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Abstract

Natriuretic peptides (NP) are important predictors of outcomes in patients with acute myocardial 

infarction (AMI), but can change over time. The association of patterns of NP changes after AMI 

is less clear. We measured N terminal pro brain natriuretic peptide (NT-proBNP) during the AMI 

admission and at 1 month in a prospective AMI registry. Outcomes included 6 month dyspnea 

scores, 1-year readmission and 2-year mortality. An elevated NT-proBNP was defined using age-

specific criteria. Patients were classified into 4 groups (Low/Low (referent group), Low/High, 

High/Low, High/High) based on NT-proBNP value at enrollment and 1 month. The incremental 

predictive value of NT-proBNP was determined after adjusting for 6-month GRACE risk score, 

diabetes and ejection fraction<40%. Among 803 patients, 303 (38%) were Low/Low, 240 (30%), 

were High/High, 230 (29%) were High/Low, and 30 (3.7%) were Low/High. Two-year mortality 

was highest in High/High patients but similar in the High/Low and Low/Low patients (13.1% vs 

2.7% and 2.3%, respectively). Similarly, hospital readmission was significantly more likely in the 

High/High vs the High/Low and Low/Low groups (44.7% vs 19.8% and 22.3%, respectively). 

After adjustment, mortality was significantly higher in the High/High group (HR 4.02, 95% CI 

1.67, 9.66) compared to the Low/Low group, although readmission was no longer different (HR 

1.37, 95% CI 0.93, 2.03). In conclusion, persistently elevated NT-proBNP assessed 1 month after 

discharge was associated with a higher risk of mortality among AMI patients, whereas those in 

which NT-proBNP improved had similar outcomes as those with persistently low NT-proBNP. 

Post-discharge risk stratification using NT-proBNP has the potential to identify higher-risk patients 

after AMI.
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Patients who present with acute myocardial infarction (AMI), either ST elevation (STEMI) 

or non-ST elevation MI (NSTEMI), have variable prognoses mandating better methods for 

risk stratification to better identify high-risk patients for more aggressive treatment. Among 

cardiac biomarkers, the natriuretic peptides (NP), released from cardiac myocytes in 

response to increased wall stretch and wall tension (3), have demonstrated prognostic value 

in AMI patients (4-10) and are recommended as part of the risk stratification process for 

AMI patients (1,2). Increased levels of natriuretic peptides during an AMI admission are 

strongly associated with short- and long-term risk of death and subsequent heart failure 

(4-11). Current guidelines indicate that measuring NPs during an AMI hospitalization is 

reasonable to identify patients at increased risk of death or heart failure after discharge (2). 

Most studies reporting on outcomes have measured NPs at a single time point during the 

initial hospitalization (7, 8, 9). Because NPs can change significantly over time (4-7), earlier 

assessment may be less predictive of longer-term outcomes (4-6). Whether assessment of NP 

values shortly after discharge better reflect prognosis has not been well studied. The goal of 

this study was to assess the role of serial changes in N terminal pro brain natriuretic peptide 

(NT-proBNP)(initial hospitalization and 1 month after discharge) for assessing longer-term 

outcomes in patients with acute AMI.

METHODS

Details of the Translational Research Investigating Underlying Disparities in Acute 

Myocardial Infarction Patients’ Health Status (TRIUMPH) registry have been previously 

described (12). Briefly, TRIUMPH was a large, prospective, multicenter registry of patients 

with AMI (STEMI or NSTEMI) who were enrolled at 1of 24 sites across the United States 

within 24 hours of presentation. All participants provided informed consent, and the 

protocols were approved by the institutional review board at each participating site. Patients 

who agreed to participate in a biomarker substudy underwent an in-home visit 30 days after 

discharge (12). Between April 2005 and December 2008, 4,340 patients were enrolled in 

TRIUMPH, 803 of whom participated in the biomarker sub-study and had serial NT-proBNP 

values available for analysis.

Trained data collectors performed detailed baseline chart abstractions and interviews to 

document patients’ medical history, clinical comorbidities, presenting ECG, inpatient 

processes of care, laboratory results, and treatments. All patients were asked to donate blood 

specimens at the time of enrollment in TRIUMPH. Because TRIUMPH was designed to 

investigate 1-year (as opposed to in-hospital) outcomes, fasting blood specimens were 

acquired as close to discharge as possible. Dyspnea was assessed using the Rose Dyspnea 

Scale (13), a 4-item questionnaire that assesses patients’ level of dyspnea with common 

activities. Each activity is assigned 1 point. Scores range from 0 to 4, with 0 indicating no 

dyspnea with activity and increasing scores indicating more limitations due to dyspnea. 

Follow-up was attempted on all survivors at 1, 6, and 12 months. An in-home visit was 

performed by trained medical personnel at 1 month, and 12-month follow-ups and trained 

administered the follow-up interviews at that time.

Blood samples were spun rapidly and frozen, then shipped overnight for measurement of 

NT-proBNP (Roche) at a centralized core laboratory (Clinical Reference Laboratories, 
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Lenexa KS). An elevated NT-proBNP was defined using age-specific criteria: age ≤50, NT-

proBNP >450 pg/ml; age 50-75, NT-proBNP >900 pg/ml; and >75, NT-proBNP >1800 

pg/ml (14). Patients were classified into 4 groups based on whether their NT-proBNP value 

was elevated at enrollment and at 1 month follow up: Low/Low (referent group), Low/High, 

High/Low, and High/High.

The primary endpoint was 2-year all-cause mortality. Secondary endpoints included 1-year 

all cause readmission and 6-month Dyspnea scores. Mortality was determined through a 

query of the Social Security Death Master File. Hospitalizations that occurred during the 

initial 12 months were reviewed for cardiovascular events, including AMI, heart failure, or 

revascularization procedures. Chart abstractions were sent to 2 cardiologists who 

independently classified the reason for hospitalization. If there was disagreement between 

the 2 cardiologists, the record was adjudicated by a third senior cardiologist, and if 

disagreement persisted, up to 5 cardiologists independently reviewed the charts until 

consensus was obtained.

The associations of different NT-proBNP categories with mortality and rehospitalization 

events were examined using Kaplan-Meier survival curves and Cox proportional hazards 

models, stratified by site. Hierarchical linear regression models, where patients were 

clustered within site, were used to model 6-month dyspnea scores. All models were adjusted 

for clinical variables, which included the 6-month Global Registry of Acute Coronary 

Events (GRACE) risk score (15), diabetes and left ventricular ejection fraction (LVEF) 

<40%, while the 6-month dyspnea outcome was additionally adjusted for baseline Rose 

dyspnea score. The only covariate with missing data was the GRACE score, which was 

missing in 2.5% of patients. All tests for statistical significance were 2-tailed, with an α 
level of .05. Statistical analyses were conducted using SAS software, release 9.2 and R 

version 2.11.1. This research was funded by the National Institutes of Health through the 

National Heart, Lung, and Blood Institute SCCOR in Diabetic Heart Disease 

(P50HL077113). The authors are responsible for the study design, conduct, and analysis, 

and drafting and editing of the final manuscript.

RESULTS

A total of 803 patients had both baseline and 1-month NT-proBNP values for analysis. When 

compared to patients who did not participate in the biomarker substudy, patients who had 

Nt-proBNP were more likely to be white and to undergo PCI but were less likely to have 

chronic kidney disease or heart failure (Table 1). Because only 30 (3.7%) patients were 

classified as Low/High, they were excluded from further analysis due to the small sample 

size. Of the remaining 773 patients who formed the study cohort, 39.2% had low NT-BNP 

levels at both assessments and were classified as Low/Low (referent), 29.8% as High/Low, 

and 31.0% as High/High. Baseline factors differed across NT-proBNP groups (Table 2). 

Patients classified as High/High had more cardiovascular risk factors and higher GRACE 

scores, and were more likely to have an LVEF <40%. Patients classified as High/Low had 

intermediate risk characteristics as compared with the other 2 cohorts.
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Patients with High/High NT-proBNP levels had more than a 4-fold higher mortality at two 

years (p<0.001) as compared with the Low/Low and High/Low groups (13.1% vs 2.3% and 

2.7%, respectively; Figure 1). In adjusted models, 2-year mortality remained significantly 

higher in the High/High patients, with no significant difference between the Low/Low and 

High/Low groups (Figure 2).

Six-month Dyspnea scores were also significantly correlated with NT-proBNP categories 

(Figure 2), with patients having persistently elevated NT-proBNP levels having significant 

worse dyspnea scores 6 months after discharge. This association persisted after adjustment 

for GRACE score, diabetes and LVEF.

In unadjusted analyses, 1-year all-cause hospital readmission was frequent in all groups, but 

was significantly higher in patients with persistently elevated NT-proBNP levels (44.7% vs. 

19.8% in High/Low and 22.3% in Low/Low patients ; Figure 2). However, after adjustment 

for GRACE score, DM and LVEF, the increased risk of rehospitalizations was no longer 

statistically significant when compared with Low/Low patients (HR 1.37, 95% CI 0.93, 

2.03) (p=0.11).

DISCUSSION

We examined the association of baseline and 30-day NT-proBNP levels with mortality, 

readmissions and dyspnea. Among AMI patients, we found that compared with those who 

had persistently low NT-proBNP levels, those with persistently elevated levels had a 

significantly higher risk of 2 year mortality. In contrast, patients who had an elevated NT-

proBNP during the initial admission that subsequently normalized (almost half of those with 

an initially elevated NT-proBNP) had a similar mortality risk as those without an NT-

proBNP elevation at either time point. These data suggest that follow-up NT-proBNP levels 

are more associated with subsequent clinical events and dyspnea than those obtained at the 

time of hospitalization. In-hospital biomarker risk stratification may not be necessary in lieu 

of post-discharge testing.

An important finding was that after correcting for LVEF, which was not done in most prior 

studies (4,7,8,9), NT-proBNP remained independently associated with mortality and 

dyspnea. Although NP levels correlate with LVEF, the correlation has been variable (11, 16). 

The incremental value of NPs to LVEF may include their association with infarct expansion 

(17) and left ventricular dilation (10). In addition, increased NP levels also occur in other 

cardiac functional and structural abnormalities, such as diastolic dysfunction (18, 19), left 

ventricular hypertrophy (20) and valvular abnormalities (21) that have been associated with 

cardiac events after AMI (16). Therefore, NPs may serve as a simple biomarker for 

identifying multiple underlying cardiac abnormalities that lead to worse outcomes.

We found that persistently elevated levels of NT-proBNP were associated with higher 

dyspnea scores at 6 months. This may reflect persistent volume overload or pulmonary 

edema in our cohort, given the known association of increased NP levels with these 

conditions. Natriuretic peptide levels have been shown to correlate with echocardiographic 

evidence of diastolic dysfunction and increased filling pressures (18-20). More frequent 
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dyspnea as reflected in higher dyspnea scores has important implications. After adjusting for 

sociodemographic and clinical factors, higher dyspnea scores remained strongly associated 

with worse QOL, with a significantly increased risk of 1-year rehospitalization and mortality 

(22). Other studies have also found that dyspnea is associated with worse quality of life 

(23-25).

Assessment of NPs during hospitalization is one of the few variables to consistently identify 

patients with a higher risk for hospital readmission (26). This is important, as it is reflected 

in quality metrics and reimbursement. Although we found that NT-proBNP was not an 

independent predictor of readmission, the effect size was clinically important and we were 

likely underpowered to define its independent effect. As a simple single marker that is 

readily available and easily interpreted, NT-proBNP may still be a useful marker of high-risk 

patients.

Few prior studies have reported on using serial NP measurements to predict outcomes in 

patients after AMI (4,5,6). Morrow et.al. measured BNP levels during admission and at 4 

month follow-up in 3,490 patients (4). Only 140 (4.0%) patients had elevated levels at both 

assessments. In contrast, we found that almost 60% of patients had elevated BNP levels on 

initial assessment, with 31% having persistently elevated values. In another study, Lindahl 

et.al. measured NT-proBNP at the time of randomization, at 6 weeks, 3 and 6 months in 

1,216 patients (5). The ability of NT-proBNP to predict mortality increased at each follow 

up period, suggesting later measurement better reflect long term risk. Similar to prior 

studies, we found that patients who had a persistently elevated BNP were at the highest risk 

for adverse outcomes, with a more than 4-fold higher risk of death or new heart failure over 

2 year follow-up. In contrast to most of the prior studies, we included a broader, more 

heterogenous patient population that likely better reflects clinical practice than those 

enrolled in clinical trials (4-6). In addition to mortality, we also assessed endpoints that are 

important to the patient, such as dyspnea and readmission. We also used recommended 

criteria to define an elevated NT proBNP level, rather than a single level.

We did not have serial BNP values on all patients in the TRIUMPH study, which limited the 

power to more definitively assess some outcomes, such as readmission. It also may have 

impacted the generalizability of our findings, although we did not detect substantial 

differences between those that did and did not participate in biomarker testing. Finally, we 

can only describe an association and not causation. Future studies will be needed to more 

clearly define whether follow-up NP assessments can improve care and outcomes.
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Figure 1. 
Kaplan Meier plot for 2 Year Mortality–Green (solid) line indicates Low/Low group; red 

(dashed) line indicates Low/High group; and blue (dotted) line indicates High/High group.
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Figure 2. 
Odds Ratios for the Outcomes. Outcomes included 2 year mortality, readmission and 6 

month Dyspnea scores
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Table 1

Comparison of patients who were and were not included in the Biomarker Substudy

Included (N=803) Not included (N=3462) P-Value

Age 59±12 59±13 0.79

Male 546 (68) 2299 (66) 0.39

White 594 (74) 2275 (66) <0.001

Diabetes 228 (20) 1075 (31) 0.14

Hypertension 533 (66) 2303 (67) 0.94

CKD 42 (5.2) 266 (7.7) 0.015

Prior MI 166 (21) 722 (21) 0.91

Prior CHF 53 (6.6) 305 (8.8) 0.04

Prior PCI 154 (19) 685 (20) 0.70

In-Hospital PCI 570 (71) 2219 (64) <0.01

Prior CABG 82 (10) 400 (12) 0.28

In-Hospital CABG 73 (9.1) 324 (9.4) 0.81

EF<40% 129 (16) 650 (19) 0.07

GRACE Score 97±27 99±30 0.08

Data presented as N (%) or mean ± standard deviation. Abbreviations: CABG coronary artery bypass surgery, CHF congestive heart failure, CKD 
chronic kidney disease, EF ejection fraction, MI myocardial infarction, PCI percutaneous coronary intervention
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Table 2

Patient characteristics based on Nt-proBNP category

Low/Low
(N=303)

High/Low
(N=230)

High/High
(N=240)

P-Value

Age 57±10 60 ± 12 60 ± 11 0.053

Male 229 (76) 142 (62) 161 (67) < 0.001

White 216 (71) 188 (82) 172 (72) 0.010

Prior Diabetes 74 (24) 54 (24) 87 (36) 0.001

Prior Hypertension 195 (64) 147 (64) 163 (68) 0.011

Prior CKD 5 (1.7) 9 (3.9) 27 (11) < 0.001

Prior MI 58 (19) 40 (17.4) 59 (25) 0.123

Prior CHF 6 (2.0) 13 (5.7) 30 (13) < 0.001

Prior PCI 60 (20) 32 (14) 55 (23) 0.083

In-Hospital PCI 218 (72) 169 (74) 158 (66) 0.009

Prior CABG 24 (7.9) 21 (9.1) 33 (14) 0.122

In-Hospital CABG 16 (5.3) 19 (8.3) 29 (12) < 0.001

EF<40% 13 (4.3) 40 (17.4) 72 (30) < 0.001

GRACE Score 92±24 98±28 104±28 < 0.001

Abbreviations as in Table 1
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