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ABSTRACT

Introduction: Differences in class or molecule-
specific effects between renin-angiotensin-al-
dosterone system (RAAS) inhibitors have not
been conclusively demonstrated. This study
used South African data to assess clinical and
cost outcomes of antihypertensive therapy with
the three most common RAAS inhibitors:
perindopril, losartan and enalapril.

Methods: Using a large, South African private
health insurance claims database, we identified
patients with a hypertension diagnosis in Jan-
uary 2015 receiving standard doses of
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perindopril, enalapril or losartan, alone or in
combination with other agents. From claims
over the subsequent 5 years, we calculated the
risk-adjusted rate of the composite primary
outcome of myocardial infarction, ischaemic
heart disease, heart failure or stroke; rate of all-
cause mortality; and costs per life per month
(PLPM), with adjustments based on demo-
graphic characteristics, healthcare plan and
comorbidity.

Results: Overall, 32,857 individuals received
perindopril, 16,693 losartan and 13,939 enala-
pril. Perindopril-based regimens were associated
with a significantly lower primary outcome rate
(205 per 1000 patients over 5 years) versus
losartan (221; P<0.0001) or enalapril (223;
P <0.0001). The risk-adjusted all-cause mortal-
ity rate was lower with perindopril than
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enalapril (100 vs. 139 deaths per 1000 patients
over 5years; P=0.007), but not losartan (100
vs. 94; P=0.650). Mean (95% confidence
interval) overall risk-adjusted cost PLPM was
Rands (ZAR) 1342 (87-8973) for perindopril,
ZAR 1466 (104-9365) for losartan (P = 0.0044)
and ZAR 1540 (77-10,546) for enalapril
(P =0.0003).

Conclusion: In South African individuals with
private health insurance, a perindopril-based
antihypertensive regimen provided better clin-
ical and cost outcomes compared with other
regimens.

Keywords: Enalapril; Health care costs;
Hypertension; Losartan; Mortality; Perindopril;
South Africa

Key Summary Points

Why carry out this study?

Hypertension prevalence in sub-Saharan
Africa is among the highest in the world
and is commonly treated with inhibitors
of the renin-angiotensin-aldosterone
system (RAAS); however, whether
cardiovascular benefit is derived from
class or molecule-specific effects remains
unknown and is confounded by patient
variability.

This retrospective observational study
used a private medical insurance claims
database to evaluate the clinical and cost
benefits of the most commonly prescribed
RAAS inhibitors in patients with
hypertension in South Africa.

What was learned from the study?

Perindopril-based regimens were
associated with a significantly lower risk-
adjusted cardiovascular event rate (at least
one claim for myocardial infarction,
ischaemic heart disease, heart failure or
stroke) over S years compared with
losartan- or enalapril-based regimens.

The overall mean risk-adjusted cost per life
per month was also lower for perindopril
than the other two agents, indicating that
perindopril-based regimens offer
improved clinical and socioeconomic
outcomes.

Further studies are warranted to confirm
these results in a broader South African
population, which may have significant
implications for the choice of therapy in
patients with hypertension.

INTRODUCTION

Hypertension is estimated to cause 7.7-10.4
million deaths per year worldwide [1]. Although
the age-standardised prevalence of hyperten-
sion does not appear to be increasing world-
wide, the absolute number of affected adults
doubled between 1990 and 2019 as the world’s
population increased [2]. Of note, the burden of
hypertension is higher in low- and middle-in-
come countries, where 82% (i.e. more than 1
billion people) of the global hypertensive pop-
ulation live [2].

The prevalence of hypertension in sub-
Saharan Africa is amongst the highest in the
world [2]. In South Africa, approximately 45%
of men and 48% of women had hypertension in
2016, an increase from 27 and 31%, respec-
tively, in 1998 [3]. Moreover, estimates indicate
that only 22% of men and 29% of women with
hypertension in sub-Saharan Africa are receiv-
ing treatment, with blood pressure (BP) con-
trolled to <140/90 mmHg in 9% and 13%,
respectively [2]. To reverse the low rate of BP
control in Africa, the Pan-African Society of
Cardiology developed a roadmap to achieve BP
control in 25% of hypertensive individuals by
2025 [4]. In addition to supporting efforts in
prevention, screening and diagnosis of hyper-
tension, this roadmap emphasises the impor-
tance of ensuring that patients with
hypertension are treated effectively.

The International Society of Hypertension
guidelines recommend a single-pill combina-
tion therapy of an angiotensin-converting
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enzyme (ACE) inhibitor or angiotensin receptor
blocker (ARB) plus a calcium channel blocker
(CCB) for most patients as first-line treatment.
Drug monotherapy is indicated for low-risk
patients with grade one hypertension, or for
very elderly (> 80 years) or frail patients [5].
These recommendations are based on high-
quality evidence that these drug classes improve
cardiovascular outcomes in patients with
hypertension [6].

Numerous ACE inhibitors and ARBs are now
available for prescription, but there is ongoing
debate about whether cardiovascular benefit is a
class effect or a molecule-specific effect [7, 8].
Individual ACE inhibitors have different clinical
properties, suggesting the possibility of mole-
cule-specific benefits beyond BP lowering [9]. A
meta-analysis performed in 2009 suggested that
perindopril may be associated with superior
cardiovascular outcomes compared with other
ACE inhibitors in hypertensive patients [10].

The question of whether benefit is a class
effect or molecule-specific is confounded by
differences between patients included in ran-
domised controlled trials (RCTs) and patients
seen in real-world practice [11]. In addition,
ACE inhibitors and ARBs are sometimes
grouped together in analyses because they both
inhibit the renin-angiotensin-aldosterone sys-
tem (RAAS), when, in fact, ACE inhibitors pre-
vent the formation of angiotensin with a
downstream effect on tissue bradykinin levels,
while ARBs block the interaction of angiotensin
I with its tissue-specific angiotensin 2 receptor.
As a result, these classes may not have compa-
rable clinical outcomes [6, 12, 13]. Further,
most patients often require more than one
antihypertensive agent to control BP [14],
making it difficult to ascribe benefit to a single
agent.

Choice of antihypertensive treatment is also
impacted by the patient’s comorbidities and by
funding constraints. In South Africa, access to
fully reimbursed medicines is often based on
price rather than efficacy. Only about 15% of
the South African population have access to
insurance-based healthcare and thus access to
more expensive medicines [15]; however, the
antihypertensive medications analysed in the

current study were all also available via the
government-funded healthcare system.

The aim of this study was to establish if there
are clinical and cost benefits associated with the
ACE inhibitors and ARBs that are most com-
monly used in South African patients, using
data from a large medical insurance claims
database.

METHODS

Study Design

This was a retrospective observational study of
claims data from a database of health claims
from a large private sector funder in South
Africa, managed by Quantium. Anonymised
patient-level claims from a 5-year period (Jan-
uary 2015 to December 2019) were analysed to
measure clinical and cost outcomes according
to the type of antihypertensive regimen
received. A 5-year study period was selected to
allow for observation of a sufficient number of
long-term complication events of hypertension.

All work was carried out in accordance with
the Helsinki Declaration of 1964, and its later
amendments. Ethics approval was obtained by
Professor Ntobeko A. B. Ntusi from the Univer-
sity of Cape Town Faculty of Health Sciences
Human Research Ethics Committee for the use
of the dataset. Informed consent was not
required for this study.

Data Source

We used a private medical insurance claims
database, which contains claims for approxi-
mately 3.5 million people insured with a large
private medical insurance company in South
Africa (estimated to include 39% of the total
privately insured population in South Africa)
[15]. The claims in the database cover the fol-
lowing healthcare services: hospital visits/ad-
missions, drug prescriptions, medical devices,
general practitioner (GP) and specialist visits,
surgical procedures, radiology and pathology
services, and care from allied health profes-
sionals. Patient data were anonymised, and
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each insured patient was assigned a single
unique identifier that enabled individualised
tracking of all health claims while maintaining
privacy.

The database uses International Classifica-
tion of Disease 10th edition (ICD-10) codes to
identify specific reasons for healthcare claims.
Since a disease state may be described by more
than one ICD-10 code, the database also applies
a unique funder-specific Disease Episode
Grouper (DEG) field to each claim to apply a
single disease descriptor to a group of relevant
ICD-10 codes (see Supplementary Table S1 in
the electronic supplementary material for
details). DEG and ICD-10 codes were linked to
provider codes, identifying whether the provi-
der was a hospital, GP, specialist, or other type
of healthcare professional. The World Health
Organization Anatomical Therapeutic Chemical
(ATC) codes were used for classifying medica-
tions according to the organ system they affect
and their therapeutic, pharmacological and
chemical properties [16]. A mortality indicator
was used to identify patients who died during
the study period.

Inclusion Criteria

The database was searched to identify patients
who were receiving standard doses of perindo-
pril, losartan or enalapril, alone or in combi-
nation with other agents, using ATC codes (see
Supplementary Table S2 in the electronic sup-
plementary materials) for the treatment of
hypertension (based on the ICD-10 code 110) in
January 2015 (the index date). These drugs were
included in the analysis because they are the
most commonly used RAAS inhibitors that are
available within the private healthcare system
in South Africa (see Supplementary Table S3 in
the electronic supplementary materials). This
makes them appropriate comparators and pro-
vides the rationale for investigating possible
clinical differences between them under cir-
cumstances of real-world use. Claims in the
preceding year (January to December 2014)
were assessed, and adherence expressed as the
number of prescriptions filled compared with
the number expected (medicine possession

ratio). Only patients with > 80% adherence to
perindopril, losartan or enalapril were included
to minimise the number of poorly adherent
patients in the analysis dataset. This approach
was taken to ensure that any effects observed
could reasonably be considered to be due to an
effect of the patients’ drug treatment. Patients
were grouped into the appropriate cohort
(perindopril, losartan or enalapril). Claims over
the next Syears (January 2015 to December
2019) were assessed and analysed. Those who
left the medical insurance scheme for reasons
other than death within the 5-year period after
the index date were excluded from the study.
Patients were excluded from the analysis if they
had < 80% exposure to the relevant drug-based
regimen during the S-year period of analysis
based on < 80% of prescriptions filled (i.e. as a
result of drug switching). Sensitivity analysis
was carried out on all patients with no exclu-
sions. Patients who died during the study period
were included in the analyses, and their drug
exposure adjusted accordingly.

Data Classification

Patients were assigned to three cohorts accord-
ing to the antihypertensive agent they were
receiving at the index date (January 2015) (i.e.
perindopril, losartan or enalapril). Within each
treatment cohort, patient baseline characteris-
tics at the index date were extracted, including
age, sex and health plan type. Comorbidities
were identified using claims for DEG and
ICD-10 codes (see Supplementary Table S1 in
the electronic supplementary material) from the
pre-index year (i.e. January 2014 to December
2014). All claims associated with hypertension
and related conditions, specifically aneurysm
(£ dissection or rupture), diabetes (type 1 or 2),
ischaemic or haemorrhagic stroke, ischaemic
heart disease (IHD), heart failure (HF), myocar-
dial infarction (MI), renal failure, hyperlipi-
daemia, vascular dementia and arrhythmias
over the S-year post-index period were also
collected using DEG and ICD-10 codes for
specific outcomes (see Supplementary Table S1
in the electronic supplementary material), and
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deaths were identified using the database mor-
tality indicator.

Outcomes

The primary outcome was the composite of the
risk-adjusted event rate of having at least one
claim for MI, IHD, HF or stroke within the
5-year study period. Secondary clinical out-
comes were risk-adjusted all-cause mortality
rate and risk-adjusted rate of hospitalisation for
any of the composite outcome events, both
expressed as the rate per 1000 people over
5 years. An additional secondary outcome was
the risk-adjusted rate of the first occurrence of
the composite outcome over 5 years expressed
as the percentage of patients in each cohort;
first events were identified as those occurring in
patients who had not had any claim for the
same complication in the pre-index year (i.e.
during 2014).

Outcomes were risk-adjusted to account for
multiple cofounders following the cell-based
approach described by Ellis et al [17]. Briefly,
each patient was assigned to 1 of 351 risk cells
based on their age, sex, health plan type (high,
intermediate, low, hospital-only or other cov-
erage), existing comorbidities and whether or
not these comorbidities were a direct outcome
of hypertension. The risk index for each cell was
calculated by dividing the average healthcare
claim costs for all patients in the risk cell by the
average cost of all patients in the cohort. The
overall risk index for each treatment cohort was
calculated as the average risk index for all cells
in that cohort. A higher risk index indicates that
the cohort had a greater underlying risk profile
and higher likelihood of worse clinical out-
comes and higher costs.

Cost outcomes were defined as the total cost
of claims paid [in South African Rands (ZAR) per
life per month (PLPM)] that were linked to
hypertension or a related condition as a
comorbidity (aneurysm, diabetes, stroke, IHD,
HF, MI, renal failure, hyperlipidaemia, vascular
dementia and arrhythmias). Costs were disag-
gregated into hospital, GP, specialist and med-
ication, based on identifiers in the claims data.
All costs were calculated as a weighted average

of the claims paid during the 5-year study per-
iod divided by exposure months (i.e. 60 months
or less for a patient who died during the study)
for each individual patient and averaged across
all patients. Costs were adjusted by + 2.1% for
inflation each year, which was the medical
inflation rate in South Africa over this period,
and standardised to 2019 ZAR. The average rate
of exchange for the ZAR between 2015 and 2019
(the study period) was ZAR 13.70192 per $US 1
[18].

Statistical Analysis

Standard descriptive statistics were used to
describe outcomes. Continuous variables were
summarised as means and 95% confidence
intervals (Cls), and categorical variables as fre-
quency per 1000 patients and percentage of
patients per category over the S5-year study
period. Two-way  statistical comparisons
between the perindopril group and losartan or
enalapril groups were conducted using the
stratified non-parametric bootstrap method for
continuous variables [19], and a Chi-squared
test or the z-test equal proportions were used for
categorical variables. All-cause mortality and
event rates were analysed using the Kaplan-
Meier estimator to provide a time-treatment
analysis. Cost data were analysed using the non-
parametric bootstrap method, which is well
established as a primary statistical analysis
when making inferences about arithmetic
means for moderately sized samples of highly
skewed data, such as real-world costs [19]. The
bootstrap method involves taking random
samples of data (bootstrap samples), with each
replaced back into the dataset before a subse-
quent sample is taken, and uses these samples to
model the overall dataset. For this test, we chose
10,000 bootstrap samples with replacement for
each of the groups separately, and then com-
pared the difference in the means of the boot-
strap sample groups with the observed
difference in the means of the groups in the
actual dataset.

Sensitivity analyses for selected clinical and
cost outcomes (primary composite event rate
and proportion of patients with such an event,
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and total cost of claims) were conducted with
no exclusion criteria applied (i.e. including all
patients taking perindopril, losartan or
enalapril).

All analyses were performed using R version
1.1.456 and Python version 2.7.

RESULTS

Study Population

We identified 108,820 patients who were taking
one of the designated antihypertensive agents
in January 2015, of whom 63,489 (58.3%) met
the study eligibility criteria after exclusion of
patients who had <80% adherence prior to
entry and those who lived for 5 years but did
not have Syears of continuous health plan
enrolment after the index date (Fig.1). The
mean [standard deviation (SD)] age of patients
was 62.6 (12.6) years, and 49% were female
(Table 1). Patients in the perindopril treatment
cohort tended to be younger (mean age
61.8 years) than those receiving enalapril
(63.8 years) or losartan (63.2 years) and were
less likely to be female (45.3% vs. 51.9% and
53.8%, respectively; P < 0.001), but had a higher
incidence of IHD as a comorbidity (14.5% vs.
9.9% and 12.5%, respectively; P <0.001). A
higher proportion of patients in the perindopril

group (48.4%) had the highest level of health
insurance coverage compared with the enalapril
group (32.2%) or losartan group (42.9%;
P <0.001). Risk index values were 1.03 for the
perindopril cohort, 1.01 for losartan and 0.94
for enalapril (P<0.001). The majority of
patients in each of the cohorts was receiving
additional antihypertensive drug classes; over-
all, similar proportions of patients in each
group were receiving diuretics, CCBs and beta-
blockers as the only adjunctive agent and as
combination adjunctives (see Supplementary
Table S6 in the electronic supplementary
materials).

Cardiovascular Events

The risk-adjusted rate of at least one claim for
MI, IHD, HF or stroke within the 5-year study
period (primary outcome) was 205 events per
1000 patients with perindopril compared with
221 events per 1000 patients with losartan
(P<0.001) and 223 events per 1000 patients
with enalapril (P <0.001). A breakdown of each
of the specific cardiovascular events such as MI,
[HD, HF or stroke has been provided (Table 2).
Overall, 15.2% of patients receiving perindopril
had a first primary outcome event during the
study period compared with 16.7% of those
receiving losartan (P<0.001) and 17.2%
receiving enalapril (P < 0.001). The risk-adjusted

Patients taking perindopril, enalapril or losartan for hypertension in January

2015

N=108,820
Perindopril Enalapril Losartan
N=56,032 N=25,464 N=27,324

Excluded (n=23,175)
<80% adherent (n=10,996)
Left plan within 5 years (n=6990)  |«—
Switched: <80% exposure over 5
years (n=5189)

Excluded (n=11,525)
<80% adherent (n=4557)
Left plan within 5 years (n=3680) |+—
Switched: <80% exposure over 5
years (n=3288)

Excluded (n=10,631)
<80% adherent (n=5380)
Left plan within 5 years (n=3065) —
Switched: <80% exposure over 5
years (n=2186)

Perindopril
N=32,857

Fig. 1 Patient disposition

Enalapril
N=13,939

Losartan
N=16,693
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Table 1 Demographic characteristics, health plan information and clinical history at the index date

Perindopril Losartan Enalapril All P value
(n = 32,857) (n = 16,693) (n = 13,939) (n = 63,489)
Risk index™ 1.03 1.01 0.94 1.00 < 0.001
Mean (SD) age, years’ 61.8 (127) 632 (122) 63.8 (12.8) 626 (12.6)  <0.001
Female, 7 (%) 14,894 (45.3) 8985 (53.8) 7235 (51.9) 31,114 (49)  <0.001
Health plan type®, 7 (%)
Highest coverage 15,902 (48.4) 7153 (42.9) 4483 (32.2) 27,538 (443) < 0.001
Intermediate coverage 10,934 (33.3) 5846 (35.0) 4674 (33.5) 21,454 (33.8) < 0.001
Hospital-only coverage 3784 (11.5) 2169 (12.9) 1485 (10.7) 7435 (11.7) < 0.001
Lowest coverage 431 (1.3) 645 (5.9) 2548 (18.3) 3624 (5.7) < 0.001
Other 1806 (5.5) 880 (5.3) 749 (54) 3435 (54)  0.565
Mean (SD) medication 87.9 (21.4) 89.4 (19.9) 87.9 (22.0) 883 (212) P <0.001¢
adherence®, % P =095
Comorbidities’, 7 (%)
Hyperlipidaemia 13,124 (39.9) 6463 (38.7) 4910 (35.2) 24,498 (38.6) < 0.001
Diabetes (type 1 or 2) 5990 (18.2) 3473 (20.8) 2920 (20.9) 12,384 (19.5) < 0.001
IHD 4768 (14.5) 2081 (12.5) 1376 (9.9) 8225 (13.0) < 0.001
Arrhythmias 1384 (4.2) 679 (4.1) 458 (3.3) 2521 (4.0) < 0.001
Cardiac failure 965 (2.9) 496 (3.0) 426 (3.1) 1887 (3.0)  0.786
Stroke 760 (2.3) 303 (1.8) 252 (1.8) 1315 (2.1) <0.001
Renal failure 318 (1.0) 248 (1.5) 168 (1.2) 734 (1.2) < 0.001
Myocardial infarction 176 (0.5) 67 (0.4) 0 (0.4) 303 (0.5 0.08
Aneurysm 76 (0.2) 32 (0.2) 34 (0.2) 142 (0.2) 0.575
Vascular dementia 15 (0.0) 7 (0.0) 4 (0.0) 26 (0.0) 0.710

IHD ischaemic heart disease, SD standard deviation

*Calculated by the risk cell method described by Ellis et al. [17]

PRisk index, age and adherence were calculated at patient level and therefore compared statistically using a 7 test. Risk index
and age had statistically significant differences across all three groups (P < 0.001), whereas adherence was only statistically
significant for perindopril versus losartan and versus enalapril

“Describes the amount of coverage and ease of access to medicine (i.e. the higher the coverage, the easier the access to more
expensive products and the lower the co-payments)

4perindopril vs. losartan

“Perindopril vs. enalapril

fldentified from claims in the year preceding the index date
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Kaplan-Meier curve also demonstrated a differ-
ence in the rate of first composite outcome
complications over time (log-rank P <0.005;
Fig. 2a).

All-Cause Mortality

The risk-adjusted all-cause mortality rate over
5 years was 100 deaths per 1000 patients with
perindopril compared with 139 deaths per 1000
patients with enalapril (P=0.007) and 94
deaths per 1000 patients with losartan
(P=0.650) (Fig.2b). A combined all-cause
mortality and cardiovascular event rate was 305
events per 1000 patients with perindopril and
362 events per 1000 patients with enalapril
(P<0.001) and 315 events per 1000 patients
with losartan (P =0.034). Non-risk-adjusted
outcomes are shown in Supplementary Table S5
in the electronic supplementary materials.

Healthcare Resource Utilisation

Over the S-year study, the risk-adjusted mean
(95% CI) health claims paid PLPM for hyper-
tension and related conditions were ZAR 1341
(87-8973) in the perindopril group compared
with ZAR 1465 (104-9365; P =0.0044) for
losartan and ZAR 1540 (77-10,546; P <0.001)
for enalapril (Fig. 3 and Table 3). The mean cost
of claims in the perindopril cohort was there-
fore 8.5% lower than in the losartan cohort and
12.9% lower than in the enalapril cohort.
Hospital (inpatient) costs constituted the
greatest proportion of the healthcare claims in

these cohorts (Table 3). Mean (95% CI) hospital
costs were highest in the group receiving ena-
lapril [ZAR 911 (0-8810)], intermediate in the
group receiving losartan [ZAR 799 (0-7586)] and
lowest in the perindopril group [ZAR 748
(0-7452)0); the difference between perindopril
and enalapril was statistically significant
(P<0.001), but the difference between
perindopril and losartan was not (P=0.113).
The perindopril group also had lower mean
claims paid for GP visits and for other services
(radiology, pathology and allied healthcare
services) compared with enalapril (P <0.001
and P =0.015, respectively) and losartan
(P<0.001 and P=0.001, respectively), and
lower pharmacotherapy costs compared with
losartan (P <0.001), but not compared with
enalapril (P =0.096). There was no significant
difference in specialist costs between the
perindopril group and either the losartan or the
enalapril group.

Sensitivity Analyses

The results of the sensitivity analyses, in which
all patients receiving one of the designated
antihypertensive  agents were included
(n = 108,820), were consistent with those of the
primary analyses. The use of other medicines,
such as beta-blockers and CCBs, were evenly
distributed and no additional benefit was
attributed to these (see Supplementary Table S6
in the electronic supplementary material). The
risk-adjusted rate of at least one claim for MI,
IDH, HF or stroke within the 5-year study period

Table 2 Breakdown of the primary outcome of risk-adjusted combined cardiovascular event rate over the 5-year study
period into its components of heart failure (HF), stroke, myocardial infarction (MI) and ischaemic heart disease (IHD)

Claim type, per 1000 patients Perindopril Losartan P value Perindopril Enalapril P value
Total® 205 221 < 0.001 205 223 < 0.001
HF 41 42 0.611 41 47 0.002
Stroke 53 60 0.001 53 64 < 0.001
MI 22 23 0.378 22 27 < 0.001
IHD 90 96 0.022 90 86 0.125

“Individual event rates may not add up to the total due to rounding
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1.000
(a) -‘ —— Perindopril
—— Losartan
0.975- —— Enalapril

0.950
0.9254
0.9004

0.8754

Survival probability

0.850+

0.8254

0.800/

Multivariate log rank test p < 0.005
0.025

0.000 T T T T
0 12 24 36 48 60

Months of treatment
Number of patients

Perindopril 32,857 32,245 31,560 30,863 30,111 29,469
Losartan 16,693 16,431 16,114 15,776 15,414 15,104
Enalapril 13,939 13,570 13,182 12,796 12,416 12,112
(b) 1.00-
— Perindopril
= : — Losartan
0.98+ . —— Enalapril
0.96
> 0941
E
3
S 092
Q.
©
2
S 0.904
]
)
0.88+
0.86
0.02 Multivariate log rank test p < 0.005
0.00 T T T T 1
0 12 24 36 48 60

Months of treatment
Number of patients

Perindopril 32,857 32,245 31,560 30,863 30,111 29,469

Losartan 16,693 16,431 16,114 15,776 15,414 15,104

Enalapril 13,939 13,570 13,182 12,796 12,416 12,112
Fig. 2 Kaplan—Meier curves of the time to outcome event ischaemic heart disease, heart failure or stroke) and b all-
over 5 years in each treatment cohort: a time to first event cause mortality. Shaded areas indicate 95% confidence
of any composite outcome (myocardial infarction, intervals
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(primary outcome) and the proportion of
patients with the primary outcome were sig-
nificantly lower in the perindopril group than
in the losartan and enalapril groups (see Sup-
plementary Table S4 in the electronic supple-
mentary material), and the total cost of care was
significantly lower in the perindopril group
than in the losartan or enalapril groups (see
Supplementary Table S5 in the electronic sup-
plementary material).

DISCUSSION

In a real-world setting of a large patient cohort
of approximately 63,500 patients with hyper-
tension in South Africa followed over 5 years,
our retrospective analysis of health insurance
medical claims revealed that: (1) while patients
receiving perindopril were younger, there was
significantly increased cardiovascular risk in
this group, based on greater frequency of pre-
existing IHD, higher health insurance coverage
and higher risk index values compared with
patients receiving enalapril or losartan; (2) the
primary outcome of the risk-adjusted rate for a
claim for cardiovascular events was lower in the
perindopril treatment cohort, as was the rate of
first occurrence of the composite outcome; (3)
perindopril-based regimens were associated
with significantly better cardiovascular and cost
outcomes over a 5-year period; and (4) there was
a significant mortality benefit relative to enala-
pril but not losartan. These data have important
implications for clinical practice where full
reimbursement for antihypertensive therapy
should be based primarily on clinical efficacy
and secondarily on total cost of care. Our study
suggests that perindopril use was associated
with both superior efficacy and lower total cost
of care in this South African private health
sector cohort.

There was a significantly lower rate of all-
cause mortality in the perindopril group com-
pared with the enalapril group, but not the
losartan group. The reasons for this finding are
not clear since we were unable to differentiate
causes of death from the available mortality
data. However, the finding is directionally
consistent with data from a Taiwanese medical
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Fig. 3 Risk-adjusted cost in South African Rands (ZAR)
per life per month (PLPM) in each treatment cohort over
5 years. The box defines the lower (Q1) and upper (Q3)
quartiles, where 50% of the data are found. The horizontal
line that bisects the box is the median. The mean is
indicated by the black dot. The vertical lines above and
below the box define the range. The average rate of
exchange for the ZAR between 2015 and 2019 (the study
period) was ZAR 13.70192 per $US 1 [18]

claims analysis that reported a significantly
lower rate of all-cause mortality with ramipril,
perindopril, lisinopril or imidapril compared
with enalapril, captopril or fosinopril [20]. In an
RCT of 1502 diabetic patients with known
coronary artery disease but without HF (40% of
them with hypertension), over a median follow-
up of 4.3years, perindopril treatment was
associated with a non-significant reduction in
the primary outcome of cardiovascular death,
non-fatal MI and resuscitated cardiac arrest in
the diabetic population [12.6% vs. 15.5%; rela-
tive risk reduction 19% (95% CI — 7 to 38%j;
P =0.13)] [21]. More recently, when comparing
ACE inhibitors and ARBs, a Cochrane meta-
analysis of RCTs did not detect a difference
between the two drug classes with respect to
overall cardiovascular outcomes [12]. However,
other meta-analyses suggested that ACE inhibi-
tors may provide better outcomes for coronary
heart disease and renal failure, whereas ARBs
may be associated with improved stroke out-
comes [6, 22], suggesting differential clinical
outcomes within and between classes of RAAS
antagonists.
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expressed in South African Rands (ZAR) per life per month. The average rate of exchange for the ZAR between 2015 and 2019 (the study period) was ZAR

Table 3 Risk-adjusted cost of claims for hypertension and related conditions in patients receiving perindopril-, losartan- or enalapril-based antihypertensive therapy,
13.70192 per $US 1 [18]

P value
< 0.001
< 0.001

0.096
< 0.001
0.999
0.015

Mean difference (95% CI) for

perindopril-enalapril
— 199 (— 325, — 81)
~ 163 (= 276, — 61)
—6(—16,3)
—7(—8 —5)

+ 10 (5, 15)
— 33 (— 64, — 3)

Enalapril
1540
911
351
50
44
184

Perindopril
748
345
43
54
151

1341

P value
0.004
0.113

< 0.001
< 0.001
0.097
0.001

perindopril-losartan
— 124 (— 221, — 31)
— 51 (= 135, 30)

— 30 (— 38, —21)
—6(—74)
-3(-61)

— 36 (— 61, — 12)

1465
799
375

49
57
186

Perindopril Losartan Mean difference (95% CI) for
748
345
43
S4
151

1341

(inpatient)

(inpatient)
Other®

CT confidence interval, GP general practitioner, PLPM per life per month, ZAR South African Rands

“Includes radiology, pathology and allied healthcare services

Claim type
Hospital
Pharmacotherapy
GP (outpatient)
Specialist

Total

Data from two national surveys in 1998 and
2016 have demonstrated that there has been a
rise in the prevalence of hypertension in South
Africa, from 27% and 31% in men and women
to 45% and 48%, respectively [3]. The cost
implication of the rise in hypertension preva-
lence warrants determining the overall cost of
therapies, rather than just a single expense such
as the comparative costs of medications.

Randomised controlled trials have the bene-
fit of providing clear evidence in support of
different therapies, but they do not provide real-
world evidence. The data from this study
demonstrate both a health and cost benefit for
the use of perindopril-based regimens in a real-
world setting. Adherence is known to be higher
in RCTs than in routine clinical practice [23],
and is an important determinant of outcomes
[24]. To mitigate the effects of adherence,
patients were pre-selected based on>80%
adherence to their antihypertensive in the pre-
ceding year. As is common with real-world evi-
dence, there are significant differences between
the groups. The risk-cell approach has been used
to adjust for these differences [25]. The insur-
ance plan, which may reflect socioeconomic
status and its impact on cardiovascular out-
comes [26], was also included in the model.

Overall cost saving in the perindopril treat-
ment group of 8.5% and 12.9% compared with
losartan and enalapril equates to ZAR 124 and
ZAR 198 per month, respectively. South Africa
has the highest recorded Gini index and the
average income in November 2020 for the
country was ZAR 23,133 [27], indicating that
these differences correspond to 0.5% and 0.9%
of the average monthly salary, respectively.
However, the most clinically relevant saving
would be in disability-adjusted life years, for
which cardiovascular disease is a rising cause in
South Africa [28].

Our study has several limitations related to
its design. Firstly, the data used in our study
were extracted from medical claims from a sin-
gle medical insurer in South Africa. Approxi-
mately 15.2% of the South African population
have medical insurance [29], and patient
demographics (including socioeconomic status
and racial profile) and disease burden may differ
between the insured and the uninsured
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populations [30]. Therefore, these findings may
not be generalisable to the South African pop-
ulation treated in the public health sector,
although it should be noted that all three of the
drugs studied are included in the national
health budget for patients cared for by the State.
Also, because we analysed data from a single
insurer, the data may not represent the insured
population in the country in its entirety. Sec-
ondly, the data available did not allow for
analysis of any potential impact of socioeco-
nomic status on the outcomes of interest.
Thirdly, this was a retrospective analysis of
submitted claims, meaning that there was no
randomisation or standardisation of groups,
requiring statistical adjustment. In addition, the
study will have all the inherent biases of such a
design. Finally, the duration of hypertension
was not accounted for. However, despite these
limitations, this large, real-world study, which
incorporated risk-adjustment to account for
multiple cofounders, suggests that perindopril-
based treatment for hypertension is associated
with greater efficacy and cost effectiveness than
losartan or enalapril.

CONCLUSION

Suboptimal therapies are still being used to
manage hypertension, despite the availability of
effective therapies. Employing effective antihy-
pertensive treatment in patients is essential to
reduce the morbidity and mortality associated
with hypertension in sub-Saharan Africa, where
BP control rates are alarmingly low. In this
large-scale analysis of medical insurance claims
in South Africa, perindopril-based antihyper-
tensive treatment appears to be associated with
a lower rate of cardiovascular events over a
5-year period compared with enalapril- or
losartan-based regimens. Our analysis indicated
that the clinical benefits of perindopril were
coupled with significant cost benefits, both
statistically and socioeconomically. These
observations, which need to be confirmed in a
broader South African population, may have
significant implications for the choice of ther-
apy in patients with hypertension.
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