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Purpose: The blood concentration of cardiac troponin T (ie, high-sensitivity cardiac troponin T
[hs-cTnT]), measured using a highly sensitive assay, represents a useful biomarker for evaluating
the pathogenesis of heart failure or predicting cardiovascular events. However, little is known
about the clinical significance of hs-cTnT in metabolic syndrome. The aim of this study was to
examine the factors affecting hs-cTnT elevation in Japanese metabolic syndrome patients.
Patients and methods: We enrolled 258 metabolic syndrome patients who were middle-aged
males without a history of cardiovascular events. We examined relationships between hs-cTnT
and various clinical parameters, including diagnostic parameters of metabolic syndrome.
Results: There were no significant correlations between hs-cTnT and diagnostic parameters of
metabolic syndrome. However, hs-cTnT was significantly correlated with age (P<<0.01), blood
concentrations of brain natriuretic peptide (P<<0.01), reactive oxygen metabolites (markers of
oxidative stress, P<<0.001), and the cardio—ankle vascular index (marker of arterial function,
P<0.01). Furthermore, multiple regression analysis revealed that these factors were independent
variables for hs-cTnT as a subordinate factor.

Conclusion: The findings of this study indicate that in vivo oxidative stress and abnormality of
arterial function are closely associated with an increase in hs-cTnT concentrations in Japanese
metabolic syndrome patients.

Keywords: troponin, metabolic syndrome, risk factor, oxidative stress, cardio—ankle vascular
index

Introduction

The pathogenesis of metabolic syndrome is considered as a multiple risk factor cluster-
ing, which is caused by visceral fat accumulation, in Japan.! The Japanese Committee
for the Diagnostic Criteria of Metabolic Syndrome adopted a visceral fat area of 100 cm?
as the cutoff point, which was estimated by computed tomography in both men and
women. Furthermore, the waist circumference corresponding to a visceral fat area of
100 cm? was confirmed as 85 cm in men and 90 cm in women. According to this concept,
in 2005, the Japanese Committee for the Diagnostic Criteria of Metabolic Syndrome
defined metabolic syndrome as the presence of two or more clinical abnormalities
(three abnormalities: dyslipidemia [serum triglyceride concentrations =150 mg/dL
and/or serum high-density lipoprotein cholesterol concentrations <40 mg/dL or under
treatment], elevated blood pressure levels [systolic blood pressure =130 mmHg and/or
diastolic pressure =85 mmHg or under treatment], and elevated blood glucose levels
[fasting blood glucose =110 mg/dL or under treatment]), in addition to visceral fat
obesity (waist circumference: 85 ¢cm or more in men and 90 cm or more in women).>
Metabolic syndrome is considered as not only an important cardiovascular risk factor
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but also a contributor to the development of type 2 diabetes
in Japan,* even though the definition of metabolic syndrome
in Japan is different from that in other countries.

Clinically, the blood concentration of cardiac troponin T,
a component of the troponin complex, is used as a diagnos-
tic tool for acute myocardial infarction, because cardiac
troponin T is rapidly released from the myocardium to the
blood following myocardial damage.® Furthermore, recent
clinical and epidemiological studies have demonstrated
that the blood concentration of cardiac troponin T (ie, high-
sensitivity cardiac troponin T [hs-cTnT]), measured using
a highly sensitive assay, represents a useful biomarker for
evaluating the pathogenesis of heart failure or predicting
cardiovascular events.” Several reports exist concerning
relationships between hs-cTnT and clinical parameters such
as age-related markers, in Japan or other countries.®!*!!
However, little is known about the clinical significance of
hs-cTnT in metabolic syndrome. In the present study, we
attempted to clarify the factors important for hs-cTnT eleva-
tion in metabolic syndrome from the perspective of primary
cardiovascular events.

Patients and methods
Study population

This study was conducted at the Hitsumoto Medical Clinic
in Shimonoseki City, Japan, between September 2011
and August 2013. The study population comprised 258
metabolic syndrome patients who were middle-aged males
diagnosed using the Japanese metabolic syndrome criteria.>
Subjects with a history of cardiovascular disease or those
using medications such as antihyperlipidemic, antihyperten-
sive, or antidiabetic drugs were excluded. All participants
provided informed consent, and the study protocol was
approved by the Local Ethics Committee of the Hitsumoto
Medical Clinic.

Estimation of cardiovascular risk factors

Diagnostic parameters of metabolic syndrome in the Japanese
criteria and various clinical parameters, including hs-cTnT
concentrations, were examined. In this study, the cardio—ankle
vascular index (CAVI) was evaluated as a marker of arterial
function. CAVI was measured by a standard method described
previously.'? Briefly, the brachial and ankle pulse waves were
determined using inflatable cuffs with the pressure maintained
between 30 and 50 mmHg to ensure that the cuff pressure had
aminimal effect on the systemic hemodynamics. Blood pres-
sure and pulse pressure were determined simultaneously.'?
These measurements were obtained with the subject in the

supine position. CAVI was measured after the subject had
rested for 10 minutes in a quiet room.

Blood sampling

Blood samples were collected from the antecubital vein in the
morning after 12 hours of fasting. Total cholesterol and triglyc-
eride concentrations were measured using standard enzymatic
methods. Serum high-density lipoprotein cholesterol concentra-
tions were measured by selective inhibition. Serum low-density
lipoprotein cholesterol concentrations were calculated using
the Friedewald formula;"® subjects with serum triglyceride
concentrations =400 mg/dL were excluded because of the low
sensitivity of this method. Glucose and insulin concentrations
were measured using the glucose oxidase method and an enzyme
immunoassay, respectively. To measure insulin resistance, we
calculated homeostatic model assessment of insulin resistance
(HOMA-IR) as follows:'* HOMA-IR = fasting glucose concen-
tration (mg/dL) X fasting insulin concentration (LLg/mL)/405.
Estimated glomerular filtration rate (¢éGFR) was calculated using
the adjusted Modification of Diet in Renal Disease Study equa-
tion, which was proposed by the working group of the Japanese
Chronic Kidney Disease Initiative.' The blood concentration of
brain natriuretic peptide was measured using a commercial kit
(SHIONOSPOT Reader; Shionogi and Co, Ltd, Osaka, Japan).
High-sensitivity C-reactive protein (hs-CRP) concentration was
measured using high-sensitivity, latex-enhanced immunoneph-
elometry. The derivated reactive oxygen metabolites test, which
reflects blood hydroperoxide concentrations, was performed
using a commercial device (Diacron, Grosseto, Italy).!® hs-cTnT
concentration was measured using a commercial kit (Roche
Diagnostics, Rotkreuz, Switzerland).!” In this assay, the lower
limit of detection was 0.003 ng/mL.

Statistical analysis

A commercially available statistical software program (Stat
View-J 5.0; HULINKS Inc., Tokyo, Japan) was used for all
statistical analyses. Data are expressed as mean + standard
deviation. Between-group comparisons were performed
using the Student’s 7-test or Mann—Whitney’s U-test, and
the correlation coefficient was estimated using Spearman’s
rank correlation analysis. To clarify the independent factors
for hs-cTnT elevation, we performed multiple regression
analysis for hs-cTnT as a subordinate factor. A P-value
of <0.05 was considered statistically significant.

Results
Patient characteristics are shown in Table 1. hs-cTnT was
detected in 226 patients (88%). Age, hs-CRP concentrations,
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Table | Patient characteristics

All hs-cTnT hs-cTnT
nondetection detection
N 258 32 226
Age (years) 63£11 56+7 64| I*
Smoking (%) 77 30) 7 (22) 70 (31)
Body mass index (Kg/m?) 247430 24.0£3.0 24.8+3.0
Diagnostic parameters of Mets
Waist circumference (cm) 89+5 89+4 89+5
Triglyceride (mg/dL) 203460 19355 204161
HDL cholesterol (mg/dL) 44+ 14 43£10 44x15
Systolic BP (mmHg) 141+20 141+18 141+21
Diastolic BP (mmHg) 89+14 87+13 89+14
Fasting blood glucose (mg/dL) I11£15 110£16 11115
Immunoreactive insulin (ug/mL) 9.614.2  9.8+£3.4 9.614.3
Log-HOMA-IR 0.4+0.3  0.4+0.2 0.4+0.3
Total cholesterol (mg/dL) 226143  230t44 225142
LDL cholesterol (mg/dL) 141£40  149+40 140140
Log-hs-CRP (mg/L) —1.1+04 —1.31£0.6 —1.0+0.4%*
d-ROM s test (U Carr) 321477 266146 329+77*
Log-BNP (pg/mL) 1.5£0.5  1.2+0.3 |.5+0.5%%*
eGFR (mL/min/1.73 m?) 60121 75£17 58+21*
Cardio-ankle vascular index 9.1£1.5 8.1%l.1 9.24+2. 1%
Log-hs-cTnT (ng/mL) -2.1+02 - -2.140.2

Note: Data are expressed mean + SD. *P<<0.001; **P<<0.05; ***P<0.01.
Abbreviations: Mets, metabolic syndrome; hs-cTnT, high-sensitivity cardiac
troponin T; BP, blood pressure; HOMA-IR, homeostatic model assessment of insulin
resistance; LDL, low-density lipoprotein; HDL, high-density lipoprotein; hs-CRP, high
sensitivity C-reactive protein; d-ROMs, derivatives of reactive oxygen metabolites;
BNP, brain natriuretic peptide; eGFR, estimated glomerular filtration rate.

ROM serum concentrations, blood concentrations of brain
natriuretic peptide, and CAVI were significantly higher,
and eGFR was significantly lower in patients with detect-
able hs-cTnT. However, diagnostic parameters of metabolic
syndrome were not significantly different between the two
groups. Correlations between hs-cTnT and various clinical
parameters in hs-cTnT-positive patients are shown in Table 2.
Age, hs-CRP concentrations, ROM serum concentrations,
blood concentrations of brain natriuretic peptide, eGFR, and
CAVI were significantly correlated with hs-cTnT, although
diagnostic parameters of metabolic syndrome had no signifi-
cant correlations with hs-cTnT.

The results of multiple regression analysis are shown in
Table 3. Blood concentrations of brain natriuretic peptide,
ROM serum concentrations, CAVI, and age were selected as
independent variables for hs-cTnT as a subordinate factor.

Discussion

Recently, Pervanidou et al'® examined the relationship of
circulating concentrations of hs-cTnT with metabolic syn-
drome in childhood. They reported that hs-cTnT in obese
children with metabolic syndrome was higher than that in

Table 2 Correlation between hs-cTnT and various clinical
parameters in hs-cTnT detectable patients

r P value

Age 0.35 <0.0l
Smoking (No =0, Yes =1) 0.06 0.39
Body mass index 0.11 0.10
Waist circumference 0.09 0.20
Triglyceride -0.21 0.06
HDL cholesterol 0.11 0.32
Systolic BP -0.07 0.57
Diastolic BP 0.02 0.86
Fasting blood glucose -0.02 0.89
Immunoreactive insulin -0.10 0.37
Log-HOMA-IR -0.11 0.30
Total cholesterol -0.11 0.34
LDL cholesterol -0.07 0.56
Log-hs-CRP 0.18 <0.01
d-ROMs test 0.43 <0.001
Log-BNP 0.32 <0.01
eGFR -0.24 <0.05
Cardio-ankle vascular index 0.36 <0.01

Note: (n=226).

Abbreviations: hs-cTnT, high-sensitivity cardiac troponin T; BP, blood pressure;
HOMA-IR, homeostatic model assessment of insulin resistance; LDL, low-density
lipoprotein; HDL, high-density lipoprotein; hs-CRP, high sensitivity C-reactive
protein; d-ROMs, derivatives of reactive oxygen metabolites; BNP, brain natriuretic
peptide; eGFR, estimated glomerular filtration rate.

obese children without metabolic syndrome and nonobese
children; moreover, hs-cTnT did not differ between obese
children without metabolic syndrome and nonobese children.
These results suggest that the presence of metabolic syndrome
resulted in hs-cTnT elevation at an early stage. Among diag-
nostic parameters of metabolic syndrome, high blood glucose
concentrations and high blood pressure were reported to cause
myocardial damage via dysfunction of microcirculation,
oxidative stress, or other pathways.!*! In clinical studies,
however, relationships among blood glucose concentrations,
blood pressure levels, and blood concentrations of cardiac

Table 3 Multiple regression analysis for hs-cTnT

Standard correlation t value P value
coefficient
Explanatory factor
d-ROM s test 0.37 57 <0.001
Log-BNP 0.16 2.6 <0.0l
CAVI 0.13 22 <0.05
Age 0.11 2.0 <0.05
eGFR -0.10 —1.4 0.16
Log-hs-CRP 0.06 0.8 0.40

Note: R>=0.28, F value =16.2, P<0.001.

Abbreviations: hs-cTnT, high-sensitivity cardiac troponin T; hs-CRP, high sensitivity
C-reactive protein; d-ROMs, derivatives of reactive oxygen metabolites; BNP, brain
natriuretic peptide; eGFR, estimated glomerular filtration rate; CAVI, cardio—ankle
vascular index.
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troponin were controversial.”> 2> Wallace et al* reported that
diabetes mellitus was independently associated with cTnT
elevation in the general population. However, Everett et al?
reported that no significant relationship was observed between
hemoglobin A levels and hs-cTnT in nondiabetic subjects.
McKie et al* reported that hypertension was significantly
associated with hs-cTnT in the general population. However,
Hoshide et al® reported that blood pressure-lowering therapy
using losartan plus hydrochlorothiazide did not lead to a
significant decrease in hs-cTnT, even though blood pressure
levels were decreased. Insulin resistance has been considered
to have an important role in the pathogenesis of metabolic
syndrome. Furthermore, some clinical studies reported a
correlation between insulin resistance and myocardial dam-
age.?*? In the present study, however, HOMA-IR showed no
significant correlation with hs-cTnT. It is well known that
abnormal adipocytokine secretion is associated with the patho-
genesis of metabolic syndrome. Furthermore, some basic or
clinical studies reported relationships between adipocytokines
such as adiponectin or resistin and myocardial damage.?®*
Abnormal adipocytokine secretion may be an important factor
for hs-cTnT elevation in metabolic syndrome. In this study,
adipocytokine concentrations were not assessed; therefore,
further studies are warranted to evaluate the relationship of
adipocytokines with hs-cTnT.

Oxidative stress is known to be an important component
in the progression of heart failure, and several pathways by
which oxidative stress leads to myocardial damage have
been identified, including dysfunction of the mitochondrial
electron transport complex, activity of nicotinamide adenine
dinucleotide phosphate oxidase, and apoptosis of myocardial
cells.** 32 Furthermore, this study revealed the importance of
oxidative stress for myocardial damage in metabolic syndrome
and subclinical heart failure. Among a number of markers of
oxidative stress, the derivated reactive oxygen metabolites test
is considered clinically useful to evaluate oxidative stress in
vivo, because the measurement of ROM serum concentrations
is accurate and simple and it can be performed rapidly.'®
Furthermore, recent clinical studies have reported a relation-
ship between ROM and cardiovascular disease.’** Therefore,
the measurement of ROM serum concentrations is expected
to predict the degree of subclinical myocardial damage or
primary cardiovascular events in metabolic syndrome.

The stiffness index [ is known to reflect the stiffness of the
aortic artery, and CAVI is reported to reflect the stiffness index
B of the thoracic aorta or the common carotid artery.’* CAVI
is considered as a useful physiological marker for evaluating
arterial stiffness, except in patients with chronic arterial fibrilla-

tion or peripheral arterial disease, because of the low reliability
of CAVL. In recent years, several studies have indicated the
importance of left ventricular dysfunction in the occurrence
of heart failure or the progression of myocardial damage;*’
furthermore, increases in aortic artery stiffness are known
to cause left ventricular dysfunction. Sakane et al*® reported
a significant relationship between CAVI and left ventricular
dysfunction using ultrasonic echocardiography. Therefore, the
relationship between hs-cTnT and CAVI identified in this
study was considered to reflect myocardial damage via left
ventricular dysfunction by an increase in vascular resistance or
afterload. Another clinical study reported that CAVI reflected
endothelial dysfunction.*” Endothelial dysfunction has also
been known to cause left ventricular dysfunction or myocardial
damage;**“! therefore, the significant correlation of hs-cTnT
with CAVI in metabolic syndrome patients may be partly
explained by endothelial dysfunction.

This study had several limitations. First, ultrasonic
echocardiography, coronary angiography, or multidetector
computed tomography angiography was not performed;
therefore, cardiovascular diseases such as heart failure or
coronary artery disease may have remained undetected in
patients. Second, female subjects were not included. The
proportion of metabolic syndrome patients in the general
Japanese female population is very small (incidence: 12.1%
in males, 1.7% in females).*? Therefore, analysis of metabolic
syndrome in females diagnosed by the Japanese criteria
is very difficult in the single-unit range. The relationship
between hs-cTnT and metabolic syndrome in the Japanese
female population will be discussed in large-scale studies.
Third, this study was cross-sectional, and its sample size
was relatively small. A large number of prospective studies,
including interventional therapies, are required to clarify
the clinical significance of hs-cTnT, CAVI, and ROMs with
metabolic syndrome.

Conclusion
The study findings indicate that in vivo oxidative stress and
abnormalities of arterial function are closely associated with
increases in hs-cTnT concentration in Japanese metabolic
syndrome patients.
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