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Abstract: The aim of this retrospective chart review study was to examine the cost effectiveness of
angiotensin-converting enzyme inhibitors (ACEIs); angiotensin receptor blockers (ARBs); and dihy-
dropyridine calcium channel blockers (CCBs) such as amlodipine, monotherapies in the management
of essential hypertension among adult patients (>18 years) without cancer, cardiovascular disease,
and chronic kidney disease in the primary care clinics of a university-affiliated tertiary care hospital.
Patients were followed up for at least 12 months from the initiation of therapy. Propensity score bin
bootstrapping with 10,000 replications was conducted to generate the 95% confidence intervals (CI)
for both treatment outcome (e.g., reduction of the systolic (SBP) and diastolic blood pressures (DBP)
in mmHG) and the cost (e.g., costs of drugs, clinic visits, and labs in Saudi riyals (SAR)). Among the
153 included patients who met the inclusion criteria, 111 patients were on ACEIs/ARBs, while 44
patients were on amlodipine. On the basis of the bootstrap distribution, we found that the use of
ACEIs/ARBs was associated with an incremental reduction of SBP of up to 4.46 mmHg but with an
incremental cost of up to SAR 116.39 (USD 31.04), which results in an incremental cost effectiveness
ratio (ICER) of SAR 26.09 (USD 6.95) per 1 mmHg reduction with 55.26% level of confidence. With
regard to DBP, ACEIs/ARBs were associated with an incremental reduction of DBP of up to 5.35
mmHg and an incremental cost of up to SAR 144.96 (USD 38.66), which results in an ICER of SAR
27.09 (USD 7.23) per 1 mmHg reduction with 68.10% level of confidence. However, ACEIs/ARBs
were less effective and costlier than amlodipine in reducing SBP and DBP with 44.74% and 31.89%
levels of confidence, respectively. The findings of this study indicate that the use of ACEI or ARB
as a monotherapy seems to be more effective than amlodipine monotherapy in the management of

essential hypertension in primary care settings with minimal incremental cost.

Keywords: hypertension; angiotensin-converting enzyme inhibitors; angiotensin receptor antago-
nists; calcium channel blockers; cost effectiveness; Saudi Arabia

1. Introduction

Hypertension (HTN) is one of the most prevalent chronic diseases worldwide. It
results in serious consequences, such as retinopathy, neuropathy, nephropathy, stroke,
and myocardial infarction if left untreated [1,2]. This is concerning since many patients
would not notice that they have HTN unless they have one of the above-mentioned micro
or macrovascular complications [3]. Therefore, early detection and proper management
of HTN is necessary to stave off its serious complications. The management of HTN
is multifactorial and involves lifestyle modifications such as exercise, reduced intake
of salt, weight loss, and increased fiber intake, as well as prescription medications [3].
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There are various antihypertensive medications that are commonly prescribed for the
management of HTN [4]. The choice of antihypertensive medications depends on the
patient characteristics and severity of HTN, which is defined as a persistent elevation of
blood pressure above 140 mmHg for systolic blood pressure (SBP) and /or more than 90
mmHg for the diastolic blood pressure (DBP) [5]. Therefore, the Joint National Committee
on prevention, detection, evaluation, and treatment of high blood pressure (JNC8) report
has categorized HTN into different stages on the basis of the severity of HIN and patient
medical characteristics [6]. The prehypertensive stage refers to those with SBP between
120 and 139 mmHg or DBP between 81 and 89 mmHg [6]. Essential or primary HTN,
in which no identifiable cause is present, represents more than 90% of HTN cases [7].
Angiotensin-converting enzyme inhibitors (ACEIs), angiotensin receptor blockers (ARBs),
diuretics (e.g., hydrochlorothiazide and furosemide), and dihydropyridine calcium channel
blockers (CCBs) (e.g., amlodipine) are some examples of commonly utilized classes of
antihypertensive medications in the management of the first stage of HTN [6]. However,
if the HTN could not be controlled by one medication, another antihypertensive agent
can be added in order to bring the blood pressure down to normal (<140/90 mmHg or
<120/80 mmHg) [6]. Although the Systolic Blood Pressure Intervention Trial (SPRINT)
has found that the intensive treatment of HTN (e.g., <120 mmHg) was associated with
lower risk of major complications, such as myocardial infarction, stroke, heart failure,
and death [8], other studies have found that no significant difference in the rates of major
complications between the standard (e.g., < 140/90 mmHg) and the intensive treatment
approaches (e.g., <120 mmHg) [9-12].

The use of antihypertensive drugs as monotherapy in the management of essential
HTN is uncommon since different antihypertensive medications are mostly used in com-
bination with other antihypertensive medications belonging to different classes or with
diuretics [6]. However, several studies have compared the effectiveness of different antihy-
pertensive monotherapies with conflicting results. In a systematic review and meta-analysis
that included 208 clinical trials with 94,305 patients, most antihypertensive drugs were
associated with 10 to 15 mmHg and 8 to 10 mmHg reductions in SBP and DBP, respectively,
when used as a monotherapy [13]. ARBs have shown to be more cost-effective than CCBs,
-blockers, and ACElIs in most comparisons based on a systematic review conducted by
Park et al. [14]. However, the rates of fatal heart disease, non-fatal myocardial infarction,
and all-cause mortality were not significantly different between lisinopril and amlodipine
based on the findings of Antihypertensive and Lipid-Lowering Treatment to Prevent Heart
Attack Trial (ALLHAT) [15]. Moreover, diuretics and 3-blockers were found to be more
cost-effective in the management of HTN than ACEIs or CCBs based on the results of an
observational population-based study in Brazil [16]. Intraclass differences among ARBs
were reported on the basis of a comprehensive literature review that reviewed the safety,
efficacy, and cost of irbesartan in the management of essential HTN; irbesartan was found
to be the most preferred antihypertensive agent in comparison to other ARBs as well as
other antihypertensive alternatives [17]. Nonetheless, amlodipine was associated with
lower cost and better efficacy in preventing stroke and myocardial infarction in compari-
son to ARBs according to two Markov-based analyses [18,19]. However, other economic
evaluations have shown ARBs to be more cost-effective in delaying the progression of
nephropathy among different hypertensive patient populations with diabetes [20-25]. In
contrast, amlodipine was found to be more cost-effective than ACEIs, such as enalapril,
in the management of mild-to-moderate essential HTN using one-year patient-level data
from a single clinical trial [26]. Thus, the evidence seems to be controversial about the
effectiveness of ACEIs/ARBs versus amlodipine and other CCBs in the management of
essential HTN.

In Saudi Arabia, the utilization rates of different antihypertensive medications are
high due to the high prevalence of essential HTN among the Saudi population, which is
believed to be over 50% among those aged 55 years and above [27]. ACEIs/ARBs and
CCBs are commonly prescribed antihypertensive agents that are used as a monotherapy
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in the management of first two stages of HTN in Saudi Arabia [28]. However, the cost-
effectiveness of different antihypertensive medications used in combination or alone has not
been examined before in Saudi Arabia. Therefore, the aim of this study was to examine the
cost-effectiveness of ACEIs/ARBs versus amlodipine in terms of SBP and DBP reductions
when used as monotherapies in the management of essential hypertension using real-world
data from Saudi Arabia.

2. Methods
2.1. Study Design and Setting

This was a single-center retrospective chart review study that was conducted at King
Saud University Medical City in Riyadh, Saudi Arabia. Electronic health records of adult
patients (>18 years) visiting family practice clinics were reviewed to identify patients with
essential HTN treated with a single antihypertensive medication for at least 12 months.
Patients with cancer, cardiovascular disease, chronic kidney disease, and/or stroke, as well
as those with secondary HTN (e.g., hyperthyroidism, kidney disease, adrenal disease) were
excluded. Age, gender, comorbidities (e.g., diabetes, dyslipidemia), number of prescription
medications, baseline SBP and DBP, duration of follow-up in months from the time where
patients were diagnosed with HTN to the next annual clinic visit, follow-up SBP and DBP,
and antihypertensive medications (e.g., names, dosages, frequency of administration) were
reviewed and collected. Moreover, the utilization of different health services, such as labs
and imaging studies, were collected. The electronic health record system also known as
E-Sihi was implemented at King Saud University Medical City in mid-2015. Therefore,
the investigators decided to recruit patients who were first diagnosed with essential HTN
and started on amlodipine or ACEIs/ARBs (lisinopril, captopril, and irbesartan) anytime
between July 2015 and June 2018 to ensure complete data collection with no missing
observations since it is highly unlikely to find patients with complete data prior to the
implementation of E-Sihi. The retrospective data collection started on 21 January 2018 and
ended on 27 June 2019.

2.2. Data Analysis

Using Wilcoxon-Mann—-Whitney test, allocation ratio of 1 (amlodipine) to 3 (ACEIs/
ARBs), « =0.05, 3 = 0.2, power of 0.8, effect size of d = 0.52, we estimated the minimum
sample size to be 144 patients (36 patients on amlodipine and 108 patients on ACEIs/ARBs).
The outcome was defined as the difference between the baseline and follow-up SBP and
DBP in mmHG. On the other hand, the costs of prescription medications and healthcare
services (e.g., clinic visits, labs, imaging studies) were retrieved from the Saudi Ministry
of Health cost center. Chi-squared test, Fisher’s exact test, Student’s ¢-test, and one-way
ANOVA were conducted as appropriate to compare the characteristics of patients on
amlodipine and ACEIs/ARBs (lisinopril, captopril, and irbesartan). Propensity score
matching was conducted on the basis of baseline SBP and DBP, age, gender, follow-up
period, body mass index (BMI), and Charlson’s comorbidity index (CCI) score [29]. Bias-
corrected and accelerated (BCa) non-parametric bootstrapping with 10,000 replications
was conducted to generate the 95% confidence intervals (CI) for the cost in Saudi Riyals
(SAR) and outcome (e.g., difference between the baseline and follow-up SBP and DBP).
The incremental cost effectiveness ratio (ICER) was calculated on the basis of the following
formula:

Mean cost in SAR for ACEIs or ARBs — Amlodipine

ICER =
¢ Mean SBP or DBP reduction in mm Hg for ACEIs or ARBs — Amlodipine

All statistical analyses were conducted using SAS® version 9.4 (SAS® institute Inc.,
Cary, NC, USA).



Healthcare 2021, 9, 798

40f10

3. Results
3.1. Patient Characteristics

Out of the 2000 medical records that were reviewed for patients who have been
diagnosed with HTN, 153 patients met the inclusion criteria and were included in the
analysis. A total of 42 patients were taking amlodipine (27.45%) (n = 42), and 111 patients
(72.55%) were taking ACEIs or ARBs (e.g., irbesartan, captopril, and lisinopril), as shown
in Figure 1. Patients’ mean age was 56 years, their mean body mass index (BMI) was
31, they were followed up for a mean duration of 13.84 months, and most of them were
female (56.21%). Those on amlodipine had significantly lower mean number of prescription
medications and CCI score in comparison to their counterparts on ACEIs/ARBs (p < 0.05),
as shown in Table 1.

Figure 1. The utilization rates of ACEIs/ARBs and amlodipine among the study sample.

Table 1. Patients’ baseline characteristics.

ACEIs/ARBs Amlodipine

Characteristic = 111) (= 42) p-Value Total
Gender
Male 51 (45.95) 16 (38.10) 0382 67 (43.79)
Female 60 (54.05) 26 (61.90) : 86 (56.21)
Age 56.27 £11.61 55.76 +£12.44 0.818 56.13 £+ 11.80
Body mass index (BMI) 3171 £597 3036 £6.73 0.230 31.34 £6.19
Number of prescription 680+333  462+261 <0001 6204329
medications
Charlson Comorbidity Index (CCI) 2+1.16 147 £1.17 0.015 1.85+1.18

Duration of follow-up in months 13.89 £-1.89  13.71 +1.94 0.608 13.84 £1.90

3.2. The Costs and Outcomes of ACEIs/ARBs versus Amlodipine for HTN Management

No significant difference in the baseline and follow-up SBP and DBP for patients
on ACEIs/ARBs and those on amlodipine was found as shown in Figure 2. The mean
reductions of SBP for patients on ACEIs/ARBs and amlodipine were 16.54 £ 12.42 mmHg
and 18.43 + 17.31 mmHG, respectively. On the other hand, the mean reductions of DBP



Healthcare 2021, 9, 798

50f 10

for patients on ACEIs/ARBs and amlodipine were 10.04 &+ 12.16 mmHg and 10.83 +
14.10 mmHG, respectively. The mean costs for patients on ACEIs/ARBs and amlodipine
were SAR 1193.60 and SAR 1097.50, respectively, as shown in Table 2. The ICER of
ACEIs/ARBs versus amlodipine for SBP was SAR-50.89 per 1 mmHg reduction, which
means that the use of amlodipine was associated with a saving of SAR 50.89 for each
incremental 1 mmHG reduction in SBP. However, 95% Cls BCa for the difference in cost
and SBP reduction were [SAR 53.12-SAR 116.39] and [—4.53 mmHg—4.46 mmHg], which
translates into an ICER for the use of ACEIs/ARBs versus amlodipine that would range
between SAR-11.73 and SAR 26.09 per 1 mmHg reduction. On the basis of the bootstrap
distribution, the use of ACEIs/ARBs would result in a greater reduction of SBP that can
be as large as 4.46 mmHG and higher cost that can be as high as SAR 116.39 (USD 31.04)
with 55.26% confidence level in comparison to amlodipine. However, ACEIs/ARBs can
result in less reduction of SBP that can be 4.53 mmHg lower than amlodipine with higher
cost that can be as high as SAR 116.39 (USD 31.04), as mentioned earlier with 44.74%
level of confidence, as shown in Figure 3. On the other hand, the ICER of ACEIs/ARBs
versus amlodipine for DBP was SAR-120.53 per 1 mmHg, which means that the use of
amlodipine was associated with a saving of SAR 120.53 for each incremental 1 mmHG
reduction in DBP. However, BCa 95% ClIs for the difference in cost and DBP reduction were
[SAR 76.72-SAR 144.96] and [—3.35 mmHg-5.35 mmHg], which translates into an ICER
that would range between SAR 22.9 and SAR 27.09 per 1 mmHg reduction. This means that
ACEIs/ARBs would result in a greater reduction of DBP that can be as large as 5.35 mmHg
and higher cost that can be as high as SAR 144.96 (USD 38.66) with 68.11% confidence level
in comparison to amlodipine. However, ACEIs/ARBs can result in lower reduction of DBP
that can be 3.35 mmHg lower than amlodipine, with higher cost that can be as high as SAR
144.96 (USD 38.66) with 31.89% confidence level, as shown in Figure 4.
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Figure 2. Box plot of baseline and follow-up SBP and DBP for patients on ACEIs/ARBs and amlodipine. The box represents

the 25th and 75th percentiles, and the whiskers are the upper and lower adjacent values. The following shapes, O, "Jl}’, 8

and A represent the means of the baseline SBP, baseline DBP, follow-up SBP, and follow-up DBP, respectively. The outside

written values are outliers.
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Table 2. The mean reductions in blood pressure (SBP and DBP) and costs of ACEIs/ARBs versus
amlodipine.

Mean Difference

Variable ACEIs/ARBs Amlodipine (95% CI)

Cost of treatment (SAR),

mean + SD 1193.60 £ 195.29 1097.50 £ 53.21 96.1 (53.12-116.39)

Mean reduction in SBP
(mmHG), mean + SD

Mean reduction in DBP
(mmHG), mean + SD

16.54 £ 12.42 18.43 £17.31 —1.89 (—4.53-4.46)

10.04 £ 12.16 10.83 £ 14.10 —0.79 (—3.35-5.35)

Quadrant distribution for cost effectiveness
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Figure 3. The probabilistic sensitivity analysis of the cost effectiveness of ACEIs/ARBs versus amoldipine in the management
of high SBP.
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Effectiveness Difference: ACEI/ARB — Amlodipine

Quadrant distribution for cost effectiveness
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Figure 4. The probabilistic sensitivity analysis of the cost effectiveness of ACEIs/ARBs versus amoldipine in the management

of high DBP.

4. Discussion

The use of monotherapy in the management of HTN is uncommon [6]. However, un-
derstanding the impact of different antihypertensive medications when used as a monother-
apy using real-world data is important in designing effective treatment plan for essential
HTN, especially in a country with high incidence and prevalence rates of HTN such as
Saudi Arabia [27]. ACEIs/ARBs and amlodipine are commonly prescribed for the manage-
ment of the first two stages of essential HTN in Saudi Arabia [28]. These antihypertensive
medications are mostly used in combination with other medications belonging to different
antihypertensive classes [6]. Therefore, identifying patients with essential HTN managed
with a single antihypertensive medication, which is the case in this study, was not an easy
task. Although several studies have compared the efficacy and cost effectiveness of dif-
ferent ACEIs/ARBs and amlodipine in the management of essential HTN, the findings of
these studies should be carefully interpreted due to the substantial variability of the patient
characteristics and the acquisition costs of antihypertensive drugs. Moreover, these studies
were not conducted among Middle Eastern or Saudi patient populations [13,14,16-19].
Therefore, examining the impact of ACEIs/ARBs and amlodipine on SBP and DBP when
used as a monotherapy among patients with essential HTN in Saudi Arabia would be very
informative to health practitioners and policy makers.

In this study, the use of ACEIs/ARBs were associated with larger reduction in both
SBP and DBP than amoldipine in most of the 10,000 replications in the bootstrapping
accounting for patients’ age, gender, CCI score, follow-up period, and BMI through the
propensity score matching. However, this comes at an incremental cost that ranges between
SAR 53.12 (USD 14.16) and SAR 144.96 (USD 38.66) per 1 mmHg reduction in SBP or DBP.
These findings are consistent with the previously published studies which found that
ACEIs/ARBs, such as lisinopril and irbesartan, were more cost-effective than amlodipine
in the management of essential HTN [14,17]. These incremental benefits were more evident
when ACEIs/ARBs, such as valsartan, were compared to amlodipine among patients
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with type 2 diabetes and microalbuminuria [25]. This is very important given the high
prevalence and incidence rates of diagnosed and hidden diabetes in Saudi Arabia especially
among patients with HTN [27,30]. However, the mean reductions in both SBP and DBP
among patients on amlodipine were relatively larger than the ones seen with ACEIs/ARBs.
Moreover, amlodipine has shown to lead to better reductions and lower cost in comparison
to ACEIs/ARBs in 44.74% and 31.89% of the 10,000 bootstrapped replications for SBP and
DBP, respectively. Additionally, in two state transition (Markov) models that compared the
5-year costs and quality-adjusted life-years (QALYs) of amlodipine versus ACEIs/ARBs
using utility data and costs of myocardial infarction and stroke in China and Taiwan,
amlodipine was found to be dominant since it was associated with incremental QALYs
and lower costs [18,19]. However, these findings are based on two transition models that
used utilities and costs from two Far Eastern countries with significantly lower incidence
and prevalence rates of diabetes in comparison to Saudi Arabia where the prevalence of
HTN among diabetic patients can be as high as 61% [30,31]. In addition, ACEIs/ARBs
are still believed to lead to better outcomes in the management of HTN according to most
published research [20-24].

Although this is the first study, to our knowledge, to compare the cost effectiveness of
ACEI/ARB to CCB monotherapy using real-world data in Saudi Arabia, several limitations
must be acknowledged. First, this is a single-centered study with a relatively small sample
size, which limits the generalizability of its findings. However, the study was conducted
in a well-known public tertiary care hospital in the Saudi capital where patients from all
segments of the Saudi population are cared for. Secondly, information bias cannot be ruled
out as the data were retrieved from the electronic healthcare records during a specified
timeframe (i.e., July 2015 to June 2018), which also increases the risk of selection bias.
Nevertheless, obtaining real-world data from electronic healthcare records in Saudi Arabia
where multiple barriers to access to healthcare data suitable for conducting economic
evaluation exist is a daunting task [32]. Moreover, the study examined the cost effectiveness
of ACEIs/ARBs as a class of antihypertensive medications versus amlodipine rather
than comparing individual ACEIs/ARBs versus one another and amlodipine. Although
it is largely believed that ACEIs and ARBs are generally equally effective [33], some
studies have shown that some ARBs, such as irbesartan, are more effective than other
ACEIs/ARBs [20-24].

5. Conclusions

Effective management of HTN is essential in preventing major complications, such
as stroke and myocardial infarction. Therefore, early detection and treatment of HTN
using the most effective and affordable antihypertensive medication is important. In this
study, ACEIs/ARBs were shown to be more effective with reasonable incremental cost in
managing essential HTN in comparison to amlodipine. Future studies should examine
the cost effectiveness of different monotherapies as well as combination therapies in the
management of HTN using larger sample sizes and more robust study designs.
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