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Abstract

Objectives

Assessment of the clinical severity of Fabry disease (FD), an X-linked, rare, progressive dis-

order based on a genetic defect in alpha-galactosidase is challenging, especially regarding

cardiac involvement. The aim of the study was to evaluate the diagnostic value of cardiac

troponin I (cTnI) in discriminating FD patients with cardiac involvement in a large FD patient

cohort.

Methods

cTnI levels were measured with a contemporary sensitive assay in plasma samples taken

routinely from FD patients. The assay was calibrated to measure cTnI levels�0.01 ng/ml.

Elevated cTnI values (cut-off�0.04 ng/ml) were correlated with clinical data.

Results

cTnI was assessed in 62 FD patients (median age: 47 years, males: 36%). Elevated cTnI

levels were detected in 23 (37%) patients. Patients with a cTnI elevation were older (median

55 years versus 36 years, p<0.001). Elevated cTnI levels were associated with the pres-

ence of a LVH (16/23 versus 1/39; OR 65.81, CI: 6.747–641.859; p<0.001). In almost all

patients with a left ventricular hypertrophy (LVH) elevated cTnI levels were detected (16/17,

94%). Absolute cTnI levels in patients with LVH were higher than in those without (median

0.23 ng/ml versus 0.02 ng/ml; p<0.001). A cTnI level <0.04ng/ml had a high negative predic-

tive value regarding the presence of a LVH (38/39, 97%). In a control group of non-FD

patients (n = 17) with LVH (due to hypertension) none showed cTnI levels�0.01 ng/ml.

PLOS ONE | DOI:10.1371/journal.pone.0157640 June 20, 2016 1 / 11

a11111

OPEN ACCESS

Citation: Tanislav C, Guenduez D, Liebetrau C,
Giese AK, Eichler S, Sieweke N, et al. (2016) Cardiac
Troponin I: A Valuable Biomarker Indicating the
Cardiac Involvement in Fabry Disease. PLoS ONE 11
(6): e0157640. doi:10.1371/journal.pone.0157640

Editor: Marc W. Merx, KRH Robert Koch Klinikum
Gehrden, GERMANY

Received: February 13, 2016

Accepted: June 2, 2016

Published: June 20, 2016

Copyright: © 2016 Tanislav et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: To protect patient
confidentiality, data are available on request from the
Corresponding Author: christian.tanislav@neuro.med.
uni-giessen.de.

Funding: There was no funding or any funders
involved in the study.

Competing Interests: The authors have declared
that no competing interests exist.

Abbreviations: cTn, cardiac troponin; cTnI, cardiac
troponin I; cTnT, cardiac troponin T; FD, Fabry
disease; eGFR, estimated glomerular filtration rate; α-
GAL-A, α galactosidase A; Gb3,

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0157640&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Conclusions

Elevated cTnI levels are common in FD patients, reflecting cardiac involvement. FD patients

might benefit from a continuous cTnI monitoring.

Introduction
Fabry disease (FD) is a rare, X-linked lysosomal storage disorder affecting hemizygous males
and heterozygous females [1–4]. The intracellular storage affects different organ systems, caus-
ing severe alteration. Left ventricular hypertrophy indicates cardiac involvement in FD and is
associated with a poor long-term outcome [5]. Since FD can be treated effectively, biomarkers
for indicating the disorder and for monitoring the course of the disease are important [6–8].
Cardiac troponins I and T (cTnI and cTnT) are known to reflect acute and chronic myocardial
injury. The introduced more sensitive cardiac troponin (cTn) assays now used in daily clinical
practice have expanded the potential uses of troponin monitoring from risk stratification of
patients with suspected acute coronary syndromes and diagnosis of myocardial infarction to
mortality prediction of assumedly stable patients with coronary artery disease [9–11]. With
this higher sensitivity the detection of minor myocardial injuries and/or myocardial stress is
possible in patients with cardiac diseases other than coronary artery disease or acute myocar-
dial infarction [12–14]. Approximately 60% of FD patients suffer from cardiac involvement,
and few case series have demonstrated that cTnI levels are elevated in these patients [15–17].
Due to accumulation of sphingolipids in myocytes a continuous damage might lead to perma-
nent elevation of troponins, which occurs without clinical correlates as known in acute myo-
cardial ischemia [15,16]. The aim of the present study was to evaluate the diagnostic value of
cTnI using a contemporary sensitive troponin I assay in order to discriminate FD patients with
cardiac involvement in a large FD patient cohort.

Methods

Study settings and patients
Plasma samples taken routinely from patients with FD and stored at the Albrecht-Kossel Insti-
tute for Neuroregeneration, University of Rostock, Germany, were analyzed. All patients
signed informed consent, which included consent for genetic and biomarker analyses. The eth-
ics board of the University of Rostock, Germany, approved the study (A 2011 92). In all
patients the diagnosis of FD was based on a molecular genetic analysis demonstrating a hetero-
zygous or hemizygous mutation in the α-GAL-A-gene [18]. Baseline data and specific findings
and symptoms relevant for the interpretation were recorded systematically in a database and
were used for further analyses: medical history indicating the presence of angiokeratoma, acro-
paraesthesia, pain episodes, hypohydrosis, gastrointestinal symptoms, cornea verticillata, pro-
teinuria, previous stroke, cerebral white matter lesions on brain MRI, extended diameter of the
basilar artery, previous myocardial infarction, angina pectoris, left ventricular hypertrophy
(LVH; defined as an interventricular septal and/or posterior wall thickness in end-diastole�13
mm as detected by echocardiography or cardiac MRI), arrhythmias (including paroxysmal or
permanent atrial fibrillation and/or ventricular/supraventricular tachycardia and/or atrioven-
tricular conduction delay II and III degree), hypertension, diabetes mellitus, hypercholesterol-
emia, and dialysis [19]. Hemodialysis may change the concentration of cardiac troponins [20].
FD patients requiring dialysis (n = 12) were therefore excluded from further analysis.
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Age- and sex-matched individuals with LVH due to causes other than FD were included as a
control group. The inclusion criteria for the control group were no FDmutation and LVH due
to hypertension. The criteria for establishing the diagnosis of LVH in the control group were
similar to FD patients. cTnI levels were compared between control individuals with LVH and
FD patients. All individuals in the control group provided written informed consent for their
participation in the study, and approval of the local ethics board of the University of Giessen was
obtained. The investigation conforms to the principles outlined in the Declaration of Helsinki.

Laboratory assessment
Venous blood samples were collected in EDTA-filled and gel-filled tubes during routinely per-
formed clinical testing. Plasma and serum were processed immediately and frozen at −80°C at
the Albrecht-Kossel Institute for Neuroregeneration, University of Rostock, Germany until
assay. cTnI measurements were performed at the department of clinical chemistry of the Justus
Liebig University Giessen, Germany. cTnI in plasma was measured with a sensitive immunoas-
say (ADVIA Centaur1 TnI-Ultra™ immunoassay, Siemens Medical Solutions Diagnostics, Tar-
rytown, NY, USA). The imprecision of the assay as reported in the package insert is
characterized with a variation coefficient of 10% at a concentration of 0.03 ng/ml; for concen-
trations�0.04 ng/ml the variation coefficient is�10%. The recommended clinical decision
limit for rule-out of acute myocardial infarction using this assay is<0.04 ng/ml, which repre-
sents the 99th percentile of healthy volunteers. The lower detection limit for this cTnI assay is
0.006 ng/ml. In our study the test was calibrated to measure values�0.01 ng/ml. The impreci-
sion at lower levels is higher with a variation coefficient>20% for values<0.01 ng/ml.

We defined cTnI levels<0.01 ng/ml as subnormal, normal cTnI levels as�0.01 ng/ml and
<0.04 ng/ml, and elevated cTnI levels in case of measurements�0.04 ng/ml. The ADVIA Cen-
taur1 TnI-Ultra™ immunoassay therefore fulfills the criteria mandated by the European Soci-
ety of Cardiology and the American College of Cardiology of a highly sensitive test for
discriminating myocardial infarction.

Lyso-globotriaosylceramide was measured in serum (lyso-Gb3, values>0.5 ng/ml were
interpreted as elevated); measurements were performed at the Centogene AG, Rostock, Ger-
many. Serum creatinine level was determined using the creatinin_2-kit for ADVIA Chemistry
Systems (Bayer HealthCare, Tarrytown, NY, USA). The estimated glomerular filtration rate
(eGFR) was calculated accordingly using the simplified MDRD equation: eGFR (ml/min/
1.73m2 body surface) = 186 x (serum creatinine)-1.154 x (age)-0.203 x 0.742 (if female) x 1.212 (if
black) [21].

Statistical analysis
All data for continuous variables are expressed as median and interquartile range. Categorical
variables are reported as frequencies and percentages. A normal distribution was verified by
the Kolmogorov-Smirnov’s one-sample test. Nonparametric data was analyzed by applying the
Mann–Whitney U-test. For comparing relative frequencies, the Fisher’s exact test was used.
Relevant parameters for the interpretation and association with elevated cTnI levels in the uni-
variate analysis were entered into a stepwise logistic regression analysis based on a forward
likelihood procedure. For statistical analysis the SPSS (Statistical Package for Social Sciences)
software, (version 22.0, SPSS Inc., Chicago, IL, USA) was used.

Results
Out of 76 FD patients 62 were included in the analysis (excluded were 12 patients with dialysis
and 2 further patients due to low quality of the blood samples). In the remaining 62 patients
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(median age 47.16 years) 36% were male. In 23 patients (37%) elevated cTnI levels (�0.04 ng/
ml) were detected (median 0.14 ng/ml [IQR 0.06–0.25 ng/ml]).

The clinical characteristics of all FD patients included in the study are shown in Table 1.
Patients with elevated cTnI (�0.04 ng/ml) were older (p<0.001) and had more often LVH
(p<0.001), a history of myocardial infarction (p = 0.016), angina pectoris (p = 0.003) or
arrhythmias (p = 0.03). Furthermore, patients with elevated cTnI had more often proteinuria
(p = 0.016), lower eGFR values (p = 0.015) and higher lyso-Gb3 levels (p = 0.01).

For identifying factors independently associated with cTnI elevation, factors associated in
the univariate analysis were entered into a stepwise logistic regression analysis. In a first step of
the logistic regression analysis we tested a strong association between the factor age and the
presence of LVH (LVH+ median 53.67 years [IQR 46.97–60.34 years] versus LVH- median
37.4 years [IQR 24.85–53.29 years]; p = 0.009); older patients might have a more advanced
stage of the disease explaining higher rates of LVH. Therefore and, as the parameter LVH is a
specific finding in FD and also potentially involved in a cTnI elevation, it was considered for
the logistic analysis. The following parameters were included for calculating factors in the

Table 1. Patients with Fabry disease: comparison of patients with cTnI elevation�0.04 ng/ml versus without.

Total cohort (n = 62) cTnI elevation (n = 23) No cTnI elevation (n = 39) P-value

(cTnI �0.04ng/ml) (cTnI <0.04ng/ml)

Baseline data

Age, years; median (IQR*) 47.16 (31.88–56.56) 55.55 (47.27–61.08) 36.16 (24.41–49.60) <0.001

Sex, male 22 (35.5%) 8 (34.8%) 14 (35.9%) >0.999

Fabry disease manifestation

Angioceratoma 21 (33.9%) 12 (52.2%) 9 (23.1%) 0.027

Acroparaesthesia 23 (37.1%) 9 (39.1%) 14 (35.9%) >0.999

Pain episodes 32 (51.6%) 13 (56.5%) 19 (48.7%) 0.606

Hypohydrosis 21 (33.9%) 11 (47.8%) 10 (25.6%) 0.098

Gastrointestinal symptoms 17 (27.4%) 6 (26.1%) 11 (28.2%) >0.999

Cornea verticillata 30 (48.4%) 14 (60.9%) 16 (41.0%) 0.189

Proteinuria 27 (43.5%) 15 (65.2%) 12 (30.8%) 0.016

Previous stroke 22 (35.5%) 10 (43.5%) 12 (30.8%) 0.411

White matter lesions, cerebral MRI 32 (51.6%) 16 (69.6%) 16 (41.0%) 0.038

Extended diameter of the basilar artery 22 (35.5%) 13 (56.5%) 9 (23.1%) 0.013

Cardiovascular medical history

Previous myocardial infarction 4 (6.5%) 4 (17.4%) 0 (0%) 0.016

Angina pectoris 8 (13.1%) 7 (30.4%) 1 (2.6%) 0.003

Left ventricular hypertrophy 17 (27.4%) 16 (69.6%) 1 (2.6%) <0.001

Arrhythmias 10 (16.1%) 7 (30.4%) 3 (7.7%) 0.030

Atrial fibrillation 7 (11.3%) 5 (21.7%) 2 (5.1%) 0.090

Hypertension 19 (30.6%) 10 (43.5%) 9 (23.1%) 0.153

Diabetes mellitus 5 (8.1%) 3 (13.0%) 2 (5.1%) 0.350

Hypercholesterolemia 5 (8.1%) 3 (13.0%) 2 (5.1%) 0.350

Clinical chemistry

cTnI, ng/ml; median (IQR) 0.07 (0.02–0.23) 0.14 (0.06–0.25) –

Serum lyso-Gb3 (ng/ml); median (IQR) 5.43 (1.41–15.3) 7.17 (4.79–16.50) 2.93 (0.19–9.33) 0.010

Serum creatinine (mg/ml); median (IQR) 0.8 (0.6–0.93) 0.8 (0.7–1.2) 0.8 (0.6–0.9) 0.065

eGFR (ml/min/1.73 m2); median (IQR) 81.59 (67.35–108.35) 68.67 (59.45–93.02) 87.58 (69.01–122.17) 0.015

*Abbreviations: cTnI, cardiac troponin I; eGFR, estimated glomerular filtration rate; IQR, interquartile range; MRI, magnetic resonance imaging

doi:10.1371/journal.pone.0157640.t001

Troponin I in Fabry Disease

PLOS ONE | DOI:10.1371/journal.pone.0157640 June 20, 2016 4 / 11



equation: LVH, lyso-Gb3, eGFR, and the presence of white matter hyperintensities in the cere-
bral MRI. The LVH remained the single factor independently associated with cTnI elevation
(Table 2). The odds ratio for elevated cTnI for LVH was 65.8. For elevated cTnI levels (cut-off
of�0.04 ng/ml) and the presence of a LVH we calculated a sensitivity of 94.1% (16/17), a spec-
ificity of 84.4% (38/45), a positive predictive value of 69.6% (16/23), and a negative predictive
value of 97.4% (38/39).

In 17 patients with LVH, 16 had a cTnI elevation (�0.04 ng/ml), one patient had a subnor-
mal level (<0.01ng/ml). In 45 FD patients without a LVH elevated cTnI values (�0.04 ng/ml)
were found in 7 patients (7/45; median 0.06 ng/ml; range 0.04–0.14 ng/ml). Normal cTnI levels
(�0.01 ng/ml and<0.04 ng/ml) were detected exclusively in patients without a LVH (n = 11;
median 0.01 ng/ml, [IQR 0.01–0.02 ng/ml]). In 28 patients subnormal cTnI values were found.
Baseline characteristics in each cTnI category are presented in Table 3. Patients with cTnI ele-
vation were older than those with a normal cTnI levels (median: 55.55 years [IQR: 47.27–61.08
years] versus median 32.67 years [IQR 21.47–49.78 years]; p = 0.004) (Table 3).

FD patients with LVH had more often elevated or subnormal cTnI levels compared with FD
patients without LVH (16/17 versus 18/45; p = 0.002). Accordingly, absolute cTnI levels in FD
patients with LVH were higher than in FD patients without LVH (0.23 ng/ml [IQR 0.09–0.32
ng/ml] versus 0.02 ng/ml [IQR 0.01–0.05 ng/ml]; p<0.001). In the matched control group of
non-Fabry subjects (n = 17, baseline data are summarized in Table 4) cTnI (�0.01 ng/ml) was
detected in none of the participants (non FD: 0/17 versus FD: 16/17, p<0.001), (Fig 1).

Discussion
Cardiac involvement in FD is mainly related to progressive cardiac hypertrophy and is linked
to a poor prognosis [22–24]. Cardiomyocytes of FD patients are affected by storage of Gb3,
which leads to structural damage of the myocardium [23,25]. Therefore, timely and adequate
risk stratification in FD patients is essential.

Previous investigations found elevated cTn levels in FD patients with LVH, consistent with
the presence of myocardial injury [15–17]. In contrast to his exceptional relevance in the diag-
nosis of an acute myocardial ischemia, troponins in FD seams to reflect the continuous damage
in myocytes due to accumulation of sphingolipids [15–17]. In this context, the present study is
the first investigation of the diagnostic value of cTnI in FD using a contemporary sensitive TnI
assay in order to discriminate between FD patients with and without cardiac involvement. The
most important finding of our study is that LVH as a possible surrogate for cardiac involve-
ment in FD patients can be safely ruled out when cTnI measurements are in the normal or sub-
normal range; we calculated a high negative predictive value of 97.4% when cTnI<0.04 ng/ml.
In our study an elevated cTnI level (�0.04 ng/ml) was found in almost in every FD patient

Table 2. Multiple logistic regression analysis for elevated cardiac troponin (cut-off�0.04 ng/ml)
patients with Fabry disease (n = 62).

OR (95%CI) P

eGFR* 0.986 (0.961–1.013) 0.309

Serum lyso-Gb3 level 0.996 (0.945–1.049) 0.869

Left ventricular hypertrophy 65.806 (6.747–641.859) <0.001

White matter lesions, cerebral MRI 1.165 (0.223–6.071) 0.856

*Abbreviations: CI, confidence interval; eGFR, estimated glomerular filtration rate; MRI, magnetic

resonance imaging; OR, odds ratio

doi:10.1371/journal.pone.0157640.t002
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with LVH (94.1%). FD patients with elevated cTnI values had an OR of 65.6 for having LVH.
Only one FD patient had a cTnI level in the subnormal range; this leads to the speculation that
this patient had LVH of an etiology other than FD. This is in line with findings from the age-
and sex-matched control group consisting of individuals with LVHmainly due to hypertension
who did not have elevated cTnI.

A considerable proportion of patients in our cohort hat normal cTnI levels (�0.01 ng/ml
and<0.04 ng/ml) with no abnormal diagnostic finding regarding cardiac involvement. The

Table 3. Patients with Fabry disease dichotomized according to different categories of cTnI levels.

cTnI elevation
(n = 23)

Normal cTnI
(n = 11)

Subnormal cTnI
(n = 28)

cTnI elevation versus
normal cTnI

Normal cTnI versus
subnormal cTnI

(cTnI
�0.04ng/ml)

(<0.04 ng/ml and
�0.01ng/ml)

(cTnI <0.01ng/ml) P-value P-value

Baseline data

Age, years; median (IQR*) 55.55 (47.27–
61.08)

39.40 (34.25–49.07) 32.67 (21.47–
49.78)

0.004 0.593

Sex, male 8 (34.8%) 5 (45.5%) 9 (32.1%) 0.709 0.478

Fabry disease manifestation

Angioceratoma 12 (52.2%) 4 (36.4%) 5 (17.9%) 0.477 0.238

Acroparaesthesia 9 (39.1%) 2 (18.2%) 12 (42.9%) 0.271 0.301

Pain episodes 13 (56.5%) 7 (63.6%) 12 (42.9%) >0.999 >0.999

Hypohydrosis 11 (47.8%) 5 (45.5%) 5 (17.9%) >0.999 0.109

Gastrointestinal symptoms 6 (26.1%) 3 (27.3%) 8 (28.6%) >0.999 >0.999

Cornea verticillata 14 (60.9%) 4 (36.4%) 12 (42.9%) 0.274 >0.999

Proteinuria 15 (65.2%) 5 (45.5%) 7 (25.0%) 0.458 0.262

Previous stroke 10 (43.5%) 6 (54.5%) 6 (21.4%) 0.717 0.062

White matter lesions, cerebral
MRI

16 (69.6%) 5 (45.5%) 11 (39.3%) 0.262 0.734

Extended diameter of the
basilar artery

13 (56.5%) 4 (36.4%) 5 (17.9%) 0.465 0.238

Cardiovascular medical
history

Previous myocardial infarction 4 (17.4%) 0 (0%) 0 (0%) 0.280 >0.999

Angina pectoris 7 (30.4%) 0 (0%) 1 (3.6%) 0.057 >0.999

Left ventricular hypertrophy 16 (69.6%) 0 (0%) 1 (3.6%) <0.001 >0.999

Arrhythmias 7 (30.4%) 0 (0%) 3 (10.7%) 0.069 0.545

Atrial fibrillation 5 (21.7%) 0 (0%) 2 (7.1%) 0.150 >0.999

Hypertension 10 (43.5%) 6 (54.5%) 3 (10.7%) 0.717 0.015

Diabetes mellitus 3 (13.0%) 2 (18.2%) 0 (0%) >0.999 0.074

Hypercholesterolemia 3 (13.0%) 2 (18.2%) 0 (0%) >0.999 0.074

Clinical chemistry

cTnI, ng/ml; median (IQR) 0.14 (0.06–0.25) 0.01 (0.01–0.02) – –

Serum lyso-Gb3 (ng/ml);
median (IQR)

7.17 (4.79–16.50) 5.65 (3.03–27.70) 1.52 (0–7.8) 0.612 0.702

Serum creatinine (mg/ml);
median (IQR)

0.8 (0.7–1.2) 0.7 (0.6–0.8) 0.8 (0.6–0.9) 0.133 0.990

eGFR (ml/min/1.73 m2);
median (IQR)

68.67 (59.45–
93.02)

92.30 (79.91–
107.68)

86.92 (68.9–
130.72)

0.071 0.406

*Abbreviations: cTnI, cardiac troponin I; eGFR, estimated glomerular filtration rate; IQR, interquartile range; MRI, magnetic resonance imaging

doi:10.1371/journal.pone.0157640.t003
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presence of cTnI in these patients with no cardiac symptoms could be interpreted as a first
indicator of cardiac involvement in FD, prior typical morphological and clinical findings
occur. In this regard, determination of cTnI has both diagnostic and prognostic value as the
specific enzyme replacement therapy for FD has the greatest impact if started at an early stage
of the disease, reducing morphological and functional organ changes [26]. Lyso-Gb3 is a bio-
marker in FD that is closely related to the disease severity [27], and the association between
cTnI elevation and an increase in lyso-Gb3 in our patients is also an indication of the value of
cTnI in assessing disease progression. Thus, proving the prognostic value of troponins in FD
(even levels below 0.01 ng/ml, detectable in highly sensitive tests) is of high clinical relevance
and has implications for therapy decision making.

We observed that elevated cTnI levels correlated markedly with cardiac manifestation of
FD. Based on our findings, cTnI would seem to be the ideal biomarker to incorporate into a
diagnostic algorithm that utilizes these results, an algorithm that would facilitate an early deci-
sion for starting therapy. Thus, if the interval between the diagnosis of cardiac involvement
and treatment could be shortened, the resulting earlier treatment period for such patients
would have major resource implications. This validation would have to be performed in a
large-scale, real-world scenario, however, to establish appropriate screening protocols for FD
patients.

Several disease entities other than coronary artery disease have been described to be associ-
ated with elevated cardiac troponin levels, including critical illness, sepsis, stroke, or epileptic
seizure [15,28–34]. Within this spectrum FD should be considered as a differential diagnosis if
elevated cardiac troponins of unknown etiology are detected. In this context, renal disease has
been described as a potential cause of cTn elevation [28,30,31]. Troponin has been known to
be elevated in the setting of even mild cases of renal failure [35]; however, cTn is independently
related to LV mass and predicts all-cause and cardiovascular mortality even in hemodialysis
patients [36]. Furthermore, there is no difference in the half-life and the elemination rate con-
stant of cTnI in patients with acute myocardial infarction and end-stage renal disease when
compared with patients having normal kidney function [37]. Therefore, elevated cTn levels in
FD patients with renal disease may be better explained due to cardiac involvement caused car-
diac injury, especially when the levels are not changing rapidly over time. Regarding our FD
patients with need for dialysis normal and elevated cTnI levels (�0.01ng/ml) were more

Table 4. Characteristics in 17 age- and sex-matched individuals with left ventricular hypertrophy due to hypertension.

FD patients with LVH (n = 17) Non-FD participants with LVH (n = 17) P-value

Baseline data

Age (years); median (IQR) 53.67 (46.97–60.30) 53.23 (46.15–59.81) >0.999

Sex (male) 7 (41.2%) 7 (41.2%) >0.999

Hypertension 8 (47.1%) 17 (100%) <0.001

Diabetes mellitus 2 (11.8%) 0 (13.0%) 0.145

Hypercholesterolemia 2 (11.8%) 0 (13.0%) 0.145

Clinical chemistry

cTnI, ng/ml median (IQR) 0.23 (0.09–0.32) –

Serum creatinine, mg/ml; median (IQR) 0.8 (0.7–1.2) 0.9 (0.7–1.3) >0.999

eGFR, ml/min/1.73 m2; median (IQR) 75.11 (56.08–92.62) 71.28 (54.25–90.12) >0.999

Abbreviations: cTnI, cardiac troponin I; eGFR, estimated glomerular filtration rate; FD, Fabry disease; IQR, interquartile range; LVH, left ventricular

hypertrophy.

doi:10.1371/journal.pone.0157640.t004
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frequently observed. However, FD patients with end-stage renal disease seemed to be more
affected by the disease, showing also more frequently typical FD findings.

Limitations
This study provides evidence of the diagnostic value of cTnI in discriminating between FD
patients with and without cardiac involvement. A limitation of our study that must be consid-
ered, however, is that it makes a retrospective analysis of prospectively collected data. Also the
small sample size of investigated patients might be a further limitation of the presented study.
However, considering Fabry disease is a rare pathology, with 62 participants we assembled a
remarkable group of patients. The data were furthermore sufficient to demonstrate the value of
cTnI in the diagnosis of cardiac involvement in patients with FD.

Other factors potentially causing an elevation of troponins need to be taken into consider-
ation when interpreting our results. Nevertheless, regarding this issue we tended to avoid bias

Fig 1. Comparison of cardiac troponin I levels. Presented are patients with Fabry disease (FD) and left ventricular hypertrophy
(LVH) (n = 17) versus FD patients without LVH (n = 18) and non-FD patients with LVH of other cause (n = 17). The cut-off level for
cTnI in diagnosing myocardial infarction (�0.04 ng/ml) is indicated in the figure.

doi:10.1371/journal.pone.0157640.g001
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as far as possible. In the context of the cardiac pathology in Fabry disease our results, consisting
of a high sensitivity for elevated cTnI in patients with LVH (16/17, 94.1%) and the high nega-
tive predictive value (38/39, 97.4%) for regular troponin levels in the absence of a LVH, appears
plausibly and underlines the reliability.

Conclusions
cTnI seems to be a valuable and valid surrogate marker for indicating cardiac involvement in
FD, which can be safely ruled out when cTnI is below the 99th percentile. Further investigations
of the diagnostic and prognostic value of cardiac troponins in FD are warranted as knowledge
about their levels in plasma might potentially represent a first cardiac-specific pathological
finding in the course of the disease. This is especially relevant for an early decision about initi-
ating enzyme replacement therapy.

Acknowledgments
Ethics Approval: Ethical committee of the Justus Liebig University Giessen.

Author Contributions
Conceived and designed the experiments: CT DG CL AR. Performed the experiments: CT MS
AKG SE. Analyzed the data: CT DG CL AR. Contributed reagents/materials/analysis tools: MS
AR AKG SE DG CT. Wrote the paper: CT DG CL AR NS AKGMS TB CH. Reviewed the man-
uscript: CT DG CL AR NS AKGMS TB CH.

References
1. Chimenti C, Morgante E, Tanzilli G, Mangieri E, Critelli G, Gaudio Cet al. (2008) Angina in fabry disease

reflects coronary small vessel disease. Circ Heart Fail 1: 161–169. doi: 10.1161/
CIRCHEARTFAILURE.108.769729 PMID: 19808286

2. Mehta AB (2009) Anderson-Fabry disease: developments in diagnosis and treatment. Int J Clin Phar-
macol Ther 47 Suppl 1:S66–74.: S66–S74. PMID: 20040315

3. O'Mahony C, Elliott P (2010) Anderson-Fabry disease and the heart. Prog Cardiovasc Dis 52: 326–
335. doi: 10.1016/j.pcad.2009.11.002 PMID: 20109602

4. Takenaka T, Teraguchi H, Yoshida A, Taguchi S, Ninomiya K, Umekita Y et al. (2008) Terminal stage
cardiac findings in patients with cardiac Fabry disease: an electrocardiographic, echocardiographic,
and autopsy study. J Cardiol 51: 50–59. doi: 10.1016/j.jjcc.2007.12.001 PMID: 18522775

5. Yousef Z, Elliott PM, Cecchi F, Escoubet B, Linhart A, Monserrat L et al. (2013) Left ventricular hyper-
trophy in Fabry disease: a practical approach to diagnosis. Eur Heart J 34: 802–808. doi: 10.1093/
eurheartj/ehs166 PMID: 22736678

6. Aerts JM, Groener JE, Kuiper S, Donker-KoopmanWE, Strijland A, Ottenhoff R et al. (2008) Elevated
globotriaosylsphingosine is a hallmark of Fabry disease. Proc Natl Acad Sci U S A 105: 2812–2817.
doi: 10.1073/pnas.0712309105 PMID: 18287059

7. Fauler G, Rechberger GN, Devrnja D, ErwaW, Plecko B et al. (2005) Rapid determination of urinary
globotriaosylceramide isoform profiles by electrospray ionization mass spectrometry using stearoyl-
d35-globotriaosylceramide as internal standard. Rapid CommunMass Spectrom 19: 1499–1506.
PMID: 15880667

8. Feriozzi S, Germain DP, Di VR, Legrand A, Ricci R, Barbey F (2007) Cystatin C as a marker of early
changes of renal function in Fabry nephropathy. J Nephrol 20: 437–443. PMID: 17879210

9. Weber M, Bazzino O, Navarro Estrada JL, de MR, Salzberg S, Fuselli JJ, et al. (2011) Improved diag-
nostic and prognostic performance of a new high-sensitive troponin T assay in patients with acute coro-
nary syndrome. Am Heart J 162: 81–88. doi: 10.1016/j.ahj.2011.04.007 PMID: 21742093

10. Keller T, Zeller T, Peetz D, Tzikas S, Roth A, Czyz E et al. (2009) Sensitive troponin I assay in early
diagnosis of acute myocardial infarction. N Engl J Med 361: 868–877. doi: 10.1056/NEJMoa0903515
PMID: 19710485

Troponin I in Fabry Disease

PLOS ONE | DOI:10.1371/journal.pone.0157640 June 20, 2016 9 / 11

http://dx.doi.org/10.1161/CIRCHEARTFAILURE.108.769729
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.108.769729
http://www.ncbi.nlm.nih.gov/pubmed/19808286
http://www.ncbi.nlm.nih.gov/pubmed/20040315
http://dx.doi.org/10.1016/j.pcad.2009.11.002
http://www.ncbi.nlm.nih.gov/pubmed/20109602
http://dx.doi.org/10.1016/j.jjcc.2007.12.001
http://www.ncbi.nlm.nih.gov/pubmed/18522775
http://dx.doi.org/10.1093/eurheartj/ehs166
http://dx.doi.org/10.1093/eurheartj/ehs166
http://www.ncbi.nlm.nih.gov/pubmed/22736678
http://dx.doi.org/10.1073/pnas.0712309105
http://www.ncbi.nlm.nih.gov/pubmed/18287059
http://www.ncbi.nlm.nih.gov/pubmed/15880667
http://www.ncbi.nlm.nih.gov/pubmed/17879210
http://dx.doi.org/10.1016/j.ahj.2011.04.007
http://www.ncbi.nlm.nih.gov/pubmed/21742093
http://dx.doi.org/10.1056/NEJMoa0903515
http://www.ncbi.nlm.nih.gov/pubmed/19710485


11. Omland T, Pfeffer MA, Solomon SD, de Lemos JA, Rosjo H, Saltyte BJ et al. (2013) Prognostic value of
cardiac troponin I measured with a highly sensitive assay in patients with stable coronary artery dis-
ease. J Am Coll Cardiol 61: 1240–1249. doi: 10.1016/j.jacc.2012.12.026 PMID: 23414791

12. Legaz-Arrese A, George K, Carranza-Garcia LE, Munguia-Izquierdo D, Moros-Garcia T, Serrano-
Ostariz E (2011) The impact of exercise intensity on the release of cardiac biomarkers in marathon run-
ners. Eur J Appl Physiol 111: 2961–2967. doi: 10.1007/s00421-011-1922-3 PMID: 21442162

13. Cramer G, Bakker J, Gommans F, Brouwer M, Kurvers M, Fouraux M et al. (2014) Relation of highly
sensitive cardiac troponin T in hypertrophic cardiomyopathy to left ventricular mass and cardiovascular
risk. Am J Cardiol 113: 1240–1245. doi: 10.1016/j.amjcard.2013.12.033 PMID: 24513467

14. Masson S, Anand I, Favero C, Barlera S, Vago T, Bertocchi F et al. (2012) Serial measurement of car-
diac troponin T using a highly sensitive assay in patients with chronic heart failure: data from 2 large
randomized clinical trials. Circulation 125: 280–288. doi: 10.1161/CIRCULATIONAHA.111.044149
PMID: 22139751

15. Feustel A, Hahn A, Schneider C, Sieweke N, FranzenW, Gunduz D et al. (2014) Continuous cardiac
troponin I release in fabry disease. PLoS One 9: e91757. doi: 10.1371/journal.pone.0091757 PMID:
24626231

16. Mehta A, Ricci R, Widmer U, Dehout F, Garcia de LA, Kampmann C et al. (2004) Fabry disease
defined: baseline clinical manifestations of 366 patients in the Fabry Outcome Survey. Eur J Clin Invest
34: 236–242. PMID: 15025684

17. Tanislav C, Feustel A, FranzenW, Wusten O, Schneider C, Reichenberger Fet al. (2011) Persistent
increase in cardiac troponin I in Fabry disease: a case report. BMC Cardiovasc Disord 11:6. doi: 10.
1186/1471-2261-11-6 PMID: 21281467

18. Rolfs A, Fazekas F, Grittner U, Dichgans M, Martus P, Holzhausen Met al. (2013) Acute cerebrovascu-
lar disease in the young: the Stroke in Young Fabry Patients study. Stroke 44: 340–349. doi: 10.1161/
STROKEAHA.112.663708 PMID: 23306324

19. Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka PA et al. (2005) Recommenda-
tions for chamber quantification: a report from the American Society of Echocardiography's Guidelines
and Standards Committee and the Chamber Quantification Writing Group, developed in conjunction
with the European Association of Echocardiography, a branch of the European Society of Cardiology. J
Am Soc Echocardiogr 18: 1440–1463. PMID: 16376782

20. Lippi G, Tessitore N, Montagnana M, Salvagno GL, Lupo A, Guidi GC (2008) Influence of sampling
time and ultrafiltration coefficient of the dialysis membrane on cardiac troponin I and T. Arch Pathol Lab
Med 132: 72–76. doi: 10.1043/1543-2165(2008)132[72:IOSTAU]2.0.CO;2 PMID: 18181677

21. Tutarel O, Denecke A, Bode-Boger SM, Martens-Lobenhoffer J, Schieffer B, Westhoff-Bleck M et al.
(2011) Symmetrical dimethylarginine outperforms CKD-EPI and MDRD-derived eGFR for the assess-
ment of renal function in patients with adult congenital heart disease. Kidney Blood Press Res 34: 41–
45. doi: 10.1159/000322614 PMID: 21160203

22. Linhart A, Palecek T, Bultas J, Ferguson JJ, Hrudova J, Karetova D et al. (2000) New insights in cardiac
structural changes in patients with Fabry's disease. Am Heart J 139: 1101–1108. PMID: 10827394

23. Weidemann F, Niemann M, Stork S, Breunig F, Beer M, Sommer Cet al. (2013) Long-term outcome of
enzyme-replacement therapy in advanced Fabry disease: evidence for disease progression towards
serious complications. J Intern Med 274: 331–341. doi: 10.1111/joim.12077 PMID: 23586858

24. Germain DP, Weidemann F, Abiose A, Patel MR, Cizmarik M, Cole JAet al. (2013) Analysis of left ven-
tricular mass in untreated men and in men treated with agalsidase-beta: data from the Fabry Registry.
Genet Med 15: 958–965. doi: 10.1038/gim.2013.53 PMID: 23703683

25. Hulkova H, Ledvinova J, Poupetova H, Bultas J, Zeman J, Elleder M (1999) [Postmortem diagnosis of
Fabry disease in a female heterozygote leading to the detection of undiagnosed manifest disease in
the family]. Cas Lek Cesk 138: 660–664. PMID: 10746023

26. Biegstraaten M, Arngrimsson R, Barbey F, Boks L, Cecchi F, Deegan PBet al. (2015) Recommenda-
tions for initiation and cessation of enzyme replacement therapy in patients with Fabry disease: the
European Fabry Working Group consensus document. Orphanet J Rare Dis 10:36. doi: 10.1186/
s13023-015-0253-6 PMID: 25885911

27. Niemann M, Rolfs A, Stork S, Bijnens B, Breunig F, Beer M et al. (2014) Gene Mutations Versus Clini-
cally Relevant Phenotypes-Lyso-Gb3 Defines Fabry Disease. Circ Cardiovasc Genet 7:8–16. doi: 10.
1161/CIRCGENETICS.113.000249 PMID: 24395922

28. Brunet P, Oddoze C, Paganelli F, Indreies M, Faure V, Opris-Saveanu A et al. (2008) Cardiac troponins
I and T in hemodialysis patients without acute coronary syndrome. Int J Cardiol 129: 205–209. PMID:
17662483

29. HammCW, Giannitsis E, Katus HA (2002) Cardiac troponin elevations in patients without acute coro-
nary syndrome. Circulation 106: 2871–2872. PMID: 12460862

Troponin I in Fabry Disease

PLOS ONE | DOI:10.1371/journal.pone.0157640 June 20, 2016 10 / 11

http://dx.doi.org/10.1016/j.jacc.2012.12.026
http://www.ncbi.nlm.nih.gov/pubmed/23414791
http://dx.doi.org/10.1007/s00421-011-1922-3
http://www.ncbi.nlm.nih.gov/pubmed/21442162
http://dx.doi.org/10.1016/j.amjcard.2013.12.033
http://www.ncbi.nlm.nih.gov/pubmed/24513467
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.044149
http://www.ncbi.nlm.nih.gov/pubmed/22139751
http://dx.doi.org/10.1371/journal.pone.0091757
http://www.ncbi.nlm.nih.gov/pubmed/24626231
http://www.ncbi.nlm.nih.gov/pubmed/15025684
http://dx.doi.org/10.1186/1471-2261-11-6
http://dx.doi.org/10.1186/1471-2261-11-6
http://www.ncbi.nlm.nih.gov/pubmed/21281467
http://dx.doi.org/10.1161/STROKEAHA.112.663708
http://dx.doi.org/10.1161/STROKEAHA.112.663708
http://www.ncbi.nlm.nih.gov/pubmed/23306324
http://www.ncbi.nlm.nih.gov/pubmed/16376782
http://dx.doi.org/10.1043/1543-2165(2008)132[72:IOSTAU]2.0.CO;2
http://www.ncbi.nlm.nih.gov/pubmed/18181677
http://dx.doi.org/10.1159/000322614
http://www.ncbi.nlm.nih.gov/pubmed/21160203
http://www.ncbi.nlm.nih.gov/pubmed/10827394
http://dx.doi.org/10.1111/joim.12077
http://www.ncbi.nlm.nih.gov/pubmed/23586858
http://dx.doi.org/10.1038/gim.2013.53
http://www.ncbi.nlm.nih.gov/pubmed/23703683
http://www.ncbi.nlm.nih.gov/pubmed/10746023
http://dx.doi.org/10.1186/s13023-015-0253-6
http://dx.doi.org/10.1186/s13023-015-0253-6
http://www.ncbi.nlm.nih.gov/pubmed/25885911
http://dx.doi.org/10.1161/CIRCGENETICS.113.000249
http://dx.doi.org/10.1161/CIRCGENETICS.113.000249
http://www.ncbi.nlm.nih.gov/pubmed/24395922
http://www.ncbi.nlm.nih.gov/pubmed/17662483
http://www.ncbi.nlm.nih.gov/pubmed/12460862


30. Higgins JP, Higgins JA (2003) Elevation of cardiac troponin I indicates more than myocardial ischemia.
Clin Invest Med 26: 133–147. PMID: 12858947

31. Korff S, Katus HA, Giannitsis E (2006) Differential diagnosis of elevated troponins. Heart 92: 987–993.
PMID: 16775113

32. LimW, Cook DJ, Griffith LE, Crowther MA, Devereaux PJ (2006) Elevated cardiac troponin levels in
critically ill patients: prevalence, incidence, and outcomes. Am J Crit Care 15: 280–288. PMID:
16632770

33. Sieweke N, Allendorfer J, FranzenW, Feustel A, Reichenberger F, Pabst W et al. (2012) Cardiac Tro-
ponin I elevation after epileptic seizure. BMC Neurol 12:58. doi: 10.1186/1471-2377-12-58 PMID:
22804867

34. Dixit S, Castle M, Velu RP, Swisher L, Hodge C, Jaffe AS (2000) Cardiac involvement in patients with
acute neurologic disease: confirmation with cardiac troponin I. Arch Intern Med 160: 3153–3158.
PMID: 11074746

35. Van Lente F., McErlean ES, DeLuca SA, PeacockWF, Rao JS, Nissen SE (1999) Ability of troponins to
predict adverse outcomes in patients with renal insufficiency and suspected acute coronary syn-
dromes: a case-matched study. J Am Coll Cardiol 33: 471–478. PMID: 9973028

36. Mallamaci F, Zoccali C, Parlongo S, Tripepi G, Benedetto FA, Cutrupi S et al. (2002) Troponin is related
to left ventricular mass and predicts all-cause and cardiovascular mortality in hemodialysis patients.
Am J Kidney Dis 40: 68–75. PMID: 12087563

37. Ellis K, Dreisbach AW, Lertora JL (2001) Plasma elimination of cardiac troponin I in end-stage renal dis-
ease. South Med J 94: 993–996. PMID: 11702827

Troponin I in Fabry Disease

PLOS ONE | DOI:10.1371/journal.pone.0157640 June 20, 2016 11 / 11

http://www.ncbi.nlm.nih.gov/pubmed/12858947
http://www.ncbi.nlm.nih.gov/pubmed/16775113
http://www.ncbi.nlm.nih.gov/pubmed/16632770
http://dx.doi.org/10.1186/1471-2377-12-58
http://www.ncbi.nlm.nih.gov/pubmed/22804867
http://www.ncbi.nlm.nih.gov/pubmed/11074746
http://www.ncbi.nlm.nih.gov/pubmed/9973028
http://www.ncbi.nlm.nih.gov/pubmed/12087563
http://www.ncbi.nlm.nih.gov/pubmed/11702827

