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Abstract

Aims The impact of worsening renal function (WRF) on the prognosis of patients with acute heart failure (AHF) remains
controversial. We aimed to identify phenotypically distinct subgroups among individuals with both AHF and WRF using cluster
analysis.
Methods and results Overall, the data of 483 patients with both AHF and WRF enrolled in the West Tokyo Heart Failure
Registry were analysed. Using cluster analysis, we identified three phenotypically distinct subgroups (phenogroups 1, 2, and
3). We assessed the impact of WRF on the prognosis of each phenogroup by comparing the incidence of composite endpoints,
including all-cause death and re-hospitalization due to heart failure, with those of a propensity score-matched, non-WRF con-
trol group. Participants in phenogroup 1 (N = 122) were the youngest (69.3 ± 13.7 years), had relatively preserved estimated
glomerular filtration rate (eGFR, 70.0 ± 27.7 mL/min/1.73 m2), and reduced left ventricular ejection fraction (LVEF)
(41.8 ± 13.7%). Conversely, participants in phenogroup 3 (N = 122) were the oldest (81.7 ± 8.5 years), had the worst eGFR
(33.0 ± 20.9 mL/min/1.73 m2), and had preserved LVEF (51.7 ± 14.8%). The characteristics of the participants in phenogroup
2 (N = 239) were between those of phenogroups 1 and 3. The propensity score matching analysis showed that WRF was
associated with a higher incidence of composite endpoints in phenogroup 1, whereas this association was not observed in
phenogroups 2 and 3.
Conclusions Using cluster analysis, we revealed three phenotypically distinct subgroups of patients with both AHF and WRF.
WRF was associated with worse clinical outcomes in the subgroup of younger patients with reduced LVEF and preserved renal
function.
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Introduction

Worsening renal function (WRF) during acute management
of heart failure is known to affect up to 30–50% of patients
with acute heart failure (AHF).1–4 However, the precise or

individual impact of WRF on the prognosis of these patients
remains controversial. WRF has been variably associated with
worse, neutral, or even improved outcomes.1–4 This variabil-
ity is likely a product of different pathophysiologic processes
driving alterations in renal function. Simultaneously, the
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occurrence of WRF during treatment of AHF may affect im-
portant therapeutic decisions, such as continuation of decon-
gestion or introduction of renin-angiotensin-aldosterone
system inhibitors (RASI).5 Therefore, identifying patients
who are susceptible to the adverse effects of WRF is clinically
important. Several studies have recently shown that pheno-
typic heterogeneity among patients with AHF, including dif-
fering left ventricular ejection fraction (LVEF) and
haemodynamic status, exert different effects on the associa-
tion between WRF and prognosis.6–13 However, identification
of each phenotype within both WRF and AHF remains a
challenge.

Subgrouping patients with statistical clustering to reveal
hidden phenotypic characteristics may be useful for elucidat-
ing this phenotypically heterogenic patient group.14–16 Co-
hen et al. have successfully revealed several categorisations
that have long been overseen by clinicians in patients with
heart failure with preserved ejection fraction by applying
the cluster technique.17,18 To the best of our knowledge,
no studies have applied this method to patients with both
WRF and AHF. Herein, we aimed to identify phenotypically
distinct subgroups in a cohort of individuals with AHF
complicated by WRF using unsupervised cluster analysis. Fur-
thermore, we assessed the impact of WRF on the prognosis
of each phenogroup by comparing their clinical outcome
with that of a propensity score-matched, non-WRF control
group.

Methods

Study design

Patient data were obtained from the West Tokyo Heart
Failure (WET-HF) Registry. Details of the registry have been
previously reported.19,20 This database is a multicentre, pro-
spective cohort registry that includes data on the clinical
backgrounds and outcomes of consecutive patients with
acute decompensated heart failure (ADHF) requiring hospital-
ization from five high-volume hospital centres within the To-
kyo metropolitan area (three university hospitals and two
tertiary referral community hospitals) during the study pe-
riod. ADHF was defined according to the Framingham AHF
criteria. Patients who refused to participate in the registry
and those with acute coronary syndrome were excluded.
The treating cardiologists initially diagnosed AHF, and the di-
agnosis was then confirmed by at least one board-certified
cardiologist at each institution. Baseline data and outcomes
were collected by dedicated clinical research coordinators
from medical records and interviews with treating physicians.
Finally, two chief investigators inspected the reported data at
least once a year to verify their quality. For this study, the
data of patients registered between January 2006 and March

2017 were analysed. The patients were followed-up for a me-
dian duration of 724 days. The investigation conformed to
the principles outlined in the Declaration of Helsinki and
was approved by each centre’s ethics review committee.21

Written or oral informed consent was obtained from each
participant before study inclusion.

Data collection

Data were collected during enrolment using a web-based
form. Age, sex, blood pressure, heart rate, co-morbidities,
body mass index (BMI), laboratory data, and echocardio-
graphic data were collected. Within the first 48 h of admis-
sion, blood samples were obtained to measure laboratory
variables. We used a formula to convert the value of
N-terminal prohormone of the brain natriuretic peptide
(NT-proBNP) to that of the brain natriuretic peptide (BNP):
BNP = 10(log10 (NT-proBNP) � 0.57/1.1), for patients with only NT-
proBNP results (n = 208).22 The estimated glomerular filtration
rate (eGFR) was calculated using the Modification of Diet in
Renal Disease equation.23 Chronic kidney disease was defined
as an eGFR of <60 mL/min/1.73 m2. The follow-up duration
for this analysis was 3 years after the discharge date from
the index hospitalization. The endpoints were all-cause death
and a composite of all-cause death and readmission due to
worsening heart failure. Follow-up data were obtained from
hospital records or by contacting the patients or referring phy-
sicians through mail or telephone. To ensure the accuracy of
the ascertainment of endpoints, the WET-HF Registry is sup-
ported by a central study committee that examines the occur-
rence of each endpoint.

Statistical analysis

All statistical analyses were performed using SPSS version 24.0
(IBM, Corp, Armonk, NY). First, we conducted a two-step clus-
ter analysis to determine phenogroups among patients with
both AHF and WRF. We performed pre-clustering, where the
programme used a sequential clustering approach to com-
press the sub-clusters to determine the desired number of
clusters.24 The programme then used the Bayesian informa-
tion criterion (BIC) to determine the number of clusters.
Finally, the programme grouped the sub-clusters from the first
step into the determined number of clusters using the ag-
glomerative hierarchical clustering method. Twenty-five con-
tinuous variables were considered potential candidates for
clustering. Age, BMI, systolic blood pressure, diastolic blood
pressure, heart rate, haemoglobin (Hb) concentration, blood
urea nitrogen (BUN), serum sodium concentration, serum
potassium concentration, plasma BNP concentration, and
eGFR at admission and discharge were considered candidates
for the cluster variables. Among the echocardiographic
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parameters, we included the LVEF, left ventricular end-
diastolic diameter, left ventricular end-systolic diameter
(LVESD), and left atrial diameter. Among them, eight pairs
with correlation coefficients >0.6 were filtered. In each pair,
variables with larger numbers of missing values were ex-
cluded from the cluster analysis (BUN at discharge and admis-
sion, BMI at discharge, diastolic blood pressure at discharge,
Hb concentration at discharge, eGFR at discharge, BNP at dis-
charge, and LVESD). Ultimately, 17 variables were used for
clustering. A heat map with standardized values of the pheno-
typic features across each phenogroup was generated for the
hierarchical cluster analysis. Because the standardized values
of the characteristics included in the study ranged mainly
from �0.9 SD-1.2 SD, the key colour range was set from
�1.2 SD-1.2 SD.

Second, to compare the prognosis in each phenogroup
with that of patients without WRF who had similar pheno-
types, the propensity score (PS) for WRF was calculated for
each patient, including those without WRF, using a logistic
regression model that included 17 covariates as indepen-
dent variables and the occurrence of WRF as the depen-
dent variable. A PS-matched cohort of patients without
WRF was generated for each WRF phenogroup using 1:1
matching.

Lastly, we compared the differences in demographics,
clinical characteristics at admission and discharge, echocar-
diographic findings, and long-term outcomes between the
phenogroups, and between each phenogroup and the PS-
matched, non-WRF control group.

The primary outcome for long-term prognosis was the inci-
dence of composite endpoints, including both all-cause death
and readmission due to worsening heart failure. The second-
ary outcome was the incidence of all-cause death. To com-
pare long-term outcomes, we used the Kaplan–Meier curve,
log-rank test, and the univariate and multivariate Cox propor-
tional hazards model. Independent variables for the Cox
proportional hazard analysis were defined according to the
clinical characteristics and medications at discharge, which
were not entered into the PS matching analysis. We con-
ducted a power analysis to confirm the statistical power for
the comparison of outcomes between the phenogroups,
and between each phenogroup and its PS-matched, non-
WRF cohort. The statistical power was calculated by fixing
the total number according to the study population and as-
suming an event rate of 0.4 for composite endpoints and
0.3 for all-cause mortality, which were derived from the
total event rate in previous publications from the WET-HF.
A difference of 30% in these outcomes was defined as
significant.

Continuous variables are presented as means ± standard
deviations or medians and interquartile ranges (IQR), accord-
ing to their distribution. Categorical variables are expressed
as percentages. P-values <0.05 were considered significant
for all analyses.

Results

For the present analysis, data from 4000 consecutive patients
enrolled in the WET-HF Registry (registered from 1 January
2006 to 31 March 2017) were analysed (Figure 1). We
excluded patients without available eGFR data at admission
or discharge (n = 4), cases of in-hospital deaths (n = 164),
and those without long-term follow-up data, including heart
failure readmission and all-cause death (n = 244). Among
the remaining 3588 patients, 632 had WRF, defined as
a > 20% reduction in eGFR at discharge,25 and 483 with no
missing data on the designated 17 clinical variables were in-
cluded in the cluster analysis.

Phenogroups according to the cluster analysis
and their impact on prognosis

The optimal number of clusters identified by the BIC analysis
was three (Supporting Information, Figure S1), and the
two-step cluster analysis revealed three phenotypically
different groups. The participants in phenogroup 1 (n = 122)
were younger (mean age, 69.3 ± 13.7 years), had higher
systolic blood pressure and heart rate at admission
(170 ± 28.4 mmHg and 119.4 ± 17.6 bpm, respectively), rela-
tively preserved eGFR and Hb concentration at admission
(69.9 ± 27.7 mL/min/1.73 m2 and 13.5 ± 1.8 g/dL, respec-
tively), and reduced LVEF (41.8 ± 13.7%) than those in the
other groups. The participants in phenogroup 3 (n = 122) were
characterized as older (mean age, 81.7 ± 8.5 years) and had
preserved ejection fraction (EF) (51.7 ± 13.1%), the worst
eGFR (48.2 ± 30.5 mL/min/1.73 m2), and the highest BNP level
(median, 824 pg/mL; IQR, 418–1921 pg/mL). Phenogroup 2
(n = 239) generally exhibited phenotypes that were between
those of phenogroups 1 and 3; this group included
middle-aged individuals with moderate renal dysfunction
(eGFR, 56.0 ± 21.7 mL/min/1.73 m2) and mid-range LVEF
(45.8 ± 15.3%). Changes in body weight during the index
hospitalization did not differ significantly among the three
groups (Table 1). The phenotypic characteristics across each
phenogroup are shown in a heatmap (Figure 2).

Regarding clinical characteristics other than those entered
into the cluster analysis, the prevalence of patients with a his-
tory of atrial fibrillation, hypertension, and diabetes mellitus
was highest in phenogroup 1, whereas the prevalence of
these conditions was lowest in phenogroup 3. In contrast,
the prevalence of ischaemic heart disease did not signifi-
cantly differ among the groups. Each phenogroup exhibited
a nearly 30% reduction in eGFR during the index hospitaliza-
tion. Compared with the participants in phenogroup 1 (young
patients with heart failure with reduced ejection [HFrEF] with
high blood pressure and preserved renal function), those in
phenogroups 3 (older patients with heart failure with
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preserved ejection fraction [HFpEF] with impaired renal func-
tion) and 2 (patients with variable EF with moderate renal
dysfunction) had higher risks of both composite endpoints
and all-cause mortality (P < 0.05) (Figure 3). These outcomes
did not differ significantly between phenogroups 2 and 3. The
power analysis indicated insufficient statistical power to
confirm equality in the prognosis between phenogroups 2
and 3 (Supporting Information, Table S1).

Medications at admission, discharge, and those added
during hospitalization are summarized in Table 1. Addition
and prescription rates for beta-blockers and RASIs at
discharge were higher in phenogroup 1 compared with the
other groups.

Prognosis of the worsening renal function and
non-worsening renal function cohorts within each
phenogroup

To analyse the effect of WRF on the prognosis of each
phenogroup, we compared the clinical outcomes of patients
with WRF in each phenogroup with those of the propensity-
matched, non-WRF cohort patients. Among the 2956 patients
without WRF during the index hospitalization, a cohort of pa-
tients for each phenogroup with WRF was generated with 1:1
PS matching using the 17 covariates from the cluster analysis.
PS matching resulted in well-balanced cohorts of each WRF

phenogroup (115 in phenogroup 1, 233 in phenogroup 2,
and 116 in phenogroup 3) and non-WRF matched controls
(115 in matched phenogroup 1, 233 in matched phenogroup
2, and 116 in matched phenogroup 3). Most characteristics
entered into the cluster analysis were similar between each
phenogroup and its PS-matched cohort, except for diastolic
blood pressure and heart rate at admission in phenogroup
3 and its control group (Table 2).

In the comparison of composite endpoints between WRF
and non-WRF in each phenogroup using univariate Cox
proportional hazards analysis, WRF was associated with a
higher risk of composite endpoints in phenogroup 1 than in
the PS-matched non-WRF cohorts (HR, 1.81; 95% confidence
interval (95% CI), 1.07–3.08; P = 0.03). In the other two
phenogroups, WRF was not associated with the composite
endpoints (HR, 1.16; 95% CI, 0.88–1.53; P = 0.29 in
phenogroup 2, and HR, 1.13; 95% CI, 0.77–1.65; and
P = 0.55 in phenogroup 3; Figure 4). WRF was not associated
with the incidence of all-cause death in each phenogroup
(Figure 5). The negative effect of WRF on the prognosis in
phenogroup 1 was consistent after adjusting for clinical char-
acteristics and medications at discharge, which were not en-
tered into the cluster analysis or PS matching (Supporting
Information, Tables S3 and 3). The power analysis indicated
insufficient statistical power to detect significant differences
in the composite endpoints and all-cause mortality in
phenogroups 2 and 3 (Supporting Information, Table S2).

Figure 1 Selection of study population and cluster analysis. BP, blood pressure; eGFR, estimated glomerular filtration rate; HFrEF, heart failure with
reduced ejection fraction; HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart
failure with reduced ejection; HR, heart rate; PS, propensity score; WRF, worsening renal function.
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Discussion

The impact of WRF on the prognosis of patients with AHF is
unclear, as WRF reflects both the treatment strategy and
underlying phenotypic heterogeneity. WRF in the setting of
aggressive and effective decongestive therapy in AHF is a

result of effective decongestion and is not associated with
acute tubular necrosis or poor prognosis. In addition, some
cases of WRF may be attributed to appropriate clinical inter-
ventions such as administration of RASIs, and thus, may be
associated with better clinical outcomes. Therefore, identify-
ing subgroups of patients who are more susceptible to the

Table 1 Baseline demographics and clinical characteristics of the enrolled patients with acute heart failure and worsening renal function,
stratified by phenogroup

Phenogroup 1
(n = 122)

Phenogroup 2
(n = 239)

Phenogroup 3
(n = 122) All (n = 483)

Missing
value

Demographics
Age, years (SD) 69.3 (13.7) 76.3 (10.1) 81.7 (8.5) 75.9 (11.6) 0
Body mass index, kg/m2 (SD) 24.4 (4.0) 24.1 (5.5) 21.6 (3.8) 23.5 (4.9) 0

Medical history
Sex, female % 42.6 47.7 54.9 48.2 0
Atrial fibrillation, % 50.0 47.3 38.5 45.8 0
Diabetes Mellitus, % 41.0 37.2 36.1 37.9 0
Hypertension, % 82.8 66.5 72.1 72.0 0
Ischaemic heart disease, % 27.9 28.9 32.8 29.6 0

Clinical characteristics at admission
Systolic blood pressure, mmHg

(SD)
170.0 (28.4) 133.7 (23.8) 152.3 (32.4) 147.6 (31.1) 0

Diastolic blood pressure, mmHg
(SD)

108.7 (18.6) 74.4 (15.3) 81.2 (19.3) 84.8 (22.1) 0

Heart rate, b.p.m. (SD) 119.4 (17.6) 84.9 (20.9) 88.1 (22.0) 94.4 (26.8) 0
Haemoglobin, g/dL (SD) 13.5 (1.8) 11.6 (2.0) 10.5 (1.8) 11.8 (2.2) 0
Na, mEq/L (SD) 139.9 (3.2) 141.0 (2.8) 135.7 (5.9) 139.4 (4.5) 0
K, mEq/L (SD) 4.1 (0.5) 4.1 (0.5) 4.6 (0.6) 4.2 (0.6) 0
eGFR, mL/min/1.73 m2 (SD) 70.0 (27.7) 56.0 (21.7) 48.2 (30.5) 57.6 (26.8) 0
BNP, pg/mL (IQR) 514 (311 to 900) 544 (272 to 1128) 824 (418 to 1921) 570 (318 to 1221) 0

Clinical characteristics at discharge
Systolic blood pressure, mmHg

(SD)
113.8 (16.1) 109.7 (14.5) 121.5 (19.5) 113.7 (17.0) 0

Heart rate, b.p.m. (SD) 74.0 (13.6) 68.8 (10.9) 69.8 (11.2) 70.4 (11.9) 0
Na, mEq/L (SD) 138.9 (2.9) 138.8 (3.4) 136.3 (4.9) 138.2 (3.9) 0
K, mEq/L (SD) 4.5 (0.5) 4.4 (0.5) 4.6 (0.6) 4.5 (0.6) 0
eGFR, mL/min/1.73 m2 (SD) 49.3 (20.6) 38.1 (15.7) 33.0 (20.9) 39.7 (19.4) 0

Body weight change, % (IQR)
�6.1 (�10.5 to �3.3) �6.9 (�11.1 to �3.4) �6.4 (�12.6 to �1.0) �6.6 (�11.1 to �

2.6)
5

Echocardiographic findings
LVDd, mm (SD) 53.3 (8.7) 52.6 (10.1) 45.7 (8.7) 51.1 (9.9) 0
LVEF, % (SD) 41.8 (13.7) 45.8 (15.3) 51.7 (13.1) 46.3 (14.8) 0
LAd, mm (SD) 43.3 (7.2) 45.5 (9.8) 41.2 (7.6) 43.8 (8.8) 0

Medications at discharge
Beta-blockers, n (%) 109 (89.3) 172 (72.0) 91 (74.6) 372 (77.0) 0
RASIs, n (%) 85 (69.7) 159 (66.5) 68 (55.7) 312 (64.6) 0
MRAs, n (%) 41 (27.5) 103 (43.3) 29 (23.8) 182 (37.8) 1
Loop diuretics, n (%) 87 (71.3) 190 (79.8) 90 (73.8) 367 (76.1) 1
CCBs, n (%) 45 (37.5) 79 (33.5) 61 (50.4) 185 (38.3) 6

Medications at admission
Beta-blockers, n (%) 36 (29.5) 117 (49.0) 58 (47.5) 211 (43.6) 0
RASIs, n (%) 38 (31.1) 114 (47.7) 48 (39.3) 200 (41.4) 0
MRAs, n (%) 15 (12.3) 41 (17.2) 12 (9.8) 68 (16.5) 27
Loop diuretics, n (%) 35 (28.7) 121 (50.6) 47 (38.5) 203 (42.0) 1
CCBs, n (%) 36 (30.0) 82 (35.2) 46 (38.0) 164 (34.0) 9

Medications added during hospitalization
Beta-blockers, n (%) 74 (60.7) 65 (27.2) 37 (30.3) 176 (36.4) 0
RASIs, n (%) 51 (41.8) 64 (26.8) 32 (26.2) 147 (30.4) 0
MRAs, n (%) 35 (29.9) 65 (29.5) 17 (14.3) 176 (38.6) 27
Loop diuretics, n (%) 55 (45.1) 78 (32.8) 51 (41.8) 184 (38.2) 1
CCBs, n (%) 9 (7.3) 2 (0.8) 15 (12.3) 26 (5.5) 9

BNP, brain natriuretic peptide; CCBs, calcium channel blockers; eGFR, estimated glomerular filtration rate; IQR, interquartile range; LAd,
left atrium diameter; LVDd, left ventricular diastolic diameter; LVEF, left ventricular ejection fraction; MRAs, mineralocorticoid receptor an-
tagonists; RASIs, renin-angiotensin-system inhibitors; SD, standard deviation.
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unfavourable effect of WRF among patients with AHF
according to their clinical phenotype will allow more tailored
treatment for each patient. In this cluster analysis of the
WET-HF Registry, we identified three phenogroups according
to their clinical features. Further, WRF was associated with
increased adverse outcomes in phenogroup 1, which was
characterized by younger age, heart failure with reduced
ejection fraction (LVEF), preserved renal function, and higher
blood pressure/tachycardia at admission. These results indi-
cated the utility of cluster analysis for the subgrouping of pa-
tients with both WRF and AHF.

Clinical characteristics and outcomes in each
subgroup

Phenogroup 1 experienced the most favourable outcome
during the follow-up among the three phenogroups with
both WRF and AHF. The participants in phenogroup 1 were
characterized by younger age, high blood pressure, preserved
renal function, and non-anaemic status, all of which are
known to be preferable prognostic factors for patients with
AHF.26 Therefore, these factors may have contributed to the
decreased mortality in phenogroup 1. Moreover, high blood

Figure 2 Heat map of the phenotypic characteristics of worsening renal function across the three generated phenogroups. Columns represent each
phenogroup 1–3; rows represent phenotypes included in the analysis. Red indicates large value of a phenotype in standard deviation (SD); green in-
dicates lower value in SD. BMI, body mass index; BNP, brain natriuretic peptide; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration
rate; Hb, haemoglobin; HR, heart rate; LAd, left atrial diameter; LVDd, left ventricular diastolic diameter; LVEF, left ventricular ejection fraction; SBP,
systolic blood pressure.

Figure 3 Comparison of 3 year composite endpoints and all-cause death among the three phenogroups. Phenogroup 1 showed better clinical out-
comes compared with other two phenogroups.
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pressure and rapid heart rate at admission were observed in
phenogroup 1, implying that the underlying pathophysiology
of congestion in these patients is a central volume shift

induced by sympathetic nerve activation, rather than volume
overload.27,28 In contrast, individuals in phenogroup 2, which
mainly consisted of patients with heart failure with mid-range
ejection fraction (HFmrEF), and phenogroup 3, which mainly
consisted of participants with HFpEF, demonstrated a worse
prognosis than those in phenogroup 1. These two groups
had an older population with a relatively preserved LVEF
and impaired kidney function. In particular, phenogroup 3
had the oldest participants, the lowest serum sodium and
Hb levels, the highest BNP, and the worst renal function at
admission, which have been linked to an adverse prognosis
for AHF in previous reports. These characteristics may have
led to increased mortality in phenogroup 3. Interestingly, a
cluster study on a cohort of individuals with HFpEF proposed
that a subgroup sharing the features of phenogroup 3 had a
poor prognosis, suggesting the possible existence of a
phenogroup 3-like population in the real-world heart failure
setting.14,17 In summary, phenogroup 1 may be defined as
‘young patients with HFrEF presenting with high blood pres-
sure and preserved renal function’, phenogroup 2 as ‘patients
with variable EF with moderate renal dysfunction’, and
phenogroup 3 as ‘older patients with HFpEF with impaired re-
nal function’.

Figure 4 Comparison of 3 year composite endpoints between the worsening renal function (WRF) and non-WRF subgroups in each phenogroup. WRF
was associated with higher incidence of composite endpoints including all-cause death and heart failure re-admission in phenogroup 1, whereas in the
other two phenogroups the association was not observed.

Figure 5 Comparison of 3 year all-cause death between the worsening renal function (WRF) and non-WRF subgroups in each phenogroup. WRF was
not associated with all-cause mortality in all three phenogroups.

Table 3 Multivariate Cox proportional hazard analysis comparing
the effect of co-morbidities, medications at discharge, and
worsening renal function (WRF) on composite endpoints in
phenogroup 1 and its propensity-matched (PSM) non-WRF cohort

HR (95% CI) P value

Model 1. WRF and clinical characteristics
WRF 1.87 (1.08–3.22) 0.03
Sex 0.84 (0.49–1.46) 0.54
Diabetes 1.02 (0.59–1.77) 0.94
Atrial fibrillation 2.02 (1.18–3.45) 0.01
Hypertension 1.03 (0.53–2.02) 0.92
Ischaemic heart disease 1.94 (1.13–3.35) 0.02

Model 2. WRF and medications at discharge
WRF 1.94 (1.12–3.36) 0.02
RASIs 1.28 (0.71–2.31) 0.41
Beta-blockers 0.82 (0.37–1.82) 0.63
MRAs 0.62 (0.35–1.10) 0.10
CCBs 0.94 (0.54–1.65) 0.84

CCBs, calcium channel blockers; CI, confidence interval; HR, hazard
ratio; MRAs, mineralocorticoid receptor antagonists; PSM, propen-
sity score matched; RASIs, renin-angiotensin-system inhibitors;
WRF, worsening renal function.
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Prognostic impact of worsening renal function
between each subgroup and its propensity score-
matched non-worsening renal function control
group

Our PS-matched cohort analysis suggested that WRF was
associated with a poor prognosis compared with the PS-
matched non-WRF control patients in phenogroup 1. This
tendency was not observed in patients from phenogroups
2 and 3 and their matched cohorts. The association observed
in phenogroup 1 remained significant after adjusting for clin-
ical characteristics and medications at discharge. This result
corresponds to those of previous studies, which indicated
that WRF may be a predictor of adverse outcomes in pa-
tients with HFrEF and HFmrEF. Using a prospective cohort
registry, Lofman et al. evaluated the impact of WRF based
on LVEF and reported that WRF was associated with an
increased risk for mortality in the HFrEF group, which had
a similar age (66.3 ± 14.7 years), lower kidney function
(average creatinine, 1.51 mg/dL), and higher BNP levels
(1600 pg/mL) compared with phenogroup 1.9 Additionally,
a large observational study from Korea demonstrated that
WRF was an independent predictor of adverse outcomes
among the HFrEF population, which had a similar back-
ground to phenogroup 1 in terms of age and renal function
at admission.10 Furthermore, in a meta-analysis, WRF pre-
dicted higher mortality and hospitalization rates in patients
with HFrEF.3 Their population in the HFrEF group was also
similar to that of phenogroup 1, with regard to age
(64 ± 11 years) and basically preserved kidney function
(BNP data unknown). In contrast, a sub-analysis from the
randomised control study called the Evaluation Study of Con-
gestive Heart Failure and Pulmonary Artery Catheterization
Effectiveness trial showed that WRF may be associated with
favourable outcomes in patients with HFrEF.29 However, the
baseline characteristics of the patients in the registry were
different from those of our WET-HF Registry; the participants
were younger than ours (56.0 ± 13.6 years) and had a more
severely impaired LVEF (19.3 ± 6.7%). This difference in base-
line parameters may be responsible for the discrepancy in
the effect of WRF. Overall, WRF may be associated with
worse outcomes in patients with HFrEF and HFmrEF, and
our results were consistent with this tendency.

Effect of therapeutic interventions

The effects of therapeutic interventions, including the degree
of decongestion and introduction of RASIs, were not negligi-
ble in terms of the clinical impact of WRF in this study. These
interventions might have had an effect on the cluster analysis
itself, on the prognostic difference between the phenogroups,
and between each phenogroup and its PS-matched, non-WRF
cohort. For example, the RASI prescription rate was

significantly different between the phenogroups. These differ-
ences might have stemmed from the difference in the LVEF
among the three subgroups, as several patients in
phenogroup 1 were considered to be HFrEF. In contrast, the
difference in the RASI prescription rate at discharge was not
significantly different between each phenogroup and its PS-
matched, non-WRF cohort.

We also analysed the body weight change (as a surrogate
of clinical decongestion) during hospitalization. The results
shown in Tables 1 and 2 suggested that the difference in
the degree of body weight change was not significant be-
tween the phenogroups or between each phenogroup and
its PS-matched, non-WRF cohort, suggesting that the effect
of the degree of decongestion might have been negligible
in our analysis.

Taken together, the effects of these interventions might
have been negligible or minimal when comparing each
phenogroup and its PS-matched, non-WRF cohort. Further,
the Cox proportional hazards analysis between each
phenogroup and its PS-matched, non-WRF cohort, adjusted
for the medications at discharge, demonstrated consistent
results, suggesting that the negative effect of WRF in
phenogroup 1 might have been independent of the thera-
peutic interventions. These results may be explained by
the fact that our cluster analysis stems largely from the de-
mographic features and characteristics at the time of admis-
sion (i.e. factors determined prior to the initiation of
treatment).

Interpretation of the phenogrouping from a
clinical standpoint

Given the nature of the analysis (observational, data-driven)
and the classification using unsupervised machine learning,
we were unable to present a concrete pathophysiological
background to explain the classification. Therefore, the essen-
tial aim of this study was to investigate whether there are
categories of patients with WRF with differentiated clinical
outcomes. This classification may help physicians develop tai-
lored treatment strategies. Nonetheless, we tried to interpret
this phenogrouping system from a clinical standpoint. We
propose that the classification may be based on both the
clinical characteristics and haemodynamic condition at admis-
sion. As shown in the heatmap in Figure 2, clinical character-
istics such as age, LVEF, Hb concentration, and eGFR gradually
changed between the phenogroups, suggesting their signifi-
cance in the classification. Additionally, these differences
may explain the differences in the prognosis among the three
groups, as they are known outcome predictors in patients
with AHF.

In contrast, phenogroup 1 had significant differences from
the other two groups in that the patients exhibited elevated
systolic and diastolic blood pressure and heart rate at
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admission. This may explain why WRF was only associated
with a worse prognosis among the patients in phenogroup
1. These vital signs at admission imply that the pathophysio-
logical cause of congestion in phenogroup 1 was a central vol-
ume shift associated with sympathetic nerve activation rather
than volume overload. Because the amount of body fluid may
not increase in this type of congestion, excessive diuresis
might have led to potential renal injury in phenogroup 1.

Selection of the cluster variables

We selected 25 continuous variables as the cluster candidates
and introduced 17 variables from among them into the clus-
ter analysis based on the independence between each vari-
able and the number of missing values. Although patient
characteristics such as history of hypertension, diabetes
mellitus, or medications used during the hospitalization are
important contributors to both the development and conse-
quence of WRF, we did not enter these binary variables into
the cluster analysis for two reasons. First, including these
variables may have violated the inter-independency among
the variables (e.g. history of hypertension and blood
pressure at admission were not independent). Second, the
phenogroups revealed from the cluster analysis including
both continuous and binary variables might have been
strongly skewed and affected by binary variables. These
skewed phenogroups deviated from our intention, as they
were largely defined by the presence or absence of specific
binary characteristics and thus, diminished the strength of
the cluster analysis.

Limitations

Our study has several limitations other than those discussed
above. First, patients with missing variables required for the
cluster analysis were excluded from the analysis. We did
not employ multiple imputation methods for missing values
because the methods may enhance the effect of the variables
with more missing data because the presumed imputed
values were calculated based on the existing data. Thus, we
selected variables with fewer missing values for our analysis;
however, this manner of analysis possibly reduced the
generalisability of the study findings. Ideally, validation of
our results using other heart failure registries may support
the existence of our hypothetical phenogroups. Additionally,
the power analysis suggested that there was insufficient
power to detect differences in the prognosis, suggesting that
the lack of significant differences in some outcomes might
have been due to an underpowered analysis. Further studies
with larger populations are needed to provide more informa-
tion regarding this point.

Conclusion

Using cluster analysis, we revealed three phenotypically dis-
tinct subgroups of patients hospitalized for AHF experiencing
WRF. Among them, possible interactions between WRF and
worse clinical outcomes were observed in phenogroup 1, a
subgroup of younger patients with reduced LVEF, preserved
renal function, higher blood pressure, and rapid heart rate
at admission. This analysis provides additional data to
suggest that HFrEF increases the risk of a poor prognostic
impact of WRF. Further studies using a cluster analysis to re-
veal subgroups from both WRF and AHF may provide addi-
tional information to better understand this heterogeneous
condition.

Acknowledgements

The authors are grateful to the members of the WET-HF
investigators.

Conflict of interest

Dr. Shiraishi is affiliated with a department endowed by Nip-
pon Shinyaku Co., Ltd., Medtronic Japan Co., Ltd., and
BIOTRONIK JAPAN Inc. and received research grants from
the SECOM Science and Technology Foundation and the
Uehara Memorial Foundation and honoraria from Otsuka
Pharmaceuticals Co., Ltd. and Ono Pharmaceuticals Co., Ltd.
Dr. Kohsaka received an unrestricted research grant from
the Department of Cardiology, Keio University School of Med-
icine, Bayer Pharmaceuticals Co., Ltd., Daiichi Sankyo Co.,
Ltd., and Novartis Pharma Co., Ltd. These funders were not
involved in the design and conduct of the study; in the collec-
tion, analysis, and interpretation of the data; nor in the prep-
aration, review, or approval of the manuscript. The other
authors have no conflicts of interest to disclose. There are
no patents, products in development, or marketed products
to declare.

Funding

The West Tokyo Heart Failure (WET-HF) Registry was
supported by a grant from the Japan Agency for Medical
Research and Development (S.K. 201439013C); a Grant-in-
Aid for Scientific Research (T.Y. JSPS KAKENHI, 23591062,
26461088; T.K. 17K09526; S.K. 16KK0186, and 16H05215); a
Grant-in-Aid for Young Scientists (Y.S. JSPS KAKENHI,
18 K15860; M.T. JSPS KAKENHI, 19 K16960); a Grant-in-Aid
for Clinical Research from the Japanese Circulation Society

Phenomapping in patients with WRF during AHF hospitalization 5201

ESC Heart Failure 2021; 8: 5192–5203
DOI: 10.1002/ehf2.13598



(Y.S. 2019); a Grant-in-Aid from the Japanese Ministry of
Health, Labour, and Welfare (S.K. H29-Refractory Disease-
034); a Health Labour Science Research Grant (S.K.
14528506); and a Sakakibara Clinical Research Grant for the
Promotion of Science (T.Y. 2012–2019).

Supporting information

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

Table S1. Power calculations for comparisons among
phegnogroups.
Table S2. Power calculations for comparison between each
phenogroup with WRF and its propensity score-matched
non-WRF cohort.
Table S3. Cox proportional hazard analysis comparing the ef-
fect of comorbidities, medications at discharge and worsen-
ing renal function (WRF) on prognosis in each phenogroup
and its propensity-matched (PSM) non-WRF cohort.
Figure S1. BIC change according to each cluster numbers. BIC:
Bayesian information criteria.

References

1. Krumholz HM, Chen YT, Vaccarino V,
Wang Y, Radford MJ, Bradford WD,
Horwitz RI. Correlates and impact on
outcomes of worsening renal function
in patients > or =65 years of age with
heart failure. Am J Cardiol. 2000; 85:
1110–1113.

2. Gottlieb SS, Abraham W, Butler J,
Forman DE, Loh E, Massie BM,
O’Connor CM, Rich MW, Stevenson LW,
Young J, Krumholz HM. The prognostic
importance of different definitions of
worsening renal function in congestive
heart failure. J Card Fail. 2002; 8:
136–141.

3. Damman K, Navis G, Voors AA,
Asselbergs FW, Smilde TD, Cleland JG,
van Veldhuisen DJ, Hillege HL. Worsen-
ing renal function and prognosis in heart
failure: systematic review and meta-
analysis. J Card Fail. 2007; 13: 599–608.

4. Maeder MT, Rickli H, Pfisterer ME,
Muzzarelli S, Ammann P, Fehr T, Hack
D, Weilenmann D, Dieterle T, Kiencke
S, Estlinbaum W, Brunner-La Rocca HP,
Investigators T-C. Incidence, clinical pre-
dictors, and prognostic impact of wors-
ening renal function in elderly patients
with chronic heart failure on intensive
medical therapy. Am Heart J. 2012;
163: 407–414 14 e1.

5. Ahmad T, Jackson K, Rao VS, Tang
WHW, Brisco-Bacik MA, Chen HH,
Felker GM, Hernandez AF, O’Connor
CM, Sabbisetti VS, Bonventre JV, Wilson
FP, Coca SG, Testani JM. Worsening re-
nal function in patients with acute heart
failure undergoing aggressive diuresis is
not associated with tubular injury. Circu-
lation. 2018; 137: 2016–2028.

6. Shah AM, Pfeffer MA. The many faces of
heart failure with preserved ejection
fraction. Nat Rev Cardiol. 2012; 9:
555–556.

7. Shah AM, Solomon SD. Phenotypic and
pathophysiological heterogeneity in
heart failure with preserved ejection
fraction. Eur Heart J. 2012; 33:
1716–1717.

8. Choi KH, Lee GY, Choi JO, Jeon ES, Lee
HY, Cho HJ, Lee SE, Kim MS, Kim JJ,
Hwang KK, Chae SC, Baek SH, Kang
SM, Choi DJ, Yoo BS, Kim KH, Park HY,
Cho MC, Oh BH. Outcomes of de novo
and acute decompensated heart failure
patients according to ejection fraction.
Heart. 2018; 104: 525–532.

9. Lofman I, Szummer K, Evans M, Carrero
JJ, Lund LH, Jernberg T. Incidence of,
associations with and prognostic impact
of worsening renal function in heart fail-
ure with different ejection fraction cate-
gories. Am J Cardiol. 2019; 124:
1575–1583.

10. Kang J, Park JJ, Cho YJ, Oh IY, Park HA,
Lee SE, Kim MS, Cho HJ, Lee HY, Choi
JO, Hwang KK, Kim KH, Yoo BS, Kang
SM, Baek SH, Jeon ES, Kim JJ, Cho
MC, Chae SC, Oh BH, Choi DJ. Predic-
tors and prognostic value of worsening
renal function during admission in
HFpEF versus HFrEF: Data from the
KorAHF (Korean Acute Heart Failure)
registry. J Am Heart Assoc. 2018; 7:
e007910.

11. Kramer K, Kirkman P, Kitzman D, Little
WC. Flash pulmonary edema: associa-
tion with hypertension and reoccurrence
despite coronary revascularization. Am
Heart J. 2000; 140: 451–455.

12. McAlister FA, Ezekowitz J, Tarantini L,
Squire I, Komajda M, Bayes-Genis A,
Gotsman I, Whalley G, Earle N, Poppe
KK, Doughty RN. Renal dysfunction in
patients with heart failure with pre-
served versus reduced ejection fraction:
impact of the new Chronic Kidney
Disease-Epidemiology Collaboration
Group formula. Circ Heart Fail. 2012;
5: 309–314.

13. Filippatos G, Farmakis D, Parissis J. Re-
nal dysfunction and heart failure: things
are seldom what they seem. Eur Heart J.
2014; 35: 416–418.

14. Shah SJ, Katz DH, Selvaraj S, Burke MA,
Yancy CW, Gheorghiade M, Bonow RO,
Huang CC, Deo RC. Phenomapping for
novel classification of heart failure with

preserved ejection fraction. Circulation.
2015; 131: 269–279.

15. Ferreira JP, Duarte K, McMurray JJV,
Pitt B, van Veldhuisen DJ, Vincent J,
Ahmad T, Tromp J, Rossignol P, Zannad
F. Data-Data-driven approach to identify
subgroups of heart failure with reduced
ejection fraction patients with different
prognoses and aldosterone antagonist
response patterns. Circ Heart Fail.
2018; 11: e004926.

16. Segar MW, Patel KV, Ayers C, Basit M,
Tang WHW, Willett D, Berry J, Grodin
JL, Pandey A. Phenomapping of patients
with heart failure with preserved
ejection fraction using machine
learning-based unsupervised cluster
analysis. Eur J Heart Fail. 2020; 22:
148–158.

17. Cohen JB, Schrauben SJ, Zhao L, Basso
MD, Cvijic ME, Li Z, Yarde M, Wang Z,
Bhattacharya PT, Chirinos DA, Prenner
S, Zamani P, Seiffert DA, Car BD, Gordon
DA, Margulies K, Cappola T, Chirinos JA.
Clinical phenogroups in heart failure
with preserved ejection fraction: De-
tailed phenotypes, prognosis, and re-
sponse to spironolactone. JACC Heart
Fail. 2020; 8: 172–184.

18. Takei M, Kohsaka S, Shiraishi Y, Goda A,
Izumi Y, Yagawa M, Mizuno A, Sawano
M, Inohara T, Kohno T, Fukuda K,
Yoshikawa T. Effect of estimated plasma
volume reduction on renal function for
acute heart failure differs between pa-
tients with preserved and reduced ejec-
tion fraction. Circ Heart Fail. 2015; 8:
527–532.

19. Fukuoka R, Kohno T, Kohsaka S,
Shiraishi Y, Sawano M, Abe T, Nagatomo
Y, Goda A, Mizuno A, Fukuda K,
Shadman R, Dardas TF, Levy WC,
Yoshikawa T. Prediction of sudden
cardiac death in Japanese heart failure
patients: international validation of the
Seattle Proportional Risk Model.
Europace. 2020; 22: 588–597.

20. Shiraishi Y, Kohsaka S, Harada K,
Miyamoto T, Tanimoto S, Iida K, Sakai

5202 R. Yagi et al.

ESC Heart Failure 2021; 8: 5192–5203
DOI: 10.1002/ehf2.13598



T, Miyazaki T, Yagawa M, Matsushita K,
Furihata S, Sato N, Fukuda K,
Yamamoto T, Nagao K, Takayama M.
Correlation of pre- and in-hospital sys-
tolic blood pressure in acute heart fail-
ure patients and the prognostic
implications- report from the Tokyo car-
diac care unit network emergency medi-
cal service database. Circ J. 2016; 80:
2473–2481.

21. World Medical Association. World
Medical Association Declaration of
Helsinki: ethical principles for medical
research involving human subjects.
JAMA. 2013; 310: 2191–2194.

22. AlibayY, Schmitt C, BeauchetA,Dubourg
O, Alexandre JA, Boileau C, Jondeau G,
Puy H. Non-radioimmunometric NT-
ProBNP and BNP assays: impact of
diluent, age, gender. BMI. Ann Biol Clin
(Paris) 2005; 63: 43–49 PubMed PMID:
15689311. Epub 2005/02/04. Correla-
tion BNP-NT-proBNP: role du diluant,

influence de l’age, du sexe et de l’indice
de masse corporelle. fre.

23. Matsuo S, Imai E, Horio M, Yasuda Y,
Tomita K, Nitta K, Yamagata K, Tomino
Y, Yokoyama H, Hishida A. Revised
equations for estimated GFR from serum
creatinine in Japan. Am J Kidney Dis.
2009; 53: 982–992.

24. Zhang F, Wang H. Multi-level modeling
and its application in population science.
Chin J Population Sci. 1996; 8: 169–177.

25. Kazory A, Elkayam U. Cardiorenal inter-
actions in acute decompensated heart
failure: contemporary concepts facing
emerging controversies. J Card Fail.
2014; 20: 1004–1011.

26. Meta-analysis Global Group in Chronic
Heart Failure (MAGGIC). The survival
of patients with heart failure with pre-
served or reduced left ventricular ejec-
tion fraction: an individual patient data
meta-analysis. Eur Heart J. 2012; 33:
1750–1757.

27. Mebazaa A, Gheorghiade M, Pina IL,
Harjola VP, Hollenberg SM, Follath F,
Rhodes A, Plaisance P, Roland E,
Nieminen M, Komajda M, Parkhomenko
A, Masip J, Zannad F, Filippatos G. Prac-
tical recommendations for prehospital
and early in-hospital management of pa-
tients presenting with acute heart failure
syndromes. Crit Care Med. 2008; 36:
S129–S139.

28. Boorsma EM, Ter Maaten JM, Damman
K, Dinh W, Gustafsson F, Goldsmith S,
Burkhoff D, Zannad F, Udelson JE, Voors
AA. Congestion in heart failure: a con-
temporary look at physiology, diagnosis
and treatment. Nat Rev Cardiol. 2020;
17: 641–655.

29. Testani JM, Chen J, McCauley BD,
Kimmel SE, Shannon RP. Potential ef-
fects of aggressive decongestion during
the treatment of decompensated heart
failure on renal function and survival.
Circulation. 2010; 122: 265–272.

Phenomapping in patients with WRF during AHF hospitalization 5203

ESC Heart Failure 2021; 8: 5192–5203
DOI: 10.1002/ehf2.13598


