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Abstract

Angiotensin-converting enzyme (ACE) inhibitors and angiotensin Il receptor block-
ers (ARBs) both inhibit the renin-angiotensin system (RAS) but have different sites of
action. Whether clinically meaningful differences exist is still debated. The authors set
up a population-based nationwide retrospective cohort study with at least 5 years of
follow-up based on the comprehensive French Health Insurance Database linked to
the French hospital discharge database. Patients aged 50 or above, identified as ARB
or ACE inhibitor new users in 2009 (at least one delivery during the year and no such
delivery in 2008) were eligible. Exclusion criteria included history of cancer, cardiovas-
cular disease, or chronic renal insufficiency. Main outcome measure was overall mortal-
ity. Secondary outcomes were cardiovascular deaths, major cardiovascular events, and
major or other cardiovascular events. Out of 407 815 eligible patients, 233 682 (57%)
were ARB users; two-third had no previous exposure to antihypertensive drug. Based
on propensity-score based Cox model, ARB new user group had a better overall (HR:
878, 95%Cl, .854 to .902), and cardiovascular (HR: .841, 95%Cl, .800 to .84) survival
and had a lower risk for major cardiovascular events (HR: .886, 95%Cl, .868 to .905).
Statistically significant quantitative interactions were detected with diabetes. Consid-
ering subgroup analyses, ARBs had a better survival than ACE inhibitors in nondiabetic

patients.
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1 | INTRODUCTION

Hypertension is a worldwide health problem associated with mortality
and cardiovascular (CV) morbidity, which are both further increased
when diabetes is present. In primary prevention, angiotensin-
converting enzyme (ACE) inhibitors and angiotensin Il receptor
blockers (ARBs) are prescribed, with thiazide-type diuretic and
calcium channel blocker, as first line drug options in (nonblack)
hypertensive patients, with diabetes or not.’~3

Contrary to ARBs, ACE inhibitors have been shown to reduce
mortality and CV morbidity in placebo-controlled RCTs.* Meta-
analyses indicated that ACE inhibitors and ARBs have potentially dif-
ferent effects on mortality reduction among hypertensive patients
with/without diabetes.>® Another meta-analysis comparing ACE
inhibitors to ARBs in a head-to-head manner” in patients with uncon-
trolled hypertension found no reliable difference for total deaths. How-
ever, data mostly derived from the ONTARGET trial.8

ACE inhibitors and ARBs both inhibit the renin-angiotensin system
(RAS) but have different sites of action. Whether clinically meaningful
differences exist has been long debated. A possible biological rationale
relies on bradykinin antagonism. Some differences in blood pressure
(BP)-dependent effects (magnitude of BP decrease), BP-independent
effects (reduction of oxidative stress and endothelial dysfunction,
improvement in glucose metabolism, inhibition and stabilization of
atherosclerotic plaque) may exist.”

Focusing on primary prevention of cardiovascular events and death,
and considering a potential weak difference if any and a needed long
follow-up, a head-to-head randomized comparison seems not appro-
priate. We therefore planned a large nationwide observational study
to compare, in primary prevention, the effectiveness of ARBs versus
ACE inhibitors. Our primary objective was overall mortality. Secondary
objectives included cardiovascular mortality, major cardiovascular
events (hemorrhagic stroke, ischemic stroke, myocardial infarction, or
heart failure) along with revascularization procedures.

2 | METHODS

2.1 | Study design and setting

We set up a nationwide population-based cohort with a 6-year follow-
up period using French Health Insurance Data (SNDS). We identified
through reimbursement claims a cohort of patients >50 years old who
initiated in 2009 an ACE inhibitor or ARB regimen, free of overt cardio-
vascular disease and without ACE inhibitor or ARB in 2008. Patients
were followed until the end of 2014, to collect information on major

cardiovascular events or revascularization procedures or death.

2.2 | Participants

Study population selection was based on the following inclusion crite-
ria: age > 50 years-old; at least one delivery reimbursement in 2009
of ACE inhibitor or ARB (Anatomical Therapeutic Chemical (ATC) Clas-

sification System: CO9Ax or CO9Cx or CO9Bx or CO9Dx; Table S1).
Exclusion criteria were: delivery reimbursement of a ACE inhibitor or
ARB in 2008; simultaneous prescription (defined as deliveries within
30 days) for ACE inhibitors and ARB; no reimbursement for any health
care in 2008; a diagnostic of cancer before the inclusion date, based
on hospitalization or long-term disease registration (Table S2); diag-
nostic of cardiovascular disease (i.e., ischemic stroke, hemorrhagic
stroke, myocardial infarction, ischemic heart disease, heart failure, or
peripheral vascular disease); or chronic renal insufficiency, before the
inclusion date, based on hospitalization discharge diagnosis or long-
term disease registration (Table S3). Our goal was to identify a cohort

patients treated in a primary prevention setting.

2.3 | Data sources

SNDS links anonymously and comprehensively through a personal
unique number a health reimbursement database (DCIR) to the French
hospital discharge database (PMSI). SNDS contains basic data such as
age and date of death. Data on drug delivery were extracted, which
included strength per unit, number of units per pack for each drug as
well as the date of prescription and dispensing. PMSI contains diagnos-
tic codes (International Classification of Disease, 10th revision, ICD-
10), admission dates and medical acts (using common classification of
medical acts, CCMA\) for all hospitalizations either in public or private
hospitals. This study was based on subjects affiliated to the French
National Health Insurance general scheme, covering almost 50 million
people. In SNDS there is no information on the reason why drugs are
prescribed. There is no diagnosis coding for outpatient clinic visits in
SNDS. However, hypertension represents very probably the main rea-
son of those treatments after exclusion of patients presumed to have a
coronary disease or cardiac heart failure. Blood pressure levels are not
available in SNDS.

24 | Variables

We classified patients according to some risk factors: diabetes mel-
litus (based on hospitalization discharge diagnosis, long-term regis-
tration or drug reimbursed deliveries), lipid-lowering drug use, and
according to have previously receiving some types of drugs (assessed
within a time frame of 12 months before the inclusion date, with at
least two deliveries): antihypertensive drugs, specifically calcium chan-
nel blockers, beta-blockers or thiazides or antithrombotic drugs, i.e.,
antiplatelet drugs or anticoagulants (Table S4). Our definition of “smok-
ing” or “drinking” identified patients who had a hospitalization with a
code for “Problems related to lifestyle” (Z272.0 Tobacco use), for “coun-
seling and medical advice,” for “Mental and behavioral disorders due
to psychoactive substance use,” or for disease related to alcohol abuse
(e.g., K70 Alcoholic liver disease), or who were prescribed drugs used
in nicotine or alcohol dependence (Table S4). Altogether, we defined a
priori a three-level variable: patients having diabetes and using lipid-

lowering drug; patients having only one of the above risk factors or
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using antithrombotic drug; patients with none of the above three con-
ditions. Prespecified subgroups analyses were based on those variables
along with age and sex. Age was dichotomized with a cut-off at 65
years old. A complete list of codes and algorithms used to classify con-
founders and effect modifiers is provided in Table S4.

2.5 | Study size

A meta-analysis® showed a mortality incidence of 20 per 1000 patient-
years; we therefore anticipated around 10% of deaths within 5 years
of follow-up; 96 000 patients per group (1:1) were needed to detect a
hazard ratio of 1.05 with 95% power at a two-sided .05 alpha level.

2.6 | Statistical methods

The first delivery of ACE inhibitor or ARB in 2009 has been tagged as
the inclusion date. Treatment group was defined, as for an intention-
to-treat analysis, on the first observed delivery of ACE inhibitor or ARB
similar, without taking in account later switched (a subsequent dispens-
ing of the alternative drug class, for instance ARB after stopping ACE
inhibitor or vice versa) or stopped treatments. For descriptive purpose,
the first medication order was queried to identify the ACE inhibitor
or ARB molecule prescribed; based on strength per unit for each drug
type (ATC 7-digit code with same international nonproprietary name
INN) we defined three dose levels (high, medium, low; Table S5); in
addition, frequency of switching/stopping and timing (based on last dis-
pensing date that preceded end-of-study date or censoring date) were
reported.

The primary outcome was overall mortality, from first delivery to the
death date or December 31, 2014. Secondary outcomes were: cardio-
vascular death (Table Sé, using a strict and a broader definition), major
cardiovascular events (myocardial infarction, ischemic stroke, intracra-
nial hemorrhage, heart failure, considering the date of the first event,
and death being considered as a competing risk), and major or other
cardiovascular events (adding revascularization procedures (Table S7)
to the above-mentioned list). We used entry hospital date as the event
date.

A weighted (Stabilized Inverse Probability of Treatment Weighting,
SIPTW) propensity score-based Cox model was used to calculate haz-
ard ratios (HRs) between ARB and ACE, using ACE inhibitor users as
the reference group.

The predicted probability of starting (new use) ARB versus ACE
inhibitor given baseline variables was calculated using a logistic regres-
sion model. Eight covariates (sex, age as a continuous variable, dia-
betes, obesity, alcohol, smoking habit, renal disease, rheumatic disease,
all assessed within a time frame of 12 months before the inclusion date)
were forced in the model. Other covariates from a set of 24 variables,
whenever their statistical level of significance was <.15 when check-
ing association with mortality, were included and then selected using
backward selection. The degree to which the propensity score was

appropriately specified was ascertained through evaluation of com-

mon support, defined by overlapping distributions of propensity scores
between exposure groups. In order to examine the changes in con-
founder distribution due to SIPTW, we calculated standardized biases
for the original sample and for the sample following application of
SIPTW.

Prespecified subgroups analyses were performed: we fit SIPTW Cox
models stratified by age (> 65 years), sex, diabetes (further split as
severe or not, long history or not), use of lipid-lowering drug, first
line antihypertensive drug use, and cardiovascular risk factor level. We
added an interaction term in model to investigate whether there was a
heterogeneity across strata.

Different ways for handling propensity score were planned as sensi-
tivity analyses: (1) matching: each patient taking an ARB was matched
to a patient taking an ACE inhibitor using 1:1 matching based on logit
of the propensity score; A maximum caliper of .2 times the standard
deviation of logit of the propensity score was used to ensure similar-
ity of matched patients and g Cox model with the COVS(AGGREGATE)
option was ran; (2) subclassification: a stratified (on five strata accord-
ing to propensity score quintiles) Cox model was used with an inter-
action term for testing homogeneity across strata; (3) an SIPTW Cox
model was ran on an on-treatment population where patients were
censored at the time they stopped (or switched) their initial drug. To
further explore the association between drug regimen and outcomes,
we defined, on this on-treatment population, an indicator of adher-
ence, the medication possession ratio (MPR) (Supplemental Materials,
Expanded Materials & Methods S8): a stratified analysis on MPR values
with an arbitrarily chosen threshold (>80%) was conducted.

Because there is no information in SNDS on the reason why drugs
are prescribed, and for some low dose of ARB or ACE inhibitor as a
first line therapy, heart failure might have been the indication, we per-
formed a post hoc analysis discarding those patients.

All statistical analyses used procedures available in SAS software
version 9.4 (SAS Institute Inc, Cary, NC); all p-values were nominal (i.e.,
without adjustment for multiple testing).

2.7 | Bias

Thanks to SNDS, no loss of follow-up and no missing data were antic-
ipated. Exhaustive nationwide data also minimized selection bias. We
identified first ACE inhibitor or ARB users and selected patients with-
out clinically overt cardiovascular disease hence confounding by indi-
cation was minimized. In addition, we used propensity score to further
reduce any difference in clinical characteristics. Cardiovascular events
relied on hospital discharge diagnosis with detailed and unbiased infor-
mation as ICD-10 codes were recorded timely and prospectively; in
addition, we thought misclassification on outcome was minimized and
at least nondifferential as previous exposure to ACE inhibitor or ARB
was not taken in account in the coding process. Lastly, seeking for death
used a thorough approach through a dedicated algorithm (Table S9).
We do acknowledge that smoking and drinking variables have a poor
sensitivity, but there is no reason for a differential misclassification
bias.
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Patients aged 50 years or more, with at least one
delivery of an ACE inhibitor or ARB in 2009 but
not in 2008 (new user) and completeness of
follow-up within the general insurance scheme
n = 593 098
__________‘:::::____ \
' Noclaims in 2008 | Claims in 2008
; n =53 501 i n =539 597
A L «- : _____ \
| Cancer or CV events ! No cancer nor CV events
! before inclusion ' before inclusion
! n =124 180 i n= 415 417
______ N
i Unknown | Known vital
| vital status | status
. n =462 : n =414 955
/ _ _\_\_‘_ _______
ACEi ARB ! Simultaneous |
n=174133 n =233 682 : prescription |
1 n=7140 |
Analyzed PN '
n =407 815
FIGURE 1 Patient selection diagram 73 457 patients had a hospitalization for cardiovascular events before inclusion, 37 104 a hospitalization

for cancer, 1962 a hospitalization for chronic kidney disease, and 11 657 a hospitalization for two or three of the above conditions

2.8 | Data access and cleaning methods

Data access was operative in June 2021. Investigators had full access
to the extracted database from SNDS, which was used to create the
study population. Extracted database was stored locally in a dedicated
and secured data center: extraction was performed by CNAMTS; csv
data files were imported into MySQL database with a physical data
model consistent to the SNDS original database design. Some metrics
and visual tools were used to check data completeness and adequacy
to expected data extraction: metrics included number of extracted
patients (compared to expected number), stability of reimbursement

frequencies over time in order to validate data completeness at a pop-

ulation level.
3 | RESULTS
3.1 | Participants

From 593 098 adults > 50 years old with at least one delivery of an
ACE inhibitor or an ARB in 2009 but not in 2008, 407 815 patients
left after application of exclusion criteria (Figure 1). A total of 233 682
(57%) were ARB users. Among exclusion criteria, there was a simulta-
neous prescription for ACE inhibitors and ARB, which was observed for
7140 patients: ACE inhibitors and ARB were delivered concomitantly

as mentioned on a single order for 428 (6%). There was also a vital sta-
tus deemed unknown or unreliable (n = 462 patients) because a health
care claim was observed more than 30 days after the recorded “death”
date (n = 359) or two death dates were collected from two different
sources with a difference exceeding one day (and exceeding 30 days for
60 patients).

3.2 | Descriptive data

Table 1 displays summary statistics of the key covariates, stratified
by ACE inhibitor or ARB group. ARB users were more likely to be
women, younger, but less likely to have diabetes, comorbidities or car-
diovascular risk factors, or to have prior antithrombotic drug orders.
In both group, two-third had no previous exposure to antihyperten-
sive drug (thiazides, calcium channel blockers, or beta-blockers) and
were considered as first-line users. In addition, there were differ-
ences in the prevalence of laboratory tests except for cholesterol
measurement.

Most prescribed ACE inhibitors (> 90%) were perindopril, ramipril,
enalapril, and trandolapril; valsartan, irbesartan, candesartan, olmesar-
tan, and telmisartan were the most (93%) ARB prescribed. Based on
strength per unit for each drug type, patients ordered with high dose
were 40 348 (23.2%) with an ACE inhibitor versus 45 336 (19.4%)
with an ARB; for medium dose they were 73 062 (41.9%) with an ACE
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Baseline characteristics of angiotensin receptor blocker (ARB) (N = 233 682) and ACE inhibitor new users (N =174 133) ina

nationwide cohort in France, 2009, along with standardized differences (SD) before (un-weighted) and following SIPTW (stabilized inverse
probability of treatment weighting) application

Characteristics
Female

Age, years

Co-morbidities?

Potential
confounders §

Drug useP®

Biological
measures®

55.8

66.3

Diabetes

Obesity

Alcohol

Smoking habit

Renal disease

Rheumatic disease

Dementia

Dementia treated

Chronic pulmonary disease (except COPD)
Hemiplegia or paraplegia

Diabetes with chronic complications
Liver disease (moderate or severe)
Ischemic heart disease

Atrial fibrillation

COPD

Prior delivery of beta-blockers

Prior delivery of calcium channel blockers
Prior delivery of thiazides

Prior delivery of anti-platelet drugs
Prior delivery of anticoagulants
Prior delivery of lipid lowering drugs
BUN observed

Potassium observed

Cholesterol observed

HDL observed

HbA1c observed

Unweighted Weighted

ACE ARB SD ACE ARB SD

58.1 .05 57.1 57.1 .00

654 .08 65.8 65.8 .00
20.7 15.4 .14 17.6 17.6 .00
1.04 .82 .02 .90 .90 .00
1.29 1.07 .02 1.14 1.15 .00
72 .52 .02 .60 .60 .00
.03 .02 .03 .03 .03 .00
.18 12 .02 .14 .15 .00
.39 .18 .04 .27 .27 .00
6.17 5.99 01 6.16 6.16 .00
.33 .26 01 .29 .29 .00
12 .06 .02 .09 .09 .00
71 .39 .04 51 51 .00
.05 .03 .05 .04 .04 .00
.02 .00 .03 01 01 .00
91 49 .05 .68 69 .00
.37 .23 .02 .29 .29 .00
5.02 5.75 .03 5.46 5.45 .00
20.0 20.8 .02 20.6 20.5 .00
14.1 12.2 .06 13.1 131 .00
4.83 3.12 .09 3.87 3.88 .00
5.53 3.54 .10 4.40 4.42 .00
384 34.7 .08 36.3 36.3 .00
68.9 65.7 .07 67.1 67.1 .00
7.69 6.63 .04 7.09 7.1 .00
5.58 5.61 .00 5.59 5.59 .00
60.8 59.4 .03 60 60 .00
23.8 19.5 A1 213 21.3 .00

Values are percentage or mean for age; within a timeframe of 12 months before the inclusion date (first dispensing of ARB or ACE inhibitor):

2at least one hospitalization (ICD-10 codes in Supplementary Materials);.
bat least 1 delivery;.
at least one measurement.

inhibitor versus 146 184 (62.5%) with an ARB and for low dose they
were 60 723 (34.9%) with an ACE inhibitor versus 42 162 (18.0%)
with an ARB; 53 999 (31.1%) were ordered a fixed combination with
an ACE inhibitor and 86 151 (36.8%) with an ARB. Frequency of
switching/stopping and timing is displayed in Supplementary Materials,
Online Figure |. There was a better persistence with ARB whatever the
initial dose level.

The person-time at risk and the number of events for each outcome,
stratified by treatment group, are presented in Table 2. Crude inci-

dence rate was lower in ARB new user group. Other incidence rates

for cardiovascular events were more or less similar except for heart
failure and ischemic stroke. Kaplan-Meier survival curves were plot-
ted for each outcome stratified by ACE inhibitor-ARB new user group
(Figure 2).

The probability of ARB use (with ACE inhibitor as reference) was
modeled using logistic regression (Table S10). Propensity score distri-
bution by treatment group is displayed in Supplementary Materials,
Online Figure II. There was a great deal of overlap in the propensity
score between the two groups. Summary weighted statistics for impor-

tant covariates for the two groups after SIPW are displayed in the last
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TABLE 2 Number of events, person-time at risk (ITT-like population) and incidence rate (per 100 person-years) for each outcome, stratified by
treatment group, angiotensin receptor blocker (ARB) (N = 233 682) and angiotensin-converting enzyme (ACE) inhibitor new users (N = 174 133)

Death
CV death (strict def.)
Other CV deaths (broad def.)
Major cardiovascular event
Hemorrhagic stroke
Ischemic stroke
Heart failure
Myocardial infarction
Other cardiovascular events
CABG
PCA
PVD

Abbreviations: CABG: coronary artery bypass graft surgery; PCA: percutaneous coronary angioplasty; and PVD: peripheral vascular disease.

ACE inhibitor

ARB

Events, No
100228
1654
1564
9289
667
2656
4135
1831
1574
69
1300
205

Person-years
at risk

948 043
948 043
948 043
923797
923797
923797
923797
923797
942 830
942 830
942830
942830

Incidence
rate

1.08
17
.16
1.00
.07
.29
45
.20
A7
01
14
.02

First event within each composite outcome (major or other cardiovascular events) was recorded.
Cause of death was available for 19 122 patients (93.1%) out of 20 538.

(A)

1.00

Survival probability
° °
° ©
3 &

o
@
&

—

\

S

[] 1 2 3 a s
Years
Number at risk
ACE {174115 174061 173851 173138 170572 166829
233727 233667 233419 232648 229631 225158
[] 1 2 3 ] 3
(C) Years
1.00 e
—
—
0.95
g
¥l
2
3
3 \
50.90
H
-3
@
0.85
0.80
[] 1 2 3 ] 5

Number at risk

Ace | 174118 172194

233727 231947

Years

170622 168573

230062 227576

164880

223005

160216

217248

0 1

2
Years

4 S

(B)..,

Events, No
10,310
1716
1314
10113
815
3006
3823
2469
2162
99
1829
234

Person-years
at risk

1,280,649
1,280,649
1,280,649
1256 692
1256 692
1256 692
1256 692
1256692
1274026
1274026
1274026
1274026

Incidence
rate

.80
A
.10
.80
.06
24
.30
.20
17
01
.14
.02

Survival probability
° °
° °
8 3

°
@
a

(D)

1.00

Survival probability
° °
e °
8 8

°
®
&

ACE

[] 1 2 3 3 S
Years
Number at risk
174115 174061 173851 173138 170572 166829
233727 233667 233419 232648 229631 225158
[] 1 2 ] )
Years
S
————
S
[ 1 2 3 ] S
Years
Number at risk
174115 172143 170528 168461 164776 160138
233727 231864 229920 227409 222852 217122
0 1 2 3 ] B

Years

FIGURE 2 Kaplan-Meier weighted (SIPTW) survival curves for each outcome according to drug class: ACE inhibitor (dotted red line) and ARB
new user group (solid blue line): mortality (A), cardiovascular death (B), major cardiovascular events (C), and major or other cardiovascular events

(D)
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Subgroup No.of Patients (%) Hazard Ratio P-value for interaction
:
Overall 407815 (100) ——
Age ! 0.3398
=< 65Yr 222525 (55) _:E._
>65Yr 185290 (45) ——
Sex ! 0.3521
Male 174860 (43) —:9—
Female 232955 (57) —_——
Diabetes ! 0.8226
Severe 19293 (5) : £3
Non severe 52676 (13) . _—
Absent 335846 (82) —a—
Diabetes onset : 0.8957
Long ago 3491 (5) - =)
Recent 68478 (95) ' =
Lipid-lowering drug ; 0.0085
Yes 147930 (36) —_—
No 250885 (64) —F—-
First line use : 0.0001
Yes 270390 (66) ~ —8—
No 137425 (34) L ——
Three-level CV risk : 0.0001
c 40297 (10) ) _—
B 151998 (37) —_
A 215520 (53) —_— :
I
T - T T T
0.8 0.9 1.0 11 12
<---ARB Better-- --ACEi Better--->
The p-value is from the test statistic for testing the interaction between the treatment and any subgroup variable

FIGURE 3 Analysis of subgroups and interactions for mortality (SIPTW Cox models). Severe diabetes if two (or more) oral antidiabetic drugs
or insulin plus oral antidiabetic drug; long-ago onset of diabetes if long-term registration for more than 10 years; three-level CV risk: patients
having diabetes and using lipid-lowering drug (C); patients having only one of the above risk factors or using antithrombotic drug (B); patients with

none of the above three conditions (A)

two columns of Table 1; of note, standardized differences are all very
close to null.

3.3 | Main results

They are displayed in Table 3. For all outcomes, HRs were consistently
below unity thus favoring ARBs, suggesting that the ARB new user
group had a better overall (HR: .878, 95%Cl,.854 to .902), and cardio-
vascular (HR:.841, 95%Cl, .800 to .84) survival and had a lower risk for
major (or nonmajor) cardiovascular events (HR: .886, 95%Cl, .868 to
.905).

3.4 | Analysis of subgroups and interactions

Results are summarized in Figure 3 for mortality and Online Figure

Il (Supplementary Materials) for composite secondary outcomes.

Statistically significant quantitative interactions were detected: Rel-
ative hazards were substantially lower for ARB new users com-
pared with ACE inhibitors new users for “first-line” users, and for
those patients without diabetes, or those with none of the follow-
ing three conditions: diabetes, lipid-lowering drug use, and antithrom-
botic drug use. For major cardiovascular events, interaction with dia-
betes appeared qualitative: ACE inhibitor being better than ARB in
those patients with severe diabetes, ARB being better than ACE
inhibitor in those patients with nonsevere diabetes or in nondiabetic

patients.

3.5 | Sensitivity analyses

Different ways in handling propensity scores led to very similar
estimates (Table 3). Analyses among the on-treatment population
restricted to adherent patients (ARB new users (N = 135, 830), ACE
inhibitor new users (N = 183,855), regularly treated with a MPR
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TABLE 3 Outcome comparison for angiotensin receptor blocker (ARB) new users (N = 233 682) compared to angiotensin-converting enzyme
(ACE) inhibitor new users (N = 174 133), ITT-like population (SIPTW or stratified analyses), or using 1:1 matching based on logit of the propensity

score (169 865 pairs)

Outcome Crude HR (95%Cl)
.740(.720-.761)
.691(.658-.727)
763 (.747-779)

(-

.763(.748-.779)

Death
Cardiovascular death (broad def.)
Major cardiovascular events?

Major and other cardiovascular
events®

SIPTW HR (95%Cl)
.878(.854-.902)
.841(.800-.884)
.886
.886(.868-.905)

(-
(-
(-
(-

Stratified HR (95%Cl)
.853(.830-.877)
.814(.774-.855)
.865(.847-.883)
.865(.847-.883)

Matched HR (95%Cl)
.873(.848-.898)
.835(.793-.880)
.878(.860-.897)
.879(.860-.898)

868-.905)

2Hemorrhagic stroke, ischemic stroke, heart failure or myocardial infarction whichever came first;
babove outcomes or coronary artery bypass graft, percutaneous coronary angioplasty or peripheral revascularization procedure whichever came first.

greater or equal to 80%) showed a HR (95%Cl) for death equal to .674
(.628-.723). During the on-treatment period, most patients were cor-
rectly adherent (MPR >80% for 78.0% of patients starting with ACE
inhibitor and 78.7% of patients starting with ARB). Subgroups analy-
ses and interaction testing yield similar observation that ITT-like based
analyses. Any attempt to make even more fair the comparison between
ARB and ACE inhibitors (comparison for an even dose level) did not
change the direction of risk estimates.

3.6 | Post hoc analyses

Discarding those 35 517 patients starting an ARB or ACE inhibitor with
a low dose (mostly, perindopril 2 mg or 2.5 mg, ramipril 1.25 mg, and
enalapril 5 mg; or candesartan 4 mg, and valsartan 40 mg) as a first
line therapy that might have been prompted by heart failure led to
a weighted (SIPTW) estimate measure of association for overall sur-
vival (hazard ratio) of .916 (95%Cl, .889 to .943), then still favoring
ARB.

As an attempt to examine the role of residual confounding in our
observational study that found an apparent relative risk (ARR) of .88
in favor of ARB, we set an association between an unmeasured con-
founder and death at 1.2 and its prevalence in the ACE inhibitor (ref-
erence) group at.10, .25, and .50. We observed that the “true” adjusted
RR remains in favor of ARB for a prevalence in the ARB group of .00,

.00, and .10, respectively.1?

4 | DISCUSSION

41 | Key results

In this population-based cohort study, including 407 815 new users of
ACE inhibitor or ARB in primary prevention, we observed over a 5-year
follow-up that ARB users had a better survival and 11% decreased risk
of major cardiovascular events when compared to ACE inhibitor. Con-
sidering subgroup analyses, ARBs had a better effectiveness as regard
primary and secondary outcomes than ACE inhibitors in nondiabetic
patients.

4.2 | Strengths of the study

First, we used a population-based nationwide new-user cohort design
which minimizes selection bias. We compared treated patients, i.e.,
who sought medical attention and subsequently had drug prescrip-
tion. Drug claims are collected timely and prospectively; hence
recall bias does not apply and misclassification on exposure is
minimized.

Second, we thought confounding by indication was minimized by
focusing on a primary prevention setting. We had comprehensive infor-
mation (within a year) on previous drug prescriptions and hospitaliza-
tion. In addition, we used several propensity score-based methods to
minimize at best confounding by indication and assess robustness of
results. Consistency of risk estimation across several models and sub-
groups supports validity.

Third, we had no attrition bias, each patient being entirely followed
up to death or end of study period; hence, all hospitalizations for car-
diovascular disease were identified.

Finally, we employed statistical methods similar to those of random-
ized trials (similar to intention-to-treat principal) considering mortality
and cardiovascular events as efficacy outcomes and putting forward a
superiority hypothesis.

4.3 | Limitations

The main limitation concerned variables which affect the treatment
decision and outcomes not captured or poorly measured: dietary pat-
terns, physical exercise, familial history of cardiovascular disease, high-
est level of education attained, or socio-economic status; but when
comparing drug users between each other, such healthy-user effect is
thought to be less problematic. We had indeed no outstanding informa-
tion on some key behavioral risk factors (smoking habit, alcohol con-
sumption) and no information at all on blood pressure level and body
mass index; but we had noticed in Roy et al. study'! that systolic blood
pressure and body mass index variables were not strong predictors
of ARB use compared to ACE inhibitor use (all standardized differ-
ences < .05). As proxies of smoking habit and alcohol consumption, we

used hospitalization discharge diagnosis for COPD and liver disease
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and thought that misclassification bias if any was nondifferential. We
cannot rule out residual confounding. Of note, all SIPTW standardized
differences were very close to null and there was a great deal of overlap
in the propensity score between the two groups.

Ascertainment of clinical outcomes from hospital discharge diagno-
sis may lead to some misclassification, but thought to be nondifferen-
tial. Obviously, this limit does not apply to the survival analysis.

The percentage of patients treated with anticoagulant (5.5%) is
higher than the percentage of patients with atrial fibrillation (AF) which
was very probably underestimated because the identification of AF
in SNDS is challenging. The percentage of patients with antiplatelet
drugs reflects the use of these drugs in France in high risk and diabetic
patients despite a primary prevention setting.

Finally, intention-to-treat analysis focused on the effect of the
initial treatment decision, but not on mechanisms. We reckoned
we observed only what was delivered to patients (through phar-
macy deliveries) and adherence was not accurately captured by our
data. However, we estimated MPR and assessed persistence through
last observed delivery of the initially prescribed drug. Taking in
account an on-treatment approach, censoring patients when stopped
or switched their initial regimen, we attempted to assess whether ACE
inhibitors and ARBs are equally effective among current/persistent
users (on treatment analysis taking in account adherence through
MPR). Even so, previously observed differences in survival remained

significant.

4.4 | Strengths and weaknesses in relation to other
studies, discussing important differences in results

Our study obviously differed by design from clinical trials2-14 but also
in some important aspects of clinical setting and methodology to other
observational studies.>>~1/

In the very few head-to-head RCTs that compared ACE inhibitors
and ARBs in hypertensivediabetic patients, no difference was found
on death or clinical outcomes. Of note, data mostly derived from
one large trial, ONTARGET,® which provided data for a subgroup
of hypertensive’ and diabetic patients; all other trials included 500
patients! or even less'213 hypertensive only%12 or also diabetic with

8 or not!?;

early nephropathy,!® with a history of cardiovascular disease
main outcome was blood pressure control,'! change in GFR? or albu-
minuria, and renal function.!® All trials had a follow-up of 5 years at
most.812 Of note, meta-analysis of those trials’ was largely driven by
ONTARGET data.®

Meta-analyses all made indirect inference based on trials assessing
effect of ACE inhibitors or ARBs versus placebo or control. A recent
meta-analysis® of 20 cardiovascular morbidity-mortality trials, con-
ducted after year 2000, including mostly hypertensive patients (91%
on average) compared active treatment with ACE inhibitor or ARB with
control treatment: it showed a differential treatment effect on mortal-
ity between ACE inhibitors and ARBs through stratified subgroup anal-
ysis according to class of drug. Authors cautiously concluded that the

finding should be considered as a post hoc observation. A similar con-

clusion for patients with diabetes (and mostly hypertensive) was sup-
ported by another meta-analysis of data from 35 RCTs®: ARB did not
significantly reduce the risk for CV deaths compared with control ther-
apy but heterogeneity across trials was high (12 = 61%). Of note, trials
of ACE inhibitors and ARBs included patients with different character-
istics (more patients with coronary or other vascular atherosclerotic
disease in ACE inhibitors trials than in ARB trials). A metaregression
analysis'® pinpointed that the difference between ACE inhibitors and
ARBs compared with placebo might be due to a higher placebo event
rate in the ACE inhibitors trials (most of these trials were conducted
a decade earlier than the ARB trials). A network meta-analysis'? con-
cluded that no drug regimen was more effective than placebo for
reducing all-cause mortality in adults with diabetes and kidney disease.

As regards observational studies, no evidence of differences in rates
of death, stroke, or coronary heart disease was found among 22 544
adults with hypertension from a large health system in Pennsylvania
(USA) taking ACE inhibitors or ARBs and followed-up over 4 years
(11 000 persons-years). Of note, 25% had diabetes, 17% coronary
artery disease, 4% stroke, and 2% heart failure. No subgroup analy-
sis according to diabetes or history of cardiovascular disease was pro-
vided. Incidence rates of outcomes were higher than in our study, prob-
ably reflecting a higher baseline risk level.1!

Based on Taiwan’s National Health Insurance Research Database for
the period 2000-2010, patients with newly diagnosed diabetes (88%
were hypertensive, 20% had CAD, 5% had HF, and 2% had PVD) and
newly treated with ACEls (n = 21 436) or ARBs (n = 30 777) were
identified.1®> After one-to-one matching by propensity score, no signif-
icant differences in risk of myocardial infarction (hazard ratio [HR] .92,
95%Cl, .80 to 1.07), ischemic stroke (HR.95, 95%Cl, .87 to 1.04), or all-
cause mortality (HR .95, 95%Cl, .89 to 1.01) were found over a mean
follow-up period was 6.2 years. Subgroup analyses stratified by heart
failure and coronary artery disease were consistent.

A population-based retrospective cohort study (US claims database)
of more than 87 000 insured Americans with diabetes (70% were
hypertensive, 14% had a history of CVD, mostly IHD, 9.8% had
diabetes-related complications) found that ARB use relative to ACE
inhibitor use was associated with a reduced risk of all-cause mor-
tality or hospitalization (composite primary outcome) with a max-
imum follow-up of 6 years.'® This finding was driven exclusively
by reduced risk of hospitalization: relative risk for all-cause mortal-
ity was .95 (95%Cl, .65 to 1.40). Results were similar in patients
with a baseline history of cardiovascular disease but no data were
provided for patients without a baseline history of cardiovascular
disease.

A recently published analysis from the REACH registry'” reported
that, in patients without established atherosclerosis (primary preven-
tion), there was no difference between ARB or ACE inhibitors users for
a composite of CV mortality, nonfatal myocardial infarction, nonfatal
stroke or hospitalization for CV (RR = .98, 95%Cl, .85 to 1.13), nor for
all deaths (RR = 1.06, 95%Cl, .86 to 1.31). Of note, in patient without
diabetes, relative risk estimates were .88 (95%Cl, .82 to .95) and .85
(95%Cl, .74 to .97) for the composite outcome and all death respec-
tively, in favor of ARB.
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4.5 | Interpretation

Our results do not support results from meta-analyses suggesting,
based on indirect evidence, that ACE inhibition leads to improved mor-
bidity and mortality outcomes relative to ARBs. It is hard to draw par-
allel between previously published clinical trials or observational stud-
ies and our findings because we analyzed hypertensive patients (with
diabetes or not) without clinically overt cardiovascular disease. Nev-
ertheless, careful selection of patients (to focus on primary preven-
tion) and relevant subgroup analyses, might have somehow disentan-
gle some previously inconsistent or negative results: keeping in mind
that our patients had no clinically overt cardiovascular disease, those
without diabetes might have benefit to be ordered ARB.

4.6 | Generalizability
Our nationwide French database mostly enrolled patients of Caucasian
origin. No ethnic data were available and no conclusion could be drawn

for black hypertensive patients.

4.7 | Meaning of the study: possible explanations
and implications for clinicians and policymakers

Patients taking ACE inhibitors were less persistent than ARB users,
whatever the initial dose level. Early discontinuation could be related,
at least in part, to adverse symptoms (cough). This might have under-
estimated a true beneficial effect of ACE inhibitor in intention-to-treat
like analyses. These analyses may otherwise better represent real-life
practice and are more conservative. Nevertheless, the results were
consistent with those from on-treatment analyses. Finally, the hypoth-
esis of better persistence/adherence as a plausible explanation for the
observed result, if true, and otherwise unbiased, is not supported by
our findings. It has been reported that ARBs are better tolerated than
ACEIls and this could explain the highest adherence rate between all the
antihypertensive classes in meta-analysis.2® Although subgroup anal-
yses should be cautiously interpreted, any recommendation favoring
ARB user might be restricted to low risk patients. Any firm conclusions
as regards high-risk patients, such as those with severe diabetes, can-

not be drawn.
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