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Aims Several heart failure (HF) web-based risk scores are currently used in clinical practice. Currently, we lack head-to-head
comparison of the accuracy of risk scores. This study aimed to assess correlation and mortality prediction
performance of Meta-Analysis Global Group in Chronic Heart Failure (MAGGIC-HF) risk score, which includes
clinical variables + medications; Seattle Heart Failure Model (SHFM), which includes clinical variables + treatments
+ analytes; PARADIGM Risk of Events and Death in the Contemporary Treatment of Heart Failure (PREDICT-HF)
and Barcelona Bio-Heart Failure (BCN-Bio-HF) risk calculator, which also include biomarkers, like N-terminal pro
B-type natriuretic peptide (NT-proBNP).

Methods A total of 1166 consecutive patients with HF from different aetiologies that had NT-proBNP measurement at first

and results visit were included. Discrimination for all-cause mortality was compared by Harrell’s C-statistic from 1 to 5years,
when possible. Calibration was assessed by calibration plots and Hosmer—Lemeshow test and global performance by
Nagelkerke’s R2. Correlation between scores was assessed by Spearman rank test. Correlation between the scores
was relatively poor (rho value from 0.66 to 0.79). Discrimination analyses showed better results for 1-year mortality
than for longer follow-up (SHFM 0.817, MAGGIC-HF 0.801, PREDICT-HF 0.799, BCN-Bio-HF 0.830). MAGGIC-HF
showed the best calibration, BCN-Bio-HF overestimated risk while SHFM and PREDICT-HF underestimated it.
BCN-Bio-HF provided the best discrimination and overall performance at every time-point.

Conclusions None of the contemporary risk scores examined showed a clear superiority over the rest. BCN-Bio-HF calculator
provided the best discrimination and overall performance with overestimation of risk. MAGGIC-HF showed the best
calibration, and SHFM and PREDICT-HF tended to underestimate risk. Regular updating and recalibration of online
web calculators seems necessary to improve their accuracy as HF management evolves at unprecedented pace.
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Head-to-head comparison of contemporary heart failure risk scores. ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il
receptor blocker; ARNI, angiotensin receptor-neprilysin inhibitor; BB, beta-blocker; CRT, cardiac resynchronization therapy; ICD, implantable
cardioverter-defibrillator; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF,
heart failure with reduced ejection fraction; MRA, mineralocorticoid receptor antagonist..
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Introduction

Scales for predicting death in patients with heart failure (HF)
are continuously evolving, and risk prediction is a cornerstone of
HF management. Over the last three decades, several web-based
scores have been devised to aid clinicians in assessing patient
prognosis, and ultimately, improving the appropriateness and timing
of disease-modifying treatments.

Among contemporary risk scores, the Seattle Heart Failure
Model (SHFM), published in 2006, was the pioneer, and it has
been extensively validated." In the last decade of the 20™ cen-
tury, the SHFM was derived using the data previously collected
in the Prospective Randomized Amlodipine Survival Evaluation
(PRAISE-1) cohort (n =1125), and thereafter validated using five
other cohorts (n =9942) with predominantly reduced left ven-
tricular ejection fraction (LVEF). PRAISE-1 was a randomized trial
of amlodipine vs. placebo among patients in the United States

Risk prediction

and Canada with LVEF <30% and New York Heart Association
(NYHA) functional class llIB to IV. The SHFM incorporates clin-
ical variables, medical treatment (excluding sacubitril/valsartan),
and conventional laboratory analytes (e.g. haemoglobin, lympho-
cyte count, uric acid, total cholesterol, and sodium). Remarkably,
the relative effects of HF medications could not be obtained from
the derivation cohort; instead, the benefits were estimated from
published trials or meta-analyses. Model discriminant ability was
determined by the 1-year receiver operating characteristic area
under the curve (AUC). The 1-year AUC for PRAISE-1, the deriva-
tion cohort, was 0.725 [95% confidence interval (Cl) 0.69-0.76].
The SHFM online calculator was updated in 2013 with a modifica-
tion of the baseline survival function to provide a more accurate
estimate of 2—5 year survival.

The Meta-Analysis Global Group in Chronic Heart Failure
(MAGGIC-HF) score was published in 2012. The MAGGIC-HF
score was derived around the turn of the 20t century, based
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on a large, heterogeneous cohort using individual data on 39 372
patients with HF, both reduced and preserved LVEF, from 30
cohort studies, six of which were clinical trials. Thirteen inde-
pendent variables were identified to predict all-cause mortal-
ity at 1 and 3years,2 including age, LVEF, NYHA class, serum
creatinine, diabetes, systolic blood pressure, body mass index,
HF duration, current smoking, chronic obstructive pulmonary
disease (COPD), male sex, and treatment with beta-blockers,
angiotensin-converting enzyme inhibitors (ACEI), and angiotensin Il
receptor blockers (ARBs). However, the MAGGIC-HF score does
not incorporate mineralocorticoid receptor antagonists (MRAs),
angiotensin receptor—neprilysin inhibitors (ARNIs), or biomark-
ers. Discrimination of the model in the derivation cohort was not
available. However, the score was validated in 51 043 patients from
the national Swedish Heart Failure Registry (SwedeHF), obtaining
a C-index of 0.741 at 3 years.?

The PARADIGM Risk of Events and Death in the Contempo-
rary Treatment of Heart Failure (PREDICT-HF) was developed
using data (including natriuretic peptides) from the Prospective
Comparison of ARNI With ACEI to Determine Impact on Global
Mortality and Morbidity in Heart Failure (PARADIGM-HF) trial
patient cohort (n =8399). Patients were eligible at screening if
they had NYHA class II-1V, LVEF <35% and had an elevated natri-
uretic peptide level. The model was validated using the Aliskiren
Trial to Minimize Outcomes in Patients with Heart Failure Trial
(ATMOSPHERE) study and the SwedeHF* The cohorts were
treated with contemporary evidence-based treatment and were
geographically representative, even though it did not incorporate
MRAs, cardiac resynchronization therapy (CRT) or implantable
cardioverter-defibrillators (ICD). The Harrell’s C-statistic was used
to assess the discriminative ability of the model. For all-cause death,
the C-statistic for 1 and 2 years was 0.71 (95% CI 0.69-0.74) and
0.70 (95% Cl 0.67—-0.72), respectively.

The Barcelona Bio-Heart Failure (BCN-Bio-HF) risk calculator
was derived from consecutive outpatients (n = 864). The principal
referral criterion was HF according to the European Society of Car-
diology (ESC) guidelines irrespective of aetiology with at least one
HF hospitalization or LYEF <40%. The first version of the calculator
was published in 2014. It included clinical variables, medications,
conventional laboratory analytes (sodium, estimated glomerular
filtration rate), and the following biomarkers: N-terminal pro
B-type natriuretic peptide (NT-proBNP), high-sensitivity troponin
T (hs-TnT), and interleukin-1 receptor-like-1 (known as ST2).
The BCN-Bio-HF calculator can operate with none, one, two,
or all three biomarkers.> The BCN-Bio-HF was externally vali-
dated with the PROTECT cohort (Boston)® and updated in 2018
by incorporating the use of ARNIs, CRT, and ICD, being this ver-
sion validated with the PARADIGM-HF cohort.” The C-statistic
taking into account time to-event up to 5years with the model
containing NT-proBNP was 0.774, while AUC were 0.826 for
1-year, 0.809 for 2-year, 0.823 for 3-year and 0.838 for 5-year
mortality, when considering death as a binary event. Of the
three biomarkers, only NT-proBNP is routinely available in most
HF clinics, and it is the only one we included in the current
analyses.

Despite consistent evidence that has linked NT-proBNP to an
increased risk of all-cause mortality in patients with HE®® this
biomarker was not included in MAGGIC-HF or SHFM. In the
present study, we aimed to perform head-to-head comparisons of
the MAGGIC-HF, SHFM, PREDICT-HF and BCN-Bio-HF, by deter-
mining the correlation between them and comparing discrimination
capacity for mortality risk prediction.

Methods
Study population and follow-up

All consecutive ambulatory patients with HF from different aetiologies
that were admitted to a structured multidisciplinary HF clinic at
a university hospital between July 2010 and December 2018 were
eligible. The patients that participated previously in the derivation
cohort (May 2006—July 2010) were not included in the present study.
To be included the patients had to have undergone a measurement
of NT-proBNP at the first visit. Patients were referred to the HF
clinic mostly by the cardiology or internal medicine departments and
to a lesser extent by the emergency or other hospital departments.
The criteria for referral to the HF clinic were HF according to
the ESC definition, with at least one hospitalization and/or reduced
systolic function, as described previously.'®'" For follow-up, all patients
regularly visited the HF clinic according to their clinical needs, and they
were treated according to a unified protocol.

Follow-up visits comprised a minimum of quarterly visits with a
nurse, one visit with a physician (cardiologist, internist, or family
physician) every 6 months, and optional visits with specialists in
geriatrics, psychiatry, rehabilitation, endocrinology, or nephrology.

During the baseline visit, patients provided written consent for the
use of their clinical data for research purposes. Demographic, clinical,
echocardiographic, and analytical data were recorded in a specific
database (REGI-UNIC). Data that were not routinely recorded in that
database were obtained by reviewing the electronic patient health
records. We excluded patients that lacked data on more than three
of the variables (five for PREDICT-HF) in any of the risk estimation
tools.

In the present study we used the updated version of the
BCN-Bio-HF calculator, which incorporated three new clinical vari-
ables (duration of HF in months, number of HF-related hospitalizations
in the preceding year, and diabetes mellitus) and four new treatments
(MRA, ARNI, CRT, and ICD) to the original variables. In the updated
version CRT, ICD, diabetes and MRA became significant predictors.
Beta values for ARNI were derived from the PARADIGM-HF trial.

Outcomes

Fatal events were identified by reviewing the patient health records
from hospital wards, emergency room, and general practitioners, or
by contacting their relatives. Data were verified with the databases of
the Catalan and Spanish Health Systems, and also, with the Spanish
National Death Index. In only a very small number of patients we
needed to contact with their relatives and in those cases it was to
precise the exact date and cause of death (only when in the medical
records the exact date and cause of death were not reported). Annual
all-cause death was the main endpoint for comparing the predictive
abilities of the different risk calculators. Follow-up was closed on the
30t September 2020. Observed overall mortality at 1, 3, and 5 years
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for all models was calculated using the Kaplan—Meier estimate of
survival.

The study was performed in compliance with the laws that protect
personal data, in accordance with the international guidelines on clinical
investigations from the World Medical Association’s Declaration of
Helsinki. The local ethics committee approved the study.

NT-proBNP levels were determined in plasma samples with an
immuno-electrochemiluminescence assay on the Modular Analytics
E 170 instrument (Roche Diagnostics). This assay had <0.001%
cross-reactivity with bioactive B-type natriuretic peptide. In the studies
included in this report, the assay had inter-run coefficients of variation
ranging from 0.9% to 5.5%.

Statistical analysis

Categorical variables are expressed as absolute numbers and percent-
ages. Continuous variables are expressed as the mean + standard devi-
ation or the median and interquartile range (Q1 to Q3), according to
normal or non-normal data distributions. Normal distributions were
assessed with normal Q—-Q plots. Comparisons between groups were
performed with the chi-square and Fisher’s test for categorical vari-
ables, and the Student’s t-test or Mann—Whitney U test for continuous
variables, as appropriate.

Missing values were treated by imputing either the default values of
the calculators or the median values.

The discrimination abilities of the different prediction tools were
compared with Harrell’s C-index for 1-, 2-, 3-, 4- and 5-year all-cause
mortality. The Harrell’s C-index is a measure of the goodness of fit
for models that produce risk scores in survival analyses, where data
may be censored; thus, Harrell’s C-index takes into account the time
to event. It measures the ability of the model to discriminate between
patients that will and patients that will not experience the event. AUCs
considering death as a binary event at every time-point were also
assessed in a sensitivity analysis. Calibration was assessed comparing
the predicted and observed survival with the Kaplan—Meier estimate
of survival. The D’Agostino—Nam version of the Hosmer—Lemeshow
test using deciles of risk at all time-points of the study was used, and
calibration plots comparing observed vs. expected events based on
estimated risk by each calculator also by deciles, with the incorporation
of LOWESS curves, which allow for the assessment of calibration
at individual level, were plotted. Finally, overall performance of the
tools was evaluated with the Royston modification of Nagelkerke’s R2
statistic for the same time-points at which mortality was recorded.
Nagelkerke’s R? statistic summarizes the proportion of variance in the
dependent variable associated with the independent variables. Larger
R? values indicated that more of the variation could be explained by
the model, and the maximum R? value was 1.

Several sensitivity analysis were performed: (i) the performance of
the four calculators was assessed in patients with reduced LVEF; (ii)
the performance of the different risk prediction tools was assessed
applying the median of our cohort to all missing variables; (i) a
sub-analysis in 421 patients without missing values (except allopurinol
for SHFM) was performed for SHFM, MAGGIC-HF and BCN-Bio-HF;
(iv) the performance of the BCN-Bio-HF model with NT-proBNP was
compared with the model without NT-proBNP; (v) a sub-analysis of
the BCN-Bio-HF in the last 413 patients in which ST2 and hs-TnT
were available was performed, comparing its results with those of the
model containing only NT-proBNP (up to 4 years); and (vi) an analysis
of the BCN Bio-HF with the three biomarkers after recalculation of
beta-coefficients in this more contemporary cohort.

Statistical analyses were performed with STATA V.15.1 software
(StataCorp., College Station, TX, USA) and R software (A Language
and Environment for Statistical Computing), distributed by the R Core
Team (2017; R 9 Foundation for Statistical Computing, Vienna, Austria).
A two-sided P < 0.05 was considered significant.

Results

Out of 1267 consecutive patients admitted to the HF clinic dur-
ing the inclusion period, 22 lacked an NT-proBNP measurement,
30 were excluded because they had more than three missing val-
ues in MAGGIC, SHFM or BCN-Bio-HF and 49 because they
had more than five missing values in PREDICT-HF. Our final
cohort included 1166 patients (online supplementary Figure ST).
Table 1 provides the baseline demographic, clinical, biochemical,
and echocardiographic characteristics and treatments of the stud-
ied cohort. Online supplementary Table S7 compares included vs.
excluded patients.

The included patients were predominantly men, aged
65.9 + 13.4years, with reduced LVEF (37.7 +14.7%), and they
were mostly classified as NYHA class Il (71.8%). Ischaemic heart
disease was the most prevalent aetiology (40.7%), followed by
dilated cardiomyopathy (19.5%). Contemporary HF treatments
were optimized according to international guidelines.'> A compar-
ison was performed between surviving and non-surviving groups
at 1 year (Table 7).

Online supplementary Table S2 shows the number of missing
values for each calculator and default or median values used for
management of such missing values.

Follow-up was extended up to 5 years; the mean follow-up for
surviving patients was 4.2 + 1.1 years, and the median was 5 years.
We recorded 358 deaths. Mortality rates at 1, 2, 3, 4 and 5 years
were 9.5%, 16.4%, 21.9%, 30.6% and 35.8%, respectively.

Online supplementary Figure S2 shows scatter plots between the
risks of death at 1 year estimated by the different calculators..
Correlation between the scores was relatively poor (rho value
from 0.66 to 0.79).

The BCN-Bio-HF improved the discrimination of all-cause mor-
tality risk, based on Harrell’s C-index. Moreover, the BCN-Bio-HF
showed the highest overall performance at every time-point that
risk was estimated (Table 2). Table 3 provides observed overall
survival vs. the predicted by each model, while Figure 7 shows
calibration plots with LOWESS lines of expected and observed
mortality at 1 year by risk deciles for every risk prediction tool
and the results of the Hosmer—Lemeshow test; these figures at
2, 3 and 5 years are shown in online supplementary Figures S3—S5.
The BCN-Bio-HF systematically overestimated risk whereas SHFM
and PREDICT-HF underestimated the risk of death. MAGGIC-HF
showed the best calibration, although also moderately overesti-
mated risk of death. Finally, Figure 2 shows survival curves based
on quintiles of risk estimation by every tool.

In the sensitivity analyses, (i) the BCN-Bio-HF model remained
with best performance in patients with reduced LVEF (online sup-
plementary Table S3); (ii) the performance of the different risk
prediction tools applying our cohorts’ median to all missing vari-
ables tended to show similar general results, with improvement of

© 2021 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 1 Baseline population characteristics and comparison between alive and death groups at the end of the

follow-up period

Characteristic Total cohort Alive at end Dead at end P-value*
(n=1166) of follow-up of follow-up
(n = 808) (n =358)
Age, years 659+134 62.5+13.2 73.7+£104 <0.001
Male sex 824 (70.7) 574 (71.0) 250 (69.8) 0.705
BMI, kg/m? 26.9 [24.3-30.1] 27.1 [24.6-30.4] 26.5[23.6-29.2] 0.011
Ischaemic aetiology 475 (40.7) 289 (35.8) 186 (51.2) <0.001
Heart failure duration, months 6 [1-36] 5[1-28] 12 [2-48] 0.006
Hypertension 771 (66.1) 487 (60.3) 284 (79.3) <0.001
Diabetes 516 (44.3) 318 (39.4) 198 (55.3) <0.001
Current smoker 208 (17.8) 175 (21.7) 33(9.2) <0.001
COPD 176 (15.1) 93 (11.5) 83 (23.2) <0.001
Region
Central Europe 12 (1.0) 8(1.0) 4(1.1) 0.871
Latin America 2(0.2) 1(0.1) 1(0.3) 0.559
Race/ethnicity (Asian) 2(0.2) 1(0.1) 1(0.3) 0.495
Systolic BP 128.6 +21.6 128.0+20.6 130.2+23.7 0.238
NYHA functional class
| 103 (8.8) 99 (12.3) 4(1.1) <0.001
I 837 (71.8) 620 (76.7) 217 (60.6) <0.001
11l 223 (19.1) 89 (11.0) 134 (37.4) <0.001
v 3(0.3) 0 (0) 3(0.8) 0.006
Atrial fibrillation/flutter 265 (22.7) 162 (20.0) 103 (28.8) 0.001
LVEF, % 37.7+£147 37.0+142 39.2+15.6 <0.001
Blood tests
Haemoglobin, g/dL 12919 133+£18 11.9+17 <0.001
Lymphocytes, % 21.1 [16.0-27.1] 22.4[17.2-283] 18.7 [13.0-24.0] <0.001
Monocytes, % 841[7.1-10.1] 8.4 [7.1-10.0] 8.5[7.0-10.2] 0.329
Absolute neutrophils, /mm? 4800 [3800—6200] 4800 [3700-6000] 4900 [3800—-6600] 0.021
Sodium, mmol/L 137.6+3.5 137.7+3.2 137.5+3.9 0.052
Potassium, mmol/L 43+05 43+05 43+06 0.288
Chloride, mmol/L N/A N/A N/A
Uric acid, pmol/L 438+ 139.7 427.4+135.3 464.0 + 147.1 <0.001
eGFR, mL/min/1.73 m? 61.8+28.5 68.0 +£27.5 479 +£255 <0.001
BUN, mmol/L 42[3.1-6.2] 3.9[2.9-54] 5.6 [3.9-8.6] <0.001
Total cholesterol, mmol/L 411+1.16 422+1.19 3.86+1.05 <0.001
LDL, mmol/L 247 +£1.02 2.57+1.05 2.19+0.90 <0.001
Triglycerides, mmol/L 143076 1.45+0.74 1.37+£0.81 0.137
AST, IU/L 23 [17-35] 24 [18-36] 21 [15-31] 0.031
Bilirubin, pmol/L N/A N/A N/A
Albumin, g/L 37755 38.0+5.1 37.0+6.3 <0.001
NT-proBNP, pg/mL 1700 [707-4238] 1310 [532-2875] 3580 [1510-7580] <0.001
Treatments (at baseline)
Beta-blocker 943 (80.9) 676 (83.7) 267 (74.6) <0.001
ACEI/ARB/ARNI 799 (68.5) 596 (73.8) 203 (56.7) <0.001
Loop diuretics
Furosemide >40 mg/day 622 (53.3) 409 (50.6) 213 (59.5) 0.001
Furosemide <40 mg/day 544 (46.7) 399 (494) 145 (40.5) 0.001
Weight-adjusted diuretic dose, mg/kg 0.47 [0.18-0.59] 0.45 [0.16-0.57] 0.54 [0.28-0.63] <0.001
MRA 555 (47.6) 401 (49.6) 154 (43.0) 0.08
CRT 58 (5.0) 44 (5.4) 14 (3.9) 0.165
ICD 105 (9.0) 86 (10.6) 19 (5.3) 0.002
Allopurinol N/A N/A N/A

Values are mean =+ standard deviation, n (%), or median [interquartile range].

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker; ARNI, angiotensin receptor—neprilysin inhibitor; AST, aspartate aminotransferase; BMI,
body mass index; BP, blood pressure; BUN, blood urea nitrogen; COPD, chronic obstructive pulmonary disease; CRT, cardiac resynchronization therapy; eGFR, estimated
glomerular filtration rate; ICD, implantable cardioverter-defibrillator; LDL, low-density lipoprotein; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor
antagonist; N/A, not available; NT-proBNP, N-terminal pro B-type natriuretic peptide; NYHA, New York Heart Association.

“Based on Cox regression analysis.
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0.47

0.758 (0.727-0.789)

0.55

0.801 (0.761-0.841)

MAGGIC-HF

0.22
0.56

0.739 (0.704-0.773)

0.788 (0.757-0.818)

0.25
0.66

0.799 (0.761-0.837)

PREDICT-HF
BCN-Bio-HF

0.44

0.46 0.771 (0.743-0.798)

0.772 (0.745-0.798)

0.53

0.782 (0.753-0.811)

0.830 (0.797-0.864)

BCN-Bio-HF, Barcelona Bio-Heart Failure risk calculator; C-index, Harrell’s C-index for evaluating discrimination ability; MAGGIC-HF, Meta-Analysis Global Group in Chronic Heart Failure risk score; PREDICT-HF, PARADIGM Risk of Events and Death in the Contemporary

Treatment of Heart Failure; R2, Royston modification of Nagelkerke's R? statistic; SHFM, Seattle Heart Failure Model.

0.40; vs. PREDICT-HF = 0.30/P-value MAGGIC-HF vs. PREDICT-HF = 0.91. At 2 years: P-value

BCN-Bio-HF vs. SHFM 0.045; vs. PREDICT-HF <0.001/P-value SHFM vs. PREDICT-HF = 0.082. At 3 years: P-value BCN-Bio-HF vs. SHFM 0.006; vs. MAGGIC-HF = 0.53/P-value SHFM vs. MAGGIC-HF = 0.69. At 4 years: P-value BCN-Bio-HF vs. SHFM 0.002. At 5 years:

P-value BCN-Bio-HF vs. SHFM 0.009.

0.054; vs. PREDICT-HF = 0.056/P-value SHFM vs. MAGGIC

Statistical comparison (Harrell's C-index): At 1 year: P-value BCN-Bio-HF vs. SHFM 0.28; vs. MAGGIC

SHFM and PREDICT-HF (online supplementary Tables $4 and S5);
(iii) the sub-analysis in 421 patients without missing values showed
somewhat better performance of the studied calculators (online
supplementary Tables S6 and $7); (iv) the BCN-Bio-HF model used
in the present study containing NT-proBNP, compared with the
model of the same tool without NT-proBNP, numerically increased
C-statistic at every time-point and reached statistical significance
at 1 and 4 years, while patients were significantly reclassified with
the biomarker addition (online supplementary Table S8); (v) the
BCN-Bio-HF model including also ST2 and hs-TnT performed
in 413 patients provided minor discrimination improvement and
less risk overestimation (online supplementary Table $9); (vi) the
BCN-Bio-HF analysis after recalibration of beta-coefficients in this
more contemporary cohort, showed better results, mainly on cal-
ibration (online supplementary Tables $70 and $77 and online sup-
plementary Figures S6 and S7).

Discussion

This study compared the performances of the MAGGIC-HF, SHFM,
PREDICT-HF and BCN-Bio-HF scores (the two latter included
NT-proBNP) for predicting mortality in 1166 HF outpatients
managed in a multidisciplinary HF clinic. None of the contemporary
risk scores examined showed a clear superiority over the rest.
The BCN-Bio-HF calculator, which included NT-proBNP, provided
good discrimination and overall performance, but overestimated
risk at all time-points, particularly for patients at high risk of death.
In contrast, SHFM and PREDICT-HF tended to underestimate the
risk of death. MAGGIC-HF showed good calibration with modest
overestimation of risk. Our results support the routine use of
natriuretic peptides in risk stratification tools for HF and eventually
the inclusion of other biomarkers such as ST2 and hs-TnT to better
refine risk of death.

Importantly, no patient involved in the development of the
BCN-Bio-HF (derivation cohort) was included in the current study.

Risk prediction models are frequently used in HF to aid clinicians
in assessing patient prognosis. Ultimately, they improve the appro-
priateness and timing of disease-modifying treatments. These tools
are also valuable for comparing risk between populations from dif-
ferent studies. Over the last three decades, several multivariate risk
models have been devised, though only some are available on the
web and are currently used in clinical practice.

The widely used SHFM includes important prognostic variables;
however, some of these variables are not readily available in routine
clinical practice. Indeed, in some of the validation cohorts for the
SHFM, up to 65% of uric acid levels and up to 100% of lymphocyte
values were missing. Moreover, in the SHFM derivation cohort,
only 3% of patients were taking an MRA, and none were prescribed
a beta-blocker. Consequently, the relative effects of HF medications
could not be analysed in the derivation cohort. Instead, the drug
benefits were estimated from published trials or meta-analyses,
which usually included selected patients. Therefore, the effects of
these medications may actually differ in the routine management of
patients with HF. The update of this calculator performed in 2013
undoubtably has improved its performance in more contemporary
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Table 3 Observed vs. predicted overall survival

Observed®
1-year survival 90.5%
2-year survival 83.6%
3-year survival 78.1%
4-year survival 69.4%
5-year survival 64.2%

MAGGIC-HF® PREDICT-HF® BCN-Bio-HFP
85% 94.1% 80.6%
- 89.1% 66.4%
67.2% - 55.5%
_ _ 47.1%
- - 39.3%

BCN-Bio-HF, Barcelona Bio-Heart Failure risk calculator; MAGGIC-HF, Meta-Analysis Global Group in Chronic Heart Failure risk score; PREDICT-HF, PARADIGM Risk of
Events and Death in the Contemporary Treatment of Heart Failure; SHFM, Seattle Heart Failure Model.

2Observed average survival according to Kaplan—Meier survival curve.
bAverage predicted survival.
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Figure 1 Calibration plots comparing observed vs. predicted mortality at 1 year: (A) Seattle Heart Failure Model (SHFM); (B) Meta-Analysis
Global Group in Chronic Heart Failure (MAGGIC-HF) risk score; (C) PARADIGM Risk of Events and Death in the Contemporary Treatment
of Heart Failure (PREDICT-HF); (D) Barcelona Bio-Heart Failure (BCN-Bio-HF) risk calculator. Y axis, observed mortality; X axis, expected
mortality; dashed line represents best fitting curve; LOWESS smoother curve (blue line) allows assessing calibration at individual patient level;

circles represent groups automatically created by the test.

cohorts (AUC at 1 year 0.725 in the derivation PRAISE-1 cohort,

Harrell’s C-statistic 0.817 in the present cohort).

The MAGGIC-HF risk score is easier to use than the SHFM.
The MAGGIC-HF risk score was based on multivariable piece-wise
Poisson regression methods with stepwise variable selection. The

final model included 13 highly significant independent predictors of
mortality.

The development of the MAGGIC-HF score was based on
39 372 patients from 30 studies. Notably, only 34% of those patients
were treated with beta-blockers, and 21% were treated with
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Figure 2 Survival curves based on quintiles of risk of death estimated by each calculator: (A) Seattle Heart Failure Model (SHFM); (B)
Meta-Analysis Global Group in Chronic Heart Failure (MAGGIC-HF) risk score; (C) PARADIGM Risk of Events and Death in the Contemporary
Treatment of Heart Failure (PREDICT-HF); (D) Barcelona Bio-Heart Failure (BCN-Bio-HF) risk calculator. Q1, lowest quintile of risk; Q5,

highest quintile of risk.

MRAs. As mentioned, all the subjects included in the derivation
cohorts for the MAGGIC-HF and SHFM scores were participating
in clinical trials or registries; therefore, it is unknown how well they
represented patients in routine clinical practice. Moreover, neither
the MAGGIC-HF nor the SHFM score incorporated biomarkers.

The PREDICT-HF included natriuretic peptides and the cohorts
used had a more extensive and complete collection of clinical
and laboratory data. It was derived from the PARADIGM-HF
cohort and patients were receiving contemporary levels of
guideline-recommended therapies. It includes some variables
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infrequent in routine clinical practice, such as chloride, bilirubin
and albumin but, in contrast, it did not incorporate MRAs, CRT,
or ICD. Despite a high proportion of missing values in these
variables, in our study the model showed similar discrimination
to the MAGGIC-HF and SHFM. However, the consistent absence
of chloride and bilirubin could have carried that PREDICT-HF lost
some discriminative ability. The online calculator provides the risk
of cardiovascular death, but does not provide this for all-cause
mortality.

In contrast, the BCN-Bio-HF was derived from a clinical HF
cohort of patients managed in a multidisciplinary HF unit. It
incorporates contemporary treatments, such as ARNI, and it can
operate with or without biomarkers that are known to refine
pathophysiological pathways in HF. Previous studies have revealed
that the addition of NT-proBNP to the classic scores was beneficial,
in terms of predicting mortality in patients with HF'>'* but neither
MAGGIC-HF nor SHFM added this biomarker into their online
calculator (Graphical Abstract).

As decisions regarding patient management may be influenced
by the magnitude of the patient’s predicted risk, a model is most
useful when it can significantly discriminate but also when is
appropriately calibrated. In the present study, using the model
of the BCN-Bio-HF calculator containing NT-proBNP only, this
score showed the best discrimination capacity, but systematically
overestimated the risk of the patients at all time-points; by contrast,
the MAGGIC-HF score showed the best calibration, although also
moderately overestimated the risk. On the other hand, the SHFM
and the PREDICT-HF score underestimated risk at any time-point.
The observation that the SHFM underestimated the risk in patients
at high risk of HF-related mortality at 1 year was consistent with
findings in previous studies.'®

To our knowledge, this study was the first to compare these four
web-based contemporary HF risk scores directly and comprehen-
sively in a real-life prospective cohort of patients managed in a mul-
tidisciplinary HF clinic. The best discrimination at every time-point
that risk was estimated in BCN-Bio-HF was likely due to the incor-
poration of NT-proBNP. Consequently, these data suggest that
NT-proBNP should be included routinely in all risk-stratification
tools for HF. The sensitivity analysis with such calculator including
also ST2 and hs-TnT performed in 413 patients provided a slight
improvement of discrimination and tended to lower overestima-
tion of risk.

Finally, the significant improvement found in the sensitivity anal-
ysis of BCN-Bio-HF after its recalibration, together with the signif-
icant reduction in HF mortality trends observed in recent years'é
and the introduction of new mainstay drugs in the treatment of HF
patients, suggest that recalibration and updating of all these online
calculators should be regularly performed for improving accuracy
of these tools in estimating risk of death.

Study limitations

Our study has some limitations. First, our sample comprised
patients with general HF. Most patients had depressed ejection
fractions and were treated at a multidisciplinary HF unit in a ter-
tiary hospital. Additionally, most of the patients were referred from

the cardiology department. Thus, our cohort comprised mostly
relatively young men with HF of ischaemic aetiology. Consequently,
our results might not be generalizable to a global HF popula-
tion that may include patients with HF with preserved ejection
fraction. Although patients with more than three missing values
(five for PREDICT-HF) were excluded, we could not rule out
the possibility that some bias occurred due to the missing vari-
ables. Our sample is limited, single centre, and included during
a long time period. A more robust comparison of risk scores
should ideally be undertaken in a larger multicentre contempo-
rary patient population. All patients were derived from the same
clinic as the original BCN-Bio-HF calculator, so we cannot dis-
card a potential bias in the analysis. Finally, the BCN-Bio-HF model
that incorporated hs-TnT and ST2 could not be used in the
whole cohort, because the measurements of these two biomark-
ers at the first visit were not available for a substantial proportion
of patients. Although the addition of only NT-proBNP did not
improve significantly the performance of this tool in the deriva-
tion cohort, in the present study C-statistic numerically improved
at any time-point, reaching statistical significance in several com-
parisons and reclassification measurements were statistically sig-
nificant at any time-point. Indeed, external validation of this tool
has only been performed with the model containing the three
biomarkers. Yet, we could perform a sensitivity analysis with the
three biomarkers that were available in 413 of the last included
patients, which provided an improvement of the performance of
the calculator.

Finally, sensitivity analyses — especially those with subgroup
analysis — should be considered with caution both due the smaller
number of patients and to potential selection bias.

Conclusions

This study illustrates the complexity of risk prediction in
HF. Four comprehensive and quite contemporary online risk
scores were compared head-to-head, and no one was found
uncontrovertibly better than the rest. BCN-Bio-HF showed
best discrimination and overall performance, and MAGGIC-HF
showed best calibration. The four studied scores either overesti-
mated (BCN-Bio-HF, MAGGIC-HF) or tended to underestimate
(SHFM, PREDICT-HF) the risk of death. Biomarkers, in particular
NT-proBNP, seem to provide value in risk stratification. Regular
updating and calibration of online web calculators are recom-
mended to keep them with value in the ever-changing landscape of
HF management.

Supplementary Information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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