2DM subgroup analysis, since it was less in

number. In our series, 35 of 100 cases were women, and

since only 12 of them were in the menopausal period, no sig-

nificant correlation was observed with the transition to AF.

Therefore, it was planned to reevaluate the group in a larger

series.31–33

Table 2. Correlations between HbA1c, hsCRP levels with Tissue Factor
(TF) Levels (A) and Vascular Endothelial Growth Factor (VEGF-A) levels
(B) of total diabetic patients (NonDM, T1DM, T2DM) *p <0,05, ** p <
0.001

A

TF

pre-op post-op

r p r p

HbA1c 0.336** p<0.01 0.127 p>0.05

hsCRP pre-op 0.100 p>0.05 0.008 p>0.05

hsCRP post-op 0.214* p<0.05 0.065 p>0.05

VEGF-A pre-oop 0.170 p>0.05 0.435** p<0.01

VEGF-A post-op 0.162 p>0.05 0.462** p<0.01

B VEGF-A

pre-op post-op

r P r P

HbA1c 0.153 p>0.05 0.072 p>0.05

hsCRP pre-op 0.200* p<0.05 0.149 p>0.05

hsCRP post-op 0.178 p>0.05 0.186 p>0.05

Table 3. Correlations according to AF, hsCRP, TF, VEGF-A, and carotid
intima-media thicknesses in the nondiabetic group (NonDM) (A) and
diabetic group (T1DM, T2DM) (B) *p<0.05, ** p<0.01.

Nondiabetics

A AF CT(int-med) hsCRP

AF 1 0550** 0.221

CT (int-med/mm) 0.55 1 0181

hsCRP mg/L 0221 0181 1

TF pg/mL −0025 −0191 −0058

VEGF-A pg/mL −0011 −0,4 0318*

Diabetics

B AF CT(int-med) hsCRP mg/L

AF 1 0720** 0157

CT(int-med/mm) 0.72 1 −0193

hsCRP mg/L 0157 0193 1

TF pg/mL −0143 −0086 0005

VEGF-A pg/mL −0066 0208 0234
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Conclusion
The coexistence of diabetes and atherosclerosis is an important

cause of morbidity and mortality. Especially in diabetic athero-

sclerotic patients, VEGF and TF, which is thought to act

together in the formation of coagulopathy, may be precursors

before thromboembolic complications develop and also they can

be useful tool as a marker for after bypass surgery graft patency

rate. Significantly longer hospital stays with changes in TF and

VEGF-A were found in patients in the diabetic group.

Preoperatively measured CT (carotid intima-media-media/mm)

was higher in diabetics and was significantly performed with AF

and TF –VEGF-A values were found to be correlated. This indi-

cates that TF and VEGF-A can be clinically important guides in

reducing morbidity and mortality rates, especially in

diabetic-atherosclerotic patients.
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