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Abstract

Aims The aim of this study was to assess the performance of these main scores in predicting prognosis in patients with heart
failure (HF).
Methods and results A total of 2008 patients who were admitted to the Fourth People’s Hospital of Zigong, Sichuan, from
December 2016 to June 2019 and diagnosed with HF were included in the study. We compared the prognostic predictive per-
formance of Seattle Heart Failure Model (SHFM), Meta-Analysis Global Group in Chronic Heart Failure (MAGGIC-HF) risk score,
Get With the Guidelines-Heart Failure programme (GWTG-HF), Acute Study of Clinical Effectiveness of Nesiritide in Decompen-
sated Heart Failure (ASCEND) risk scores, the Acute Decompensated Heart Failure National Registry (ADHERE) model, Barce-
lona Bio-Heart Failure (BCN-Bio-HF) risk calculator, and Gruppo Italiano per lo Studio della Streptochinasi nell’Infarto
Miocardico-Heart Failure (GISSI-HF) for the endpoints. The primary endpoint was 1 year all-cause mortality and the secondary
endpoint was the incidence of 28 day readmission post-discharge. At 1 year follow-up, 44 (2.21%) patients with HF died. Dis-
crimination analyses showed that all risk scores performed reasonably well in predicting 1 year mortality, with areas under the
receiver operating characteristic curve (AUCs) fluctuating between 0.757 and 0.822. GISSI-HF showed the best discrimination
with the AUC of 0.822 (0.768–0.876), followed by MAGGIC-HF, BCN-Bio-HF, ASCEND, SHFM, GWTG-HF, and ADHERE with
AUCs of 0.819 (0.756–0.883), 0.812 (0.758–0.865), 0.802 (0.742–0.862), 0.787 (0.725–0.849), 0.762 (0.684–0.840), and
0.757 (0.681–0.833), respectively. All risk scores were similarly predictive of 28 day emergency readmissions, with AUCs fluc-
tuating between 0.609 and 0.680. Overestimation of mortality occurred in all scores except the ASCEND. The risk scores re-
mained with good prognostic discrimination in patients with biventricular HF and in the subgroup of patients taking
angiotensin-converting enzyme inhibitor/angiotensin II receptor blocker.
Conclusions Currently assessed risk scores have limited clinical utility, with fair accuracy and calibration in assessing patients’
1 year risk of death and poor accuracy in assessing patients’ risk of readmission. There is a need to incorporate more
patient-level information, use more advanced technologies, and develop models for different subgroups of patients to achieve
more practical, innovative, and accurate risk assessment tools.

Keywords Heart failure; Mortality; Readmission; Risk score

Received: 18 May 2022; Revised: 24 August 2022; Accepted: 2 October 2022
*Correspondence to: Lijuan Chen, Department of Cardiology, Zhongda Hospital, School of Medicine, Southeast University, Nanjing, China. Email: chenlijuan@seu.edu.cn
Xiangwei Bo and Yahao Zhang contributed equally.

Introduction

Heart failure (HF) is a global public health problem1 and is
one of the leading causes of hospitalization in older

people.2–4 Despite advances in treatment, patients with HF
remain at high risk of death. Short-term readmission of pa-
tients with HF often proves to be a serious condition that se-
verely affects the patient’s quality of life.5,6 Accurately
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predicting the risk of death and the occurrence of readmis-
sion in HF patients could enhance self-monitoring,7 while
helping physicians make better decisions.8

Numerous predictive models for HF patients based on
large clinical trials have been developed, such as Seattle
Heart Failure Model (SHFM),9 Get With the
Guidelines-Heart Failure programme (GWTG-HF),10 and the
Acute Decompensated Heart Failure National Registry (AD-
HERE) model.11 Recently, Meta-Analysis Global Group in
Chronic Heart Failure (MAGGIC-HF)12 score and the Gruppo
Italiano per lo Studio della Streptochinasi nell’Infarto
Miocardico-Heart Failure (GISSI-HF)13 score, two more con-
temporary risk scores, have been published.

However, these scores are not routinely used in clinical
practice, either because of the cumbersome process of
using them or because of their poor reliability at the indi-
vidual patient level. The factors affecting the prognosis of
patients with HF are complex. Any changes in factors such
as patient’s underlying status and comorbidities, the devel-
opment of new medicine and improvements in medical
care, patient compliance, and mobility may significantly al-
ter the long-term prognosis of the patients. Most current
risk scores for patients with HF assess the long-term risk
of death; however, the predictive accuracy was better than
longer follow-up in all risk scores. The course of HF is un-
certain and short-term readmissions are often accompanied
by acute exacerbations of HF, indicating more severe dis-
ease and a poorer prognosis. The 90 day readmission rate
and 1 year readmission rate for these patients are 10–
30%.6,14 Short-term readmission of patients, particularly
emergency readmission, could also be used as an indicator
to assess the prognosis of patients with HF.

The aim of this study was to evaluate and compare the ac-
curacy of seven existing risk scores for predicting individual
1 year mortality and 28 day emergency readmission in con-
temporary HF patients and to examine the clinical utility of
these risk scores.

Methods

Study setting and population

The study population was patients admitted to the Fourth
People’s Hospital of Zigong, Sichuan, from December 2016
to June 2019 and diagnosed with HF. The dataset is open ac-
cess at PhysioNet (https://doi.org/10.13026/8a9e-w734).15

Data were extracted through electronic health records
(EHR). The study was reviewed by the Ethics Committee (Ap-
proval Number 2020-010), and informed consent was waived
due to the retrospective nature. This study complies with the
Declaration of Helsinki. All types of HF were included in this
dataset, including acute HF, chronic HF, left HF, right HF, or

biventricular HF. The diagnosis of HF was according to the Eu-
ropean Society of Cardiology (ESC) guidelines7:

1) Patients presenting with symptoms and/or signs of HF.
Typical symptoms include breathlessness, orthopnoea,
paroxysmal nocturnal dyspnoea, reduced exercise toler-
ance, fatigue, tiredness, increased time to recover after
exercise, and ankle swelling. Typical signs include ele-
vated jugular venous pressure, hepatojugular reflux, third
heart sound (gallop rhythm), and laterally displaced apical
impulse.

2) Patients with elevated BNP levels [BNP > 35 pg/mL and/
or N-terminal pro-B-type natriuretic peptide (NT-
proBNP) > 125 pg/mL].

3) Objective evidence of other cardiac functional and struc-
tural alterations underlying HF.

4) In case of uncertainty, a stress test or invasively measured
elevated left ventricular filling pressure may be needed to
confirm the diagnosis.

Data preparation

The study collected demographic information, baseline char-
acteristics, comorbidities, laboratory tests, and medications.
Demographic information for first-time patients was entered
manually into the EHR by the nurse and will be automatically
extracted from previous cases for non-first-time patients.
Laboratory tests and medication were prescribed by the doc-
tors. Demographics are obtained from the first page of the
medical records.

Baseline clinical characteristics are obtained on the first
day of admission. Comorbidities included the patient’s previ-
ous illnesses and the Charlson Comorbidity Index (CCI) score
was obtained by calculating the sum of all comorbidities.
Congestive HF was not included as a comorbidity in patients
admitted for the first time with congestive HF.

Laboratory tests were obtained during the patient’s hospi-
tal stay including renal function, routine blood, coagulation
routine, high-sensitivity troponin, myoglobin, BNP, biochem-
istry, lipids, electrolytes, and arterial blood gas analysis. Treat-
ments such as diuretics, inotropes, and vasodilators used dur-
ing hospitalization were also recorded.

As the data were extracted from the EHR, there were inev-
itably a small number of missing values. For variables in-
cluded in the calculated risk scores, the missing data were
filled in using multiple interpolation. The lack of information
on aortic stenosis in the GISSI-HF was specified as ‘none’ in
view of its incidence. The medication records in this study
were sketchy and did not record the use of ‘statins’, ‘allopuri-
nol’, and ‘beta-blockers’, which were used in SHFM, MAGGIC-
HF, and Barcelona Bio-Heart Failure (BCN-Bio-HF). Instead of
imputing these missing data, we created a simplified version
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of the SHFM, MAGGIC-HF, and BCN-Bio-HF scores, which did
not comprise these medication variables.

Outcomes

The primary endpoint of the study was all-cause death within
1 year of discharge. The secondary endpoint was emergency
readmission within 28 days of discharge. An emergency read-
mission was defined as an unplanned admission from an
emergency department within 28 days of discharge from hos-
pital for any reason, with the first admission after discharge
being recorded during the follow-up period. Patients were
followed up regularly after discharge. Readmission to a
non-retrieval hospital was also recorded as readmission,
and follow-up was completed by telephone for patients un-
able to return to the medical facility.

Statistical analysis

Continuous variables were expressed as mean ± standard de-
viation and categorical variables as (n)%. Continuous data be-
tween the two groups were analysed by the Student’s t-test,
compared by ANOVA test between more than two groups,
and categorical variables by χ2 test. The discrimination of
each score in predicting 1 year all-cause mortality was esti-
mated by the receiver operating characteristic (ROC) curves.
The areas under the ROC curve (AUCs) with 95% confidence
interval (CI) were calculated. Sensitivity analysis was per-
formed by validating the performance of each score in differ-
ent types of HF and with or without angiotensin-converting
enzyme inhibitor/angiotensin II receptor blocker (ACEI/ARB)
subgroups separately. The calibration of each score for the
prediction of 1 year all-cause mortality was assessed by cali-
bration plot. The clinical application efficacy was evaluated
by the decision curve analysis (DCA). A two-sided P < 0.05
were considered significant. Statistical analyses were com-
pleted using Stata 15.0 (StataCorp, Texas, USA).

Results

A total of 2008 patients with HF were included in the analysis,
of whom 1462 (72.81%) were over 70 years old. The number
of men is 845 (42.08%), nearly half of the total, and the in-
cluded patients were mostly classified as New York Heart As-
sociation (NYHA) class III. Forty-four (2.21%) patients died
during the 1 year follow-up period; the baseline characteris-
tics of the patients with HF and the comparison between
those survival and non-survival at 1 year follow-up are shown
in Table 1. Compared with those survival, patients who had
died at the time of scheduled follow-up had worse cardiac
status, more comorbidities, and worse renal function. The se-

rum sodium levels in non-survival group were lower whereas
BNP levels were higher and duration of hospital stay was lon-
ger. In addition, the use of ACEI/ARB in this group was signif-
icantly lower at the time of follow-up.

There were 853 (42.48%) readmissions within 1 year, of
which 140 (16.30%) were within 28 days of discharge. It
was evident that all patients readmitted within 28 days were
through the emergency department, indicating an acute ad-
verse event. The comparison of clinical features between pa-
tients with and those without readmission within 28 days is
shown in Supporting Information, Table S1. Patients with
emergency readmission within 28 days after discharge had
a higher proportion of biventricular HF, a more severe NYHA
classification, a higher prevalence of combined diabetes, a
lower systolic blood pressure, and a higher rate of ACEI/
ARB use than the non-readmission group. Short-term read-
mission patients had worse renal function, that is, higher
plasma urea nitrogen, higher blood creatinine, and lower es-
timated glomerular filtration rate (eGFR), than the short-term
non-readmission group.

The discrimination of the seven scores SHFM, MAGGIC-HF,
GWTG-HF, ADHERE, Acute Study of Clinical Effectiveness of
Nesiritide in Decompensated Heart Failure (ASCEND), BCN-
Bio-HF, and GISSI-HF in our study is shown in Table 2. Of all
scores, the AUC of risk scores for predicting the 1 year mor-
tality fluctuates between 0.757 and 0.822. At the same time,
the scores showed a decreasing trend in discrimination as
follow-up time increased. When assessing 1 year mortality,
GISSI-HF had the highest AUC at 0.822 (0.768–0.876). AS-
CEND, MAGGIC-HF, and BCN-Bio-HF also had AUCs > 0.8.
This was followed by GWTG-HF and ADHERE, which had AUCs
of 0.762 (0.684–0.840) and 0.757 (0.681–0.833), respectively.

The seven scores did not perform as well in predicting pa-
tient readmission, with the AUCs not exceeding 0.7 even for
predicting short-term readmission. The AUC for 28 day emer-
gency readmission fluctuates between 0.609 and 0.680, as
shown in Table 2. SHFM performed the best overall in
predicting readmission, with AUCs of 0.680 (0.637–0.723),
0.636 (0.608–0.663), and 0.608 (0.583–0.633) for predicting
28 day, 3 month, and 1 year readmission, respectively. In con-
trast, ADHERE performed the worst overall in predicting the
risk of readmission, with AUC of 0.609 (0.558–0.659) for
predicting 28 day readmission.

Figure 1 shows the calibration for the 1 year expected and
actual observed mortality calculated by each risk score. In
this study, the calibration of all scores was fair (P > 0.05).
The ADHERE and GWTG-HF scores were the best calibrated
followed by the ASCEND score. The BCN-Bio-HF, GISSI-HF,
MAGGIC-HF, and SHFM scores were less well calibrated.
The calibration plot suggested some overestimation of mor-
tality by all scores except the ASCEND. In this population,
good calibration was shown in all scores in the low-risk pop-
ulation, with a large gap between predicted and actual ob-
served outcomes in the high-risk population.
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The DCA in Figure 2 shows that decision making using a
well-calibrated predictive tool can benefit whenever a risk
score is used, regardless of the size of the benefit. The AD-
HERE score and the ASCEND displayed the greatest net bene-
fits of the scores, with the widest benefit band, and decision
thresholds between 1% and 45%. SHFM has the least net
benefit and the narrowest benefit band, with benefit avail-
able only in the lower risk groups, that is, a net benefit
threshold between 1% and 12%.

In this study, biventricular HF accounted for the majority of
the population. The comparison of clinical features and out-
comes between different types of HF is shown in Supporting
Information, Table S2. There were no significant differences

in cardiac function, left ventricular ejection fraction (LVEF),
CCI, and length of hospital stay among the three types of HF.
However, the 3 month and 1 year readmission rates were sig-
nificantly higher in patients with biventricular HF than in pa-
tients with left or right HF. Table 3 shows the performance
of risk scores in patients in the biventricular, left, and right
HF subgroups. Consistent with the results in the total popula-
tion, the performance of the risk scores in predicting 1 year
mortality was better overall than 28 day readmission, regard-
less of the type of patients with HF. All risk scores performed
well in the biventricular HF population, with AUCs of 0.829
to 0.852. However, ADHERE and GWTG-HF performed poorly
in the left HF subgroup, with AUCs of only 0.617 and 0.650, re-

Table 1 Baseline characteristics and comparison between survivor and non-survivor by status at 1 year follow-up

Characteristics
Survivor Non-survivor

PN = 1964 N = 44

Male, n (%) 822 (41.9) 23 (52.3) 0.17
Age ≥ 70 years, n (%) 0.74

No 535 (27.2) 11 (25.0)
Yes 1429 (72.8) 33 (75.0)

HF type, n (%) 0.50
Right HF 51 (2.6) 0 (0.0)
Left HF 465 (23.7) 12 (27.3)
Total HF 1448 (73.7) 32 (72.7)

NYHA class, n (%) <0.01
II 349 (17.8) 4 (9.1)
III 1028 (52.3) 11 (25.0)
IV 587 (29.9) 29 (65.9)

Killip, n (%) <0.01
1 524 (26.7) 3 (6.8)
2 1019 (51.9) 10 (22.7)
3 376 (19.1) 16 (36.4)
4 45 (2.3) 15 (34.1)

MI history, n (%) 139 (7.1) 4 (9.1) 0.61
CHF history, n (%) 1833 (93.3) 39 (88.6) 0.22
COPD, n (%) 230 (11.7) 3 (6.8) 0.32
Diabetes, n (%) 456 (23.2) 10 (22.7) 0.94
HR, beats/min 85.2 ± 21.5 88.9 ± 24.2 0.25
SBP, mmHg 131.2 ± 24.6 122.5 ± 31.2 0.02
BMI, kg/m2 21.9 ± 13.8 20.6 ± 3.0 0.56
CCI 1.8 ± 1.0 2.3 ± 1.3 <0.01
LVEF, % 48.7 ± 11.3 49.5 ± 11.2 0.63
BUN, mmol/L 9.4 ± 5.3 16.9 ± 10.2 <0.01
Creatinine, μmol/L 106.8 ± 75.3 196.9 ± 151.4 <0.01
Uric acid, mmol/L 479.5 ± 166.6 627.4 ± 223.3 <0.01
eGFR, mL/min/1.73 m2 69.4 ± 36.5 44.0 ± 32.3 <0.01
Cystatin, mg/L 1.8 ± 0.9 2.8 ± 1.5 <0.01
Hb, g/dL 11.5 ± 2.4 10.7 ± 2.9 0.03
Na, mmol/L 138.3 ± 4.9 136.1 ± 6.1 <0.01
Hs-troponin, mg/L 0.3 ± 2.0 0.4 ± 0.9 0.65
BNP, pg/mL 1268.4 ± 1344.9 2021.9 ± 1589.1 <0.01
TC, mmol/L 3.7 ± 1.1 3.6 ± 1.0 0.36
Furosemide, n (%) 1871 (95.3) 43 (97.7) 0.44
Torasemide, n (%) 236 (12.0) 4 (9.1) 0.55
Hydrochlorothiazide, n (%) 265 (13.5) 8 (18.2) 0.37
ACEI/ARB, n (%) 760 (38.7) 6 (13.6) <0.01
Hospitalization time, days 10 ± 8 7 ± 11 0.1

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BMI, body mass index; BNP, brain natriuretic peptide;
BUN, blood urea nitrogen; CCI, Charlson Comorbidity Index; CHF, chronic heart failure; COPD, chronic obstructive pulmonary disease;
eGFR, estimated glomerular filtration rate; Hb, haemoglobin; HF, heart failure; HR, heart rate; Hs, hypersensitivity; LVEF, left ventricular
ejection fraction; MI, myocardial infarction; Na, serum sodium; NYHA, New York Heart Association; SBP, systolic blood pressure; TC, total
cholesterol.
Data are presented as n (%) or mean ± SD.
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spectively. Therein, SHFM, having the highest discrimination in
patients with left HF, showed improved predictive
performance over the total population. When evaluating
28 day readmission, the discrimination of the risk scores in pa-
tients with biventricular HF subgroup is comparable with that
in the total HF population, but the GISSI-HF, MAGGIC-HF, and
BCN-Bio-HF performed significantly better in patients with left
HF subgroup than the other scores. In right HF patients, it was
GWTG-HF, ASCEND, and SHFM that performed better.

The baseline characteristics and prognosis were different
between patients taking or not taking ACEI/ARB, as shown
in Supporting Information, Table S3. Patients on ACEI/ARB
had higher CCI and lower LVEF. Taking ACEI/ARB significantly
affected mortality, both short and long terms, as well as
28 day readmissions. The predictive performance of risk
scores in patients taking and not taking ACEI/ARB is shown
in Table 4. When evaluating 1 year mortality, all risk scores
performed significantly better in the ACEI/ARB cohort than
in the non-ACEI/ARB cohort, with AUC fluctuations between
0.883 and 0.970. At the time of the 28 day readmission eval-
uation, the risk score performed comparably with the total
population in the cohort taking ACEI/ARB or not.

Discussion

This study validated the performance and clinical efficacy of
seven major risk scores in real-world populations. The similar-
ities and differences in the variables included in the seven
risk scores were detailed in Table 5. All scores performed rea-
sonably well in terms of discrimination and calibration in
predicting 1 year mortality but performed mediocrely in
predicting 28 day emergency readmission. Patients benefited
from the use of risk scores, although the net benefit intervals
and magnitude of net benefit varied. Among the common
risk scores, none outperformed the others. BCN-Bio-HF had
the highest AUC for predicting mortality, although the calibra-
tion curves showed that it overestimated the risk of death.
The ADHERE and GWTG-HF scores were the best calibrated,
but they were less accurate than the others in predicting
the risk of death. With the exception of the ASCEND score,
which slightly underestimated mortality, the other six scores
tended to overestimate risk. Besides, ADHERE and ASCEND
showed the greatest net benefits of the scores. For most risk
scores, calibration at different risk levels remained imperfect,
with all seven scores better calibrated in the low-risk popula-
tion for this study.

A number of risk scores have been created for risk stratifi-
cation of HF patients, but in clinical practice, these scores are
not fully used. The following problems exist in studies relating
to the prognostic risk assessment of patients with HF. Firstly,
the extant classical risk scores were established long ago and
there are differences in treatment protocols between theTa
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Figure 1 Calibration plots comparing observed vs. predicted mortality at 1 year. (A) The Acute Decompensated Heart Failure National Registry (AD-
HERE) model; (B) Get With the Guidelines-Heart Failure programme (GWTG-HF); (C) Acute Study of Clinical Effectiveness of Nesiritide in Decompen-
sated Heart Failure (ASCEND) risk scores; (D) Gruppo Italiano per lo Studio della Streptochinasi nell’Infarto Miocardico-Heart Failure (GISSI-HF); (E)
Seattle Heart Failure Model (SHFM); (F) Meta-Analysis Global Group in Chronic Heart Failure (MAGGIC-HF) risk score; (G) Barcelona Bio-Heart Failure
(BCN-Bio-HF) risk calculator. Y axis represents observed mortality; X axis represents 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.
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populations modelled and current clinical patients.9–13 For
example, no patients used beta-blockers in the SHFM score
and only 34% of patients used beta-blockers in the
MAGGIC-HF score.9,12 In recent years, several studies have
been conducted to externally validate the performance of
these scores, but patients included in most of these studies
were from 10 years ago, so it is still unknown whether these
validation results are consistent with that in contemporary
populations.16–18 Secondly, the factors that influence the
prognosis of patients with HF are complex and varied. Comor-
bidities on admission, the variable standard of care, and the
post-discharge treatment all affect the patient’s short- and
long-term prognosis. Factors that necessarily affect the pa-
tient’s prognosis like laboratory tests and comorbidities at
admission were included in most risk scores.19,20

Nevertheless, with the development and application of
new medicine such as recombinant human brain natriuretic
peptide and levosimendan, and the interpretation and imple-
mentation of the guidelines by medical institutions at all
levels,21 the survival time and length of hospital stay for HF
patients have improved significantly.22–24 So the applicability
of these scores to patients at different levels of medical care
remains to be verified given the vast size of China and the

wide variation in medical standards in different regions. Fi-
nally, for the patients themselves, any change in their per-
sonal compliance, mobility, and post-discharge retreatment
may significantly alter their prognosis. A recent retrospective
cohort study showed that patient non-adherence to recom-
mended post-acute care was associated with an increased
risk of readmission in patients with chronic HF, and this risk
was not significantly increased in the less active population.25

Due to the diversity and unpredictability of the prognostic
factors of HF, the accuracy of most risk scores in predicting
patient prognosis gradually decreases with the increase of
follow-up time. Most existing studies have verified the
long-term prognosis of these risk scores, whereas previous
studies have found that patients with HF have a higher risk
of adverse outcomes in the early post-discharge period,6 so
predicting short-term adverse events may have more practi-
cal value. Furthermore, the pathophysiology and characteris-
tics of left and right HF are different; sensitivity analyses are
classified according to the type of HF for a more accurate
comparison. Because ACEI/ARB significantly alleviates left
ventricular remodelling and affects prognosis in patients with
HF, it is necessary to compare the performance of risk scores
in patients taking or not taking ACEI/ARB.

Based on the above background, this study included an up-
dated population (December 2016 to June 2019) representa-
tive of the contemporary population to externally validate
the predictive performance of seven risk scores in predicting
the risk of death and short-term emergency readmission in
contemporary Chinese HF patients and to examine the clini-
cal utility of these risk scores. This study found that the first
readmission of patients within 28 days of discharge was all
through emergency, indicating that patients who were
readmitted within a short period of time were often accom-
panied by relatively severe acute adverse events, which pre-
dicted more severe illness and a worse prognosis. Therefore,
short-term emergency readmission was selected as one of
the endpoint events evaluated in this study. In the subgroup
analysis based on type of HF, we found that all scores per-
formed well in biventricular HF patients. However, ADHERE
and GWTG-HF performed poorly in the left HF subgroup
when evaluating 1 year mortality and SHFM had the best
overall discrimination in left HF patients. When evaluating
28 day readmission, the GISSI-HF, MAGGIC-HF, and BCN-
Bio-HF performed significantly better in left HF patients and
GWTG-HF, ASCEND, and SHFM performed better in right HF
patients. The findings of the comparative analysis based on
whether patients take ACEI/ARB or not were surprising, with
high AUCs (0.883–0.970) for all scores in the cohort taking
ACEI/ARB. All risk scores performed significantly better in
the ACEI/ARB cohort than in the non-ACEI/ARB cohort in
1 year mortality.

The data of this study were from SCIENTIFIC DATA and
were uploaded by Zhang et al. This is an example of Chi-
nese people using artificial intelligence to extract electronic

Figure 2 Decision curve analysis for risk scores in the validation cohort.
The y-axis measures the net benefit. The grey solid line represents the as-
sumption that all patients are complicated with no risk. The black solid
line represents the assumption that all patients are complicated with
dead. The black dotted lines and other coloured lines represent the risk
scores, showing that if the threshold probability of a patient is between
1% and 12%, using this prediction scores in the current study superior
to the ‘intervention-for-none’ scheme. ADHERE, the Acute Decompen-
sated Heart Failure National Registry model; ASCEND, Acute Study of
Clinical Effectiveness of Nesiritide in Decompensated Heart Failure risk
scores; BCN-Bio-HF, Barcelona Bio-Heart Failure risk calculator; GISSI-
HF, Gruppo Italiano per lo Studio della Streptochinasi nell’Infarto
Miocardico-Heart Failure; GWTG-HF, Get With the Guidelines-Heart Fail-
ure programme; MAGGIC-HF, Meta-Analysis Global Group in Chronic
Heart Failure risk score; SHFM, Seattle Heart Failure Model.
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medical records and share data, in line with the spirit of
scientific research and the spirit of the Internet. The
current existing risk scores for HF patients only contain lab-
oratory tests and baseline information. Including more di-
mension factors like patients’ physical function (strength,
balance, mobility, and endurance), state of consciousness,
and medically derived information such as rehabilitation in-
terventions, especially for the elderly, may allow for a more
accurate assessment of patient prognosis.26–31 As data shar-
ing continues to evolve, it will become easier to conduct
clinical studies with larger populations and samples every-
where, and big data will be necessary to update and fre-

quently calibrate online calculators to improve the accuracy
of patient prognosis.

There are some limitations in this study. First, our study
population consisted of general HF patients from
single-centre tertiary hospitals, the vast majority of patients
originated from cardiology departments, and patients were
mostly NYHA class III–IV, and the results may not be general-
izable to global HF population. In the right HF subgroup anal-
ysis, validation of 1 year mortality could not be performed
due to the small number of patients. Second, multiple inter-
polations were used for missing data and missing data in
the GISSI-HF score, SHFM, MAGGIC-HF, and BCN-Bio-HF were

Table 5 Main characteristics of the seven risk scores

SHFM MAGGIC-HF BCN-Bio-HF ADHERE GWTG-HF ASCEND GISSI-HF

Participants HF HF HF ADHF HF ADHF HF
Clinical variables

Age * * * * * * *
Gender * * * *
Heart rate * *
BMI * *
NYHA class III–IV * * * *
SBP * * * * * *
HF

duration > 8 months
*

Dyspnoea at rest *
Smoke *
Black race *
LVEF * * * *
Aortic stenosis *
COPD * * *
DM *

Laboratory
parameters

BUN * * *
Uric acid * *
Creatinine *
eGFR * *
Sodium * * * *
Haemoglobin * * *
Total cholesterol *
Lymphocytes *

Biomarkers
Hs-cTnT *
BNP/NT-proBNP *
ST2 *

Treatments
ACEI/ARB * * *
Beta-blocker * *
Furosemide * *
Statin * *
Allopurinol *

Endpoint 1, 2, and 3 year
mortality

3 year
mortality

1, 2, and 3 year
mortality

In-hospital
mortality

In-hospital
mortality

Adverse
events

2 and 4 year
mortality

ACEI, angiotensin-converting enzyme inhibitor; ADHERE, the Acute Decompensated Heart Failure National Registry model; ADHF, acute
decompensated heart failure; ARB, angiotensin II receptor blocker; ASCEND, Acute Study of Clinical Effectiveness of Nesiritide in Decom-
pensated Heart Failure risk scores; BCN-Bio-HF, Barcelona Bio-Heart Failure risk calculator; BMI, body mass index; BUN, blood urea nitro-
gen; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate calculated with the
Modification of Diet in Renal Disease equation; GISSI-HF, Gruppo Italiano per lo Studio della Streptochinasi nell’Infarto Miocardico-Heart
Failure; GWTG-HF, Get With the Guidelines-Heart Failure programme; HF, heart failure; Hs-cTnT, high-sensitivity circulating troponin T;
LVEF, left ventricular ejection fraction; MAGGIC-HF, Meta-Analysis Global Group in Chronic Heart Failure risk score; NT-proBNP,
N-terminal pro-brain natriuretic peptide; NYHA, New York Heart Association; SBP, systolic blood pressure; SHFM, Seattle Heart Failure
Model; ST2, high-sensitivity soluble ST2.
Adverse events indicate (i) 30 day mortality/HF rehospitalization, (ii) 30 day mortality/all-cause rehospitalization, (iii) 30 day all-cause mor-
tality, and (iv) 180 day all-cause mortality.
*indicates variable included in each model.
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filled in with common sense or simplified; although the final
scores showed good discrimination and calibration, the
possibility of bias due to missing variables cannot be ruled
out. Finally, this study showed that the scores were more ac-
curate and better calibrated for predicting patient death in
the low-risk population, possibly due to the heavier HF class
in our population compared with the population for which
the previous scores were established.

Conclusions

In this study, seven risk scores were externally validated. The
current risk scores were moderately accurate and calibrated
for predicting patients’ 1 year risk of death and less accurate
for assessing patients’ risk of readmission. No particular score
was overpowering in this population and most scores tended
to overestimate risk, and each performed better in low-risk
HF patients. The risk scores remained with good prognostic
discrimination in patients with biventricular HF and in the
subgroup of patients taking ACEI/ARB. There is a need to in-
corporate more patient-level information and to use more
advanced technology to obtain a practical, innovative, and ac-
curate risk assessment tool for different risk groups.
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