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Resumen
Objetivo: La polimedicación y la medicación potencialmente inapro-
piada (que presenta balance beneficio-riesgo desfavorable) son importan-
tes preocupaciones respecto a los pacientes mayores en atención primaria, 
ya que pueden incrementar el riesgo de morbimortalidad y los costes sani-
tarios. Diversos estudios han evaluado el impacto de la revisión sistemática 
de la medicación conducida por el farmacéutico sobre variables de ade-
cuación, recursos sanitarios y/o costes. Sin embargo, no se han encontrado 
ensayos controlados aleatorizados por clúster que evalúen globalmente 
todas estas variables. El objetivo de este estudio es determinar el impacto 
de una revisión sistemática de medicación conducida por el farmacéutico 
para reducir el número medio y la proporción de pacientes con medicación 
potencialmente inapropiada (objetivo principal), así como para reducir la 
morbimortalidad y los costes (objetivos secundarios).
Método: Se realizará un ensayo clínico abierto, controlado y aleatori-
zado por clústeres, donde los médicos de atención primaria, en repre-
sentación de sus respectivos cupos de pacientes, serán aleatorizados 
a recibir recomendaciones del farmacéutico para retirar medicaciones 
potencialmente inapropiadas detectadas mediante combinación de méto-

Abstract
Objective: Polypharmacy and potentially inappropriate medications 
(that is, those associated with an unfavorable risk-benefit ratio) are com-
mon concerns in the context of elderly patients treated in primary care as 
they may increase the risk of morbidity and mortality, as well as health-
care costs. Several studies have assessed the impact of pharmacist-led 
systematic reviews with respect to prescription appropriateness, health 
outcomes and/or costs. However, no cluster-randomized controlled trial 
has been identified that provides an overall assessment of these variables. 
The objective is to determine the effectiveness of a pharmacist-led syste-
matic medication review in reducing the mean number and proportion of 
patients on potentially inappropriate medications (primary goal); as well 
as in decreasing morbidity and mortality and the cost of medications and 
the use of healthcare resources (secondary goals).
Method: An open-label, cluster-randomized controlled trial will be 
conducted; where primary care physicians will be randomized either to 
receive (intervention group) or not to receive pharmacist recommendations 
to withdraw potentially inappropriate medications detected through the 
combined use of explicit and implicit criteria (control group). Primary end-
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Introduction
Prescription of potentially inappropriate medications (PIMs) is a major 

concern, especially in the context of elderly and/or polymedicated patients, 
given its high prevalence1,2 and its negative impact, demonstrated through a 
high morbimortality risk and elevated healthcare costs3,4.

A medication is considered potentially inappropriate if it is associated 
with an unfavorable risk/benefit and/or cost/effectiveness ratio5. Several 
tools are available for identifying PIMs. On the one hand, there are several 
implicit methods (e.g., the medication appropriateness index6), based on 
clinical judgement and specific patient- and treatment-related circumstan-
ces. On the other, explicit methods have been developed, which consider 
predefined evidence and expert consensus-based PIM scenarios. These 
include the widely used Beers Criteria and the STOPP/START tool (Scree-
ning Tool of Older Persons’ Prescriptions/Screening Tool to Alert Doctors to 
Right Treatment)7,8. There are also the so-called prescribing quality indicators 
(PQIs), which comprise a series of management tools developed by health-
care institutions to detect drugs or drug groups for which more cost-effective 
alternatives exist9.

No single ideal method exists to evaluate the appropriacy of the medi-
cation prescribed to multimorbid and/or polymedicated (treated with 
≥ 5 drugs) and hyperpolymedicated (≥ 10 drugs) patients10. For that rea-
son, Alfaro-Lara et al. consider it necessary to develop strategies based on 
a combination of different methods11.

The involvement of pharmacists in the optimization of geriatric patients’ 
treatments has yielded positive results as it has decreased the use of PIMs 
and the overall drug therapy costs12-14. Results have nonetheless been less 
encouraging with respect to health outcomes15.

Although significant efforts have been made in this area, no cluster-
randomized trials have to the best of our knowledge been carried out on 
the use of PIMs primary care, to prevent contamination across patients 
belonging to IG and CG treated by the same physician, which provide 
a comprehensive evaluation of the effectiveness of a pharmacist-led syste-
matic medication review (PL-SMR) based on a combination of different PIM 
detection tools in analyzing appropriateness variables, health outcomes 
and healthcare costs in polymedicated elderly patients.

On the basis of the hypothesis that an (PL-SMR) could reduce the pre-
valence of PIMs in polymedicated elderly patients in the primary care 
setting, a prospective multicenter open-label cluster-randomized controlled 
clinical trial will be performed in order to evaluate the potential reduction 
that could be achieved in (i) the proportion of patients on ≥ 1 PIMs and in 
the mean number of PIMs/patient (main goals); and ii) in the incidence of 
morbimortality and the cost of drugs and healthcare resources (secondary 
goals).

Methods
The methodology to be followed in this study will be based on the 

Standard Protocol Items: Recommendations for Intervention Trials (SPIRIT)16 
guidelines.

Scope
The study will be conducted in six primary care health centers of 

the Tramuntana area (Balearic Islands), which cater for a population of 
around 128,000 inhabitants, approximately 15% of them over 65 years 
of age.

Selection criteria
Each cluster will comprise all the patients assigned to a primary care 

physician, who will be required to sign the relevant informed consent form. 
Only patients ≥ 65 years and on ≥ 5 chronic drugs will be eligible. In 
addition, patients who meet at least one of the following criteria will be 
excluded: regular use of private healthcare, being displaced, institutionali-
zed, or on the home care program (Figure 1).

Intervention
Interventions will be carried out at cluster level and will consist in the per-

formance of (PL-SMR) to detect instances where PIMs are used and provide 
recommendations to the prescribing physician about appropriate therapeu-
tic alternatives, as explained below:
 – At the outset, the required baseline data will be obtained from the elec-

tronic medical record (EMR) of patients in both the IG and the CG. 
• Demographic data: age, sex.
• Clinical data: chronic conditions.
• Pharmacotherapeutic data: chronic medications.

 – Detection of PIMs: To be carried out, both in the IG and the CG by 
means of a combination of explicit and implicit methods (STOPP/START 
criteria8, data from the medication labels [https://cima.aemps.es/cima/
publico/home.html]), “Do not do” recommendations for complex chronic 
patients17, using CheckTheMeds® software (https://www.checkthemeds.
com); and a battery of PQIs developed by the Balearic Islands Health 
System. 

 – For patients in the IG, prescribing physicians will be informed, through 
the patients’ EMR and/or verbally if necessary, about the most appro-
priate strategy for managing each instance of PIM, taking the patients’ 
individual circumstances into consideration, e.g., whether they were trea-
ted previously with the proposed alternative, their potential comorbidities 
and/or other treatments). Such strategies may involve discontinuation of 
treatment; dose adjustments, replacement of the medication, addition of 
a new drug, and include specific management recommendations such 
as gradual withdrawal or onset of drugs when necessary. If use of a PIM 
is detected in the CG, prescribing physicians will be informed but no 
recommendations will be issued. 

Variables
Given the purpose of the study, the following variables will be evaluated 

across all participating subjects:
Independent variables:

 – Demographic: age, sex.
 – Clinical: Charlson Comorbidity Index (CCI), percentage of patients with 

≥ 2 chronic conditions.
 – Pharmacotherapeutic: number of chronic medications, proportion of 

polymedicated and hyperpolymedicated patients.

Primary variables: Difference between the proportion of patients on 
PIMs and the mean PIM/patient ratio over the period running from the 
time of intervention and 6 months post-intervention. To be considered 
a PIM, drug regimens must meet at least one of the following criteria: 
not evidence-based indication, prescribed dose higher and lower than 
recommended; duplication, contraindication, interaction, absence of 
a potentially beneficial drug. Moreover, all drugs marketed in the five 
years prior to the intervention that failed to demonstrate any significant 

dos implícitos y explícitos (grupo intervención) o no recibirlas (grupo con-
trol). Las variables primarias serán la proporción de pacientes y el número 
medio de medicaciones potencialmente inapropiadas por paciente. Las 
variables secundarias serán los recursos asistenciales frecuentados, pro-
porción de pacientes fallecidos y días de supervivencia; y costes de medi-
camentos y de recursos asistenciales.
Conclusiones: Análogamente a estudios similares, y en base al diseño 
de nuestro estudio, esperamos obtener reducción estadísticamente sig-
nificativa para medicaciones potencialmente inapropiadas y costes de 
medicamentos. Sin embargo, no esperamos diferencias significativas en 
morbimortalidad ni en costes de recursos asistenciales.

points will be the proportion of patients on potentially inappropriate medi-
cations and the mean number of such medications per patient. Secondary 
endpoints will be healthcare resources used, the proportion of patients 
who die and the mean number of days survived, as well as the cost of 
medications and cost of healthcare resources used.
Conclusions: In line with similar reports and based on our study ś 
design, we hope to obtain statistically significant reductions in the use of 
potentially inappropriate medications and in medication costs overall. We 
do not however expect to obtain significant reductions in morbimortality or 
the cost of health resources employed.
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Figure 1. Patient selection process. Criteria used to select participants both at cluster and at individual level.

1:1 cluster randomization to an intervention group (IG) 
and a control group (CG

Patients recruited Patients recruited

15 clusters excluded:
Informed consent form was not signed

57 eligible clusters
(Primary care practices from Tramuntana Health Area)

42 (73.7%) clusters included

50% (21 clusters): intervention group 50% (21 clusters): control group

Inclusion criteria (patient level):
• Age ≥ 65 years

• ≥ 5 chronic medications

Inclusion criteria (petient level):
• Age ≥ 65 years

• ≥ 5 chronic medications

Exclusion criteria (patient level):
• Regular use of private healthcare

• Being displaced (regularly treated at a different autonomous region)
• Being institutionalized

• Being included in the home care program

Exclusion criteria (patient level):
• Regular use of private healthcare

• Being displaced (regularly treated at a different autonomous region
• Being institutionalized

• Being included on the home care program
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therapeutic effect as compared with already available alternatives (e.g., 
saxagliptin, silodosin, rosuvastatin) as well as drugs other than those 
regarded as first-choice for the treatment of the most prevalent condi-
tions in the outpatient setting (e.g., antiulcer agents-omeprazole, oral 
antidiabetics-metformin, statins-simvastatin) will also be considered PIMs, 
on the basis of the prescription quality criteria established by the Balea-
ric Islands Health System. 

Secondary variables:
 – Morbidity: Difference between the mean number of (in- and outpatient) 

healthcare facilities visited in the 12 months prior and subsequent to the 
intervention. The INPATIENT variable comprises the number of hospital 
days (NHDs) spent (a stay of ≥ 13 hours in a hospitalization or emer-
gency unit to receive specialized care was required18) and of visits made 
to the hospital’s emergency department (ED). The OUTPATIENT variable 
comprises visits to the primary care emergency unit, the specialist care 
outpatient unit, and the primary care clinic19.

 – Mortality: Proportion of patients who died within the first 12 months 
following the intervention, and the number of days survived within the 
first 12 months following the intervention. 

 – Cost of the medication: Difference in the estimated mean per-patient 
annual cost of the drugs considered PIMs (AC-PIM) at the time of inter-
vention as compared with 6 months post-intervention (same time period 
as that used for the primary variable), according to the prices stated in 
the Balearic Islands’ formulary drugs price list.

 – Cost of healthcare resources: Difference in the mean per-patient cost 
of the health resources (INPATIENT + OUTPATIENT) used during the 
12 months prior to the intervention as compared with 12 months post-
intervention, according to the official rates published in the Balearic 
Islands’ Official Gazzette18.

Time span
The time periods corresponding to the different stages of the study were 

as follows: 
 – Cluster recruitment: April-May 2014.
 – Cluster allocation: January 2015.
 – Patient recruitment: January-May 2015.
 – Intervention: January-May 2015.
 – Assessment of baseline characteristics: January-May 2015.
 – Assessment of primary variables: July-November 2015.
 – Evaluation of the cost of medications: July-November 2015.
 – Morbimortality evaluation: January-May 2016.
 – Evaluation of the cost of healthcare resources: January-May 2016.
 – Analysis and dissemination of results: June 2016-present.

Sample size
The sample size will be calculated using proportion testing for a diffe-

rence of 15% in the proportion of patients on PIMs in the IG (80%) and the 
CG (65%), based on the results of an unpublished pilot study. For a statis-
tical power of 80% and assuming a loss rate of around 10%, the sample 
size required was set at 153. Dividing the sample size by the 21 clusters 
included it was established that each group should contain a mean of 
8 patients. Application of an intra-cluster correlation coefficient of 0.0520 
yielded an inflation factor of 1.35, which resulted in a final sample size of 
207 patients per group.

Recruitment
 – Cluster level: All primary care physicians of the Tramuntana health area 

will be required to sign the relevant informed consent form on behalf of 
their respective patient practices. Subsequently, they will be recruited 
and randomly allocated to a GI o GC by the Balearic Islands Health-
care Research Institute (IdISBa).

 – Patient level: Pharmacists in charge of the PL-SMR will, on a daily basis 
and in consecutive order, select one IG and one CG cluster from the 
list resulting from the randomization process; of which, all patients with 
an appointment for the next day who meet eligibility criteria will be 
recruited. This routine will be followed until the target sample size is 
reached. 

Allocation
To prevent contamination across patients treated by the same physi-

cian, IdISBa will randomize clusters to the IG or the CG in a 1:1 ratio in 
four cluster blocks using a balanced randomization scheme. This will be 
done using the WINPEPI Computer Program for Epidemiologists (http://
www.brixtonhealth.com/pepi4windows.html) ensuring that the confiden-
tiality of the result of the randomization process is preserved to ensure 
proper data masking.

Blinding (masking)
Blinding of participants (clusters) will not be feasible given that the PIM 

management strategies will be shared with the physicians allocated to 
the IG. 

Data collection and processing
The data will be collected by the pharmacist in charge of the PL-SMR in 

an electronic spreadsheet, which will be duly encrypted and stored on a 
secure server guarded by the IT Department of the Inca County Hospital.

Statistical analysis

Variables

Study variables will be analyzed at patient level following the intention-
to-treat principle, each patient being considered according to the group 
they were initially randomized to. 

Baseline characteristics will be subjected to:
 – A descriptive analysis: Frequency and percentage measures will be 

used for qualitative variables and mean±standard deviation or median 
(interquartile range) for quantitative variables, depending on whether 
the distribution is normal or not, respectively. Normality of distribution 
of quantitative variables and variance homogeneity will be verified by 
means of the Kolmogorov-Smirnov and Levene tests, respectively.

 – A comparative analysis: Homogeneity between the IG and CG will be 
evaluated using the Chi-Squared Test or Fisher’s Exact Test for qualitative 
variables if at least 25% of expected frequencies is < 5. Student’s t 
test and the Mann Whitney U test were used for quantitative variables, 
depending on whether distribution is parametric or not, respectively. 

The magnitude of effect, expressed as difference in means (quantitative 
variables) or difference in proportions (qualitative variables), will be calcula-
ted for the primary and secondary variables. The corresponding 95% confi-
dence intervals (95% CIs) will be calculated using the following statistical tests: 
 – Primary variables:

• Patients on PIM: Difference in proportions (95% CI). Chi-Squared Test.
• PIMs/patient: Difference in means (95% CI). Student’s t test / Mann 

Whitney U test.

The kappa correlation coefficient will be calculated for primary varia-
bles to take into account the cluster effect. 
 – Secondary variables:

• Morbidity: Difference in means of clinical episodes (both INPATIENT 
and OUTPATIENT) (95% CI). Student’s t test/Mann Whitney U test.

• Mortality:
– Difference in proportions of deceased patients (95% CI). Chi-

Squared Test. 
– Difference in days survived (95% CI). Kaplan-Meier log-rank test.

• Cost (of drugs and healthcare resources): difference in means 
(95% CI). Student’s t test / Mann Whitney U test.

The p value will be considered statistically significant if < 0.05.
The statistical analysis will be performed using the Statistical Package for 

Social Sciences for Windows” (SPSS®) v22.0 software.

Additional analyses
Although not specified in the protocol, an evaluation will be made of the 

effect of the intervention on hospital admissions in the different subgroups 
resulting from the combination of the following criteria: sex (males/females); 
age (below/over 85 years); number of drugs (5-9/10 or more).
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Monitoring
It is not considered necessary to set up a formal external data monitoring 

committee or to conduct a preliminary analysis as no intervention-related 
damage is expected. Furthermore, in the event of recurrence of symptoms 
associated to the withdrawal of inappropriate medication, the intervention 
can be resumed at any time subject to clinical judgement.

Ethics and dissemination

Approval by Ethics Committee
The study protocol was evaluated and approved by the Balearic Islands’ 

Primary Care Research Ethics Committee and Research Ethics Committee 
(approval number IB2360/14) on 30 June 2014.

Amendments to the protocol
The protocol has undergone several alterations since its initial version. 

Such changes can be reviewed via the following link: https://clinicaltrials.
gov/ct2/history/NCT02224833.

Informed consent
The Research Ethics Committee of the Balearic Islands agreed to ask 

physicians rather than patients to complete the informed consent form rela-
tive to the study. This was due to the fact that the PL-SMR is addressed to phy-
sician, who are the ones that must eventually decide whether the patient’s 
treatment must be altered or not on the basis of the recommendations made 
by the pharmacist. Moreover, given that patients will be recruited the day 
before the medical appointment without any pre-screening being perfor-
med, and that the participating centers are widely dispersed across the Tra-
muntana health area, signature of the consent forms by the patients would 
be virtually unfeasible. 

Confidentiality
To ensure the confidentiality of information, patients will be identified by 

a 3-digit alphanumeric code followed by a letter. 

Data access
This study is part of the PhD thesis of the principal investigator. For that 

reason, neither the data nor the materials will be made available to the 
public. They can only be transferred to third parties with the written con-
sent of the University of Santiago de Compostela (http://www.usc.es/
export9/sites/webinstitucional/gl/centros/cptf/edi/descargas_EDI/CDS_
cas_06_10_16.pdf).

Dissemination policy
The results of this study will be published in peer-reviewed journals and 

presented at geriatrics, clinical pharmacy, and general medicine conferen-
ces, as well as in the PhD thesis of the principal investigator. The relevant 
author selection guidelines will be followed and no professional writers will 
be engaged. 

Discussion
Given the proposed design of the study, we hope to achieve a sta-

tistically significant reduction in the proportion of patients on PIMs, in the 
mean number of PIMs per patient, and in the cost of the drugs themselves, 
in line with the other reports in the literature13,14. However, although we 
expect to observe a reduction in morbimortality and in the costs of health-
care resources, the differences obtained may not reach statistical signifi-
cance given that our sample size was not calculated with that purpose 
in mind but rather to demonstrate a significant reduction in the number of 
patients on PIMs.

The strengths of this study include its cluster randomization design, which 
may reduce the occurrence of biases in the results by preventing contamina-
tion across patients in the IG and CG treated by the same physician; and 

the applicability of the results obtained both to other areas of primary care 
and to clinical units with a high prevalence of these types of patients such 
as internal medicine and geriatrics, as well as to extended care facilities, 
nursing homes, etc. Its pragmatic nature and the flexible selection criteria 
employed are also unquestionable assets. In addition, the combined use 
of multiple tools (including efficiency criteria) will make it possible to detect 
a greater number of PIMs and propose a wider range of scenarios where 
prescription may be optimized.

However, the study is not without limitations. Firstly, its open-label 
design could result in a certain bias given that physicians in the IG will 
be aware that they have been allotted to that group when they receive 
the pharmacists’ recommendations. This bias could be minimized by 
entrusting the cluster randomization process to personnel external to the 
study. Another limitation could result from regarding the EMR as the only 
valid source of information and the main channel of communication. 
This could lead to underdetection or overdetection of PIMs, as non-
reimbursable drugs or conditions not recorded on the EMR would not 
be taken into consideration. However, given that the study’s randomized 
design will ensure that the groups are well-balanced, it is to be expec-
ted that underdetection and overdetection will affect both groups in a 
similar way without excessively impacting the result of the intervention. 
Moreover, some authors consider that direct communication with the 
pharmacist makes physicians particularly prone to accepting the former’s 
recommendations about prescription appropriateness13. This will unfor-
tunately not be possible in our study given that patient recruitment and 
performance of the PL-SMR will take place the day before the medical 
appointment, and because of the wide geographical dispersion of par-
ticipating centers. 

In a nutshell, this cluster-randomized controlled study will provide evi-
dence on the effectiveness of an PL-SMR in detecting the use of PIMs through 
a combination of different tools (including efficiency criteria) and suggesting 
the most appropriate individualized strategies to address cases of PIM use 
by polymedicated elderly patients: not only with respect to intermediate 
appropriateness variables but also regarding such significant variables as 
morbimortality and healthcare costs. 
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