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Abstract 

Introduction: Endothelial Dysfunction is a pathological condition characterized by reduction of 
bioavailability of vasodilators, in particular, nitric oxide whereas endothelium-derived contracting 
factors are increased resulting in an impairment of endothelium- dependent vasodilation. ED can be 
assessed by Brachial artery flow mediated dilatation (BAFMD). The study is to determine the prevalence 
of endothelial dysfunction  in patients with coronary artery disease. 

Methods: A total of 150 adult patients above 18 years both male and female diagnosed as CAD both 
stable and acute were enrolled. All patients were undergone ultrasound assessment of brachial artery 
diameter. Brachial artery flow mediated dilatation (BAFMD) was calculated as percentage increase in 
diameter from the baseline and after sphygmomanometer cuff inflation. BAFMD <10% was considered 
abnormal, signifying ED. 

Results: Overall, the prevalence of ED determined by abnormal flow mediated dilatation of brachial 
artery (FMD<10%) in patients with CAD was found to be 66%. The prevalence of ED in patients 
with acute CAD and stable CAD was found to have 62.7% and 68.7% respectively. Eight risk factors 
analyzed were male sex, diabetes mellitus, hypertension, smoking, family history of CAD, age, 
hypercholesterolemia and low high density lipoprotein (HDL). When correlating the cardiovascular risk 
factors with ED, diabetes mellitus (p=0.031), smoking (p=0.026), and age >45yrs in male and >55yrs in 
female (p=0.013) was found to be statistically significant on univariate analysis by logistic regression. 
When undergoing multivariate analysis, age (p= 0.012) and smoking (p= 0 .024) were significantly 
associated with ED. 

Conclusion: Overall the prevalence of ED in patients with CAD was found to be 66%. The prevalence 
of ED in patients with acute CAD and stable CAD was found to have 62.7% and 68.7% respectively. 

Key words: Endothelial dysfunction, Coronary artery disease Prevalence, Brachial artery flow mediated 
dilatation

Introduction
Endothelial Dysfunction(ED) is a pathological condition 
characterized mainly by reduction of bioavailability 
of vasodilators, in particular, nitric oxide (NO), 
whereas endothelium-derived contracting factors are 
increased resulting in an impairment of endothelium- 
dependent vasodilation.1It has been shown that ED 
is associated with various cardiovascular (CV) risk 

factors like hypertension, male sex, aging patients, 
hypercholesterolemia, low HDL, smoking, diabetes 
mellitus (DM), and family history of premature 
Coronary artery disease(CAD).2,3 ED plays an 
important role in the development, progression, and 
clinical complications of atherosclerosis.4 A study 
shows that 46% of patients with stable CAD and 58% 
of patient with acute CAD have ED.3 In the setting of 
established CAD, patients with ED have higher rate 

3-10



Journal of Institute of Medicine, April, 2017, 39:1 www.jiom.com.np

4

of adverse cardiovascular events compared with those 
with normal endothelial function.5,6 ED is also found 
to be an independent predictor of future cardiac events 
in post myocardial infarction (MI) patients.7 Patients 
whose ED persists despite treatment are at considerable 
risk of further events.8 The objectives of the study is to 
determine the prevalence of ED in patients with CAD.
This study may help to prognosticate and intensify 
therapy in established CAD patients (both acute and 
stable) who have ED.

Methods
It was a cross-sectional study conducted in the 
Department of Cardiology, Manamohan Cardiothoraccic 
Vascular and Transplant Centre (MCVTC). MCVTC, 
Maharajgunj Kathmandu is located in the premises 
of Institute of Medicine(IOM), Maharajgunj Medical 
Campus. It has a well equipped cardiac catheterization 
laboratory and non-invasive cardiac laboratory. A total of 
150 adult patients above 18 years both male and female 
diagnosed as CAD both stable and acute were enrolled. 
CAD was diagnosed by Coronary angiography(CAG), 
either already diagnosed and admitted or admitted 
for CAG and diagnosed to have CAD. The study was 
conducted in the time span from November 2012 to 
October 2013. CAD was defined by CAG with > 50% 
stenosis in at least one coronary artery.9Acute coronary 
syndrome(ACS) patients (unstable angina, non-ST 
elevation MI, ST elevation MI) on CAG if found to 
have >50% stenosis of the coronary artery were labeled 
as acute CAD.ACS patients were diagnosed on clinical 
ground Electrocardiogram(ECG) and Troponin I.10 
Stable CAD was labeled to those patients who were 
admitted for elective CAG and were found to have >50% 
stenosis of the coronary artery or already diagnosed to 
have > 50% stenosis of the coronary artery by CAG and 
were admitted for treatment. CAG was done according 
to indication of the patient as per American college of 
cardiology/American heart association(ACC/AHA) 
guideline.

Inclusion criteria: All patients with age more than 
18 years, both male and female who were diagnosed 
to have CAD both stable and acute. Exclusion criteria: 
Age <18 yr year, pregnant female, acute infections 
like- Infective Endocarditis, Urinary Tract Infection, 
pneumonia, anaemic patients(Hemoglobin<12gm% 
in female and <13gm% in male), decompensated 
congestive heart failure, severe Left ventricular 
(LV) dysfunction with (Left ventricular ejection 

fraction(LVEF<30%), cardiogenic shock detected 
on clinical ground, life-threatening arrhythmias and 
Atrioventricular(AV block), ventricular tachycardia, 
Ventricular fibrillation, uncontrolled hypertension 
(systolic BP >170 mmHg and diastolic BP >100 mm 
of Hg despite therapy), peripheral vascular disease with 
symptomatic claudication, absent lower limb pulses, 
or angiographic iliofemoral stenosis > 40%, vasculitis 
patients like systemic lupus erythematosus, menstruating 
female patient in their non-menstural phase, patient on 
vasoactive medication which cannot be stopped at least 
12 hours before the study (such as - Nitrate, Angiotensin 
converting enzyme inhibitor(ACEI) and Ca channel 
blocker) because of instability of the patient, brachial 
artery with a minimum diameter (<2 mm) small arteries, 
patient who denied the study.

Two group of patients enrolled in the study were acute 
CAD and stable CAD patients. Baseline demographic 
data and a complete clinical history were taken from 
each patient. General and systemic examination of 
the patient was done. Drug history was taken and any 
drugs intake was noted. Investigations like hemoglobin, 
total counts, differential count, routine urine and chest 
X ray posterio-anterior view serum creatinine, fasting 
blood sugar, fasting lipid profile-total cholesterol(TC), 
low density lipoprotein(LDL), high density 
lipoprotein(HDL), triglyceride(TG), troponin I,ECG 
and echocardiogram was done in all patients. Fasting 
lipid profile was sent within 24 hrs for acute CAD 
patients and the following day of admission for stable 
CAD patients. Risk factors were determined from the 
basis of history and investigations. Blood pressure and 
heart rate were measured on the right arm in the morning 
before the measurement of endothelial function. Flow 
mediated dilatation (FMD) of the brachial artery was 
measured in these patients.

Patients with fasting blood glucose ≥7 mmol/L or 
previously established diabetes with oral antidiabetic 
drug or subcutaneous insulin treatment was considered 
diabetic according to American diabetic association 
2013. Blood pressure at rest ≥140/90 mm Hg or 
established diagnosis with antihypertensive drug 
treatment was considered hypertensive according to 
Joint National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood Pressure. 
Hypercholesterolemia was defined as fasting LDL> 
4.9 mmol/L according to ACC/AHA 2013 guideline for 
treatment of blood cholesterol. Patients were classified 
as previous smokers if they had stopped smoking at 
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≥1 month before the study.3 Patients who had smoked 
≥1 cigarette during the last month were classified as 
current smokers.3 Positive family history was present 
if myocardial infarction occurred in male first degree 
relatives age >55 years and in female first-degree 
relatives age >66 years, male sex was also taken as CV 
risk factor and HDL <1.04mmol/l in male and female 
<1.3mmol/L was considered as low HDL according to 
National cholesterol Education program(NCEP)adult 
treatment panel (ATP III) guideline.

Measurements of FMD
All patients were undergone ultrasound assessment 
of brachial artery diameter before hospital discharge 
according to guidelines for the ultrasound assessment 
of the brachial artery.11The test was performed with 
echocardiography machine Vivid 7, GE with a linear 
array transducer of 10 MHz frequency. Ordinary 
sphygmomanometer cuff was used to create occlusion of 
the artery.The echocardiography room was made quiet 
with adequate lighting and comfortable temperature. 
Test was performed in the morning hours after overnight 
fast (>6 hour). Smoking or tobacco consumption was 
not allowed inside the hospital as per hospital protocol. 
The test required no smoking or tobacco consumption 
for at least 6 hours prior to the procedure. Patients were 
not allowed to take alcohol, caffeine, cocoa, tea and 
fruit-juice for >12 h prior to the test. Vitamins was not 
allowed or stopped for at least 72 h before the procedure. 
Exercise was avoided >12 hr before test. All vasoactive 
medications were stopped for at least 12 hour prior to 
the procedure if possible, if not careful noting of the use 
of any drugs was done. Menstruating female were taken 
during the menstrual phase.

The test was performed after rest for at least 10 min 
before measurements in supine position with arm resting 
comfortable with the imaged artery at the heart level. A 
sphygmomanometer cuff was tied around the forearm 
(usually the dominant upper limb), approximately 1-2 
cm distal to the antecubital fossa.

Once the sphygmomanometer cuff had been tied, 
brachial artery was imaged in longitudinal plane in 
the antecubital fossa. The brachial artery was scanned 
in longitudinal section 2 cm above the elbow, and the 
center of the artery was identified when the clearest 
picture of near-wall lumen-intima interface to far-
wall lumen-intima interface was obtained. When a 
satisfactory transducer position was obtained, the 
skin was marked and the arm was kept in the same 
position throughout the study for reference for later 

measurements. Depth and gain settings were set to 
optimize images of interface between the lumen and the 
arterial wall, and the obtained images were magnified. 
Settings for operating the machine were not changed 
during the study. A resting diameter of brachial artery 
was first obtained. All measurements were performed 
at end-diastole, identified by onset of R-wave on 
the simultaneously acquired ECG. Average of five 
observations was recorded.

The sphygmomanometer cuff was then inflated to 
approximately 50 mmHg above systolic blood pressure 
and occlusion maintained for 5 minutes. After 5 
minutes, cuff was deflated. Maximum arterial size, 
which is usually seen around 60 seconds after cuff 
deflation, was recorded.Averages of five observations 
were recorded at different time intervals. FMD was 
calculated as percentage increase in diameter from the 
baseline. Flow-mediated dilatation

= (Peak diameter – baseline diameter) / baseline 
diameter x 100%.

Roughly 10% increase in brachial artery diameter 
following cuff release is seen in healthy individuals. 
Less than 10% FMD was regarded as ED.

To reduce the inter-observer variability the test was 
conducted by single observer and to reduce the intra-
observer variation five observation of brachial artery 
diameter before and after cuff inflation was taken and the 
averaged value was taken for the calculation of FMD. 
The intra-observer variability was also calculated. To 
reduce the diurnal variation the test was conducted in 
the morning hours.

Statistical analysis
Statistical analysis was performed with Statistical 
Package for social science(SPSS) version 20. For 
demographic profile, frequency and percentage 
distribution were obtained for each variable. Data were 
expressed as mean ± SD for continuous variables and 
as percentage for categorical variables. For continuous 
variables, differences between groups were compared 
with independent t-test. Chi-square test was used for 
nominal data. Similarly, χ2 test was used to detect linear 
association between the number of CV risk factors and 
the prevalence of ED. Univariate logistic regression 
analysis of risk factors was performed to estimate odds 
ratio and 95% confidence interval for the presence of 
ED. The covariates that were included in the model 
were CV risk factors and presence of CAD. Significant 
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covariates in univariate analysis were used as covariates for multivariate analysis. A two-sided P value of <0.05 
was considered statistically significant.

Results
Table 1: Baseline characteristics of patients

Variables Stable CAD Acute CAD P value 
Age (yrs) 60.81 ± 8.72 56.88 ± 9.39 0.009 
Male sex (%) 80.7 73.1 0.270 
BP Systolic (mm of Hg)          121.69 ± 13.7 116.35 ± 22.53 0.077 
B P Diastolic (mm of Hg) 78.39 ± 7.40 74.92 ± 7.66 0.006 
Pulse rate(beats/min) 80.036 ± 14.11 85.97 ± 12.05 0.007 
CV risk factors 
Hypertension(%) 12 24.8 0.012 
Diabetes Mellitus (%) 12 29.9 0.007 
Smoking (%) 22.9 22.4 0.941 
Hypercholesterolemia (%) 6 7.2 0.759 
Family history (%) 41 29.9 0.149 
Low HDL (%) 15.7 14.9 0.901 
Treatment taken 
ACEI (%) 37.3 49.3 0.143 
B-blocker (%) 97.6 91 0.076 
Aspirin (%) 77.6 94 0.003 
Clopidogrel (%) 44.4 73.1 0.000 
Statin (%) 78.3 82.1 0.565 
Lab parameters 
Serum LDL(mmol/l) 2.68 ± 1.13 2.81 ± 1.17 0.501 
Serum HDL(mmol/l) 0.88 ± 0.27 0.99 ± 0.29 0.018 
Serum TG (mmol/l) 2.22 ± 1.377 2.022 ± 1.056 0.331 
Serum creatinine (mmol/l) 93.072 ± 15.21 91.56 ± 13.19 0.524 
Blood sugar fasting (mmol/l) 5.53 ± 1.88 5.9925 ± 3.16 0.270 

Prevalence of ED in patients with CAD
Overall the prevalence of ED determined by abnormal 
flow mediated dilatation of brachial artery (FMD<10%) 
in patients with CAD was found to be 66%. The 
prevalence of ED was found to be 62.1% in male 
and 79.80% in female(P=065). The prevalence of 
endothelial dysfunction in patients with acute CAD 
and stable CAD was found to have 62.7% and 68.7% 
respectively (p=0.4). 

The prevalence of ED was found to be stastistically 
significant on univariate regression analysis among 

diabetics (83.30%) as compared to non-diabetics 
(61.7%)(p=0.025); in smokers (82.40%)as compared 
to non-smokers (61.20%) (p=0.022) and in high risk 
age group (68.70%) as compared to low risk age group 
(38.90%) (P=0.010) (table 2).  

The prevalence of ED was found to be statistically 
non-significant in patients with (68.5%) and without 
(64.6%)   history of CAD (P=0.625);with (80%) 
without (65%) hypercholesterolemia (P=0.333); with 
low HDL (78.30%)as compared to normal HDL(68.3%)
(p=0.117)and in hypertensives (79.30%)as compared to 
non-hypertensives (62.8%)(p=0.092)(table 2). 
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On multivariate analysis the prevalence of endothelial dysfunction in high risk age group (p=0.012) and smokers 
(p=0.024) was found to be statistically significant (table 3).

Table 2: Univariate analysis of cardiovascular risk factors as predictors of ED.

Variable β Coefficient Odds ratio (OR) 95% CI of OR P-value 
Male sex -0.857 0.424 0.170-1.056 0.065 
Diabetes Mellitus 1.134 3.108 1.112-8.691 0.031 
Hypertension 0.820 2.270 0.859-5.994 0.098 
Smoking 1.084 2.958 1.135-7.706 0.026 
Family h/o CAD 0.177 1.194 0.587-2.429 0.625 
Age 1.285 1.306 3.614-10.000 0.013 
Hypercholesterolemia 0.767 0.440 2.154-10.540 0.344 
Low HDL 0.715 2.044 0.712-5.871 0.184 

Table 3: Multivariate analysis of cardiovascular risk factors predicting ED

Risk factors β Coefficient Odds ratio (OR) 95% CI of OR P value 
Age 1.342 3.826 1.339-10.931 0.012 
Smoking 1.134 3.109 1.162-8.318 0.024 

Discussion
The recorded prevalence of ED determined by abnormal 
flow mediated dilatation of brachial artery in patients 
with CAD was found to be 66% which is higher than 
the study done by Kalay et al, where they found 44% in 
ACS.12 They used cut off value of FMD% of <7%. The 
reason why ED was high in the current study could be 
due to the high cut-off value of FMD (<10%). 

But the study done by Jadhav et al found ED in patients 
with CAD to be 76.4% which was higher than the 
current study.13 The CAD patients were documented by 
CAG who had AMI or ACS. ED were defined as FMD 
<4.5%. The reason why the prevalence is less in our 
current study as compared to this study could be that 
our study included both stable CAD and acute CAD 
patients who are on treatment.

When comparing the prevalence of ED in patients with 
stable CAD and acute CAD, it was found to be 68.7% 
and 62.7% respectively which was slightly higher than 
the study done by Toggweiler et al.3 They found that 
ED defined as a PAT hyperemia ratio <1.67 in chronic 
CAD and acute CAD, to be 46% and 58% respectively. 
The reason why the prevalence is higher in our current 
study could be due to difference in methodology of the 
study. 

Worsening of endothelial function in patient with ACS 
can be explained by oxidative stress, circulating pro-
inflammatory molecules, and plaque activity.14

Similarly, Heitzer T et al found ED assessed by FMD 
predicted cardiovascular events in patients with stable 
CAD where they found that oxidative stress may 
contribute not only to ED but also to CAD activity6. 
So ED can be said to be a predictor of CV events in 
patients with CAD.

In the current study age (p=0.012) was independently 
associated with ED which was similar to study done by 
Kirma C et al.15 ED had also been found in other studies 
in the elderly though the mechanism is not clear.16 It has 
been proposed that the increase in free oxygen radicals 
with aging inactivates nitric oxide or has a direct toxic 
effect on the endothelium.17

In the current study smoking (p=0.024) was  
independently associated with ED which was similar to 
study done by Heitzer T et al. found blunted vasodilatory 
response of epicardial coronary artery diameter in the 
smoker as compared to non-smoker after maximal 
increase in coronary blood flow by Ach infusion in the 
presence of angiographically visible atherosclerosis by 
quantitative coronary angiography.18Celermajer found 
Cigarette smoking is associated with dose-related and 
potentially reversible impairment of endothelium-
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dependent arterial dilation of brachial artery in 
asymptomatic young adults, consistent with ED.19 
Although ED caused by smoking is multifactorial, 
there is sufficient evidence that free oxygen radicals 
have a potential role. Both passive and active smoking 
causes endothelial dysfunction.19 Ozaki et al in a study 
found plasminogen activator inhibitor type 1 (PAI-1) 
and tissue plasminogen activator levels significantly 
(p < 0.05) higher in smokers compared with control 
subjects, could be the reason for ED in smokers. 20

One of the findings of our study was that DM was 
associated with ED on univariate analysis but looses it 
effect on multivariate analysis. DM still continues to 
be an independent factor effecting endothelial function 
in patients with CAD. Hirai et al have shown that both 
acute and chronic hyperglycemia and impaired glucose 
tolerance cause ED.21In a recent study it was shown that 
even transient hyperglycemia induced with oral glucose 
in non-diabetic subjects impairs FMD.22Several different 
mechanisms have been proposed as explanation. 
Advanced glycosylation products extinguish nitric 
oxide activity in vitro and in vivo. Acceleration of the 
advanced glycosylation process in vivo results in a 
time-dependent impairment in endothelium-dependent 
relaxation.23Kirma et al in a study suggests that DM has 
a relationship with endothelial function in patients with 
CAD even when good glycemic control is achieved15. 
One of the reason why DM was not significant in 
multivariate analysis in this study could be that the 
patients enrolled had controlled fasting blood sugar 
5.53±1.88 mmol/l and 5.9925 ± 3.16 mmol/l in stable 
and acute CAD patients.

Wallace found24 decreased endothelial function in 
patients with isolated systolic hypertension compared 
with age-matched control subjects.However, in our 
study we did not find a relationship between HT and 
endothelial function, one of the reason could be that 
all the hypertensives were on antihypertensives. 
Antihypertensive treatment improves endothelial 
function, leading to less cardiac events.25Heitzer et al 
found a statistical significant difference in vasodilatory 
response to forearm blood flow in response to 
Ach between the group with hypercholesterolemia 
and normal subjects, blunted response with 
hypercholesterolemia.26The lack of this association in 
our study may be related to the characteristics of our 
study population because 80% were using cholesterol-
lowering drugs.FMD was directly related to HDL 
cholesterol in a study done by Dalli E et al.27 These 

studies contradict finding of our study. In our study 
low HDL was not associated with ED. The reason 
could be that our patientswere on lipid lowering drugs 
(80% on statins).The female preponderance of ED 
though not statistically significant could be due to the 
fact that 31 out of 34 female were ≥55 years of age 
and were postmenopausal. Postmenopausal women 
lose the protective effects of oestrogen on the vascular 
wall.28Family history of coronary artery disease was 
not found to be associated with ED in this study. The 
reason was difficult to presume. The results of statistical 
analysis for family history of CVD might be modified 
by other risk factors. Patients with a positive family 
history of coronary artery disease vaso constricted 
more as compared to those without it in a study done by 
Vita et al, in response to intracoronary Ach infusion.29 
The reason was suggested to be a genetic transfer of the 
abnormality.30

Conclusion
Overall, the prevalence of endothelial dysfunction 
determined by abnormal flow mediated dilatation of 
brachial artery (FMD<10%) in patients with CAD 
was found to be 66%.The prevalence in acute CAD 
and stable CAD was found to have 62.7% and 68.7% 
respectively.
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