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Aim: To assess the trial-based cost-effectiveness of medication review with follow-up compared with usual
care in primary care. Materials & methods: A cluster randomized controlled trial included patients if
they were independent older adults, receiving five or more prescriptions, with moderate or high car-
diovascular risk. Costs were estimated from the public healthcare sector perspective, and health benefits
were measured as quality-adjusted life years. Both of which were used to calculate the incremental cost—
effectiveness ratio. Results: Twelve centers completed the study, six (146 patients) in the intervention
group and six (145 patients) in the control group. The base-case analysis showed an incremental cost-
effectiveness ratio of US$ (2019) 434.4/quality-adjusted life year (95% Cl 64.20-996.03). Conclusion: The
intervention was cost-effective in the public primary care setting.

Lay abstract: Aim: To assess if a pharmacy service called ‘medication review’ represents value for money
to the Chilean healthcare system. Materials & methods: A trial that included older adults, receiving five
or more medications, with moderate to high risk of having events such as strokes or heart attack was
conducted. A cost-effectiveness analysis was performed comparing the costs and the benefits of the in-
tervention with usual care. Results: At the end of the trial, 146 patients were on the intervention group,
whereas 145 were on the control group. Medication review generated more costs, but also increased
benefits. Conclusion: Medication review was good value for money for the Chilean healthcare system.
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Noncommunicable diseases (NCDs) are the leading cause of mortality globally, with cardiovascular diseases (CVDs)
being the primary cause [1]. Moreover, CVDs such as stroke or ischaemic heart disease have acute and long-term
consequences placing a significant burden on healthcare systems. This situation was exemplified in a study conducted
in 2018, showing that CVDs were the leading cause of disability-adjusted life years (DALYs), accounting for 18.9%
of all NCDs DALYs [2]. Consequently, the increased health burden is also expected to translate into increased costs.
It is expected that by 2030 CVDs will generate global costs of 1 trillion United States dollars (US$) [3]. A similar
trend is expected to occur in Latin America, with costs rising by 22% by 2030 from an economic burden estimated
at 26 billion US$ in 2010 3].

Risk factors which contribute to CVDs have been well documented in the literature. Some of them are modifiable
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and can be addressed through interventions that target patients’ behaviors or through the use of medications [4].
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Evidence-based clinical practice guidelines include the management of some of the most relevant risk factors
through pharmacological and non-pharmacological strategies. These are mainly focused on hypertension, Type 2
diabetes mellitus (T2DM) and dyslipidemia [5-7]. Despite the availability of these widely implemented management
guidelines, there is evidence proving that therapeutic objectives are not always being achieved. A recent study
conducted in Latin American countries analyzed a range of cardiovascular indicators in a cohort of 5458 patients.
Authors identified low rates of ideal cardiovascular health, with a high prevalence of elevated blood pressure, fasting
glucose and total cholesterol (8]. These findings suggest that more efforts to evaluate and implement effective CVDs
prevention and management strategies should be considered.

In Chile, CVDs represent 27.5% of all-cause of mortality and, generate an expenditure between 1.5 and 1.8%
of the country’s GDP [9). In addition, the proportion of patients not reaching their target values remains high,
where 32% of hypertensive patients and 55% of T2DM patients did not achieve their desired blood pressure
and glycated hemoglobin levels respectively [10,11]. The Chilean public healthcare sector tackles CVD risk factors
under three pillars: the primary care setting, the CVD prevention program and the pharmacy fund [12,13]. Primary
care centers deliver healthcare services under the family medicine model promoted by the Pan-American Health
Organization [14,15]. Within this level of care, the CVD prevention program guides healthcare professionals
intending to control risk factors in order to prevent premature morbidity and mortality and to improve patients’
quality of life [16]. The latest program report shows that there were 2.3 million patients (32.9% of the potential
target population) enrolled in 2018 [17]. In addition, the pharmacy fund for NCDs focused on CVD prevention
was implemented to support access to medicines [9. One of its components was an increase in the number of
pharmacists available for primary care. According to the fund recommendations, these professionals should have
the role of managing primary care pharmacies and to promote/ensure the rational use of medications through
professional pharmacy services [9,18].

Since pharmacists were introduced to the primary care setting, the CVD prevention program has recognized
them as one of the pillars within the healthcare team [16]. This program, in line with guidelines released by The
Pan-American Health Organization, recommends that pharmacists should perform patient-centered services to aid
patients to reach their specific targets in CVD risk factors [19]. One of these services is the medication review with
follow-up (MRF) service. This recommendation is supported by evidence that suggests that MRF is effective in
controlling CVD risk factors. A meta-analysis of ambulatory patients that compared MRF with usual care found
that therapeutic goal attainment was improved in hypertension (OR 2.73 95% prediction interval [PI] 1.05-7.08),
T2DM (OR 3.11 95% PI 1.17-5.88) and dyslipidemia (OR 1.91 95% PI 1.05-3.46), which in turn is expected
to lead to fewer CVD events [20].

Despite proven clinical effectiveness of many innovations and interventions, their implementation has been lim-
ited because of scarce economic and human resources. In this context, economic evaluations (like cost—effectiveness
analysis) provide a critical role in healthcare policy, generating evidence on the value of health technologies that
is often used by decision-makers. This assessment compares the costs and benefits of an intervention to the best
available alternative in a given jurisdiction, in other words, if additional costs are worth the extra benefits gained [21].
Findings from a recent systematic review also support MRF as a cost-effective intervention that could assist in
minimizing the burden of CVD [22).

Considering the clinical and economic impact that CVDs have globally, the recent inclusion of pharmacists in
the Chilean primary healthcare setting and the potential benefits of MRF on these diseases, a clustered randomized
controlled trial was conducted to evaluate the impact of this intervention in elderly CVD patients. The objective
of this research was to assess the cost—effectiveness of the addition of MRF to usual care compared with usual care
alone in the primary care setting from the public healthcare sector perspective.

Materials & methods

Trial design

The trial is registered and described in clinicaltrials.gov (NCT03502109). In brief, this was a cluster randomized
controlled trial, undertaken from January 2018 to July 2019, where pharmacists interviewed patients every 4
months over 1 year. This study evaluated the addition of a pharmacist-led MRF to usual care compared with usual
care alone in the primary care setting. Each primary care center was considered a cluster, and all were located in
Santiago, Chile. Centers were deemed eligible if they had a full-time pharmacist available to allocate ten hours per
week for the trial-related activities. Participant pharmacists were required to register data in the patient’s medical
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record and to have access to a private consultation room. Primary care centers were the unit of randomization.
Simple randomization was conducted in Excel®.

Target population

Inclusion criteria were elderly adults (65 years or older) using polypharmacy (five or more prescription medica-
tions [23]), enrolled in a CVD prevention program and deemed as independent according to the Barthel index for
activities of daily living [24]. Patients were excluded if they had low coronary heart disease risk [25].

Intervention

The intervention had three main components: pharmacists’ training, a practice change facilitator and the MRF
service itself. MRF was implemented using a methodology adapted to primary care based on previously published
methods [26,27]. These components were extensively described according to the TIDieR checklist to aid intervention’s
replicability (Supplementary Material 1) [28]. The three components are described as follows:

e Pharmacists’ training: Before patient recruitment pharmacists in the intervention group were trained in a 5-day
workshop for a total of 15 h. These sessions covered MRF methods, interprofessional collaboration, assessment
of vital signs, health education, interview skills and CVDs pharmacotherapy.

o MRE:

Each patient in the intervention group received MRF using a step-wise approach which included:

e Medical record review: Before the patient’s first visit, the pharmacist reviewed the patient’s medical and
pharmacy records to retrieve relevant information such as comorbidities, prescription medicines and previous
pathology tests results.

e First visit: The pharmacist interviewed the patient assessing all medications used, verifying his/her knowledge
about the medications taken, treatment adherence, perception of effectiveness and of safety [29]. CVD risk
factors management was also assessed.

e Pharmacotherapy assessment: Based on the information collected in the first visit, the pharmacist developed a
care plan identifying any uncontrolled health and drug-related problems. The care plan included the outcome
of the pharmacist’s assessment, clinical goals tailored to the patient, recommendations directed to the patients
general practitioner (GPs) and structured educational interventions tailored at each patients needs. The latter
was planned listing educational goals, the content, activities, expected time for completion and performance
indicators [30,31].

e Second visit: Educational interventions were prioritized if possible to ensure that barriers in this matter would
not interfere with changes in therapy.

e Recommendations to the GP: The pharmacist met with the patients GP to discuss medication-related
recommendations. These suggestions encompassed the prescription, change or removal of a medication,
prevention of adverse drug reactions, prevention of interactions, dosing changes and administration issues.

e Third and fourth visits: The pharmacist communicated the changes in prescriptions which had to be previously
accepted by the GP. In addition, the pharmacist assessed the outcomes of previous interventions and reinforced
recommendations if necessary.

e DPractice change facilitator: To aid in the implementation of MRE a practice change facilitator provided follow-
up to pharmacists periodically in the intervention group. The facilitator was a pharmacist with experience
conducting MRE, trained in the trial methods, and data collection. The objective of these visits was to assist with
the fidelity of the intervention, detecting and addressing relevant factors affecting the delivery of MRF [32).

Usual care
The primary care healthcare team is comprised of GPs, nurses and dietitians that carry out interdisciplinary work
with other allied health professionals [14]. Pharmacists were mainly performing administrative duties [9].

Economic evaluation
This research was conducted and reported in accordance with the Consolidated Health Economic Evaluation
Reporting Standards (CHEERS) statement and the local guideline for economic evaluations [33,34].
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Measurements & valuation of patient-reported outcomes

Health-related quality of life was measured using the Spanish version for Chile of the EuroQol five-dimension
three-level questionnaire (EQ-5D-3L) provided by the EuroQoL Research Foundation (35,36]. The pharmacist
administered the survey at each patient’s visit. The results of the questionnaire were used to estimate utility scores
derived from the published Chilean tariff that used the time trade-off method to assess preferences [36]. With these
scores, quality-adjusted life years (QALYs) were calculated using the area under the curve method [37].

Resource use é"COSfS

Costs were estimated from the public healthcare system perspective. According to this perspective, health resources
such as pharmacists’ time, GPs™ time, practice change facilitators’ time, pathology tests and medications, were
measured directly from the trial. Other resources such as medication-related hospitalizations, emergency department
visits and specialists’ visits were obtained from local published data where available. Unit prices were obtained from
local sources and are summarized in Supplementary Material 2 [38-41].

To determine if hospitalizations were medicine-related, three GPs evaluated them using a methodology adapted
from Malet-Larrea ez al. [42]. Inter-rater agreement between GPs was determined using Cohen’s kappa index, while
Fleiss’s kappa index was used to test for overall agreement [43,44]. These indexes were classified according to Landis
and Koch (1977) criteria [45).

Currency, price date & conversion

Costs were updated to 2019 US$ [46]. Conversion from local currency was conducted using purchasing power
parities values available from the International Monetary Fund [47].

Analytic methods

Baseline characteristics were compared using the t-student or the chi-square tests according to the type of variable.
A cost—effectiveness analysis was conducted according to the intention to treat principle (base-case). In this analysis,
costs and QALYs were estimated for each study group. This information was used to compute the incremental
cost—effectiveness ratio (ICER), a ratio that represents the additional cost per additional unit of benefit, and is
presented below [21]:

Costs Intervention — Costs Control

ICER =
QAL Y[nterwntion - QAL Y, Control

Following the intention to treat principles, missing data was addressed using multiple imputations as missing data
was assumed to be missing at random with complete baseline covariates data. This process was conducted through
chained equations and predictive mean matching by study group. This method was chosen as it accounts for
non-normally distributed variables and ensures plausible imputed values (48]. This technique generated 20 imputed
datasets and results were combined using Rubin’s rules [49].

Costs and QALYs were estimated through a random-effects model accounting for clustering and covariates. For
costs, the maximum likelihood approach was used, while for QALYs, the restricted maximum likelihood model
was selected [50]. In both cases, the model fit was tested with the Akaike Information Criterion (AIC) in multiple
imputed datasets following the methods suggested by Chaurasia ¢t a/. [s1). This assessment was performed using
ordinary least squares regression, generalized linear models and multilevel models with restricted and unrestricted
maximum likelihood approach and is reported in Tables 1 & 2. Models were adjusted for age, gender, CVD history,
coronary heart disease risk above 10%, T2DM diagnosis, number of comorbidities, educational level, marital
status, more than nine prescribed medications, baseline medication adherence and BMI higher than 32 kg/m?. For
QALYs, the baseline utility score was also used.

Sampling uncertainty was handled by bootstrapping costs and QALYs pairs through a non-parametric approach.
To account for the clustering of data, replications were stratified by primary care center [52). This technique generated
1000 iterations that were used to calculate the 95% CI around the ICER using the percentile method [s31. However,
as the interpretation of 95% CI is troublesome in this type of analysis, the cost—effectiveness plane was used to
visually assess the results [54. If benefits gains at extra costs are observed, there is no obvious choice. In this situation,
the cost—effectiveness threshold represents the opportunity cost of funding an intervention, in other words, the
benefits forgone of disinvestment in other areas of healthcare [55]. The World Health Organization and local
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Table 1. Quality-adjusted life years’ model fit.

Quality-adjusted life years Log-likelihood (arithmetic Akaike information criteria Log-likelihood (geometric Geometric Akaike information
mean) mean) criteria

Nonmixed Models
Ordinary least squares 318.94 -10,3310.50 15.95 -5142.73
Log-normal GLM 226.65 -73,410.82 11.33 -3647.74

Mixed models

Linear REML 273.54 -88,602.96 13.68 -4407.35
Linear ML 326.11 -105,634.70 16.31 -5258.94
Log-normal GLM 228.41 -73,979.58 11.42 -3676.18

GLM: Generalized linear model; ML: Maximum likelihood; RELM: Restricted maximum likelihood.

Table 2. Costs’ model fit.

Costs Log-likelihood (arithmetic Akaike information criteria Log-likelihood (geometric Geometric Akaike information
mean) mean) criteria

Nonmixed Models

Ordinary least squares -3,954.46 1,281,270.37 -197.72 64,086.32
Log-normal GLM -3,953.34 1,280,904.41 -197.67 64,068.02
Mixed Models

Linear REML -3,819.03 1,237,389.91 -190.95 61,892.30
Linear ML -3,950.70 1,280,050.80 -197.54 64,025.34
Gamma-log GLM -3,948.80 1,279,436.59 -197.44 63,994.63

GLM: Generalized linear model; ML: Maximum likelihood; RELM: Restricted maximum likelihood.

guidelines suggest using a cost—effectiveness threshold between one and three GDP per capita [33,56). We decided
to use the stringent definition of one GDP per capita which, according to The World Bank (2018) it was $15 923
for Chile ($16 207 when adjusted to 2019 US$) (571. In addition, to assess the probability of the intervention being
cost—effectiveness at different thresholds, an acceprability curve was plotted (s8]

Robustness of the results was assessed evaluating different scenarios. First, we performed a per-protocol analysis
with patients that complied with all four visits and had complete health-related quality of life data. Second, a
scenario using the maximum likelihood approach for QALYs regressions was performed as the restricted maximum
likelihood approach limits variance and therefore uncertainty. Finally, an analysis was conducted specifically for
centers that provided cost data of medication-related hospitalizations, specialists visits and emergency department
visits.

Heterogeneity was also assessed by evaluating changes in the ICER in different subgroups. The relevant subgroups
identified were patients with coronary heart disease risk higher than 10%, BMI above 32 kg/m?, 75 years or older,
T2DM diagnosis and more than nine prescribed medications.

Results

Twenty-four primary care centers were initially recruited (Figure 1). Twelve (50%) finished the trial, six (174
patients) in the intervention group and six (150 patients) in the control group. Centers that dropped out did
not provide any patient data. Of these patients, 146 completed all four visits in the former and 145 in the latter.
Eight patients in the control group did not provide health-related quality of life data; therefore, 137 patients were
considered in the per-protocol analysis. Baseline characteristics were similar between groups; however, there were
significant differences in marital status, number of chronic diseases and CVD history (Table 3).

Health-related quality of life utility scores are presented in Table 4. Utility scores on the first visit were 0.56
(£0.28) for the MRF group and 0.59 (40.27) for usual care. After correcting for clustering and covariates, the
baseline difference was negligible and not statistically significant (-0.00022, 95% CI -0.058-0.58). Although the
difference did increase in the second and third visit, it did not achieve statistical significance until the fourth visit
with a difference of 0.13 (95% CI 0.04-0.23).

As per healthcare resources for the base-case, pharmacists required 149.42 min per patient (£24.42) and GPs
64.07 (£20.53). Pharmacists’ initial training was conducted for 15 h, and practice change facilitators spent a mean
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Figure 1.

Allocation:

Allocation:
care providers

Enroliment

Analysis

clusters

patients

Assessed for eligibility
(n = 27 clusters)

Declined to participate

(n=3)

Randomized (n = 24 clusters)
— Randomization of matched clusters (3)
— Randomization of remaining clusters (21)

/\

Allocated to intervention (MRF) (n = 13, average
cluster size 30)

Received allocated intervention (n = 10 clusters,
average cluster size 25)

Did not receive allocated intervention:

— Did not conduct recruitment on the first three
months (3 clusters)

Allocated to usual care (n = 11, average
cluster size 33)

Received allocated intervention (n = 9 clusters,
average cluster size 27)

Did not receive allocated intervention:

—  Did not conduct recruitment on the first three
months (2 clusters)

10 primary care centers, 10 pharmacists delivering
medication reviews with follow-up

27 average patients assigned to each pharmacist
(median = 28 [IQR 0, min 20, max 68])

9 primary care centers, 9 pharmacists and care
teams delivering usual care

27 average patients assigned to each center
(median = 31 [IQR 3.8, min 25, max 48])

Lost to follow-up (n = 4 clusters, average cluster
size 25): abandoned the study without providing
any patient data.

51 patients withdrew from the study

6 active primary care centers and pharmacists
174 active patients

Lost to follow-up (n = 3 clusters, average cluster
size 26): abandoned the study without providing
any patient data.

34 patients withdrew from the study

6 active primary care centers and pharmacists
150 active patients

Analyzed (n = 6 clusters, average cluster size 29)
146 MRF patients completed all 4 visits

174 intervention patients for MI-ITT analysis
146 intervention patients for PP analysis
Excluded from PP analysis (n = 28):

e  Missing data

Analyzed (n = 6 clusters, average cluster size 25)
146 usual care patients completed all 4 visits

150 usual care patients for MI-ITT analysis
137 usual care patients for PP analysis
Excluded from PP analysis (n = 13):

*  Missing data

Consolidated Standards of Reporting Trials flowchart for the trial.
IQR: Interquartile range; MI-ITT: Multiple imputation intention-to-treat; MRF: Medication review with follow-up; PP:
Per-protocol.
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Table 3. Baseline sociodemographic and clinical characteristics.

Baseline Intervention (n = 174) Usual care (n = 150) p-value
Age, mean (SD), years 73 (6) 74 (6) 0.13
Female (%) 126 (72) 107 (71) 0.83
With partner (%) 103 (59) 64 (43) 0.00%
Educational level
No education (%) 79 (45) 71 (47) 0.76
Primary studies (%) 57 (33) 57 (38) 0.32
Secondary studies (%) 33(19) 20(13) 0.16
Tertiary studies (%) 5(3) 2(1) 0.32
BMI, mean (SD), kg/m? 31 (6) 31 (5) 0.60
Number of chronic diseases, mean (SD) 4(1) 4(2) 0.00%
Number of medications, mean (SD) 8(3) 8(2) 0.09
Coronary heart disease risk, mean (SD), % 10 (3) 9(3) 0.93
Hypertension (%) 174 (100) 150 (100) 1
Type 2 diabetes mellitus (%) 107 (62) 93 (62) 0.93
Smokers (%) 25 (14) 18 (12) 0.53
Cardiovascular disease history (%) 33(19) 22 (15) 0.01%
Baseline utility, mean (SD) 0.56 (0.28) 0.59 (0.27) 0.38
EQ-5D VAS, mean (SD) 63 (21) 68 (19) 0.06
n=324.
Tn = 269 patients.
fp <0.05.

EQ-5D: EuroQol five dimension questionnaire; SD: Standard deviation; VAS: Visual analogue scale.

Table 4. Base-case analysis of utility scores.

Utility scores Mean (SEM) Difference (95% CI)f
MRF (n = 174) Usual care (n = 150)

1st visit 0.56 (0.021) 0.59 (0.022) -0.00022 (-0.058-0.58)

2nd visit 0.56 (0.21) 0.58 (0.23) 0.021 (-0.03-0.08)

3rd visit 0.61(0.21) 0.56 (0.24) 0.064 (-0.0030-0.13)

4th visit 0.65 (0.18) 0.55 (0.25) 0.13 (0.040-0.23)

T Adjusted by clustering and covariates.
MRF: Medication review with follow-up; SEM: Standard error of the mean.

Table 5. Base-case analysis of costs.

Resources Mean costs (SEM) Difference (95% ClI)

MRF (n = 174) Usual care (n = 150)
Medications US$161.86 (10.10) US$193.34 (12.34) -US$35.73 (-82.84-11.38)1
Pathology tests US$127.73 (2.46) US$136.87 (1.66) -US$9.91 (-32.83-13.01)F
Pharmacist time US$55.14 (1.84) - US$59.75 (40.14-79.35)1
GPs time US$12.22 (0.76) - US$12.77 (9.39-16.16)"
Training Uss$2.41 - US$2.41
Practice change facilitator US$2.82 - US$2.82
Total US$368.50 (11.35) US$329.82 (12.54) US$27.37 (0.65-54.09) "

T Adjusted by clustering and covariates.
GP: General practitioner; MRF: Medication review with follow-up; SEM: Standard error of the mean.

0f225.83 (£179.16) min with each pharmacist. Cost savings of US$35.73 (95% CI: -11.38-82.84) were estimated
for prescribed medications and US$9.91 (95% CI-13.01-32.83) for pathology tests (Table 5). Taking into account
all intervention’s components (pharmacists time, GPs time, initial training and practice-change facilitators time),
costs savings did not offset total costs, with a difference of US$27.37 (95% CI 0.65-54.09).
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Table 6. Costs registered outside the trial by study group.

Resource MRF Usual care
Per patient resource use mean  Mean costs (SD) Resource use mean (SD) Mean costs (SD)
(SD)
Medication related 0.06 (0.27) US$178.15 (921.59) 0.08 (0.33) US$315.45 (1449.56)
hospitalizations
Specialists’ visits 3.09 (4.86) US$76.69 (120.61) 1.56 (2.76) US$38.63 (68.42)
Emergency department visits 0.36 (0.82) US$11.91 (27.20) 0.25 (0.66) US$8.10 (21.76)
Total 3.51(5.24) US$266.74 (949.75) 1.88 (3.09) US$362.18 (1469.10)

n = 228 patients.

MRF: Medication review with follow-up; SD: Standard deviation.

Table 7. Base-case, scenario and subgroups cost—effectiveness analyses adjusted by clustering effect and covariates.
Patient group

Base-case®
Per-protocol

Hospitalizations,
specialists and ED costs

More than nine
medications

BMI

Type 2 diabetes
mellitus

Older than 75

Coronary heart disease
risk >10%

Bootstrapped Cl.

Incremental QALY Incremental costs (95% CIT) ICER $/QALY (95% CIt) NE SE NwW sw n
(95% cit)
0.063 (0.044-0.082) US$27.37 (0.65-54.09) US$434.40 (64.20-996.03) 98.8% 1.2% 0% 0% 324
0.072 (0.048-0.095) US$27.27 (-2.22-56.75) US$380.93 (-7.46-938.99) 97.5% 2.5% 0% 0% 283
0.055 (0.031-0.079) US$9.57 (-31.43-50.57) US$173.86 (-536.61-1042.18) 68.2% 31.8% 0% 0% 228
0.11 (0.067-0.16) US$23.00 (-78.55-124.55) US$202.18 (-748.90-1205.65) 59.0% 41.0% 0% 0% 72
0.076 (0.032-0.12) US$33.12 (-8.85-75.09) US$437.59 (-26.58-1582.02) 96.7% 3.2% 0.1% 0% 101
0.093 (0.061-0.13) US$45.27 (-5.46-95.99) US$486.34 (-53.80-1166.76)  96.5% 3.5% 0% 0% 180
0.044 (0-0.089) US$41.66 (1.93-81.39) US$945.218 96.3%% 2.9% 0.8% 0% 115
(-128.09-5091.20)
0.084 (0.031-0.14) US$40.14 (-24.58-104.87) US$476.03 (-228.51-1986.16) 91.3% 8.6% 0.1% 0% 110

Four iterations over the cost—effectiveness threshold.

§Every patient had hypertension.

ED: Emergency department; ICER: Incremental cost—effectiveness ratio; NE: North eastern quadrant; NW: North western quadrant; QALY: Quality-adjusted life years; SE: South eastern
quadrant; SW: South western quadrant.

A subset of clusters (three in each arm with 228 patients) had data available of medication-related hospitalizations,
specialists’ visits and emergency department visits (Table 6). The GPs” evaluation of medication-related hospital-
izations yielded inter-rater agreement as substantial (Kappa = 0.64 95% CI: 0.38-0.9), moderate (Kappa = 0.43
95% CI 0.15-0.71) and fair (Kappa = 0.30 95% CI —0.01-0.61), while the overall agreement was moderate
(Kappa = 0.45 95% CI: 0.35-0.54). With this assessment, it was found that medication-related hospitalizations
costs were reduced by 43.53% in the MRF group compared with the usual care arm.

In the base-case cost—effectiveness analysis, 0.063 QALYs were gained, at an additional cost of US$27.37, which
yielded an ICER of US$434.4/QALY (Table 7). Uncertainty was assessed by plotting bootstrapped iterations in the
cost—effectiveness plane (Figure 2). In this graph, it was observed that 98.8% of the iterations had increased QALYs
at additional costs, while 1.2% were dominant (increased QALYs at less cost). All the iterations were located below
the cost—effectiveness threshold, therefore were considered cost-effective. In addition, the acceptability curve showed
that 50% of the iterations were cost-effective at a threshold of US$473/QALY, reaching 100% at a threshold of
US$1700/QALY (Figure 3). Both values are below the suggested cost—effectiveness threshold of US$16 207/QALY.

In the scenario analysis, when the per-protocol (Table 7) or when the maximum likelihood approach to model
QALYs (Supplementary Material 3) approaches were assessed, a minimal impact was observed in the ICER. However,
it was found that dominant ICER iterations increased to 31.8% when centers with available medication-related
hospitalizations, specialists’ visits and emergency department visits data, were evaluated.

The subgroup analysis showed similar results to the base-case analysis (Table 7). When patients with more
than nine prescriptions were evaluated, the ICER although similar to the base-case, increased dominant iterations
considerably to 41.0%.
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Figure 2. Cost-effectiveness plane of bootstrapped replications from base-case analysis adjusted by clustering and
covariates.
QALY: Quality-adjusted life years; US$: United States dollars.

1.0+
0.9+
0.8
0.7+
0.6
0.5
0.4+
0.3
0.2 —— MRF ——— Usual care
0.1+

0.0 T T T T T T T T T T T
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200

Cost—effectiveness threshold (US$/QALY)

Probability of cost—effectiveness

Figure 3. Acceptability curve of bootstrapped replications from base-case analysis adjusted by clustering and
covariates.
MRF: Medication review with follow-up; QALY: Quality-adjusted life years; US$: United States dollar.

Discussion

The present study evaluated the cost—effectiveness of adding a pharmacist-led MRF to usual care compared with
usual care alone in preventing CVDs in primary care patients. The evaluation deemed the intervention as cost-
effective compared with usual care alone in the base-case analysis from the public healthcare sector perspective.
Notably, when additional data was included in the analysis (i.e., hospitalizations, specialists’ visits and emergency
department visits), a cost-saving trend was observed, with a higher proportion of dominant iterations. Similar
results were obtained in the subgroup analysis of those patients using nine or more prescription medicines.

To the best of our knowledge, this is the first cost—utility analysis alongside a cluster randomized controlled trial
of pharmacist-led MRF focused on the prevention of CVDs [22]. Nonetheless, other trial-based cost—utility studies
assessing MRFs without the cluster design have been conducted. In Nigeria, Adibe ez al. reported a randomized
controlled trial of MRF compared with usual care in patients with T2DM treated with oral hypoglycaemic drugs
and followed them up for a year [59). Gains of 0.12 QALYs with incremental costs of $69 were estimated. These
values translated to an ICER of US$571/QALY, with 52% of the iterations falling below Nigeria’s suggested cost—
effectiveness threshold. Another study in Brazil by Obreli-Neto ¢# a/. evaluated MRF compared with usual care in
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diabetic and hypertensive elderly patients over a period of 3 years [60]. That study showed a health gain of 1.3 QALY
at an additional cost of US$77.74 per patient, resulting in an ICER of $59.76/QALY. Sampling uncertainty was
not evaluated in that study. All these results are in line with our findings, where the economic evaluation yielded
a mean ICER of US$434.40/QALY below the suggested cost—effectiveness threshold. The difference is that our
results show less sampling uncertainty yielding 98.8% of the iterations as cost-effective and 1.2% dominant. In
addition, it is important to note that these analyses, as well as ours, were conducted in patients with increased CVD
risk, such as those with T2DM. This issue was previously described in a study compared the cost—effectiveness
of MRF on scenarios that accounted for patients with different CVD risk (61]. They observed in scenarios with a
higher risk that MRF compared with usual care tended to be either dominant or with lower ICERs than lower risk
scenarios. It may be that the cost—effectiveness of these interventions is more evident in more complex patients.

In the scenario where specialists’ visits, emergency department visits and hospitalizations were evaluated in
centers with available data, a significant impact in the cost—effectiveness results were observed. This effect was
shown as 31.8% of the iterations were considered dominant. Nonetheless, previous studies have reported that these
resources are not usually taken into account in CVD MREF trials. This fact was observed in a systematic review
of economic evaluations, where the authors found that hospitalizations were assessed in six out of 11 economic
evaluations, while emergency department visits in four [22]. The impact of these resources on economic outcomes
has also been observed previously. This impact was reported in a cost—effectiveness analysis in Canada that evaluated
MREF in outpatients with T2DM [62]. The authors found overall savings of 190 Canadian dollars which were driven
by fewer costs in hospitalizations (407 Canadian dollars). In addition, the uncertainty analysis yielded 66% of
iterations as dominant.

Subgroups analyses revealed that patients with more than nine prescribed medications had 41.0% of iterations as
dominant. Similar results were observed in a study that included older adults with polypharmacy in the community
pharmacy setting, showing that the MRF group was dominant in 96.8% of the iterations [63]. The magnitude of
these findings might be explained due to the fact that there is a relationship between polypharmacy and adverse
outcomes such as the augmented risk of falls, adverse drug events, hospitalizations and mortality, while decreasing
function and cognition [64].

Our results suggest that the implementation of MRF should be considered by decision-makers as a plausible
and efficient alternative to approach CVDs, which represents the leading mortality cause in Chile (91. Integrating
MRF would go in line with the primary objective of the Chilean CVD program, which is to improve quality of
life, while preventing long-term consequences and mortality associated with CVDs. Furthermore, an intervention
focusing in the prevention of CVDs is particularly relevant considering the high annual cost estimations for
hypertension, T2DM and dyslipidemia. A report released by the Ministry of Health in Chile shows that they reach
between 1.5 and 1.8% of the country’s GDP [9-11). Moreover, implementing this service could allow an evidence-
based, efficient utilization of pharmacists and integrating them in the already established inter-professional family
medicine model [14]. It should be noted that although the family medicine model has shown improvements in
CVD prevention, this issue still needs to be addressed entirely. Pharmacist-led MRF should be seen as a strategy
that might aid in closing that gap using an already available resource.

As an economic evaluation alongside a trial, this study has its limitations. First, the time horizon is constrained
to the duration of the trial. This fact is relevant in CVD research as events can occur over patients’ lifetime and
can cause long-term disability (4. Second, Cid ez al. reported that public price weights might be undervalued
compared with the expenses derived from healthcare services [65]. They showed that only 56% of hospital expenses
were covered by the actual billing. Third, hospitalization data was not available for the whole study population.
However, its impact was assessed in a scenario analysis. Finally, cluster attrition may have increased the risk of bias;
nonetheless, the number of lost clusters was similar between groups.

Conclusion

Pharmacist-led MRF in addition to usual care was deemed a cost-effective addition to primary care centers
compared with usual care alone from the public healthcare sector perspective. This intervention improved health-
related quality of life at higher costs, which resulted in an ICER below the cost—effectiveness threshold with a
low sampling uncertainty. Efficiency might be maximized prioritizing high-risk groups such as patients with more
than nine prescribed medicines. These results encourage the evaluation by policymakers to implement MRF in
the public healthcare system as a policy to prevent CVDs. Further evaluations that extrapolate CVDs outcomes to
longer time horizons should also be undertaken.
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Summary points

e International studies have shown that pharmacist-led medication review might be a cost-effective alternative to
prevent cardiovascular diseases intervening on its risk factors. Evidence in Latin America is lacking.

e This study reports the cost—effectiveness analysis from a cluster randomized controlled trial. The trial’s objective
was to evaluate the impact of the addition of medication review controlling cardiovascular risk factors of primary
care patients compared with usual care alone.

e Patients were included if they were independent adults, older than 60 years, with moderate or high
cardiovascular risk, with five or more prescriptions and member of the cardiovascular prevention program.

o Benefits were measured as quality-adjusted life years. Costs were estimated from the public healthcare system
perspective. This information was used to compute the incremental cost-effectiveness ratio. Sampling uncertainty
was handled with bootstrapping.

e The base-case analysis showed an incremental cost-effectiveness ratio of US$(2019) 434.4/quality-adjusted life
year (95% Cl 64.2-996.0) with 98.8% of iterations deemed as cost-effective and 1.2% as dominant.

e Subgroup analysis showed a higher proportion of dominant iterations in patients with more than nine
prescriptions (41.0%).

e Pharmacist-led medication review was deemed as a cost-effective addition to primary care from the public
healthcare system perspective.
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