Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy

Dove

ORIGINAL RESEARCH

Metabolic syndrome is associated with peripheral
endothelial dysfunction amongst men

Riad Taher'
Jaskanwal D Sara'
Behnam Heidari'
Takumi Toya'
Lilach O Lerman?
Amir Lerman'

'Division of Cardiovascular Diseases,
Mayo Clinic College of Medicine and
Science, Rochester, MN, USA; Division
of Nephrology and Hypertension,
Department of Medicine, Mayo Clinic
College of Medicine and Science,
Rochester, MN, USA

Correspondence: Amir Lerman

Division of Cardiovascular Diseases, Mayo
Clinic College of Medicine and Science,
200 Ist Street SW, Rochester; MN 55902,
USA

Tel +1 507 286 9040

Email Lerman.amir@mayo.edu

This article was published in the following Dove Press journal:
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy

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/m?, 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 States' and is associated with increased
cardiovascular disease (CVD) and mortality.”

Endothelial dysfunction precedes atherosclerosis and is independently associated
with adverse CVD events.® Endothelial dysfunction can be measured peripherally and
non-invasively by assessing the reactive hyperemia response.® 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.*® Thus, PED provides prognostic information above and beyond that provided
by conventional CVD risk factors.
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While MetS predicts an increased risk for CVD, it is
not clear whether it adds additional important information
to existing cardiovascular risk stratification models.® 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;””® however, other studies had demon-
strated only partial” or weak'® 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).*
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%."'

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-
diabetes
dyslipidemia, defined according to The American
Association of Clinical Endocrinologists’ (AACE) 2017;'*
smoking status and obesity defined as body mass index
(BMI) >30 kg/m?)'* and presence of obstructive CVD,
which was defined as a history of percutancous coronary

cular risk factors (hypertension; mellitus;

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 (¢GFR)
was calculated using MDRD equation.'*

The definition of MetS in the current study was based
largely upon the Adult Treatment Panel I1I (ATP III) criteria,
the most widely used definition in clinical practice,'> 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 2003'° definition of
MetS enables using overweight defined as BMI>25 kg/m?*'?
as marker of adiposity. The relationship between the variable
definitions of MetS and incident CVD and mortality appears
to be similar.!” Other study'® 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/m* (adopted as criterion of MetS
by AACE 2003) considering lack of data on waist circum-
ference in the patient sample.
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Table | Patients’ characteristics
Characteristic Normal RH-PAT index (N=385) | Abnormal RH-PAT index (N=293) | P-value
Age — meanzSD (yr) 52.1£13.5 51.7x13.6 0.6863
Male sex — no./total no. (%) 133/385 (34.5) 127/293 (43.3) 0.0196
Body mass index — meantSD 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(24)
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) 771293 (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. (%)
BMI225 kg/m? 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
Triglycerides2150 mg/dL 78/329 (23.7) 85/271 (31.4) 0.0359
Lab data- meanSD; 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 AIC (%) 5.77x1.02; 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) 59.4x17.6; 329/385 (85.5) 54.417.3; 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 m?) 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.

Statistical analysis

Baseline characteristics of the study population were presented
as meantstandard 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 #-test for normally distributed continuous variables,
Mann—Whitney U test for non-normally distributed variables,
and y* 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).
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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,
low HDL, and high triglycerides. In addition, patients with an
abnormal RH-PAT index had a significantly higher frequency
of MetS. 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 (r*=0.03, P<0.0001). After
stratifying by sex, each additional MetS component
reduced the RH-PAT index by 0.07 (r*=0.02, P=0.0069)
and 0.10 (r*=0.04, P=0.0014) in women and men, respec-
tively (not shown in the tables).

Table 2 Patients’ characteristics stratified by sex

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

Group MetS | No. | Mean RH-PAT index | P-valuet
tsD

All the +) 249 | 2.01+0.64 <0.0001

subjects -) 429 | 2.26+0.64

Women +) 138 | 2.07+0.66 0.0042
) 280 | 2.27+0.67

Men ) [T ] 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.

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/m?)£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:
BMI225 kg/m?® 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
FPG2100 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. (%)* 198 (29.2) 120 (28.8) 78 (30.0) 0.7337
DBP285 mmHg no. (%)* 107 (15.8) 65 (15.6) 42 (16.2) 0.8442
MetS range HDL-C® 160 (26.7) 102 (27.5) 58 (25.3) 0.56
Triglycerides=150 no. (%)° 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; *One female patient missed data of systolic and diastolic blood pressure; °78 individuals (I1.5%)
missed data of serum HDL and triglycerides, 47 of them women (I 1.2% 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.
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OR; (95% CI) P value
Mets ‘ 2.06; (1.20-3.54) 0.0090
Overweight ’ 2.89; (1.46-5.73) 0.0023
Type2 diabetes . 1.47; (0.46-4.49) 0.4972
Fasting plasma glucose=100 mg/dL . 1.36; (0.75-2.48) 0.3107
Triglycerides=150 mg/dL ’ 1.74; (0.97-3.12) 0.0609
Mets range high density lipoprotein ’ 2.11; (1.15-3.87) 0.0156
Hypertension ’ 1.26; (0.70-2.26) 0.4398

0.5

5.0

Odds ratio

Figure | 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-C2130 mg/dL or treatment by statin and/or ezetimibe).

Abbreviation: Mets, metabolic syndrome.

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
Bietal'
resistance, and MetS exists only in men. Furthermore, a recent

found that the association between android fat, insulin

study? 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 al*' 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 .>*> Waist circumference is a measurement
of abdominal obesity and provides risk information that is
,>2* although BMI is more
convenient to measure in clinical practice and is also

not accounted for by BM

known to correlate with CVD risk.?® In the current study,
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A women OR; (95% Cl) P value
Mets 4L 1.12; (0.54-2.35) 0.7584
Overweight — —’— 1.75; (0.76-4.04) 0.1884
Type2 diabetes ——’ 0.88; (0.12-6.42) 0.8968
Fasting plasma glucose=100 mg/dL —‘7 0.91; (0.37-2.22) 0.8319
Triglycerides=150 mg/dL _ | . 1.63; (0.74-3.60) 0.2298
MetS range high density lipoprotein —’_ 2.55; (1.15-5.66) 0.0215
Hypertension —_— ’— 1.20; (0.52-2.73) 0.6708

05 10 5.0
Odds ratio

B Men OR; [95% CI] P value
Mets — 3.16; (1.33-752)  0.0094
Overweight s 5.44; (1.22-24.34)  0.0266
Type2 diabetes 0.9977
Fasting plasma glucose=100 mg/dL ‘.— 1.19; (0.46-3.08) 0.7145
Triglycerides=150 mg/dL 4 2.01;(0.78-5.17)  0.1460
MetS range high density lipoprotein ’ 2.29;(0.75-7.01) 0.1476
Hypertension —t— 0.79; (0.28-2.24)  0.6619

05 1.0 5.0
Odds ratio

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% ClI for type2 diabetes in men is between 0

and indefinite, so it’s not shown.
Abbreviations: MetS, metabolic syndrome.

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,” from the individual components
of metabolic syndrome (defined per the ATP III criteria), only
the low HDL independently predicted vascular events. Further,
in a prospective, multicenter, international study,” 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-
PWYV 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-
PWYV was associated with all five MetS components individu-
ally. In another study,”’ 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

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12

submit your manuscript

1041

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Taher et al

‘uioadodi) Ausuap-y3iy “1gH ‘uoisusiiadAy ‘N1H fosoani ewseld Sunse) ‘Dd4 ‘sa1aqelp g adh ‘gl Xapul ssew Apoq ‘|l|g ‘@WOoJpUAs dljogelaw ‘S19)y ‘Adrswouoy [elialte |edaydiiad-eiwaaadAy aAndead ‘| d-HY :SuoneIAlIqqy

JuedyIusis A|[ednsnels aJe sanjeA-d pue | YO pap|og 930N

v6£1°0 60210 P
18860 | (TST¥80) Sl (T8p) 6vT/0TI (€60 evt/eL | (LET-060) 9% (0ev) 15€/151 (9'57) 15€/06 IV | /8w 0S| ZsopLaA[BLL
01000
18770 “(z9'¢-8¢'1)
0€7T0 | (FT-180) 1¥] (T8y) 6vT/0TI (€£0) 6¥T/89 €T'T (0ev) 15€/151 (T90) 15€/T6 I 1QH 28ues $19)
78980 87660
22060 | (S571-09°0) 960 (TL¥) v8TUFPEN (09) ¥87/141 | (b5 1-59°0) 00" (F'o¥) ¥6€/6S| (S'1€) P6EFTI I NLH
S6£0°0
871€0 “e6s°T-T0'1)
¥7Ts0 | (91'T-8£0) 0€'I (6'9%) 1¥TEl (Tsy) 17601 €91 (9'1%) 6vE/SHI (z67) 6vE/20I I P/3W 00129dd
STT0°0
75090 erg-zin)
92610 | ‘#97-£50) TTI (T1¥) v8TUFEN (zol) ¥82/6T 9T ('o¥) ¥6€/6S| (1'9) ¥6EvT I awl
0500°0 S200°0
‘00 v-LT'1) «s6'T-9T'1) (/3 ST2IWG)
99990 ST'T (T1¥) v8TUFPEI (1'94) ¥827/91¢ 6°1 ('o¥) ¥6€/6S| (#'19) v6€/THT I W3PMIIAO
syusauodwiod g1
1000°0> LY00°0
‘(08°'8-71'7) ‘(s69-o¥'1)
61550 [A%4 (0%5) 6€1/5L (Tes) 6€1/vL e (oev) 121728 (9°0¢) 121/L€ ualy
0200°0
S€94°0 oTv-LE'1)
SLT0'0 | (SL'1-L¥0) 0610 (£'0¥) S¥1/6S (0'6¥) S¥1/1L or'z (T6€) €£2/101 (S¥T) €£T/19 | uswopp
6500°0 1000°0>
Gre-1zn) 91'v-99°'1)
ST9€°0 v6'l (T L) v8TUPEI (1'19) ¥8T/SPI £9'C ('o¥) ¥6€/6S| 92 v6€/H01 I S
(%) Ire/xapur 1vd (%) lre/p1qe (%) 1re/xapui 1vd (%) 1repP1qe
S d ‘(10 %S6) WO -HY [ew.ouqe Y3im ‘oN | -lBA yum ‘oN | d 1D %56) HO -HY [BW.IOUqE YIIM "ON | -lBA YIM ‘ON
JO anjeA-q4 pajeaJy uneyg pajeasy unels auoN | dnoun a|qeleA

1Vd-HY [ewJouqe pue

‘syusuodwod SI9IA SE ||oM se .mu-wz U339M]3q UOIEIdDOSSE 3yl uo jusuwijead) unels Jo

1095 uonedylpow 3y| § d|qel

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12

submit your manuscript

1042

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Taher et al

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 al'® did show that MetS
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 al*® 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 Hbalc 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.?” In another study,*” 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/m?® 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-PWYV, carotid-femoral pulse wave
velocity; CAVI, cardio-ankle vascular index; PROSPER,
Pravastatin in elderly individuals at risk of vascular disease;
SD, standard deviation; DLP, dyslipidemia; SBP, systolic
blood pressure; DBP, diastolic blood pressure.

Data sharing statement
By direct contact with the corresponding author.

Acknowledgments

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-
profit sectors.

Author contributions

All authors contributed to data analysis, drafting and revising
the article, gave final approval of the version to be published,
and agree to be accountable for all aspects of the work.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12

submit your manuscript

1043

Dove


http://www.dovepress.com
http://www.dovepress.com

Taher et al

Dove

Disclosure
Dr Amir Lerman reports personal fees from Itamar

Medical and Philips Volcano, during the conduct of the

study. The authors report no other conflicts of interest in

this work.

References

1

oo

. Ford ES. Prevalence of the metabolic syndrome defined by the

International Diabetes Federation among adults in the U.S. Diabetes
Care. 2005;28(11):2745-2749.

. Gami AS, Witt BJ, Howard DE, et al. Metabolic syndrome and risk

of incident cardiovascular events and death: a systematic review and
meta-analysis of longitudinal studies. J Am Coll Cardiol. 2007;49
(4):403-414. doi:10.1016/j.jacc.2006.09.032

. Bonetti PO, Lerman LO, Lerman A. Endothelial dysfunction: a marker of

atherosclerotic risk. Arterioscler Thromb Vasc Biol. 2003;23(2):168-175.

. Martin EA, Prasad A, Rihal CS, Lerman LO, Lerman A. Endothelial

function and vascular response to mental stress are impaired in
patients with apical ballooning syndrome. J Am Coll Cardiol.
2010;56(22):1840-1846. doi:10.1016/j.jacc.2010.03.107

. Matsuzawa Y, Kwon TG, Lennon RJ, Lerman LO, Lerman A.

Prognostic value of flow-mediated vasodilation in brachial artery
and fingertip artery for cardiovascular events: a systematic review
and meta-analysis. J Am Heart Assoc. 2015;4(11):e002270.
doi:10.1161/JAHA.115.002270

. Scuteri A, Laurent S, Cucca F, et al., Metabolic Syndrome and

Arteries Research (MARE) Consortium. Metabolic syndrome across
Europe: different clusters of risk factors. Eur J Prev Cardiol. 2015;22
(4):486-491. doi:10.1177/2047487314525529

. Matsuzawa Y, Sugiyama S, Sugamura K, et al. Successful diet and

exercise therapy as evaluated on self-assessment score significantly
improves endothelial function in metabolic syndrome patients. Circ J.
2013;77(11):2807-2815.

. Lteif AA, Han K, Mather KJ. Obesity, insulin resistance, and the

metabolic syndrome: determinants of endothelial dysfunction in
whites and blacks. Circulation. 2005;112(1):32-38. doi:10.1161/
CIRCULATIONAHA.104.520130

. Topouchian J, Labat C, Gautier S, et al. Effects of metabolic syn-

drome on arterial function in different age groups: the Advanced
Approach to Arterial Stiffness study. J Hypertens. 2018;36
(4):824-833. doi:10.1097/HJH.000000000000163 1

. Sattar N, McConnachie A, Shaper AG, et al. Can metabolic syn-

drome usefully predict cardiovascular disease and diabetes? Outcome
data from two prospective studies. Lancet. 2008;371
(9628):1927-1935. doi:10.1016/S0140-6736(08)60602-9

. Lerman A, Zeiher AM. Endothelial function: cardiac events. Circulation.

2005;111(3):363-368. doi:10.1161/01.CIR.0000153339.27064.14

.Jellinger PS, Handelsman Y, Rosenblit PD, et al. American

Association of Clinical Endocrinologists and American College of
Endocrinology guidelines for management of dyslipidemia and pre-
vention of cardiovascular disease. Endocr Pract. 2017;23(suppl
2):1-87. doi:10.4158/EP171764.APPGL

. No authors listed — National Institutes of Health, National Heart,

Lung, and Blood Institute. Clinical guidelines on the identification,
evaluation, and treatment of overweight and obesity in adults-the
evidence report. Obes Res. 1998;6(Suppl2):51S-209S.

. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more

accurate method to estimate glomerular filtration rate from serum
creatinine: a new prediction equation. Modification of Diet in Renal
Disease Study Group. Ann Intern Med. 1999;130(6):461-470.

15.

16.

17.

19.

20.

2

—_

22.

23.

24.

25.

26.

217.

28.

29.

30.

Alberti KG, Eckel RH, Grundy SM, et al., International Diabetes
Federation Task Force on Epidemiology and Prevention, Hational
Heart, Lung, and Blood Institute, American Heart Association,
World Heart Federation, International Atherosclerosis Society,
International Association for the Study of Obesity. Harmonizing the
metabolic syndrome: a joint interim statement of the International
Diabetes Federation Task Force on Epidemiology and Prevention;
National Heart, Lung, and Blood Institute; American Heart
Association; World Heart Federation; International Atherosclerosis
Society; and International Association for the Study of Obesity.
Circulation. 2009;120(16):1640-1645. doi:10.1161/CIRCULATIO
NAHA.109.192644

Meigs J. Metabolic syndrome and risk for type 2 diabetes. Expert Rev
Endocrin Metab. 2006;1(1):57-66. doi:10.1586/17446651.1.1.57
Lawlor DA, Smith GD, Ebrahim S. Does the new International
Diabetes Federation definition of the metabolic syndrome predict
CHD any more strongly than older definitions? Findings from the
British Women’s Heart and Health Study. Diabetologia. 2006;49
(1):41-48. doi:10.1007/500125-005-0040-3

. Strazzullo P, Barbato A, Siani A, et al. Diagnostic criteria for metabolic

syndrome: a comparative analysis in an unselected sample of adult male
population.  Metabolism. 2008;57(3):355-361. doi:10.1016/j.
metabol.2007.10.010

Bi X, Loo YT, Henry CJ. Android fat as a determinant of metabolic
syndrome: sex differences. Nutrition. 2018;57:127—-132. doi:10.1016/
j-nut.2018.05.016

Schorr M, Dichtel LE, Gerweck AV, et al. Sex differences in body
composition and association with cardiometabolic risk. Biol Sex
Differ. 2018;9(1):28. doi:10.1186/s13293-018-0189-3

. Bjorntorp P. Regional patterns of fat distribution. Ann Intern Med.

1985;103(6(pt2)):994-995.

Rich-Edwards JW, Manson JE, Hennekens CH, Buring JE. The pri-
mary prevention of coronary heart disease in women. N Engl J Med.
1995;332(26):1758-1766. doi:10.1056/NEJM199506293322607
Koster A, Leitzmann MF, Schatzkin A, et al. Waist circumference and
mortality. A4m J Epidemiol. 2008;167(12):1465-1475. doi:10.1093/aje/
kwn079

Jacobs EJ, Newton CC, Wang Y, et al. Waist circumference and
all-cause mortality in a large US cohort. Arch Intern Med. 2010;170
(15):1293-1301. doi:10.1001/archinternmed.2010.201

Prospective Studies Collaboration, Whitlock G, Lewington S, Sherliker P,
et al. Body-mass index and cause-specific mortality in 900 000 adults:
collaborative analyses of 57 prospective studies. Lancet. 2009;373
(9669):1083-1096. doi:10.1016/S0140-6736(09)60318-4

Saely CH, Koch L, Schmid F, et al. Adult treatment panel ITI 2001 but not
International Diabetes Federation 2005 criteria of the metabolic syndrome
predict clinical cardiovascular events in subjects who underwent coronary
angiography. Diabetes Care. 2006;29(4):901-907.

Wrp L-V, Rodrigues S, Cepeda FX, et al. Arterial stiffness and its
association with clustering of metabolic syndrome risk factors.
Diabetol Metab Syndr. 2017;9:87. eCollection 2017. doi:10.1186/
$13098-017-0286-1

Weisrock F, Fritschka M, Beckmann S, et al. Reliability of peripheral
arterial tonometry in patients with heart failure, diabetic nephropathy
and arterial hypertension. Vasc Med. 2017;22(4):292-300.
doi:10.1177/1358863X17706752

Murrow JR, Sher S, Ali S, et al. The differential effect of statins on
oxidative stress and endothelial function: atorvastatin versus pravastatin.
J Clin Lipidol. 2012;6(1):42—49. doi:10.1016/j.jac1.2011.08.006
Westerweel PE, Visseren FL, Hajer GR, et al. Endothelial progenitor
cell levels in obese men with the metabolic syndrome and the effect
of simvastatin monotherapy vs. simvastatin/ezetimibe combination
therapy. Eur Heart J. 2008;29(22):2808-2817. doi:10.1093/eur-
heartj/ehn431

1044

submit your manuscript

Dove

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12


https://doi.org/10.1016/j.jacc.2006.09.032
https://doi.org/10.1016/j.jacc.2010.03.107
https://doi.org/10.1161/JAHA.115.002270
https://doi.org/10.1177/2047487314525529
https://doi.org/10.1161/CIRCULATIONAHA.104.520130
https://doi.org/10.1161/CIRCULATIONAHA.104.520130
https://doi.org/10.1097/HJH.0000000000001631
https://doi.org/10.1016/S0140-6736(08)60602-9
https://doi.org/10.1161/01.CIR.0000153339.27064.14
https://doi.org/10.4158/EP171764.APPGL
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
https://doi.org/10.1586/17446651.1.1.57
https://doi.org/10.1007/s00125-005-0040-3
https://doi.org/10.1016/j.metabol.2007.10.010
https://doi.org/10.1016/j.metabol.2007.10.010
https://doi.org/10.1016/j.nut.2018.05.016
https://doi.org/10.1016/j.nut.2018.05.016
https://doi.org/10.1186/s13293-018-0189-3
https://doi.org/10.1056/NEJM199506293322607
https://doi.org/10.1093/aje/kwn079
https://doi.org/10.1093/aje/kwn079
https://doi.org/10.1001/archinternmed.2010.201
https://doi.org/10.1016/S0140-6736(09)60318-4
https://doi.org/10.1186/s13098-017-0286-1
https://doi.org/10.1186/s13098-017-0286-1
https://doi.org/10.1177/1358863X17706752
https://doi.org/10.1016/j.jacl.2011.08.006
https://doi.org/10.1093/eurheartj/ehn431
https://doi.org/10.1093/eurheartj/ehn431
http://www.dovepress.com
http://www.dovepress.com

Dove Taher et al

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy Dove

Publish your work in this journal

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy is ~ and commentaries are all considered for publication. The manu-
an international, peer-reviewed open-access journal committed to the ~ script management system is completely online and includes a very
rapid publication of the latest laboratory and clinical findings in the =~ quick and fair peer-review system, which is all easy to use. Visit
fields of diabetes, metabolic syndrome and obesity research. Original ~ http://www.dovepress.com/testimonials.php to read real quotes from
research, review, case reports, hypothesis formation, expert opinion  published authors.

Submit your manuscript here: https://www.dovepress.com/diabetes-metabolic-syndrome-and-obesity-targets-and-therapy-journal

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12 submit your manuscript 1045

Dove


http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

