—Original—

Factors Associated with High-sensitivity Cardiac Troponin T in Patients

with Type 2 Diabetes Mellitus

Takashi Hitsumoto

Hitsumoto Medical Clinic

Background: The blood concentration of high-sensitivity cardiac troponin T (hs-cTnT) is an established,
useful biomarker for evaluating the pathogenesis of heart failure and predicting cardiovascular events.
The aim of this study was to evaluate factors that are potentially associated with elevated blood hs-
cInT in patients with type 2 diabetes mellitus.

Patients and Methods: Patients with type 2 diabetes mellitus (N=280, 111 men and 169 women; mean
+ SD age: 719 years) with no history of cardiovascular events were enrolled. Relationships between
hs-cTnT level and various clinical parameters were examined.

Results: Hs-cTnT was detected in 244 (87.1%) patients. There were no significant relationships between
hs-cTnT and fasting blood glucose levels or insulin resistance. hs-cTnT was significantly correlated with
advanced glycation end-product levels at the skin (r=0.23, p<0.001), blood concentrations of brain natri-
uretic peptide (r=0.23, p<0.001), reactive oxygen metabolites as markers of oxidative stress (r=0.28, p<
0.001), and the augmentation index at the radial artery as marker of arterial reflection (r=0.31, p<0.001).
Furthermore, multiple regression analysis revealed that these factors were also selected as independent
variables, with hs-cTnT as a subordinate factor.

Conclusion: These results indicate that novel cardiovascular risk factors including advanced glycation

end-products, in vivo oxidative stress, and high arterial reflection are closely associated with high con-

centrations of blood hs-cTnT in patients with type 2 diabetes mellitus.

(J Nippon Med Sch 2015; 82: 274-280)

Key words: troponin, type 2 diabetes mellitus, advanced glycation end products, oxidative stress, aug-

mentation index

Introduction
Type 2 diabetes mellitus is closely associated with life-
style and is an important risk factor for cardiovascular
disease worldwide. However, the importance of type 2
diabetes mellitus as a risk factor for cardiovascular dis-
ease is not always explained by high blood glucose levels
alone. Other classical cardiovascular risk factors, such as
hypertension, dyslipidemia, and smoking habits, also af-
fect the progression of atherosclerosis or the occurrence
of cardiovascular events'”. The significance of novel risk
factors for cardiovascular disease, such as insulin resis-
tance, inflammation, oxidative stress, advanced glycation
end products (AGEs), and arterial dysfunction, in type 2

diabetes mellitus have recently been noted™.

The blood concentration of cardiac troponin T (cTnT),
a component of the troponin complex, is used clinically
as a diagnostic marker for acute coronary syndrome be-
cause cInT is rapidly released from the myocardium into
the bloodstream following myocardial damage’. Further-
more, several clinical and epidemiological studies have
demonstrated that the blood concentration of cTnT, i.e.,
high-sensitivity ¢InT (hs-cTnT), measured with a highly
sensitive assay, represents a useful biomarker for evaluat-
ing the pathogenesis of heart failure or predicting cardio-
vascular events™. A close relationship between diabetes
mellitus and hs-cTnT elevation has been reported in the
general population’. However, factors that are important

for elevating hs-cTnT in patients with type 2 diabetes
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mellitus are little known. Therefore, the present study
was performed to clarify specific patient factors, includ-
ing novel risk factors for cardiovascular disease, that af-
fect hs-cTnT elevation in patients with type 2 diabetes

mellitus as related to primary cardiovascular events.

Materials and Methods

1. Study Population

This study was conducted at the Hitsumoto Medical
Clinic in Shimonoseki City from April 2013 through
March 2014. The study population comprised 280 outpa-
tients with type 2 diabetes mellitus undergoing antidia-
betic treatment. No patients had a history of cardiovascu-
lar events, such as ischemic heart disease, stroke, and
perivascular disease. The patients were 111 (39.6%) men
and 169 (60.4%) women with a mean * SD age of 71+9
years. All participants provided informed consent, and
the study protocol was approved by the Local Ethics
Committee of the Hitsumoto Medical Clinic.

2. Estimation of Cardiovascular Risk Factors

Cardiovascular risk factors evaluated included various
clinical variables (such as markers of blood glucose levels
and insulin resistance), classic coronary risk factors, kid-
ney function, brain natriuretic peptide (BNP), inflamma-
tion, oxidative stress, arterial function, and hs-cTnT con-
centrations. Hypertension was defined as systolic blood
pressure >140 mmHg, diastolic blood pressure >90
mmHg, or use of antihypertensive agents. Dyslipidemia
was defined as serum low-density lipoprotein cholesterol
level 2140 mg/dL, serum high-density lipoprotein choles-
terol concentrations <40 mg/dL, triglyceride concentra-
tions 2150 mg/dL, or use of antidyslipidemic agents. The
AGE levels were quantified with skin AGE levels, which
were based on skin autofluorescence measured with a
commercial instrument (AGE ReaderTM; DiagnOptics,
Groningen, The Netherlands), as previously described*".
Briefly, autofluorescence was defined as the average light
intensity per nanometer in the range of 300 to 420 nm.
Autofluorescence levels were expressed in arbitrary units
(AUs). All patients were measured in a seated position at
the volar side of the lower arm, 10 to 15 cm below the el-
bow hold. The validity and reliability of autofluorescence
levels in a Japanese population measured with this
method have been established".

Used as a marker of arterial function was the augmen-
tation index (AIx) measured at the radial artery. The ra-
dial Alx was measured with an applanation tonometry-
based device (HEM-9010AI;, Omron Healthcare Co., Ltd.,
Kyoto, Japan) and the subject in a sitting position. This
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technique has been described in detail in previous stud-
ies”. Briefly, the tonometry sensor unit consists of a pres-
sure sensor composed of an array of 40 microtransducer
elements. When the unit is placed on a patient’s wrist, 1
of the 40 sensor elements is automatically selected to ob-
tain optimal radial pressure waveforms. The first and
second systolic peaks are automatically detected and,
consequently, the radial Alx is calculated. The validity
and reliability of the radial Alx as measured with this
method are well established, with several studies report-
ing a close linear correlation between the radial Alx and
the central AIx” In addition, right brachial blood pres-
sure was automatically measured twice with the oscillo-
metric method. The average of 2 readings was used to
determine the systolic and diastolic blood pressures.

3. Blood Sampling

Blood samples were collected from the antecubital vein
in the morning after the patient had fasted for 12 hours.
Glucose and insulin concentrations were measured with
the glucose oxidase method and an enzyme immunoas-
say, respectively. To measure insulin resistance, the ho-
meostatic model assessment of insulin resistance
(HOMA-IR) was calculated as follows”: HOMA-IR = fast-
ing glucose concentration (mg/dL) X fasting insulin con-
centration (pg/mL)/405. Levels of hemoglobin Alc
(HbAlc) were expressed as values with the National Gly-
cohemoglobin Standardization Program. Total cholesterol
and triglyceride concentrations were measured with stan-
dard enzymatic methods. Serum concentrations of high-
density lipoprotein cholesterol were measured with selec-
tive inhibition. Serum concentrations of low-density lipo-
protein cholesterol were calculated with the Friedewald
equation. The estimated glomerular filtration rate
(eGFR) was calculated with the adjusted Modification of
Diet in Renal Disease Study equation, which was pro-
posed by the working group of the Japanese Chronic
Kidney Disease Initiative®. The blood concentration of
BNP  was
(SHIONOSPOT Reader; Shionogi & Co., Ltd., Osaka, Ja-

pan). The concentration of high-sensitivity C-reactive

measured with a commercial kit

protein (hs-CRP) was measured with high-sensitivity, la-
tex-enhanced immunonephelometry. The derivatives of
reactive oxygen metabolites (d-ROMs) test, which reflects
blood hydroperoxide concentrations, was performed with
a commercial kit (Diacron; Grosseto, Italy)”. The hs-cTnT
concentration was also measured with a commercial kit
(Roche Diagnostics, Basel, Switzerland)”. In the hs-cTnT

assay, the lower limit of detection was 0.003 ng/mL.
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Table 1 Patient characteristics

Overall hs-cTnT hs-cTnT p value
non-detection detection

n (male/female) 280 (111/169) 36 (13/23) 244 (102/142) 0.521
Age (years) 71£9 69+6 729 0.048
Smoking n (%) 43 (15.4) 5(13.9) 38 (15.6) 0.794
Body mass index (kg/m?) 23.9+3.0 24.0+2.9 23.9+3.0 0.432
Hypertension (%) 246 (87.8) 27 (75.0) 219 (89.9) 0.017
Systolic BP (mm Hg) 141+18 137+16 142+18 0.057
Diastolic BP (mm Hg) 8611 85+10 86x11 0.831
FBG (mg/dL) 138+16 137+15 138+16 0.636
IRI (ug/mL) 7.8+3.7 7.2+3.8 7.9+3.7 0.284
Log-HOMA-IR 0.4+0.2 0.3+0.3 0.4+0.2 0.169
HbAlc (%) 7.0£0.7 6.7+0.7 7.1+0.7 0.046
Skin autofluorescence (AU) 2.8+0.6 2.6+0.4 2.9+0.6 0.004
Dyslipidemia (%) 233 (83.2) 30 (83.3) 203 (83.2) 0.098
Total cholesterol (mg/dL) 220+38 224+43 220+38 0.620
LDL cholesterol (mg/dL) 139+36 140+41 139+35 0.879
Triglyceride (mg/dL) 147+61 139+67 148+60 0.427
HDL cholesterol (mg/dL) 53+15 56+24 52+13 0.119
Log-hs-CRP (mg/L) -1.3+0.6 -1.3+0.6 -1.3+0.5 0.426
d-ROMs test (U. Carr) 364+97 321+71 371+98 0.004
Log-BNP (pg/mL) 1.7+0.4 1.4+0.3 1.7+0.4 <0.001
eGFR (mL/min/1.73 m?) 57.6+21.3 65.9+22.9 56.3+20.8 0.012
r-Alx 86+12 81+9 87+12 0.003
Log-hs-cTnT (ng/mL) —2.0+2.7 - -2.0+2.7 -
Medication
Insulin, n (%) 7 (2.5) 1(2.8) 6(2.5) 0.909
Statin, n (%) 94 (33.6) 15 (41.7) 79 (32.4) 0.272
RAS inhibitor, n (%) 136 (48.6) 14 (38.9) 122 (50.0) 0.215

Data are expressed mean+SD, hs-cTnT: high-sensitivity cardiac troponin T, BP: blood pressure,
FBG: fasting blood glucose, IRI: immuno reactive insulin, HOMA-IR: homeostatic model assess-
ment of insulin resistance, HbAlc: hemoglobin Alc, 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, r-

Alx: radial augmentation index RAS: renin-angiotensin system

4. Statistical Analysis

For all statistical analyses a commercially available sta-
tistical software program (StatView-]J 5.0; HULINKS Inc.,
Tokyo, Japan) was used. Data are expressed as the mean
+ SD. Between-group comparisons were performed with
Student’s t-test or the Mann-Whitney U-test, and the cor-
relation coefficient was estimated with the Spearman
rank-order correlation analysis. To clarify which, if any,
independent factors contributed to hs-cTnT elevation, we
performed a multiple regression analysis with hs-cTnT as
a subordinate factor. A p-value of <0.05 was considered

to be statistically significant.

Results
The hs-cTnT was detected in 244 (87.1%) patients (Table
1). Age, HbAlc, skin autofluorescence, d-ROMs test, BNP,
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and radial Alx were significantly higher and eGFR was
significantly lower in patients in whom hs-cTnT was de-
tected than in patients in whom it was not. However,
neither fasting blood glucose levels nor HOMA-IR dif-
fered significantly between patients with or without de-
tectable hs-cTnT. Correlations between hs-cTnT and vari-
ous clinical parameters in the hs-cTnT detection cohort
are presented in.

Age, HbAlc, skin autofluorescence, hs-CRP concentra-
tions, d-ROMs test, BNP, eGFR, and radial Alx were all
significantly correlated with hs-cTnT, but fasting blood
glucose levels and HOMA-IR were not significantly cor-
related with hs-cTnT (Table 2).

Multiple regression analysis was performed with ex-
planatory variables with p<0.10 in univariate analysis.

From the analysis, radial Alx, skin autofluorescence, d-
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Table 2 Correlation between hs-cTnT and clinical
parameters in hs-cTnT detectable patients

r p value
Sex (female=0, male=1) 0.01 0.947
Age 0.13 0.045
Smoking (no=0, yes=1) 0.08 0.198
Body mass index -0.11 0.053
Hypertension (no=0, yes=1) 0.05 0.455
Systolic BP 0.10 0.059
Diastolic BP 0.11 0.051
FBG 0.10 0.062
IRI 0.10 0.071
Log-HOMA-IR 0.09 0.107
HbA1lc 0.12 0.049
Skin autofluorescence 0.23 <0.001
Dyslipidemia (no=0, yes=1) 0.09 0.173
Total cholesterol 0.08 0.240
LDL cholesterol 0.06 0.359
Triglyceride -0.02 0.722
HDL cholesterol 0.08 0.219
Log-hsCRP 0.18 0.004
d-ROMs test 0.28 <0.001
Log-BNP 0.23 <0.001
eGFR -0.17 0.008
r-Alx 0.31 <0.001
Insulin (no=0, yes=1) 0.02 0.744
Statin (no=0, yes=1) 0.02 0.789
RAS inhibitor (no=0, yes=1) 0.03 0.666

(n=244)
Abbreviation as in Table 1

ROMs test, and BNP were selected as independent vari-

ables when hs-cTnT was a subordinate factor (Table 3).

Discussion
Otsuka et al.” reported that the prevalence of detectable
elevation of hs-cTnT in a healthy population was 80.9%
at a cut-off level of 0.002 ng/mL and 67.7% at a cut-off
level of 0.003 ng/mL. The results of this study indicated
that up to 87.1% of the population was detected with an
elevation of hs-cTnT at a cut-off level of 0.003 ng/mL. Al-
though the mean age of the population in the present
study was higher than that in the study by Otsuka et al.,
the results of this study indicated that hs-cTnT were
highly detected in persons with type 2 diabetes mellitus,
suggesting that the myocardial damage of type 2 diabe-
tes mellitus was progressive in the subclinical stage of
cardiovascular disease. Otsuka et al. also concluded that
age, blood pressure, eGFR, and left ventricular hyperten-
sion were independent determinations of hs-cInT level

in multivariate analysis. Moreover, this study also indi-
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Table 3 Multiple regression analysis for the as-
sociation between hs-cTnT and clinical

parameters

Correlation

coefficient p value
Explanatory factor
r-Alx 0.23 0.002
Skin autofluorescence 0.17 0.005
d-ROMs test 0.14 0.040
Log-BNP 0.13 0.047
Log-hs-CRP 0.11 0.105
Age 0.08 0.287
Systolic BP 0.08 0.311
Diastolic BP 0.05 0.474
Body mass index -0.04 0.607
eGFR -0.04 0.612
FBG 0.03 0.658
IRT 0.03 0.661
HbAlc 0.03 0.685

R2=0.22, F value=12.9, p<0.001
Abbreviation as in Table 1

cates that age and eGFR had significant relations with
hs-cTnT in single regression analysis, although blood
pressure levels showed no significant relations with hs-
cTnT. However, the abovementioned factors were not se-
lected as independent variables for hs-cTnT by multivari-
ate analysis. Discrepancy between the results of the stud-
ies by Otsuka et al. and those of the present study may
be partly explained by differences between the healthy
population and the patients having type 2 diabetes melli-
tus or those under the influence of medication. From the
results of this study, we can interpret that in patients
with type 2 diabetes mellitus, novel risk factors including
skin autofluorescence, d-ROMs test, and Alx are more
important factors for hs-cInT elevation than age, blood
pressure levels, and kidney function.

In basic studies, high blood glucose concentrations
have been reported to cause myocardial damage via dys-
function of the microcirculation, increased oxidative
stress, or other pathways””. In clinical studies, further-
more, relationships among markers of blood glucose con-
centrations and ¢TnT blood concentrations have been re-
ported™”. Zheng et al.* reported that fasting blood glu-
cose level was an independent predictor of blood hs-
cInT in an overt cardiovascular disease-free community-
based study. Selvin et al.” also reported a significant rela-
tionship between hs-cInT elevation and HbAlc levels. In
the present study, however, fasting blood glucose levels

showed no statistically significant relationship with hs-
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cInT. The HbAlc levels also showed no significant rela-
tionships with hs-cTnT by multivariate analysis, even
though the result from single regression analysis was sig-
nificant. On the other hand, skin autofluorescence level
as a marker of AGE in vivo was an independent factor
related to hs-cTnT elevation as a subordinate factor. Basic
studies report several pathways by which AGE could in-
fluence diabetic cardiomyopathy or cardiac remodel-
ing
importance of AGE to clinical myocardial damage. Yam-

2% and results of the present study also indicated the

agishi et al. reported that AGE is a marker that is com-
patible with the theory of “hyperglycemic memory”™.
Therefore, we should be intervening at an early stage of
blood glucose elevation and adequately controlling blood
glucose levels over the long term to prevent the progres-
sion of myocardial damage in patients with type 2 diabe-
tes mellitus. Insulin resistance has been considered to
have an important role in the pathogenesis of type 2 dia-
betes mellitus. Furthermore, some clinical studies have
reported a correlation between insulin resistance and

myocardial damage®?”

. In the present study, however,
HOMA-IR as a marker of insulin resistance was not sig-
nificantly correlated with hs-cTnT. The HOMA-IR has
limitations as a marker of insulin resistance, especially in
patients with high blood glucose levels®. This study in-
cluded a substantial number of patients with a high fast-
ing blood glucose level. Therefore, additional studies us-
ing another accurate insulin resistance marker, such as a
glucose clamp test, are warranted to evaluate putative re-
lationships between insulin resistance and hs-cInT in pa-
tients with type 2 diabetes mellitus.

Oxidative stress is closely associated with the progres-
sion of heart failure. Several pathways have been identi-
fied by which oxidative stress leads to myocardial dam-
age, including dysfunction of the mitochondrial electron
transport complex, activity of nicotinamide adenine dinu-
cleotide phosphate oxidase, and apoptosis of myocardial
cells™™. Furthermore, this study revealed the importance
of oxidative stress in the myocardial damage that occurs
with type 2 diabetes mellitus and subclinical heart fail-
ure. Among a number of markers of oxidative stress, the
d-ROMs test is considered to be clinically useful for
evaluating oxidative stress in vivo, because the measure-
ment of serum hydroperoxide concentrations is accurate,
simple, and can be performed rapidly"”. Recent clinical
studies have reported a relationship between d-ROMs
test results and atherosclerosis or atherosclerotic risk fac-
tors in patients with type 2 diabetes mellitus™”. Further-
more, the results of this study indicated that the d-ROMs
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test results are expected to predict not only atherosclero-
sis, but also the degree of subclinical myocardial damage
in patients with type 2 diabetes mellitus.

The Alx communicates arterial wave reflection”, and
some clinical studies have reported that Alx is elevated
with an increase in arterial wall stiffness”. In recent
years, several studies have indicated the importance of
left ventricular dysfunction in heart failure or the pro-
gression of myocardial damage; furthermore, increases in
aortic artery stiffness are known to cause left ventricular
dysfunction®. Therefore, the relationship between hs-
c¢InT and radial Alx identified in this study was consid-
ered to reflect myocardial damage via left ventricular
dysfunction resulting from an increase in vascular resis-
tance or afterload. Endothelial dysfunction is one of the
crucial factors in the development of heart failure, and
some clinical studies have reported that Alx is indicative

36,37

of endothelial dysfunction Endothelial dysfunction

has also been known to cause left ventricular dysfunction
or myocardial damage™”; therefore, the significant corre-
lation of hs-cTnT with radial Alx in patients with type 2
diabetes mellitus may be partly explained by the pres-
ence of endothelial dysfunction.

This study had several limitations. First, ultrasonic
echocardiography, coronary angiography, and multidetec-
tor computed tomography angiography were not per-
formed; therefore, cardiovascular diseases, such as heart
failure or coronary artery disease, may have remained
undetected in the study patients. Second, the medical
treatments for diabetes mellitus, hypertension, and/or
dyslipidemia may have influenced the study results.
Third, further studies using radioimmunoassay, magnetic
resonance imaging, Doppler echocardiography, or other
medical devices are required to clarify the relationship
between hs-cTnT elevation and degree of subclinical
myocardial damage or left ventricular dysfunction.
Fourth, this study was cross-sectional in a single unit and
the sample size was relatively small. Additional prospec-
tive studies, including evaluations of interventional ther-
apy, are required to clarify the clinical significance of hs-
cInT, AGE, d-ROMs test, and Alx in patients with type 2
diabetes mellitus.

In conclusion, the study findings indicate that novel
cardiovascular risk factors including AGE, in vivo oxida-
tive stress, and high arterial reflection are closely associ-
ated with high concentrations of blood hs-cTnT in pa-

tients with type 2 diabetes mellitus.
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