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Abstract

Aims Angiotensin-converting enzyme inhibitors (ACEis) or angiotensin II receptor blockers (ARBs) have been shown to be
associated with recovery of cardiac function in patients with dilated cardiomyopathy (DCM). The aim of this study was to as-
sess comparative effectiveness of ACEis vs. ARBs on recovery of left ventricular ejection fraction (LVEF) among patients with
DCM.
Methods and results We analysed the clinical personal records of DCM, a national database of the Japanese Ministry of
Health, Labour and Welfare, from 2003 to 2014. Patients with LVEF < 40% and on either ACEis or ARBs were included. Eligible
patients were divided into two groups according to the use of ACEis or ARBs. A one-to-one propensity case-matched analysis
was used. The primary outcome was defined as LVEF ≥ 40% at 3 years of follow-up. Out of 4618 eligible patients, 2238 patients
received ACEis and 2380 patients received ARBs. Propensity score matching yielded 1341 pairs. Mean age was 56.0 years, 2041
(76.1%) were male, median duration of heart failure was 1 year, and mean LVEF was 27.6%. The primary outcome was ob-
served more frequently in ARB group than in ACEi group (59.8% vs. 54.1%; odds ratio 1.26; 95% confidence interval
1.08–1.47; P = 0.003). The per-protocol analysis showed similar results (62.0% vs. 54.0%; odds ratio 1.39; 95% confidence in-
terval 1.17–1.66; P < 0.001). The change in LVEF from baseline to 3 years of follow-up was greater in ARB group than in ACEi
group (15.8 ± 0.4% vs. 14.0 ± 0.4%, P = 0.003). The subgroup analysis showed that this effect was observed independently of
systolic blood pressure, heart rate, LVEF, chronic kidney disease, and concomitant use of beta-blockers and mineralocorticoid
receptor antagonists.
Conclusions The use of ARBs was associated with LVEF recovery more frequently than ACEis among patients with DCM and
reduced LVEF.
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Introduction

Angiotensin-converting enzyme inhibitors (ACEis) or angio-
tensin II receptor blockers (ARBs) have an established role

as the first-line treatment for a number of cardiovascular dis-
eases. In particular, ACEis have been shown to reduce mortal-
ity in patients with heart failure (HF) with reduced ejection
fraction (HFrEF).1,2 ARBs are also reported to reduce
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cardiovascular mortality and morbidity in patients with symp-
tomatic HF.3,4 In the PARADIGM-HF trial, angiotensin recep-
tor neprilysin inhibitor (ARNI) has shown better
cardiovascular protective effects in patients with HF than
enalapril.5 Although, in the latest European Society of Cardi-
ology (ESC) guideline, ACEis or ARBs are recommended to
be replaced by ARNI in ambulatory patients with HFrEF,
who remain symptomatic despite optimal treatment,6 ACEis
and ARBs are still main drugs used for HFrEF.

ELITE II study and a randomized controlled study regarding
valsartan and losartan demonstrated that ARBs were not su-
perior to ACEis in improving survival in HF patients, but were
significantly better tolerated than ACEis.7,8 Accordingly, the
2013 American College of Cardiology/American Heart Associ-
ation guidelines and 2016 ESC HF guidelines recommend that
ARBs are appropriate in patients intolerant of ACEis.9,10

However, in ELITE study, ARB losartan reduced a mortality
in elder HF patients compared with ACEi captopril.11 A
propensity-matched study evaluating long-term prognosis
(≥8 years) in elder HF patients on ACEis or ARBs showed that
ARBs were associated with reduced mortality and a trend for
reduced HF hospitalization,12 raising a possibility that ARBs
could provide better prognosis than ACEis in the long run.

Dilated cardiomyopathy (DCM) is a non-ischaemic heart
muscle disease with structural and functional myocardial ab-
normalities. The clinical feature of DCM is left or biventricular
dilatation and systolic dysfunction in the absence of coronary
artery disease, hypertension, valvular disease, or congenital
heart disease.13 In particular, DCM with reduced ejection
fraction (EF) has a poor prognosis than those with preserved
EF.14 DCM is a major cause of HF in the world.15 Therefore, a
better therapeutic strategy for DCM needs to be established.

A non-negligible number of patients with HFrEF experience
left ventricular EF (LVEF) recovery as a result of advances in
drug therapy, devices, and coronary revascularization.16 Pa-
tients with LVEF ≥ 40% who previously had LVEF < 40% were
defined as HF with recovered EF (HF-REF).17 Several studies
have reported that HF-REF has better prognosis than HFrEF
and HF with preserved EF (HFpEF).18–22 Thus, the recovery
of LVEF is often used as a surrogate endpoint in HF clinical
trials.23,24 Renin–angiotensin–aldosterone system (RAAS) in-
hibitors are known to be associated with HF-REF. The Val-
HeFT echocardiographic substudy demonstrated that valsar-
tan, one of ARBs, reversed LV remodelling.25 Recently, we
have shown that the use of ACEis or ARBs is associated with
recovery of LVEF in patients with DCM.26

There are differences in pharmacological action between
ACEis and ARBs. ACEi blocks RAAS by inhibiting
angiotensin-converting enzyme (ACE) activity but induces
ACE-independent chymase-mediated production of angioten-
sin II and aldosterone.27,28 On the other hand, ARBs inhibit
RAAS by the direct blockade of angiotensin II receptor. Activa-
tion of RAAS plays a pivotal role in development of LV
remodelling. To date, the effect of ACEis and ARBs has been

investigated in HF patients with ischaemic aetiology.8,29

Non-ischaemic cardiomyopathy is known to experience
recovery of LVEF more frequently than ischaemic
cardiomyopathy.30,31 However, it has not been fully eluci-
dated whether ACEis and ARBs have similar or different ef-
fects on recovery of cardiac dysfunction in patients with
DCM.

The clinical personal record is a nationwide administrative
database of public expenditure for refractory disease main-
tained by the Japanese Ministry of Health, Labour and Wel-
fare to register and certificate intractable diseases, including
cardiomyopathies, throughout Japan. This database is useful
to investigate clinical features and routine practice in DCM
patients in Japan.32 The aim of this study was to examine
whether ARBs and ACEis could be superior to the other in
terms of recovery of LVEF among DCM patients with reduced
LVEF by analysing a nationwide database of the clinical per-
sonal record.

Methods

Clinical personal record

The clinical personal record, a nationwide administrative da-
tabase of public expenditure for refractory disease by the
Japanese Ministry of Health, Labour and Welfare, has been
established to register and certificate intractable diseases, in-
cluding cardiomyopathies, throughout Japan.32 This record
prospectively and annually collected the following data: (i)
demographic data [age, sex, duration of HF, and New York
Heart Association (NYHA) functional class]; (ii) vital signs;
(iii) co-morbidities; (iv) electrocardiographic data; (v) echo-
cardiographic data; (vi) laboratory data; and (vii) medication
use. This database does not collect information about clinical
outcomes such as hospitalization and death. DCM was diag-
nosed on a dilated LV and reduced LVEF in the absence of
any specific cardiac or systemic diseases such as hypertensive
heart disease, valvular heart disease, congenital heart dis-
ease, coronary artery disease, alcoholic cardiomyopathy, car-
diomyopathy caused by toxins/medications, amyloidosis,
sarcoidosis, connective tissue disease, dystrophy, or meta-
bolic disease such as Pompe disease or Fabry disease. The
data in this registry were collected from any types of hospi-
tals in Japan. All clinical personal records were registered af-
ter being reviewed by certified cardiologists. The present
study employed this nationwide database from 2003 to 2014.

Patient selection

Patients older than 18 years old with LVEF < 40% were iden-
tified from the clinical personal record of DCM described ear-
lier. Screened patients were excluded from enrolment if they
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received both ACEis and ARBs, neither ACEis nor ARBs, left
ventricular assist device, or heart transplantation during the
follow-up period or they were not assessed with echocardiog-
raphy at 3 years of follow-up. The eligible patients were
divided into two groups according to the use of ACEis or
ARBs. All patients had any prior symptoms or signs of HF,
including dyspnoea, palpitation, chest pain, oedema, and
hepatomegaly.

Outcomes

The primary outcome was defined as an LVEF ≥ 40% at 3 years
of follow-up, known as HF-REF. Secondary outcomes were a
decrease in left ventricular diastolic diameter (LVDd) ≥10%
and a decrease in LV systolic diameter (LVDs) ≥10%. Echocar-
diographic data were assessed in each participating hospital.
Factors associated with an increase in LVEF, including
changes in systolic blood pressure, diastolic blood pressure,
heart rate, and use of beta-blockers and digitalis at 3 years
of follow-up, were investigated. We also assessed the pri-
mary outcome among subgroups: age (≥60 vs. <60 years
old), sex, systolic blood pressure (≥120 vs. <120 mmHg),
heart rate (≥80 vs. <80 b.p.m.), NYHA functional class (I–II
vs. III–IV), LVEF (≥30 vs. <30%), atrial fibrillation, anaemia,
chronic kidney disease (Stage 1–2 vs. 3–5), and concomitant
use of beta-blockers and mineralocorticoid receptor antago-
nists (MRAs).

Statistical analysis

Patient characteristics were compared with Pearson χ2 test
for categorical variables and Student’s t-test or Wilcoxon
rank-sum test for continuous variables and were presented
as mean ± standard deviation or median with inter-quartile
range.

A propensity score was estimated by fitting a logistic re-
gression model, which adjusted for age, sex, duration of HF,
NYHA functional class (I–II vs. III–IV), systolic blood pressure,
diastolic blood pressure, heart rate, atrial fibrillation, pacing,
left bundle branch block, LVEF, hypertension, diabetes
mellitus, hyperuricaemia, chronic kidney disease, B-type
natriuretic peptide, beta-blockers, MRAs, loop diuretics, thia-
zides, digitalis, amiodarone, and oral inotropes. A one-to-one
pair matching between the two groups was performed by
nearest-neighbour matching without replacement. Covariate
balances before and after matching were checked by compar-
ison of standardized mean difference (SMD). An SMD < 0.1
was considered to indicate a negligible imbalance between
the two groups.

Odds ratio (OR) was estimated by logistic regression model
and presented with 95% confidence interval (CI) and P value.

The changes in LVEF were compared with the use of analysis
of covariance.

The per-protocol population was defined as patients who
received ACEis or ARBs consistently throughout follow-up pe-
riod. A per-protocol analysis was also performed using this
per-protocol population.

Considering intra-observer and inter-observer variability of
echocardiographic evaluations, increases in LVEF ≥ 5%, ≥10%,
and ≥15% were also evaluated as outcomes. The sensitivity
analysis of outcomes by using combination of multiple impu-
tation and inverse probability of treatment weighting was
also conducted.33 For the missing data at baseline, multiple
imputation was performed (n = 10) by predictive mean
matching for continuous variables and logistic regression
model for binary variables. A propensity score was estimated
by fitting a logistic regression model, which adjusted for all
baseline covariates in each dataset. ORs for outcomes were
estimated by inverse probability weighting. Estimates from
10 iterations were combined with the use of Rubin’s rule. In
addition, multivariate logistic regression analysis adjusted
for same covariates used in propensity score matching was
performed as complete case analysis.

Because the responsiveness to the biventricular pacing
could be a possible confounder, patients without
biventricular pacing were selected from the eligible patients
and the multivariate logistic regression analysis adjusted for
same covariates used in propensity score matching was per-
formed. The effectiveness of candesartan, losartan, and val-
sartan on LVEF recovery to LVEF ≥ 40% was assessed with
multivariate analysis including covariates listed earlier.

All tests were two tailed, and P < 0.05 was considered to
be statistically significant. All analyses were performed with
the SAS statistical package (Version 9.4, SAS Institute, Cary,
NC). The authors had full access to and take full responsibility
for the integrity of the data.

Ethic statements

This study protocol was organized to ensure compliance with
the Declaration of Helsinki. The original study protocol was
approved by the Institutional Review Board at Kyushu Univer-
sity. An ‘opt-out’ approach was applied to consent because
this study analysed a nationwide administrative database.

Results

Patient characteristics

Figure 1 shows the method of patient selection in this study.
From 2003 to 2014, 40 794 consecutive patients with DCM
were screened and 20 495 patients were identified as HFrEF
and older than 18 years old. Of them, 14 540 patients who
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were not assessed with echocardiography at 3 years of fol-
low-up, 104 patients with both ACEis and ARBs, 1231 patients
with neither ACEis nor ARBs, and 2 patients whose medica-
tion data were missing were excluded. The remaining 4618
patients were finally included in the present analysis, and
2238 patients had ACEis and 2380 had ARBs. Propensity score
matching yielded each 1341 patients. Details of ACEis and
ARBs are shown in Supporting Information, Table S1. Enala-
pril (64.6%) was most commonly used in the ACEi group,
and candesartan (36.1%), losartan (30.2%), and valsartan
(22.5%) were mainly used in the ARB group.

Patient characteristics before and after propensity score
matching are shown in Table 1. After propensity score
matching, variables were considered to be well balanced. In
matching cohort, mean age was 56.0 years, 2041 (76.1%)
were male, and median duration of HF was 1 years. Echocar-
diography demonstrated that LVEF (27.7 ± 7.5% vs.
27.6 ± 7.4%, P = 0.82, SMD = 0.009), LVDd (64.6 ± 8.1 vs.
64.3 ± 8.5 mm, P = 0.33, SMD = 0.038), LVDs (56.0 ± 8.3 vs.
55.5 ± 9.0 mm, P = 0.14, SMD = 0.058), and Grade III–IV of mi-
tral regurgitation (17.7% vs. 14.9%, P = 0.078, SMD = 0.076)
were comparable between ACEi and ARB groups.

Clinical outcomes

The change in LVEF was greater in ARB group than ACEi group
(15.8 ± 0.4% vs. 14.0 ± 0.4%, P = 0.003) (Figure 2). Changes in
systolic blood pressure, diastolic blood pressure, and heart
rate were comparable between the two groups.

Figure 3 shows primary and secondary outcomes. The
prevalence of LVEF recovery at 3 years of follow-up in the
ARB group was higher than that in the ACEi group (59.8%
vs. 54.1%; OR 1.26; 95% CI 1.08–1.47; P = 0.003). While the
prevalence of decrease in LVDd ≥ 10% did not differ between
the two groups (45.3% vs. 43.5%; OR 1.08; 95% CI 0.92–1.26;
P = 0.34), the prevalence of decrease in LVDs ≥ 10% tended to
be more frequent in the ARB group (60.9% vs. 57.2%; OR
1.17; 95% CI 1.00–1.37; P = 0.056).

In the ACEi group, 946 patients (70.6%) continued to re-
ceive ACEi at 3 years of follow-up. On the other hand, in
the ARB group, 1088 patients (81.3%) continued to receive
ARB. Per-protocol analysis consistently showed that ARB in-
creased the prevalence of LVEF recovery (62.0% vs. 54.0%;
OR 1.39; 95% CI 1.17–1.66; P < 0.001) and decreases in
LVDd ≥ 10% (47.1% vs. 42.4%; OR 1.21; 95% CI 1.01–1.45;

Figure 1 Patient selection.
*
Adjusted for age, sex, duration of heart failure, New York Heart Association functional class (I–II vs. III–IV), systolic blood

pressure, diastolic blood pressure, heart rate, atrial fibrillation, pacing, left bundle branch block, left ventricular ejection fraction (LVEF), hypertension,
diabetes mellitus, hyperuricaemia, chronic kidney disease, BNP, beta-blocker, mineralocorticoid receptor antagonist, loop diuretics, thiazide, digitalis,
amiodarone, and oral inotrope. ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; DCM, dilated cardiomyopathy;
VAD, ventricular assist device.
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P = 0.036) and LVDs ≥ 10% (63.1% vs. 55.0%; OR 1.40; 95% CI
1.16–1.68; P < 0.001) (Figure 3).

Sensitivity analyses are shown in Supporting Information,
Table S2. The prevalence of increases in LVEF ≥ 5%, ≥10%,
and ≥15% was higher in the ARB group by the propensity
score-matched analysis, complete case analysis, and multiple
imputation analysis. Combination of multiple imputation and
inverse probability of treatment weighting showed that all of
the adjusted SMDs derived from imputed dataset were <0.1
and considered to be well balanced (Supporting Information,
Figure S1). The use of ARB was consistently associated with
LVEF recovery even in patients without biventricular pacing
(Supporting Information, Table S3).

Subgroup analysis showed that ARB increased frequency of
LVEF recovery regardless systolic blood pressure, heart rate,
LVEF, chronic kidney disease, and concomitant use of
beta-blockers and MRAs (Figure 4).

We also analysed the prescription rate of medication at
3 years of follow-up related to cardiac function. The use of

beta-blockers and digitalis did not differ between the two
groups (Table 2).

We compared the effects of candesartan, losartan, and
valsartan on LVEF recovery to ≥40% in ARB group. There is
no significant difference between candesartan and losartan
(OR 0.92; 95% CI 0.69–1.22; P = 0.34) or between
candesartan and valsartan (OR 1.09; 95% CI 0.80–1.48;
P = 0.39).

Discussion

The present study demonstrated that ARBs significantly in-
creased frequency of LVEF recovery compared with ACEis
among DCM patients with reduced LVEF. This effect was ob-
served independently of systolic blood pressure, heart rate,
LVEF, chronic kidney disease, and concomitant use of
beta-blockers and MRAs.

Figure 2 Change in left ventricular ejection fraction and haemodynamics. (A) Delta left ventricular ejection fraction (LVEF), (B) delta heart rate, (C)
delta systolic blood pressure (SBP), and (D) delta diastolic blood pressure (DBP). ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II
receptor blocker.
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Figure 3 Primary and secondary outcomes. ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor II blocker; CI, confidence inter-
val; EF, ejection fraction; ITT, intention-to-treat analysis; LVDd, left ventricular diastolic diameter; LVDs, left ventricular systolic diameter; OR, odds
ratio.

Figure 4 Subgroup analysis. ACEi, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin receptor II blocker; CI, confidence
interval; CKD, chronic kidney disease; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart As-
sociation; OR, odds ratio; SBP, systolic blood pressure.
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Although ACEis or ARBs have been shown to be beneficial
to improve prognosis in HF patients, there is some contro-
versy about whether ACEis or ARBs could be superior to the
other. ELITE II study, VALIANT trial, OPTIMAAL study, and
Swedish Heart Failure Registry did not show the superiority
of ARB to ACEis in terms of survival.7,8,29,34 The median
follow-up periods in these studies were around several years
(555 days in ELITE II and 24.7 months in VALIANT). On the
other hand, a propensity-matched study of the Alabama
Heart Failure Project registry exhibited that ARBs had more
beneficial effect on survival in HF patients than ACEis,12 in
which the follow-up period was longer than 8 years. There-
fore, long-term administration of ARBs might be associated
with better prognosis than that of ACEis. Importantly,
whereas the aetiology of all patients in OPTIMAAL study
and VALIANT study was ischaemic heart disease, only 4% of
patients were ischaemic aetiology in Alabama Heart Failure
Project registry. Other previous studies have suggested that
non-ischaemic cardiomyopathy experienced recovery of LVEF
more frequently than ischaemic cardiomyopathy.30,31,35 The
aetiology of all of the present study population was idio-
pathic DCM. This aetiological homogeneity might be involved
in superior effects of ARBs to ACEis.

Recently, the recovery of LVEF is often used as a surrogate
endpoint in HF clinical trials.23,24 Patients with HF-REF had a
better prognosis than those with persistent HFrEF.9 Several
studies have indicated that ACEis or ARBs are associated with
recovery of LVEF in patients with HFrEF.25,26 The present study
demonstrated that patients treated with ARBs had not only
more frequency of LVEF recovery but also greater improve-
ment of LVEF at 3 years of follow-up than those with ACEis.
These results support a previous report demonstrating supe-
rior effect of long-term use of ARBs on prognosis in HFrEF.11

Haemodynamics, co-morbidities, and medication are re-
lated to recovery of cardiac function. However, in the present
study, the beneficial effect of ARBs on cardiac dysfunction
was independent of systolic blood pressure, heart rate, LVEF,
chronic kidney disease, and concomitant use of beta-blockers
and MRAs. In particular, changes in systolic blood pressure,
diastolic blood pressure, and heart rate were comparable be-
tween ARB and ACEi groups (Table 1). Thus, it is presumed
that ARBs exert the superior effect independently of
haemodynamics.

In the present study, the use of ARBs was also associated
with LVEF recovery regardless of biventricular pacing
(Supporting Information, Table S3). There are possible reasons
for the low rate of biventricular pacing. First, implantation of

cardiac resynchronization therapy pacing and defibrillator
started in April 2004 and August 2006, respectively, in
Japan.36 The number of implants of these devices reached
plateau in 2008. In the present study, more than half of the
patients were enrolled before 2008. Second, the Japanese
Cardiology Society guidelines at that time indicated that only
patients with NYHA functional Class III–IV were potential can-
didates for these devices.

There are several differences in pharmacological action
between ACEis and ARBs. Chronic therapy with ACEis leads
to incomplete blockade of RAAS because of ACE-independent
chymase-mediated angiotensin II production and
aldosterone27,28 and induces activation of B2-type bradykinin
receptors.37 On the other hand, ARBs inhibit RAAS by the di-
rect blockade of angiotensin II receptor. Activation of RAAS is
intimately involved in the development of cardiac dysfunc-
tion and HF. Therefore, the differences in pharmacological
action might provide superiority of ARBs to ACEis in recovery
of LVEF. It is important whether the superiority is related to
type of drugs. In the present study, there is no significant dif-
ference in effects of candesartan, losartan, and valsartan on
LVEF recovery to ≥40% in ARB group. These data suggest that
the superiority of the ARBs is class effect.

Angiotensin II receptor blockers were better tolerated than
ACEis.7,38 Dry cough, related to increased bradykinin levels,39

occurs in 5–15% of patients on ACEis but not on ARBs. Angio-
edema, a potentially life-threatening complication, occurs in
a small percentage of patients on ACEis. In the present study,
patients on ARBs continued to receive more frequently
(81.3% vs. 70.6%) and changed to another class of ACEis/
ARBs less frequently than those on ACEis (4.2% vs. 16.6%).
We could not determine the reason of discontinuation or
crossover due to the observational nature of the present
study. However, a per-protocol analysis also showed superior-
ity of ARBs to ACEis in terms of recovery from cardiac dys-
function. Thus, tolerability and side effects are not likely to
affect the results of the present study. In the 2021 ESC guide-
lines for HF recommended that (i) an ACEi is recommended
for patients with HFrEF, (ii) an ARNI is recommended as a re-
placement for an ACEi in patients with HFrEF, and (iii) an ARB
is recommended for symptomatic patients unable to tolerate
an ACEi or ARNI.6 The present study raises a possibility that,
even in the case of ACEi tolerance, ARBs should be adminis-
tered for DCM patients. To elucidate this important issue, fur-
ther investigations are needed.

Study strengths and limitations

The present study has several strengths differed from previ-
ous studies. We validated the effects of ARBs and ACEis on
recovery from cardiac dysfunction by not only propensity
score matching analysis but also several sensitivity analyses,
including multivariate Cox regression analysis, multiple

Table 2 Medications at 3 years of follow-up

Variables ACEi (n = 1341) ARB (n = 1341) P value

Beta-blocker, n (%) 1099 (82.0) 1105 (82.4) 0.76
Digitalis, n (%) 311 (25.5) 304 (24.6) 0.62

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II
receptor blocker.
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imputation analysis, and multivariate analysis, in a largest-
scale registry of DCM in Japan. In addition, we evaluated
reverse remodelling by using serial echocardiographic data
validated by certified cardiologist.

There are several potential limitations to be acknowledged
in the present study. First, we did not have information re-
garding mortality, cardiovascular event, and rehospitalization
due to HF in the present study because the clinical personal
record did not contain these data. The superior effect of ARBs
to ACEis in recovered LVEF might be related to survival or
other events in DCM patients. Further studies focusing on
this crucial issue are needed. Second, this database does
not include information regarding genetic testing. It has been
reported that DCM patients harbouring titin (TTN)-truncating
variants had better prognosis and cardiac reverse remodel-
ling than those with lamin A/C (LMNA) variants.40 There
might be differences in genotypes. Third, echocardiographic
assessment was not adjudicated by central monitor system
because the present study used administrative database.
However, the echocardiographic assessment was validated
by certified cardiologists in each hospital. Fourth, the infor-
mation on doses and dose response of ACEis and ARBs is im-
portant. The doses of concomitant drugs such as beta-
blockers, MRAs, or loop diuretics are not negligible. In addi-
tion, the titration of beta-blockers and MRAs might help to
recover LVEF. However, we could not assess them in the pres-
ent study. To address these crucial points, further investiga-
tions are needed. Fifth, the present study is not a
prospective randomized trial and unmeasured factors might
have influenced the outcomes. The parameters in the present
study were limited. However, the propensity score was ad-
justed for critical 23 parameters associated with prognosis
of HF patients. In addition to one-to-one propensity case-
matched analysis, we performed several sensitivity analyses
such as complete case and multiple imputation analyses.

Despite several limitations described earlier, we analysed
the largest database including more than 4000 patients with
DCM in Japan and provided the first evidence of greater recov-
ery of cardiac function by ARBs than ACEis in DCM patients.

Conclusions

The use of ARBs was associated with recovery of LVEF more
frequently than ACEis among patients with DCM and reduced
LVEF.
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