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Abrréviations: FMD, flow-mediated vasodilation; ED, 
endothelial dysfunction; EF, endothelial function; MS, metabolic 
syndrome

Introduction
Atherosclerotic diseases are the leading cause of death in 

developed countries. Endothelial cells play a critical regulatory role 
in vascular health, including vascular smooth muscle cell relaxation 
and growth inhibition, inhibition of inflammatory responses, 
and antithrombotic actions. Endothelial dysfunction is pivotal to 
development of atherosclerosis. It is present in the earliest stages (e.g., 
preceding angiographic or ultrasonic evidence of obstructive plaque) 
as well as in later stages of arterial disease, contributing to clinical 
sequelae related to tissue damage (e.g., ischemia, infarction, and organ 
failure). Metabolic syndrome (MS) is a combination of several cardio 
metabolic risk factors including obesity, impaired glucose tolerance, 
high blood pressure, and dyslipidemia. Although controversy has 
surrounded both the pathophysiological basis and the clinical utility 
of the metabolic syndrome, it has been associated with an increased 
risk of cardiovascular disease.

The cardiorespiratory fitness-mortality risk association is robust 
and inverse, regardless age, race, gender, documented cardiovascular 
disease or comorbidities.1–3 Blood pressure is an important determinant 
of the risk of cardiovascular disease in the general population, and it is 
well established that interventions that lower blood pressure prevent 
cardiovascular events.4 The objective of this study is to investigate 
if patients with metabolic syndrome have a difference in endothelial 

function and functional aerobic capacity as they were normotensive 
or hypertensive.

Methods
We studied sixty-three consecutive patients in primary prevention 

patients who came for the first time to a metabolic clinic. Characteristics 
of the entire population (Table 1); the mean age was 52years. All the 
patients were white, 40% were women, 90% accomplished metabolic 
syndrome criteria (by International Diabetes Federation criteria), 48% 
had normal glycaemia, 11% type 2diabetes, 63.5% were hypertensive 
and 31.8% were obese. There were no significant differences between 
normotensives and hypertensives in sex, race, BMI, metabolic 
syndrome, diabetes, sedentary life style, LDL and HDL cholesterol, 
triglycerides and statins use. Hypertensives patients were older (mean 
age 55years vs. 46years p=0.012) and had a higher Score Risk (mean 
1.0 vs. 0.5 p<0.001) (Table 2). 

In this group of patients with metabolic syndrome there are no 
significant differences between normotensives and hypertensives, 
except older age and a higher Score Risk in hypertensives. We 
conducted a stress test and flow mediated dilatation of the brachial 
artery for endothelial function (EF). The studies were blinded for 
the crossover results. Each patient underwent a symptom-limited 
maximal exercise testing. The tests were stopped if the patient 
requested to stop due to exhaustion, or the physician stopped the test 
due to medical reasons. The physicians stopped the test either due to 
symptoms or positive high-risk features, including a drop in systolic 
BP of >20 mm Hg with increasing workload, high-risk ST-changes, 
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Abstract

The objective is to investigate if patients with metabolic syndrome have a difference in 
endothelial function (EF) and functional aerobic capacity as they were normotensive or 
hypertensive. Sixty-three consecutive primary prevention patients who came for the first 
time to a metabolic clinic, were studied with stress test and flow mediated dilation (FMD). 
The study was blind for the crossover results. Mean population age was 52 years and 60% 
among them were men. Ninety percent of patients accomplished metabolic syndrome 
criteria (by International Diabetes Federation criteria). There was no a significant difference 
in functional aerobic capacity between normotensive and hypertensive patients, despite it 
was calculated by METS achieved in the stress test (median 5.81 and 4.63 p=0.114) or 
by percent of capacity predicted by gender and age (median 79.7% and 63.2% p=0.243). 
In the whole population we found a significant difference in EF between normotensive 
and hypertensive (median 10% and 8% p=0.002) and between patients without and 
with metabolic syndrome (median 11% and 8% p=0.023). In the group of patients with 
metabolic syndrome we found also a significant difference in EF between normotensive and 
hypertensive (median 10% and 7.5% p=0.006) but we did not find a significant difference 
in functional aerobic capacity. Endothelial function was associated to hypertension and 
waist in multiple linear regression model. We conclude that in this population patients with 
metabolic syndrome and hypertension have poorer endothelial function than patients with 
metabolic syndrome and normotension. 

Keywords: metabolic syndrome, hypertension, endothelial function, functional aerobic 
capacity

Journal of Cardiology & Current Research

Research Artilce Open Access

https://creativecommons.org/licenses/by-nc/4.0/
https://crossmark.crossref.org/dialog/?doi=10.15406/jccr.2020.13.00475&domain=pdf


Endothelial dysfunction in metabolic syndrome patients with and without hypertension 56
Copyright:

©2020 Pisabarro et al.

Citation: Pisabarro RG, Bermúdez C, Manfredi JA, et al. Endothelial dysfunction in metabolic syndrome patients with and without hypertension. J Cardiol Curr 
Res. 2020;13(3):55‒58. DOI: 10.15406/jccr.2020.13.00475

and sustained ventricular tachycardia. The parameters recorded during 
the stress test were: symptoms, continuous heart rate and ECG, and 
every 3 minutes BP recordings. The patients were monitored during 
recovery for symptoms, vital signs, and ECG for the first 3 minutes if 
they were stable, or longer if any abnormalities were noted. Brachial 
flow-mediated endothelial-dependent dilation (FMD) is a validated 
physiologic measure of the endothelial function.5

Table 1 Characteristics of the entire population

  Normotensives Hypertensives p

 n 20 43  

Female (%) 11 14 0.09

Age (years) 46 55 0.012

White race (n) 20 43 0.126

BMI 29 33 0.126

MS (n) 17 40 0.372

Diabetes (n) 1 6 0.415

Sedentary life style 9 29 0.09

LDL (mg/dl) 122 116 0.495

HDL (mg/dl) 53 46 0.978

Triglycerides(mg/dl) 134 138 0.598

Statins use (n) 6 19 0.284

Score Risk 0.5 1 <0.001

Table 2 The group of patients with MS had these characteristics

  Normotensives Hypertensives p

 N 17 40  

Female (%) 8 12 0.217

Age (years) 46 55 0.012

White race (n) 17 40 0.126

BMI 30 33 0.294

Diabetes (n) 1 6 0.662

Sedentary life style 9 28 0.217

LDL (mg/dl) 122 116 0.502

HDL (mg/dl) 50 46 0.903

Triglycerides(mg/dl) 140 141.5 0.807

Statins use (n) 6 18 0.497

Score Risk (%) 0.5 1 <0.001

Assessment of FMD were performed by imaging the left brachial 
artery at the distal third of the upper arm using a 7MHz transducer. 

The diameter of the brachial artery was measured at baseline, as the 
average resulting from five measurements. After measuring resting 
artery diameter, a blood pressure cuff was inflated below the elbow 
(distal to imaged artery segment) surpassing systolic blood pressure 
by 50mmHg for five minutes. Brachial artery diameter was measured 
after cuff release during reactive hyperemia to determine peak dilation. 
In the first 15seconds of the arterial occlusion release, the mean 
velocity of the brachial artery was measured. Between the first minute 
and the four minutes of decompression the diameter of the brachial 
artery was measured every 30 seconds. The peak post-decompression 
diameter corresponded to the maximum of all diameters measured in 
that period.

Flow-mediated vasodilation (FMD) was determined as the ratio 
between the peak decompression diameter, minus the basal diameter, 
divided by the basal diameter. Endothelial dysfunction (ED) was 
diagnosed if the FMD was less than 10%. All measurements were 
performed in the morning after a 12-h overnight fast and at least 48 
h after the last exercise session, in a quiet, temperature-controlled 
environment. Nitroglycerin was not administered in this protocol to 
avoid the occurrence of headache and hypotension in ambulatory and 
fasting patients. The stress test and the study of FMD were performed 
on different days and by different researchers who did not know the 
results of previous tests.

Statistical analysis 

In the descriptive analysis summary measures of central tendency 
and frequencies were used. In the inferential bivariate analysis, 
continuous variables were studied: Anderson test to verify normal 
distribution, Barttlet test to check homogeneity of groups, ANOVA 
or Kruskal-Wallis as applicable, for comparison of central tendency. 
In the comparison of categorical and dichotomous variables, a chi-
square test by the Mantel-Haenszel was conducted; when the expected 
values were less than 5, Fischer’s exact test was used. Multiple linear 
regression model was used for FMD. For statistical processing, the 
package R 3.3.2 and Microsoft Excel was used.

Results
In the whole population there was no significant difference in 

functional aerobic capacity between normotensive and hypertensive 
patients by METS achieved (median 5.81 and 4.63 p=0.114). If we 
use the percent of functional aerobic capacity predicted by gender and 
age, there was no statistically significant difference (median 79.7% 
and 63.2% p=0.243). In the whole population we found a significant 
difference in endothelial function measured by FMD between 
normotensive and hypertensive (median 10% and 8% p=0.002) and 
between patients without and with metabolic syndrome (median 11% 
and 8% p=0.023). In the group of patients with metabolic syndrome 
we did not find a significant difference in functional aerobic capacity 
between normotensive and hypertensive patients by METS achieved 
(5.81 and 4.63 p=0.114) or by percent of functional aerobic capacity 
predicted (78% vs. 63% p=0.443). Finally, in this group we found 
also a significant difference in FMD between normotensive and 
hypertensive (median 10% and 7.5% p=0.006) (Figure 1). By multiple 
linear regression model, flow mediated dilation were significantly 
associate with two parameters: hypertension and waist (r2 0,2906), 
independently of age, gender, triglycerides, HDL and LDL cholesterol, 
glycemia and use of statins (Table 3). 
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Figure 1 Endothelial Function by FMD in patients with metabolic syndrome according they were normotensives (green) or hypertensives (gray). 

Table 3 Multiple linear regression model for flow mediated dilation (FMD %)

  Estimate St Error t value Pr (> t)

Intercept 24.263027  5.471645  4.434   4.57e-05*** 

HDL cholesterol 0.011414 0.052061 0.219 0.8273 

Triglycerides -0.007770 0.005826  -1.334 0.1879 

Hypertension -2.889699 1.177727  -2.454 0.0174 * 

Glycemia -0.588459 0.740990  -0.794 0.4306 

Waist -0.084822 0.038451  -2.206 0.0317 *

Male gender -1.512587 1.282632  -1.179 0.2435 

Age 0.006969  0.052011 0.134 0.8939 

LDL cholesterol -0.021637 0.012305 -1.758 0.0843

(* p < 0.05).

Residual standard error: 3.852 on 62 degrees of freedom. Multiple r2:0.3821, 
Adjusted r2: 0.2906 

Discussion
Endothelial dysfunction is a well established response to 

cardiovascular risk factors and precedes the development of 
atherosclerosis.5,6  When cardiovascular risk factors are treated, 
the endothelial dysfunction improved. It is also an independent 
prognosticator of cardiac events. In subjects with hypertension, 
beyond the increased blood pressure in the arteries that shows the 
sphygmomanometer, we can often detect other disorders: endothelial 
dysfunction, increased peripheral vascular resistance and arterial 
stiffness among others. The metabolic syndrome, which is regarded 
as a prediabetic state, is characterized by a concurrence of interrelated 
cardiovascular risk factors, including abdominal obesity, insulin 
resistance, hypertension, dyslipidemia, and glucose intolerance7. 
Endothelial dysfunction is common in the metabolic syndrome.8

Flow mediated dilation of the brachial artery is a very useful method 
for measuring EF. In a nationwide multicenter study they found that 
the results of FMD were accurate, with good reproducibility.9 Reactive 
hiperemia induced by shear stress produces the release of nitric oxide, 
which acts as a vasodilator. This response is attenuated in ED.10,11

Endothelial dysfunction, measured by FMD, is associated with 
increased risk for development of diabetes12 and cardiovascular 
morbidity and mortality in primary prevention patients according 

meta-análysis.13 In patients with history of coronary artery disease, 
better FMD was associated with lower risk of cardiovascular events.14

In metabolic syndrome patients, each one stándar deviation 
worsening in endothelial function measured by FMD was associated 
with doubled cardiovascular risk.15 Microvascular endotelial 
dysfunction, measured by peripheral arterial tonometry, was associated 
with two-fold increased risk of developing solid-tumor cancer.16 
Metabolic syndrome, wich is associated to endothelial dysfunction, 
also increase the incidence of cancer.

There is a considerable body of evidence indicating that a good 
level of cardiorespiratory fitness reduces the risk of cardiovascular 
disease.1–3 High levels of physical activity or fitness may be particularly 
beneficial to individuals with insulin-resistant conditions, such as the 
metabolic syndrome, type 2 diabetes, obesity or hypertension.4 The 
stress test is the most used method for measuring functional aerobic 
capacity. We studied it by METS achieved and by percent of the capacity 
predicted by gender and age. We investigated whether there were 
differences between hypertensive and normotensive with or without 
metabolic syndrome in endothelial function and aerobic capacity. In 
the whole population there were no differences in functional aerobic 
capacity between normotensives and hypertensives, possibly due to 
the low levels of physical activity performed by patients with high 
prevalence of overweight, obesity and low aerobic capacity. 

Endothelial function, however, had significant differences 
across the normotensive or hypertensive populations, and according 
to whether they have or not metabolic syndrome, which would 
indicate an increased risk in these pathologies. Moreover, in patients 
with metabolic syndrome there was a significant alteration of the 
endothelial function, which was more pronounced with the association 
of hypertension. This finding is consistent with the work of Dell’Omo 
and col. in which hypertensive subjects with MS had the greatest level 
of endothelial dysfunction in comparison to hypertensive subjects 
without the MS and normotensives subjects.17 

Score Risk, a prognostic indicator of cardiovascular events, 
also showed a significant difference between normotensive and 
hypertensive subjects in metabolic syndrome patients. In the 
present study, we measured endothelial function in normotensive 
and hypertensive patients with MS, and found in the latter group a 
significant association with worse endothelial function. These finding 
may reinforce the hypothesis of the role of ED in the development 
of hypertension also in patients with MS and the possible benefit of 
therapeutic measures to improve EF, both in the prevention and in 
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the treatment of hypertension. By multiple linear regression analysis, 
waist and hypertension were significantly associated with VDMF. 
The waist is related to endothelial dysfunction and to visceral obesity. 
Visceral obesity is a paramount risk factor to the development of 
arterial hypertension. Endothelial dysfunction and visceral obesity 
are related to the development of hypertension. There is a close 
relation between endothelial dysfunction, metabolic syndrome and 
hypertension, especially through oxidative stress in the vascular 
endothelium.18,19 

Conclusion
In conclusion, the group of patients with metabolic syndrome and 

hypertension showed poorer endothelial function than patients with 
metabolic syndrome and normotension. This fact may explain the 
worse cardiovascular outcome in patients with metabolic syndrome 
and hypertension, and the usefulness of measures to improve 
endothelial function for the prevention, treatment and prognosis of 
hypertension in these high risk patients.
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