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a b s t r a c t
It is well known that the population with chronic kidney disease (CKD) is at greater risk for cardiovascular disease
and death than the general population. The use and interpretation of high sensitivity cardiac troponin (hs-cTn)
assays have been particularly challenging in these patients with the majority having elevated levels at baseline.
The diagnostic accuracy of acute myocardial infarction (AMI) may be decreased in patients with CKD when using
these newer troponins. In order to improve the sensitivity and speciﬁcity for the diagnosis of AMI, one must look
at the change in cTn and consider using higher cut-off values. In asymptomatic patients with CKD, research has
shown increased prevalence of cardiovascular risk factors and underlying structural heart disease with increasing
cTn levels. Prognostically, elevated cTn has been associated with adverse outcomes including incident heart failure and cardiovascular mortality. The purpose of the review is to evaluate hs-cTn in patients with CKD for the diagnosis of AMI and for the prognostic signiﬁcance of elevated levels in CKD patients without AMI. Although the
underlying etiology of persistently elevated cTn in the CKD population remains unclear, the review will also evaluate studies attempting to explain whether the source of cTn is from increased cardiac production versus decreased renal clearance. Further longitudinal studies are required in order to bridge the gap between the
prognostic importance of elevated cTn and clinical management to prevent symptomatic cardiac disease.
© 2015 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.
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Introduction
Since the advent of high-sensitivity (hs) cardiac troponin assays, few
studies have evaluated the diagnostic and prognostic signiﬁcance of elevated hs cardiac troponin T (hs-cTnT) or cardiac troponin I (cTnI) in
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patients with chronic kidney disease (CKD, typically deﬁned as an estimated glomerular ﬁltration rate [eGFR] b 60 mL/min/1.73 m2) and endstage renal disease (ESRD, typically deﬁned as the requirement for renal
replacement therapy). These studies have included asymptomatic subjects from community-dwelling cohorts as well as patients with
known or suspected cardiac pathology such as heart failure and acute
coronary syndrome (ACS). The goal of this review is to critically evaluate
current literature relating to the use and interpretation of the hs troponin assays in patients with CKD across a wide range of conditions. Many
prior studies have reported an increased risk of cardiovascular disease
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among patients with CKD compared to those with normal renal function, independent of traditional cardiovascular risk factors [1–4]. In
asymptomatic patients with either CKD or ESRD, the presence of elevated troponin levels using earlier generation assays, including the contemporary sensitive assays (but not hs), is associated with increased
risk for adverse cardiovascular events and all-cause mortality [5–9]. In
addition, an elevated troponin level in the setting of ACS in patients
with CKD portends a poor short-term and long-term prognosis [10].
What remains uncertain is whether these ﬁndings from studies using
earlier generations of cTn assays would be applicable to the interpretation of new generation hs troponin assays where one might anticipate
detectable levels in nearly all patients and “elevated” levels in a majority
of patients with CKD [11]. Given that cardiac troponins are now the
standard biomarker and centerpiece for diagnosing acute myocardial
infarction ([AMI] note that AMI is a subset of ACS which also incorporates the diagnosis of unstable angina. However in the era of hs-cTn
the diagnosis of unstable angina is rare and AMI and ACS are often
used interchangeably), an improved understanding of cross-sectional
associations with cardiovascular disease, prognosis, and potential importance of reliance on changing values of troponin over time in CKD
and ESRD patients may assist both laboratorians and clinicians in understanding the signiﬁcance of elevated hs troponin values in a variety of
clinical scenarios.
Interpretation of hs troponin assays in patients with chronic kidney
disease and AMI
Previous studies in unrestricted patient populations with signs and
symptoms suggestive of AMI show that hs troponin assays have significantly improved the sensitivity of detection for AMI compared to conventional assays [12–19]. However, the CKD population presents
challenges in this biomarker-based diagnosis. Asymptomatic patients
with CKD and ESRD have a markedly higher prevalence of CAD [1,
20–25] compared to the general population. Given the frequent ﬁnding
of chronic elevations of hs-cTn in CKD and ESRD patients, the

importance of the change in cTn levels must be emphasized when determining whether or not a symptomatic patient has an AMI. An elevation of cTn in patients with AMI and CKD is associated with poorer
prognosis [10,26,27]. Baseline troponin values from asymptomatic patients with CKD without AMI are also often elevated above the 99th percentile of the reference range (middle aged, disease-free general
population). Identifying values of troponin above the 99th percentile
for the speciﬁc assay is a critical ﬁrst step for the diagnosis of AMI in
the absence of ST segment elevation on the ECG [28].
Table 1 summarizes the contemporary studies evaluating hs-cTn for
the diagnosis of AMI in patients with CKD. A prospective, multi-center
study of 367 adults (among those, 75 with CKD) presenting to the emergency room with chest pain evaluated the diagnostic performance of
the hs-cTnT assay with sub analysis focusing on elderly patients, many
with CKD for AMI. Older patients (age N = 70 years) were more frequently found to have a history of CAD, heart failure, and HTN in addition to higher baseline hs-cTn levels and lower eGFR than their
younger counterparts. Using ROC analysis in patients with CKD, a higher
cut-off for hs-cTnT at 35.8 ng/L resulted in a sensitivity of 94% and increased speciﬁcity of 86% (compared to a sensitivity of 100% and speciﬁcity of 54% when using a cut-off 14 ng/L) for the diagnosis of AMI. This
compared favorably to the sensitivity of 90% and speciﬁcity of 86% in patients without CKD and hs-cTnT N 14 ng/L. Multivariate analysis showed
that CKD, age N 70, and history of heart failure were independent predictors of a hs-cTnT N 14 ng/L at time of admission [29]. Another single
center study involving serial biomarker measurements (hs-cTnT) of 122
CKD patients with chest pain or equivalent from a total of 1514 patients
found that hs-cTnT had higher sensitivity and lower speciﬁcity with
signiﬁcantly lower area under the receiver operating curve for
diagnosis of AMI among CKD patients versus those with symptoms
and eGFR N 60 mL/min/1.73 m2 [30]. Another prospective study
involving 836 patients was conducted in which absolute and relative
(percent) changes in hs-cTnT collected at baseline, 1 h, and 2 h after
presentation were evaluated in the diagnosis of AMI. In the 125 patients
with CKD, absolute changes were found to be more accurate than

Table 1
CKD and AMI.
Study

n

cTn assay
Diagnosis
(single
or multiple
measurements)

Patient
characteristics

AUC

Sensitivity Speciﬁcity Outcomes

Comments

ChenevierGobeaux
[29]

367 (75 with
CKD)

Serial

hs-cTnT (Roche
Elecsys)
hs-cTnT (Roche
Elecsys)
hs-cTnT (Roche
Elecsys)
hs-cTnT (Roche
Elecsys)

CKD + AMI,
hs-cTnT N 14
CKD + AMI,
hs-cTnT N 35.8
CKD + NSTEMI,
hs-cTnT N 14
CKD + NSTEMI,
hs-cTnT N 43.2

0.96

1.00

0.54

N/A

0.94

0.86

Diagnosis based on
Global
Consensus on MI

1.00

0.54

0.92

0.88

N/A

Pfortmueller 122
[30]

Serial

hs-cTnT (Roche
Modular E170)

CKD with chest pain
or dyspnea

0.535

0.74

0.31

N/A

Cross-sectional
analysis. Diagnosis of
AMI based on clinical
picture

Reichlin
[31]

Serial

hs-cTnT (Roche
Elecsys)

CKD + AMI @ 1 h

Abs 0.88,
Rel 0.62
Abs 0.94,
Rel 0.70

N/A

N/A

N/A

Diagnosis based on
Universal deﬁnition of
MI and ACC guidelines

CKD
CKD

0.58
0.63

0.35
0.68

0.89
0.57

CKD

0.66

0.41

0.89

Death in ﬁrst
730 days
speciﬁcally to
CKD

CKD

0.69

0.74

0.63

AUC and
sensitivity/speciﬁcity
shown for outcome of
death in ﬁrst 730 days
in patients with
CKD and AMI

836 (125
with CKD)

CKD + AMI @ 2 h
Haaf [32]

1117 (160
with CKD)

Serial

hs-cTnI (Siemens)
hs-cTnI (Beckman
Coulter)
cTnT (Roche
Elecsys)
hs-cTnT (Roche
Elecsys)

Note: In Haaf study, diagnostic performance of high-sensitivity cTn in different assays was reported in all-comers. Only certain prognostic information was provided speciﬁcally in relation
to CKD.
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Table 2
ESRD Prognosis.
Study

n

cTn
assay

Type of study
(C-S,
longitudinal,
both)

Jacobs
[41]
McGill
[42]

32

hs-cTnT Both

143 hs-cTnT Longitudinal

Key cross-sectional ﬁndings

Key longitudinal ﬁndings

Signiﬁcant association with history of
cardiac disease
N/A

All patients had elevated cTn at least once during
follow-up
Variables that are independently predictive of
all-cause mortality included age, log hs-cTnT, log
CRP, and albumin. After 46.7 months, hs-cTnT
replaced NT-proBNP as the most powerful
predictor of mortality (risk increased 1.4 fold for
every 2.72 ng/L increase in hs-cTnT)
N/A

Wolley 239 hs-cTnT Cross-sectional Increase in baseline troponin levels by 100 units
[43]
increased odds of CV death (OR 1.5, CI 1.2–1.9).
Multivariate analysis after adjustment for CRP and
LVEF resulted in OR 1.3 (CI 1.1–1.7).
Hassan 393 hs-cTnT Both
HD patients had signiﬁcantly more DM, viral
[44]
hepatitis, PVD when compared to PD patients
Gaiki
[45]

51

hs-cTnI

Longitudinal

N/A

Assa
[46]

90

hs-cTnI

Longitudinal

N/A

relative troponin changes for the diagnosis of AMI based on AUC analysis at
both time intervals (p b 0.001) [31]. Another study compared long-term
prognosis of three hs-cTn assays in patients presenting to the ER with
acute chest pain. In a subgroup analysis of 160 patients with CKD, the hscTnT (AUC 0.69, Roche) and hs-cTnI (AUC 0.63, Beckman-Coulter) assays
were similar to the 4th generation conventional cTnT assay (AUC 0.66)
and more accurate than the hs-cTnI (AUC 0.58, Siemens) assay when
predicting death in the ﬁrst 730 days [32].
A recent review/meta-analysis by the Agency for Healthcare Research and Quality reported the accuracy of cardiac troponin testing
for the diagnosis of AMI in patients with CKD, including those with
ESRD [33]. Although the review focused on studies using standard rather than hs troponin assays, the results still have relevance for newer hs
assays. Table 2 in the paper details the diagnostic ﬁndings of each study.
In summary, the review reported that sensitivity and speciﬁcity for the
cTnT assay in patients not on dialysis ranged from 41–100% and 31–86%,
where as in dialysis patients, the sensitivity and speciﬁcity of the cTnT
assay ranged from 91–100% and 42–85%. The sensitivity and speciﬁcity
for the cTnI assay in patients not on dialysis ranged from 43–83% and
48–94%, while the values for those on dialysis ranged from 45–94%
and 81–100%. The analysis had several limitations. Studies that used
CK and CK–MB levels as well as those that used only a single troponin
value to conﬁrm a diagnose of AMI were included. In addition, studies
varied in design, type of troponin assay, cut-off values used for diagnosis,
and patient populations. These limitations aside, it does highlight that
the accuracy of cTn testing for AMI diagnosis can be lower than
in non-CKD subjects and that attention to methodological detail is
important when assessing the results from diagnostic studies in the
CKD population.
In summary, elevated hs-cTn among CKD patients with chest pain is
highly sensitive for the diagnosis of AMI, although speciﬁcity may be
limited. The importance of serial changes, especially absolute changes
and possible use of higher hs-cTn cut-off values, will assist in the diagnosis of AMI. Similar to patients without CKD, higher levels of hs-cTn
among the CKD population in the setting of AMI are predictive of a
worse prognosis compared to lower levels.

Comments

Median 46.7 months.
Analyzed cTn on
continuous scale.

hs-cTnT presented as
continuous variable. 6
month follow-up.

Increasing MI and mortality across hs-cTnT
quartiles for HD patients but only increasing MI
across hs-cTnT quartiles for PD patients
Positive hs-cTnI and history of CAD were predictive
of future cardiac events (ACS, coronary
revascularization, sudden cardiac death, cardiac
arrest) but not all-cause mortality
Adjusted HR for every 10 ng/L increase in cTn after
dialysis was 1.21 (CI 1.06–1.38) for MACE but was
not signiﬁcant for all-cause mortality

12 months follow-up.

2 years follow-up.

Study evaluated
prognostic signiﬁcance of
intradialysis rise of
hs-cTnI. 52 month
follow-up

hs-cTn in patients with CKD without AMI
There have been many studies evaluating the prognostic signiﬁcance of detectable cardiac troponin levels in CKD patients without
ACS using non-hs assays, particularly patients with ESRD on dialysis.
A few of these studies have used the hs-cTn assays. Detectable levels
and elevations (above the 99th percentile of the general population)
of hs-cTn levels are very common in renal patients without ACS. In a
study of 148 asymptomatic outpatients with CKD not requiring renal
replacement therapy (RRT), the study group had signiﬁcantly higher
hs-cTnT and hs-cTnI values in comparison to historical control groups
without CKD. On cross-sectional analysis there were increasing structural cardiac abnormalities (coronary artery calcium by CT scan, left
ventricular mass by echocardiography), urine albumin to creatinine
ratio, history of coronary disease, and decreasing eGFR associated
with the higher levels of troponin. Consistent with results from an
earlier study using a sensitive, but not hs-cTnI assay (detectable cTnI
in 33% of CKD subjects) [34], an association was found between
long-term all-cause mortality and higher levels of either hs-cTn
level. This association lost signiﬁcance once adjusted for severity of
CKD, leaving uncertainty regarding the role of renal ﬁltration function
in modulating cardiac troponin levels in CKD [11]. Other studies have
also shown cross-sectional relationships between the serum concentration of hs-cTn and LV structure and function in patients with
CKD. One study of 93 non-diabetic patients with CKD showed that
hs-cTnT level was a signiﬁcant correlate of diastolic dysfunction in
multivariate analysis [35].
The large National Institute of Health (NIH)-sponsored multicenter chronic renal insufﬁciency cohort (CRIC) study with 3243 wellcharacterized subjects has provided the most deﬁnitive results with
respect to baseline hs-cTnT levels, cross-sectional associations with
cardiovascular risk factors, echocardiographic evidence of cardiac
pathology [36,37], and longitudinal outcomes [38]. In the cohort, hscTnT was detectable in 84%, with higher levels strongly associated
with left ventricular hypertrophy (LVH), more modest associations
with LV systolic function which did not persist in adjusted
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analysis, and no association with diastolic dysfunction based on echocardiography. The area under the receiver operating curve was 0.64
for LVH, 0.59 for systolic dysfunction, and 0.56 for diastolic dysfunction [36]. Further cross-sectional analysis showed that elevations in
hs-cTnT was associated with higher risk demographics and other
risk factors such as older age, black and Hispanic race, male gender, increased LV mass, diabetes, higher blood pressure, and decreased eGFR.
Increased CRP, LDL/total cholesterol, phosphate, and FGF-23 levels
and decreased HDL, albumin, and hemoglobin were also seen with
higher baseline hs-cTnT levels. On multivariate analysis, decreased
eGFR and increased urine albumin/creatinine remained correlated
with hs-cTnT [37]. Longitudinal outcomes recently published for
CRIC showed increased incident heart failure (adjusted HR 4.77, 95%
CI 2.49 to 9.14) when comparing the groups with undetectable hscTnT (b 3 ng/L) and the highest quartile (N26.5 ng/L) of hs-cTnT
after a median follow-up of 6 years [38]. These ﬁndings conﬁrmed
the prior large PREVEND observational study involving 1505 patients
with mostly mild CKD, which had similar ﬁndings although no
structural data besides LVH by ECG criteria was presented. In the
PREVEND study, hs-cTnT was a signiﬁcant prognostic marker of CVD
events after adjustments were made for demographics, eGFR,
urinary albumin excretion, cardiovascular risk factors, and ECG abnormalities [39].
A systematic review published by Michos et al. this year by the Agency for Healthcare Research and Quality looked speciﬁcally at the prognostic value of cTn elevations in patients without ACS. The pooled
adjusted hazard ratios for all-cause mortality were 3.0 (CI 2.4–4.3) for
cTnT and 2.7 (CI 1.9–4.6) for cTnI and for cardiovascular mortality
were 3.3 (CI 1.8–5.4) for cTnT and 4.2 (CI 2.0–9.2) for cTnI. The analysis
encompassed all generations of cTn assays with few publications using
hs-cTn assays. Furthermore, the recently published CRIC longitudinal
data was not included in the review [40].
Prior generation cTnT assays are predictive of mortality in the ESRD
population who are often asymptomatic at baseline [5]. Table 2 summarizes the studies looking at hs-cTn (both cTnT and cTnI) in this ESRD
population. A prospective study by Jacobs et al. of 32 ESRD patients on
hemodialysis (HD) with cTn measured every two months found that
100% of the patients had elevated hs-cTnT, a greater proportion than
with standard cTn assays. Median hs-cTnT concentration was 17 ng/L
(IQR 11–29 ng/L) [41]. Another prospective study of 143 dialysis patients showed that over a median 46.7-month follow-up, hs-cTnT was
more predictive than NT-proBNP for all-cause mortality [42]. These
ﬁndings were conﬁrmed in another cross-sectional study evaluating
baseline hs-cTnT levels of 239 dialysis patients followed up for 6
months; however, multivariate analysis did not take NT-proBNP into
account [43]. A recent study evaluating hs-cTnT in stable HD and peritoneal dialysis (PD) patients over a year-long period found stable troponin
values over the course of the year regardless of cardiovascular events. It
also found incremental increases in AMI and mortality observed with
increasing cTn quartiles in HD patients and increases in only AMI with
increasing cTn quartiles in PD patients. As a predictor of mortality
using hs-cTnT alone, the area under the receiver operator curve
was 0.65 but was lower in the subgroup of PD patients. As a
predictor of AMI, area under the receiver operator curve was modest
at 0.7 (p b 0.001) with 0.65 for the HD group and 0.81 for the PD
group [44].
Table 2 also summarizes studies evaluating hs-cTnI as a prognostic
marker in patients with ESRD. The ﬁrst study, a small prospective cohort
study following 51 asymptomatic dialysis patients for 2 years, found
that hs-cTnI N 35 ng/L was associated with cardiac events [45]. The second study evaluated changes in hs-cTnI level from pre- to post-dialysis
in 90 patients over a follow-up of 52 months. The median increase of hscTnI post-dialysis was 3 ng/L and an increase was seen in 66% of the
patients. Longitudinally, there was an increased risk of major adverse
cardiovascular events (MACE) but not all-cause mortality in patients
who had an increase in troponin [46].

Etiology of persistent cTn
The etiology of chronically elevated hs-cTn in patients with CKD
remains incompletely explained and under active investigation. The underlying process is probably multifactorial, with explanations including
ongoing myocyte damage as a result of uremic toxicity, macrovascular
or microvascular ischemia, and decreased renal clearance [47]. Several
of these mechanisms have been studied with conﬂicting and limited
data [48,49].
Decreased renal clearance resulting in an elevated level of cTn has
often been hypothesized as the underlying mechanism not only in the
setting of patients on dialysis, but also those with CKD. However, the
data supporting this contention as a primary mechanism to explain elevated levels are modest. Studies have explored the presence of troponin
fragments in the blood, urinary troponin excretion, and inﬂuence of dialysis and renal transplantation on troponin levels. One study of 63 patients on HD found that immunoreactive troponin fragments ranging
from 8–25 kDa in size could be detected in blood, suggesting that
these fragments may be ﬁltered renally due to their small size. There
was a statistically signiﬁcant association between the duration of dialysis and the cTnT concentration [50]. However, this study did not use the
same antibodies for detection of cTn that are used in the clinical cTnT assays, and it remains unclear if antibodies targeting different epitopes
used for clinical measurements would have detected these same fragments. As a follow-up using a different assay, two studies found that troponin only existed in the free intact form not in the fragmented version
in CKD patients [51,52]. Given the nature of cardiac troponin and its
fragments, studies like these are methodologically challenging and
data conﬁrming these ﬁndings would be reassuring. Another study of
24 patients with varying renal function showed that cTnT in the urine
was not detectable in patients with normal renal function after myocardial injury but was detected in patients with ESRD and residual kidney
function suggesting a renal tubular component to excretion [53]. Further evidence supporting a role for renal clearance was the decline of
serum cTn concentration following renal transplantation [54–56] although other studies have not had such results [57,58]. There is also evidence further discounting the renal clearance theory. A retrospective
study analyzing rates of decline in plasma cTnI following AMI in patients
with ESRD on HD found that these rates were not statistically different
from patients with normal renal function [59]. It is worthy to note
that none of the studies described above were conducted with the hscTn assays.
Other studies evaluating possible renal elimination of cTn by looking
at the effect of a dialysis treatment on levels of circulating cTn have had
discrepant results [60–73]. Only a few such studies used the hs-cTn assays. A prospective observational study with hs-cTnT showed the median level decreasing from 76 ng/L pre-dialysis to 66 ng/L post-dialysis
[43]. In contrast to this study, another found a signiﬁcant intra-dialysis
rise in hs-cTnI (median 3 ng/L, IQR 0–8 ng/L) in 66% of 90 total patients
[46]. To further point out the inconsistent results in peridialysis troponin measurements, another similar study with cTnI did not show any
signiﬁcant changes between levels pre- and post-HD [74]. The methodology of dialysis may ultimately inﬂuence levels by either resulting in
more cardiac injury related to myocardial perfusion deﬁcits [75–77] or
actually clearing the troponin molecules or fragmenting them so they
are no longer recognizable fragments that contain both the epitopes
for detection and indicator antibodies used in the assay.
Additional mechanisms have been considered other than the factors
related to HD mentioned above. These include oxidative injury [78,79],
supply/demand mismatch with resulting ischemia [80], increased inﬂammation [81,82], and dialysis related physiologic changes such as hemodynamic shifts and anemia [83]. In a postmortem analysis of 6 ESRD
patients who had premortum elevated cTnT levels, all had underlying
cardiac pathology regardless of the cause of death including old or recent MI, atherosclerosis, congestive heart failure, and myocardial ﬁbrosis suggesting that there is ongoing myocardial injury in this patient
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population [84]. Another anatomic study analyzing left ventricular
endomyocardial biopsies in 40 dialysis patients with dilated cardiomyopathy found severe myocyte hypertrophy (40%) and occasional disarray (30%) as well as interstitial ﬁbrosis (22.3 ± 18.4%, not statistically
signiﬁcant when compared to control) [49], processes which may plausibly lead to greater cTn release into the circulation. Finally studies,
looking at the cardiac structure in patients who have elevated troponin
showed diffuse left ventricular dysfunction in stress echocardiogram
[85] and cMRI [86].
In conclusion, the underlying cause of circulating cTn is not
completely known in patients with CKD, particularly those on HD,
whether it is from increased cardiac production or reduced renal
clearance. Most literature to this point indicates the former as the
most likely cause.
hs-cTn in Renal Transplant Patients
Studies using the conventional troponin assay have shown an increased mortality in pre-renal transplant patients who have elevated
circulating levels. In a study of 1206 patients, greater cTnT pretransplant was associated with increased post-transplant death and cardiac events independent of other cardiovascular risk factors. Lack of normalization of troponins after transplant (25% within 3 weeks, 11.4%
within 1 year) was associated with adverse outcomes [54]. The recommendation per 2012 American Heart Association/American College of
Cardiology Foundation statement regarding cardiac evaluation and
management among kidney and liver transplant candidates is that
cTnT can be measured peri-transplant for prognostic purposes (class
IIb with data and efﬁcacy of testing yet to be clearly established) although all of the studies reviewed in the guidelines used the conventional cTn assay [87]. Not surprisingly, renal transplant recipients who
have persistently elevated circulating levels of troponin have an increased mortality [88]. The only study examining hs-cTnT levels in kidney transplant recipients was cross-sectional and showed that male
gender, age, CKMB, and lower eGFR had an independent association
with hs-cTnT in asymptomatic patients [89].
Conclusions and future directions
The presence of elevated hs-cTn levels (both cTnI and cTnT) in any
patient with CKD is associated with an increased presence of underlying
structural heart disease and cardiovascular risk factors and increased
probability to progress to symptomatic heart disease, particularly
heart failure and death. With regard to AMI, the diagnostic accuracy
using cTn is reduced in patients with CKD, at least at cut-points
employed in the general population. The use of hs-cTn assays in the
CKD population, although associated with more persistently elevated
values, appears to be able to accelerate the time to diagnosis, as it
does with patients with normal renal function. To improve sensitivity
and speciﬁcity for the diagnosis of AMI, it is crucial to evaluate a change
in cTn even more so than in the healthy population without renal disease. The majority of the research thus far has been limited and focused
on the prognostic signiﬁcance of cTn in patients with CKD. Further longitudinal studies are needed to determine the role of cTn in clinical
management and therapies in asymptomatic CKD patients to prevent
or slow progression to cardiovascular disease, and to identify mechanisms which account for asymptomatic elevation of hs-cTn.
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