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Aims We investigated which serum amino-terminal pro-B-type-natriuretic peptide (NT-proBNP) levels inform heart failure
(HF) risk in a community-based population at increased cardiovascular disease (CVD) risk.
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Methods
and results

Inclusion criteria were age ≥ 60 years with one or more of self-reported hypertension, diabetes, heart disease,
abnormal heart rhythm, cerebrovascular disease, or renal impairment. Exclusion criteria were known HF, ejection
fraction (EF) < 50%, or more than mild valve abnormality. NT-proBNP levels were measured in 3842 participants
on enrolment. HF was diagnosed in 162 participants at a median of 4.5 (interquartile range 2.7–5.4) years after
enrolment, 73 with HF with preserved EF (HFpEF), 53 with HF with reduced EF (HFrEF), and 36 with valvular
HF (VHF). Areas under the receiver operating characteristic curve (AUC) for 5-year prediction of total HF were
similar for NT-proBNP alone (0.79, 95% confidence interval 0.74–0.83) and a 7-parameter multivariable model
(0.82, 0.77–0.86, P= 0.035). NT-proBNP cut-points of 11, 16, and 25 pmol/L for individuals aged 60–69, 70–79, and
≥ 80 years, respectively, achieved sensitivities > 76% and specificities of 47–69% for 5-year prediction of total HF in
men and women in all three age groups. Sensitivities were ≥ 75% in most subgroups according to body mass index,
estimated glomerular filtration rate, and the presence or absence of atrial fibrillation, pacemaker, or CVD, and for
the prediction of HFpEF, HFrEF and VHF.
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Conclusion Age-specific serum NT-proBNP levels inform prognosis, and hence therapeutic decisions, regarding HF risk
in individuals at increased CVD risk.
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Introduction
The burden of heart failure (HF) continues to increase despite
decreasing age- and sex-standardised incidence of HF because
of increasing age and population size.1 At age 45 years, lifetime risks
for symptomatic HF through age 95 years are 30% to 42% in white
males, 20% to 29% in black males, 32% to 39% in white females, and
24% to 46% in black females.2 HF imposes a significant economic
burden with older Americans hospitalised more for HF than for any
other medical condition.3 There is, therefore, need for improved
measures for HF prevention.

Essential to any HF prevention strategy is a means to iden-
tify individuals at increased risk who can be offered preventa-
tive therapies. Preferably this method of identification of high-risk
individuals would be easy for the clinician to obtain and imple-
ment. Serum B-type-natriuretic peptide (BNP) and amino-terminal
pro-BNP (NT-proBNP) levels predict incident HF in individuals
without HF at baseline,4–7 and recent American College of Cardi-
ology (ACC), American Heart Association (AHA), Heart Failure
Society of America (HFSA), and Canadian Cardiovascular Soci-
ety (CCS) guidelines recommend the use of natriuretic peptide
levels to select patients for implementation of HF prevention
strategies.8,9 However, there is uncertainty how natriuretic pep-
tide levels might best inform prognostic and therapeutic decisions.
In assessing a biomarker’s performance in the identification of
increased HF risk, several questions arise.10 These include the
cut-point that best separates high from low HF risk, and how
well the biomarker discriminates risk according to sex, age, HF
subtypes, and in the presence of multimorbidity. Additional ques-
tions include the biomarker’s discrimination of HF risk in com-
parison with a multivariable model, how far into the future the
prediction applies, and how frequently biomarker measurement
should be repeated. To address these questions for NT-proBNP
as a biomarker for HF risk we performed serial NT-proBNP
measurements in participants of the SCReening Evaluation of
the Evolution of New HF (SCREEN-HF) study, a self-selected
community-based population at increased cardiovascular disease
(CVD) risk.6,11

Methods
Participant recruitment to the SCREEN-HF study has been previously
described.6,11 Briefly, the SCREEN-HF study was a community-based
evaluation of the use of serum NT-proBNP level to identify individ-
uals with cardiac dysfunction (as assessed by echocardiography) and
increased risk of HF and other cardiovascular events. Participants were
predominantly members of private health fund Bupa, recruited from
Melbourne and Shepparton, Victoria, Australia. To determine whether
NT-proBNP level could help identify individuals at increased risk of HF
from a population with risk factors of HF, but without known HF or well
recognised HF risk due to known reduced left ventricular ejection frac-
tion (LVEF) or significant valve abnormality, we recruited participants
aged ≥ 60 years with one or more of self-reported treatment for hyper-
tension or diabetes for ≥ 2 years, myocardial infarction (MI) or other
ischaemic or valvular heart disease, irregular or rapid heart rhythm,
cerebrovascular disease, or renal impairment. Exclusion criteria were
previously diagnosed HF, previous valve surgery or documented valve ..
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.. abnormality graded >mild, or LVEF < 50% on previous echocardio-
graphy or other cardiac imaging. Of the 4054 individuals enrolled at
the baseline visit (Visit 1), 3842 met the inclusion and exclusion crite-
ria and had serum NT-proBNP measurement. The SCREEN-HF study
was approved by the Alfred Human Research Ethics Committee and
written informed consent was obtained from all participants. The study
was registered at ClinicalTrials.gov NCT00400257, NCT00604006, and
NCT01581827.

The collection of baseline clinical information has been described
previously.6,11 Participants were followed up at study visits and by tele-
phone. A flow chart of participant visits and NT-proBNP measurement
is shown in Figure 1. NT-proBNP levels were measured in 3842 partic-
ipants on enrolment, and repeated at Visit 2 (n= 3053) and Visit 3
(n= 2284). Visit 2 was 1.3 [median, interquartile range (IQR) 0.5–1.9]
years after enrolment and Visit 3 was 5.6 (IQR 4.9–6.1) years after
enrolment. Details of symptoms, interim clinical events and medica-
tion were collected, echocardiography performed and the participant
examined for signs of HF during Visits 2 and 3. Additionally, details
of interim clinical events, symptoms, and medication were collected
by telephone interview approximately 4 and 7 years following enrol-
ment. The capture of incident HF has been described previously.6

All cases of HF were adjudicated by two HF specialists, with differ-
ences in opinion adjudicated by a third HF specialist, according to the
European Society of Cardiology (ESC) criteria of 2012.12 The adjudi-
cators were provided with all available information including reports
of imaging studies; however, they were not informed of the baseline
NT-proBNP level, although they were informed of any NT-proBNP
and BNP levels measured as part of usual care. Based on cardiac
imaging and assessment of LVEF at the time of, or after, HF diagno-
sis, non-valvular HF was categorised as either HF with reduced LVEF
(HFrEF, LVEF < 50%) or HF with preserved LVEF (HFpEF, LVEF ≥ 50%),
and valvular HF (VHF) was diagnosed when HF was attributed to
valvular dysfunction graded as severe. HFpEF cases had relevant struc-
tural heart disease and/or diastolic dysfunction, according to the 2012
ESC guidelines.12

Body mass index (BMI) was calculated as the ratio of weight to
height squared (kg/m2). Estimated glomerular filtration rate (eGFR)
was calculated using the Chronic Kidney Disease Epidemiology Collab-
oration (CKD-EPI) equation.13 Serum NT-proBNP was measured by
electrochemiluminescence immunoassay using an Elecsys instrument
(Roche Diagnostics, Basel, Switzerland) with a lower limit of detection
of 0.6 pmol/L (to convert pmol/L to pg/ml, multiply by 8.457).

Statistical analysis
Continuous variables were summarised as means (standard deviations)
or medians (IQR). Categorical variables were summarised as num-
bers (percentages). Comparisons between participant groups were
performed with the use of Student’s t-tests for continuous variables
that were approximately normally distributed, with or without log
transformation, or with the use of Mann–Whitney U tests. Categorical
variables were compared with the use of chi-square tests or Fisher’s
exact tests.

Baseline data were complete for the 162 participants who developed
HF, except for one with missing blood pressure and heart rate. Of 3680
participants who did not develop HF during follow-up, the maximum
number with missing data was 13 for platelet count. In multivariable
analysis, the maximum number with missing data was 21. Participants
were omitted from particular analyses if the required variables were
missing.

© 2019 The Authors
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Figure 1 Flow chart of participant visits and amino-terminal pro-B-type natriuretic peptide (NT-proBNP) measurements for SCREEN-HF
participants who did not develop heart failure (HF) and for participants who developed HF during follow-up. NT-proBNP levels were measured
in 3842 participants on enrolment, and repeated at Visit 2 (n= 3053) and Visit 3 (n= 2284). Visit 2 was 1.3 (median, interquartile range 0.5–1.9)
years after enrolment and Visit 3 was 5.6 (4.9–6.1) years after enrolment. Twenty-three participants developed HF after Visit 3.

Individuals were censored at the date of last contact or development
of HF or death, whichever came first. Incidence rate data were anal-
ysed using Poisson regression. Area under the curve (AUC) statistics
were estimated from time-dependent receiver operating characteristic
(ROC) curves and presented with 95% confidence intervals (CI).14

ROC curves were estimated for the prediction of HF by NT-proBNP
alone, and also for the prediction of total HF by a 7-parameter
multivariable model constructed using coefficients obtained from a
semiparametric proportional hazards model for the subdistribution
of competing risk, with non-HF-related death as competing risk.15

This multivariable model has been described previously,6 and the
seven parameters were baseline age, log BMI, diabetes, MI, obstructive
sleep apnoea (OSA), smoking status, and serum NT-proBNP quintile.
NT-proBNP quintile was used in the multivariable model because of
non-linearity for the association of NT-proBNP with log-hazard in the
subdistribution model.6 Optimism in AUC estimates was quantified
with bootstrapping, following the method described by Steyerberg.10

A two-sided P-value of < 0.05 was considered to indicate statistical
significance. Data were analysed with SPSS software version 22 (SPSS
Inc., Chicago, IL, USA) and with R software version 1.0.153.

Results
Baseline characteristics
The baseline characteristics of SCREEN-HF participants who devel-
oped HF, and those who did not develop HF, during follow-up are
shown in Table 1.13,16 The median follow-up of the 3842 partici-
pants was 5.6 (IQR 4.5–6.3) years and 271 non-HF-related deaths
were recorded. HF was diagnosed in 162 participants: 73 with
HFpEF, 53 with HFrEF and 36 with VHF; 63 were diagnosed on
hospitalisation and 99 were diagnosed in the ambulant setting. ..
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.. Excluding hospitalisations for valve surgery, a further 44 partic-
ipants were hospitalised for HF after HF diagnosis. The median
time to HF diagnosis was 4.5 (IQR 2.7–5.4) years. Participants
who developed HF were older, with lower diastolic blood pres-
sure, increased pulse pressure, lower heart rate, and were more
likely to be obese (BMI ≥ 30 kg/m2). Participants who devel-
oped HF were also more likely to be diabetic, have coronary
and/or peripheral artery disease, have arrhythmia, pacemaker
and OSA, and be current or former smokers. Furthermore,
they had lower baseline eGFR, haemoglobin and platelet count,
and higher white cell count, and were more likely to be taking
beta-blocker, angiotensin-converting enzyme inhibitor, statin, loop
diuretic, clopidogrel, and warfarin therapies.

HF incidence rates were 3.5, 11.4, and 23.4 per 1000
person-years for participants aged 60–69, 70–79, and ≥ 80 years,
respectively, with significant differences between age groups but
similar age-specific rates for men and women.6

Baseline serum NT-proBNP levels increased with age (Table 2),
and were higher in participants who subsequently developed HF
than in those who did not develop HF during follow-up. Base-
line NT-proBNP levels (pmol/L) were higher in women (median
14.2, IQR 7.8–26.2, n=1744) than in men (median 10.3, IQR
5.2–21.1, n= 2098, P< 0.001); however, baseline NT-proBNP
levels were only higher in women than in men who did not
develop HF during follow-up, whereas baseline NT-proBNP levels
were similar in women and men who subsequently developed HF
(Table 2). In addition, baseline NT-proBNP levels (pmol/L) were
higher in participants with atrial fibrillation (AF) (median 29.1,
IQR 13.5–74.2, n= 393) than in those without AF on enrolment
(median 11.3, IQR 5.9–20.9, n= 3449, P< 0.0001), higher in par-
ticipants with pacemaker (median 37.4, IQR 14.6–80.8, n= 66)
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Table 1 Baseline characteristics of SCREEN-HF
participants with serum amino-terminal pro-B-
type natriuretic peptide measurement at baseline
who developed new onset heart failure, and of
participants who did not develop heart failure during
follow-up

HF
(n= 162)

No HF
(n= 3680)

P-value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age at enrolment
(years)

75 (70–80) 70 (65–75) <0.0001

Male sex 98 (60) 2000 (54) 0.13
SBP (mmHg) 143± 19 141±18 0.06
DBP (mmHg) 79±11 81±10 0.019
PP (mmHg) 65±16 60±15 <0.0001

Heart rate (b.p.m.) 68 (61–76) 70 (63–79) 0.009
BMI (kg/m2) 29 (26–32) 28 (25–31) <0.0001

BMI ≥ 30 kg/m2 71 (44) 1168 (32) 0.0019
Waist

circumference
(cm)

104± 13 99±13 <0.0001

Hypertension 145 (90) 3147 (86) 0.17
Diabetes 44 (27) 659 (18) 0.0048
Myocardial

infarction
37 (23) 353 (10) <0.0001

Coronary
revascularisation

42 (26) 533 (14) 0.0002

Stroke/TIA 21 (13) 399 (11) 0.37
PVD 15 (9) 110 (3) 0.0002
AF 37 (23) 356 (10) <0.0001

Pacemaker 7 (4.3) 59 (1.6) 0.020
OSA 21 (13) 258 (7) 0.0078
Smoker (current or

former)
93 (57) 1796 (49) 0.037

Alcohol > 2
drinks/daya

39 (24) 723 (20) 0.19

Biochemistry and haematology
NT-proBNP
(pmol/L)

36.0 (20.0–75.3) 11.8 (6.1–22.2) <0.0001

eGFR
(mL/min/1.73 m2)

67±18 73±17 <0.0001

Haemoglobin
(g/dL)

13.7± 1.6 14.0±1.3 0.013

WCC (×109/L) 7.6 (6.3–8.6) 7.1 (6.1–8.2) 0.008
Platelets (×109/L) 218 (180–253) 229 (195–267) 0.009

than in those without pacemaker (median 12.0, IQR 6.2–23.1,
n= 3776, P< 0.0001), lower in participants with BMI ≥ 30 kg/m2

(median 11.7, IQR 5.8–23.0, n= 1239) than in those with BMI
< 30 kg/m2 (median 12.4, IQR 6.5–23.9, n= 2600, P= 0.02), higher
in participants with eGFR < 60 mL/min/1.73 m2 (median 18.8, IQR
9.7–37.8, n= 784) than in those with eGFR ≥ 60 mL/min/1.73 m2

(median 11.1, IQR 5.8–20.3, n= 3058, P< 0.0001), and higher
in participants with CVD (median 15.7, IQR 7.9–33.5, n=1207)
than in those without CVD (median 10.9, IQR 5.7–20.0, n= 2635,
P< 0.0001). ..
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.. Table 1 Continued

HF
(n= 162)

No HF
(n= 3680)

P-value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Medication
Beta-blocker 61 (38) 827 (22) <0.0001

ACE inhibitor 62 (38) 1125 (31) 0.045
ARB 70 (43) 1734 (47) 0.34
ACE inhibitor or
ARB

124 (77) 2725 (74) 0.52

CCB 51 (31) 997 (27) 0.24
Statin 97 (60) 1895 (51) 0.037
Thiazide diuretic 48 (30) 1133 (31) 0.79
Loop diuretic 19 (11.7) 90 (2.4) <0.0001

Aspirin 73 (45) 1528 (42) 0.37
NSAID 23 (14.2) 301 (8.2) 0.013
Clopidogrel 19 (11.7) 221 (6.0) 0.0069
Warfarin 20 (12.3) 158 (4.3) <0.0001

Data are summarised as means± standard deviation, medians (interquartile
range), or n (%). ACE, angiotensin converting enzyme;
AF, atrial fibrillation; ARB, angiotensin II type 1 receptor blocker; BMI, body mass
index; CCB, calcium channel blocker; DBP, diastolic blood pressure; eGFR, esti-
mated glomerular filtration rate calculated using the Chronic Kidney Disease
Epidemiology Collaboration equation13; HF, heart failure; NSAID, non-steroidal
anti-inflammatory drug; NT-proBNP, amino-terminal pro-B-type natriuretic pep-
tide; OSA, obstructive sleep apnoea; PP, pulse pressure; PVD, peripheral vascular
disease; SBP, systolic blood pressure; TIA, transient ischaemic attack; WCC,
white cell count.
aAlcohol > 2 drinks/day refers to consumption of more than 2 standard drinks
on any day.16

ROC curves
The ROC curve for the multivariable model had an AUC of 0.82
(95% CI 0.77–0.86) for 5-year prediction of total HF, in comparison
with 0.79 (95% CI 0.74–0.83) for the ROC curve calculated
for NT-proBNP level alone (Figure 2A). Although the AUC for
NT-proBNP alone was less than that for the multivariable model
(P= 0.035), given the similarity of the AUC for the 7-parameter
multivariable model and that for NT-proBNP level alone, and the
easier clinical application of NT-proBNP level alone to prognosis
and therapeutic decision making, we chose to further explore the
prediction of HF by NT-proBNP level alone.

Prediction of incident HF by NT-proBNP level was similar for
men and women (Figure 2B), for participants aged 60–69, 70–79,
and ≥ 80 years on enrolment (Figure 2C), and for HFpEF, HFrEF and
VHF (Figure 2D). When ROC curves were calculated for cumulative
HF events over time, or for individual years of follow-up, the AUC
for NT-proBNP alone was stable for the first 6 years of follow-up
(online supplementary Figure S1).

Optimism of AUC
Bootstrap estimation of the 5-year prediction of total HF
by NT-proBNP alone gave a median AUC of 0.78 (95% CI
0.73–0.83) in comparison with a median AUC of 0.81 (95%
CI 0.76–0.85) for the 7-parameter multivariable model. The

© 2019 The Authors
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Table 2 Baseline serum amino-terminal pro-B-type natriuretic peptide levels of SCREEN-HF participants who
developed new-onset heart failure, and of participants who did not develop heart failure during follow-up

Total Age (years)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

60–69 70–79 ≥ 80
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

No heart failure, men and women
n 3680 1895 1445 340
NT-proBNP (pmol/L), median (IQR) 11.8 (6.1–22.2) 8.4 (4.5–15.7) 14.8 (8.1–27.5) 24.7 (15.8–49.1)

Developed heart failure, men and women
n 162 36 87 39
NT-proBNP (pmol/L), median (IQR) 36.0 (20.0–75.3) 23.2 (11.6–52.2) 32.2 (19.8–55.5) 70.0 (31.7–107.3)
P-value < 0.0001 < 0.0001 < 0.0001 < 0.0001

No heart failure, men
n 2000 1024 808 168
NT-proBNP (pmol/L), median (IQR) 9.8 (5.1–19.5) 7.0 (3.9–13.1) 12.8 (7.0–24.3) 24.2 (15.5–50.0)

No heart failure, women
n 1680 871 637 172
NT-proBNP (pmol/L), median (IQR) 13.9 (7.7–24.9) 10.2 (5.9–17.3) 16.9 (10.5–30.6) 26.3 (16.5–48.8)
P-value < 0.0001 < 0.0001 < 0.0001 0.72

Developed heart failure, men
n 98 21 58 19
NT-proBNP (pmol/L), median (IQR) 38.2 (16.4–78.8) 22.6 (10.1–54.9) 31.0 (16.5–53.5) 87.4 (58.4–121.5)

Developed heart failure, women
n 64 15 29 20
NT-proBNP (pmol/L), median (IQR) 35.2 (22.9–71.7) 29.2 (12.3–38.7) 35.2 (23.0–70.3) 41.0 (25.9–87.0)
P-value 0.97 0.85 0.51 0.07

Data are summarised as medians and interquartile range (IQR).
NT-proBNP, amino-terminal pro-B-type natriuretic peptide.
P-values calculated with Mann–Whitney U test. There were statistically significant differences in NT-proBNP levels between the three age groups for men and women
combined, and also when men and women were analysed separately by Mann–Whitney U test (P< 0.0001).

calculated median optimism (bootstrap performance – test per-
formance in the original sample) for the prediction of total HF
by NT-proBNP alone was 0.001 (95% CI –0.049 to 0.046). We also
assessed optimism by comparing ROC curves for the prediction
of total HF by serum NT-proBNP levels measured at either Visit
1 or Visit 2, conducted a median of 1.3 (IQR 0.5–1.9) years after
Visit 1. Each curve was estimated for a follow-up of 3 years (49
HF events and 3344 survivors without HF for the curve estimated
for Visit 1 NT-proBNP levels, and 51 HF events and 2681 sur-
vivors without HF for the curve estimated for Visit 2 NT-proBNP
levels). The AUC was 0.80 (95% CI 0.74–0.86) for both Visit 1

and Visit 2 NT-proBNP levels. Although NT-proBNP levels from
different visits were used to construct these two ROC curves,
both curves were derived from the same population and 22 HF
events were common to both curves.

Trajectory of serum NT-proBNP levels
during follow-up
We examined the change in NT-proBNP levels over time to obtain
information about how often serum NT-proBNP levels should
be measured (Table 3 and online supplementary Figure S2A).
Changes in NT-proBNP levels over 1–2 years of follow-up were
not different between participants who subsequently did and did ..
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. not develop HF during follow-up. However, during a median of

4.5–4.8 years between NT-proBNP measurements, NT-proBNP
levels increased by a median of 13.2 (IQR 3.6–55.0) pmol/L in
participants who subsequently developed HF, significantly greater
than the increase that occurred in participants who did not
develop HF during follow-up (median 3.4, IQR −0.6–11.9 pmol/L,
P< 0.0001) (Table 3). Much greater increases in NT-proBNP levels
occurred after the diagnosis of HF, in comparison with the changes
that occurred over the same time period before HF onset (Table 3
and online supplementary Figure S2B).

Cut-points for classification of heart
failure risk
Based on the Youden index,17 which is the maximum sum of
sensitivity plus specificity, optimum NT-proBNP cut-points were
19 pmol/L for participants (men and women combined) aged
60–69 years, 23 pmol/L for age 70–79 years and 36 pmol/L for
age ≥ 80 years. However, these cut-points produced sensitivities
of only 63.9% for participants aged 60–69 years, 71.3% for par-
ticipants aged 70–79 years, and 74.4% for participants ≥ 80 years
of age. Given that our goal was to identify cut-points that best
inform prognosis and therapeutic decisions in order to prevent
HF, we chose cut-points that identified at least 75% of participants
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Figure 2 Time-dependent receiver operating characteristic (ROC) curves for the prediction of incident heart failure (HF) in SCREEN-HF
participants. (A) ROC curves for 5-year prediction of total HF by a 7-parameter multivariable model [amino-terminal pro-B-type natriuretic
peptide (NT-proBNP) quintile, age, log body mass index, diabetes, myocardial infarction, obstructive sleep apnoea, and smoking status) and by
serum NT-proBNP levels alone (100 HF events). (B) ROC curves for 5-year prediction of total HF by serum NT-proBNP levels alone in men
(67 HF events) and women (33 HF events). (C) ROC curves for 5-year incidence of total HF in participants aged 60–69 years (25 HF events),
70–79 years (51 HF events), and ≥ 80 years (24 HF events). (D) ROC curves for 5-year prediction of HF with preserved ejection fraction
(HFpEF) (44 HF events), HF with reduced ejection fraction (HFrEF) (31 HF events) and valvular HF (VHF) (25 HF events). ROC curves were
censored for event times with competing risks and areas under the curve (AUC) are shown with 95% confidence intervals.14

who subsequently developed HF. Moreover, to assist application of
an NT-proBNP threshold to clinical decision making, we wanted
the same age-specific thresholds for men and women. We there-
fore chose NT-proBNP cut-points of 11 pmol/L for persons
60–69 years of age, 16 pmol/L for persons aged 70–79 years and
25 pmol/L for persons aged ≥ 80 years (Table 4). These cut-points
achieved relatively stable sensitivities over 6 years of follow-up.
Among participants aged 70–79 years, who had the largest num-
ber of events, the sensitivity was 100% (4 events), 70% (10 events),
80% (10 events), 100% (11 events), 75% (16 events), and 75% (24
events) during the first, second, third, fourth, fifth, and sixth years
of follow-up, respectively.

When participants were stratified according to sex, BMI,
eGFR, and the presence or absence of AF, pacemaker, and
CVD, sensitivities were in most cases > 75% (Table 4). These ..
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. cut-points would have identified 129 (80%) of the 162 participants

who developed HF, based on their single baseline NT-proBNP
measurement.

When calculated separately for HFpEF, HFrEF and VHF, the
sensitivities for HFpEF were 71.4%, 85.4%, and 77.8%; for HFrEF
were 81.8%, 75.9%, and 84.6%; and for VHF were 81.8%, 70.6%,
and 87.5%, for ages 60–69, 70–79, and ≥ 80 years, respectively.

Discussion
We identified age-specific serum NT-proBNP cut-points with the
potential to inform prognostic and therapeutic decisions regarding
HF risk, achieving a sensitivity of > 75% in men and women aged
60–69, 70–79 and ≥ 80 years, and in most subgroups according
to BMI, eGFR, and the presence or absence of AF, pacemaker,
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Table 3 Change in serum amino-terminal pro-B-type natriuretic peptide levels during follow-up in participants who
did not develop heart failure during follow-up, and in participants who developed heart failure, before and after heart
failure diagnosis

Total Age (years)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

60–69 70–79 ≥80
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Change in NT-proBNP levels during 1–2 years of follow-up
A: No HF, median time between NT-proBNP measurements: 1.5 (IQR 1.3–1.7) years

n 1114 672 379 63
Change in NT-proBNP (pmol/L), median (IQR) 0.7 (−2.4 to 3.7) 0.5 (−2.4 to 3.2) 0.9 (−2.4 to 4.4) 2.5 (−1.9 to 9.8)

B: Before HF diagnosis, median time between NT-proBNP measurements: 1.7 (IQR 1.5–1.8) years
n 27 10 13 4
Change in NT-proBNP (pmol/L), median (IQR) 1.4 (−3.6 to 7.4) −1.3 (−3.8 to 3.7) 2.7 (−3.9 to 9.9) 3.2 (−6.1 to 6.6)
P-value 0.76 0.70 0.67 0.83

Change in NT-proBNP levels during >2 years of follow-upa

C: No HF, median time between NT-proBNP measurements: 4.5 (IQR 3.7–5.6) years
n 4952 2764 1889 299
Change in NT-proBNP (pmol/L), median (IQR) 3.4 (−0.6 to 11.9) 2.3 (−1.1 to 8.6) 5.0 (0–15.8) 10.2 (1.3–36.2)

D: Before HF diagnosis, median time between NT-proBNP measurements: 4.8 (IQR 3.5–5.6) years
n 59 12 37 10
Change in NT-proBNP (pmol/L), median (IQR) 13.2 (3.6–55.0) 13.2 (4.6–62.9) 13.2 (0.3–29.4) 30.1 (6.0–67.4)
P-value <0.0001 0.02 0.06 0.20

E: Change in serum NT-proBNP level between pre- and post-heart failure diagnosis; median time between NT-proBNP
measurements: 5.0 (IQR 3.9–5.8) years
n 60 14 38 8
Change in NT-proBNP (pmol/L), median (IQR) 49.3 (13.7–143.4) 53.4 (6.8–99.8) 45.0 (14.3–144.7) 99.4 (25.9–296.6)
P-valueb 0.0012 0.44 0.0036 0.0756

Data are summarised as medians and interquartile range (IQR). HF, heart failure; NT-proBNP, amino-terminal pro-B-type natriuretic peptide. A and C refer to participants
who did not develop HF during follow-up; B and D refer to participants who developed HF, but the data for change in NT-proBNP level were obtained before HF diagnosis;
E refers to participants for whom NT-proBNP levels were measured before and after HF diagnosis. P-values calculated with Mann–Whitney U test.
aThe numbers include follow-up intervals between Visit 1 and Visit 2, between Visit 2 and Visit 3, and between Visit 1 and Visit 3, where these visits were before HF diagnosis.
bComparison with pre-HF follow-up > 2 years (Group D).

or CVD, and for the prediction of HFpEF, HFrEF and VHF.
Serum NT-proBNP level alone showed similar discrimination
for HFrEF, HFpEF and VHF, and for individuals aged 60–69, 70–79,
and ≥ 80 years of age. Discrimination was robust, with very low
optimism, and compares favourably with the Framingham risk score
for atherosclerotic CVD (coronary heart disease, cerebrovascular
disease, peripheral vascular disease, and HF), for which the AUC
was 0.763 for men and 0.793 for women.18 Moreover, the median
of 4.5 years between enrolment and HF diagnosis in our study indi-
cates that NT-proBNP levels have the potential to identify HF risk
well in advance of its onset, thereby providing ample opportu-
nity for the institution of HF preventative strategies. Although the
7-parameter prediction model had slightly better discrimination,
the use of NT-proBNP alone for the identification of individuals at
increased HF risk offers advantages for clinical application. Thus, a
pathology laboratory could highlight NT-proBNP levels above the
age-specific cut-point, drawing a clinician’s attention to a patient’s
increased HF risk. Echocardiographic parameters also predict HF,19

but NT-proBNP levels provide a less expensive and more conve-
nient means to assess HF risk and may assist in the selection of
individuals for whom echocardiography is indicated, thereby allow-
ing a more cost-effective use of echocardiography that may not only ..
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.. refine the prediction of HF risk but also lead to specific preventative
strategies, such as valve replacement or repair.

The extensive overlap in baseline NT-proBNP levels between
participants who developed HF and those who did not develop
HF during follow-up meant that the choice of cut-point necessarily
involved a compromise between sensitivity and specificity. The
specificities of 47–69% obtained by the NT-proBNP cut-points
chosen in this study should be interpreted in the context of the
lifetime HF risk at age 45 of 20–46% reported in populations
with a much lower baseline prevalence of CVD risk factors than
present in SCREEN-HF participants.2 Only 162 (4.2%) SCREEN-HF
participants developed HF during the median follow-up of 5.6 years,
and it is likely that a much larger number were destined to develop
HF in subsequent years, with a lifetime risk approaching 50%. Any
HF prevention strategy needs a lifetime perspective if it is to have
maximum impact on HF incidence and prevalence. Given that many
of the participants with NT-proBNP levels above the cut-point who
did not develop HF during the period of follow-up were likely
to develop HF in the future, a false positive rate (1-specificity)
approaching 50% is appropriate.

Baseline NT-proBNP levels discriminated HF risk over 6 years of
follow-up. During 1–2 years of follow-up, change in NT-proBNP
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Table 4 Sensitivities, specificities, positive and
negative predictive values for different
amino-terminal pro-B-type natriuretic peptide
cut-points for classification of heart failure risk
according to sex, body mass index, estimated
glomerular filtration rate, atrial fibrillation,
pacemaker and cardiovascular disease

Age (years)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

60–69 70–79 ≥80
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

NT-proBNP cut-point
(pmol/L)

11 16 25

Men and women combined
(HF/total, n)

36/1931 87/1532 39/379

Sensitivity 77.8% 79.3% 82.1%
Specificity 61.8% 54.4% 50.3%
Positive predictive value 3.7% 9.5% 15.9%
Negative predictive value 99.3% 97.8% 96.1%

Men (HF/total, n) 21/1045 58/866 19/187
Sensitivity 76.2% 77.6% 84.2%
Specificity 69.2% 59.7% 53.0%
Positive predictive value 4.8% 12.1% 16.8%
Negative predictive value 99.3% 97.4% 96.7%

Women (HF/total, n) 15/886 29/666 20/192
Sensitivity 80% 82.8% 80.0%
Specificity 53.2% 47.7% 47.7%
Positive predictive value 2.9% 6.7% 15.1%
Negative predictive value 99.4% 98.4% 95.3%

BMI < 30 kg/m2 (HF/total, n) 20/1236 42/1061 29/303
Sensitivity 75.0% 83.3% 89.7%
Specificity 62.9% 53.6% 48.5%
Positive predictive value 3.2% 6.9% 15.6%
Negative predictive value 99.4% 98.7% 97.8%

BMI ≥ 30 kg/m2 (HF/total, n) 16/693 45/471 10/75
Sensitivity 81.3% 75.6% 60.0%
Specificity 60.0% 56.3% 58.5%
Positive predictive value 4.6% 15.5% 18.2%
Negative predictive value 99.3% 95.6% 90.5%

eGFR < 60 mL/min/1.73 m2

(HF/total, n)
6/208 31/400 21/176

Sensitivity 66.7% 83.9% 66.7%
Specificity 51.5% 44.2% 41.9%
Positive predictive value 3.9% 11.2% 13.5%
Negative predictive value 98.1% 97.0% 90.3%

eGFR ≥ 60 mL/min/1.73 m2

(HF/total, n)
30/1723 56/1132 18/203

Sensitivity 80.0% 76.8% 100.0%
Specificity 63.1% 57.9% 57.3%
Positive predictive value 3.7% 8.7% 18.6%
Negative predictive value 99.4% 98.0% 100.0%

No AF on enrolment
(HF/total, n)

27/1776 70/1352 28/321

Sensitivity 77.8% 74.3% 78.6%
Specificity 64.4% 57.5% 54.9%
Positive predictive value 3.3% 8.7% 14.3%
Negative predictive value 99.5% 97.6% 96.4%
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.. Table 4 Continued

Age (years)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

60–69 70–79 ≥80
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

AF on enrolment (HF/total, n) 9/155 17/180 11/58
Sensitivity 77.8% 100% 90.9%
Specificity 28.1% 30.1% 21.3%
Positive predictive value 6.5% 13.0% 21.3%
Negative predictive value 95.7% 100% 90.9%

No pacemaker on enrolment
(HF/total, n)

34/1918 86/1495 35/363

Sensitivity 76.5% 79.1% 82.9%
Specificity 62.0% 55.0% 51.5%
Positive predictive value 3.5% 9.7% 15.4%
Negative predictive value 99.3% 97.7% 96.6%

Pacemaker on enrolment
(HF/total, n)

2/13 1/37 4/16

Sensitivity 100% 100% 75.0%
Specificity 27.3% 30.6% 16.7%
Positive predictive value 20.0% 3.8% 23.1%
Negative predictive value 100% 100% 66.7%

No known CVD on
enrolment (HF/total, n)

23/1477 42/961 15/197

Sensitivity 78.3% 71.4% 80.0%
Specificity 63.5% 58.8% 55.5%
Positive predictive value 3.3% 7.3% 12.9%
Negative predictive value 99.5% 97.8% 97.1%

Known CVD on enrolment
(HF/total, n)

13/454 45/571 24/182

Sensitivity 76.9% 86.7% 83.3%
Specificity 56.5% 46.8% 44.3%
Positive predictive value 5.0% 12.2% 18.5%
Negative predictive value 98.8% 97.6% 94.6%

n, number of participants who developed HF/total number of participants in each
category.
AF, atrial fibrillation; BMI, body mass index; CVD, cardiovascular disease (total
ischaemic heart, cerebrovascular and peripheral vascular disease); eGFR, esti-
mated glomerular filtration rate; HF, heart failure; NT-proBNP, amino-terminal
pro-B-type natriuretic peptide.

levels was not different between those who subsequently devel-
oped HF and those who did not develop HF during follow-up.
However, over 4–6 years of follow-up, NT-proBNP levels showed
a greater increase in those who subsequently developed HF than
in those who did not develop HF. Our data therefore indicate that
repeating serum NT-proBNP measurement at 4–5 year intervals
may provide an efficient means to identify additional individuals at
increased risk of HF, as indicated by findings from the Cardiovas-
cular Health Study.7

NT-proBNP level is a predictor of not only HF but also
other cardiovascular events.5,7,20–23 The ACC/AHA/HFSA and
CCS guidelines on use of natriuretic peptide levels to select
patients for implementation of HF prevention strategies are
based on the St. Vincent’s Screening to Prevent Heart Failure
(STOP-HF) and the NT-proBNP selected Prevention of cardiac
Events in a population of Diabetic Patients without a history of
cardiac disease (PONTIAC) studies.8,9,24,25 The STOP-HF study
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randomised patients (mean age 68–71 years) with CVD risk fac-
tors to either BNP screening and referral to echocardiography
and collaborative care between their primary care physician and
specialist cardiovascular service if their BNP level was ≥ 50 pg/mL,
or to usual primary care without BNP screening. If one assumes
35 pg/mL BNP is equivalent to 125 pg/mL NT-proBNP,26 then the
BNP cut-point used in the STOP-HF study (50 pg/mL) was equiv-
alent to 21.4 pmol/L NT-proBNP. However, the BNP cut-point
chosen in the STOP-HF study was not based on a formal assess-
ment of the relationship between BNP levels and HF incidence.
STOP-HF study patients referred to BNP screening had lower
combined rates of left ventricular systolic dysfunction, diastolic
dysfunction and HF during a mean follow-up of 4.2 years than
patients randomised to usual care.24 The NT-proBNP cut-point
used in the PONTIAC study was based on the prediction of
short-term CVD events in diabetic patients without cardiac dis-
ease, where 125 pg/mL NT-proBNP (14.8 pmol/L) achieved a sensi-
tivity of 79.5% and a specificity of 60%, and an AUC of 0.785.23 Type
2 diabetic patients (mean age 68 years) free of cardiac disease with
NT-proBNP> 125 pg/mL (14.8 pmol/L) randomised to up-titration
of renin–angiotensin system antagonist and beta-blocker therapies
had a lower rate of hospitalisation or death due to cardiac disease
after 2 years than those randomised to usual care in the PON-
TIAC study.25 Prediction of HF hospitalisation by NT-proBNP level
was also examined in participants of the Cardiovascular Health
Study (mean age 73 years), where an NT-proBNP cut-point of
190 pg/mL (22.5 pmol/L) achieved a sensitivity of 47.6% and a speci-
ficity of 75.6%.7 Thus, serum NT-proBNP levels performed simi-
larly in the prediction of CVD events in diabetic patients in the
PONTIAC study,23 and in the prediction of HF in SCREEN-HF
participants. The STOP-HF and PONTIAC studies demonstrated
the potential utility of NT-proBNP-guided therapy to prevent not
only HF but also other cardiovascular events. The present study
expands on these prior reports by emphasising the effect of age
on NT-proBNP levels and defining age-specific cut-points that may
lead to improved identification of HF risk and improved HF preven-
tion in the general community. As the ACC/AHA/HFSA guidelines
state, further studies are needed to determine cost-effectiveness
and risk of such screening, as well as its impact on quality of life and
mortality rate.8

Strengths and limitations of the study
The strengths of our study include the diagnosis of HF in a predom-
inantly ambulant setting and the long duration of observation such
that baseline serum NT-proBNP levels were measured well before
HF diagnosis. A key limitation of our study was that the inclu-
sion criteria with respect to age and cardiovascular risk factors,
together with the SCREEN-HF cohort comprising volunteers who
were predominantly members of a health fund, are cause for cau-
tion in the generalisation of our findings to the general community.
However, the SCREEN-HF cohort was not that dissimilar to the
general Australian population aged ≥ 60 years; of Australians aged
65–74 years, 70% have hypertension,27 17% have diabetes,28 38.2%
of men and 32.7% of women are obese,29 5% have AF,30 and 53%
have CVD.31 We enrolled a cohort ≥ 60 years of age with CVD ..
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.. risk factors in order to achieve sufficient events during follow-up.
Our inclusion criteria would have captured up to 90% of individ-
uals in the general community at risk of HF,32 and we therefore
believe that the NT-proBNP cut-points identified in our study are
likely to be applicable to the general community. We excluded
individuals known at baseline to have reduced LVEF or significant
valve abnormality because such individuals have well recognised
HF risk, and our aim was to identify otherwise unrecognised HF
risk in a community cohort. The echocardiographic examinations
performed as part of the SCREEN-HF study, and the prediction
of echocardiographic findings by NT-proBNP levels, will be the
subject of future analyses.

Conclusions and implications
We identified age-specific serum NT-proBNP cut-points with the
potential to inform prognostic and therapeutic decisions regard-
ing HF risk, achieving a sensitivity of > 75% in men and women
aged 60–69, 70–79 and ≥ 80 years, and in most subgroups accord-
ing to BMI, eGFR, and the presence or absence of AF, pace-
maker, or CVD, and for the prediction of HFpEF, HFrEF and VHF.
Moreover, these cut-points identified increased HF risk for at
least 6 years into the future, indicating that an appropriate inter-
val between NT-proBNP measurements to identify HF risk is
4–5 years. Future prospective studies are required to determine
whether use of the age-specific serum NT-proBNP cut-points
identified in our study to guide therapy can delay or prevent HF
development.

Supplementary Information
Additional supporting information may be found online in the
Supporting Information section at the end of the article.
Figure S1. Change in AUC for the prediction of total inci-
dent heart failure in SCREEN-HF participants by baseline serum
NT-proBNP levels over time. (A) Change in AUC for cumulative
events over 6 years of follow-up. (B) Change in AUC for each of
the first 6 years of follow-up.
Figure S2. Change in serum NT-proBNP levels over time for
individual SCREEN-HF participants who developed heart failure
during follow-up. (A) Change in NT-proBNP levels before diagnosis
of heart failure for participants who had two or more NT-proBNP
measurements ≥12 months apart. (B) Change in NT-proBNP levels
from the NT-proBNP measurement before heart failure diagnosis
to the NT-proBNP measurement after heart failure diagnosis.
Also shown in (A) and (B) are the baseline NT-proBNP levels
for participants aged 60–69, 70–79, and≥ 80 years who did not
develop heart failure during follow-up and participants who did
develop heart failure during follow-up.
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