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ORIGINAL RESEARCH

Risk Estimates of Imminent Cardiovascular 
Death and Heart Failure Hospitalization Are 
Improved Using Serial Natriuretic Peptide 
Measurements in Patients With Coronary 
Artery Disease and Type 2 Diabetes
Emil Wolsk , MD, PhD*; Brian Claggett , PhD*; Rafael Diaz , MD; Kenneth Dickstein, MD, PhD;  
Hertzel C. Gerstein, MD; Lars Køber, MD; Eldrin F. Lewis, MD, MPH; Aldo P. Maggioni , MD;  
John J. V. McMurray , MD, PhD; Jeffrey L. Probstfield , MD; Matthew C. Riddle, MD; Scott D. Solomon , MD; 
Jean-Claude Tardif , MD; Marc A. Pfeffer , MD, PhD

BACKGROUND: Baseline and temporal changes in natriuretic peptide (NP) concentrations have strong prognostic value with 
regard to long-term cardiovascular risk stratification. To increase the clinical utility of NP sampling for patient management, 
we wanted to assess the incremental predictive value of 2 serial NP measurements compared with a single measurement 
and provide absolute risk estimates for cardiovascular death or heart failure hospitalization (HFH) within 6 months based on 
2 serial NP measurements.

METHODS AND RESULTS: Consecutive NP samples obtained from 5393 patients with a recent coronary event and type 2 diabetes 
enrolled in the ELIXA (Evaluation of Cardiovascular Outcomes in Patients With Type 2 Diabetes After Acute Coronary Syndrome 
During Treatment With Lixisenatide) trial were used to construct best logistic regression models with outcome of cardiovascular 
death or HFH (136 events). Absolute risk estimates of cardiovascular death or HFH within 6 months using either BNP (B-type 
natriuretic peptide) or NT-proBNP (N-terminal pro-BNP) serial measurements were depicted based on the concentrations of 2 
serial NP measurements. During the 6-month follow-up periods, the incidence rate (±95% CIs) of cardiovascular death or HFH for 
patients was 14.0 (11.8‒16.6) per 1000 patient-years. Risk prediction depended on NP concentrations from both prior and cur-
rent sampling. NP sampling 6 months apart improved the predictive value and reclassification of patients compared with a single 
sample (AUROC [Area Under the Receiver Operating Characteristic curve]: BNP, P=0.003. NT-proBNP, P<0.0001), with a majority 
of moderate-risk patients (6-month risk between 1% and 10%) being reclassified on the basis of the second NP sample.

CONCLUSIONS: Serial NP measurements improved prediction of imminent cardiovascular death or HFH in patients with coro-
nary artery disease and type 2 diabetes. The absolute risk estimates provided may aid clinicians in decision-making and help 
patients understand their short-term risk profile.
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Natriuretic peptides (NP) have been shown to be 
strong predictors of cardiovascular mortality 
and morbidity. The primary clinical utility of NP 

measurements is to support or exclude a heart failure 
(HF) diagnosis in patients presenting with dyspnea.1 
Beyond diagnostic use, both baseline and temporal 
changes in NP concentrations have a strong predic-
tive value with regard to long-term cardiovascular risk 
stratification in various populations, including patients 
with diabetes2,3 and HF.4,5 Higher baseline NP con-
centrations or NP that change from lower to higher 
concentrations are associated with an increased risk 
of cardiovascular outcomes and the opposite holds 
true, ie, lower or decreasing NP levels are associated 
with better outcomes.2–4,6,7 As NP concentrations re-
flect left heart filling pressures,8 serial NP measure-
ments could provide information about short-term 
dynamic changes in left heart filling pressures and 
hence could serve as a strong predictive biomarker for 
risk of imminent cardiovascular death and heart fail-
ure hospitalization (HFH) in patients wth diabetes with 
or without HF.4,9 However, the association of changes 
in NP concentrations with the risk of cardiovascular 
events have mostly been reported as relative risks 
(eg, hazard ratio), which are not easily used in clini-
cal practice.10 To increase the clinical utility of serial 

NP sampling for patient management, we wanted 
to assess the incremental predictive value of 2 serial 
NP measurements compared with a single measure-
ment, and provide absolute risk estimates for cardio-
vascular death or HFH within 6 months based on the 
concentrations of 2 serial NP measurements (ie, BNP 
[B-type natriuretic peptide] or NT-proBNP [N-terminal 
pro-BNP]) in patients with a recent coronary event and 
type 2 diabetes (T2D) enrolled in the ELIXA (Evaluation 
of Cardiovascular Outcomes in Patients With Type 
2 Diabetes After Acute Coronary Syndrome During 
Treatment With Lixisenatide) trial; NCT01147250.

METHODS
The design and primary findings of ELIXA have been 
published.11,12 Data and study materials will not be 
made publicly available to other researchers. The 
study was approved by the appropriate national and 
institutional regulatory and ethics boards. All the pa-
tients provided written informed consent. In summary, 
6068 patients with T2D and an index acute coronary 
event occurring within 180  days before screening 
were included in the study. The objective of the trial 
was to assess the efficacy and safety of lixisenatide, 
a glucagon-like peptide-1 receptor agonist, with re-
spect to cardiovascular morbidity and mortality. In this 
randomized, double-blind, placebo-controlled trial, 
patients were enrolled between 2010 and 2013 and 
followed for a median of 25  months. Key exclusion 
criteria were an age <30 years, an estimated glomer-
ular filtration rate of <30 mL per minute per 1.73 m2 
of body-surface area, a glycated hemoglobin level of 
<5.5% or >11.0%, or an inability to provide written in-
formed consent.

All cardiovascular events were reported to a cen-
tralized and independent adjudication committee who 
classified events according to pre-specified defini-
tions.11 For our analysis, the primary end point was 
cardiovascular death or HFH.

Sampling of BNP and NT-proBNP was performed 
at baseline (randomization) and at month 6, 18, and 
24 after randomization. Samples were collected 
and analyzed at a core laboratory (Covance Central 
Laboratory Services, Meyrin, Switzerland). The tri-
age BNP assay was used to analyze BNP. The intra-
assay coefficient of variation was 1.1% to 3.1%. The 
inter-assay coefficient of variation was 1.8% to 6.6%. 
The Immulite NT-proBNP assay was used to ana-
lyze NT-proBNP. The intra-assay coefficient of vari-
ation was 2.3% to 5.4%. The inter-assay coefficient 
of variation was 4.0% to 6.4%. Baseline NP samples 
from 5925 patients (98%) were available for analy-
ses. Samples were available from 5507 patients at 
month 6, from 4930 patients at month 18, and from 
2947 patients at month 24. For our analyses, patients 

CLINICAL PERSPECTIVE

What Is New?
•	 This study illustrates how risk prediction of im-

minent cardiovascular death or heart failure 
hospitalization is improved by incorporating in-
formation from 2 consecutive measurements of 
natriuretic peptides.

•	 Furthermore, absolute risk estimates are pro-
vided for any given 2 measurements of natriu-
retic peptides.

What Are the Clinical Implications?
•	 The study provides absolute risk estimates for 

cardiovascular death or heart failure hospitali-
zation within 6 months for any 2 given concen-
trations of natriuretic peptides, aiding clinicians 
in decision-making and helping patients under-
stand their short-term risk profile.

Nonstandard Abbreviations and Acronyms

HFH	 heart failure hospitalization
NP	 natriuretic peptides
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were included if they had at least 1 pair of NP (both 
BNP and NT-proBNP) samples obtained 6  months 
apart (month 0–6 and/or month 18–24) with no in-
tervening HFH and whose status was known within a 
6-month window starting from the second measure-
ment of NP. As the pre-scheduled visits during the 
entire follow-up included 2 separate periods with 6-
month paired samples (period 1, months 0–6; period 
2, months 18–24) followed by a 6-month follow-up, 
an individual patient could contribute to the analysis 
with up to 2 periods (Figure S1). Both patients with 
and without a history of HF before randomization 
were included in this analysis. If a patient with no his-
tory of HF at randomization experienced a non-fatal 
HFH before month 18, patients were re-classified as 
having a history of HF during the second observation 
period.

Statistical Analysis
Baseline characteristics were compared using t tests 
or rank-sum tests for continuous variables, as ap-
propriate, or χ2 tests for categorical variables (region, 
race, albuminuria). Numerical values are reported as 
mean±SD or median [interquartile range]. Incidence 
rates were estimated as the number of events occur-
ring during the specified time interval divided by the 
total patient-time at risk during that interval. CIs were 
estimated using Poisson regression. As natriuretic 
peptide concentrations were right-skewed, natriuretic 
peptide values were natural log-transformed. BNP and 
NT-proBNP were considered separately. For each NP, 
logistic regression models with NP concentrations 
were used to estimate the probability of cardiovascu-
lar death or HFH within 6 months, using the baseline 
sample alone (prior NP) or also including the current 
sample (current NP). Best model fit was obtained test-
ing both linear, quadratic, cubic, and interaction terms. 
The best model was chosen based as the one produc-
ing the smallest akaike information criterion among the 
candidate models. As individual patients could contrib-
ute with up to 2 observations periods, standard errors 
were estimated using patient-level clustering in regres-
sion models. A visual heat map of the absolute risk 
of cardiovascular death or HFH within 6 months was 
constructed using information from absolute concen-
trations of NP. To estimate changes in AUROC (Area 
Under the Receiver Operating Characteristic curve) 
and Net Reclassification Index, the base model (prior 
NP value) was compared with the base model+current 
NP sample included (roccomp and incrisk pack-
ages, STATA). Reclassification was reported both as 
a continuous variable (Net Reclassification Index) and 
according to pre-selected risk categories (>1%, 1%–
2.5%, 2.5%–5%, 5%–10%, >10%) risk of cardiovascu-
lar death or HFH within 6 months.

Variables known to affect NP concentrations 
were identified from the literature (ie, history of HF, 
glomerular filtration rate, age, and body mass index) 
and included in the best models for sensitivity anal-
ysis.2,13 P values <0.05 were considered statistically 
significant. All data analyses were conducted using 
STATA version 14 (College Station, TX). The graph-
ical output was created using R statistical freeware 
(R Foundation for Statistical Computing, Vienna, 
Austria).

RESULTS
Baseline Characteristics
Of 5393 patients with at least 1 set of paired NP sam-
ples (prior+current), 1518 of these patients contributed 
an additional 6-month observation period for analysis, 
totaling 6911 paired samples with 6-month follow-up, 
see consort Figure  1 for more details. Patients who 
were omitted from primary analyses because of miss-
ing paired NP samples and/or follow-up of 6 months 
(n=675) are characterized in Table S1. Of our included 
population (n=5393), 134 patients (2.5%) experienced 
a total of 136 events during the 2 6-month follow-up 
periods. Of these, 101 occurred during the first obser-
vation period, and 35 occurred during the second ob-
servation period.

Baseline characteristics of patients are listed in 
Table 1. Of the 5393 patients included, the 134 patients 
that experienced cardiovascular death or HFH during 
the 6-month follow-up periods were significantly older 
and had more cardiovascular risk factors, including 
history of HF, longer duration of T2D and more diabetic 
complications (neuropathy, lower estimated glomerular 
filtration rate, increased albuminuria) compared with 
those who did not experience any events during the 
entire trial (data not shown). Furthermore, the baseline 
concentrations of NP were higher in patients who ex-
perienced the primary outcome during follow-up (No 
events: BNP, 89 [44, 179] pg/mL; NT-proBNP, 255 
[102, 636] pg/mL. Events: BNP, 310 [142, 664] pg/mL; 
NT-proBNP, 1214 [545, 3300] pg/mL; P<0.0001 for 
both NP). The NP values in paired samples (prior+cur-
rent) were found to be highly correlated (Spearman 
rho=0.72 for BNP, 0.81 for NT-proBNP).

Risk of Cardiovascular Death or HFH 
Within 6 Months From Last NP Sampling
During the 6-month follow-up periods, the incidence 
rate (±95% CIs) of cardiovascular death or HFH for pa-
tients was 14.0 (11.8, 16.6) per 1000 patient-years (PY). 
In patients without a history of HF, the risk was 10.0 
(7.0, 12.6) per 1000 PY, and in patients with a history of 
HF it was 28.2 (21.8, 36.4) per 1000 PY.
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Predictive Value of Current Versus Paired 
(Prior and Current) NP Sampling
The prior NP sample was significantly associated 
with outcome of cardiovascular death or HFH within 
6 months using either NT-proBNP (P<0.0001) or BNP 
(P<0.0001). Using the prior NP value to predict the pri-
mary outcome between 6 and 12 months after it was 
obtained yielded the following AUROC values: BNP, 
0.792 (0.747, 0.837); NT-proBNP, 0.784 (0.739, 0.829). 
Incorporation into the model of a second NP sample 
(current) obtained 6  months after the prior sample 
significantly improved the predictive value for both 
BNP (0.836 [0.795, 0.877], P=0.003), and NT-proBNP 
(0.840 [0.800, 0.881], P<0.0001), such that patients 
with greater NT-proBNP increases over the course of 
6 months were at higher risk for subsequent cardiovas-
cular death and HFH (Figure 2). A sensitivity analysis of 
AUROC values using single versus 2 serial measure-
ments with differing follow-up times (3, 6, 12 months), 
showed that the predictive value of NP measurements 
decreased as follow-up was extended (Table S2).

Figure 2 depicts a heat map of the absolute risk 
estimates of cardiovascular death or HFH within 

6  months using either BNP or NT-proBNP serial 
measurements.

The reclassification of patients after adding a prior 
NP sample to the base model was summarized both 
as continuous Net Reclassification Index (BNP, 58% 
[28%, 87%]; NT-proBNP, 60% [33%, 86%]) and accord-
ing to risk categories. When patients were grouped ac-
cording to preselected risk categories (<1%, 1%–2.5%, 
2.5%–5%, 5%–10%, >10% risk of cardiovascular death 
or HFH within 6-months), patients in the range of 1% to 
10% risk gained the largest incremental value of paired 
sampling (Tables 2 and 3). These patients accounted 
for 50% of all patients.

Modifying the Predictive Value of Serial 
NP Sampling According to History of HF
Having a history of HF was a risk factor for 6-month 
cardiovascular death or HFH risk. For a given NP con-
centration, patients with history of HF were found to be 
at increased risk of events (BNP model: odds ratio, 1.4 
[CI, 1.0‒2.1], P=0.047. NT-proBNP model: odds ratio, 
1.3 [CI, 0.9‒1.9]; P=0.135). History of HF did not modify 

Figure 1.  Flowchart of study.
Patients included in analysis during a follow-up period had to have paired natriuretic peptides samples 
in relationship to the specific period. FU indicates follow-up; HFH, heart failure hospitalization; and NP, 
natriuretic peptides. *2 events were repeat events in the same individuals.
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the relationships between NP and outcomes. Figure 3A 
and 3B depict the absolute risk estimates of cardiovas-
cular death or HFH within 6 months for NT-proBNP se-
rial measurements in patients without and with a history 
of HF, respectively. Diagrams of absolute risk estimates 
of cardiovascular death or HFH within 12 months using 
BNP or NT-proBNP serial measurements in patients 
without and with a history of HF were also generated 
(Figure S2A and S2B). Use of HF medication at baseline 
differed depending on history of HF (Table S3).

DISCUSSION
In this study, we took advantage of regularly sched-
uled measurements of BNP and NT-proBNP to learn 

the value of single compared with 2 serial NP meas-
urements to predict imminent cardiovascular death 
or HFH. We found that the predictive value of a single 
sample of both BNP and NT-proBNP (prior) was highly 
predictive of imminent cardiovascular death or HFH. 
Knowing the change in either BNP or NT-proBNP con-
centrations over 6 months further refined prediction of 
this outcome. A visual heat map of the absolute risk 
of cardiovascular death or HFH within 6 months was 
constructed using information from absolute concen-
trations to aid clinicians with disease management and 
help patients understand their short-term risk profile 
based on serial NP concentrations.

Earlier studies have convincingly shown the strong 
predictive value of NP to predict long-term cardio-
vascular risk.2,4,7,14,15 In a sub-study of the A to Z 
trial which included patients with a recent coronary 
event, patients with an increase in BNP to ≥80  pg/
mL 4 months after their coronary event, had >4-fold 
higher risk of the composite end point of death or HF 
during a 2-year follow-up, compared with patients 
with BNP <80 pg/mL.7 In a post-hoc analysis of the 
RESOLVD (Randomized Evaluation of Strategies for 
Left Ventricular Dysfunction) and PARADIGM-HF 
(Prospective Comparison of Angiotensin Receptor-
Neprilysin Inhibitor with Angiotensin-Converting-
Enzyme Inhibitor to Determine Impact on Global 
Mortality and Morbidity in Heart Failure) trial, patients 
with HF who experienced subsequent HFH or death 
had a greater antecedent increase or lack of decrease 
in NP compared with patients without these events.4,5 
However, data are sparse on the association of NP 
concentrations and short-term absolute risk of HFH in 
ambulatory patients, as well as comparative data on 
the predictive value of single versus serial NP sampling 
in this context. In addition, the bulk of evidence per-
tains to patients with HF, not patients with diabetes at 
high risk of cardiovascular outcomes (±HF).

Conventional biomarkers such as weight and heart 
rate may change preceding imminent HFH in patients 
with established HF. However, noticeable weight 
changes are only evident ≈1 week before HFH,16 and 
even large increases in heart rate confer only moderate 
increases in risk of subsequent cardiovascular death or 
HFH.17 This limits their clinical utility to identify patients 
at risk of imminent cardiovascular death or HFH and 
guide modifications in patient management. In con-
trast, our data showed high predictive ability of a sin-
gle NP sample to predict cardiovascular death or HFH 
(AUROC: BNP, 0.792; NT-proBNP, 0.784), supporting 
recently published data from the ALTITUDE (Aliskiren 
in Type 2 Diabetes Using Cardiorenal Endpoints) trial.3 
Despite these high receiver operating characteristic 
values using a single NP sample, adding information 
from a subsequent sample obtained 6  months after 
was able to further refine the risk estimates (ΔAUROC: 

Table 1.  Baseline Characteristics of All Patients (n=5393) 
Included in the Study

Age, y 60.2±9.6

Men 3762 (70%)

BMI, kg/m2 30.1±5.7

SBP, mm Hg 129±17

DBP, mm Hg 77±10

Heart rate, bpm 70±10

Current smoker 613 (11%)

Former smoker 2449 (45%)

Prior MI (before index ACS) 1179 (22%)

Prior HF 1190 (22%)

Prior AF 316 (6%)

Prior stroke 282 (5%)

Prior CABG 324 (8%)

Hypertension 4097 (76%)

COPD 224 (4%)

ACS type at index

STEMI 2399 (44%)

NSTEMI 2047 (38%)

UAP 942 (17%)

Insulin use 2070 (38%)

Duration of diabetes, yr 9±8

Albuminuria_group

No albuminuria 4082 (76%)

Microalbuminuria 982 (18%)

Macroalbuminuria 329 (6%)

HbA1c, % 7.6±1.3

eGFR, mL/min per 1.73 m2 76±21

NT-proBNP, pg/mL 313 [123, 784]

BNP, pg/mL 103 [48, 208]

ACS indicates acute coronary syndrome; AF, atrial fibrillation; BMI, 
body mass index; CABG, coronary artery bypass graft surgery; COPD, 
chronic obstructive pulmonary disease; DBP, diastolic blood pressure; 
eGFR, estimated glomerular filtration rate; HF, heart failure; MI, myocardial 
infarction; NSTEMI, non‒ST-segment elevation MI; NT-proBNP, N-terminal 
pro–brain natriuretic peptide; SBP, systolic blood pressure; STEMI, ST-
segment elevation MI; and UAP, unstable angina pectoris.
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BNP +0.04, NT-proBNP +0.06). Overall, more than half 
of patients were reclassified using serial NP measure-
ments, compared with a single measurement. We ob-
served that adding current NP information to a prior 
sample, most prominently reclassified patients in the 
risk range of 1% to 10% of cardiovascular death or 
HFH within 6  months. Patients at the lowest end of 
the risk spectrum (ie, <1%) were at such low risk, that 
adding information from a current sample did not have 
any clinical significance in risk assessment. These data 
support the use of NP to monitor patients at moderate-
high risk of cardiovascular death or HFH and indicates 
that using NP sampling over time provides a valid 

dynamic risk assessment in this group of patients. As 
this was not an interventional study, we cannot infer 
whether patient monitoring using our risk estimates 
could translate into clinical benefits.

Previous attempts to use NP to monitor clinical 
status of patients with HF and modify treatment have 
been ambiguous with regards to outcomes of car-
diovascular death or HFH,18–21 in contrast to the pos-
itive results from the CHAMPION (CardioMEMS Heart 
Sensor Allows Monitoring of Pressure to Improve 
Outcomes in NYHA Class III Heart Failure Patients) 
trial that used direct and daily measurements of pul-
monary artery pressure to intensify treatment.22,23 The 

Figure 2.  Risk of cardiovascular death or heart failure hospitalization in all patients within the following 6 months using 
both a prior and a current NT-proBNP (A) or BNP (B) concentration.
Dotted lines represent percentage risk of events at various natriuretic peptide concentrations. Yellow color: risk of cardiovascular 
death or HFH 0% to 4.9%. Orange color: risk of cardiovascular death or HFH 5% to 9.9%. Red color: risk of cardiovascular death 
or HFH ≥10%. BNP indicates B-type natriuretic peptide; HFH, heart failure hospitalization; and NT-proBNP, N terminal pro-B-type 
natriuretic peptide.

A B

Table 2.  Reclassification of Patients into Predefined Risk Categories Following the Addition of a Current NT-proBNP 
Sample to a Prior Sample Obtained 6 Months Earlier

Prior sample only

Current and prior sample

Total<1% risk 1%–2.5% risk 2.5%–5% risk 5%–10% risk >10% risk

<1% risk 3132 (95%) 123 (4%) 19 (1%) 10 (0%) 5 (0%) 3289 (48%)

1%–2.5% risk 1150 (55%) 703 (34%) 163 (8%) 55 (3%) 27 (1%) 2098 (30%)

2.5%–5% risk 113 (12%) 358 (38%) 282 (30%) 135 (14%) 48 (5%) 936 (14%)

5%–10% risk 9 (2%) 59 (13%) 113 (26%) 130 (29%) 130 (29%) 441 (6%)

>10% risk 0 (0%) 5 (3%) 17 (12%) 27 (18%) 98 (67%) 147 (2%)

Total 4404 (64%) 1248 (18%) 594 (9%) 357 (5%) 308 (4%) 6911 (100%)

Number of subjects are shown in the table. NT-proBNP indicates N-terminal pro–brain natriuretic peptide.
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differences in outcomes may be attributable to better 
temporal hemodynamic information obtained from an 
indwelling pressure gauge, and perhaps patient selec-
tion (eg, only NYHA class 3 patients in the CHAMPION 
trial). Another factor in differences in outcomes could 
be the treatment algorithms applied in trials using NP 
concentrations. Many studies used pre-specified cut-
off concentrations (eg, NT-proBNP <1000 pg/mL) as 
a treatment target,19,21 and hence individual treatment 
intensification was primarily pursued if NP levels ex-
ceeded the cut-off. Our data suggests that patients 
may still be at high risk of cardiovascular death and 
HFH despite having lower concentrations than the 
cut-off used in the trials if their NP concentrations rise 

over a 6-month period (patient from ELIXA trial: NT-
proBNP 300 → 990 pg/mL=6% risk of cardiovascular 
death or HFH within 6 months). The value of using 2 
serial NP measurements was consistent irrespective of 
whether the follow-up period was restricted to 3, 6, or 
12 months. When depicting the risk for cardiovascular 
death and HFH, it was evident that most of the pre-
dictive information was provided by the current sam-
ple. We believe that increasing the sampling interval 
beyond 6 months may diminish the incremental value 
provided by the addition of a prior NP sample.

Another feature of our cohort was that it included pa-
tients with and without HF. The event rate for cardiovas-
cular death and HFH in patients with HF was ≈2- to 3-fold 

Table 3.  Reclassification of Patients into Predefined Risk Categories Following the Addition of a Current BNP Sample to a 
Prior Sample Obtained 6 Months Earlier

Prior sample only

Current and prior sample

Total<1% risk 1%–2.5% risk 2.5%–5% risk 5%–10% risk >10% risk

<1% risk 2996 (91%) 252 (8%) 43 (1%) 8 (0%) 5 (0%) 3304 (48%)

1%–2.5% risk 904 (44%) 790 (38%) 294 (14%) 72 (3%) 11 (1%) 2071 (30%)

2.5%–5% risk 80 (8%) 291 (31%) 355 (37%) 186 (20%) 41 (4%) 953 (14%)

5%–10% risk 10 (2%) 48 (11%) 100 (23%) 183 (44%) 88 (21%) 429 (6%)

>10% risk 0 (0%) 2 (1%) 8 (5%) 44 (29%) 100 (65%) 154 (2%)

Total 3990 (58%) 1383 (20%) 800 (12%) 493 (7%) 245 (4%) 6911 (100%)

Number of subjects are shown in the table. BNP indicates B-type natriuretic peptide.

Figure 3.  Risk of cardiovascular death or heart failure hospitalization within the following 6 months using both a prior and 
a current NT-proBNP concentration in patients without (A) and with (B) a history of heart failure.
Dotted lines represent percentage-risk of events at various natriuretic peptide concentrations. Yellow color: risk of cardiovascular 
death or HFH 0% to 4.9%. Orange color: risk of cardiovascular death or HFH 5% to 9.9%. Red color: risk of cardiovascular death 
or HFH ≥10%. BNP indicates B-type natriuretic peptide; HFH, heart failure hospitalization; and NT-proBNP, N terminal pro-B-type 
natriuretic peptide.
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higher than in patients without HF. Whereas the vast ma-
jority of knowledge pertaining to NP is related to patients 
with HF,4,14,15,24 it is known that NP also has predictive value 
in patients without HF.9,25 In accordance, we found no in-
teraction with regard to history of HF indicating that NP 
changes are predictive of cardiovascular death and HFH 
irrespective of HF status but the magnitude of change in 
NP confers different risk depending on HF status.9

Our study also examined whether BNP and NT-
proBNP were equally predictive of cardiovascular death 
and HFH. Although both NP were highly predictive of 
the primary end point, the change of NT-proBNP had 
additional value compared with BNP, and slightly more 
patients were reclassified with NT-proBNP. It has been 
shown that there are significant fluctuations in NP over 
time in stable patients.26 When viewing paired samples 
of both BNP and NT-proBNP in our patients, it was ap-
parent that serial measurements of NT-proBNP were 
better correlated, as has also been shown before.27,28 
Perhaps the lower variability in NT-proBNP makes rel-
evant pre-event changes in this biomarker more easily 
identifiable from that of biological variability.

Limitations
Our study obtained information about the history of HF at 
randomization. Information pertaining to the details of the 
HF history such as number of prior HFH, changes in (HF) 
medication, etc. were not the primary focus of the ELIXA 
trial and hence is not available in this post hoc analysis. 
This also limits our ability to associate changes in NP 
with temporal changes in medication for all patients.

Although our sampling frequency of NP surpasses 
that of most trials, further insights into the temporal rela-
tionship of changes in NPs and events may have been 
lost because of the interval between samples. Our heat 
maps were constructed from our models but lack CIs, 
which should be noted when assessing the risk esti-
mates of patients. Furthermore, patients with estimated 
glomerular filtration rate <30 mL/min per 1.73 m2 were 
excluded from this study, which should be noted, as 
renal function is shown to affect levels of NPs.13

Our study design allowed us to investigate changes 
in BNP and NT-proBNP in patients with coronary ar-
tery disease and T2D. However, we cannot infer that 
these changes will also be evident in patients without 
diabetes as diabetes itself may affect NP levels.25,29 
Extrapolation of the findings to other populations 
should be done cautiously. Although NP concentra-
tions proved predictive of imminent cardiovascular 
events, we acknowledge that other biomarkers may be 
independently associated with outcomes and further 
modify the risk estimates provided in this study.

We did not have access to patient cohorts with 
serial NP measurements with a sufficient number of 
events to use as a validation cohort.

CONCLUSIONS
Serial NP measurements improved prediction of im-
minent cardiovascular death or HFH in patients with 
coronary artery disease and T2D. The absolute risk es-
timates provided may aid clinicians in decision-making 
and further help patients understand their short-term 
risk profile.
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Table S1. Baseline characteristics of patients included vs. excluded from the study. 

 

 Patients excluded (n=675) Patients included (n=5393)  

   P-values 

Age (years) 60.9 ± 10.0 60.2 ± 9.6 0.09 

Male            444    (66.1%) 3762    (69.8%) 0.05  

BMI (kg/m2) 30.6 ± 5.9 30.1 ± 5.7 0.03  

SBP (mmHg) 130.3 ± 17.8 129.5 ± 17.2 0.24  

DBP (mmHg) 76.9 ± 11.2 77.1 ± 9.9 0.53  

Heart rate (bpm) 71.8 ± 10.2 69.9 ± 10.4 <0.001  

Current smoker    96     (14.3%) 613    (11.4%) 0.03  

Former smoker 296    (44.1%) 2449    (45.4%) 0.52  

Prior MI (before index ACS)           209    (31.1%) 1179    (21.9%) <0.001  

Prior HF      210    (31.3%) 1194    (22.1%) <0.001  

Prior AF           58     (8.6%) 345    (6.4%) 0.03  

Prior stroke       47     (7.0%) 282    (5.2%) 0.06  

Prior CABG          82     (12.2%) 424    (7.9%) <0.001  

Hypertension          535    (79.6%) 4097    (76.0%) 0.04  

COPD 44     (7.2%) 230    (4.2%) <0.001 

ACS type at index   <0.001  

STEMI 267    (39.9%) 2399    (44.5%)   

NSTEMI 299    (44.7%) 2047    (38.0%)   

UAP 99     (14.8%) 942    (17.5%)   

Insulin use 303    (45.1%) 2070    (38.4%) <0.001  

Duration of diabetes (years) 10.5 ± 9.1 9.1 ± 8.1 <0.001  
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albuminuria_group   <0.001  

No albuminuria 447    (66.5%) 4082    (75.7%)   

Microalbuminuria 165    (24.6%) 982    (18.2%)   

Macroalbuminuria 60     (8.9%) 329    (6.1%)   

HbA1c (%) 7.8 ± 1.3 7.7 ± 1.3 0.15  

eGFR (ml/min/1.73m2) 72.9 ± 21.6 76.3 ± 21.3 <0.001  

BNP (pg/ml) 120.0 [56.0, 237.0] 97.0 [47.0, 199.0] <0.001 

NT-proBNP (pg/ml) 326.0 [113.0, 819.0] 286.7 [112.0, 728.0] <0.001 
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Table S2. The predictive ability of current natriuretic peptide measurements added to prior 

natriuretic peptide measurements depending on differences in follow-up time. 

 

Follow-up period 
 

AUROC p value 

  
Prior only Prior + Current Delta 

 

3 months (90 events) NT-proBNP 0.803 0.853 +0.050 0.02 

BNP 0.804 0.856 +0.052 0.02 

6 months (136 events) NT-proBNP 0.784 0.840 +0.056 0.0001 

BNP 0.792 0.836 +0.044 0.003 

12 months (240 events) NT-proBNP 0.768 0.818 +0.050 <0.0001 

BNP 0.775 0.809 +0.034 0.002 

• All models adjust for history of heart failure 
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Table S3. Heart failure medication at baseline in patient with and without a history of heart 

failure. 

 

Patients with no heart 

failure at baseline 

(n=4199) 

Patients with heart 

failure at baseline 

(n=1194) 

 

   P-value 

ACE inhibitor/AT2rb 3556 (84.7%) 1049 (87.9%) 0.006 

Beta-blockers 3510 (83.6%) 1053 (88.2%) <0.001 

Potassium-sparing diuretics 423 (10.1%) 340 (28.5%) <0.001 

Diuretics 1360 (32.4%) 729 (61.1%) <0.001 
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Figure S1. Sampling and study design. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 1, 2022



Figure S2 A. Risk of cardiovascular death or heart failure hospitalization within the following 

12 months in patients with no history of heart failure using both a prior and a current NT-

proBNP concentration.  
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Figure S2 B. Risk of cardiovascular death or heart failure hospitalization within the following 

12 months in patients with a history of heart failure using both a prior and a current NT-

proBNP concentration.  
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