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Purpose: Metabolic syndrome (MetS) and peripheral endothelial dysfunction (PED) are

both independently associated with an increased risk of cardiovascular disease (CVD). PED

provides prognostic information beyond that provided by conventional risk factors. However,

the association between MetS and PED remains uncertain. We evaluated the association

between MetS and PED.

Patients and methods: We performed a retrospective analysis of patients who were

referred to Mayo Clinic between 2006 and 2014 for evaluation of chest pain and/or an

assessment of CVD risk that included an assessment of PED measured with reactive

hyperemia peripheral arterial tonometry. MetS was defined as the presence of at least 3 of

the following: body mass index≥25 kg/m2, impaired fasting glucose or diabetes, high blood

pressure or hypertension, hypertriglyceridemia, or low high-density lipoprotein cholesterol.

Results: Six hundred seventy-eight patients were included (mean age 51.9±13.5 years, 418

(61.6%) women), of which 293 (43.2%) had PED, and 249 (36.7%) had MetS. In multi-

variable analyses adjusted for age, sex, CVD, smoking status, and elevated low-density

lipoprotein, MetS was significantly associated with PED (Odds Ratio (OR) 2.06;

P=0.0090). Of the individual MetS components, only being overweight and MetS range

high-density lipoprotein had a similar association. After stratifying by sex, the association

between MetS and PED persisted only in men (OR 3.16, P=0.0094).

Conclusions:MetS is associated with PED in men undergoing an assessment of chest pain and/

or CVD risk. Identifying PED in individuals with MetS could provide an abridged assessment of

risk, potentially allowing for earlier and more intensive management of risk factors.

Keywords: metabolic syndrome, peripheral endothelial dysfunction, reactive hyperemia

peripheral arterial tonometry, cardiovascular disease

Introduction
Metabolic syndrome (MetS) is common, with an estimated prevalence of 34.5%

amongst the adult population of the United States1 and is associated with increased

cardiovascular disease (CVD) and mortality.2

Endothelial dysfunction precedes atherosclerosis and is independently associated

with adverse CVD events.3 Endothelial dysfunction can be measured peripherally and

non-invasively by assessing the reactive hyperemia response.4 Observational data

demonstrate that individuals with minimal traditional cardiovascular risk factors

who have peripheral endothelial dysfunction (PED) have a higher incidence of

cardiovascular events including mortality at follow-up compared to those without

PED.3,5 Thus, PED provides prognostic information above and beyond that provided

by conventional CVD risk factors.

Correspondence: Amir Lerman
Division of Cardiovascular Diseases, Mayo
Clinic College of Medicine and Science,
200 1st Street SW, Rochester, MN 55902,
USA
Tel +1 507 286 9040
Email Lerman.amir@mayo.edu

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12 1035–1045 1035
DovePress © 2019 Taher et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.

php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://doi.org/10.2147/DMSO.S204666

http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


While MetS predicts an increased risk for CVD, it is

not clear whether it adds additional important information

to existing cardiovascular risk stratification models.6 Thus,

whether evaluating for MetS contributes to patient risk

estimation remains uncertain. In addition, the mechanism

by which MetS mediates the increased incidence of cardi-

ovascular events is not fully determined. The significant

association between MetS and PED had been described in

previous studies;7,8 however, other studies had demon-

strated only partial9 or weak10 association between MetS

and peripheral vascular health.

In the current study, we evaluate the association

between MetS and PED, as an index of endothelial func-

tion and vascular health as a potential mediator for cardi-

ovascular risk in these individuals.

Patients and methods
In this retrospective cross-sectional study, 722 patients

were referred by their primary physicians to Mayo Clinic

between 2006 and 2014 for assessment of chest pain

and/or assessment of cardiovascular risk and underwent

PED testing using EndoPAT. The decision to undertake

EndoPAT testing was at the clinical discretion of the

evaluating physician. Only the first test for each patient

was included in the final data analysis and thus 44 tests

were excluded. EndoPAT (Itamar Medical Ltd., Caesarea,

Israel) which is Food and Drug Administration approved

noninvasive device, assesses PED by measuring Reactive

Hyperemia Peripheral Arterial Tonometry (RH-PAT).4

The reactive hyperemia protocol consists of a 16-min

reactive hyperemia test, in the following sequence:

a 5-min baseline measurement, after which a blood pres-

sure cuff on the test arm is inflated to 60 mmHg above

baseline systolic blood pressure, or at least 200 mmHg

for 5 min, after which the cuff is deflated, and the post-

deflation PAT tracing is recorded for an additional 6

mins. The ratio of the PAT signal after cuff release

compared to baseline is calculated through a computer

algorithm automatically normalizing for baseline signal

and indexed to the contralateral arm. Previous studies

have demonstrated that a 1-min RH-PAT index of less

than 2.0 correlates best with abnormal PED, with

a specificity of over 96%.11

Patients’ consent
The study was approved by Mayo Clinic International

Review Board with compliance with the Declaration of

Helsinki, and all patients provided written informed

consent to participate in the protocol and have their clin-

ical information and data used for this and other research

studies.

Patients’ information
Data were collected on the following parameters: demo-

graphic factors (race, sex, and age), traditional cardiovas-

cular risk factors (hypertension; diabetes mellitus;

dyslipidemia, defined according to The American

Association of Clinical Endocrinologists’ (AACE) 2017;12

smoking status and obesity defined as body mass index

(BMI) ≥30 kg/m2)13 and presence of obstructive CVD,

which was defined as a history of percutaneous coronary

intervention, history of coronary artery bypass graft sur-

gery, coronary artery stenosis of ≥50% of at least one

coronary artery on coronary angiogram or coronary com-

puted tomography angiography, history of ischemic stroke

or transient ischemic attack assumed not to be secondary to

atrial fibrillation, carotid artery stenosis ≥50%, or a clinical

diagnosis of peripheral artery disease. Data on laboratory

information were also collected including fasting plasma

glucose (FPG), hemoglobin A1C, lipid profile, and creati-

nine with which estimated glomerular filtration rate (eGFR)

was calculated using MDRD equation.14

The definition of MetS in the current study was based

largely upon the Adult Treatment Panel III (ATP III) criteria,

the most widely used definition in clinical practice,15 which

defines the MetS as the presence of any three of the follow-

ing: (1) waist circumference in men≥102 cm and in

women≥88 cm (2) Serum triglycerides≥150 mg/dL or drug

treatment for elevated triglycerides (3) Serum high-density

lipoprotein (HDL) cholesterol<40 mg/dL in men or <50 mg/

dL in women or drug treatment for low HDL cholesterol (4)

Blood pressure 130/85 mmHg or drug treatment for elevated

blood pressure (5) FPG≥100 mg/dL or drug treatment for

elevated blood glucose. The AACE 200316 definition of

MetS enables using overweight defined as BMI≥25 kg/m213

as marker of adiposity. The relationship between the variable

definitions of MetS and incident CVD and mortality appears

to be similar.17 Other study18 that evaluated the ability of

different definitions of MetS to predict cardiovascular risk

among individuals found AACE 2003 criteria less sensitive

but more specific than ATP III criteria.

Identification of MetS in the current study was based

on the ATP III criteria with substitution of waist circum-

ference for BMI≥25 kg/m2 (adopted as criterion of MetS

by AACE 2003) considering lack of data on waist circum-

ference in the patient sample.
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Statistical analysis
Baseline characteristics of the study populationwere presented

as mean±standard deviation (SD) for normally distributed

continuous variables, and number plus percent for categorical

variables. Study participants were divided into those with

normal and those with abnormal endothelial function. To

compare variable between the two study groups we did two

sample t-test for normally distributed continuous variables,

Mann–Whitney U test for non-normally distributed variables,

and χ2 test for categorical variables. EndoPAT indexes and

frequency of an abnormal RH-PAT index were compared

between subjects with and without MetS. Logistic regression

model was done to estimate the associations between RH-PAT

index and MetS. Multivariable analyses assessing the associa-

tion between MetS, as well as its individual components, and

abnormal RH-PAT index were performed and adjusted for

traditional cardiovascular risk factors which are not included

in the definition of MetS, which include age, sex, CVD,

smoking status and elevated low-density lipoprotein (LDL).

Two-sided P-values less than 0.05 were accepted as signifi-

cant. All statistical analyses were performed using JMP 9

software (SAS Institute, Inc., Cary, NC, USA).

Table 1 Patients’ characteristics

Characteristic Normal RH-PAT index (N=385) Abnormal RH-PAT index (N=293) P-value

Age – mean±SD (yr) 52.1±13.5 51.7±13.6 0.6863

Male sex – no./total no. (%) 133/385 (34.5) 127/293 (43.3) 0.0196

Body mass index – mean±SD 27.1±5.5 29.6±6.5 <0.0001

Race of ethnic group – no./total no. (%) 0.3205

White 345/385 (89.6) 268/293 (91.5)

Black 1/385 (0.3) 2/293 (0.007)

Asian 5/385 (1.3) 7 (2.4)

Other 34/385 (8.8) 16/293 (5.5)

Smoking (past or current) – no./total no. (%) 140/385 (36.4) 115/293 (39.3) 0.4423

Obstructive CVD – no./total no. (%) 72/385 (18.7) 77/293 (26.3) 0.0182

Dyslipidemia – no./total no. (%) 251/385 (65.2) 222/293 (75.8) 0.0030

MetS – no./total no. (%) 109/385 (28.3) 140/293 (47.8) <0.0001

MetS components – no./total no. (%)

BMI≥25 kg/m2 234/385 (60.8) 224/293 (76.5) <0.0001

Type 2 diabetes 23/385 (6.0) 30/293 (10.2) 0.0404

FPG≥100 mg/dL 105/332 (31.6) 106/258 (41.1) 0.0174

Hypertension 165/385 (42.9) 130/293 (44.4) 0.6941

SBP≥130 mmHg 115/384 (30.0) 83/293 (28.3) 0.6461

DBP≥85 mmHg 67/384 (17.5) 40/293 (13.7) 0.1798

MetS range HDL 70/329 (21.3) 90/271 (33.2) 0.0010

Triglycerides≥150 mg/dL 78/329 (23.7) 85/271 (31.4) 0.0359

Lab data- mean±SD; no/total no. of individuals (%)

FPG (mg/dL) 98.5±20.4; 332/385 (86.2) 101.5±23.3; 258/293 (88.1) 0.1083

Hemoglobin A1C (%) 5.77±1.02; 80/385 (20.8) 5.71±0.92; 93/293 (31.7) 0.6913

Total cholesterol (mg/dL) 192.4±49.4; 329/385 (85.5) 185±42.3; 270/293 (92.2) 0.0874

LDL cholesterol (mg/dL) 108.9±42.5; 324/385 (84.2) 104.4±36.4; 266/293 (90.8) 0.1636

HDL cholesterol (mg/dL) 59.4±17.6; 329/385 (85.5) 54.4±17.3; 271/293 (92.5) 0.0005

Non HDL cholesterol (mg/dL) 133.0±48.2; 329/385 (85.5) 131.6±42.9; 270/293 (92.2) 0.7066

Triglycerides (mg/dL) 124.0±89.3; 329/385 (85.5) 141.2±102.7; 271/293 (92.5) 0.0309

eGFR (mL/min/1.73 m2) 74.7±17.0; 335/385 (87.0) 77.8±20.7; 262/293 (89.4) 0.0529

Note: Bold values indicate P <0.05.

Abbreviations: RH-PAT, reactive hyperemia-peripheral arterial tonometry; SD, standard deviation; CVD, cardiovascular disease; DLP, dyslipidemia; MetS, metabolic

syndrome; BMI, body mass index; FPG, fasting plasma glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-

density lipoprotein; eGFR, estimated glomerular filtration rate.
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Results
Six hundred seventy-eight subjects were included in our

study, of which 418 (61.7%) were women and 613 (90.4%)

were Caucasian. The mean age was 51.9±13.5 years. Two

hundred forty-nine subjects (36.7%) had MetS and 293

(43.2%) had an abnormal RH-PAT index. Patients’ baseline

characteristics are summarized in Table 1. Compared to those

with a normal RH-PAT, patients with an abnormal RH-PAT

index had a significantly higher frequency of obstructive

CVD, dyslipidemia, overweight, type 2 diabetes, high FPG,

lowHDL, and high triglycerides. In addition, patients with an

abnormal RH-PAT index had a significantly higher frequency

ofMetS. Compared to women, men had a significantly higher

frequency of MetS, abnormal RH-PAT index, obstructive

CVD, obesity, past or current smokers, high FPG and dysli-

pidemia (Table 2).

There was a statistically significant correlation

between the incremental sum of MetS components and

RH-PAT index. Each additional MetS component reduced

the RH-PAT index by 0.08 (r2=0.03, P<0.0001). After

stratifying by sex, each additional MetS component

reduced the RH-PAT index by 0.07 (r2=0.02, P=0.0069)

and 0.10 (r2=0.04, P=0.0014) in women and men, respec-

tively (not shown in the tables).

Mean RH-PAT index among patients with MetS was

lower compared to patients without MetS in all individuals

and after stratifying by sex to men and women (Table 3).

In a univariable analysis, MetS was significantly asso-

ciated with an abnormal RH-PAT index with an Odds

Ratio (OR) of 2.32 (P<0.0001), as well as after stratifying

individually for age, sex, CVD, smoking status, dyslipide-

mia, and obesity (Table 4).

In multivariable analyses (Figure 1) adjusting for fac-

tors not included in the definition of MetS, namely, age,

sex, presence of obstructive CVD, smoking status, and

Table 2 Patients’ characteristics stratified by sex

All Women Men P-value‡

(N=678) (N=418; 61.7%) (N=260; 38.3%)

Age – mean (yr)±SD 51.9±13.5 51.7±13.8 52.3±13.1 0.5587

BMI – mean (kg/m2)±SD 28.2±6.0 27.5±6.4 29.2±5.2 0.0003

Obesity – no. (%) 223 (32.9) 121 (28.9) 102 (39.2) 0.0056

Obstructive CVD 149 (22.0) 62 (14.8) 87 (33.5) <0.0001

Smoking (past or current) – no. (%) 255 (37.6) 141 (33.7) 114 (43.8) 0.0082

Dyslipidemia no. (%) 473 (69.8) 271 (64.8) 202 (77.7) 0.0004

MetS no. (%) 249 (36.7) 138 (33.0) 111 (42.7) 0.011

MetS components:

BMI≥25 kg/m2 no. (%) 458 (67.6) 249 (59.6) 209 (80.4) <0.0001

Type2 diabetes no. (%) 53 (7.8) 27 (6.5) 26 (10) 0.0949

FPG≥100 mg/dL no. (%) 211 (35.8) 116 (31.5) 95 (42.8) 0.0057

Hypertension no. (%) 295 (43.5) 174 (41.6) 121 (46.5) 0.2097

SBP≥130 mmHg no. (%)a 198 (29.2) 120 (28.8) 78 (30.0) 0.7337

DBP≥85 mmHg no. (%)a 107 (15.8) 65 (15.6) 42 (16.2) 0.8442

MetS range HDL-Cb 160 (26.7) 102 (27.5) 58 (25.3) 0.56

Triglycerides≥150 no. (%)b 163 (27.2) 88 (23.7) 75 (32.8) 0.0157

Abnormal RH-PAT index. no. (%) 293 (43.2) 166 (39.7) 127 (48.8) 0.0196

Notes: Bold values indicate P<0.05. ‡P-value comparing women to men; aOne female patient missed data of systolic and diastolic blood pressure; b78 individuals (11.5%)

missed data of serum HDL and triglycerides, 47 of them women (11.2% of women) and 31 men (11.9% of men).

Abbreviations: SD, standard deviation; BMI, body mass index; CVD, cardiovascular disease; MetS, metabolic syndrome; FPG, fasting plasma glucose; SBP, systolic blood

pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; RH-PAT, reactive hyperemia-peripheral arterial tonometry.

Table 3 Mean RH-PAT index in MetS with stratification by sex

Group MetS No. Mean RH-PAT index

±SD

P-value‡

All the

subjects

(+) 249 2.01±0.64 <0.0001

(–) 429 2.26±0.64

Women (+) 138 2.07±0.66 0.0042

(–) 280 2.27±0.67

Men (+) 111 1.93±0.60 <0.0001

(–) 149 2.25±0.59

Notes: Bold values indicate P<0.05. ‡P-value comparing subjects with vs without

MetS in the same group.

Abbreviations: RH-PAT, reactive Hyperemia-peripheral arterial tonometry; MetS,

metabolic syndrome; SD, standard deviation.
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elevated LDL (LDL≥130 mg/dL or treatment by lipid-

lowering therapy), MetS was significantly associated with

an abnormal RH-PAT index (OR 2.06; P=0.0090). Of the

MetS components, overweight and MetS range HDL had

a similar association. After stratifying by sex (Figure 2),

MetS was associated with an abnormal RH-PAT index

only among men (OR 3.16, P=0.0094). Of the MetS com-

ponents, overweight only had a similar association

amongst men, while MetS range HDL only had a similar

association amongst women.

Table 5 shows the modification effect of statin treat-

ment on the association between MetS, as well as its

components, and abnormal RH-PAT index. The interaction

was significant only among women with MetS.

Discussion
The current study demonstrates a significant association

between PED and MetS; however, after stratification by

sex, this association remains significant only in men. Thus,

our findings support the potential role of pre-clinical assess-

ment for impaired endothelial function in individuals with

MetS as a marker of increased risk for CVD. This would give

rise to an objective, noninvasive assessment of vascular

health by providing an integrated index of CVD risk that is

more easily obtained and may provide more prognostic

information than that provided by classifying individuals as

having MetS.

The findings of our study additionally highlight the

following points:

MetS and sex
Bi et al19 found that the association between android fat, insulin

resistance, andMetS exists only in men. Furthermore, a recent

study20 in overweight or obese but otherwise healthy subjects

found that men had a more detrimental cardiometabolic risk

profile compared to women despite similar age and BMI. The

current study extends these findings by demonstrating

a significant relationship between MetS and PED as a marker

of early atherosclerosis, amongst men but not women after

adjusting for CVD and conventional CVD risk factors which

are not included in the MetS definition.

Bjorntorp et al21 showed that the risk of coronary heart

disease rises among women whose waist-to-hip ratio is

higher than 0.5. CVD had been linked to upper body

obesity that is independent to the degree of overall obesity

in another study .22 Waist circumference is a measurement

of abdominal obesity and provides risk information that is

not accounted for by BMI,23,24 although BMI is more

convenient to measure in clinical practice and is also

known to correlate with CVD risk.25 In the current study,

Mets

Overweight

2.06; (1.20-3.54) 0.0090

0.0023

0.4972
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0.4398
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Odds ratio

2.89; (1.46-5.73)

1.47; (0.46-4.49)

1.36; (0.75-2.48)

1.74; (0.97-3.12)

2.11; (1.15-3.87)

1.26; (0.70-2.26)

Type2 diabetes

Fasting plasma glucose≥100 mg/dL

Triglycerides≥150 mg/dL

Mets range high density lipoprotein

Hypertension

OR; (95% CI) P value

Figure 1 Odds ratio with 95% confidence interval for the association of metabolic syndrome and its individual components with abnormal Reactive Hyperemia-Peripheral

Arterial Tonometry index based on multivariate analysis adjusting for: age, sex, presence of obstructive cardiovascular disease, smoking status, and elevated low-density

lipoprotein cholesterol (LDL-C) (LDL-C≥130 mg/dL or treatment by statin and/or ezetimibe).

Abbreviation: Mets, metabolic syndrome.
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given a lack of data on waist circumference, we used BMI

as an alternative indicator of adiposity. We showed, in

multivariable analysis, that overweight is associated with

abnormal PED in all individuals and men only, which may

in part explain the discordance between sexes in the asso-

ciation between MetS and PED. In turn, these findings

underscore the potential importance of using waist circum-

ference as a more appropriate indicator of adiposity and

marker of risk in women.

MetS and its components
Among individual MetS components, only overweight and

MetS range HDL have significant association with PED in

multivariable analyses. After stratifying by sex, that associa-

tion was demonstrated between PED and MetS range HDL

only in women, and overweight only in men. In fact, the data

regarding the relationship between MetS components and

vascular risk are variable in the literature. In a prospective

study of a population of patients with angiographically signifi-

cant coronary artery disease,26 from the individual components

of metabolic syndrome (defined per the ATP III criteria), only

the lowHDL independently predicted vascular events. Further,

in a prospective, multicenter, international study,9 early ather-

osclerosis was evaluated in a variety of ways including the

carotid-femoral pulse wave velocity (CF-PWV) and cardio-

ankle vascular index (CAVI). The authors found higher CF-

PWV only to be associated with the presence of MetS and

found no association between CAVI and MetS. CAVI was

associated with high glucose and blood pressure while CF-

PWVwas associated with all five MetS components individu-

ally. In another study,27 the larger the number of the MetS

components, the greater the increase in PWV. The current

study is in accord with the findings of these studies by demon-

strating reduction of RH-PAT index by each additional indivi-

dual MetS component and by demonstrating the role of

overweight in men, as discussed before, and low HDL in

Mets

Overweight

Type2 diabetes

Fasting plasma glucose≥100 mg/dL

Triglycerides≥150 mg/dL

MetS range high density lipoprotein

Hypertension
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Type2 diabetes
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OR; (95% CI) P value

OR; [95% CI]
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P value

Odds ratio
0.5 1.0 5.0
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0.5 1.0 5.0
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2.01; (0.78-5.17)
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A

B

Figure 2 Odds ratio with 95% confidence interval for the association of metabolic syndrome and its individual components with abnormal Reactive Hyperemia-Peripheral

Arterial Tonometry index based on multivariate analysis adjusting for: age, presence of obstructive cardiovascular disease, smoking status ,and elevated low-density

lipoprotein cholesterol (LDL-C) (LDL-C≥130 mg/dL or treatment by statin and/or ezetimibe) in women (A) and men (B) The 95% CI for type2 diabetes in men is between 0

and indefinite, so it’s not shown.

Abbreviations: MetS, metabolic syndrome.
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women which are independently associated with PED as an

early marker of atherosclerosis in a relatively young group of

patients presenting for evaluation of chest pain and/or evalua-

tion of CVD risk. Conversely, Sattar et al10 did show thatMetS

and its components had a weak or no association with vascular

risk in elderly patients. However, the study was based on two

patient populations aged 60–79 and 70–82 which is signifi-

cantly older than the age in the current study.

Weisrock et al28 found good reliability of PAT in different

groups but not in subjects with hypertension, possibly due to

variations in heart rate. That could explain the absence of

significant association between PED and hypertension in our

study.We did not find a significant association between type2

diabetes and PED which could be due to small number of

diabetic patients (53, 7.8%) and relatively good diabetes

control (mean Hba1c 7.07±1.12% in the diabetic patients).

Further studies are needed.

MetS and statin treatment
The current study shows that statin treatment may amelio-

rate the association between PED and MetS among

women. Statins were shown to improve PED evaluated

by flow-mediated dilation in subjects with hyperlipidemia

and MetS and/or diabetes.29 In another study,30 obese men

with MetS, but without CVD, had reduced levels of

endothelial progenitor cells which improved after treat-

ment with statins. Thus, the current study supports the

early treatment of seemingly low-risk individuals with

MetS to modify PED with a view to reduce CVD risk.

However, our study only showed a beneficial effect of

statin treatment in women. Compared to women, men in

our study had a higher frequency of obstructive CVD and

CVD risk factors. Thus, the lack of interaction of statin

treatment with the association between MetS and PED in

men could be due to the greater burden of CVD in men

compared to women. These results raise the question

whether patients with MetS, even relatively low-risk

patients, could gain benefit from early initiation of statin

therapy as primary prevention for CVD regardless of LDL

level. This requires further studying.

Strength and limitations of the study
The current study has several strengths including a large

number of patients allowing adjustment for several poten-

tially confounding variables. Limitations of the current

study include: (1) some of the patients in the non-known

CVD could still have occult disease that may be obstruc-

tive or non-obstructive in spite of guideline-based

investigation, (2) we used BMI≥25 kg/m2 as a surrogate

indicator of adiposity as opposed to waist circumference

due to lack of data, (3) there is still no clear protocol for

which patients should undergo PED testing for evaluation

of cardiovascular risk, indeed the decision to perform

testing was based on each physician’s individual clinical

judgment in evaluating chest pain and/or cardiovascular

risk, and (4) this was a retrospective cross-sectional ana-

lysis which makes deriving causal associations

challenging.

Conclusions
The current study demonstrates that MetS is associated

with PED in men even after adjusting for confounding

variables, including baseline CVD status. PED may there-

fore act as a mediator of CVD risk in patients with MetS.

Identifying PED using EndoPAT in individuals with MetS,

including low-risk subjects could provide an abridged

assessment of risk, potentially allowing for earlier and

more intensive management of CVD risk factors.

Abbreviation list
MetS, metabolic syndrome; CVD, cardiovascular disease;

PED, peripheral endothelial dysfunction; RH-PAT, Reactive

Hyperemia Peripheral Arterial Tonometry; LDL, low-

density lipoprotein; HDL, high-density lipoprotein; BMI,

body mass index; FPG, fasting plasma glucose; ATP III,

Adult Treatment Panel III; AACE, American Association

of Clinical Endocrinologists’; OR, odds ratio; CI, confidence

interval; Fig., figure; CF-PWV, carotid-femoral pulse wave

velocity; CAVI, cardio-ankle vascular index; PROSPER,
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