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INTRODUCTION

It is well known that patients with end-stage renal
disease (ESRD) have elevated cardiovascular mortality.
The prevalence of ischemic heart disease in this popula-
tion is 10–20 times higher than that in the general popu-
lation.[1] Cardiac troponin T (cTnT) and cardiac troponin
I (cTnI) are important serologic markers for the detection
of myocardial cell injury and risk stratification of
patients with acute coronary syndrome.[2–4] However,
some investigators reported that the cardiac troponins are
elevated in a high percentage of patients with ESRD
without evidence of acute myocardial ischemia.[5–8]

Although elevated serum levels of cardiac troponins have
been associated with mortality in hemodialysis patients,
the precise mechanism of elevated cardiac troponins in
ESRD is not exactly clear. Early studies, in which first
generation troponin assays were used, suggest that the
elevation of cTnT may be due to the elevated expression
of cTnT in myopathic skeletal muscle in patients with
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renal disease[9]; the presence of cardiovascular risk fac-
tors, especially diabetes mellitus; and the presence of
coronary artery disease.[10–12] In recent studies, the pres-
ence of left ventricular hypertrophy (LVH), which is
common in ESRD patients, has been associated with
elevated cTnT in patients with ESRD.[12–14] However, in
previous studies, investigators used generally single
measurement of cardiac troponins. Therefore, the change
of the cardiac troponins with time and its relationship
with LVMI in patients with ESRD is not completely
known. The aim of this study was to evaluate the rela-
tionship between LVMI and the fluctuations in the car-
diac troponins at the end of the follow-up.

METHODS

We included the patients with ESRD without clinical
coronary artery disease. ESRD was definite as follows.
First, glomerular filtration rate (GFR) was estimated
according to the Cockcroft-Gault equation:

and then ESRD is defined as GFR < 15 mL/min/(1.73 m2).
Diabetic and hypertensive nephropathy in approximately
half of patients were the most common causes of
ESRD.[15]

Patients with angiographically proven stenosis (>50%
of the luminal diameter), acute coronary syndromes,
history of myocardial infarction, chronic stable angina
pectoris, previous coronary revascularization, regional
wall-motion abnormalities in echocardiography, and
significant ECG changes suggestive of myocardial
ischemia were excluded from the study. One hundred and
twenty-nine patients met these criteria and were enrolled
for the study. Nineteen patients (15%) died before the
follow-up troponin assays and echocardiographic exami-
nations. The causes of death were cardiovascular (50%),
infection, and other/unknown causes. This study was per-
formed on the remaining 110 patients, for whom follow-
up echocardiographic and troponin assessments were
available. The baseline LVMI of deceased patients was
significantly higher than these 110 patients included in the
analysis (170 ± 54 vs. 140 ± 58, p = 0.036). The incidence
of death was significantly higher in the patients with an
elevated cTnT and cTnI. Follow-up echocardiography and
troponin assays were performed after 18.2 ± 2.2 (14–23)
months.

Blood Sampling Protocol and Echocardiographic 
Examination

Blood samples were collected for complete analysis
and then centrifuged, and aliquots were stored at −70°C for
subsequent measurements of troponins. The cTnT was
measured using the Elecsys System 2010, an enzyme-
linked immunosorbent assay (third generation) from Roche
Diagnostics (Mannheim, Germany). We used a level of 0.1
ng/mL as the cTnT positivity. cTnI was measured using the
Axsym System, a microparticle enzyme immunoassay
from Abbott Laboratories (Chicago, Illinois, USA). The
cutoff value chosen for an abnormal cTnI was 0.5 ng/mL.

Two-dimensional echocardiography was performed
on patients in the left lateral decubitus position with a
Vingmed system V (Norway, GE). Because LV volume
fluctuates in hemodialysis patients, measurements were
performed after dialysis, when patients were closest to
their euvolemic state. Two dimensional measurements
were performed as recommended by the American Society
of Echocardiography.[16] Values were indexed to body sur-
face area. LV ejection fraction (LVEF) was determined by
the modified biplane Simpson’s rule. Measurements were
averaged over three cardiac cycles. The LV mass (LVM)
was calculated according to Devereux formula[17]:

where PWT is posterior wall thickness, IVS is ventricular
septal wall thickness, and LVEDD is left ventricular end-
diastolic dimension. LVM index (LVMI) was calculated
as LVM/body surface area. LVH was defined as LVMI
>134 gr/m2 in men and > 110 gr/m2 in women.[18]

At the end of the follow-up period, cardiac troponins
and echocardiographic measurements were obtained from
all of the patients again. All measurements were per-
formed by the two cardiologists unaware of the original
patient troponin results. The study was conducted in
accordance with the Helsinki II declaration and approved
by the Local Ethics Committee. All participants gave a
written informed consent.

Statistical Analysis

Continuous variables were expressed as mean values
± SD, and categorical variables as percentages. Categorical
variables were compared by Pearson chi-square statistic.
Comparisons of continuous variables between two groups
have been performed by means of paired or unpaired
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Student’s t test, Wilcoxon signed ranks test, or Mann-
Whitney U test, where appropriate. The differences in
continuous variables between three or more groups were
performed by analysis of variance or Kruskal Wallis test.
For all tests, a value of p < 0.05 was considered statistically
significant. The SPSS statistical software package (version
10.0) was used to perform all statistical calculations.

RESULTS

Baseline clinical characteristics of all the patients
are shown in Table 1. Baseline and follow-up echocar-
diographic measurements are shown in Table 2. There
was no statistically significant difference between
echocardiographic measurements at the baseline and
after the follow-up.

At the baseline, cTnT was positive in 19 patients (17%).
LVMI was significantly higher in patients with positive
baseline cTnT than those patients with negative cTnT
(184.6 ± 51.8 gr/m2 vs. 130.8 ± 54.6 gr/m2, p < 0.001).
cTnI was positive in 27 patients (25%). LVMI was also
significantly higher in patients with positive cTnI than
those patients with negative cTnI (160 ± 73.9 gr/m2 vs.
133 ± 45 gr/m2, p = 0.031).

After the follow-up, cTnT was positive in 18
patients (16%). In patients with positive cTnT, LVMI
was significantly higher than those in patients with
negative cTnT (180 ± 46 gr/m2 vs. 135 ± 58 gr/m2,
p = 0.002). cTnI was positive in 48 patients (44%).

Although, LVMI was higher in patients with positive cTnI,
it did not reach statistical significance (153 ± 67 gr/m2 vs.
134 ± 50 gr/m2, p > 0.05).

Table 3 shows the baseline and follow-up LVMI
according to positivity and negativity of both troponins at
the baseline and follow-up. LVMI was significantly higher
in patients with both cTnT and cTnI positive at the follow-
up than those patients with both cTnT and cTnI negative at
the baseline.

The change in the troponins and LVMI from baseline
to follow up was given in Table 4. After the follow-up,
cTnT changed from negative to positive in 7 patients
(6%), and from positive to negative in 8 patients (7%).
LVMI significantly increased in patients in which cTnT
changed from negative to positive at follow-up (136 ± 41
gr/m2 vs. 174 ± 48 gr/m2, p = 0.028). Although, LVMI
decreased from 204 ± 63 gr/m2 to 164 ± 33 gr/m2 in
patients in which cTnT changed from positive to negative
at follow-up, it did not reach statistical significance. LVMI
did not significantly change from baseline to follow-up in
other two groups. cTnI changed from negative to positive
in 33 patients (30%), and from positive to negative in
12 patients (11%). In contrast to cTnT, LVMI did not
increase in patients in which cTnI changed from negative
to positive at follow-up. There were five patients in which
both troponins were negative at baseline and changed to
positive at follow-up. LVMI also significantly increased in
these patients.

Table 1 
Baseline characteristics of patients with chronic 

renal failure

Patients (n) 110
Age (years) 43 ±14
Female/male (n, %) 50/60, (45/55%)
Hypertension 75 (68%)
Diabetes mellitus 19 (17%)
Smoking 24 (22%)
BMI (kg/m2) 24
Hemoglobin level (mg/dL) 11.8 ± 2
Total cholesterol (mg/dL) 185 ± 80
Triglyceride (mg/dL) 122 ± 40
HDL (mg/dL) 35 ± 15
LDL (mg/dL) 135 ± 32

Dialysis (n, %)
Piriton dialysis 41 (40%)
Hemodialysis 44 (37%)
Predialysis 25 (23%)

Abbreviations: BMI = body mass index, HDL = high-
density lipoprotein, LDL = low-density lipoprotein

Table 2 
The echocardiographic parameters in the baseline 

and follow-up of patients

Baseline Follow-up p value

LV diastolic dimension (cm) 5.1 ± 0.6 5.2 ± 0.7 NS
LV systolic dimension (cm) 3.6 ± 0.7 3.7 ± 0.8 NS
EF (%) 64 ± 10 60 ± 11 NS
FS (%) 29 ± 6 27 ± 7 NS
Aortic dimension (cm) 3.1 ± 0.3 3.1 ± 0.3 NS
Left atrial dimension (cm) 3.9 ± 0.6 3.9 ± 0.7 NS
Mitral E wave (cm/sn) 0.87 ± 0.26 0.82 ± 0.26 NS
Mitral A wave (cm/sn) 0.87 ± 0.30 0.78 ± 0.32 NS
E dec (msn) 220 ± 61 215 ± 65 NS
IVRT (msn) 89 ± 17 88 ± 20 NS
Septal thickening (cm) 1.1 ± 0.2 1.1 ± 02 NS
Posterior wall thickening (cm) 1.0 ± 0.2 1.1 ± 02 NS
LVM (g) 236 ± 97 242 ± 103 NS
LVMI (g/m2) 140 ± 58 142 ± 58 NS

Data were presented as mean ± SD.
Abbreviations: LV = left ventricle, EF = ejection fraction,

FS = fractional shortening, IVRT = iso-volumetric relaxation
time, LVM = left ventricular mass, LVMI = left ventricular
mass index, SD = standard deviation, NS = not significant
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DISCUSSION

The findings of results in this study are as follows:

• cardiac troponins are shown to have significantly fluctu-
ations in patients with ESRD without known coronary
artery disease;

• patients whose troponin T level was changed from
negative to positive with time have more prominent
increased LVMI; and

• although there was significant fluctuation (from negative
to positive) in level of cTnI with time, an increase of
LVMI was not statistically significant in these patients.

Cardiac troponins are the most important of biochemical
markers for the detection of myocardial cell damage. It has

been reported that elevated cardiac troponins had an
important role in predicting the mortality in patients with
ESRD.[8,19,20] It is well accepted that elevated serum cTnT
concentrations in ESRD patients, measured by second- or
third-generation cTnT assays, originate from the heart and
not from the skeletal muscle. We used third-generation
cTnT and cTnI assays that do not show cross-reactivity
with skeletal muscle troponin isoforms in patients with
ESRD. However, the fluctuation of cardiac troponins with
time and its relationship with LVMI in patients with ESRD is
not clear yet despite using new generation assays. However,
previous studies have generally used a single measurement of
cardiac troponins.[13,14,21,22] Fluctuations in the level of the
cardiac troponins can appear with time.[19] Similar to our
results, Robert et al.[23] have been reported that undetectable
cTnI in 27% of patients at baseline was found to be detectable

Table 3 
LVMI values according to both cardiac troponins in baseline and follow-up

Baseline Follow-up

n (%) LVMI (gr/m2) p value n (%) LVMI (gr/m2) p value

Group I 73 (67%) 128 ± 47† 57 (52%) 134 ± 52‡ 0.006*
Group II 9 (8%) 198 ± 51 0.001* 13 (12%) 196 ± 46
Group III 18 (16%) 142 ± 77 35 (32%) 137 ± 67§

Group IV 10 (9%) 172 ± 51 5 (4%) 140 ± 24

Data were presented as mean ± SD. Abbreviations are the same as those in Table 2.
Group I = cTnT and cTnI negative; Group II = cTnT and cTnI positive; Group III = cTnT negative and cTnI positive; Group

IV = cTnT positive and cTnI negative
*ANOVA analysis, between-groups
†p < 0.005, group I versus group II; ‡p < 0.007, group I versus group II; §p < 0.021, group III versus group II.

Table 4  
LVMI values and fluctuations of cardiac troponins in baseline and follow-up

LVMI (gr/m2)

p valuen (%) Baseline Follow-up Baseline Follow-up

cTnT 84 (76%) 0 0 130 ± 55 132 ± 59 0.351
7 (7%) 0 + 136 ± 41 174 ± 48 0.028*

11 (10%) + + 169 ± 38 184 ± 50 0.155
8 (7%) + 0 204 ± 63 164 ± 33 0.123

cTnI 50 (45%) 0 0 132 ± 55 130 ± 48 0.472
33 (30%) 0 + 135 ± 40 140 ± 48 0.386
15 (14%) + + 173 ± 76 182 ± 92 0.281
12 (11%) + 0 144 ± 70 151 ± 57 0.583

cTnT and cTnI 42 (76%) 0 0 126 ± 46 127 ± 51 0.488
5 (9%) 0 + 149 ± 40 194 ± 42 0.043*
5 (9%) + + 192 ± 37 215 ± 15 0.225
3 (6%) + 0 210 ± 85 170 ± 38 0.285

Data were presented as mean ± SD. Abbreviations are the same as those in Table 2. (+) = positive, (0) = negative.
*p < 0.05, non-parametric test-Wilcoxon test.
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in the serial follow-up. We found that fluctuation of cTnI was
higher than the fluctuation of cTnT.

An increase of LVMI was more prominent in
patients who had fluctuation in cardiac troponins from
negative to positive (especially cTnT, as well as both
cTnT and cTnI). Therefore, an increase of LVMI may
be partly responsible for the changes of cardiac
troponins in ESRD over time. The presence of left ven-
tricular hypertrophy, which is an important predictor of
cardiovascular mortality, is significantly correlated
with elevated cTnT in patients with ESRD without
acute myocardial ischemia.[5,6,8] It has been suggested
that this association is explained by an elevated cTnT
release from the hypertrophic cardiomyocyte due to
impaired membrane permeability.[13] In addition, an
increase of the myocardial fibrosis and myocyte death
or decrease in the capillary density caused by LVMI
may explain the elevated troponins without coronary
artery disease in this population.

In contrast to fluctuation in cTnT, there was more evi-
dent fluctuation in cTnI in our study; however, an increase
of LVMI with time was not statistically significant in
these patients. Discrepancy between fluctuations of cTnT
and cTnI at follow-up is not entirely clear, but may be
explained by releasing kinetics, cellular biology, protein
chemistry, and assay technology between the two
troponins.[9,24,25] On the other hand, this may be attribut-
able to instability of the cTnI molecule or dissimilar glom-
erular filtration of cTnT and cTnI.[26,27] In addition,
recurrent myocardial microinfarction and progression of
degenerative myocardial disease may be the cause of
excessive fluctuations in the cTnI, which is more cardiac
specific than cTnT in the setting of renal failure.[18,28,29]

However, further studies are needed to investigate the
cause of these different fluctuations between cardiac
troponins in patients with ESRD.

LIMITATIONS

Coronary angiography was not performed to exclude
CAD; a history of preexisting CAD would likely exclude
some electrocardiographic and echocardiographic findings.
Some patients probably had subclinical CAD. In addition,
different dialysis modalities and pre-dialysis situations
might have a different impact on both troponin levels and
ventricular mass/morphology.

We conclude that change of troponins from negative
to positive with time may be a marker of the increase of
LVMI in the patients with ESRD. In light of the current
data, we can conclude that cTnI is a more sensitive and
specific marker than cTnT for diagnosing myocardial
injury due to increased left ventricular mass. Therefore,

cardiac troponins, especially cTnI, should be closely mon-
itored in patients with ESRD.

DECLARATION OF INTEREST

The authors report no conflicts of interest. The authors
alone are responsible for the content and writing of the paper.

REFERENCES

1. Foley RN, Parfrey PS, Sarnak MJ. Clinical epidemiology of
cardiovascular disease in chronic renal disease. Am J Kidney
Dis. 1998;32:S112–S119.

2. Antman EM, Tanasijevic MJ, Thompson B, Schactman M,
McCabe CH, Cannon CP. Cardiac specific troponin I levels
to predict the risk of mortality in patients with acute coronary
syndromes. N Engl J Med. 1996;335:1342–1349.

3. Ohman EM, Armstrong PW, Christenson RH, et al. Cardiac
troponin T levels for risk stratification in acute myocardial
ischemia. GUSTO IIA investigators. N Engl J Med. 1996;
335:1333–1341.

4. Galvani M, Ottani F, Ferrini D, et al. Prognostic influence of
elevated values of cardiac troponin I in patients with unstable
angina. Circulation. 1997;95:2053–2059.

5. Mallamaci F, Zoccali C, Parlongo S, et al. Troponin is
related to left ventricular mass and predicts all-cause and car-
diovascular mortality in hemodialysis patients. Am J Kidney
Dis. 2002;40:68–75.

6. Iliou MC, Fumeron C, Benoit MO, et al. Factors associated
with increased serum levels of cardiac troponins T and I in
chronic hemodialysis patients: Chronic hemodialysis and
new cardiac markers evaluation (CHANCE) study. Nephrol
Dial Transplant. 2001;16:1452–1458.

7. Hafner G, Thome-Kromer B, Schaube J, et al. Cardiac
troponins in serum in chronic renal failure. Clin Chem. 1994;
40:1790–1791.

8. Abaci A, Ekici E, Oguzhan A, Tokgoz B, Utas C. Cardiac
troponins T and I in patients with end-stage renal disease: the
relation with left ventricular mass and their prognostic value.
Clin Cardiol. 2004;27:704–709.

9. McLaurin MD, Apple FS, Voss EM, Herzog CA, Sharkey CW.
Cardiac troponin I, cardiac troponin T, and creatine kinase
MB in dialysis patients without ischemic heart disease:
Evidence of cardiac troponin T expression in skeletal muscle.
Clin Chem. 1997;43:976–982.

10. Ooi DS, House AA. Cardiac troponin T in hemodialyzed
patients. Clin Chem. 1998;44:1410–1416.

11. Haller C, Zehelein J, Remppis A, Muller-Bardorff M,
Katus HA. Cardiac troponin T in patients with end-stage
renal disease. Absence of expression in truncal skeletal
muscle. Clin Chem. 1998;44:930–938.

12. Freda BJ, Tang WH, Van Lente F, Peacock WF, Francis GS.
Cardiac troponins in renal insufficiency. J Am Coll Cardiol.
2002;40:2065–2071.



Fluctuation of Cardiac Troponins in ESRD over Time 981

13. Mallamaci F, Zoccali C, Parlongo S, et al. Diagnostic value
of troponin T for alterations in left ventricular mass and func-
tion in dialysis patients. Kidney Int. 2002;62:1884–1890.

14. Duman D, Tokay S, Toprak A, et al. Elevated cardiac
troponin T is associated with increased left ventricular mass
index and predicts mortality in continuous ambulatory
peritoneal dialysis patients. Nephrol Dial Transplant.
2005;20:962–967.

15. National Kidney Foundation. Clinical practice guidelines for
chronic kidney disease: Evaluation classification and stratifi-
cation. Am J Kidney Dis. 2002;39:S1–S266.

16. Schiller NB, Shah PM, Crawford M, et al. Recommendations
for quantitation of the left ventricle by two-dimensional
echocardiography. American Society of Echocardiography
Committee on Standards, Subcommittee on Quantitation of
Two-Dimensional Echocardiograms. J Am Soc Echocardiogr.
1989;2:358–367.

17. Devereux RB, Alonso DR, Lutas EM, et al. Echocardio-
graphic assessment of left ventricular hypertrophy: Comparison
to necropsy findings. Am J Cardiol. 1986;57:450–458.

18. Devereux RB, Lutas EM, Casale PN, et al. Standardization
of M-mode echocardiographic left ventricular anatomic
measurements. J Am Coll Cardiol. 1984;4:1222–1230.

19. Ooi DS, Veinot JP, Wells GA, House AA. Increased mortal-
ity in hemodialyzed patients with elevated serum troponin T:
A one-year outcome study. Clin Biochem. 1999;32:647–652.

20. Apple FS, Sharkey SW, Hoeft P, et al. Prognostic value of serum
cardiac troponin I and T in chronic dialysis patients: A one-year
outcomes analysis. Am J Kidney Dis. 1997;29:399–403.

21. Apple FS, Murakami MM, Pearce LA, Herzog CA. Predic-
tive value of cardiac troponin I and T for subsequent death in
end-stage renal disease. Circulation. 2002;106:2941–2945.

22. Roppolo LP, Fitzgerald R, Dillow J, Ziegler T, Rice M,
Maisel A. A comparison of troponin T and troponin I as
predictors of cardiac events in patients undergoing chronic
renal dialysis at a veteran’s hospital: A pilot study. J Am Coll
Cardiol. 1999;34:448–454.

23. Robert MA, Fernando D, Macmillian N, et al. Single and serial
measurements of cardiac troponin I in asymptomatic patients
on chronic hemodialysis. Clin Nephrol. 2004;61:40–46.

24. Wu AH, Feng YJ, Moore R, et al. Characterization of
cardiac troponin subunit release into serum after acute
myocardial infarction and comparison of assays for tropo-
nin T and I. Clin Chem. 1998;44:1198–1208.

25. Katrukha AG, Bereznikova AV, Esakova TV, et al. Troponin
I is released in bloodstream of patients with acute myocardial
infarction not in free from but as complex. Clin Chem.
1997;43:1379–1385.

26. Wu AHB, Feng YJ, Moore R, et al. Characterization of
cardiac troponin subunit release into serum after acute
myocardial infarction and comparison of assays for tropo-
nin T and I. American Association for Clinical Chemistry
Subcommittee on cTnI Standardization. Clin Chem. 1998;
44:1198–1208.

27. Gerhardt W, Jjungdahl L. Troponin T: A sensitive and specific
diagnostic and prognostic marker of myocardia damage.
Clin Chim Acta. 1998;272:47–57.

28. Martin GS, Becker BN, Schulman G. Cardiac troponin-I
accurately predicts myocardial injury in renal failure.
Nephrol Dial Transplant. 1998;13:1709–1712.

29. McLaurin MD, Apple FS, Falahati A, Murakami MM, Miller
EA, Sharkey SW. Cardiac troponin I and creatine kinase-MB
mass to rule out myocardial injury in hospitalized patients
with renal insufficiency. Am J Cardiol. 1998;82:973–975.


