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W N e

Abstract: There is evidence of the efficacy of collaborative health interventions with pharmacies and
primary care providers but little of its real-world effectiveness. We aimed to assess the effectiveness
and discuss the design and challenges of hypertension and hyperlipidemia management between
pharmacies and primary care providers using real-world data exchange between providers and
experimental bundled payment. This was a pragmatic, quasi-experimental controlled trial. We
collected patient-level data from primary care prescription claims and Electronic Medical Record
databases, a pharmacy claims database, and patient telephone surveys at several time points. The
primary outcomes were changes in blood pressure and total cholesterol. We used matched controls
with difference-in-differences estimators in a Generalized Linear Model (GLM) and controlled in-
terrupted time series (CITS). We collected additional data for economic and qualitative studies. A
total of 6 Primary Care Units, 20 pharmacies, and 203 patients entered the study. We were not able to
observe significant differences in the effect of intervention vs. control. We experienced challenges
that required creative strategies. This real-world trial was not able to show effectiveness, likely due to
limitations in the primary care technology which affected the sample size. It offers, however, valuable
lessons on methods, strategies, and data sources, paving the way for more real-world effectiveness
trials to advance value-based healthcare.

Keywords: community pharmacy; primary care; pharmacy services; collaborative; hypertension;
hyperlipidemia; trial; effectiveness; real-world; public health interventions
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1. Introduction

The prevalence of hypertension in the Portuguese population in 2013 was 29.1% and
64.4% did not have adequate treatment and control [1]. The prevalence of high blood
cholesterol was 52% (50.0-54.8%) in 2015 [2]. The PRECISE study, from 2019, reports that
43.3% of hypertensive patients are not controlled for blood pressure, 82.1% of hyperten-
sive patients present high blood cholesterol, and 62.3% of those are not controlled for
blood cholesterol [3]. Hypertension and hyperlipidemia, if poorly managed, can lead to
cardiovascular disease, including heart failure and hypertensive heart disease.

Most of these patients are usually followed in primary care by general practitioners
(GPs) in Portugal. Cardiovascular disease and cancer are the leading causes of death
in Portugal. The country lags behind Spain, Italy, and France in preventable mortality,
suggesting that more could be done to save lives by reducing risk factors for cancer and
cardiovascular disease [4].

In 2013, 12.3% (15.7% in 2017) of all hospital admissions in Portugal were due to
Ambulatory Care Sensitive Conditions (ACSCs) and 93.7% followed an emergency room
visit. In 2013, the third and fourth most common ACSCs were heart failure and hypertensive
heart disease (second and sixth in 2017) [5,6]. Both studies show the immense opportunity
to improve local service delivery.

The need to bring healthcare closer to primary, community, and self-care requires
health governance aligned with evidence-based decisions [7,8] using integrated care fol-
lowing the Kaiser pyramid care model. In this model, the population is stratified according
to the complexity of their condition using the most effective and least expensive resources
and multi-professional teams [9].

There is evidence of improvements in health outcomes associated with certain public
health services provided by pharmacists within an appropriate collaborative environ-
ment with physicians [10-12], including with cardiovascular risk, hypertension, and hy-
perlipidemia [10,13-21]. A meta-analysis of 39 randomized controlled trials comprising
14,224 patients demonstrated improvements in blood pressure (BP) following pharmacists’
interventions [20]. A quasi-experimental controlled trial in Portuguese pharmacies with
109 patients also achieved improvements in BP [22]. A systematic review of 21 randomized
controlled trials which included a subset of 10 studies using 1196 patients demonstrated
pharmacist-led improvements in total cholesterol (TC) [15]. Most studies were conducted
in the USA, UK, and Canada with explicit interprofessional collaboration practices be-
tween pharmacists and physicians, often in integrated settings, such as managed care
organizations and ambulatory clinics, and not in community pharmacies.

The vast majority of studies on pharmacy interventions are efficacy trials. They are
designed to establish efficacy, e.g., if the intervention can work in well-resourced “ideal”
settings, with highly selected and adherent populations, and using strict protocols. These
trials are often paper-based, not integrated into the pharmacy’s daily workflow or software,
not reimbursed, and limited to the outcomes of interest to researchers, all of which are
relevant to establish proof of efficacy but not of effectiveness in real-world conditions
under which we would expect these interventions to operate. Therefore, we have a vast
body of literature seeking to establish efficacy for some already well-established efficacious
pharmacy interventions.

By contrast, there are very few pragmatic controlled trials designed to establish effec-
tiveness, e.g., does the intervention work when used in normal routine practice and with
real-world patients, does it apply flexible protocols as in normal practice, is it integrated
into the pharmacy’s daily workflow and software, is it reimbursed, and does it collect
outcomes relevant to patients, providers, pharmacy owners, healthcare organizations, and
payers? These studies provide more useful insights to help shape future successful phar-
macy interventions in real-world conditions. We found two such research studies that
seek to address the effectiveness of hypertension management in groups of community
pharmacies [19,23].
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Strategies to explain how pharmacy-based interventions may work are consistent
with several behavioral theoretical models [24-26]. Wagner’s Chronic Care Model assisted
by the Information-Motivation-Behavioral (IMB) framework used by Blalock was use-
ful in guiding this collaborative intervention [10,27]. The Chronic Care Model predicts
that improvements in six inter-related components—community resources, healthcare
organization, self-management support, delivery system design, decision support, and
clinical information systems—can produce changes in which informed, activated patients
interact with prepared, proactive practice teams within primary care [27]. The theoretical
framework used by Blalock is a modified version of the Information-Motivation-Behavioral
Model, according to which the information and intervention package is expected to help
providers and patients engage in care, subsequently leading to the adoption of behaviors
that would translate into improved health outcomes [10].

This work is part of a wider research project on the economic evaluation of a pharmacy-
based collaborative public health intervention with primary care providers [28-31]. Plan-
ning and conducting a well-designed trial for effectiveness and other dimensions should
precede the economic evaluation of pharmacy-based public health interventions [29].

This trial aimed to assess the effectiveness and discuss the design and challenges of
the first collaborative hypertension and hyperlipidemia management using real-world data
exchange between pharmacies and a National Health Service (NHS) Primary Care Unit
(PCU) and an experimental bundled payment in Portugal.

2. Materials and Methods

This trial was retrospectively registered with Current Controlled Trials (ISRCTN):
ISRCTN13410498, on 12 December 2018: https:/ /www.isrctn.com /ISRCTN13410498.

We developed a study protocol and statistical analysis plan and a Privacy Impact
Assessment for this trial to conform with the General Data Protection Regulation (GDPR).

We used the Transparent Reporting of Evaluations with Nonrandomized Designs
(TREND) of behavioral and public health interventions guidelines for study reporting [32]
and the Template for Intervention Description and Replication (TIDieR) Checklist for
describing the intervention [33].

2.1. Objectives

The primary objective was to test the hypothesis that collaborative management
between pharmacies and primary care providers would result in improved outcomes
(blood pressure and total cholesterol) over the usual care after the trial’s onset. A secondary
objective was to explore the operation and discuss the lessons learned with this first
collaborative trial.

2.2. Trial Design

This was a 6-month multicenter quasi-experimental controlled trial featuring domains
of pragmatic trials [34-37].

The collaborative care model included Integrated Care Pathways (ICPs) and interpro-
fessional meetings (Quality Circles). ICPs consisted of consensus-based clinical decision
algorithms integrated into the pharmacy software. Quality Circles were based on princi-
ples of working relationships between pharmacists and physicians [38] and inspired by
innovative experiences in the USA [39], Switzerland [40], and Australia [41].

The comparator (control group) was the usual care provided by other pharmacies and
Primary Care Units.

2.3. Participants
2.3.1. Eligibility Criteria for Intervention Primary Care Units and Pharmacies

Intervention PCUs and pharmacies were a coalition of willing providers aiming at
working as an Integrated Patient Unit (IPU).
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The intervention PCU expressed interest in this collaborative intervention, and we
selected seven intervention pharmacies near the PCU, using the same dispensing software
and data network provider, with a minimum pre-defined proportion of dispensing pre-
scriptions from the intervention PCU active in the national Pharmacy Customer Loyalty
Program based on the number of patients expected to be recruited per pharmacist while
looking for a minimum feasible number of sites to facilitate trial management. These data
were provided by the National Association of Pharmacies (ANF).

We adopted the NHS Patient Electronic Health Record (EHR) ‘Registo de Saude
Electrénico’ (RSE®) 2018 (SPMS EPE, Lisboa, Portugal) as the interface for data exchange
between pharmacy dispensing claims software Sifarma® 2000 2.9.4.3 (Glintt, Sintra, Por-
tugal) and PCU Electronic Medical Record (EMR) software SClinico® 2018 (SPMS EPE,
Lisboa, Portugal). Before this trial, the Consent Form of the EHR RSE® 2018 (SPMS EPE,
Lisboa, Portugal) had no option for patients to consent to data access and exchange between
pharmacists and other healthcare providers. The research team together with the NHS
Shared Services of the Ministry of Health (SPMS) team developed two sentences for the
patient to consent to the exchange of relevant health data (from pharmacists to GPs/nurses
and from GPs/nurses to pharmacists) and added them to the Consent Form of the EHR
RSE® 2018 (SPMS EPE, Lisboa, Portugal) for the first time in Portugal.

Details and a snapshot of the added sentences can be seen in Supplementary File S1.

2.3.2. Eligibility Criteria for Control Primary Care Units and Pharmacies

We used prospective location-based controls to minimize the risk of contamination be-
tween intervention and controls and matched controls to minimize imbalance and improve
causal inference. Matching was performed using cluster analysis at the (1) municipality
level and at the (2) PCU level, as further explained.

Supplementary File S1 depicts the graphic representation of the cluster analysis used
to estimate three-dimensional normalized Euclidean distance, using the statistical software
R (2018) (The R Foundation for Statistical Computing, Vienna, Austria) [42], and used
to rank potential best-match control municipalities on economic deprivation using the
Municipality Purchasing Power Index (Indice de Poder de Compra Concelhio, IPCC):
illiteracy, aging, and predominantly urban area. We used the R graphic plot [43].

Next, we mapped potential control PCUs in the top 30 municipalities and ranked
them according to the best match criteria on PCU contractual type, PCU Electronic Medical
Record software, PCU burden proxy, PCU patients/GP ratio, patients” age, International
Classification of Primary Care (ICPC-2) codes used by primary care GPs for diagnosis
of hypertension and/or lipid metabolism disorder, and obesity. We then selected the
best-match control PCUs.

Finally, we selected control pharmacies similar to intervention pharmacies.

We planned to invite 46 control pharmacies, aiming at obtaining at least 21 (46%),
based on the average number of patients expected to be recruited per control pharmacy, as
we expected recruitment to be more difficult.

See details in Supplementary File S1.

2.3.3. Patient Inclusion Criteria

We included adult patients of selected PCUs on medication for hypertension and/or
hyperlipidemia (last prescription date within 6 months before baseline) that were also
holders of an NHS number.

Patients could be either new to therapy (last prescription date within 2 months before
baseline and no prescription date within 2-6 months before baseline) or usual medication
users (last prescription date within 6 months before baseline and not eligible for new
therapy) at baseline.

We planned to select uncontrolled patients at baseline (patients with blood
pressure >140/90 mm Hg and/or total cholesterol >190 mg/dL). Pharmacists were in-
structed to measure baseline blood pressure and total cholesterol if no such measurement
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in the previous 30 days was available from primary care providers to enable recruitment
and intervention.
Intervention patients had additional criteria related to the intervention package:

e  Mobile phone users (to receive Short Message Service (SMS) refill reminders);

o  Registered at the EHR RSE® 2018 (SPMS EPE, Lisboa, Portugal) (to consent to data
exchange between pharmacists and GPs);

e Members of the Pharmacy Customer Loyalty Program Satida® (to enable reimburse-
ment to intervention pharmacies);

e Holders of a Patient Record in the pharmacy dispensing claims software Sifarma
2000 2.9.4.3 (Glintt, Sintra, Portugal) (to enable longitudinal tracking).

®

We excluded diabetic patients (although ICPs were in place for these patients in
intervention pharmacies and PCUs for ethical reasons).

2.3.4. Method of Recruitment

Eligible patients were recruited in pharmacies through case finding and prompt
pharmacy software reminders upon presenting a prescription for antihypertensive or
lipid-lowering medications.

Intervention pharmacists invited eligible patients with the aid of the Patient Information
Leaflet (Supplementary File S2). Diabetic patients were not excluded from the intervention
due to ethical reasons but were excluded from this study as previously explained.

Due to the nature of this trial, patient written consent for the study was obtained
following allocation [44]. We specified the nature of the consent [45] for intervention and
data collection (intervention) and data collection (control) [46].

Pharmacists recorded the patient’s NHS number, name, mobile number, preferred
time for the telephone survey, the reason for recruitment, and patient PCU in the pharmacy
software. We captured these data daily to enable baseline telephone interviews within
24-48 h.

The pharmacy software generated an email to the intervention PCU to inform GPs
upon each new patient enrolled.

2.3.5. Settings and Locations

A list of intervention study sites is available. We do not disclose control sites for ethical
reasons, as they were blinded, but we provide a list of their broad geographical locations
(Supplementary File S3).

2.4. Interventions
2.4.1. Intervention

We developed ICPs (clinical decision algorithms for intervention pharmacists) and
negotiated them with primary care providers before the trial. The technology team further
embedded ICPs in the pharmacy software assisted by researchers. Intervention pharmacists
followed the decision algorithms based on each patient’s situation at each visit. Referral
criteria for primary care and timing of referral were explicitly defined in those ICPs. Partial
delegation of tasks from primary care GPs to pharmacies was expected in the collaborative
model. Since data exchange between settings was planned by design, feedback from GPs
to the pharmacist would also feed the ICP to determine further actions at the pharmacy or
direct requests sent to the GP for a non-scheduled medical appointment.

Hence, the collaborative intervention between pharmacies and primary care GPs was
designed as patient-tailored according to ICPs in the pharmacy dispensing claims software
Sifarma® 2000 2.9.4.3 (Glintt, Sintra, Portugal) and data exchange with the primary care
EMR software SClinico® 2018 (SPMS EPE, Lisboa, Portugal) through the interface Patient
EHR RSE® 2018 (SPMS EPE, Lisboa, Portugal).

The designed collaborative complex and multifaceted health intervention package
included the following innovative components: (1) point-of-care measurements; (2) cardio-
vascular risk assessment; (3) medication management; (4) request for repeat prescription;
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(5) lifestyle counseling; (6) referral and direct request from the pharmacy for a medical
appointment, as per the ICP; (7) feedback from PCU and follow-up at the pharmacy, as per
the ICP; (8) refill text reminder to the patient smartphone 10 days before the end of the last
tablet in the last package; (9) Quality Circles; (10) report of a potential adverse drug event
(ADE) (see Figure 1).

1. Point-of-care
measurements at
Pharmacy/USF and
data sharevia IT

7. Feedback from

USF and follow-up
at Pharmacy

6. Referral and

request for medical
appointment via IT

8. Refill text
reminder from
Pharmacy to

2. Cardiovascular

Risk assessment at
Pharmacy/USF and

5. Lifestyle
counseling at

data share via IT

3. Medication
management at

Pharmacy/USF

4. Request for
repeat prescription

EMWTH A ERLE

O. Quality Circles

to USF via IT

10. Pharmacy reporting ADEs

Figure 1. Collaborative care intervention package between intervention PCU and pharmacies.

Pharmacy/USF

Components 1, 2, 3, and 5 are all part of hypertension and hyperlipidemia effective
patient management as described in the literature. The collaborative intervention included
an innovative feature: clinical decision algorithms for pharmacists (ICPs) to record results
of components 1, 2, 3, and 5, referral criteria to enable a decision to refer to the GP or to
continue monitoring, and data exchange between pharmacists and GPs’ software systems.
Hence, ICPs require components 6 and 7. Data exchange between providers enabled
component 4. Data communication to patients’ smartphones enabled component 8. Both
components 4 and 8 enhance medication adherence, which is relevant to effectiveness.
Component 9 was deemed relevant to enhance interprofessional engagement within the
desired collaborative care model. Component 10 was added as a mandatory procedure in
real-world effectiveness studies containing medicines.

A detailed description of the intervention component package can be seen in
Supplementary File 54.

Each pharmacy received a Project Promotional Pack and a Study Pack.

Pharmacists attended one training session and workshops accredited by the Por-
tuguese Pharmaceutical Society. Pharmacists, researchers, and the project physician leader
delivered the training.
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Pharmacists, GPs, and nurses took part in regular Quality Circles involving a mix of
team-building and joint training in the technology-based collaborative intervention package.
All providers performed point-of-care measurements, cardiovascular risk assessment, and
lifestyle counseling.

The frequency of pharmacy appointments was patient-tailored at pre-specified time
intervals, as per the ICP, with some degree of flexibility.

The frequency of medical and nurse appointments was left to the discretion of
providers to facilitate their endorsement yet hoping for some delegation to pharmacists.

We monitored the recruitment and intervention package through regular phone calls,
on-site visits, and workshops with pharmacies and provided each pharmacy and PCU with
a weekly Feedback Report (USFarmaciaWatch®) containing key performance indicators
(Supplementary File S5).

We used the Pharmacy Study Leaflet, training, trial monitoring, feedback to pharma-
cies, and reminders in software to call patients before scheduled visits to improve fidelity
and promote patient retention and follow-up, emulating methods of clinical trials.

In the absence of NHS reimbursement of these services, the Pharmacy Customer
Loyalty Program Satida® reimbursed intervention pharmacies. We designed an innovative
billing and reimbursement model, simulating for the first time in Portugal an experimental
risk—share bundled payment to mimic a hypothetical reimbursement scenario by the
NHS inspired by the US Medication Therapy Management (MTM) Current Procedural
Terminology (CPT) codes used by pharmacists for billing medication therapy management
services [47] (Supplementary File S6).

The intervention PCU had some incentives in place against quality targets, albeit
non-financial, which included hypertension management (PCU model “A”).

2.4.2. Usual Care

Control pharmacies recruited similar patients. We supplied a similar Study Pack, but
no training was provided to preserve usual care, mirroring real-life practice and minimizing
the risk of contaminating the comparator.

2.4.3. Time Span

The study started with the recruitment of intervention pharmacies in March 2016 and
concluded with database closure in November 2019. Patients were recruited in pharmacies
between 1 May (first patient recruited) and 30 November 2018 (last patient recruited) and
followed for at least 6 & 2 months. The intervention was operational between May 2018
and the last follow-up in July 2019 (6 &= 2 months after the last recruited patient).

We allowed a run-in period (first 5 hypertension and/or hyperlipidemia patients per
intervention pharmacy) to enable a learning curve [48] and these patients were included in
the analysis.

Figure 2 provides a study flow diagram.

2.4.4. Post-Trial Procedures and Ethical Considerations

Trial closure determined the closure of ICPs in the pharmacy software. Intervention
pharmacies remained, however, equipped with paper ICPs provided in training to apply in
their daily practice.
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e B M |

Control Control

Intervention

Pharmacies Pharmacies USFs

Pharma >
g im Pharmacy-USF

patient (Pt)
exchange of

protocols
pre-agreed with
USF and embedded
in dispensing

information

technology-driven
software

SMS refill

reminders to Pt

Training Session
Workshops
Study Pack

Study Pack

Interprofessional
Quality Circles

il Integrated Patient Unit i

Patients selected in Patients selected in

B N~ =m s

I— -y Pharmacies based on Pharmacies based on
L Excluded | inclusion/ exclusion criteria inclusion/ exclusion criteria

Patients invited Patients invited
Project/ Study explained Project/ Study explained

L Excluded | Intervention Informed Consent Control Informed Consent

Baseline data collection Baseline data collection
in Pharmacy in Pharmacy

Intervention in Pharmacies + USH Usual Care Usual Care
(collaborative care) in Pharmacies in USFs

Data collection Data collection Data collection Telephone
Pharmacy USF Interviews

Figure 2. Study flow diagram. Intervention and control PCUs (“Unidades de Satide Familiar’, USFs)

and pharmacies.
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2.5. Outcomes
2.5.1. Primary Outcomes

We used the changes in BP, TC, and the proportion of controlled patients 6 months
after the onset of the trial. We defined outcome control as BP < 140/90 mmHg and
TC <190 mg/dL.

All intervention pharmacies used the same equipment and supplies to enhance mea-
surement quality and ensure procedure standardization. As control pharmacies may or
may not perform point-of-care measurements in their usual care, we did not provide the
equipment and supplies, to avoid contaminating the usual care.

However, this study used blood pressure measurements and total cholesterol mea-
sured by primary care providers and extracted from the primary care Electronic Medical
Records, as these were recorded in both intervention and control PCUs and available
to researchers. Hence, these are outcomes as measured in real-world practice by GPs
and nurses.

2.5.2. Data Collection

We collected longitudinal patient-level data from the pharmacy claims database
Sifarma® 2000 2.9.4.3 (Glintt, Sintra, Portugal); primary care databases prescription claims
PEM® 2018 (SPMS EPE, Lisboa, Portugal) and EMR SClinico® 2018 (SPMS EPE, Lisboa,
Portugal); and patient telephone surveys using the QueXS® 1.16.0 and 2.2.0 Open Source
web-based Computer Assisted Telephone Interview (CATI) system (Australian Consortium
for Social and Political Research Incorporated (ACSPRI), Black Rock, Victoria, Australia).

We collected the following: (1) patient case-mix variables (including income status,
medication profile, and comorbidities); (2) primary outcome measures; (3) process measures;
(4) pharmacy characteristics.

We defined income status using the following: (1) monthly equivalent income per
individual calculated from the net monthly household income divided by the number of
equivalent adults using the Organization for Economic Co-operation and Development
(OECD)-modified age-based scale [49]; (2) patients below at-risk poverty monthly threshold
< EUR 501.20 as defined by the National Institute for Statistics (Instituto Nacional de
Estatistica, or INE) in the database PORDATA 2018.

The number of regular medicines was determined based on the number of different
International Non-proprietary Names (INN) used per patient.

The medication profile of antihypertensive and/or lipid-lowering medications first
used the World Health Organization (WHO) Anatomical Therapeutic Chemical (ATC)
codes and grouped them in medication classes from the International Consortium for
Health Outcomes Measurement (ICHOM) Standard Set for Hypertension [50].

For comorbidities, the Rx-Risk Comorbidity Index was used, which lists 43 comor-
bidity categories, each mapped to a set of prescribed medicines according to the World
Health Organization (WHO) Anatomical Therapeutic Chemical (ATC) codes, providing an
indirect method to describe patients’ comorbidities based on prescribed medicines in the
absence of medical diagnosis data [51].

We also collected cost data, patient-reported outcome measures (PROMs), medica-
tion adherence, and patient-reported experience measures (PREMs) for other research
studies [30,31].

See Table 1 for a summary of all trial patient measures, time points, and data sources.

We performed a pre-test of telephone surveys. Baseline telephone surveys were
administered 2448 h following recruitment and all telephone surveys were administered
according to CATI®. We provided training to interviewers to ensure standardization and
requested immediate feedback on the first interviews to enable quick adjustments at the
onset of the trial. Interviewers were instructed to perform up to 8 tentative calls per patient.



Int. |. Environ. Res. Public Health 2023, 20, 6496

10 of 25

Table 1. Summary of all trial measures.

Measures

Timepoint Recorded

Data Sources

Effectiveness Outcomes

Primary Care *
PCU point-of-care measurements

All available data points:
6 + 2 M before patient enrollment and
6 + 2 M after patient enrollment

Primary care Electronic Medical Record
(EMR) software (SClinico®)

Process

Pharmacy *
Pharmacy visits
Pharmacy point-of-care measurements
and tests

All available data points:
6 + 2 M after patient enrollment
(no intervention before enrollment)

Pharmacy dispensing claims software
(Sifarma®)

Primary Care *
GP visits
Nurse visits
PCU point-of-care measurements and
tests

All available data points:
6 = 2 M before patient enrollment and
6 + 2 M after patient enrollment

Primary care Electronic Medical Record
(EMR) software (SClinico®)

Medication *
Prescribed
antihypertensive/lipid-lowering
medication

All available data points:
6 + 2 M before patient enrollment and
6 + 2 M after patient enrollment

Primary care prescription claims software
(PEM®)

Economic, Quality, and Preference Outcomes

Quality of Life **
Quality of life

0 and 6 months

Patient telephone survey
™

(EQ-5D-3L™)

Use of Healthcare Resources **
Primary care + hospital ER visits
Hospital outpatient visits
Days in hospital
Working days lost
Travel + waiting time to PCU/Pharmacy
Means of transport + km or cost

0 and 6 months

Patient telephone survey

Behaviors **
Medication adherence

All available data points: 6 £ 2 M before
patient enrollment and
6 + 2 M after patient enrollment
0 and 6 months

Primary care prescription claims software
(PEM®)
Patient telephone survey (MAT-7®)

Patient Experience **
Patient focus group

After the end of the trial

Focus group

Patient Experience **
Patient preferences

After the end of the trial

Patient telephone preference survey

Patient Experience **
Satisfaction with pharmacy care

0 and 6 months

Patient telephone survey

PCU: Primary Care Unit; GP: General Practitioner; ER: emergency room; M: months. * Collected for this study.
** Collected for other studies.

2.5.3. Data Management

We performed data linkage of all real-world datasets through a unique patient iden-
tifier (NHS number) and using a common data model that organizes data from different
sources that are in different formats into a standard structure. We applied data quality
control procedures for data cleaning. We used an encrypted and anonymized file for
the analysis.

Data management was performed in compliance with the protocol, standards, and
legislation, including the GDPR.
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2.6. Sample Size
2.6.1. Sample Size Calculation

Sample size calculation was based on the difference in change in BP and TC from
baseline to 6 months between the intervention and control, considering a 20% drop-out rate
(loss to follow-up), 80% power, and a 5% significance level (two-tailed) to detect change.

We used the literature to guide assumptions for sample size estimates [13,14,16,19,23,52-56].

Assuming a 7 mm Hg difference in BP decrease and a 20 mm Hg standard deviation
(SD), 322 hypertensive patients (161 per arm) were needed.

Assuming a 10.5 mg/dL difference in TC decrease and a 32 mg/dL SD, 366 hyperlipi-
demia patients (183 per arm) were needed.

When looking at clinical significance, a difference of only 5 mmHg in systolic blood
pressure (SBP) decrease is clinically meaningful [57]. Every 1 mmol/L (38.7 mg/dL)
decrease in TC is clinically meaningful [58].

We planned intervention pharmacies to recruit approx. 48 patients per intervention
pharmacy considering a conservative expected proportion of 0.55 of hypertension patients
with hyperlipidemia. We planned control pharmacies to recruit approx. 18 patients per
control pharmacy given the higher number of control vs. intervention pharmacies.

Based on the number of pharmacies, average number of pharmacists per pharmacy, av-
erage sales of hypertension/hyperlipidemia medication per pharmacy per month, and pro-
portion of uncontrolled hypertension and hyperlipidemia patients in Portugal, and on the
assumption that 70% of eligible patients usually consent to participate in a study, 6 months
was the estimated time frame to recruit the target number of patients (~8/3 patients per
month in intervention/control pharmacies).

2.6.2. Interim Analyses

A Data Monitoring Committee was not required due to the short-term nature of the
trial and that the intervention was not expected to cause harm. Early trial termination was
also not foreseen [59]. We planned interim analyses to allow for earlier adjustments [60] in
ICPs, a time window for follow-up assessments at the pharmacy, and statistical methods.
Interim analyses (process indicators) started 3 months after the last patient enrollment date.

2.6.3. Withdrawal Procedures

Patients could withdraw consent to participate in the study at any time without
compromising their routine care and were not replaced. This was specified in the Study
Patient Consent Form. Researchers could also withdraw recruited non-eligible patients.

We considered withdrawal in sample size calculations. All data collected until the loss
to follow-up were used for analysis.

2.7. Other Indicators

We also assessed the following: (1) process indicators; (2) adverse events; (3) pharmacy
profiling.

Process indicators included the following: the number of pharmacy, medical, and
nurse appointments, the number of patients referred for a medical appointment, and the
number of days between referral and medical appointment.

Adverse events of antihypertensive and/or lipid lowering medicines were assessed.

The profiles of intervention and control pharmacies were compared based on potential
differential pharmacy operations and behavioral characteristics capable of influencing the
engagement rate in collaborative care: ratio of pharmacists/pharmacy, daily dispensed
medicines per pharmacist, number of operating hours per week, engagement of pharmacy
director in local or regional leadership, active status in Kaizen™ program, engagement in at
least one national or regional professional patient care initiative, active status in Customer
Loyalty Program, and active status in refill text reminder program (MED180®) which
operates in the pharmacy software Sifarma® 2000 2.9.4.3 (Glintt, Sintra, Portugal). Kaizen™
is a Japanese worldwide recognized concept and methodology for continuous improvement
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of a business by redesigning workflows and improving standardized processes aiming at
eliminating waste and redundancies. The Kaizen™ program for pharmacies is available
for interested pharmacies in Portugal. Pharmacies operating under Kaizen™ are usually
engaged in innovative roles and initiatives.

2.8. Assignment Method

We planned for intervention and control pharmacies to recruit patients with an alloca-
tion ratio of 1:1.

We used matched control municipalities and PCUs to minimize the potential bias of
non-randomization.

2.9. Blinding

Due to the behavioral nature of the intervention, it was not possible to blind interven-
tion PCU, pharmacies, or patients. Controls were blinded by design.

2.10. Statistical Methods
2.10.1. Descriptive Statistics

We used descriptive statistics to describe patient socio-demographics, baseline clinical
and treatment variables, process indicators, and pharmacy profiling.

Continuous data were summarized using mean and SD and median and inter-quartile
range (IQR). Categorical data were presented using frequencies and percentages.

2.10.2. Primary Outcomes

We used the outcomes from the primary care EMR database measured by PCU GPs
and nurses for the statistical analysis.

We first performed a bivariate between-group analysis using the Wilcoxon-Mann—
Whitney and the Chi-square or Fisher Exact Tests, the Wilcoxon Signed-Rank Test for
within-group differences, and McNemar’s Test for differences in proportions.

We then used matched controls with two methods to assess changes in outcomes.

We assessed changes from baseline to 6 months using difference-in-differences (DiD)
estimators in generalized linear models (GLMs) at these two time points. Model assump-
tions were checked, and diagnostics were reported. Adjusted models included other
covariates imbalanced between the groups at baseline, assumed time-invariant.

Statistical significance was assessed at the 5% (two-sided) level.

We also explored the use of controlled interrupted time series (CITS) [61,62] for BP
6 months before and 6 months following the onset of recruitment. We checked the model
and performed sensitivity analysis over a broader time horizon.

The following equation describes the general specification of the DiD model:

Yit = Bo + Btime X Time + PBintervention X Intervention + Pinteraction X 1ime X Intervention + ¢;; @)

where the components are as follows:

Y is the outcome of interest (systolic BP, diastolic BP, and TC).

Time (if dichotomic) is 0 = baseline; 1 = 6 months.

Intervention (dichotomic) is 0 = control group (G2); 1 = intervention group (G1).

In addition, 3 is the intercept, the mean Outcome A in the G2 group at baseline; Btime
is the change in Outcome A in the G2 group between baseline and 6 months; the coefficient
Bintervention 1S the difference in Outcome A between G1 and G2 groups at baseline; and,
finally, Binteraction 15 the difference in slopes between the two groups. In other words, it
is the measure of the difference-in-differences between the two groups used to assess the
impact of the intervention.
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2.10.3. Subgroup Analyses

We performed subgroup GLM analyses of uncontrolled patients at baseline and of
low-income deprived patients to assess whether the effect of the intervention varied by
each subgroup.

2.10.4. Missing Data

Handling of missing data in the primary analysis consisted of available-case analysis,
assuming missing at random (MAR), and we tested the MAR assumption.

Statistical analyses for matching and primary outcome assessment were conducted
using R version 3.5.1. (The R Foundation for Statistical Computing, Vienna, Austria) and
SAS® Enterprise Guide® 4.2 (SAS Institute Inc, Cary, NC, USA). Statistical analysis of
patient-reported variables used IBM® SPSS® Statistics 27 (IBM, New York, NY, USA).

3. Results
3.1. Primary Care Units and Pharmacies

A total of seven Quality Circles involving 27 pharmacists from seven intervention
pharmacies, 6 GPs, and 6 nurses from intervention PCUs took place between June 2016 and
May 2019.

We selected 20 potential control PCUs and narrowed them down to the 5 best-match
control PCUs. A total of 13 control pharmacies (28%) agreed to participate.

Patient recruitment started at the end of May 2018.

3.2. Participant Flow
3.2.1. Patient Flow

A total of 302 patients were invited: 214 accepted and 203 (131 intervention, 72 control)
patients entered the study and were included in the baseline analysis for self-reported data
in the telephone survey. The number of patients in the primary care database was 107 (73
intervention, 34 control) and 114 (80 intervention, 34 control) for the 6 months before and
after recruitment and the start of the intervention, respectively.

We could not find outcome data for the remaining 89 patients in the primary care
database. This may have happened because the last medical appointment of these patients
occurred 12 months before the onset of the trial, because no blood pressure or total choles-
terol was measured for these patients at the PCU in that period, or due to some database
error from daily operations and/or data refresh run by the SPMS (this could not be verified
by the research team).

Figure 3 provides an overview of patient flow throughout each stage of the study.

3.2.2. Protocol Deviations

After we successfully implemented IT developments for data exchange between the
pharmacy dispensing claims software Sifarma® 2000 2.9.4.3 (Glintt, Sintra, Portugal) and the
EMR software Vitacare® 2016 (HIS, Lisboa, Portugal) used by the intervention PCU at that
time, this was live tested by GPs, nurses, and pharmacists during the fifth Quality Circle in
September 2016, and the onset of recruitment was set for November 2016. However, the
EMR software private proprietor HIS unexpectedly plead insolvency in Portugal in 2017.
The SPMS then replaced Vitacare® 2016 (HIS, Lisboa, Portugal) with their public EMR
software SClinico® (SPMS EPE, Lisboa, Portugal) in the intervention PCU in June 2017 and
all data exchange interface processes had to be redesigned in the new EMR software. The
recruitment started 18 months later.

The collaborative intervention IT components—exchange of point-of-care measure-
ments, request for a repeat prescription, request for a medical appointment, feedback from
GP—were, however, either available extremely late or with limitations in the new primary
care EMR software SClinico® 2018 (SPMS EPE, Lisboa, Portugal) for most of the trial.
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Intervention Group

Invited to participate (n=206)

¢ (n=70) refused to participate

Assessed for eligibility (n=136)

Excluded (n=5)
¢ (n=4) no inclusion criteria:
— no medication for HTN/LIP
¢ (n=1) baseline data
collection not completed

A 4

Entered the study
(n=131 for patient reported data
n=73 for primary care data)

(n=73) patients with available data over the
6 months prior to onset of recruitment*
(23 HTN + 17 LIP+ 33 HTN+LIP)

¢ (n=53) SBP

¢ (n=53) DBP

¢ (n=53) BP control

¢ (n=22) TC

(n=0) withdrawals

(n= 50) lost to follow-up or
not in primary care database
(n=1) deaths (reported)

(n=80) patients with available data over the
6 months following onset of recruitment*
(21 HTN + 18 LIP+ 41 HTN+LIP)

¢ (n=58) SBP

* (n=58) DBP

¢ (n=58) BP control

¢ (n=30) TC

Usual Care Group

Invited to participate (n=96)

¢ (n=18) refused to participate

Assessed for eligibility (n=78)

Excluded (n=6)

for HTN/LIP

—»{ ¢ (n=6) no inclusion criteria:
no / not known medication

A 4

Entered the study
(n=72 for patient reported data
n=34 for primary care data)

(n=34) patients with available data over the
6 months prior to onset of recruitment*
(9 HTN + 5 LIP+ 20 HTN+LIP)

¢ (n=29) SBP

¢ (n=29) DBP

¢ (n=29) BP control

¢ (n=12) TC

(n=0) withdrawals

(n=0) deaths (reported)

(n=38) lost to follow-up or
not in primary care database

(n=34) patients with available data over the
6 months following onset of recruitment*
(6 HTN + 3 LIP+ 25 HTN+LIP)

¢ (n=27) SBP

¢ (n=27) DBP

¢ (n=26) BP control

¢ (n=14) TC

HTN: Hypertension patients; LIP: Hyperlipidemia patients; SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; BP: Blood Pressure; TC:

Total Cholesterol
* Considering primary outcomes in the primary care database

Figure 3. Flowchart of patients throughout each stage of the study.
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Uncontrolled patients at baseline became no longer a patient compulsory inclusion
criterion due to difficulties experienced by pharmacists in identifying baseline uncontrolled
patients at recruitment after the 18-month delay.

Five Quality Circles took place in 2016, none in 2017, and two at the onset of recruitment.

All seven Quality Circles took place on weekdays in the evening with a self-service
standing welcome dinner in an informal environment as an icebreaker between primary
care GPs, nurses, and pharmacists. The work was conducted for 3 hours by the PCU
physician coordinator, trial monitor, and lead researcher, and co-chaired by the project
physician leader and a board member of the National Association of Pharmacies.

The first Quality Circle started with a motivation/team-building speaker followed by
a presentation of teams, a brief description of the project, a discussion, and a wrap-up.

Five more Quality Circles took place in the planned onset year (2016), addressing
adjustments in ICPs, live testing data exchange with simulated patient case studies, and
presenting the Feedback Reports to enhance recruitment and retention and improve fidelity.

Following the insolvency of the primary care software proprietor HIS, no Quality
Circles took place. The last two Quality Circles took place at the onset of the trial to present
the major features of the data exchange in the new primary care EMR software. As most IT
features were now limited, this affected providers” engagement.

3.3. Recruitment

Patient recruitment took place from May to 30 November 2018 and follow-up data
collection ended on 31 July 2019 (6 £ 2 months after the last recruited patient).

3.4. Baseline Data and Baseline Equivalence

Intervention patients are more economically deprived, without formal education, and
older than the national average. The proportion of patients with ICPC-2 codes K86 and K87
diagnosis (hypertension), T93 diagnosis (lipid metabolism disorder), and T82 diagnosis
(obesity) is similar to the national average.

Intervention and control patients were similar at baseline for most characteristics,
as expected: gender, employment status, smoking status, most comorbidities, number of
regular medicines per patient, number of years since onset, number and class of antihyper-
tensive agent, and class of lipid-lowering medicine (p > 0.05). Intervention patients have
more education years, higher income, lower Body Mass Index (BMI), and are less likely
to be on simultaneous antihypertensive and lipid-lowering medications (p < 0.05). These
variables were covariates in the multivariate analysis (see Table 2).

Table 2. Patient demographics and clinical variables at baseline.

. . . Intervention Control p-Value for
Demographics and Case Mix at Baseline (1 = 131) 1 =72) Difference (a)
Gender (Telephone baseline survey)
Female, 1 (%) 82 (62.6%) 43 (59.7%) 0.6872
Male, 1 (%) 49 (37.4%) 29 (40.3%)
Age, years (mean =+ SD) (Telephone baseline survey) 66.4 + 10.8 64.0 +9.8 0.0497

Education (Telephone baseline survey)
No. years compulsory education, mean (SD) 9.1 (4.6) 7.5 (4.6) 0.0214
Education < elementary school 3rd cycle (current 9th grade/former

5th grade/technical schools), 1 (%) 64 (58.7%) 45 (75.0%) 0.0343
NR 22 12
Employment status (Telephone baseline survey)
Retired/pensioner + permanently disabled + unemployed + 81 (74.3%) 41 (68.4%) 0.4065

household tasks, 1 (%)
NR 22 12
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Table 2. Cont.
. . . Intervention Control p-Value for
Demographics and Case Mix at Baseline (o = 131) =72 Difference (a)
Income status (Telephone baseline survey)
Approx. monthly equivalent income per person (=household income
average threshold/ no. of equalized individuals in household) in 846.30 (569.14) 614.52 (411.54) 0.0058
EUR (SD) NR = 74
Approx. monthly household income (= household income average
threshold) in EUR (SD) NR = 72 1282.76 (854.84) 943.48 (602.83) 0.0204
<EUR 501.20 (n, %) 23 (26.7%) 22 (48.9%) 0.0113
NR 45 27
Municipality Purchasing Power Index 95 92,5
Smoking status (n, %) (Telephone baseline survey)
Smoker (Yes) 11 (9.9%) 5 (8.3%) 0.7355
NR 20 12
2
Body Mass Index (mean kg/m" + SD) 27.0 + 4.2 284 +45 0.02815
(Telephone baseline survey)
Comorbidities (NR = 7) *
No. comorbidities per patient (mean + SD) 1.9 (1.7) 2.3(1.8) 0.0988
>1 (n,%) 97 (75.8) 62 (91.2)
Ischemic heart disease: hypertension 27 (21.1) 27 (39.7) 0.0055
Gastroesophageal reflux disease 29 (22.7) 16 (23.5) 0.8900
Anxiety 29 (22.7) 13 (19.1) 0.5655
Depression 27 (21.1) 13 (19.1) 0.7439
Congestive heart failure 18 (14.1) 12 (17.6) 0.5070
No. regular medicines per patient (Primary care software)
Mean, (SD) 45(2.7) 4.8 (2.8) 0.3916
Minimum-maximum 0-13 0-13
Medication profile
(Pharmacy and primary care software, telephone baseline survey)
Antihypertensive medication (1, %) 44 (33.6%) 19 (26.4%) 0.0117
Lipid-lowering medication (1, %) 36 (27.5%) 10 (13.9%)
Antihypertensive and lipid-lowering medication (1, %) 51 (38.9%) 43 (59.7%)
Number of years since onset (mean £ SD)
(Telephone baseline survey)
Antihypertensive medication 5.4 (5.6) 6.3 (6.7) 0.8698
Lipid-lowering medication 44 (4.4) 5.9 (6.8) 0.4041
Antihypertensive medication (Primary care software)
No. antihypertensive medicines per patient (mean + SD) 1.5(0.7) 1.7 (0.9) 0.3950
ACEi/ARB (C09) 83 (64.8%) 51 (75.0%) 0.1456
Alpha-blocker (C02CA) 1 (0.8%) 1 (1.5%) 1.0000
Beta-blocker (C07) 23 (18.0%) 16 (23.5%) 0.3533
Loop diuretics (CO3CA + C03CA) 12 (9.4%) 9 (13.2%) 0.4056
Thiazides (C03A) 0 (0.0%) 0 (0.0%) NA
Calcium channel blocker (C08) 11 (8.6%) 14 (20.6%) 0.0166
Other (C02 + C03)-(C02CA + C03A + C03CA + C03CB) 11 (8.6%) 6 (8.8%) 0.9566
Lipid-lowering medication (Primary care software)
Statin (C10AA + C10BA + C10BX) 67 (52.3%) 38 (55.9%) 0.6363
Ezetimibe (C10AX09) 1 (0.8%) 1 (1.5%) 1.0000
Fibrates (C10AB) 2 (1.6%) 2 (2.9%) 0.6107
Other (C10-(C10AA + C10BA + C10BX + C10AB + C10AX09) 0 (0.0%) 0 (0.0%) NA

ACELI: Angiotensin-Converting-Enzyme Inhibitor; ARB: Angiotensin II Receptor Blockers; NR: non-respondents;

NA: not available. * Top 5 comorbidities presented. (a) Wilcoxon-Mann-Whitney/Chi-square.

3.5. Numbers Analyzed

We report the number of participants and considered an intention-to-treat (ITT) population.
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3.6. Outcomes and Estimation
3.6.1. Using Difference-in-Differences in GLM

The bivariate analysis showed that intervention and control patients were similar at
baseline regarding BP and TC, and most patients were already controlled at baseline. We
observed no change from baseline in outcomes (p > 0.05).

After adjusting the effect of intervention vs. control group for covariates there was
still no meaningful change in systolic BP (7.48 mm Hg; 95% CI, —4.17 to 19.33) or TC
(22.12 mg/dL; 95% CI, —15.37 to 59.61). The wide CIs express the uncertainty.

The adjusted odds ratio for intervention patients achieving BP control at 6 months is
not statistically significant.

We could not observe significant differences in the subgroup of uncontrolled patients
at baseline or in the subgroup of most income-deprived patients either (Table 3).

Table 3. Unadjusted and adjusted effect of intervention vs. control at 6 months.

Model 1

Unadjusted Model 2
Outcome ) p-Value Adjusted Effect p-Value
Effect (95% CI) *
(95% CI) ?
All patients
Systolic BP, mm Hg —2.08 (—12.09; 7.94) 0.6844 7.48 (—4.17;19.33) 0.2062
Diastolic BP, mm Hg —0.42 (—7.74; 6.90) 0.9100 1.66 (—6.46;9.78) 0.6887
BP control ** 1.14 (0.31; 4.24) 0.8477 0.85(0.17; 4.32) 0.8444
TC, mg/dL 12.84 (—19.70; 45.38) 0.4392 22.12 (—15.37; 59.61) 0.2475
TC control ** 0.22 (0.01; 3.17) 0.2629 - -
Subgroup uncontrolled at baseline
Systolic BP, mm Hg —2.47 (—16.60; 11.65) 0.7315 5.41 (—8.10; 18.92) 0.4325
Diastolic BP, mm Hg —1.23 (—13.63; 11.17) 0.8458 1.34 (—13.34; 16.03) 0.8579
TC, mg/dL 44.88 (—4.58; 94.34) 0.0753 36.93 (0.57; 73.28) 0.0465
Subgroup most income deprived (<501.20 €/month)
Systolic BP, mm Hg 10.88 (—5.17; 26.94) 0.1840 10.85 (—5.77; 27.47) 0.2006
Diastolic BP, mm Hg 6.79 (—4.50; 18.07) 0.2384 6.11 (—5.47;17.69) 0.3009
BP control ** 0.79 (0.07; 8.45) 0.8484 1.05 (0.09; 12.64) 0.9705
TC, mg/dL

TC control **

19.61 (—26.87; 66.10) 0.4082 —1.41 (—52.64; 49.83) 0.9571

BP: blood pressure; TC: total cholesterol. Scaled Deviance between 1.02 and 1.62. For BP control and TC control
outcome models, Hosmer and Leme show goodness of fit p > 0.05 and Wald statistic p > 0.05. * Adjustment for
baseline covariates (age, level of education, BMI, individual monthly income, most income deprived < EUR
501.20/month). OBS: Subgroup analysis of most income-deprived excluded income covariates. ** Results of the
interaction term expressed as the ratio of odds ratio.

We found no significant difference between patients with missing and completed
6-month BP and/or TC levels after assessing for MAR assumption.

3.6.2. Using Controlled Interrupted Time Series (CITS)

When using a CITS, the trend effect of the intervention vs. control group in systolic
BP change, although negative (—0.43 mm Hg), is not significant (95% CI, —4.93 to 4.07)
(Figure 4).
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Figure 4. CITS trend effect in systolic BP 6 months before/after; G1: intervention; G2: control.

We can also observe a downward trend effect (improvement) that seems more pro-
nounced in the 6 months preceding the onset of recruitment for both groups.

The same observation applies to diastolic BP change (0.48 mm Hg; 95% CI, —2.00 to
2.96) (Figure 5).

In the sensitivity analysis using results from the 12 months before and after interven-
tion, the trend effect remains not significant for systolic BP (0.40 mm Hg; 95% CI, —2.22 to
1.41) or diastolic BP (0.29 mm Hg; 95% CI, —0.65 to 1.23), although the CI is narrower.

y =-1.00003x + 79.44774

y =-0.43452x + 80.62048
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Time before/after onset of trial (months)
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Figure 5. CITS trend effect in diastolic BP 6 months before/after; G1: intervention; G2: control.

3.7. Process Indicators

The mean (SD) number of pharmacy appointments per intervention patient was just
1.9 (1.1), below what was expected under the ICP. Intervention pharmacies requested a
medical appointment for 25 (19%) patients, of which 56% were within 30 days. Based on
PCU-reported data for each patient, the mean (SD) number of days between the referral and
medical appointment per patient was 57.7 (50.4). For patients with a medical appointment
requested within 30 days, the mean number (SD) was 73.1 (57.4), exceeding by 2.4 times
the pre-agreed time interval in the ICP.

These process indicators do not exist for control patients as no intervention was in place.
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3.8. Adverse Events

Adverse events or unintended effects from the intervention itself were not reported.

Pharmacists reported adverse drug events, and the research team reported them to
the National Pharmacovigilance System of the Portuguese Medicines Agency INFARMED
in 2018 for three patients: one intervention patient, a female aged 61 (atorvastatin 20 mg);
two control patients, one male aged 68 (furosemide 40 mg, trandolapril 2 mg, and amlodip-
ine 10 mg) and one female (amlodipine + valsartan).

3.9. Pharmacy Profiling

Intervention and control pharmacies were similar in all potential differential operation
and behavioral characteristics, except for the mean daily volume of dispensed medicines
per pharmacist and the active status in the refill text reminder program (Table 4).

Table 4. Profile of intervention and control pharmacies at baseline.

Intervention Control
Pharmacy Profiling * Pharmacies Pharmacies p-Value

n=7) (n=13)
Ratio of pharmacists/pharmacy, mean (SD) 44 (2.6) 3.7 (1.5) 0.6011
Number of daily dispensed POM and NPM per pharmacist, mean (SD) 62.3 (17.6) 122.5 (43.9) 0.0015
Number of operating hours per week, mean (SD) 63.6 (16.2) 76.7 (29.6) 0.1770
Engagement of pharmacy director in local /regional leadership, 1 (%) 1(14.3) 1(7.7) 1.0000
Active status in Kaizen™, 1 (%) 5(71.4) 11 (84.6) 0.5868
Engagement in at least one national/regional professional initiative, 1 (%) 6 (85.7) 12 (92.3) 1.0000
Active status in Pharmacy Customer Loyalty Program Saida®, n (%) 5(71.4) 11 (84.6) 0.5868
Active status in MED180® (refill text reminder), (%) 6 (87.5) 0(0.0) 0.0001

POM: Prescription-Only Medicines; NPM: Non-Prescription Medicines; * 2018 or last available date provided by
ANF, hmR, Farmacias Portuguesas®, Portuguese Pharmaceutical Society, and Adjustt, CEFAR.

4. Discussion
4.1. Summary of Findings

This collaborative trial was not able to establish effectiveness versus usual care, unlike
other effectiveness trials in hypertension management conducted in community pharma-
cies [19,23]. We discuss further this study’s limitations that may explain the possible reasons
for not achieving our goal, as well as its strengths and future implications for research,
policy, and practice.

4.1.1. Limitations

We could not achieve a large enough sample size to rule out uncertainty. The low
sample size was due to difficulty in recruitment, despite extending the recruitment to one
more month (7 months in total). This may have been caused by the unexpected change in
the primary care software, as further explained.

The unexpected change in the primary care software caused an 18-month delay in the
onset of recruitment, due to an adjustment period, data migration, permissions from the
new software provider, and a redesign of all interface processes required for the IT-driven
collaborative care workflow between intervention pharmacies and the PCU. The delay in
the planned onset of recruitment had further consequences.

We started workshops and Quality Circles in 2016 (expected onset of recruitment).
However, the actual onset of recruitment occurred in 2018. During this gap period, the gov-
ernment enacted national legislation creating specialized family health nurses in PCUs and
performance incentives for nurses [63-65]. These incentives may have prompted immediate
practice improvements by nurses in 2017 both in intervention and control groups. In fact,
despite non-significance, we observed a downward trend in blood pressure (improvement)
that was more pronounced in the 6 months preceding the onset of recruitment (end of
2017 /beginning of 2018), which may help to explain why the proportion of controlled pa-
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tients was already high at baseline recruitment. In addition, we must consider the possible
Hawthorne effect in the intervention group with the first Quality Circles in 2016, which
may have prompted the downward trend in blood pressure in the 6 months preceding
recruitment, thus also explaining the higher proportion of controlled patients at baseline
in 2018. In other words, intervention pharmacists may have behaved differently (e.g.,
improving care) between 2016 and 2018 because they knew they were being observed.

As a result of the challenges encountered in the real-world trial, we could not achieve a
large enough sample size as planned per protocol. These challenges may have also lowered
the potential for further improvement as a higher proportion of uncontrolled patients
eligible for recruitment may have existed earlier in 2016 but no longer in 2018, again visible
in the downward trend in blood pressure before the onset of the recruitment.

The interoperability issues with the new EMR software SClinico® affected the decision
algorithms containing the Integrated Care Pathways, which may have also led to a less
powerful intervention, although this is not visible with a low sample size.

It was not possible to randomly select the intervention PCU, and this may have caused
selection bias issues which we sought to address by using matched controls, control of
covariates, and CITS. Future similar non-randomized real-world trials could also benefit
from going one step further and exploring the use of a CITS with synthetic controls, an
optimization procedure using the outcome variables from the potential controls and any
predictor variables to select the best weighting of control units such that the level and trend
of the preintervention synthetic control most closely match the intervention [66].

We realize other technical patient inclusion criteria, such as smartphones and online
registration to consent to data exchange, may have caused selection bias, but this was part
of the intervention package.

Overall, looking at the mechanism by which the intervention was intended to work,
we identify weaknesses in three of Wagner’s Chronic Care Model components: clinical
information systems, delivery system design, and community resources. Furthermore, the
limitations experienced in this trial negatively affected providers” and patients” engage-
ment, behavior change, and improvements in outcomes of Blalock’s IMB framework.

4.1.2. Strengths

From a research perspective, this study had some strengths, namely the use of a
pragmatic controlled design to assess effectiveness, real-world evidence from various data
sources [34-37,60], intent-to-treat analyses, control of baseline covariates [32], matched
controls with a CITS [61,62], a comorbidity algorithm derived from prescribed medicines
to classify comorbidities, which is useful in the absence of diagnosis data [51], an impact as-
sessment on equity, and economic and qualitative data collected alongside this trial [29]. We
did not match at the pharmacy level, but we checked for differences between intervention
and control pharmacies using operating and behavioral characteristics.

From a policy and practice perspective, this first collaborative trial presents a coher-
ent set of tentative innovative strategies on all five levels, designed to foster real-world
integrated care [67]: the first collaborative technology-driven trial between pharmacies
and primary care providers (administrative); a Privacy Impact Assessment as per the
GDPR (administrative); consensus-based care pathways integrated into pharmacy software
and, hence, into the pharmacy daily workflow (clinical); options for patients to consent to
data sharing involving community pharmacists are now available in the Consent Form
of the NHS Patient EHR (organizational); the kick-off of work in technology communica-
tion between pharmacies and NHS primary care providers (service delivery); refill SMS
reminders to patients (clinical); Quality Circles (organizational); and an experimental risk—
share bundled payment model for pharmacies in the trial (funding) to mimic the desired
real-world practice.

Future pharmacy collaborative real-world trials should aim at PCUs with capitation or
bundled-payment models or, in the case of Portugal, models that use a pay-for-performance
component (PCUs model “B”) since these PCUs have financial incentives to reach quality
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targets and may provide more realistic opportunities to expand collaborative care with
pharmacies [68].

Finally, the Decree-Law no. 62/2016, a national binding legislation enacted in 2016,
contains the first reference to the possibility of contractual arrangements with Portuguese
pharmacies to provide a defined scope of collaborative services with primary care providers
and remunerate them if they are effective and cost effective, representing an opportunity
to expand pharmacy collaborative real-world trials with primary care providers using the
lessons learned from this trial [69].

5. Conclusions

Considering the many limitations described, our findings are not generalizable for
community pharmacies and primary care providers in Portugal.

This first collaborative trial was not able to show effectiveness versus usual care, most
likely due to unexpected changes in the primary care EMS software which affected the
sample size and interoperability.

Nevertheless, this project offers valuable lessons on tentative exploratory innovative
methods, strategies, and real-world evidence from various data sources, paving the way
for advancing integrated care between pharmacies and primary care providers through the
use of more real-world effectiveness trials capable of using digital health, interoperability
between systems, combined health targets, and performance incentives to close the gap
between efficacy and effectiveness.

This is required to improve patient outcomes at affordable costs to the health system
towards the goal of value-based healthcare.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/ijerph20156496/s1, S1: Criteria for intervention and control Primary
Care Units and pharmacies; S2: Patient Information Leaflet; S3: List of study sites; S4: Description of
intervention package (as planned) based on the TIDieR (Template for Intervention Description and
Replication) Checklist; S5: Feedback Report example to intervention pharmacies; S6: Experimental
bundled payment model for USFarmacia® pharmacy services. References [70,71] are cited in the
supplementary materials.

Author Contributions: This manuscript reports work that is part of the first author’s Ph.D. Thesis in
Public Health, with a specialization in Health Economics (thesis successfully defended). Conceptual-
ization, S.C.; methodology, S.C., ].L.B.,, M.R.H. and D.K.H,; software, ].G. and PH.; validation, A.M.;
formal analysis, S.C. and J.G; investigation, S.C.,J.L.B.,, MR H., SR, M.C, M.R,, ATR. and AS.B.;
resources, ].L.B.,, M.R.H., A T.R. and A.S.B,; data curation, ].G., PH. and S.R.; writing—original draft
preparation, S.C.; writing—review and editing, S.C.,].L.B.,, M.R.H,,SR,, ].G., PH., M.C, MR, ATR,,
AM., APM, ASB.,].P,CM. and D.K.H,; visualization, S.C. and J.G.; supervision, AM., APM,, ].P,
C.M. and D.K.H.; project administration, S.C.; funding acquisition, S.C. and M.R.H. All authors have
read and agreed to the published version of the manuscript.

Funding: This trial was promoted by the Agrupamento dos Centros de Satide (ACeS) (NHS Group of
Primary Care Units) of the Baixo Mondego Region and the Associagao Nacional das Farmacias (ANF)
(Portuguese National Association of Pharmacies) and was funded by the ANF. Hartmann supplied
blood pressure monitors to intervention pharmacies. Trial Registration Number: ISRCTN13410498.
S.C. paid for the open-access publication fee for this manuscript.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Regional Health Administration (‘“Administracao Regional de Satde,’
or ARS Centro), which approved the trial and study on 9 February 2017 following the opinion of its
Ethics Committee (‘Comissao de Etica para a Satide’ of ARS Centro”) on 1 February 2017 for studies
involving humans. The Ethics Committee ‘Instituto de Bioética’ of Universidade Catdlica Portuguesa
also approved the study (Ethical Screening Report 02/2018) on 20 March 2018. Trial Registration:
Current Controlled Trials (ISRCTN): ISRCTN13410498, retrospectively registered on 12 December
2018: https:/ /www.isrctn.com /ISRCTN13410498.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.


https://www.mdpi.com/article/10.3390/ijerph20156496/s1
https://www.mdpi.com/article/10.3390/ijerph20156496/s1
https://www.isrctn.com/ISRCTN13410498

Int. |. Environ. Res. Public Health 2023, 20, 6496 22 of 25

Data Availability Statement: The datasets presented in this article are not readily available because
the raw data supporting the conclusions of this article contain potentially identifying and sensi-
tive patient information and are deposited in the Institute for Evidence-Based Health (ISBE) data
repository. This includes anonymized, non-identifiable patient-level data linked to pharmacy and
patient surveys in compliance with privacy regulations. This dataset may be available for unre-
stricted use to researchers upon request (isbe@isbe.research.ulisboa.pt). Patient-level data linked
to primary care was obtained from SPMS. Requests to access this dataset should be directed to
https:/ /www.spms.min-saude.pt/.

Acknowledgments: This trial has evaluated a complex health intervention and the research team
wishes to acknowledge the many people who have contributed to this project. We dedicate this
research to the memory of Olivier Bugnon, from Unisanté of the University of Lausanne, for his
contribution to the first Quality Circles between pharmacists and physicians in Switzerland. We
express our gratitude to all pharmacists, GPs, nurses, and patients involved in this trial. We would
like to thank the following individuals: Barry Carter, at the College of Pharmacy University of Iowa
and Joint National Committees on Detection, Evaluation, and Treatment of High Blood Pressure (JNC-
5,6, 7 and 8), and Daniel Touchette, at the University of Illinois, for their valuable methodological
inputs before the onset of the trial; Timothy Chen, at the Faculty of Medicine and Health University of
Sidney, for insights on interprofessional face-to-face meetings in Australia; Anabela Madeira, Isabel
Jacinto, Inés Miranda, Paula Teixeira, Joana Pinto, Sandra Mendes, Hugo Maia, Alexandra Simoes,
Rita Santos, Joana Cunha, and the task force team of the ANF; Julio Rodrigues and Ana Godinho
at Farminveste and Filipe Amorim at Glintt for IT developments in Sifarma®; Nuno Neves, ANF
Chief Security Officer, for inputs to the Privacy Impact Assessment; Silvia Rodrigues, ANF Board
of Directors (at the time of trial), for co-chairing Quality Circles; Paula David, for trial preparations,
onset, and recruitment; Carla Torre, for inputs to the study synopsis and ethics submission; Ruben
Pereira, for performing the cluster analysis for potential control municipalities, and Paulo Carvalhas
and Débora Figueira, for assisting with data management, at CEFAR; Rui Costa and Rita Garcia
at Spirituc for supervising telephone interviews and data collection; Henrique Martins, Anténio
Alexandre, Arlete Monteiro, Cristiano Marques, Cristiana Maia, Jodo Pedro Martins, and Ricardo
Vicente, at SPMS, for IT developments in the Consent Form of the NHS Patient EHR RSE® and in the
EMR software SClinico® and for extracting and providing the primary care datasets.

Conflicts of Interest: S.C. was employed by the Associacao Nacional das Farmacias (ANF) (National
Association of Pharmacies) at the time of trial onset and recruitment preceding this research until 2019.
PH. was employed by the ANF at the time of the trial and research. M.R.H.,, SR, ].G.,, M.C., M.R.
and A.T.R. are employed by the ANF. D.K.H. has given talks in Portugal on American innovative
pharmacist-led collaborative interventions for which travel and accommodation costs have been
reimbursed by the ANF. J.L.B., AM., A PM., AS.B., ].P. and C.M. declare that they have no known
conflicts of interest. The funder had no role in the design of the study; in the collection, analysis, or
interpretation of data; in the writing of the manuscript; or in the decision to publish the results.

References

1.

Espiga de Macedo, M.; Ferreira, R. A Hipertensao Arterial nos Cuidados de Satide Primdrios, em Portugal: Contributo para
o conhecimento epidemiolégico da populagao em 2013. Hypertension in Primary Health Care in Portugal: Contribution to
knowledge in population epidemiology in 2013. Rev. Factores Risco 2015, 36, 47-56. (In Portuguese)

Mariano, C.; Antunes, M.; Rato, Q.; Bourbon, M. _e_LIPID: Caraterizagao do perfil lipidico da populagao portuguesa. e-LIPID:
Lipid profile of Portuguese population. Bol. Epidemiol. 2015, 14, 7-10. (In Portuguese)

Marques da Silva, P.; Lima, M.J.; Neves, PM.; Espiga de Macedo, M. Prevalence of cardiovascular risk factors and other
comorbidities in patients with hypertension in Portuguese primary health care populations: The PRECISE study. Rev. Port.
Cardiol. 2019, 38, 427-437. [CrossRef]

OECD/European Observatory on Health Systems and Policies. Portugal: Country Health Profile 2021, State of Health in the EU;
OECD Publishing: Paris, France, 2021.

World Health Organization Regional Office for Europe. Health Services Delivery Programme. Division of Health Systems and
Public Health. Ambulatory Care Sensitive Conditions in Portugal—April 2016. Available online: https://www.euro.who.int/en/
countries/portugal /publications /ambulatory-care-sensitive-conditions-in-portugal-2016 (accessed on 15 December 2022).
Sarmento, J.; Rocha, ].V.M.; Santana, R. Defining ambulatory care sensitive conditions for adults in Portugal. BMC Health Serv.
Res. 2020, 20, 754. [CrossRef] [PubMed]


https://www.spms.min-saude.pt/
https://doi.org/10.1016/j.repc.2018.09.011
https://www.euro.who.int/en/countries/portugal/publications/ambulatory-care-sensitive-conditions-in-portugal-2016
https://www.euro.who.int/en/countries/portugal/publications/ambulatory-care-sensitive-conditions-in-portugal-2016
https://doi.org/10.1186/s12913-020-05620-9
https://www.ncbi.nlm.nih.gov/pubmed/32799880

Int. |. Environ. Res. Public Health 2023, 20, 6496 23 of 25

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Kickbusch, L; Gleicher, D. Governance for Health in the 21st Century; WHO/Europe: Copenhagen, Denmark, 2012; Avail-
able online: https:/ /www.euro.who.int/en/publications/abstracts/governance-for-health-in-the-21st-century (accessed on
15 December 2022).

European Observatory on Health Systems and Policies. Eurohealth 2012. 18 (3). Available online: https://www.euro.who.int/__
data/assets/pdf_file/0017/174410/EuroHealth-v18-n3.pdf (accessed on 15 December 2022).

World Health Organization Regional Office for Europe. Population-Based Model Kaiser Permanente Pyramid. Integrated Care
Models: An Overview. Available online: http://www.euro.who.int/__data/assets/pdf_file/0005/322475/Integrated-care-
models-overview.pdf (accessed on 15 December 2022).

Blalock, S.J.; Roberts, A.W.; Lauffenburger, J.C.; Thompson, T.; O’Connor, S.K. The effect of community pharmacy-based
interventions on patient health outcomes: A systematic review. Med. Care Res. Rev. 2013, 70, 235-266. [CrossRef] [PubMed]
Chisholm-Burns, M.A.; Kim Lee, J.; Spivey, C.A.; Slack, M.; Herrier, R.N.; Hall-Lipsy, E.; Graff Zivin, J.; Abraham, I.; Palmer, J.;
Martin, J.R.; et al. US pharmacists’ effect as team members on patient care: Systematic review and meta-analyses. Med. Care 2010,
48,923-933. [CrossRef]

Rotta, I; Salgado, T.M; Silva, M.L.; Correr, C.J.; Fernandez-Llimos, F. Effectiveness of clinical pharmacy services: An overview of
systematic reviews (2000-2010). Int. J. Clin. Pharm. 2015, 37, 687-697. [CrossRef]

Carter, B.L.; Ardery, G.; Dawson, ].D.; James, P.A.; Bergus, G.R.; Doucette, W.R.; Chrischilles, E.A.; Franciscus, C.L.; Xu, Y.
Physician and pharmacist collaboration to improve blood pressure control. Arch. Intern. Med. 2009, 169, 1996-2002. [CrossRef]
Carter, B.L.; Rogers, M.; Daly, J.; Zheng, S.; James, P.A. The potency of team-based care interventions for hypertension: A
meta-analysis. Arch. Intern. Med. 2009, 169, 1748-1755. [CrossRef]

Charrois, T.L.; Zolezzi, M.; Koshman, S.L.; Pearson, G.; Makowsky, M.; Durec, T.; Tsuyuki, R.T. A systematic review of the
evidence for pharmacist care of patients with dyslipidemia. Pharmacother. J. Hum. Pharmacol. Drug Ther. 2012, 32, 222-233.
[CrossRef]

Ellis, S.L.; Carter, B.L.; Malone, D.C.; Billups, S.J.; Okano, G.J.; Valuck, R.J.; Barnette, D.J.; Sintek, C.D.; Covey, D.; Mason, B,;
et al. Clinical and economic impact of ambulatory care clinical pharmacists in management of dyslipidemia in older adults: The
IMPROVE study. Pharmacotherapy 2000, 20, 1508-1516. [CrossRef]

Machado, M.; Bajcar, J.; Guzzo, G.C.; Einarson, T.R. Sensitivity of patient outcomes to pharmacist interventions. Part II: Systematic
review and meta-analysis in hypertension management. Ann. Pharmacother. 2007, 41, 1770-1781. [CrossRef]

Machado, M.; Nassor, N.; Bajcar, ].M.; Guzzo, G.C.; Einarson, T.R. Sensitivity of Patient Outcomes to Pharmacist Interventions.
Part III: Systematic Review and Meta-Analysis in Hyperlipidemia Management. Ann. Pharmacother. 2008, 42, 1195-1207.
[CrossRef]

Robinson, J.D.; Segal, R.; Lopez, L.M.; Doty, R.E. Impact of a pharmaceutical care intervention on blood pressure control in a
chain pharmacy practice. Ann. Pharmacother. 2010, 44, 88-96. [CrossRef]

Santschi, V.; Chiolero, A.; Colosimo, A.L.; Platt, R W.; Taffé, P.; Burnier, M.; Burnand, B.; Paradis, G. Improving blood pressure
control through pharmacist interventions: A meta-analysis of randomized controlled trials. . Am. Heart Assoc. 2014, 3, e000718.
[CrossRef]

Straka, R.J.; Taheri, R.; Cooper, S.L.; Smith, ]J.C. Achieving cholesterol target in a managed care organization (ACTION) trial.
Pharmacotherapy 2005, 25, 360-371. [CrossRef]

Costa, S.0. Impacto dos Cuidados Farmacéuticos em Doentes Hipertensos The Impact of Pharmaceutical Care in Hypertensive
Patients. Master’s Thesis, NOVA Medical School, Universidade NOVA de Lisboa, Lisbon, Portugal, 2001. (In Portuguese).
Chabot, I.; Moisan, J.; Grégoire, J.-P.; Milot, A. Pharmacist intervention program for control of hypertension. Ann. Pharmacother.
2003, 37, 1186-1193. [CrossRef]

Rogers, E. Diffusion of Innovations, 3rd ed.; New York Free Press: New York, NY, USA, 1983.

Bully, P; Sanchez, A.; Zabaleta-del-Olmo, E.; Pombo, H.; Grandes, G. Evidence from interventions based on theoretical models
for lifestyle modification (physical activity, diet, alcohol and tobacco use) in primary care settings: A systematic review. Prev. Med.
2015, 76, S76-593. [CrossRef]

Holmes, E.AE,; Hughes, D.A.; Morrison, V.L. Predicting adherence to medications using health psychology theories: A systematic
review of 20 years of empirical research. Value Health 2014, 17, 863-876. [CrossRef]

Bodenheimer, T.; Wagner, E.H.; Grumbach, K. Improving Primary Care for Patients With Chronic Illness. JAMA 2002, 288, 1775.
[CrossRef]

Costa, S. Economic Evaluation of Pharmacy Services in Portugal. In Economic Evaluation of Pharmacy Services; Babar, Z.U., Ed.;
Elsevier: London, UK, 2017; pp. 183-192. [CrossRef]

Costa, S.; Cary, M.; Helling, D.K,; Pereira, J.; Mateus, C. An overview of systematic reviews of economic evaluations of
pharmacy-based public health interventions: Addressing methodological challenges. Syst. Rev. 2019, 8, 272. [CrossRef]

Costa, S.; Guerreiro, J.; Teixeira, I.; Helling, D.K.; Pereira, J.; Mateus, C. Cost-Effectiveness and Cost-Utility of Hypertension and
Hyperlipidemia Collaborative Management between Pharmacies and Primary Care in Portugal Alongside a Trial Compared
With Usual Care (USFarmécia®). Front. Pharmacol. 2022, 13,903270. [CrossRef]


https://www.euro.who.int/en/publications/abstracts/governance-for-health-in-the-21st-century
https://www.euro.who.int/__data/assets/pdf_file/0017/174410/EuroHealth-v18-n3.pdf
https://www.euro.who.int/__data/assets/pdf_file/0017/174410/EuroHealth-v18-n3.pdf
http://www.euro.who.int/__data/assets/pdf_file/0005/322475/Integrated-care-models-overview.pdf
http://www.euro.who.int/__data/assets/pdf_file/0005/322475/Integrated-care-models-overview.pdf
https://doi.org/10.1177/1077558712459215
https://www.ncbi.nlm.nih.gov/pubmed/23035056
https://doi.org/10.1097/MLR.0b013e3181e57962
https://doi.org/10.1007/s11096-015-0137-9
https://doi.org/10.1001/archinternmed.2009.358
https://doi.org/10.1001/archinternmed.2009.316
https://doi.org/10.1002/j.1875-9114.2012.01022.x
https://doi.org/10.1592/phco.20.19.1508.34852
https://doi.org/10.1345/aph.1K311
https://doi.org/10.1345/aph.1K618
https://doi.org/10.1345/aph.1L289
https://doi.org/10.1161/JAHA.113.000718
https://doi.org/10.1592/phco.25.3.360.61601
https://doi.org/10.1345/aph.1C267
https://doi.org/10.1016/j.ypmed.2014.12.020
https://doi.org/10.1016/j.jval.2014.08.2671
https://doi.org/10.1001/jama.288.14.1775
https://doi.org/10.1016/B978-0-12-803659-4.00008-4
https://doi.org/10.1186/s13643-019-1177-3
https://doi.org/10.3389/fphar.2022.903270

Int. |. Environ. Res. Public Health 2023, 20, 6496 24 of 25

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Costa, S.; Guerreiro, J.; Teixeira, I.; Helling, D.K.; Mateus, C.; Pereira, J. Patient Preferences and Cost-Benefit of Hypertension and
Hyperlipidemia Collaborative Management Model Between Pharmacies and Primary Care in Portugal: A Discrete Choice Experi-
ment Alongside a Trial (USFarmacia®). In Value in Health, Proceedings of the ISPOR Europe 2022, Vienna, Austria, 6-9 November 2022;
Elsevier: Amsterdam, The Netherlands, 2022; Volume 25, p. 5447.

Des Jarlais, D.C.; Lyles, C.; Crepaz, N.; TREND Group. Improving the reporting quality of nonrandomized evaluations of
behavioral and public health interventions: The TREND statement. Am. J. Public Health 2004, 94, 361-366. [CrossRef]
Hoffmann, T.C.; Glasziou, P.P.; Boutron, I.; Milne, R.; Perera, R.; Moher, D.; Altman, D.G.; Barbour, V.; Macdonald, H.; Johnston,
M.; et al. Better reporting of interventions: Template for intervention description and replication (TIDieR) checklist and guide.
BM] 2014, 348, g1687. [CrossRef]

Zwarenstein, M.; Treweek, S.; Gagnier, ].].; Altman, D.G.; Tunis, S.; Haynes, B.; Oxman, A.D.; Moher, D.; CONSORT Group;
Pragmatic Trials in Healthcare (Practihc) Group. Improving the reporting of pragmatic trials: An extension of the CONSORT
statement. BM]J 2008, 337, a2390. [CrossRef]

Schwartz, D.; Lellouch, J. Explanatory and pragmatic attitudes in therapeutical trials. J. Clin. Epidemiol. 2009, 62, 499-505.
[CrossRef]

Loudon, K.; Treweek, S.; Sullivan, F.; Donnan, P.; Thorpe, K.E.; Zwarenstein, M. The PRECIS-2 tool: Designing trials that are fit for
purpose. BMJ 2015, 350, h2147. [CrossRef]

Zuidgeest, M.G.P.; Goetz, I.; Groenwold, R.H.H.; Irving, E.; van Thiel, G.].M.W.; Grobbee, D.E. GetReal Work Package 3. Series:
Pragmatic trials and real world evidence: Paper 1. Introduction. J. Clin. Epidemiol. 2017, 88, 7-13. [CrossRef]

Mcdonough, R.P,; Doucette, W.R. Developing Collaborative Working Relationships Between Pharmacists and Physicians. J. Am.
Pharm. Assoc. 2001, 41, 682—-692.

Helling, D.K.; Nelson, K.M.; Ramirez, J.E.; Humphries, T.L. Kaiser Permanente Colorado Region Pharmacy Department:
Innovative leader in pharmacy practice. J. Am. Pharm. Assoc. 2006, 46, 67-76. [CrossRef]

Niquille, A.; Ruggli, M.; Buchmann, M.; Jordan, D.; Bugnon, O. The nine-year sustained cost-containment impact of swiss pilot
physicians-pharmacists quality circles. Ann. Pharmacother. 2010, 44, 650-657. [CrossRef]

Chen, T.F,; de Almeida Neto, A.C. Exploring elements of interprofessional collaboration between pharmacists and physicians in
medication review. Pharm. World Sci. 2007, 29, 574-576. [CrossRef]

R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria,
2018; Available online: https:/ /www.r-project.org/ (accessed on 20 May 2020).

Sievert, C. Plotly for R. Available online: https://plotly-r.com (accessed on 20 May 2020).

Zelen, M. A new design for randomized clinical trials. N. Engl. J. Med. 1979, 300, 1242-1245. [CrossRef]

Hutton, J.L. Are distinctive ethical principles required for cluster randomized controlled trials? Stat. Med. 2001, 20, 473-488.
[CrossRef]

Giraudeau, B.; Caille, A.; Le Gouge, A.; Ravaud, P. Participant Informed Consent in Cluster Randomized Trials: Review.
PLoS ONE 2012, 7, e40436. [CrossRef]

Pharmacist Services Technical Advisory Coalition. Medication Therapy Management Service Codes. Available online:
http:/ /www.pstac.org/services/mtms-codes.html (accessed on 15 December 2022).

Rathod, T.; Belcher, J.; Montgomery, A.A.; Salisbury, C.; Foster, N.E. Health services changes: Is a run-in period necessary before
evaluation in randomised clinical trials? Trials 2014, 15, 41. [CrossRef]

Eurostat. Equivalised Disposable Income. Available online: https://ec.europa.eu/eurostat/statistics-explained /index.php?title=
Glossary:Equivalised_disposable_income (accessed on 20 May 2020).

International Consortium for Health Outcomes Measurement. ICHOM Standard Set for Hypertension in Low and Middle
Income Countries. 2017. Available online: https://connect.ichom.org/standard-sets/hypertension-in-low-and-middle-income-
countries/ (accessed on 20 May 2020).

Pratt, N.L.; Kerr, M.; Barratt, ].D.; Kemp-Casey, A.; Kalisch Ellett, L.M.; Ramsay, E.; Roughead, E.E. The validity of the Rx-Risk
Comorbidity Index using medicines mapped to the Anatomical Therapeutic Chemical (ATC) Classification System. BMJ Open
2018, 8, €021122. [CrossRef]

Carter, B.L.; Coffey, C.S.; Ardery, G.; Uribe, L.; Ecklund, D.; James, P.; Egan, B.; Vander Weg, M.; Chrischilles, E.; Vaughn, T.
Cluster-randomized trial of a physician/pharmacist collaborative model to improve blood pressure control. Circ. Cardiovasc.
Qual. Outcomes 2015, 8, 235-243. [CrossRef]

Hirsch, ].D.; Steers, N.; Adler, D.S.; Kuo, G.M.; Morello, C.M.; Lang, M.; Singh, R.E;; Wood, Y.; Kaplan, R.M.; Mangione, C.M.
Primary care-based, pharmacist-physician collaborative medication-therapy management of hypertension: A randomized,
pragmatic trial. Clin. Ther. 2014, 36, 1244-1254. [CrossRef]

Gargao, J.A.; Cabrita, J. Evaluation of a pharmaceutical care program for hypertensive patients in rural Portugal. J. Am. Pharm.
Assoc. 2002, 42, 858-864. [CrossRef]

Bunting, B.A.; Smith, B.H.; Sutherland, S.E. The Asheville Project: Clinical and economic outcomes of a community-based
long-term medication therapy management program for hypertension and dyslipidemia. J. Am. Pharm. Assoc. 2008, 48, 23-31.
[CrossRef] [PubMed]

Nola, K.M.; Gourley, D.R.; Portner, T.S.; Gourley, G.K.; Solomon, D.K.; Elam, M.; Regel, B. Clinical and humanistic outcomes of a
lipid management program in the community pharmacy setting. J. Am. Pharm. Assoc. 2000, 40, 166-173. [CrossRef] [PubMed]


https://doi.org/10.2105/AJPH.94.3.361
https://doi.org/10.1136/bmj.g1687
https://doi.org/10.1136/bmj.a2390
https://doi.org/10.1016/j.jclinepi.2009.01.012
https://doi.org/10.1136/bmj.h2147
https://doi.org/10.1016/j.jclinepi.2016.12.023
https://doi.org/10.1331/154434506775268580
https://doi.org/10.1345/aph.1M537
https://doi.org/10.1007/s11096-007-9130-2
https://www.r-project.org/
https://plotly-r.com
https://doi.org/10.1056/NEJM197905313002203
https://doi.org/10.1002/1097-0258(20010215)20:3&lt;473::AID-SIM805&gt;3.0.CO;2-D
https://doi.org/10.1371/journal.pone.0040436
http://www.pstac.org/services/mtms-codes.html
https://doi.org/10.1186/1745-6215-15-41
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Equivalised_disposable_income
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Equivalised_disposable_income
https://connect.ichom.org/standard-sets/hypertension-in-low-and-middle-income-countries/
https://connect.ichom.org/standard-sets/hypertension-in-low-and-middle-income-countries/
https://doi.org/10.1136/bmjopen-2017-021122
https://doi.org/10.1161/CIRCOUTCOMES.114.001283
https://doi.org/10.1016/j.clinthera.2014.06.030
https://doi.org/10.1331/108658002762063691
https://doi.org/10.1331/JAPhA.2008.07140
https://www.ncbi.nlm.nih.gov/pubmed/18192127
https://doi.org/10.1016/S1086-5802(16)31060-9
https://www.ncbi.nlm.nih.gov/pubmed/10730020

Int. |. Environ. Res. Public Health 2023, 20, 6496 25 of 25

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Bundy, ].D.; Li, C,; Stuchlik, P; Bu, X; Kelly, TN.; Mills, K.T.; He, H.; Chen, J.; Whelton, P.K.; He, J. Systolic Blood Pressure
Reduction and Risk of Cardiovascular Disease and Mortality: A Systematic Review and Network Meta-analysis. JAMA Cardiol.
2017, 2, 775-781. [CrossRef] [PubMed]

Gould, A.L,; Davies, G.M.; Alemao, E.; Yin, D.D.; Cook, J.R. Cholesterol reduction yields clinical benefits: Meta-analysis including
recent trials. Clin. Ther. 2007, 29, 778-794. [CrossRef]

European Medicines Agency. Guideline on Data Monitoring Committees. Doc Ref EMEA /CHMP/EWP/5872/03 Corr. London:
EMEA. 2005. Available online: https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-data-monitoring-
committees_en.pdf (accessed on 15 December 2022).

Kairalla, J.A.; Coffey, C.S.; Thomann, M.A.; Muller, K.E. Adaptive trial designs: A review of barriers and opportunities. Trials
2012, 13, 145. [CrossRef]

Bernal, J.L.; Cummins, S.; Gasparrini, A. Interrupted time series regression for the evaluation of public health interventions: A
tutorial. Int. |. Epidemiol. 2017, 46, 348-355, Corrigendum: Int. |. Epidemiol. 2020, 49, 1414. [CrossRef]

Bernal, J.L.; Cummins, S.; Gasparrini, A. The use of controls in interrupted time series studies of public health interventions. Int.
J. Epidemiol. 2018, 47, 2082-2093. [CrossRef]

Portaria No 281/2016. [Ordinance No. 281/2016]. Diario da Republica Ia Série. 206 (2016-10-26). Available online: https://
diariodarepublica.pt/dr/detalhe /portaria/281-2016-75606253 (accessed on 15 December 2022). (In Portuguese).

Decreto-Lei No 73/2017. [Decree-Law No. 73/2017]. Didrio da Republica Ia Série. 118 (2017-06-21). Available online: https:
/ /diariodarepublica.pt/dr/detalhe/decreto-lei/73-2017-107541409 (accessed on 15 December 2022). (In Portuguese).

Portaria No 212/2017. [Ordinance No. 212/2017]. Diario da Republica Ia Série. 138 (2017-07-19). Available online: https://
diariodarepublica.pt/dr/detalhe/portaria/212-2017-107709510 (accessed on 15 December 2022). (In Portuguese).

Boutell, J.; Craig, P; Lewsey, J.; Robinson, M.; Popham, F. Synthetic control methodology as a tool for evaluating population-level
health interventions. J. Epidemiol. Community Health 2018, 72, 673—678. [CrossRef]

Kodner, D.L.; Spreeuwenberg, C. Integrated Care: Meaning, Logic, Applications, and Implications—A discussion Paper. Int. J.
Integr. Care 2002, 2. Available online: https://www.ijic.org/article/10.5334 /ijic.67/ (accessed on 15 December 2022). [CrossRef]
Isetts, B.J.; Buffington, D.E.; Carter, B.L.; Smith, M.; Polgreen, L.A.; James, P.A. Evaluation of Pharmacists’ Work in a Physician-
Pharmacist Collaborative Model for the Management of Hypertension. Pharmacotherapy 2016, 36, 374-384. [CrossRef]
Decreto-Lei No 62/2016. [Decree-Law No. 62/2016]. Diario da Republica la Série. 175(2016-09-12). Available online:
https://diariodarepublica.pt/dr/detalhe /decreto-lei/62-2016-75307907 (accessed on 29 January 2023). (In Portuguese).
Bilhete de Identidade dos Cuidados de Satide Primarios (BI-CSP). Available online: https:/ /bicsp.min-saude.pt/pt/Paginas/
default.aspx (accessed on 20 March 2018).

Perfis Locais de Satide Regiao Centro 2016. Available online: https://www.arscentro.min-saude.pt/saude-publica/perfis-locais-
de-saude/ (accessed on 20 March 2018).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1001/jamacardio.2017.1421
https://www.ncbi.nlm.nih.gov/pubmed/28564682
https://doi.org/10.1016/j.clinthera.2007.05.012
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-data-monitoring-committees_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-data-monitoring-committees_en.pdf
https://doi.org/10.1186/1745-6215-13-145
https://doi.org/10.1093/ije/dyaa118
https://doi.org/10.1093/ije/dyy135
https://diariodarepublica.pt/dr/detalhe/portaria/281-2016-75606253
https://diariodarepublica.pt/dr/detalhe/portaria/281-2016-75606253
https://diariodarepublica.pt/dr/detalhe/decreto-lei/73-2017-107541409
https://diariodarepublica.pt/dr/detalhe/decreto-lei/73-2017-107541409
https://diariodarepublica.pt/dr/detalhe/portaria/212-2017-107709510
https://diariodarepublica.pt/dr/detalhe/portaria/212-2017-107709510
https://doi.org/10.1136/jech-2017-210106
https://www.ijic.org/article/10.5334/ijic.67/
https://doi.org/10.5334/ijic.67
https://doi.org/10.1002/phar.1727
https://diariodarepublica.pt/dr/detalhe/decreto-lei/62-2016-75307907
https://bicsp.min-saude.pt/pt/Paginas/default.aspx
https://bicsp.min-saude.pt/pt/Paginas/default.aspx
https://www.arscentro.min-saude.pt/saude-publica/perfis-locais-de-saude/
https://www.arscentro.min-saude.pt/saude-publica/perfis-locais-de-saude/

	Introduction 
	Materials and Methods 
	Objectives 
	Trial Design 
	Participants 
	Eligibility Criteria for Intervention Primary Care Units and Pharmacies 
	Eligibility Criteria for Control Primary Care Units and Pharmacies 
	Patient Inclusion Criteria 
	Method of Recruitment 
	Settings and Locations 

	Interventions 
	Intervention 
	Usual Care 
	Time Span 
	Post-Trial Procedures and Ethical Considerations 

	Outcomes 
	Primary Outcomes 
	Data Collection 
	Data Management 

	Sample Size 
	Sample Size Calculation 
	Interim Analyses 
	Withdrawal Procedures 

	Other Indicators 
	Assignment Method 
	Blinding 
	Statistical Methods 
	Descriptive Statistics 
	Primary Outcomes 
	Subgroup Analyses 
	Missing Data 


	Results 
	Primary Care Units and Pharmacies 
	Participant Flow 
	Patient Flow 
	Protocol Deviations 

	Recruitment 
	Baseline Data and Baseline Equivalence 
	Numbers Analyzed 
	Outcomes and Estimation 
	Using Difference-in-Differences in GLM 
	Using Controlled Interrupted Time Series (CITS) 

	Process Indicators 
	Adverse Events 
	Pharmacy Profiling 

	Discussion 
	Summary of Findings 
	Limitations 
	Strengths 


	Conclusions 
	References

