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Abstract
Introduction: N-terminal pro-B-type natriuretic peptide
(NT-proBNP) and cardiac troponin T (cTnT) measurements
are recommended in patients with acute dyspnea. We
aimed to assess the prognostic merit of cTnT compared to
NT-proBNP for 30-day readmission or death in patients
hospitalized with acute dyspnea. Methods: We measured
cTnT and NT-proBNP within 24 h in 314 patients hospi-
talized with acute dyspnea and adjudicated the cause of
the index admission. Time to first event of readmission or
death ≤30 days after hospital discharge was recorded, and
cTnT and NT-proBNP measurements were compared
head-to-head. Results: Patients who died (12/314) or were
readmitted (71/314) within 30 days had higher cTnT

concentrations (median: 32.6, Q1–Q3: 18.4–74.2 ng/L vs.
median: 19.4, Q1–Q3: 8.4–36.1 ng/L; p for compari-
son <0.001) and NT-proBNP concentrations (median:
1,753.6, Q1–Q3: 464.2–6,862.0 ng/L vs. median 984,
Q1–Q3 201–3,600 ng/L; for comparison p = 0.027) com-
pared to patients who survived and were not readmitted.
cTnT concentrations were associated with readmission or
death within 30 days after discharge both in the total
cohort (adjusted hazard ratio [aHR]: 1.64, 95% confidence
interval [CI]: 1.30–2.05) and in patients with heart failure
(HF) (aHR: 1.58, 95% CI: 1.14–2.18). In contrast, NT-proBNP
concentrations were not associated with short-term
events, neither in the total cohort (aHR: 1.10, 95% CI:
0.94–1.30) nor in patients with adjudicated HF (aHR: 1.06,
95% CI: 0.80–1.40). Conclusion: cTnT concentrations are
associated with 30-day readmission or death in patients
hospitalized with acute dyspnea, as well as in patients
adjudicated HF. © 2023 The Author(s).
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Introduction

Acute dyspnea is a common cause of hospitalization in
the emergency department (ED) and refers to a subjective
patient experience of breathing discomfort [1]. It is a
frequent manifestation of diseases in the cardiovascular
and respiratory systems, such as congestive heart failure
(HF), acute myocardial infarction, chronic obstructive
pulmonary disease (COPD), and pulmonary thrombo-
embolism [2, 3]. Patients with dyspnea have among the
highest incidences of 30-day readmission or mortality in
the hospital setting [4].

The standard diagnostic assessment of patients with
acute dyspnea includes medical history, physical exam-
ination, and imaging with chest X-ray, in combination
with measurement of biomarker concentrations. Cardiac
troponins are the biomarkers of choice for diagnosis, risk
stratification, and selection of treatment strategy in pa-
tients with suspected acute coronary syndrome [5];
however, cardiac troponins also provide diagnostic and
prognostic information in patients with HF [6–8]. Sim-
ilarly, N-terminal pro-B-type natriuretic peptide (NT-
proBNP) is essential for diagnosis, risk stratification, and
follow-up of patients with HF [9]. NT-proBNP con-
centrations are also included as a criterion to enter
contemporary clinical trials for HF and serve as a proxy
metric to demonstrate the effect of interventions on HF
morbidity and mortality [10]. Previous studies have
compared cardiac troponins and NT-proBNP “head-to-
head” as prognostic markers in patients with coronary
heart disease [11], elderly hospitalized patients [12], and
patients with cardiogenic stroke [13]. In contrast, less is
known about the different properties of cardiac troponin
and NT-proBNP in predicting short-term prognosis in
unselected patients with acute dyspnea. Determining the
superior prognostic biomarker in this regard could po-
tentially improve risk assessment, reduce readmission
rates, and ultimately reduce the costs associated with
readmissions in this vulnerable patient group. Therefore,
we aimed to compare the merit of NT-proBNP to those of
cardiac troponin T (cTnT) for predicting short-term
events in patients hospitalized with acute dyspnea.

Methods

Akershus Cardiac Examination Study 2
The Akershus Cardiac Examination (ACE) 2 Study was con-

ducted at Akershus University Hospital over a period of ap-
proximately 17 months, from June 2009 to November 2010. ACE 2
was a prospective single-center study, and the details of the study
have been reported previously [14]. Patients admitted to the ED at

Akershus University Hospital with acute dyspnea were assessed for
inclusion in the study. Inclusion criteria were acute dyspnea as the
main cause of index hospitalization, age ≥18 years, ability to
provide informed consent, and the possibility to obtain patient
approval and draw blood samples of sufficient quantity and quality
within 24 h of admission. Exclusion criteria were dementia or
other conditions that made informed consent challenging, myo-
cardial infarction, coronary intervention, or major surgery during
the last 14 days, or known disseminated cancer or other somatic
diseases associated with short life expectancy.

Data Collection
Patients were included in the study from Monday to Thursday

from 08:00 to 14:00. Dedicated study personnel completed a
standardized clinical questionnaire where the information was
either obtained directly from the patients or from the treating
physicians from the ED. All blood samples were obtained within
24 h of admission. The medical records of the patients were used to
collect information on clinical variables, which included blood
pressure, heart rate, body temperature, electrocardiogram, and
previous medical history. Coronary artery disease was defined as
history of previous myocardial infarction or any coronary inter-
vention. Paroxysmal, persistent, or chronic atrial fibrillation were
classified together as AF as previously reported [8]. Body mass
index was calculated as (weight in kilograms) divided by (height in
meters)2, the values of height and weight were determined either
directly from the patient or collected from themedical records. Left
ventricular ejection fraction (LVEF) and additional echocardio-
graphic indices were determined by echocardiography as part of
clinical routine. Consequently, not all patients in whom HF was
considered improbable had echocardiograms, corresponding with
the approach used in previous studies of unselected patients with
acute dyspnea [15, 16].

Adjudication of Diagnosis and Follow-Up Data
Two senior physicians independently reviewed the patients’

electronic health records, including results of additional ex-
aminations and follow-up data with median follow-up of
464 days (interquartile range: 304–705 days) from index hos-
pitalization to adjudication. The patients were classified as
either suffering from dyspnea due to HF or non-HF-related
dyspnea. Most common non-HF etiologies of acute dyspnea
were COPD exacerbation, asthma, and pneumonia, and less
common non-HF causes of acute dyspnea were pulmonary
embolism, sepsis, and a few cases of anaphylactic reactions. The
diagnosis of HF was established according to the criteria out-
lined by the European Society of Cardiology [17]. HF was
characterized as symptoms and clinical signs of HF and evi-
dence of myocardial structural/functional impairment or in-
jury. LVEF was calculated by echocardiography as part of
clinical routine and was available in all patients with acute
dyspnea due to HF (n = 143). Patients with HF and reduced
LVEF were classified as having heart failure with reduced
ejection fraction (HFrEF), and patients considered to have
symptoms and signs of HF, but with estimated LVEF of ≥50%,
were classified as having heart failure with preserved ejection
fraction (HFpEF) if there was evidence of structural (left
ventricular hypertrophy, left atrial enlargement) or functional
(for example, inverted E/A ratio) myocardial dysfunction on
echocardiography.
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The index hospitalization diagnoses adjudicated by the two
senior physicians were concordant in 95% of the cases. If there was
any discrepancy, it was resolved by consensus.

Patients’ electronic health records were used to collect information
on all-cause mortality during hospitalization or within 30 days of
discharge and readmission within 30 days of discharge after the index
hospitalization. If patients were readmitted at a facility other than
Akershus University Hospital, the hospital received a copy of the
discharge documents, which were then scanned into the electronic
patient journal available to us at our center.We had access to patients’
“Summary Care Record,” where we could track if they had been
admitted at other facilities during the first 30 days of discharge.

“Summary Care Record” is a digital platform, where patients’
health records with information on admission/discharge, indepen-
dent of the health care facility, are available for the treating physician.
Mortality status is available at all Norwegian hospitals, as these
records are synchronized with Statistics Norway on a regular basis.

Biomarker Quantification: cTnT and NT-proBNP
Blood samples were obtained within 24 h of admission,

centrifuged, and serum was stored immediately at –80°C. Bio-
chemical analysis was conducted without preceding freeze-thaw
cycles, ensuring stability for both analytes, as previously
reported [18].

For cTnT concentrations, a high-sensitivity assay (Elecsys TnT
hs STAT, Roche Diagnostics, Penzberg, Germany) on a Cobas
8000 Platform (Roche Diagnostics) at Akershus University Hos-
pital was used, as previously reported [19]. The range of detection
of this assay is from 3 to 10,000 ng/L. cTnT values lower than the
limit of detection were assigned the value of 3 ng/L. NT-proBNP
was measured with the proBNP II assay (Roche Diagnostics) on
the Cobas 8000 Platform at Akershus University Hospital. The
range of detection for this assay is from 5 to 35,000 ng/L. Epi-
demiology Collaboration (CKD-EPI) equation was used to cal-
culate the estimated glomerular filtration rate [20].

Statistical Analysis
All continuous variables are presented as median (interquartile

range) and compared with the Mann-Whitney U test; categorical
variables are presented as absolute numbers and percentages (%) and
comparedwith the χ2 test. As a result of the right skewed distributions,
we transformed concentrations of cTnT and NT-proBNP by the
natural logarithm before using them as continuous variables in
prognosticmodels.We assessed the prognostic accuracy of the cardiac
biomarkers in predicting 30-day readmission and mortality using
receiver operating characteristic curve (ROC) analysis with the area
under the curve (AUC). Kaplan-Meier plots were used to illustrate the
associations of quartiles (Q) of cTnT and NT-proBNP with 30-day
readmission or death, and the plots were compared using the log-rank
test. Cox proportional hazards models were used to assess time to first
event of 30-day readmission or death. We compared the Cox pro-
portional hazards models by use of the Akaike information criterion
and the relative likelihoods of the two models. The survival models
were adjusted for sex, age, body mass index, systolic blood pressure,
history of HF, coronary artery disease, atrial fibrillation, diabetes
mellitus,COPD, and estimated glomerular filtration rate.

We did additional analysis with patients stratified according to
concentrations of cTnT and NT-proBNP below and above the
median (median cTnT 23 ng/L and median NT-proBNP 1,094 ng/
L) – (1) cTnT below median and NT-proBNP below median, (2)

cTnT above median and NT-proBNP below median, (3) cTnT below
median and NT-proBNP above median, (4) cTnT above median and
NT-proBNP above median. Kaplan-Meier plots were used to dem-
onstrate associations of the different groups with 30-day readmissions
and death, and groups were compared using the log-rank test.

We assumed statistical significance at p < 0.05. All analyses
were performed using Stata 17 (StataCorp LP, College Station,
TX, USA).

Results

Baseline Characteristics
Out of 468 patients hospitalized with acute dyspnea as

chief complaint, 67 patients refused to participate in the
study and 87 patients fulfilled exclusion criteria, and we
ended up with a cohort of total 314 patients (Fig. 1). The
median age of the patients was 73 (Q1–Q3: 63–81) years,
and 164 (52.2%) of the patients were male. Seventy-one
patients (23%) were readmitted within 30 days, and 12
patients (4%) died either during index hospitalization or
within 30 days after hospital discharge. Forty-four (53%)
patients who were readmitted or died within 30 days of
discharge had adjudicated HF as the cause of index hos-
pitalization. The proportion of patients who were read-
mitted or died within 30 days was not statistically different
between HF and non-HF patients (p = 0.11; Table 1).

Cardiac Biomarkers and Risk of 30-Day Readmission
or Death
Patients with Acute Dyspnea
In the unadjusted analysis, patients who died or were

readmitted within 30 days had higher cTnT concentra-
tions (median: 32.6, Q1–Q3: 18.4–74.2 ng/L) as compared
to patients who survived and were not readmitted
(median: 19.4, Q1–Q3: 8.4–36.1 ng/L; p for compari-
son <0.001). NT-proBNP concentrations were also higher
for patients who had an event (median: 1,753.6, Q1–Q3:
464.2–6,862.0 ng/L) compared to patients with no events
(median: 984.3, Q1–Q3: 201.4–3,599.8 ng/L). In adjusted
analyses, concentrations of cTnT were associated with
outcome (adjusted hazard ratio [aHR]: 1.64, 95% con-
fidence interval [CI]: 1.30–2.05), but NT-proBNP con-
centrations were not (aHR: 1.10, 95% CI: 0.94–1.30; p for
comparison of HRs <0.001; Table 2). ROC-AUC in the
total cohort for the prediction of 30-day readmission or
death was higher for cTnT (0.66, 95% CI: 0.59–0.72)
compared to NT-proBNP (0.58, 95% CI: 0.51–0.65; p for
comparison = 0.022). Stratifying patients by cTnT
quartiles separated patients with a poor and favorable
outcome (p for log-rank test <0.001; Fig. 2a), while no
such differences were observed for NT-proBNP con-
centrations (p for log-rank test = 0.15; Fig. 2b).
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We further compared the predictive ability of different
subgroups according to concentrations of cTnT and NT-
proBNP below and above the median values (median
cTnT 23 ng/L and median NT-proBNP 1,094 ng/L), and

patients with concentrations of both cTnT and NT-
proBNP below the median had the most favorable
prognosis (Fig. 3a; p for log-rank test = 0.002). In adjusted
analysis, cTnT concentrations above the median value

Fig. 1. OS Study flowchart.

Table 1. Baseline characteristics according to 30-day readmission or death after discharge

Readmission or death within 30 days p value

total no yes

N 314 231 83
Male sex, n (%) 164 (52.2) 119 (51.5) 45 (54.2) 0.67
Age, years 73.0 (63.0–81.0) 72.0 (62.0–81.0) 74 (64.0–80.0) 0.43
Body mass index, kg/m2 25.7 (21.7–30.1) 26.5 (22.3–30.3) 23.4 (20.7–28.1) 0.001
Heart rate, bpm 90 (78–108) 90 (76–108) 90 (80–106) 0.56
Systolic blood pressure, mm Hg 142 (127–161) 143 (130–162) 137 (119–160) 0.009
Diastolic blood pressure, mm Hg 78 (69–90) 79 (69–91) 76 (65–89) 0.14
History of

HF, n (%) 101 (32.2) 66 (28.6) 35 (42.2) 0.023
Coronary artery disease, n (%) 111 (35.4) 75 (32.5) 36 (43.4) 0.08
Diabetes mellitus, n (%) 68 (21.7) 48 (20.8) 20 (24.1) 0.53
COPD, n (%) 155 (49.4) 113 (48.9) 42 (50.6) 0.79
Atrial fibrillation, n (%) 96 (30.6) 64 (27.7) 32 (38.6) 0.07

eGFR, mL/min/1.73 m2 76.5 (60.2–98.9) 77.4 (60.5–99.1) 73.5 (57.1–98.7) 0.32
NT-proBNP, ng/L 1,093.9 (253.3–3,875.1) 984.3 (201.4–3,599.8) 1,753.6 (464.2–6,862.0) 0.027
cTnT, ng/L 23.1 (10.4–42.1) 19.4 (8.4–36.1) 32.6 (18.4–74.2) <0.001
HF cause of index admission, n (%) 143 (45.5) 99 (42.9) 44 (53) 0.11
HFrEF cause of index admission, n (%) 91 (29.0) 64 (27.7) 27 (32.5) 0.41
HFpEF cause of index admission, n (%) 52 (16.6) 35 (15.2) 17 (20.5) 0.26

Data are presented as median (IQR) for continuous variables, and n (%) for categorical variables. IQR, interquartile range; eGFR,
estimated glomerular filtration rate.
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were associated with outcome in the group with NT-
proBNP below the median value (aHR: 3.21, 95% CI:
1.50–6.88) and in the group with NT-proBNP concen-
trations above the median value (aHR: 2.32, 95% CI:
1.11–4.82) (online suppl. Table 1; for all online suppl.
material, see https://doi.org/10.1159/000533266).

Patients with HF
As previously reported [8], the subgroup of patients

with adjudicated HF had higher concentrations of cTnT
(median 38 ng/L vs. median 13 ng/L) and NT-proBNP
(median 3,600 ng/L vs. median 348 ng/L) compared to
the non-HF group. cTnT concentrations (aHR: 1.58, 95%
CI: 1.14–2.18) but not NT-proBNP concentrations (aHR:
1.06, 95% CI: 0.80–1.40) were associated with short-term
outcomes (p for comparison of HRs = 0.025). The ROC-
AUC of cTnT was 0.66 (95% CI: 0.56–0.75) and the ROC-
AUC of NT-proBNP was 0.57 (95% CI: 0.43–0.66; p for
comparison = 0.10; Table 2). In patients with HF,
quartiles of cTnT separated between patients with and
without short-term outcomes (p for log-rank test = 0.036;
Fig. 4a), while quartiles of NT-proBNP did not separate
patients with a poor and favorable outcome (p for log-
rank test = 0.24; Fig. 4b).

In adjusted analyses, concentrations of cTnT and NT-
proBNP did not associate with short-term outcomes in
patients with HFrEF (Table 2). For HFpEF, concentrations
of cTnT (aHR: 2.04, 95% CI: 1.08–3.87) associated with
short-term outcomes but concentrations of NT-proBNP
did not (aHR: 1.16, 95% CI: 0.67–2.01; p for comparison of
HRs = 0.08). In patients with HFrEF, the ROC-AUC of
cTnT was 0.66 (95% CI: 0.54–0.77) and the ROC-AUC of
NT-proBNP was 0.63 (95% CI: 0.49–0.77; p for com-
parison = 0.74). In patients with HFpEF, the ROC-AUC of
cTnT was 0.67 (95% CI: 0.51–0.83) and the ROC-AUC of
NT-proBNP was 0.52 (95% CI: 0.35–0.69; p for com-
parison = 0.08). Quartiles of cTnT and NT-proBNP did
not separate patients according to short-term outcomes
when we investigated HFrEF (online suppl. Fig. 1a, b) and
HFpEF (online suppl. Fig. 2a, b) separately.

As for the total cohort, we compared the predictive
ability of different subgroups according to concentrations
of cTnT and NT-proBNP below and above the median
values for patients with HF. Patients with concentrations
of both cTnT and NT-proBNP below the median had the
most favorable prognosis (Fig. 3b; p for log-rank test =
0.005). In adjusted analysis, cTnT concentrations above
the median value were associated with outcome (aHR:

Table 2. Associations of cTnT and NT-proBNP with 30-day readmission or death

cTnT NT-proBNP p for comparison

Acute dyspnea (n = 314)
Unadjusted HR (95% CI) 1.51 (1.26–1.81) 1.17 (1.04–1.32) 0.001
aHR (95% CI)* 1.64 (1.30–2.05) 1.10 (0.94–1.30) <0.001
AUC (95% CI) 0.66 (0.59–0.72) 0.58 (0.51–0.65) 0.022

Acute HF (n = 143)
Unadjusted HR (95% CI) 1.56 (1.18–2.04) 1.19 (0.94–1.51) 0.023
aHR (95% CI)* 1.58 (1.14–2.18) 1.06 (0.80–1.40) 0.025
AUC (95% CI) 0.66 (0.56–0.75) 0.57 (0.43–0.66) 0.10

HFrEF (n = 91)
Unadjusted HR (95% CI) 1.53 (1.07–2.19) 1.29 (0.94–1.77) 0.28
aHR (95% CI)* 1.52 (0.97–2.38) 1.07 (0.76–1.51) 0.19
AUC (95% CI) 0.66 (0.54–0.77) 0.63 (0.49–0.77) 0.74

HFpEF (n = 52)
Unadjusted HR (95% CI) 1.60 (1.05–2.44) 1.15 (0.78–1.68) 0.13
aHR (95% CI)* 2.04 (1.08–3.87) 1.16 (0.67–2.01) 0.08
AUC (95% CI) 0.67 (0.51–0.83) 0.52 (0.35–0.69) 0.08

Non-HF (n = 171)
Unadjusted HR (95% CI) 1.60 (1.16–2.20) 1.14 (0.94–1.38) 0.038
aHR (95% CI)* 1.74 (1.09–2.79) 1.02 (0.80–1.32) 0.07
AUC (95% CI) 0.64 (0.54–0.73) 0.58 (0.48–0.68) 0.23

AUC, area under the curve; CI, confidence interval; cTnT, cardiac troponin T; HF, heart failure; HFpEF, heart
failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; HR, hazard ratio;
NT-proBNP, N-terminal pro-B-type natriuretic peptide. *Adjusted for sex, age, BMI, systolic blood pressure,
HF, CAD, AF, eGFR, COPD, and diabetes mellitus.
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6.90, 95% CI: 1.37–34.81) in the group with NT-proBNP
below the median value; however, there was no signif-
icant association (aHR: 2.20, 95% CI: 0.48–10.02) in the
group with NT-proBNP concentrations above the me-
dian value (online suppl. Table 1).

Patients with Non-HF Cause of Dyspnea
cTnT concentrations (aHR: 1.74, 95% CI: 1.09–2.79)

but not NT-proBNP concentrations (aHR: 1.02, 95% CI:
0.80–1.32) were associated with short-term outcomes (p
for comparison of HRs = 0.07) in patients with non-HF

cause of dyspnea. The ROC-AUC of cTnT was 0.64 (95%
CI 0.54–0.73) and the ROC-AUC of NT-proBNP was
0.58 (95% CI 0.48–0.68; p for comparison = 0.23)
(Table 2). In patients with non-HF causes of dyspnea,
quartiles of cTnT and NT-proBNP did not separate
patients according to short-term outcomes (online suppl.
Fig. 3a, b). Neither did we find statistically significant
association with outcomes according to concentrations of
cTnT and NT-proBNP below and above the median
values (online suppl. Table 1; Fig. 3c; p for log-rank
test = 0.06).

a

b

Fig. 2. Kaplan-Meier plot for the endpoint
of 30-day readmission or death in patients
with acute dyspnea. Participants stratified
according to quartiles of cTnT (a) and NT-
proBNP (b).
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a

b

c

Fig. 3. Kaplan-Meier plot for the endpoint of 30-day
readmission or death in patients with acute dyspnea.
Patients are stratified according to concentrations of
cTnT and NT-proBNP above and below the median
values. a Total cohort. b Patients with HF as the cause
of acute dyspnea. c Patients with non-HF cause of acute
dyspnea.
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Discussion

The main result of this study is that early cTnT mea-
surements predict short-term outcomes in patients with
acute dyspnea presenting to the ED, irrespective of the cause
of dyspnea. Patients who met the clinical endpoint in the
study (readmission or mortality within 30 days after dis-
charge) had significantly higher concentrations of cTnT and
NT-proBNP, and concentrations of cTnT were indepen-

dently associated with prognosis. Measurement of cTnT
concentrations during the early phases of hospitalization
could potentially identify patients who are at higher risk of
readmission and death after discharge. Our results reinforce
cTnT as a strong prognostic marker in patients with acute
dyspnea, which is in line with earlier studies [21].

Elevated cTnT concentrations have been associated
with increased mortality in patients with acute and
chronic HF [7, 22], and also in patients with noncardiac

a

b

Fig. 4. Kaplan-Meier plot for the endpoint
of 30-day readmission or death in patients
with acute HF. Participants stratified ac-
cording to quartiles of cTnT (a) and NT-
proBNP (b).
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conditions [23]. Elevated cardiac troponin I concen-
trations have also been shown to have a prognostic
value comparable to that of cTnT in the general
population [24], in patients with noncardiac cause of
cardiac troponin elevation [25], and in patients with
acute HF [7].

In patients with cTnT elevation and no apparent
acute cardiac disease, cTnT concentrations should be
considered as a marker of comorbidities with low organ
reserve [8, 23]. Our results demonstrating superiority
of cTnT over NT-proBNP for the prediction of short-
term outcomes are however limited to the setting of ED,
as we have used biomarker concentrations obtained in
the acute phase (≤24 h of admission) and have not
analyzed changes of biomarker concentrations under
hospitalization. The latter could have provided further
insight to the current investigation, as earlier studies
have demonstrated that changes in NT-proBNP con-
centrations during hospitalization for HF correlate
with short-term events [26]. It should be noted that the
prognostic value of change in biomarker concentra-
tions under hospitalization also applies to cTnT [27]. In
the guidelines from the American Heart Association, it
is recommended to take a pre-discharge measurement
of NT-proBNP to establish post-discharge prognosis in
patients with HF [9]. NT-proBNP in the ED more
closely reflects the volume status in the acute phase and
not the severity of the underlying disease, possibly
explaining the weaker association with prognosis
compared to cTnT in our study.

In patients with adjudicated HF, we observed a trend
comparable to the total population, where cTnT
concentrations had a stronger association with short-
term outcomes as compared to NT-proBNP concen-
trations. In the subgroup analysis of HF patients ac-
cording to LVEF (HFpEF and HFrEF), cTnT and NT-
proBNP did not predict short-term outcomes for
HFrEF, but cTnT predicted short-term outcomes in
HFpEF patients. As cTnT predicted short-term out-
comes in both the total study population and in the
subgroup of patients with HF, the association of cTnT
with outcomes in HF patients appears to be driven by
strong associations in patients with HFpEF. However,
due to the moderate size of the cohort and only minor
differences in hazard ratios for HFrEF and HFpEF, our
results could represent a sample size problem. cTnT
concentrations are primarily associated with structural
changes in the left ventricle and not systolic function
[28, 29], and subsequently with the degree of increased
filling pressures and LV hypertrophy. A possible ex-
planation for the stronger prognostic impact of cTnT

in HFpEF as compared to HFrEF, can indeed be
structural changes such as left ventricular hypertrophy,
and co-morbidity-driven pathomechanisms such as
endothelial dysfunction and chronic inflammation
closely associated with disease severity and cTnT re-
lease [30–33]. The origin of cTnT in HFrEF is possibly
associated with subclinical ischemic heart disease [34],
which probably does not have a major impact on the
prognosis.

Strengths of the current investigation are that all
relevant data were collected by dedicated personnel, and
cTnT and NT-proBNP were measured at a core labo-
ratory as a batch, largely avoiding variation in laboratory
calibration over time [8]. There was excellent agreement
between the adjudicators in diagnosing the cause of
acute dyspnea, increasing the external validity of our
results. A limitation to our study is the single-center
design, with a moderate cohort of 314 patients. Due to
the moderate sample size, particularly for the subgroup
with acute HF, the study could have been underpowered
to examine the prognostic value of cTnT and NT-
proBNP, especially in patients with acute HF, HFrEF,
and HFpEF, and data should be interpreted in this
context. Another limitation to our study is the lack of
data on exact timings for measurement of cTnT and NT-
proBNP concentrations. There is a possibility that
certain patients could have received therapy prior to
measurement of biomarkers, and especially those with
successful compensation of HF could have experienced
changes in cTnT and NT-proBNP concentrations. There
is lack of generalizability in our results, and our results
may not be applicable beyond the setting of an ED of a
hospital in Northern Europe. We did not have desig-
nated personnel to perform echocardiography; there-
fore, echocardiography was only performed if the
treating physician found it necessary, with no stan-
dardized protocol for echocardiography. There is a
possibility that some patients could have wrongly been
adjudicated as non-HF cause of dyspnea, and the di-
agnosis of HF and especially HFpEF could have been
missed [35].

Conclusion

cTnT is superior to NT-proBNP in predicting
short-term events in unselected patients with acute
dyspnea, as well as patients with acute HF. The as-
sociation of cTnT with outcomes in HF may have been
driven by strong associations of cTnT in patients with
HFpEF.
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