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ABSTRACT 
Context: Endothelial dysfunction is an early predictor of adverse cardiovascular events. The present study 
evaluated asymptomatic metabolic syndrome (MS) patients with brachial artery endothelial dysfunction to de- 
termine whether a reversal of endothelial dysfunction occurs with statin treatment. Aim: To evaluate the short 
term effects of statins on endothelial function in asymptomatic metabolic syndrome patients. Methodology: This 
was a prospective, single centre, case-control study. We evaluated 50 recently diagnosed newly detected asymp- 
tomatic MS patients who underwent an assessment of endothelial function by brachial artery flow-mediated di- 
lation (FMD) before and after treatment with 40 mg atorvastatin for one week. Results: A total of 50 MS patients, 
including 36 (62%) females and 14 (38%) males, were included in the study. The mean age of the patients was 
49.70 ± 8.84 y. We identified a significant difference between cases and age- and sex-matched controls regarding 
baseline brachial artery FMD% (6.73 ± 2.55 vs. 11.03 ± 1.85, respectively; p < 0.001). Significant negative corre- 
lations were detected between FMD% and HDL-cholesterol (r = −0.34, p = 0.01), fasting blood sugar (r = −0.40, p 
= 0.004), and systolic blood pressure (r = −0.34, p = 0.015). Multiple linear regression analysis indicated that 
HDL-cholesterol was an independently associated factor for FMD. MS patients treated with 40 mg atorvastatin for 
one week showed a significant improvement in brachial artery FMD% (6.73 ± 2.55 before treatment vs. 10.19 ± 3.01 
after treatment, p < 0.001). Conclusions: MS is associated with endothelial dysfunction and decreased brachial 
artery FMD compared with controls. Statin treatment for one week significantly improved brachial artery en- 
dothelial function in MS patients. 
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1. Introduction 
Metabolic syndrome (MS) is characterized by insulin 
resistance and a clustering of cardiovascular risk factors 
that includes the following: hypertension; obesity; hyper- 
triglyceridemia; the presence of small, dense low-density 
lipoprotein particles (LDL); a low level of high-density 
lipoprotein cholesterol (HDLC); and hypercoagulability 
[1]. Several definitions have been proposed for the diag- 
nosis of MS. The most commonly used are those by the 
World Health Organization (WHO), the International 

Diabetes Federation (IDF), and the National Cholesterol 
Education Program (NCEP)—Adult Treatment Pannel III 
(ATP-III). In our study, we applied the revised NCEP 
ATP III criteria [2]. According to these criteria, a diag- 
nosis of MS requires at least three of the followings: 
blood pressure ≥ 130/85 or undergoing antihypertensive 
treatment, triglyceride levels ≥ 150 mg/dL or treatment 
for elevated triglycerides, HDLC levels < 40 mg/dL (for 
men) or < 50 mg/dL (for women) or treatment for low 
HDL-C, waist circumference > 102 cm (for men) or > 88 
cm (for women), and fasting glucose levels ≥ 100 mg/dL 
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or treatment for elevated blood sugar. 
Individuals with MS are at a three-fold greater risk of 

coronary heart disease and stroke and more than a five- 
fold greater risk of cardiovascular mortality [3]. Endo- 
thelial dysfunction, characterized by decreased nitric 
oxide (NO) bioavailability, is a key early event in athe- 
rogenesis that occurs long before structural atheroscle- 
rotic changes and promotes cardiovascular events [4-6]. 
NO is released from endothelial cells in response to in- 
creased shear stress and certain pharmacologic stimuli 
[7]. NO may function as an endogenous antiatherogenic 
molecule by maintaining low arterial tone at rest, inhi- 
biting leucocyte-endothelial interactions, attenuating pla- 
telet aggregation and inhibiting smooth muscle cell pro- 
liferation. [7] 

Previous studies have reported that obesity, low HDL- 
C, impaired glucose tolerance, hypertension, and hyper- 
triglyceridemia all are associated with endothelial dys- 
function [8-11]. Most of these studies tested endothelial 
function in the context of individual components of MS; 
data regarding endothelial function across the full spec- 
trum of asymptomatic MS are scarce. The present study 
considered all five components of MS, i.e. impaired fast- 
ing glucose, hypertension, hypertriglyceridemia, low HDL- 
C, and obesity. 

Endothelial function can be assessed invasively or 
non-invasively. Previous studies have shown that endo- 
thelial function assessed using intra-arterial infusion of 
the endothelium-dependent vasodilator, acetylcholine, in 
a coronary or peripheral artery identifies individuals at 
increased risk for cardiovascular disease (CVD) events 
[12-15]. Because of its invasive nature, this technique 
has been applied only to small studies, and large epide- 
miological studies are lacking. The assessment of endo- 
thelial function by flow-mediated dilation (FMD) of the 
brachial artery has been proposed as a non-invasive sur- 
rogate marker for cardiovascular risk [16-18]. 

Several large clinical trials have demonstrated that sta- 
tins markedly decrease the incidence of cardiovascular 
events in hypercholesterolemic individuals [19-21]. How- 
ever, some studies have reported that the restoration of 
endothelial function precedes a significant reduction in 
serum cholesterol levels, suggesting additional effects of 
statins on endothelial function beyond that of cholesterol 
reduction [19-22]. Previous studies investigating the 
short-term effects of statin treatment on endothelial dys- 
function in various patient groups have indicated that 
statins could improve endothelial function significantly 
as early as 3 h after treatment and even with a single dose 
[23-27]. 

The present study evaluated MS patients with brachial 
artery endothelial dysfunction to determine whether a 
reversal of endothelial dysfunction occurs with statin 
treatment. 

2. Methodology 
2.1. Study Design 
Fifty MS patients who attended the Hypertension Clinic 
conducted by the Department of Cardiology, Sri Venka- 
teswara Institute of Medical Sciences Hospital, Tirupati, 
Andhra Pradesh, India. Fifty age- and sex-matched 
healthy controls were included in this study. Informed 
consent was obtained from each subject in accordance 
with the ethical guidelines of the 1975 Declaration of 
Helsinki. This study was approved by the Institutional 
Ethics committee of Sri Venkateswara Institute of Medi- 
cal Sciences (SVIMS), Tirupati, Andhra Pradesh, India. 

2.2. Study Population 
Inclusion criteria for the present study were as follows: 
confirmed MS as per the ATP III criteria. [2] 

Exclusion criteria: Subjects were excluded from the 
study for any of the following: younger than 30 y or old- 
er than 65 y, history of smoking, already on statin treat- 
ment, secondary hypertension, ischemic heart disease, 
peripheral arterial diseases, Cardiomyopathy, valvular 
heart diseases, or rhythm disorders. 

2.3. Study Methods 
Detailed clinical histories were collected from all sub- 
jects that included age, sex, and duration of hypertension, 
ischemic heart disease, diabetes mellitus (DM), and 
smoking. All patients underwent complete clinical ex- 
aminations of their pulse, blood pressure, and respiratory, 
cardiovascular, and central nervous systems. A dedicated 
physician was responsible for all blood pressure, weight, 
and waist circumference measurements and performed 
measurements under strict instructions without any 
knowledge of the study protocol or objectives. Waist 
circumference was measured using non-stretchable flexi- 
ble tape at a horizontal position just above the iliac crest. 
Measurements were made at the end of normal expiration, 
in the fasting state, and with the subject standing erect 
and looking straight forward with the observer sitting in 
front of the subject. Hypertension was diagnosed ac- 
cording to Joint National Committee 7 criteria [28]. Se- 
rum total cholesterol, triglycerides, and HDL-C concen- 
trations were quantified by using commercially available 
kits on auto-analyzer (Synchron CX9 from Beckman, 
USA). LDL cholesterol was calculated using Friede- 
wald’s formula [29]. Fasting blood sugar (FBS) was 
measured using the glucose oxidation-peroxidation me- 
thod. Dyslipidemia was considered per NCEP ATP-III 
guidelines [1]. DM was defined using the American Di- 
abetes Association 2007 criteria [30]. Resting 12-lead 
electrocardiograms were performed on every patient. All 
patients were given 40 mg atorvastatin for one week as 
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part of the study immediately after recruitment. 
Flow mediated dilatation: 
Endothelial function was assessed by measuring the 

diameter of the brachial artery in MS cases and healthy 
controls using a vascular Doppler probe of 7.5 to 10 
MHz (iE33 2D Ultrasound machine, Philips Sonos, 
Netherlands), as described previously. [4] Briefly, after 
resting for ten minutes (base-line diameter), the right 
forearm was compressed by inflation of a pneumatic 
tourniquet at a pressure of 300 mm Hg for five minutes. 
The diameter of the brachial artery was measured 60 s 
after the release of pressure. The diameter of the brachial 
artery was measured again 15 min after deflation of the 
cuff to ensure that baseline had been reached. After using 
a statin for one week, the diameter of the brachial artery 
was measured at baseline and 60 s after the release of 
pressure. 

Calculation of FMD: 
FMD was calculated using the equation: FMD = (d2 − 

d1) × 100/d1; where d1 is the brachialartery diameter at 
baseline, and d2 is the brachial artery diameter 60 s after 
cuff release. FMD was expressed as a per cent change 
(FMD%). The coefficient of variation of FMD measure- 
ment in our study was 1.2% ± 0.2% intra-assay and 3.5% 
± 1.0% inter-assay. 

2.4. Statistical Analysis 
Data were analysed using SPSS 16.0 for Windows (SPSS 
Inc. Chicago, USA). Continuous variables were repre- 
sented as mean ± standard deviation (SD). Differences in 
continuous variables between cases and controls were 
analysed by unpaired student’s t-test. Pearson’s correla- 
tion coefficients (two-sided) were derived to assess the 
relationships between continuous variables and FMD%. 
One-way analysis of variance (ANOVA) was used to 
assess the relationship between the mean values for FMD% 
and the number of NCEP ATP III metabolic diagnostic 
criteria identified in each subject. Stepwise multivariate 
logistic regression models were produced to investigate 
independent determinants of FMD% in the brachial ar- 
tery using HDL-C levels, systolic blood pressure (SBP), 
and FBS as co-variants. A p-value <0.05 was considered 
statistically significant. 

3. Results 
3.1. Baseline Characteristics 
The mean ages of the cases and controls were 49.70 ± 
8.84 years and 48.60 ± 7.73 years, respectively (Table 1). 
Sixty-two percent of cases and 58% of controls were 
females. The mean SBP and diastolic blood pressure 
(DBP) in MS patients were 137.40 ± 9.00 and 82.40 ± 
9.50, respectively. The mean values of MS components 
were as follows: FBS, 123.56 ± 42.00 mg%; waist cir- 

Table 1. Baseline characteristics of cases and controls. 

Variable Cases Controls p-Value1 

Age (yrs) 49.70 ± 8.84 48.06 ± 7.73 0.32 

Male/Female 19/31 21/29 NS2 

SBP3 (mmHg) 137.40 ± 19.00 122.00 ± 12.00 0.0001* 

DBP4 (mmHg) 82.40 ± 9.50 78.24 ± 6.41 0.0118* 

FBS5 (mgs%) 123.56 ± 42.62 92.40 ± 14.67 0.0001* 

WC6 (cms) 100.70 ± 6.98 94.40 ± 6.80 0.0001* 

TG7 (mgs%) 199.82 ± 99.81 156.63 ± 14.43 0.0031* 

HDL-C8 (mgs%) 39.60 ± 8.31 45.20 ± 7.03 0.0004* 

FMD9% 6.73 ± 2.55 13.50 ± 3.30 0.0001* 

 
cumference, 100.70 ± 6.98 cm; serum triglycerides, 
199.80 ± 99.00 mgs%; serum HDL-C, 39.60 ± 8.00 
mgs%. Twenty-five (50%) patients had 3 metabolic com- 
ponents associated with MS, 18 (36%) patients had four 
components, and seven (14%) patients had all five com- 
ponents. 

3.2. Association between FMD and MS 
The mean FMD% values in cases and controls before 
statin treatment were 6.73% ± 2.55% and 11.03% ± 
1.85%, respectively. A significant difference between 
baseline brachial artery FMD% in cases and controls was 
detected (p < 0.001). Pearson’s correlation analysis be- 
tween FMD% and other variables is shown in Table 2. 
Significant negative correlations were found between 
FMD and HDL-C (r = −0.34, p = 0.01), FMD and FBS (r 
= −0.040, p = 0.004), and FMD and SBP (r = −0.034, p = 
0.015). No significant correlations were identified be- 
tween FMD and age, waist circumference, DBP, trigly- 
cerides, or number of components of MS. 

3.3. Multiple Linear Regression Analysis 
Multiple linear regression analysis indicated that only 
HDL-C was an independently associated factor for FMD 
(Table 3). 

3.4. FMD% before and after Statin Therapy 
The mean FMD% values in cases before and after statin 
treatment were 6.73% ± 2.55% and 10.19% ± 3.01%, 
respectively. The change in FMD% after statin treatment  
1p < 0.05 indicates statistically significant difference. 
2not significant. 
3Systolic blood pressure. 
4Diastolic blood pressure. 
5Fasting Blood sugar. 
6Waist circumference. 
7Triglycerides. 
8High-density lipoprotein cholesterol. 
9Flow-mediated dilation. 
*p < 0.05, statistically significant difference. 
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Table 2. Correlation of flow mediated dilation% and other 
variables. 

Variable Mean ± SD 
Correlation  

Coefficient (r) with 
FMD % 

Age  49.78 ± 8.84 −0.17 (p = 0.24) 

FBS (mgs%) 123.42 ± 42.11 −0.40 (p = 0.004*) 

SBP (mmHg) 137.48 ± 19.32 −0.34 (p = 0.015*) 

DBP (mmHg) 82.40 ± 9.50 −0.10 (p = 0.49) 

TG (mg%) 199.88 ± 99.80 0.04 (p = 0.73) 

HDL-C (mg%) 39.68 ± 8.11 −0.34 (p = 0.01*) 

WC (cms) 100.70 ± 6.98 0.11 (p = 0.47) 

Number of components 
of metabolic syndrome Not applicable −0.20 (p = 0.15) 

 
Table 3. Coefficients of multiple regression analysis. 

Independent  
Variables 

Unstandardized  
Coefficients 

Standardized  
Coefficients t p 

B Std. Error Beta 

 

Constant 12.495 2.868  4.343 0.000 

HDL-C10 −0.104 0.045 −0.327 −2.333 0.024* 

SBP11 −0.009 0.022 −0.067 −0.405 0.687 

FBS12 −0.003 0.010 −0.050 −0.304 0.763 

Dependent variable: Flow-mediated dilatation. 
 
was 3.46%. MS patients treated with 40 mg atorvastatin 
for one week showed a significant improvement in bra- 
chial artery FMD% (p < 0.001) (Figure 1). 

3.5. FMD% Change in Subjects with  
Hypertension and Diabetes Mellitus 

No significant difference was detected between baseline 
FMD values in MS subjects with (6.55% ± 2.70%) or 
without hypertension (7.19% ± 2.13%, p = 0.435, Table 
4). Statin treatment significantly improved brachial artery 
FMD in patients without hypertension (11.52% ± 2.61%) 
compared with patients with hypertension (9.68% ± 
3.03%, p = 0.04). Before statin treatment, brachial artery 
FMD values did not differ significantly in subjects with 
(6.23% ± 2.61%) or without DM (7.62% ± 2.23%, p = 
0.065, Table 4). After statin treatment, significant im- 
provements in brachial artery FMD were detected in di- 
abetics and non-diabetics; this improvement was more 
pronounced in non-diabetic subjects (p = 0.02). Among 
patients with both hypertension and DM, statin treatment 
improved the FMD% from a baseline of 5.7% ± 2.76% to 
8.49% ± 2.55% (p = 0.001, Table 4). After statin treat- 
ment, a significant improvement in brachial artery FMD% 

 
Figure 1. Flow-mediateddilation (FMD) before and after 
statin use. 
 
was detected in patients with both hypertension and DM 
(8.49 ± 2.55) compared to patients without hypertension 
or DM (12.20 ± 3.31, p = 0.03). 

4. Discussion 
MS has received increased attention during the past few 
years because it is associated with an increased risk of 
type 2 DM, CVD and premature mortality [3,31,32]. The 
mode by which MS increases the risk of CVD is not 
completely understood. 

A large body of evidence has suggested that the pres- 
ence of endothelial dysfunction represents a major promo- 
ter for atherosclerosis and thrombosis and is an indepen- 
dent prognostic predictor for the risk of future cardiovas- 
cular events in several groups of patients [33,34]. Endo- 
thelial dysfunction, as detected by FMD measurements in 
the brachial artery, has been shown to be an independent 
predictor of cardiovascular outcomes [17,35-39]. It is well 
known that the five components of MS can individually 
impair endothelial function. Previous studies have shown 
that obesity, low HDL-C, impaired glucose tolerance, hy- 
pertension, and hypertriglyceridemia are associated with 
decreased endothelium-dependent vasodilation [8,9]. Fur- 
thermore, treatments targeted at these conditions improve 
endothelial function [40,41]. 

Examining the input of each MS component in the pa- 
thogenesis of endothelial dysfunction in MS patients, 
Lind et al. reported that triglyceride levels, waist cir- 
cumference, and DBP independently predicted endothe- 
lium-dependent vasodilation [42]. Endothelial dysfunc- 
tion was more strongly related to waist circumference 
followed by triglyceride levels and DBP [42]. Lteif et al. 
reported that insulin resistance, SBP, and ethnicity are 
the principal determinants of endothelial dysfunction in 
MS [43]. In another study, only HDL-C levels were in- 
dependently associated with reduced FMD in patients 
with MS [44]. Hamburg et al. [45] and Melikian et al. 
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Table 4. Mean flow mediated dilation% change in hypertension and diabetes mellitus subjects. 

 With HTN Without HTN p-val With DM Without DM p-val Both HTN & DM Without HTN & DM p-val 

FMD% before  
statin 6.55 ± 2.70 7.19 ± 2.13 0.435 6.23 ± 2.62 7.62 ± 2.23 0.065 5.70 ± 2.76 6.93 ± 2.93 0.48 

FMD% after  
statin 9.68 ± 3.03 11.52 ± 2.61 0.04* 9.47 ± 2.86 11.49 ± 2.9 0.02* 8.49 ± 2.55 12.20 ± 3.31 0.03* 

p-val <0.001* <0.001*  <0.001* <0.001*  <0.001* <0.001*  
*Indicates significant p-value, i.e. p < 0.05. 
 
[46] observed progressively decreasing vasodilator func- 
tion with an increasing number of MS components. 

In our study, FMD was significantly decreased in pa- 
tients with MS when compared with healthy controls. 
Low FMD values are due to the effect of several risk 
factors of atherosclerotic disease on NO bioavailability. 
Our study indicated that among the five components of 
MS, serum HDL-C, FBS, and SBP were significantly 
negatively correlated with brachial artery FMD%. How- 
ever, regression analysis showed that only HDL-C was 
independently associated with endothelial dysfunction in 
MS. This can be attributed to the endothelial protective 
effects of HDL-C. Prior studies demonstrated that HDL- 
C increases the activity of endothelial NO synthase 
(eNOS), antagonizes the actions of oxidized LDL-C on 
the endothelium, restores the balance between NO and 
superoxide ( 2O− ), promotes endothelial cell proliferation 
and migration, and inhibits endothelial cell apoptosis 
[47-52].  

Previous studies in various groups of patients regard- 
ing the short-term effects of statins on endothelial dys- 
function have reported that statins could improve endo- 
thelial function significantly as early as three hours after 
treatment and even with a single dose [23-27]. The 
present study identified a significant improvement in 
brachial artery FMD% among MS patients after treat- 
ment with 40 mg atorvastatin daily for one week. Statin 
treatment improved brachial artery FMD% significantly 
in patients without hypertension compared with patients 
with hypertension (p = 0.04). After statin treatment, a 
significant improvement in brachial artery FMD was 
detected in diabetics and non-diabetics, with a more pro- 
nounced effect in non-diabetics (p = 0.021). Among pa- 
tients with both hypertension and DM, statin treatment 
significantly improved FMD% (p = 0.0015). In these pa- 
tients, no significant correlation was detected between 
FMD%, SBP, and FBS before statin treatment, but a sig- 
nificant negative correlation was identified between SBP, 
FBS, and FMD% after statin treatment. As SBP and FBS 
values increased, the improvement with statin in terms of 
FMD% was lessened. 

Various mechanisms other than lipid lowering have 
been proposed to explain the anti-atherosclerotic effects 
of statins, including antioxidant activity and enhanced 

NO activity [53,54]. Statins reportedly increase eNOS 
activity in vitro [55,56]. Because NO is associated with 
many anti-atherosclerotic effects, including the inhibition 
of monocyte migration and smooth muscle cell prolifera- 
tion, an increase in the activity of eNOS in response to 
statins may partially explain their anti-atherosclerotic 
effects. 

5. Conclusion 
Newly detected MS patients with hypertension and DM 
were treated with anti-hypertensives including angioten- 
sin-converting enzyme inhibitors, angiotensin receptor 
blockers, and antidiabetic drugs like glitazones. The ef- 
fects of these drugs on endothelial function have not been 
established. MS is associated with endothelial dysfunc- 
tion and decreased FMD of the brachial artery compared 
with controls. Statin treatment for one week significantly 
improved brachial artery endothelial function in MS pa- 
tients. 

6. Study Limitations 
This study included several limitations. Our sample size 
was small, so our findings may not be generalizable to 
the broader MS community. We did not measure endo- 
thelium-independent (nitrate-induced) dilation. The use 
of nitroglycerine might have added further information 
regarding endothelial function. MS variables including 
HDL-C, triglycerides, and other parameters were not meas- 
ured after statin treatment. 
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