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Objective: We aimed to investigate resting levels and change in hs-cTnT during EST in patients with and without
angiographically significant CAD. Moreover, we intended to explore the additive value of hs-cTnT to EST results in
diagnosis of stable CAD. We hypothesized that hs-cTnT would be higher in CAD patients and increase diagnostic
precision of EST.

Method: Patients presenting with symptoms of stable CAD, performed a maximal EST on a bicycle ergometer.
Venous blood samples were taken at rest and within 5 min post-exercise. All patients underwent coronary angi-
ography. Significant CAD was defined as having >75% stenosis in one or more segments of the coronary arteries.
Results: Out of the 297 participants, significant CAD was found in 111 (37%) patients.

Patients with significant CAD compared to without, had higher resting levels of hs-cTnT (median 8.1 vs 5.0 ng/L)
and no significant difference in exercise-induced change (median 0.5 vs 0.3 ng/L), p <0.001 and p = 0.086
respectively. Combined resting hs-cTnT with EST had higher predictive value for significant CAD than EST
alone, AUC = 0.751 vs. AUC = 0.637. In an adjusted multivariable regression analysis, resting hs-cTnT
>6.0 ng/L was predictive for having significant CAD, OR 2.55 (CI 95% 1.40, 4.65 p = 0.002).

Conclusion: In patients with suspected stable CAD, hs-cTnT has a predictive value alone, as well as added to a di-

agnostic EST for CAD.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

In contemporary clinical practice, high-sensitive cardiac troponin
assays are preferably used for risk stratification and clinical diagnosis
of acute coronary syndrome (ACS). In the general population, among

Abbreviations: ACS, acute coronary syndrome; CABG, coronary artery bypass graft;
CAD, coronary artery disease; EST, exercise stress test; FFR, fractional flow reserve; NPV,
negative predictive value; OR, odds ratio; PPV, positive predictive value; ROC, receiver
operating characteristics; TnT, Troponin T.
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patients with chest pain and known stable coronary artery disease
(CAD), high-sensitive cardiac Troponin T (hs-cTnT) has recurrently
shown to be of prognostic importance [1,2,3]. Whether ischemia per
se, without evident myocardial injury, may cause leakage of troponins
is an ongoing debate and different pathophysiological mechanisms
have been suggested [4,5].

To recognize stable CAD, before it evolves into an unstable state, is
essential for patients at risk. Although imaging diagnostic techniques
are advancing, peri-procedural complications and expenses of these
techniques are nevertheless still of concern [6]. Exercise stress test
(EST) is a cost-effective diagnostic tool and with low risk of complica-
tions, however, the test is known to be of suboptimal diagnostic preci-
sion for detecting obstructive CAD. Selection of patients for referral to
invasive diagnostic procedures remains a challenge for clinicians.

Previously, studies have reported on increased baseline troponin
levels in patients with stable CAD compared to those without [5,7,8].
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Similarly, troponins have been shown to predict obstructive CAD
among stable patients [9]. Exercise-induced troponin secretion among
healthy individuals has been described [10,11], whereas for exercise-
induced change in troponin levels, among patients with suspected
CAD without concomitant cardiac disease, sparse data is available and
especially using coronary angiography as the diagnostic tool.

In this study we aimed to investigate resting and exercise-induced
change of hs-cTnT in patients with suspected stable CAD, without
other known cardiac disease. Furthermore, we intended to explore
whether hs-cTnT in combination with the EST would increase sensitiv-
ity and specificity of EST for the diagnosis of CAD.

2. Methods
2.1. Study population

Patients referred for exercise stress testing or coronary angiography due to symptoms
suggestive of CAD, were enrolled in the CADENCE study (clinicaltrials.gov NCT01495091),
at the Department of Cardiology, Oslo University Hospital Ullevaal, Oslo Norway. Patients
were eligible for the study if they had symptoms indicative of ischemic heart disease, were
>18 years of age and had a Morise risk score > 9 points, indicating intermediate to high risk
of cardiovascular disease [12]. Exclusion criteria were acute coronary syndrome, clinical
heart failure, on-going arrhythmia or implanted pacemaker, moderate to severe valvular
heart disease, renal insufficiency (S-creatinine > 150 pmol/L), inability to perform exercise
testing or coronary angiography. In addition, patients with prior coronary artery bypass
graft (CABG) were excluded. All participants gave written informed consent to participate.
The study has been conducted in accordance with the Declaration of Helsinki, and the Re-
gional Ethics Committee in South Eastern Health Region in Norway approved the protocol.

A thorough medical history was recorded before inclusion. Prior to exercise testing, a
physical examination including blood pressure, weight and waist circumference was per-
formed. Hypertension was defined according to known diagnosis or use of specific medi-
cation. Previous CAD was defined as previous re-vascularization or myocardial infarction.

2.2. Exercise stress test

EST was performed using an electrical bicycle ergometer (Schiller CS-200 Excellence,
Switzerland or Ergoline, Germany) monitored by a physician and nursing staff. Registra-
tion of a resting 12-lead ECG was performed before exercise, while continuous 12-lead
ECG monitoring using a computerized electrocardiogram was used during the test. Ac-
cording to protocol the initial workload was 30 watts (W) for women and 50 W for
men, with a gradual increase of 10 W per min and participant maintaining a pedaling
rate (cadence) of about 65 rotations per min. Every third minute auscultatory blood pres-
sure was measured, and patients were asked about their perceived exhaustion using Borg
scale [13]. The EST results were assessed by one physician and 10% of the test results were
controlled by another physician, with 97% concordance of the results. Patients were
exercised to exhaustion, if there were no clinical signs of ischemia that developed prior
to reaching a high intensity level. The test was stopped after a recovery time of 5 min. A
positive test result was defined as having ST-segment elevation, horizontal or down-
sloping ST-segment > 1.0 mm (0.1 mV) at 60 ms after the J-point and chest pain or discom-
fort. Reasons for terminating the test were development of suspected pathological ECG
changes such as ST-segment elevation, ST-segment depression in leads without Q
waves, arrhythmias increasing through exercise, chest pain, patients desire to stop the
test, insufficient chronotropic response to exercise and inadequate or exaggerated hyper-
tensive response (systolic blood pressure > 250 mm Hg or diastolic blood pressure
> 115 mm Hg).

2.3. Coronary angiography

All study participants underwent coronary angiography, using the standard Seldinger
technique, mostly by using radial artery access.

Coronary angiograms were performed and described by an interventional cardiolo-
gist. All angiograms were retrospectively analyzed by one physician and in cases of
doubt (20%), angiograms were re-evaluated by a blinded interventional cardiologist.
Both readers met for consensus. The inter-observer variability was 7%. According to a
modified version of American Heart Association segmentation of the coronary arteries,
17 segments were scored using Gensini score [14,15]. This score accounts for different de-
grees of coronary lesions and their location, and also reflects the total atherosclerotic bur-
den of the coronary arteries. Collateral arteries were not taken into account. Significant
CAD was defined as having stenosis >75% in any coronary segment, while no CAD included
patients with non-significant as well as no coronary atherosclerosis.

2.4. High-sensitive cardiac Troponin T and laboratory methods

Blood samples were collected at rest prior to exercise for analyses of Troponin T as
well as for routine analyses, as occur from Table 1. Within 5 min after termination of the
stress test, another sample was drawn for Troponin T analyses. Blood without additives
was collected, and serum for Troponin T analyses was prepared within one hour by

centrifugation 2000 xg for 10 min at room temperature. Samples were frozen at —80 C
until analyzed in one.

Measurements of hs-cTnT were performed by personnel blinded for the exercise test
and the angiography results by use of electrochemical luminescence immunoassays Eleu-
sis Troponin T hs STAT (Roche Diagnostics, Switzerland) on Cobas® e602 instruments
(Roche Diagnostics). Lower limit of blank of hs-cTnT was 3 ng/L and lower limit of detec-
tion 5 ng/L. In patients with levels below limit of blank, a cut-off value of 1.5 ng/L was used
for purpose of statistical analyses. Inter-assay coefficient of variation (CV) from the man-
ufacturer is stated to be 7.8% at the level of 6.5 pg/mL and 4.8% at the level of
11.5 pg/mL. In our routine laboratory a CV of 6% at the level of 13 ng/L is given. Routine
analyses were performed by conventional laboratory methods.

2.5. Statistical analyses

Data was analyzed using IBM SPSS Statistics version 25.0 (IBM, Armonk, USA) and
Stata/SE 15 (Stata Corp LLC, College Station, TX, USA). Laboratory values were mainly
not normally distributed and are presented with median value and interquartile range
(IQR). Continuous data are otherwise presented as mean and standard deviation, and cat-
egorical data are presented as numbers (%). Depending on the distribution of the contin-
uous data either Student t-test or Mann-Whitney U test was used for comparisons
between groups, while Wilcoxon signed rank test was used for pairwise comparisons of
continuous data. Differences in medians were estimated with quantile (median) regres-
sion. For comparison of categorical variables Chi-square test was used. For multiple com-
parisons, univariable and multivariable logistic regression analyses were performed for
binary outcome variables. Spearman’s rho was used to estimate the correlation between
continuous variables. Receiver operating characteristic (ROC) curves and the area under
the curve (AUC) were used to assess discrimination (i.e. the combination of sensitivity
and specificity). p-Values < 0.05 were considered statistically significant.

3. Results
3.1. Demographic data and coronary angiography

Of the 327 patients initially enrolled in the study, 15 patients had
previously had CABG, 9 patients resigned before completing the study
protocol and 6 patients were found to have >1 exclusion criteria not
seen prior to inclusion. The remaining patients (n = 297) constituted
the present study sample. Of the total population 111 patients (37%)
were found to have significant CAD, of which 86 patients were re-
vascularized. In the group without significant CAD (<75% stenosis) 8 pa-
tients were re-vascularized as lesions were considered clinically
significant.

Table 1
Baseline characteristics.
Overall (n = Non-sign. CAD  Sign. CAD (n  p-Value
297) (n =111)
= 186)
Age (years) 62 (40-87) 61 (40-87) 64 (42-84)  0.002
Sex (male %) 192 (65) 98 (53) 94 (85) <0.001
Body mass index 27+ 4 27+ 4 28+ 4 0.192
(kg/m?)
Diabetes (%) 56 (19) 32(17) 24 (22) 0.346
Hypertension (%) 176 (59) 102 (55) 74 (67) 0.045
Smoking (current) (%) 53 (18) 38(20) 15 (14) 0.132
Previous revasc/MI (%) 89 (30) 46 (25) 43 (39) 0.011
Morise score 15+3 14+3 15+ 2 <0.001
Aspirin (%) 214 (72) 119 (64) 95 (86) <0.001
Statin (%) 212 (71) 123 (66) 89 (80) 0.010
ACE/ARB (%) 108 (36) 63 (34) 45 (41) 0.248
Beta blocker (%) 123 (41) 64 (34) 59 (53) 0.002
Ca blocker (%) 48 (16) 23(12) 25(23) 0.021
Creatinine (pmol/L) 79 (69-89) 76 (67-85) 83 (75-94)  <0.001
Total cholesterol 4.6 (3.9-5.6) 4.8(3.9-5.8) 43 (3.7-5.3) 0.016
(mmol/L)
LDL (mmol/L) 2.6 2.6 (2.11-3.55) 2.5 0.140
(2.06-3.49) (1.95-3.36)
HDL (mmol/L) 13 1.5(1.16-1.85) 1.3 0.001
(1.08-1.77) (1.02-1.53)
Resting SBP (mm Hg) 136 £ 20 133 £ 20 141 £ 21 0.002
Resting DBP (mm Hg) 83 £ 11 82+ 11 84 + 11 0.098
Resting HR (bpm) 69 + 12 71 £ 12 67 + 12 0.007

Level of significance is p-value < 0.05.
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Demographic, clinical and medical characteristics are shown in
Table 1, in the total cohort and according to having verified CAD or not.

Risk factors such as smoking (18%) and diabetes (19%) were equally
distributed between those with significant CAD versus no CAD. Patients
with hypertension (67 vs 55%, p = 0.045), and males (85 vs 53%, p <
0.001) were predominantly found among patients with significant
CAD compared to no CAD.

History of CAD was more common among patients diagnosed with
>75% stenosis on coronary angiography (39% vs 25%, p = 0.011). This
is also illustrated by a significantly higher number of patients with sig-
nificant CAD being treated with aspirin, statins or beta blockers (p =
0.010 for all) compared to those without CAD (Table 1). Total choles-
terol was lower among patients with significant CAD, reflected by
higher number of patients treated with statins in this group.

Categorization of patients that were re-vascularized (n = 94) versus
not (n = 203) showed no significant differences in the frequencies of
smoking, diabetes or previous history of CAD (data not shown).

3.2. Exercise performance

Mean exercise duration in the total population was 10:05 +
3:46 min and exercise capacity 138 4 43 W with non-significant differ-
ences between the two groups (Supplementary Table 1). Positive EST
results were found in 59 (53%) patients with significant CAD and in 48
(26%) patients with non-significant CAD, yielding a positive predictive
value (PPV) of 55% and a negative predictive value (NPV) of 73% (Sup-
plementary Table 2). Of patients with negative test results (n = 190),
52 patients (47%) were found to have significant CAD. Maximal heart
rate was significantly lower in patients with significant CAD (132 +
20 beats per min (bpm)), compared to those with non-significant CAD
(145 4 20 bpm) (p = 0.002). Mean metabolic equivalent (MET) was
also significantly lower in patients with significant CAD 6.6 + 2 vs 7.0
4+ 2 (p = 0.033). Interpretation of stress test results was performed
by a clinician blinded for the angiography results.

3.3. Circulating high-sensitive cardiac Troponin T

Resting, post-exercise and change in levels of hs-cTnT in the total
population and according to having significant CAD or not, are pre-
sented in Table 2. In patients with significant CAD compared to those
without, significantly higher resting levels as well as post-exercise
levels, were observed (both p <0.001).

During exercise there was a significant increase in hs-cTnT (Ahs-
cTnT) in the total population, p < 0.001. In patients with significant
CAD compared to those without, Ahs-cTnT had a numerically higher
increase during exercise, however this was not significant (0.5 ng/L vs
0.3 ng/L) p = 0.086 (Table 2).

In 25 (8.4%) of the patients, hs-cTnT levels at rest were found above
the upper normal reference limit (214 ng/L), of which 19 were found to
have significant CAD.

ROC analyses of resting hs-cTnT for predicting CAD are shown in
Fig. 1. EST had an AUC = 0.64 (95% CI 0.57, 0.70 p < 0.001) for
predicting significant CAD. Resting hs-cTnT had an AUC = 0.73
(95% C10.67,0.79, p <0.001), whereas AUC for Ahs-cTnT was 0.56
(95% C1 0.49, 0.63, p = 0.088). Combining resting hs-cTnT with EST
increased predictive utility for significant CAD giving an AUC of
0.75 (95% C1 0.69, 0.81, p < 0.001) and an AUC of 0.68 (95% CI1 0.62,
0.75, p <0.001) when adding Ahs-cTnT. AUC of EST alone was infe-
rior to resting hs-cTnT (p = 0.019) as well as to resting hs-cTnT com-
bined with EST (p < 0.001).

Correlations between hs-cTnT and Gensini score revealed the stron-
gest correlation between resting hs-cTnT r = 0.444 (95% CI 0.35, 0.53).
Whereas the correlation to Ahs-cTnT was r = 0.130 (95% CI 0.06, 0.28).

In an univariable logistic regression analysis Ahs-cTnT showed an
Odds Ratio (OR) of 1.02 (95% CI 0.94, 1.12 p = 0.625) for having CAD.
Ahs-cTnT was divided into quartiles, showing the upper quartile

(Ahs-cTnT > 0.8 ng/L) to have an OR 1.99 (95% CI 1.04, 3.84 p =
0.039) for having CAD compared to the three lower quartiles. In a mul-
tivariable regression analysis adjusting for age, sex, previous CAD, total
cholesterol, creatinine, positive exercise test, change in systolic blood
pressure and in heart rate during exercise neither Ahs-cTnT as a contin-
uous variable nor the upper quartile were associated with having CAD
(data not shown).

In an univariable logistic regression model, resting hs-cTnT had an
OR of 1.13 (95% CI 1.07, 1.20 p < 0.001) for having significant CAD.
When adjusting for the covariates age, sex, resting systolic blood pres-
sure, resting heart rate, previous CAD, total cholesterol and creatinine,
the OR was 1.05 (95% CI 1.00, 1.10 p = 0.050).

Resting hs-cTnT was further divided into quartiles. We found the
upper two quartiles (above the median) to predict CAD significantly,
also after adjustment for potential co-variates. Therefore, further analy-
ses were performed for the median level i.e. below or above 6.0 ng/L of
resting hs-cTnT (Table 3). Having hs-cTnT above the median, positive
predictive value (PPV) was 71% while negative predictive value (NPV)
was 63%, for significant CAD (Supplementary Table 2). Univariable anal-
ysis showed an increasing risk for significant CAD with levels of resting
hs-cTnT above the median value, OR 4.19 (95% CI 2.13, 6.95 p < 0.001).
When adjusting for above mentioned covariates, results remained
highly significant, OR 2.55 (95% CI 0.1.40, 4.65 p = 0.002).

Combining EST results with levels of resting hs-cTnT above and
below the median are presented in Supplementary Fig. 1. In the group
with negative EST results, patients who had levels of resting hs-cTnT
above the median (>6.0 ng/L) were found to have higher incidence of
significant coronary stenosis compared to those with hs-cTnT below
the median (p < 0.001). Also, in patients with positive EST results,
those who had higher levels of hs-cTnT had a higher number of patients
with significant CAD (p < 0.001).

4. Discussion

In the present study of 297 participants with suspected CAD, we
found significantly higher levels of hs-cTnT at rest and during exercise
stress test in patients with angiographically verified CAD. Moreover,
resting hs-cTnT combined with EST results, had a better discriminatory
value, than that of EST alone, for predicting angiographically significant
CAD. In fact, measurement of resting value of hs-TnT alone seems to dis-
criminate angiographically significant CAD better than EST.

To our knowledge, this is the largest study reporting on high-
sensitive cardiac Troponin T combined with EST in diagnosis of stable
CAD among patients without other known cardiac conditions and
using coronary angiography as the diagnostic modality in the total
population.

Troponin release due to exercise-induced ischemia has been of cen-
tral focus lately. Among published data, evidently higher levels of tropo-
nins are found in patients with CAD and exercise-induced ischemia than
those without [16,17]. However, whether a clinical implication of these
findings could be beneficial has, however, not been thoroughly
explored.

Different pathobiological derivatives of cardiac troponins have been
suggested. Besides release from myocyte necrosis, normal cell turnover
and increased cell membrane permeability have been proposed as
potential secretory mechanisms [18,19]. Exercise induced increase
may also derive from a stretch-responsive mediated transport of tropo-
nins from viable cardiomyocytes to the circulation [20]. In our popula-
tion, the highly significant correlation between Gensini score with
increasing levels of resting Troponin T, may additionally, to the above
mentioned derivatives, be due to micro-embolization of particles from
existing atherosclerosis [21].

Exercise stress test, regardless of the tests low accuracy, is largely
applied in the diagnostic investigation of stable CAD [22]. In our study,
the exercise-induced change in circulating troponin levels was not
shown to be an esteemed measure to be applied for diagnosis of



Table 2
Hs-cTnT levels in total population and in patients without or with CAD.
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Overall (n = 297)

Non-sign. CAD (n = 186)

Sign. CAD (n = 111) Estimated median difference

Median (IQR) Median (IQR) Median (IQR) Sign. CAD - Non-sign. CAD
(95% Cl); p-value
Rest hs-cTnT (ng/L) 6.0 (4.3-8.8) 5.0 (3.4-7.7) 8.1 (5.5-11.3) 3.1 (95% CI: 2.18,3.98); <0.001
Post hs-cTnT (ng/L) 6.6 (4.5-9.4) 5.4 (3.8-8.3) 8.6 (6.0-12.0) 3.2 (95% CI: 2.18, 4.16); <0.001
A hs-cTnT (mg/L) 0.4 (0.0-0.8) 0.3 (0.0-0.7) 0.5 (0.1-1.0) 0.2 (95% CI: 0.03, 0.39); 0.086

Level of significance is p-value < 0.05.

significant CAD. However, we showed that adding resting hs-cTnT levels
to the stress test improves diagnostic utility for CAD, verified by coro-
nary angiography. Patients presenting with CAD suggestive symptoms
and with positive stress test are likely to be referred for further imaging
diagnostics. However, among those with negative test results, about one
third of patients, have been reported likely to have significant CAD [23].
Our results, with resting hs-cTnT levels >6.0 ng/L alone, independently
of EST results and other confounding factors, being associated with the
presence of CAD, implies the favorable value of troponin validation in
patients with negative exercise stress test.

When defining CAD in our population, we chose a strict percent-
age of luminal stenosis level, 275% in any coronary segment. This def-
inition seems to correlate well with number of patients who were in
need of re-vascularization, with only 8 patients without CAD, accord-
ing to our definition, who required re-vascularization. We therefore
assume that only a small number of patients, with truly significant
CAD, were inappropriately categorized.

Previous findings of increasing resting hs-cTnT levels with severity
of CAD, diagnosed by different cardiac imaging techniques, have been
reported on [24-26]. In these studies, hs-cTnT above 5.7 pg/mL was
found to reflect severe coronary lesions (>70% stenosis) as well as
good sensitivity for myocardial ischemia, which corresponds to our
findings. Likewise, Magioni et al., found hs-cTnT >6 ng/L to be an inde-
pendent risk factor for CAD in patients with low risk for CAD [27].In a

recent publication, Brzezinski et al. explored resting troponin levels in
relation to exercise stress test in a large cohort of healthy individuals
[28]. Although their findings propose an insignificant relation of tropo-
nin levels and positive or negative stress test results, this healthy and
supposedly asymptomatic population is generally not of concern in clin-
ical practice. In our cohort, with patients at risk of CAD, experiencing
angina equivalent symptoms and two thirds of patients with negative
stress test, reflects a genuine clinically challenging scenario. In this set-
ting, detection of Troponin T levels >6.0 ng/L might guide the clinicians'
decision of further diagnostic referral. Although, it has to be taken into
consideration, that hs-cTnT assays have higher coefficients of variation
for lower detectable levels. Also, to be taken into account, are possible
sex-specific cut-off levels of troponins for detection of CAD [29].

With latest European guidelines for rule-in and rule-out troponin
measurements after 0-1 h in patients without ST-segment elevation
myocardial infarction, assessment of short-term troponin release in sta-
ble CAD might also be of importance [30]. However, time point for as-
sessment of exercise induced troponin elevations may be debated.
Axelsson et al. found higher baseline and post-exercise Troponin T
levels, with a peak release 6 h after exercise, in patients with CAD com-
pared to controls [31]. Our study was designed to be clinically applica-
ble, and since previous reports suggest an immediate troponin release,
we found immediate blood sampling post-exercise to be best suitable
for potential clinical practice [32,33].

ROC Curve
1,0 P, o
‘J_‘J—"J 7
7 === TnT rest + Exercise AUC=0.75
: P —— TnTrest AUC=0.73
/_/
i Exercise AUC=0.64
Z
=
@
c
]
v
0,2 0,4 0,6 0,8 1,0

1 - Specificity

Fig. 1. ROC curves for diagnostic accuracy of significant CAD with exercise and resting hs-cTnT.
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Table 3

Crude and multivariable adjusted OR for having significant CAD.
Unadjusted

OR 95% CI p-Value
Resting hs-cTnT median 419 2.13,6.95 <0.001
Age 1.03 1.00, 1.06 0.030
Sex 497 2.75,8.97 <0.001
Resting SPB 1.02 1.01, 1.03 0.002
Resting HR 0.97 0.95, 0.99 0.007
Previous revasc/MI 1.93 1.16,3.19 0.011
Total cholesterol 0.79 0.65, 0.96 0.017
Diabetes mellitus 1.15 0.86, 1.55 0.347
Smoking 0.61 0.32,1.17 0.135
Creatinine 1.04 1.02, 1.06 <0.001
Adjusted
AOR 95% ClI p-Value

Resting hs-cTnT median 2.55 1.40, 4.65 0.002
Age 1.02 0.98, 1.05 0.422
Sex 3.29 1.55,6.99 0.002
Resting SBP 1.01 1.00, 1.03 0.077
Resting HR 0.98 0.96, 1.00 0.058
Previous revasc/MI 1.32 0.72,2.42 0.363
Tot cholesterol 0.93 0.73,1.18 0.547
Diabetes mellitus
Smoking
Creatinine 1.01 0.99, 1.03 0.356

Level of significance is p-value < 0.05.

5. Limitations

Several considerations concerning circulating troponin levels should
be accounted for. As we discussed previously, time point for assessment
of exercise induced troponin elevations may be questioned as we did not
collect blood samples at time points beyond 5 min post-exercise, why
we may have missed a later rise in troponin increment. As well the
know low precision of the hs-cTnT assay at low concentration is a cen-
tral limitation. Neither did we evaluate cardiac Troponin I and it remains
to be established if similar release patterns exist for this biomarker.

Secondarily, the higher troponin levels in our patients with verified
CAD may as well be due to other subclinical conditions such as paroxys-
mal arrhythmias or perimyocarditis. Since patients were clinically stable
without symptoms or signs of acute disease, minor probability exists
that they would suffer from pulmonary embolism, acute heart failure
or other acute conditions leading to troponin release. However, we did
not have echocardiography examinations performed for our population
and above mentioned conditions and also structural ventricular disease
may not be completely ruled out.

Another limitation is lack of FFR measurements or other intravascu-
lar imaging techniques in most of our patients, possibly underestimating
degree of stenosis. With our limit of significant CAD of >75%, amount of
patients with CAD may have been underreported since 8 patients in the
no-significant CAD group were re-vascularized.

Symptom severity was not graded using grading scales such as CCS
(Canadian Cardiovascular Society) classification of angina, which could
have been a useful measure for our patient population.

6. Conclusion

In our patients with suspected stable CAD and no other known con-
comitant cardiac disease, resting hs-cTnT alone as well as when added
to a diagnostic exercise stress test, had a significant predictive value
for angiographically verified significant CAD. Hs-cTnT was found related
to extent of coronary artery disease and a cut-off level of 6.0 ng/L may be
used to differentiate between patients with negative and positive exer-
cise stress test results.
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