
Cardiac Troponin T Measured by a High-Sensitivity Assay
Predicts Recurrent Cardiovascular Events in Stable

Coronary Heart Disease Patients with 8-Year Follow-up
Wolfgang Koenig,1* Lutz P. Breitling,2 Harry Hahmann,3 Bernd Wüsten,4
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BACKGROUND: The clinical relevance of slightly in-
creased circulating troponin concentrations in patients
with stable coronary heart disease (CHD) several weeks
after an acute event or CABG has not been fully
evaluated.

METHODS: Baseline plasma concentrations of troponin
T were measured with a high-sensitivity assay (hs-
cTnT) (Roche Elecsys) in a cohort of 1050 CHD pa-
tients from 30 to 70 years of age. The prognostic value
of hs-cTnT on a combined cardiovascular disease
(CVD) end point after adjustment for covariates was
determined with Cox proportional hazards modeling.

RESULTS: The median hs-cTnT concentration was 10.9
ng/L (interquartile range, 5.1–18.9 ng/L). Increased hs-
cTnT concentrations were associated with an older age,
history of hypertension and diabetes, more advanced
coronary artery disease, and other CHD risk factors.
Furthermore, hs-cTnT concentration was strongly cor-
related with N-terminal pro–B-type natriuretic pep-
tide (NT-proBNP) and cystatin C (� � 0.61, and � �
0.32, respectively; both P values �0.0001). During a
median follow-up of 8.1 years, 150 patients (14.3%)
experienced a secondary CVD event. In a multivariate
model, hs-cTnT was associated with a hazard ratio
(HR) for secondary events of 2.83 (95% CI, 1.68 – 4.79)
when the extreme quartiles were compared. Further
adjustment for cystatin C, NT-proBNP, and C-reactive
protein attenuated this association only slightly (HR,
2.27; 95% CI, 1.31–3.95); P for trend � 0.002). ROC
curve analysis of a clinical model that added hs-cTnT to
a baseline model showed nonsignificant improvement

in the area under the curve (0.69 vs 0.67), whereas the
net reclassification improvement was 17.2% (P �
0.029).

CONCLUSIONS: Slightly increased hs-cTnT concentra-
tions in stable CHD patients are associated with several
cardiovascular disorders and predict long-term CVD
events.
© 2012 American Association for Clinical Chemistry

Cardiac troponins, sensitive markers of cardiomyocyte
necrosis, are released into the blood stream after cell
injury. Troponins have been firmly established for �10
years as diagnostic biomarkers in the setting of the
acute coronary syndrome (ACS)6 (1, 2 ), and their con-
centrations have been clearly associated with prognosis
(3 ). In accord with the clinical value of troponin mea-
surements, the statement of the universal definition of
myocardial infarction (MI) (4 ) has classified different
MI types by using troponins as the preferred markers of
necrosis, and a consensus report regarding the use of
cardiac troponins in acute cardiac care has been pub-
lished (5 ). More recently, so called high-sensitivity tro-
ponin T and I assays have been developed that can de-
tect concentrations that are 10-fold lower than with
currently available fourth-generation assays. For car-
diac troponin T as measured with a high-sensitivity
assay (hs-cTnT), the detection limit is 3 ng/L, the 99th
percentile of the hs-cTnT distribution is 14 ng/L in the
general population (6 ), and �50% of asymptomatic
individuals should have a detectable value (7 ). Four
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recent reports (8 –11 ) have highlighted the improved
diagnostic accuracy of such high-sensitivity assays in
the diagnosis of ACS, for both high-risk and low-risk
individuals.

The residual risk in patients after manifest coro-
nary heart disease (CHD) is still high despite optimal
contemporary treatment, including acute percutane-
ous intervention and polypharmacotherapy. Thus, im-
proved risk stratification is crucial for identifying pa-
tients who would be candidates for more-aggressive
therapy and potential new therapeutic modalities.
Such efforts have been undertaken via the introduction
of various scores, such as the TIMI (Thrombolysis in
Myocardial Infarction) score or the GRACE (Global
Registry of Acute Coronary Events) score, that are
based on measuring clinical and biochemical variables
during ACS (12–14 ); however, these scores are not well
established for stable patients, e.g., after coronary ar-
tery bypass grafting (CABG). In addition, biomarkers
such as natriuretic peptides (15 ) have been investigated
in this setting. Given the strong prognostic power of
increased circulating concentrations of troponins in
ACS and the ability of the new high-sensitivity assays to
reliably detect low troponin concentrations, it is of in-
terest to evaluate patients with stable CHD who are
known to be at high residual risk and to assess whether
troponin measurements obtained with these new as-
says can improve risk stratification. Omland et al. (16 )
studied 3593 patients with stable CHD and a preserved
left ventricular function from the PEACE (Prevention
of Events with Angiotensin-Converting Enzyme Inhi-
bition) trial and followed them for a median of 5.2
years. They found a strong and graded increase in the
cumulative incidence of death and heart failure but,
surprisingly, no association with fatal or nonfatal MI.
Further evidence for troponin measured with a high-
sensitivity assay (in this case hs-TnI) to predict cardio-
vascular death in stable high-risk patients comes from
another trial (n � 2572), the Heart Outcomes Preven-
tion Evaluation (HOPE) study (17 ). In contrast with
the findings from the PEACE trial, however, increased
hs-TnI concentrations in the HOPE trial were also as-
sociated with future MI during a 4.5-year follow-up.
This finding even held in a model that already included
N-terminal pro–B-type natriuretic peptide (NT-
proBNP). The risk estimates for cardiovascular death
in the 2 studies were essentially the same.

Still, several aspects regarding the determinants of
hs-cTnT in patients with manifest CHD and the rela-
tionship of marker concentrations with long-term out-
comes need to be elucidated in more detail, especially
in unselected patients or in routine medical care. Thus,
we sought to assess determinants of hs-cTnT in a large,
well-characterized cohort of stable CHD patients and
to establish its predictive value for important cardio-

vascular end points while simultaneously controlling
for potential confounders, including emerging bio-
markers reflecting important aspects in CHD patients,
such as inflammation [C-reactive protein (CRP),
lipoprotein-associated phospholipase A2 (Lp-PLA2),
and secretory phospholipase A2 (sPLA2)], hemody-
namic stress (NT-proBNP), and renal impairment
(cystatin C).

Materials and Methods

STUDY POPULATION

All patients with CHD [International Classification of
Diseases, 9th Revision (ICD-9), codes 410 – 414] who
were 30 –70 years of age and who chose to participate in
an in-hospital rehabilitation program between January
1999 and May 2000 in 2 cooperating hospitals
(Schwabenland-Klinik, Isny, and Klinik im Südpark,
Bad Nauheim, Germany) were enrolled in the study
(initial response, 58%). In Germany, all patients who
experience an ACS event or undergo elective CABG are
offered a comprehensive in-hospital rehabilitation
program after their discharge from the acute-care hos-
pital. The aim of this 3-week program is to reduce car-
diovascular risk factors, improve the health-related
quality of life, and preserve the ability to work (the last
only if a participant was working at the time of disease
onset; otherwise, the goal was to prevent nursing care).
This in-hospital rehabilitation program usually starts
approximately 3 weeks after the acute event or CABG.
In the current study, we included only patients who
were admitted within 3 months of the acute event or
CABG.

All participants gave written informed consent.
The study was approved by the ethics boards of the
Universities of Ulm and Heidelberg and by the physi-
cians’ chamber of the states of Baden-Wuerttemberg
and Hessen (Germany).

DATA COLLECTION

At the beginning of the in-hospital rehabilitation pro-
gram, all participants filled out a standardized ques-
tionnaire regarding sociodemographic information
and medical history. In addition, information was
taken from the patients’ hospital charts. For all pa-
tients, active follow-up was conducted 1, 3, 4.5, 6, and 8
years after discharge from the rehabilitation center. In-
formation was obtained from the patients via a mailed
standardized questionnaire. Information regarding
secondary cardiovascular disease (CVD) events and
treatment since discharge from the in-hospital rehabil-
itation clinic was obtained from the primary care phy-
sicians, also by means of a standardized questionnaire.
If a participant had died during follow-up, the death
certificate was obtained from the local public health
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department, and the main cause of death was coded
according to ICD-9 codes 390 – 459 and ICD-10 codes
I0-I99 and R57.0. Secondary CVD events were defined
as CVD as the main cause of death (as stated in the
death certificate), as nonfatal MI, or as nonfatal stroke.
All nonfatal secondary events were reported by the pri-
mary care physicians.

LABORATORY METHODS

At baseline, blood was drawn at the time of discharge
from the rehabilitation center (mean, 43 days after the
acute event; first quartile, 36 days; third quartile, 51
days) with the patient in a fasting state and under stan-
dardized conditions, and blood samples were stored at
�80 °C until analysis. All hs-cTnT measurements were
made with a high-sensitivity assay (Roche Diagnostics)
on an Elecsys 2010 platform (Roche). A value of 14
ng/L has recently been reported to represent the 99th
percentile in a healthy reference population (6 ). The
interassay CVs were 3.6% and 2.9% at concentrations
of 42 and 2.82 ng/L, respectively. CRP concentrations
were measured by immunonephelometry on a Dade
Behring Nephelometer II (N Latex CRP mono assay;
Dade Behring). Cystatin C was measured on the same
device (18 ). NT-proBNP was measured by electro-
chemiluminescence on an Elecsys 170 instrument
(Roche Diagnostics) (19 ). Lp-PLA2 and sPLA2 mass
and activity were measured as previously reported
(20, 21 ).

Interassay CVs were 4.1% for CRP, 3.8% for cys-
tatin C, and between 3% (for a target value of 4970
pg/mL) and 7% (for a target value of 178 pg/mL) for
NT-proBNP. All markers were measured in a blinded
fashion. Creatinine, blood lipids, and the leukocyte
count were measured by routine methods in both par-
ticipating hospitals.

STATISTICAL METHODS

The study population was described with respect to
various sociodemographic and medical characteristics.
The associations of sociodemographic characteristics,
various cardiovascular risk factors, and medications
with hs-cTnT concentration were quantified by means
of the nonparametric Kruskal–Wallis test. Partial
Spearman correlation coefficients, adjusted for age and
sex, were calculated for hs-cTnT concentrations and
blood lipids, CRP, creatinine clearance, cystatin C, NT-
proBNP, Lp-PLA2, and sPLA2.

The relationships of hs-cTnT concentration with
CVD events during follow-up were assessed by the
Kaplan–Meier and life-table method and quantified by
means of the log-rank test. We then used modeling
with Cox proportional hazards regression analysis to
assess the independent association of hs-cTnT concen-
tration with the risk of secondary CVD events [hazard

ratios (HRs) and their 95% CIs]. A basic model was
adjusted for age (in years) and sex. In a second step,
potential confounding variables were added to the
model with the main factor (hs-cTnT) and the vari-
ables of age and sex. The following potential confound-
ers were considered in multivariable analyses: body
mass index (in kilograms per square meter), smoking
status (never, current, ex-smoker), duration of school
education (�10 years, �10 years), hospital site (Isny,
Bad Nauheim), family status (married, other), history
of MI (yes, no), history of hypertension (yes, no), his-
tory of diabetes mellitus (yes, no), severity of CHD
(number of affected epicardial coronary vessels at base-

Table 1. Sociodemographic, clinical, and laboratory
characteristics of 1050 patients with clinically

manifest coronary heart disease.

Characteristic at baseline

Age, yearsa 58.9 (8.0)

Men, n 893 (85.1%)

History of myocardial infarction, n 611 (58.2%)

History of heart failure, n 129 (12.3%)

Clinical score (angiographic evaluation), n

1-Vessel disease 256 (25.6%)

2-Vessel disease 81 (28.1%)

3-Vessel disease 448 (44.8%)

Unknown 50 (4.8%)

School education �10 years, n 627 (59.7%)

Body mass index, kg/m2a 27.1 (3.5)

Smokers (ex- and current), n 717 (68.3%)

History of hypertension, n 584 (55.6%)

History of diabetes, n 179 (17.1%)

Total cholesterol, mg/dLa,b 169.0 (32.8)

LDL cholesterol, mg/dLa,b 100.5 (29.1)

HDL cholesterol, mg/dLa,b 39.4 (10.5)

CRP, mg/Lc,d 3.48 (1.25–8.40)

Creatinine clearance, mL/minc,e 93.2 (78.2–114.7)

Cystatin C, mg/Lc 1.03 (0.93–1.19)

NT-proBNP, pg/mLc 568.9 (277.9–1101.0)

a Data are expressed as the mean (SD).
b Cholesterol variables can be converted from the conventional unit of

measure to SI units as follows: 1 mg/dL � 0.02586 mmol/L.
c Data are expressed as the median (IQR). Values are missing for some

laboratory variables: total cholesterol (n � 18), LDL cholesterol (n � 47),
HDL cholesterol (n � 5), CRP (n � 3), creatinine clearance (n � 9), and
cystatin C (n � 3), NT-proBNP (n � 3).

d CRP can be converted from the conventional unit of measure to SI units as
follows: 1 mg/L � 9.524 nmol/L.

e Creatinine clearance can be converted from the conventional unit of
measure to SI units as follows: 1 mL � min�1 � (1.73 m2)�1 � 0.00964
mL � s�1 � (m2)�1.

hs-cTnT and Prognosis in Stable CHD
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Table 2. Distribution of hs-cTnT data (median) with respect to various sociodemographic characteristics,
cardiovascular risk factors, and electrocardiographic findings.

Patients, n Median hs-cTnT, ng/L Pb

All patients 1050 10.90 (5.09–18.90)a

Sex 0.002

Female 157 8.43

Male 893 11.10

Age �0.0001

30–39 years 23 3.26

40–49 years 130 6.29

50–59 years 304 8.07

60–70 years 593 13.40

School education 0.39

�10 years 627 11.00

�10 years 423 10.30

Family status 0.55

Married 874 10.90

Other 176 10.20

Body mass index 0.04

�25 kg/m2 298 11.50

25–30 kg/m2 564 10.20

�30 kg/m2 187 11.00

Smoking status 0.48

Never 333 11.10

Ex- 666 10.65

Current 51 10.30

History of diabetes �0.0001

Yes 179 13.00

No 871 10.00

History of MI 0.80

Yes 611 10.70

No 439 11.00

History of hypertension 0.0006

Yes 584 11.75

No 466 9.39

History of heart failure 0.06

Yes 129 12.00

No 888 10.65

Angiographic score (no. of affected vessels) �0.0001

0–1 271 6.82

2 281 10.60

3 448 13.00

Initial CHD management �0.0001

Conservative 190 9.22

PCIc 360 7.67

CABG 500 13.10

Continued on page 1219
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line), initial management of CHD (conservative, per-
cutaneous coronary intervention, CABG, intake of
�-blockers) (yes, no), intake of angiotensin-converting
enzyme inhibitors (yes, no), intake of diuretics (yes,
no), intake of lipid-lowering drugs (yes, no), HDL cho-
lesterol (in milligrams per deciliter), and LDL choles-
terol (in milligrams per deciliter). To avoid overadjust-
ment, we added only variables to the model that
predicted a secondary event at an � level of 0.1 or that
changed the parameter estimates for the main variables
(hs-cTnT) by �10%. We performed a final modeling
step to adjust for CRP, cystatin C, and NT-proBNP.

Measures of model fit, discrimination, reclassifica-
tion, and calibration were assessed with Cox propor-
tional hazards regression. Goodness of model fit was
assessed statistically with likelihood ratio, Akaike infor-
mation criterion, and Bayesian information criterion
measures. The net reclassification improvement by
adding hs-cTnT was calculated according to the risk
strata of 5%, 10%, and �20% of the predicted proba-
bility for a cardiovascular event. Furthermore, we cal-
culated the integrated discrimination improvement,
which estimates the extended model’s improvement in
the difference in predicted probabilities between cases

and noncases (22, 23 ). To further demonstrate the
prognostic value of hs-cTnT, we used a modified
GRACE score (13 ), which replaced the information
about ST-segment depression with information of is-
chemic signs obtained during an exercise stress test.

All statistical procedures were carried out with the
SAS statistical software package (release 8.2; SAS
Institute).

Results

The main sociodemographic and laboratory character-
istics of the 1050 patients with clinically manifest CHD
are presented in Table 1. The mean age of these CHD
patients (85.1% men) was 58.9 years. The patients’
main laboratory characteristics are also summarized in
this table. The median hs-cTnT concentration was 10.9
ng/L [interquartile range (IQR), 5.1–18.9 ng/L], 84%
of all patients had hs-cTnT concentrations �3 ng/L
(the lower detection limit), and 37.1% (n � 389) had
concentrations greater than the reference population
99th percentile cutoff of 14 ng/L. The mean LDL cho-
lesterol concentration was 100.5 mg/dL (2.60 mmol/
L), with most patients being on a statin drug.

Table 2. Distribution of hs-cTnT data (median) with respect to various sociodemographic characteristics,
cardiovascular risk factors, and electrocardiographic findings. (Continued from page 1218)

Patients, n Median hs-cTnT, ng/L Pb

Left ventricular function (degree of impairment) �0.0001

No/only little 748 9.39

Modest/severe 215 17.40

Unknown 87 10.70

Electrocardiographic characteristics

Sinus tachycardia 0.049

Yes 48 15.15

No 1002 10.60

Atrial flutter or fibrillation 0.01

Yes 29 18.70

No 1021 10.80

Left ventricular hypertrophy 0.21

Yes 29 13.60

No 1002 10.75

Anterior infarction location �0.0001

Yes 210 13.95

No 840 10.00

Posterior infarction location 0.04

Yes 224 11.30

No 826 10.75

a Data are presented as the median (IQR).
b Kruskal–Wallis test.
c PCI, percutaneous coronary intervention.

hs-cTnT and Prognosis in Stable CHD
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The distribution of hs-cTnT concentrations with
respect to various factors (Table 2) indicates that hs-
cTnT values differed between the sexes, were age de-
pendent, and were higher in diabetic patients (defined
by history), in hypertensive patients, in patients with
multivessel CHD (�1 affected epicardial artery), in pa-
tients with an impaired left ventricular function, and in
patients after CABG. In addition, hs-cTnT concentra-
tions were higher in patients with sinus tachycardia, in
those with atrial dysrhythmias, and in those with ante-
rior wall infarction (Table 2).

Partial Spearman coefficients of the rank correla-
tion between the hs-cTnT concentration and various
other biomarkers given in Table 3 indicate that hs-
cTnT concentration was positively correlated with leu-
kocyte count, CRP, interleukin-6, adiponectin, cysta-
tin C, NT-proBNP, Lp-PLA2 mass and activity, and
sPLA2 mass and activity (all P values were statistically
significant). The strongest correlations, however, were
seen with NT-proBNP (� � 0.61) and cystatin C (� �
0.32).

During a median follow-up of 8.1 years (IQR, 6.1–
8.2 years), 150 patients (14.3%) experienced a second-
ary CVD event (cardiovascular death, 39%; nonfatal
MI, 33%; nonfatal stroke, 27%). The baseline hs-cTnT
concentration was higher in participants with an event
than in those who were event free [median hs-cTnT
concentrations of 15.7 ng/L (IQR, 9.4 –25.3 ng/L) and

10.0 ng/L (IQR, 4.7–17.5 ng/L), respectively; P �
0.001].

Kaplan–Meier curves of the incidence of patients
with secondary CVD events per 1000 patient-years ac-
cording to hs-cTnT quartile at baseline are shown in
Fig. 1. Of note is that of the patients in the top hs-cTnT
quartile, 37.5 experienced an event per 1000 patient-
years, compared with only 11.4 per 1000 patient-years
in the bottom quartile (P � 0.0001).

The association of hs-cTnT with the composite
end point after adjustment for various confounders is
given in Table 4. In the multivariate model that in-
cluded (in addition to age, sex, and hospital site) smok-
ing status, history of diabetes, initial management of
CHD, LDL-C, HDL-C, and treatment with lipid-
lowering drugs (�90% of which were statins), hs-cTnT
concentration in the top quartile was associated with
an HR of 2.83 (95% CI, 1.68 – 4.79), compared with the
bottom quartile. After further adjustment for other
emerging and established biomarkers of subsequent
CVD risk, such as CRP, cystatin C, and NT-proBNP,
the HR was slightly attenuated (2.27; 95% CI, 1.31–
3.95). Analyzing hs-cTnT as a continuous variable pro-
duced only minor changes in the risk estimates across
all models, and the results remained statistically signif-
icant in the final model.

Finally, various measures of model accuracy with
and without hs-cTnT demonstrated (Table 5) that, in
all models, the addition of hs-cTnT significantly im-
proved model fit. A small but nonsignificant increase
was seen in the area under the ROC curve from 0.67
(95% CI, 0.627– 0.714) to 0.69 (95% CI, 0.647– 0.733).
The net reclassification improvement was 17.2% (P �
0.029) when hs-cTnT was added to the model. The in-
tegrated discrimination improvement was 0.009 (P �
0.0001). On the basis of a model of a modified GRACE
score, adding hs-cTnT to the model significantly im-
proved the prognostic value [net reclassification im-
provement, 19.2% (P � 0.0009); integrated discrimi-
nation improvement, 0.015 (P � 0.0002)].

Discussion

We measured troponin with a high-sensitivity assay in
a large well-characterized cohort of patients with stable
CHD. Our data clearly demonstrate that slight in-
creases in hs-cTnT concentration in this population
are associated with a substantial increase in the risk for
hard cardiovascular end points during long-term
follow-up (median, 8.1 years). Even after extensive ad-
justments for a variety of potential confounders, in-
cluding such emerging biomarkers as cystatin C and
NT-proBNP, the association was only marginally at-
tenuated. The risk was still increased by greater than
2-fold when the extreme quartiles were compared.

Table 3. Partial Spearman rank correlation
coefficients (�) for the relationship between

hs-cTnT and lipid variables, inflammation markers,
creatinine clearance, cystatin C, NT-proBNP, Lp-

PLA2, and sPLA2, after adjustment for age and sex.

Variable

Correlation with
hs-cTnT

� P

Total cholesterol 0.08 0.01

HDL cholesterol �0.03 0.30

LDL cholesterol 0.09 0.003

Leukocytes 0.10 0.0009

CRP 0.19 �0.0001

Interleukin-6 0.15 �0.0001

Adiponectin 0.17 �0.0001

Creatinine clearance �0.19 �0.0001

Cystatin C 0.32 �0.0001

NT-proBNP 0.61 �0.0001

Lp-PLA2 mass 0.18 �0.0001

Lp-PLA2 activity 0.11 0.0004

sPLA2 mass 0.16 �0.0001

sPLA2 activity 0.13 �0.0001
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The median hs-cTnT concentration was 10.9 ng/L,
which is below the 99th percentile cutoff of 14 ng/L for
a healthy population. More than 80% of the patients
had a detectable concentration, and 37% had concen-
trations �14 ng/L. Omland et al. (16 ) studied 3679
patients with stable CHD and a preserved left ventric-
ular function and found similar distributions. These
authors also assessed determinants for increased hs-
cTnT concentrations in participants of their study.
They reported strong associations of hs-cTnT with age,
body mass index, history of percutaneous coronary in-
tervention, CABG, stroke, left ventricular function, di-
abetes, hypertension (blood pressure), smoking, im-
paired renal function, and several drug regimens

(including aspirin, lipid-lowering drugs, diuretics, and
digitalis). In addition, they found strong correlations of
hs-cTnT with CRP and with NT-proBNP. We con-
firmed most of these associations in our study, except
for the association with smoking, and we have ex-
tended the observations of Omland et al. by identifying
associations with several additional variables that they
had not reported. Slightly increased hs-cTnT concen-
trations in our study were also associated with the se-
verity and extent of coronary artery disease, the local-
ization of the index MI in the anterior wall, and various
rhythm disturbances, such as sinus tachycardia and
atrial flutter or fibrillation. The mechanisms for the
release of cTnT in this population might include tran-

Fig. 1. Total number of secondary fatal and nonfatal CVD events during follow-up, with Kaplan–Meier estimates
given according to hs-cTnT quartiles at baseline.

Kaplan–Meier curves for hs-cTnT quartiles are indicated as follows: 1 (——), 2 (— –), 3 (- - - -), 4 (– – –). Incidence is per 1000
patient-years (*).
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sient ischemia, hemodynamic stress (as occur during
large MIs), hypertension, both systolic and diastolic
blood pressures, diabetes, impaired renal function, and
an ongoing increased inflammatory response after the
acute event (24 ). Some of the aforementioned mecha-

nisms are controversial, however (25 ). A rapid ventric-
ular rhythm also may lead to myocyte necrosis (26 ).

Even very low hs-cTnT concentrations strongly
predicted the occurrence of fatal and recurrent nonfa-
tal CVD events in this cohort of patients with clinically

Table 4. Association of baseline hs-cTNT concentration with fatal and nonfatal cardiovascular events
during follow-up.

Results of multivariate analysis, HR (95% CI)

Adjusted for age
and sex

Adjusted for multiple
covariatesa

Adjusted for multiple
covariatesb

hs-cTnT quartile

Bottom 1 (referent) 1 (referent) 1 (referent)

Second 1.21 (0.68–2.16) 1.25 (0.70–2.22) 1.26 (0.71–2.24)

Third 1.60 (0.91–2.80) 1.63 (0.92–2.86) 1.54 (0.87–2.72)

Top 2.88 (1.72–4.82) 2.83 (1.68–4.79) 2.27 (1.31–3.95)

P for trend �0.0001 �0.0001 �0.002

Per-unit increasec 1.48 (1.25–1.74) 1.45 (1.23–1.72) 1.30 (1.08–1.57)

a Adjusted for age, sex, smoking status, history of diabetes mellitus, initial CHD management (conservative, percutaneous coronary intervention, CABG),
rehabilitation clinic, HDL cholesterol, LDL cholesterol, and treatment with lipid-lowering drugs (according to variable selection criteria).

b Adjusted for the variables listed above plus NT-proBNP, CRP, and cystatin C.
c After logarithmic transformation.

Table 5. Measures of model accuracy with and without hs-cTnT.

Basic modela Basic model plus hs-cTnT

Model fit

LRb 53.84 (df � 11; P � 0.0001) 72.83 (df � 12; P � 0.0001)

AIC 1984.9 1967.8

BIC 2018.0 2003.9

Discrimination

c Statistic, AUC (95% CI) 0.671 (0.627–0.714) 0.690 (0.647–0.733)

Reclassification

IDI 0.009 (P � 0.0001)

NRI 17.2% (P � 0.029)

Participants with CVD event, nup/ndown 38/27

Participants without CVD event, nup/ndown 140/229

Calibration, no. of observed/expected events (P)c

Bottom quintile 15/12.1 (0.400) 12/10.3 (0.593)

Quintile 2 14/20.1 (0.176) 15/17.2 (0.601)

Quintile 3 30/25.5 (0.375) 24/24.9 (0.864)

Quintile 4 34/34.7 (0.906) 38/33.6 (0.449)

Top quintile 57/57.6 (0.933) 61/64.1 (0.701)

a Adjusted for age, sex, smoking status, history of diabetes mellitus, initial CHD management (conservative, percutaneous coronary intervention, CABG),
rehabilitation clinic, HDL cholesterol, LDL cholesterol, and treatment with lipid-lowering drugs (according to variable selection criteria).

b LR, likelihood ratio; AIC, Akaike information criterion; BIC, Bayesian information criterion; AUC, area under the ROC curve; IDI, integrated discrimination
improvement; NRI, net reclassification index; nup/ndown, no. reclassified upwards/no. reclassified downwards.

c May–Hosmer simplification of the Gronnesby–Borgan test: Patients were divided into quintiles according to their rank in an estimated risk score (P values �0.05
for comparison of observed with expected cases indicate a good model calibration).
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manifest stable CHD following an acute event. Nota-
bly, this increase was not related to the elapsed time
since the acute event and was independent of the type
of initial management. The increase was most pro-
nounced in the top quartile of the hs-cTnT distribution
(�18.6 ng/L), which had 37.5 events per 1000 patient-
years, compared with 11.4 –21.3 events per 1000
patient-years in quartiles 1–3. The HR comparing the
extreme quartiles as assessed by a Cox proportional
hazards model was 2.27 (95% CI, 1.31–3.95) after mul-
tiple adjustments. A similar incidence was found in the
PEACE trial for cardiovascular death, but no associa-
tion was found with nonfatal MI (16 ). In our study,
fatal cardiovascular events were relatively rare; addi-
tional subgroup analyses unfortunately were not feasi-
ble because of the relatively small number of events.

Measures of model accuracy indicated that the ad-
dition of hs-cTnT to a basic model improved model fit
(increase in the likelihood ratio, decreases in the Akaike
and Bayesian information criteria; Table 5) and non-
significantly improved the area under the curve in ROC
curve analyses (from 0.67 to 0.69). Reclassification in-
dices also improved slightly, and model calibration was
good; however, although these changes in model fit,
discrimination, and reclassification were in the right
direction, the improvements were modest. Similar im-
provements were found by Omland et al. (16 ).

Our study has several limitations that need to be
addressed. Although we had a large sample of patients
with CHD (�50% with a history of MI), fatal CVD
events were limited in this study population. An expla-
nation for this fact is that mortality due to MI is highest
during the prehospital and early in-hospital phase. Be-
cause the acute events that led to a diagnosis of CHD or
MI had occurred at least 3 weeks before patients were
included in this study, we must assume that the patient
population selected had a better prognosis than a pa-
tient population in the early phase of newly diagnosed
CHD. We chose to include only “hard” secondary CVD
events (such as MI, stroke, and fatal cardiovascular

events) as outcomes and did not consider “softer” end
points, such as a need for revascularization or nonfatal
hospitalizations for heart failure, because the latter cate-
gory may also be determined by healthcare use and
other factors related to characteristics of specific pro-
viders. Furthermore, not all patients were willing or
able to participate in an in-hospital rehabilitation pro-
gram. That may be an additional explanation for the
underrepresentation of severely ill patients in our study
sample; however, it does not explain the positive asso-
ciation between hs-cTnT concentration and CVD
events and suggests that the true prognostic value of
hs-cTnT is even stronger than our study has shown.

In conclusion, the slightly increased but very low
hs-cTnT concentrations in patients with stable CHD
strongly predicted recurrent cardiovascular events
during long-term follow-up, even after extensive ad-
justments for multiple covariates. The degree of model
improvement after adding hs-cTnT to a basic clinical
model was modest, however. Thus, the clinical utility
of routine hs-cTnT measurements in stable CHD pa-
tients is still questionable. Before widespread measure-
ment of troponins with high-sensitivity assays can be
recommended for patients with stable CHD, larger
studies with contemporary, unselected patients are
needed to clearly demonstrate a clinically relevant im-
provement in risk prediction after the addition of hs-
cTnT to a model with standard clinical and cardio-
metabolic risk factors.
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