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Abstract
Objective  To evaluate the prognostic implications of longitudinal long-term changes beyond the biological variation of 
high-sensitivity cardiac troponin T (hs-cTnT) in outpatients with stable or asymptomatic cardiovascular disease (CV) and 
to assess possible differences in the prognostic value while using reference change value (RCV) and minimal important dif-
ferences (MID) as metric for biological variation.
Methods  Hs-cTnT was measured at index visit and after 12 months in outpatients presenting for routine follow-up. The 
prognostic relevance of a concentration change of hs-cTnT values exceeding the biological variation defined by RCV and 
MID of a healthy population within the next 12 months following the stable initial period was determined regarding three 
endpoints: all-cause mortality (EP1), a composite of all-cause mortality, non-fatal myocardial infarction and stroke (EP2), 
and a composite of all-cause mortality, non-fatal myocardial infarction, stroke, hospitalization for acute coronary syndrome 
(ACS) or decompensated heart failure, and planned and unplanned percutaneous coronary interventions (PCI, EP3).
Results  Change in hs-cTnT values exceeding the biovariability defined by MID but not by RCV discriminated a group with 
a higher cardiovascular risk profile. Changes within MID were associated with uneventful course (NPV 91.6–99.7%) while 
changes exceeding MID were associated with a higher occurrence of all endpoints within the next 365 days indicating a 
5.5-fold increased risk for EP 1 (p = 0.041) a 2.4-fold increased risk for EP 2 (p = 0.049) and a 1.9-fold increased risk for 
EP 3 (p < 0.0001).
Conclusions  In stable outpatients MID calculated from hs-cTnT changes measured 365 ± 120 days apart are helpful to 
predict an uneventful clinical course.
Clinical trials identifier  NCT01954303.
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Introduction

Cardiovascular (CV) disease remains worldwide leading 
cause of morbidity and mortality [1]. Accordingly, patients 
suffering from CV conditions are at high risk for complica-
tions including heart failure, acute myocardial infarction, 
stroke or death [2]. In Germany, patients with stable CV 
diseases are seen every 6–12 months in an outpatient depart-
ment or by a resident cardiologist where non-invasive pro-
cedures such as ECG or echocardiography are performed 
to evaluate a progression of the disease [3]. Those patients 
may benefit from a more intense diagnostic workup and/or 
shorter follow-up intervals, or non-invasive or invasive coro-
nary imaging or function testing. While international guide-
lines recommend risk scores for the evaluation of patients 
with an acute coronary syndrome (ACS) such as the GRACE 
Score for secondary prevention [4], and the Framingham-, 
PROCAM- or the ESC-SCORE for primary prevention [5], 
no clinical risk score is available for the stratification of 
patients with pre-existing cardiovascular diseases for sec-
ondary prevention.

Cardiac troponins are suggested as preferred biomark-
ers for the identification of myocardial infarction and 
indicate myocyte injury [4]. Due to their high sensitivity, 
they not only allow to identify non-ST-segment elevation 
acute myocardial infarction (NSTEMI), but also indicate 
myocardial injury due to non-coronary and non-cardiac 

diseases [6, 7]. In addition to their value as diagnostic 
biomarker, cardiac troponins can also be used as prognos-
tic biomarkers since they have proved to be indicative of 
future cardiovascular events including death irrespective 
of the underlying release mechanism [8–10]. Trials that 
evaluated the prognostic usability of cardiac troponins 
used pre-defined cutoffs (e.g., quartiles or the 99th per-
centile of a reference population) measured at a single 
timepoint. However, the consideration of only one tro-
ponin value disregards diurnal fluctuations and long-term 
variation of troponin over days, weeks or months around a 
homeostatic equilibrium. Changes that exceed biological 
variation may be particularly indicative of future cardio-
vascular events.

We recently published data on the long-term biologi-
cal variation of high-sensitivity troponin T (hs-cTnT) in 
a population with stable cardiovascular disease free of 
endpoints [11]. Using reference change values (RCV) and 
minimal important difference (MID), we found a baseline-
dependent biological variation within 12 months that was 
consistent among important subgroups.

Thus, the aim of this study was to validate the prognos-
tic value of hs-cTnT kinetic changes exceeding the biologi-
cal variation prospectively in a population of outpatients 
with CV disease free of endpoints and to evaluate whether 
there is a difference in the findings concerning changes 
beyond MID and RCV.
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Methods

Study population

Patients were recruited from the HAK outpatient clinic 
at the Department of Cardiology, University Hospital 
Heidelberg, Germany. This population comprises stable 
outpatients with and without CAD or CV disease includ-
ing previous ACS or coronary interventions, peripheral 
artery disease, hypertensive heart disease, valvular heart 
disease, chronic heart failure, venous thromboembolism 
and arrhythmias including atrial fibrillation. All individu-
als presenting between July 1, 2010 and December 31, 
2016 were screened for eligibility.

Main inclusion criteria were a second presentation 
within 365 ± 120 days after index visit and available hs-
cTnT values at both presentations. Only patients with a 
stable clinical course between index visit and follow-up 
visit were enrolled. Stable disease was defined by the 
absence of acute cardiac decompensation, recent ACS or 
coronary intervention since the previous visit. In addition, 
patients after heart transplant were not considered for the 
statistical analysis.

The diagnostic workup comprised a 12-lead-ECG, 
stress testing (ECG, echocardiography or MRI), carotid 
ultrasonography, CT coronary angiography, cardiac MRI, 
pulmonary function testing as well as Holter ECG and 
24 h blood pressure recording. The selection of specific 
tests and the number of diagnostic tests was left at the 
discretion of the treating physician. A typical check-up 
contained a resting ECG, a 2D transthoracic echocardio-
gram, a carotid scan, and a stress ECG or stress imag-
ing taking into consideration criteria that disqualified for 
stress ECG including factors that may confound interpre-
tation of ECG or limited exercise capacity. Furthermore, 
laboratory testing including hs-cTnT, blood count, clini-
cal chemistry and coagulation was performed. Patients 
received regular follow-up visits with follow-up exami-
nation and medical tests. All patients received a follow-
up of at least 12 months beyond the uneventful 12-month 
period that had qualified for enrollment. Follow-up was 
executed using medical history, questionnaire or telephone 
contact. Ethical approval was waived due to the retrospec-
tive character of the study. All data were processed in an 
anonymized way.

Definition of endpoints

We defined three prognostic endpoints (EP): (1) all-cause 
mortality (ACM, EP1); (2) a composite of ACM, non-
fatal AMI and stroke (EP2) and (3) a composite of ACM, 

non-fatal AMI, stroke, hospitalization for ACS as well 
as planned and unplanned coronary interventions (EP3). 
ACM was defined as death from any cause including CV 
and non-CV conditions. AMI was defined according to the 
European Society of Cardiology fourth universal definition 
of myocardial infarction including ST-segment elevation 
(STEMI) and non-ST-segment elevation myocardial infarc-
tion (NSTEMI) [12]. Ischemic stroke was defined accord-
ing to the updated definition of stroke for the twenty-first 
century of the American Heart Association/American 
Stroke Association [13]. ACS was defined according to 
the European Society of Cardiology Guidelines (ESC) on 
the Management of ACS in patients presenting without 
persistent ST-segment elevation [4]. A planned coronary 
intervention was defined as scheduled coronary angiogra-
phy or percutaneous coronary intervention (PCI) whereas 
all unscheduled and emergency interventions were defined 
as unplanned.

Laboratory measurements

Troponin measurements were performed during routine 
presentations. Cardiac troponin was measured in plasma on 
a COBAS E411 using the hs-cTnT assay by Roche Diag-
nostics. The limit of blank and limit of detection have been 
determined as 3 ng/l and 5 ng/l, respectively [14]. The 10% 
CV was determined at 13 ng/l in 100 measurements in the 
authors’ laboratory. The interassay CV was 8% at 10 ng/l 
and 2.5% at 100 ng/l. The intraassay CV was 5% at 10 ng/l 
and 1% at 100 ng/l. The hs-cTnT assays were not affected 
by a lot-to-lot variation that occurred in 2009 and 2010 [15].

Statistical analysis

Variables were tested for normal distribution using the 
D’Agostino–Pearson test and were presented either as 
means ± standard deviation, or as medians with 25th and 
75th percentiles. Categorial variables were compared 
using Chi2 or Fisher’s exact test. Continuous variables 
were compared using either Student t test for parametric or 
Mann–Whitney U test for nonparametric variables. Alterna-
tively, we used ANOVA after logarithmic transformation of 
the data. If the ANOVA test was found positive (p < 0.05), 
then the Student–Newman–Keuls test for pairwise compari-
son of subgroups was applied. All tests were 2-tailed and a p 
value < 0.05 was considered statistically significant.

Biological variation over 12 months as published else-
where was used as reference for test positive individu-
als [11]. Absolute changes of hs-cTnT over the period of 
12 months were compared to the MID and relative changes 
to RCV, respectively. Changes exceeding biovariability 
defined by RCV and in a second comparison by MID of 
the respective group were classified as test positive and 
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compared to true positives for every EP in a two by two table 
using Stata 16. Whereas only EP positive patients with an 
endpoint within 12 months were counted as true positives.

The prognostic performance was tested using three meth-
ods. First, we compared the prediction of all endpoints by 
RCV versus MID using area under the curve, and tested 
whether RCV and MID added prognostic information 
beyond hs-cTnT using logistic regression. Second, we com-
pared the predictive value of RCV and MID using logrank 
with Kaplan–Meier survival analysis. Third, we compared 
the Chi2-values from Cox regression analysis.

Results

Baseline characteristics

A total of 7971 patients were screened for eligibility. The 
final study cohort comprised 1006 patients, with two hs-
cTnT measurements in the detectable concentration range, 
collected within the pre-specified observation period of 
365 ± 120 days (Fig. 1). Baseline characteristics are dis-
played in Table  1. MID values out of reference were 
observed in 314 (31.2%) of the patients whereas RCV values 
exceeding the reference range were found in 230 (22.9%) 
individuals. Patients who had MID values exceeding the 

upper limit of the previously derived normal were older 
compared to those within reference whereas patients with 
RCV values exceeding reference values were younger than 
those with values within the reference range. Furthermore, 
patients with MID values out of reference were more likely 
to be male compared to those within reference, but no dif-
ferences were observed in patients within or out of RCV 
reference values. The cardiovascular risk factor diabetes 
mellitus was found more often in patients with MID val-
ues out of the reference value whereas arterial hypertension 
and dyslipidemia were observed less often in patients with 
RCV values out of the reference range. A medical history 
of coronary intervention, aorto-coronary bypass graft, heart 
failure and chronic kidney disease was found more often 
in patients exceeding the MID reference value. In patients 
exceeding the RCV reference a medical history of coronary 
interventions was documented less often than in patients 
within the reference range. Higher hs-cTnT values at index 
and follow-up visits, higher NT-proBNP values and lower 
eGFR values were observed in patients with MID values out 
of the reference range whereas lower hs-cTnT values and a 
higher eGFR was found in patients exceeding the RCV refer-
ence. Days between index and follow-up visits did not differ 
in patients within or out of MID and RCV reference values.

Prognostic performance of hs‑cTnT biovariability

Median follow-up was 2030 (IQR: 1960–2074) days in the 
entire cohort (Table 1), while endpoints were censored after 
1 year due to the evaluation of the prognostic performance 
for 1 year. Three patients died from cardiovascular causes 
(one with dilated cardiomyopathy, two with ischemic car-
diomyopathy), one from stroke and one from sepsis. In two 
patients, the cause of death was unknown. All endpoints 
were more often observed in patients with MID out of ref-
erence whereas the occurrence of endpoints did not differ 
depending on RCV values exceeding the reference value. 
The performance of MID and RCV for prediction of pre-
defined outcomes varied largely.

Table 2 displays sensitivities, specificities, positive 
predictive values and negative predictive values. Sensi-
tivities for MID values out of the reference ranged from 
45.3% (95% CI 35.6–55.2%) for EP 3 to 71.4% (95% CI 
29.0–96.3%) for EP 1. With 14.3% (95% CI 0.4–57.9%) 
for EP 1 to 17.0% (95% CI 10.4–25.5%) for EP 3 sensitiv-
ities for RCV values exceeding the reference range were 
significantly lower. Specificities ranged from 69.1% (95% 
CI 66.1–71.9%) for EP 1 to 70.4% (95% CI 67.3–73.4%) 
for MID values out of the reference range and 76.4% (95% 
CI 73.5–79.2%) for EP 3 and 77.1% (95% CI 74.3–79.7%) 
for EP 1 and EP 2 for RCV values exceeding the refer-
ence. Positive predictive values were low for both MID 
(1.6% [95% CI 0.5–3.7%] to 15.3% [95% CI 11.5–19.8%]) Fig. 1   Study population
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Table 1   Baseline characteristics

hs-cTnT high-sensitivity troponin T, eGFR estimated glomerular filtration rate, NT-proBNP N-terminal brain natriuretic peptide
p value for the comparison of MID and RCV values within or out of reference *< 0.05, **< 0.01, ***< 0.001
a Defined in Täger et al [11]
b Calculated absolute value of RCV using 1. Hs-cTnT value

All Minimal important difference Reference change value

Within reference Out of reference Within reference Out of reference

n 1006 692 (68.8) 314 (31.2) 776 (77.1) 230 (22.9)
Age (years) 69 (61–74) 68 (60–73) 71 (63–76)*** 70 (62–75) 66 (58–73)***
Male gender (n, %) 761 (76) 509 (74) 252 (80)* 592 (76) 169 (74)
Risk factors (n, %)
 Arterial hypertension 853 (84) 586 (85) 267 (85) 674 (87) 179 (78)**
 Diabetes mellitus 188 (19) 115 (17) 73 (23)* 152 (20) 36 (16)
 Dyslipidemia 845 (84) 576 (83) 269 (86) 665 (86) 180 (78)**
 Smoking 32 (3) 20 (3) 12 (4) 25 (3) 7 (3)

Medical history (n, %)
 Acute myocardial infarction 234 (23) 158 (23) 76 (24) 191 (25) 43 (19)
 Coronary intervention 670 (67) 440 (64) 230 (73)** 534 (69) 136 (59)**
 Aorto-coronary bypass graft 132 (13) 76 (11) 56 (18)** 106 (14) 26 (11)
 Heart failure 172 (17) 102 (15) 70 (22)** 135 (17) 37 (16)
 Cardiomyopathy 79 (8) 56 (8) 23 (7) 64 (8) 15 (7)
 Stroke 49 (5) 29 (4) 20 (6) 36 (5) 13 (6)
 Chronic kidney disease 102 (10) 52 (8) 50 (16)*** 82 (11) 20 (9)
 Malignancy 117 (12) 73 (11) 44 (14) 94 (12) 23 (10)

Clinical chemistry
 1. hs-cTnT (ng/l) 9 (5–13) 8 (5–11) 11 (7–18)*** 9 (6–14) 7 (4–10)**
 2. hs-cTnT (ng/l) 9 (6–14) 8 (5–11) 14 (8–21)*** 10 (6–15) 7 (4–9)
 MIDa (ng/l) 3.8 3.8 3.8 3.8 3.8
 RCVa (%) 44.2 44.2 44.2 44.2 44.2
 RCVabsb (ng/l) 4 (2–6) 4 (2–5) 5 (3–8) 4 (3–6) 2 (2–4)
 NT-proBNP (ng/l) 162 (67–425) 149 (70–370) 208 (91–651)*** 172 (82–450) 128 (68–312)

Follow-up
 Days between visits 365 (336–391) 365 (335–389) 365 (338–394) 364 (334–388) 367 (347–397)
 Follow-up (days) 2030 (1960–2074) 2043 (1982–2113) 1951 (1873–2067) 2002 (1935–2050) 2158 (1970–2253)*

Endpoints within 1 year
 Endpoint 1 7 (1) 2 (0) 5 (2)*** 6 (1) 1 (0)
 Endpoint 2 19 (2) 9 (1) 10 (3)* 17 (2) 2 (1)
 Endpoint 3 106 (11) 58 (8) 48 (15)*** 88 (11) 18 (8)

Table 2   Prognostic sensitivities, 
specificities, positive predictive 
values and negative predictive 
values for the prediction of 
different endpoints

%, 95% CI Sensitivity Specificity PPV NPV

Endpoint 1
 MID 71.4 (29.0–96.3) 69.1 (66.1–71.9) 1.6 (0.5–3.7) 99.7 (99.0–100.0)
 RCV 14.3 (0.4–57.9) 77.1 (74.3–79.7) 0.4 (0.0–2.4) 99.2 (98.3–99.7)

Endpoint 2
 MID 52.6 (28.9–75.6) 69.2 (66.2–72.1) 3.2 (1.5–5.8) 98.7 (97.5–99.4)
 RCV 14.3 (0.4–57.9) 77.1 (74.3–79.7) 0.4 (0.0–2.4) 99.2 (98.3–99.7)

Endpoint 3
 MID 45.3 (35.6–55.2) 70.4 (67.3–73.4) 15.3 (11.5–19.8) 91.6 (89.3–93.6)
 RCV 17 (10.4–25.5) 76.4 (73.5–79.2) 7.8 (4.7–12.1) 88.7 (86.2–90.8)
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and RCV values (0.4% [95% CI 0.0–2.4%] to 7.8% [95% 
CI 4.7–12.1%]) exceeding the reference range. Negative 
predictive values were high for MID (91.6% [95% CI 
89.3–93.6%] to 99.7% [95% CI 99.0–100.0%]) and RCV 
values (88.7% [95% CI 86.2–90.8%] to 99.2% [95% CI 
98.3–99.7%]) exceeding the reference range.

Given the very high NPV, RCV and in particular MID 
within reference limits were able to rule-out outcome 
events within 12 months whereas specificity and PPV of 
MID and RCV were low.

In a comparison of hazard ratios for the occurrence 
of EP 1, hs-cTnT values ≤ 14  ng/l (HR, 95 CI 0.06 
[2.0–141.6], p = 0.0089), hs-cTnT delta values at first 
visit − second visit under the ROC-optimized cutoff 
(HR, 95 CI 0.18 [0.04–0.93], p = 0.0411) and MID values 
within the reference range (HR, 95 CI 0.18 [0.04–0.93], 
p = 0.0405) indicated a lower risk compared to the refer-
ence (i.e., hs-cTnT values > 14 ng/l on visit 1), whereas 
RCV values within the reference range (HR, 95 CI 1.78 
[0.21–14.9], p = 0.5928) were not indicative of a lower 
risk compared to hs-cTnT values > 14 ng/l on visit 1 
(Fig. 2). Hazard ratios for EP2 and EP3 can be found 
in the supplementary material (Figures S1 and S2). The 
predictive value of hs-cTnT for additional endpoints is 
displayed in Table S1. Hs-cTnT was also predictive for 
the combined endpoint re-admission for ACS and cardio-
vascular death as well es re-admission for ACS, but not 
for the endpoint cardiovascular death, that was observed 
in only three patients.

Kaplan–Meier survival analysis and univariate Cox 
regression analysis

Kaplan–Meier curves for the occurrence of EP 1 depending 
on the change of hs-cTnT values exceeding biovariability 
defined by MID and RCV are displayed in Fig. 3. Use of 
MID at the pre-specified cutoff showed a significant dif-
ference for survival (Log-rank p value 0.0212) indicating a 
5.5-fold higher risk for EP 1 (p = 0.041), whereas RCV at 
the pre-specified cutoff was not associated with a signifi-
cant difference of survival (Log-rank p value 0.5864). Corre-
spondingly, MID above reference also showed a significantly 
higher event rate for EP2 (Log-rank p value 0.0413, Figure 
S3) and EP3 (Log-rank p value 0.0005, Figure S4) indicat-
ing a 2.4-fold higher risk for EP 2 (p = 0.049) and a 1.9-fold 
higher risk for EP 3 (p < 0.0001), whereas RCV exceeding 
reference was not associated with difference in survival for 
EP2 (Log-rank p value 0.1972, Figure S3) or EP3 (Log-rank 
p value 0.1999, Figure S4) and had no predictive value for 
EP 2 (HR: 0.4, p = 0.213) and EP 3 (HR: 0.7, p = 0.202). 
Figure S5 displays interaction testing for the predictive value 
of MID and RCV depending on the comorbidities chronic 
kidney disease and atrial fibrillation. The prognostic value 
of MID differed according to the presence of CKD regarding 
EP 1 and CKD as well as atrial fibrillation regarding EP 2 
and EP 3. RCV prognostic values only differed depending 
on the presence of CKD concerning EP 2. Hazard ratios for 
different hs-cTnT cutoffs as well as MID and RCV values 
exceeding the reference range depending on the presence 
of arterial hypertension, chronic kidney disease and atrial 
fibrillation are shown in Tables S2–S4.

Fig. 2   Hazard ratios for the 
endpoint. All-cause mortality 
depending on hs-cTnT ≤ 14 ng/l 
on first visit, hs-cTnT < ROC-
optimized delta, and MID and 
ROC values within reference 
compared to the reference hs-
cTnT > 14 ng/l at first visit
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Multivariate Cox regression analysis

A cox proportional hazards regression model including age 
> 75 years, eGFR < 60 ml/min/1.73 m2 and NT-proBNP 
values at first visit is shown in Table 3. Neither hs-cTnT 
values > 14 ng/l at first and/or second visit, nor hs-cTnT 
values exceeding ROC-optimized delta values, or MID or 

RCV values out of the reference range remained predictive 
for EP1.

Fig. 3   Kaplan–Meier survival curves for all-cause mortality depending on MID and RCV values within or out of reference

Table 3   Multivariate Cox 
proportional hazards regression 
model for the prediction of 
endpoint 1 considering hs-cTnT 
levels > 14 ng/l, MID and RCV 
values exceeding the reference 
value, age > 75 years, eGFR 
< 60 ml/min/1.73 m2 and 
NT-proBNP levels

Bold values indicate statistical significance

Endpoint 1 Hazard ratio 95% CI low 95% CI high p value

Any hs-cTnT > 14 ng/l 4.4 0.4 47.6 0.2257
 Age > 75 years 3.1 0.6 17.7 0.1996
 eGFR < 60 ml/min/1.73 m2 1.5 0.3 8.3 0.6214
 NT-proBNP log10 3.3 1.1 10.1 0.0356

hs-cTnT at visit 1 > 14 ng/l 8.0 0.8 82.4 0.0794
 Age > 75 years 3.0 0.5 16.2 0.2100
 eGFR < 60 ml/min/1.73 m2 1.3 0.3 7.2 0.7312
 NT-proBNP log10 2.9 1.0 8.8 0.0565

hs-cTnT at visit 2 > 14 ng/l 5.3 0.5 56.8 0.1709
 Age > 75 years 2.9 0.5 16.6 0.2276
 eGFR < 60 ml/min/1.73 m2 1.5 0.3 8.1 0.6414
 NT-proBNP log10 3.2 1.1 9.7 0.0406

hs-cTnT deltaROC 2.7 0.5 14.8 0.2465
 Age > 75 years 4.3 0.8 23.1 0.0907
 eGFR < 60 ml/min/1.73 m2 1.8 0.3 10.0 0.4932
 NT-proBNP log10 3.7 1.3 10.7 0.0169

MID exceeding reference 2.7 0.5 14.8 0.2457
 Age > 75 years 4.3 0.8 23.0 0.0909
 eGFR < 60 ml/min/1.73 m2 1.8 0.3 10.0 0.4937
 NT-proBNP log10 3.7 1.3 10.7 0.0169

RCV exceeding reference 0.6 0.1 5.8 0.6528
 Age > 75 years 4.1 0.7 23.0 0.1139
 eGFR < 60 ml/min/1.73 m2 1.9 0.4 10.5 0.4582
 NT-proBNP log10 4.6 1.5 14.2 0.0088
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Discussion

The development of high-sensitivity troponin assays has 
allowed the detection of circulating troponin not only in 
patients with acute coronary syndromes, but also in sta-
ble cardiovascular disease and even in healthy individu-
als [8–10]. Moreover, an association of elevated troponin 
values with cardiovascular endpoints such as death, acute 
myocardial infarction or stroke has been reported in 
patients with acute coronary syndrome [16, 17] and sta-
ble cardiovascular disease [18, 19]. In the PEACE trial, 
hs-cTnT levels above the 99th percentile were associated 
with a 2.1-fold increased mortality rate in a population of 
patients with stable coronary heart disease and preserved 
left ventricular ejection fraction [18]. Furthermore, hs-
cTnT values > 14 ng/l were associated with a doubling in 
the risk of AMI, stroke, heart failure and all-cause mortal-
ity in the BARI 2D trial, a cohort of patients with stable 
coronary heart disease and type 2 diabetes mellitus [20].

However, these trials evaluated the prognostic value of 
hs-cTnT considering a single value and used the 99th per-
centile of a reference population or tertiles or quartiles as a 
cutoff to indicate adverse outcomes [18–20]. Since patients 
with stable cardiovascular disease are typically seen at 
larger scheduled intervals, e.g., 6–12 months in an outpa-
tient department or by an office cardiologist it is tempting to 
speculate that consideration of hs-cTnT long-term changes 
beyond biovariability better reflect a disease progression 
and might, therefore, be a more reliable risk indicator for 
cardiovascular events. In a recently published study with a 
population of stable outpatients with cardiovascular disease 
free of endpoints using MID and RCV, we had reported a hs-
cTnT concentration-depending long-term biovariability that 
was consistent in important subgroups such as age, gender 
and renal function [11]. We, therefore, hypothesized that hs-
cTnT changes larger than the biovariability of a population 
would indicate a higher risk for cardiovascular endpoints.

In stable outpatients with manifest cardiovascular disease, 
the use of a clinical score to predict the risk of future car-
diovascular events is less well established than in primary 
prevention, and the overall acceptance of clinical scores 
outside clinical trials is low [21]. Therefore, the measure-
ment of hs-cTnT which is established for the diagnosis of 
MI and specifically indicates myocardial injury has more 
recently attracted attention for its ability to predict outcomes 
in patients at high risk including T2 diabetes mellitus [20], 
stable CAD [19], chronic HF [22], but also in the general 
population [9]. In addition to that, our study group provided 
evidence on the prognostic role of elevated hs-cTnT in low-
risk outpatients [23] and explored the role of concentra-
tion changes of hs-cTnT exceeding physiological biologi-
cal variation [11]. In the present analysis, we validated the 

prognostic performance of the pre-specified cutoffs for RCV 
and MID that had been derived previously [11]. We report 
three important findings. First, changes within biovari-
ability were associated with very high negative predictive 
values between 91.2 and 99.7% depending on the respec-
tive endpoint and thus ideal to predict an uneventful clini-
cal course. In this regard, the NPV of MID was superior to 
RCV whereas the positive predictive value of MID and RCV 
were very low although RCV appeared to be less sensitive 
to confounding effects of atrial fibrillation and CKD. Sec-
ond, changes of hs-cTnT beyond the biovariability defined 
by MID were associated with a higher cardiovascular risk 
profile and a higher all-cause mortality. However, when 
adjusted to elevated hs-cTnT > 99th percentile upper refer-
ence limit, or concentrations exceeding URL at presenta-
tion or follow-up, only NT-proBNP retained independent 
predictive power and hs-cTnT > URL demonstrated a trend 
for significance whereas values of MID and RCV were not 
independently predictive. In addition, MID demonstrated a 
significant interaction with the presence of atrial fibrillation 
or relevant CKD that was not observed for RCV regarding 
EP1 and EP2. However, atrial fibrillation, CKD and other 
confounders are known to increase hs-cTnT concentrations 
thus effecting the positive predictive value but should not 
have any impact within the low concentration range of MID.

In contrast, and to our surprise, changes beyond the bio-
variability defined by RCV were associated with a trend 
towards a more favorable risk profile and were not associated 
with mortality. This finding renders RCV less suitable for 
prediction of uneventful course. This discrepancy might—at 
least in part—be explained by the statistical method applied. 
Briefly, lacking a single indicator which can identify the 
exact moment of the progression of the disease, only the use 
of distribution-based approaches is feasible for the deter-
mination of biovariability in this cohort of stable patients 
with cardiovascular disease. MID and RCV are established 
metrices to illustrate biological variation. While MID uti-
lizes absolute concentration changes, RCV is used as percent 
change, respectively. While the extend of relative changes 
depends on the magnitude of the initial hs-cTnT concentra-
tion, absolute changes do not vary for all patients. Implicat-
ing that using the RCV as cutoff every patient had a differ-
ent value to be test positive, while using the MID as cutoff 
every patient was evaluated using the same hs-cTnT level. 
To the best of our knowledge no other MID or RCV have 
been reported that derived from a stable cohort. This would 
be necessary for the idea of a distribution-based approach 
which relies on the absence of any endpoints. Our neutral 
findings on the prognostic role of RCV is unexpected since 
Sandoval et al. had reported a 1.7-fold increased mortality 
risk after 3 months in stable hemodialysis patients exceed-
ing RCVs [24]. In contrast to the stable low-risk popula-
tion in our study, Sandoval had evaluated a hemodialysis 
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cohort with a higher cardiovascular risk profile and a higher 
mortality rate (19% vs. 1% in our analysis) prohibiting a 
direct comparison. In addition, we adjusted for absolute 
hs-cTnT concentrations at baseline and after the first visit 
looking specifically at hs-cTnT exceeding the 99th percentile 
value. The latter was found to provide independent prognos-
tic information beyond RCV. In contrast, hs-cTnT values 
almost always exceed the 99th percentile ULN in patients 
on hemodialysis which prohibits a meaningful comparison 
to our low-risk setting.

To the best of our knowledge, there is no study that evalu-
ated risk stratification by MID in patients with stable car-
diovascular disease so far. We, therefore, report for the first 
time a prognostic value for long-term hs-cTnT biovariability 
calculated by this metric. Both MID and RCV values had 
high negative predictive values between 88.7 and 99.7% so 
that patients with hs-cTnT values within the biovariability of 
a stable cohort seem to have a low risk to develop a cardio-
vascular endpoint. This is in keeping with previous studies 
that reported a low incidence of cardiovascular endpoints in 
patients with low hs-cTnT values [18–20, 23].

In accordance with studies on the prognostic value of hs-
cTnT measured at a single time point from our group [16, 
23] and others [9, 18] hs-cTnT levels exceeding the 99th 
percentile of a reference population were strongly indicative 
for mortality, whereas hs-cTnT values ≤ 14 ng/l as well as 
hs-cTnT kinetic changes < ROC-optimized cutoff and MID 
values within the reference range indicated a lower mortal-
ity risk. However, in a multivariate model considering other 
important predictors of cardiovascular endpoints neither hs-
cTnT values > 14 ng/l or hs-cTnT delta changes nor MID nor 
RCV values exceeding the reference range were predictive 
for any endpoints. Interestingly, NT-proBNP values were 
predictive for EP1 in the multivariate analysis. Therefore, 
variation beyond the biovariability determined by MID 
seems not to be an independent risk predictor but possibly a 
metric to identify a group of higher risk.

In conclusion, our study indicates that biovariability in 
stable patients with cardiovascular disease should be meas-
ured using MID not RCV. Changes within biovariability 
as defined by MID and to a lower degree by RCV predict 
an uneventful course within at least 1 subsequent year. In 
addition, changes beyond this biovariability carry prognos-
tic albeit not independent information for the prediction of 
mortality and combined endpoints in a low-risk outpatient 
population with cardiovascular disease. Even though the 
biovariability is not an independent risk predictor, it is an 
easy possibility to identify a patient group that might need a 
more excessive follow-up. Changes of 4 ng/l and more over 
1 year merit a closer look at the patient.

Limitations

One limitation of this study might be the single-center 
design. We, therefore, cannot exclude that our results may 
not be applied to other cohorts. Nevertheless, we recruited 
stable outpatients with a broad spectrum of cardiovascular 
disease and a typical clinical follow-up interval of 1 year. 
Furthermore, we documented a low rate of cardiovascular 
endpoints. This observation is characteristic for low-risk out-
patient populations. Nonetheless, we were able to demon-
strate a moderate prognostic value of hs-cTnT biovariability 
in this analysis. Due to the definition of the follow-up period 
at 365 ± 120 days, we are not able to apply our findings to 
longer or shorter follow-up intervals, but may provide infor-
mation for the usual clinical follow-up period of ambulatory 
patients with stable cardiovascular disease.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00392-​021-​01952-6.

Acknowledgements  We thank Mrs. Heidi Deigentasch, Mrs. Elisabeth 
Mertz and Mrs. Amelie Werner for their valuable support with data 
management and follow-up.

Funding  Open Access funding enabled and organized by Projekt 
DEAL.

Declarations 

Conflict of interest  M.B. reports grants and non-financial support 
from AstraZeneca, non-financial support from Brahms Thermo Fisher, 
outside the submitted work; E.G. reports grants, personal fees and 
non-financial support from Roche Diagnostics, grants, personal fees 
and non-financial support from AstraZeneca, grants, personal fees 
and non-financial support from Bayer Vital, grants, personal fees and 
non-financial support from Brahms Thermo Fisher, personal fees from 
Daiichi Sankyo, personal fees from Boehringer Ingelheim, outside 
the submitted work. M.M.-H., reports research support by the Medi-
cal Faculty of Heidelberg University, research support from Roche 
Diagnostics and BRAHMS Thermo Scientific, speaker honoraria 
from Roche Diagnostics, non-financial support by BRAHMS Thermo 
Scientific, Bayer Vital GmbH, Daiichi-Sankyo, Metanomics Health 
GmbH and Philips Electronics, outside the submitted work. All the 
other authors have nothing to disclose. HAK received honoraria for 
lecturers from Roche Diagnostics, AstraZeneca, Bayer Vital, Daiichi-
Sankyo, and held a patent on cTnT that has expired. All the other au-
thors have no conflicts of interest to declare.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

https://doi.org/10.1007/s00392-021-01952-6
http://creativecommons.org/licenses/by/4.0/


342	 Clinical Research in Cardiology (2022) 111:333–342

1 3

References

	 1.	 Roth GA, Johnson C, Abajobir A, Abd-Allah F, Abera SF, Abyu 
G et al (2017) Global, regional, and national burden of cardio-
vascular diseases for 10 causes, 1990 to 2015. J Am Coll Cardiol 
70(1):1–25

	 2.	 Bauters C, Tricot O, Meurice T, Lamblin N (2017) Long-term risk 
and predictors of cardiovascular death in stable coronary artery 
disease: the CORONOR study. Coron Artery Dis 28(8):636–641

	 3.	 Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, Funck-
Brentano C et al (2020) 2019 ESC Guidelines for the diagnosis 
and management of chronic coronary syndromes. Eur Heart J 
41(3):407–477

	 4.	 Collet JP, Thiele H, Barbato E, Barthélémy O, Bauersachs J, Bhatt 
DL et al (2020) 2020 ESC guidelines for the management of acute 
coronary syndromes in patients presenting without persistent ST-
segment elevation. Eur Heart J 42(14):1289–1367. Accessed 7 
Apr 2021

	 5.	 Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano 
AL et al (2016) 2016 European Guidelines on cardiovascular dis-
ease prevention in clinical practice: the Sixth Joint Task Force 
of the European Society of Cardiology and Other Societies on 
Cardiovascular Disease Prevention in Clinical Practice (consti-
tuted by representatives of 10 societies and by invited experts) 
Developed with the special contribution of the European Associa-
tion for Cardiovascular Prevention & Rehabilitation (EACPR). 
Atherosclerosis 252:207–274

	 6.	 Agewall S, Giannitsis E, Jernberg T, Katus H (2011) Troponin 
elevation in coronary vs non-coronary disease. Eur Heart J 
32(4):404–411

	 7.	 Giannitsis E, Katus HA (2013) Cardiac troponin level eleva-
tions not related to acute coronary syndromes. Nat Rev Cardiol 
10(11):623–634

	 8.	 Saunders JT, Nambi V, de Lemos JA, Chambless LE, Virani SS, 
Boerwinkle E et al (2011) Cardiac troponin T measured by a 
highly sensitive assay predicts coronary heart disease, heart fail-
ure, and mortality in the Atherosclerosis Risk in Communities 
Study. Circulation 123(13):1367–1376

	 9.	 de Lemos JA, Drazner MH, Omland T, Ayers CR, Khera A, 
Rohatgi A et al (2010) Association of troponin T detected with a 
highly sensitive assay and cardiac structure and mortality risk in 
the general population. JAMA 304(22):2503–2512

	10.	 deFilippi CR, de Lemos JA, Christenson RH, Gottdiener JS, 
Kop WJ, Zhan M et al (2010) Association of serial measures of 
cardiac troponin T using a sensitive assay with incident heart 
failure and cardiovascular mortality in older adults. JAMA 
304(22):2494–2502

	11.	 Täger T, Giannitsis E, Greve K, Fröhlich H, Müller-Hennessen 
M, Vafaie M et al (2019) Long-term biological variation of high-
sensitivity cardiac troponin T using minimal important differences 
and reference change values in stable outpatients with cardiovas-
cular disease. Clin Biochem 67:7–11

	12.	 Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow 
DA et al (2018) Fourth Universal Definition of Myocardial Infarc-
tion (2018). Circulation 138(20):e618–e651

	13.	 Sacco RL, Kasner SE, Broderick JP, Caplan LR, Connors JJ, 
Culebras A et al (2013) An updated definition of stroke for the 
21st century: a statement for healthcare professionals from the 
American Heart Association/American Stroke Association. Stroke 
44(7):2064–2089

	14.	 Giannitsis E, Kurz K, Hallermayer K, Jarausch J, Jaffe AS, Katus 
HA (2010) Analytical validation of a high-sensitivity cardiac tro-
ponin T assay. Clin Chem 56(2):254–261

	15.	 Apple FS, Jaffe AS (2012) Clinical implications of a recent adjust-
ment to the high-sensitivity cardiac troponin T assay: user beware. 
Clin Chem 58(11):1599–1600

	16.	 Celik S, Giannitsis E, Wollert KC, Schwobel K, Lossnitzer D, 
Hilbel T et al (2011) Cardiac troponin T concentrations above 
the 99th percentile value as measured by a new high-sensitivity 
assay predict long-term prognosis in patients with acute coronary 
syndromes undergoing routine early invasive strategy. Clin Res 
Cardiol 100(12):1077–1085

	17.	 Hochholzer W, Reichlin T, Twerenbold R, Stelzig C, Hochholzer 
K, Meissner J et al (2011) Incremental value of high-sensitivity 
cardiac troponin T for risk prediction in patients with suspected 
acute myocardial infarction. Clin Chem 57(9):1318–1326

	18.	 Omland T, de Lemos JA, Sabatine MS, Christophi CA, Rice MM, 
Jablonski KA et al (2009) A sensitive cardiac troponin T assay in 
stable coronary artery disease. N Engl J Med 361(26):2538–2547

	19.	 Beatty AL, Ku IA, Christenson RH, DeFilippi CR, Schiller NB, 
Whooley MA (2013) High-sensitivity cardiac troponin T levels 
and secondary events in outpatients with coronary heart disease 
from the Heart and Soul Study. JAMA Intern Med 173(9):763–769

	20.	 Everett BM, Brooks MM, Vlachos HE, Chaitman BR, Frye RL, 
Bhatt DL (2015) Troponin and cardiac events in stable ischemic 
heart disease and diabetes. N Engl J Med 373(7):610–620

	21.	 Sposito AC, Ramires JA, Jukema JW, Molina JC, da Silva PM, 
Ghadanfar MM et al (2009) Physicians’ attitudes and adherence 
to use of risk scores for primary prevention of cardiovascular dis-
ease: cross-sectional survey in three world regions. Curr Med Res 
Opin 25(5):1171–1178

	22.	 Nagarajan V, Hernandez AV, Tang WH (2012) Prognostic value 
of cardiac troponin in chronic stable heart failure: a systematic 
review. Heart (British Cardiac Society) 98(24):1778–1786

	23.	 Biener M, Giannitsis E, Lamerz J, Mueller-Hennessen M, Vafaie 
M, Katus HA (2016) Prognostic value of elevated high-sensitiv-
ity cardiac troponin T levels in a low risk outpatient population 
with cardiovascular disease. Eur Heart J Acute Cardiovasc Care 
5(6):409–418

	24.	 Sandoval Y, Herzog CA, Love SA, Cao J, Hu Y, Wu AH et al 
(2016) Prognostic value of serial changes in high-sensitivity car-
diac troponin I and T over 3 months using reference change values 
in hemodialysis patients. Clin Chem 62(4):631–638


	Prognostic value of changes in high-sensitivity cardiac troponin T beyond biological variation in stable outpatients with cardiovascular disease: a validation study
	Abstract
	Objective 
	Methods 
	Results 
	Conclusions 
	Clinical trials identifier 
	Graphic abstract

	Introduction
	Methods
	Study population
	Definition of endpoints
	Laboratory measurements
	Statistical analysis

	Results
	Baseline characteristics
	Prognostic performance of hs-cTnT biovariability
	Kaplan–Meier survival analysis and univariate Cox regression analysis
	Multivariate Cox regression analysis

	Discussion
	Limitations
	Acknowledgements 
	References




