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Abstract 
 

Population health indexes have been developed with the aim of measuring the health of populations at 

different geographical levels. These indexes inform which geographic areas may benefit from health 

improvements, thus representing a valuable tool to evaluate which combinations of policies have the highest 

potential to promote population health and reduce health inequities. Nevertheless, there is a lack of studies in 

this area.  

Departing from a comprehensive population health index that characterizes the health of a population 

through multiple dimensions, this thesis develops a multi-methodology to identify which policies have the 

highest potential to promote health and equity for the population of a set of regions, by following these steps: 

a) starts with the population health index; b) then, the policy objectives that are worth to be pursued are 

selected; c) and using clustering methods, regions with similar health patterns in multiple dimensions and that 

may benefit from similar types of policies are identified; d) afterwards, departing from these clusters, a sample 

of relevant policies with potential to improve the objectives is defined; e) and the impact of these policies is 

measured; finally f) multiobjective mathematical programming models are developed so as to determine which 

combinations of policies have the highest potential to improve the selected objectives over these regions; g) 

followed by the results communication. 

This multi-methodology is applied to data from the GeoHealthS project – a project in which a population 

health index of the Portuguese municipalities was built to analyse health variations across the Portuguese 

territory. 
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Resumo 
 

  

Índices de saúde populacional têm sido desenvolvidos com o intuito de medir a saúde das populações 

a diferentes níveis geográficos. Estes índices informam quais as regiões geográficas que podem beneficiar de 

melhorias, sendo assim, uma ferramenta valiosa para avaliar quais as combinações de políticas com maior 

potencial de maximizar a saúde populacional e reduzir iniquidades. Contudo, existe uma escassez de estudos 

nesta área.  

Esta tese desenvolveu uma multimetodologia com o intuito de identificar quais as políticas com maior 

potencial para promover a saúde e a equidade, partindo de um exaustivo índice de saúde populacional que 

caracteriza a saúde de uma população através de múltiplas dimensões, e seguindo os seguintes passos: a) 

começa com o índice de saúde populacional; b) depois, os objetivos chave a alcançar com as políticas são 

selecionados; c) e métodos de clustering são usados para definir regiões com perfis similares em múltiplas 

dimensões e que podem beneficiar de políticas similares; d) baseado nestes clusters, um conjunto de políticas 

relevantes em termos dos objetivos é definido; e) e o impacto das políticas é medido; por fim f) modelos de 

programação matemática multiobjectivo são usados para analisar qual a combinação de políticas que tem maior 

potencial de melhorar as regiões em estudo, com base nos objetivos escolhidos; g) terminando com a 

comunicação os resultados.  

Esta multimetodologia foi aplicada aos dados do projeto GeoHealthS – projeto no qual um índice dos 

municípios Portugueses foi construído para analisar as variações de saúde em Portugal.  

 

Palavras-chave 
 

Saúde Populacional; políticas de saúde; avaliação de políticas; métodos quantitativos; multimetodologia  
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1 

1. Introduction 
 

Population Health Indexes (PHI) have been developed with the aim of measuring the health of 

populations at different geographical levels. These indices inform which geographic areas may benefit from 

health improvements, thus representing a valuable tool to evaluate which combinations of policies have the 

highest potential to promote population health and reduce different types of health inequities. Nevertheless, 

there is a lack of studies in this area. 

The objective of this thesis aims to go further, by constructing a novel multi-methodology, which was 

designed to analyse and assess which policies have the highest potential to promote health and health equity in 

the context of a population health index. In particular, this multi-methodology will cover multiple aspects, from 

the selection and operationalization of the population health objectives; to the assessment of the status quo of 

the index using clustering techniques; and to the use of mathematical programming models for the selection of 

policies and assessment of their impact on the index’s dimensions and regions.  

Additionally, the importance of this multi-methodology comes from the fact that there is the necessity 

for robust quantitative methods to inform decision makers in their process of selection of policies to mitigate 

health inequities between citizens, as well as to promote policies that achieve the highest health gains, helping 

policy-makers in their decisions of how to construct a more homogenous and fair Portugal in terms of population 

health. This is especially relevant within the current context of economic and financial crisis, where combating 

health inequities constitutes one of the greatest challenges faced by public health administrators. In fact, several 

countries are currently facing a considerable lack of resources that are not enough to meet these current 

challenges, thus increasing the importance of this type of quantitative methods to inform the selection of the 

most relevant policies, having in mind that the goal of this multi-methodology is to support decision makers and 

not substitute them. However, it was not possible to have these interactions with decision makers during this 

thesis. Also, the work developed aimed to go further than the actual state-of-the-art, by providing a set of tools 

for evaluation policies based in a population health index.  

In order to test the multi-methodology, several case studies will be presented using the GeoHealthS 

index (1), a population health index of the Portuguese Municipalities. The methods developed in this thesis may 

also inform the analysis of policies to improve health and health equity across in European regions, within the 

multi-methodology scope of the Euro Healthy project (2).  

 

1.1. Thesis outline 
 

Throughout this thesis it will be shown the context for the development of the multi-methodology, a 

detailed presentation of its stages and its application to the GeoHealthS population health index. The document 

is organized as follows: 
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Chapter 2, Context - provides an overview of the concepts of Population Health and Population Health 

Index, including a description of the GeoHealthS and Euro-Healthy projects. In the end, the statement of the 

objectives with this thesis are presented.  

Chapter 3, Literature Review - provides a review on existing and relevant studies and that help to achieve 

this thesis’ objectives. Being a review of concepts and methods that can be of value for the multi-methodology, 

such as the methods to assess the status quo or to evaluate and select policies (e.g. clustering techniques and 

mathematical programming models). Then, it is explained the motivation for the followed approach.  

Chapter 4, Multi-methodology - presents the developed multi-methodology and the tools that were 

developed to implement the methodology. Initially, an overview of the stages of the multi-methodology is given, 

followed by the detailed description of each different step. Additionally, attention is given to the role of decision 

makers' in the application of the multi-methodology. 

Chapter 5, Multi-methodology application and results - presents the results from applying the multi-

methodology to data of the GeoHealthS project.  

Chapter 6, Discussion and Conclusion - presents the challenges that were faced during the development 

of this thesis. Furthermore, it is presented the main conclusion of the thesis, by referring its weakness and 

advantages and outlining some possible extensions to this work.  
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2. Context 
 

In this chapter, we will present the context of this thesis, by defining the concepts that will act as 

background for the development of the proposed multi-methodology: 

1. On section 2.1., we will characterize the concept of population health, a broad definition that 

will be relevant to consider during all the work; 

2. On section 2.2., we will explain the determinants of health, since they are central to be 

considered to promote population health; 

3. On section 2.3., we will define and give detailed examples of population health indexes. 

Particular emphasis will be provided to a particular population health index, known as 

GeoHealthS, since this index will be used as a basis for the case study of this thesis; 

4. On section 2.4., we will highlight the main objectives of this thesis. 

Additionally, a relevant point to be highlighted is that this thesis is part of the EURO-HEALTHY project 

and it is an important support to this thesis work. 

   

2.1. Population Health 

 

Population Health is a key concept in the context of this thesis. However, there is a lack of consensus in 

the literature around a precise and unique definition of what is Population Health (2). Along the years, multiple 

authors have proposed different definitions, as shown in the Table 1. Being the last definition the most relevant 

for this thesis (3).  

 

Table 1 - Population Health definitions 

Public Health Agency of Canada (3)- “Population Health is an approach to health that aims to improve 

the health of the entire population and to reduce health inequities among population groups. In order to reach 

these objectives, it looks at and acts upon the broad range of factors and conditions that have a strong 

influence on our health.” 

Young (4)- “A conceptual framework for thinking about why some populations are healthier than 

others, as well as the policy development, research agenda, and resource allocation that flow from it.”  

Dunn and Hayes (5)- “the health of a population as measured by health status indicators and as 

influenced by social, economic, and physical environments, personal health practices, individual capacity and 

coping skills, human biology, early childhood development, and health services” 

Kindig & Stoddart (6)- "the health outcomes of a group of individuals, including the distribution of 

such outcomes within the group” 

Kindig (7) - “Population Health use many terms, such as outcomes, disparities, determinants [...] 

establishing clear and definitive causal relationships between broad determinant categories or specific 
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programs and policies that predict with relative certainty their short- and long-term impacts on a variety of 

Population Health outcomes of interest… What is the optimal balance of investments (e.g., dollars, time, 

policies) in the multiple determinants of health (e.g., behaviour, environment, socioeconomic status) over the 

life course that will maximize overall health outcomes and minimize health inequities at the population level?” 

 

Since Population Health lacks a clear definition, the term is under some critiques, such as being limited 

to macro-level of the population analysis, leaving behind the deeper analysis at a micro-level of the single 

individuals. Since the scope of the Population Health is the overall health of a population, it is expected to follow 

a more holistic view, of the population level (6). 

A characteristic of Population Health is being a combination of the concepts of population and health 

(7). Population is defined as a group of individuals, which can be organized into multiple units, such as geographic 

units (e.g. cities, regions and countries) or by specific characteristics (e.g. ethnicity, religion and gender) (7). These 

divisions are essential, since the determinants of health (detailed below, on section 2.2.) have their effects at the 

group level (e.g. education standards, immunization and air quality are determinants of health and are impacted 

by some groups levels) (7).  

Regarding the concept of Health, many definitions exist and are used, such as:  

 State of complete physical, mental, and social well-being and not merely the absence of disease 

or infirmity (8);  

 State characterized by anatomical, physiological, and psychological integrity; an ability to 

perform personally valued family, work, and community roles; an ability to deal with physical, 

biological, and psychological stress; a feeling of well-being; and freedom from the risk of 

disease and untimely death (9);  

 State of equilibrium between humans and the physical, biological, and social environment, 

compatible with full functional activity (10).  

Nevertheless, some key concepts can be clearly linked with Population Health, such as determinants, 

which is a common term in disciplines such as medicine, epidemiology, economics and sociology (7). In the next 

sub-section, the determinants of health are presented in detail. 

 

2.2. Determinants of Health  
 

Determinants of health are relevant to be considered, since policies have their impacts on this type of 

factors and not directly in the outcomes of health (more detailed explanation in section 4.3.1). Moreover, 

determinants are defined by the WHO, as “the conditions in which people are born, grow, work, live, and age, 

and the wider set of forces and systems shaping the conditions of daily life” (11). These include factors that can 

change the health condition of an individual directly or indirectly (12).  
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Additionally, determinants and risk factors can be associated and used interchangeably. A risk factor is 

usually related with personal behaviours, lifestyle, environmental exposures or inborn or inherited characteristic 

that are known to be associated with certain health conditions (7). 

Determinants are usually organized in categories, such as (7): 

o Social determinant – related with factors of the social environment (e.g. income, education, 

occupation, class, social support); 

o Physical environmental determinant - related with factors of the natural and built environment (e.g. 

air and water quality, lead exposure, the design of neighbourhoods); 

o Healthcare determinant - related with health care factors that affect health outcomes (e.g., access, 

quantity, and quality of health care services); 

o Genetic determinant - related with genetic factors of individuals or populations; 

o Behavioural determinant - related with factors based on personal choices of lifestyle or habits (e.g. 

diet, exercise, and substance abuse). 

In the next subsection, we will present the concept of population health index, which is a central instrument 

in the context of this thesis and usually includes several determinants of health.  

 

2.3. Population Health Index 
 

Population Health Indexes are comprehensive and transparent tools, that can be applied for the 

characterization and monitoring of population’s health, both in a global way or in different areas of concern (e.g. 

economics, social equity, environment, health care, mortality and morbidity), covering specific periods of time 

(e.g. a period of 20 years) and space (focusing on different geographical levels, such as countries, regions, 

municipalities, metropolitan areas, etc.). They have been used in several contexts to evaluate population health 

in multiple dimensions (sub-topic of the areas of concern and more specific, e.g. access to primary care or 

mortality by suicide), with the objective of informing decision-makers of how variations in health determinants 

and outcomes result in the variation of the health of the populations (1).  

Some examples of population health indexes include the following: 

1. Canadian Index of Well-Being, developed by the University of Waterloo, that reports the quality 

of life of Canadians, which has the objective of advocating for social change by putting 

wellbeing at the heart of policy (13);  

2. County Health Rankings, developed by the Wisconsin Population Health Institute of the 

University of Wisconsin, that measures the health of almost all counties in the US and ranks 

them within states. This index is shown on Figure 1 (14); 
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3. GeoHealthS index, that will be further described, on the next sub-section, since it will act as 

background for the case studies of this thesis (1).   

 

2.3.1. GeoHealthS index 
 

The main objective of the project Geography of Health Status – An application of a Population Health 

Index in the last 20 Years (GeoHealthS) (1)  was to evaluate the health of the Portuguese population over the last 

20 years through the construction, application and availability of a Population Health Index (called INES) on the 

Portuguese municipal level. Multiple institutions participated in this research project, such as the Centre of 

Studies on Geography and Spatial Planning of the University of Coimbra that acted as coordinator institution and 

the Centre for Management Studies of Instituto Superior Técnico (CEG-IST), University of Lisbon that had a 

relevant contribution in the design and application of methods to build the population health index (1). 

Figure 1 - County Health Ranking model (14). 
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This population health index serves as a multi-dimensional, comprehensive and consistent 

measurement of the population health profile at the municipalities’ level.  

The GeoHealthS index was built through a socio-technical process (1). The social side integrates 

evidence from literature and research results with the views and opinions of decision makers, such as policy 

makers and experts from a variety of disciplines, using participatory methods (Delphi panels and decision 

conferences). The technical side includes multi-criteria decision analysis methods (MACBETH approach) (1).  

The construction of the index took place in various phases: 

o Identification and selection of indicators, for characterizing the state of the health of the 

Portuguese population over the last 20 years. These indicators were converted into single 

dimensions (e.g. primary care consultations or pregnancy consultations) that were then 

organized in areas of concern (e.g. utilization of healthcare) of related dimensions. Each region 

has its own values for each of the population health dimensions; 

o Construction of a multi-criteria model founded on a social-technical process, combining the 

MACBETH multi-criteria approach and participatory methods, to structure the dimensions and 

areas of concern into a population health index. Additionally, a result of this model includes 

the characterization of all the index’s dimensions by their weights, base value (average value 

of the dimension) and top value (average value of the top 10% of the dimension); 

o Application of the index to Portuguese municipalities. 

Figure 2 - The GeoHealthS index (in Portuguese as the original form) (62) 
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The process resulted in INES, that features 6 areas of concern, corresponding to the socio-economic 

status, physical environment, lifestyle, health care, mortality and morbidity, joining together 43 dimensions with 

one or more indicators assigned, in order to describe the performance of each of the 279 municipalities in 

mainland Portugal in that respective dimension, at three different moments of time (1991, 2001 and 2011). 

Figure 2 shows the final areas of concern and dimensions of the GeoHealthS index (1). Also, the index has a 

hierarchical structure with the dimensions grouped in groups, and it is these aggregations with weights that gives 

the values of the areas of concern and INES (further detailed in section 4.3.5). 

Additionally, in order to disseminate and present the results of the project, a public access WebSIG 

platform was created, called saudemunicipio (http://saudemunicipio.uc.pt/). This platform includes maps and 

geographic information of the INES for the Portuguese municipalities in the years of 1991, 2001 and 2011, 

allowing the users to visualize, analyse and compare the index’s results for each of the dimensions, areas of 

concern and/or global score, at a municipal level. Figure 3 is an image of the platform. 

 

 

Figure 3 - The saudemunicipio platform created under the GeoHealthS project (15) 

 

All this process converged into a robust population health Index, which can be used to evaluate the 

population health, at a municipality level, that can be used to understand how variations (induced by policies) in 

http://saudemunicipio.uc.pt/
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several health dimensions translate into overall population health and health inequities. Thus, this index 

represents an excellent tool to test the multi-methodology proposed in this thesis.  

 

2.3.2. Euro-Healthy project  
 

In the sequence of the GeoHealthS project, a new H2020 project - the Euro-Healthy project - was 

initiated (2). The EURO-HEALTHY (Shaping EUROpean policies to promote HEALTH equity) project has the main 

goal of advancing knowledge of policies that have the highest potential to enhance health and health equity 

across European regions. In order to fulfil this goal, it will develop tools to evaluate the health and wellbeing of 

European population. These tools will be supported by a Population Health Index of 28 European countries, 273 

NUTS II regions and with special focus on 10 metropolitan areas. The project started in January of 2015 and it is 

expected to last 36 months. During this period, a consortium of 14 partners from 12 European countries and 

more than 50 research are working together in order to achieve the objectives (2).The evidence that will be used 

to construct this index takes into account multiple determinants and health outcomes of the past 15 years, 

including its multiple dimensions: socio-economic, demographic change, lifestyle and health behaviours, physical 

and environmental indicators. Also, in the construction of this index, it will be used a multi-criteria model 

structure and participatory processes (2).  

Since the multi-methodology proposed in this thesis plays an important role for understanding which 

regions have similar patterns and needs for health improvement, and then to understand how policies can 

improve health and inequities in different geographic areas, it is possible to argue that it has potential to be used 

within the Euro-Healthy project. Accordingly, it represents a potential tool to inform health-related investments 

at the EU, at both national and local government’s levels (2).  

Although, applying the multi-methodology to this index will be considerably different, since the 

population health characteristics and mind sets of the decision makers of European regions and Portuguese 

regions differ significantly. Also, these differences will lead to some adaptations of the multi-methodology.  

In the next and last section of this chapter, it is presented the objectives with this thesis.                           

 

 2.4. Objective 
 

The main objective of this thesis is to develop methods to analyse which combinations of policies have 

the highest potential to promote health and health equity. Particularly, by departing from the characterization 

of regions with similar pattern and needs of policies, policies can be analysed and compared in terms of their 

potential to promote health and equity across these regions. These methods should depart from a Population 

Health Index, which allows to understand how different factors contribute to population health, in a transparent 

and comprehensive way and based on sound methods.  
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Under this objective, a multi-methodology will be presented, covering all the steps of how to evaluate 

policies using a population health index. This multi-methodology thus involver the following key steps: 

a) Starting with the identification of the key policy objectives that are worth to be pursued (e.g., 

promotion of population health or equity in health), and their operationalization using measures; 

b) Then, using clustering methods, regions with similar health patterns in multiple dimensions and 

that may benefit from similar types of policies are identified; 

c) Afterwards, departing from these clusters of regions, a sample of relevant policies with potential to 

improve the selected objectives is defined; 

d) Finally, multiobjective mathematical programming models are developed to determine which 

combinations of these policies have the highest potential to improve the selected objectives over 

the regions under study, followed by the results communication.  

   The importance of this multi-methodology comes from the fact that reliable quantitative methods are 

needed to support decision makers in their process of evaluating which are the policies that mitigate health 

inequities and promote health gains. This multi-methodology can help policy-makers in their decisions of how to 

improve the health of the citizens and increase the equity between regions. Especially within the current context, 

where policy-makers are faced with a considerable lack of resources that are not enough to meet their current 

challenges, thus increasing the importance of this type of methods of optimization and optimal selection of 

policies.  

Additionally, the work developed under this thesis aimed to go further than the actual state-of-the-art, 

by providing a set of tools for evaluation of policies based in multidimensional population health indexes. These 

tools include mathematical programming models that can be applied to find combinations of policies with the 

highest potential to improve population health and health inequities in different contexts. 

In order to test the multi-methodology, data from the GeoHealthS index was used, having in mind that 

the final goal is that the developed methods can inform the evaluation of policies in other projects, such as in 

the Euro-Healthy project.  
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3. Literature Review 
 

This thesis’ goal is to design methods that evaluate policies that improve the population health and 

reduce health inequity between regions, considering multiple objectives and using a Population Health Index as 

a starting point. However, there is a lack of literature on this topic, with no study combining evaluation of policies 

and the use of population health indexes, especially using quantitative methods to support and inform the 

decision-making process. 

Accordingly, since there is a lack of literature in this area, this chapter will be centred in the revision of 

useful concepts and methods that can be of value for the multi-methodology. Being so, the chapter is organized 

around these useful concepts and methods: 

a) Starting with a description of some definitions and types of policies relevant in the context of 

population health; 

b) Then, two main methods for evaluation and selection of policies are presented 

a. The clustering techniques, for the identification of regions with similar needs;  

b. And the mathematical programming models, for the selection and evaluation of 

policies;  

c) Followed by the topic of policy objectives, where is presented the objectives of improving 

health equity and health gains.  

Across the sections several methods and examples are presented and discussed; and, in the final part 

of this chapter, the motivation for this thesis is presented.  

To perform this literature review, a search was conducted in order to find studies about concepts and 

methods that can be potentially used in this multi-methodology. In particular books and articles about operations 

research were consulted, searching for quantitative methods that may be applied or adapted for the context of 

a population health index.  

 

3.1. Policies in population health 
 

Since the main objective of this thesis is to design methods that evaluate polices in a population health 

context using an index, it makes sense to provide a review of some important definitions and types of policies. 

Additionally, an important aspect in the context of this thesis, is that policies are not oriented to the individuals, 

but instead to the overall population of regions, impacting overall health status of health of those regions in the 

population health index.  
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3.1.1. Key concepts 
 

The objective of evaluating policies requires the definition of what is a policy and several others related 

concepts, such as programme, impact, goal and target. In the literature, these concepts have several definitions, 

but, in this thesis, the main reference used is the glossary of the World Health Organization (16).  

 Policy is a broad concept with several definitions. For example, policy is centred in the 

definition on a range of issues, goals and objectives which should be addressed, without 

entering in the implementation (16); according to other authors, policy is a linkage between 

intentions (what decision makers say they will do), actions (reflects what is done), and 

consequences (the impact of the what is done) (17). Additionally, policy can be defined as a 

guide to action in order to change what would otherwise occur, including the decision about 

how to allocate and the amounts of resources. Policy sets priorities, and guides resource 

allocation (18). 

In the context of this thesis, the most useful definition are the last two ones, because these definitions 

account for actions and consequences, and the objective of this thesis is to design methods for the evaluation of 

policies using their impact in changing the population health status quo.  

Other important concepts are: 

 The Programme refers to a group of activities design to reach an objective (16). So, the 

programme, in this thesis, is a group of policies to reach a certain objective. 

 The Impact is the total, direct and indirect effect on the health status (16). Interpreted as 

policies producing an impact in the population health index values.  

 The Goal is the objective to be achieved by policies (16);  

 The Target as an intermediate result towards a goal (16);  

 The Resource, which is what is needed to carry out an activity, a policy. Examples of resources 

are money or healthcare staff (16). 

 

3.1.2. Types of Policies   
 

The way a policy is carried out in order to impact the health status, can be through very 

different implementation methods. In a very general view, there are two main implementation 

strategies: 

 Distributive policies – each act by the distribution of new resources (19); 

 Redistributive policies – each act by changing the actual distribution of existing resources (19).  

Examples of the application of both these strategies to a population health index will be presented in 

case studies, in a later chapter of this thesis.  
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Other very relevant reference is Benach et al., 2013 (20). In this paper, four categories of policy 

interventions are revealed: targeted interventions on worst-off; universal policy with additional focus on gap; 

‘redistributive policy’ (different of the above); and proportionate universalism. These types of interventions are 

focused in the promotion of health gains and in the reduction of health inequities. Additionally, they require the 

establishment of groups, with these representing segments of the population with similar characteristics. Also, 

three key concepts are very relevant for understanding these interventions: Worst-off is the group with the 

lowest level of health; Gap is the difference between the worst-off and the better-off groups; and the Gradient 

focus in difference between groups of the whole population (21). 

In order to illustrate these types of interventions, Figure 6 has a hypothetical graphical example based 

on the consumption of saturated fatty acids (a risk factor of obesity and cardiovascular diseases). In this figure, 

the upper level represents the starting distribution (baseline) of consumption of three socioeconomic groups 

(SEG), being the SEG 1 the better-off and the SEG 3 the worst-off, and the overall population consumption 

distribution is showed on the right. Below the baseline, the four types of interventions are represented by arrows 

and it is also shown their impact in each SEG consumption and in the overall population. This simple example has 

three main assumptions: each SEG is equally-sized; each SEG follows a normal distribution, with same standard 

deviation and different means; and it is assumed that the only cause of change is the impact of the type of policy. 

In the figure, the types are: 

1. The first type of policy, the targeted interventions on the worst-off, all the focus of the policy 

is centred in the most disadvantageous group, and consequently all the benefits. The distance 

of the worst-off to the others SEGs is reduced, decreasing the gap, and in the overall population 

curve, its right side is improved but the overall value is not significantly affected; 

2. The second type of policy, the universal policy with additional focus on gap, all the SEGs benefit 

from the policy, but the worst-off SEG has a higher improvement. The gap is reduced, but the 

gradient is maintained. In the overall population curve, it is visible an improvement in the right 

side and the curve is shifted to the left; 

3. The third type of policy, the redistributive policy, the most advantageous group is not improved 

and the others are improved accordingly to how disadvantageous are. The gradient is used to 

benefit according to their need, being the most benefited the worst-off group. The gap and the 

gradient are reduced and the overall population curve is shifted to the left and its variation is 

reduced, becoming more sharply-peaked; 

4. In the last type of policy, proportionate universalism, benefits are distributed proportionally to 

the need of improvement of each group, without neglecting the better-off group which is also 

improved. The gradient is used to distribute the impact of the policy, which has the 

consequence of reducing it and the gap. The overall curve has a similar evolution of the 

previously type of policy. 
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Figure 4 - Baseline and the four types of policies interventions (targeted interventions on worst-off, universal policy with 
additional focus on gap, redistributive policy and proportionate universalism) in the reduction of the saturated fatty acids in 

tree SEGs (20). 

 

In a later stage of this thesis, some policies inspired in these four types of policies interventions will be 

presented and their results explored in several case studies.  

After this discussion about policies, the next sub-section will present methods to find similar regions in 

their dimensions values, and to select and evaluate policies. The methods will be centred in using mathematical 

methods, such as the clustering techniques and mathematical programming models. The following sections 
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presents several key insights from the literature about methods to find similar regions and how to use 

mathematical models to select and evaluate policies. 

 

3.2. Methods for the evaluation and selection of policies 
 

Several studies exist in literature to evaluate policies that promote health and equity, such as Oliveira 

et al. (22), Simpson et al. (23) or Brown (24), although there is a lack of studies using quantitative methods and 

in the scope of population health index.  

Additionally, in the best of our knowledge, there is no study using quantitative methods to select and 

evaluate policies, in the context of population health indices. Though, there is a vast range of methods that have 

been applied with the goal of selecting policies, in general, and having the goal of promoting health and equity 

(25). Between those methods, the clustering methods and the mathematical programming models have a key 

role, being the ones selected to be detailed.  

These methods share the objective of helping decision makers in their policy decisions, bringing a more 

analytical approach and transparency to the process. Additionally, the evaluation of population health policies 

would ideally be based in the direct measuring of their effects. However, mathematical techniques have the 

advantages of being able to test the effects of policies that are difficult or costly to measure and to assess the 

results before resources have to be committed (25). These type of analysis are very relevant in the context of 

this thesis, motivating the use of mathematical techniques with the aim of selecting the most relevant policies 

by using their impacts on the population health index values and accordingly to the objectives of promoting 

health gains and equity between regions (concepts that will be defined in the next section).  

Clustering techniques are statistical methods, very useful to aggregate regions with similar 

characteristics by leveraging the information provided by the dimensions of the population health index. These 

techniques result in clusters of regions which share the same needs of policies to improve the population health. 

Also, the clusters support the analysis of the status quo of the population health of the regions under study.  

In the case of the mathematical programming models, their main use is in the evaluation and selection 

of which are the best policies under a set of constraints, in order to support decision makers in the process of 

prioritization of the policies to be applied.   

 

 

3.2.1. Clustering techniques 
 

Clustering algorithm are unsupervised learning methods, which classify objects into clusters that share 

the same characteristics. Additionally, those clusters are constituted by a set of clusters’ objects that are more 

“similar” among themselves, than to other clusters’ objects (26).  
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A classical algorithm that may be used is the k-means algorithm, one of the most popular algorithms in 

the literature (26). The objective of the k-means algorithm is the partition of the objects in k clusters (26), 

following the process explained below. 

1) It starts by selecting the k initial centroids randomly; 

2) Then, each object is assigned to the nearest centroid. The set of objects belonging to the same 

centroid constitute a cluster;  

3) The centroids of each cluster are updated by the mean of the objects belonging to it; 

4) The process is iterated until no object change its cluster or a max number of iteration is 

reached.  

In order to assign an object to the nearest centroid, the proximity metric traditionally used is the 

Euclidian distance (𝐿2) (27).  

The Figure 135 shows some iterations of the k-means algorithm. The centroids are represented by the 

bigger balls and each has its own colour. The straight lines show the partition of the objects in clusters related to 

each centroid. In each iteration of the algorithm, the centroids are recomputed, by computing the mean value 

of the objects that belong to the same cluster. Then, the objects are re-distributed between the nearest 

centroids. The algorithm stops iterating when the centroids no longer change their position or a pre-defined 

number of iterations has been reached. 

K-means algorithm is widely used because it is easily used and it is extremely efficient, by converging to 

the final result very quickly. Additionally, since this method returns results that are easily explained to decision 

makers, it is extremely popular. Nevertheless, it is worth to mention that it has several drawbacks, such as the 

need of defining previously the number of clusters k and the dependence of the initial random seed point, which 

can, sometimes, affect the final solution (26).  

Apart from K-means, it also exists several other clustering methods, which include: 

 K-medoids –similar to the K-means, but instead of using centroids, it is used a medoid. A medoid is the 

object with the smallest dissimilarity to the remaining objects. Instead of using the Euclidean distance 

as dissimilarity measure, this method often uses Manhattan distance (𝐿1) (28);    

 Fuzzy clustering – the main characteristic is that the objects do not have to belong to just one cluster, 

but instead can belong to more than one cluster (26) (29);  

Since these methods are highly complex when compared to the K-means, they are not so spread out 

and less known among the decision makers. Additionally, these algorithm bring an increase of complexity without 

a significant increase in the quality of results, when compared to the K-means.  
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In the section 4.3.3.1., clustering methods are detailed and an additional method (rule-based method) 

is presented. In that section, the specific methodologies of both methods are described.  

 

3.2.2. Mathematical programming models 

 

In the following sections, it will be presented the mathematical programming models and their use in 

the evaluation and selection of policies. Starting with an overview of these types of model, covering their origins, 

types and main structural components. Then, the second sub-section covers the multiobjective mathematical 

programming models, followed by a presentation of the several examples of the literature of mathematical 

programming models.  

 

3.2.2.1. Mathematical programming models overview 

 

Mathematical programming (MP) models are a brunch of the Operations Research (OR) field. The OR 

has its roots in the military services of the World War II. When were made attempts to use a more scientific 

approach to decision making and management of organizations. In those times existed a huge need of finding 

Figure 5 - Example of some iterations of the K-means algorithm (26). 
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the most effective way to allocate the scarce resources in the different theatres of war. With the end of the war, 

the OR expanded to business, industry and government. Two key factors played an important role in this 

expansion, they were the substantial improvement of the OR techniques and the increase in computational 

power, required to solve many of the OR problems. Still, nowadays, the OR methods did not lost their relevance, 

a wide community of researchers continues researching its techniques and their applications, in the world 

outside of academia, continue to be vast, thanks to the broad number of OR software available (30). 

MP is different from traditional computer programming, since a great deal of its advantages is in the 

process of forcing the users to explicitly define the problems and not just in the final solutions. The main feature 

of MP models is their optimization purpose of searching the optimal solution. So, in the end, the objective of MP 

models is to maximize or minimize the objectives of the problems (objective function in MP terminology). In the 

case of this thesis, the objectives of promoting health gains and equity have to be adapted to be objective 

functions. The way to do it, will be presented in the multi-methodology description, in the next chapter (31).  

Meanwhile, not all the MP models are the equal and three main types exist: the linear programming 

(LP) models, non-linear programming (NLP) models and integer programming (IP) models. The ones that are most 

relevant for the purpose of this thesis are LP and IP models (31):  

 LP models are a very powerful tool, and their development is considered one of the most 

important scientific advances of the mid-20 century, since it can be used in many optimization 

situations. An extensive literature around it has been published during the years. LP models 

require that all the mathematical functions in this type of model are linear functions (30); 

 IP models have all or some of the variables as integer values, e.g. a variable that is 0 or 1. These 

IP models are similar to LP models, but their characteristics of having integer variables, results 

in a significant increase of the calculation time until a solution is reached (30).  

The types of models share a common structure, which is composed of four components: 

 Decision variables – variables that are determined by the solution of the problem and, 

traditionally, cannot have negative values (32);  

 Objective functions – describes in a mathematical statement the goal to be maximized or 

minimized, described as a function of the decision variables (32). Typical examples of objective 

functions are the maximization of profits, minimization of costs or the maximization of utility 

(31);  

 Constraints – limitations that restrict the possible solutions. These are a set of equalities of 

inequalities that have to be respected (32). In some types of problems constraints can be 

violated at a certain cost, representing soft constraint, whereas the more common ones are 

the hard constraints, which cannot be violated (31);  

 Parameters – numerical values that are used to describe the problem. Changing these values 

can alter the final solution, allowing to experiment different problem inputs (32). 

The result of these models consists in finding the optimal solution for the decision variables, by 

maximizing or minimizing the objective function, while respecting the constraints.   
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3.2.2.2. Mathematical programming models applications 

 
The mathematical programming models presented are very adequate to be use for the selection of 

policies. However, the optimal concept only applies in a straight forward way in single objective cases, e.g. 

desiring to reduce the mortality of a disease or desiring to improve the access to primary care. Though, when a 

multitude of objectives are added in a problem, the concept of optimality is harder to apply (33), e.g. in the case 

of desiring to have a major reduction in a disease mortality and to improve the access to primary care at the 

same time, there is no policy (hypothetically) that promotes both categories simultaneously. This leads to 

multiobjective programming models. These multiobjective models involve the simultaneously optimization of 

more than one objective function. These multiple objective functions may lead to conflict between objectives. 

So, trade-offs have to be taken into account and decision maker should be leveraged in the specification of those 

trade-offs between objectives (33).  

A solution to these trade-offs are the weighting methods. The idea behind them is to first assign 

weights 𝑤1, 𝑤2, 𝑤3…, and then aggregate them into a single objective function. Transforming the objective 

function into a linear problem, easy to solve (33). Additionally, it is central to define properly the weights. In 

particular, the Portfolio Decision Analysis (PDA) is a useful method with sound theoretical and methodological 

basis, to contribute to the solution of these kind of problems. PDA consists in the application of decision analysis 

to the problems of selecting portfolios or subsets of alternatives, i.e. portfolios in this thesis are combinations of 

policies (34).  

In PDA, decision makers are faced with decisions, which have consequences, requires resources and 

have to respect some constraints. Meanwhile, balancing preferences of decision makers that want to achieve 

multiple objectives. In a context, that several stakeholders are impacted and there is uncertainty. To sum up, an 

existing definition for PDA is: 

“By Portfolio Decision Analysis (PDA) we mean a body of theory, methods, and practice which seeks to 

help decision makers make informed multiple selections from a discrete set of alternatives through mathematical 

modelling that accounts for relevant constraints, preferences, and uncertainties.” (34)  

Mathematical programming models may be used to recommend which subset of portfolios of policies 

should be selected to optimize the objectives. In the literature exists a vast range of examples of mathematical 

programming models that deal with problems of having to promote health gains and equity, by optimizing 

multiple objectives. 

An example of those models is present in Smith et al. (35), where a bicriteria of efficiency and equity 

objectives is used to find facilities’ location in a fair and efficient way. In that paper a Gini coefficient was used 

to model equity (35). Another similar example, it is from Cho (36) that introduces an equity-efficiency trade-off 

model to find optimal location of medical facilities in a Korea region, by using a multiobjective optimization model 

that is non-linear due to the type measures used for the objectives. The trade-off between objectives is 

represented by weighting the equity and efficiency measures by a coefficient (36). 
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However in the Flessa’s paper (37), a linear programming model was constructed to solve a similar 

problem, the optimal allocation of healthcare resource in a Tanzania region. In this paper, five different 

objectives were considered (minimization of death cases, minimization of years of life lost, minimization of 

incidence, minimization of prevalence and minimization of loss of quality of life). But, these objective were solved 

separately, leading to very different proposal of how to allocate the resource, showing the major importance of 

aggregating different objectives in the models (37). In a similar example, Earnshaw et al. (38), a mathematical 

model was constructed to improve the resource allocation of limited HIV funds in a way that balances equity and 

efficiency. Four scenarios are considered: 1st without equity constraints; 2nd equity based on funding 

requirements for each region; 3rd equity based on funding requirements for both priority populations and 

regions; and 4th equity based on minimum and maximum funding requirements for each region. In these 

scenarios, the objective functions were weighted based on the priority rankings developed by community 

planning groups that identifies high priority populations (38). 

An alternative way to weighting is to use a hierarchical method to order the objectives. Koyuncu et al. 

(39) developed a multiobjective mathematical programming model that allocates resources in an optimal way to 

mitigate the impact of potential pandemic influenza. In this model, the three objectives were ordered: 1st 

minimization of number of deaths, 2nd number of cases and 3rd total morbidity days during a pandemic 

influenza. Then the algorithm attempts to minimize the first objective function over the feasible region defined 

by the constraints. The value of the objective function at the optimal point is used as a constraint for the next 

level optimization. At the 2nd level, the objective function with second importance level is minimized under the 

new constraint. The algorithm continues in the same way for all objective functions (39). 

In the literature, there are several mathematical programming models created to the Portuguese 

context and related with healthcare sector. Example of that is Oliveira et al. (40), 2006 study, where it is 

presented a multi-modelling approach based in two location allocation mathematical programming models that 

aim to redistribute hospital supply using different objective functions and assumptions about the utilization 

behaviour of patients. These two models each have a single objective function that corresponds to different 

equity objectives and have different assumptions behind. In the end, models’ results showed how different policy 

aiming for equity in the geographic access and utilization can lead to different results and the need of trade-offs 

(40).  

Other Portuguese study, Mestre et al. (41), aims to help in the decisions of where to locate and how to 

organize hospital services, in order to improve geographic equity of access taking into account efficiency and cost 

issues. The study presents a mixed integer linear programming, where continuous variable represented the flow 

of patients and integer variables represented the hospital locations. Weights were considered in the model 

definition, expressing decision makers’ preferences related with the differentiation of first from second 

attendances and hospital services (41).  

The last example, it is a study from Cardoso et al. (42), where is presented a multi-objective and multi-

period mathematical programming model to support location selection and capacity planning decisions in the 

long-term care sector, while accounting for equity of access, geographical equity and socioeconomic equity. A 

key characteristic of this study was the utilization of portfolio resource allocation module of the M-MACBETH 
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decision support system software (43; 44), to assign weighting coefficients to each equity objective, in order to 

incorporate multiple objectives in the objective function. This transparent and meaningful method was applied 

using the insights of the Head of long term care coordination team of a Portuguese major region (42).  

To sum up, there is a lack of studies in the literature related with the selection of policies in the context 

of population health indexes. However, the mathematical programming models are adequate for the selection 

of policies, as shown by the examples above. Also, mathematical programming models are adequate to optimize 

problem with multiple objectives. In the next section, it will be reviewed which are the policies objectives most 

relevant in the healthcare sector.  

 

3.3. Policy objectives 
 

Multiple objectives of health policies are relevant, mainly the objectives of equity and health gains (45). 

So, a literature review on definitions and examples of equity related policy objectives are presented, 

complemented with a brief exposition of the health gains concept.  

 

3.3.1. Equity 

 

The topic of equity has been widely researched, leading to a vast literature on equity in health. The 

concept of equity is common to many different disciplines. In this thesis, several of those areas were explored, 

more precisely health economics, public health and operations research. The knowledge obtained was adapted 

to the particular context of using a population health index in order to evaluate policies.  

One of the most relevant definitions of equity is from the World Health Organization:  

“Equity in Health: (i) the absence of systematic or potentially remediable differences in health status, 

access to healthcare and health-enhancing environments, and treatment in one or more aspects of health across 

populations or population groups defined socially, economically, demographically or geographically within and 

across countries. (ii) a measure of the degree to which health policies are able to distribute well-being fairly.” (46) 

This definition has two components, which are very relevant in the context of this work. The first one 

mentions several components related with population health (health status, access to healthcare and health-

enhancing environments) and it mentions the geographic distribution that is the basis of population health 

indexes. The second part constructs on the importance of measuring the impact of the different policies.   

Other key point about equity is being a matter of values and ethics, with a strong influence of different 

philosophical currents in the objectives of equity to be pursuit, with contributions of many of renowned 

philosophers, such as Aristotle, John Stuart Mill and Rawls. One of the main contributions is the Rawls concept 

of the “veil of ignorance” (47). These concepts are based in a thought experiment, where individuals are asked 

to make choices about the society without knowing their place in it. This tends to lead to a maximization of the 

worst-off group, since the individuals do not know if they will be placed in that group (48).  
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Additionally, equity has two widely known principles, the principle of horizontal equity and vertical 

equity. Horizontal equity claims that those with equal need have equal opportunities, and vertical equity claims 

that those with unequal need have an appropriate unequal opportunity to health (49). In the context of this 

thesis, the need for policies has to take into concern the resources availability that tend to be scarce, which 

motivates the objective of prioritizing policies (50).  

Other topic present in the literature, it is the common confusion between equity and equality. Although 

these two concepts are distinct, equality is indispensable in order to operationalize and measure equity. Equity 

is an inequality that is unjust and unfair, and requires the comparison how different groups are faring, for 

example comparing the best off group with the worst off (50). So, not all health inequalities reflect inequity, for 

example teenager are expected to be healthier than elderly, but this inequality is not unfair. Yet, differences in 

immunization levels by vaccination in some countries between men and women is a form of inequity (51).  

 

3.3.1.1. Equity Measures 

 

The health policies should seek to achieve a more equitable society, meeting the needs of the 

populations and considering their distance to reference targets, such as the averages of the regions (50). 

Nevertheless, equity policies can have the impact of reducing the health of the healthier in order to improve the 

health of the worst, which can give rise to ethical conflicts that should be considered. So, the goal of achieving 

equity, many times, can give rise to conflict and trade-offs that need to be taken into account.  

In order to operationalize the objective of promoting equity in a population, a vast range of equity 

measures has been proposed and researched in the literature, especially in the literature of location allocation 

(33; 52) and health economics (53), and are available. However, literature, under the context of population 

health index is scarce. 

The concept of a perfect equity measure has not been agreed. So, the problem of selecting the right 

equity measures emerges. So, several criteria should be considered and should be fulfilled when selecting the 

relevant measures (52):  

a) Analytic tractability – this criterion is the convenience of computation, especially relevant in 

problem of optimization and evaluation, in order to be easy and quickly to reach an optimal 

solution;   

b) Appropriateness – this criterion relates to the easiness of the measure being understandable by the 

decision makers using it; 

c) Impartiality – the measure should be impartial to the different groups being analysed;  

d) Principle of Transfers, Pigou-Dalton – a very famous criterion that states the transfer of resources, 

for example income, from a more advantaged group to a more disadvantaged group, this transfer 

should improve the equity measure; 

e) Scale invariance – this criterion is satisfied if a multiplication of a constant on all the groups’ values 

do not affect the equity measure;  
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f) Pareto optimality – this criterion takes into account efficiency concerns. The solution only improves 

if none of the groups will be worse off. This criterion is very relevant in order to prevent solutions 

that are more equitable, but all the groups are worsen to be in the minimum value.  

All these criteria have some relevance in the selection of measures. However, in the context of this 

thesis, the most relevant ones are the analytic tractability, in order to facilitate the formulation and use of the 

mathematical models for the evaluation of policies; the appropriateness, in order to simplify the explanation of 

the measures to decision makers; the principle of transfer, in order to the measures being rightfully affected by 

policies with redistributive impacts; and the Pareto optimality, since the efficiency of the solution are also a goal 

to be reached. A selection of measures is presented and discussed in a later chapter. 

Additionally, equity represents one of the main objectives when analysing population health. However, 

there is no single concept of equity that can be used to analyse all the dimensions in population health, so 

different equity concepts and ways to operationalize them are needed and have to be taken into account.  

Traditionally, equity is analysed in several contexts, such as access, utilization, socio-economics and 

outcomes. One of the richness of population health index is the existence of these areas in the indexes.  So, by 

analysing the different index’s areas of concern, it is possible to know and assess the status of different types of 

equity (52).  

Also, different measures can be used for the different equity areas and index dimensions, although there 

are some measures that are more commonly used in certain areas. For example, the Gini measure is very 

common in the socio-economic equity literature (53). 

 

3.3.2. Health Gains 

 

Health gains are improvements in health indicators, and can be used to observe the evolution of those 

indicators. Since, they express improvements in health results, may be translated in gains of years of life, 

reduction of the prevalence of diseases, etc. Especially relevant are the heath gains that arise from the capacity 

to intervene in avoidable cause by the use of policies (54). 

In the population health indexes’ context, dimensions cover a vast range of subjects (e.g. access to 

healthcare, unemployment, air quality…). So, the dimensions can be used to assess how well a region is. 

Additionally, the impact of a policy may be assessed by the difference between the initial value and the value 

after the policy, being a type of health gains measure. In the next chapter, it is presented how the health gains 

can be applied to a population health index.   

In the Portuguese national health plan 2012-2016 (Plano Nacional de Saúde), the health gains are a 

major topic, since the plan has the responsibility of identifying health gains to be achieved by the Portuguese 

health system. So, in the elaboration of this plan, a set of performance indicator of health gains was defined for 

six main groups (mortality, mobility, incapacity, health system response and sustainability) (55). But, compared 

to this plan and its health gains indicators, this thesis methods have several differences, being the main one the 

use of a population health index instead of less structured data like in the plan.  
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3.4. Motivation for our approach 
 

In the vast search conducted, no integral approach was found that can be used to address this thesis 

challenges, revealing the need and space for a novel multi-methodology, combining several methods.  

A key motivation for the development of this thesis was the scarce literature on methods that deal, in 

an integrated way, with the identification of regions with similar population health characteristics and that may 

benefit from similar policies as well as with the evaluation and selection of policies that have potential to improve 

population health and health equity in the specific context of a population health index. So, the main goal of this 

thesis is to close this research gap, by designing a multi-methodology to analyse which policies have the potential 

to promote health and health equity in the context of a population health index.  

In particular, the multi-methodology herein proposed leverages clustering techniques to characterize 

the population health’s status of the regions under analysis and to aggregate regions with similar characteristics. 

Also, mathematical programming models are used for the evaluation of policies, since they can be adapted and 

easily used to find the policies with the best results in terms of health gains and to improve equity between 

regions.  

Additionally, the key topics of the literature discussed in this chapter (policies in population health, 

policy objectives and evaluation and selection of policies) give the context and scientific foundations for the 

multi-methodology that is presented in the next chapter.  
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4. Multi-methodology 

 

In this chapter, we will present the proposed multi-methodology. We will start by presenting an 

overview of the methodology, on section 4.1. Then, in the following section, we will describe in detail the steps 

that are included on the multi-methodology.  

 

4.1. Overview of the proposed multi-methodology 
 

This thesis’ approach uses several methods (clustering methods and mathematical programming 

models) throughout different steps, with the objective of analysing which policies have potential to promote 

health and health equity in the context of a population health index. This approach is in line with the definition 

of multi-methodology of Mingers, 1997 (56), which is defined as the utilization of more than one methodology 

within a single intervention and into a common framework (56). In the context of this thesis, the intervention is 

composed by a set of steps in order to evaluate policies by their impact on a population health index. 

Furthermore, a methodology is defined as a set of processes or activities applied to surpass the challenges of 

specific steps. The advantages of using a multi-methodology are related with the fact that real world problems 

traditionally are multidimensional. So, dealing with the complexity of problems using different methods, in 

different intervention stages, is very useful and advantageous.  Additionally, even at the same intervention stage, 

the use of different methods can bring new insights and increase the reliability of the results (56).    

In the context of this problem, the opportunity to use different methods is central, since, for each step, 

different challenges have to be surpassed, especially, on the Status Quo (current state of the population 

according to multiple dimensions of the population health index, before any policy is implemented) Analysis, 

which is done using clustering methods, and on the Evaluation of Policies (using mathematical programming 

models). Accordingly, the key steps of the proposed multi-methodology is presented in Figure 6 and will be 

further explained on the following sub-chapters.  
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The process presented on Figure 6 can be described as follows:  

 The starting point is the population health index, being the source of information for all the 

analysis, since, the index gives information about the values for each region and dimensions; 

 The information captured with the index is complemented with the definition of multiple 

objectives to be used and guide the evaluation and selection of policies, e.g. promoting 

population health and equity; 

 Departing from the index and taking into account the objectives to be pursued, several analysis 

can be done in order to characterize the status quo (current state of the population according 

to multiple dimensions of the population health index, before any policy is implemented) of 

the population according to the index. This is done using clustering and/ or rule-based 

methods;  

 Using the information on the status quo and having in mind the main objectives, a sample of 

policies is defined and adapted to the specific context of a population health index; 

 Afterwards, a key point is the assessment of the different combinations of policies, in order to 

obtain the impact of implementing these different policies on the multiple dimensions of the 

population health index; 

 Based on the previous assessment, it is possible to evaluate the different combinations of 

policies and find out what are the combinations of policies with the highest impact on the 

selected objectives, when some restrictions are considered. This evaluation is performed using 

mathematical programming models; 

 The last point is the communication of the results, in a clear and easy way to the decision 

makers. This last step closes the process of evaluating policies with a population health index. 

 

Figure 6 - Diagram schematizing the main activities required for evaluating policies when one departs 
from a population health index, with the methods used in each step between parentheses. 

Status Quo (SQ) Analysis 
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(e.g. maps, tables, spider diag.) 

Objectives definition 
(operationalized with the 

objective measures) 
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The objective of the multi-methodology is to assist decision makers (DM), including policy-makers. 

When they are faced with the problem of having to select which are the best policies to attain specific policy 

objectives (for instance, promoting health and equity of the regions under analysis). To do that, population health 

index can be leveraged. So, DM may be asked to participate and make explicit decisions in several steps of this 

multi-methodology, as described in the section 4.4. Though, due to be out of the context of this thesis, no DM 

was used to test the multi-methodology.  

Additionally, a main issue was how to combine the different methods that were needed to deal with 

the challenges of each stage. So, the multi-methodology is the result of the combination of a group of methods 

that influence each other. Therefore, attention had to be given on how to guarantee that the results of one step 

make sense and can be of used in the following stages. However, the main limitation to the methods and its 

application is the population health index and its intrinsic characteristics, by limiting how the different 

dimensions values are presented and all the process of analysing the status quo and applying the policies. In this 

way affecting all the other methods that were selected to be used.   

 

4.2. Notation 
 

In this sub-chapter, a list of the notation used across the multi-methodology is defined, divided between 

indices (not population health index), variables and parameters.   

Indices: 

 𝑖 𝑜𝑟 ℎ – Geographical regions. This index varies between 1 and number of regions;  

 𝑗 – Different dimensions of the population health index. This index varies between 1 and number of 

dimensions; 

 𝑙  – Portfolio of policies. This index varies between 1 and number of portfolios; 

 𝑘 – Objectives. This index varies between 1 and number of objectives; 

 

Variables: 

 𝑥 
𝑙
− Type of selection of portfolio  𝑙, such that  if 𝑥 

𝑙
= 1 the portfolio 𝑙 is selected, and if 𝑥 

𝑙
= 0 the 

portfolio 𝑙 was not selected; 

 𝑜𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒 
𝑘

 – Objective measure 𝑘; 

 𝑜𝑝𝑡𝑖𝑚𝑎𝑙 𝑣𝑎𝑙𝑢𝑒 
k

– Objective function after solving the mathematical programming model using only 

objective measure 𝑘; 

 

Parameters:  

 𝑉𝑖𝑗  - Value in the region 𝑖 of the dimension 𝑗 of the population health index; 

 �̅�𝑗  - Arithmetic average of the Value across all regions on dimension 𝑗 of the population health index;  

 𝑉𝑎𝑝𝑖𝑗 - Value in the region 𝑖 of the dimension 𝑗 after the policies of the population health index; 
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 𝑉𝑠𝑞𝑖𝑗 - Value in the region 𝑖 of the dimension 𝑗 in the status quo of the population health index; 

 𝑃𝑖  – Population of region 𝑖; 

 �̅�  -  Arithmetic average across all regions; 

 𝐴𝑖  - Additional information not presented in the index that can be used, e.g. region 𝑖 GDP; 

 �̅�  -  Arithmetic average of additional information across all regions; 

 𝐺𝑗  - Goals of dimension 𝑗 (e.g. median value of all regions on dimension 𝑗); 

 𝑤𝑗  - Weight of dimension 𝑗; 

 𝐻𝐺𝑗- Health gains on dimension 𝑗; 

 𝐻𝐺𝑝𝑜𝑝𝑗- Health gains accounting to the size of the population on dimension 𝑗; 

 𝑁 -  Number of regions; 

 𝑛 -  Number of data points on the clustering algorithm; 

 𝑁𝑃𝑃𝑙   - Number of policies in the portfolio 𝑙; 

 𝑁𝑅𝐼𝑙   - Number of  regions improved when selecting the portfolio 𝑙; 

 𝑁𝑅𝑊𝑙-   - Number of  regions worsened when selecting the portfolio 𝑙; 

 𝑝 
 𝑝𝑜𝑙𝑖𝑐𝑖𝑒𝑠

- Maximum number of policies on the portfolios; 

 𝑝 
𝑟𝑒𝑔𝑖𝑜𝑛𝑠

 – Number of regions in the index, equal to 𝑁; 

 𝑝 
𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑

 – Minimum number of regions improved; 

 𝑝 
𝑤𝑜𝑟𝑠𝑒𝑛𝑒𝑑

 –Maximum number of regions worsened; 

 𝑤𝑒𝑖𝑔ℎ𝑡 
𝑘

– Weight attributed to the measure 𝑘; 

 

4.3.  Stages of the multi-methodology 
 

The structure of the policy evaluation problem described on the previous section requires a clear and 

logical framework to be generic and easily operationalized. Being so, in this thesis, it is presented a multi-

methodology composed by seven sequential stages, which are described on the framework of the Figure 7. These 

steps are presented in detail in the following subsections.  

Figure 7 - Diagram representing the multi-methodology to evaluate polices with a population 
health index. 
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4.3.1. Population Health Index 

 

The first step of the multi-methodology is called Population Health Index, being the key source of 

information that will be used on the following stages of the multi-methodology. The Population Health Index 

characterizes the population health in different regions (e.g. Lisboa, Porto and Faro), on several dimensions (e.g. 

access to healthcare or mortality rates).  

It is common that a population health index, such as the GeoHealthS, have two major groups: the 

determinants and the outcomes. In this multi-methodology, instead of taking into account both groups, the 

attention is centred just on the determinants of the index, because the policies to improve the population health 

only impact the determinants’ dimensions and not the outcomes directly. In truth, the outcomes are highly 

impacted by the status of the determinants, e.g. the existence of a hospital (determinant) can lead to a reduction 

of the mortality (outcome) (7). Unfortunately, the population health index traditionally do not have a clear and 

concrete way to represent the impact of changing the determinants in the values of the outcomes. Under this 

reasoning, the determinants’ dimensions are the only ones that are taken into account in this multi-methodology 

and the ones where the policies have a direct and measurable impact. The Figure 8 below represent these 

interactions and identifies the determinants where the policies have an impact.  

Figure 8- The figure represents main division of a population health index: the determinants and outcomes. In 
our case, the policies only impact the determinants' dimensions. The subdivisions inside are not exhaustive (7).  

 

Additionally, depending of the situation and type of problems under analysis, there may be no need for 

all of the index sections and dimensions to be taken into account. So, it is possible to just use a section of the 

index, since the population health index is constructed in a hierarchical way that allows for just a section to be 

explored independently. For example: instead of using all the GeoHealthS index, only the healthcare section can 

be analysed.  
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Other very relevant point, it is how the data is represented on the index. In a complete index, all the 

regions have a value for each dimension and, all the dimensions have a specific value for each region. This 

characteristic leads to the data in a form of a matrix, with one of the axis being representative of the regions and 

the other axis of the dimensions. 

 

4.3.2.  Objectives 

 

The second step of the multi-methodology is the definition of the policy objectives. This step is central, 

since the definition of these objectives and their operationalization plays a fundamental role on the following 

steps of the multi-methodology. Being so, under the scope of this thesis, the key objectives include the 

promotion of the health gains and promotion of the multiple dimensions of equity between the regions – 

according to the literature review presented in chapter 3. Nevertheless, in order to operationalize these 

objectives, it is required a concrete definition of several metrics – these metrics will allow assessing the impact 

of the different policies (as defined later in this chapter) in term of the different objectives. Depending of the 

context of the analysis, different metrics can be used, since they have different characteristics. 

 

4.3.2.1.  Health Gains objective  

 

In the context of this thesis, the definition of health gains objective includes the improvement of some 

selected index dimensions across the different geographical regions, without taking into account how the values 

are distributed throughout the regions, i.e. the method is blind if only a region is improved vs. all the regions are 

improved.  

To obtain the measure of health gains for a single dimension, it is required to sum all the regions’ values 

on the specific dimension after the policy (𝑉𝑎𝑝𝑖𝑗) and subtract the value at the status quo of the index (𝑉𝑠𝑞𝑖𝑗). 

So, the health gains measure is calculated using the formula:  

 
𝐻𝑒𝑎𝑙𝑡ℎ 𝑔𝑎𝑖𝑛𝑠 𝑖𝑛 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛 𝑗 (𝐻𝐺𝑗)  =  ∑𝑉𝑎𝑝𝑖𝑗 − 𝑉𝑠𝑞𝑖𝑗  

𝑖

 [1] 

 

 Other measure that can be easily used is the health gains weighted by the population. This measure is 

similar to the previously defined, but it takes into account the population of each region, by weighting the value 

of the dimension by the population of the region (𝑃𝑖). A natural consequence of such measure is that regions 

with higher number of people represent a bigger share of the final values.  

 

 𝐻𝑒𝑎𝑙𝑡ℎ 𝑔𝑎𝑖𝑛𝑠 𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟𝑖𝑛𝑔 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛 𝑗 (𝐻𝐺𝑝𝑜𝑝𝑗)   

=  ∑𝑃𝑖  × (𝑉𝑎𝑝𝑖𝑗 − 𝑉𝑠𝑞𝑖𝑗) 

𝑖

 
[2] 
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Furthermore, since the index is constructed under a hierarchical structure, the measures may be applied 

only to the root of the index, the level obtained by aggregating all the dimensions, in order to obtain the 

aggregate health gains of all the index’s dimensions.  

These measures can be blind to certain inequity issues, since high values of the dimensions can 

dominate the measure’s result, e.g. all regions have a 𝑉𝑖𝑗 = 0, but one region has 𝑉𝑖𝑗 = 100, the final results 

would be totally dominated by it. In order to overcome this issue, we should look additionally for equity measures 

(33).  

 

4.3.2.2.  Equity objectives 

 

In the context of this thesis, equity is central under a macro level, since it applies at the level of 

populations, instead of the level of single individuals. Additionally, in order to achieve an equitable distribution 

across regions, it is relevant to assess the geographical distribution of the values of the dimensions, after the 

programmes and policies are applied (50).   

However, literature, under the context of population health index is scarce. So, to overcome these 

challenges, the approach followed was the adaption of several measures used in the context of location-

allocation problems to the population health index context (33; 52). 

The first step was the selection of several common used measures of equity, presented in the Table 2 

with their intrinsic meaning and some advantages and disadvantages.   
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Table 2 - Summary of collected equity measures (33; 52) 

Measures Meaning Not-exhaustive Pros vs. Cons 

Min Status of the worst region 

Pros: Easy and meaningful 

Cons: Sensible to extreme values. Don’t satisfy scale 

invariance or the principles of transfers 

Range 
Relevant to understand how far is the 

best regions from the worst regions 

Pros: Easy and meaningful 

Cons: Sensible to extreme values. Don’t satisfy scale 

invariance or the principles of transfers 

Coefficient of 

Variance 

Aggregates the information of the 

standard deviation normalized by the 

mean 

Pros: Gives information about how far the regions are 

spread out 

Cons: Violate the principles of transfers 

Gini 

Relevant for understanding the distance 

to the line of total equality (Lorenz 

curve)  

Pros: Widely used, and respects the scale invariance 

and principles of transfer. 

Gravity based 

Relevant by measuring the distance 

between the value per person and the 

mean value per person  

Pros: Uses the population of each region, an additional 

relevant information 

Cons: Violate the principle of transfer and scale 

invariance 

Schutz’s index Distance of regions values to the mean 

Pros: Scale invariance and gives a more egalitarian 

perspective 

Cons: Don’t satisfy the principles of transfers 

Distance to a 

Goal 

Meaningful to understand how far the 

regions are to a certain goal, e.g. mean 

(Adam’s coefficient) 

Pros: Use of goals as starting point in the analysis 

Cons: Choosing meaningful goals. 
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Table 3 shows the selected measures and their respective mathematical formula: 

 

Table 3 - Measures’ mathematical formulation (33) (52) 

Measures Formula 

Min min
𝑖
𝑉𝑖𝑗    

Range max 
𝑖
𝑉𝑖𝑗   − min

𝑖
𝑉𝑖𝑗    

Coefficient of Variance 
√∑ (𝑉𝑖𝑗  − �̅�𝑗)

2
𝑖

�̅�𝑗
 

Gini ∑∑
|𝑉𝑖𝑗  − 𝑉ℎ𝑗|

2𝑁2�̅�𝑗
𝒉𝒊

 

Gravity based ∑(
𝑉𝑖𝑗

𝑃𝑖
 −
�̅�𝑗

�̅�
  )

2

𝑖

 

Schutz’s index 
1

2𝑁�̅�𝑗
∑|𝑉𝑖𝑗  − �̅�𝑗|

𝑖

 

Distance to a Goal ∑|
𝑉𝑖𝑗  − 𝐺𝑖

𝐺𝑖
|

𝑖

 

 

The measures presented can be applied to individual dimensions or to sub-sections of the index with 

several dimensions. In the same way, not all the regions of the indexes have to be used, just some subdivisions 

of the index could be considered.  

Additionally, not all the measures have to be applied, a selection of the most relevant should be 

performed based in which are the dimensions of equity most pertinent to the DMs.  

 

4.3.3.  Status Quo Analysis 

 

The Status Quo Analysis is the next stage of the multi-methodology, with the main goal of analysing the 

original status of the regions in different dimensions of the index, by characterizing individual dimensions in 

terms of the selected objectives and by aggregating similar regions. This stage is essential because, by 
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exhaustively understanding the current characteristics of the regions under analysis, it will be possible to assess 

the impact of the policies and assess which are the best, according to the objectives defined on the previous 

stage. Additionally, the original status of the index will serve as the point of comparison to understand the impact 

of the policies, which will be applied in the index’s regions.  

The Status Quo Analysis have two main phases: 

 The first phase is to apply the different objectives measures and to analyses the index’s status 

quo in terms of these measures’ values. These values can be used as reference points for the 

comparison of objectives values before and after policies are applied, in order to understand 

the impact of each policies; 

 The second phase consists is the application of clustering and rule-based methods to find 

regions with similar patterns, with need of similar policies. This phase is relevant for the next 

stages of the multi-methodology, since it gives very useful information for the selection of 

policies that are applied in each region, i.e., the clusters of regions which will suffer the impact 

of same policies.  

 

4.3.3.1.  Clustering methods 

 

Clustering methods give useful insights, by showing patterns of regions with similar characteristics and 

needs of improvement, in the dimensions. These methods are of key importance for the process of definition 

and selection sample of policies.  

Under the scope of this thesis, the clustering method uses the K-means algorithm to generate the 

clusters of regions with similar needs of improvements.  This method is one of the most popular clustering 

algorithm used in different applications. However, K-means faces several challenges, such as (26):  

 Choosing the right number of dimensions under analysis. Too many dimensions lead to a very-

time consuming and complex analysis and, in some cases, to a loss of fine patterns. By choosing 

too few, the might lead to the exclusion of some central dimensions; 

 Selecting a number of clusters (k) that is easy to work with. The number of clusters is a 

fundamental input of the k-means algorithm. Again, too many clusters might lead to a less 

accurate insight of the patterns. On the opposite case, few clusters will give rise to clusters with 

regions with different needs; 

 Analysing the resulting clusters in order to find the patterns and characteristics relevant 

between the dimensions and regions under study. 

In order to overcome the challenges and to bring some structure to this clustering methods, a 

methodology with several steps was defined: 

a. Index data selection; 

b. Data transformation; 

c. Choosing the number of clusters (k); 
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d. Application of the K-means Algorithm; 

e. Analysis of the clusters. 

The next sub-chapters will further describe each of the components of this methodology.  

 

4.3.3.1.1.   Index Data Selection 
 

In this first step, we have to define what are the index dimensions or what are index sub-sections are 

that will be considered on the following analysing. 

By one hand, it would be ideal to use all the index, but, on the other hand, the inclusion of a high number 

of dimensions dilutes some of the finest patterns present in the data. 

Also, in the index data selection, the all index may be selected or just one dimension or one sub-section.  

 

4.3.3.1.2.  Data transformation 

 

After the data selection step, some data transformations can be applied. This step involves some feature 

engineering and has the potential to extract from the clustering process additional information about the index 

dimensions. For example in the GeoHealthS index, the weights, base (average value of the dimension) and top 

(average value of the top 10% of the dimension) values of each dimension can be used to transform the original 

values. This additional information can facilitate the comprehension of the decision makers of the clustering 

results and their interpretations. Below, several transformations are described.  

One of the transformations is the weighting of the values of each dimension by their corresponding 

index weight. This transformations brings to the clustering process the relative importance of each dimension in 

the overall index. In this way in the clustering process, it is used Global Value numbers and not Partial Values. 

The algorithm is sensible to this change in scale giving more relevance to higher values corresponding to higher 

weighted dimensions. The mathematical formulation is: 

 

 𝑤𝑗 × 𝑉𝑖𝑗  [3] 

 

Another of the possible transformations is rescaling the selected values by subtracting the mean or the 

top value of each dimension. This rescaling helps the interpretation, because the final results can be easily 

compared to these mean or top anchors.  The mathematical formulation is: 

 

 𝑉𝑖𝑗  −  𝐺𝑗  [4] 
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Additional information not presented in the index can also be applied to transform the data selected, 

for example the region GDP. This information can be used for weighting the values or for weighting the 

subtracting of the base or top. The mathematical formulation is presented, respectively: 

 

 𝑉𝑖𝑗  × 𝐴𝑖

�̅�
 [5] 

 

 𝑉𝑖𝑗

𝐴𝑖
 −
𝐺𝑗

�̅�
 [6] 

 

Moreover, a vast range of other transformations can be used to the data selected. 

 

4.3.3.1.3. Choosing the number of clusters (k) 

 

The number of clusters is the next step in this methodology, and it plays a fundamental role on the 

clustering algorithm. In order to be defined, some statistical measures of performance of the clusters should be 

used. These measures help the process of decision of the appropriate number of clusters. Since the algorithm 

used in this clustering process is the k-means, the number of clusters is usually called k.  

As previously stated, the statistical measures are calculated by using different k’s and comparing the 

different results, obtained using the k-means algorithm. Then, we should plot the results of the statistics, in order 

to choose the best k. The four different measures that are considered in this thesis are the following: 

1) SSB (sum of the squares between clusters) – this measure represent the dissimilarity between 

the different clusters. A good result is one such that the different clusters are different from 

each other, therefore the dissimilarity should be maximized. The main problem of SSB is that 

it keeps increasing, as k increases; 

2) SSW (sum of the squares within clusters) – this measure represent the dissimilarity between 

the members of each cluster. A good result is one such that the members within the same 

cluster are highly similar, therefore the dissimilarity should be minimized. The main problem 

of SSW is that it keeps decreasing, as k increases; 

3) CH index – this measure simultaneously takes into account the desire of a small SSW and large 

SSB. A good result in one that maximizes CH index. Its mathematical formulation is (where 𝑛 is 

the number of data points) (26): 

 

4) R2 – this measure simultaneously takes into account the desire of small SSW and large SSB. 

Since this measures does not take into account the number of clusters k, it uses less 

 
𝐶𝐻 =

𝑆𝑆𝐵 (𝑘 − 1)⁄

𝑆𝑆𝑊 (𝑛 − 𝑘)⁄
 [7] 
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information when compared to the CH index. Therefore, it should be used as complementary 

method. The objective is the maximization of this measure. Its mathematical formulation is: 

 

 𝑅2 =
𝑆𝑆𝐵

𝑆𝑆𝐵 + 𝑆𝑆𝑊
 [8] 

 

After calculating these four measures, the results are plotted and the decision makers decide, which 

should be the number of clusters (k) for the data under analysis. This process of joining a more subjective 

approach, coming from the decision markers, with a more technical one, by the statistical measure, is very 

relevant, since for some data selection and transformations, the best values for k are very low (k = 2 or 3) and if 

selected many interesting patterns wouldn’t appear in the final clusters. Figure 9 has the plots of the four 

measures - in this case, by looking to the CH index plot and choosing k with the highest value, we should choose 

k equal to 4. 

More refined statistical methods are available in the literature, such as the Gap statistic (57), but the 

increasing complexity of these methods makes the process more difficult to understand for the decision makers. 

Losing the objective of these statistical measure to serve as decision aids.  

 

 

Figure 9 – Example of the plots of the four measures calculated using the R software. 
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4.3.3.1.4. Application of K-means Algorithm 

 

In this step of the clustering methodology, the k-means algorithm is applied to the transformed index 

data, using the k selected in the last step.  This method was explained in the literature review, being the output 

a set of k clusters with similar regions in each. Although, the k-means is the proposed algorithm, several other 

could be used.  

 

4.3.3.1.5. Analysis of the clusters 

 

After the regions have been aggregated into clusters, the final step of the clusters’ methodology is the 

analysis of these groups. Three main activities should be performed: the assessment of the consistency of the 

clusters, the validation of the final clusters and the exploration of the insights given by the clustering process. 

 Assessment of the consistency of the clusters – since the initial centroids are generated randomly and 

can impact deeply the final results, a consistency assessment should be performed, by running the 

cluster algorithm several times, with different initial centroids, in order to evaluate the clustering 

structure; 

 Validation activities - assessment if a given cluster's dimension values can be distinguished of the 

remaining clusters. If so, the regions of this cluster can be fully characterized only by its cluster's 

characteristics. This validation process can be done by comparing the max, min and average of each 

dimension on the different clusters, in order to assess potential overlaps; 

 Insights exploration – description and communication of the characteristics of each cluster. Under the 

scope of this thesis, these insights can reveal what are the needs of improvement on the different 

clusters of regions.  

 

4.3.3.2. Rule-based method 

 

Apart from the clustering methods, a more basic technique can be applied to the index data, a rule-

based method. It consists of an iterative process of looking to each region on a given dimension, and compare 

its value to a certain reference value, e.g. the dimensions’ average. If the dimension’s value is below the 

reference, a code equal to 0 is given to the region, if the value is above the reference, the code given is 1.  

This process is shown below in a mathematical way, using the dimensions’ average as the reference cut-

off value: 

 𝑉𝑖𝑗 <  �̅�𝑗   then  Code = 0 [9] 

 𝑉𝑖𝑗 > �̅�𝑗   then  Code = 1 [10] 



39 

Using this process for the regions and their dimensions under analysis, it is possible to group the regions 

with similar characteristics. 

Afterwards, if there is the need of ordering the regions, an easy method to do it, is by multiplying the 

dimension weight by the dimension code for each region, then summing these values for each region and then 

order the groups of regions. In the end, the methodology that should be followed for the rule-based method 

share some of the points of the clustering methodology: 

a) Index data selection  

b) Cut-off value selection 

c) Application of the rule-method 

d) Sorting of regions 

e) Analysis of the groups 

Since the rule-based and the clustering methods share the same goal of aggregating regions with similar 

characteristics, they also share some of the methodology steps, mainly the first point of selecting the data and 

the last one of analysis of the results.  

 

4.3.4. Defining a sample of Policies 

 

After the previous steps, it is very relevant to identify a sample of policies. This selection should be based 

on the evidence of their impact in health and/or equity, as well as on whether those policies are considered 

appropriate to improve groups of regions with similar health characteristics and in equal needs of policies. 

However, in the context of this thesis, the process of selecting those policies is not central. Instead, an illustrative 

sample of policies was used to illustrate how the proposed multi-methodology should be applied (chapter 5).  

For defining the illustrative sample of policies, several types of policies (redistributive, proportionate 

universalism, etc.) should be considered. Those types of policies will serve, in this multi-methodology, as 

guidelines in the process of applying policies into groups of regions with similar characteristics. Additionally, the 

SQ analysis is a fundamental source of valuable insights, since they group regions with similar characteristics and 

needs of improvement. For example, if one of the clusters of regions has low index values on the number of 

nurses’ dimension, compared with the other clusters, it means that this group of regions has a strong need of a 

policy oriented to increase the number of nurses. So, a sample of polices could be defined to distribute the nurses 

targeting this worst-off group. In the next chapter, we will further explain some specific case studies, in order to 

illustrate the application of the multi-methodology.  
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4.3.5. Policies Impact 
 

In order to apply the sample of the policies to the population health index, it is important that it is taken 

into account some of the population health index characteristics. So, a key issue when determining the impact 

of different policies is related to its quantification into value. This quantification should follow three steps, as 

described below, using as an illustrative example a policy of increasing the number of doctors: 

i. To start, one needs to define how many doctors should be added/removed per region; 

ii. Then, there is need to determine the impact of adding/removing these doctors as measured by the 

number of doctors per 1000 habitants (performance formula) after the implementation of the policy. 

It is important to mention that each dimension of the population health index has its own 

performance formula and the policies impacts are first applied to this; 

iii. Convert this performance measure (doctors per 1000 habitants) to value by recalculating the new 

dimension values, taking into account how the index do the conversion. This conversion is done using 

a formula adapted and defined when the population health index was constructed. 

After these steps, the policy was converted to dimension’s value in the context of the population health 

index.  

Additionally, the population health index have a hierarchical structure between the index dimensions 

(e.g. in the GeoHealthS index, the lifestyle subsection is the aggregation of three dimensions – obesity, alcohol 

consumption and juvenile maternity) and policies can only be applied to the dimensions and not to the sub-

sections, which are weighted aggregations of dimensions. Thus, to find the impact of the policies in a given sub-

section, it is needed to follow the path from the individual dimensions to the sub-section by weighting the 

dimensions by their weights. The full process is represented in the Figure 10. 

After applying the policies to the population health index and obtaining the dimensions’ new values, it 

essential to assess the impact of the sample of policies on the population health index, using the objectives 

measures of the second stage of the multi-methodology. By comparing the original measures’ values of the status 

Sub-section XY  (e.g. new 
value for the sub-section in 
the region Z by weighting 
the dimensions' values)

Dimension X (e.g. new value 
of the dimension X in the 

region Z)

Policy A (e.g. 10 more nurses 
in region Z)

Dimension Y (e.g. new value 
of the dimension Y in the 

region Z)

Policy B (e.g. 10 more 
doctors in region Z)

Figure 10- Diagram representing the hierarchical structure of the indexes. 

Dimension 

X weight 

Dimension 

Y weight 
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quo with the new measures’ values after the policies, the impact in health and equity can be estimated. The 

easiest way to assess the impact is by subtracting the original value to the new value: 

 ∆ 𝑋𝑖𝑚𝑝𝑎𝑐𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑜𝑙𝑖𝑐𝑦 = 𝑚𝑒𝑎𝑠𝑢𝑟𝑒 𝑋𝑎𝑓𝑡𝑒𝑟 𝑡ℎ𝑒 𝑝𝑜𝑙𝑖𝑐𝑦 − 𝑚𝑒𝑎𝑠𝑢𝑟𝑒 𝑋𝑆𝑡𝑎𝑡𝑢𝑠 𝑄𝑢𝑜  [11] 

This equation can give rise to two types of desired results dependent of the type of measure being used. 

For some measures the goal is that the policies maximize ∆ 𝑋𝑖𝑚𝑝𝑎𝑐𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑜𝑙𝑖𝑐𝑦 , e.g. of the min measure where 

the goal is to have a more equitable regions with a higher min value. For other measures, the goal is to reduce 

and have negative values of the∆ 𝑋𝑖𝑚𝑝𝑎𝑐𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑜𝑙𝑖𝑐𝑦 , example of the range measure, where the more equitable 

result is to have a negative results of the equation [11]. 

Individual policies or combinations of policies can affect the status quo of the population health index 

in different ways, so the ∆ 𝑋𝑖𝑚𝑝𝑎𝑐𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑜𝑙𝑖𝑐𝑦  have to be calculated to each of these situations in separate.  

Additionally, an interesting analysis is observing how the same policy implemented in different ways 

can have very different results on the objectives measures, and consequently in the health and equity of the 

regions under analysis.  

 

 

4.3.6. Evaluation of Policies 
 

At this stage, since the policies and their impact have been assessed, we can now start the process of 

selecting and evaluating combinations of policies that have the most potential to improve health and equity 

values. The process of selection and evaluation of policies (or a combination of policies) is a very complex task, 

since many different objectives are desired to be pursuit, e.g. simultaneously improving different equity 

measures and health gains. Additionally, many restrictions are possibly to be taken into account, e.g. limiting the 

number regions without improvements or that are worsen. So, a way to surpass this complexity is to use 

multiobjective mathematical programming models. 

The fundamental characteristic of mathematical programming is that objectives and constraints of the 

problem under study can be formulated using mathematical relationships, such as equalities, inequalities and 

logical dependencies. Since the relationships are independent of the input data, we can create a generic 

mathematical model, which can be applied to different problems with different indexes.  

In the next two sub-sections, the multiobjective mathematical programming model is presented, 

starting with the definition of the objective functions, followed by the constraints definition. 
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4.3.6.1. Defining the objective function 

 

A multiobjective mathematical programming model is developed for selecting the portfolio of policies 

with highest potential to improve health and equity, using multiple objectives’ measures, aggregated with 

weights that represent the relative importance of each objective. 

 The objective functions are described in a mathematical statement, with the goal of being minimized. 

Meanwhile, the objectives of the multi-methodology have to be considered in the evaluation of policies. Being 

so, these objectives are specified by the objective measures (e.g. minimum, range, Gini, etc.) described in section 

4.3.2. The resulting multiobjective objective function considers the value of the weighted deviation functions to 

goals, considering several objective measures (𝑘’s), e.g. of an objective function of a multiobjective mathematical 

programming model: 

 𝑀𝐼𝑁  ∑𝑤𝑒𝑖𝑔ℎ𝑡 
𝑘
×
𝑜𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒 

𝑘
 − 𝑜𝑝𝑡𝑖𝑚𝑎𝑙 𝑣𝑎𝑙𝑢𝑒 

𝑘

𝑜𝑝𝑡𝑖𝑚𝑎𝑙 𝑣𝑎𝑙𝑢𝑒 
𝑘𝑘

  [12] 

As seen before, a vast range of different combinations of measures exists and can give rise to very 

different model’s results. It is important to remember that the process of selection of these objective measures 

should be performed using the insights of decision-makers. Additionally, a multitude of objectives may be 

desired, represented by several objective measures, instead of a single goal, giving rise to multiple and conflicting 

solutions. So, different methods can be used to reach meaningful solution – for instance, one can assign a weigh 

to each objective and solve a weighted programming model, or one can build a Pareto frontier will a set of 

possible solutions, without the need of using weights, both methods are described in Eiselt et al. (33). In this 

thesis, the procedure followed is as follows: 

a) Solve the model for a single objective measure, determining the optimal values of each 

objective function independently of the others – optimal value; 

b) Use these individual optimal values as objectives’ goals; 

c) For each goal, create a new function that measures the amount by which any given solution 

fails to meet the goal as a percentage: 

 
𝑜𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒 𝑚𝑒𝑎𝑠𝑢𝑟𝑒 

𝑘
 − 𝑜𝑝𝑡𝑖𝑚𝑎𝑙 𝑣𝑎𝑙𝑢𝑒 

𝑘

𝑜𝑝𝑡𝑖𝑚𝑎𝑙 𝑣𝑎𝑙𝑢𝑒 
𝑘

 [13] 

 

d) Based on equation [13], it should be defined the proper weights 𝑤𝑘  to be assigned to each 

objective k, in order to define the objective function, represented on equation [12]. Then, with 

the aim of solving the problem, it should be found a solution that minimizes the objective 

function. 
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e) Analyse the solution. If the solution is not acceptable, a next step is to re-adjust the weights 

and start again in the previous step.  

A key point that can be an improvement to this methodology is related with the weights. The weights 

are scaling constants that aggregate different objective measures into a single objective function. Being of key 

importance, particular attention should be given to the process of building those weights. The best alternative is 

to collect the judgements of decision makers about the weights, using rigorous methods, such as the MACBETH. 

The MACBETH can be used to define the weighting coefficients of the multiple objectives that are latter used in 

the definition of the objective functions (58). An overview of the Macbeth method is presented in section 4.4.1. 

 

4.3.6.2. Defining the constraints 

 

A very relevant component of the mathematical programming models are the constraints, and a vast 

range of constraints can be defined, influencing the evaluation of policies. Also, a portfolio notation was followed, 

where the selected portfolio is  𝑥𝑙 = 1 and the ones not selected are 𝑥𝑙 = 0. 

So, a way to organize the constraints is in two groups: one group with more technical oriented 

constraints and a second group with constraints more related with the final results implications. The first group 

of constraints comprise the following: 

 Forcing to only one portfolio to be selected - ∑  𝑥 
𝑙
 =  1𝑙  

 Forcing that the decision variables to be 0 or 1 -   𝑥 
𝑙
  ∈   {0,1} 

The second group of constraints are as follows: 

 Imposing improvements in all regions - ∑  𝑥 
𝑙
 × 𝑁𝑅𝐼𝑙   =   𝑝 

𝑟𝑒𝑔𝑖𝑜𝑛𝑠𝑙  

 Defining a minimum number of regions to be improved - ∑  𝑥 
𝑖
 ×   𝑁𝑅𝐼𝑙   ≥ 𝑝 

𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑𝑖  

 Defining a maximum of regions that can be worsened - ∑  𝑥 
𝑙
 ×   𝑁𝑅𝑊𝑙   ≤ 𝑝 

𝑤𝑜𝑟𝑠𝑒𝑛𝑒𝑑𝑙   

Additionally to these examples, other constraints can be established, affecting the final modelling 

results, such as: 

 Constraints related with specific dimensions or regions, e.g. region A have to be improved by 2 

times in some dimension;  

 Or constraints based in information about policies’ costs, e.g. restrict the amount of costs incurred 

with the implementation of policies, or can in the feasibility of the policies in each portfolio.   

 



44 

4.3.7 Results Communication 

 

After following all the other steps and, especially, across the 

previous steps, the results obtained should be translated into several 

communication strategies that help to explain the results and the rationale 

behind the decisions that have to be taken by the decision makers. These 

strategies should focus in ways to visualize data, such as coloured maps, 

spider diagrams, tables and scale representation. An examples of these 

visualization methods is presented below, in Figure 11.  

In particular, the creation of these maps required the use of the software 

ArcGIS. A geographic information system (GIS) that can be used to create 

maps at different geographical levels, such as the municipality level within 

the context of the GeoHealthS index.  

 After presenting all the phases of the multi-methodology, it is important to refer where decision makers 

can have a contribution and are required.  

 

4.4. Decision makers’ involvement  
 

The multi-methodology has the goal of being used with decision makers (DM), including policy-makers, 

when faced with the problem of having to select which are the best policies according to specific objectives of 

improving the health and equity of the regions under analysis when population health index exists and can be 

leveraged. These DM are called to contribute and make explicit decisions along several steps of the multi-

methodology (green squares in the Figure 12): Objectives; Status quo analysis; Sample of policies and Evaluation 

of policies. 

Figure 11 - Example of a map. 

Figure 12 - Diagram representing the steps of the multi-methodology where the DMs have to make 
explicit decisions coloured in green. 

Population 
Health 
Index

Objectives SQ Analysis
Sample of 

Policies

Policies 
Impact

Evaluation of 
Policies

Results 
Communication
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In the Objectives, the DMs are asked to explicitly define the objectives that they want to pursuit across 

the multi-methodology and which will be the measures used to assess the results of the process.  

In the Status Quo Analysis, the DMs contribute in the selection of the method of analysis: the clustering 

method, the rule-based method or both. If the clustering method is selected: the DMs are asked to contribute 

by selecting which will be the sections of the population health index that will be analysed, having in mind the 

trade-off between going in detail in a smaller section or covering a bigger section but more superficially; which 

will be the most interesting data transformations to be applied; the number of clusters (k), preferentially 

supported with the statistical measures. In case of the rule-based method: the DMs have the responsibility of 

assisting in the selection of the section of the index that will be analysed and each is the cut-off value to be 

applied to the data. 

In the Sample of Policies, a key contribution is required from the DMs: the selection of which are the 

policies to be assessed in the index. Additionally, the DMs should participate in the discussion of how to convert 

policies into impacts in the index’s status quo and which is their type of application.  

In the Evaluation of Policies, the DMs play an important role by participating in the definition of the 

weights to be given to each of the measures of the objective functions, a very powerful method is the MACBETH, 

which is described in detail in the next sub-section.   

Finally, in the last step, the Results Communication, the results of the multi-methodology are 

communicated to the DMs with multiple methods. Furthermore, they are the ones responsible to use the insights 

provide by the multi-methodology in their decisions.  

Additionally, a vast range of participatory approaches (web-surveys, workshops, decision conferences 

and Delphi processes) may be leveraged to collect insights and opinions of the decision makers. However, the 

use of those methods was not in scope of this thesis and they were not used, since, we were not able to have 

the contribution of decision makers to test this multi-methodology. If we had their contribution, some adaptation 

of the methods may have been required.  

 

4.4.1. MACBETH in the evaluation of policies  

 

A MACBETH approach can be used to construct the weighting coefficients, by asking decision makers 

for qualitative judgements of difference in attractiveness between options. The method consists in the: 

“‘anchoring on two impact levels [...] and determining the weights indirectly by applying MACBETH to holistic 

semantic judgments of difference of overall attractiveness between fictitious actions defined by the anchor levels” 

(59). The best way to use the MACBETH method, is by using the M-MACBETH, a decision support system that has 

the approach implemented. Additionally, the software identifies inconsistent judgments and proposes ways to 

correct them, also the software converts qualitative judgments in the MACBETH scale of categories (no, very 

weak, weak, moderate, strong, very strong and extreme) to numerical scores and weights (60).  
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The MACBETH has a defined protocol of questioning that uses two references points for each objective, 

enabling the decision makers to think and respond according to the swings. In the context of this multi-

methodology the references have to be values adapted to each of the measures being used, e.g. the reference 

may be the minimum and highest value of each measure. An overview of the questioning process consists in (44; 

59; 43; 61): 

a) Decision makers are asked to order the objectives measures by decreasing order of 

importance, in the MACBETH weighting matrix, by answering to questions like: consider the 

value of the hypothesis A, a portfolio of policies with all the three equity objective measures at 

the minimum level. If it were possible to improve from this to the maximum level in only one 

measure (maintaining the other objectives in the min level), for which objective would this 

swing be most important? This question should then be repeated for the remaining objectives 

measures, just improving one of the measures per question. After this sequence of question, 

the measures may be ordered in terms of preference in these swings; 

b) Then, decision makers are asked to complete the last column of the MACBETH weighting matrix 

using the seven categories, by answering to questions like: consider the current portfolio with 

all the measures at the minimum level. How important would an improvement in the most 

important objective (i.e. the one selected first in the last step) to the maximum level be, using 

one of the seven MACBETH semantic categories (null, very weak, weak, moderate, strong, very 

strong and extreme)? This question is then repeated for the remaining objective measures;  

c) Then, decision makers are asked to answer questions to complete the first row of the MACBETH 

weighting matrix, using qualitatively judgements of the difference in attractiveness between 

swinging to the maximum in the most important objective and swinging to the maximum in 

each of the other objectives. The decision makers’ judgments should be done using one of the 

seven MACBETH semantic categories; 

d) Finally, to complete the other cells of the MACBETH weighting matrix, it is asked to the decision 

makers to judge the qualitatively difference in attractiveness between the remaining pairs of 

swings. 

After going through this process of filling the matrix with the decision makers, the software (M-

MACBETH DSS) detects inconsistencies in the judgements and suggests revisions to ensure consistency. After 

inconsistencies are solved, a numerical value for the weights is suggested that is compatible with the decision 

makers’ judgements (43).  

These numerical value for the weights should be used in the objective function of the multiobjective 

mathematical programing model, as weights between the different objective measures.  
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4.5. Decision support tools for implementing the multi-methodology 

Figure 13 schematizes the full multi-methodology process, including the flow of the data and the 

decision support tools used in each step of the multi-methodology, being the Microsoft Excel the main software 

used. Additionally, some of Excel advance functions/options were leveraged, such as the VBA programming, for 

calculating several of the objectives measures, and the Solver tool, for the mathematical programming models.  

 Other three software were also leveraged, the R statistical oriented programming language for the 

clustering method, the M-MACBETH software in the definition of weights, using the MACBETH protocol, for the  

evaluation of policies and the ArcGIS, a geographic information system (GIS) for the creation of maps of the 

index’s regions.  A key point that should be taken into account is that others software and methods can be used, 

for example the GAMS software could have been used for the mathematical programing models, bringing other 

strengths and different perspectives to this methodology. 

 

  

  

Figure 13 - Diagram representing the multi-methodology steps, flow of the data and software recommend in each step – R for the 
clustering methods, M-MACBETH RA in the evaluation of polices, ArcGIS for the maps and Excel for most of the phases  
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5. Multi-methodology application and results 
 

The goal of this chapter is to illustrate the applicability of the proposed multi-methodology using as  

basis the GeoHealthS index of the Portuguese municipalities. Additionally, the chapter’s organization follows the 

multi-methodology, going into each of the individual stages.  

 

5.1. Population Health Index 
 

The multi-methodology starts with a population health index, and, in this thesis, all the case studies are 

based in the GeoHealthS index (1), which was used as the main source of information for the analysis. However, 

just the determinants’ part of the GeoHealthS index (Figure 14) was considered and analysed, since the policies 

to improve the population health only impact the determinants directly. Within the determinants’ part of the 

GeoHealthS index, the subsection and dimensions related with healthcare will be more relevant and more 

attention will be given to them in following analysis.   

 

Figure 14 - Determinants section of the GeoHealthS index (1) 
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5.2. Objectives 
 

Table 4 - Selected measures and its equations 

 The objectives of the cases studies and of this thesis 

are the promotion of health gains and promotion of health 

equity in the different selected dimensions and between regions 

of the index. 

 In terms of which measures were used, in order to 

operationalize these macro objectives, four measures were 

selected - health gains, min, range and Gini (Table 4). The last 

three measures are equity measures, while the first is related 

with the health gains goal. The selection of just four measures is 

due to the fact that these are some of the most well know and 

easy to understand of the measures, presented in the section 4.3.2.2.  

  

 

5.3. Status Quo Analysis 
 

The SQ analysis component of the multi-methodology is divided in two phases: the first is the application 

of the objectives’ measures to quantify the Status Quo (current state of the population according to multiple 

dimensions of the population health index, before any policy is implemented), and the second phase is to apply 

the two clustering methodologies. The SQ values are the starting point to evaluate the health profile of different 

regions (in this case, Portuguese municipalities) thus allowing to conclude which are the priority areas that need 

to be improved, and it also allows to compare and assess the impact of policies under review (later, in the Policies 

Impact section).  

In the first phase, the selected equity measures were applied to the index, and the results are briefly 

analysed.  

In the second phase, four cases will be presented, applying the multi-methodology to several parts of 

the population health index (determinants’ part of the index, healthcare subsection and PC responsiveness 

dimension) and using the two methods - clustering and rule-based, to find regions with similar patterns and in 

need of similar policies. The first three case studies used the k-means clustering algorithm for the different 

sections of the GeoHealthS index, while in the fourth case study, the rule based method was used.  

  

MEASURE EQUATION 

Health gains ∑𝑉𝑖𝑗
𝑖

 

Min min
𝑖
𝑉𝑖𝑗    

Range max 
𝑖
𝑉𝑖𝑗   − min

𝑖
𝑉𝑖𝑗    

Gini ∑∑
|𝑉𝑖𝑗 − 𝑉ℎ𝑗|

2𝑁2�̅�𝑗
𝒉𝒊
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5.3.1. Objective measures in SQ Analysis 

 

In this first phase, the Table 5 presents the SQ equity values obtained when applying the three equity 

measures to the GeoHealthS index, when considering the Portuguese municipalities.  The main utility of these 

measures are to serve as reference points. However, it is still possible to analyse and extract several insights: for 

example, the PC consultation dimension and Hospital responsiveness dimension have very low min values, and 

big ranges values and Gini values compared with PC proximity, meaning that the Portuguese municipalities have 

lower equity between regions when considering PC consultation and Hospital responsiveness, compared to a 

more equitable distribution in PC proximity. 

 

Table 5 - SQ equity values resulting from applying the selected measures to the healthcare dimensions of the GeoHealthS. 

Healthcare

SQ equity 

measures  

PC 

consultation 

Pregnancy 

consultation 

Access to 

pharmaceutical 

care 

PC 

proximity 

PC 

responsiveness 

Hospital 

proximity 

Hospital 

respon-

siveness 

Min 0.00 29.52 7.53 77.93 20.08 41.12 2.62 

Range 100.00 70.48 92.47 22.06 69.95 58.88 95.24 

Gini 0.19 0.08 0.27 0.02 0.15 0.06 0.20 

 

 

5.3.2. Clustering and rule-based methods in SQ Analysis 
 

 The second phase is summarized in Table 6, which has the key characteristics of the cases that will be 

analysed in the following sections.  

Table 6 -Summary of the characteristics of the 4 cases 

 Case I  Case II Case III Case IV  

Sections of the 

index 
Determinants  Healthcare  

Primary care 

responsiveness 
Healthcare 

Method Clustering Clustering Clustering Rule-based 

Data 

transformations 

𝑤𝑗 × ( 𝑉𝑖𝑗  −  𝐵𝑎𝑠𝑒𝑗  ) 

[14] 

𝑤𝑗 × ( 𝑉𝑖𝑗  −  𝑇𝑜𝑝𝑗  ) 

[15]  
( 𝑉𝑖𝑗  −  𝐵𝑎𝑠𝑒𝑗  ) [16] N.A. 

Number of 

clusters (k) 
10 7 5 N.A. 

It is relevant to see that the first three cases uses the clustering method and were constructed following 

the detailed methodology of the previous chapter. The fourth case was constructed following the rule-based 

method. 

In the cases using the clustering method, it is possible to transform the data for more interesting results: 
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o Case I - which dimension and region value (𝑉𝑖𝑗)  are subtracted by the base value (dimension 

average), since it was defined that the base was the minimal desired value to be achieved by 

the policies in each region and dimensions. Afterwards, a weighting of these values is 

computed in order to convert the subtraction values to global values, giving to the algorithm 

this information of relative strength between dimensions; 

o Case II - which dimension and region value (𝑉𝑖𝑗)  are subtracted by the top value (10% value of 

the dimension), since it was defined for these case studies that the top was the best practice 

value in each region and dimensions. After, a weighting of the values in order to convert the 

subtraction values to global values, giving to the algorithm this information of relative strength 

between dimensions, 

o Case III - which dimension and region value (𝑉𝑖𝑗)  are subtracted by base value (dimension 

average), since it was defined as the minimal as the desired goal for the PC responsiveness. 

Additionally, for the Cases I-III the process of choosing the number of clusters (k), was conducted using 

the four measures (SSB, SSW, CH index ad R2). Obtaining the values presented in the Table 6. The number of 

clusters is in line with the number of dimensions considered in the Cases. So, a relatively high number of clusters 

(k=10) can be explained by the higher number of dimensions of this case.  

Also, the R software was used to apply the k-means algorithm, obtaining the clusters of regions that are 

analysed in the final step of clustering methodology in the next subsection.   

Meanwhile, the fourth case study was constructed, in order to show the possibilities of using a rule 

based method (defined in the section 4.3.3.2.) to find clusters of municipalities with similar characteristics in a 

population health index.  

In this case, the access sub-section of the GeoHealthS index was used (Figure 15), since it have a 

controlled number of dimensions and the results can be interesting and compared with individual performance 

data of some of the dimensions.  

In the second step, the cut-off value 

selected was the dimensions’ average, since it’s a 

very intuitive reference. 

In the third step, application of the rule-

method, a value of 0 or 1 is given, if a regions’ 

dimension is below or above the dimensions’ 

average, meaning that: 

 < Average in one dimension – code 0 

 > Average in one dimension – code 1 Figure 15 – Access sub-section of the GeoHealthS was chosen 
as the index data selection for the Case IV 
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After this step, each region has a composed code, e.g. Lisbon – 11111 (meaning: the five dimensions of 

the access sub-section are above the average), that can be leveraged to join similar regions. Accordingly, in this 

case, the number of different composed codes is 25 = 32, with 2 representing the number of codes (0 and 1) 

and 5 representing the number of dimensions. This means that 32 clusters can be obtained with this analysis. 

The fourth step, sorting of regions, a sorting measure have to be applied to join the regions in sets of 

similar ones. An available option is this equation:  

 𝑆𝑜𝑟𝑡 𝑏𝑦 ∑ 𝑤𝑗  ×  𝑉𝑖𝑗

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑠

𝑗=1

 [14] 

 

Since, we have already defined the characteristics of each Case, the following sections will be 

centred in presenting some of the results and interpretations of these analysis, and to show that clusters 

of similar regions can be aggregated in groups.   

  

5.3.2.1. Case I – Population health index level  
 

In this case study, all determinants dimensions’ of the GeoHealthS index were selected as the object of 

study, but only dimensions were considered and not the sub-sections that aggregate several dimensions, for 

everything to be comparable and to be mutually exclusive. 

In the analysis of the clusters, it is presented that the high amount of dimensions make it difficult to 

explore the characteristics of each cluster just using the centroids. So, an alternative approach is based in the 

analysis of the tables with centroids, max values of the clusters and centroids plus the standard deviation for 

Figure 16 - Portuguese clusters maps of 
the Case I using the clustering method 
and the all determinants’ part of the 
GeoHealthS 
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each cluster may be performed (Figure 18 of the Case II). Additionally, by analysing the Portuguese case study 

map of clusters (Figure 16) with others maps related with some dimensions (Figure 32 - appendix A) and by 

analysing the clusters values (e.g. centroid value), it was possible to interpret that the 28 regions of cluster 

number 1 share the need of improvement of dimensions related with sanitation and potable water, in utilization 

of primary care and access to pharma; 30 regions of cluster 7 share the need for improvement in several socio-

economic dimensions, as educations related, unemployment, poor and life styles problems of alcohol and 

obesity; 15 regions of cluster 8 share the need for improvement in in dimensions related with sanitation and 

potable water; 31 regions of the cluster 9 share the need for improvements in alcohol related population and 

commuting; and 14 regions share the need for improvements in unemployment, street safety, overcrowded 

houses, monoparental families and alcohol consumption; etc. 

 

5.3.2 Case II - Sub-section level 

 

In this second case study, the first step of the clustering 

methodology, was the selection of the healthcare dimensions’ of the 

GeoHealthS index, with the objective of covering the access and 

utilization sub-section (Figure 17 - red dimensions) of the index as 

the object under study. 

In the analysis of the clusters, it was visible that the high 

amount of dimensions, difficult the deduction of the characteristics 

of each cluster just using the plot of centroids (Figure 18). So, an 

additional analysis was performed using the dimensions’ mean 

values and the centroid values. By subtracting the mean to the 

centroid value is possible to see which of the clusters were in need 

of improvements, being the ones with negative values (in red in the 

Table 7). 

Figure 17- Healthcare sub-section of the 
GeoHealthS 
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 Additionally, by analysing the clusters’ map with others maps related with some dimensions, such as 

the hospitals’ maps or the primary care centres’ map (Figure 32 – appendix A), and using the information from 

the plot of Figure 18 and Table 7, it is possible to discover and define the clusters’ patterns (Figure 19). 

Figure 18 – Plot of the centroids value of the clusters in each dimension 

Clusters 

Max 

Values

Utilização.dos.CSP Consultas.maternas
Acesso.a.cuidados.

farmacêuticos

Proximidade.

CS

capacidade.

de.resposta

.dos.CS

Proximidade.d

os.Hospitais

capacidade.de.

resposta.do.ho

spital

Cluster 1 0.41 0.00 -1.38 -2.07 -46.79 -0.06 -26.56

Cluster 2 -5.09 -1.07 -0.58 1.48 -30.16 2.15 -14.35

Cluster 3 0.41 0.00 0.71 1.16 -0.87 -32.39 -2.15

Cluster 4 -0.80 0.00 1.11 -7.35 -20.04 -5.88 -26.15

Cluster 5 0.41 0.00 1.99 0.63 6.35 -5.36 -23.33

Cluster 6 -0.51 0.00 0.56 1.16 5.00 1.47 13.34

Cluster 7 0.41 0.00 -1.29 1.63 -13.59 2.81 -14.35

Table 7 – Table with the centroids values for each cluster and dimensions. In red are the values 
below the mean 
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This clusters’ analysis is very interesting and allows to extract meaningful information to support and 

help decision makers in their decisions of which regions share similar needs and which are the most needed 

policies for each region and group of regions. Additionally, this type of maps can show how Portugal is 

asymmetric across regions.  

 

5.3.3. Case III – Dimension level 

 

In the third case study, the PC Responsiveness dimension 

of the GeoHealthS index was selected (Figure 20 - red dimension), 

with the objective of going into the detail of this single dimension 

that aggregates info about two related topics – doctors and nurses 

in primary care units. 

 

Figure 20 - PC responsiveness dimension of 
the GeoHealthS 

Figure 19 – List of characteristics of each cluster and Portuguese map with each cluster being represented with a 
different color  
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In the analysis of the clusters, it was very useful to interpret the Portuguese PC responsiveness clusters 

map (Figure 22) together with Figure 21 that show, in a very clear way, the clusters’ characteristics (centroids, 

max and min values).  

 

Using these two main sources of information, the clusters can be ordered from the worst-off, cluster 1, 

to the best-off, cluster 5, with the centroids, max and min values for each cluster presented in the Figure 21. This 

information is very relevant in the sample of policies stage of the multi-methodology, since the clusters can be 

used in the application of policies in the index. Additionally, Figure 22 shows that the Lisbon region has a several 

municipalities in the clusters 2 and 3, revealing the problem of lack of supply of primary care nurses and doctors 

so as to meet the needs of these populations.  

 

5.3.4. Case IV – Sub-section level (rule-based) 

 

The results of using the rule-based method can be seen in the Figure 23 that shows an example of some 

of the groups of regions aggregated and sorted by their composed codes and the map of the similar regions. 

From this figure it can be seen some geographic patterns of similar regions, e.g. several of the top regions are 

around Lisbon or Porto, belonging to the same clusters and showing similar needs of improvement.   

Figure 22 – Map with each cluster with a color  
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5.3.5 Comparison between cases  

 

To summarize the conclusions obtained from the previous analysis, Table 8 summarizes the advantages 

and disadvantages of each analysis, as well as which type of conclusions in terms of policies can be extrapolated.  

  

Alvito 1 1 1 0 0 3.750966

Arronches 1 1 1 0 0 3.750966

Estremoz 1 1 1 0 0 3.750966

Fornos de Algodres 1 1 1 0 0 3.750966

Fronteira 1 1 1 0 0 3.750966

Manteigas 1 1 1 0 0 3.750966

Reguengos de Monsaraz 1 1 1 0 0 3.750966

Vila do Bispo 1 1 1 0 0 3.750966

Vila Viçosa 1 1 1 0 0 3.750966

Alpiarça 1 1 0 1 0 3.789644

Cantanhede 1 1 0 1 0 3.789644

Elvas 1 1 0 1 0 3.789644

Mesão Frio 1 1 0 1 0 3.789644

Nazaré 1 1 0 1 0 3.789644

Óbidos 1 1 0 1 0 3.789644

Portalegre 1 1 0 1 0 3.789644

Vila Nova da Barquinha 1 1 0 1 0 3.789644

Castanheira de Pêra 0 1 1 0 1 4.361908

Lousã 0 1 1 0 1 4.361908

Penela 0 1 1 0 1 4.361908

Vila Nova de Poiares 0 1 1 0 1 4.361908

Loures 0 1 0 1 1 4.400587

Maia 0 1 0 1 1 4.400587

Odivelas 0 1 0 1 1 4.400587

Oeiras 0 1 0 1 1 4.400587

Sesimbra 0 1 0 1 1 4.400587

Setúbal 0 1 0 1 1 4.400587

Trofa 0 1 0 1 1 4.400587

Vila Nova de Famalicão 0 1 0 1 1 4.400587

Vila Nova de Gaia 0 1 0 1 1 4.400587

Viseu 0 1 0 1 1 4.400587

Alvaiázere 1 1 1 0 1 4.47079

Figueiró dos Vinhos 1 1 1 0 1 4.47079

Tábua 1 1 1 0 1 4.47079

Ansião 1 1 0 1 1 4.509469

Carregal do Sal 1 1 0 1 1 4.509469

Mangualde 1 1 0 1 1 4.509469

Mortágua 1 1 0 1 1 4.509469

Nelas 1 1 0 1 1 4.509469

Barreiro 0 1 1 1 0 4.814387

Batalha 0 1 1 1 0 4.814387

Beja 0 1 1 1 0 4.814387

Caminha 0 1 1 1 0 4.814387

Campo Maior 0 1 1 1 0 4.814387

Entroncamento 0 1 1 1 0 4.814387

Estarreja 0 1 1 1 0 4.814387

Fafe 0 1 1 1 0 4.814387

Faro 0 1 1 1 0 4.814387

Mealhada 0 1 1 1 0 4.814387

Ponte de Lima 0 1 1 1 0 4.814387

Póvoa de Varzim 0 1 1 1 0 4.814387

Santa Maria da Feira 0 1 1 1 0 4.814387

São João da Madeira 0 1 1 1 0 4.814387

Tarouca 0 1 1 1 0 4.814387

Viana do Castelo 0 1 1 1 0 4.814387

Vila Real 0 1 1 1 0 4.814387

Vizela 0 1 1 1 0 4.814387

Anadia 1 1 1 1 0 4.923268

Castelo de Vide 1 1 1 1 0 4.923268

Celorico da Beira 1 1 1 1 0 4.923268

Constância 1 1 1 1 0 4.923268

Cuba 1 1 1 1 0 4.923268

Évora 1 1 1 1 0 4.923268

Golegã 1 1 1 1 0 4.923268

Marvão 1 1 1 1 0 4.923268

Peso da Régua 1 1 1 1 0 4.923268

Sardoal 1 1 1 1 0 4.923268

Belmonte 0 1 1 1 1 5.534211

Coimbra 0 1 1 1 1 5.534211

Condeixa-a-Nova 0 1 1 1 1 5.534211

Espinho 0 1 1 1 1 5.534211

Gondomar 0 1 1 1 1 5.534211

Matosinhos 0 1 1 1 1 5.534211

Santa Comba Dão 0 1 1 1 1 5.534211

Santo Tirso 0 1 1 1 1 5.534211

Seixal 0 1 1 1 1 5.534211

Valongo 0 1 1 1 1 5.534211

Lisboa 1 1 1 1 1 5.643093

Mira 1 1 1 1 1 5.643093

Porto 1 1 1 1 1 5.643093

Figure 23 – Example of some of the top regions aggregated and sorted by their composed codes 
and map of the similar regions of the Case IV 
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Table 8- Advantages, disadvantages and policies extrapolation for the four types of case studies 

Cases Advantages Disadvantages Policies Extrapolation 

I – 
Population 

health index 
level 

 All dimensions in 
one analysis 

 Difficult to interpret the 
clusters’ patterns, due to the 
amount of different 
dimensions 

 In some dimensions, it is hard 
to distinguish the different 
clusters 

 Broad range of 
dimensions may hinder 
the inference of policies 

 Difficulty to infer the 
relevant dimensions of 
the clusters 

II – Sub-
section level 

 Not many sub-
sections to analyse 

 Easy to interpret 
the clusters 
characteristics 

 Some diversity in the final 
clusters in each run of the 
algorithm 

 In some dimensions, it is hard 
to distinguish the different 
clusters 

 All the dimensions are 
related, so it is easy to 
infer policies 

III – 
Dimension 

level 

 Easy to interpret 

 Very well 
discriminated 

 Very inconsistent clusters 

 Lack of novelty, similar to use 
percentiles 

 High number of analyses to 
cover all the dimensions 

 Easy to define similar 
groups of municipalities 
to apply the policies 

 Easy to interpret the types 
of policies 

IV – Sub-
section level 
(rule-based) 

 Very easy to 
interpret the 
groups 
characteristics 

 Exponential increase in the 
number of clusters by the 
number of dimensions 

 All the dimensions are 
related, so it is easy to 
infer policies 

 

From these range of profiles, the Case 3 will be used in the next stages of the multi-methodology, 

especially in the next stage, Sample of Policies. This particular case turned to be especially helpful due to the 

simplicity of groups of regions obtained and also because it turns to be relatively simple to understand which 

particular health areas need to be improved per group of regions.  

 

5.4. Sample of Policies 
 

This multi-methodology stage, defining a Sample of Policies, consists in defining which policies can be 

applied to improve the population health and equity in the context of a population health index. In this step, the 

policies are defined using the insights obtained from the analysis of Case III, focused in the PC responsiveness 

dimension. 
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The examples of policies used for the purpose of this study consists in adding doctors to different regions 

and/or redistribute them between clusters of regions. Meanwhile, three of the types of polices presented 

previously in this thesis (chapter 3.1.2), were considered here: 

a) Interventions targeting just the worst-offs – type of policy where new doctors are added only 

to regions that have a lower PC responsiveness values, clusters 1 and 2 (Figure 24); 

b) Redistributive policies - type of policy where doctors from best-off clusters, 4 and 5, are 

reallocated to worst-off clusters, 1 and 2 (Figure 25); 

c) Proportionate universalism – type of policy where doctors are added across the clusters, giving 

more doctors to the worst-off cluster and a lower number to the best-off cluster. So, doctors 

are added in a gradient way across clusters (Figure 26); 

d) Proportionate universalism and redistributive policies - type of policy where doctors are added 

in a proportionate universalism way, and then doctors are reallocated following the 

redistributive policy (Figure 27). 

 

 

 

 

Additionally, these types of policies by changing the number of doctors in the regions can be 

operationalize, in the case studies, in this way:  

a) Increment of 200 doctors in the two worst-off clusters distributing them across the 

municipalities proportional to the population of those clusters;  

Figure 24 - Interventions targeting just the worst-off Figure 25 - Redistributive policies 

Figure 26 - Proportionate universalism Figure 27 - Proportionate universalism and redistributive 
policies 
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b) Redistribution of 5% of the doctors of the two best clusters to the two worst-off clusters and 

distributing them across these municipalities proportional to the population of those clusters;  

c) Increment of 400 doctors proportional to the clusters’ need, where the worst-off cluster got 

5/15 = 1/3 of the doctors; the second worst-off got 4/15; and corresponding to the others 

clusters. Also, inside each cluster the doctors were distributed by proportional to the 

population of each municipality. 

Based in these examples of operationalization of the doctors’ policy in the regions, it was possible to 

define a sample of policies to be used in the next sections, especially in the evaluation of policies. The sample of 

policies considered in the case studies is composed by 9 different portfolios of policies, 𝑙 ∈ [1;  9], being the 

portfolios: 

o Plus 200 doctors in the worst-off municipalities,  𝑙 = 1; 

o Plus 400 doctors proportional to the clusters, 𝑙 = 2; 

o Plus 400 doctors proportional to the population, 𝑙 = 3; 

o Plus 400 doctors distributed equally in all municipalities, 𝑙 = 4;  

o Redistribution of 5% of the doctors of the two top clusters to the two worst-off clusters, 𝑙 = 5; 

o Plus 200 doctors in the worst-off region and then redistribution of 5% of the doctors, 𝑙 = 6; 

o Plus 400 doctors proportional to the clusters and then redistribution of 5% of the doctors , 𝑙 = 7; 

o Plus 400 doctors in the proportional to the population and  then redistribution of 5% of the doctors, 

𝑙 = 8;  

o Plus 400 doctors distributed equally in all municipalities and then redistribution of 5% of the 

doctors, 𝑙 = 9.  

 

5.5. Policies Impact 
 

In this stage of the multi-methodology, the policies presented in the previous subsection and the four 

objective measures presented in section 5.2. will be used to show the policies impact in the population health 

index.  

Table 9 summarizes the impacts (∆ 𝑋𝑖𝑚𝑝𝑎𝑐𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑜𝑙𝑖𝑐𝑦) of each of the three types of operationalization 

of policies, mentioned in the last section, in the PC responsiveness dimension. The first measure is related to the 

objective of improving the health gains, and the other measures have the objective of improving the equity 

between regions (as shown in section 5.2). Additionally, for the first two measures, the goal is to maximize them 

(and so, the implemented policies should result in positive values and the higher the better) and for the other 

two it is to minimize them (and so, the implemented policies should result in negative values and the lower the 

better). With this information, a detailed analysis of the results can be performed seeing which of the policies 

have better polices impact in each of the measures, but the main purpose of this information is to be used in the 

next component of the multi-methodology, the evaluation of policies, where this type of discussion is deepened 
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with the help of mathematical programming models. Also, the impact was calculated to all the other dimensions 

(Table 13 – Appendix B). 

 

Table 9- Policies impact of 3 examples of types of policies with four objective measures for the SQ PC responsiveness  

 

 

 

 

 

 

 

 

Additionally, it is interesting to observe that the same policy (e.g. adding 400 doctors) can lead to very 

different results by changing the way how the policy is applied. Example of that it is shown in Table 10, where it 

is easy to observe how the values change with the three types of policies and how the best values (in green) also 

diverge between policies depending of the measures, showing that different measures represent different goals. 

The policies considered in Table 9 includes increasing 400 doctors, in the same regions, but using three different 

methods: proportional to the clusters level of need (as above in Table 9); proportional to the population of the 

regions; and the same number for all the municipalities. Additionally, these objectives’ measures for this three 

different types of policies were also calculated to all the objective dimensions (Table 14 - Appendix B). 
 

Table 10 - Objectives' measures for three different types of polices, when applying the increment of 400 doctors. 

 

 

 

 

 

 

 

 

 

 

 

MEASURE 

POLICY +200 
DOCTORS TO 
WORST-OFFS 

POLICY 
REDISTRIBUTIVE 

POLICY +400 
DOCTORS PROP. 

TO CLUSTERS 

Health gains 412 -45 975 

Min 5,26 2,6 19,03 

Range -5,26 -4,46 -17,33 

Gini -0,02 -0,02 -0,03 

MEASURE 
POLICY +400 DOCTORS 

PROP. TO CLUSTERS 
POLICY +400 DOCTORS 

PROP. TO POP. 
POLICY +400 EQUAL 
TO ALL MUN. EQUAL 

Health gains 975 775 2 149 

Min 39,11 23,94 24,88 

Range 52,62 67,19 73,81 

Gini 0,12 0,14 0,14 
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In the next section, all the 9 policies mentioned in the last section, will be used in the mathematical 

programming models. Although, for the sake of simplicity, just these limited number of policies were considered 

in the examples of the Table 9 and Table 10. 

 

5.6. Evaluation of Policies 
 

In this multi-methodology stage, the evaluation of policies is performed using the multiobjective 

mathematical programming model presented in section 4.3.6. Additionally, the case study was constructed using 

the analysis of the previous multi-methodology stages, being based in the PC responsiveness dimension of the 

GeoHealthS index (Case III) and the clusters obtained. Additionally, a multiobjective mathematical programming 

model was constructed and the results were obtained from the implementation of this model in Excel. A figure 

of the excel model is in the appendix C, Figure 33.  

 

5.6.1. Input information and application of the Mathematical Programming model 
  

To apply and construct the multiobjective programming model, the phases defined in a previous chapter 

(section 4.3.6.) were followed. Additionally, the information of prior sections and cases were leveraged, such as 

the selected objectives measures (health gains, min, range and Gini), in section 5.2.; the portfolio of policies are 

the 9 portfolios, 𝑙 ∈ [1;  9], from the section 5.4.; and was considered the impact of the 9 portfolios of policies 

in the selected objective measures that will be presented in Table 12, of the section 5.7..     

To construct the MP model, the objective function results from the weighted sum of the multiple 

objectives of equity and health gains, and from the application of the portfolios of policies in the population 

health index.  Also, it is relevant to mention that the health gains measures and min measures have to be 

maximize, while the range and Gini measures have to be minimize, such as:  

 
𝑀𝐴𝑋 ∑𝑥 

𝑙
  × ℎ𝑒𝑎𝑙𝑡ℎ 𝑔𝑎𝑖𝑛 

𝑙

𝑙

 [15] 

 
𝑀𝐴𝑋 ∑𝑥 

𝑙
  × 𝑚𝑖𝑛 

𝑙

𝑙

 [16] 

 
𝑀𝐼𝑁 ∑𝑥 

𝑙
  × 𝑟𝑎𝑛𝑔𝑒 

𝑙

𝑙

 [17] 

 
𝑀𝐼𝑁 ∑𝑥 

𝑙
  × 𝐺𝑖𝑛𝑖 

𝑙

𝑙

 [18] 

 

Other important step was the definition of the constraints and parameters of the problem. For the 

purpose of this thesis, the only constraint in use is the one defining that at only one portfolio should be selected, 

using the formula:  
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 ∑  𝑥 
𝑙
  =  1

𝑙

 [19] 

 

 

 

Several additional, constraints could have been used, e.g. forcing that all regions were improved, define 

a maximum number of regions worsen or define a minimum number of regions to be improved, but for sake of 

simplicity these were not used in this case study. 

Additionally, it is relevant to solve the model for each of the objectives, by determining the optimal 

values of each objective function independently of the others. Then, these individual optimal values are used as 

the target values, and are used in the creation of new a function that measures the amount by which any given 

solution fails to meet that goal:, e.g. if the optimal value of a given objective is 41.07, this value is set as the goal 

to be achieved and the aim will be to minimize the distance to that goal, i.e., minimize 
𝑚𝑖𝑛 𝑙 −41,07

41,07
. 

 

5.6.2. Results of the Mathematical Programming model 
 

In the Table 11, we have the optimal values for each measure, representing the model being solved 

individually for each metric, instead of considering all the selected measures. 

 

Table 11 - Optimal values for each measure 

 

Then, a weight is assigned to each measure. The values used, as example, are 0,2 to equity related 

measures and 0,4 to the health gains (note that the sum of the weights across all objectives should be equal to 

1). This allows the creation of an aggregated objective function that is the weighted deviations to the optimal. 

The final objective function formula is thus as follows:  

 𝑀𝐴𝑋 ∑𝑥 
𝑙
  × 

(

 
 0,4 ×

ℎ𝑒𝑎𝑙𝑡ℎ 𝑔𝑎𝑖𝑛 
𝑙
 − 2 149

2 149
 +   0,2 ×

𝑚𝑖𝑛 
𝑙
 − 41,07

41,07
− 

0,2 ×
𝑟𝑎𝑛𝑔𝑒 

𝑙
 − 48,87

48,87
−  0,2 ×

𝐺𝑖𝑛𝑖 
𝑙
 − 0,1

0,1 )

 
 

𝑙

  [20] 

   

However, the process of selection of weights is a vast field of management science theory, and of how 

to interact with decision-makers to get their insights. Unfortunately, for lack of time and for being out of the 

scope of this thesis, interaction with decision makers was not an option, and so the weights were arbitrarily 

chosen so as to illustrate the applicability of the proposed multi-methodology. Still, a relevant alternative to 

MEASURE OPTIMAL INDIVIDUAL VALUES 

Max health gains 2 149 

Max min 41,07 

Min range 48,87 

Min Gini 0,10 
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improve the method of selecting the weights is the MACBETH method that is presented in the next sub-chapter 

for the same case study specifications. However, although the method was created to be used with decision 

makers, it was applied only as an example, without their contribution. 

After this phase, it is possible to solve the problem with the objective of maximizing the new objective 

function. The result was the selection of the portfolio 𝑙 = 7 that was the plus 400 doctors proportional to the 

clusters and then redistribution of 5% of the doctors. A more detailed analysis of the results is done in the next 

phase of the multi-methodology, the Results Communication (section 5.7.).  

 

5.6.2. Weighting with MACBETH method 

 

The MACBETH, a portfolio decision analysis method, was used to exemplify some of the key steps that 

have to be followed to use it, while using the M-MACBETH software.  

The MACBETH protocol of questioning of section 4.4.1. was followed and Figure 29 and several figures 

of the appendix D (Figure 34, Figure 35, Figure 36 and Figure 37) show different steps of the process.  

 

The Figure 28 shows the value tree of the objectives measures that was constructed in the DSS, while 

the Figure 34 of the appendix D shows the table of performance for the measures, where greens are the 

maximum possible values and the blue the minimum possible values for each measure, considering for these 

methods a linear function from performance to value. These specification is important when questioning the 

decision makers for ordering the measures and judgements about the swings in the MACBETH weighting matrix, 

Figure 29. In this figure, It is visible the judgements between options using the MACBETH qualitative scale (no, 

very weak, weak, moderate, strong, very strong and extreme).  

Figure 28 - Value tree of the objectives measures 

Figure 29 –MACBETH weighting matrix. 
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If all the judgements are valid, a numerical value for the weights is calculated by the software and 

portfolios are ordered, being the portfolio 7 the one that has the best result. Additionally, a sensitivity analysis 

was conducted showing for the health gains (in the figures max Sum of Value) that only for weight of more than 

0,7, the portfolio 7 is not selected, being for those cases the portfolio 4, policy of plus 400 doctors distributed 

equally in all municipalities, selected. 

This method is very interesting and powerful, especially, when decision makers are used. Unfortunately, 

that was not possible in scope of this thesis.  

 

5.7. Results Communication 
 

The last component of the multi-methodology is the Results Communication. Although, several 

communication methods were presented across the previous stages of the multi-methodology and they helped 

to extract insights and reach conclusions, e.g. the maps that were constructed to show the clusters results. It is 

especially relevant to communicate the final results of the evaluation of policies. 

Table 12 shows the results obtained for each objective together with the overall value for the weighted 

sum of the four objectives. From this table it is clear that the result was the selection of the portfolio 𝑙 = 7 (plus 

400 doctors proportional to the clusters and then redistribution of 5% of the doctors), since the goal was to select 

the portfolio with the lowest overall value (Table 12).  

  

Table 12 - Results of the mathematical programming models 

 

PORTFOLIO (𝒍) MAX HEALTH 
GAINS 

MAX MIN MIN RANGE MIN GINI OVERALL 

1 412 25,34 64,69 0,13 0,23 

2 975 39,11 52,62 0,12 0,08 

3 775 23,94 67,19 0,14 0,25 

4 2 149 24,88 73,81 0,14 0,25 

5 -45 22,68 65,49 0,13 0,26 

6 352 27,74 60,43 0,11 0,17 

7 917 41,07 48,87 0,10 0,03 

8 730 26,50 62,81 0,12 0,19 

9 2 107 27,48 69,82 0,13 0,2 
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Another interesting communication strategies that can be used are the spider diagrams, such as Figure 

30 that shows for the four portfolios with highest overall score, their results in the four objective measures. 

Analysing the diagram, it is possible to observe that the portfolio 7 (the selected) have the highest value in all 

the equity related measures, but an intermediate value for the health gains measure, being the portfolio 4, the 

one with best score in the health gains measure. An additional point is that the values of these measures in the 

spider diagram were converted to a % of the optimal individual value for each measure. 
 

Figure 30 - Spider diagram of 4 objective measures for the 4 portfolios with highest overall score. 

Furthermore, it is interesting to present how the policies will change and impact regions by using maps, 

such as the Figure 31 below, where it is possible to observe the changes in number of doctors for municipalities 

of the Lisbon area. These increments in the number doctors results from the application of the portfolio 7. Also, 

It is interesting to observe in regions that belongs to the worst cluster (dark red) have high numbers of doctors 

being added, such as 17 doctors in Mafra and 10 doctors in Alenquer. Moreover, it is worth to mention that since 

the policy of the selected portfolio adds doctors proportional to the population, regions with better results may 

also have a considerable number of new doctors, but due to the high number of habitants, Lisbon case.   

Health gains

Min

Range

Gini

Spider Diagram of Policies using 4 objective measures

Portfolio 3
Portfolio 4

Portfolio 5
Portfolio 7

+ 3 doctors 
+ 10 doctors 

doctors 

+ 1 doctor 

+ 3 doctors 

+ 5 doctors 

+ 4 doctors 

+ 10 doctors 

+ 3 doctors 
+ 4 doctors 

+ 13 doctors 

+ 17 doctors 

+ 5 doctors 

+ 6 doctors 

Figure 31 -Zoom in the Lisbon region of the PC responsiveness 
area with the additional doctors per municipality in boxes 
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6. Discussion and Conclusion 
 

The main objective of this thesis was to develop methods to analyse which combinations of policies 

have the highest potential to promote health and health equity, using a Population Health Index. In order to 

achieve this goal, a multi-methodology was presented, that covered multiple aspects, from the selection and 

operationalization of the population health index and objectives, to the assessment of the status quo of the index 

using several methods, such as the clustering methods. Additionally, the multi-methodology drives the selection 

of policies and assesses their impact on the index, leading to the evaluation of policies using mathematical 

programming methods.  

In the next sub-sections of this chapter, the main achievements, advantageous and disadvantageous of 

this multi-methodology and future work are presented.  

 

6.1. Main achievements of this thesis 
 

   The importance of this multi-methodology comes from the fact that there is the need of reliable 

quantitative methods to support decision makers in their process of evaluating which are the policies that 

mitigate health inequities and promote health gains, but never forgetting that the goal is to support decision 

makers and not to substitute them. Additionally, the work developed under this thesis aimed to go further than 

the actual state-of-the-art, by providing a set of tools for evaluation of policies based in multidimensional 

population health indexes. In the vast search conducted, no integral approach was found that can be used to 

address these challenges. Therefore, there is a need and space for a novel multi-methodology that combines a 

broad range of methods, such as clustering techniques and the mathematical programming models. So, the main 

goal of this thesis was to close this research gap, by designing a multi-methodology that analyses which policies 

have the highest potential to promote health and health equity in the context of a population health index. 

In order to test the multi-methodology, data from the GeoHealthS index was used. Nevertheless, one 

should bear in mind that the proposed multi-methodology is generic and has potential to be used and adapted 

to other projects, such as the Euro-Healthy project. Also, the case studies that were presented are small subset 

of all possibilities that were explored and the goal with these cases was to present a combination of options that 

show the vast range of possibilities and approaches available to reach the final goal. Additionally, the main 

purpose of the application of the multi-methodology was to show, with practical examples, the full process of 

evaluating and selecting policies within the context of population health index, as well as illustrate the potential 

of this multi-methodology to be a decision support method for decision makers that have to select policies.  
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6.2. Advantageous and disadvantageous of this multi-methodology  

 

This thesis used a data driven approach, leveraging on several quantitative methods. This can be 

interpreted as both an advantage and a disadvantage of this work, since just it only relies on quantitative data a 

source of information, which can sometimes be misleading and not the most insightful approach. As an example, 

clustering methods have the problem of being almost a black box, where the algorithm finds the solution, but 

many times it is hard to get meaningful insights from the results.  

Additionally, during the application of the method, other weaknesses were presented other, which 

included the fact that it doesn’t use policy makers to define the weights and instead it uses aleatory weights in 

the case studies.  

Furthermore, during the development of this thesis, a key adversity had to be surpassed in the 

construction and testing of the multi-methodology. The adversity was the lack of a comprehensive and holistic 

set of policies to be evaluated. This was a key issue that was overcame using examples of policies created by the 

authors. Thought, no comprehensive approach was proposed to select this initial sample of policies. 

Nevertheless, this was a relevant and disruptive issue, interfering in the definition of a clear path of work and 

validation of hypothesis and methods. 

Even with these weaknesses, this multi-methodology can have a space in the methods related with 

population health indexes, by integrating and combining different quantitative methods, such as the clustering 

with mathematical programming models in the context of population health indexes. Also, the multi-

methodology includes the treatment of the results and its presentation with easy to interpret communication 

strategies (e.g. maps and tables), such as the maps of the regions. Furthermore, the analysis of the index and 

policies was performed taking into account the needs of each group of regions, by leveraging the clustering 

techniques, and not in a blind way, by doing the same policy to all the regions.  

Furthermore, it had a practical application to a Portuguese index, the GeoHealthS. One of the main 

proves of the value of this multi-methodology was their presentation in the EURO 2015, the premier European 

conference of Operational Research and Management Science (ORMS), organized by the European Association 

of Operational Research Societies that took place in the University of Strathclyde, Glasgow. Additionally, this 

work was presented in the 14ª Conferência Nacional de Economia da Saúde, organized by the APES (Associação 

Portuguesa de Economia da Saúde). 

 

6.3. Further work 
 

Additionally, the methods developed in this thesis can inform the evaluation of policies in other projects, 

such as the Euro-Healthy (to improve health and health equity across European regions). Accordingly, the 

adaptation and further research required to the application of this multi-methodology to the Euro Healthy 

project is a relevant point of future work. Also, the interconnection with other streams of the project may lead 

to very rich insights, for example the integration of this methodology with scenario analysis or the application as 
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a way of measuring different risks. Though, the use of this European index will be considerably different, we will 

be dealing with countries with very different characteristics and mind sets. 

Moreover, a key point is the use of this multi-methodology alongside with experts and decision makers 

to validate and use their knowledge in the definition of several required decisions. For instance, it would be 

possible to use rigorous methods to infer the weights together with experts, through the use of the MACBETH 

approach (as explored in section 5.6.2.).  

At an operational perspective, the mathematical programming model should be converted from Excel 

to GAMS, a mainstream optimization software that is much more powerful for this purpose.  

 

The main goal of this thesis was to design a new multi-methodology to analyse which policies have the 

potential to promote health and health equity in the context of a population health index, and, at the end, it is 

possible to say that this objective was achieved.  
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A-1 

Appendix A – Supporting maps 
 

 

 

 

 

Figure 32 - Group of maps per municipality, from left to right and top to bottom: population ≥ 65 years; purchasing power per capita; 
hospitals; population; resident population; and primary care centres. 
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Appendix B – Policies impact in the objective measures for the PC 

responsiveness dimension of the GeoHealthS index 
 

 

Table 13- Policies impact of 3 examples of types of policies with objective measures for the SQ PC responsiveness dimension 
of the GeoHealthS index  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

MEASURE 
POLICY +200 
WORST-OFF 

POLICY 
REDISTRIBUTIVE 

POLICY +400 
PROPORTIONAL 

Health gains 412 -45 975 

Health gains by pop. 16 068 876 2 409 079 29 697 598 

Min 5,26 2,6 19,03 

Range -5,26 -4,46 -17,33 

Coefficient of Variance -0,61 -0,51 -0,87 

Gini -0,02 -0,02 -0,03 

Gravity based 0,26 -0,59 1,14 

Schutz’s index -0,02 -0,02 -0,02 

Distance to  base -8,51 -7,96 -10,59 



B-2 

 

Table 14 - Objectives' measures for three different types of polices, when applying the increment of 400 doctors. 

 

 MEASURE 

POLICY +400 
DOCTORS PROP. 

TO CLUSTERS 

POLICY +400 
DOCTORS PROP. 

TO POP. 

POLICY +400 
EQUAL TO ALL 
MUN. EQUAL 

Health gains 16 458 16 258 17 632 

Health gains by pop. 29 697 598 28 543 239 26 513 963 

Min 39,11 23,94 24,88 

Range 52,62 67,19 73,81 

Coefficient of Variance 3,52 4 4,14 

Gini 0,12 0,14 0,14 

Gravity based 15,02 14,8 22,63 

Schutz’s index 0,09 0,1 0,1 

Distance to  base 49,13 54,47 56,62 



 

C-1 

Appendix C – Excel multiobjective mathematical programming model 

 

Figure 33 - Image of the excel multiobjective mathematical prog. Model 
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Appendix D – M-MACBETH print screens 
 

 

 

 

 

Figure 35 - Image of the thermometer of the results 

Figure 34 - Image of the weighting references 
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Figure 37 – Image of sensitivity analysis of the results 

Figure 36 – Image of the global and measures pontuactions of each portfolio  


