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A B S T R A C T

Purpose: Although guidelines recommend that patients with heart failure with reduced ejection fraction (HFrEF)
should be treated with renin-angiotensin system (RAS) inhibitors, the long-term efficacy of RAS inhibitors in
HFrEF patients with moderate-to-severe chronic kidney disease (CKD) remains unclear.
Methods: The present study included consecutive patients hospitalized for acute heart failure across five
Japanese teaching hospitals. The impact of RAS inhibitors on 2-year all-cause mortality was evaluated in patients
with an ejection fraction ≤40% and CKD, defined as an estimated glomerular filtration rate (eGFR)<45mL/
min/1.73m2, at discharge. Its severity was subclassified from 3B to 5 according to eGFR.
Results: Overall, 553 patients (age, 76 ± 11 years; 68% male) were included. RAS inhibitors were prescribed
more frequently in 227 patients with stage 3B (71.2%) than in 107 patients with stage 4 or 5 CKD (45.7%). All-
cause mortality was recorded in 119 patients (23.4%) (55 [18.5%] patients with stage 3B; 64 [30.3%] patients
with stage 4 or 5 CKD), within the median follow-up period of 609 (220–983) days. After many-to-one pro-
pensity score matching (87 pairs in stage 3; 60 pairs in stage 4 or 5 CKD), those with RAS inhibitors had reduced
mortality rate in stage 3B (hazard ratio [HR], 0.39; 95% confidence interval [CI], 0.19–0.83) but not in stage 4
or 5 CKD (HR, 1.08; 95% CI, 0.57–2.03).
Conclusions: In HFrEF patients with CKD, RAS inhibitors are associated with reduction in mortality in stage 3B
CKD, but the association is less clear in stage 4 or 5 CKD.

1. Introduction

The renin angiotensin system (RAS) blockade with angiotensin-
converting enzyme inhibitors (ACE-I) and angiotensin receptor-II
blockers (ARB) plays a pivotal role in contemporary therapies for heart
failure with reduced ejection fraction (HFrEF) [1]. RAS inhibitors are
concurrently effective in slowing the disease progression of chronic
kidney disease (CKD), regardless of etiology [2]. These agents have also
been prescribed extensively worldwide; they were prescribed in ap-
proximately 80% of heart failure cases in Spain in 2000 [3].

However, despite beneficial anti-proteinuric effects observed in
patients with severely impaired kidney function, there remains a

concern that RAS inhibitors may accelerate CKD stage progression [4]:
withdrawal of these inhibitors in older patients with advanced CKD led
to an improved estimated glomerular filtration rate (eGFR) after
12months [5]. RAS inhibitors may therefore be harmful in patients
with severely impaired kidney function. In addition, the long-term ef-
ficacy of RAS inhibitors in HFrEF patients with concomitant advanced
CKD (i.e. stage 3B, 4, or 5 CKD) remains unclear [6,7].

The 2016 ESC Guidelines for diagnosis and treatment of acute and
chronic heart failure referred to a gap in evidence regarding the efficacy
of RAS inhibitors in severely impaired kidney function cases, especially
wherein the eGFR is< 30mL/min/1.73m2 [8]. Accordingly, the pre-
sent study was designed to investigate whether the use of RAS
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inhibitors has an association with long-term clinical benefits to patients
with HFrEF and concomitant moderate-to-severe CKD.

2. Methods

2.1. Ethical statement

This study protocol conforms to the 1975 Declaration of Helsinki
and is in line with the Ethical Guidelines for Epidemiological Research
established by the Japanese government. The study was approved by
the ethics committee at each institution and registered on the
University Medical Information Network (UMIN 000001171). Written
or oral informed consent was obtained from each subject before the
study.

2.2. Study population

The design of the West Tokyo Heart Failure (WET-HF) registry has
been previously reported [9]. Briefly, WET-HF is a large, prospective,
multicenter registry designed to collect data on the clinical character-
istics and outcomes of patients hospitalized for acute heart failure
(AHF). The clinical diagnosis of heart failure was made by cardiologists
with a special interest in heart failure at each institution. A diagnosis of
AHF is defined as rapid-onset heart failure or a change in the signs and
symptoms of heart failure requiring urgent therapy and hospitalization,
based on the Framingham criteria [10]. Consecutive AHF patients
across five academic hospitals were registered from 2006 to 2017.

The present study included AHF patients with an ejection fraction
(EF) of ≤40% and an eGFR at discharge of< 45mL/min/1.73m2,
equivalent to CKD stages 3B, 4, or 5. Ultrasound cardiography was
evaluated by highly experienced cardiologists or clinical technologists
during hospitalization. EF was calculated by the modified Simpson's
method. The CKD stage was determined according to eGFR, which was
calculated using the following formula for Japanese patients: eGFR
(mL/min/1.73m2)= 194× serum creatinine−1.094× age−0.287 (×
0.739 if female). Stage 3B CKD was defined as an eGFR<45mL/min/
1.73m2 and≥30mL/min/1.73m2, stage 4 CKD was defined as an
eGFR<30mL/min/1.73m2 and≥15mL/min/1.73m2, and stage 5
CKD was defined as an eGFR<15mL/min/1.73m2. Patients who de-
veloped acute coronary syndrome or had undergone dialysis at the time
of discharge were excluded.

2.3. Data collection

Data on patient background (including age, sex, body mass index,
hypertension, diabetes mellitus, dyslipidemia, atrial fibrillation/flutter,
chronic obstructive pulmonary disease, past history of stroke and
transient ischemic attack, vital signs, New York Heart Association
(NYHA) classification, an etiology of AHF, laboratory data, medication,
and device therapy) and outcomes (including all-cause, cardiac, and
non-cardiac mortality) were collected by medical doctors and well-
trained clinical research personnel. All deaths were reviewed and then
categorized into cardiac or non-cardiac death. Central committee
members (S·K., Y·S., T.K., Y.N., A.M., A.G., and T.Y.) reviewed the ab-
stracted records and determined the mode of death. Oral medication for
HF (including diuretics, RAS inhibitors including angiotensin-con-
verting enzyme inhibitors [ACEI] and angiotensin II receptor blockers
[ARB], beta-blockers, mineralocorticoid receptor antagonists [MRA],
antihypertensives, vasoactive/inotropic agents, or other cardiovascular
medications) was extracted at the time of discharge. It should be noted
that angiotensin receptor-neprilysin inhibitors were not approved for
clinical use in Japan during the study period.

The data were entered into an electronic data-capturing system,
which has a robust data query engine and system validations for data
quality. Exclusive on-site auditing by the investigators (Y.S. and S.K.)
ensured proper registration of each patient.

2.4. Endpoint

The primary endpoint was all-cause mortality after discharge. The
WET-HF registry is supported by a central study committee that ad-
judicates all death events.

2.5. Statistical analysis

Numerical data are presented as mean ± standard deviation (SD) if
the data followed a normal distribution. Otherwise, data are displayed
as median and interquartile range (Q1–Q3) values. Categorical vari-
ables are expressed as absolute numbers or percentages. Continuous
variables were analyzed using unpaired Student's t-tests or
Mann–Whitney U tests, while the chi-squared (χ2) test was used for
categorical variables. The cumulative incidence of long-term outcomes
was assessed using Kaplan-Meier statistics. The risk of mortality was
assessed using Cox regression analysis and expressed as hazard ratio
(HR), 95% confidence interval (CI), and P value. Variables with a p-
value < .10 in univariate analyses were retained for multivariate lo-
gistic regression analysis with least absolute shrinkage and selection
operator.

Propensity score (PS) matching was used to assess the comparability
of the treated (i.e., patients prescribed RAS inhibitors) and untreated
(i.e., patients not prescribed RAS inhibitors) groups with respect to
potential confounding factors. Variables used for the PS were decided
using a logit model. Variables with a P value < .10 and/or that are
known to be possible confounding factors associated with prognosis
were selected. Clinical variables at the time of discharge used to gen-
erate the PS included the following: age [10]; gender [11]; etiology of
heart failure (ischemic or non-ischemic); NYHA classification; body
mass index (BMI); systolic blood pressure; heart rate; history of diabetes
mellitus, chronic obstructive pulmonary disease [12], atrial fibrillation/
flutter [13], and stroke; hemoglobin, albumin, and sodium levels; EF;
prescription of beta blockers, loop diuretics [14], MRAs [8], and tol-
vaptan; and history of implantable cardioverter defibrillator/cardiac
resynchronization therapy [15,16]. Continuous variables were classi-
fied into 3 groups divided by tertiles. Many-to-one matching was con-
ducted within a caliper width of 0.25 multiplied by the SD of the PS.
Cross-terms and doublets of variables were calculated if necessary for
appropriate matching. Balance between the two groups was assessed by
standardized difference, variance ratio, and PS distribution. The non-
parametric bootstrap method, resampling with replacement 1000 times
on the matched dataset, was conducted to provide inner validation.

Statistical significance was defined as P < .05. All statistical ana-
lyses were carried out using Stata version 14 (Stata Corp; College
Station, TX, USA) and R version 3.4.3 (R Foundation for Statistical
Computing; Vienna, Austria).

3. Results

3.1. Patient characteristics

A total of 3634 AHF patients were registered, of whom 2224 were
excluded because their EF was>40% or because they had a history of
hemodialysis. Another 857 patients with an eGFR≥45mL/min/
1.73m2 were also excluded. Finally, the present study included 553
patients with an EF≤40% and eGFR < 45mL/min/1.73m2 (mean
age, 76 ± 11 years; 68% male). Patient characteristics before and after
PS matching are shown in Table 1. Higher age, a higher prevalence of
an NYHA classification of ≥III, and a lower value of hemoglobin and
albumin levels were noted in stage 4 or 5 than that in stage 3B CKD
patients, whereas the EF was similar. Concerning guideline-directed
medical therapies, there were obvious differences between the groups;
RAS inhibitors were more frequently prescribed in the patients with
stage 3B CKD (227 [71%]) than those with stage 4 or 5 CKD (107
[46%]) (P < .001), as was the rate of MRA prescription (stage 3B, 153
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[48%] patients; stage 4 or 5, 76 [33%] patients; P < .001). In contrast,
beta blockers were commonly prescribed in> 80% of the patients re-
gardless of the CKD stage. The combination of ACE-I and ARB pre-
scriptions was observed in 6 of all the patients.

3.2. Long-term outcomes

The median follow-up duration was 609 days (interquartile range,
220–983 days). All-cause death at 2 year occurred in 119 (23.4%) pa-
tients and was frequently observed in stage 4 or 5 CKD patients (64

[30.3%] patients) rather than in stage 3B CKD patients (55 [18.5%]
patients) (P= .002). In addition, the rate of cardiac death after dis-
charge was higher in patients with stage 4 or 5 CKD (38 [18.0%]) than
in those with stage 3B CKD (28 [9.4%] (p= .004) (Fig. 1A and B).

Regarding clinical variables associated with all-cause mortality,
older age, higher NYHA classification, greater serum creatinine levels,
and tolvaptan prescription were the predictors of increased post-dis-
charge mortality. Conversely, higher BMI, systolic blood pressure,
serum sodium, hemoglobin, and albumin levels, as well as RAS in-
hibitor and beta blocker prescription, were inversely associated with

Fig. 1. Association between long-term mortality and the CKD stage.
A: All-cause mortality was higher in the stage 4 or 5 CKD. B: Cardiac death was also higher in the stage 4 or 5 CKD. CKD: chronic kidney disease.
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mortality (Table 2). Univariate Cox regression analysis demonstrated
that RAS inhibitors were associated with lower all-cause mortality in
patients with stage 3B CKD (HR, 0.32; 95% CI, 0.19–0.54; p < .001),
but not in patients with stage 4 or 5 CKD (HR, 1.37, 95% CI, 0.84–2.25;
p= .212) (Table 3). After adjustment for age, systolic blood pressure,
NYHA classification, sodium and hemoglobin levels, EF, and prescrip-
tion of beta blocker, the result persisted in patients with stage 3B CKD
(HR, 0.38; 95% CI, 0.21–0.69; p= .002).

After PS matching, a Cox regression model demonstrated that RAS
inhibitors were associated with a reduced all-cardiac mortality in pa-
tients with stage 3B CKD (HR, 0.39; 95% CI, 0.19–0.83; P= .015), but
not in those with stage 4 or 5 CKD (HR, 1.08; 95% CI, 0.57–2.03;
P= .820). Notably, RAS inhibitors were significantly related to a re-
duced non-cardiac mortality (HR, 0.35; 95% CI, 0.12–0.99; p= .50) in
those with stage 3B CKD (Table 3). The bootstrap method provided
similar results. Kaplan-Meier curves depicting the effect of RAS in-
hibitors on all-cause mortality are shown in Fig. 2A and B.

3.3. Variables related to the prescription of RAS inhibitors

A 10-mL/min/1.73m2 increase in eGFR at discharge was related to
a 1.78-fold increase in the rate of RAS inhibitor prescription (95% CI,
1.47–2.16; P < .001). This relationship is demonstrated in a cubic
spline curve (Fig. 3A). Conversely, there was no relationship between
RAS inhibitor prescription rate and serum potassium level (Fig. 3B).

4. Discussion

The present study demonstrated that RAS inhibitors were associated
with reduced all-cause mortality after discharge in HFrEF patients with
stage 3B CKD, while their impact was not apparent in those with stage 4
or 5 CKD. The insufficient prescription rate was also revealed in those
with stage 3B CKD. Accordingly, promoting the prescription of RAS
may contribute to improved long-term prognosis. Conversely, the po-
sitive relationship was obscure in a subset of patients with severe renal
dysfunction (eGFR<30 mL/min/1.73m2), although current clinical
practice guidelines strongly recommend that patients with HFrEF be
treated with RAS inhibitors. Our findings may contribute to fill a gap in
evidence regarding the efficacy of RAS inhibitors in patients with se-
verely impaired kidney function.

Table 2
Analysis of risk factors for 2-year all-cause mortality.

Variables HR (95% CI) p value

Age, years (Increase of 1 year) 1.06 (1.04–1.08) < 0.001
Male 1.08 (0.73–1.59) 0.699
Body mass index, kg/m2 (Increase of 1 kg/m2) 0.90 (0.85–0.95) < 0.001
Systolic blood pressure, mmHg (Increase of 10mmHg) 0.87 (0.78–0.97) 0.011
NYHA 2.12 (1.52–2.96) < 0.001
NYHA II (vs NYHA I) 1.15 (0.50–2.67) 0.737
NYHA III or IV (vs NYHA I) 2.79 (1.19–6.50) 0.018
Sodium, mmol/L (Increase of 1 mmol/L) 0.92 (0.88–0.96) < 0.001
Potassium, mmol/L (Increase of 1 mmol/L) 1.31 (0.93–1.86) 0.125
Creatinine, μmol/L (Increase of 50 μmol/L) 1.12 (1.01–1.24) < 0.001
Hemoglobin, g/L (Increase of 10 g/L) 0.77 (0.70–0.86) < 0.001
Albumin, g/L (Increase of 10 g/L) 0.65 (0.47–0.90) 0.009
Ejection fraction (%) (Increase of 5%) 0.89 (0.79–1.01) 0.081
RAS inhibitors 0.59 (0.41–0.85) < 0.001
MRA 0.78 (0.54–1.13) 0.186
Beta blocker 0.46 (0.30–0.70) < 0.001
Furosemide 1.22 (0.74–2.01) 0.44
Statin 0.81 (0.56–1.18) 0.279
Tolvaptan 2.37 (1.37–4.11) 0.002
Aspirin 1.11 (0.77–1.59) 0.567
Anticoagulation 1.31 (0.91–1.89) 0.144

CI: confidence interval; HR: hazard ratio; MRA: mineralocorticoid receptor
antagonist; NYHA: New York Heart Association; RAS: renin-angiotensin system.

Ta
bl
e
3

Th
e
cl
in
ic
al
im
pa
ct
of
RA
S
in
hi
bi
to
r
on
2-
ye
ar
al
l-c
au
se
m
or
ta
lit
y.

A
ll-
ca
us
e
m
or
ta
lit
y

Ca
rd
ia
c
m
or
ta
lit
y

N
on
-c
ar
di
ac
m
or
ta
lit
y

Be
fo
re
PS
m
at
ch

A
fte
r
PS
m
at
ch

Be
fo
re
PS
m
at
ch

A
fte
r
PS
m
at
ch

Be
fo
re
PS
m
at
ch

A
fte
r
PS
m
at
ch

H
R
(9
5%

CI
)

p
va
lu
e

H
R
(9
5%

CI
)

p
va
lu
e

H
R
(9
5%

CI
)

p
va
lu
e

H
R
(9
5%

CI
)

p
va
lu
e

H
R
(9
5%

CI
)

p
va
lu
e

H
R
(9
5%

CI
)

p
va
lu
e

A
ll
th
e
pa
tie
nt
s(
n
=
55
3)

0.
59
(0
.4
1–
0.
85
)

0.
00
5

N
A

N
A

0.
60
(0
.3
8–
0.
92
)

0.
02
1

N
A

N
A

0.
63
(0
.3
7–
1.
09
)

0.
10
0

N
A

N
A

CK
D
3B

(n
=
31
9)

0.
32
(0
.1
9–
0.
54
)

<
0.
00
1

0.
39
(0
.1
9–
0.
83
)

0.
01
5

0.
27
(0
.1
4–
0.
51
)

<
0.
00
1

0.
89
(0
.3
7–
2.
15
)

0.
80
1

0.
47
(0
.2
2–
1.
04
)

0.
06
2

0.
35
(0
.1
2–
0.
99
)

0.
05
0

CK
D
4
or
5
(n
=
23
4)

1.
37
(0
.8
4–
2.
25
)

0.
21
2

1.
08
(0
.5
7–
2.
03
)

0.
82
0

1.
63
(0
.8
8–
3.
00
)

0.
11
8

0.
49
(0
.6
1–
3.
04
)

0.
45
9

1.
07
(0
.5
0–
2.
31
)

0.
86
2

0.
70
(0
.2
7–
1.
82
)

0.
46
8

CI
:c
on
fid
en
ce
in
te
rv
al
;C
KD
:c
hr
on
ic
ki
dn
ey
di
se
as
e;
H
R:
ha
za
rd
ra
tio
;N
A
:n
ot
ap
pl
ic
ab
le
;P
S:
pr
op
en
si
ty
sc
or
e;
RA
S:
re
ni
n-
an
gi
ot
en
si
n
sy
st
em
.

S. Higuchi et al. European Journal of Internal Medicine 62 (2019) 58–66

62



4.1. RAS inhibitor and CKD stage

Our study demonstrated that RAS inhibitors may still be the cor-
nerstone of therapies for heart failure even in patients with concomitant
moderate renal dysfunction (e.g., CKD stage 3B [eGFR 30–45mL/min/
1.73m2]). Conversely, our results regarding stage 4 or 5 CKD are in
conflict with those of previous reports. This contradiction might be

attributable to the different analysis methods and event rates. For ex-
ample, Ahmed et al. reported that RAS inhibitors were associated with a
significant modest reduction in all-cause mortality in patients with an
eGFR<45mL/min/1.73m2 [17]. It should be noted that Ahmed et al.
did not differentiate patients with stage 3B CKD from stage 4 or 5 CKD
patients, and did not demonstrate differences in the effect of RAS in-
hibitors between different CKD stages; hence, the positive effects of RAS

Fig. 2. Impact of RAS inhibitors on 2-year mortality at each CKD stage.
A: RAS inhibitors were associated with better prognosis in stage 3B CKD. B: Patients with stage 4 or 5 CKD appeared to receive no benefit from RAS inhibitors.
CKD: chronic kidney disease; RAS: renin-angiotensin system.
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inhibitors in stage 3B CKD patients might have masked a negative effect
in stage 4 or 5 CKD patients.

More recently, Edner et al. found a positive effect of RAS inhibitors
on all-cause mortality in patients with stage 4 or 5 CKD [18]. It should
be noted that 1-year mortality rates significantly differed between
Edner et al.'s study (treated, 39%; untreated, 58%) and ours (treated,
22%; untreated, 17%; data not shown), which might have led to the

inconsistency in the long-term outcome. In addition, the applied dose of
RAS inhibitors should be considered. Previously, the administration
of< 50% of the recommended dose was reported to be associated with
a greater risk of mortality than that with the administration of ≥100%
of the recommended dose [19]. In Asian populations, a higher dose of
the agents was related to lower mortality [20]. It was also noted that
the prevalence of the prescription of 50% or more of the recommended

Fig. 3. Cubic spline curve representing the rate of RAS inhibitor prescription. A: Patients with a higher eGFR took RAS inhibitors more frequently.
B: There was no relationship between RAS inhibitor prescription rate and serum potassium levels. CI: confidence interval; eGFR: estimated glomerular filtration rate;
RAS: renin-angiotensin system.
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dose was much lower in Japan when compared with that in the other
countries [21].

As for evaluating the effects of RAS inhibitors in advanced non-he-
modialysis patients [22], there is some speculation as to why this nulli-
fication may occur. The impact of RAS inhibitors would be minimal in
patients with stage 4 or 5 CKD, as they would develop severe glomerular
sclerotic changes that would not improve by inhibition of the RAS.
Moreover, tubulo-interstitial damage in the advanced stages of CKD
would not be influenced by RAS inhibitors [5,23]. Thus, since the con-
tinuation of these agents in advanced CKD patients seemed not to im-
prove eGFR, the long-term reduction of eGFR in severe CKD might have
outweighed the positive effects of RAS inhibitors on cardiac function,
including the prevention of dilatation, remodeling, and heart failure
[24,25]. It should be noted that discontinuation of RAS inhibitors has
been shown to delay the onset of renal replacement therapy [5].

4.2. Recommendations for the treatment of complicated AHF patients

The higher prevalence of comorbidities in an aging population
complicates the process of devising a treatment strategy for heart
failure in older patients. Current clinical knowledge is not sufficient for
the management of AHF patients with comorbidities. The prevalence of
moderate-to-severe kidney impairment was>30% in our cohort. The
clinical features concerning the modest numbers of AHF patients with
CKD should be elucidated to improve their prognosis. We believe that
our study provides some important knowledge and implications re-
garding better prognosis in such patients. However, a randomized
controlled study would be needed to confirm the clinical efficacy of
RAS inhibitors in terms of the prognosis of AHF patients with stage 3B,
4, or 5 CKD, in the future.

Along with the possible attenuated efficacy of RAS inhibitors in
advanced CKD patients, some comorbidities such as frailty [26], sar-
copenia [27], and malignancy [28] may also limit their efficacy. Fur-
thermore, such comorbidities could lead to a decrease in the rate of
drug prescription; for example, reduced eGFR was associated with a
lower rate of RAS inhibitor prescription in the present study. We believe
the first step in devising a treatment plan in patients with these con-
ditions is to confirm that conventional evidence-based strategies, in-
cluding pharmacological and device therapy, have been optimally
provided. Treatment strategies should then be individualized in ac-
cordance with the other clinical conditions present. Palliative care,
which focuses on improving patient quality of life, should also be
provided.

4.3. Limitations

Despite the insights provided by the present study, it does have
some limitations. First, the rate of MRA prescription was not matched
sufficiently in patients with stage 4 or 5 CKD. However, despite its more
frequent prescription in patients taking RAS inhibitors, mortality was
similar between those who were administered MRA and those who
were not. Thus, it is unlikely that different rates of MRA prescription
would have masked a possible positive effect of RAS inhibitors in stage
4 or 5 CKD patients. Moreover, univariate Cox regression analysis de-
monstrated no association between MRA and long-term mortality in our
dataset. Second, the interruption rate of RAS inhibitor administration
was unknown. It is possible that higher CKD stages were associated with
a higher prevalence of discontinuation, which may have resulted in an
apparent reduction in drug efficacy. Down-titration might similarly
occur in higher CKD stages. Third, our cohort did not include in-
formation regarding urinalysis as well as the other previous AHF re-
gistries. An important clinically-relevant factor with the use of RAS
inhibitors is the level of protein in patients' urine. While RAS inhibitors
do not appear to be more beneficial than other hypertensive drugs in
patients with non-proteinuric CKD [29], this may not be the case in
proteinuric CKD. Finally, the number of patients with HFrEF and CKD

stage ≤3B was small. The result regarding RAS inhibitor inefficacy in
stage 4 or 5 CKD patients may therefore have been due to beta error.
However, a similar result derived from the bootstrap method reinforced
the reliability of this finding.

5. Conclusions

In HFrEF patients with CKD, RAS inhibitors are associated with
lower mortality in stage 3B CKD; however, the association is less clear
in patients with stage 4 or 5 CKD. These findings may have important
implications regarding the prognosis in these high-risk patients. Further
studies including randomized clinical trials are needed to clarify this
association in patients with complicated backgrounds.
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