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Abstract

Background and aims Identification of high-risk patients in secondary cardiovascular prevention may be challeng-
ing, although risk stratification tools are available. Cardiac troponins might have predictive value in identification of
high-risk patients. The aim of this study was to investigate the association between cardiac Troponin T (cTnT) levels
following a coronary event and long-term outcomes.

Methods This study was carried out as a subanalysis from a randomized controlled trial conducted at Serlandet
Hospital, Norway, where patients hospitalized with myocardial infarction (MI) or scheduled percutaneous coronary
intervention (PCl)/coronary artery bypass grafting (CABG) were included between 2007 and 2017. Participants were
followed-up for up to 10 years after the index event through out-patient consultations. cTnT was assessed at each
consultation as well as information regarding new cardiovascular events or death.

Results A total of 1278 patients (18-80 years) with complete measurements of cTnT were included. cTnT was
elevated (> 14 ng/L) one year after the primary event in 241 (19%) of participants. Median follow-up was 5.7 [SD 2.7]
years. Cox regression analyses showed reduced survival (adjusted HR 0.37, 95% ClI 0.19-0.72; p=0.003) and composite
endpoint-free survival (adjusted HR 0.73, 95% Cl 0.55-0.98; p =0.04) in participants with elevated cTnT versus partici-
pants with low cTnT after adjustment for risk factors at inclusion and randomization assignment.

Conclusions Assessment of cTnT after coronary heart events may help identify patients at high risk of poor out-
comes and might contribute to more focused secondary preventive treatment.

Trial registration The study is registered in ClinicalTrials.gov (NCT00679237).
Keywords Cardiac troponin, Coronary heart diseases, Secondary prevention

Introduction

Many patients with coronary heart disease (CHD) expe-
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clinical practice, detection of high-risk patients remain
challenging. Cardiovascular risk prediction tools for use
after an event have been developed, but there is a lag in
the implementation of these [9-11]. Probability calcula-
tion is based on gender, age, smoking status, time since
first cardiovascular event, type(s) of atherosclerotic vas-
cular disease, history of diabetes, systolic blood pressure,
use of antithrombotic treatment, as well as levels of high
sensitivity C-reactive protein, creatinine and cholesterol,
among others [9]. As the secondary preventive treatment
options are continuously increasing, easy accessible addi-
tional information that might promote individualization,
evaluation and adjustment of secondary preventive treat-
ment strategies during follow-up may be of clinical value,
and might contribute to further refinement of prediction
tools.

Cardiac troponins (cTn) are regulatory proteins that
control the calcium-mediated interaction of actin and
myosin in myocytes. ¢cIn is convenient to measure in
hospitals and in primary care. Myocyte necrosis and
increased myocyte membrane permeability can lead to
release of cTn and consequently elevated levels of cTn
in blood plasma [12]. ¢Tn is the preferred blood test in
the diagnostic evaluation of acute myocardial infarction
(MI), and an elevated value is required for the diagnosis
[13]. However, cTn may also be elevated in patients with
heart failure, pulmonary embolism, Takotsubo cardio-
myopathy, myocarditis, arrhythmias and/or renal failure.
Chronic elevated ¢Tn might be associated with increased
mortality [14, 15]. Guidelines do not recommend routine
use of cTn in secondary preventive follow-up after coro-
nary heart events, but cTn may have prognostic value and
might improve selection of high-risk patients who would
benefit of more intensified follow-up strategies and inter-
ventions [16—18].

The aim of this study was to investigate the association
between elevated cardiac Troponin T (cTnT) and long-
term outcomes in patients followed up with secondary
preventive interventions after MI, percutaneous coro-
nary intervention (PCI) and coronary artery bypass graft-
ing (CABG).

Methods

Study design and study population

This study was carried out as a subanalysis from an
open, randomized, controlled trial conducted at Serlan-
det Hospital Arendal, Norway in the period 2007-2022.
The main study was focused on comparison of second-
ary cardiovascular prevention within primary health care
and within hospital-based follow-up, and primary out-
comes were all-cause mortality and composite endpoint
consisting of all-cause mortality, recurrence of non-fatal
MI, new PCI/CABG, and non-fatal stroke. Secondary
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outcomes were achievement of secondary preventive
treatment targets.

Consecutive patients, aged 18 to 80 years, admitted to
the hospital between 2007 and 2017 with a diagnosis of
MI or after scheduled PCI/CABG, were randomized to
hospital-based follow-up or to follow-up within primary
health care, and written informed consent was obtained
from each participant. The exclusion criteria were as
follows: lack of ability to cooperate, known alcohol- or
drug-abuse, use of narcotics, pregnancy or breast-feed-
ing, serious comorbidity with a life expectancy less than
two years, or participation in other secondary prevention
studies. Only patients with a minimum of 12 months of
follow-up were included in the analysis. The trial was car-
ried out in compliance with Declaration of Helsinki. The
study design and main study results have been described
previously [8].

Intervention

Regular outpatient consultations conducted by trained
nurses were offered to patients randomized to the hos-
pital-based follow-up group at two weeks, three months,
six months, 12 months and thereafter annually for up to
five years after the index event. The final data collection
was completed after 10 years. The attainment of treat-
ment targets was the focus throughout entire follow-up
period. Blood pressure, weight, height, waist circumfer-
ence, ¢InT, LDL-cholesterol and HbA, were assessed at
each consultation. Smoking status, diet, physical activ-
ity, and use of medication were reported by the partici-
pant. At each consecutive consultation data about death,
hospital admissions, stroke, recurrent MI, or new PCI/
CABG were recorded.

For patients randomized to the primary care group,
follow-up with respect to the secondary preventive
measures was conducted by the family physician. Advice
regarding treatment targets was sent to the family physi-
cian when the patient was discharged from hospital after
the index event. Study data in the primary care group
was obtained through regular outpatient consultations
at 12 months, two years, and five years with a final data
collection at ten years after the index event. Identical
study data as in the hospital-based follow-up group was
collected through outpatient consultations, but without
intervening in the treatment regimes.

Treatment targets of secondary prevention

The secondary preventive treatment targets were those
recommended by the latest ESC guidelines available
at the time of the study and included the following [2,
19-23]:

+ No smoking
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+ Blood pressure < 140/90 mmHg

+ LDL-cholesterol<1.8 mmol/l (<2.5 mmol/l until
2017, < 1.4 mmol/I from 2020)

+ HbA, <53 mmol/mol (7%)

+ BMI<25 kg/m?

«+ Daily use of lipid lowering therapy

«+ Daily use of acetylsalicylic acid

+ Physical activity of moderate intensity for >150 min
weekly

Cardiac troponin

The serum concentration of ¢ITnT was analyzed at the
hospitals core lab (Roche Diagnostics). A cut of value
of > 14 ng/L (99th percentile) was chosen as the limit for
an elevated value, and values below it were defined as
low.

Outcomes

The main outcome was composite endpoint-free sur-
vival based on all-cause mortality, PCI, CABG, non-fatal
stroke, or non-fatal MI during the follow-up, in patients
with or without elevated cTnT values one year after the
index coronary event. Although ¢ITnT was measured at
each outpatient consultation, one-year measurements
of cTnT were the first available measurements for both
study groups and therefore chosen for analysis of main
outcome.
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Statistical analysis

Continuous variables are reported as means & SD (stand-
ard deviations) and differences between groups were
analysed using independent samples t-tests. Categorical
variables are presented as numbers and percentages, and
differences between groups were analysed by the chi-
squared test. Missing values are reported, and categori-
cal variables are reported as proportion of non-missing
values. Kaplan—Meier curve for composite endpoint-free
survival and survival after hospital admission for the first
MI or PCI/CABG in the study period was estimated. Cox
regression analyses were used to calculate hazard ratios
(HRs) with 95% confidence intervals (Cls). The regres-
sion analyses were adjusted for differences in established
risk characteristics (age, gender, renal failure, type of
index event, smoking, hypertension, diabetes, and previ-
ous MI, use of acetylsalicylic acid at 12 months) and ran-
domization to hospital versus primary care follow-up. A
p-value of<0.05 was regarded as statistically significant.
The analysis was not adjusted for multiple testing. The
statistical analyses were performed by using STATA, ver-
sion 17 (StataCorp, 4905 Lakeway Dr, College Station,
TX 77,845, USA).

Results

A total of 1540 patients were eligible for inclusion (Fig. 1).
Patients with missing c¢InT values one year after the
index event (=262 (17%)) were excluded from further

1540 study patients with
MI/PCI/CABG

262 (17%) study patients
without information regarding
cardiac Troponin T one year

after MI/PCI/CABG

1278 (83%) patients with
information regarding cardiac
Troponin T one year after
MI/PCI/CABG

l

241 (19%) patients with
elevated cardiac Troponin T
one year after MI/PCI/CABG

Fig. 1 Study flow chart

\/

1037 (81%) patients with low
cardiac Troponin T one year
after MI/PCI/CABG
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analysis. Among the remaining 1278 patients, cTnT was
elevated one year after the index event in 241 (19%)
patients, with a median value of 21 ng/L (interquartile
range 17-29). Most patients with elevated cTnT one year
after index event, had elevated cTnT also after two (80%)
and five years (79%) with stable median c¢TnT value.
Among those without elevated values one year after the
index event, 8% and 15% developed raised cTnT levels at
two- and five-years follow-up, respectively. More patients
in the hospital-based follow-up group had elevated ¢cTnT
compared to the primary care follow-up group (135
(21%) patients vs. 106 (16%) patients, p=0.02) one year
after the index event.

Clinical characteristics

Baseline characteristics of patients with and without ele-
vated c¢TnT are described in Table 1. Half of the patients
included in the analysis (1= 604 (48%)) were hospitalized
due to acute MI. Nearly equal proportions of the patients
were followed-up at hospital (n=631 (49%)) and in pri-
mary care (n=647 (51%)). The patients with elevated
cTnT values were older than the patients with low ¢TnT
values. More men than women had elevated ¢TnT, while
smokers had lower cTnT. Among baseline characteristics
associated with elevated cITnT one year after the index
event were hypertension, and lower LDL-cholesterol,
diabetes, previous MI, and renal failure.
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Patients with elevated cTnT achieved on average 4.1
[SD 1.2] of the seven general treatment targets (excluding
HbAlc in patients with diabetes) for secondary preven-
tion while patients with low ¢TnT achieved 4.3 [SD 1.1]
treatment targets (p = 0.01) within one year after MI, PCI
or CABG. Achievement of different treatment targets for
secondary prevention is presented in Table 2.

Outcomes

After a median follow-up time of 5.7 [SD 2.7] years,
patients with low ¢TnT had lower all-cause mortal-
ity than patients with elevated c¢InT (adjusted HR 0.37,
95% CI 0.19-0.72; p=0.003) (Fig. 2a). Similar, composite
endpoint-free survival in patients with elevated cInT one
year after MI, PCI or CABG was reduced compared to
patients with low ¢TnT (adjusted HR 0.73, 95% CI 0.55—
0.98; p=0.04) (Table 3 and Fig. 2b).

Discussion

Patients with elevated c¢InT one year after MI, PCI or
CABG had decreased long-term composite endpoint-
free and crude survival compared to patients with low
cTnT values and achieved slightly less secondary preven-
tive targets for cardiovascular risk factors.

About 30% of all participants experienced a new major
cardiovascular event (MACE) during the median follow-up
period of 5.7 years. Elevated cTnT was associated to poorer
outcome. Cardiac TnT is reported from other studies to be

Table 1 Baseline clinical characteristics at hospitalization for acute myocardial infarction (Ml), percutaneous coronary intervention
(PCI) or coronary artery bypass grafting (CABG) in patients with and without elevated cardiac Troponin T (< 14 ng/L) one year after the

index event
Missing values Elevated cardiac  Low cardiac p
TroponinT TroponinT
n=1278 n=241 n=1037

Mean age (years) (SD) 0(0) 69 (9) 62 (8) <0.001
Men (%) 0(0) 207 (86) 800 (77) 0.003
Mean body mass index (kg/m2) (SD) 137.(11) 29 (5) 28 (4) <0.001
Smoking (%) 7(0) 48 (20) 278 (27) 0.03
Lipid lowering therapy (%) 40 (3) 126 (56) 462 (46) 0.007
Antihypertensive therapy (%) 23(2) 147 (64) 470 (46) <0.001
Diabetes (%) 3(0) 68 (28) 132(13) <0.001
Previous coronary heart disease:

Previous myocardial infarction (%) 7(0) 49 (21) 125(12) 0.001

Previous percutaneous coronary intervention (emergency or scheduled) (%) 1(0) 35(15) 140 (14) 0.68

Previous coronary artery bypass grafting (emergency or scheduled) (%) 2(0) 18(7) 53(5 0.15
Renal failure 9(1) 20 (8) 13 (1) <0.001
Mean LDL-cholesterol (mmol/L) (SD) 41 (3) 26(1.0) 3.0(1.1) <0.001
Mean systolic blood pressure (mmHg) (SD) 2(0) 148 (24) 147 (24) 0.29
Mean diastolic blood pressure (mmHg) (SD) 2(0) 86 (15) 87 (14) 0.16
Acute myocardial infarction as qualifying diagnosis (%) 16 (1) 97 (47) 507 (50) 0.02
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Table 2 Secondary preventive target achievement for cardiovascular risk factors and medication use in patients with and without
elevated cardiac Troponin T (<14 ng/L) one year after myocardial infarction/percutaneous coronary intervention/coronary artery

bypass grafting
Target achievement, (%)* Missing values Elevated cardiac Troponin T Low cardiac Troponin T p
n=1278 n=241 n=1037
Non-smoking 6(0) 208 (86) 825 (80) 0.02
Blood pressure 3(0) 131 (54) 621 (60) 0.11
LDL-cholesterol 36 (3) 186 (77) 722 (72) 0.11
HbAT1c (if diabetes, n=195) 10 (5) 26 (41) 70 (57) 0.04
Body mass index 90 (7) 49 (22) 235 (24) 048
Lipid lowering therapy 18(1) 229 (96) 972 (95) 0.69
Acetylsalicylic acid 7(1) 216 (90) 991 (96) <0.001
Physical activity 0(0) 130 (54) 621 (60) 0.09

2 non-smoking, blood pressure < 140/90 mmHg, LDL-cholesterol < 2.5 mmol/I (2007-2017)/< 1.8 mmol/l (2018-20,200)/ < 1.4 mmol/I (2021-), HbA1c < 53 mmol/l (7%),
body mass index < 25 kg/m2, daily use of lipid lowering therapy, daily use of acetylsalicylic acid, physical activity of minimum moderate intensity > 150 min weekly

a robust predictor of mortality [24—26]. This reiterates the
importance of improving secondary preventive treatment
after MI, PCI and/or CABG for patients with chronic ele-
vated cTnT. In our study, cInT was the routine assessment
at the index event and during the follow-up, and cardiac
troponin I (cTnl) was not measured. Recent data points
to prognostic differences between these cardiac markers:
cInT has higher predictive value with regard to cardio-
vascular and all-cause mortality, while cTnl is better indi-
cator for ischemic events and coronary artery disease [27,
28]. Our data must therefore be interpreted in the light of
these differences, as we observed higher mortality among
patients with elevated ¢TnT, while MI, PCI or CABG did
not differ significantly. cTnT elevation after ischemic stroke
or TIA has been described as a predictor for recurrent car-
diovascular events, including stroke, and mortality [29, 30].
Our data support recently described reciprocal association
with elevated cTnT predicting stroke [31].

The prevalence of elevated cInT (19%) in our study
population of patients with chronic stable coronary heart
disease was comparable with previous studies [24, 32,
33]. The underlying mechanisms for elevated c¢InT are
unclear, but elevated cTnT is shown to be independently
associated with e.g. age, gender, BMI and LV function
[24]. Significantly greater proportion of non-smokers had
elevated cTnT. Previous study has described lower ¢cTnT
values among smokers [34]. The underlying mechanisms
are not well understood, and the prognostic value of
cTnT levels in smokers is less clear [34]. Ongoing acetyl-
salicylic acid (ASA) treatment have shown to be a signifi-
cant predictor for lower cTnT levels in acute myocardial
infarction, and intracoronary infusion of ASA seem to
reduce oxidative stress in ischemia-reperfusion setting
[35, 36]. We found significantly lower proportion of par-
ticipants on ASA treatment among those with elevated

cTnT levels. Although recently questioned, lifelong treat-
ment with acetylsalicylic acid in secondary prevention
has been well established practice for four decades [37].
Whether results from our study may indicate the preven-
tive value of ASA beyond antithrombotic properties, or
rather reflects differences between patients with or with-
out this therapy, requires separate investigation.

Patients with elevated cTnT reached slightly less targets for
secondary prevention than patients with low ¢InT values.
Although the results cannot prove causal relations between
achievement of the treatment targets and cInT values, the
study revealed a potential for improvement in the overall
rate of treatment target achievement for all patients. 30-50%
of the participants did not reach the treatment targets for
blood-pressure and LDL-cholesterol. Most of the patients
did not achieve treatment targets for the lifestyle factors body
mass index, smoking, and physical activity. We find reason to
stress the importance of adherence to the secondary preven-
tive guideline from ESC, AHA and ACC for all patients.

More patients in the hospital-based follow-up group
had elevated ¢TnT compared to the primary care follow-
up group. Taking in account the observational value
of the results in this subanalysis, we may just suppose
some possible explanations. One of these might be that
patients in hospital follow-up (intervention) group were
more compliant to the follow-up across the whole group,
while in primary care follow-up group patients with mul-
tiple comorbidities and more complex medical history
dropped the out-patient consultations in greater extent
due to comorbidities itself or concurring appointments.
In the latter group out-patient consultations included
only data collection without intervention, thus prob-
ably patients with greater morbidity and more frequent
appointment burden would prioritize those appoint-
ments with greater clinical relevance.
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Low Troponin T Elevated Troponin T

Fig. 2 a Survival in patients with and without elevated cardiac troponin T value one year after myocardial infarction (M), percutaneous coronary
intervention (PCl) or coronary artery bypass grafting (CABG). b Composite endpoint-free survival in patients with and without elevated cardiac
troponin T value one year after myocardial infarction (M), percutaneous coronary intervention (PC) or coronary artery bypass grafting (CABG).
*Adjusted for following baseline characteristics: age, sex, randomization group, smoking, presence of renal failure, diabetes, hypertension, history of
M, use of acetylsalicylic acid at 12 months, and qualifying diagnosis (MI or planned PCI/CABG)

In our opinion, the study results indicate a potential
usefulness of ¢TnT in secondary preventive follow-up
after MI, PCI and/or CABG. Measurements of c¢TnT
identify patients at high risk who may benefit from fur-
ther optimalization of secondary preventive therapy.

This study was limited to one hospital and a lim-
ited number of endpoints. Smoking status, amount of
exercise and use of medications were self-reported,
and likely to be affected by reporting bias. Further-
more, we lacked information regarding left ventricular

systolic function in most patients. Nevertheless, this
study included patients from both hospital-based and
primary care based secondary preventive follow-up and
represents a real-life population of patients with stable
coronary heart disease.

Conclusion

Patients with elevated ¢cTnT one year after MI, PCI and/
or CABG had decreased composite endpoint-free and
crude survival, and a smaller proportion in this group
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Table 3 Composite endpoint (all-cause death, non-fatal myocardial infarction (M), percutaneous coronary intervention (PCl),
coronary artery bypass grafting (CABG) or non-fatal stroke) and total number of cardiovascular events in patients with and without
elevated cardiac Troponin T (<14 ng/L) one year after myocardial infarction/percutaneous coronary intervention/coronary artery

bypass grafting
Elevated cardiac Troponin T Low cardiac Troponin T p*
n=241 n=1037
Composite endpoint 93 (38.6) 268 (25.8) <0.001
Death (%) 25(104) 33(3.2) <0.001
Myocardial infarction (%) 16 (6.6) 47 (4.5) 0.18
Percutaneous coronary intervention (%) 57 (23.7) 205 (19.8) 0.18
Coronary artery bypass grafting (%) 52.1) 8(0.8) 0.07
Stroke (%) 18 (7.5) 32(3.1) 0.002

Mean follow-up time: 5.7 (SD 2.7) years

" p-values referring to differences in proportions between group with or without elevated Troponin T

were on ASA treatment. Assessment of Troponin T in
secondary preventive follow-up after coronary heart
events might identify patients at high risk and might
contribute to optimizing of the secondary preventive
treatment, as well as further refinement of cardiovascu-
lar risk prediction tools.

Abbreviations

BMI Body mass index

CABG Coronary artery bypass grafting
CVvD Cardiovascular diseases

HbA, . Glycated hemoglobin

LDL Low-density lipoprotein

Ml Myocardial infarction

PCl Percutaneous coronary intervention
cln Cardiac Troponin

cTnT Cardiac Troponin T
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