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Objective: To assess the relationship between serum endostatin (ES) and coronary artery calcification (CAC) in type 2
diabetic (T2DM) patients.
Methods: The study included 110 participants with coronary artery disease (CAD); 55 with T2DM, for serum ES

levels by enzyme-linked immunosorbent assay and CAC by contrast-enhanced spiral computed tomography (CT).
Results: Mean serum ES value was 66.54 ng/mL [95% confidence interval (CI), 61.77–71.32 ng/mL]. Serum ES levels

positively correlated with Agatston score index [ASI; r = 0.701, p < 0.001; high sensitive C-reactive protein (hs-CRP)
r = 0.783, p < 0.001]. On multiple regression analysis, the highest three ES quartiles (2, 3, and 4) were related to ASI in
diabetic patients, adjusted ES level was an independent predictor of CAD [odds ratio (OR) = 1.065; 95% CI, 1.008–
1.126; p = 0.026] and for the number of coronary vessels affected (OR = 1.089; 95% CI, 1.018–1.164; p = 0.013) in T2DM
patients. Receiver operating characteristics (ROC) analysis showed serum ES at a cutoff value of 86.5 ng/mL can pre-
dict the risk of CAC in T2DM, with a sensitivity of 74.1%, specificity of 71.4%, p < 0.001 and area under curve (AUC)
of 0.776.
Conclusion: Measurement of serum ES levels can improve diagnosis of CAC and could be useful as a high sen-

sitive marker for the presence and progression of atherosclerosis in T2DM patients.

� 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Diabetes mellitus is an established cardiovas-

cular major risk factor [1], labeled as a coro-
nary artery disease (CAD) ‘‘risk equivalent’’ and
its prevalence has been increasing globally [2].
Coronary artery disease (CAD) causes more

deaths in patients with T2DM than patients with-
out diabetes [3]. The pathophysiology of vascular
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Abbreviations

ES Endostatin
CAC Coronary artery calcification
T2DM Type 2 diabetic
CAD Coronary artery disease
ASI Agatston score index
NO Nitric oxide
VSMCs Vascular smooth muscle cells
CT Cardiac computed tomography
TTE Trans-thoracic echocardiography
2D Two-dimensional
LVEDD Left ventricular end diastolic diameter
LVESD Left ventricular end systolic diameter
IVS Interventricular septum
EF Ejection fraction
CACS Coronary artery calcium score
CCTA Coronary computed tomographic angiography
FBG Fasting blood glucose
T.C Total cholesterol
LDL Low-density lipoprotein
HDL High-density lipoprotein
hs-CRP C-reactive protein
HOMA-IR The homeostasis model of insulin resistance
GFR Glomerular filtration rate
ROC Receiver Operating Characteristics
CHD Coronary heart disease
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disease in T2DM includes reduced production
and bioavailability of nitric oxide (NO) with
endothelial dysfunction, vascular smooth muscle
cells (VSMCs) abnormalities, disturbed platelet
function, enhanced inflammation, and subse-
quent atherosclerosis [4].
Diabetes strongly associates with coronary

artery calcification (CAC)—assessed using cardiac
computed tomography (CT)—which is a well-
established surrogate marker of the total
atherosclerotic burden. Progression and the total
amount of CAC can be used to improve the pre-
diction of the cardiovascular events risk beyond
the standard risk factors [4,5].
Vascular calcification is a complex pathobiology

process, it is of two principal types; intimal (asso-
ciates atherosclerosis) and medial (arteriosclerosis
or known as Mönckeberg’s sclerosis) [3]. These
two distinct types should be considered as a con-
tinuum [6,7].
Endostatin is a fragment of the C-terminal

domain NC1 of collagen XVIII [8], found in vessel
walls (elastic fibers) and basement membranes
with a strong angiogenesis modulating effect [9].
It inhibits endothelial cell migration, induces
endothelial cell apoptosis [10], plays an important
role in endothelial cell adhesion [11], and impairs
blood vessel maturation in wound healing [12].
Diabetes [13], physical activity [14], inflamma-

tion, and obesity can affect the circulating serum
levels of ES. Disturbed ES serum level is associ-
ated with cerebrovascular diseases [15], organ
damage in hypertension [16], and can predict car-
diovascular mortality in elderly people [17].
This study investigates the relationship between

circulating endostatin level and the degree of CAC
in T2DM with CAD.
2. Materials and methods

This case-control study included 110 patients
who previously verified with coronary artery dis-
ease of different severity after invasive coronary
angiography or cardiac computed tomography.
CAD was defined as nonobstructive coronary
artery stenosis <50% or obstructive lesion (�50%)
stenosis [18,19]. Patients were recruited from the
outpatient Clinics of Cardiology and Internal
Medicine at Zagazig University Hospital in Egypt
based on the following inclusion criteria: patients
were aged between 50 and 70 years at enrollment,
symptomatic or previously recognized coronary
artery disease for all the study population, and
type 2 diabetic patients with the onset of type 2
diabetes occurred at age 30 years or older with
no history of ketoacidosis for Group II partici-
pants. Exclusion criteria: left ventricular ejection
fraction (LVEF) �40%; chronic heart failure, unsta-
ble angina, myocardial infarction, arrhythmia,
valvular heart disease, coronary artery bypass sur-
gery, history of stent placement, liver diseases,
malignancy, glomerular filtration rate index
<35 mL/min/m2, serum creatinine level >4.5 mg/
dL, body mass index >30 kg/m2 or <15 kg/m2, pul-
monary edema, stroke, acute infections, severe
trauma, recent surgery, inflammatory conditions,
thyrotoxicosis, pregnancy, and known allergic
reactions.
Patients were divided into two groups based on

presence or absence of T2DM; Group I (55 CAD
patients without T2DM) and Group II (55 CAD
patients with T2DM).
Review and approval of the study were obtained

from the Ethical Committee of the Faculty of Med-
icine, Zagazig University, Zagazig, Egypt.
After giving a written informed consent, all par-

ticipants were subjected to the following: (1) full
history taking and thorough clinical examination;
(2) electrocardiographic examination; and (3)
transthoracic echocardiography (TTE). TTE was
performed for every patient using GE Vivid 9 set
(part no GA 091568, Norway 2010 – Chicago,
Illinois, United States by GE Healtcare) using
5 MHz transducer. Images were taken while
the patient was supine or in left lateral position,
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utilizing two-dimensional (2D), M-mode and
Doppler echocardiographic techniques for evalua-
tion of: left ventricular end diastolic diameter
(LVEDD), left ventricular end systolic diameter
(LVESD), interventricular septum (IVS), and ejec-
tion fraction (EF); and (4) cardiac CT angiography.
Computed tomography data acquisition and post
processing.
One hour before the scan, 25–50 mg of metopro-

lol was given orally to the patients with heart rates
>60 beats/minute and had no contraindications to
beta-blockers. Sublingual nitroglycerin was given
to all patients before CT examination. A 64-slice
CT scanner (Sensation 64, Siemens Medical Sys-
tem, Henkestr, Germany) was used. Scanning
started from near the lower margin of the main
pulmonary artery bifurcation with the individual
holding breath during inspiration for 35–40 sec-
onds and proceeded caudally.
Coronary artery calcium score (CACS) evalua-

tion was done initially through a nonenhanced
prospective electrocardiogram (ECG)-gated scan
with a section collimation (0.6 mm), rotation time
(330 ms), tube voltage (100–120 kV), slice width
(3.0 mm), and tube current (50 mA). Coronary
computed tomographic angiography (CCTA) was
performed using retrospective ECG gating with a
section collimation (64 � 0.6 mm), rotation time
(330 ms), tube voltage (100–120 kV), and tube cur-
rent (400–800 mA). ECG-based tube current mod-
ulation was applied to 65% of the R–R interval.
Iodixanol (270 mg/mL-as a contrast agent) was
given. Contrast timing was tested by an initial
bolus-timing scan using 15 mL followed by a
30-mL saline chaser. The scan time was adjusted
by adding 3 seconds after the peak of time-
enhancement curve of the ascending aorta to
ensure maximum opacification of the coronary
arteries. The contrast-enhanced scan was
obtained using a volume of 60–100 mL of contrast
individually adapted to the selected table feed and
scan range followed by a 50-mL saline chaser.
Both contrast and saline were injected at a rate
of 6 mL/s by using a dual-syringe injector (Stellant
D; Medrad, Indianola, PA, USA). Image recon-
struction was performed by Vitrea Workstation
(Vitrea software, version 6.5.1, Vital Images, Min-
nesota, USA). Reconstruction of axial images was
done retrospectively at 65% of the R–R interval
for each cardiac cycle. The reconstructed image
data sets were sent to an offline workstation for
image analysis. Maximum intensity projection
and multi-planar reconstruction techniques on a
short axis and along multiple longitudinal axes
were used for examining each identified lesion
then classified into three categories according to
the luminal stenotic percentage: normal (absence
of plaque/no luminal stenosis), nonobstructive
lesion (up to 49% stenosis), and obstructive lesion
(�50% stenosis).
Calcified coronary artery lesions were identified

when a minimum density of 130 Hounsfield units
and a minimum area of three pixels (1.03 mm).
Calcium score for each region was assessed and
calculated as 1 for 130–199 Hounsfield units, 2 for
200–299 Hounsfield units, 3 for 300–399 Hounsfield
units, and 4 for >399 Hounsfield units. A total CAC
score in Agatston units was determined by adding
up scores for all slices separately for left main, left
anterior descending, circumflex, and right coro-
nary arteries by the workstation using a standard
algorithm [20].

2.1. Laboratory investigations

Blood samples were collected after an overnight
fast. The samples were centrifuged at 3000 g at
4 �C for 15 minutes. The supernatants were blind
coded and frozen at �80 �C until assayed. Fasting
blood glucose (FBG), serum creatinine, total
cholesterol (TC), low-density lipoprotein (LDL),
high-density lipoprotein (HDL), and HbA1c were
measured using standard methods. High sensitive
C-reactive protein (hs-CRP) levels were measured
by the nephelometric method. The homeostasis
model of insulin resistance (HOMA-IR) index
was calculated as (fasting serum glucose � fasting
serum insulin/22.5). ES levels were measured
using a sandwich enzyme-linked immunosorbent
assay (ELISA) kit according to the manufacturer’s
instructions endostatin ELISA kit (R&D Systems,
Minneapolis, MN, USA).
Patients with acute coronary syndrome, coro-

nary artery bypass, history of stenting, manifest
arrhythmia, more than mild valvular heart dis-
ease, acute heart failure, liver diseases, malig-
nancy, glomerular filtration rate (GFR) index
<35 mL/min/m2, serum creatinine level >4.5 mg/
dL, obesity (body mass index >30 kg/m2), stroke,
acute infections, severe trauma, recent surgery,
inflammatory conditions, thyrotoxicosis, preg-
nancy, and known allergic reactions were
excluded from the study.

2.2. Statistical analysis

Statistical analysis of received data was con-
ducted using the program SPSS version 20 (SPPS
Inc., Chicago, IL, USA). Data were tested for nor-
mality using the Kolmogorov–Smirnov test. Base-
line of study population characteristics were
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summarized using frequency and percent distri-
bution [n (%)] for categorical variables, whereas
mean and standard deviation (mean value ± SD)
values were used for scale variables. All associa-
tion between the different study variables was
performed using X2/Fisher exact test for categori-
cal variables and a Mann–Whitney U test/Student
t test for continuous variables based on shape of
distribution. Pearson correlation was performed
between CAC, ES, and other risk factors of CAD.
Determination of cutoff values with associated
sensitivity and specificity was performed using
receiver operating characteristics (ROC) analysis.
Multivariate logistic regression analysis was used
to detect independent predictor of certain param-
eter. A calculated difference of p < 0.05 was con-
sidered significant.
3. Results

Baseline of study population characteristics:
patient groups (I and II) showed no statistically
significant difference in terms of age, sex, and
comorbidities. Based on %HbA1c, the calculated
mean of patients in Group I was 4.73 ± 0.45, and
8.41 ± 0.8 in Group II (p < 0.001). Circulating hs-
CRP level, HOMA-IR, and severity of CAC mea-
sured by ASI were significantly higher in Group
Table 1. Baseline characteristics of Group I (CAD without T2DM)

Variables Group I (n = 55)

Age (yr) 55.92 ± 4.66
Male 34 (61.8)
Hypertension 29 (52.7)
Hyperlipidemia 34 (61.8)
Smoking 26 (47.3)
Waist/hip ratio 0.90 ± 0.089
BMI (kg/m2) 24.32 ± 2.82
HbA1c 4.73 ± 0.45
HOMA-IR 3.74 ± 0.46
hs-CRP (mg/L) 4.57 ± 1.11
Creatinine (mg/dL) 0.96 ± 0.17
TC (mg/dL) 201.69 ± 21.23
Mean systolic BP, mmHg 126.9 ± 11.52
Mean diastolic BP (mmHg) 81 ± 8.84
LVEF (%) 49.87 ± 5.7

Coronary artery obstructive disease:
1 vessel 6 (10.9)
2 vessels 3 (5.5)
3 vessels 8 (14.5)
ACEI/ARBs 49 (89.1)
Aspirin 48 (87.3)
Statins 38 (69.1)

Data are presented as n (%) or mean ± SD.
ACEI = angiotensin converting enzyme inhibitor; ARBs = angiotensin-2 rece
HOMA-IR = homeostatic model assessment of insulin resistance; hs-CRP =
ventricular ejection fraction; TC = total cholesterol.

* p < 0.05 is considered statistically significant.
II when compared with Group I, (p < 0.001;
Table 1).
A significantly higher overall ES level among

diabetic Group II (85.43 ± 18.9) than nondiabetic
Group I patients (47.67 ± 14.27) (p < 0.001). The
number of affected vessels was associated with
significantly higher mean ES serum level in Group
II than in Group I, p < 0.001 (Table 2 and Fig. 1).
Data analysis showed that ES mean value was

66.4 ng/mL [95% confidence interval (CI) = 61.77–
71.32 ng/mL] in all study participants. Depending
on ASI, the distribution of serum ES levels were:
51.93 ng/mL (95% CI = 42.17–61.69 ng/mL) for
one, 51.64 ng/mL (95% CI = 46.38–56.91 ng/mL)
for two, 59.49 ng/mL (95% CI = 51.95–67.04 ng/
mL) for three, and 80.59 ng/mL (95% CI = 73.34–
87.83 ng/mL) for four.
The overall ASI was significantly higher in

Group II (499.5 ± 212.82) than Group I
(311.94 ± 120.53) with p < 0.001. The distribution
of serum ES for both groups of patients according
to ASI is shown in Table 3. There were significant
differences between serum ES levels in both
groups of patients with all ASI levels.
ES serum levels had significantly direct correla-

tions to ASI (r = 0.701, p < 0.001), hs-CRP (r = 0.783,
p < 0.001), total cholesterol (TC; r = 0.366,
p < 0.001), age (r = 0.305, p = 0.001), sex (r = 0.263,
and Group II (CAD with T2DM) patients.

Group II (n = 55) p*

57.7 ± 5.66 >0.05
33 (60) >0.05
27 (49.1) >0.05
32 (58.2) >0.05
25 (45.5) >0.05
0.94 ± 0.1 >0.05
25.3 ± 3.5 >0.05
8.41 ± 0.8 <0.001
9.6 ± 0.9 <0.001
8.33 ± 1.76 <0.001
1.02 ± 0.2 >0.05
208.1 ± 15.64 >0.05
130.27 ± 12.56 >0.05
83.09 ± 9.3 >0.05
48.2 ± 4.2 >0.05

8 (14.5) >0.05
7 (12.7)
11 (20)
52 (94.5) >0.05
53 (96.4) >0.05
43 (78.2) >0.05

ptor blockers; BMI = body mass index; HbA1c = glycated hemoglobin;
high sensitive C-reactive protein; HU = Hounsfield units; LVEF = left
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Figure 1. Bar graph shows comparison of mean serum ES levels in
Group I and Group II according to the number of coronary vessels
affected. ES = endostatin.

Table 2. Comparison of main serum endostatin levels in Group 1 (CAD without T2DM) and Group 2 (CAD with T2DM) according
to the number of coronary vessels affected.

Number of coronary vessel(s) affected Group 1 (mean ± SD) Group 2 (mean ± SD) p

No vessels 45.12 ± 13.50 74.83 ± 16.55 p < 0.001
Single vessels 42.11 ± 12.60 88.25 ± 19.52
2 vessels 41.98 ± 12.53 94.85 ± 20.98
3 vessels 60.21 ± 18.53 106.12 ± 23.47

CAD = coronary artery disease; SD = standard deviation; T2DM = type 2 diabetic.
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p = 0.006 for male), smoking (r = 0.217, p = 0.023),
and a negative correlation to LVEF (r = �0.306,
p = 0.001).
Multiple linear regression analysis adjusted for

age, sex, smoking, TC, hs-CRP, and LVEF are
shown in Table 4. In multiple regression analyses
CAC assessed using ASI was a dependent vari-
able and serum ES quartiles were independent
variables in both groups of patients. The predic-
tive strength of serum ES for detection of CAC
was tested before and after adjustment for poten-
tial confounders including age, sex, smoking, TC,
hs-CRP, and LVEF. In Group I, serum ES quartile
Table 3. Serum endostatin distribution for Group I (CAD without T
score index.

Agatston score index (ASI) Group I (n = 55)

Mean 95% CI

1 (130–199 HU) 37.62 33.07– 42.
2 (200–299 HU) 45.73 41.41–50.0
3 (300–399 HU) 47.96 42.37–53.5
4 (400 + HU) 54.6 45.63–63.5

CI = confidence interval; HU = Hounsfield units.
* A p value <0.05 is considered statistically significant.
4 was an independent predictor of CAC assessed
using ASI. In Group II, adjusted ES level within
all the quartiles was a predictive marker for CAC
except for the first quartiles where adjustment
attenuated the predictive strength of ES for CAC
detection.
ROC-analysis was used to determine the serum

ES concentration at a cutoff value of 86.5 ng/mL
could be used as a predictor of severity of coro-
nary calcification assessed using ASI in Group II
diabetic patients; with a sensitivity of 74.1%; a
specificity of 71.4%, area under curve (AUC)
= 0.776, p < 0.001. Without adjustment for other
risk factors, serum ES was predictive for obstruc-
tive CAD in diabetic patients (OR = 1.064; 95% CI
1.022–1.107; p = 0.003) but not for nondiabetic indi-
viduals (OR = 1.02; 95% CI, 0.982–1.062; p = 0.297).
Multivariable analysis with the use of logistic
regression models to obtain adjusted odds ratios
for coronary artery obstruction in Group II dia-
betic patients showed that ES was an independent
predictor for obstructive coronary artery disease,
after adjustment for age, sex, smoking, CRP, TC,
and HOMA-IR (OR = 1.065; 95% CI, 1.008–1.126;
p = 0.026). The results showed that ES serum
levels were directly related to the number of
affected coronary arteries in Group II (r = 0.547,
p < 0.001) but no significant results obtained in
Group I (r = 0.265, p = 0.051). In Group II partici-
pants, ES was an independent factor associated
with the number of coronary vessels affected
(OR = 1.093; 95% CI, 1.036–1.153; p = 0.001) and this
association remained significant after adjustment
2DM) and Group II (CAD with T2DM) according to Agatston

Group II (n = 55) p*

Mean 95% CI

17 54.6 45.64–63.56 <0.001
4 69.1 53.63–84.57 <0.001
4 76.81 73.71–79.83 <0.001
6 97.36 93.13–101.59 <0.001
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Table 4. Serum endostatin levels predict the presence of coronary artery calcification in multivariate logistic regression analysis
model.

ES quartiles ES concentration, ng/mL Unadjusted Adjusted

Mean ± SD b p b p

Group 1
Q1 33.59 ± 2.55 0.399 0.157 0.239 0.537
Q2 41.31 ± 1.84 0.299 0.299 0.282 0.434
Q3 48.1 ± 2.72 0.462 0.131 �0.758 0.218
Q4 68.22 ± 12.5 0.772 0.002* 0.751 0.024*

Group 2
Q1 60.5 ± 11.81 0.711 0.004* 0.272 0.602
Q2 81.17 ± 3.98 0.799 0.001* 0.805 0.017*

Q3 93.6 ± 3.52 0.807 <0.001* 0.645 0.042*

Q4 108.06 ± 6.84 0.765 0.002* 1.296 0.029*

Q1 = first quartile, adjusted for age, sex, smoking, total cholesterol, hs-CRP, and LVEF.
* A p value <0.05 is considered statistically significant.
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for conventional risk factors (OR = 1.089; 95% CI,
1.018–1.164; p = 0.013).
4. Discussion

Blood vessel calcification is a dynamic process
and a pathological feature of atherosclerosis. Envi-
ronmental and therapeutic factors had a wide
effect on such process [21]. In asymptomatic
patients with extensive CAC, mild and moderate
CAC score increased the risk of first acute coro-
nary events [22]. CAC score >40 was considered
as a predictor for atherosclerotic events in T2DM
patients with low to intermediate Framingham
risk Score [23]. Diabetes causes an impairment of
vasa vasorum, neovascularization, and increases
the risk of atherosclerosis [24]. In diabetic
patients, calcification of blood vessels includes
both the intima and media [25]. Atherosclerosis
is mainly related to calcification of the intimal
plaque [6,7].
This study showed that serum ES significantly

correlates with CAC, obstruction, and the number
of diseased coronary vessels in T2DM population
with known CAD.
As known, age, sex, dyslipidemia, and smoking

are conventional risk factors for atherosclerosis.
But according to some studies, T2DM patients
have a higher CAC score [26,27] than can be
attributed to known risk factors [26], which could
be more predictive as an independent risk factor
than traditional risk factors [28], with high preva-
lence of CAC in asymptomatic T2DM patients
[29]. Therefore, CAC score can be considered as
an important cardiovascular risk index in diabet-
ics. T2DM is coronary heart disease (CHD) equiv-
alent and leads to accelerated atherosclerotic
process [2].
The multivariate logistic regression analysis in
this study — either with or without adjustments
for the conventional cardiovascular risk factors
— has shown that serum ES had a stronger asso-
ciation with CAC than other known risk factors,
and could be considered as an independent risk
factor for CAC in CAD patients with T2DM. Sev-
eral studies have proven that high serum ES levels
can predict cardiovascular mortality indepen-
dently and were associated with acute myocardial
infarction [30].
In comparison with other expected markers for

CAC, Jenny et al [31] examined cross-sectional
associations of C-reactive protein (CRP),
interleukin-6 (IL-6), and fibrinogen with CAC
presence (Agatston score >0 by computed tomog-
raphy) in 6783 Multi-Ethnic Study of Atheroscle-
rosis (MESA) participants. They concluded that
inflammatory markers were weakly associated
with CAC presence and burden in MESA.
It has been found that a higher serum ES level

was a significant predictor of CAC progression,
as it was associated with the severity of vessel
obstruction and the number of coronary vessels
affected. This association was seen in T2DM than
nondiabetic patients. Although all ES quartiles in
diabetics and quartile four in nondiabetic patients
were associated with calcification of coronary
arteries, it still has a greater predictive value of
CAC in T2DM patients than nondiabetic patients.
This may be related partially to chronic hyper-
glycemia. Medial arterial calcification in T2DM
patients were strongly related to chronic hyper-
glycemia and carried a higher risk for incident
CVD [32]. Also, no independent correlation
between either adjusted or unadjusted ES quar-
tiles indexed as 1, 2, and 3 in Group I participants
and unadjusted first ES quartile in Group II
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diabetic patients and CAC in multiple linear
regression analysis; thus, serum ES may be
related to CAC above a certain cutoff point which
was 86.5 ng/mL in Group II diabetic patients.
Although the mechanism of inducing coronary

calcification by ES is not that clear, higher serum
ES level associated with valvular calcification
was detected in CAD patients. ES was involved
in the active process of valvular calcification which
is significantly similar to pathogenesis of
atherosclerosis [33]. The direct mechanisms
related to the serum ES level and calcified
atherosclerotic changes may be related to cleavage
of ES from collagen XVIII by proteinases [34] such
as MMP-9 which has a role in initiation and
advancement of atherosclerosis [35,36]. However,
increased levels of metalloproteinases (MMPs),
circulating Cathepsin D as well as PMN (neu-
trophil) elastase, and other proteases are closely
linked with the presence of T2DM [37–39].
To the best of our knowledge, this study is the

first to demonstrate a link between elevated ES
and CAC progression in T2DM patients with coro-
nary heart disease as it included both T2DM and
non-DM CAD participants. Even though the small
size of the study sample may affect the data ana-
lytic power, there was a sufficient power to find
significant associations between ES level and
CAC, extent of coronary artery obstruction and
number of affected vessels in T2DM.
5. Conclusion

This study demonstrated that elevated serum ES
levels were independently associated with
increased risk, severity, and progression of CAC
independent of traditional cardiovascular disease
risk factors in T2DM patients with known CAD.
Measurement of serum ES levels can improve
diagnosis of coronary artery calcification and can
be useful as a high sensitive marker for the pres-
ence and progression of atherosclerosis in T2DM
patients.
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