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Abstract

Aims Elderly patients with heart failure (HF) are associated with frequent all-cause readmission or death. The present study
sought to develop an accurate and easy-to-use model to predict all-cause readmission or death risk in Chinese elderly patients
with HF.
Methods and results This was a prospective cohort study in patients with HF aged 65 or older. Demographic, co-
morbidity, laboratory, and medication data were collected. A Cox regression model was used to identify factors for the
prediction of readmission or death at 30 days and 1 year. A nomogram was developed with bootstrap validation. Of
the included 854 patients, the cumulative all-cause readmission and mortality rates were 10.5% and 11.6% at 30 days
and 34.9% and 19.7% at 1 year, respectively. The independent risk factors associated with both 30 day and 1 year read-
mission or death were older age, stroke, diastolic blood pressure < 60 mmHg, body mass index ≤ 18.5 kg/m2, lower es-
timated glomerular filtration rate, and BNP > 400 pg/mL (all P < 0.05). Anaemia, abnormal neutrophils, and admission
without angiotensin-converting enzyme inhibitors/angiotensin receptor blockers were the specific independent risk factors
of 30 day all-cause readmission or death (all P < 0.05), whereas serum sodium ≤ 140 mmol/L and admission without
beta-blockers were the specific independent risk factors of 1 year all-cause readmission or death (all P < 0.05). The C-
index of the 30 day and 1 year diagnosis prediction model was 0.778 [95% confidence interval (CI) 0.693–0.862] and
0.738 (95% CI 0.640–0.836), respectively.
Conclusions We developed accurate and easy-to-use nomograms to predict all-cause readmission or
death in Chinese elderly patients with HF. The nomograms will assist in reducing the all-cause readmission and mortality
rates.
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Introduction

Heart failure (HF) is a quintessential geriatric cardiovascular
condition, doubling in prevalence from 6% in those aged 60
to 79 years to >12% in those aged 80 years or older, and
its significance is likely to increase in the future owing to
an aging population.1 Despite the effective treatment, un-
expectedly, all-cause readmission and mortality rates of
HF have been steadily increasing in the past decade.2

As many of readmissions and deaths are possibly predict-
able and preventable,3,4 an easy-to-use and accurate model
to predict the risk of all-cause readmission or death has been
noted.5–7 However, it is suboptimal using a one-size-fits-all
approach to predict the risk of readmission or death for all
patients with HF. First, racial and ethnic disparities have been
indicated among patients with HF in some prior studies.8 HF
risk factors vary substantially across world regions, such as
China populations having more stroke and lower body mass
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index (BMI) than have Western populations.1,9,10 Second, el-
derly patients are the majority population of all-caused HF re-
admission or death.11 The burden of noncardiac
co-morbidities is greater, and readmission or death is more
frequently driven by noncardiac causes among elderly pa-
tients compared with the general population.12,13 Third, the
timing of readmission varies among patients with HF.14,15 Al-
though prior studies have suggested that patients are
readmitted disproportionately early, no study has rigorously
distinguished the weight of risk factors between the precise
timing of 30 day and 1 year readmission or death. In addition,
prior prediction models using complex methods were only
modest discriminative ability.5,6,16 Hence, these limitations
emphasize the need for a user-friendly model to accurately
target elderly patients with multimorbidity.

Nomogram is designed to provide disease-specific, clini-
cally relevant prognostic models predictive of outcome
measures specific to an individual patient. To date, nomo-
grams derived from risk factors have been widely applied
as a straightforward tool to predict survival rate among
cancer patients.17,18 To our knowledge, nomogram is also
a potentially ideal model to predict readmission or death
of patients with HF.19 However, very few studies specifically
focused on the readmission or death of elderly patients
with HF using nomograms.

Therefore, to address these gaps mentioned above, we
aim to (i) explore both 30 day and 1 year all-cause readmis-
sion or death risk factors and their weights among Chinese
elderly patients with HF; (ii) develop and validate accurately
models that target Chinese elderly individuals with HF; and
(iii) construct simplified and effective nomograms to predict
individual all-cause readmission or death risk using reliable
data that can be easily obtained.

Methods

Study population

This was a prospective cohort study of patients hospitalized
from the Heart Failure Center of China-Japan Friendship Hos-
pital between 1 January 2015 and 30 April 2018. All patients
65 years or older admitted to the department with a diagno-
sis of HF were included in this study. The patient selection
process is shown in Figure 1. Patients with HF were clinically
ascertained according to the clinical practice guidelines by the
Chinese Society of Cardiology and was briefly based on (i)
symptoms, for example, dyspnoea, fatigue, or decreased ex-
ercise capacity; (ii) signs, for example, oedema or rales; (iii)
B-type natriuretic peptide (BNP) or N-terminal pro-B-type na-
triuretic peptide, to differentiate the HF diagnosis for patients
with dyspnoea; and (iv) structural and functional abnormali-
ties on echocardiography.20 The diagnostic criteria were sim-
ilar to the recommendation of the European Society of
Cardiology. Cases lost to follow-up were excluded. All sub-
jects gave their informed consent for inclusion before they
participated in the study. The study was conducted in accor-
dance with the Declaration of Helsinki, and the protocol was
approved by the Ethics Committee of the China-Japan Friend-
ship Hospital.

Study design

The study outcomes included all-cause readmission and
death at 30 days and 1 year. Readmission was defined as
any unplanned hospital readmission for any cause within
the first 30 days after discharge or within the first 1 year after
discharge. Only the first readmission occurring at any time af-
ter the index admission and throughout the 30 day and 1 year

Figure 1 Flow chart of inclusion and exclusion process of patients admitted with heart failure.
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follow-up period of study was considered to be the qualifying
readmission for admission-based analyses. Patients who were
readmitted to other hospitals were also included in the read-
mission group in this study because study coordinators per-
formed follow-up interviews regularly and document major
events at 30 days and 1 year into a web-based system
(http://data.chinahfc.org).

Predictor variables

Variables used in the present study were demographic, echo-
cardiographic, and biochemical data; cardiac and noncardiac
co-morbidities at admission; and medications at admission
and discharge. Patients were categorized into three age
groups (65–74, 75–84, and ≥85 years) and four estimated glo-
merular filtration rate (eGFR) groups (<30, 30–59, 60–89,
and ≥90 mL/min/1.73 m2).

Statistical analysis

Continuous variables were expressed as mean ± standard
deviation, and categorical variables were expressed as n
(%). To identify factors that were associated with 30 day
and 1 year readmission, the Kaplan–Meier survival curves
and log-rank test were used for the univariate analysis,
and the Cox regression model was used for the multivariate
analysis. Hazard ratios (HRs) were presented with 95% con-
fidence interval (CI). In order to facilitate clinical applica-
tion, continuous variables were divided into categorical
variables for analysis according to clinical routine cut-offs.

A nomogram was constructed based on statistically sig-
nificant factors identified by the multivariate analysis from
the Cox regression model to predict the possibility of read-
mission. A likelihood ratio test approach for model selec-
tion was performed. Nomogram performance was
quantified with respect to discrimination and calibration.
Discrimination (the ability of a nomogram to separate pa-
tients with readmission status) was quantified by the con-
cordance index (C-index) and 95% CI. Calibration was
assessed graphically by plotting the relationship between
actual (observed) probabilities and predicted probabilities
(calibration plot) by using Hosmer goodness-of-fit test. In-
ternal validation of performance was estimated with the
bootstrapping method (500 replications). All tests were
two-sided, and P < 0.05 was deemed significant. Statistical
analyses were conducted using SPSS for Windows (version
25.0, SPSS Inc., Chicago, IL, USA) and the R programming
language and environment version 3.6.0 (http://cran.r-pro-
ject.org).

Results

Characteristics of elderly patients with heart
failure

The baseline characteristics of elderly patients with HF are
shown in Table 1. A total of 854 elderly patients hospitalized
with HF were included in the present analysis. For the entire
cohort, the mean age was 76.7 ± 6.4 years, with 64.2% being
>75 years old. Male constituted 56.2% of the cohort. Clinical
characteristics of elderly patients hospitalized with HF by age
group were illustrated in Table S1. The cumulative mortality

Table 1 Baseline characteristics of elderly patients with heart
failure

Variables Description (n = 854)

Age, years 76.72 ± 6.40
Male, n (%) 480 (56.21)
Heart rate, b.p.m. 78.04 ± 16.86
SBP, mmHg 132.42 ± 23.04
DBP, mmHg 73.90 ± 13.87
BMI, kg/m2 24.46 ± 4.11
NYHA class, n (%)
II or under 336 (39.34)
III or IV 518 (60.66)

LVEF, % 58.03 ± 13.10
≥50%, n (%) 545 (63.82)
40–49%, n (%) 130 (15.22)
<40%, n (%) 179 (20.96)

BNP, pg/mL 488.00 (167.00, 1117.00)
Haemoglobin, g/L 118.48 ± 21.84
eGFR, mL/min/1.73 m2 67.90 ± 27.95
Fasting glucose, mmol/L 7.45 ± 3.36
Serum sodium, mmol/L 139.56 ± 4.74
Co-morbidities
Coronary heart disease, n (%) 571 (66.86)
Cardiomyopathy, n (%) 47 (5.50)
Valvular disorders, n (%) 78 (9.13)
Hypertension, n (%) 677 (79.27)
Atrial fibrillation, n (%) 286 (33.49)
Anaemia, n (%) 342 (40.05)
Dyslipidaemia, n (%) 423 (57.71)
Diabetes, n (%) 338 (39.58)
Chronic kidney disease, n (%) 316 (37.00)
Stroke, n (%) 246 (28.81)
Infections, n (%) 279 (32.67)

Medication at admission
ACEIs/ARBs 491 (57.49)
Beta-blockers 530 (62.06)
MRAs 351 (41.10)
Diuretic 687 (80.44)

Device therapy
Pacemaker 88 (10.30)
ICDs 4 (0.47)
CRT/CRT-D 10 (1.17)

ACEIs, angiotensin-converting enzyme inhibitors; ARB, angiotensin
receptor blocker; BMI, body mass index; BNP, B-type natriuretic
peptide; CRT, cardiac resynchronization therapy; CRT-D, cardiac
resynchronization therapy with defibrillator. DBP, diastolic blood
pressure; eGFR, estimated glomerular filtration rate; ICD, implant-
able cardioverter defibrillator; LVEF, left ventricular ejection frac-
tion; MRAs, mineralocorticoid receptor antagonists; NYHA, New
York Heart Association; SBP, systolic blood pressure.
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rate at 30 days and 1 year for elderly patients with HF was
11.6% and 19.7%, respectively (Figure S1A). The cumulative
readmission rate at 30 days and 1 year for elderly patients
with HF was 10.5% and 34.9%, respectively (Figure S1B).
The cumulative mortality rate at 30 days and 1 year for el-
derly patients with HF was 19.3% and 44.2%, respectively.

Univariate and multivariate analyses of factors
for 30 day and 1 year readmission or death

In univariate survival analysis, prognostic factors significantly
associatedwithan increased riskofboth30dayand1year read-
mission or death included older age, diastolic blood pressure
(DBP)<60mmHg,BMI<18.5, stroke, anaemia, abnormalneu-
trophils, lower eGFR, serum sodium ≤ 140 mmol/L,
BNP > 400 pg/mL, and admission without
angiotensin-converting enzyme inhibitors (ACEIs)/angiotensin
receptor blockers (ARBs), beta-blockers, andmineralocorticoid
receptor antagonists (MRAs) (all P< 0.05) (Table 2).

In the Cox multivariate analysis, older age [compared with
65–74 and 75–84 years, HR = 1.13 (0.69–1.82), P = 0.034,
≥85 years, HR = 1.72 (1.13–2.61), P = 0.034],

DBP < 60 mmHg [HR = 2.57 (1.59–4.18), P < 0.001],
BMI < 18.5 kg/m2 [HR = 3.33 (1.72–6.46), P < 0.001], stroke
[HR = 1.77 (1.14–2.73), P = 0.010], anaemia [HR = 1.85 (1.16–
2.96), P = 0.010], abnormal neutrophils [HR = 1.85 (1.21–
2.82), P = 0.005], low eGFR [compared with ≥90 and 60–
90 mL/min/1.73 m2, HR = 0.69 (0.37–1.24), P = 0.207; 30–
60 mL/min/1.73 m2, HR = 1.62 (0.89–2.95), P = 0.114;
<30 mL/min/1.73 m2, HR = 1.63 (1.16–2.28), P = 0.028],
BNP > 400 pg/mL [HR = 2.69 (1.76–4.12), P < 0.001], and ad-
mission without ACEIs/ARBs [HR = 1.79 (1.13–2.81),
P = 0.012] were the independent risk factors associated with
increased 30 day all-cause readmission or death (Table 2).

Besides similar risk factors at 30 days including older age,
DBP < 60 mmHg, BMI ≤ 18.5 kg/m2, stroke, lower eGFR,
BNP > 400 pg/mL, serum sodium < 140 mmol/L [HR = 1.33
(1.04–1.70), P = 0.027], and admission without
beta-blockers [HR = 1.34 (1.04–1.72), P = 0.022] were the
specific independent risk factors associated with increased
1 year all-cause readmission or death (Table 2).

In addition, older age, lower eGFR, anaemia, and discharge
without ACEI/ARB and MRAs were the independent risk fac-
tors associated with increased 1 year HF readmission (Table
S2).

Table 2 Univariate and multivariate analyses of 30 day and 1 year death or readmission in elderly patients with heart failure

Variables

Univariate analysis Multivariate analysis

30 days 1 year 30 days 1 year

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Age, years 0.002 <0.001 0.041 0.004
65–75 1.00 1.00 1.00 1.000
75–85 1.17 (0.82–1.67) 0.379 1.41 (1.11–1.79) 0.004 1.13 (0.69–1.82) 0.633 1.30 (0.99–1.72) 0.060
≥85 2.12 (1.38–3.25) 0.001 2.37 (1.76–3.20) <0.001 1.72 (1.13–2.61) 0.034 1.84 (1.28–2.63) 0.001

Male 1.17 (0.86–1.60) 0.318 1.00 (0.82–1.23) 0.999
SBP > 140 mmHg 0.69 (0.42–1.13) 0.140 0.55 (0.43–0.71) <0.001
DBP < 60 mmHg 2.69 (1.89–3.82) <0.001 2.37 (1.84–3.07) <0.001 2.57 (1.58–4.18) <0.001 1.92 (1.39–2.64) <0.001
BMI ≤ 18.5 kg/m2 3.67 (2.14–6.32) <0.001 1.99 (1.26–3.12) 0.003 3.33 (1.72–6.46) <0.001 1.86 (1.11–3.10) 0.018
Abnormal NE 1.99 (1.27–3.11) 0.003 1.68 (1.37–2.06) <0.001 1.85 (1.21–2.82) 0.005
LVEF, % 0.057 0.450 0.13 0.796

≥50 1.00 1.00 1.00
40–49 1.28(0.78–2.12) 0.417 0.89(0.61–1.30) 0.542 1.68(0.80–3.55) 0.47 1.10(0.68–1.78) 0.69
<40 1.35(0.92–1.97) 0.205 1.16(0.87–1.54) 0.313 1.73(0.87–3.44) 0.15 1.12(0.78–1.62) 0.54

eGFR, mL/min/1.73 m2 0.001 <0.001 0.009 0.001
≥90 1.00 1.00 1.00 1.000
60–90 0.82 (0.53–1.25) 0.355 1.03 (0.78–1.37) 0.839 0.68 (0.37–1.24) 0.207 1.09 (0.77–1.54) 0.618
30–60 1.27 (0.82–1.96) 0.289 1.47 (1.09–1.98) 0.011 1.62 (0.89–2.95) 0.114 1.55 (1.07–2.23) 0.019
<30 2.38 (1.49–3.79) <0.001 2.83 (2.04–3.93) <0.001 1.63 (1.16–2.28) 0.028 2.17 (1.40–3.38) 0.001

Serum sodium ≤ 140 mmol/L 1.46 (1.07–2.00) 0.019 1.49 (1.21–1.84) <0.001 1.33 (1.04–1.70) 0.027
Fasting glucose > 6.9 mmol/L 1.53 (0.98–2.40) 0.062 1.34 (1.09–1.64) 0.005
BNP > 400 pg/mL 3.12 (2.15–4.54) <0.001 1.78 (1.42–2.23) <0.001 2.69 (1.76–4.12) <0.001 1.54 (1.20–1.98) 0.001
Atrial fibrillation 1.09 (0.79–1.50) 0.603 1.08 (0.87–1.34) 0.480
Stroke 1.49 (1.08–2.04) 0.014 1.56 (1.26–1.92) <0.001 1.77 (1.14–2.73) 0.010 1.60 (1.25–2.06) <0.001
Anaemia 1.51 (1.11–2.04) 0.009 1.55 (1.27–1.90) <0.001 1.85 (1.16–2.96) 0.010
Admission without ACEIs/ARBs 2.43 (1.75–3.36) <0.001 1.77 (1.44–2.17) <0.001 1.79 (1.13–2.81) 0.012
Admission without Beta-blockers 1.53 (1.12–2.07) 0.007 1.41(1.15–1.72) 0.001 1.34 (1.04–1.72) 0.022
Admission without MRAs 1.61 (1.16–2.24) 0.005 1.29(1.04–1.59) 0.019

ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; BMI, body mass index; BNP, B-type natriuretic pep-
tide; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; MRAs, mineralocorticoid receptor antagonists; NE, neutro-
phils; SBP, systolic blood pressure.

1018 M. Yang et al.

ESC Heart Failure 2020; 7: 1015–1024
DOI: 10.1002/ehf2.12703



Construction of the nomogram for 30 day and
1 year all-cause readmission or death

Seven variables selected in the Cox model were included to
build a nomogram to individualize the risk of readmission or
death for 30 days and 1 year separately (Figure 3A and B).
The ratios of the calculated beta were used to decide the pro-
portional prognostic effect of these variables. The projections
from total points on the scales below indicated the estimated

probability of readmission or death. BMI ≤ 18.5 kg/m2,
DBP < 60 mmHg, abnormal neutrophils,
eGFR < 60 mL/min/1.73 m2, BNP > 400 pg/mL, and admis-
sion without ACEIs/ARBs had higher weights on increased
30 day readmission or death risk (>5 points).
Age > 85 years, DBP < 60 mmHg, BMI ≤ 18.5 kg/m2, stroke,
eGFR < 30 mL/min/1.73 m2, and BNP > 400 pg/mL had
higher weights on increased 1 year readmission or death risk
(>5 points) (Figure 2).

Figure 2 Construction of the nomogram for 30 day and 1 year all-cause readmission. (A) The nomogram to predict the individual probability of 30 day
readmission or death. (B) The nomogram to predict the individual probability of 1 year readmission or death. The nomogram is used by adding up the
points identified on the scale of all parameters. The total nomogram point of each patient can be used to predict readmission or death risk on an in-
dividual basis. To predict a patient readmission or death risk at 30 days, take the following as an example: a 80-year-old female (1.25 points) whose DBP
was 70 mmHg (0 points) and BMI was 19.5 kg/m2 (0 points) at admission; had a history of stroke (4.25 points) and anaemia (4.5 points); has an ab-
normal NE level (5 points); has an eGFR level of 65 mL/min/1.73 m

2
(3.25 points); has a BNP level of 800 pg/mL (7 points) and admission without ACEIs/

ARBs (5.5 points); and has a total point score of 30.75, corresponding to >90% risk of readmission or death at 30 days. ACEI, angiotensin-converting
enzyme inhibitor; ARB, angiotensin receptor blockers; BMI, body mass index; BNP, B-type natriuretic peptide; DBP, diastolic blood pressure; eGFR, es-
timated glomerular filtration rate; NE, neutrophils.
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Validation of the nomogram

The predictive accuracy of the nomogram was measured via
10-fold cross-validation and the bootstrap validation method
(500 bootstrap resamples). The C-index for the nomogram of
30 day and 1 year readmission or death risk was 0.778 (95%
CI 0.693–0.862) and 0.738 (95% CI 0.640–0.836) with
bootstrapping, respectively. As shown in Figure 3A and B, the
calibration plot of predicted probabilities against observed re-
admission or mortality rates indicated excellent concordance.

Discussion

In the present study, this is the first time to develop and val-
idate a user-friendly and relatively personalized model to pre-
dict in 30 day and 1 year all-cause readmission or death risk

specific for Chinese elderly patients with HF. Our constructed
nomogram provided an easy-to-use and individualized model
for prediction of all-cause readmission or death, which is
helpful for optimizing clinical management. Cross-validation
in the split sample confirmed the accuracy of our model in
predicting readmission or death risk in elderly patients with
HF at 30 days (C-index = 0.778) and 1 year (C-index = 0.738).
However, this result came from internal verification without
support from external data yet. Older age, stroke,
DBP < 60 mmHg, BMI < 18.5, lower eGFR, and
BNP > 400 pg/mL were the independent risk factors of both
30 day and 1 year all-cause readmission or death. Anaemia,
abnormal neutrophils, and admission without ACEIs/ARBs
were the specific independent risk factors of 30 day
all-cause readmission or death, whereas serum
sodium ≤ 140 mmol/L and admission without beta-blockers
were the specific independent risk factors of 1 year

Figure 3 Validation of the nomogram for 30 day and 1 year all-cause readmission. (A) Calibration plot of observed proportion versus predicted prob-
ability of 30 day readmission or death of the novel nomogram. (B) Calibration plot of observed proportion versus predicted probability of 1 year re-
admission or death of the novel nomogram.
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all-cause readmission or death of Chinese elderly patients
with HF.

Presently, the readmission or death risk prediction models
established in previous studies for patients with HF have
modest predictive ability. Although medical complex of el-
derly patients with HF would explain the poor readmission
or death risk prediction, overlooking the important risk fac-
tors for readmission and death including the heterogeneity
between races and noncardiac co-morbidities was more
considerable.8,12,21 The HF population in China differs from
that in Western countries, including notably more stroke
and a lower BMI,1,9,22 making data derived from Western
populations likely to be not applicable. In addition, previously
published studies on HF readmission or death risk model have
mainly depended on cardiac conditions,5,6,23 whereas they
have focused less on the impact of noncardiac factors such
as stroke and anaemia, which were the major factors for
all-cause readmission or death in elderly patients with HF.

Compared with previous reports, uniquely, this study
aimed to target population of the predictive model at elderly
patients in China and incorporate multiple noncardiac clinical
variables, including stroke, anaemia, fasting glucose, and
eGFR into a user-friendly predictive nomogram. The advan-
tage of our nomogram is that all variables are readily avail-
able and clinical patient information is accessible, and no
advanced mathematical calculation is required. Because the
readmission or death risk is known on the date of admission,
several of these modifiable variables can direct active inter-
ventions to reduce readmission and mortality potentially.
Meanwhile, the nomogram provides the prognosis of pa-
tients from group level to individual level. Furthermore, the
use of 10-fold cross-validation substantiates the validity of
the model. The 10-fold cross-validation was used to validate
the model, which divides the raw data into 10 groups (10-
fold); each subset data are used as a verification set, and
the remaining K � 1 subset data are used as a training set,
so that K models are obtained.24 Cross-validation effectively
utilizes limited data, making the test results of the model
more robust. Unfortunately, this verification has not been
carried out using external data, so the external accuracy of
the model may require further research to confirm.

In our analysis, several risk factors incorporated in 30 day
and 1 year prognostic prediction model warrant clinicians fur-
ther regard, including stroke, DBP, and anaemia, which were
not identified in prior studies. Stroke is a common
co-morbidity in Chinese elderly patients with HF, and the
overall prevalence of stroke was 27.6%, noticeably higher
than that of the previous trials conducted in Western coun-
tries (7–10%).25–27 The findings of this study may well be rel-
evant to the marked increase in stroke prevalence in China,
making it the particularity of our study population. Moreover,
in HF patients with stroke, the risk of readmission or death
was significantly increased in both 30 days and 1 year. Our
study demonstrated that stroke was a potent and persistent

independent risk factor for readmission or death among Chi-
nese elderly patients with HF. Contrary to our analyses, pre-
vious studies did not identify stroke as a significant
predictor of readmission or death in several large cohorts in
Western population.15,28,29 This discrepancy might be due in
part to the racial and ethnic differences. China has the
highest current stroke incidence and mortality rates in the
world.30 In addition, the overall prevalence of AF in elderly
patients with HF was lower to the rate recently reported in
HF patients in elderly HF population in Western
countries.31,32 Specifically, in 246 patients with stroke, up to
158 (64.2%) patients were diagnosed with stroke but without
AF, indicating that most of stroke was probably
noncardioembolic. Similar to other studies, atherosclerosis
may be the main cause of stroke in elderly patients with HF
in China.30 As stroke was a clinically important outcome in
HF, an optimal approach to stroke prevention and treatment
in patients with HF is needed.

Previous reports from prospective cohort studies represen-
tative of the general population have demonstrated that
higher systolic blood pressure (SBP) and lower DBP are asso-
ciated with an increased risk for readmission and death in
HF,33–35 whereas our results indicated that low DBP other
than SBP was an independent risk factor for readmission or
death in elderly patients with HF. Noticeably, low DBP in-
creased not only 30 day but also 1 year readmission risk. A
plausible explanation could be that SBP increases with age,
whereas DBP remains stable or even decreases spontane-
ously in older adults, especially in the presence of arterial
stiffness, and a declining BP may further decrease an already
low DBP, which in turn leads to lower perfusion.36 At low per-
fusion pressures, chronic coronary hypoperfusion occurs and
associates with myocardial damage, and eventually ventricu-
lar function worsens. Additionally, the presence of low perfu-
sion also leads to multiple organ damage, which may
eventually worsen HF. Therefore, DBP level < 60 mmHg
should alert clinicians to the need for frequent cardiovascular
assessment and adjustments in antihypertensive treatment
such as ACEIs/ARBs, beta-blockers, and MRAs.

Anaemia has lately been observed as an imperative non-
cardiac co-morbidity in patients with HF.37,38 In our study,
we found that 40.0% of the elderly HF patients were diag-
nosed with anaemia, and more importantly, anaemia was a
reliable indicator of unfavourable prognosis and an indepen-
dent risk factor for 30 day all-cause readmission or death in
elderly patients with HF. These findings were in alignment
with several studies that provide evidence of an association
between anaemia and adverse outcomes in patients with
HF.39,40 Multiple mechanisms appear to contribute to poor
outcomes in these anaemic patients. Reduced oxygen deliv-
ery to metabolizing tissues in anaemic subjects triggers a host
of hemodynamic, neurohormonal, and renal alterations, lead-
ing to increased myocardial workload, which could cause ad-
verse outcomes.
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Our study has a few limitations. Our study used data from
a single centre with an elderly population. However, we
have the advantage of systematic data collection and com-
plete follow-up; hence, we were able to provide more de-
tailed information and to identify HF more accurately than
did International Classification of Diseases, 9th Revision. An-
other limitation is the lack of validation of our predictive
model in an external population. Nevertheless, internal vali-
dation measured via 10-fold cross-validation and the calibra-
tion of predicted probabilities against observed readmission
and mortality rates indicated good outcome given the
strength of our study. Finally, geriatric conditions such as
disability, cognitive impairment, and frailty were essential
and affect the outcome of elderly patients with HF. Unfortu-
nately, these geriatric conditions were not incorporated in
our study.

Conclusions

In the present study, we develop a novel and easy-to-use no-
mogram to rapidly predict all-cause readmission or death in
individual Chinese elderly patients with HF. These nomo-
grams provide individualized all-cause readmission or death
estimation on the date of admission and will assist in clinical
decision making. According to the results of the multivariate
analysis, the factors associated with the increase both
30 day and 1 year all-cause readmission or death of elderly
patients with HF were older age, stroke, DBP < 60 mmHg,
lower eGFR, and BNP > 400 pg/mL. Anaemia, abnormal neu-
trophils, and admission without ACEIs/ARBs were the specific
independent risk factors of 30 day all-cause readmission or
death, whereas serum sodium ≤ 140 mmol/L and admission
without beta-blockers were the specific independent risk fac-
tors of 1 year all-cause readmission or death. Therefore, opti-
mal management, especially for the noncardiac
co-morbidities at admission, may be crucial for reducing the
all-cause readmission and mortality rate.
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