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BACKGROUND: Cardiac troponin T concentrations mea-
sured with high-sensitivity assays (hs-cTnT) provide im-
portant prognostic information for patients with stable
coronary artery disease (CAD). However, whether hs-
cTnT concentrations mainly reflect left ventricular (LV)
remodeling or recurrent myocardial ischemia in this pop-
ulation is not known.

METHODS: We measured hs-cTnT concentrations in 619
subjects with suspected stable CAD in a prospectively
designed multicenter study. We identified associations
with indices of LV remodeling, as assessed by cardiac
MRI and echocardiography, and evidence of myocardial
ischemia diagnosed by single positron emission com-
puted tomography.

RESULTS: Median hs-cTnT concentration was 7.8 ng/L
(interquartile range, 4.8–11.6 ng/L), and 111 patients
(18%) had hs-cTnT concentrations above the upper ref-
erence limit (�14 ng/L). Patients with hs-cTnT �14
ng/L had increased LV mass (144 � 40 g vs 116 � 34 g;
P � 0.001) and volume (179 � 80 mL vs 158 � 44 mL;
P � 0.006), lower LV ejection fraction (LVEF) (59 � 14
vs 62 � 11; P � 0.006) and global longitudinal strain
(14.1 � 3.4% vs 16.9 � 3.2%; P � 0.001), and more

reversible perfusion defects (P � 0.001) and reversible
wall motion abnormalities (P � 0.008). Age (P �
0.009), estimated glomerular filtration rate (P � 0.01),
LV mass (P � 0.003), LVEF (P � 0.03), and evidence of
reversible myocardial ischemia (P � 0.004 for perfusion
defects and P � 0.02 for LV wall motion) were all asso-
ciated with increasing hs-cTnT concentrations in multi-
variate analysis. We found analogous results when using
the revised US upper reference limit of 19 ng/L.

CONCLUSIONS: hs-cTnT concentrations reflect both LV
mass and reversible myocardial ischemia in patients with
suspected stable CAD.
© 2018 American Association for Clinical Chemistry

Patients with stable coronary artery disease (CAD)11 have
increased risk of death compared with individuals in the
general population. Mechanisms of death relate to both
new ischemic events and progressive left ventricular (LV)
remodeling and heart failure (HF) development (1 ). Car-
diac troponin measurements with high-sensitivity (hs)
assays have been found to improve risk prediction in
patients with stable CAD (2– 4 ), but there is a need for
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clinical studies with extensive cardiovascular pheno-
typing to decipher the specific pathophysiology re-
flected by hs-troponin concentrations in patients with
stable CAD.

Cardiac troponins I and T are important compo-
nents of the contractile apparatus in cardiomyocytes.
Measurement of cardiac troponins is a sine qua non cri-
terion for diagnosing acute myocardial infarction in pa-
tients with chest pain (5 ). With the introduction of hs-
troponin assays, cardiac troponin concentrations can be
reliably measured in the nonacute setting. In patients
with stable CAD, hs-troponin concentrations primarily
have been found to be more closely associated with car-
diovascular death and HF hospitalizations than with
myocardial infarctions (3, 6 ). Strong associations with
cardiovascular death and HF development have also been
reported for hs-troponin measurements in the general
population (7–11); thus, hs-troponin concentrations
seem to reflect progressive LV remodeling in patients
with stable and subclinical cardiovascular disease (12 ).
Pertinent to this point, hs-troponin concentrations also
correlate with LV mass in patients with aortic stenosis
(13, 14 ) or hypertrophic cardiomyopathy (15 ) and in
individuals from the general population (9, 16, 17 ).
Moreover, although there are conflicting results as to
whether hs-troponin concentrations increase during ex-
ercise stress testing in patients with reversible myocardial
ischemia, previous studies generally have reported in-
creased steady-state hs-troponin concentrations in these
patients (18–22). Based on this lack of knowledge, there
is a need for clinical studies with hs-troponin measure-
ments and detailed phenotyping of the participants relat-
ing to both myocardial ischemia (stress-induced perfu-
sion or wall motion abnormalities) and LV remodeling
(mass, volume, function, and scarring). Accordingly, in
this large multicenter study with multimodal state-of-
the-art cardiac imaging at rest and during stress, we as-
sessed whether hs-cardiac troponin T (hs-cTnT) concen-
trations primarily reflect LV mass or myocardial ischemia
in patients with suspected stable CAD.

Methods

STUDY DESIGN AND POPULATION

The Determining Optimal noninvasive Parameters for
the Prediction of Left vEntricular morphologic and
functional Remodeling in Chronic Ischemic Patients
(DOPPLER-CIP) Study was performed in 10 centers
from 7 European countries and was designed to investi-
gate different noninvasive parameters for the prediction
of LV morphologic and functional remodeling in pa-
tients with stable CAD (23 ). Between February 2010
and December 2012, 676 patients met the inclusion cri-
teria of suspected ongoing myocardial ischemia defined
as (a) history of typical or atypical angina, (b) high risk of

coronary disease (�15% risk of cardiovascular events ac-
cording to the European Systematic Coronary Risk Eval-
uation) (24 ), or (c) positive stress testing according to
criteria at the individual site. Patients with acute coronary
events during the past 3 months, life expectancy �2
years, more than moderate valvular heart disease, pace-
maker with predominant pacing rhythm, or permanent
atrial fibrillation were excluded. Demographic data and
medical history were collected, and all patients under-
went standard diagnostic testing, including vital param-
eters, electrocardiogram (ECG), and resting echocardio-
graphic examination. Patients were required to complete
at least 2 of the following functional imaging modalities
to be included into the DOPPLER-CIP study: nuclear
imaging [single-positron emission computed tomogra-
phy (SPECT)], cardiac magnetic resonance (CMR) im-
aging, or stress echocardiography. Quantitative measures
were performed in dedicated core laboratory facilities by
analysts blinded to patient information, results from
other imaging modalities, and biomarker concentrations.
After excluding 21 patients with missing or noninterpre-
table results from SPECT, CMR, or echocardiography,
619 patients (92% of the total population) with available
hs-cTnT measurements were included in the current
study (Fig. 1). Patients were required to give informed
consent before inclusion, and the study was approved by
the ethics committees at the different sites.

Fig. 1. Breakdown of the available measurements.
The number of patients with suspected CAD who had available
measurements from echocardiography, MPI-SPECT, CMR, and
MPI-MRI in the DOPPLER-CIP biomarker substudy on hs-cTnT.
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CARDIAC IMAGING

Echocardiography. The echocardiography recordings (n �
571; 92%) were acquired by a standardized imaging pro-
tocol using Philips (iE33), GE (Vivid 7 or e9), or Siemens
(Sequoia). All recordings contained at least 3 consecutive
heart cycles during breath-holding when feasible. LV sys-
tolic function was assessed by LV ejection fraction and
global longitudinal strain (GLS). LV diastolic function
was assessed based on left atrial (LA) volume, peak early
diastolic myocardial tissue velocity measured from the
mitral annulus by tissue Doppler imaging (e’), and the
ratio between early diastolic velocity in transmitral Doppler
(E) and e’ (E/e’).

Cine CMR. Resting CMR cine imaging (n � 339; 55%)
was performed with the patient in the supine position in
short axis, 2-chamber, and 4-chamber orientations with
an optional short axis left atrium cine (25 ). All examina-
tions were performed at 1.5 T using Philips Achieva in 3
sites and Siemens Sonata in 1 site following an estab-
lished protocol (26 ). Recordings were done in 3 or 2
dimensions during breath-holding, in-plane resolution
�1.5 mm, slice thickness of 6 to 8 mm with 2- to 4-mm
interslice gaps to equal 10 mm, temporal resolution �45
ms between phases, and parallel imaging if available. Late
gadolinium enhancement was used to assess myocardial
scarring.

Nuclear imaging. SPECT (n � 430; 67%) acquisition
and processing were performed in accordance with the
European Association of Nuclear Medicine/European
Society of Cardiology procedural guidelines for myocar-
dial perfusion imaging in nuclear cardiology (27 ). Of the
patients who underwent SPECT, 256 patients (60%)
also had CMR cine images available. Preferably, patients
were examined with either an exercise stress test and
single-day rest–stress myocardial perfusion imaging
(MPI) or a 2-day protocol. Patients who could not un-
dergo exercise stress followed a pharmacologic stress pro-
tocol. Myocardial perfusion in each of the 17 segments
was classified according to established methods to calcu-
late summed stress score (SSS; �4 pathological) and
summed difference score (SDS; �2 considered indicative
of reversible perfusion defects) (28 ). Regional wall mo-
tion analysis was also classified according to established
methods to calculate the SSS for wall motion (�4 path-
ological) and the SDS for wall motion (�3 considered
indicative of reversible hypokinesis) (29 ). Details of the
nuclear imaging protocol are reported in the Data Sup-
plement that accompanies the online version of this arti-
cle at http://www.clinchem.org/content/vol64/issue9.

Perfusion MRI. Adenosine stress perfusion MRI was con-
ducted in 210 patients (33%) (see online Data Supple-
ment for detailed protocol).

BLOOD SAMPLING AND TROPONIN MEASUREMENTS

Blood samples were collected by venipuncture into
chilled heparinized tubes. The samples were immediately
centrifuged at 4 °C, and the plasma was pipetted and
frozen initially at �20 °C. The samples were later stored
at �80 °C before transportation to Akershus University
Hospital for analysis. Troponin T was analyzed with a
commercially available hs assay (Elecsys TnT hs STAT,
Roche Diagnostics). The limit of the blank was 3.0 ng/L,
and the analytical range was 3 to 10000 ng/L (30 ). The
CVs in our laboratory were 4.6% and 2.3% in the low
range (hs-cTnT, 4 and 8 ng/L, respectively; n � 10) and
3.5% and 2.8% in the high range (hs-cTnT, 25 and 1200
ng/L, respectively; n �24). Samples with undetectable
concentrations of hs-cTnT were set to 3.0 ng/L by
convention.

STATISTICAL ANALYSIS

Continuous variables are presented as mean (SD) or me-
dian (quartile, 1–3) for nonparametric variables. Cate-
gorical variables are presented as absolute numbers and
percentages. The patients were stratified according to
the hs-cTnT upper reference limit (URL) of 14 ng/L
(31, 32 ), sex-specific cutoffs (8.9 ng/L for women and
15.5 ng/L for men) (31 ), and the recently implemented
US URL (19 ng/L) (33, 34 ). Statistical comparisons
were made with the Pearson �2 test for categorical vari-
ables, 1-way ANOVA for parametric continuous vari-
ables, and the Kruskal–Willis test for nonparametric
continuous variables. Correlations were calculated by
Spearman rank correlation. To assess the variables asso-
ciated with high troponin concentrations, we performed
multivariable linear regression with troponin as the de-
pendent variable in 2 separate models. Model 1 was a
demographic and clinical model that included age, sex,
body mass index, mean arterial blood pressure, heart rate,
comorbidities (diabetes, previous myocardial infarction,
or previous coronary revascularization), and estimated
glomerular filtration rate (eGFR), calculated by the
chronic kidney disease epidemiology collaboration equa-
tion (35 ). Model 2 included all the variables from model
1 plus measurements of LV structure and function by
CMR (mass, ejection fraction, and scar), measurements
of systolic and diastolic function by echocardiography
(GLS, e’, E/e’, and LA volume), and measurements of
myocardial perfusion and wall motion assessed by
SPECT during stress (SSS and SSS for wall motion) and
difference from rest to stress (SDS and SDS for wall mo-
tion). The results from the SPECT test were dichoto-
mized according to cutoffs specified above and included
in separate multivariable models because of collinearity
between SSS, SDS, SSS for wall motion, and SDS for
wall motion. The ratio of the effect estimates is presented
with 95% CI. hs-cTnT concentrations were transformed
by the natural logarithm before all regression analysis
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because of a right-skewed distribution. We also per-
formed 2 sensitivity analyses: (a) using results from MRI-
MPI to validate results from SPECT-MPI (model 2B)
and (b) using echocardiographic measures of LV mass
and LV ejection fraction to validate the results from cine
CMR (model 2C). All statistical tests were 2-sided using
a type I error threshold of 0.05. The statistical analyses
were performed with IBM® SPSS® Statistics version 22
for Windows.

Results

DEMOGRAPHIC AND CLINICAL CHARACTERISTICS AND

hs-cTnT CONCENTRATIONS

The median hs-cTnT concentration in the cohort was
7.8 ng/L (interquartile range, 4.8–11.6 ng/L), and 111
patients (18%) had hs-cTnT concentrations above the
99th percentile. Demographic and clinical characteristics

with patients stratified according to concentrations of
hs-cTnT above (hs-cTnT�) or below (hs-cTnT�) the
URL are presented in Table 1. hs-cTnT� patients were
older; more often men; had higher prevalence of diabetes
mellitus, hypertension, and previous myocardial infarc-
tion; wider QRS-complexes on ECG; and used more
angiotensin-converting enzyme inhibitors or angiotensin
receptor blockers and nitrates. Also, hs-cTnT� patients
had higher HbA1c and lower eGFR, hemoglobin, and
LDL cholesterol compared with hs-cTnT� patients.

hs-cTnT concentrations correlated with several de-
mographical and clinical variables, including eGFR (r �
�0.29; P � 0.001), sex (r � 0.35; P � 0.001), and age
(r � 0.34; P � 0.001) (see Table 1 in the online Data
Supplement). In a multivariable linear regression analysis
that included demographic and clinical variables, age
(P � 0.001), male sex (P � 0.001), body mass index
(P � 0.003), history of diabetes mellitus (P � 0.01),

Table 1. Baseline characteristics of stable patients with suspected CAD stratified according to hs-cTnT URL.

hs-cTnT− ≤14 ng/L
(n = 508)

hs-cTnT+ >14 ng/L
(n = 111) P value

Age, year 62.9 ± 8.6 68.7 ± 9.0 <0.001

Sex, female 141 (27.8%) 12 (10.8%) <0.001

Body mass index, kg/m2 27.5 ± 3.9 28.1 ± 3.8 0.18

Tobacco smoking 86 (17.0%) 13 (11.8%) 0.18

Mean arterial blood pressure, mmHg 98 ± 12 98 ± 12 0.89

Heart rate, beats/min 68 ± 13 68 ± 12 0.95

NYHAa class 3 or 4 59 (11.6%) 17 (15.3%) 0.28

Left ventricular hypertrophy in ECG 20 (4.0%) 5 (4.5%) 0.80

QRS width in ECG, ms 94 ± 16 101 ± 24 <0.001

History

Diabetes mellitus 81 (16.0%) 35 (31.8%) <0.001

Hypertension 292 (57.7%) 79 (71.8%) 0.006

Myocardial infarction 222 (43.9%) 62 (56.4%) 0.017

Coronary revascularization 249 (49.0%) 64 (57.7%) 0.10

Medications

ACE-ib/ARBc 258 (51.3%) 69 (62.7%) 0.029

Nitrates 134 (26.5%) 41 (36.9%) 0.028

Aspirin 410 (81.2%) 96 (86.5%) 0.19

Statins 396 (78.4%) 91 (82.0%) 0.40

Hemoglobin, g/dL 143.8 ± 12.4 139.4 ± 13.6 <0.001

White blood cell count, ×109/L 5.6 ± 0.9 6.1 ± 1.1 <0.001

Hemoglobin A1c, % 7.0 ± 2.0 7.5 ± 2.3 0.014

LDL cholesterol, mmol/L 2.5 ± 0.9 2.3 ± 1.0 0.049

eGFR, mL/min/1.73 m2 83.7 ± 15.2 72.5 ± 16.6 <0.001

a New York Heart Association.
b Angiotensin-converting enzyme inhibitor.
c Angiotensin receptor blocker.
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history of myocardial infarction (P � 0.008), and eGFR
(P � 0.001) were all associated with increasing hs-cTnT
concentrations (Table 2, multivariate model 1).

LV STRUCTURAL AND FUNCTIONAL STATUS AND hs-cTnT

CONCENTRATIONS

Compared with hs-cTnT� patients, hs-cTnT� patients
had higher LV mass and LV end-diastolic volume and
lower LV ejection fraction and GLS (Table 3). In con-
trast, hs-cTnT� and hs-cTnT� patients did not differ
regarding LV scar burden, LA volume, e’, or E/e’ ratio.
Of the investigated imaging parameters at rest, we found
significant correlations between hs-cTnT and LV mass
(r � 0.40; P � 0.001), LV scar burden (r � 0.33; P �
0.001), LV end-diastolic volume (r � 0.28; P � 0.001),
LV ejection fraction (r � �0.25; P � 0.001), and GLS
(r � 0.21; P � 0.001) (see Table 1 in the online Data
Supplement). The relation between hs-cTnT and LV
mass was linear, and no interaction was observed for sex
(P � 0.96) (Fig. 2A, left panel).

INDICES OF MYOCARDIAL ISCHEMIA AND

hs-cTnT CONCENTRATIONS

hs-cTnT� patients had more perfusion defects and hy-
pokinesis during stress compared with hs-cTnT� pa-
tients (Table 3). There were also differences in reversible
perfusion defects and reversible hypokinesis between the
groups (Table 3). Stratifying patients also according to
sex-specific cutoffs (8.9 ng/L for women and 15.5 ng/L
for men) and to the recently proposed US upper reference
concentration of 19 ng/L yielded similar results as found
using 14 ng/L as the cutoff (see Tables 2 and 3 in the
online Data Supplement). hs-cTnT correlated with per-
fusion defects and hypokinesis during stress (r � 0.32;
P � 0.001 and r � 0.36; P � 0.001, respectively) and
with the difference from rest to stress (r � 0.23; P �
0.001 and r � 0.15; P � 0.002, respectively) (see Table
3 in the online Data Supplement). The relation between
hs-cTnT and reversible perfusion defects was linear (P �
0.001) and with no interaction by sex (P � 0.57) (see Fig.
2A, right panel).

MULTIVARIATE ASSESSMENT OF ANATOMIC AND

FUNCTIONAL IMAGING AND hs-cTnT CONCENTRATIONS

To identify independent associations between hs-cTnT
concentrations and imaging results from both anatomic
and functional testing, we performed multivariable linear
regression analysis in patients with both SPECT-MPI
and cine CMR available (n � 256; 60% of the patients
with SPECT-MPI data). In addition to age (P � 0.001)
and eGFR (P � 0.01), LV mass (P � 0.003), LV ejection
fraction (P � 0.03), and reversible perfusion defects (P �
0.004) were all independently associated with higher hs-
cTnT concentrations (Table 2, multivariate model 2),
and this model explained 48% of the variation in hs-

cTnT concentrations (r2 � 0.48). Reversible hypokine-
sia (P � 0.02) and hypokinesia during stress (P � 0.002)
were also independently associated with higher hs-cTnT
when replacing reversible perfusion defects in the same
multivariable model (Table 2, multivariate model 2). In
contrast, perfusion defects during stress, LV end-diastolic
volume, LV scar burden, GLS, LA volume, e’, and E/e’
were not associated with hs-cTnT concentrations in the
multivariable model. The results were similar when ex-
cluding participants with New York Heart Association
class III or IV (see Table 4 in the online Data Supple-
ment). The individual contribution of reversible perfu-
sion defects and LV mass to increasing concentrations of
hs-cTnT is illustrated in Fig. 2B.

We performed a sensitivity analysis in the subgroup
of patients subjected to MRI-MPI (n � 210) to validate
the association between hs-cTnT and reversible ischemia
found with SPECT-MPI. The results from MRI-MPI
stratified by European cutoffs, sex-specific cutoffs, and
US cutoffs of hs-cTnT were comparable with results
from SPECT-MPI (see Table 5 in the online Data
Supplement). hs-cTnT concentrations correlated with
perfusion defects during stress (r � 0.33; P � 0.001)
and reversible perfusion defects (r � 0.28; P � 0.001)
as determined by MRI-MPI (see Table 1 in the online
Data Supplement). Like the results for SPECT-MPI,
more reversible perfusion defects by MRI-MPI during
stress and difference from rest to stress were associated
with higher hs-cTnT in multivariable regression mod-
els (P � 0.005 and P � 0.001, respectively) (see Table
6 in the online Data Supplement, multivariable model
2B). In total, 169 patients had results from both
SPECT-MPI and MRI-MPI, and the correlation coef-
ficient during stress for the 2 modalities was r � 0.42
(P � 0.001).

We also recalculated the multivariable model 2 with
echocardiographic (as opposed to CMR-derived) mea-
surements for LV ejection fraction and mass (n � 341,
which included 79% of the patients with SPECT-MPI
results) (see Table 7 in the online Data Supplement,
multivariable model 2C). In line with the results using
CMR-derived data, age (P � 0.001), sex (P � 0.001),
eGFR (P � 0.03), LV mass (P � 0.001), LV ejection
fraction (P � 0.007), and reversible perfusion defects
(P � 0.003) were all associated with increasing hs-
cTnT concentrations in the multivariable model based
on echocardiographic measurements. Reversible hy-
pokinesia (P � 0.001) and hypokinesia during stress
(P � 0.002), but not perfusion defects during stress,
were also associated with increasing hs-cTnT concen-
trations when using echocardiography-derived mea-
surements (see Table 7 in the online Data Supplement,
multivariable model 2C).
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Discussion

The principal finding of our study is that hs-cTnT con-
centrations seem to integrate information on LV mass
and myocardial ischemia in unselected patients with sus-
pected CAD. The coherent results from both SPECT-
MPI and MRI-MPI in our population support the valid-
ity of our findings.

The introduction of hs assays has provided an op-
portunity to investigate differences in cardiac troponin
concentrations in patients without acute coronary syn-
drome. The association between increased troponin con-
centrations and future risk in patients with stable CAD is
now well established (36 ). However, to help guide ther-
apy, more detailed information is needed on the under-
lying pathophysiology of hs-troponin increases in this
and other patient groups with stable disease. Troponins
are part of the contractile apparatus of cardiomyocytes,
and large amounts of free troponin are rapidly released
from pools in the cytoplasm during myocardial necrosis,
i.e., during a myocardial infarction (5 ). In addition,
small quantities of free troponin are released in stable
patients, and different mechanisms have been proposed
(37 ). Coronary artery plaques with small ruptures and
subsequent microinfarctions could potentially contrib-
ute to troponin leakage in patients with stable CAD, as
associations between hs-cTnT concentrations and plaque
characteristics, but not stenosis severity grade, have been

reported (38 ). Patients with remodeled coronary artery
plaques were also reported to have higher hs-cTnT con-
centrations compared with patients with coronary artery
calcifications and open vessels. We and other groups have
also previously demonstrated increased steady-state hs-
troponin concentrations in individuals with reversible
myocardial ischemia compared with those without
reversible myocardial ischemia (18 –22 ). In contrast,
whether the increment in hs-troponin concentrations is
directly related to reversible myocardial ischemia has not
been unequivocally established, as reversible ischemia
was not retained in statistical multivariate models that
adjusted for other differences between the groups (21 ).
Previous studies have also found divergent results relating
to the effect of exercise stress testing on hs-troponin re-
lease (18, 19, 21, 22, 39 ), and it appears that hs-cTnT
concentrations increase during atrial pacing, irrespective
of the presence or absence of reversible myocardial isch-
emia (20 ). Hence, there are several controversies in the
literature related to the association between reversible
myocardial ischemia and hs-troponin concentrations.

In the current study, we add to the existing knowl-
edge by providing additional data on the associations
between hs-cTnT concentrations and indices of myocar-
dial ischemia and LV remodeling in a large cohort of
extensively phenotyped patients with suspected CAD.
We found hs-cTnT concentrations to reflect both cardiac
remodeling and reversible ischemia, including in com-

Table 3. Results of anatomic and functional cardiac imaging stratified according to hs-cTnT URL.

hs-cTnT− (≤14 ng/L) hs-cTnT+ (>14 ng/L) P value

Anatomic imaging

CMR LV mass, g 116 ± 34a 144 ± 40 <0.001

CMR LVEDVb, mL 158 ± 44 179 ± 80 0.006

CMR LVEFc, % 62 ± 11 59 ± 14 0.033

CMR LGEd scar, % 3.3 ± 6.2 4.2 ± 6.3 0.28

Echocardiography GLS, % −17.1 ± 3.1 −15.0 ± 3.3 <0.001

Echocardiography LA volume, mL 40 ± 8 42 ± 8 0.09

Echocardiography TDIe e’, cm/s 7.7 ± 2.3 7.2 ± 2.2 0.07

Echocardiography E/e’ ratio 9.7 ± 4.2 10.6 ± 3.5 0.05

Functional stress imaging

SPECT perfusion defects, stress 1 [0, 5] 6 [2, 10] <0.001

SPECT perfusion defects, reversible 0 [0, 2] 1 [0, 4] 0.001

SPECT wall motion, stress 0 [0, 6] 7 [0, 21] <0.001

SPECT wall motion, reversible 0 [0, 0] 0 [0, 4] 0.008

a Presented as mean ± SD and median (quartile 1, quartile 3).
b Left ventricular end diastolic volume.
c Left ventricular ejection fraction.
d Late gadolinium enhancement.
e Tissue Doppler imaging.
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prehensive statistical multivariate models that adjusted
for many clinical, biochemical, and imaging variables.
Hence, our results support the need for physicians to
explore both CAD and subclinical HF as cause for in-
creased hs-cTnT concentration in patients with symp-
toms of stable CAD. The finding that increasing hs-
troponin is robustly associated with increasing LV mass is
in line with previous data from other patient groups

when hs-troponin concentrations reflected LV mass in
patients with moderate to severe aortic stenosis (13, 14 ),
hypertrophic cardiomyopathy (15 ), and Fabry disease
(40 ). We also found modest associations between in-
creased troponin concentrations and parameters of car-
diac function in our cohort, which suggest that hs-cTnT
is an early marker of LV mass but not an accurate bio-
marker of systolic and diastolic LV impairment in pa-

Fig. 2. The relation between hs-cTnT and LV mass and the relation between hs-cTnT and reversible perfusion defects (A), plus the
contribution of reversible perfusion defects and LV mass to increasing concentrations of hs-cTnT (B).
(A), Fitted restricted cubic spline models of log-transformed hs-cTnT concentration and measurements of LV mass assessed by CMR (left) and
SDS assessed by SPECT-MPI (right). (B), Median concentrations of hs-cTnT according to quartiles of LV mass and difference in myocardial
perfusion defects from rest to stress (SDS).

Troponin T and Reversible Ischemia in Stable CAD

Clinical Chemistry 64:9 (2018) 1377

D
ow

nloaded from
 https://academ

ic.oup.com
/clinchem

/article/64/9/1370/5608854 by U
.S. D

epartm
ent of Justice user on 16 August 2022



tients with suspected CAD. This result is also analogous
to previous data reported for patients with aortic stenosis
and hypertrophic cardiomyopathy (13–15). Of note, our
model could explain only 48% of the variation on con-
centrations of hs-cTnT. Hence, there are still important
contributors to circulating concentrations that are not
accounted for by the clinical, biochemical, and imaging
variables that were assessed in our patients.

This study has some strengths and limitations. The
multicenter design and multimodal imaging with char-
acterization of both LV remodeling and myocardial isch-
emia are strengths of this study. The moderate overlap of
imaging modalities investigated in this study is a major
limitation of this study. The reason for this is that clinical
indication and local resources were considered when se-
lecting modalities in the DOPPLER-CIP study (23 ). We
have tried to compensate for this limitation by perform-
ing a sensitivity analysis with echocardiographic variables
of LV mass and LV ejection fraction (79% of patients
with SPECT), and we found similar results as with
CMR-based imaging, which is generally considered the
most sensitive imaging modality for structural changes in
the myocardium. The study also lacks information on
which of the inclusion criteria led to individual patients
being enrolled (angina pectoris, high risk by the Euro-
pean Systematic Coronary Risk Evaluation, or positive
exercise stress testing). However, we believe our cohort
represents a real-life population of patients with sus-
pected myocardial ischemia based on the findings from
myocardial perfusion imaging, the prevalence of comor-
bidities, and demographic variables. Finally, we lack data
from invasive coronary angiography, which is a limita-
tion for the classification of patients with stable CAD and
for assessment of severity of obstructive coronary artery
disease. Still, as we have data from several complementary
modalities to determine functional reversible myocardial
ischemia, including MRI-MPI, our results should still be
valid despite the lack of anatomical information on cor-
onary artery status.

Conclusion

We found that reversible ischemia and increased LV mass
were independently associated with increased hs-cTnT
concentrations in patients with suspected stable CAD.
The association with reversible ischemia was consistent
when examining myocardial perfusion and wall motion
assessed by SPECT-MPI and validated using MRI-MPI.
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