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Abstract

Background: Despite the growing burden of heart failure (HF), there have been no recommendations for use of
any of the primary prevention models in the existing guidelines. HF was also not included as an outcome in the
American College of Cardiology/American Heart Association (ACC/AHA) risk score.

Methods: Among 2743 men and 3646 women aged 2 55 years, free of HF, from the population-based Rotterdam
Study cohort, 4 Cox models were fitted using the predictors of the ACC/AHA, ARIC and Health-ABC risk scores.
Performance of the models for 10-year HF prediction was evaluated. Afterwards, performance and net
reclassification improvement (NRI) for adding NT-proBNP to the ACC/AHA model were assessed.

Results: During a median follow-up of 13 years, 429 men and 489 women developed HF. The ARIC model had the
highest performance [c-statistic (95% confidence interval [Cl]): 0.80 (0.78; 0.83) and 0.80 (0.78; 0.83) in men and
women, respectively]. The c-statistic for the ACC/AHA model was 0.76 (0.74; 0.78) in men and 0.77 (0.75; 0.80) in
women. Adding NT-proBNP to the ACC/AHA model increased the c-statistic to 0.80 (0.78 to 0.83) in men and 0.81
(0.79 to 0.84) in women. Sensitivity and specificity of the ACC/AHA model did not drastically change after addition
of NT-proBNP. NRI(95%Cl) was — 23.8% (— 19.2%; — 28.4%) in men and — 27.6% (— 30.7%; — 24.5%) in women for
events and 57.9% (54.8%; 61.0%) in men and 52.8% (50.3%; 55.5%) in women for non-events.

Conclusions: Acceptable performance of the model based on risk factors included in the ACC/AHA model
advocates use of this model for prediction of HF risk in primary prevention setting. Addition of NT-proBNP
modestly improved the model performance but did not lead to relevant discrimination improvement in clinical risk
reclassification.
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Background

Heart failure (HF) remains a major public health problem
among men and women worldwide [1, 2]. The growing
morbidity and mortality of HF, along with poor quality of
life and prognosis, high costs, and the challenges of treat-
ing clinically overt HF highlight the need for more effi-
cient preventive strategies [3, 4]. To identify high risk
individuals who would benefit most from early prevention,
several HF risk prediction models have been developed [5,
6]. However, none of these models have been recom-
mended for routine use in clinical practice [5].

The recent American College of Cardiology (ACC)/
American Heart Association (AHA) guidelines use the
pooled cohort equations (PCE) to predict 10-year risk of
atherosclerotic cardiovascular disease (ASCVD). Com-
pared to the previous guidelines, the newer guidelines
have expanded the focus from coronary heart disease
(CHD) only to an ASCVD outcome that additionally in-
cludes stroke [7]. Due to variability between studies in
ascertainment of HF, incident HF has not been included
in this newly expanded outcome. The PCE is comprised
of the traditional cardiovascular risk factors which were
among the ten most consistently reported predictors in-
cluded in HF prediction models in a recent meta-
analysis [6]. Compared to the more specific HF predic-
tion models, risk factors included in the PCE are simple
to measure and available in most clinical settings.

In this study, we assessed the performance of a model
fitted based on the risk factors used in the PCE (ACC/
AHA model) for 10-year HF prediction among men and
women from the large prospective population-based
Rotterdam Study. We also compared the performance of
this model for HF prediction with the performance of
models based on risk factors included in the two risk
scores that have been specifically developed and vali-
dated to predict HF in the general population; namely
the Atherosclerosis Risk in Communities (ARIC) and
the Health Aging and Body Composition (Health ABC)
HF risk scores [8, 9]. Furthermore, we investigated
whether addition of NT-proBNP, to the ACC/AHA risk
score improved HF risk prediction.

Methods

Study sample

This project was carried out within the framework of the
Rotterdam Study, a prospective population-based study
among subjects 45years and older in Rotterdam, the
Netherlands. The baseline examination of the Rotterdam
Study included 7983 individuals and was completed be-
tween 1989 and 1993 (RS-I). The cohort has been ex-
tended twice (3011 individuals, RS-II, recruited in 2000—
2001 and 3932 individuals, RS-III, in 2006) to include
participants who were 45 years or older or had moved to
the study area. Rotterdam Study participants have been
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followed up ever since and the examinations have been
repeated every 3—4vyears. The overall response for all
three study cycles at entry was 72.0% (14,926 of 20,744).
The rationale and design of the study have been previ-
ously described [10]. The Rotterdam Study has been ap-
proved by the Medical Ethics Committee of the Erasmus
MC (registration number MEC 02.1015) and by the
Dutch Ministry of Health, Welfare, and Sport (Popula-
tion Screening Act WBO, license number 1071272-
159521-PG). The Rotterdam Study has been entered into
the Netherlands National Trial Register (NTR; www.
trialregister.nl) and into the WHO International Clinical
Trials Registry Platform (ICTRP; www.who.int/ictrp/
network/primary/en/) under shared catalog number
NTR6831. All participants provided written informed
consent to participate in the study and to have their in-
formation obtained information from their treating
physicians.

The present study used data from the third examin-
ation of the original cohort (RS-I-3, 1997-1999, n =
4755) and the first examination of the extended cohort
(RS-1I-1, 7 =3011) had blood samples (RS-I-3, n =4063
and RS-II-1, n =2630). We excluded participants with a
history of HF at baseline (n =258), those with incom-
plete data at baseline or lost to follow-up (1 = 46). After
exclusions, 6389 participants (2743 men, 3646 women)
were included in the study (Fig. 1).

Predictors of HF

Body mass index (BMI) was calculated based on weight
in kilograms divided by height in meters squared. Blood
pressure was measured on the right arm using a
random-zero sphygmomanometer at sitting position.
Two measurements were performed and the average of
the two was used in the analyses. Antihypertensive treat-
ment for hypertension, use of lipid lowering medication,
history of diabetes mellitus, and history of CHD were
based on clinical information obtained from general
practitioners and letters or discharge reports from med-
ical specialists [11]. Information on smoking behavior
was acquired from questionnaires. For the ACC/AHA
model, participants were classified as current smokers
versus former or never smokers. For the Health ABC
and ARIC models, smoking status was classified as
current, former, and never. Fasting serum glucose levels
were determined using the glucose hexokinase method
and serum total and high-density lipoprotein (HDL)
cholesterol were measured using an automatic enzymatic
procedure (Hitachi 911, Roche CHOD PAP). Serum cre-
atinine levels were measured using an enzymatic assay
(Roche Diagnostics, Mannheim, Germany) which was
calibrated by isotope dilution mass spectrometry. Serum
NT-proBNP was measured using a commercially avail-
able electrochemiluminescence immunoassay (Elecsys
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N= 7766
RS-I-3 = 4755
RS-1I-1 =3011

N= 6693
RS-I-3 with blood samples = 4063
RS-II-1 with blood samples = 2630

Prevalent heart failure at baseline = 258

Lost to follow-up =3
Incomplete data at baseline = 43

2743 men and 3646 women

Fig. 1 Flowchart of the included study participants

proBNP, F Hoffman-La Roche Ltd.) on an Elecsys 2010
analyzer [12]. Left ventricular hypertrophy (LVH) was
diagnosed based on Sokolov-Lyon criteria by the Modu-
lar ECG Analysis System program with an algorithm
taking into account QRS voltages with an age-dependent
correction and repolarization [13]. Presence of atrial fib-
rillation (AF) was based on the clinical and ECG evi-
dence from medical records [11].

HF assessment
Ascertainment of HF for the Rotterdam Study has been
previously described [11]. Information on prevalent HF
cases at entry were obtained from a database containing
hospital discharge diagnoses from all hospitals in Rotter-
dam at entry [11, 14]. During follow-up, diagnosis of in-
cident HF was also based on clinical information
systematically collected from the general practitioner
medical records and verified hospital discharge diagno-
ses collected from all hospitals in Rotterdam. Based on
the criteria of the European Society of Cardiology (ESC),
the diagnosis of definite HF was based on the presence
of two signs or symptoms suggestive of HF, established
by objective evidence of cardiac dysfunction, confirmed
by a medical specialist [15]. HF was classified as prob-
able if at least two typical symptoms of HF were present
and at least one of the following: history of CVD (M],
valvular heart disease, hypertension), response to treat-
ment for HF, or objective evidence of cardiac dysfunc-
tion, while symptoms could not be attributed to another
disease. In accordance with the ESC guidelines, only def-
inite and probable cases were used in the Rotterdam
Study definition [15].

The incident date for HF was defined as the date of
the first occurrence of symptoms suggestive of HF from
the medical records or the day of receipt of a first

prescription for a loop diuretic or an angiotensin-converting
enzyme inhibitor, whichever one preceded [11].

Statistical analysis

Baseline characteristics of men and women were pre-
sented as mean [standard deviation (SD)] for normally
distributed data and as median [interquartile range
(IQR)] for skewed data and were compared using the
Student ¢ tests for continuous variables and y” tests for
categorical data. Logarithmic transformation was made
on NT-proBNP to account for its skewed distribution.
We used multiple imputation for missing values on co-
variates (All missing <5%) [16]. Parameter estimates
were obtained by pooling 5 imputed datasets using
Rubin rules [16].

Three different Cox proportional hazards models were
developed by refitting risk factors from the PCE risk
score (ACC/AHA model), the ARIC HF risk score
(ARIC model) and the Health ABC HF risk score
(Health ABC model). Although these models were refit-
ted, for simplicity, we call them ACC/AHA, ARIC, and
Health ABC models. Ten-year HF risk was estimated per
model. Predictors included in the ACC/AHA model
were age, total and HDL cholesterol, systolic blood pres-
sure, antihypertensive treatment, current smoking, and
history of diabetes. The ARIC model included age, heart
rate, systolic blood pressure, antihypertensive treatment,
history of diabetes, history of CHD, smoking status
(current, former, never), BMI and NT-proBNP. The
Health ABC model included age, history of CHD, LVH,
systolic blood pressure, heart rate, smoking status
(current, former, never), glucose, and creatinine. Due to
unavailability, albumin measurement was left out of the
Health ABC model. In addition, a fourth model was built
that additionally included NT-proBNP in the ACC/AHA
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model as a predictor (ACC/AHA + NT-proBNP model).
All models were separately developed for men and
women.

For each model, a full model including interaction
terms between age and NT-proBNP and between SBP
and antihypertensive medication use (if applicable) and
natural splines with 2 knots for age and NT-proBNP (if
applicable) was first specified, forcing on the variables of
the respective risk scores. Schoenfeld’s test of residuals
using the Kaplan-Meier estimate of the survival function
was used to check the proportionality of the regressions.
Then, backward selection was performed using log likeli-
hood ratio to compare all these nested models. A P value
of 0.2 was considered for inclusion of nonlinear and
interaction terms in multivariable models.

To compare the models, Akaike information criterion
(AIC) was used. Calibration of the models was graphic-
ally evaluated by creating model-based risk plots and
was further assessed with the Greenwood-D’Agostino-
Nam test [17]. The discriminative performance of the
fitted models was assessed by calculating the modified c-
statistic by using the technique of inverse probability of
censoring weighting (IPCW) for censored data [18].

To evaluate the implication of NT-proBNP on risk as-
sessment, performance of the ACC/AHA and the ACC/
AHA + NT-proBNP models for 10-year HF prediction
were compared. We assessed the performance of the
two models by calculating the time-dependent sensitiv-
ity, specificity, positive and negative predicted values for
survival data. To do this, risk cutoffs introduced by the
ACC/AHA guideline for ASCVD (5%, 7.5%, and 20%)
were used [19]. We also calculated continuous and cat-
egorical NRIs. Reclassification tables were constructed to
investigate the number of individuals with and without
the HF event, reclassified to a higher or lower category
of 10-year risk for HF. Risk categories were defined
using the same cutoffs [low-risk (<5%), borderline risk
(=5% and <7.5%), intermediate risk (>7.5% and < 20%),
and high risk (=20%)].

The original ACC/AHA model was developed for
ASCVD risk calculation among asymptomatic individ-
uals. Therefore, as a sensitivity analysis, the performance
of the ACC/AHA model was also evaluated after
addition of CHD history to the model. Furthermore, all
analyses were once repeated in a sample with further ex-
clusions for prevalent CHD and AF and use of lipid low-
ering medication based on the ACC/AHA guidelines.

All analyses were performed using R version 3.6.1
(Packages: mice, rms, survCl, timeROC, ggplot2).

Results

Mean (SD) age was 68.0 (7.78) years in men and 69.2
(8.58) years in women (Table 1). Mean BMI (kg/mz) was
slightly higher in women [26.5 (3.27) in men versus 27.3
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(4.39) in women]. Glucose and creatinine levels were
higher in men [6.09 (1.70) mmol/l in men and 5.87
(1.47) mmol/l in women for glucose and 89.0 (18.2)
mmol/l in men and 70.8 (13.5) mmol/l in women for
creatinine]. However, total and HDL cholesterol levels
were higher in women. Thirty percent of men and 35%
of women used antihypertensives while 14% and 12%
took lipid lowering medications, respectively. More men
(13.8%) had a history of CHD than women (3.3%). Like-
wise, more men had diabetes (14.7% compared to 11.6%
in women). Median NT-proBNP levels were higher in
women [median (IQR): 8.19 (13.4) in men and 10.8
(13.2) in women]. Data on covariates were missing for
less than 5% in men and women.

During a median follow-up of 13years, 429 and 489
incident cases of HF were identified in men and women,
respectively (incident rate: 14.5 per 1000 person-years in
men and 11.4 per 1000 person-years in women). Supple-
mentary Table 1 (Additional file 1) details the
multivariable-adjusted hazard ratios (HRs) and 95% con-
fidence intervals (95% ClIs) for 10-year incident HF for
the ACC/AHA, the ARIC, the Health ABC and the
ACC/AHA + NT-proBNP models in men and women.

Comparing the models, the Health ABC model had
the lowest AIC in men and women (5651.2 and 6656.2,
respectively) with 11 degrees of freedom (see Supple-
mentary Table 2, Additional file 1). The overall fit of the
ARIC model was 5953.2 in men 6908.0 in women with 9
degrees of freedom. The AIC of the ACC/AHA model
was 6213.4 in men and 7503.2 in women. The AIC of
the ACC/AHA model improved substantially (P for the
log-likelihood ratio test <0.001) after adding NT-
proBNP (5970.9 in men and 7179.4 in women). Calibra-
tion plots of observed and predicted risks were reason-
able (see Supplementary Figure 1, Additional file 1). The
Greenwood-D’Agostino-Nam test also indicated that all
models were well-calibrated (All P > 0.20).

Figure 2 shows the discriminative performance of each
model in men and women. The ARIC model had the
highest discriminative ability in men and women [c-stat-
istic (95% CI): 0.80 (0.78 to 0.83) and 0.80 (0.78 to 0.83),
respectively]. The c-statistic for the ACC/AHA model
was 0.76 (0.74 to 0.78) in men and 0.77 (0.75 to 0.80) in
women. By adding NT-proBNP to the ACC/AHA
model, the c-statistic increased to 0.80 (0.78 to 0.83) in
men and 0.81 (0.79 to 0.84) in women.

Using cutoffs introduced by the recent ACC/AHA
guidelines, the ACC/AHA model categorized 0.04% of
men as low risk, 1.5% as borderline, 27.6% as intermedi-
ate, and 70.9% as high risk (Fig. 3). Among women, the
ACC/AHA model allocated 7% as low risk, 14.4% as bor-
derline, 38.2% as intermediate, and 40.4% as high risk.
Continuous NRI (95% CI) after adding NT-proBNP to
the ACC/AHA model was 0.08 (- 0.08 to 0.16) in men
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Table 1 Characteristics of the study population

Clinical features Men (N =2743) Women (N =3646) P value*
Age, years 68.0 (7.78) 69.2 (8.58) <0.001
BMI, kg/m2 26.5 (3.27) 27.3 (4.39) <0.001
Systolic blood pressure, mmHg 142 (20.8) 143 (21.5) 0350
Hear rate, bpm 694 (11.9) 71.7 (10.9) 0.032
Total cholesterol, mmol/I 5.54 (0.95) 6.01 (0.95) <0.001
HDL, mmol/I 124 (0.32) 150 (0.40) <0.001
Antihypertensive use, N (%) 856 (32.7) 1220 (35.3) < 0.001
Lipid lowering medication, N (%) 364 (13.8) 420 (12.0) <0.001
Creatinine, mmol/I" 89.0 (18.2) 70.8 (13.5) <0.001
Glucose, mmol/I 6.09 (1.70) 5.87 (147) <0.001
LVH, N (%) 176 (7.30) 119 (3.80) 0.034
NT-proBNP, pmol/I" 8.19 (134) 108 (13.2) <0001
Prevalent CHD, N (%) 370 (13.8) 118 (3.30) <0.001
Prevalent diabetes, N (%) 403 (14.7) 423 (11.6) 0.009
Smoking, N (%) < 0.001

Current 652 (25.3) 614 (17.2) -

Past 1604 (62.2) 1315 (36.8) -

Never 322 (12.5) 1648 (46.1) -

Data are mean (standard deviation (SD)) for continuous variables, Tmedian (interquartile range (IQR)) for skewed variables, and number (percentage) for
categorical variables from the original data

Proportion of missing: Among men: SBP: 0.18%, heart rate: 0.55%, total cholesterol, BMI and glucose: each 0.9%, HDL: 1.7%, creatinine: 1.6%, NT-proBNP: 1.6%,
antihypertensive use: 2%, smoking: 2.7%, LVH: 2.9%

Among women: SBP: 0.86%, heart rate: 1.43%, total cholesterol, glucose: 1.6%, antihypertensive use: 1.8%, smoking: 1.9%, BMI: 2.1%, creatinine: 1.8%, NT-proBNP:
2%, HDL: 2.6%, LVH: 2.6%

BMI body mass index, CHD coronary heart disease, HDL high-density lipoprotein, LVH left ventricular hypertrophy

*P value for differences in characteristics between men and women

Men
Model c-statistic (95%Cl)
ACCIAHA  076(074100.79) -
ARIC 0.80 (0.78 to 0.83) ——
Health ABC 0.77 (0.75 to 0.80) ——
ACC/AHA + NT-proBNP 0.80 (0.78 to 0.83) ——
Women
Model c-statistic (95%Cl)
ACCIAHA  0.77(075100.80)
ARIC 0.80 (0.78 to 0.83)
Health ABC 0.77 (0.74 to 0.80)
ACC/AHA + NT-proBNP 0.81 (0.79 to 0.84)
0.70 0.75 0.80 0.85 0.90
c-statistic (95%Cl)
Fig. 2 Discriminative performance of models for 10-year heart failure prediction )
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Fig. 3 Observed risk categories based on the ACC/AHA model in men and women. Risk categories are low-risk (< 5%), borderline risk (= 5%
and < 7.5%), intermediate risk (= 7.5% and < 20%), and high risk (= 20%)]

and 0.12 (0.02 to 0.22) in women. As for categorical
NRI, event NRI (95% CI) was —23.8% (-284% to -
19.2%) and non-event NRI (95% CI) was 57.9% (54.8% to
61.0%) for men. Among women, event and non-event
NRI (95% CI) were —27.6% (-30.7% to —24.5%) and
52.8% (50.3% to 55.5%), respectively (see Supplementary
Table 3, Additional file 1). Reclassification of individuals
with and without the HF event to higher or lower risk
categories is depicted in (see Supplementary Figure 2,
Additional file 1).

Overall the sensitivity of the ACC/AHA + NT-proBNP
model was higher using different cutoffs in men and
women. Specificity and predictive discrimination values
were similar for both models at the 5 and 7.5% risk
thresholds (Table 2). As expected, the sensitivity de-
clined and the specificity increased for both models
when risk threshold increased from 5 to 7.5% and to
20%. Using a cutoff of 20%, the ACC/AHA model cor-
rectly classified 9% of men and women who developed
HF during follow-up at high risk (sensitivity). Also, 99%
of men and women who remained event free during
follow-up were correctly classified at low risk (specifi-
city) by the ACC/AHA model. But, for the ACC/AHA +
NT-proBNP model, the sensitivity and specificity were
16% and 99% in men, and 21% and 99% in women. From
men and women categorized as >20% risk by the ACC/
AHA model 88% and 57% developed HF during follow-

up (positive predicted value), whereas from those catego-
rized at low-risk group 89% of men and 92% of women
remained event free during the follow-up (negative pre-
dicted value). For the ACC/AHA + NT-proBNP model,
positive and negative predicted values were 84% and
90% in men, respectively. In women, the ACC/AHA +
NT-proBNP model, positive and negative predicted
values were 69% and 93%, respectively. Results for the
analyses using the thresholds of 5%, 7.5%, and 20% 10-
year HF risk are shown in Table 2.

In sensitivity analyses, prevalent CHD was added to
the ACC/AHA and the ACC/AHA + NT-proBNP
models. We also repeated the analyses excluding partici-
pants with AF and prevalent CHD and those using lipid
lowering medication according to the ACC/AHA guide-
lines. The performance of the models did not change
substantially (data not shown).

Discussion

A simple model based on traditional cardiovascular risk
factors included in the ACC/AHA model showed a rea-
sonable performance in predicting 10-year HF among
men and women from the population-based Rotterdam
Study. The performance of the model based on ACC/
AHA risk factors for HF prediction was comparable to
the models based on risk factors included in the ARIC
and Health ABC HF models. Adding NT-proBNP to the
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Risk thresholds

5%

7.5%

20%

Men

Sensitivity (95% Cl)

ACC/AHA

ACC/AHA + NT-proBNP
Specificity (95% Cl)

ACC/AHA

ACC/AHA + NT-proBNP
Positive predicted value (95% Cl)

ACC/AHA

ACC/AHA + NT-proBNP
Negative predicted value (95% Cl)

ACC/AHA

ACC/AHA + NT-proBNP

Women

Sensitivity (95% Cl)

ACC/AHA

ACC/AHA + NT-proBNP
Specificity (95% Cl)

ACC/AHA

ACC/AHA + NT-proBNP
Positive predicted value (95% Cl)

ACC/AHA

ACC/AHA + NT-proBNP
Negative predicted value (95% Cl)

ACC/AHA

ACC/AHA + NT-proBNP

80% (78% to 82%)
83% (81% to 85%)

70% (69% to 71%)
72% (71% to 73%)

27% (25% to 28%)
29% (27% to 30%)

96% (96% to 97%)

97% (96% to 97%)

81% (79% to 83%)

85% (83% to 87%)

67% (66% to 78%)
69% (68% to 70%)

19% (18% to 20%)
21% (20% to 22%)

97% (97% to 98%)
98% (98% to 99%)

50% (47% to 53%)
58% (55% to 61%)

90% (89% to 91%)
90% (89% to 91%)

40% (37% to 43%)
44% (41% to 46%)

93% (92% to 93%)

94% (93% to 95%)

52% (49% to 55%)

63% (60% to 66%)

89% (88% to 90%)
87% (86% to 88%)

31% (29% to 33%)
33% (31% to 35%)

95% (95% to 96%)
96% (95% to 96%)

9% (8% to 11%)
16% (14% to 18%)

99% (99% to 100%)
99% (99% to 100%)

88% (80% to 96%)
84% (79% to 90%)

89% (87% to 89%)

90% (89% to 90%)

9% (8% to 12%)

21% (18% to 23%)

99% (99% to 100%)
99% (99% to 100%)

57% (48% to 67%)
69% (64% to 74%)

92% (91% to 93%)
93% (92% to 93%)

ACC/AHA model modestly improved model perform-
ance but did not lead to relevant clinical improvement
in risk reclassification.

Compared to CHD and stroke, prediction of incident
HF remains a challenge [5, 6]. In spite of the large number
of risk prediction models developed for incident HF, there
have been no recommendations for routine clinical use of
any of the models in the existing guidelines [5]. This is
while, preventive interventions significantly reduce the
risk of incident HF [3]. In addition to generalizability is-
sues and methodological heterogeneity, models specifically
developed to predict HF are based on various markers
which have higher technical demands and might not be
available in all clinical settings [5, 8, 9, 20]. HF can have is-
chemic or non-ischemic origins. Although CHD and
hypertension are the leading causes of HF, a high propor-
tion of this syndrome is attributed to other cardio-
metabolic risk factors [21]. Moreover, biomarkers have
shown limited predictive capability for HF risk

stratification and have not profited clinical decision mak-
ing [22]. The ACC/AHA model for ASCVD risk assess-
ment consists of the traditional cardiovascular risk factors
that are also associated with HF [7]. In our analysis, the
model based on traditional cardiovascular risk factors in-
cluded in the ACC/AHA model had a performance almost
similar to the Health ABC model and close to the ARIC
model for HF risk assessment in general population. In a
meta-analysis of HF prediction models, among the 53 po-
tential predictors considered in 19 studies between 1990
and 2016, age, sex and systolic blood pressure were the
most common selected predictors [6]. To note, the predic-
tors in the ACC/AHA model were among the 10 most
used predictors in these dedicated HF prediction models.
They are also commonly used in predicting HF prognosis
and other cardiovascular outcomes [23]. The acceptable
performance of the model based on risk factors from the
ACC/AHA algorithm for HF prediction in our study ad-
vocates implementing this model for primary HF
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prevention. Addition of NT-proBNP to the ACC/AHA
model improved model performance in both sexes. There
was overlap between men and women in the discrimin-
ation of both the ACC/AHA and the ACC/AHA + NT-
proBNP models. Nevertheless, the improvement in the c-
statistic after addition of NT-proBNP was slightly greater
among women. To note, levels of NT-proBNP/BNP have
not shown to be different between men and women with
acute or chronic HF [24]. Also, women have slightly lower
NT-proBNP/BNP levels in clinical setting which has been
attributed to higher prevalence of HF with preserved ejec-
tion fraction among women [25]. Thus, an overlap in the
performance of the model by adding these biomarkers is
not far from expectation.

Studies have shown mixed results regarding the contri-
bution of NT-proBNP/BNP to improvement of CVD risk
prediction in men and women [26]. NT-proBNP has dis-
played no or only modest impact in increasing the dis-
criminative ability or risk classification of CVD risk
prediction models in the general population [22, 25, 27—
29]. On the contrary, in high-risk individuals with previ-
ous history of CVD, higher prognostic ability has been re-
ported [25]. It should be considered that a wide variety of
cardiac and non-cardiac conditions are also associated
with elevated serum levels of this biomarker [30]. More-
over, high levels of NT-proBNP are associated with
creatinine level, sex, age, and inversely associated
with BMI independent of ventricular function [1, 19,
31]. This is probably why its discriminative ability
for detection of left ventricular systolic dysfunction
has been suboptimal, limiting its utility in mass
screening [32].

Using different cutoffs, addition of NT-proBNP
was accompanied by slight increases in the sensi-
tivity and specificity of the models in both sexes.
Only at the 20% cutoff, the difference in the sensi-
tivity and specificity of the two models was more
evident and NT-proBNP increased the NPV and
PPV of the model more evidently. Also, continuous
NRI in men was smaller than women. However,
using the ACC/AHA risk cutoffs, NT-proBNP
mainly correctly down-classified participants with-
out the event in both sexes and did not show large
improvement in reclassifying participants with the
event. In line with our study, Willeit et al. showed
a strong association between NT-proBNP and the
composite outcome of stroke, CHD, and HF [28].
But the increase in the c-statistic of the model
after adding NT-proBNP was modest. Interestingly,
they also specified that NT-proBNP improved risk
prediction by appropriately down classifying the
clinical risk of those without the event. Moreover,
they observed similar changes using cutoffs used
by different guidelines [28].
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NT-proBNP/BNP is an established diagnostic and
prognostic biomarker in HF patients [31]. For prediction
of incident HF alone, NT-proBNP/BNP has shown to
improve model performance [8, 33, 34]. However, des-
pite the association of increasing NT-proBNP/BNP
levels with substantial risk of HF, it is not a cost-
effective screening tool to assess for preclinical heart
failure or LV dysfunction, limiting its utility to highly se-
lected populations [30]. In this regard, NT-proBNP test-
ing has a clear and valuable role in the diagnosis of CHF
in the emergency diagnosis of patients with dyspnea
[35]. The strength of BNP is in its ability to rule out
CHEF in this setting. Likewise, the favorable clinical utility
of adding NT-proBNP to the ACC/AHA model in risk
reclassification was mainly limited to the non-events in
our study. To add, BNP has shown a high NPV to rule
out diastolic dysfunction or LVH [36, 37]. The ACC/
AHA + NT-proBNP model also showed a high NPV for
HF in our study using different risk cutoffs but the dif-
ferences were more evident among those at high risk,
using a cutoff of 20% which again emphasizes that NT-
proBNP might be useful in prediction of HF only among
high risk populations. Specifically, this utilization might
be more towards ruling out HF rather than its rule-in
ability [30].

Strengths of our study are use of a large sample size
and detailed long follow-up data. Our HF event adjudi-
cation was robust and well-defined. Moreover, a large
set of various and precisely measured variables were
available for this study. There are also limitations. The
Rotterdam Study population is mainly white and 45
years of age and older, compared with the ARIC and the
PCE study populations. Mean age of the study popula-
tion in the ARIC study [54.1(6.0) years] was younger
than our total population [69.7 (8.27)] while mean age in
the health ABC study [73.6 (2.9)] was somewhat closer
to our study population, but with less variability. As the
strongest predictor of HF, differences in age could ex-
plain to some extent the differences in the performance
of the models. Hence, we refitted the models based on
the variables used in the risk scores. Our study is an at-
tempt for internal validation of the ACC/AHA risk score
for prediction of incident HF which may have led to
overestimation of its performance. To assess the trans-
ferability of predictive models, they need to be externally
validated to make it possible for them to be used in clin-
ical settings [5, 6]. Also, because of unavailability of al-
bumin, we were not able to include it in the Health ABC
model. In addition, we did not have data on HF subtypes
at the time of diagnosis. Inaccessibility of data on sub-
types of HF is also a limitation of population-based co-
hort studies, like the ARIC and the health ABC studies.
Moreover, our results might not be generalizable to
younger individuals and other ethnicities.
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Conclusion

The model based on traditional risk factors included in
the ACC/AHA model had an acceptable performance,
comparable to more sophisticated models, for predicting
10-year HF among men and women from the general
population. Our results therefore advocate use of this
model for HF primary prevention. Addition of NT-
proBNP to the ACC/AHA model leads to modest im-
provement in model performance, in particular among
women. However, the clinical relevance of adding this
biomarker for correct risk reclassification is limited.
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