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Introduction

Heart failure (HF) is a growing healthcare issue in 
developed countries due to its high prevalence, mortality, 
morbidity, and cost of care. In the United States, the 
population prevalence of HF was 2.42% in 2012 and is 
projected to increase by 23% in 2030 to 2.97% (1).

Nearly half of the patients with the clinical syndrome of 

HF have a normal or near-normal left ventricular ejection 

fraction (LVEF), referred to as heart failure with preserved 

ejection fraction (HFpEF) (2-6). HFpEF appears to carry a 

similar short- and long-term mortality to HF with reduced 

ejection fraction following acute HF hospitalization  

(3,7-9). This has prompted a search for biomarkers to help 

risk stratify patients, in order to guide more aggressive in-
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hospital management and post-discharge follow up (10).
Cardiac troponin (cTn) has been established as an 

effective prognostic marker in several arenas, including 
acute HF exacerbation with a predominantly reduced 
EF (11-13). Myocardial injury and detectable cTn levels 
have been previously identified in patients with HFpEF 
(4,10,14,15). However, studies assessing the prognostic 
value of cTn level elevation, in hospitalized patients with 
HFpEF, are limited. The aim of this study is to describe the 
short-, intermediate-, and long-term outcomes associated 
with cTn level elevation in patients with acute HFpEF 
decompensation.

Methods

A retrospective study of consecutive patients admitted 
for HFpEF decompensation, not associated with acute 
coronary syndrome (ACS), between January 2010 and 
December 2013, was performed. HFpEF was diagnosed by 
the presence of signs and symptoms of HF, normal or near-
normal LVEF (≥50%), and evidence of cardiac dysfunction 
by echocardiography. The diagnosis was confirmed, by an 
independent cardiologist, after chart review.

Patients with myocardial ischemia (i.e., tachyarrhythmias, 
illicit drug toxicity, severe hypertension defined as systolic 
blood pressure ≥180 mmHg and/or diastolic blood 
pressure ≥110 mmHg, and shock) or myocardial injury, not 
secondary to HF, were excluded. Patients who required 
initiation of, or were previously on, hemodialysis were 
excluded. In patients with multiple admissions for HFpEF 
exacerbation, the first admission was used.

Two cTnI levels, within 6 hours of presentation, were 
required for inclusion in order to detect the rising or falling 
pattern. Patients with an increase or decrease of more than 
20% in cTnI levels were excluded. The peak cTnI level was 
used. Other lab tests were measured on initial presentation. 
cTnI level was measured using ADVIA Centaur cTnI assay 
(Siemens Healthcare Diagnostics, NY). The assay has an 
analytical measuring range of 0.008 ng/mL to 50 ng/mL, a 
99th percentile of 0.04 ng/mL, and a coefficient of variance 
(CV) of 10% at a level of 0.03 ng/mL.

Patients with troponin level elevation were compared 
to patients with normal troponin level. Troponin level 
elevation was defined as a cTnI level of 0.04 ng/mL 
or greater. Normal troponin level was defined as an 
undetectable cTnI level or a level <0.04 ng/mL (below the 
99th percentile value of the reference population for the 
test). The primary outcome was short-, intermediate-, and 

long-term all-cause mortality. The secondary outcomes were 
differences in B-type natriuretic peptide level (BNP), length 
of stay, and readmission rates between the two groups. 

Clinical and demographic data were retrospectively 
abstracted from medical records. LVEF was assessed by 2D 
echocardiography using biplane method of disks (modified 
Simpson’s rule). Survival status was obtained from medical 
records and social security death index database.

Continuous variables were presented as means ± SDs 
or medians (interquartile Q1–Q3), depending on their 
distribution. Categorical variables were presented as 
frequencies and percentages. Continuous variables were 
compared using analysis of variance or Mann-Whitney 
U-test, depending on the distribution of the variable. 
Categorical variables were compared using chi-squared 
analysis. 

Cox proportional hazard models were used to determine 
the predictors of the primary outcome and are expressed 
as hazard ratios (HR) and 95% confidence intervals (CI). 
Multivariate cox proportional hazard model was adjusted 
for age, sex, race, history of coronary artery disease, diabetes 
mellitus, atrial fibrillation, stroke, hypertension, anemia, 
smoking, creatinine level, BNP level, and statistically 
significant variables in the univariate models. Kaplan-Meier 
curves were used to illustrate the difference in survival 
function between the two groups. Spearman’s coefficient 
of rank correlation (rho) was used to assess the correlation 
between cTnI level and BNP, length of stay, and number of 
readmissions. 

The areas under the curve (AUC) of the receiver 
operating characteristics (ROC) were calculated for initial 
BNP and peak cTnI levels. The optimum cutoff point 
for BNP level, to predict 2-year mortality, was that with 
the maximum combined sensitivity and specificity. The 
statistical significance of the difference between the areas 
under BNP and cTnI ROC curves was compared using 
Hanley and McNeil method.

All probabilities were 2-sided and P values <0.05 were 
considered statistically significant. All data were analyzed 
using MedCalc version 16.8 (MedCalc Software bvba, 
Belgium) and SPSS 22 (IBM Corp., USA).

Results

Out of the 432 patients evaluated for study inclusion, 363 
patients met the inclusion criteria. Fifty-nine patients were 
excluded for requiring hemodialysis, 5 for incomplete 
data, 2 for severe hypertension, 1 for cardiogenic shock, 
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1 for illicit drug use, and 1 for tachyarrhythmia. Overall, 
the patients were mostly elderly, female and overweight. 
There was a high prevalence of systemic hypertension, 
anemia, diabetes, and atrial fibrillation (Table 1). Overall, 
cardiac cTnI level was detected in 338 patients (93%) and 
ranged between 0.008–0.76 ng/mL, with a mean level of  
0.077±0.11 ng/mL.

One hundred eighty-eight patients (52%) had troponin 
level elevation (cTnI level of 0.04 ng/mL or more), and 
175 patients (48%) had normal troponin level (cTnI level 
<0.04 ng/mL). Characteristics of the patients, according 
to whether they had troponin level elevation or normal 
troponin level, are summarized in Table 1. There were small 
yet statistically significant differences between the two 
groups. Patients with troponin level elevation were more 
likely to be males, African Americans, and smokers, and to 
have higher BNP and serum creatinine levels.

Patients with troponin level elevation had a higher 30-day 
(4.8% vs. 0.6%, P=0.014), 1-year (12.2% vs. 4.6%, P=0.009), 
and 2-year mortality (13.8% vs. 5.1%, P=0.005) when 
compared to patients with normal troponin level (Figure 1). 
Two-year Kaplan-Meier survival curves demonstrate the 
survival difference between the two groups (Figure 2). 

BNP levels were higher in patients with troponin level 
elevation when compared to patients with normal troponin 
level (820±950 pg/dL vs. 478±465 pg/dL, P<0.0001). 
There was a statistically significant positive correlation 
between cTnI level and BNP level (Spearman’s rho 0.27,  
95% CI: 0.17–0.37, P<0.0001,). A BNP level >287 pg/mL 
was found to be the optimum criterion for predicting 2-year 
mortality with 91.4% sensitivity and 35.1% specificity. The 
area under the cTnI ROC curve was higher than that of 
BNP (Figure 3). However, this difference was statistically 
insignificant (P=0.345).

The median length of stay was 5 days per admission, and 
had a weak positive correlation with cTnI level (Spearman’s 
rho 0.11, 95% CI: 0.01–0.21, P=0.036). Longer length 
of stay was seen in patients with troponin level elevation; 
however, this difference was statistically insignificant. 
During the study period, more than half of the patients 
had at least one readmission for HFpEF decompensation. 
There was no significant difference in the number of 
readmissions between the two groups. Neither the number 
of readmissions nor the length of stay were independent 
predictors of mortality.

Univariate cox proportional-hazard regression models 
showed that troponin level elevation was associated with 
an increased risk of 30-day (HR 8.48, 95% CI: 1.07–66.93, 

P=0.043), 1-year, (HR 2.82, 95% CI: 1.26–6.31, P=0.012) 
and 2-year mortality (HR 2.85, 95% CI: 1.33–6.07, 
P=0.007). It also identified BNP level >287 pg/mL, age, 
history of atrial fibrillation, diabetes mellitus, and number 
of readmissions as statistically significant predictors of 
mortality (Table 2).

Multivariate cox proportional-hazard regression model 
identified troponin level elevation as an independent 
predictor of 30-day, 1-year, and 2-year mortality. 
Additionally, BNP level >287 pg/mL, age, and history of 
atrial fibrillation were identified as independent predictors 
of 1-year and 2-year mortality (Table 2). 

Discussion

In the present study, more than half of the hospitalized 
patients with HFpEF decompensation, not associated with 
ACS, had troponin level elevation. The presence of troponin 
level elevation was associated with an 8-fold higher short-term 
mortality and a 3-fold higher intermediate- and long-term 
mortality. This association was independent of other clinical 
and laboratory risk factors seen in HFpEF decompensation. 
These findings suggest that cTnI measurement, in hospitalized 
patients with HFpEF decompensation, carries an important 
prognostic value during patients’ early evaluation and is useful 
for early risk assessment. 

The pathophysiological mechanism of myocardial injury 
and cTn elevation in HFpEF is not fully understood and is 
probably multifactorial. Potential contributing mechanisms 
include subendocardial ischemia, neurohormonal activation, 
inflammatory cytokine release, myocardial stretching, 
increased wall stress, oxidative stress, and altered myocyte 
calcium handling. The end result of these mechanisms is 
myocyte necrosis, apoptosis, or troponin degradation and 
release from viable cells (16).

The clinical characteristics of the patients in the current 
study were in agreement with previous studies of patients 
with HFpEF (2-4,7,9). They were more likely to be elderly, 
female, and overweight. Also, they were more likely to 
have hypertension, diabetes, anemia, atrial fibrillation 
and elevated creatinine levels. On examining the relative 
prognostic impacts of comorbidities on mortality, we found 
that age, history of atrial fibrillation, history of stroke, and 
diabetes were independent predictors of mortality.

Previous studies have reported variable all-cause 
mortality rates in patients with HFpEF. This variability 
appears to be dependent on the study design and setting. In 
population-based observational studies, the reported 1-year 
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Table 1 Baseline characteristics according to troponin level elevation status

Characteristic All (n=363)
Negative troponin level 

elevation (n=175)
Positive troponin level 

elevation (n=188)
P value

Age (years) 72.51±12.90 71.75±12.71 73.21±13.06 0.201

Male (percentage of patients, %) 135 (37.19) 54 (30.9) 81 (43.1) 0.022

BMI (kg/m2) 31.42±8.83 32.5±9.79 30.23±7.64 0.140

Race (percentage of patients, %)

African American 84 (23.14%) 29 (16.57%) 55 (29.26%) 0.004

White 165 (45.45%) 83 (47.43%) 82 (43.62%) 0.452

Other 114 (31.40%) 63 (36%) 51 (27.13%) 0.069

Ejection fraction (%) 57.96±6.08 58.97±5.90 57.18±5.86 0.001

Medical conditions (percentage of patients, %)

Atrial fibrillation 110 (30.30%) 55 (31.4%) 55 (29.3%) 0.737

Stroke 51 (14.05%) 18 (10.3%) 33 (17.6%) 0.066

Coronary artery disease 126 (34.71%) 57 (32.6%) 69 (36.7%) 0.474

Prior coronary bypass 61 (16.80%) 31 (17.7%) 30 (16%) 0.759

Prior percutaneous intervention 81 (22.31%) 37 (21.1%) 44 (23.4%) 0.696

Prior myocardial infarction 62 (17.08%) 27 (15.4%) 35 (18.7%) 0.490

Systemic Hypertension 317 (87.33%) 150 (85.7%) 167 (88.8%) 0.463

Diabetes mellitus 190 (52.34%) 90 (51.4%) 100 (53.2%) 0.817

Anemia 242 (66.67%) 120 (68.6%) 122 (64.9%) 0.458

Smoker 100 (27.55%) 36 (20.6%) 64 (34%) 0.006

Laboratory test results

Serum creatinine (mg\dL) 1.38±0.75 1.30±0.70 1.45±0.78 0.007

GFR (mL/min/1.73 m2) 59.87±29.76 62.7±31.57 57.23±27.79 0.118

GFR < 60 mL/min/1.73 m2 199 (54.8%) 93 (53.1%) 106 (56.4) 0.536

Blood sugar (mg/dL) 148.66±72.31 146.57±72.03 150.62±72.71 0.335

HDL (mg/dL) 40 [31.25–49] 44 [34–50] 38 [31–48] 0.058

LDL (mg/dL) 83 [64.5–110.25] 87 [60–112] 80 [68–106.75] 0.598

Hemoglobin (g/dL) 11.50±1.94 11.29±1.86 11.69±2.00 0.142

WBC (thousand cells/mcL) 8.47±3.15 8.28±3.13 8.66±3.16 0.146

Peak troponin I (ng/mL) 0.077±0.11 0.01819±0.01126 0.133±0.137 <0.0001

BNP (pg/mL) 666.13±783.60 478.65±465.07 820.33±950.23 <0.0001

Length of stay (days) 5 [3–8] 4 [3–7] 5 [3–8] 0.101

Number of readmissions 1 [0–3] 1 [0–3] 1 [0–3] 0.286

Medications on discharge

Beta blockers 257 (70.80%) 133 (76.00%) 124 (65.96%) 0.053

ACEi or ARB 187 (51.52%) 85 (48.57%) 102 (54.26%) 0.234

BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density-lipoprotein; WBC, white blood cell; BNP, B-type natriuretic peptide 
level; ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; GFR, glomerular filtration rate.
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mortality rate was 22–29% (3,7,17). On the other hand, 
more recent randomized controlled trials (RCTs) reported 
a 3-time lower 1-year mortality rate of less than 10%  
(18-24). This difference was confirmed by a meta-analysis 
of 31 observational studies and RCTs. The mortality rate 
was 146 deaths per 1,000 patient-years in the non-RCTs 
alone, and 101 deaths per 1,000 patient-years in the RCTs  
alone (25). Regardless of this difference, the mortality 
burden of HFpEF is significant. In the present study, after 
excluding certain patient subsets, the 30-day mortality 

rate was 2.75% and was comparable to the previously 
reported in-hospital and 30-day mortality (4,7,9,26). The 
1-year mortality rate was 8.54%, and was comparable to 
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Figure 1 Mortality columns. Thirty-day, 1-year, and 2-year mortality according to troponin level elevation status.
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Figure 2 Survival Kaplan-Meyer curves. Kaplan-Meyer curves 
showing the survival difference between patients with positive and 
negative troponin level elevation.
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Figure 3 Troponin I and BNP, ROC curves: ROC curves showing 
sensitivity and specificity of cardiac troponin I and BNP values for 
prediction of 2-year mortality. The AUC for troponin I is 0.67 (95% 
CI: 0.62–0.72, P=0.045) and the AUC for BNP is 0.61 (95% CI: 
0.56–0.66, P=0.012). The cutoff value of 0.04 ng/mL for troponin 
I had a sensitivity of 74.9% and a specificity of 50.6% in predicting 
2-year mortality on using ROC. BNP, B-type natriuretic peptide 
level; ROC, receiver operating characteristics.
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the mortality rate in the RCTs. Additionally, the 2-year 
mortality rate was found to be 9.64%.

In the present study, there was a statistically significant 
positive correlation between BNP and cTnI levels. 
Additionally, a BNP level >287 pg/mL was found to be 
an independent predictor of intermediate- and long-term 
mortality. A similar relationship was previously seen in the 
acute decompensated HF national registry (ADHERE), 
where an elevated admission BNP level was found to be an 
independent predictor of mortality in 18,164 patients with 
HFpEF decompensation (27). There was also a statistically 
positive correlation between cTnI level and the length of 
stay, with a trend towards longer lengths of stay in patients 
with troponin level elevation. More than half of the patients 
had at least one readmission for HFpEF decompensation in 
the study period. This highlights the substantial morbidity 
and cost of care for such patients.

Currently available pharmacological therapies have failed 
to demonstrate a meaningful survival benefit in HFpEF 
despite their success in patients with HF with reduced 
ejection fraction (28). In our study, there was no significant 
difference between the medications on discharge between 

the two groups. Neither beta blockers nor angiotensin 
converting enzyme inhibitors (ACEi) or angiotensin 
receptor blockers (ARB) had a statistically significant effect 
on mortality. 

The findings in our study provide important clinical 
significance. The presence of troponin level elevation was 
associated with statistically significant worse short- and 
long-term mortality, independent of common clinical and 
laboratory risk factors seen in HFpEF decompensation, 
including glomerular filtration rate and the presence of 
chronic kidney disease. Additionally, an elevated BNP 
level >287 pg/dL was independently associated with higher 
intermediate- and long-term mortality. Both cTnI and BNP 
levels provide a valuable tool for early risk stratification in 
patients with HFpEF decompensation.

Several limitations in our study must be acknowledged. 
The most important limitation is the retrospective design. 
The patients evaluated for study inclusion were only those 
with a discharge diagnosis of HFpEF, at the discretion 
of the discharging physicians. Hence, the sample size 
in our study might not represent the actual number of 
patients hospitalized with this diagnosis due to issues with 

Table 2 Statistically significant variables in the univariate and multivariate cox proportional-hazard regression models at 30-day, 1-year, and 2-year 

(presented as HR, 95% CI, and P value)

Variable
30-day 1-year 2-year

Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted

Positive troponin 
level elevation

HR: 8.48  
(1.07–66.93), 
P=0.043

HR: 8.84 
(1.02–76.34), 
P=0.048

HR: 2.82  
(1.26–6.31), 
P=0.012

HR: 2.83  
(1.16–6.92), 
P=0.023

HR: 2.85  
(1.33–6.07), 
P=0.007

HR: 2.91  
(1.26–6.68), 
P=0.012

BNP >287 pg/mL HR: 7.34  
(1.75–156.25), 
P=0.006

HR: 4.58  
(1.02–20.62), 
P=0.047

HR: 5.44  
(1.67–17.76), 
P=0.005

HR: 3.84 
(1.10–13.44), 
P=0.035

Age HR: 1.19,  
(1.02–1.10), 
P=0.0135

HR: 1.10 
(1.00–1.21), 
P=0.047

HR: 1.06  
(1.02–1.10), 
P=0.002 

HR: 1.04  
(1.01–1.08), 
P=0.045

HR: 1.05  
(1.01–1.08), 
P=0.005

Atrial fibrillation HR: 2.91 (1.43–
5.90), P=0.003

HR: 2.34  
(1.06–5.00), 
P=0.035

HR: 2.28,  
(1.17–4.42), 
P=0.015

Diabetes mellitus HR: 2.36  
(1.11–5.01), 
P=0.0253

HR: 2.47  
(1.21–5.04), 
P=0.013

Number of 
readmissions

HR: 1.26  
(1.01–1.56), 
P=0.038

HR: 1.22  
(1.01–1.48), 
P=0.041

BNP, B-type natriuretic peptide level; HR, hazard ratio; CI, confidence interval.
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documentation and under-diagnosis. Another limitation is 
that the coronary anatomy was not routinely evaluated, and 
it is uncertain if some patients with ACS were included. 
Two cTnI levels were required for inclusion to detect the 
rising and falling pattern in an attempt to rule out patients 
with ACS, and the highest troponin I level in our data was 
only 0.76 ng/mL. 

In an effort to decrease the significant effect of end-stage 
renal disease and extreme fluid overload in patients with 
acute renal failure on cTnI level elevation, we excluded 
patients who required or were on hemodialysis; however, 
such patients represent a substantial proportion of patients 
with HFpEF. Similarly we excluded patients with severe 
hypertension and cardiogenic shock. The number of 
readmissions in our study only represents readmissions to 
our institution, and might underestimate the actual number 
of readmissions. 

Conclusions

In hospitalized patients with HFpEF decompensation, 
troponin level elevation was associated with higher short-, 
intermediate-, and long-term mortality. Additionally, 
a BNP level >287 pg/dL was associated with higher 
intermediate- and long-term mortality. This highlights the 
importance of cTnI and BNP level measurements for early 
risk stratification. Further prospective studies are needed to 
assess the relationship between cTnI and BNP levels and 
outcomes in patients with HFpEF.
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