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ABSTRACT

Introduction: Several studies have shown that
high sensitivity cardiac troponin (hs-cTnT)
levels are elevated in patients suffering from
end-stage renal disease (ESRD), even in the
absence of clinical signs and instrumental fea-
tures of symptomatic acute coronary syndrome
(ACS). In patients undergoing haemodialysis
because of ESRD, nephrologists bear witness to
this increase, whose origin and clinical impact
are not yet well defined.

Methods: By a retrospective study, we evalu-
ated data from records of 70 patients with ESRD
on haemodialysis, all of them with a history of
NAFLD, not suffering for at least 3 months from
symptomatic angina and without a history of
ischemic heart disease in the same period.
Results: Hs-cTnT and C-reactive protein (CRP)
levels both increased and were correlated,
rho = 0.34, P = 0.004. The correlation coeffi-
cient between troponin and age was significant,
rho = 0.47, P = 0.0001. Serum concentrations of
hs-cTnT for the whole population were posi-
tively predicted by CRP levels, P = 0.004. On
separation of the population by gender, signif-
icant correlation between hs-cTnT and CRP was
not found in women and was only present in
men, P = 0.66 and P = 0.000, respectively.
Discussion: The assessment of hs-cTnT levels
could represent a biological marker in particular
subgroups of haemodialysis patients, especially
for male patients with higher CRP, those at
greater risk of silent myocardial ischemia and
future major adverse cardiac events.
Conclusions: The evaluation of hs-cTnT in
haemodialysed patients with NAFLD could
indicate that men with higher CRP should
undergo close monitoring in order to adopt
specific therapy.

Keywords: C-reactive protein; End-stage renal
disease; Gender; Haemodialysis; Hs-cardiac
troponin; Non-alcoholic fatty liver disease;
Silent myocardial ischemia
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Key Points

Why carry out this study?

Seventy patients on haemodialysis, with a
history of non-alcoholic fatty liver disease
(NAFLD), not suffering for at least
3 months from symptomatic angina and
without a history of ischemic heart disease
in the same period, were studied.

Troponin (hs-cTnT) levels were analysed
to identify, among patients with higher
C-reactive protein (CRP), those at greater
cardiac risk.

We hypothesised that both CRP and
troponin levels could be potential markers
of silent ischemia.

What was learned from the study?

Both hs-cTnT and CRP concentrations in
our population were increased.

The correlation coefficient between
troponin and age was significant.

On analysis of the population by gender,
significant correlation between hs-cTnT
and CRP was not found in women and
was present only in men.

Assessment of troponin levels could
represent a biological marker in
haemodialysis patients to identify those at
greater risk of silent myocardial ischemia
and future major adverse cardiac events.
This would be of particular use in certain
subgroups such as male patients with
higher CRP.

This study could indicate which patients
required stricter surveillance and more
aggressive therapy with beta blockers and/
or ACE inhibitors.

As future directions, it could be interesting
to evaluate in a prospective study the
incidence of adverse cardiovascular events
and all-cause mortality over time in the
most inflamed patients with higher hs-
cTnT levels according to the above
hypothesis.

INTRODUCTION

Patients with non-alcoholic fatty liver disease
(NAFLD) have a significantly higher risk of
developing advanced chronic kidney diseases
(CKD) when compared to patients without it
[1]. Furthermore, a systematic review and meta-
analysis of 34 studies showed that NAFLD was
associated with an increased risk for coronary
artery disease (HR 2.31) [2]. NAFLD has a strong
independent association with cardiovascular
(CV) events, even in an advanced CKD cohort
with high comorbidity, implicating that routine
screening for NAFLD may be warranted in CKD
populations to enable targeted interventions for
CV disease prevention in higher-risk patients
[3]. Still, authors showed that carotid
atherosclerosis is advanced in renal transplant
recipients (RTR) with NAFLD, alerting to the
existence of an increased CV risk in RTRs [4].

Cardiac troponins T and I are proteins
responsible for regulating muscle contraction
and are almost exclusively found at the cardiac
level; for this reason they represent an impor-
tant marker of myocardium necrosis and are
used to diagnose acute cardiac damage [5].

Some studies have shown that high sensi-
tivity cardiac troponin (hs-cTnT) levels are ele-
vated in patients suffering from end-stage renal
disease (ESRD), even in the absence of clinical
signs and instrumental features of symptomatic
acute coronary syndrome (ACS) [6, 7]. In
patients undergoing haemodialysis because of
ESRD, nephrologists confirm this increase,
whose clinical impact is not yet well defined.

Hs-cTnT is widely used in everyday practice
and is one of the cornerstones of the diagnosis
of ACS in symptomatic patients presenting with
angina at rest or triggered by physical activity.
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In patients with chronic renal failure undergo-
ing haemodialysis and not opportunely treated
for angina, assessing troponin levels is of par-
ticular importance to evaluate the efficacy of
long-term therapy. A significant increase of the
3-h value undoubtedly leads to the diagnosis of
ACS [8]. In haemodialysed patients, an
increased troponin value, mainly if recurrent, is
easily found in the absence of cardiac ischemia,
even though the significance in this particular
group of patients is not fully understood [9]. A
fascinating hypothesis could be that the hs-
cTnT levels represent a laboratory marker of an
unrecognised or silent myocardial ischemia
(SMI), as a consequence of non-renal causes, i.e.
beyond the well-accepted renal failure [10]. In
fact, both SMI and ventricular arrhythmias were
noted most frequently during the last hour of
dialysis [11]. In haemodialysed patients, dialysis
catheters, the interaction of the patient’s blood
with the dialysis, endotoxaemia (from intestinal
hypoperfusion or dialysis water) and more rapid
loss of residual kidney function may contribute
to inflammation [12]. Still, changes in the blood
volume, electrolytes and osmolality would be
expected to provide sufficient stimuli to induce
haemodynamic modifications during a
haemodialysis session [13]. Excessive renin
secretion, increased arterial stiffness due to
vascular calcifications, and increased activity of
the sympathetic nervous system could induce
blood pressure modifications that represent a
high cardiac risk factor [14, 15].

The causes of inflammation in dialysis are
multifactorial and include both dialysis-related
and unrelated factors. Noteworthy, C-reactive
protein (CRP) is a predictor of increased risk of
onset of cardiac complications and therefore of
mortality [16, 17]. It has already been seen that
patients with chronic renal insufficiency and in
particular those under haemodialysis treatment
generally have higher levels of CRP than similar
populations without ESRD. Moreover, the
higher the CRP levels are, the worst the prog-
nosis [18]. Furthermore, although there is pre-
vious excellent research in the general
population on detecting hs-cTnT as a major
mortality risk [19], the role played by gender is
not sufficiently documented and the role of age
is somehow overlooked when analysing the link

between the dialysis-associated inflammatory
process and hs-cTnT levels.

Our aim was to evaluate previously measured
hs-cTnT levels correlating them to a well-known
marker, i.e. CRP, representing an index of acute
phase reaction or ongoing inflammation in
patients with NAFLD on maintenance
haemodialysis.

Furthermore, we sought any relation
between hs-cTnT levels and albumin concen-
trations as well as body composition indices.

METHODS

Study Design

This is a preliminary retrospective study, whose
data were collected from patients’ records and
influenced in no way the decision-making of
physicians, who strictly followed the diagnosis
and therapy guidelines in caring for their
haemodialysed patients. For this type of study
formal consent is not required and ethics com-
mittee approval is unnecessary. Data is de-
identified and one author, affiliated to the
dialysis centre, had permission to use/access the
database.

Population

We evaluated data from 70 patients with ESRD
out of 170, in the period from 2015 to 2019. The
patients with ESRD were undergoing
haemodialysis treatment, suffered from NAFLD,
diagnosed by ultrasonography, but not for at
least 3 months from symptomatic angina and
had no history of ischemic heart disease in the
same period. We excluded patients whose
abdominal ultrasonography was not recorded,
even though many of them suffered from type 2
diabetes mellitus and hypertension.

Furthermore, patients with acute syndromes
such as sepsis (fever, leucocytosis/leucopenia),
pulmonary embolism (D-dimer level) or
myocarditis (echocardiography) were oppor-
tunely ruled out according to recommended
diagnostic guidelines.
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Laboratory Data

Hs-cTnT levels were measured by electro-
chemiluminescence immunoassay (ECLIA,
Roche Diagnostics). The limit of detection
(LoD) of the assay was 5 ng/L and the interassay
imprecision was less than 10% [20].

Measurement of CRP was performed by Tina-
quant C-Reactive Protein Gen.3 (Roche Diag-
nostics GmbH). The LoD of the assay was
0.6 mg/L and the interassay imprecision was
less than 7.0% [21].

As the replacement therapy was performed
3 days/week, the levels of both hs-cTnT and
CRP were detected, as random values, at the
same time at the end of the longest interval, just
before starting the treatment, after a period of
dialysis amounting to at least six a month. The
determination was performed just before the
haemodialysis in order to avoid the potential
removal by the treatment.

Body Composition Parameters

Fat mass (FM) and free fat mass (FFM) were
measured as percentage by a bioimpedance
spectroscopy technique. It measures the phase
angle at 50 frequencies over a range from 5 to
1000 kHz to determine the electrical resistance
of the total body water and of the extracellular
water, using the BCM-Body Composition Mon-
itor assessment of total body water by Fresenius
Medical Care, Hong Kong. This method is vali-
dated against gold standard reference methods
(deuterium dilution).

Echocardiography

Echocardiography (GE Vivid 7 Dimension�
ultrasound system, General Electric Company,
Fairfield, Connecticut, USA) was performed on
39 patients (27 men and 12 women) to study
the ejection fraction (EF), the most important
and influential factor for dichotomising
patients with heart failure (HF) into the current
classification of either preserved EF (HFpEF) or
reduced EF (HFrEF\40%) forms [22].

Echocardiography and bioimpedance analy-
sis were performed in a period very close to hs-
cTnT and CRP determinations.

Statistics

Variables not normally distributed, assessed by
the Shapiro–Wilk W test (hs-cTnT CRP, albu-
min, FFM and FM), were expressed as median
plus 25th to 75th interquartile range (IQR). Age
and EF, normally distributed, were expressed as
mean ± SD.

Two-sample Wilcoxon rank-sum
(Mann–Whitney) test was set to evaluate dif-
ferences in the same population according to
gender.

For nonparametric tests of hypotheses
Spearman’s rho correlation was used to assess
basal relationships.

To assess correlations, in univariate analysis,
the linear regression analysis (ordinary least
squares) was used, evaluating the coefficient,
standard error, t value, P, 95% confidence
intervals (CI) and R2. When heteroscedasticity
was suspected, i.e. when there were subpopula-
tions that have different variabilities from oth-
ers in the homoscedastic model, and having
detected the presence of few outliers, we anal-
ysed the correlation by robust regression using
least absolute deviations (LAD) regression.

For multivariate analysis, a robust multiple
regression model was applied to evidence the
eventual presence of co-factors or mediators in
predicting the dependent variable. In this
model, standardised coefficients or beta values
were also calculated in order to compare dif-
ferent predictors to see which one was more
important.

RESULTS

Twenty-seven women (38.5%) and 43 men
(61.5%) formed our population, whose
mean ± SD of age was 69.1 ± 13.7 years. The
clinical characteristics of haemodialysed
patients are summarised in Table 1. The median
values of hs-cTnT, CRP, albumin, FM and FFM
were 66.0 ng/L (IQR = 42–105), 6.85 mg/L
(IQR = 2.7–20.2), 3.63 g/L (IQR = 3.63–3.88),
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14.6 kg/m2 (IQR = 10.9–18.2) and 11.4 kg/m2

(9.5–13), respectively. The mean ± SD EF of 39
patients on echocardiography was 54.7 ± 6.1%.
The results of these variables according to gen-
der are shown in Table 2. There were differences
only in troponin levels and FFM between men
and women: z = - 1.98; Prob[|z|= 0.047 and
z = - 2.95; Prob[|z|= 0.0032, respectively.

Relationships/Correlations

First of all, hs-cTnT levels and CRP values were
correlated (rho = 0.34, P = 0.004), as were hs-
cTnT levels and age (rho = 0.47, P = 0.0001).
The relatively low value of rho, although sig-
nificant, regarding the correlation between hs-
cTnT and CRP levels could be due to the small
sample size.

Serum concentrations of hs-cTnT for the
whole population were positively predicted by
CRP levels in robust regression analysis: coeffi-
cient = 2.32, standard error = 0.78, t = 2.98,
P = 0.004, 95% CI = 0.77–3.87, R2 = 0.28
(Fig. 1).

On separation of the population by gender,
no significant correlation was found between
hs-cTnT and CRP among women (n = 23 out of
70), but one was present in men: coeffi-
cient = 0.19, standard error = 0.44, t = 0.44,
P = 0.66, CI = - 0.71 to 1.10 and coeffi-
cient = 3.36, standard error = 0.62, t = 5.40,
P = 0.000, 95% CI = - 4.62, respectively,
R2 = 0.28 (Fig. 2).

There was a clearly significant correlation
between age and hs-cTnT levels: coeffi-
cient = 2.53, standard error = 0.75, t = 3.40,
P = 0.001, 95% CI = 1.04–4.02, R2 = 0.15
(Fig. 3).

On multiple regression using a combination
of age and CRP levels and selecting only the
male population, age was no longer signifi-
cantly correlated with hs-cTnT levels while CRP
maintained its predictability: CRP—coeffi-
cient = 3.10, standard error = 0.55, t = 5.53,
P = 0.0001, 95% CI = 1.94–4.18; age—

Table 1 Clinical characteristics of the haemodialysed
patients

Previous morbidities Number of
patients (%)

Comorbidity

Type 2 diabetes

mellitus

21 (30.0) NAFLD

Glomerulonephritis

on steroids

8 (11.4) NAFLD

Hypertension 7 (10.0) NAFLD

Interstitial nephritis 3 (4.3) NAFLD

Pyelonephritis 2 (2.9) NAFLD

Cancers 2 (2.9) NAFLD

Nephrocalcinosis 1 (1.4) NAFLD

HCV-related chronic

disease

6 (8.6) NAFLD

Undetermined

aetiology

20 (28.5) NAFLD

NAFDL nonalcoholic fatty liver disease detected at
ultrasound

Table 2 Values of the parameters according to gender

Parameters Men Women Z P

hs-cTnT (ng/L) 75.0 (45.0–123.0) 61.0 (33.0–85.0) - 1.98 0.047

CRP (mg/L) 4.3 (2.3–20.9) 11.0 (4.4–20.2) 1.44 0.15

Albumin (g/L) 3.6 (3.3–3.9) 3.6 (3.3–3.9) - 0.06 0.95

FFM (kg/m2) 12.2 (9.8–13.7) 10.2 (8.5–11.8) - 2.95 0.003

FM (kg/m2) 13.8 (10.8–16.6) 17.1 (11.4–20.3) 1.42 0.15

EF (%) 54.1 ± 6.4 56.2 ± 5.2 0.71 0.47

hs-cTnT high sensitivity cardiac troponin, CRP C-reactive protein, FFM free fat mass, FM fat mass, EF ejection fraction
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coefficient = 1.44, standard error = 0.84,
t = 1.71, P = 0.096, 95% CI = - 0.27 to 3.15.
The beta values for CRP and age were 45.70 and
27.80, respectively; R2 = 0.35.

When predicting the behaviour of troponin
using as albumin concentration as the inde-
pendent variable according to gender, we
obtained an interesting result—albumin con-
centrations did not predict hs-cTnT levels in
women: coefficient = - 43.05, standard error =
27.14, t = - 1.59, P = 0.125, 95% CI = - 98.94
to 12.85, R2 = 0.19; whereas hs-cTnT concen-
trations were predicted by albumin levels in
men: coefficient = - 131.64, standard error =
43.55, t = - 3.02, P = 0.001, 95%
CI = - 219.58 to 43.69, R2 = 0.28 (Fig. 4).

Both FM and FFM failed to predict hs-cTnT
levels, including when they were adjusted for
gender (women: P = 0.9 and 0.26; men: P = 0.61
and 0.06).

On robust regression, neither hs-cTnT levels
nor CRP concentrations were correlated with
the duration of dialysis, expressed in months of
given treatment: coefficient = 0.12, standard
error = 0.20, t = 0.61, P = 0.55, CI = - 0.28 to
0.53 and coefficient = 0.61, standard error =
0.41, t = 1.49, P = 0.14 CI = - 0.20 to 0.14,
respectively. For 39 patients with HFpEF, hs-
cTnT serum concentrations were not predicted
by CRP levels on robust regression: coeffi-
cient = 2.72, standard error = 1.83, t = 1.49,

Fig. 1 Linear regression, CRP levels expressed as mg/L; hs-
cTnT levels shown as ng/L

Fig. 2 Linear regression, robust model. CRP levels
expressed as mg/L; hs-cTnT levels shown as ng/L. It is
noteworthy to stress that only two values are outside the
CI lines in men (n = 47)

Fig. 3 Linear regression, robust model. CRP levels
expressed as mg/L; age shown as years

Fig. 4 Prediction of hs-cTnT by albumin; hs-cTnT levels
were presented as ng/mL, albumin concentrations as g/L,
left panel = women (n = 27) and right panel = men
(n = 43)
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P = 0.145, 95% CI = 23.04–6.433, R2 = 0.23.
Similarly, EF was not predicted by hs-cTnT
levels: coefficient = - 0.033, standard error =
0.11, t = - 0.29, P = 0.77, CI = - 0.26 to 0.19,
R2 = 0.002, respectively.

DISCUSSION

As previously emphasised, in patients with ESRD,
serum troponin concentrations tend to be higher
than in the general population even in the
absence of acute events. Recently, many authors
have dedicated themselves to the evaluation of
the prognostic significance of cardiac troponin
levels in patients with ESRD [23]. Moreover, it
should be highlighted that CRP has been found
elevated in patients with NAFLD [24]. In this
regard, evidence linking NAFLD to the develop-
ment of CKD, and then ESRD, is emerging as a
popular area of scientific interest [25].

In our study we compared hs-cTnT levels with
varying degrees of inflammation or cardiovascu-
lar risk by a recognised marker, i.e. CRP.

As core finding we showed that hs-cTnT
concentrations in our population of
haemodialysed patients with NAFLD positively
correlated with CRP levels. However, little is
known regarding the potential complementary
roles of measuring levels of cTnT and CRP, nor
the underlying cardiac pathology in stable pa-
tients with ESRD and whether these biomarkers
are indicators of the severity of either coronary
atherosclerosis demonstrated by angiography or
of cardiomyopathy as manifested by left ven-
tricular systolic dysfunction or hypertrophy
determined by echocardiography [5].

Indeed, the strong association between hs-
cTnT and CRP lends credence to the presence of
possible myocardial damage, as a reflection of
inflammation within the arterial walls concen-
trated in some specific areas (a vulnerable plaque)
[26]. Trying to give an explanation about the
mechanisms, we hypothesise that the hs-cTnT
increase has a myocardial origin, due to cardiac
muscle release, even though there was no con-
textual collection of instrumental data, i.e. ST
segment changes consistent with ischemia seen
during exercise treadmill testing or ambulatory
monitoring, or reversible myocardial perfusion

defects noted during radionuclide myocardial
perfusion imaging. Specifically, the link between
ESRD and NAFLD could be represented by
oxidative stress, as evidenced by research evalu-
ating an oxidative stress marker (GPx activity)
and mitochondrial DNA copy number [27].

Implications of These Results

It has been seen that patients with ESRD, under
dialysis or not, with higher values of troponin
have a worse prognosis; in particular, their risk
of cardiovascular mortality and major cardiac
adverse events was 2–4 times greater than those
with lower cardiac troponin values [28]. More-
over, it has been shown that elevated levels of
inflammatory biomarkers, including CRP, are
associated with an increased risk of death from
all causes. Furthermore, compared with those in
the lowest quartile of hs-cTnT, patients in the
highest quartile demonstrated a nearly fivefold
higher risk of cardiovascular death and heart
failure hospitalisation with a hazard ratio of
4.85 [29]. The lack of prediction of hs-cTnT
levels by CRP in patients with HFpEF confirms
this aspect as well the absent prediction of EF by
hs-cTnT levels [30].

Contrasting our results with literature data,
we stress the following: Our study was based on
records concerning clinical, laboratory and
instrumental data gathered in a close time per-
iod. It showed that in patients undergoing
haemodialysis the gender played a pivotal role
in predicting hs-cTnT levels, and for this aspect
it is novel. Previous research in patients with
NAFLD emphasised the role of male gender,
which was associated with a major risk of CV
events [31], but our findings linked this aspect
to a specific marker, such as troponin. Further-
more, the correlation of age and hs-cTnT in our
population of dialysed patients, characterised
by advanced age, confirms recent research in
679 elderly hospitalised patients. This analysis
found that age is independently associated with
risk of increased cTnT as well as male gender.
Another study found that local inflammation
increased with age in plaques obtained from
patients, especially men, suffering from
haemodynamically significant advanced
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atherosclerotic lesions [32]. Clearly, the pres-
ence of chronic disease and the aging process
itself pose particular challenges when using hs-
cTnT to diagnose ACS in the elderly. This
prompts nephrologists to take into account the
possibility that hs-cTnT increase is due to renal
dysfunction (reduced eGFR) [33, 34]. But, these
findings do not exclude that troponin elevation
could have cardiac origin.

Although no difference between albumin
serum concentrations in men and women was
found, the albumin levels of men nevertheless
predicted hs-cTnT concentrations. Possible
hypotheses for this discrepancy could consist in
concomitant liver disease or in somehow con-
comitant heart dysfunction [35]. The specula-
tion that albumin concentrations were linked to
nutritional status deficiency was not confirmed
in our population because hs-cTnT was not
predicted by FFM and FM in both genders. At
this point it is noteworthy that in 39 patients
with HFpEF, hs-cTnT serum concentrations
were not predicted by CRP levels, nor was EF
predicted by hs-cTnT levels.

In summary, the assessment of troponin
levels could represent a biological marker to
identify those most at risk of major adverse
cardiac events in haemodialysis patients, espe-
cially in particular subgroups such as for male
patients with higher CRP, and then to indicate
which of them deserve stricter surveillance and
more aggressive therapy with beta blockers and/
or ACE inhibitors. This major risk is likely due
to SMI that can occur in the absence of chest
discomfort or other angina-equivalent symp-
toms, e.g. dyspnoea, nausea, diaphoresis, etc.,
with ST segment changes on ECG, reversible
regional wall motion abnormalities, or perfu-
sion defects on scintigraphy studies [36].
Another potential event is the presence of
asymptomatic arrhythmias including atrial fib-
rillation [37]. Our patients undergoing
haemodialysis experienced a nearly 5% inci-
dence of atrial fibrillation.

Limitations

The specific selection of patients could have
influenced the results, but it was our aim to

verify the behaviour of troponin and CRP in a
particular subgroup of dialysed patients.

Although the retrospective nature of our
study does not permit definitive conclusions
because of its intrinsic lack of data accuracy, it
opens the door to new studies. Furthermore, we
point out the relatively small size of our popu-
lation that could have had a limited impact on
statistical analysis.

Future Directions

It could be interesting to evaluate in a
prospective study the incidence of adverse car-
diovascular events and all-cause mortality over
time in patients with NAFLD and higher hs-
cTnT levels according to the above hypothesis.
Current monitoring of serum troponin levels in
the most inflamed patients could also be a way
to verify the effect of implemented therapeutic
strategies. It is noteworthy that many
haemodialysed patients are not prescribed car-
dioprotective medications [38]. Prospective
long-term studies are needed to deepen the
content of this research.

CONCLUSION

The assessment of troponin levels in
haemodialysis patients could be useful to iden-
tify, in male patients with higher CRP, those at
greater risk of SMI and future major adverse
cardiac events, thus indicating which of them
should undergo monitoring and adopt specific
therapy, considering that this preliminary
research could be important to set up further
studies.
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