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A B S T R A C T

Background. End-stage renal disease (ESRD) patients even
without known cardiovascular (CV) disease have high mortality
rates. Whether neurohormonal blockade treatments improve
outcomes in this population remains unknown. The aim of this
study was to assess the effect of angiotensin-converting enzyme

inhibitors/angiotensin receptor blockers (ACEi/ARBs), b-
blockers or both in all-cause mortality rates in incident ESRD
patients without known CV disease starting renal replacement
therapy (RRT) between 2009 and 2015 in the nationwide
Réseau Epidémiologie et Information en Néphrologie registry.
Methods. Patients with known CV disease and those who
started emergency RRT, stopped RRT or died within 6 months
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were excluded. Propensity score matching models were used.
The main outcome was all-cause mortality.
Results. A total of 13 741 patients were included in this analysis.
The median follow-up time was 24 months. When compared
with matched controls without antihypertensive treatment, treat-
ment with ACEi/ARBs, b-blockers and ACEi/ARBsþb-blockers
was associated with an event-rate reduction per 100 person-years:
ACEi/ARBs 7.6 [95% confidence interval (CI) 7.1–8.2] versus
matched controls 9.5 (8.8–10.1) [HR 0.76 (95% CI 0.69–0.84)],
b-blocker 7.1 (6.6–7.7) versus matched controls 9.5 (8.5–10.2)
[HR 0.72 (0.65–0.80)] and ACEi/ARBsþb-blockers 5.8 (5.4–
6.4) versus matched controls 7.8 (7.2–8.4) [HR 0.68 (0.61–0.77)].
Conclusions. Neurohormonal blocking therapies were associ-
ated with death rate reduction in incident ESRD without CV
disease. Whether these relationships are causal will require ran-
domized controlled trials.

Keywords: end-stage renal disease, mortality, neurohormonal
blocking agents

I N T R O D U C T I O N

Chronic haemodialysis patients have high mortality rates,
reaching 20%/year in some series [1, 2]. Cardiovascular (CV)
mortality has a 10- to 20-fold increase in chronic haemodialysis
patients compared with age- and sex-matched populations
without renal disease and accounts for about half of the mortal-
ity causes in dialysis patients [3, 4].

Neurohormonal activation (adrenergic and renin–
angiotensin–aldosterone systems) was associated with both high
blood pressure and increased mortality in dialysis patients [5].
Although randomized trial data are limited, in a meta-analysis
of five randomized clinical trials in chronic haemodialysis
patients (n¼ 1202), using a random-effects model, antihyper-
tensive agents as a whole were associated with a 38% reduction
in CV events [combined HR (95% CI) 0.62 (0.45–0.86)]. There
was substantial heterogeneity between studies with respect to
outcomes (I2¼ 50.4%, P¼ 0.073). All-cause mortality was re-
duced significantly when calculated by the fixed-effects model
(risk ratio [RR] 0.79 [95% confidence interval (CI) 0.65–0.96]}
but not when estimated by the random-effects model [RR 0.77
(95% CI 0.56–1.04)] [6]. To date, no large double-blind ran-
domized controlled trials (RCTs) have been performed to as-
sess the efficacy (and safety) of angiotensin-converting
enzyme inhibitors (ACEis)/angiotensin receptor blockers
(ARBs) and b-blockers for reducing mortality in chronic hae-
modialysis patients. One of the major challenges and road-
blocks to the performance of such trials is the existence of
compelling indications based on the data generated in non-
dialysed patients for the use of these ‘neurohormonal modulat-
ing’ drugs, as most dialysis patients have vascular disease (e.g.
coronary, carotid and/or peripheral artery disease) with target
organ damage beyond end-stage renal disease (ESRD) [e.g.
myocardial infarction, stroke, heart failure (HF) and/or limb
claudication] and also other comorbidities (e.g. atrial fibrilla-
tion and uncontrolled hypertension) that may require the use
of ACEis/ARBs and/or b-blockers isolated or in combination
[7]. However, the efficacy of these compounds for these

indications in dialysis patients is questionable, owing to the
lack or large-scale randomized data [8]. Furthermore, whether
chronic haemodialysis patients without these comorbid condi-
tions may benefit from these therapies is yet to be assessed.

Using the nationwide French nephrology registry, in the
hopes of stimulating a large randomized trial in this population,
we assessed the efficacy of ACEis/ARBs and b-blockers (iso-
lated and in combination) in reducing mortality rates in chronic
haemodialysis patients without known CV disease.

M A T E R I A L S A N D M E T H O D S

Study population

All patients starting dialysis ‘de novo’ and continuing
chronic haemodialysis treatment for at least 6 months between
2009 and 2015 were extracted from the Réseau Epidémiologie
et Information en Néphrologie (REIN) and merged with the
comprehensive French hospital discharge database
(Programme de Médicalisation des Systèmes d’Information),
which makes anonymized data available for epidemiological
studies and includes social, demographic and medical informa-
tion about the diagnosis leading to admission, the underlying
comorbidities and complications.

To minimize the probability of including patients with CV
disease (and ‘formal indication’ for ACEis/ARBs and/or b-
blockers), we excluded those with HF, coronary artery disease,
stroke, rhythm disorders (including atrial fibrillation), periph-
eral artery disease and cancer (Figure 1).

FIGURE 1: Study flow chart. ‘No possible pairing’ means no indirect
linkage to the medication information.
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Linkage to the national health database

Information about medications was extracted from the ex-
haustive French national health database Système National des
Données de Santé (SNDS) that includes all reimbursed pre-
scriptions and procedures delivered on an outpatient basis and
all hospital discharges. No direct personal identifiers are avail-
able in the SNDS database and there is no unique identifier be-
tween it and the REIN database. We therefore proceeded to a
stepwise indirect linkage between them. To ensure privacy and
confidentiality, no identifying information was used for linkage,
only demographic data: gender, age (in years), residency code, a
national hospital identifier and year and month of dialysis start
for the REIN and year and month of hospital discharge for the
SNDS (first dialysis procedure or renal transplantation). For the
time period under consideration, the use of a drug was defined
by at least one reimbursement according to their Anatomical
Therapeutic Clinical Classification codes.

Data

Baseline information included age and gender, ESRD aeti-
ology, initial treatment modality, body mass index (BMI),
haemoglobin, chronic respiratory disease, cirrhosis, depen-
dency for transfer and treatments with lipid-lowering, anti-
thrombotic and glucose-lowering therapies. Ethnicity is not
recorded (French law prohibits the recording of ethnicity in a
database).

Outcomes

Death incidence was analysed up to 31 December 2015. For
outcome analyses, patients were censored at this date or the lat-
est available date. Death from CV causes was also studied as an
exploratory outcome.

Statistical analyses including propensity score matching

Three propensity score (PS)-matched cohorts were built for
the comparison between patients treated with ACEis/ARBs, b-
blockers and ACEis/ARBs þ b-blockers and matched controls
not treated with these antihypertensive drugs in a 1:2 propor-
tion. The PS was defined as the estimated probability of being
treated with each one of these options versus not treated with
those antihypertensive drugs, calculated for all 13 741 ESRD
patients and their potential controls by Cox proportional haz-
ard analyses. The following independent variables were in-
cluded in the model: age, gender, treatment modality, BMI,
haemoglobin, chronic respiratory disease, cirrhosis, depen-
dency for transfer and treatments with lipid-lowering, anti-
thrombotic and glucose-lowering therapies. There was no sta-
tistical interaction between these variables and the treatment
with regards to the studied outcome (P> 0.1 for all). The bal-
ance of the covariates in treated patients and their controls prior
to and after the matching was compared via the standardized
difference (SDiff). The SDiff compares the difference in means
in units of the pooled standard deviation (SD) and is not influ-
enced by sample size, which allows comparison of the relative
balance of variables measured in different units. An SDiff >0.1
after the matching was considered an imbalance but did not
occur in our study, which was well balanced (Figure 2). We

performed additional propensity match techniques to con-
firm the results (inverse probability weighting, PS stratifica-
tion, PS adjustment and simple covariate adjustment) [9]. In
addition, we performed ‘multilevel’ PS for the consideration of
multiple treatments in the model and derive the weighted esti-
mators for each treatment. The average treatment effect was
then computed by taking the average of the difference between
the observed and potential outcomes for each subject.

Cox proportional hazard analyses were repeated for the PS-
matched cohort of patients, where Kaplan–Meier curves were
generated to compare the survival rates of patients with the dif-
ferent treatments. P-values < 0.05 were considered statistically
significant. All analyses were conducted with Stata version 15
(StataCorp, College Station, TX, USA).

FIGURE 2: Comparison of the study population before and after
matching.
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R E S U L T S

Description of the study population

The baseline characteristics of the study population are
depicted in Table 1. A total of 13 741 patients were included in
this study. The mean age was 60 6 18 years and 56% were male.
The mean follow-up was 2.3 years and 2884 (20.7%) patients
died during follow-up.

Patients prescribed b-blockers alone were older than those
prescribed ACEis/ARBs, ACEis/ARBs þ b-blockers and those
prescribed none of these drugs (64 versus 57 versus 57 versus
62 years, respectively; P< 0.001). Those prescribed ACEis/
ARBs and ACEis/ARBs þ b-blockers were more often male
than those prescribed b-blockers or none of these drugs (59 ver-
sus 60 versus 53 versus 51%, respectively; P< 0.001). Patients
prescribed none of these drugs were more often dependent.

The more frequent causes of ESRD were diabetes, hyperten-
sion and glomerulonephritis. The great majority (690%) of the
patients started renal replacement therapy on conventional hae-
modialysis. Haemoglobin and BMI were similar between
groups in absolute numbers (10 g/dL and 26 kg/m2, respec-
tively). Patients prescribed b-blockers alone and ACEis/ARBs
þ b-blockers were more often diabetic and consequently were
treated with anti-diabetic drugs. Patients with liver cirrhosis
and chronic respiratory disease represented<10% of the overall
population. Most patients were treated with anti-thrombotic
therapies and those taking ACEis/ARBs þ b-blockers were
more often treated with lipid-lowering therapies (Table 1).

Survival analyses for the main outcome of all-cause
death

Compared with the matched population, patients taking
ACEis/ARBs alone, b-blockers alone and ACEis/ARBs þ b-

blockers presented lower event rates: HR 0.76 (95% CI 0.69–
0.84), 0.72 (0.65–0.80) and 0.68 (0.61–0.77), respectively
(Table 2). The event rates per 100 person-years were ACEis/
ARBs 7.6 (95% CI 7.1–8.2) versus matched controls 9.5 (8.8–
10.1); b-blocker 7.1 (6.6–7.7) versus matched controls 9.5 (8.5–
10.2) and ACEis/ARBs þ b-blockers 5.8 (5.4–6.4) versus
matched controls 7.8 (7.2–8.4). These results overlapped those
using other PS methods, covariate adjustment and ‘multi-level’
PS (Supplementary data, Tables S1–S4). The Kaplan–Meier sur-
vival curves are presented in Figure 3.

During follow-up, 687 (5.0%) patients underwent kidney
transplantation. Sensitivity analyses excluding these patients
and also including kidney transplantation as a time-dependent
covariate provide similar results to those presented above; HR
for ACEis/ARBs alone, b-blockers alone and ACEis/ARB þ
b-blockers: 0.75 (95% CI 0.65–0.87), 0.79 (0.69–0.91) and 0.66
(0.58–0.75), respectively.

Table 1. Description of the study population (unmatched)

Population characteristics ACEis/ARBs b-blockers Both None P-value

N 2702 2611 4672 3756
Age (years), mean 6 SD 57.3 6 17.8 63.8 6 16.6 57.4 6 16.7 62.2 6 19.4 <0.001
Male, n (%) 1599 (59.2) 1379 (52.8) 2801 (60.0) 1930 (51.4) <0.001
ESRD aetiologies, n (%) <0.001

Diabetes 444 (16.4) 454 (17.4) 854 (18.3) 475 (12.6)
Hypertension 422 (15.6) 555 (21.3) 868 (18.6) 654 (17.4)
Polycystic kidney disease 325 (12.0) 291 (11.1) 545 (11.7) 394 (10.5)
Glomerulonephritis 587 (21.7) 414 (15.9) 962 (20.6) 473 (12.6)
Pyelonephritis 140 (5.2) 155 (5.9) 188 (4.0) 351 (9.3)
Other 447 (16.5) 421 (16.1) 641 (13.7) 808 (21.5)
Unknown 337 (12.5) 321 (12.3) 614 (13.1) 601 (16.0)

First treatment modality, n (%) <0.001
Conventional haemodialysis 2400 (88.8) 2327 (89.1) 4086 (87.5) 3428 (91.3)
Other 302 (11.2) 284 (10.9) 586 (12.5) 328 (8.7)

BMI (kg/m2), mean 6 SD 26.0 6 7.9 27.1 6 7.6 26.2 6 5.9 25.7 6 6.3 <0.001
Haemoglobin (g/dL), mean 6 SD 10.1 6 1.7 10.2 6 1.6 10.1 6 1.7 10.1 6 1.6 0.018
Diabetes, n (%) 765 (28.3) 843 (32.4) 1479 (31.7) 972 (25.9) <0.001
Chronic respiratory disease, n (%) 192 (7.2) 200 (7.7) 274 (5.9) 336 (9.0) <0.001
Cirrhosis, n (%) 23 (0.9) 86 (3.3) 51 (1.1) 76 (2.0) <0.001
Dependency for transfer, n (%) 140 (5.6) 215 (8.9) 178 (4.1) 390 (11.3) <0.001
Lipid-lowering therapy, n (%) 1292 (48.9) 1334 (51.9) 2774 (60.1) 1110 (35.7) <0.001
Anti-thrombotic, n (%) 2615 (99.1) 2527 (98.4) 4564 (98.9) 3047 (98.0) <0.001

Glucose-lowering therapy, n (%) 836 (31.7) 854 (33.3) 1813 (39.3) 734 (23.6) <0.001

Table 2. PS match for the effect of the treatments of interest on all-cause
mortality

Treatments PS-matched HR (95% CI) P-value

ACEi/ARB alone 0.76 (0.69–0.84) <0.001
b-blocker alone 0.72 (0.65–0.80) <0.001
ACEi/ARB þ b-blocker 0.68 (0.61–0.77) <0.001

PS built using age (tertiles), gender, BMI (tertiles), haemoglobin (tertiles), diabetes,
chronic respiratory disease, cirrhosis, third-person dependency, lipid-lowering therapy,
anti-thrombotic therapy and glucose-lowering therapy. PS match ACEs/ARBs: popula-
tion n¼ 7312; events n¼ 1502. PS match b-blockers: population n¼ 8158; events
n¼ 1599. PS match ACEis/ARBsþ b-blockers: population n¼ 6779; events n¼ 1102.
Events: ACEis/ARBs 709 (19.4%) versus matched controls 793 (21.7%). b-blockers 706
(17.2%) versus matched controls 893 (21.8%). ACEis/ARBsþ b-blockers 504 (14.8%)
versus matched controls 598 (17.6%). Event rate per 100 person-years: ACEis/ARBs 7.6
(95% CI 7.1–8.2) versus matched controls 9.5 (8.8–10.1); b-blockers 7.1 (6.6–7.7) versus
matched controls 9.5 (8.5–10.2); ACEis/ARBsþb-blockers 5.8 (5.4–6.4) versus matched
controls 7.8 (7.2–8.4).
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Survival analyses for the exploratory outcome of CV
death

During the follow-up, 509 (3.7%) patients died from CV
causes, representing 17.9% of all deaths. Compared with
the matched population, patients taking ACEis/ARBs alone,
b-blockers alone and ACEis/ARBþ b-blockers presented simi-
lar rates of CV death: HR 1.04 (95% CI 0.82–1.33), 0.91 (0.72–
1.16) and 0.90 (0.64–1.27), respectively (Supplementary data,
Table S5). Covariate adjustment provided similar results
(Supplementary data, Table S6).

D I S C U S S I O N

This study shows that treatment with ACEis/ARBs, b-blockers
and ACEis/ARBsþ b-blockers was associated with a significant

mortality reduction in chronic haemodialysis patients without
known CV disease who started in a planned manner and sur-
vived the first 6 months. The mortality rate reduction ranged
from 24% to 32% on a relative scale, with overlapping CIs for
the studied treatment options. These results suggest that ESRD
patients without CV disease could be treated with at least one
ACEi/ARB or b-blocker. To the best of our knowledge, this is
the largest nationwide study to date in a population with these
characteristics.

Randomized trials in patients on haemodialysis are few and
it remains unclear whether ACEis or ARBs reduce mortality
and morbidity in this group of patients with a very high CV
risk. As examples, the Fosinopril in Dialysis study [10], a
double-blind RCT comparing the effect of fosinopril versus pla-
cebo on the incidence of major CV events (CV death, resusci-
tated death, non-fatal stroke, HF and myocardial infarction or
revascularization) in 397 haemodialysis patients with left ven-
tricular hypertrophy over a 24-month follow-up period was
neutral. In an open-label randomized study in haemodialysis
patients (51% diabetics, 16% with HF, 4% with coronary artery
disease and 5% with stroke histories), the use of ARBs (valsar-
tan, candesartan and losartan) was compared versus active con-
trols without ARB treatment [11]. The primary outcome was a
composite of CV death, myocardial infarction, stroke and HF.
A total of 180 patients per group were studied. The primary
outcome event occurred in 19% of the patients in the ARB
group and 33% in the non-ARB group [adjusted HR 0.51 (95%
CI 0.33–0.79), P¼ 0.002]. These findings likely enhanced the
ARB effect due to the open-label study design and small sample
size (type I error) but may suggest a beneficial effect of this
drug. A small randomized open-label study in 80 dialysis
patients without CV disease studied whether candesartan ver-
sus controls could reduce CV events (fatal/non-fatal myocardial
infarction, unstable angina pectoris, congestive HF, severe ar-
rhythmia and sudden death). A total of 7 events were
recorded in candesartan group versus 17 in the control group
(P< 0.01) [12]. Again, major methodological and power
issues were present in this study. In 332 haemodialysis
patients with symptomatic HF and a left ventricular ejection
fraction of <40% randomized to either telmisartan (n¼ 165)
or placebo (n¼ 187) on top of standard therapy including an
ACEi for 63 years, telmisartan significantly reduced all-cause
mortality (35.1% versus 54.4%; P< 0.001), CV death (30.3%
versus 43.7%; P< 0.001) and hospital admission for HF
(33.9% versus 55.1%; P< 0.001) [13], supporting the use of tel-
misartan in patients with these characteristics. The relatively
small sample size and large effect size require replication in a
larger cohort.

b-blockers are the most commonly prescribed CV medica-
tions among dialysis patients [14], but their cardioprotective
role remains unclear. Observational data from the US Renal
Data System identified b-blockers as the only antihypertensive
agent class independently associated with all-cause mortality re-
duction in 11 142 dialysis patients in the USA [15].
Observational data in 1836 dialysis patients from Ontario,
Canada >65 years of age suggest that b-blockers have no bene-
ficial effect over calcium-channel blockers or statins alone [16].
An open-label prospective randomized study comparing

FIGURE 3: Kaplan–Meier curves for the studied treatment
assignments.
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lisinopril versus atenolol (100 patients per arm) for left ventric-
ular mass change in haemodialysis patients showed no
between-arm difference with regards to left ventricular mass
[17]. However, this trial was stopped early due to safety issues
with increased risk for adverse events in the lisinopril group:
combined serious adverse events of myocardial infarction,
stroke and hospitalization for HF or CV death occurred less fre-
quently among 10 subjects in the atenolol group versus more
frequently among 17 subjects in the lisinopril group (incidence
rate ratio 2.29; P¼ 0.021). Hospitalizations for HF and all-
cause mortality also significantly increased in the lisinopril
group [17]. There was no control group in this trial, so it
remains unclear whether lisinopril was harmful or atenolol
protective. Another trial sought to evaluate the effects of car-
vedilol versus placebo to reduce mortality in 114 dialysis
patients with dilated cardiomyopathy. At 2 years, 51.7% of the
patients, had died in the carvedilol group compared with
73.2% in the placebo group (P< 0.01) [18]. Furthermore,
there were significantly fewer CV deaths and hospital admis-
sions among patients receiving carvedilol [18], supporting the
benefit of carvedilol in populations with these characteristics.
The small sample size and large effect of carvedilol require
replication in a larger trial.

For blood pressure–lowering purposes, ACEis/ARBs and b-
blockers may have similar efficacy, supporting the use of either
agent in the absence of a compelling indication [19, 20]. In our
study, we observed an overlap in the CIs for all the studied
treatments (including combination therapy). Consequently, no
inference about putative class differences in the treatment effect
can be derived from this analysis. Nonetheless, our findings
suggest that taking ACEis/ARBs and/or b-blockers is better
than taking none.

It should be noted that no apparent effect was observed on
CV death. However, this finding was likely due to the low num-
ber of CV death events (i.e. limited power), which was further
decreased on the matched analyses and no hypotheses should
come from these data.

L I M I T A T I O N S

First, this is an observational study of a population-based co-
hort, therefore causality cannot be inferred. Second, unmeas-
ured confounders may account for association bias by selecting
patients with a better profile for treatment allocation. Third, we
do not have blood pressure values, hence we cannot ascertain
whether patients without the studied treatments had low blood
pressure, precluding the use of antihypertensives. However, the
optimal blood pressure target is unknown in chronic haemo-
dialysis patients [21]. Fourth, matched patients without ACEi/
ARB and/or b-blocker treatment could have other treatments
with antihypertensive properties (e.g. diuretics or calcium chan-
nel blockers). However, the use of other antihypertensives could
decrease the effect of ACEis/ARBs and b-blockers, hence our
findings are reinforced by this potential non-systematic bias.
Fifth, we do not have safety data (e.g. hyperkalaemia or hypo-
tensive episodes) and cannot make inferences with regards to
the safety of these drugs in this population. Sixth, all the adjust-
ment techniques we used provide similar results, which is in

agreement with recent studies on these statistical methods [9].
There was a small mismatch between patients diagnosed as dia-
betics and those taking anti-diabetic drugs, with more patients
(not exceeding 7%) taking anti-diabetic drugs than those with
diabetes. This mismatch may be due to the lack of a diagnosis
report in some patients or the treatment of some patients with
pre-diabetes. Seventh, there is the possibility of highly prevalent
subclinical CV disease in this population that we could not
characterize. In this regard, most patients were prescribed anti-
thrombotic therapy. As well as patients with diabetes, we think
the high proportion of patients treated with anti-thrombotics
may be due to the co-existence of other underreported CV dis-
eases (e.g. transient ischaemic attack, paroxysmal atrial fibrilla-
tion, microvascular cerebrovascular disease, angina pectoris
and/or microvascular heart disease). Moreover, ESRD per se is a
strong CV risk factors and clinicians may feel compelled to pre-
scribe anti-thrombotic therapy for CV reduction as, to date, no
randomized controlled evidence exists [22]. Lastly, registry data
have no adjudication committee, therefore we cannot ascertain
whether the low proportion of reported CV deaths is real, thus
the results on this outcome should be interpreted with addi-
tional caution.

Notwithstanding, it should also be noted that this is the larg-
est nationwide study to date of the association between ACEis/
ARBs and/or b-blockers treatment and mortality in a dialysis
patient population without known CV disease. The associations
found herein are in agreement with previous findings from ob-
servational data and randomized trials supporting the use of
these agents in this population.

C O N C L U S I O N

This study shows that treatment with ACEis/ARBs, b-blockers
and ACEis/ARBs þ b-blockers was associated with a mortality
reduction in haemodialysis patients without known CV disease
who started in a planned manner and survived the first
6 months. The mortality rate reduction ranged from 24% to
32% on a relative scale with overlapping CIs for the studied
treatment options. These results require confirmation in
double-blind RCTs.
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