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Abstract

Background/objectives: Cardiovascular disease begins early in the course of chronic kidney disease (CKD), and the
glomerular filtration rate (GFR) is an independent risk factor for it. There is little information on cardiac troponin con-
centrations in patients with CKD who have not commenced dialysis. Factors associated with this deleterious process
are not completely understood, and we aimed to determine associated laboratory abnormalities of increased cardiac
troponin T (cTnT) in patients with CKD. Methods: In this study, 104 patients (65 males and 39 females with mean age of
65 + 15 years) were recruited. A detailed clinical history was recorded and routine biochemical variables and cTnT lev-
els were measured. GFR was estimated (44.62 + 14.38 mL/min/1.73 m2) using the modification of diet in renal disease
study formula. Results: cTnT is correlated with blood urea (r = 0.262, p < 0.05), uric acid (r = 0.399, p < 0.001), blood
phosphorus (r = 0.550, p < 0.001), triglyceride (r = 0.329, p = 0.011), C-reactive protein (CRP; r = 0.768, p < 0.001),
renal resistive index (RRI; r = 0.412, p = 0.017), and GFR (r = —0.755, p = 0.011). On stepwise multiple regression
analysis, increased CRP (=12 mg/L), uric acid (>5 mg/L), and RRI (>0.70) were independent variables for increased
cTnT status (2 = 0.053, p < 0.05). Conclusion: Increased cTnT not only shows ongoing inflammation but also is a
sensitive marker of functioning renal mass. It is strongly correlated with factors influencing the decline in renal function;

thus, it can be used as a renal risk parameter.
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INTRODUCTION

Cardiovascular disease is prevalent and the leading
cause of morbidity and mortality in patients with end-
stage renal disease (ESRD).! Cardiovascular risk begins
early in the course of ESRD, and the glomerular filtra-
tion rate (GFR) is an independent risk factor for cardiac
events.>3

Cardiac troponin T (¢TnT) is a low molecular weight
protein and an integral component of the myofibril-
lar contractile apparatus of the heart. However, high
rates of false positivity have been reported in patients
with renal failure.*7 Using cutoff >0.01 pg/L, the
prevalence of cTnT elevation is reported to range from
30% to 85% in patients with ESRD.%° Although the
exact mechanism is not known, it has been proposed

that subclinical myocyte damage and apoptosis due to
uremia or decreased clearance due to renal failure may
be the underlying cause for the higher levels of car-
diac markers in this group of patients.!%!! In fact, the
debate about the interpretation of elevated ¢TnT in the
presence of abnormal renal function is still ongoing.
Evidence suggests that increased ¢InT concentra-
tions in uremic patients do indeed reflect myocardial
injury. However, increases in serum cardiac troponin
concentration can occur in the absence of ischemic
events, including among patients with renal failure.1%13
There is little information on cardiac troponin con-
centrations in patients with ESRD who have not com-
menced dialysis. However, factors associated with this
deleterious process are not completely understood,
and there is robust evidence that ¢cTnT is a powerful
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prognostic marker in the ESRD. We studied pre-dialysis
patients with moderate and severe kidney failure to
address the following questions: (a) At which stage does
the progression of kidney disease cause an increase in
cTnT concentration? (b) Is there a relationship between
renal failure parameters and ¢ITnT concentrations in
pre-dialysis patients?

METHODS

Patients

This study is a cross-sectional analysis of cTnT levels in
patients with different stages of chronic kidney disease
(CKD). A group of 104 patients with CKD attending
our nephrology outpatient clinic were recruited to the
study. Inclusion criteria were patients had stage 3 or
stage 4 CKD, were >18 years of age, and who were
able to understand and sign the consent form. Patients
with angiographically proven stenosis (>50% of the
luminal diameter), acute coronary syndromes, history
of myocardial infarction, chronic stable angina pec-
toris, previous coronary revascularization, regional wall-
motion abnormalities in echocardiography, significant
ECG changes suggestive of myocardial ischemia, acute
renal failure, functioning renal transplant or receiving
dialysis, and recent (<6 months) cardiac event were
excluded from the study. A detailed clinical history was
recorded, the study was approved by the local ethical
committee, and written informed consent was obtained
from all patients prior to study entry. The study was
conducted according to the declaration of Helsinki.

Measurement of Biochemical Parameters

Blood and urine samples were collected in the fast-
ing state. The serum and EDTA plasma aliquots were
stored at —70°C until analysis. Serum cTnT tests
were assayed using ELISA test kits (DRG Instruments
GmbH, Marburg, Germany), and other biochemical
variables were measured by standardized methods using
auto analyzers. GFR was estimated (44.62 + 14.38
mL/min/1.73 m?) using the modification of diet in renal
disease study formula. Patients were stratified into stage
3 CKD (moderate; eGFR = 30-59 mL/min/1.73 m?)
and stage 4 CKD (severe; eGFR = 15-29 mL/min/1.73
m?) according to guidelines.!4

Ultrasonographic and Echocardiographic Examinations
Doppler examinations were all performed by the same
operator using Sonoline Elegra Cx 5-2 multi-D array
transducer (Siemens Medical Solutions USA, Malvern,
PA, USA). Patients were placed in a supine position,
and measurements were performed on segmental and
interlobar arteries to give the best Doppler signal both
for the quantity of flow and for the correct angle. Wave-
forms with a clearly represented early systolic peak were
used for the determination of the renal resistive index
(RRI). To obtain the best possible definition of the
early systolic peak, the sample gate was reduced to

© 2012 Informa Healthcare USA, Inc.
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the size of the vascular lumen, and the pulse repeti-
tion frequency was continuously adapted to the arterial
blood flow velocity at the point where the gate was posi-
tioned. The RRI was calculated as follows: RRI = (peak
systolic velocity — end diastolic velocity)/peak systolic
velocity. The threshold for an increased RRI was at
least 0.70 because this value has been shown to be a
discriminatory RRI level.!®

Patients underwent two-dimensional targeted
M-mode echocardiography using Hewlett Packard,
Sonos 7500 (Andover, MA, USA). Left ventricular
mass (LVM) was calculated using the formula of
Devereux and indexed to body surface area to obtain
the LVM index (LVMI). Left ventricular hypertrophy
(LVH) was considered present when LVMI > 125
g/m?2.16:17

Data Analysis

Descriptive statistics for all the identified variables (age,
sex, and dialysis age) were performed. The results were
given as mean + SD (normally distributed data). The
differences between the three groups were assessed
either by parametric (one-way ANOVA and Turkey’s
test) or by nonparametric (x2-test) test. For the com-
parison of the groups, Mann—Whitney U-test was used
for nonparametric variables and x2-test for parametric
variables. p-Values less than 0.05 were considered statis-
tically significant. The SPSS version 11.0 (SPSS, Inc.,
Chicago, IL., USA) was used to perform all statistical
calculations.

RESULTS

Patients’ characteristics for the whole study population
and by CKD stage are given in Table 1. The mean age
was 58 £ 15 years; 65 patients (63%) were male, and 43
patients (41%) had stage 3 CKD. Overall, serum ¢cTnT
concentrations were increased (>0.01 pg/L) in 56 of
104 (54%) patients. Serum cTnT differed significantly
between CKD stages, being more commonly increased
in the presence of more advanced CKD [increased in 18
of 43 (41%) and 38 of 61 (62%) patients with stage 3
and stage 4 CKD, respectively; p = 0.01].

Serum c¢TnT has positive correlation with blood urea
(r = 0.262), uric acid (r = 0.399), blood phosphorus
(r = 0.550), triglyceride (r = 0.329), C-reactive protein
(CRP; r =0.768), RRI (r = 0.412), LVMI (r = 0.173),
and negative correlation with hemoglobin (r = —0.028)
and GFR (r = —0.755, all p < 0.05).

There were significant associations between
increased cTnT (>0.01 pg/l) and increased uric
acid, total cholesterol, serum CRP, leukocyte, RRI, and
LVMI (p = 0.04, p = 0.02, p = 0.00, p = 0.03, p = 0.01,
and p = 0.01, respectively). Increased cTnT levels were
significantly associated with decreased hemoglobin
levels (p = 0.01, Table 2). Increased cTnT levels were
associated with a diminished eGFR (OR = 0.96; 95%
CI, 0.93-0.99; p = 0.01; Figure 1).
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Table 1. Patient characteristics by CKD stage.

Parameters Overall (n = 104) Stage 3 (n = 43) Stage 4 (n = 61) p-Value
Age, years (mean + SD) 58 + 15 56 + 11 62 + 14 0.043
Male (%) 65 (67%) 28 (65%) 37 (60%) 0.038
Weight, kg (mean + SD) 72.6 £ 19.1 71.8+14.4 73.9+13.2 0.048
Etiology of ESRD? NS

Hypertension 42 19 23

Diabetes mellitus 37 14 13

Primary glomerulonephritis 9 5 4

Polycystic kidney disease 6 2 4

Chronic pyelonephritis 4 1 3

Tubulointerstitial nephritis 2 0 2

Unknown etiology 27 12 25
BUN 62.3 +15.8 51.6 +13.4 77.8+19.4 0.026
Creatinine 10.6 = 2.8 6.5+ 1.9 157+ 4.6 0.032
Glucose (g/dL) 108.4 £41.9 109.2 £31.2 112.3+61.4 NS
Uric acid (mg/dL) 56+1.3 524+1.1 6.0+ 1.8 0.029
Phosphate (mg/dL) 53+1.8 51+1.6 55+1.9 NS
Total cholesterol (mg/dL) 167.4 +45.0 152.8 £43.0 182.3 £32.8 0.018
LDL cholesterol (mg/dL) 90.6 + 33.6 87.9 +28.9 93.7 +38.4 0.027
Triglyceride (mg/dL) 167.3 £74.8 158.5+72.6 182 £ 39.3 0.026
CRP (mg/L) 12.1 £10.5 10.3+£09.1 14.2 £12.7 0.031
GFR 44.6 +14.3 52.44+7.6 26.5+3.5 0.001
Hemoglobin (g/dL) 10.7+1.3 11.8+1.8 10.2+ 1.0 0.024
Leukocyte ( per pL) 6634.0 £ 2500.5 6042.0 +£2023.2 6845.0 + 2687.7 NS
Platelet count (per mL) 1955+ 61.1 243.44+41.2 189.4 +£32.8 NS
RRI 0.68 £ 0.06 0.72 £ 0.04 0.64 £ 0.03 0.001
cTnT > 0.01 pg/L, n (%) 56 (54) 24 (25) 32 (29) 0.01
LVMI (g/mz) 142.4 + 38.6 136.8 £21.8 153.8 £28.9 0.01

Notes: Data are given as the mean (SD) when Gaussian distributed or as the median (interquartile range) when not
Gaussian distributed. NS, nonsignificant; CRP, C-reactive protein; GFR, glomerular filtration rate; RRI, renal resistive

index; LVMI, left ventricular mass index.
2Some patients had more than one etiology for their ESRD.

Table 2. Parameters related with increased ¢TnT levels.

cI'nT > 0.01 cI'nT < 0.01
Parameters ng/L (n =56) ng/L (n = 48) p-Value
Uric acid 59+1.2 5.1£1.0 0.04
Total cholesterol (mg/dL) 188.4 £ 32.0 160.0 = 28.3 0.02
CRP (mg/L) 145+7.4 83+6.8 0.00
Hemoglobin (g/dL) 10.1 + 1.1 11.0+0.9 0.01
Leukocyte (per uL) 7354.0 + 1856.2  6256.7 4 2834.9 0.00
GFR 26.6 £11.2 51.6 +8.3 0.00
RRI 0.74.6 £ 0.13 0.61 £ 0.0.1 0.03
Ejection fraction <40% (n%) 14.2 3.5 0.00
LVMI (g/mz) 151.7 £28.4 129.5 £ 18.6 0.00
Echocardiographic data were available for all DISCUSSION

patients: the prevalence of LVH was 46% in all patients.
There were correlations between increased LVMI with
increased systolic blood pressure (r = 0.34, p = 0.01)
and age (r = 0.39, p = 0.03) and decreased eGFR
(r = —0.61; p = 0.01). The prevalence of increased
cInT (>0.01 ng/L) was higher in patients with LVH
(56% vs. 32%, p < 0.01).

On stepwise multiple regression analysis, increased
CRP (=12 mg/L), uric acid (=5 mg/L), and RRI
(=0.70) were independent variables for increased cTnT
status (r? = 0.053, p < 0.05).

Renal insufficiency alters the metabolism of many pro-
teins; thus, the clinical significance of elevated cardiac
biomarkers in patients with ESRD is hard to interpret.
For CKD patients who are not receiving dialysis, data
are limited and conflicting.182° To our knowledge, this
is the first study to document the relatively high preva-
lence of increased cTnT with the degree of renal failure
in pre-dialyzed patients. In this study, we demonstrated
that there are significant elevations of troponin levels
with renal function parameters in CKD patients.

Renal Failure
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Figure 1. Relationship of serum ¢TnT concentrations with GFR in patients with CKD.

In our study, using the cutoff of >0.01 pg/L, the
prevalence of cTnT elevation is 54% in patients with
CKD. Goicoechea et al. noted cTnT concentrations
(>0.01 ng/L) in a lower proportion (16%) of ESRD
patients than in this study.?! The increased preva-
lence of increased cTnT concentrations in our study
compared with the study of Goicoechea et al. proba-
bly reflects the relatively inferior renal function in our
study (59% of our patients had stage 4 CKD and in
their study very few patients had kidney failure). And
relating to the data in our study, serum c¢ITnT differed
significantly between CKD stages, being more com-
monly increased in the presence of more advanced CKD
(increased ¢TnT incidence is 41% and 62% in patients
with stage 3 and stage 4 CKD, respectively; p = 0.01).

In our study, we found that CRP levels were signifi-
cantly and independently correlated with cTnT levels.
Zoccali et al. reported a similar independent associa-
tion between CRP and ¢TnT in ESRD patients.?? This
is a finding that draws attention to the link between
inflammation and atherosclerosis, and CRP is now
being viewed as a nontraditional risk factor for ESRD
patients.2? Increased ¢TnT levels have been found in
association with pro-inflammatory cytokines such as
CRP or IL-6 in the literature, and studies reported a
positive correlation between troponin levels and CRP
in these patient groups.?>?* ¢TnT may be a useful
and more sensitive marker than hs-CRP in predicting
atherosclerotic risk in ESRD.

In this study, we also found that uric acid levels were
significantly correlated with cTnT levels. The associa-
tions between uric acid and cardiac markers in CKD
patients have not been studied in the literature. Elevated
serum uric acid level is a risk factor for cardiovascular
disease and our findings may suggest that uric acid levels
may serve as a predictive marker for atherosclerosis in
ESRD patients as well. Uric acid has deleterious effects

© 2012 Informa Healthcare USA, Inc.

on endothelial function, platelet adhesion and aggrega-
tion, and nitric oxide bioavailability.2> Uric acid may
mediate the hypertension by dysfunction of endothelial
and vascular smooth muscle cells resulting in oxida-
tive stress, reduction in endothelial nitric oxide, and
activation of the renin—angiotensin system.?°

There was a significant negative correlation with
eGFR and positive correlation with RRI between ele-
vated serum c¢TnT concentrations. The pathophysio-
logic mechanisms causing increased cTnT concentra-
tions in patients with kidney disease are not clear. The
increased frequency of RRI in patients with higher
cTnT levels might be explained in part by kidney dam-
age, and decreasing clearance from the kidney may
contribute to the elevated cTnT in patients with CKD.
RRI reflects renal microvascular disease. Since GFR
correlates with renal plasma flow, low eGFR in our
study might be a result of renal microvascular disease. In
advanced CKD (diabetes in particular), macrovascular
renal disease occurs simultaneously.

Improvement in renal function after renal transplan-
tation did not alter the occurrence of elevated serum
troponin.?’ Increased concentrations were more com-
mon in patients with more advanced CKD in our study.
Serum cTnT levels undergo further modifications after
release, which may affect their immunogenicity and,
potentially, be altered in the uremic state.?’” Another
possible explanation is the increased cardiac damage in
parallel with advanced CKD stage, which also increases
serum cTnT levels.

Our study found that ¢TnT had significant value
for LVMI and ejection fraction in pre-dialyzed patients.
For CKD patients who are not receiving dialysis, how-
ever, data are limited and conflicting.?%2° In uremic
cardiac hypertrophy, myocardial capillary growth did
not keep pace with cardiomyocyte hypertrophy.> This
resulted in cardiomyocyte/capillary mismatch, increased
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oxygen diffusion distance, and reduced ischemic toler-
ance of the heart, which further increased subclinical
ischemia of the myocardium and amplified the leak-
age of cardiac troponin across the plasma membrane
of myocardial cells into the circulation.?! Furthermore,
increased mechanical stress altered the permeability
of cardiomyocyte plasma membranes, predisposing to
leakage of troponin.>> Thus, the link between ele-
vated cTnT and LVH may partly reflect leakage of this
protein from hypertrophic cardiomyocyte and may sig-
nify the presence of microvascular heart disease that
occurs in uremia. Using late gadolinium enhancement
of cardiac magnetic resonance imaging to detect occult
myocardial infarction, a recent small study found that
although myocardial infarction was absent in the setting
of very low ¢TnT, high cTnT cannot be explained solely
by previous subclinical myocardial necrosis or LVH.33
This leads to speculation that additional myocardial
pathologies such as myocardial fibrosis may contribute
to increased cTnT in patients with ESRD.

In summary, we have presented data for increased
cardiac troponin concentrations that may occur early in
CKD, including among a significant number of patients
with moderate (stage 3) CKD and which are more
common as CKD advances. The predictive value of
cTnT was independent of inflammation, residual renal
function, and LVH, confirming the additional value of
measuring cTnT in early identified high-risk patients
with ESRD.

In conclusion, increased cTn'T not only shows ongo-
ing inflammation but also is a sensitive marker of
functioning renal mass in the absence of acute coronary
syndrome. It is strongly correlated with factors influenc-
ing the decline in renal function; thus, it can be used as
a renal risk parameter.

Declaration of interest: The authors report no con-
flicts of interest. The authors alone are responsible for
the content and writing of this article.
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