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BACKGROUND Several studies have shown that individuals with metabolic syndrome have high incidence of vascular 
event in association with endothelial dysfunction and atherosclerosis. Endothelial dysfunction manifested 
as impaired brachia! artery flow-mediated dilatation (FMD) and increased carotid incima-media thickness 
(!Mn is likewise associated with endothelial dysfunction in the coronary circulation, which may be 
manifested as impairment or obstruction of normal coronary blood flow with resultant myocardial 
ischemia. Thus the objectives of the study are: to determine the prevalence of endothelial dysfunction 
in patients with metabolic syndrome and to determine the correlation of endothelial dysfunction and 
occurrence of inducible ischemia. 

METHODS AND RESULTS 

A total of l 06 patients underwent executive check-up in St. Luke's Medical Center from October 1, 
2005 to December 31, 2005. Only 41 subjects (39%) were diagnosed to have metabolic syndrome 
and was included in the study. All subjects underwent endothelial function evaluation and symptom
limited treadmill exercise resting using the modified Bruce protocol to reveal presence of inducible 
myocardial ischemia. Of the 41 subjects, 16 (39%) were females and 25 (61 %) were males. The mean 
age was 55.4 years+ 10.6 years. Twelve subjects (29.3%) showed endothelial dysfunction 7 of which 
had an abnormal TET. Results from chi-square test showed that among patients with metabolic 
syndrome, endothelial dysfunction (p= 0.029), HDL levels (p=0.018) and smoking (p <0.00 l ), were 
found to be significantly associated with an abnormal TIT Logistic regression analysis among patients 
with metabolic syndrome and endothelial dysfunction showed 5 .2 rimes higher to have inducible 
ischemia by TET (95% CI= 1.0 to 26.8) and subjects who smoke were 16.5 rimes higher to have an 
abnormal TET result (95% Cl= 2.9 to 93.3). 0.1 Though not statistically significant, subjects with 
metabolic syndrome and low HDL showed a trend to have inducible ischemia by TET (95% CI= 0 to 
0.7) 

CONCLUSION There is an association between endothelial dysfunction and inducible ischemia; and risk factors like 
cigarette smoking and low HD L level predict occurrence of inducible ischemia on TET. 
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Metabolic syndrome (MS) has become more common 
in the past decade. It is estimated that approximately 60 
million Asians of age 35-74 years are estimated to have 
it 1

• It is a cluster of metabolic abnormalities, which 
includes glucose intolerance, hyperinsulinemia, 
hypemiglyceridemia, low HDL levels, hypofibrinolysis, 
hypertension, microalbuminuria, predominance of small 
dense LDL particles, and central obesity. These metabolic 
abnormalities can all contribute to endothelial dysfunction, 
which can airer vascular function and participate in the 
process of vascular remodeling and atherosclerosis. 

Endothelial dysfunction is an imbalance between 
vasoconsuiccors anct vasodilators, growth promoting and 
inhibiting factors, pro-atherogenic and anti-atherogenic 
factors, and pro-coagulant and anti-coagulant factors2

• le 

1s now considered to be the early central event in 
atherogenesis and has been shown to herald the 
development of clinically detectable atherosclerotic plaques 
in the coronary arteries. There is no single and standard 
test to fully assess endothelial function in vivo. The widely 
used methods to the evaluation of endothelial function 
are the assessment of blood flow and vascular reactivity 
and the carotid intima-media thickness (IMTI due to its 
noninvasive and practical nature3

• Impaired brachial artery 
flow-mediated dilatation (FMD) and increased IMT highly 
correlates with endothelial dysfunction in the coronary 
circulation, which is emerging as an independent risk factor 
for cardiovascular disease4 .Several studies have shown that 
individuals with MS have high incidence of inducible 
ischemia and or vascular event in association with 
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atherosclerosis5 ·6,7,s,9, io _ However, not all individuals with
metabolic syndrome have similar risk. In patients with 
suspected or proven cardiovascular disease, cardiovascular 
exercise stress testing is advised. It is one of the most 
frequent non-invasive modalities used to diagnose the 
presence and extent of coronary artery disease, estimate 
prognosis and to determine functional capacity 11

• 

The ability to detect and. monitor subclinical vascular 
disease, as a reflection of the multiple facrors that can 
impair arterial wall integrity, holds potential to further 
refine cardiovascular risk stratification. /J"he objective of 
this study is to determine the prevalence of endothelial 
dysfunction in patients with metabolic syndrome seen at 
St. Luke's Medical Center and to determine the correlation 
of endothelial dysfunction and occurrence of inducible 
ischemia among patients with MS/

METHODS 

All patients who underwent executive check-up at 
St. Luke's Medical Center from October 1, 2005 to 
December 31, 2005 and assessed to have MS were included 
in this study. 

MS is diagnosed by the presence of three or more of 
these components based on the National Cholesterol 
Education Program (�CEP) criteria 1: central obesity 
(waist circumference > 40 in. in men or > 35 in. in 
women), triglycerides z. 150 mg/dL, HDL cholesterol < 
40 mg/dL in men or < 50 mg/dL in women, blood pressure 
z. 130/85 mmHg, fasting glucose z. 110 mg/dL

All subjects underwent endothelial function test
(EFT). The left brachia! artery diameter was measured 
both at rest and during reactive hyperemia. Increased 
flow was induced by inflation of pneumatic tourniquet 
placed around the forearm to a pressure of l 70mmHg. 
Three measurements of arterial diameter were performed 
at end-diastole at a fixed distance from an anatomic marker 
at rest and after cuff release. The vessel diameter in scans 
after reactive hyperemia was expressed as the percentage 
relative to the resting scan. An EFT of < 8 was considered 
abnormal. Same set of patients undergone carotid duplex 
scan from which IMT was determined. An IMT of z.l 
was considered abnormal. 

Same set of patients underwent symptom-limited 
treadmill exercise testing (TET) using modified Bruce 
protocol. A positive TET was defined as follows: 1) ST 
segments 2:. I mm horizontal or downsloping or 2:. 1.5 

mm upsloping with 80 ms horizontal after the J point, 2) 
occurrence of angina, 3) ST elevation (z.l mm) in leads 
without diagnostic Q waves other than V

1 
or aVR, or 4) 

drop in SBP of> 10 mm Hg from baseline blood pressure, 
despite an increase in workload, when accompanied by 
other evidence of ischemia. 

As part of our data gathering, each patient was ques
tioned regarding the following coronary risk factors: hy
pertension, diabetes, smoking history and medication use 
(anti-hypertensive, hypoglycemic agents, and statins). In 
addition, fasting glucose, lipid profile measures (HDL cho
lesterol, and triglycerides) and central obesity were deter
mined. Central obesity is defined as waist circumference 

> 40 inches in men or > 35 inches in women measured 2
inches below the umbilicus.
Statistical Analysis 

Descriptive statistics were presented usrng 
mean,standard deviation, minimum, maximum and fre
quency. Chi-quare test was used to find out if there is an 
association between the different factors (age, sex, smok
ing, central obesity, dyslipidemia, hypertension, diabetes, 
endothelial dysfunction) and TET. Logistic regression using 
Forward Conditional Selection was used to determine the 
significant predictors of TET. A p values of <0.05 were 
considered significant. SPSS 10 was used for all statistical 
analysis. 

RESULTS 

A total of 106 patients underwent executive check-up 
from October 1, 2005 to December 31, 2005. There 
were 41 (39%) diagnosed co have MS. The clinical pro
files of the study subjects are shown in Table 1. Of the 41 
subjects included the study, 16 subjects (39%) were 
females and 25 (61 %) were males. The mean age was 55.4 
years± 10.6 years. Twelve subjects (29.3%) showed en
dothelial dysfunction with abnormal TET in 7. 

Results from chi-square test showed that smoking (p 
<0.001), endothelial dysfunction (p= 0.029), and HDL 
levels (p=0.018) were fotmd to be significantly associated 
with an abnormal TET (Table 2). 

Results from chi-square test showed that among pa
tients with metabolic syndrome, endothelial dysfunction 
(p= 0.029), low HDL levels (p= 0.018) and smoking 
(p<0.001) were found to be significantly associated with 
inducible ischemia elicited thru TET (Table 2). Logistic 
regression analysis (Table 3) among patients with metabolic 
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syndrome and endothelial dysfunction are 5.2 times higher 

to have inducible ischemia when subjected to TET (95% 

Cl= 1.0 to 26.8) and subjects with metabolic syndrome 

who smokes are 16.5 times higher to have an abnormal 

TET (95% CI= 2.9 co 93.3). 0.1 Though not scatiscically 

significant, subjects with metabolic syndrome and have 

low HDL levels showed a trend for inducible ischemia 

during TET (95% CI= 0 to 0.7) 

DISCUSSION 

Blood flow is maintained primarily by the endothe

lium2. A healthy endothelial layer is able to produce sub

stances chat inhibit thrombin activation and platelet ad

hesion making it chrombo-resistant 12
. It is also able to 

produce factors affecting the resting cone of the blood ves

sel to ensure adequate blood flow. According to the re

sponse-to-vascular injury cheory 13
, as proposed by Ross, 

injury to the endothelium by local disturbance of blood 

flow brings about a series of events that ends in the devel

opment of acherosclerotic plaque. 

These atherosclerotic changes in the walls of the coro

nary arteries may cause impairment or obstruction of nor

mal blood flow with resultant myocardial ischemia12
, an 

Table 1. Characteristic of Study Population 

min max X sd % p value 

Age 36 80 55.4 10.6 1.00 
Sex F 16 39 1.00 

25 61 
Central obesity (-) 14 34.1 .692 

(+) 27 66.9 
FBS Normal 23 56.1 .267 

Abnormal 18 43.9 
HTN (-) 13 31.7 .398 

(+) 28 68.3 
Triglyceride Normal 10 24.4 .653 

Abnormal 31 75.6 
HDL Normal 9 22 .659 

Abnormal 32 78 
Smoking (-) 23 56.I .713 

(+) 18 43.9
EFT Normal 29 70.7

Abnormal 12 29.3

TET Normal 28 68.3
Abnormal 13 31.7

observation seen in chis study, which has shown an asso

ciation between inducible ischemia and endothelial dys

function (p= 0.029). 

Several risk factors related to endothelial dysfunction 

and atherosclerosis has also been shown to have associa

tion with inducible ischemia. Dyslipidemia and nicotine 

exposure showed significant risk of developing inducible 

ischemia. However, several risk factors, namely central 

obesity, diabetes, hypertension, age and gender were not 

associated with a positive TET in the present study, al

though previous studies have shown direct correlation with 

atherosclerosis and endothelial dysfunction. This is might 

be due to concomitant intake of medications, which im

prove endothelial funccion 14
. Results on the analysis of 

medication intake and occurrence of a positive TET were 

unreliable due co diluted population. 

Limitations 

This study has several limitations. Because the study 

was performed in a short span of time, a limited number 

of subjects were included which might have influenced 

the results. Intake of medications like lipid lowering or 

anti-hypertensive drugs, which was shown in several studies 

Table 2. Chi-square Results in Comparing Risk Factors and TET 

Smoking 
TET Non-Smoker Smoker Total 
Normal 21 7 28 

91.3% 38.9% 68.3% 
Abnormal 2 11 13 

8.7% 61.1 % 31.7% 
Total 23 18 41 

100.0% 100.0% 100.0% p<.001 

Cholesterol 
TET Normal Abnormal Total 
Normal 11 17 28 

52.40% 85.00% 68.30% 
Abnormal IO 3 13 

47.60% 15.00% 31.70% 
Total 21 20 41 

100.00% 100.00% 100.00% p=.025 

Endothelial Function 

TET Normal Abnormal Total 

Normal 23 5 28 

79.3% 41.7% 68.3% 

Abnormal 6 7 13 

20.7% 58.3% 31.7% 

Total 29 12 41 
I 00.0% 100.0% 100.0% p=.029 
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Table 3. Beta Co-efficient of Univariate Logistic Regression Model 

95.0% C.I. for OR 

Factors B S.E. Sig. OR Lower Upper 
SMOKING 2.803 0.884 0.002 16.5 2.9 93.3 
Constant -2.351 0.74 0.001 0.1 
HDL -1.966 0.826 0.017 0.1 0.0 0.7 
Constant 0.693 0.707 0.327 2.0 
EIT 1.65 0.836 0.048 5.2 1.0 26.8 
Constant -1.139 0.406 0.005 0.3 

co have substantial affect on endothelial function, was not 

discontinued prior to the study. Though our study has 

shown an association between endothelial dysfunction and 

inducible ischemia, we were not able to compare our re

sults with a control group. We are likewise unable to. con

firm impairment or obstruction of coronary blood flow since 

no angiographic diagnosis was done. 

CONCLUSION 

This study shows that there is an association between 

endothelial dysfunction and inducible ischemia. Risk fac

tors like nicotine exposure and low HDL level predict oc

currence of inducible ischemia on TET. Thus assessment 

of endothelial function may help identify a sub-group of 

patients at high risk of developing cardiovascular event. 
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