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ntihypertensives are a cornerstone in the prevention and

treatment of cardiovascular and renal diseases.! Agents that

inhibit the renin-angiotensin system (RAS), which include
angiotensin-converting enzyme (ACE) inhibitors and angiotensin re-
ceptor blockers (ARBs)j are especially important. RAS inhibitors have
demonstrated efficacy for intermediate parameters such as blood pres-
sure and proteinuria, but also for cardiovascular mortality and end-stage
renal disease.”*

Angiotensin-converting ‘enzyme inhibitors are ‘widely used as first-
choice RAS inhibitors because of long experience and low costs com-
pared with ARBs. These advantages are decreasing, however, because of
present and upcoming patent expirations of ARBs. Furthermore, ARBs

™8 which may improve

are associated with placebo-like tolerability,
therapy compliance and persistence. On a group level, ARBs are some-
times proposed to be superior to ACE inhibitors.” However, comparative
studies often fail to demonstrate clinically relevant differences between
ACE inhibitors and ARBs, and guidelines commonly suggest they are
equivalent for nearly all indications.?®

Complicating these matters is the debate surrounding the com-
parative effectiveness of specific ACE inhibitors and ARBs.!""!? For
the specific drugs there is no conclusive evidence on differences in
drug efficacy and tolerability. A recent meta-analysis of 32 placebo-
controlled trials suggested that all ACE inhibitors have similar effi-
cacy for reducing mortality in congestive heart failure.!® Results from
observational studies, on the other hand, present conflicting evidence
regarding the existence of a class effect.!*"> Similarly, recent reviews
were unable to draw conclusions on the comparative efficacy of spe-
cific ARBs.'>!¢ Real-life drug-utilization patterns can supplement evi-

ILI7 First, drug compliance and persistence

dence from clinical trials.
are recognized markers of drug efficacy and tolerability.!® Second,
therapy switches are signs of unsatisfactory treatment response and
unacceptable adverse effects.!”?

The objective of our study was to investigate drug compliance,
persistence, and switching patterns of RAS-inhibiting agents in newly

treated patients.

METHODS
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Prescription data between

1999 and 2010 were retrieved

Objectives: To investigate compliance, persis-
tence, and switching patterns for angiotensin-con-
verting enzyme (ACE) inhibitors and angiotensin
receptor blockers (ARBs).

Study Design: Drug-utilization analysis using a
large prescription database.

Methods: Prescription data for more than 50,000
incident users of ACE inhibitors or ARBs were col-
lected, cumulating close to 200,000 patient-years
of medication use. Incidence, drug dosage, 1-year
compliance, long-term persistence, and switching
patterns were analyzed. The specific drugs investi-
gated were captopril, enalapril, lisinopril, perindo-
pril, ramipril, and fosinopril (ACE inhibitors), and
losartan, valsartan, irbesartan, candesartan, and
olmesartan (ARBs). Results were adjusted for age,
sex, starting date, and comorbidities.

Results: The 1-year compliance (88.3% vs 88.3%,
P =.996) and 3-year persistence (81.9% vs 82.4%,
P =.197) rates were similar between ACE in-
hibitors and ARBs. Users of ACE inhibitors

more often switched therapy (24.2% vs 13.1%,

P <.001), primarily to an ARB. Variations in compli-
ance, persistence, and switching behavior were
detected between specific ACE inhibitors, but not
between specific ARBs.

Conclusions: Although residual confounding and
indication bias cannot be ruled out, this study
showed that compliance, persistence, and switch-
ing behavior varied between specific ACE inhibi-
tors but not between specific ARBs. These results
support prescribing of cheap generic ARBs as
opposed to expensive ARBs. Apart from factors
leading to therapy switches, compliance and
persistence were similar between ACE inhibitors
and ARBs.

(Am J Manag Care. 2011,17(9).609-616)
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Take-Away Points

by incident use of adrenergic inhalants

(ATC RO3A) or anticholinergic inhal-

This drug-utilization study in a prescription database of more than 50,000 patients analyzed

compliance, persistence, and switching behavior with angiotensin-converting enzyme (ACE)
inhibitors and angiotensin receptor blockers (ARBs). The 2 drug classes were compared, as

well as specific drugs within the drug classes.

ants (ATC RO3BB) in patients 55 years
or older.*® Incident use of COPD therapy
was defined as the first use of an inhaler

B Compliance, persistence, and switching behavior varied between specific ACE inhibitors

but not between specific ARBs.

B These results support prescribing of cheap generic ARBs as opposed to expensive ARBs.
B While switching was more common in ACE inhibitor users, compliance and persistence

were similar between ACE inhibitors and ARBs.

from the IADB.nl database, which holds a representative
sample of the Dutch population of more than 500,000 in-
dividuals. Each prescription record contains basic patient
characteristics and information on drug, dosage, prescriber
(general practitioner or specialist hospital doctors), and dis-
pensing date. The IADB.nl prescription database has been

validated for drug-utilization studies?"?

and has previously
been used for such studies.?*?* Due to high patient-pharmacy
commitment in the Netherlands,”® complete medication
histories of individuals could be retrieved or constructed
through linking pharmacy registries. Drugs were systemati-
cally classified using the Anatomical Therapeutic Chemical
(ATC) Classification System of the World Health Organi-
zation.? In the Netherlands, healthcare insurance is semi-
privatized. Risks for insurance companies are regulated by
a national equalization pool. Risks for the public are mini-
mized by the obliged purchase of coverage and by govern-
ment-mandated acceptance for basic insurance plans. The
medications included in these analyses are all fully reim-
bursed without restriction.

Patient Population and Drugs

Incident users of RAS inhibitors (ATC C09) older than
18 years were included. The following drugs were investigated:
captopril, enalapril, lisinopril, perindopril, ramipril, and fo-
sinopril (ACE inhibitors), and losartan, valsartan, irbesartan,
candesartan, and olmesartan (ARBs). Fixed-dose combina-
tions with diuretics were also included. Combined, these drugs
constituted 96% of all RAS inhibitors in the database. Comor-
bidities were recorded by proxy of comedication, prescribed
before or at maximum half a year after initiating RAS inhibit-
ing therapy. Diabetes mellitus (DM) therapy was identified by
prescription of glucose-lowering drugs (ATC A10).%” Dyslipid-
emia therapy was identified by prescription of lipid-lowering
drugs (ATC C10).7 Ischemic heart disease (IHD) therapy was
identified by prescription of either nitrates (ATC CO1DA) or
platelet aggregation inhibitors (ATC BO1AC).? Heart failure
(HF) therapy was identified by prescription of either digoxin
(ATC CO01AAO05) or loop diuretics (ATC C03C).?* Chronic
obstructive pulmonary disease (COPD) therapy was identified

while being known in the database for
at least 1 vyear. Finally, comedication
with diuretics was assessed (ATC CO03,
CO09BA, or CO9DA).

Drug-Utilization Patterns

Drug-utilization patterns were investigated: incidence,
dosage, 1-year compliance, long-term persistence, and switch-
ing behavior. The drug that was most commonly prescribed
within its class was used as the reference drug (enalapril for
the ACE inhibitors and losartan for the ARBs).

Incidence and Dosage. Incidence was defined as the first
drug used after being present in the database for at least 1
year.”»** Because up-titration is common and necessary to
achieve optimal blood pressure control,’’ the dosage was
measured 6 months after drug initiation. The dosage was ex-
pressed in defined daily doses (DDDs); 1 DDD is the mean
dose per day for a drug used for its main indication in adults.”

Compliance. Drug compliance (ie, adherence) is defined
as “the extent to which a patient acts in accordance with the
prescribed interval and dose of a dosing regimen.”* A com-
mon method is the proportion of days covered, calculated as
the number of days the patient had access to the drug divided
by the number of days in a specified time period.** This time
period was 1 year, starting at therapy initiation. Based on em-
pirical studies to predict hospitalizations for hypertension and
congestive HE? a threshold of 80% was used to dichotomize
between compliant and noncompliant patients. Patients who
discontinued therapy or switched to a different drug were
excluded, as this behavior was assessed in separate analyses.
Differences in compliance were analyzed compared with the
reference drug, adjusting for age, sex, year of initiating thera-
py, and comorbidities.

Persistence. Whereas drug compliance refers to treatment
intensity, drug persistence focuses on treatment duration. Drug
persistence is defined as “the duration of time from initiation
to discontinuation of therapy.”*® Persistence was measured us-
ing the refill-sequence method. The time between the first
prescription and the point at which an unacceptable pre-
scription gap occurs was measured.’® The length of this un-

3037 In case of

acceptable gap or “grace period” was 90 days.
overlapping prescriptions, the second prescription was shifted
forward to account for drug stockpiling.*® Patients were cen-
sored when lost to follow-up or when switching therapy, as

switching was analyzed separately. Differences in persistence
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Utilization of ACE Inhibitors and ARBs

H Table 1. Baseline Characteristics of Patients Initiating Renin-Angiotensin-System-Inhibiting Therapy

Dosage,
Type of RAS Therapy No. mg Age, y % Male
All 51,181 629 +14.0 47.6
ACE inhibitors 40,555 63.2 £ 14.1 48.8
Enalapril 15,083 10 62.2 + 14.3 44.3
Lisinopril 12,103 10 63.0 + 14.0 49.4
Perindopril 7569 4 63.7 + 13.7 54.5
Ramipril 3608 65.7 + 13.6 53.8
Fosinopril 1257 10 65.6 + 13.6 52.3
Captopril 935 25 66.0 + 14.7 43.9
ARBs overall 10,626 615+ 13.7 42.8
Losartan 3667 50 61.6 + 14.2 42.1
Irbesartan 3514 150 61.8 +13.2 42.7
Candesartan 1676 8 61.0 + 14.1 43.1
Valsartan 1662 80 614 +13.4 44.8
Olmesartan 107 20 59.56 + 13.7 38.3

Comorbidity, %
DM  Dyslipidemia IHD HF COPD Use of Diuretics

18.7 36.7 38.5 20.1 3.6 571
19.8 38.3 40.7 21.6 3.8 576
221 28.8 26.7 15.9 3.3 59.9
19.9 36.7 8O 21.3 3.6 58.1
14.9 56.3 60.5 23.3 4.3 52.7
1€).8) 52.7 60.6 34.5 5.4 53.2
18.1 32.7 43.7 34.2 4.0 59.9
21.6 253 441 38.1 3.7 670
145 30.6 30.3 14.3 3.0 5565
15.6 270 294 14.1 8.3 75
16.1 34.4 33.0 14.3 3.0 56.7
10.8 276 279 14.5 2.7 479
12.3 33.0 29.1 14.1 25 56.0
18.7 36.4 243 16.8 0.9 54.2

ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; HF,

heart failure; IHD, ischemic heart disease; RAS, renin-angiotensin system.

were analyzed compared with the reference drug, adjusting
for age, sex, year of initiating therapy, and comorbidities.

Switching. A switch was defined as an RAS-inhibiting
agent permanently substituting for the initial drug therapy.*’
Specific analysis was performed for switches from an ACE
inhibitor to an ARB, which can be related to adverse events,
in particular angioedema and dry cough.’* Differences in
switching patterns were analyzed compared with the refer-
ence drug, adjusting for age, sex, year of initiating therapy,
and comorbidities.

Statistics

All continuous variables are presented as mean +* stan-
dard deviation, unless noted otherwise. Differences in com-
pliance were tested using logistic regression. Differences
in persistence and switching patterns were plotted using
Kaplan-Meier plots and tested using the log-rank test and
Cox proportional hazard analysis. All statistical analyses
were performed using R, version 2.5.1 (the GNU Project,

www.r-project.org/).

RESULTS

Prescription data for 53,000 incident users of ACE inhibi-
tors and ARBs were collected. A total of 51,181 patients initi-
ated therapy on the predefined drugs. These patients cumulated

close to 200,000 patient-years of medication use. Baseline

characteristics of these patients are shown in Table 1. The type
of medical prescriber was similar for users of ACE inhibitors
and ARBs (percentage of general practitioners was 66.5% for
users of ACE inhibitors vs 66.9% for users of ARBs, P = .465).
ACE inhibitor users were older than ARB users (63.2 + 14.1
years vs 61.5 + 13.7 years) and more often male (48.8% vs
42.8%) (both P <.001). Comorbidities were more common in
users of ACE inhibitors compared with ARB users, including
DM (19.8% vs 14.5%), dyslipidemia (38.3% vs 30.6%), [HD
(40.7% vs 30.3%), HF (21.6% vs 14.3%), and COPD (3.8% vs
3.0%); users of ACE inhibitors also were more likely to comedi-
cate with diuretics (57.6% vs 55.5%) (all P <.001). Patient
characteristics varied among users of different ACE inhibitors
(Table 1), while users of different ARBs were largely similar.

Incidence and Dosage

The most frequent prescribed ACE inhibitor was enalapril
(37.2%) and the most frequent prescribed ARB was losartan
(34.5%); these drugs were used as reference drugs. The median
prescribed dosage corresponded to the DDD (Table 1, Figure
1). The 2 exceptions were captopril, which was prescribed be-
low the DDD of 50 mg in 65% of patients, and ramipril, which
was prescribed above the DDD of 2.5 mg in 70% of patients.

Compliance
After excluding 24,805 patients who discontinued or
switched treatment, 20,236 ACE inhibitor users and 6140
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B Figure 1. Drug Dosage Measured in Defined Daily Doses
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DDD indicates defined daily dose.

ARB users were analyzed for 1-year compliance. By design,
none of these patients had switched or permanently discon-
tinued RAS therapy. Higher patient age and comedication
for dyslipidemia increased the chance of being compliant
(9.4% and 25.6% over 10 years, respectively, P <.001), while
comedication for COPD and later year of initiating therapy
decreased the chance of being compliant (-24.3% per year
[P =.005] and —1.5% per year [P = .035], respectively). The
compliance of ACE inhibitor and ARB users was 88.3% (P
=.996) for both classes. There was variation in compliance
between the specific molecules (Table 2), both without and
with adjustment for age, sex, year of initiating therapy, and
comorbidities. Compliance among users of ramipril (90.4%, P
=.05) and fosinopril (91.6%, P = .017) was higher compared
with compliance among users of enalapril (87.9%). Within
the ARB group, users of candesartan were found to be signifi-
cantly less compliant than users of losartan (86.1% vs 88.8%,

P =.027).

Persistence

Persistence data are shown in Table 2 and Figure 2A and
Figure 2B. Higher age (hazard ratio [HR] = 0.91 per 10 years,
P <.001), later year of initiating therapy (HR = 0.71 per year,
P <.001), comedication for IHD (HR = 0.90, P = .001), and
comedication for HF (HR = 0.75, P <.001) increased the

chance of being persistent, while comedication for dyslipid-

emia (HR = 1.24, P <.001), comedication for COPD (HR =
1.26, P = .001), or use of diuretics (HR = 1.15, P <.001) de-
creased the chance of being persistent. After 3 years of treat-
ment, persistence with ACE inhibitors and ARBs was not
significantly different both without and with adjustment for
possible confounders (81.9% vs 82.4%, P = .197). Between
the different ACE inhibitors, persistence differed significantly
(overall P <.001). Enalapril users had the lowest persistence
rate after 3 years, namely 80.8%, which was significantly lower
than the rate with other ACE inhibitors. Users of ramipril and
fosinopril showed the highest persistence: 85.8% and 83.4%,
respectively (P <.001 and P = .047 vs enalapril, respectively).
In contrast, there were no significant differences in persistence
among ARB users (overall P = .073). The use of different grace
periods, such as 60 days or 120 days, did not change the rela-
tive order of persistence.

Switching

Users of ACE inhibitors switched drugs more than ARB
users. After 3 years of therapy, 24.2% of ACE inhibitor users
had switched therapy, compared with 13.1% of ARB users (P
<.001). This difference in switching rates was not dependent
on the year of starting therapy or any other possible confound-
ers. Compared with users of enalapril, users of perindopril
switched less often, while users of captopril switched sig-
nificantly more often. Most ACE inhibitor switchers started
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Utilization of ACE Inhibitors and ARBs

H Table 2. One-Year Compliance, Three-Year Persistence, and Switching Rates

Type of RAS Therapy Compliance, % Persistence, % Switch Rate, % Switch Rate to ARB, %

All 88.3 82.0 21.9

ACE inhibitors overall 88.3 81.9 24.2 18.4
Enalapril® 879 80.8 25.8 19.4
Lisinopril 88.2 81.7° 23.0° 18.9
Perindopril 878 81.8b 20.0° 16.2°
Ramipril 90.4° 85.8P 24.3 175
Fosinopril 91.6° 83.4> 278 18.9
Captopril 871 82.7° 38.6° 13.0°

ARBs overall 88.3 82.4 13.1 —
Losartan? 88.8 83.0 14.0 —
Irbesartan 89.0 82.1 12.7 —
Candesartan 86.1° 80.0 (NIE —
Valsartan 88.2 83.9 13.7 —
Olmesartan 89.4 82.7 21.3 —

ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; RAS, renin-angiotensin system.

2Reference drug within the drug class.
P <.05 versus the reference drug.

using an ARB (75.0%). Users of perindopril and captopril
switched significantly less often to an ARB compared with
users of enalapril. Users of candesartan switched less often to

another RAS inhibitor compared with users of losartan.

DISCUSSION

In the present study we analyzed drug-utilization patterns
of RAS inhibitors. Apart from therapy switches, compliance
and persistence were similar between ACE inhibitors and
ARBs. On the drug level, several differences between the
ACE inhibitors were detected. Ramipril and fosinopril users
had higher compliance and persistence rates than users of the
other ACE inhibitors, possibly indicative of more favorable
drug tolerability profiles. Users of ARBs, on the other hand,
were similar in terms of compliance, persistence, and switch-
ing behavior.

The most frequently prescribed RAS inhibitors were
enalapril and losartan. These drugs are among the first mar-
keted members in their classes, underlining the emphasis that
is placed on prescribing experience in the Netherlands. The
prescribed dosage often corresponded to the DDD. As an ex-
ception, ramipril was often prescribed at a higher dose, 5 mg/
day, than the DDD of 2.5 mg. Clinical trial data in cardiovas-
cular disease’ and renal disease® also showed that ramipril is
often prescribed at doses above 2.5 mg/day.

A novel finding of our study is that, apart from factors

leading to therapy switches, compliance and persistence

were similar between ACE inhibitors and ARBs. These re-
sults at first glance seem to disagree with results of previous
studies, including one study in 15,000 hypertensive patients
that reported superior persistence with ARBs.” However, in
our study, patients were censored at the time of switching.
No such censoring was used in other studies, and as a conse-
quence, these studies failed to detect the similarity in compli-
ance and persistence between drug classes. Indeed, our results
showed that switching was more frequent among users of
ACE inhibitors compared with users of ARBs, in agreement
with previous studies.” Reasons for the difference in switch-
ing patterns between ACE inhibitors and ARBs at the class
level deserve careful attention. One possible explanation is
the well-known existence of ACE inhibitor—specific adverse
events such as angioedema and dry cough,®?** as well as the
placebo-like tolerability of ARBs.”® A large meta-analysis of
randomized controlled trials with ACE inhibitors and ARBs
found only minor differences in discontinuation rates due to
adverse drug events®; however, real-life observational stud-
ies have found discontinuation rates due to ACE inhibitor
adverse events to be as high as 19%.4" Another possible ex-
planation is strong marketing of the newer ARBs, although
year of therapy initiation was not an influential confounder in
the analyses. Prescription sales of antihypertensive drugs have
been shown to be correlated with marketing efforts of phar-
maceutical companies.* Regardless of the reasons for switch-
ing, long-term persistence can be negatively influenced by
switching therapy*; this should be a topic for further research.
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B Figure 2. Persistence Rates for Specific ACE Inhibitors (panel A) and ARBs (panel B)
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ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker.

There was variation
in  drug-utilization ~ pat-
terns between the specific
ACE inhibitors. The av-
erage prescribed dosage of
captopril was below the
DDD and did not increase
over time. Captopril us-
ers often switched to a
different ACE inhibitor.
Together, these findings
suggest that patients and
physicians prefer to switch
drugs rather than increase
the pill burden of cap-
topril. This is in accor-
dance with evidence that
once-daily antihypertensive
dosing regimens are associ-
ated with superior compli-
ance.* Users of ramipril
and fosinopril  showed
high rates of compliance
and persistence, which
might indicate favorable
drug tolerability profiles
compared with other ACE
inhibitors. These results
are in accordance with a
previously published study
analyzing compliance and
persistence in more than
6000 ACE inhibitor users,
which also found the high-
est compliance and persis-
tence for ramipril and the
lowest for enalapril.® In
contrast to ACE inhibi-
tors, the specific ARBs had
very similar patterns of
drug utilization. Candes-
artan users were less com-
pliant and switched less
often compared with users
of other ARBs. The dif-
ference in compliance was
small, however (86.1% vs
88.8%), and previous stud-
ies found no differences

in adverse event rates be-
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tween ARBs across the approved dosage ranges.!® Therefore, a
confounding effect of indication bias or residual confounding
cannot be ruled out. Our results support a recent cost-effective-
ness analysis that recommended generic cheaper ARBs over
more expensive branded ARBs, as the differences in efficacy are
small.* Our study showed that differences in compliance, per-
sistence, and switching behavior between ARBs are also small,
thereby providing even less reason to prescribe expensive ARBs.

Our study has several limitations. First, our analysis used
prescription data, which did not necessarily reflect actual drug
use. Validation studies, however, showed good correlation be-
tween prescription claims and actual drug use.*” Second, the
indication for prescribing was not registered in our database.
Although we adjusted the results for several comorbidities by
proxy of comedication, the possibility of residual confounding,
influence of treatment history (such as chronic kidney disease),
or indication bias remains. In addition, some comorbidities are
associated with underprescribing, such as cholesterol-lowering
therapy.”® Indication bias indeed is a major caveat of our study,
because pharmacotherapeutic decisions are complex and mul-
tifactorial. Although the differences between ACE inhibitors
found in our study are supported by the literature and are in-
dicative of differences in drug tolerability profiles, there is no
proven causality. For the same reason, frequency of medication
administration (eg, once daily, twice daily) could not be ana-
lyzed because of indication bias. Temporal confounding, for ex-
ample through publication of new trial evidence, might have
influenced drug-utilization patterns. These effects have been
described previously (eg, for nonantihypertensive medications
after discovery of serious side effects*’). We adjusted for year of
therapy initiation in our study; this did not influence the re-
sults. Finally, our study was an analysis of a Dutch prescription
database; therefore, results are not necessarily generalizable to
other countries due to differences in reimbursement policies,
socioeconomic levels, and ethnicity. Still, the real-life drug-
utilization patterns of our study should provide valuable data
to supplement evidence from clinical trials.!!

In conclusion, although residual confounding and indica-
tion bias cannot be ruled out, this study showed that compli-
ance, persistence, and switching behavior varied among users
of different ACE inhibitors, but not among users of different
ARBs. In terms of drug-utilization characteristics, there ap-
pears to be no reason for prescribing more expensive branded
ARBs rather than cheaper generic ARBs. Apart from factors
leading to therapy switches, compliance and persistence were
similar between users of ACE inhibitors and ARBs.
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