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Original Research Article

Prognostic value of elevated cardiac troponin | levels
in pre-dialysis chronic kidney disease patients without
cardiac symptoms

ABSTRACT

Aim: To measure serum cardiac troponin | concentration in pre-dialysis chronic kidney disease (CKD)
patients, who do not have any history or symptoms of cardiac disease, and compare results with those of
healthy control subjects.

Study Design: Cross-sectional study

Place and Duration of Study: Renal Unit, Department of Internal Medicine, University of Port Harcourt
Teaching Hospital, Rivers State, Nigeria from January 2014 to December 2015.

Methodology

Serum cardiac troponin |, HDL-cholesterol, total cholesterol, triglyceride, fasting plasma glucose, urine
and serum albumin, urine and serum creatinine concentrations were analysed in 83 diagnosed chronic
kidney disease patients attending the renal clinic and 83 age- and sex-matched healthy control subjects.
Estimated glomerular filtration rate (eGFR), urinary albumin-creatinine ratio (UACR) and LDL-cholesterol

were calculated.

Results

CKD patients had higher cardiac troponin I, higher blood pressure, higher serum creatinine, higher
UACR, higher triglyceride, lower serum albumin, lower HDL and lower eGFR than controls. Twenty-two
(26.5%) patients, but no controls, had elevated cardiac troponin |. Elevated cardiac troponin | was
associated with reduced eGFR among CKD patients but not associated with other biochemical or clinical
cardiovascular risk factors.

Conclusion
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Cardiac troponin | levels increased progressively with reduced renal function and the highest elevations
were observed among patients in CKD stages 4 and 5. Elevation of cardiac troponin | may be a marker of
increased risk of cardiovascular outcomes such as left ventricular hypertrophy, congestive heart failure,
ischemic heart disease and reduced survival in asymptomatic CKD patients. However, to ensure the best
possible clinical use, higher assay-specific optimal cut-off levels should be considered in patients with
renal dysfunction

Keywords: Cardiac troponin |, pre-dialysis, chronic kidney disease patients, prognostic value,

cardiovascular disease.

1. INTRODUCTION

Chronic kidney disease (CKD) is an independent risk factor for coronary artery disease (CAD) and acute
myocardial infarction (AMI) [1,2]. Cardiovascular disease (CVD) is the most important and most common
cause of mortality in patients with CKD [1]. CKD patients have an increased risk of cardiovascular disease
mortality that is about 20 times higher than that in the general population and this risk is heightened in
end-stage renal disease (ESRD) [1,2]. The most common cardiac manifestation in CKD is left ventricular
hypertrophy (LVH), predominantly as a result of hypertension and anemia [3]. The prevalence of LVH
increases with declining glomerular filtration rate (GFR) and may be as high as 70% to 95.5% before
initiation of dialysis [4]. LVH is a powerful independent predictor of cardiovascular mortality in uremic

patients [3,4].

Cardiovascular disease begins early in the course of chronic kidney disease. Individuals with CKD are
more likely to die of cardiovascular disease than to develop kidney failure requiring dialysis [5,6].
Traditional cardiovascular risk factors (e.g., diabetes mellitus, hypertension, dyslipidemia, obesity, and
smoking), as well as those specifically or more commonly associated with renal disease (e.g., anemia,
albuminuria, LVH, hyperparathyroidism, and the calcium — phosphate product) may be associated with
increases in cardiac troponin levels in CKD patients [7].

Cardiac troponins (cTns) are the biomarkers of choice for detecting cardiac injury in patients with renal

failure [8]. They are particularly useful in patients with ESRD because there is little difference between the
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predialysis and postdialysis levels [8,9]. They are used in the diagnosis and risk stratification of patients
with suspected acute coronary syndrome (ACS) and myocardial infarction (MI) [9,10]. Serum troponin
elevations in stable, asymptomatic CKD patients may also have prognostic implications. They may reflect
subclinical microinfarctions and predict worse long-term cardiovascular outcomes and all-cause mortality
[1,8,11].

However, elevations of cardiac troponins may not always be due to myocardial necrosis [12]. In patients
with severe renal dysfunction cardiac troponin | (cTnl), as well as cardiac troponin T (cTnT), elevations
are commonly found that cannot be linked to myocardial injury [1,11,12]. Troponin | is the only troponin
isotope present in the myocardium that is not expressed during any developmental stage in skeletal
muscle. The cardiac specificity of this isoform improves the accuracy of diagnosis in patients with acute or
chronic skeletal muscle injury and possible concomitant myocardial injury. However, in some animal
models and certain diseases of skeletal muscle (polymyositis and genetic muscular dystrophies or
myopathy resulting from chronic renal failure) re-expression of some cardiac isoforms of cardiac troponin
T has been noted [11]. Though re-expression of cardiac isoforms in skeletal muscles has been excluded
by improved analytical methods and different investigators, current immunoassay tests still show that 18%
to 75% of patients with end-stage renal failure have elevated cardiac troponin T levels compared to 4% to
17% of elevated cardiac troponin | levels [11]. The higher unbound cytosolic pool and higher molecular
weight may explain why troponin T is more frequently found elevated than troponin | [12]. Though the
mechanisms of these elevations have not yet been clearly determined [2,11,12] elevated serum cardiac
troponins in CKD may be caused by uremic toxins, loss of membrane integrity and constant outflow from
the free cytosolic troponin pool, amplified elevation of normal low levels because of impaired protein
clearance, abnormal protein metabolism, silent myocardial ischemia, left ventricular hypertrophy, and
inflammation [1,12].

The level of cardiac troponins in CKD patients who are asymptomatic for acute cardiac diseases, may
have a determinant role in prognosis and risk assessment of cardiovascular diseases. The ability to
detect significant cardiac disease in asymptomatic CKD patients at an early stage before they get to

ESRD could facilitate more aggressive and focused treatment of those at increased risk. This cross-
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sectional study was undertaken to evaluate cardiac troponin | as a prognostic marker of cardiovascular

disease in pre-dialysis CKD patients.

2. METHODOLOGY

2.1 Subjects

The target population included diagnosed chronic kidney disease patients (those with symptoms and
signs of renal disease and/or glomerular filtration rate (GFR) < 60 ml/min/1.73 m? for = 3 months, with
laboratory or radiological evidence) of the renal unit of the University of Port Harcourt Teaching Hospital
(UPTH) above the age of 18 years who were stable and ambulatory and had no symptoms of cardiac
disease. Patients on dialysis and those with acute renal failure or other acute condition, symptoms or
history of cardiovascular disease were excluded. A corresponding number of age- and sex-matched
control subjects with normal renal function and no history of cardiovascular disease, diabetes,
hypertension, or other acute or chronic condition were drawn from the general population. Approval was
obtained from the Ethical Committee of UPTH and informed consent was obtained from all participants.

Demographic, social and medical data of participants were assessed with the use of questionnaires.

2.2 Physical Examination

Blood pressure (BP) of each participant was measured with a mercury sphygmomanometer after ten
minutes of rest on two occasions and hypertension was taken as a BP equal to or greater than 140/90
mmHg. Participants were weighed bare footed and wearing light clothing on a weighing balance placed
on a flat surface. Their heights were measured on a portable collapsible stadiometer and body mass

index (BMI = weight/height®) was calculated.

2.3 Specimen Collection

After 10-12 hours overnight fast and observing aseptic procedure, 10ml of venous blood was drawn from
the antecubital fossa of each participant into a fluoride oxalate bottle for fasting plasma glucose analysis,
an EDTA bottle for analysis of lipids and a plain bottle for the estimation of serum creatinine, albumin and
cardiac troponin |. Plasma/serum was separated from blood cells after centrifugation at 2500g for 10

minutes, harvested with a clean Pasteur pipette and stored at -20°C. Freshly voided spot mid-stream
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urine was also collected from each participant in a plain bottle for determination of urinary albumin-
creatinine ratio (UACR).

2.4 Laboratory Analysis

Urine and serum creatinine concentrations were analysed using the modified Jaffe method and the serum
value obtained was used to calculate the estimated GFR (eGFR) of each participant using the
Abbreviated Modification of Diet in Renal Disease (MDRD) formula: 32788 x (serum creatinine in
umol/L) ™" x (Age) 2% x 1.210 (if black) x 0.742 (if female) [13]. Estimation of fasting plasma glucose
was done using the colorimetric glucose oxidase method [14], urine and serum albumin by the BCG
(Bromocresol Green) method [14], HDL-cholesterol by precipitation technique, total cholesterol and
triglyceride by enzymatic method [14] and LDL-cholesterol was calculated using the Friedewald’s formula
[15]. Cardiac troponin | was determined using ELISA technique (Calbiotech). Reference ranges provided
by the manufacturer for cardiac troponin | was < 0.5 ng/ml. Cardiac troponin | was considered positive for

levels higher than 0.5 ng/ml.

2.5 Statistical Analysis

Data obtained from this study was analysed using the Statistical Package for Social Sciences (SPSS)
version 20.0 (SPSS Inc. Chicago, lllinois, U.S.A.). Frequencies and percentages were obtained for
categorical variables. The means of continuous variables were compared using one way analysis of
variance (ANOVA) and expressed as mean * standard deviation (SD). Pearson correlation statistics and
multiple regression analysis were used to determine associations between cardiac troponin | and clinical
and biochemical parameters. P-values less than or equal to 0.05 were taken to be significant in all

analyses.

2.6 Definition of Variables
CKD Stages: Stage 1: eGFR = 90 ml/min/1.73 m? with kidney damage, stage 2: eGFR = 60 — 89.9
ml/min/1.73 m* with kidney damage, stage 3: eGFR = 30 — 59.9 ml/min/1.73 m®, stage 4: eGFR = 15 —

29.9 ml/min/1.73 m?, stage 5: eGFR < 15 ml/min/1.73 m? [4].
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Albuminuria: UACR of < 30 mg albumin/g creatinine (3.4 mg albumin/mmol creatinine) was regarded as
normal, UACR of 30 — 300 mg/g (3.4-33.9 mg/mmol) as microalbuminuria and UACR of > 300 mg/g

creatinine (> 33.9 mg/mmol) as overt albuminuria (macroalbuminuria) [16].

3. RESULTS

There were 83 CKD patients made up of 41 (49.4%) males and 42 (50.6%) females and 83 age- and sex-
matched control subjects consisting of 41 (49.4%) males and 42 (50.6%) females. CKD patients were
divided into three groups based on the eGFR: Group 1 (CKD stages 1 and 2), group 2 (CKD stage 3) and
group 3 (CKD stages 4 and 5). Thirty-five (42.2%), 27 (32.5%) and 21 (25.3%) patients were in groups 1,
2 and 3 respectively.

CKD patients had higher systolic (P = .01) and diastolic blood pressure values (P = .02) than controls
(Table 1). Serum cardiac troponin | (P < .001), triglyceride (P = .002), creatinine (P < .001) and UACR (P
< .001) of CKD patients were higher and their serum albumin (P = .03), HDL (P < .001) and estimated
GFR (P < .001) were lower than that of controls (Table 1). Twenty-two (26.5%) patients had elevated

cardiac troponin | but none of the controls had elevated cardiac troponin |.

Table 1. Comparison between characteristics of Controls and CKD patient groups

Control CKD1-2 CKD3 CKD4-5 P
GFR (ml/min/1.73m? 290 260 30-59.9 <30
Clinical Data
Number (n = 166) 83 35 27 21
Age (years) 40.8 (9.3) 40.6 (14.8) 47.4 (14.0) 44.7 (11.9) .24
BMI (Kg/m?) 26.0 (6.5) 24.4 (3.6) 26.4 (4.6) 23.5(3.9) .18
SBP (mmHg) 120.0 (15.8) 127.1 (21.2) 130.0 (16.0) 141.8 (24.6) .01*
DBP (mmHg) 74.5 (8.3) 79.5 (11.1) 80.8 (12.3) 88.6 (18.8) .02*
Laboratory Data
Creatinine (umol/L) 83.5 (12.3) 86.5 (9.5) 153.7 (28.2) 475.7 (185.0) <.001*
eGFR (ml/min) 103.6 (31.3) 92.8 (22.3) 51.2 (12.0) 17.0(7.2) <.001*
FPG (mmol/L) 4.7 (1.3) 5.5 (1.2) 5.2 (3.0) 4.3 (0.8) 15
TC (mmol/L) 4.6 (0.5) 4.7 (1.2) 4.8 (1.0) 4.2 (0.9) 31
Triglyceride (mmol/L) 0.9 (0.4) 1.3(0.8) 1.7 (1.0) 1.2 (0.6) .002*
HDL (mmol/L) 1.0 (0.2) 0.8 (0.2) 0.7 (0.2) 0.7 (0.2) <.001*
LDL (mmol/L) 3.0 (0.6) 3.3(1.0) 3.3(1.1) 2.9 (0.7) 41
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Albumin (g/L) 43.2 (2.1) 38.8 (9.3) 40.5 (6.7) 40.1 (6.9) .03*
UACR (mg/g) 5.6 (13.5) 155.2 (194.4) 371.8 (586.7) 536.8 (984.0) <.001*
Troponin | (ng/ml) 0.3(0.1) 0.7 (0.2) 0.9 (0.3) 1.2 (0.8) <.001*

* P-values < .05 significant; BMI — Body Mass Index; SBP — Systolic Blood Pressure; DBP — Diastolic
Blood Pressure; eGFR — estimated Glomerular Filtration Rate; FPG — Fasting Plasma Glucose; TC —
Total Cholesterol; HDL — High Density Lipoprotein; LDL — Low Density Lipoprotein; UACR - Urinary
Albumin-Creatinine Ratio. All values are Mean (SD).

Among CKD patients cardiac troponin | increased progressively along the 3 patient groups but the
upward trend was significant only between groups 1 and 3 (P = .02) but not groups 1 and 2 (P = .72) or

groups 2 and 3 (P = .42) (Figure 1).

1.4 -

1.2 4

1 -

Mean cTnl (ng/ml)

>60 30-59.9 <30
eGFR (ml/min/1.73 m?)

eGFR — estimated glomerular filtration rate; cTnl — cardiac troponin |

Figure 1: Mean cTnl of CKD patients according to eGFR

Among CKD patients, cardiac troponin | had significant inverse correlation with estimated GFR (r = -.33, P
= .01) but had no significant correlations with serum creatinine (r = .16, P = .16), serum albumin (r = -
.007, P = .50) or UACR (r = .03, P = .42). Multiple linear regression was carried out to further determine
the independent effect of clinical and biochemical risk factors on elevated cardiac troponin | levels but

there were no significant associations observed (Table 2).

Table 2: Factors associated with elevated cardiac troponin | levels in CKD patients
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Variable Beta Coefficient P 95% Confidence Interval

Age (years) .18 A7 -.01to0 .03
BMI (Kg/m®) -.07 .80 -.09 to .07
SBP (mmHg) -.24 39 -.02 t0 .009
DBP (mmHg) .30 21 -.008 t0 .03
FPG (mmol/L) A1 51 -.06to .11
Total cholesterol (mmol/L) -.03 .86 -.17to .15
Triglyceride (mmol/L) -.07 73 -.39t0.28
HDL (mmol/L) -.08 .68 -1.06 to .70
LDL (mmol/L) -11 .62 -.36 to .22

* P-values < .05 significant; BMI — Body Mass Index; SBP — Systolic Blood Pressure; DBP — Diastolic
Blood Pressure; FPG — Fasting Plasma Glucose; HDL — High Density Lipoprotein; LDL — Low Density
Lipoprotein

4. DISCUSSION

Patients with chronic kidney disease in this study differed from controls in multiple baseline
characteristics, including higher cardiac troponin | and cardiovascular risk factors, though multiple
regression analysis revealed that age, body mass index, blood pressure, plasma glucose, serum
cholesterol and triglyceride levels were not significant predictors of elevated cardiac troponin | in CKD
patients. In consonance with our findings, numerous studies have also documented higher prevalence of
cardiovascular risk factors in patients with renal dysfunction compared to individuals with normal renal
function [17,18]. Some researchers have observed significant associations between cardiac troponin |
and cardiovascular risk factors [1,7,19,20] but it is well known that though traditional cardiovascular risk
factors are prevalent in CKD, they do not fully explain the high incidence of cardiovascular events or
increased mortality rates [21].

Twenty-two (26.5%) patients had elevated cardiac troponin | but none of the controls had elevated
cardiac troponin |. Elevated cardiac troponins have been observed in patients with various degrees of
renal failure who do not have symptoms of an acute coronary syndrome (ACS) [2,7,22]. Several studies

have reported prevalence rates of 10.0%, 18.0% and 43.3% respectively for cardiac troponin | elevations
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[1,7,19]. However, cardiac troponin T has been observed to have higher prevalence rates in CKD patients
compared to cardiac troponin | despite the fact that the current cardiac troponin T assays do not detect
cross-reacting isoforms from skeletal muscle [7,8]. The prevalence of increased troponin values among
patients with chronic renal failure in the absence of clinically suspected ischemia may be as high as 53%
to 100% using the new high sensitivity cardiac troponin assays [17,22,23]. However, in patients with
advanced renal failure, cardiac troponin concentrations develop higher peaks and troponin remains
detectable for longer periods. Patients with ESRD usually have elevated troponin values before any acute
cardiac event. Repeated early measurements are needed to detect a pronounced rise indicating an acute
ischemia [22].

Elevated cardiac troponin | in this study was associated with reduced eGFR. Highest elevations of cardiac
troponin | were observed among patients in CKD stages 4 and 5. In support of these findings, several
studies have reported an inverse correlation of cardiac troponins with eGFR in CKD patients without
acute cardiac symptoms [1,2,7,17,19]. Ahmadi et al noted that elevation of cardiac troponin I
concentration was associated with decreased glomerular filtration rate and occurred only among patients
in CKD stage 4 [1]. Wang et al observed that elevation of cardiac troponin increased with progression of
CKD stages and a statistically significant rise began in CKD stage 3 [2]. Abbas et al and Chen at al also
published that patients with more advanced stages of CKD had higher cardiac troponin | levels compared
to patients in earlier CKD stages [7,19]. Decreased GFR has been found to be an independent risk factor
for CVD outcomes and all-cause mortality, and is also related to increased prevalence of LVH [24].
Increased cardiac troponin | levels observed in ESRD may be a true reflection of underlying myocardial
injury associated with cardiovascular co-morbidities such as LVH and congestive heart failure that
frequently occur in these patients [19,2]. Recent studies have indicated that increased cardiac troponin
levels in patients with CKD are predominantly an indicator of severe left ventricular hypertrophy (LVH),
which may lead to subendocardial ischemia [7,8,19,22]. Cardiomyopathy in CKD is characterized by
concentric LVH and left ventricular dilatation with proportional hypertrophy and it presents clinically as
congestive heart failure and ischemic heart disease (IHD) [20,24]. On the other hand, impaired
catabolism of troponins induced by uremia in CKD patients may also result in false positive elevations of

serum troponin levels [20]. This brings into question the clinical utility of cardiac troponins in patients with
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renal dysfunction and may limit the use of cardiac troponins for the diagnosis of ACS in ESRD [17].
Detectable cardiac troponin is also a marker of decreased survival [7,17]. It has been shown to be
associated with a 2- to 5-fold increased risk of death in CKD patients [8].

In CKD patients, the use of cardiac troponins in diagnosis has not yet been clearly standardized and the
ability of cardiac troponins at the usual prognostic thresholds to predict risk for subsequent adverse
cardiac events is reduced in patients with renal insufficiency [25]. To ensure the best possible clinical use,
it has been suggested that higher assay-specific optimal cut-off levels should be considered in patients

with renal dysfunction [17].

5. CONCLUSION

CKD patients had higher mean cardiac troponin | and higher prevalence of traditional and uremia-related
cardiovascular risk factors compared to controls. Twenty-two (26.5%) patients, but no controls, had
elevated cardiac troponin |. Elevated cardiac troponin | was associated with reduced eGFR but not
associated with other cardiovascular risk factors. Elevation of cardiac troponin | may be a marker of
increased risk of cardiovascular outcomes such as left ventricular hypertrophy, congestive heart failure,
ischemic heart disease and decreased survival in asymptomatic CKD patients. However, further research
is required to determine the effect of reduced GFR on the diagnostic and prognostic efficiency of cardiac

troponins, particularly in ESRD patients.
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