
 

 

 
 
 

 

 

 

Economic Evaluation of 

Pharmacist-led Medication Review 

in the Primary Health Care 

Centres in Chile  

 
Thesis 

Antonio Osvaldo Ahumada Canale 
2020 

 

 

 

 

 

Doctor of Philosophy 
Graduate School of Health, Discipline of Pharmacy:  

University of Technology Sydney 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page is intentionally left blank 



I 

CERTIFICATE OF ORIGINAL AUTHORSHIP 

I Antonio Osvaldo Ahumada Canale declare that this thesis, is submitted in fulfilment of the 

requirements for the award of Doctor of Philosophy, in the Graduate School of Health at the 

University of Technology Sydney.  

This thesis is wholly my own work unless otherwise referenced or acknowledged. In addition, 

I certify that all information sources and literature used are indicated in the thesis.  

This document has not been submitted for qualifications at any other academic institution.  

Signature of Student: 

Date: 25/02/2020 

Production Note:

Signature removed prior to publication.



II 
 

Abstract 
 

Background: Cardiovascular diseases (CVD) pose a burden on healthcare systems. There is 

evidence that pharmacist-led medication review with follow-up (MRF) improves therapeutic goal 

achievement in CVD risk factors, such as hypertension, type 2 diabetes mellitus and dyslipidaemia. 

Objectives:  To evaluate the economic impact of MRF added to Chilean primary care in CVD risk 

factors, by assessing the cost-effectiveness in older adults. 

Methodology: A systematic review was conducted to evaluate the economic evaluations of 

pharmacist-led MRF in outpatients with CVD risk factors. Recommendations were generated to 

design a cluster randomised controlled trial (cRCT). 

A cRCT was conducted in public primary care centres (clusters) in Chile to study the effect of 

MRF added to usual care compared to usual care alone. Older adults with five or more 

prescriptions, moderate or high CVD risk and enrolled in a primary care CVD prevention program 

were included. The intervention had three components: Pharmacists’ training, MRF, and a practice 

change facilitator. Patients were followed-up for a year. For the economic analysis, health-related 

quality of life (HRQoL) was measured and was used to estimate quality-adjusted life-years 

(QALYs). Costs were evaluated form the public third-party payer perspective and were measured 

as 2019 United States dollars (USD). A cost-effectiveness threshold of 16,207 USD was used. 

A trial-based cost-utility analysis was performed. Costs and QALYs were estimated through a 

multilevel model that accounted for clustering and covariates, while missing data was addressed 

using multiple imputation. Uncertainty was evaluated through a non-parametric bootstraping. As a 

second analysis, a state-transition microsimulation model was developed to extrapolate outcomes 
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to a lifetime time horizon. Patient-level data was used to derive the model’s probabilities. 

Deterministic and probabilistic sensitivity analyses were performed.  

Results: Eleven studies were included in the systematic review. Eight found the intervention to be 

cost effective, while two found it to be dominant. Both, the trial-based and model analyses deemed 

the intervention as cost-effective. Incremental cost-effectiveness ratios of $434/QALY and 

$751/QALY respectively, were found. The trial-based analysis found increased dominant iterations 

when patients with more than nine medications were evaluated. In the model, a difference between 

groups of 5.9% in CVD mortality was observed. Sensitivity analyses showed either cost-

effectiveness or dominance. 

Conclusion: International evidence shows that MRF was value for money in outpatient settings. 

An adapted MRF method was deemed as a cost-effective addition to primary care in Chile with 

low uncertainty. Formal implementation should be considered by policy makers. 
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Preface 
This thesis is presented in fulfilment of the doctoral degree (Doctor of Philosophy) requirements 

of the Graduate School of Health, University of Technology Sydney, Australia.  

This document was structured as a thesis by compilation. Chapter 1 presents a synopsis describing 

the general approach of this thesis and research. Chapter 2 provides the background for 

cardiovascular diseases’ clinical and economic impact, particularly in Chile. Medication review 

with follow-up is proposed as a clinically effective strategy to address cardiovascular risk factors. 

Chapter 3 introduces the basic concepts of economic evaluations in healthcare and contains a 

published systematic review of pharmacist-led medication review conducted in outpatients with 

cardiovascular risk factors such as, hypertension, type 2 diabetes mellitus and dyslipidaemia. This 

study frames the current state of cost-effectiveness analyses in the area, and a quality assessment 

to provided recommendations for future research. Chapter 4 describes the methods of the Polaris 

trial, a cluster randomised controlled study that included older adults with cardiovascular risk 

factors in Chilean primary care. This trial was a collaboration between UTS, the Pontifical Catholic 

University of Chile, and the Chilean government. A description of the Polaris method of MRF is 

presented. Chapter 5 and 6 contain submitted papers of a trial-based cost-effectiveness analysis and 

a decision-analytic model, using the Polaris trial results. Chapter 7 discuss the research outputs, 

explores limitations of each study, addresses transferability to other settings and proposes future 

directions. Chapter 8 presents conclusions arising from this research. 

Antonio Osvaldo Ahumada Canale is the primary author of the publications. Co-authors 

contributed to the conception or design of the work, data collection, data analysis and 

interpretation, and/or revision of the manuscripts.  

  



XI 
 

Contents 
Abstract .................................................................................................................................... II 

Dissemination of Research .................................................................................................... IV 

Acknowledgements .............................................................................................................. VIII 

Preface ...................................................................................................................................... X 

Contents ................................................................................................................................. XI 

List of Figures ....................................................................................................................... XII 

List of Tables ....................................................................................................................... XIII 

Abbreviations ....................................................................................................................... XIV 

Chapter 1  ......................................................................................................................................... 1 

Synopsis ........................................................................................................................................ 1 

1.1 Research Overview ............................................................................................................. 3 

1.2 Rationale ............................................................................................................................. 4 

1.3 Objective ............................................................................................................................. 6 

1.4 Specific Objectives ............................................................................................................. 6 

Chapter 2  ......................................................................................................................................... 7 

Introduction and Background ....................................................................................................... 7 

2.1 Cardiovascular diseases ...................................................................................................... 9 

2.2 The Chilean Case .............................................................................................................. 15 

2.3 Professional Pharmacy Services ....................................................................................... 19 

Chapter 3  ....................................................................................................................................... 23 

Economic Evaluations of Medication Review in Cardiovascular Diseases Outcomes .............. 23 

3.1 Economic Evaluations ...................................................................................................... 25 

3.2 Cost-effectiveness of Medication Review in Cardiovascular Outcomes .......................... 29 

Chapter 4  ....................................................................................................................................... 55 

The Polaris Trial ......................................................................................................................... 55 

4.1 Context .............................................................................................................................. 57 

4.2 The Polaris Study .............................................................................................................. 57 

4.3 The Polaris Methodology for Medication Reviews with Follow-up ................................ 62 

4.4 Economic Evaluation ........................................................................................................ 81 

Chapter 5  ....................................................................................................................................... 85 

Pharmacist-led Medication Review in Primary Care for Cardiovascular Outcomes: Cost-utility 
analysis alongside a cluster randomized clinical trial ................................................................ 85 



XII 
 

Chapter 6  ..................................................................................................................................... 123 

Cost-utility Analysis of a Medication Review for Cardiovascular Outcomes: A 
Microsimulation Model ............................................................................................................ 123 

Chapter 7  ..................................................................................................................................... 173 

Discussion ................................................................................................................................. 173 

7.1 Contextualising Current Knowledge ............................................................................... 175 

7.2 Limitations ...................................................................................................................... 183 

7.3 Transferability ................................................................................................................. 186 

7.4 Future directions ............................................................................................................. 187 

Chapter 8  ..................................................................................................................................... 191 

Conclusions .............................................................................................................................. 191 

8.1 Systematic Review .......................................................................................................... 193 

8.2 The Polaris Trial ............................................................................................................. 193 

8.3 Trial-based Economic Evaluation ................................................................................... 194 

8.4 Decision-analytic Model ................................................................................................. 194 

References .................................................................................................................................... 195 

Appendix ...................................................................................................................................... 215 

 

List of Figures 

Figure 2.1. Deaths due to non-communicable or cardiovascular diseases. ...................................... 9 

Figure 2.2. Disability-adjusted life-years caused by non-communicable or cardiovascular 

diseases. .......................................................................................................................................... 10 

Figure 2.3. Prevalence of hypertension in male adults, Europe 2014. ........................................... 11 

Figure 2.4. Number of concurrent cardiovascular risk factors stratified by sex, city and age. ...... 12 

Figure 2.5. Non-communicable diseases’ cost by disease type. .................................................... 13 

Figure 2.6. The United States cardiovascular diseases’ cost projections ....................................... 14 

Figure 2.7. Cardiovascular risk factors prevalence in the Chilean population. ............................. 15 

Figure 2.8. Patient age and sex distribution by insurance system. ................................................. 16 



XIII 
 

Figure 2.9. Pharmacy fund scheme. ............................................................................................... 19 

Figure 3.1. Cost-effectiveness plane .............................................................................................. 27 

Figure 4.1. Polaris Method for medication reviews with follow-up. ............................................. 64 

Figure 4.2. Need or indication analysis. ......................................................................................... 65 

Figure 4.3: Effectiveness analysis. ................................................................................................. 66 

Figure 4.4: Medication non-adherence analysis. ............................................................................ 67 

Figure 4.5. Safety analysis by medication characteristics .............................................................. 68 

Figure 4.6. Safety analysis by patient characteristics. .................................................................... 69 

Figure 4.7. Polaris data file. ........................................................................................................... 77 

 

List of Tables  

Table 4.1 Eligibility criteria for the Polaris study. ......................................................................... 59 

Table 4.2: Clinical outcomes of the pilot study. ............................................................................ 60 

Table 4.3. Identified resources and unit prices used in the economic evaluation. ......................... 82 

Table 4.4. Patients’ clinical characteristics used for the decision-analytic model. ........................ 83 
 

 

 

 

 

 

 

 



XIV 
 

Abbreviations 
 

ADR: adverse drug reactions 

CAD: Canadian dollar 

CI: confidence interval 

CKD: chronic kidney disease 

cRCT: cluster randomised control trial 

CVD: cardiovascular diseases 

DBP: diastolic blood pressure 

DALY: disability-adjusted life-years 

DLP: dyslipidaemias 

EQ5D: EuroQoL-5D 

EU: European Union 

FONASA: Fondo Nacional de Salud 

GP: general practitioner 

HbA1c: glycated haemoglobin 

HDL: high density lipoprotein 

HF: heart failure 

HTN: hypertension 



XV 
 

HRQoL: health-related quality of life 

ICC: intra-class correlation 

ICER: incremental cost-effectiveness ratio 

IHD: ischaemic heart disease 

ISAPRE: Institución de Salud Previsional 

LDL: low-density lipoprotein 

LMICs: Low and middle-income countries 

MRF: medication review with follow-up 

MTM: medication therapy management 

NCDs: non-communicable diseases 

OR: odds ratio 

PAHO: Pan American Health Association 

PCNE: Pharmaceutical Care Network Europe 

PCF: practice change facilitator 

PI: prediction interval 

PUC: Pontificia Universidad Católica de Chile 

PW: Pharmacotherapy workup 

QALYs: quality-adjusted life-years 



XVI 
 

RCT: randomised controlled trial 

RN: registered nurse 

SBP: systolic blood pressure 

T2DM: type 2 diabetes mellitus 

TC: total cholesterol 

TG: triglycerides 

TIDieR: template for intervention description and replication 

UTS: University of Technology Sydney 

USD: United States dollars 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 
 

 

 

 

 

 

 

 

 

 

 

 

Chapter 1  
Synopsis 

 

 

  



2 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This page is intentionally left blank 



3 
 

1.1 Research Overview 
Chapter 1: Synopsis 

Rationale for this work and the research’s objectives are explored. 

Chapter 2: International and Local Impact of Cardiovascular Diseases 

An international background of the impact of cardiovascular disease on mortality, disability-

adjusted life-years, and morbidity, as well as the resultant economic burden is reported. The 

Chilean cardiovascular context is presented and the healthcare system is described. Pharmacist-led 

medication review with follow-up is presented as an effective alternative to usual care to improve 

therapeutic objectives attainment in risk factors such as hypertension, type 2 diabetes mellitus and 

dyslipidaemia. 

Chapter 3: Economic Evaluations of Pharmacist-led Medication Review  

An overview of basic concepts of cost-effectiveness analysis along with a published systematic 

review of economic evaluations of pharmacist-led medication review in cardiovascular risk factors 

is provided.  

Chapter 4: The Polaris Trial 

Methods of the cluster randomized controlled trial are described. This trial included older adults, 

with more than five prescribed medications, with moderate or high cardiovascular risk, and 

members of a cardiovascular prevention program. This was conducted between January 2018 and 

May 2019 in 12 primary care centres in Chile. For this trial, an adapted method of medication 

review was developed and is described. 
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Chapters 5 and 6: Economic Evaluation of the Polaris Trial 

Chapter 5 is a submitted article that describes the methods and results of the cost-utility analysis 

alongside the Polaris trial. This analysis uses utility values and costs measured directly from the 

study. Costs were evaluated from the public third-party payer perspective. 

Chapter 6 is a submitted article describing the methods and results of a decision-analytic model 

that uses inputs from the literature and the Polaris trial. A state-transition microsimulation model 

was developed to extrapolate costs and utilities over a lifetime time horizon from the public third-

party payer perspective. 

Chapter 7 and 8: Discussion and Conclusion 

Chapter 7 presents the discussion for this research, limitations, transferability issues and future 

directions in research. 

Chapter 8 presents the conclusions obtained as outputs of this research project. 

1.2 Rationale 
Traditionally, the role of community pharmacists in Chile has been limited to the management and 

supply of medications. Public primary care was an unexplored field for pharmacy practice, even 

though this sector cares for 80% of Chilean population and every centre has its own pharmacy unit. 

By 2014, only 8% of primary care centres had pharmacists. 

Cardiovascular diseases in Chile are the leading cause of mortality and the main cause of health 

expenditure. Currently cardiovascular risk factors are treated at the primary care level. Local 

research shows that patients with cardiovascular risk factors are generally not optimally managed. 

Patients who receive treatment, usually do not reach therapeutic objectives to effectively prevent 

cardiovascular events. The government, being aware of this challenge implemented over 20 years 
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ago the cardiovascular prevention program. Although these policies improved cardiovascular 

results, there is still a significant number of patients that do not achieve therapeutic goals in order 

prevent cardiovascular events such as stroke or myocardial infarction. In 2015, the pharmacy fund 

was created to support and increase access to medicines for hypertension, type 2 diabetes mellitus 

and dyslipidaemia in primary care. To assist in the supply and rational use of medicines, 

pharmacists were employed to manage pharmacy units in primary health care centres. However 

their clinical role was not clear and local research to guide this was lacking.  

To explore professional pharmacy services in primary care, in 2015 a randomised controlled trial 

in one centre, tested the addition of pharmacist-led medication review with follow-up to usual care. 

This study was conducted as part of a Bachelor’s thesis by a pharmacy intern. The project recruited 

212 older adults who were enrolled in the existing cardiovascular prevention program in primary 

care. Positive outcomes were observed in the control of hypertension and type 2 diabetes mellitus. 

Although, this work showed initial positive clinical evidence, it had limited impact on local 

authorities because it was limited to one centre, was performed by a pharmacy intern, and did not 

include any economic evidence to assess if this intervention represented value for money. 

Therefore, this research aimed to produce this evidence by conducting a multicentre cluster 

randomised controlled trial to explore the clinical effects and cost-effectiveness of the addition of 

medication review with follow-up to primary care in patients with cardiovascular risk factors. 
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1.3 Objective 
To analyse the cost-effectiveness of medication review with follow-up in cardiovascular patients 

of primary health care. 

1.4 Specific Objectives 
 To review and analyse the evidence of economic evaluations of medication reviews in 

cardiovascular prevention of ambulatory patients. 

 To design a medication review with follow-up service for older patients with cardiovascular 

risk factors adapted to primary care in Chile. 

 To study the cost-effectiveness alongside a trial of a medication review with follow-up 

service for older patients with cardiovascular risk factors adapted to primary care in Chile 

from the public third-party payer perspective. 

 To extrapolate to a lifetime time horizon the economic evaluation of a medication review 

with follow-up service for older patients with cardiovascular risk factors adapted to primary 

care in Chile from the public third-party payer perspective. 
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2.1 Cardiovascular diseases 
2.1.1 Global Impact 
The Global Burden of Disease Study in 2017 reported that non-communicable diseases (NCD) 

were the main driver of mortality causing 41.1 million deaths 1. Main NCDs were cardiovascular 

diseases (CVD) that were defined as diseases of the heart, vascular diseases of the brain or blood 

vessels in general 1,2. Worldwide, 17.8 million deaths or 43.3% of NCD related deaths were due to 

CVD and have increased by 21,1% from 2007 (14.7 million) to 2017 1,3. In 2017 Ischaemic heart 

disease (IHD) and stroke caused 8.9 and 6.2 million deaths respectively. These constituted 84.9% 

of all CVD related deaths 1,3. An increasing trend in number of deaths is also observed from 2007 

to 2017 from 7.3 to 8.9 million for IHD and from 5.3 to 6.2 million for stroke 1,3. Similar trends are 

observed in different regions and countries (Figure 2.1). 

Figure 2.1. Deaths due to non-communicable or cardiovascular diseases 3.  

 

Notes: NCD: Non-communicable diseases; CVD: Cardiovascular diseases: Cardiovascular 

disease; IHD: Ischaemic heart disease. 
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In 2017, NCDs were the leading cause of disability-adjusted life-years (DALY) causing 1.6 out of 

2.5 billion, or 62.0% of all DALYs 4. CVDs like stroke or IHD, not only cause death but also have 

health consequences for patients that survive an event. In this context, among NCDs the leading 

source of DALYs were IHD and stroke, resulting in 170 million and 132 million respectively. Both 

diseases were increasing in DALYs compared to 2007 generating previously 144 and 114 million 

respectively (Figure 2.2) 3,4.   

Figure 2.2. Disability-adjusted life-years caused by non-communicable or cardiovascular diseases 3. 

 

Notes: NCD: Non-communicable diseases; IHD: Ischaemic heart disease. NCD does not include 

IHD or stroke 

2.1.2Risk Factors’ Prevalence  
Various risk factors make patients prone to IHD or stroke 5–7. In the US it was estimated that 11.7% 

of adults have high total cholesterol, 28.5% have high LDL cholesterol, 46.0% have hypertension 

(HTN), 10.7% have diagnosed type 2 diabetes mellitus (T2DM), and 37.6% have pre-diabetes 8. 

Similar results are reported for Europe with 23.6% [95%CI 21.5-25.7] of the population being 
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reported to be hypertensive (Figure 2.3), and 7.3% [95%CI 6.1-8.6] with T2DM 9. In 2008, 53.7% 

[95%CI 48.1-58.8] of Europe had raised cholesterol levels 9 .  

Figure 2.3. Prevalence of hypertension in male adults, Europe 2014 10. 

 

Patterns observed in The Unitised States and Europe have shown to be present in Latin America as 

well. The CESCAS study examined the prevalence of CVD risk factors in three southern Latin 

American countries, Argentina, Uruguay and Chile 11. Risk factors included were HTN, chronic 

kidney disease (CKD), dyslipidaemias (DLP), T2DM, low consumption of fruit and vegetables, 

low physical activity, smoking and obesity. It was reported that in adults aged 35 to 74, 40.8% had 

HTN, 58.4% DLP, and 12.4% T2DM 11.  Most patients had multiple risk factors (Figure 2.4) thus 

increasing the risk of having IHD or a stroke, especially in aged population 11. 
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Figure 2.4. Number of concurrent cardiovascular risk factors stratified by sex, city and age 11.  

 

Further analysis established that population with cardiovascular risk factors had issues with disease 

awareness, treatment and control. Sixty-three percent of HTN patients knew that they had this risk 

factor, 48.7% had medicines prescribed for treatment, and 43.3% of those treated with medications 

achieved therapeutic objectives 12. Twenty-one percent of patients among all HTN population 

reached their goals 12. For T2DM, 79.8% of patients were aware of their condition, 73.6% of them 

received treatment, and 49.2% achieved target values 13. Forty-six percent of patients achieved 

their goals among all diabetic population. 

2.1.3 Economic Impact 
The total global economic impact of NCDs from 2010 to 2030 has been calculated at 47 trillion 

United States dollars (USD) (Figure 2.5) 14. Global costs for CVD were estimated to rise by 22% 

between 2010 and 2030, from 863 to 1044 billion USD 14. These estimates included treatment of 
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IHD, stroke, heart failure and risk factors like HTN and DLP. Fifty-four percent (473.9 billion 

USD) were due to direct costs such as screening, prevention and hospital care, while 45.1% (389.6 

billion USD) were due to indirect costs, mainly loss of productivity 14. The data for T2DM was 

evaluated separately due to other complications particular to this disease. Worldwide, T2DM has 

costs impact of 500 billion USD that are expected to rise to 745 billion USD by 2030. This is 

comprised mainly of direct costs of 376 billion USD, representing 75.2% of total costs 14. 

Figure 2.5. Non-communicable diseases’ cost by disease type 14.   

 

Notes: CVD: Cardiovascular diseases: NCD: Non-communicable diseases: T2DM: Type 2 

diabetes mellitus 

In 2014, United States’ annual CVD costs were estimated at 351.2 billion USD. Direct costs were 

in 231.8 billion USD (physicians’ and other professionals’ fees, hospitalization, medicines and 

home health-care) and of indirect costs of 137.4 billion USD in forgone potential productivity loss 

attributed to premature mortality 8. CVD accounted for 14% of the US health budget, that is the 

highest percentage for any disease group 8. Direct costs have more than doubled between 1996 and 
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2013, from 103.5 billion USD to 213.8 billion USD 15. Unless action is taken, it is estimated that 

between 2015 and 2035 this trend will increase 16. Particularly in direct costs, increasing from 318 

billion USD to 749 billion mainly driven by hospitalizations (Figure 2.6). 

Figure 2.6. The United States cardiovascular diseases’ cost projections 16. 

 

Notes:  IHD: Ischaemic heart disease: CVD: Cardiovascular diseases: USD: United States dollar. 

In 2015, it was reported that, in the European Union (EU), costs due to CVD accounted for €210 

billion a year 10. Fifty-three percent of these costs were due to direct medical costs, 26% due to 

productivity losses and 21% due to costs of dependent patients’ informal care due to CVD events. 

Twenty eight percent of the overall cost of CVD were attributed to IHD, and 20% due to stroke 10. 

Direct costs for CVD represent 8% of EU health care expenditure of which 18% were due to stroke 

and 17% due to IHD.  

In the case of Latin America, CVD costs were of 26 billion USD with 8.8 billion attributed to direct 

costs and 17.2 billion to indirect costs 14. Projections suggest that costs in low and middle-income 

countries (LMICs) such as those in regions like Latin America will rise at a similar level of high-

income countries 14.  
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2.2 The Chilean Case 
In 2016 the Chilean Ministry of Health reported that 26.7% of all-cause mortality was due to CVD, 

with  7.8% due to IHD, and 8.1% due to stroke 17. The prevalence of CVD risk factors according 

to the two latest national health surveys of 2009-2010 and 2016-2017, show that although there 

was a decrease in prevalence of DLP over time, HTN remained stable, while T2DM increased 

(Figure 2.7) 18–20.  

Figure 2.7. Cardiovascular risk factors prevalence in the Chilean population. 

 

In addition, in the 2016-2017 survey, 40.1% of the population had metabolic syndrome. Also, 

26.0% of the population had 5-10% 10-year coronary heart disease (CHD) risk according to 

Framingham tables adapted to the Chilean population, while 25.5% had risk higher than 10% risk 

18,19,21. 

2.2.1 Chilean Health Care System  
Chileans can be covered by the public health insurance (Fondo Nacional de Salud or FONASA) 

or alternatively by various market-based private health insurance companies 22. Those insured by 

FONASA have access to public facilities across all levels of care. Privately-insured patients can 
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choose between the various private providers. In 2017, 19.6% of the population was estimated to 

be cared by the private sector, while 80.4% was treated in the public health care system 23–25. 

Castillo-Laborde et al. have described this healthcare system as unequal, as the insurance 

companies receive about 54% of health funding due to unregulated premiums that are adjusted by 

age and sex 26. Reports have estimated that primary beneficiaries of the private system were 

younger (5.6% of older adults) working (71% vs 63% in FONASA) males (every 116 man there 

are 100 woman) (Figure 2.8)  22,27.   

Figure 2.8. Patient age and sex distribution by insurance system 26.  

 

Notes: FONASA: Fondo Nacional de Salud, National Public Health Fund. ISAPRE: Institución de 

Salud Previsional, private insurance.  

For the public health care sector, patients’ first contact point are primary care centres. These centres 

are regulated and supervised by the Chilean Ministry of Health but are administered by 

Municipalities 22. Their care model is based on the family medicine model promoted by the World 
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Health Organization that recommends health care teams centred on patients, their family and the 

community. Every health care team has at least a general practitioner (GP), a registered nurse (RN), 

a dietitian, and administrative staff serving a geographically defined population 28. Other health 

care professionals such as dentists, physiotherapists, clinical psychologists, and pharmacists can 

support this team but are not part of the core team 29. 

In the context of increasing disease burden due to CVD and with a public system under financial 

pressure, in 2002, the Chilean Government created the CVD prevention program for primary care. 

Its main objective was: “reduce the incidence of CVD events through the control of risk factors in 

primary care, as well as to improve the management of CVD survivors with the aim to prevent 

premature morbidity and mortality and improve quality of life” 30. Specific objectives were 30: 

 Reduce CVD risk. 

 Manage risk factors: 

o Achieve optimal blood pressure. 

o Improve metabolic control of patients with T2DM. 

o Improve cholesterol levels of DLP patients. 

 Promote a healthy lifestyle. 

 Prevent recurrent CVD events. 

 Screening of high-risk of CKD patients. 

 Approach families as the support unit that promotes behavioural changes of their members. 

 Generate spaces for community dialogue to address population CVD risk factors. 

From 2006 to 2017, it was reported that patients with HTN reaching blood pressure goals increased 

from 48% to 68% and patients with T2DM reaching their glycated haemoglobin goals increased 
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from 33% to 45% 31. A study in 2018 evaluated “ideal” cardiovascular health in southern Latin 

American (Chile, Argentina and Uruguay) population concluding that there was a gap to be bridged 

in management. It was reported that twenty-three percent of the population had ideal blood 

pressure, 42.5% ideal total cholesterol, and 68.8% ideal fasting plasma glucose 32. When all seven 

metrics were evaluated (smoking, body mass index, physical activity, diet, total cholesterol, blood 

pressure and fasting plasma glucose), 0.1% of that population had ideal values across all risk 

factors32.  

Aiming to improve CVD risk factors control, in 2015 the Chilean Government implemented the 

pharmacy fund for NCDs in primary care to guarantee continuity of care particularly improving 

access to medicines (Figure 2.9) 33. These resources were focused mainly on medications for HTN, 

DLP and T2DM that are dispensed directly in the public primary care centres and without any out-

of-pocket expenses to patients. Even though these centres have pharmacies, pharmacists were not 

included in their staff 22. To bridge this gap, pharmacists were hired with the funding to manage 

the pharmacies and to promote the rational use of medicine through professional pharmacy services 

33. In 2018, it was reported that the fund added up to more than 103 million USD yearly 34. 
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Figure 2.9. Pharmacy fund scheme 33.  

 

Notes NCD: Non-communicable diseases: HTN: Hypertension; DLP: dyslipidaemia; T2DM: Type 

2 diabetes mellitus. 

Once pharmacists were included in primary care centres, guidelines of the CVD prevention 

program identified them as a “complementary professional” that can aid to achieve the program 

objectives 30. Three professional pharmacy services were also recommended in the guideline 

developed by the government: reconciliation of medications, prescription training for GPs and 

medication review with follow-up (MRF) 30.  

2.3 Professional Pharmacy Services 
According to the Pan American Health Organization (PAHO), professional pharmacy services 

based on primary care, should be focused on the individual, the family and the community 35. This 

organization, defined these services as “Actions in the health system seeking to guarantee integral, 

integrated and continuous care for individuals and communities’ necessities and health problems, 

having medicines as one of the essential elements, contributing to equal access and rational use. 
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These actions, carried out by pharmacists (or under his/her coordination) integrated to a health 

team and with communities involvement, have the objective to obtain concrete health results aiming 

to improve populations’ quality of life” 35.   

2.3.1 Medication Review 
MRF is defined by the Pharmaceutical Care Network Europe (PCNE) as: “a structured evaluation 

of a patient‘s medicines with the aim of optimising medicines use and improving health outcomes. 

This entails detecting drug-related problems and recommending interventions” 36. MRF has been 

classified into three basic types. These are described as follows 36,37: 

 Type 1 or simple: only medication history is available. It reveals drug interaction, some 

side effects, unusual dosage and some adherence issues. 

 Type 2 or intermediate: 

o 2A: patients can be approached. It adds up on type 1 findings, and it reveals drug-

food interactions, effectiveness issues and problems with over the counter 

medications. 

o 2B: GP information available. It adds up on type 1 findings and, it reveals drug-

food interactions, effectiveness and indication issues. 

 Type 3 or advanced: All information is available (medication history, GP information and 

patient is approachable). All drug-related problems can be potentially detected. 

Research has shown that MRF is an effective strategy in CVD prevention. In 2017, Jokanovic et 

al. conducted an overview of systematic reviews of pharmacist-led MRF in community settings 38. 

The search found 35 studies that overall reported improvements in medication management in 

HTN, T2DM and DLP. Meta-analyses reported improvements in glycated haemoglobin, blood 

pressure, cholesterol, CVD risk and number of appropriate medications. In addition, another meta-
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analysis reported that MRF in CVD showed that therapeutic objectives were more likely to be 

achieved in HTN (odds ratio (OR) 2.73 95% prediction interval (PI) 1.05-7.08), T2DM (OR 3.11 

95% PI 1.48-6.52) and total cholesterol (OR 1.91 95% PI 1.05-3.46) 39. 

Although, there is evidence that MRF is effective achieving targets in CVD risk factors like HTN, 

T2DM, and DLP, implementation of new interventions requires changes in resource allocation. In 

these situations, an evaluation of the opportunity cost (the benefits and costs not only of the target 

intervention but also of other alternatives forgone 40), is needed, especially in publicly funded 

health systems where resources are scarce. To evaluate this, economic evaluations of relevant 

alternatives are required. 
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3.1 Economic Evaluations 
As any health intervention in an era of scarce resources, MRF has to compete against other health 

technologies for funding to be included in health policies and expenditure. The data has to prove 

to decision-makers who usually face questions on resource allocation, that any new interventions 

are better value for money than relevant competing alternatives. To inform these choices, it is 

necessary to evaluate the opportunity cost. This type of analysis is usually referred to as an 

economic evaluation. It is defined as “the comparative analysis of alternative courses of action in 

terms of both their costs and consequences” 40. Economic evaluations’ main objective is to inform 

decisions, making a scientific and social value appraisal. To do this, it identifies, measures, values 

and compares costs and consequences of pertinent interventions. It utilises the best available 

evidence from systematic reviews, meta-analyses, and clinical trials to get an estimation of the 

effect. This evidence is then combined with costs from local data sources. Depending on the 

perspective, these costs might accrue to patients, health centres, third-party payers, the government 

or societal 40. 

Comparison of different programs is the cornerstone of full economic evaluations (if there is no 

comparison, they are called partial economic evaluation). There are three types of full economic 

evaluations and differ mainly in the benefits measured 40: 

 Cost-benefit analysis: outcomes are transformed into monetary units. This is done through 

assessment of willingness to pay for a specific health outcome. 

 Cost-effectiveness analysis: Uses natural unit of effect, e.g. life-years gained, blood 

pressure control, adverse effects avoided, among others. Their nature limits comparisons 

across disease areas as it can only contrast the same outcome measured. 
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 Cost-utility analysis: Uses quality-adjusted life-years (QALYs) as outcome. This composite 

measure combines health-related quality of life (HRQoL) with survival. This means that 

quality of life, represented through a preference weight on a scale of 0 to 1, being 0 dead 

and 1 the best imaginable health, is adjusted by the length of time in that state 41. HRQoL 

is usually measured through generic questionaries like the EuroQoL-5D (EQ5D) 42. This 

instrument measures a composite of five dimensions: mobility, self-care, daily activities, 

pain/discomfort, and depression/anxiety. Responses describe the respondent health state 

which is then valued using country specific value sets that consider society’s preferences 

43. The advantage of this analysis is that it can compare interventions of different nature. 

For example, it can be used to compare a professional pharmacy service with a heart 

surgery’s medical device. 

Cost-effectiveness and cost-utility analyses represent their results through incremental analysis, 

meaning that they compare differences between interventions in terms of costs divided by the 

difference of effects. The incremental cost-effectiveness ratio (ICER) represents this concept and 

is calculated as follows 40: 

ICER = 
𝐶𝑜𝑠𝑡𝑠𝐴−𝐶𝑜𝑠𝑡𝑠𝐵

𝑄𝐴𝐿𝑌𝐴−𝑄𝐴𝐿𝑌𝐵
 

The ICER yields four different scenarios that are represented in the cost-effectiveness plane (Figure 

3.1) 44. In the northwest quadrant, the intervention is less effective, and costs more than the 

comparator, therefore the intervention is dominated. In the southeast quadrant, the opposite is 

observed and the intervention is dominant. In the southwest quadrant, the intervention is less costly 

and less effective, and in the northeast quadrant, the intervention is more effective at higher costs. 

In this situation, it is necessary to establish a boundary that is defined as the cost-effectiveness 

threshold 45. This value represents where and to whom opportunity costs fall. As healthcare services 



27 
 

aim to maximise health gains, and as generally health budgets are constrained, there are limitations 

to expenditure increase. Therefore, opportunity costs fall on the health sector representing the 

disinvestment needed to implement a new service 40. To put it in practice, if we use a cost-

effectiveness threshold of 30,000 USD per QALY, it means that 30,000 USD invested in healthcare 

are presumed to displace one QALY somewhere else in this sector. 

Figure 3.1. Cost-effectiveness plane 46.  

  

To conduct an economic evaluation, two sources of information or “vehicles” can be used: a single 

trial (also called “piggyback” economic evaluation) and decision-analytic modelling 40. The first 

uses as source of all data a single clinical trial, usually a randomized controlled trial (RCT). While 

the latter combines available evidence from different sources to model a specific disease pathway. 
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This approach is used to inform a particular decision problem at a specific moment in time, in a 

defined setting and country 47. 

Economic evaluations alongside a trial have as a strengths internal validity and that trials are widely 

used as a source of effectiveness data 46. Nonetheless, this should be balanced with generalizability 

to represent real-life patients, and not only a limited sample of patients defined by inclusion and 

exclusion criteria 46. If an economic evaluation alongside a trial had an appropriate comparator, 

used QALYs as a final outcome, enrolled a representative sample of the population, followed-up 

the sample long enough, collected sufficiently broad resource use data, was pragmatic, and 

collected data to assess transferability, it can be comprehensive enough to inform decision 

making48. 

On the other hand, if these conditions are not met, especially for limited time horizons, which is 

particularly important for chronic diseases, these limitations can be addressed through decision-

analytic modelling 49. Modelling combines evidence from several sources related to clinical 

outcomes and resource use, which can include, but are not limited to RCTs, cohort studies or 

surveys. This approach gives a structure to decision-making under uncertainty. According to 

Drummond et al. they have the particularity that: “they can compare all options, reflect all available 

and relevant evidence, can link intermediate to final end-points, can extrapolate over a relevant 

time horizon, and make it applicable to the jurisdiction” 40.  

Different modelling techniques can be classified according to the type of data used (cohort vs 

individual-patient), and to the specific type of modelling. These are described as follows 50: 

 Cohort models: homogenous cohort data. 

o Decision tree. 
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o Markov model. 

o Infectious diseases compartment model. 

 Individual-patient microsimulation: calculates benefits and costs per individual patient, 

which then are aggregated to compute outcomes. 

o State-transition model. 

o Discrete-event simulation. 

o Agent-based model. 

3.2 Cost-effectiveness of Medication Review in Cardiovascular 
Outcomes  
In terms of economic evidence, there are published systematic reviews that address professional 

pharmacy services for CVD, including MRF, and these have shown positive results. A systematic 

review included clinical pharmacist interventions in patients with IHD, heart failure (HF) and risk 

factors like HTN, T2DM, DLP 51. Inclusion criteria were studies based in RCTs and carried out 

either in a hospital, outpatient or community setting. Eight economic studies were found, seven in 

a community setting and one in an outpatient clinic. Four evaluated medicine management where 

cost savings were observed in T2DM control, HTN and DLP. Only two of them were full economic 

evaluations and were limited by lack of sensitivity analysis or because they had the economic 

evaluation as a secondary analysis of the clinical results. Another study focused on economic 

evaluations of pharmacist-led interventions on T2DM 52. Studies were included regardless of the 

design (prospective and retrospective analyses and with or without a control group) and all types 

of professional pharmacy services with full or partial economic evaluations. Twenty-five studies 

were found of which 21 included MRF. Two studies considered a modelling approach and were 

cost-benefit analyses. Cost savings ranged from eight to 85,000 USD per person-year adjusted to 

2014, while costs of avoiding diabetes-related CVD were between 62,803 and 114,576 USD. Mean 
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cost per one percent reduction of glycated haemoglobin was of 174 USD per person. One cost-

utility analysis was found and deemed the intervention as dominant. Another systematic review 

analysed team-based care impact on blood pressure 53. This multidisciplinary team was comprised 

of nurses, pharmacists or other health professionals collaborating with patients and GPs. Studies 

were included if they were carried out in high-income countries and in primary CVD prevention 

patients. All the interventions had medication counselling or MRF. Systolic blood pressure (SBP) 

values were transformed to QALYs gained over a 20-year time horizon. Median ICERs between 

9,716 and 13,992 USD per QALY were observed. When this was calculated only for pharmacists, 

ICERs dropped to between 7,114 and 10,244 USD per QALY. It is important to note, that in two 

of these systematic reviews no decision-analytic models were found, while one found two 

modelling studies to address the decision problem. This becomes relevant, especially for CVD, as 

these events are usually estimated through longer periods than a trial (e.g. 10 years) and can have 

long-term sequelae. 

There is evidence that pharmacist-led MRF is clinically effective in CVD prevention, mainly, in 

risk factors like HTN, T2DM and DLP. Since evidence from published literature is outdated and 

did not focus specifically on CVD prevention outpatients intervened with MRF, the first objective 

of this thesis was to conduct a systematic review in this topic. 
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Supplementary material 

Appendix 1: Medline (Pubmed) search strategy 

For MEDILNE, the search strategy was developed examining MeSH terms and keywords of 

articles related to the study objective. The PICO method was used (patient, intervention, 

comparator and outcome) 54. It had 4 components of search terms combined by Boolean operator 

“OR”. These are: 

- Pharmacist. 

- MR. 

- CVD risk factor. 

- Economics. 

These were connected by Boolean operator “AND”. The search strategy was first piloted to 

evaluate if retrieval of papers got relevant citations. Any relevant additional study in the authors 

personal records were added. 

(Pharmacy OR Pharmacist* OR “Professional Role” OR “Students, Pharmacy” OR pharmacies 

OR “Ambulatory Care Facilities”) AND (“Drug Monitoring” OR “Patient care management” OR 

“Practice Guidelines as Topic” OR “Preventive Health Services” OR “Pharmacology, Clinical” 

OR “Medication Adherence” OR “Health Education” OR “Drug therapy” OR “Delivery of Health 

Care” OR “Cooperative Behavior” OR “Patient Care” OR “Patient Care Management” OR “Drug 

Utilization Review” OR “Professional Practice” OR “Pharmaceutical Services” OR “community 

Health services” OR “Primary health Care” OR “Interdisciplinary Communication” OR “Patient 

Care Team”) AND (Hyperlipidemias OR “Hypolipidemic Agents” OR lipoproteins OR 

“Cardiovascular Diseases” OR “Blood Pressure” OR “Hemoglobin A, Glycosylated” OR 

“Diabetes Mellitus” OR “Blood Glucose” OR “Hypoglycemic Agents” OR insulins OR 
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“cardiovascular agents” OR “Blood Pressure Determination” OR “cerebrovascular diseases”) 

AND (economics OR “Delivery of Health care” OR “Markov Chains” OR “Models, Economic” 

OR “quality of life” OR “Outcome Assessment (Health Care)” OR "Quality-Adjusted Life Years") 
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Appendix 2: Data extraction sheet 

Data extraction sheet was formulated according Cochrane and NHS methods and it contained:  

- General study characteristics: 

o Year of publication. 

o Sources of founding. 

o Design. 

o Sample size. 

o Competing interests. 

o Setting: 

 Hospital based outpatient clinic. 

 Primary care centre. 

 Community pharmacy. 

o Country. 

o Inclusion criteria. 

o Exclusion criteria. 

o Intervention with patients: 

 Face to face interview. 

 Web-based. 

 Telephone. 

o Follow-up. 

o Adherence intervention. 

o Type of adherence intervention. 

 Counselling. 
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 Multifaceted. 

o Type of medication review: 

 1: only medication information. 

 2A: medication information and patient information. 

 2B: medication information and clinical registry. 

 3: all the above. 

o GPs intervention: 

 Face to face interview. 

 Electronic medical record. 

 Telephone. 

o Control group description. 

o Perspective: If it was not declared, we classified it. Since there is no standard 

definition we decided to categorize studies into the following: 

 Societal: including all relevant costs to all members of society (direct and 

indirect) 

 Third payer: costs related to a financing organism. Depending on the health 

care system it could be public or private. 

 Single provider: costs to the specific health centre were MR was carried out. 

 Patient: relevant costs to the patients like transportation, loss of productivity, 

carers, among others. 

o Type of EEs: 

 Cost-effectiveness. 

 Cost-utility. 

 Cost-benefit. 
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- Methods and outcomes of EE. 

o Time horizon over which costs and consequences were evaluated (months). 

o Currency. 

o Discount rate (if necessary): 

 Costs. 

 Effects. 

o Inflation rate (if necessary). 

o Reference year of analysis. If it was not reported, the average year between the 

beginning and the end of the study was used. 

o If model based: 

 Markov. 

 Decision tree. 

 Discrete event simulation. 

o Description of resources evaluated. 

o Data source of resource use. 

o Methods for identifying resource use. 

o Incremental costs. 

o Valuation of effects. 

o Methods used for measurement of effects. 

o Incremental effects. 

o ICER. 

o Uncertainty analysis. 

o Author´s conclusion. 

- Miscellaneous. 
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o Pharmacist training. 
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Appendix 3: Risk of bias assessment 

Clinical trial A B C D E F G H I High risk of bias  Unclear risk of 
bias Low risk of bias Overall risk 

of bias 

Simpson et.al. 2015 55; 
Simpson et.al. 2011 56 

+ + + + - + - + - 3 0 6 Low 

Fishman et.al. 2013 57; Green 
et.al. 2008 58 

+ + + + + + - + + 1 0 8 Low 

Shireman et.al. 2016 59; 
Svarstad et.al. 2010 60  

+ + + + + + + + - 1 0 8 Low 

Bond et.al. 2007 61 + + ? ? + + - + + 1 2 6 Low 

Chen et.al. 2016 62 + + + + - + - - - 4 0 5 Medium 

Polgreen et.al. 2015 63; Carter 
et.al. 2015 64 

? + + - + + + ? - 2 2 5 Medium 

Adibe et.al. 2013 65 + + ? - + + - ? - 3 2 4 Medium 

Okamoto et.al. 2001 66 ? ? + + - + - ? - 3 3 3 Medium 

Borenstein et.al. 2003 67 ? ? + - - + - ? - 3 4 2 Medium 

Chan et.al. 2012 68 + ? + + + + - - - 3 1 5 Medium 

Obreli-Neto et.al. 2015 69 + ? ? + + + - - - 3 2 4 Medium 

Table 4. Risk of bias assessment of the original clinical trials. A: Random sequence generation; B: Allocation concealment; C: baseline outcome 

measurements similar; D: baseline characteristics similar; E: incomplete outcome data; F: Knowledge of the allocated interventions adequately 

prevented during the study; G: protection against contamination; H: selective outcome reporting; I: Blinding of data analysis.  
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Appendix 4: Economic Evaluations Quality Assessment 

CHEC-list 

Chan 
et.al. 
2012 
(42) 

Bond 
et.al. 
2007 
(45) 

Chen 
et.al. 
2016 
(44) 

Fishman 
et.al. 2013 
(39) 

Shireman 
et.al. 2016 
(38) 

Borenstein 
et.al. 2003 
(37) 

Polgreen 
et.al. 2015 
(36) 

Simpson 
et.al. 2015 
(41) 

Adibe 
et.al. 
2013 (43) 

Okamoto 
et.al. 2001 
(35) 

Obreli-Neto 
et.al. 2015 
(40) Total  

Is the study population clearly described? 1 1 1 1 1 1 1 1 1 1 1 100% 

Are competing alternatives clearly described? 0 0 1 0 0 0 0 0 1 0 1 27% 

Is a well-defined research question posed in 
answerable form? 1 1 1 1 1 1 1 1 1 1 1 100% 

Is the economic study design appropriate to the 
stated objective? 1 1 1 1 1 1 1 1 1 1 1 100% 

Is the chosen time horizon appropriate in order 
to include relevant costs and consequences? 0 0 0 0 0 0 0 0 0 0 0 0% 

Is the actual perspective chosen appropriate? 0 0 0 0 0 0 1 0 0 0 0 9% 

Are all important and relevant costs for each 
alternative identified? 0 1 1 1 0 1 0 1 1 1 0 64% 

Are all costs measured appropriately in physical 
units? 1 1 1 1 0 1 0 1 1 1 1 82% 

Are costs valued appropriately? 0 1 1 1 1 0 1 1 1 1 1 82% 

Are all important and relevant outcomes for 
each alternative identified? 1 1 1 1 1 1 1 1 1 1 0 91% 

Are all outcomes measured appropriately? 1 1 1 1 1 1 1 1 1 1 0 91% 

Are outcomes valued appropriately? 1 1 1 1 1 1 1 1 1 1 0 91% 

Is an incremental analysis of costs and 
outcomes of alternatives performed? 1 0 0 1 1 1 1 1 1 1 1 82% 

Are all future costs and outcomes discounted 
appropriately? 1 1 1 1 1 1 1 1 1 1 0 91% 

Table 5. Economic evaluations quality assessment.  
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CHEC-list 

Chan 
et.al. 
2012 
(42) 

Bond 
et.al. 
2007 
(45) 

Chen 
et.al. 
2016 
(44) 

Fishman 
et.al. 2013 

(39) 

Shireman 
et.al. 2016 

(38) 

Borenstein 
et.al. 2003 

(37) 

Polgreen 
et.al. 2015 

(36) 

Simpson 
et.al. 2015 

(41) 

Adibe 
et.al. 

2013 (43) 

Okamoto 
et.al. 2001 

(35) 

Obreli-Neto 
et.al. 2015 

(40) Total  

Are all important variables, whose values are 
uncertain, appropriately subjected to sensitivity 
analysis? 

0 0 0 1 1 0 0 1 1 0 0 36% 

Do the conclusions follow from the data 
reported? 0 1 1 1 1 1 1 1 0 1 0 73% 

Does the study discuss the generalizability of 
the results to other settings and patient/client 
groups? 

1 0 1 1 1 1 1 1 0 0 1 73% 

Does the article indicate that there is no 
potential conflict of interest of study 
researcher(s) and funder(s)? 

1 1 1 1 1 0 1 1 1 0 1 82% 

Are ethical and distributional issues discussed 
appropriately? 0 1 1 1 1 0 1 1 1 1 1 82% 

Total 57,9% 68,4% 78,9% 84,2% 73,7% 63,2% 73,7% 84,2% 78,9% 68,4% 52,6% 71% 

Table 5. Economic evaluations quality assessment. (continued
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4.1 Context 
In Chapter 3 the evidence for the cost-effectiveness for MRF was presented. These data 

were predominantly from the United States of America’s health care system 57,66,67,70,71. 

However, based on concerns of transferability, local evaluations are recommended when 

feasible 72. The Chilean health care system, although having some similarities to other 

international health care systems, has its own policies, financial management, and clinical 

culture.  

Researchers from the Pontificia Universidad Católica de Chile instigated a study where 

a pharmacy intern implemented MRF 73. This six-month RCT compared the addition of 

MRF against usual care of the Chilean CVD program (described in Chapter 2). Simple 

1:1 randomisation was achieved using Microsoft Excel©. The trial was carried out in an 

urban primary care centre which had the highest number of enrolled patients in the 

country (more than 100,000). In this single centre study, the pharmacy intern based at the 

primary care centre undertook three patient interviews (one every three months). 

Inclusion criteria were patients enrolled in the CVD prevention program, older than 65 

years and with more than five prescriptions. One hundred and six patients were recruited. 

The results reported achievement of therapeutic objectives in HTN (OR 3.47 95% 

confidence interval (CI) 2.14-4.31] and T2DM (OR 2.52 95% CI 1.32-3.61). In addition 

to improvements in SBP (-10.0 mmHg 95% CI -15.0 – -5.0), glycated haemoglobin (-

0.61% 95%CI -0.90 – -0.10]) and LDL cholesterol (-14.6 mg/dL 95%CI -19.2 – -1.96) 

were reported. These results, although not published, led to the development of a multi-

centre cluster RCT (cRCT) named “Polaris” described in this chapter.  

4.2 The Polaris Study 
The Polaris trial was a collaborative project between University of Technology Sydney 

(UTS), Pontifical Catholic University of Chile (PUC) and the Chilean government. The 
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protocol for the cRCT was registered in clinicaltrials.gov (NCT03502109, appendix 1). 

The protocol attached to this chapter is primarily directed to the economic evaluation of 

the trial. 

4.2.1 Main Objective 
To evaluate the clinical, humanistic and economical outcomes of MRF in older adults 

from a cardiovascular risk program in primary health care. 

4.2.2 Secondary Objectives 
 To assess the impact of MRF in clinical outcomes and control of health problems in 

patients with moderate to high CVD risk in public primary care centres in Chile. 

 To evaluate the impact of MRF on drug related problems and medication management 

in public primary care centres in Chile. 

 To evaluate the cost effectiveness of MRF against usual care in older adults enrolled 

in a cardiovascular risk program in primary care centres, from the public third-party 

payer perspective. 

4.2.3 Design and Setting 
The study was designed as a multicentre cluster-randomized controlled 1-year trial on 

public primary health care centres in Santiago, Chile. There are over 600 centres national 

wide, 160 of which are in Santiago. Centres in Santiago were recruited and those willing 

to participate signed a commitment form. The intervention group performed MRF, while 

the control group had usual care alone. Each patient was required to attend at least four 

visits during a period of 12 months. Due to the nature of the study blinding was not 

possible for providers, but patients did not know their group. 

4.2.4 Economic Evaluation Outcomes 
Primary outcomes were QALYs and costs generated in the public health system as 

inputs to calculate the ICER. 
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4.2.5 Eligibility criteria 
Inclusion and exclusion criteria were established (Table 4.1) for primary care centres 

(clusters) and patients. 

Table 4.1 Eligibility criteria for the Polaris study. 

Eligibility 
Criteria Clusters Patients 

Inclusion 
Criteria 

Public primary care centres 
with at least 1 full time 
pharmacist 

65 years or older who signed 
the informed consent form 

Pharmacists were able to 
request laboratory exams for 
cardiovascular parameters such 
as HbA1c and lipid levels 

Included in the national 
cardiovascular care program 
with diagnosis of 
hypertension, type 2 diabetes 
mellitus or dyslipidaemia 

Pharmacist were able to add 
their findings to medical 
records 

Classified as Independent by 
the Barthel index for activities 
of daily living 74 

Pharmacists could devote at 
least 10 hours a week (5 in the 
control group) to participate in 
the study 

Moderate (5-10%) or high 
(>10%) 10-year CHD risk 
using the Chilean 
Framingham’s adapted risk 
charts 21 
Five or more daily 
medications 

Exclusion 
Criteria 

Primary care centres attached to 
a hospital. Participants of the pilot study 

Private primary care centres. 

Low (< 5%) 10-year CHD 
risk score using Chilean 
Framingham’s adapted risk 
charts 21 

Notes: CHD: Coronary heart disease; HbA1c: glycated haemoglobin. 

4.2.6 Ethics statement 
This study was approved by four ethics committees (Southern, South eastern, Western 

and Eastern metropolitan Health Services Administrators) in Santiago, Chile and the UTS 

human research ethics committee in Sydney, Australia (UTS Human Research Ethics 

Committee REF NO. ETH17-1346). Each patient signed an informed consent form. 

Pharmacists reinforced that patient participation was voluntary and that they could 

withdraw at any time. 



60 
 

4.2.7 Sample size calculation 
A pilot study was conducted on eight primary care centres (four in each group) on the 

south-eastern sector of Santiago, Chile. Pharmacist in the intervention group received 10 

hours of training to provide MRF by the Polaris method and cardiovascular 

pharmacotherapy. The study was approved by the ethics committee of the south-eastern 

Health Service Administration. Patients were asked to provide informed consent.  

As the study was to test the feasibility of the Polaris method and research methodology, 

the required number of patients to be recruited in each centre was low (N=12), with 

patients interviewed once per month for 3 months. Control patients were not interviewed, 

and their medical and pharmacy data was collected from the official records. 

Simple statistical analyses (student-t test) were performed to determine the effect on 

clinical outcomes used to calculate sample size for the main study. 

Table 4.2: Clinical outcomes of the pilot study. 

Outcome 
Control 

mean (SD)  
N= 35 

Intervention 
mean (SD)  

N=37 

Mean 
difference 

(SE) 
p-value 

SBP 145.7 (15.8) 134.5 (16.5) -11.2 (3.81) 0.006 
DBP 82.2 (10.1) 75.7 (10.7) -6.50 (2.50) 0.01 
HbA1c 7.58 (2.05) 7.46 (1.56) -0.12 (0.53) 0.84 
TC 227.0 (85.3) 169.5 (42.6) -57.5 (15.8) 0.005 
LDL 129.9 (49.0) 93.8 (29.3) -36.1 (9.45) 0.002 
HDL 46.9 (11.0) 46.4 (9.17) 0.41 (2.38) 0.83 
TG 251.9 (227.5) 165.8 (60.1) -86.1 (38.7) 0.03 
CHD risk score 6.11 (3.60) 6.54 (4.16) 0.43 (0.91) 0.64 

Notes: SE: standard error; SBP: systolic blood pressure; DBP: diastolic blood pressure; 

HbA1c: glycated haemoglobin; TC: total cholesterol; LDL: low-density lipoprotein 

cholesterol; HDL: high-density lipoprotein cholesterol; TG: triglycerides; CHD risk 

score: coronary heart disease score using Chilean adapted Framingham’s equation.  
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4.2.7.1 Sample Size Estimates for Main Study 
Standardized effect size was determined for the reduction in CVD risk score (0.324) in 

the pilot study and using a balanced control-intervention relationship of 1:1 with an 80% 

of statistical power and p<0.05. The intra-class correlation (ICC) was 0.03 and having a 

fixed number of clusters available (24), the resulting cluster size was 20 (design effect = 

1.57). With 20% of estimated losses, calculated sample size was at least 576 patients, 

with 288 in each group and 11-12 clusters in each study group 75. 

As some centres presented problems with patient recruitment while others retired early 

from the study, cluster size was increased to avoid an underpowered study. Most centres 

had to recruit 30 patients, although there were two centres that had to recruit 45 and one 

70 to account for a larger population (median of 35).  

4.2.8 Randomization 
Cluster-level randomization for primary care centres was conducted to reduce the risk of 

cross-contamination. After receiving ethics approval and primary care centres agreed to 

participate, simple randomization was conducted at the cluster level with Microsoft 

Excel™ random function, using as unit of randomization each primary care centre. 

Randomization was performed with the presence of at least one representative of each 

municipality acting as witnesses as instructed by the ethics committees. As one cluster 

contributed more than 40% of the population of study, it was matched against two other 

clusters to prevent imbalances between groups. This initial randomization was to 

determine study group for these matched clusters 75. A second, simple randomization of 

the remaining clusters was then conducted. 

Patient-level randomisation was not performed. Patients were recruited by direct 

invitation in the pharmacy unit and/or by referral from GPs and RN, until the sample size 

number was achieved. Also, participants were not aware of their study group. 
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4.3 The Polaris Methodology for Medication Reviews with 
Follow-up  
There are several methodologies and guidelines for delivering MR despite some 

differences in components such as follow-up, patient participation, and interaction with 

other health professionals. MRF methods share a common goal to optimize the 

pharmacological treatment in order to achieve the best possible outcomes for the patient76. 

In Latin America, most studies and local initiatives have used the Dader’s method for 

MRF developed by University of Granada, Spain. Reports of this service showed 

significant results in several publications in cardiovascular patients in Spain’s community 

pharmacy setting and it is available in Spanish language 77–79. The national conSIGUE 

program popularized this strategy and reported significant impact on several outcomes 

such as increases of 56% on the control of health conditions, 6.6 points in HRQoL, and a 

49% decrease on emergency department visits77,79.  

Nevertheless, Chilean public primary care pharmacy system differs greatly from the one 

in Spain. In Chile, public pharmacies are located inside the primary care centres where 

patients receive free medications for most chronic conditions, particularly for CVD 

prevention78. Additionally, as pharmacists share workspaces and interact with GPs and 

the clinical team, communication between them is common for issues concerning 

medications information and availability of medications at the pharmacy unit33. The 

bachelor’s thesis conducted on 2015 in Chile, adapted the Dader’s methodology to 

account for these differences, using official medical records and giving more emphasis to 

contact with GPs. Interestingly, in the single centre RCT study undertaken by the 

pharmacy intern GPs acceptance to interventions of therapy modifications was superior 

to those reported by the conSIGUE program (94% vs 50%)73. Most of the pharmacist’s 

interventions from the adapted methodology concerned pharmacotherapy modifications, 
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with only 17% being educational and adherence interventions 73. In the conSIGUE 

program, half of the interventions did not required involvement with GPs 77. 

Another problem observed in the Dader’s Method for MRF was the lack of sufficient 

guidance in the pharmacotherapy’s evaluation process as it only suggests a general 

structure, thus depending heavily on the clinical experience and knowledge of the 

pharmacist and overextending the process. As an example, in the conSIGUE program, 

“study” and “evaluation” phases used on average 163±114min per patient, 65% of the 

total MRF service, compared to 35±12 minutes (or 37% of the total MRF service) in the 

bachelor’s thesis 73,77. 

Therefore, to develop a Chilean contextualised MRF method, several other methods in 

addition to Dader’s were reviewed, including Pharmacotherapy Workup (PW), United 

States’ medication therapy management (MTM) and United Kingdom’s 7-step 

medication review approach 80–82. Inputs from the bachelor’s thesis were also used 73. The 

result of this adaptation was named “Polaris MRF” adopting the name used in this study.  

The Polaris MRF method simplified data collection as it was extracted from the patient’s 

official medical and pharmacy records. The method also provides detailed guidance on 

the evaluation process using process flowcharts to take advantage of the additional 

available information and encouraged face-to-face contact with GPs to suggest therapy 

modifications.  

As Dader’s method use components from MTM and PW, common elements present in 

all methods as the general structure and patient relevance were maintained, with a circular 

follow-up and evaluation processes relationship (Figure 4.1). 
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Figure 4.1. Polaris Method for medication reviews with follow-up. 
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For the evaluation phase, flowcharts were developed as guidance to the process and 

include recommendations on how to solve these problems, as reported by the evidence 

and the bachelor’s thesis 73,77,80–82. Current clinical guidelines and evidence are used to 

establish the risk-benefit balance for each indication and suggest therapeutic modificatios 

when necessary.  

The flowcharts followed the original approaches for the analysis on the pharmacotherapy 

by need or indication, effectiveness, medication adherence and safety 73,78,80–82.  

Need or Indication Analysis 

This phase analysed the medications and health conditions, exploring inappropraite 

indications and duplications (Figure 4.2).  

Figure 4.2. Need or indication analysis. 
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Effectiveness Analysis 

The objective is to analyse if medications described as “needed” by the previous analysis 

are effective in achieving the therapeutic targets established by the clinical team. It 

accounts for factors like underdosing, medication non-adherence and undertreated 

conditions (Figure 4.3).  

As medication non-adherence is a complex phenomenon, a specific flowchart is provided 

to explore common causes and suggested interventions (Figure 4.4). 

Figure 4.3: Effectiveness analysis. 
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Figure 4.4: Medication non-adherence analysis. 
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Analysis for safety of the medications 

The analysis for safety of pharmacotherapy was divided on two stages: an initial analysis on 

the effect of characteristics or properties of each medication, and a second analysis to account 

for the patient personal characteristics (as kidney or liver diseases) that could influence 

medications safety. 

This part of evaluation and analysis focusses on potential contraindications, drug interactions 

and adverse drug reactions (ADR) (Figure 4.5). Individual medication profile for absolute 

contraindications and moderate to severe interactions and ADR should be addressed as a 

priority.  

Figure 4.5. Safety analysis by medication characteristics 

 

The second safety analysis accounts for individual-patient health characteristics and conditions 

that could increase risks while using medications, evaluating results from kidney and liver tests 

(Figure 4.6).  
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Figure 4.6. Safety analysis by patient characteristics. 

Notes: GFR: Glomerular filtration rate 

Description of the MRF Service and TIDieR Checklist 

As a product of this process, with the objective to standardize and encourage replication of this 

intervention by clinicians or other researchers, the template for intervention description and 

replication (TIDieR) checklist was completed 83. 
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4.3.1 Template for Intervention Description and Replication Checklist for the Polaris trial 
 

The TIDieR (Template for Intervention Description and Replication) Checklist: 

          Information to include when describing an intervention and the location of the information 

Item 

number 
Item  

 

 
BRIEF NAME 

1.  

Polaris method for medication review with follow-up (MRF) in primary care. 

 

 WHY 

2. A meta-analysis conducted in 2019 evaluated the effect of MRF in cardiovascular disease (CVD) risk factors in different 

ambulatory settings. Although the data had high heterogeneity, prediction intervals (PI) showed that pharmacists-led MRF 

improved the control of hypertension (OR 2.73 [PI 1.05, 7.08]), type 2 diabetes mellitus (OR 3.11 [PI 1.17, 5.88]), and high 

cholesterol (OR 2.52 [PI 1.06, 5.34]). 39 MRF has shown positive results in the management of chronic conditions, particularly in 

cardiovascular diseases. MRF addresses some causes of treatment failure in CVD patients such as clinical inertia and medication 

non-adherence 73. 

  

 WHAT 

MRF was conducted four times a year on older patients, attending a primary care centre, with five or more prescribed medicines 

and moderate-to-high 10-year coronary heart disease (CHD) risk using Framingham’s scores adapted to the Chilean population 21. 
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3. Materials: The research team funded by the project funds, used face-to-face teaching to train two practice change facilitators 

(PCF), in the Polaris method of MRF and implementation science. PCFs, also funded by the project funds, trained pharmacists in 

the intervention group in the process and delivery of MRF according to the Polaris methods. Face-to-face case studies and patient 

simulations with role-playing were used. A registered nurse (RN) lecturer trained pharmacists in vitals assessment using previously 

calibrated blood pressure measurement units (OMRON® HEM-7121), blood glucose monitors (PRODIGY® AUTOcode) with 

pen-like needles, finger oximeters (Choicemmed ® MD300C11) and measurement tapes. The same instruments were used during 

the intervention period. The RN lecturer also trained pharmacists from the intervention group in health education using face-to-

face training, didactic materials and games.  

A standardized MS Excel ® registry was used for gathering all patient data using codification without personal information (Figure 

4.7). 

 

4. Procedures: Pharmacists of the intervention group were trained for 15 hours. This was divided in three hours for MRF methods, 

data recording and the development of a clinical case; one and a half hours for pharmacist-general practitioner collaboration; four 

and a half hours in training of vitals assessment, health education, clinical interview techniques using clinical cases; three hours in 

cardiovascular pharmacotherapy; three hours of MRF role-playing simulation performed in couples so each pharmacist could do 

it at least once. 

Pharmacists of the control group were trained by the PCF for one and a half hours in data recording, and by a registered RN lecturer 

for one and a half hours in vitals assessment.  

PCF were pharmacists with experience in clinical pharmacy and MRF. They were assigned to support in situ the delivery of MRF 

service and had periodical meetings with pharmacists and health centres’ managers. The PCF resolved causes of barriers and 
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encouraged the implementation of MRF in each primary care centre, providing additional in-situ training or collaborating with the 

centre manager when necessary. PCFs were trained for three hours on implementation models’ strategies to address implementation 

factors 84. 

All patients continued to receive standard care by the national CVD program guidelines provided by a team of local general 

practitioners (GPs), RN and dietitians. According to these guidelines, Pharmacists are complementary professionals to this core 

team. 30 

Once recruited by the centres, patients were invited to the study and signed an informed consent form. MRF was conducted in a 

step-wise approach: it started with a brief review of medical and pharmacy records prior to the initial interview, then an initial 

interview (30 minutes), followed by an evaluation phase to develop an action plan, face-to-face collaboration with GPs (when 

needed), and a minimum of three follow-ups to implement and evaluate interventions (20 minutes each).  

Patients that met the inclusion criteria were invited to the study by the pharmacist or pharmacy technicians in the pharmacy unit. 

Another option was a referral by a GP, RN or other professionals.  

The following steps were followed to conduct MRF: 

 Before the first interview, a brief review of the patients’ health problems and pharmacotherapy documented in the patients’ 

medical records was conducted. This review was done to evaluate current conditions, therapy and other relevant 

information, and to ensure or maintain the currency of clinical records.  

 An initial interview (estimated on 30 minutes) was conducted to collect all clinical data and medicines information directly 

from the patient. Non-adherence to medications was measured using a medication adherence questionnaire (MAQ). Quality 

of life was registered through the EQ-5D-3L instrument administered by the pharmacists as most patients were illiterate. 

Pharmacist assessed/measured the patient’s vitals, using a standardized technique defined by national guidelines of the 

cardiovascular health program. This data was registered in clinical records and was used for the next phase along with the 
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information registered by other professionals on previous consultations. Patients’ knowledge of their health conditions was 

explored by pharmacists using four questions - What is it? What is causing it? What are its risks? Do you think you will 

always have the health problem?  For each medications the questions were - What it is for? What are their benefits? What 

are their risks? How do you take it? Pharmacists did not provide any clinical or educational intervention during this initial 

interview unless there was a need for urgent actions to address severe or acute health issues/ problems. Pharmacists were 

able to order laboratory exams if the patient did not have updated results (in the last 4 months). 

 After the initial interview, pharmacists conducted a desk medication review using collected data. Standardized flowcharts 

provided by the research team were used to assess health problems and detect/resolve all drug-related problems (DRP). 

Problems representing an immediate risk for the patient were prioritized (Figures 4.1-6, translated directly from the Spanish 

versions). Pharmacists then developed an action plan to resolve any issues or DRP. For educational interventions, no 

additional contact with other health professionals was required. Interventions that included modifications to 

pharmacotherapy were undertaken face-to-face to GPs. Pharmacists did not have any prescribing authority.  

 The second interview (first follow-up) was focused on providing educational interventions. Only those accepted by the 

patient were implemented. No more than three interventions were allowed per interview as more could cause confusion 

and compromise their effectiveness. If there were no other issues, or the clinical situation required action, implementation 

of previously agreed (with GPs) pharmacotherapy changes could be performed. 

 In the third interview (second follow-up) pharmacists evaluated the results of each intervention with the patient. Changes 

in pharmacotherapy agreed with the GPs were implemented with the patient’s approval. The patient care plan was re-

evaluated with available information. 
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 In the final interview (third follow-up), the pharmacist evaluated the effectiveness of all interventions with inputs and 

explored future steps. A final order for laboratory exams was provided to evaluate results. Pharmacists could continue 

following-up patients, but no more data was collected for the study. 

Patients in the usual pharmacy care group received standard care as per the national CVD program guidelines provided by a team 

of local GPs, RN and dietitians. Usual care pharmacists collected data in 4 short interviews (15 minutes max) and from medical 

and pharmacy records, answering patients’ questions as performed in usual care. Pharmacists informed clinical teams when urgent 

interventions were needed.  

 WHO PROVIDED 

5. Primary care pharmacists trained in cardiovascular pharmacotherapy, MRF, vitals assessment, clinical interviews and pharmacist-

GP collaboration. The recruited pharmacists did not have previous training in MRF before the study and did not have more than 

three years of experience as primary care pharmacists. 

PCF trained in health services implementation factors and MRF service 84. 

 HOW 

6. Pharmacists interviewed patients face-to-face. Also, pharmacists had face-to-face meetings with GPs to explore pharmacotherapy 

modifications (see process above). 

 WHERE 

7. Interviews with patients were conducted in their respective primary care centres using private consulting zones. Pharmacists met 

with GPs in their clinical offices or meeting rooms. 
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WHEN and HOW MUCH 

8. Each patient in the MRF group was interviewed at least four times for one year. The first interview was longer to gather initial 

patient data (average 35 minutes), with shorter follow-up visits (average 18 minutes). More interviews could be scheduled if it was 

clinically required. 

The control group collected data at four time points during the year. 

 TAILORING 

9. It was suggested, but not required that for patients that did not meet therapeutic goals for hypertension, type 2 diabetes mellitus or 

dyslipidemias; had a severe adverse drug reaction (ADR) or interaction, additional visits could be programed as clinically required. 

However, this only occurred with a specific pharmacist with 15 patients. 

Suggested frequency of appointments was as follows: 

 Hypertension: Every 7-14 days until the achievement of blood pressure goal.  

 Type 2 Diabetes: every 7-14 days until the achievement of fasting glucose goal. Then 30 days later, this was measured 

again. Finally, goal attainment was achieved through glycated haemoglobin three months after therapy change. 

 Dyslipidaemias: every 4-6 weeks until the achievement of lipid goals. 

Exceptional cases: patients with a suspected moderate or severe ADR or those who have a severe pharmacological interaction had 

follow-ups every 7-14 days until the issue was resolved.  

  

MODIFICATIONS 

10.ǂ The intervention was not modified during the study. The PCFs checked for fidelity 84. 
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HOW WELL 

11. Fidelity assessment: Patient records were randomly analysed by a PCF to verify that each pharmacist was fooling the step approach 

and conducting the service according to the protocol. If issues arose, additional field training was provided when necessary and 

other interventions were agreed with pharmacists or the primary care centre managers 84.  

12.ǂ 

 

Fidelity assessment for adherence to the protocol: 75% of pharmacist delivered the MRF service according to the methodology. 
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Figure 4.7. Polaris data file.  
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4.4 Economic Evaluation 
The economic evaluation was designed as a cost-utility analysis. This type of evaluation 

was chosen because CVD have both acute and long-term consequences that may affect 

patients’ HRQoL 85. The evaluation was comprised of two analyses: 

 Economic evaluation alongside the trial (Chapter 5). This analysis was 

performed with STATA© 16.1 using costs and benefits measured directly 

from the trial. 

 Decision-analytic model (Chapter 6). The model was built using TreeAge 

Pro© Healthcare extrapolating costs and benefits through a lifetime time 

horizon using inputs from the trial and the literature. 

The rest of this chapter will describe data collection for inputs of these two evaluations. 

4.4.1 Health Benefits 
To conduct the first analysis, the effect of MRF was measured in terms of HRQoL as 

input to calculate QALYs. Patients’ perceived HRQoL was measured using the EQ5D, 

three level version questionnaire 42,86. This tool uses both a descriptive system and a visual 

analogue scale.  The descriptive system evaluates five dimensions: mobility, personal 

care, daily activities, pain and anxiety/depression, each dimension had three levels of 

severity codified from one (not a problem) to three (a severe problem) 42,86. A visual 

analogue scale was used, where 0 was equivalent to death and 100 to the best imaginable 

health state possible. This assessment was performed in each interview usually by the 

pharmacist as most patients were illiterate. Results from each dimension were 

summarized in a composite measure, i.e. if a patient had low severity in each dimension 

it was registered as “11111”. These composite measures were weighted using utility 

weights from a value set that used a time trade-off method on a representative sample of 

the study’s setting 43. 
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4.4.2 Costs 
Both analyses used cost data gathered from the trial and government published data. This 

required identification of resources, quantification within the trial and their valuations 

according to local price weights. Both evaluations used the public third-party payer 

perspective according to local guidelines 87. Therefore, identified resources were direct 

costs to the public healthcare system. Costs are described in Table 4.3: 

Table 4.3. Identified resources and unit prices used in the economic evaluation. 

Resource Resource source Unit price (USD) Unit price source 

Pharmacist time 
(hour) Trial $22.2 Centres 2019 wages 

88 
General 
practitioner time 
(hour) 

Trial $30.6 Centres 2019 wages 
88 

Pathology tests Trial Chapter 5 
Public health 

insurance price 
weights 89 

Medications Trial Chapter 5 
National medication 
supply central 2019 

prices 90 
Training and PCF 
(hour) Trial $33.01 Centres 2019 wages 

+ 5% 88 

Emergency 
department visit 

Government 
records $24.82 

Public health 
insurance price 

weights 89 

Hospitalization 
(DRG value) 

Government 
records $5115.21 

Local diagnostic 
related group 

guidelines 2019 91 

Specialist visit Government 
records $23.31 

Public health 
insurance price 

weights 89 
Notes: DRG: diagnostic-related group; PCF: Practice change facilitator; USD: United 

States dollar. 

 
Price weights and costs were reported in 2019 United States dollar (USD). Other 

currencies or years were updated using the online tool developed by Cochrane Economics 

Methods Group and the Evidence of Policy and Practice Information and Coordinating 
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Centre 92. Purchasing power parity values available from the International Monetary Fund 

were used 93. 

4.4.3 Decision-analytic Model inputs 
For the model, patients’ clinical data was used to calculate transition probabilities. This 

data was collected in the Polaris data file (Figure 4.7) and are listed in Table 4.4.  

Table 4.4. Patients’ clinical characteristics used for the decision-analytic model. 

Baseline characteristics Clinical parameters 
Age Body mass index 

Gender Systolic blood pressure 
Smoking status Diastolic blood pressure 

Diagnosis of heart failure Total cholesterol 
Diagnosis of  type 2 diabetes mellitus LDL cholesterol 

Diagnosis of atrial fibrillation HDL cholesterol 
Myocardial infarction history Triglycerides 

Stroke history  
Statin use  

Aspirin use  
 

With this data, the next two chapters present the analyses and results of the economic 

evaluation alongside the Polaris trial (Chapter 5) and the decision-analytic model to 

extrapolate results to a lifetime time horizon (Chapter 6). 
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Pharmacist-led Medication Review in Primary Care 

for Cardiovascular Outcomes: Cost-utility analysis 
alongside a cluster randomized clinical trial 
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7.1 Contextualising Current Knowledge 
The research undertaken for this thesis framed the current state of the art of economic 

evaluations of MRF. Using an adapted “Polaris MRF” method for primary care, we 

developed a cRCT undertaken within Chilean public health centres and evaluated its 

value for money through an economic evaluation.  

A systematic review was conducted to gather evidence of medication review, a 

professional pharmacy service, on HTN, T2DM and DLP. As the international literature 

reported positive clinical and economic outcomes of MRF in CVD prevention, a cRCT 

was undertaken. Patients included in this study were independent older adults, with more 

than five prescribed medications and were enrolled in a CVD prevention program. Two 

cost-utility analyses were performed: (1) a trial-based evaluation using costs and utilities 

collected within the trial and (2) a decision-analytic model to assess the effect of MRF 

over a lifetime time horizon. Both analyses found the intervention to be cost-effective 

with ICERs of $430 and $751 per QALY. Sensitivity analysis did not change these 

conclusions. 

Due to the absence of recent reviews addressing the impact of MRF on CVD risk factors, 

a systematic review was conducted. Eleven studies were considered for complete 

analysis. Trial’s risk of bias was assessed through the Effective Practice and Organisation 

of Care tool from the Cochrane collaboration and economic evaluation quality was 

appraised with the Consensus Health Economic Criteria list 94,95. Four trials had a low 

risk of bias55,57,61,71 while four economic evaluations were rated as high quality 55,57,62,65. 

Two studies had both, low risk of bias and a high-quality economic evaluation 55,57. Cost-

effectiveness was observed in eight economic evaluations 57,59,63,65,66,68,69,96 and 

dominance in two 55,67. Several outcomes were used to compute ICERs, while two studies 

conducted cost-utility analyses 65,69. 
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The literature review gave rise to several recommendations that were used as inputs for 

the Polaris trial’s economic evaluation. Firstly, a cost-utility analysis should be prioritized 

to represent patients’ preferences and to allow for comparison across interventions.  

QALYs are the primary outcome in these assessments as they provide a generic measure 

that allows comparison between health technologies of different nature, for example, to 

compare MRF with a cancer drug for paediatric patients 40. Evidence-based resource 

allocation decisions can be thus be made by policy makers.  This is relevant for the local 

public health system where the Ministry of Health has to decide and prioritise where 

investment in health should be made 22. Secondly, the comparator should be thoroughly 

described. Some studies only referred to it as “usual care” without any further description, 

which can hinder information for decision-makers. Usual care varies between countries 

and even between centres in the same system. For example, if “usual care” is provided by 

a GP, then it would be difficult to compare the results of the Polaris trial as in the Chilean 

“usual care” primary health care is comprised of a multi-professional team 29. Thirdly, as 

CVDs over time can develop as acute events, can occur more frequently if risk factors are 

not addressed, and can generate long-term effects, a time horizon that captures their 

consequences should be evaluated 97. If the researcher would like to address this time 

horizon, from a trial standpoint, it would mean conducting a study that lasts over patients’ 

lifetimes. Obviously, this is not practically feasible. Decision-analytic models that use 

inputs from trials and literature should be used to extrapolate outcomes over time 40. 

Fourthly, CVD impacts health systems in terms of resources used to prevent, treat and 

rehabilitate patients to restore functional status. If this is not achieved, long-term effects 

might hinder patients’ independence and ability to be productive to the economy. Direct 

and indirect costs associated with health and non-health resources, borne by society and 

individual sectors, should be evaluated. This can be done using a societal perspective that 
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captures relevant direct costs to health care systems (e.g. pharmacists and other 

professionals’ time, medications, hospitalizations, etc.) and indirect costs borne by 

patients (e.g. transportation, carers, out of pocket expenses, etc.) or productivity losses if 

patients cannot return to the work force 40. Two studies found in the review stated that 

had used this perspective 66,70. However, only out-of-pocket medication expenses were 

included. This is an issue, as medication costs might be borne by different sectors across 

jurisdictions. For example, in the Chilean setting, primary health care provides free 

medicines to those covered under the public system. Finally, uncertainty around the ICER 

should always be assessed. Point estimates give relevant information, but assessment 

would be incomplete if an evaluation of the precision of this estimation is not performed. 

Furthermore, even if confidence or credible intervals are actually described, more 

information should be presented. Graphical representations such as the cost-effectiveness 

plane and acceptability curve are recommended to present uncertainty around these 

values 44,98. A positive ICER might represent a cost-effective intervention or could 

represent a cheaper intervention with fewer effects than the comparator. Only two of the 

11 evaluations found in the literature review performed this assessment 55,65.  

Chapter 2 presented evidence that MRF is clinically effective controlling HTN, DLP and 

T2DM, providing a justification for the study. Chapter 3, presented results from the 

systematic review concluding that ten out of 11 studies had positive cost-effectiveness 

outcomes. However, the transferability to Chile of the data was questionable. Assessing 

the quality of these economic evaluations resulted in recommendations that were used as 

inputs to develop the protocol of the Polaris trial, particularly the cost-utility analysis 

(Chapter 4). For this trial, the MRF methodology was adapted to the Chilean primary care 

setting. The methodology, although based on other published methods, included 

additional components 78,80–82. The Polaris MRF method requires face-to-face inter-
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professional collaboration, along with a structured evaluation to develop care plans 

tailored to patients’ needs. This was possible as there was access to the patients’ official 

clinical record. Clinical evaluation was standardised by specific flowcharts to assess 

patients’ pharmacotherapy. In the initial phases, the plan prioritised education and 

adherence interventions. After this phase, if therapeutic goals were still not achieved, 

suggestions were made to GPs regarding pharmacotherapy. To ensure fidelity and 

implementation the intervention also included training sessions for pharmacists and the 

participation of a PCF. There is evidence that a PCF can positively aid in MRF 

implementation 99.  

A trial-based cost-utility analysis was developed using the findings of the systematic 

review. Results from this analysis classified the intervention as cost-effective in the base-

case analysis. A higher proportion of dominant iterations in subgroups that evaluated 

drug-related hospitalisations and patients that had nine or more prescribed medications 

was found in the second-order sensitivity analysis. Two other trial-based cost-utility 

analyses were found in the systematic review, which allowed comparisons to our trial. 

Adibe et al. in a RCT design conducted in Nigeria followed-up patients for 12 months 65. 

Patients with T2DM and prescribed hypoglycaemics were included. Resources evaluated 

were the intervention, laboratory test, medications, hospital care, and primary care. 

HRQoL was measured with the Health Utility Index questionnaire. Incremental QALYs 

of 0.12 were found, while increasing costs by $68.5. An ICER of $571 per QALY was 

estimated and was cost-effective in 52% of iterations of the sensitivity analysis. Another 

trial was carried out in Brazil with a time horizon of three years. Older adults with HTN 

and T2DM were included. Resources evaluated were medications and visits to the GP, 

specialists, RN, pharmacists and emergency department. As a result, costs increased by 

$69.6 while 1.3 QALYs were gained with an ICER of $53.5 per QALY. The trial-based 
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evaluation of the Polaris trial found increased benefits gaining 0.063 QALYs at a higher 

cost of $27.37. This yielded an ICER of $434.4 per QALY. This was achieved with 98.8% 

of the iterations in the north eastern quadrant of the cost-effectiveness plane and all 

iterations were under the local cost-effectiveness threshold. The rest of the iterations were 

considered dominant.  A similar trend was observed in previous studies in terms of the 

point estimates but our results showed less uncertainty. It is important to note that none 

of the previous trials had a cluster design, which might bias the results as GPs can 

implement recommendations suggested by pharmacists in other patients 65,69. This is 

avoided in an cRCT as the usual care group centres did not have pharmacists involved in 

clinical practice. 

This trial-based economic evaluation was performed to take advantage of the internal 

validity due to the random allocation of clusters in an RCT design 48. It is expected that 

using this design, that the observed and unobserved characteristics are comparable 

between groups. In terms of generalisability, usual care alone was used as a comparator 

to make the evaluation applicable and feasible to the local context. Although the research 

design had an established protocol and a methodology for MRF, pharmacists could 

determine the prioritisation of interventions according to patients’ clinical situation. 

Ultimately, to fully inform a decision from the cost-effectiveness perspective in CVD, 

time horizons longer than a year should be tried, ideally through a lifetime. This is 

required to capture all outcomes and costs derived from events such as strokes or 

myocardial infarctions, but also their clinical sequels may negatively affect HRQoL.  

To overcome the study period limitation and to estimate effects over a lifetime time 

horizon, a state-transition microsimulation model was developed to extrapolate trial 

results 49. This modelling technique was chosen to account for the heterogeneity of the 

study’s population which included patients with and without previous stroke or 



180 
 

myocardial infarction history, a situation that changes CVD risk 100. Heterogeneity was 

also an issue as our sample patients had multiple risk factors as HTN, DLP and T2DM. 

The latter has complications on its own with an increased risk of sight problems, 

neuropathy and infection, that might lead to foot ulcers, debridement and in severe cases, 

amputation of lower extremities 6. The model used patient-level data to calculate CVD 

risk accounting for events history and age to produce precise estimates 101,102. Inputs from 

the literature to inform utility values and local sources for costs were used 103,104. 

Importantly, the developed model and methods were externally validated by the Chilean 

Ministry of Health, which in the future might have professional and practical applicability 

for pharmacists in the primary health care policy in Chile. 

Results from the model confirmed the conclusions from the trial-based evaluation with 

an ICER of $751 per QALY. Conclusions did not change when different time horizons 

were evaluated or one-way and probabilistic sensitivity analyses were performed. Results 

were mainly driven by decrease in CVD events and mortality. In the base-case analysis 

where a lifetime time horizon was considered, 15.6% of patients in the MRF group would 

have died due to a myocardial infarction or a stroke, compared to 21.5% in the control 

group. Local published Chilean health statistics reported in 2016 that mortality in older 

adults due to these diseases was 17.6%, providing face validity in the model 17. Other 

decision models have been published that report on a cost-effectiveness analysis of MRF 

against usual care. An evaluation in the Netherlands included a patient population similar 

to the Polaris trial but focused their intervention in lipid-lowering therapy 105. Costs of 

the intervention, medication, medical and management were included. Through a Markov 

model, it was found that the intervention was dominant against usual care in the overall 

population and secondary prevention population. For primary prevention, it was 

considered cost-effective with an ICER of €4,585 per QALY. Another study developed a 
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Markov model with Canadian data from patients with uncontrolled HTN. This model 

used international estimates for the effect of MRF and included end-stage renal disease 

as one of the health states 106. The impact of MRF was estimated for HTN control with 

data from a meta-analysis of pharmacist services in HTN with 34 out of 39 studies using 

MRF. MRF was found to be cost-effective in 100% of the iterations using a 40,000 

Canadian dollar (CAD) cost-effectiveness threshold. Compared to the Polaris trial 

evaluation, an ICER of $751 per QALY was found driven by gains in 1.12 QALYs at an 

additional cost of $841. The present study included patients of primary and secondary 

prevention and did not assess risk factors control before recruitment. Patients with a 

history of CVD have higher risk of recurrence, as when clinical objectives of risk factors 

are not reached 102.  Another study also used a Markov model with inputs from two trials 

conducted in the United States 107. Primary and secondary prevention patients were 

included and the focus of MRF intervention was HTN control. Subgroups with different 

CVD risk that varied in terms of percentage of T2DM patients, smokers, cholesterol 

profile, and body mass index were evaluated. Base-case analysis yielded an ICER of 

$26,807 per QALY. Probabilistic sensitivity analysis deemed the intervention cost-

effective in 48.6% of the times. The group with the highest risk got the best value for 

money with an ICER of $11,493. In the Polaris trial’s model, low uncertainty was 

observed compared to this results, showing all iterations of the probabilistic sensitivity 

analysis to be in the north eastern quadrant and below the cost-effectiveness threshold. In 

our model, it was assumed that the intervention would continue over patients’ lifetime 

time horizon, causing augmented costs and effects. This was assumed to emulate the 

Chilean CVD prevention program that has periodical consultations over patients’ 

lifetime. Kulchaitanaroaj et al. study assumed that the intervention was stopped at six 
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months and the effects continued for two years 107. This might directly influence the cost-

effectiveness explaining the difference with our results.  

It is interesting to note that both economic analysis reached similar conclusions. The cost-

utility analysis alongside the trial showed that the intervention was cost-effective against 

usual care and 1.2% of the iterations as dominant, while in the model’s base-case analysis 

all the iterations were cost-effective. Over a lifetime time horizon, one would expect that 

these conclusions might change, however they did not. Logically, if positive outcomes 

were observed over a year, it would be anticipated that this effect would accumulate over 

time, for example in decreasing resource use such as hospitalisations or emergency 

department visits. These savings would make MRF to dominate usual care alone in longer 

time horizons. The lack of this finding might be explained by taking into account that the 

trial evaluation captures effects of the intervention that go beyond reaching therapeutic 

objectives of HTN, T2DM and DLP to reduce CVD risk. For example, the model did not 

include other health problems such as adverse drug events or comorbidities. These two 

issues are relevant, taking into account that the sample population of our trial was 

comprised by older adults with five or more medications, and that the most common 

recommendation (32.7%) was to stop a medication that was unnecessary or harmful. Both 

characteristics, ageing and polypharmacy, have shown to increase susceptibility to 

adverse drug events 108,109.  A study that addressed this issue in economic terms described 

the impact of adverse drug events in older adults as a “substantial” major driver of hospital 

costs 110. In terms of impact in comorbidities, professional pharmacy services in older 

adults have achieved cost-effectiveness or dominance in other diseases such as depression 

or respiratory conditions 111. Therefore, it is clear that there is a need to capture adverse 

drug events and comorbidities not related to CVD in the modelling, although, that would 

make the model cumbersome. Model complexity and data requirement would increase 
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exponentially particularly for microsimulations where probabilities are estimated 

according patient-level data 112.  

7.2 Limitations 
The systematic review only included cost-effectiveness analysis based exclusively on 

RCTs. Modelling studies that used effectiveness data from other sources were excluded. 

These studies might have provided valuable information even if internal validity could be 

an issue due to mechanisms of selection 49.  

In our clinical trial, randomisation was performed at the cluster level but not at patient-

level. The differences observed at baseline in the number of comorbidities and 

relationship status might affect outcomes. Patients with multimorbidity are associated 

with a higher risk of death, disability, deteriorated functional status, HRQoL and adverse 

drug events 113. Partners can aid adherence, as shown by a study that deemed marital 

status as one of the factors associated with non-adherence in hypertensive patients 114. 

Nonetheless, these differences between intervention and control patients were controlled 

in the regression model and did not have any impact on the results. Cluster attrition was 

an issue, as half of the recruited centres withdrew from the study, mostly before patient 

recruitment. It appears that pharmacists have to be supported by strategic decisions and 

processes to make time for clinical activities. Currently, non-clinical activities dominate 

their time and role. If they are to undertake clinical duties they should be supported with 

policies that deal with quality assurance, research, human resources development, 

medicine information, and medication selection policies 35. In addition, they should have 

support in processes such as supply, financial aids, and management. If these issues are 

not dealt with, services related to direct patient care will be affected 35. Another limitation 

was that we could only get partial access to emergency department visits, specialists’ 

visits and hospitalisations data due to internal issues outside the research team control. 
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Finally, other than the pharmacists, other professionals did not receive training. 

Collaboration with other health team members such as GPs is required for a successful 

implementation of MRF. However, 92.1% of medication-related recommendations were 

accepted by GPs, providing evidence that pharmacists had developed interprofessional 

collaborations. 

When decision-analytic models are developed, several assumptions need to be made. 

International data and estimates from the literature were used when local data and 

estimates were not available 101,102. For example, Framingham equations to estimate CHD 

10-year probability adapted to the Chilean population were reported 21. This adaptation 

was compared to other countries where it was found that the Chilean population had lower 

CHD risk 21. This was not an issue in our model as CVD mortality rates were similar to 

reported local values. Another caveat of using the Framingham equation adapted to 

Chilean population was that they only estimate CHD, excluding diseases like stroke or 

HF. Not evaluating these diseases might lead to a model that under represent the clinical 

context of CVD patients. Additionally, as the model is a simplification of reality, it was 

not possible to include every disease and the impact of MRF on them. As an example, 

CKD can be a consequence of uncontrolled HTN or T2DM and in advanced stages 

impacts costs and HRQoL 106. This was not incorporated in the model due to under 

reporting of CKD recognized by the Ministry of Health. Some costs and QALYs had to 

be extracted from literature. Utility values from an international catalogue were used to 

populate the model as no local data was available 103. The uncertainty around international 

utility scores was tested in a sensitivity analysis and did not change the conclusion. For 

unit prices, local government estimates were used 115. These prices are known to 

undervalue resources that in turn underfinance the public health system. This was shown 

in a study where only 56% of real costs were covered by reimbursement in hospitals using 
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these estimations116. Using these unit prices was considered a conservative assumption as 

increasing the value of health states would minimise the impact of costs caused by MRF. 

A limitation that was common for both our economic analyses was the perspective used. 

Although the public health sector perspective is recommended by local guidelines, 

societal view might be preferred. This perspective considers all costs and benefits that 

can accrue a society. However, narrower perspectives can be used such as third-party 

payer, health centre and patient 40. Resources that are usually not included in the health 

sector perspective, but are in the societal are out-of-pocket expenses, carers and loss of 

productivity. Nevertheless, if the societal perspective were to be used in Chile for 

evaluating patients cared under the public system, no health-related out-of-pocket 

expenses would accrue, as primary care centres provide free health services such as 

consultations and medicines. In terms of informal care, as our evaluation is based in a 

trial that required patients to be independent, evaluation of this resource was not be 

necessary. Finally, including productivity loss in economic evaluations has been under 

debate as the estimations have proven to be troublesome 117. Usually, productivity loss is 

estimated through different methods using paid work as the main input. In the case of 

older adults, as they are usually are retired, their activities do not necessarily have an 

economic output. Therefore, inclusion in economic analysis is controversial as it 

overlooks contribution to society performed in non-paid work (e.g. of informal care, 

volunteer work or household work) 118.  
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7.3 Transferability 
For economic evaluations to be used as inputs of decision making across different settings 

or countries, there are different aspects of transferability that need to be assessed 119. 

There are a number of key factors that may affect the transferability of our results. 

Usual care was comprised of a multi-professional team composed of GPs, RNs, dietitians, 

and a coordinator that provide care over a geographically defined population enrolled in 

a CVD prevention program and pharmacist or pharmacy technicians outside this team, 

essentially supplying medications 29.  Usual care in other studies and countries varies 

considerably and sometimes is not fully or not described in the literature 72. 

The Polaris trial was focused on HTN, T2DM and DLP in primary care. Usually, patients 

that are affected by these risk factors are older adults and our sample reflected this 

demographic. Nonetheless, middle-aged adults are also subject to CVD and risk factors. 

If results from the Polaris trial were to be used in this middle-aged adult population, they 

should account for lower CVD risk and higher potential increased benefits as their life 

span is longer than older adults. This would be also potentially prolong their productive 

life. 

Pharmacists in the intervention group were trained in various topics that included CVD 

prevention pharmacotherapy, inter-professional collaboration and Polaris MRF methods. 

In Chile, pharmacists are qualified to practice if they study a Bachelor in pharmacy. This 

degree is usually centred around pharmaceutical sciences, leaving professional pharmacy 

services as a secondary role. Curricula have shifted in many countries toward patient-

centred curriculum and therefore, training might not be necessary for every setting 120.  

Usual pharmacy practice in Chile does not include clinical work, so aspects such as 

pathology tests orders or changes in pharmacotherapy have to be overseen by other 
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professionals, usually GPs. This adds costs that could be avoided. Independent pathology 

tests orders for example, is a practice used internationally although it is not standardised 

121. Two municipalities participating in the Polaris trial gave pharmacists the 

responsibility of ordering pathology tests when the patient record did not provide current 

time sensitive results. This was done using protocols of current clinical guidelines 30. 

In our study, we found a high acceptance rate of pharmacist recommendations by doctors. 

A 92.9% of the recommendations made by pharmacists were accepted. As face-to-face 

meetings require time from both professionals, costs could be prevented if collaborative 

agreements or independent prescribing was implemented. A study in Canada evaluated 

the effect of independent prescribing on HTN in primary care. The economic evaluation 

found that the intervention was dominant, gaining QALYs while saving 4770 CAD per 

patient 122. 

We used PCFs as part of the intervention adding costs but we ensured a high fidelity and 

implementation rate 99. We believe these added costs would be offset by better outcomes. 

7.4 Future directions 

This thesis outlines the economic aspects of an impact study of the Polaris MRF method 

in the primary care Chilean setting. As positive results were seen, improving benefits at 

higher costs but below the cost-effectiveness threshold, this service should be considered 

for national implementation. This analysis suggests that patients would benefit if a 

pharmacist was added to perform MRF into the existing usual care in primary health care 

centres. Furthermore, taking into account that the pharmacy fund scheme includes 

pharmacists as a critical component, and has been implemented for the last six years, 

these results introduce an argument to expand this scheme to implement pharmacist-led 

MRF.  
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To ensure that this research can be translated to usual practice, an implementation 

program at a national level should be considered to evaluate the real-life impact of this 

intervention in a heterogeneous primary care system that cares for urban and rural 

settings, indigenous populations, and those with various social determinants of health 29. 

Implementation frameworks adapted to the community pharmacy services have been 

described which could be applied to Chile 123. The Polaris trial fits in the development or 

discovery phase described by the Framework for the Implementation of Services in 

Pharmacy 123. It would be expected that each regional Health Service Administration 

explore if this intervention is aligned with their policy objectives. If they deem the service 

as suitable, a preparation phase should follow training pharmacists for service provision. 

Once the testing phase is over, the full implementation should follow deploying 

monitoring, adaptation and improvement strategies. An economic evaluation should be 

performed along a pragmatic study to capture real-life outcomes 40. The final goal would 

be the routinisation of the service in practice to achieve cardiovascular event prevention 

in the long-term 124. Two MRF guidelines based on the Polaris methods have been 

published with the Ministry of Health 125,126. These are intended to lay the clinical 

foundations of the service moving forward as value for money has been proved in two 

different analyses presented in this thesis.  

It is important to note that this research was performed in a heterogeneous sample that 

included patients of primary and secondary prevention with different risk factors. Studies 

in patients with higher risk have shown dominance in decision-analytic models. A study 

compared subgroups of secondary vs primary prevention finding dominance in the first, 

and cost-effectiveness in the second 105. On the other hand, in the evaluation alongside 

the trial it was observed that patients with more than nine prescriptions have more 
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iterations that are dominant. Further research should be performed in higher risk patients 

or those with more than nine medications. 

As discussed in the transferability section, there are elements of this intervention that 

limits their potential. To seek approval by pharmacist for every clinical recommendation 

or pathology test from GPs adds extra costs. Resource use of pharmacists, GPs and 

patients’ time might be optimised if such action can be avoided. Studies that evaluated 

independent prescribing or collaborative care models that give pharmacists this added 

responsibility under defined and agreed protocols have been shown to be cost-effective 

107,122,127,128. This was done through modelling and showed that MRF plus prescribing 

faculties or under collaborative agreements were dominant compared to usual care. 

This work is the first cluster randomized controlled trial conducted in Latin America of a 

professional pharmacy service. Since 2010, the PAHO has recommended that 

pharmacists should move away from a “medication-centred” view to perform clinical 

services 49. Several services across different health problems have been studied in other 

jurisdictions that might be transferred to the Chilean setting. These services should be 

studied evaluating clinical and economic outcomes. For example, a systematic review 

found three cost-utility analysis in smoking cessation, one in osteoarthritis, and one in 

sleep apnoea screening, and considered them all cost-effective. This might potentially be 

assessed and applied in the Chilean setting 66.  

Patients included in this research are members of the public health care system. It is the 

patients’ choice to decide if they want to attend to the private or public setting. It is 

recognised that there are socioeconomic and demographic factors such as, sex, age, level 

of education, socioeconomic status, that influence this decision (older adults, woman, and 

patients lower socioeconomic status)67. The public sector carries a bigger health burden 

for patients that cannot afford private insurance generating inequality. However economic 
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evaluations traditionally have the aim of maximising the whole population overall health, 

thus, not providing information to policymakers on their effects on equity. “Distributional 

cost-effectiveness analysis” aims to assess changes in equity along with cost-

effectiveness, modelling, and evaluating the social distribution of health 68. This type of 

analysis seems suitable for future projects. 
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This thesis evaluated the international state of the art of economic evaluations of 

pharmacist-led MRF acting on HTN, T2DM and DLP. Recommendations drawn from 

the systematic review of the literature, contributed to the development of a cRCT for field 

work. The trial, named Polaris, aimed to evaluate clinical and economic impact of 

pharmacist-led MRF in CVD risk factors. As a product of this trial, and focus of this 

thesis, two economic evaluations were performed. The first analysis, a trial-based 

evaluation, yielded the intervention as cost-effective with low uncertainty. The second 

evaluation was performed through a decision-analytic model and confirmed the results 

over a lifetime time horizon. 

8.1 Systematic Review 
The systematic review found that there is international evidence that pharmacist-led MRF 

is cost-effective in outpatients with HTN, DLP and T2DM. Two of the evaluations 

deemed MRF as dominant, eight as cost-effective, and one had higher costs with no 

benefits. All these studies were trial-based economic evaluations and did not evaluate 

long-term outcomes. Transferability issues arose from these evaluations. It was 

recommended to perform a cost-utility analysis from the societal perspective, to identify 

all relevant resources, to perform uncertainty analysis and to extrapolate results to long-

term outcomes using modelling techniques. 

8.2 The Polaris Trial 
There was evidence that MRF was clinically effective and value for money in HTN, 

T2DM and DLP. A cRCT that studied MRF in the local primary care setting was 

instituted. A method of MRF was adapted to the local setting and had three main 

components: pharmacists’ training, a Polaris adapted MRF and the PCF.  
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8.3 Trial-based Economic Evaluation 
A cost-utility analysis alongside the trial was performed. It deemed the addition of MRF 

to usual care as cost-effective gaining QALYs at higher costs from the public third-party 

payer perspective. Low uncertainty was observed in the cost-effectiveness plane and 

acceptability curve. When patients that had hospitalisation data available and more than 

nine medications prescribed were evaluated, a cost saving trend was observed increasing 

the number of dominant iterations in the uncertainty analysis. 

8.4 Decision-analytic Model 
A decision-analytic model was developed with a state-transition microsimulation 

approach to account for populations’ heterogeneity and extrapolate outcomes to lifetime 

time horizon. This is the first published model that uses this analytic approach in the 

professional pharmacy services field on CVD. Extrapolated results over a lifetime time 

horizon deemed the intervention as cost-effective driven mainly by a 5.9% difference in 

mortality due to myocardial infarction and stroke. This conclusion was not changed in 

sensitivity analyses. 

MRF was deemed as cost-effective through different analyses, with more benefits, and at 

costs below the cost-effectiveness threshold. Policy-makers should evaluate the 

implementation of MRF in CVD prevention at a national level using these results as 

inputs to hold an accountable decisions. If this approach is followed, it should be done 

through an implementation framework, using PCFs as a resource to aid in the program 

adoption with the final objective of reaching sustainability. Pragmatic clinical and 

economic studies should be carried out to evaluate clinical and economic outcomes. 
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