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Abstract
Background: Coronary Heart Disease (CHD) remains a major 
health issue in Indonesia. CHD could lead to myocardial infarction 
and sudden death, highlighting the necessity for cardiovascular ex-
amination and appropriate management to prevent increased mor-
bidity and mortality rates. One non-invasive method for assessing 
CHD was measuring arterial stiffness using Global Pulse Wave Ve-
locity (PWVg). This study aimed to assess the difference in PWVg 
among patients with Chronic Coronary Syndrome (CCS) with or 
without Type 2 Diabetes (T2DM).
Methods: This was an analytical cross-sectional study to evaluate 
the difference in PWVg values among CCS patients with or without 
T2DM. The study used data from medical records and elective cor-
onary angiography at the Dr. M. Djamil Teaching Hospital’s cardiac 
catheterization laboratory, where PWVg was measured by Doppler 
echocardiography examination of CCS patients from April 2023 to 
2024. Normality testing using the Shapiro-Wilk test was performed 
before analyzing all numerical data, followed by independent t-tests 
or Mann-Whitney tests to determine intergroup differences.
Results: The study comprised 36 CCS patients, with 18 samples 
per group (with and without T2DM). In this study, males were more 
prevalent in the CCS group without T2DM, smoking risk factors 
were more commonly found in the CCS group without T2DM, high-
er Random Blood Glucose (RBG) was found in the CCS group with 
T2DM, and higher Ankle-Brachial Index (ABI) values were observed 
in the CCS group without T2DM. Based on statistical analysis, there 
was a significant difference in PWVg values between the CCS group 
with T2DM and the group without T2DM (8.3 + 0.7 m/s vs. 7.7 + 
0.5 m/s, p=0.009).
Conclusions: T2DM results in higher PWVg values compared to 
those without T2DM among patients with CCS.
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Introduction
Chronic Coronary Syndrome (CCS) remained a 

major health concern for communities worldwide.1-2 
Symptomatic CCS and asymptomatic myocardial 
ischemia both pose risk for myocardial infarction 
and sudden death, necessitating cardiovascular 
screening and proper management to prevent 
increased morbidity and mortality rates.3-4 Invasive 
coronary angiography might be performed when 
clinical evaluation and non-invasive diagnostics 
indicate a high risk of  obstructive coronary lesions. 
Only a third of  patients without a history of  CCS 
undergoing elective cardiac catheterization have 
obstructive coronary artery lesions. Diagnostic 
examinations for CCS could be performed non-
invasively using arterial stiffness measurements, 
intima-media thickness, exercise testing, Magnetic 
Resonance Imaging (MRI), and Multi-Slice 
Computed Tomography (MSCT). Specifically, 
arterial stiffness has increasingly been recognized 
as a functional and structural marker of  cumulative 
exposure to cardiovascular risk factors.5

Increased central arterial stiffness was a process 
of  arteriosclerosis and a consequence of  many 
disease conditions, such as Type 2 Diabetes Mellitus 
(T2DM), atherosclerosis, and chronic kidney 
disease. Hyperglycaemia and insulin resistance 
induce mitochondrial dysfunction, oxidative stress, 
Advanced Glycation End-products (AGEs), 
disturbances in mitochondrial Ca2+ handling, 
inflammation, activation of  the Renin-Angiotensin-
Aldosterone System (RAAS), autonomic neuropathy, 
endoplasmic reticulum stress, cardiomyocyte 
death, and microvascular dysfunction. These 
pathophysiological abnormalities led to arterial 
stiffness.6-8

Several studies have shown the association 
between T2DM, pulse wave velocity, and coronary 
atherosclerosis. In populations of  asymptomatic 
T2DM patients, increased carotid-femoral Pulse 
Wave Velocity (cfPWV) or brachial-ankle Pulse 
Wave Velocity (baPWV) values were associated 
with the presence and progression of  coronary 
stenosis or visible plaques on Coronary Computed 
Tomography Angiography (CCTA).9-10 In a recent 
study involving 45 T2DM, increased cfPWV values 
were associated with high-risk coronary plaque 
types measured by CCTA after a 5-year follow-up.9 
Nam et al. evaluated 615 asymptomatic individuals 
and demonstrated that increased baPWV was an 
independent predictor of  obstructive Coronary 
Artery Disease (CAD) detected via CCTA. 
Similarly, other studies involving healthy individuals 

consistently showed a positive association between 
PWV and coronary atherosclerosis assessed through 
luminal narrowing or Coronary Artery Calcium 
(CAC) scores on CCTA.11-15

Arterial stiffness can cause the early appearance 
of  the cardiac pulsation wave, leading to an increase 
in central systolic blood pressure, a decrease in 
diastolic blood pressure, and, consequently, an 
increase in pulse pressure. Elevated systolic blood 
pressure increases myocardial oxygen demand, 
increases ventricular load, thereby inducing left 
ventricular hypertrophy. Additionally, a decrease 
in diastolic pressure could jeopardize coronary 
perfusion, resulting in subendocardial ischemia. 
Increased pulse pressure and shear stress due to 
vessel stiffness can lead to arterial remodelling, 
thickening of  arterial wall thickening, and the 
development of  atherosclerotic plaques. Structural 
and physiological changes in arteries, including 
vascular tone, thickening of  the medial smooth 
muscle, and modifications in blood viscosity, could 
alter the rate of  arterial pulse wave velocity. After 
ventricular systole, the pressure generated by the 
heart was transmitted to the aorta as a wave. Global 
Pulse Wave Velocity (PWVg) is the time required for 
a pulse wave to travel from the heart to the peripheral 
arteries. The velocity of  wave transmission will 
be longer in stiff  blood vessels. PWVg could be 
measured using arterial tonometry or Doppler 
echocardiography and calculated between the 
aortic arch and the right common femoral artery by 
dividing the straight-line distance between them by 
the transit time.16-20

Arterial stiffness assessment was an easy, fast, non-
invasive, radiation-free, and affordable examination. 
PWVg measurement was considered the gold 
standard for the direct, noninvasive assessment of  
arterial stiffness and had independent predictive 
value for primary coronary events. Several analyses 
indicated that aortic PWVg had better predictive 
ability for adverse outcomes in subjects with higher 
early cardiovascular risk (patients with CAD, kidney 
disease, hypertension, or T2DM) compared to 
subjects with lower cardiovascular risk (the general 
population). Therefore, researchers were interested 
in investigating the difference in PWVg values in 
CCS patients with or without T2DM patients.9,21

Methods
Study Design

This was an analytical cross-sectional study to 
evaluate the difference in PWVg values among CCS 
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patients with or without T2DM. The study utilized 
data from medical records and elective coronary 
angiography at the Dr. M. Djamil Teaching Hospital’s 
cardiac catheterization laboratory, where PWVg 
from Doppler echocardiography examination of  
CCS patients was conducted from April 2023 to 
2024. 

The Inclusion criteria consisted of  patients 
with CCS, a left ventricular ejection fraction of  
≥50%, sinus rhythm, and blood pressure below 
140/90 mmHg at the time of  examination. Patients 
presenting with arrhythmia, severe heart failure, 
significant valvular disease, history of  Coronary 
Artery Bypass Grafting (CABG), acute coronary 
syndrome, or suboptimal echocardiographic 
image quality were excluded from participation. 
Consecutive sampling is used, yielding a sample of  
36 respondents.

Before undergoing angiography, all subjects 
were evaluated for PWVg using Doppler 
echocardiography equipped with a 3.5-MHz probe. 
Examinations were performed in a semi-supine 
position (head of  the table elevated at 30°) after 
at least 10 minutes of  rest in a quiet, temperature-
controlled room. PWVg was derived from the pulse 
wave transit time between the aortic arch and the 
right common femoral artery. The time interval was 
measured from the onset of  the QRS complex on 
the ECG to the peak of  the first systolic upstroke 
on the Doppler spectral envelope at each sampling 
site. The distance between the two points was 
measured using a flexible tape measure, aligned with 
the transducer positions on the body surface. PWVg 

was calculated as the ratio between the measured 
distance and the difference in transit time (PWVg = 
Δdistance / Δtime).19

All Doppler data were digitally stored and 
analyzed using the echocardiography system’s 
internal caliper software by a trained operator. 
To minimize inter-observer variability, all 
echocardiographic measurements, including PWVg 
determination, were independently validated by 
two board-certified cardiology consultants with 
expertise in echocardiography.
Statistical Analysis

A normality test was performed on numerical 
variables using the Shapiro-Wilk test to assess 
whether the data were normally distributed. The 
characteristics of  respondents’ data on categorical 
variables were presented in the form of  a frequency 
distribution (frequencies and percentages). Data 
for numerical variables with a normal distribution 
were presented in the form of  mean and standard 
deviation. Data for numerical variables with a non-
normal distribution were presented in the form of  
median and minimum-maximum.

Bivariate data analysis was conducted to compare 
PWVg values in CCS patients with or without Type 2 
DM. Data normality was analyzed using the Shapiro-
Wilk test. If  the data were normally distributed, 
independent T-tests were performed. If  the data 
distribution was not normal, a non-parametric test, 
the Mann-Whitney test, was conducted. All analyses 
were performed using the Statistical Package for 
Social Sciences (SPSS) program for Windows.

Table 1. Characteristics of  study subjects.

Variable CCS with DM
n=18

CCS without DM
n=18

Age (years), mean ±SD 59±8.1 59.2±7.9
Sex, n (%)

Males 10 (55.6%) 16 (88.9%)
Females 8 (44.4%) 2 (11.1%)

Risk Factor, n (%)
History of  Hypertension 11 (61.1%) 13 (72.2%)
Smoker 7 (38.9%) 16 (88.9%)
Family History 3 (16.7%) 3 (16.7%)

BMI (kg/m2), mean±SD 24.5±2.2 23.8±3
Cholesterol (mg/dl)

LDL, mean±SD 137.3±38.2 116.5±41.8
HDL, median(min-maks) 35.5 (28-62) 41.3 (29-67)
Total cholesterol, mean±SD 209.2±40.4 182.7±48.6
Tryglicerida, median(min-max) 166.5 (108-428) 141.5 (56-313)
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Results
A total of  36 patients who underwent PWVg 

measurements met the inclusion criteria through 
consecutive sampling and were taken as research 
subjects.  The basic characteristics of  the research 
subjects are shown in Table 1.

In the patient characteristic data, males were 
more prevalent in the CCS group without DM; 
smoking risk factors were more common in the 
CCS group without DM; higher RBG was observed 
in the CCS group with DM; and higher ABI values 
were observed in the CCS group without DM.

Based on the Shapiro-Wilk normality test, the 
distribution of  PWVg group data was found to be 
normally distributed, allowing the independent-
samples t-test to proceed. Table 2 shows the 
difference in PWVg values in CCS patients with 
or without Type 2 DM. The mean PWVg values 

Drugs, n (%)
ACE-I/ARB 10 (55.6%) 14 (77.8%)
B-blocker 17 (94.4%)    17 (94.4%)
Calcium channel blocker 5 (27.8%) 9 (50%)
Statin 16 (88.9%) 15 (83.3%)
Antiplatelet 18 (100%) 18 (100%)
Nitrat 17 (94.4%) 16 (88.9%)

RBG (mg/dl), mean±SD 202±59.7 110±16.7
Coronary Angiography Result

CAD 1 VD, n (%) 1 (20%) 4 (80%)
CAD 2 VD, n (%) 3 (37.5%) 5 (62.5%)
CAD 3 VD, n (%) 14 (60.9%) 9 (39.1%)

Echocardiography
LV EF (%), mean±SD 58.2±5.1 60.6±5
Diastolic dysfunction, n (%)

Normal 13 (72.2%) 16 (88.9%)
Grade 1 5 (27.8%) 2 (11.1%)

ABI, mean±SD* 1.12±0.09 1.22±0.01
BP Systolic (mmHg), mean±SD 126±9.8 128±7.3
BP Diastolic (mmHg), mean±SD 77.2±7.9 74.7±7.3
Heart Rate (x/min), median (min-max) 66.5 (60-83) 65 (55-87)

CCS, Chronic Coronary Syndrome; DM, Diabetes Mellitus; FH, Familial History; BMI, Body Mass Index; ACE-I, An-
giotensin Converting Enzyme Inhibitor; ARB, Angiotensin Receptor Blocker; CAD, Coronary Artery Disease; LDL, 
Low Density Lipoprotein; HDL, High Density Lipoprotein; RBG, Random Blood Glucose; VD, Vascular Disease; 
LVEF, Left Ventricular Ejection Fraction; ABI, Ankle Brachial Index; BP, Blood Pressure.

were obtained as 8.3 ± 0.7 m/s in CCS with Type 
2 DM and 7.7 ± 0.5 m/s in CCS without Type 2 
DM. The P-value of  0.009 indicates that there was 
a significant difference in the PWVg values between 
the CCS group with Type 2 DM compared to those 
without Type 2 DM.

Discussion
Based on the research findings, the basic 

characteristics of  the research subjects indicated 
that males were more prevalent in the CCS group 
without DM, and smoking risk factors were more 
commonly found in the CCS group without DM. 
Higher RBG was found in the CKS group with DM, 
and higher ABI values were found in the CCS group 
without DM. The majority of  the subjects were 
males. This finding was consistent with research 
by Yao Lu and colleagues in 2023, which found 

Table 2. Difference in PWVg values in CCS patients with or without Type 2 DM.

Variable CCS with DM
n=18

CCS without DM
n=18 P-Value

PWVg (m/s), mean±SD 8.3±0.7 7.7±0.5 0.009
PWVg, Global Pulse Wave Velocity; CCS, Chronic Coronary Syndrome; DM, Diabetes Mellitus.
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that males had higher PWV values than females. 
Another study by Bo Hyun Kim and colleagues in 
2018 found that males had higher PWV values and a 
higher risk of  Coronary Heart Disease (CHD) with 
more severe lesions than females. This is because 
women tend to have better endothelial function and 
vascular reactivity than men, due to the vasodilatory 
effects of  estrogen on blood vessels.10,22-23

Smoking was a significant risk factor for arterial 
stiffness, especially in males who tend to have a 
higher smoking prevalence than females. There 
was evidence that compliance of  large and medium 
arteries decreased directly after smoking a cigarette. 
This result was consistent with previous findings 
that the annual change ratio in baPWV during the 
study period was significantly greater in sustained 
heavy smokers (11.0 ± 1.9 cm/s per year) than 
in non-smokers (5.5 ± 0.6 cm/s per year). These 
findings were also consistent with the study by Bo 
Hyun Kim and colleagues in 2018. Smoking had a 
negative effect on the hemostatic process that could 
trigger an imbalance between prothrombotic and 
antithrombotic factors, which could further initiate 
and exacerbate arterial and thrombotic diseases.10, 

24-26

Hirofumi and colleagues found significant 
differences in PWV between normal subjects and 
patients with diabetes. Hyperglycemia, insulin 
resistance, induced metabolic disorders that increase 
mitochondrial dysfunction, oxidative stress, advanced 
glycation end products (AGEs), mitochondrial 
Ca2+ handling disorders, inflammation, renin-
angiotensin-aldosterone system (RAAS) activation, 
autonomic neuropathy, endoplasmic reticulum 
stress, cardiomyocyte death, and microvascular 
dysfunction. These pathophysiological abnormalities 
lead to arterial stiffness.6-8,27

In 2011, Peter Wohlfahrt found that high 
PWV values were associated with higher ABI 
values. Consistent with this study, the researchers 
found significant differences in ABI values 
between CCS patients with and without DM, 
although both remained within the normal range. 
Increased ABI values were associated with medial 
arterial calcification, including calcification of  the 
arterial media and the internal elastic lamina. This 
calcification was a dysregulation of  the balance 
between calcification promotion and inhibition that 
often occurs in diabetes mellitus, atherosclerosis, 
and aging. A study by Masoumeh Sadeghi and 
colleagues in 2011 showed that ABI values were 
lower in diabetic patients and statistically significant 
and associated with CAD occurrence.28-29

This study showed a difference in PWVg 
between the CCS group with type 2 DM and the 
CCS group without type 2 DM, with mean values of  
8.3 ± 0.7 m/s and 7.7 ± 0.5 m/s, respectively. These 
values were higher than the normal value of  7.1 ± 
1.1 m/s. The results of  this study were supported by 
other studies, such as the study by M. Cywnar and 
colleagues in 2006, in which PWV was significantly 
higher in CAD patients with type 2 DM than in 
CAD patients without type 2 DM (P=<0.01). 
Increased arterial stiffness, along with diabetes and 
other risk factors result in vascular remodeling, 
increased lumen pressure, and shear stress that 
accelerate atheroma formation, and stimulate 
excessive collagen production and deposition in the 
arterial wall leading to atherosclerosis.11

Consistent with this, Kim and colleagues in 2018 
examined patients with type 2 DM complaining 
of  chest pain and found that higher baPWV was 
a significant predictor of  coronary artery stenosis 
detected by coronary MSCT angiography. The study 
suggested that baPWV values above the cutoff  val-
ue of  1.650 cm/s might be an acceptable predictor 
of  silent CAD in diabetic patients. In a more re-
cent study involving 45 patients with type 2 DM, 
an increase in cfPWV was associated with high-risk 
coronary plaque type, as measured by CCTA, after 
5 years of  follow-up. PWV reflects arterial stiffness, 
which was caused by central elastic components and 
peripheral muscle components. High PWV values 
have been observed in patients with cardiovascu-
lar risk factors, including hypertension, diabetes, 
and dyslipidemia. Many studies have evaluated the 
use of  PWV to predict cardiovascular risk, and it 
has been widely measured in various clinical situa-
tions. Nakamura et al. suggested that baPWV might 
be useful for assessing macrovascular damage, and 
Choi et al. reported a close relationship between 
baPWV and cardiovascular disease risk factors of  
metabolic syndrome.9-10,30-31

There were differences in basic characteristics 
across several variables, which could affect PWVg 
results under these conditions. This study only 
examines the difference in PWVg between those 
with DM and those without, without accounting 
for confounding factors in PWVg values, so further 
studies are needed.

Conclusion
The patient in this study showed that males were 

more prevalent in the CCS group without T2DM, 
smoking risk factors were more commonly found 
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in the CCS group without T2DM, higher random 
blood glucose (RBG) was found in the CCS group 
with T2DM, and higher ABI values were observed 
in the CCS group without T2DM. Statistical analysis 
showed a significant difference in PWVg between 
the CCS group with T2DM and the group without 
T2DM. Diabetes results in higher PWVg values 
compared to those without T2DM among patients 
with CCS.
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