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Abstract

Background and objectives: Cardiac troponin T (cTnT) is independently associated with cardiovascular complica-
tions in patients with chronic kidney disease (CKD). The present study aimed to determine the factors related to
cTnT levels in pre-dialysis CKD patients, which result to increased cardiovascular risk.

Methods: A total of 147 patients, with a mean age of 69.1 + 14.7 years old, were enrolled. These participants were
classified to estimated glomerular filtration rate (eGFR) and albuminuria categories, according to the Kidney Dis-
ease Improving Global Outcomes 2012 criteria. The estimated pulse wave velocity (ePWV), as an index of arterial
stiffness, was calculated using an equation, which included age and mean blood pressure. Coronary arterial dis-
ease (CAD) and left ventricular hypertrophy (LVH) were also recorded. The cTnT concentrations were measured by
high-sensitivity immunoassay. The significant correlation between cTnT and different variables was determined,
and the significant risk factors for high cTnT levels were defined.

Results: A significant correlation was observed between cTnT serum concentrations and age, triglycerides/HDL-C,
ePWV, glucose, phosphate (P), intact-parathyroid hormone (i-PTH), serum uric acid and albuminuria, although the
association with eGFR was shown to be significantly inverse. The multifactorial model revealed that current smok-
ing (p =0.03, OR = 8.3, 1.15-60.3), CAD (p = 0.001, OR = 25.2, 5.6-113.6), low eGFR (p = 0.001, OR = 0.9, 0.8-0.9),
high ePWV (p =0.04, OR = 2.6, 1.0-6.8), and primary renal disease (p = 0.001, OR = 3.8, 1.7-8.5) are independent
risk factors for elevated cTnT levels, after adjusting for age, gender, obesity and albuminuria.

Conclusions: Arterial stiffness, smoking, primary renal disease and unregulated metabolic abnormalities may
have an independent association between high cTnT levels and low eGFR in pre-dialysis CKD patients, with or
without overt cardiovascular disease.
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Patients with chronic kidney disease (CKD) have an increased risk
of morbidity and mortality, when compared to the general popu-
lation.!? Although the high prevalence of cardiovascular disease
in end-stage renal disease (ESRD) was identified since 1970, el-
evated cardiovascular risk has only been identified in patients with
early-stage CKD in recent years. It has been recently reported that
myocardial injury and features of coronary arterial disease (CAD)
are common in early-stage of CKD patients.?> Furthermore, it has
been suggested that the severity and occurrence of coronary dis-
ease may be significantly determined by chronic renal dysfunction
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and albuminuria.*

Interestingly, dialysis patients may have atypical symptoms of
acute coronary syndrome, including isolated dyspnea, nausea and
weakness. A number of these symptoms may be associated with
the dialysis therapy. However, the biochemical diagnosis of acute
myocardial infarction remains doubtful in this population. Cardiac
damage biomarkers, including creatine kinase, creatine kinase-MB
and myoglobin, have been used to detect early myocardial necrosis
for many years. However, since these biomarkers are elevated in
CKD patients, the reliability may be limited for these patients.’
Furthermore, although the introduction of cardiac troponins has
offered more specificity, the interpretation of elevated troponins in
CKD remains problematic.

Troponin consists of three structural proteins (isoforms C, T and
I), which are components of cardiac and skeletal muscles. Troponin
C is mainly included (>90%) in both types of tissues, and this miti-
gates its usefulness. Different genes encode cardiac and skeletal
troponin I and T, as district isoforms. It has been reported that up
to 80-90% of dialysis patients and patients with advanced CKD
have elevated plasma troponin concentrations, according to manu-
facturer diagnostic cut-off values, with or without the findings of
myocardial ischemia.® The present study aimed to determine the
significant factors associated with high cardiac troponin T (cTnT)
serum levels in pre-dialysis CKD patients, which contribute to the
increase in cardiovascular risk in these patients.

Methods
Study setting and population

The present study was approved by the Hospital Institutional
Review Board, with an Institutional Review Board (IRB)/Ethics
Committee approval number (A.P:7216). All procedures were per-
formed in accordance with the ethical standards of the institutional
and/or national research committee, and the 1964 Helsinki declara-
tion. An informed oral consent was obtained from each individual
participant enrolled in the study. The present study was reported
according to Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines (Supplementary File 1).

Participants from the Department of Nephrology Outpatient
Clinic of our hospital were included for the present single-center
cross-sectional study. Patients with pre-dialysis CKD, according to
the Kidney Disease Improving Global Outcomes (KDIGO) 2012
criteria,” participated in the present study. The time of CKD was
>3 months. The Chronic Kidney Disease Epidemiology Collabo-
ration (CKD-EPI) equation was used to calculate the estimated
glomerular filtration rate (¢GFR). The participants were classified
according to their albuminuria level, which was defined as a uri-
nary albumin-to-creatinine ratio (UACR) >30 mg/gr’ using a spot
urine sample. The albuminuria levels should be stable for the past
six months.

The primary renal disease included hypertensive nephrosclero-
sis, with a hypertension duration of >10 years, and the ratio of
participants was 38.8%. Participants with diabetic nephropathy
had a ratio of 30.6%. Patients with biopsy-confirmed acute glo-
merulopathy were excluded. Other exclusion criteria included
acute myocardial infarction, unstable angina, and heart failure or
stroke within the past year. Subjects with atrial fibrillation or other
arrhythmias, and those with known myopathy were also excluded.

The demographic characteristics of these patients, including
age, gender, body mass index (BMI), peripheral blood pressure,
waist circumference, and lifestyle, such as current smoking, alco-
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hol drinking and physical activity, were recorded.

A detailed individual medical history was obtained from the
participants. The CAD (n = 69, 46.9%) was determined through
the patient’s pre-existing history of myocardial infarction, coro-
nary artery angioplasty, or bypass surgery, and clinical signs of an-
gina pectoris. The ischemic findings were determined by electro-
and echo-cardiographical examination, and/or coronary computed
angiography. For suspicious subclinical cases of CAD, provoca-
tive tests were performed to determine the classic clinical manifes-
tations of vasospastic angina and the establishment of myocardial
ischemia during spontaneous episodes. Invasive coronary angi-
ography was performed to define the demonstration of coronary
artery spasms. The presence of left ventricular hypertrophy (LVH;
n = 80, 54.4%) was also considered. The initial and recurrent is-
chemic cardiovascular events were recorded as one event during
the study period.

Regarding the present pharmaceutical therapy, all participants
with diabetes mellitus received similar hypoglycemic medications.
All enrolled patients received statin for hypolipidemic treatment.
The anti-hypertensive therapy performed for all hypertensive par-
ticipants included calcium channel blockers, diuretics, beta-block-
ers, and inhibitors of angiotensin II AT1 receptors.

Blood pressure measurements

Home twice-daily blood pressure measurement for systolic blood
pressure (SBP) and diastolic blood pressure (DBP) was performed
using an automatic sphygmomanometer (OMRON M4-I; Kyoto,
Japan). The peripheral mean blood pressure was calculated, as fol-
lows: pMBP = DBP + 0.4 (SBP — DBP). The difference between
SBP and DBP (PP = SBP — DBP) was defined as the pulse pressure
(PP). The recent American guidelines were used for the definition
of hypertension.®

Calculation of estimated pulse wave velocity (ePWV)

The ePWV was calculated using the equation described in the
study conducted by Greve ef al.,” which was derived using the
Reference Values for Arterial Stiffness’ Collaboration. The equa-
tion used to determine the ePWV included age and MBP: ePWV =
9.587 —0.402 x age +4.560 x 1073 x age> —2.621 x 1075 x age? x
MBP + 3.176 x 1073 x age x MBP — 1.832 x 1072 x MBP.

Electro- and echo-cardiographical assessment

The 12-lead electro-cardiographical examination was performed
to estimate the ischemic findings. A Hewlett Packard SONOS
2500 device with a 2.25-MHz transducer was used for the echo-
cardiographical assessment. The participants were examined by
two cardiologists using the conventional M-mode method and
two-dimensional echocardiography for the ischemic findings and
LVH estimation, according to the recommendations of the Ameri-
can Society of Echocardiography.'® The presence of LVH was de-
fined by an interventricular septum thickness of >11.5 mm.

Biochemical measurements

Overnight fasting plasma creatinine, glucose, uric acid, albumin,
calcium (Ca), phosphate (P), triglycerides, low-density lipopro-
tein cholesterol (LDL-C), and high-density lipoprotein cholesterol
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Table 1. The correlation between cardiac troponin T (cTnT) and different
variables (n = 147)

Variables r p-value
Age (years) 0.531 0.001
BMI (kg/m2) 0.233 0.005
WC (cm) 0.334 0.001
LDL-C (mg/d|) -0.228 0.006
Triglyceride/HDL-C ratio 0.300 0.001
Glucose (mg/dl) 0.233 0.004
SBP (mmHg) 0.530 0.001
DBP (mmHg) -0.122 0.100
MBP (mmHg) 0.342 0.001
ePWV (m/s) 0.571 0.001
PP (mmHg) 0.566 0.001
eGFR (mL/min/1.73 m?) -0.666 0.001
UACR (mg/gr) 0.429 0.001
i-PTH (pg/mL) 0.408 0.001
P (mg/dl) 0.243 0.003
hsCRP (mg/L) 0.277 0.001
Uric acid (mg/dl) 0.316 0.001

r, Spearman correlation coefficient; BMI, body mass index; WC, waist circumference;
LDL-C, low density lipoprotein cholesterol; triglyceride/HDL-C, triglycerides/high
density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood
pressure; MBP, mean blood pressure; ePWV, estimated pulse wave velocity; PP,
pulse pressure; eGFR, estimated glomerular filtration rate; UACR, urinary albumin-
to-creatinine ratio; i-PTH, intact parathormone; P, phosphate; hsCRP, high sensitivity
C-reactive protein. A p-value of <0.05 was considered statistically significant.

(HDL-C) were recorded from the patient files using the latest
results. The spectrophotometric technique was performed using
a chemistry analyzer (Mindray BS-200; Diamond Diagnostics,
USA) to measure the above biochemical markers, and these were
expressed in mg/dL. Then, the triglyceride/HDL-C ratio was cal-
culated.

The concentration of intact-parathyroid hormone (i-PTH) was
measured by radioimmunoassay (CIS Bio International, France).
The high-sensitivity C-reactive protein (hsCRP) serum concentra-
tion was measured by ELISA (Immundiagnostik AG, Bensheim,
Germany).

The cTnT concentration was measured using a high-sensitivity
immunoassay analyzer (Cobas e411 Roche Diagnostic), with a ref-
erence range of <14 ng/L. Three sequential measurements of cTnT
were obtained from the present data, and the average value was
used in the statistical analysis. Spot urine samples obtained from
the first morning void were employed to measure the albumin and
creatinine concentrations using the chemistry analyzer.

Statistical analysis

The SPSS 25.0 statistical package for Windows (SPSS Inc., Chi-
cago, Illinois, USA) was used for the statistical analysis of the
present data. The results were expressed as mean + standard devia-
tion, or as the median value (interquartile range) for data with a
skewed distribution. The differences between mean values were
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assessed using unpaired #-test for two groups, and Mann-Whitney
U-test was used for comparisons between groups of data with a
skewed distribution.

Spearman’s coefficient was used to define the correlations be-
tween variables, and chi-square test was performed to determine
the relationships among categorical variables. A p-value of <0.05
was considered statistically significant. A model was established
using logistic regression analysis through the enter method, in
order to investigate the important risk factors for the increase in
c¢TnT levels after entering covariates, including age, gender, the
presence of central obesity, smoking, ePWV, primary renal dis-
ease, UACR, eGFR and CAD.

Results

A total of 147 patients were enrolled. These patients included 88
male and 59 female patients, with a mean age of 69.1 + 14.7 years
old. As shown in Table 1, the bivariate correlations defined by the
Spearman coefficient revealed a significantly positive correlation
between ¢TnT serum concentrations and age, BMI, waist circum-
ference, triglyceride/HDL-C ratio, SBP, PP, ePWV, glucose, P, i-
PTH, serum uric acid, hsCRP and UACR, although the correlation
with eGFR and LDL-C was significantly inverse.

Table 2 presents the characteristics and differences between
groups of patients with elevated cTnT and normal ¢TnT concentra-
tions. Using the average value of three sequential cTnT measure-
ments, a cTnT value of >14 ng/L was considered high, according
to the upper reference limits (URL) provided by the manufacturer.
Participants with higher ¢TnT levels were older, and had signifi-
cantly higher blood pressure, waist circumference, ePWV (Fig. 1),
triglyceride/HDL ratio, PP, glucose, uric acid, UACR, i-PTH, P
(Fig. 2), and hsCRP, but had significantly lower eGFR and LDL-C,
when compared to participants with normal ¢TnT serum concen-
trations.

The X2 test revealed a significant association between elevated
¢TnT levels and the presence of CAD, LVH, central obesity, hyper-
tension, and low eGFR (Fig. 3) and UACR (2 = 62.3, p = 0.001,
7> =489.p=0.001, > =3.8,p=0.04, > =21.6, p = 0.001, > =
42.35, p=0.001 and y?> = 17.4, p = 0.001, respectively).

The model established by logistic regression analysis using the
enter method revealed that current smoking, CAD, low eGFR, high
ePWV and primary renal disease, which mainly included diabetic
nephropathy and hypertensive nephrosclerosis, are independent
risk factors for the elevated ¢TnT levels in the present data, after
adjusting for age, gender, UACR and central obesity (Table 3).

Discussion

The main findings of the present study were the significant associ-
ation between elevated cTnT levels and renal dysfunction defined
by low eGFR and/or high albuminuria, metabolic abnormalities
and bone disease disorders, and the potential relationship between
high c¢TnT serum concentrations and CAD, hypertension, LVH,
smoking and ePWV. By comparing with previous studies, the sig-
nificant association between high ¢TnT levels and CAD, LVH,
hypertension, smoking, low eGFR and metabolic disorders in pre-
dialysis CKD patients was verified, and it was revealed that there
is significant relationship between high c¢TnT levels and arterial
stiffness defined by high ePWYV, central obesity and albuminuria.
Cardiac troponins (cTnl and ¢TnT) were originally used as
markers for cardiac cell death. Both proteins are presently and
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Table 2. The differences between patients with cTnT levels of >14 ng/L and patients with cTnT levels of <14 ng/L

Patients with cTnT >14

Patients with cTnT <14

R ng/L (n =77), mean = SD ng/L (n = 70), mean = SD paine
cTnT (ng/mL) 0.021 + 0.005 0.008 + 0.003 0.001
Age (years) 75.2+11.8 62.4+14.8 0.001
BMI (kg/m?) 28.9+5.3 28.09 £ 6.06 0.300
WC (cm) 106.02 + 14.08 99.7+16.3 0.010
LDL-C (mg/dl) 104.5+31.4 115.75+31.48 0.030
Triglyceride/HDL-C ratio 34+1.8 2716 0.020
Glucose (mg/dl) 116.7 +32.0 103.9+17.3 0.003
SBP (mmHg) 150.20 + 13.03 135.6 £ 14.5 0.001
DBP (mmHg) 79.2+9.6 80.4£6.6 0.400
MBP (mmHg) 107.60 + 8.45 102.5+7.6 0.001
ePWV (m/s) 13.20+2.09 10.60 + 2.35 0.001
PP (mmHg) 71.06 £ 14.60 55.17 £ 14.80 0.001
eGFR (mL/min/1.73 m?) 37.2+145 65.4+22.4 0.001
UACR (mg/gr) 280.3+442.8 94.2 +176.5 0.001
i-PTH (pg/mL) 131.01 + 124.10 67.3£53.2 0.001
P (mg/dl) 3.70+1.04 3.3+£0.8 0.010
hsCRP (mg/L) 3.65+5.50 1.71+2.30 0.007
Uric acid (mg/dl) 6.90 + 1.65 59+1.7 0.001
Albumin (mg/dl) 42+04 4.4+0.6 0.060
Category variable n (%) n (%)
CAD (yes/no) 60.0 (77.9) / 17.0 (22.1) 9.0(12.9) /61.0(87.1) 0.001
LVH (yes/no) 63.0(81.8) / 14.0 (18.2) 17.0 (24.3) / 53.0 (75.7) 0.001
eGFR (< or > 60 mL/min/1.73 m?) 72.0(93.5) /5.0 (6.5) 31.0(44.3) / 39.0 (55.7) 0.001
UACR (< or > 30 mg/gr) 21.0(27.3)/56.0 (72.7) 43.0 (61.4) / 27.0 (38.6) 0.001
Hypertension (yes/no) 69.0 (89.6) / 8.0 (10.4) 39.0(55.7) / 31.0 (44.3) 0.001
Central obesity (yes/no) 67 (87)/10(13) 52.0(74.3) / 18.0(25.7) 0.040
Primary renal disease
Diabetes mellitus (yes/no) 27.0(35.1) 18.0 (25.7) 0.007
Hypertensive nephrosclerosis (yes/no) 36.0 (46.8) 21 (30) 0.007
Chronic GN 5.0 (6.5) 9.0 (12.9) 0.007
Other renal disease 9.0 (11.7) 22.0(31.4) 0.007

cTnT, cardiac troponin T; BMI, body mass index; WC, waist circumference; LDL-C, low density lipoprotein cholesterol; triglyceride/HDL-C, triglycerides/high density lipoprotein
cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP, mean blood pressure; ePWV, estimated pulse wave velocity; PP, pulse pressure; eGFR, estimated
glomerular filtration rate; UACR, urinary albumin-to-creatinine ratio; i-PTH, intact parathormone; P, phosphate; hsCRP, high sensitivity C-reactive protein; CAD, coronary arterial

disease; LVH, left ventricular hypertrophy; Chronic GN, chronic glomerulonephritis.

widely used to diagnose acute myocardial infarction, unstable an-
gina, post-surgery myocardium trauma, and other diseases related
to cardiac muscle injury, due to superior specificity and sensitiv-
ity, when compared to other biochemical indices.!! Furthermore,
cardiovascular events and all-cause mortality are significantly as-
sociated with the increase in cTnT serum concentrations in patients
with CKD.!? It has been suggested that cTnT serum concentrations

above the cut-off for the reference (normal) population are inde-
pendently predictive of the subsequent death in ESRD patients, in
combination with the increase in hsCRP and c¢Tnl levels, although
merely the tertile analysis for N-terminal pro-B-type natriuretic
peptide (NT-proBNP) has a prognostic value.'® In the present
study, merely pre-dialysis CKD patients were included, and the
significant association between high cTnT levels and the presence
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Fig. 1. Estimated pulse wave velocity (ePWV) in patients with elevated
concentrations of high sensitivity cardiac troponin T (cTnT) levels, when
compared to patients with normal cTnT serum concentrations (p < 0.05).

of CAD was verified. Furthermore, in the established multifacto-
rial adjusted model, CAD was the strongest independent risk factor
for elevated ¢TnT serum concentrations.

A number of previous studies have reported that the level of tro-
ponins stably increases in patients with decreased eGFR. In agree-
ment with these reports, the present study revealed that eGFR was
significantly lower in patients with high ¢TnT levels, when com-
pared to patients with normal cTnT levels. It was also observed
that there is a significantly inverse bivariate correlation between
the cTnT and eGFR value. In the present multifactorial model, low
eGFR was proven to be a strong independent risk factor for high
¢TnT, in consent to a larger previous study that enrolled 2,464 par-
ticipants.!* Furthermore, it was observed that there is an important
association between high ¢TnT levels and high UACR, which are
additional markers for renal dysfunction. However, this observa-
tion is in relative disagreement with a similar previous study, in
which the UACR did not have a linear association with hs-cTnT,
and merely participants with a UACR of >1,000 mg/gr had a
higher cTnT.!* Furthermore, albuminuria was not noted to be an
important risk factor for elevated cTnT levels in the established
adjusted model. Albuminuria appeared to lose its significance af-
ter adjustment, and there may be a need for more increased levels
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Fig. 3. The association between high sensitivity cardiac troponin T (cTnT)
and estimated glomerular filtration rate (eGFR) using Chi-square, Phi and
Cramer’s V correlation test (x2 = 42.35, p = 0.001).

of albuminuria. Thus, this is an independent risk factor for high
¢TnT, which is in agreement with the above reported previous
study. Studies have revealed that patients with renal dysfunction
have at least 2-folds more frequent incidences of high troponin,
when compared to patients without kidney disease, although the
incidence of myocardial infarction was found to be comparable
in both investigated cohorts of patients.'> In addition, it has been
shown that left ventricle mass is associated with hs-TnT levels,
independent of eGFR.® It has been interestingly established that
¢TnT independently predicts cardiovascular mortality, even in the
general population, with or without cardiac disease.!”

The association between low eGFR and high TnT levels could
be in part due to the reduced renal clearance of troponin T.'® How-
ever, the general consensus does not specify the particular thresh-
olds and degree of cTnT elevation required for the diagnosis of
myocardial infarction in patients with impaired renal function.
Some studies have attempted to determine the optimal ¢TnT cut-
off, particularly for CKD patients, but the guidelines remain un-
clear.!® It appears that the diagnosis of myocardial infarction in
CKD patients should mainly rely on the assessment of sequential
changes in hs-cTnT levels.!”

Even though the cTnT levels may be high, which is partly due to

Table 3. Logistic regression analysis for the prediction of high cTnT levels
in the present data (n = 147)

4.0

— Variables in Model p-value Odds ratio Fonfidence

S 53] interval

g Age (years) 0.100 0.9 0.70-1.03

Té 3.6 Gender (males/females) 0.200 0.5 0.1-1.6

.g_ Smoking (yes/no) 0.030 8.3 1.1-60.3

§ 341 Central obesity 0.100 3.9 0.7-21.3

g 32] eGFR (mL/nin/1.73 m?)  0.001 0.9 0.80-0.95

2 UACR (mg/gr) 0.800 1.0 0.900-1.003

3 3.0 ePWV (m/s) 0.040 2.6 1.008-6.800

. . CAD (yes/no) 0.001  25.2 5.6-113.6

cTnT<14 nglL cTnT>14 ng/L Primary renal disease 0.001 3.8 1.7-8.6

Fig. 2. Serum phosphate (P) in patients with elevated concentrations of
high sensitivity cardiac troponin T (cTnT) levels, when compared to pa-
tients with normal cTnT serum concentrations (p < 0.05).
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the low clearance in kidney disease, the real reasons for the stable
increase in ¢TnT in renal disease remains unclear, and the etiol-
ogy is certainly multifactorial. Some of the hypotheses included
myocardial stress, which leads to the release of ¢TnT, injury and
loss of integrity of the myocyte membrane in the myocardium, si-
lent microinfarctions, the co-existence of heart failure (HF) even
without acute ischemia, the presence of LVH, non-ischemic clini-
cal conditions, including tachy/bradyarrhythmias, and aortic valve
disease, or infiltrative diseases such as amyloidosis and myopa-
thies. Rhabdomyolysis is a more worthy disorder in this population
of patients.

In the present study, it was observed that there is a significant
relationship between the increase in ¢TnT levels and LVH occur-
rence. In agreement with this, it was shown that hs-TnT is strongly
associated with the alterations of the left ventricular structure and
diastolic dysfunction in pre-dialysis CKD patients, and the base-
line hs-TnT levels were predictive of new LVH on follow-up.?
Furthermore, it was shown that hs-TnT is independently associated
with LVH in the participants of the Chronic Renal Insufficiency
Cohort (CRIC) study, who did not have self-reported cardiovas-
cular disease.?!

CKD results in accelerated atherosclerosis and vascular calcifi-
cation associated to high blood pressure. In the present study, it was
observed that there is a significant association between high ¢TnT
levels and the occurrence of hypertension, which is in agreement
with previous reports.!# It was also noted that there is a significant
correlation between c¢TnT levels and blood pressure, hsCRP, PP
and ePWV. In the present study, participants with high ¢cTnT had
significantly higher blood pressure, hsCRP, PP and ePWV, when
compared to participants with normal c¢TnT levels. In addition,
ePWYV, as an index of arterial stiffness, was found to be a signifi-
cant risk factor for high ¢TnT levels in the present adjusted model.
Few previous studies have reported the association between cTnT
levels and arterial stiffness markers. A previous study reported
the significant association between cTnT concentrations and the
brachial-ankle vascular index.?? It has been also reported that
c¢TnT has a positive correlation with carotid intima-media thick-
ness (cIMT), and a reverse association with brachial artery flow
mediated dilation (baFMD) in pre-dialysis CKD patients.?* Mean-
while, it has been established that dialysis patients with high ¢cTnT
levels have significantly higher carotid IMT and PWV values.**
Furthermore, it has been shown that increased levels of hsCRP are
a prognostic value for high mortality in ESRD patients.!3 In the
present study, a significant association between high ¢TnT levels
and high hsCRP serum concentrations was observed.

CKD may lead to myocardial injury via endothelial dysfunc-
tion, and the microvascular disease caused by inflammation and
mediators of oxidative stress.?S In the present study, the primary
renal disease, which mainly included diabetic nephropathy and
hypertensive nephrosclerosis, was a potential risk factor for the
increase in ¢TnT levels, in combination with low eGFR, coro-
nary syndrome, current smoking, and arterial stiftness defined by
ePWV. A previous study reported that cTnT is independently as-
sociated with renal risk, rather than with cardiovascular risk, in
diabetic patients with nephropathy.?® Reports have also supported
the significant association between smoking and high cTnT levels,
due to the contribution of smoking in atherosclerosis and cardio-
vascular risk,?” which is in agreement with the present findings.

The increased severity of vascular calcification in CKD is the
result of the complex interactions between changes in vascular
function, mineral metabolites, and other uremic factors.?® In the
present study, it was noted that there is a significant correlation
between cTnT and the markers of bone disease, including serum
P and i-PTH, which is in agreement with a previous report.!* High

Raikou V.D. et al: Cardiac troponin T confounders in renal disease

serum P concentrations have been connected to adverse health out-
comes in CKD, including cardiovascular disease, the progression
of kidney disease and all-cause mortality, and this is mainly due
to the vascular calcification, endothelial dysfunction, and elevated
levels of fibroblast growth factor 23 (FGF23) induced by phos-
phorus.?® In addition, it has also been reported that there is a con-
nection between elevated serum P and adverse outcomes, even in
subjects who apparently have normal kidney function, and this is
mainly caused by the elevated concentrations of FGF23 linked to
genetic variants in genes of mineral metabolism.** This concept
could be used to explain why ¢TnT can be employed to indepen-
dently predict cardiovascular mortality in the general population,
with or without cardiac disease. Therefore, attention should be
given in maintaining the serum P levels in the normal range, even
in normal populations.

Furthermore, it was observed that there is a potential relation-
ship between high c¢TnT levels and the components of metabolic
syndrome, including the presence of central obesity, BMI, triglyc-
eride/HDL-C ratio, serum glucose and serum uric acid. The LDL-
C serum concentrations were lower in patients with higher ¢TnT,
which is in agreement with a previous report.!# In contrast, a pre-
vious study did not find a significant association between ¢TnT
levels and the characteristics of metabolic syndrome.?? In the pre-
sent study, it was observed that the association between central
obesity and high cTnT levels was significantly mitigated by the
adjustment. It has been reported that obesity contributes to the de-
velopment of cardiovascular disease in the general population, and
in patients with CAD, which is mainly due to its association with
metabolic syndrome components.3! However, a study suggested
the presence of an obesity paradox phenomenon, with respect to
mortality, in subjects with established CAD.3? Furthermore, a re-
cent study reported that for hemodialysis patients with obesity, the
lipids profile is unfavorable, and that although these patients had
higher levels of inflammation, they did not have an increased risk
of atherosclerotic cardiovascular disease.??

The findings of the present study support the notion that cel-
lular injury of the myocardium, as defined by the elevated con-
centrations of ¢TnT, is strongly associated with low eGFR and
arterial stiffness defined by a high ePWV in pre-dialysis CKD
patients, with or without overt CAD. Smoking and primary renal
disease, which mainly include diabetic nephropathy and hyperten-
sive nephrosclerosis, contribute in vascular diseases. Disordered
bone disease and unregulated metabolic abnormalities may be the
pathophysiological pathways that lead to the poor prognosis in this
population of patients. Furthermore, stable high ¢TnT concentra-
tions, with or without apparent cardiovascular disease, can reflect
the increased risk of worsened renal function.

Limitations

The main limitation of the present study was the inability to con-
sider the cause-effect relationships, due to the single-center cross-
sectional nature of the study. Furthermore, the definition of CAD
using the CT calcification score and the direct measurement of
PWYV was unavailable in the present study.

Clinical significance

Elevated cTnT levels in CKD patients should be given concern.
This can be employed to predict the worse prognosis due to its as-
sociation with potential risk factors for cardiovascular disease, in-
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cluding low eGFR, vascular stiffness, bone disease and metabolic
abnormalities. Although several theories can be used to determine
what levels of troponin increased in CKD patients, the signifi-
cance of particular sequential changes in cTnT levels should not
be ignored. Concerns for the management of the above risk factors
should also be included in the therapy of CKD patients, due to the
relationship with elevated ¢TnT levels. That is, these should be
regulated.

Future directions

More research should be conducted to determine the pathophysio-
logical mechanisms connected to high ¢cTnT serum concentrations
in CKD patients. High protein intake, particularly through ani-
mal sources, is significantly associated with chronic renal disease
progression, worsened albuminuria, and elevated cardiovascular
morbidity. Although it has been reported that higher intake of total
protein is associated with lower risk of all-cause mortality, and that
the intake of plant protein is associated with lower risk of cardio-
vascular disease mortality, high dietary protein intake affects the
renal hemodynamic state, and results in metabolic derangements
in CKD, such as metabolic acidosis and hyperphosphatemia. This
is a well-known risk factor for cardiovascular disease and bone
abnormalities in CKD patients. Metabolic abnormalities and bone
disease are associated with high cTnT levels, according to the re-
sults of the present study. High protein intake can also influence
the elevated levels of ¢TnT in CKD patients. This can be used as a
new research hypothesis.

Conclusions

Arterial stiffness, smoking, primary renal disease, and unregulated
metabolic abnormalities may have an independent association be-
tween high ¢TnT serum concentrations and low eGFR in pre-dial-
ysis CKD patients, with or without overt cardiovascular disease.

Supporting information

Supplementary material for this article is available at https://doi.
org/10.14218/ERHM.2021.00074.

Supplementary File 1. STROBE checklist.

Acknowledgments

None.

Funding

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

Conflict of interest

The authors declare no conflict of interests.

DOI: 10.14218/ERHM.2021.00074 | Volume 00 Issue 00, Month Year

Explor Res Hypothesis Med

Author contributions

Research plan, data collection, biostatistic analyses and manuscript
writing (VDR); Electro- and echo-cardiographical assessments
(GV); Biochemical measurements (DK); Research plan, data col-
lection and manuscript writing (SG). All authors made a signifi-
cant contribution to the study, and approved the final manuscript.

Ethics statement

The study was approved by the Hospital Institutional Review
Board, with an Institutional Review Board (IRB)/Ethics Commit-
tee approval number (A.P:7216). All procedures were performed
in accordance with the ethical standards of the institutional and/or
national research committee, and the 1964 Helsinki declaration.
An informed oral consent was obtained from each individual par-
ticipant enrolled in the study. The authors obtained a consent to
publish from the participant (or legal parent) and report the indi-
vidual patient data.

Data sharing statement

No additional data are available.

References

[1] Wallen MD, Radhakrishnan J, Appel G, Hodgson ME, Pablos-Mendez
A. An analysis of cardiac mortality in patients with new-onset end-
stage renal disease in New York State. Clin Nephrol 2001;55(2):101—
108. PMID:11269672.

[2] Go AS, Bansal N, Chandra M, Lathon PV, Fortmann SP, Iribarren C, et al,
ADVANCE Study Investigators. Chronic kidney disease and risk for pre-
senting with acute myocardialinfarction versus stable exertional anginain
adults with coronary heart disease. J Am Coll Cardiol 2011;58(15):1600—
1607. doi:10.1016/j.jacc.2011.07.010, PMID:21958887.

[3] Hayer MK, Price AM, Liu B, Baig S, Ferro CJ, Townend JN, et al. Dif-
fuse Myocardial Interstitial Fibrosis and Dysfunction in Early Chronic
Kidney Disease. Am J Cardiol 2018;121(5):656—660. doi:10.1016/j.am-
jcard.2017.11.041, PMID:29366457.

[4] Jia D, Li W, Liu J. Correlation of chronic renal dysfunction and albumi-
nuria with severity of coronary artery lesions in patients with coronary
artery disease. Cell Biochem Biophys 2014;69(1):55-59. doi:10.1007/
$12013-013-9765-7, PMID:24114373.

[S] OhmanEM,Armstrong PW, Christenson RH, Granger CB, KatusHA, Hamm
CW, et al. Cardiac troponin T levels for risk stratification in acute myo-
cardial ischemia. GUSTO IIA Investigators. N Engl J Med 1996;335(18):
1333-1341. doi:10.1056/NEJM199610313351801, PMID:8857016.

[6] Freda BJ, Tang WH, Van Lente F, Peacock WF, Francis GS. Cardiac tro-
ponins in renal insufficiency: review and clinical implications. J Am Coll
Cardiol 2002;40(12):2065-2071. doi:10.1016/s0735-1097(02)02608-
6, PMID:12505215.

[7] Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group.
KDIGO 2012 Clinical Practice Guideline for the Evaluation and Manage-
ment of Chronic Kidney Disease. Kidney Inter Suppl 2013;3:1-150.

[8] Bakris G, Ali W, Parati G. ACC/AHA Versus ESC/ESH on Hypertension
Guidelines: JACC Guideline Comparison. J Am Coll Cardiol 2019;73(23):
3018-3026. doi:10.1016/j.jacc.2019.03.507, PMID:31196460.

[9] Greve SV, Blicher MK, Kruger R, Sehestedt T, Gram-Kampmann E,
Rasmussen S, et al. Estimated carotid-femoral pulse wave velocity
has similar predictive value as measured carotid-femoral pulse wave
velocity. J Hypertens 2016;34(7):1279-1289. doi:10.1097/HJH.00000
00000000935, PMID:27088638.

[10] Han'SS, Cho GY, Park YS, Baek SH, Ahn SY, Kim S, et al. Predictive value


https://doi.org/10.14218/ERHM.2021.00074
https://doi.org/10.14218/ERHM.2021.00074
https://doi.org/10.14218/ERHM.2021.00074
http://www.ncbi.nlm.nih.gov/pubmed/11269672
https://doi.org/10.1016/j.jacc.2011.07.010
http://www.ncbi.nlm.nih.gov/pubmed/21958887
https://doi.org/10.1016/j.amjcard.2017.11.041
https://doi.org/10.1016/j.amjcard.2017.11.041
http://www.ncbi.nlm.nih.gov/pubmed/29366457
https://doi.org/10.1007/s12013-013-9765-7
https://doi.org/10.1007/s12013-013-9765-7
http://www.ncbi.nlm.nih.gov/pubmed/24114373
https://doi.org/10.1056/NEJM199610313351801
http://www.ncbi.nlm.nih.gov/pubmed/8857016
https://doi.org/10.1016/s0735-1097(02)02608-6
https://doi.org/10.1016/s0735-1097(02)02608-6
http://www.ncbi.nlm.nih.gov/pubmed/12505215
https://doi.org/10.1016/j.jacc.2019.03.507
http://www.ncbi.nlm.nih.gov/pubmed/31196460
https://doi.org/10.1097/HJH.0000000000000935
https://doi.org/10.1097/HJH.0000000000000935
http://www.ncbi.nlm.nih.gov/pubmed/27088638

Explor Res Hypothesis Med

[11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

of echocardiographic parameters for clinical events in patients start-
ing hemodialysis. J Korean Med Sci 2015;30(1):44-53. doi:10.3346/
jkms.2015.30.1.44, PMID:25552882.

Morrow DA, Cannon CP, Jesse RL, Newby LK, Ravkilde J, Storrow AB,
et al, National Academy of Clinical Biochemistry. National Academy of
Clinical Biochemistry Laboratory Medicine Practice Guidelines: Clinical
characteristics and utilization of biochemical markers in acute coro-
nary syndromes. Circulation 2007;115(13):e356—e375. doi:10.1161/
CIRCULATIONAHA.107.182882, PMID:17384331.

Scheven L, de Jong PE, Hillege HL, Lambers Heerspink HJ, van Pelt LJ,
Kootstra JE, et al, PREVEND study group. High-sensitive troponin T and
N-terminal pro-B type natriuretic peptide are associated with cardio-
vascular events despite the cross-sectional association with albuminu-
ria and glomerular filtration rate. Eur Heart J 2012;33(18):2272-2281.
doi:10.1093/eurheartj/ehs163, PMID:22740385.

Apple FS, Murakami MM, Pearce LA, Herzog CA. Multi-biomarker risk
stratification of N-terminal pro-B-type natriuretic peptide, high-sen-
sitivity C-reactive protein, and cardiac troponin T and | in end-stage
renal disease for all-cause death. Clin Chem 2004;50(12):2279-2285.
doi:10.1373/clinchem.2004.035741, PMID:15364888.

Dubin RF, LiY, He J, Jaar BG, Kallem R, Lash JP, et al/, CRIC Study Investiga-
tors. Predictors of high sensitivity cardiac troponin T in chronic kidney
disease patients: a cross-sectional study in the chronic renal insuffi-
ciency cohort (CRIC). BMC Nephrol 2013;14:229. doi:10.1186/1471-
2369-14-229, PMID:24148285.

Deléaval P, Descombes E, Magnin JL, Martin PY, Fellay G. [Differences
in cardiac troponin | and T levels measured in asymptomatic hemo-
dialysis patients with last generation immunoassays]. Nephrol Ther
2006;2(2):75-81.doi:10.1016/j.nephro.2005.11.003, PMID:16895718.
Diris JH, Hackeng CM, Kooman JP, Pinto YM, Hermens WT, van Diei-
jen-Visser MP. Impaired renal clearance explains elevated troponin T
fragments in hemodialysis patients. Circulation 2004;109(1):23-25.
doi:10.1161/01.CIR.0000109483.45211.8F, PMID:14691043.

de Lemos JA, Drazner MH, Omland T, Ayers CR, Khera A, Rohatgi A,
et al. Association of troponin T detected with a highly sensitive as-
say and cardiac structure and mortality risk in the general popula-
tion. JAMA 2010;304(22):2503-2512. doi:10.1001/jama.2010.1768,
PMID:21139111.

Twerenbold R, Wildi K, Jaeger C, Gimenez MR, Reiter M, Reichlin T, et
al. Optimal Cutoff Levels of More Sensitive Cardiac Troponin Assays
for the Early Diagnosis of Myocardial Infarction in Patients With Renal
Dysfunction. Circulation 2015;131(23):2041-2050. doi:10.1161/CIR-
CULATIONAHA.114.014245, PMID:25948542.

Mockel M, Giannitsis E, Mueller C, Huber K, Jaffe AS, Mair J, et al,
Biomarker Study Group of the European Society of Cardiology Acute
Cardiovascular Care Association. Editor’s Choice-Rule-in of acute my-
ocardial infarction: Focus on troponin. Eur Heart J Acute Cardiovasc
Care 2017;6(3):212—-217. doi:10.1177/2048872616653228, PMID:272
57262.

Kang E, Ryu H, Kim J, Lee J, Lee KB, Chae DW, et al. Association Between
High-Sensitivity Cardiac Troponin T and Echocardiographic Parameters
in Chronic Kidney Disease: Results From the KNOW-CKD Cohort Study.
J Am Heart Assoc 2019;8(18):e013357. doi:10.1161/JAHA.119.013357,

Raikou V.D. et al: Cardiac troponin T confounders in renal disease

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

(31]

(32]

(33]

PMID:31514574.

Mishra RK, Li Y, DeFilippi C, Fischer MJ, Yang W, Keane M, et al, CRIC
Study Investigators. Association of cardiac troponin T with left ventric-
ular structure and function in CKD. Am J Kidney Dis 2013;61(5):701-
709. doi:10.1053/j.ajkd.2012.11.034, PMID:23291148.

Hitsumoto T, Shirai K. Factors affecting high-sensitivity cardiac troponin
T elevation in Japanese metabolic syndrome patients. Diabetes Metab
Syndr Obes 2015;8:157-162. doi:10.2147/DMS0.580907, PMID:257
92848.

LaiS, Dimko M, GalaniA, CoppolaB, InnicoG, FrassettiN, et al. Early mark-
ers of cardiovascular risk in chronic kidney disease. Ren Fail 2015;37(2):
254-261. doi:10.3109/0886022X.2014.982489, PMID:25394527.
Caliskan Y, Ozkok A, Akagun T, Alpay N, Guz G, Polat N, et al. Cardiac
biomarkers and noninvasive predictors of atherosclerosis in chronic
peritoneal dialysis patients. Kidney Blood Press Res 2012;35(5):340—
348. doi:10.1159/000332084, PMID:22473007.

Hashimoto J, Ito S. Central pulse pressure and aortic stiffness deter-
mine renal hemodynamics: pathophysiological implication for mi-
croalbuminuria in hypertension. Hypertension 2011;58(5):839-846.
doi:10.1161/HYPERTENSIONAHA.111.177469, PMID:21968753.
Bidadkosh A, Lambooy SPH, Heerspink HJ, Pena MJ, Henning RH, Buike-
ma H, et al. Predictive Properties of Biomarkers GDF-15, NTproBNP, and
hs-TnT for Morbidity and Mortality in Patients With Type 2 Diabetes
With Nephropathy. Diabetes Care 2017;40(6):784-792. doi:10.2337/
dc16-2175, PMID:28341782.

Hattori K, Ishii T, Motegi T, Kusunoki Y, Gemma A, Kida K. Relationship
between serum cardiac troponin T level and cardiopulmonary function
in stable chronic obstructive pulmonary disease. Int J Chron Obstruct
Pulmon Dis 2015;10:309-320. doi:10.2147/COPD.S76293, PMID:257
09425.

Disthabanchong S, Srisuwarn P. Mechanisms of Vascular Calcifica-
tion in Kidney Disease. Adv Chronic Kidney Dis 2019;26(6):417-426.
doi:10.1053/j.ackd.2019.08.014, PMID:31831120.

Shroff RC, McNair R, Skepper JN, Figg N, Schurgers LJ, Deanfield J, et
al. Chronic mineral dysregulation promotes vascular smooth muscle
cell adaptation and extracellular matrix calcification. J Am Soc Nephrol
2010;21(1):103-112. doi:10.1681/ASN.2009060640, PMID:19959717.
Kestenbaum B, Glazer NL, Kottgen A, Felix JF, Hwang SJ, Liu Y, et al.
Common genetic variants associate with serum phosphorus concen-
tration. J Am Soc Nephrol 2010;21(7):1223-1232. doi:10.1681/ASN.
2009111104, PMID:20558539.

Katta N, Loethen T, Lavie CJ, Alpert MA. Obesity and Coronary Heart
Disease: Epidemiology, Pathology, and Coronary Artery Imaging.
Curr Probl Cardiol 2021;46(3):100655. doi:10.1016/j.cpcardiol.2020.
100655, PMID:32843206.

Oktay AA, Lavie CJ, Kokkinos PF, Parto P, Pandey A, Ventura HO. The
Interaction of Cardiorespiratory Fitness With Obesity and the Obesity
Paradox in Cardiovascular Disease. Prog Cardiovasc Dis 2017;60(1):30—
44. doi:10.1016/j.pcad.2017.05.005, PMID:28502849.

Lin TY, Hung SC, Lim PS. Central obesity and incident atherosclerotic car-
diovascular disease events in hemodialysis patients. Nutr Metab Car-
diovasc Dis 2020;30(3):500-507. doi:10.1016/j.numecd.2019.11.004,
PMID:31831366.

DOI: 10.14218/ERHM.2021.00074 | Volume 00 Issue 00, Month Year


https://doi.org/10.14218/ERHM.2021.00074
https://doi.org/10.3346/jkms.2015.30.1.44
https://doi.org/10.3346/jkms.2015.30.1.44
http://www.ncbi.nlm.nih.gov/pubmed/25552882
https://doi.org/10.1161/CIRCULATIONAHA.107.182882
https://doi.org/10.1161/CIRCULATIONAHA.107.182882
http://www.ncbi.nlm.nih.gov/pubmed/17384331
https://doi.org/10.1093/eurheartj/ehs163
http://www.ncbi.nlm.nih.gov/pubmed/22740385
https://doi.org/10.1373/clinchem.2004.035741
http://www.ncbi.nlm.nih.gov/pubmed/15364888
https://doi.org/10.1186/1471-2369-14-229
https://doi.org/10.1186/1471-2369-14-229
http://www.ncbi.nlm.nih.gov/pubmed/24148285
https://doi.org/10.1016/j.nephro.2005.11.003
http://www.ncbi.nlm.nih.gov/pubmed/16895718
https://doi.org/10.1161/01.CIR.0000109483.45211.8F
http://www.ncbi.nlm.nih.gov/pubmed/14691043
https://doi.org/10.1001/jama.2010.1768
http://www.ncbi.nlm.nih.gov/pubmed/21139111
https://doi.org/10.1161/CIRCULATIONAHA.114.014245
https://doi.org/10.1161/CIRCULATIONAHA.114.014245
http://www.ncbi.nlm.nih.gov/pubmed/25948542
https://doi.org/10.1177/2048872616653228
http://www.ncbi.nlm.nih.gov/pubmed/27257262
http://www.ncbi.nlm.nih.gov/pubmed/27257262
https://doi.org/10.1161/JAHA.119.013357
http://www.ncbi.nlm.nih.gov/pubmed/31514574
https://doi.org/10.1053/j.ajkd.2012.11.034
http://www.ncbi.nlm.nih.gov/pubmed/23291148
https://doi.org/10.2147/DMSO.S80907
http://www.ncbi.nlm.nih.gov/pubmed/25792848
http://www.ncbi.nlm.nih.gov/pubmed/25792848
https://doi.org/10.3109/0886022X.2014.982489
http://www.ncbi.nlm.nih.gov/pubmed/25394527
https://doi.org/10.1159/000332084
http://www.ncbi.nlm.nih.gov/pubmed/22473007
https://doi.org/10.1161/HYPERTENSIONAHA.111.177469
http://www.ncbi.nlm.nih.gov/pubmed/21968753
https://doi.org/10.2337/dc16-2175
https://doi.org/10.2337/dc16-2175
http://www.ncbi.nlm.nih.gov/pubmed/28341782
https://doi.org/10.2147/COPD.S76293
http://www.ncbi.nlm.nih.gov/pubmed/25709425
http://www.ncbi.nlm.nih.gov/pubmed/25709425
https://doi.org/10.1053/j.ackd.2019.08.014
http://www.ncbi.nlm.nih.gov/pubmed/31831120
https://doi.org/10.1681/ASN.2009060640
http://www.ncbi.nlm.nih.gov/pubmed/19959717
https://doi.org/10.1681/ASN.2009111104
https://doi.org/10.1681/ASN.2009111104
http://www.ncbi.nlm.nih.gov/pubmed/20558539
https://doi.org/10.1016/j.cpcardiol.2020.100655
https://doi.org/10.1016/j.cpcardiol.2020.100655
http://www.ncbi.nlm.nih.gov/pubmed/32843206
https://doi.org/10.1016/j.pcad.2017.05.005
http://www.ncbi.nlm.nih.gov/pubmed/28502849
https://doi.org/10.1016/j.numecd.2019.11.004
http://www.ncbi.nlm.nih.gov/pubmed/31831366

	﻿﻿Abstract﻿

	﻿﻿﻿﻿Introduction﻿

	﻿﻿﻿Methods﻿

	﻿﻿Study setting and population﻿

	﻿﻿﻿Blood pressure measurements﻿

	﻿﻿﻿Calculation of estimated pulse wave velocity (ePWV)﻿

	﻿﻿﻿Electro- and echo-cardiographical assessment﻿

	﻿﻿﻿Biochemical measurements﻿

	﻿﻿﻿Statistical analysis﻿


	﻿﻿﻿﻿Results﻿

	﻿﻿﻿﻿Discussion﻿

	﻿﻿﻿Limitations﻿

	﻿﻿﻿Clinical significance﻿

	﻿﻿﻿Future directions﻿

	﻿﻿﻿Conclusions﻿

	﻿﻿﻿Supporting information﻿

	﻿﻿﻿﻿﻿Acknowledgments﻿

	﻿﻿﻿Funding﻿

	﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿Author contributions﻿

	﻿﻿﻿Ethics statement﻿

	﻿﻿﻿Data sharing statement﻿

	﻿﻿﻿References﻿


