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SUMMARY 
 
Priority setting in health research is important as it allows for the optimal distribution of limited 
resources, increases the efficiency of research and satisfies a desire for social accountability. 
Most priority setting frameworks set and rank priorities using a combination of consultation 
with data and stakeholder input. The legitimacy of stakeholder input is questionable due to 
potential bias of the stakeholder’s interests, their rationality in decision making, and the use of 
irrelevant data. This is particularly important in the ranking stage, as most priority setting 
methodologies rely on stakeholder working groups to rank priorities, with minimal quantitative 
input. The World Health Organisation (WHO) has proposed a model for ranking of priorities by 
research area using quantitative inputs. However, a precise methodology for this model has not 
been developed. Therefore, the aim of this dissertation is to develop a basic quantitative 
framework, using the WHO model as a guideline, as a starting point for the development of a 
comprehensive quantitative methodology for ranking priorities. 
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1. INTRODUCTION 
 

It is increasingly recognised that research in health has long-term importance in the overall 
health of a population [1]. However, the benefits of research are often hard to measure due to 
the fact that research does not occur in isolation, and scientific advancement is usually the 
product of multiple research endeavours of varying success. Nevertheless, attempted 
assessments of  health research point to an up to 5-fold return on investment from an economic 
standpoint [2]. This favourable return suggests that health research is an economically sound 
investment in tackling the health problems of the world. However, this does not negate the need 
for setting of priorities in health research. 

 

1.1 WHY SET PRIORITIES IN HEALTH RESEARCH? 
 

Priorities in health research are set for three main reasons: to distribute limited resources [3], 
to increase the efficiency of research [4] and to allow for accountability in research [5]. The 
distribution of limited resources can be accomplished by any priority setting process, but in 
order for it to improve efficiency and accountability, the priority setting exercise has to be 
adopted by the entire research community, which is largely a product of how the priorities are 
set.. 

1.1.1 Limited resources  
In 2004, a collective of Health ministers from around the globe met in Mexico to discuss the 
future of health research financing. At this summit it was decided that 2% of a countries health 
budget should be allocated to research [6]. Because each country has a varying burden of 
disease, resource availability and need for research, this figure is largely arbitrary and meant to 
act as a guideline more than a hard and fast rule. In 2011, the South African Department of 
Health spent 0.37% of its budget on research, which is not even close to reaching the modest 
goal it has agreed to [7]. Benefits from research are often only seen in the long term [1], which 
could explain why they are not prioritised in budgeting when competing with immediate health 
problems that also demand investment.  

However, even if the 2% budgetary allocation were met, there are still human and 
infrastructural resources that limit research. The capacity to do research is far less than the 
potential research questions that could be answered. Furthermore, the process of research and 
the gain of new knowledge often leads to more research questions. As such, there will always be 
more research need than the ability to do so, and hence it is imperative that priorities be set, so 
as to maximise use of these limited resources. 

1.1.2 Research efficiency 
The major health problems of the world are not localised to specific countries or populations 
[8]. Many diseases can cross borders, or even continents, and with the advent of globalisation 
this is not just limited to infectious diseases (the spread of the western diet for example, has led 
to increases in obesity and diabetes levels in the developing world [9]). Thus, it is important for 
researchers to collaborate on research endeavours, as it allows for the generation of vital data 
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that could not be created alone, reduces the needless duplication of similar research and allows 
the research community to tackle global problems in a holistic manner (this is not only 
important for global health problems, but is also true for local health problems and the local 
research communities which may be doing research in that area). Furthermore, collaboration 
strengthens research capacity in developing countries where it is often most needed [10], 
increasing their efficiency.  In order to have efficient global collaboration endeavours, it is 
important to have defined research agendas [11], which can best be achieved through a priority 
setting process.  

1.1.3 Accountability 
Lastly, with the decline in funding for research, as well as the increase in participatory research 
and the increased public interest in the direction and equity of research areas, it is felt that 
research funders and institutions should have a higher level of accountability to society. Hence, 
priority areas should be set in a transparent and systematic manner, ideally with societal 
involvement. This ensures that resources are distributed in an ethical manner, and also allows 
for benchmarking of the performance and progress of health research [5].  

 

1.2 HOW ARE RESEARCH PRIORITIES SET? 
 

Traditionally, health research priorities have been set by researchers themselves, with at best 
limited peer review guiding the scope and direction of the research [12]. Almost a third of 
priority setting exercises were conducted without stakeholder consultation, and even when 
consultation occurred the use of a priority setting tool or framework is rare [13]. The research 
community tends to assume that excellence in research is more important than the particular 
focus of the research [14], and in the absence of any official process for priority setting, this is 
how research is usually steered. However, researcher driven priority setting is problematic, as 
there is no guarantee of a rational, non-biased basis behind the subconscious priority setting of 
the researcher, nor is there any inherent collaboration between researchers. Furthermore, it 
does not take into account the desires of the recipients of the research, namely the health 
seeking community, who are often also involved as participants in the research. Thus, a more 
standard methodology for setting priorities is preferred. 

Currently no gold standard method for setting research priorities exists, however the Council on 
Health Research for Development (COHRED), arguably the international authority in such 
matters, has published a framework to ensure the success of any priority setting endeavour 
[15]. While they do not advocate for a particular methodology, the framework highlights three 
key areas to bear in mind when conducting a priority setting exercise.  

1.2.1 Assess the situation 
In the preparatory work leading up to the priority setting exercise two factors have to be 
decided upon: which stakeholders are going to be involved and what data is going to be 
relevant. These two factors rely primarily on who is going to implement the priorities, what the 
priority process is going to focus on, budget constraints and whether a structured model is 
going to be used [16]. These decisions are made by the steering committee of the priority 
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setting exercise, and so it is important that the committee has legitimacy in the eyes of all 
potential stakeholders, as well as experience with priority setting processes. 

Decide upon stakeholder composition 
Decision makers in health research priorities are principally two agents, the researchers 
themselves, and the governing bodies who enable them to do the research (research funders are 
a particularly important part of this group). So while these two are obvious candidates, a 
broader stakeholder participation in priority setting is also vital for various reasons, from 
philosophical beliefs that society should have a say in the direction of research, to ensuring that 
there is buy-in from the participants who may be the object of the research. Furthermore,  
because health research is often multidisciplinary, it is important to ensure that the stakeholder 
composition is broad enough to cover all relevant disciplines, including health researchers, 
government officials, health practitioners, sociologists and economists. At the same time, the 
number of stakeholders will be limited based on logistical reasons and requisite expertise 
needed for the priority setting process. It is equally important to ensure that there is adequate 
public participation, to ensure issues of equity and public interest are satisfied. A suitably broad 
stakeholder composition lends legitimacy to the priority setting outcomes as it will have 
allowed for  consultation with all relevant and interested groups [17]. 

Gather relevant information 
There are three categories of information that are required for any priority setting exercise. 
Firstly, information on the governance and management structure of the health research system 
to help identify stakeholders. Secondly,  an understanding of the current research sphere to give 
an idea of capacity and help shape the focus of the priority setting exercise. And lastly, but most 
importantly, performance indicator data, which includes burden of disease data and any other 
relevant data to help guide the setting of priorities [18]. 

1.2.2 Set the priorities 
The setting of priorities consists of identifying areas of research which should be prioritised, 
and then ranking those areas against each other in order of importance. 

Identifying priorities 
Once the stakeholders have been gathered, and the relevant data disseminated, it is up to the 
organisers to decide how priorities will be set. There are various models proposed to guide 
priority setting, chief among these are the Essential National Health Research (ENHR), 
Calibration Adjusted Matrix (CAM) and Child Health and Nutrition Research Institute (CHNRI) 
models [18]. 

Briefly, the ENHR proposes the formation of a small working group of experts to devise a 
process for priority setting, followed by a larger workshop with broader stakeholder input to 
define and rank research priorities. It allows for large flexibility for composition of the working 
groups and stakeholders, as well as the methods for identifying priorities, but provides a 
framework for running and managing the process, including suggestions on managing 
stakeholders and deciding upon ranking matrices [19].  

The CHNRI employs a similar methodology, only it is more explicit about the methods used to 
identify and rank priorities due to a perceived oversight of public health prioritisation in the 
ENHR strategy. Furthermore, because it is more technically challenging, it suggests involving a 
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narrower composition of stakeholders, by limiting it to only those with the relevant expertise 
[20].  

The CAM attempts to consolidate data from three dimensions: The public health dimension, 
which includes the burden of disease as well as cost-effectiveness of interventions; the 
institutional dimension, which looks at whether a health problem is an individual or community 
problem, as well as whether it is a health service or infrastructure problem; and finally the 
equity dimension, which attempts to include social imbalances in health which should be 
addressed by priority setting. While the CAM is a very comprehensive model which draws on 
many data sources, it makes no attempt to rank or weight the dimensions. It is also very 
exhaustive and highly resource intensive to construct [21].  

Ranking priorities 
Once a list of priorities has been drawn up (either research areas or specific questions), it is 
suggested by COHRED that they be ranked. Ranking can be done by either a consensus or 
metrics based approach. Consensus approaches rely on a majority rule system, whereas metrics 
based approaches attempt to score priorities using a scoring system and pool stakeholders or 
working groups' scores. The criteria and processes for ranking differ, and are outlined in each of 
the models mentioned above, but are usually done by smaller working groups of stakeholders. 
Importantly, it is at the stage of ranking of priorities that the most subjective input occurs. This 
is typically where values such as equity, economics and viability come into practice, all of which 
can be weighted differently depending on the model used and stakeholder values [22]. 

1.2.3 Make priorities work 
Finally, once the priorities have been set and ranked, three issues remain to be completed. 
Firstly, a plan must be enacted to translate the priorities into actual research. Secondly, some 
system for on-going re-evaluation and assessment of priorities in the future must be 
implemented. And lastly, in order to facilitate this, the results of the priority setting process 
must be disseminated in the most transparent and interpretable way possible [23].  

Assessment of priority setting practices in real life show limited success in this final stage, 
particularly in implementation [17]. In part this could be due to lack of knowledge; high 
technical skills required to interpret and implement the priorities; and incorrect infrastructure 
to enable priority dissemination. Clearly, there is a problem with the current methodologies in 
terms of implementation and follow-through of priority setting, and this could be due to the 
challenges faced during the initial priority setting process. 

 

1.3 CHALLENGES FACING PRIORITY SETTING 
 

1.3.1 Stakeholders 
Broadly speaking, the main challenge facing any priority setting exercise is the management of 
stakeholders. While it is important that stakeholder input is obtained, managing stakeholders 
and measuring the worth of their input is difficult and often problematic. One example is the 
observation that when stakeholders of differing compositions are given the same priority 
setting tasks, there is often a disparity in consensus of what the priorities should be [4]. For 
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example, researchers and clinicians (who one would assume to be experts in the topic) will 
develop priority areas that are different to a broader stakeholder group [24]. This could be due 
to one of two explanations. Firstly, the researchers and clinicians could have a bias towards 
research priorities that are favourable to them. Alternatively, the broader stakeholder opinion 
could dilute the specialist knowledge to an extent that priorities merely become a 
representation of popular opinion and less scientifically rigorous. Unfortunately it is not always 
easy to identify which factor is in play, making it difficult to strike the right balance between 
stakeholder participation that is broad enough to represent all interests, but also narrow 
enough to make an informed decision. 

1.3.2 Data handling 
As stakeholder groups become more diverse and inclusive, there is an increased problem of 
stakeholders with different backgrounds struggling to understand the relevant data and hence 
make truly informed decisions [25]. As a result, priority setting processes are often time 
consuming and receive a low response rate from stakeholders. This problem is compounded 
further in cases where there is a dearth of relevant data for stakeholders to refer to, such as in 
the ranking of priorities. This problem also arises in situations where there are multiple types of 
data that are relevant to the decision making process, such as: disease burden data, cost-
effectiveness data, and a mix of qualitative and quantitative data. Furthermore, once the 
priorities have been set, the communication of these in a clear and comprehensible manner to 
relevant parties is often problematic [18]. 

1.3.3 Ranking process 
While the identification of priority areas is generally performed by an assortment of expert 
stakeholders and justified using the results of rigorous quantitative and qualitative studies, the 
ranking of these areas is often decided by stakeholder opinion alone and hence is often the most 
contentious issue. Part of the problem is that there is little standardisation between working 
groups when it comes to priority setting processes [26]. For example, the Centre for Global 
Health’s 2010 priority setting workshop had working groups rank a random seven (out of 
twenty three) previously defined priority questions. Amongst the four groups, three methods 
for ranking were independently developed and used: grading based on feasibility, 
operationilisability, usefulness and relevance; examining the importance of the topic associated 
with each question; and prioritising relative to questions on the same topic [26]. The outcomes 
of these three methods are not comparable, and heavily value-laden.  

This is the particular problem that this study will focus on, namely how priority setting methods 
struggle with legitimacy in ranking of priority areas. Youngkong et al. suggest that quantitative 
techniques should be used to help provide general guidance in the ranking of priority areas, and 
that qualitative inputs should be used to define specific research areas of focus [27]. While it is 
not possible to easily quantitate certain value-laden criteria such as equity, there are 
quantitative models which attempt to tackle the ranking of research areas (basic, clinical, 
biomedical, public health etc.) such as the model proposed by the World Health Organisations 
(WHO) Ad Hoc Committee on Health Research Relating to Future Intervention Options. 
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1.4 THE WHO MODEL 

 

1.4.1 Background and structure 
The WHO model was released as part of the 1996 Investing in Health Research and Development 
report and represents one of the few quantitative models proposed for priority setting and 
ranking [28]. It is a very basic model which presents the total Disability Adjusted Life Years 
(DALYs) inflicted on the population by a given disease as a quadrangle. DALYs are a measure of 
disease that incorporate the years of life lost due to a disease, as well as the years lived with a 
disability due to a disease. On the y-axis, the percent efficacy of interventions for the health 
problem are mapped, while on the x-axis the percent coverage of these interventions in the 
disease population are mapped (Figure 1). The model then attempts to dissociate what 
percentage of the quadrangle is currently being averted through the mix of intervention efficacy 
and population coverage; what percentage is unavertable irrespective of interventions used or 
coverage obtained (which implies a need for basic research); what percentage could be averted 
with improved efficiency (health systems research); and finally what percentage is avertable 
with existing interventions but currently not cost-effective (biomedical research). These three 
areas of research may all have different purposes (e.g. basic research may be conducted for the 
pursuit of knowledge, whereas health systems research may be conducted to improve equity). 
Ultimately, however, all research endeavours seek to ameliorate the burden of disease and 
increase the quality of life of populations. 

 

Figure 1: The WHO priority setting model [28]. 

1.4.2 Problems addressed by WHO model 
The WHO model can contribute to any priority setting process by addressing the issues of 
rigour in ranking, and by assisting with data summation and interpretation.  
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Ranking 
There currently exists no defined quantitative method to rank priorities, neither within a 
disease nor between diseases, and the WHO model is novel in that it attempts to establish such a 
quantitative method for ranking. This method would fit in well with the existing priority setting 
processes, and would serve to compliment, as opposed to replace, them. It would seek to bring a 
quantitative element to the ranking process, which reduces the possibility for stakeholder bias 
(stakeholders would however still have to agree with the constructs, assumptions and inputs of 
the model, and then the model would make all the complicated inferences where bias can 
otherwise usually creep in).  This model only concerns itself with ranking of research areas 
however, and thus does not solve the issues of quantifying value laden concepts such as equity. 

Data interpretation 
The WHO model also summarises data in a pictorial representation, which can potentially 
bridge the understanding gap seen in larger stakeholder groups. It also makes the abundance of 
data easier to understand and interpret [29]. Furthermore, it can be used to present the results 
of the priority setting and ranking process in a clear and easily comprehensible manner for 
dissemination into the research community. 

1.4.3 Problems with the WHO model 
While the WHO model is a promising model, there are a number of inconsistencies in the model 
and the 1996 report that need to be addressed. Primarily, while it is suggested that construction 
of the quadrangle should be as quantitatively based as possible, no normative methodology for 
construction of the model is provided. Secondly, while the model purports to represent DALY 
data [28], there is an incongruence between the axes of the current model and the area of the 
quadrangle which is supposed to represent total DALYs. Finally, there are certain premises of 
the model, such as mutual exclusivity of its various partitions, which limits its functionality 

The 1996 WHO report refers readers to annex 1 of the report as a guide for the construction of 
their proposed model. Annex 1 is the seminal paper by Murray and Lopez entitled “Global 
patterns of cause of death and burden of disease in 1990, with projections to 2020” and discusses 
the methodology used to construct DALY measurements. At no point in this paper is any 
mention made of using a quadrangle to represent the DALY burden, let alone of how to divide it 
up into the partitions suggested in the 1996 report. Therefore it is unclear how this paper is 
meant to guide any researcher in the construction of the WHO model. It does however reinforce 
the notion that this model should be based on DALY measurements. This leads to the second 
problem of the axes of the model. 

If the total area of the quadrangle in the WHO model is the total DALYs attributable to a disease 
in a population, then it should follow that the product of the x and y axes should be equivalent to 
these DALYs. It is unclear how the product of ‘efficacy of intervention mix’ and ‘effective 
coverage in the population’ is equivalent to total DALYs.  A more suitable value for the axes that 
allows for both coverage and efficacy measurements, as well as incorporating a total DALY score 
as its product, is thus required for the model to be internally consistent.    

Furthermore, there are two premises of the model which limit its functionality. The first 
premise is the subdivisions of the model. The model assumes that improvements in health 
system efficiency and use of non-cost effective drugs will only improve coverage in the 
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population, and not the efficacy of the intervention. There is no reason to believe this will 
always be the case. 

The second premise is that the disease population is a static figure that is not changed by 
improvements in health systems efficacy or use of non-cost effective interventions. In other 
words, the current model (figure 1) assumes that improvements in health systems efficiency 
would improve coverage by a certain percentage, say from 30 to 70%. It then assumes that 
using a non-cost effective intervention would increase coverage by the remaining 30%, however 
it does not take into account that the improvements in the health system might change cost-
effectiveness of a non-cost effective intervention, as these figures are often modelled on certain 
premises of the health system. These two premises of the model limit the functionality of the 
model and hence would need to be addressed before any methodology can be constructed.  

Lastly, it is important to note that the model does not account for all relevant concerns in a 
priority setting process, such as issues of equity, buy-in, cost, and feasibility of research. 
Therefore it is important to realise that this model can only contribute to a priority setting 
process, and that consultations with stakeholders and other data sources would still be required 
for a holistic priority setting exercise. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



10 
 

2. AIMS AND OBJECTIVES 

 

2.1 AIM 
 

The aim of this dissertation is to develop a methodology that ranks research priorities in a 
quantitative manner. This will make the ranking process more objective, and will allow 
priorities to be contrasted against each other more easily when engaging in a prioritisation 
exercise. In order to do this we will be using the WHO model as a guideline to develop a more 
refined quantitative model for ranking. We will then explore quantitative methods to construct 
this model. We will use tuberculosis (TB) in South Africa as a worked example, as it has some of 
the most comprehensive databases of any disease. Importantly, this only seeks to amend the 
model in its current function, and does not attempt to account for other contextual issues such 
as equity and feasibility that would be addressed in a broader priority setting process. 

 

2.2 OBJECTIVES 
 

The objectives of this dissertation are as follows: 

1. Amend the WHO model to address its current limitations.  
2. Construct a burden of disease assessment for TB in South Africa using the amended 

model. 
3. Divide this quadrangle into the four components outlined by the WHO using various 

quantitative methodologies, namely: 
-Currently Averted  
-Unavertable with Existing Interventions 
-Avertable with Improved Efficiency  
-Avertable with Biomedical Research  

4. Critically analyse the results generated  
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3. METHODS 
 

3.1 STUDY DESIGN 
 

This dissertation will draw on international datasets at the country level, and hence is most 
close to an ecological study design [30]. Ecological studies attempt to draw inferences about 
relationships between variables at a population level. These relationships are then applied to 
other populations or individuals to try and make predictions about outcomes. For example, an 
ecological study may find an association between circumcision and reduced levels of HIV in one 
population, and therefore predict that other populations with high levels of circumcision would 
have proportionately lower levels of HIV. There are limitations in an ecological study, primarily 
that there are always a host of confounding variables that could be influencing the population 
and hence make the observation unique to that population and not generalizable. Furthermore 
it is usually impossible to draw any causation, merely association, between two variables. 
Lastly, trying to make any inferences about individual behaviour based on population level 
observations compounds the risk for confounding variables and causation, and is known as the 
ecological fallacy. In our study we will not be making inferences from the country level to the 
individual level, and so there is no risk of ecological fallacy. Furthermore, it is not a classic 
ecological study in that it is not trying to elucidate relationships between variables at a 
population level. Rather, we will be using country level statistics, and extrapolating them to 
other countries in order to construct the WHO model. There may still be confounding variables 
which influence our statistics and limit these extrapolations, but we will take cognisance of 
these variables and try to account for them where possible, or else acknowledge them as 
limitations of the model. 

 

3.2 PROPOSED METHODOLOGY 
 

The WHO model in its current state represents a good model for deconstructing a disease into 
priority research areas, but there are two problems which first need to be addressed: there is no 
normative methodology for construction of the box, and secondly the box itself has some axis 
and construction inconsistencies.  

We will first address the axis issue, as this will guide the subsequent development of a 
methodology for constructing the WHO model. The original model proposes ‘combined efficacy’ 
as the y-axis variable (Figure 3), and ‘effective coverage in the population’ as the x-axis variable, 
both with a range of 0% to 100%. This approach envisages a situation where the combined 
efforts of research seek to treat 100% of the diseased population with an intervention that is 
100% effective at restoring them to full health. However, it is not clear what the scale of 0-100% 
exactly means in real terms, and it does not allow for cross comparisons between these 
quadrangles for different diseases, as 50% efficacy in treatment of a mild disease is not 
equivalent to 50% efficacy in treatment of a lethal one. We will therefore adapt the WHO model 
axes to more readily incorporate comparable data, and develop a unique methodology for 
constructing and subdividing the box. 
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We will next address the inconsistencies in the construction of the WHO model. Amendments 
will be made to address the issues of subdivision of the model, and the application of these 
subdivisions to a static disease burden. 

Once the model has been developed we will then attempt to apply it to TB in South Africa, 
drawing upon numerous datasets. Because it is a WHO model that should be implementable for 
a host of diseases, we will try to limit the data to that provided by the WHO and readily available 
for a host of diseases. We will use the example of TB to explore the issues surrounding the 
construction of the model and to get an idea of its feasibility and validity. 
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4. POTENTIAL IMPACT 
 

4.1 TARGET STAKEHOLDERS 
 

There are a host of stakeholders relevant to this dissertation. First and foremost are institutions 
involved in priority setting processes. This includes the National Health Research Council of 
South Africa (NHRC) chaired by Dr Bongani Mayosi, as well as international priority setting 
bodies such as the Council on Health Research for Development (COHRED) and the World 
Health Organisation (WHO).   

Secondly, funding bodies may be interested in the results of the exercise where it applies to TB, 
as well as the methodology more generally. This includes national funders such as the Medical 
Research Council (MRC) and National Research Foundation (NRF), as well as larger 
international funders of TB research.  

Research institutions, such as universities, will be interested in the methodology employed in 
this dissertation to help guide their internal decision making processes surrounding the 
structure of their health research system. Individual TB researchers may also be interested in 
the results to advocate for greater focus on their area of interest (although the results may also 
argue that there should be lesser focus on their area of interest, and they may oppose the 
model). 

Finally, national policy makers may be interested in the outcomes of this research in assistance 
in the formulation of policy guidelines surrounding research priorities.  

Because this is a heavily methodological dissertation, and because the methodology only 
broaches one particular component of the priority setting process, it is the priority setting 
institutions initially listed which will primarily be interested in the methodology developed in 
this dissertation. These groups also have impact on all the other stakeholders listed above, and 
are more frequently consulted by the stakeholders above on priority setting. Nevertheless, some 
of these stakeholders will have their own priority setting exercises, and hence it is still 
important to target them. 

 

4.2 WINDOW OF OPPORTUNITY 
 

In a local context, there is also currently a window of opportunity for research in priority 
setting, as various research institutions and funding bodies are currently reviewing their 
prioritisation processes:  

The University of Cape Town has recently released its Strategic Plan for Research 2013-2020, 
part of which includes setting priorities  

“…[in] alignment between the FHS research strategy and that of the Provincial 
Government of the Western Cape and national agencies, such as the National Health 
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Research Committee (NHRC) of the DoH, the Department of Science and Technology (DST) 
and the Medical Research Council (MRC).” [31] 

Furthermore, the MRC has recently come under new management and is interested in the 
processes it uses for decision making in funding too. In 2001, it released a report about its 
priority setting process, suggesting the model of the WHO as the way forward [32], however it is 
unknown whether any follow up on this process was ever made.  

In a more international sphere, priority setting in health research is an area that is receiving 
increasing interest, however quantitative methods for priority setting are a particular area of 
research which has received little attention thus far, and so one of the indirect aims of this study 
would also be to stimulate more interest and debate in this field. The WHO released a report in 
2010 stressing the need for a higher degree of standardisation in priority setting approaches, 
and a dire need for more normative research in this area [13]. 

Finally, The Institute for Health Metrics and Evaluation, headed by Professor Christopher J L 
Murray, has also released their latest data on burden of disease estimates for 2010 [33], and this 
is likely to impact on priority setting processes, although the incorporation and interpretation of 
this data is not going to be easy due to the aforementioned problem of stakeholders 
understanding data. The development of a tool to incorporate such quantitative data is thus well 
timed. 
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5. LOGISTICS 

 

5.1 TIME FRAME 
 

The dissertation is expected to be completed over a 6 month time frame, from September 2013 
to February 2014 dependent on time taken to receive ethical clearance. Because the datasets 
are readily available, the first 2-3 weeks will be devoted to amassing and extracting the relevant 
data. We will then develop the model over the next 2 to 3 months, refining it based on the 
outcomes of our data input. The data analysis and methodological development component is 
scheduled to be finished by December, allowing 2 months to write up the finalised method and 
results generated. 

 

5.2 BUDGET 
 

Because this dissertation requires no new generation of data, and merely an analysis of pre-
existing data and the development of a model, there are no budgetary requirements. 

 

5.3 ETHICS 
 

Similarly, because there is no sensitive data involved, nor any ethically contentious issues, it is 
not felt that there are any ethical concerns. Granted, if the priority setting exercise results in 
incorrect priorities being set, this could have ethical ramifications. However, because the 
methods used will be transparent and clearly reported, their worth and the ethical implications 
of their use can be measured by individual stakeholders prior to implementation. Nonetheless, 
the dissertation proposal will be submitted to the University of Cape Town Human Research 
Ethics Committee for approval prior to commencement.  
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 PART B: LITERATURE REVIEW 
 

1. PRIORITY SETTING 
 

Over 50 million deaths (roughly 90% of deaths worldwide) are caused by disease [1]. 
Countering this burden completely, and simultaneously, is a near impossible challenge, and 
therefore priorities are set in healthcare delivery (for example, the Millennium Development 
Goals set by the WHO) in order to focus efforts on the most vital and effective areas. 
Furthermore, it is increasingly recognised that health research is essential to combat disease, 
particularly for the long term health of a population[2], and so similar priorities must be set in 
research. Measuring the benefit of research is complex, yet tentative figures suggest a return of 
investment of 30% in basic research [3], and an up to five fold return on investment in health 
research [4]. Research is required not only to develop new methods for tackling disease, but 
also to figure out ways to operationalize existing methods given the poor infrastructure and 
resource constraints of many  developing countries, which shoulder a disproportionately high 
burden of disease [5].  Given the importance of health research, it is instructive to understand 
why there is a need to set priorities, and how these priorities are set.  

 

1.1WHY SET PRIORITIES IN HEALTH RESEARCH 
 

The main reasons for setting priorities in health research are to allocate limited resources, and 
to increase the efficiency and accountability of research. 

1.1.1 Resource constraints 
An estimated $US1 trillion is spent on research and development globally, however health 
research in particular still remains a vastly underfunded area, especially by government 
organisations [6]. Strikingly, only 5% of investment on health research is on health problems of 
the developing world, which account for over 93% of the global burden of disease [5]. 
Furthermore, even though the amount spent on research is very large, it is still less than what 
has been agreed is required to combat disease. For example, the European Commission has a 
target of 3% of gross domestic product (GDP) to be spent on research and development [7], yet 
the majority of its member states are not reaching that goal [8]. In South Africa, the government 
invested 0.37% of its 2011/2012 health budget on research, even though it has committed to 
spending 2% per annum [9]. The underfunding of health research, as well as the 
disproportionate distribution of research funds, means that priorities have to be set in research 
in order to get maximum returns on investments, particularly in developing countries.   

Even if sufficient financial resources were made available, there is still a dearth of human 
resources available, especially in the developing world.  There are an estimated seven million 
researchers globally, however due to the attractiveness of the developed world’s capacity for 
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research, there is a high level of emigration of qualified researchers from developing countries 
where they are needed most [6]. This has resulted in researchers being classified as a scarce 
skill in many developing countries,  South Africa included [10], as there are not enough 
researchers to keep up with the demand for research.  

1.1.2 Performance & Accountability 
Setting priorities allows researchers and research institutions to focus their work on specific 
areas or problems, with the research community acting with a concerted effort, instead of 
operating under disparate groupings [11]. Collaboration increases the efficiency of research, as 
it brings together multiple disciplines to focus on a complex problem and minimises the 
redundant duplication of work and resources, such as lab equipment and reagents [12].  

Priority setting has additional benefits for performance and accountability. It helps consolidate 
and illuminate the current situation in healthcare, research and financing, which has value in 
streamlining and managing the research system. Performance is defined as how well 
researchers used their resources and the degree to which they achieved their stated goals, and  
setting priorities helps to act as a performance indicator, as it sets goals and allows for the 
determination of whether these goals are achieved in a timely and efficient manner [13].  

Accountability is the degree to which the outcomes of research match these stated goals. By 
clearly stating research goals, there is a degree of accountability if these goals are not met.  
Furthermore, an inclusive priority setting exercise in setting research goals makes the 
researchers and research institutions more accountable to their funders, governments and the 
broader community. This satisfies two of the underlying principles of priority setting:  that they 
should be legitimate and that they should be fair [14], and is also more frequently demanded by 
funders, such as governments, in order to justify spending to the public [4]. 

 

1.2 HOW PRIORITIES ARE SET IN RESEARCH 
 

People are often not rational when it comes to decision making. The Rule of Rescue is one such 
example, and explains the inclination of individuals to prioritise any research on terminal 
diseases. This is an emotive response, which appeals to the psychological fear of death and 
subsequent desire to do anything to prevent it, irrespective of the cost to society or eventual 
benefit to the patient [15]. This is reinforced by data on countries where no official priority 
setting process is adopted, but rather ad-hoc priority decisions are made by researchers,  
resulting in increased inequities and static or burgeoning burdens of disease [16]. Because 
society is prone to such instinctual and irrational tendencies, it is not only important to set 
priorities, but to do so in a rational manner.  Unfortunately there are competing philosophical 
ideas of what constitutes rational decision making behaviour when it comes to setting priorities, 
with the subject of what constitutes rationality an on-going philosophical debate [17]. 

1.2.1 Rational decision making 
Multiple philosophical approaches to rationality can be taken when it comes to prioritisation 
and distribution of resources, with Table 1 presenting a simplified overview of the three 
prevailing philosophical viewpoints (for a more in depth analysis, see reference [15]): 
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Table 1: Summary of the three main philosophical approaches to rationality. 

Name Guiding Principle Advantages Disadvantages 
Utilitarianism Maximise benefits to 

society. 
Maximises use of 
limited resources. 
Quantifies benefits, 
which aids in decision 
making. 

Hard to quantify 
benefit. 
Distribution of benefit 
amongst society not 
taken into account. 
 

Egalitarianism Equal benefits (or 
chance of benefits) 
for all individuals. 

Highly equitable. 
Requires very little 
value judgements to 
be made, as 
distribution of 
benefits is equal. 
 

Does not take into 
account differential 
need for resources.  
Does not maximise 
benefit of scarce 
resources in any way. 

Prioritarianism In situations where 
not all can benefit, 
gives priority to a 
certain group (e.g. the 
youth over the aged). 

Allows for 
considerations of 
need and benefit. 
 

Choice of variables 
used to give priority 
highly debatable (e.g. 
could equally give the 
aged priority because 
they have contributed 
more to society). 

 

Current international trends in priority setting tend towards a utilitarian point of view [18], 
although utilitarianism is no more valid than any of the other different prevailing philosophical 
viewpoints [19]. It is therefore important to follow a process which is clearly specified and 
objectively fair, irrespective of philosophical viewpoint. This requires that any priority setting 
exercise should be transparent about the grounds for decisions, evidence-based, inclusive of 
many stakeholders, appeal to rationale that all can agree are relevant, and have a clear appeals 
procedure. Combined, these principles are referred to as “accountability for 
reasonableness”[19], and allow for a diversity of philosophical viewpoints to be taken, while 
still remaining a rational process. The exercise of priority setting itself can be approached in two 
ways, either rational or incremental. 

1.2.2 Rational and Incremental Approaches 
Two broad approaches can be used for setting priorities, the ‘rational approach’ or the 
‘incremental approach’ [20]. The rational approach stipulates that all available data relevant to 
the disease should be collected, and from analysis of this data ‘valued priorities’ should be 
created. The incremental approach involves setting priorities based on the current state of the 
research system, including political context, and only marginally improving what currently 
exists.  The problem with the rational approach is that it is almost always impossible to have the 
complete gambit of relevant data, and it does not take into account the way human behaviour 
influences the translation of priorities into research. In other words, even if priorities are set on 
perfect evidence and knowledge, if there is no political will or buy-in from the researchers, then 
the priorities will not be translated into research outcomes. The incremental approach can 
address these translational problems. Priority setting also needs to be responsive to the 
changing burden of disease and health landscape, and as such it cannot be too time consuming 
as it must be performed on a regular basis [21] [22]. This favours the incremental approach, as 
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it is a less exhaustive and hence less time consuming approach. However, this also means that 
the incremental approach is not as sensitive to changing research needs as the rational 
approach is, and can propagate unnecessary research based on historical precedent.   

As such, most priority setting methods tend towards a rational approach, but acknowledge the 
lack of complete data and the importance of the nature of decision making highlighted by the 
incremental approach.  Therefore, they usually use a combination of the two, drawing upon 
stakeholder input in conjunction with quantitative and qualitative data. However, the way this 
data is gathered, interpreted and implemented varies. 
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2. PRIORITY SETTING METHODS 
 

Priority setting methodologies typically consist of two exercises: the identification of a set of 
priorities, followed by the ranking of those priorities in order of importance.  The priorities are 
generally defined based on those areas which have the greatest need for research, but can also 
take into consideration factors such as equity, feasibility and social desirability [23]. While the 
latter factors are important, they are often not evidence-based and are instead determined by 
stakeholder input. Stakeholder input is value-laden, and introduces the potential for bias, and 
hence any priority setting exercise that involves stakeholder input must be done in the most 
transparent way possible. This can best be achieved by following a pre-specified method, 
although there is currently no specific method that is universally agreed as the gold standard.  

Methods for priority setting have evolved over time, with the first serious attempt being the 
Essential National Health Research Framework (ENHR), which was developed in 1990 by the 
Commission on Health Research for Development, and is still the basis for most priority setting 
exercises. Following on from this the World Health Organisation (WHO) released the Investing 
in Health Research and Development report in 1996, wherein alternate, quantitative based 
method was proposed. This led to the development of the formation of the Global Forum for 
Health Research, which in 2006 passed a resolution with the WHO’s Executive Board 
highlighting the importance and relevance of priority setting. The WHO method has since been 
incorporated into the ENHR and led to the development of the Calibration Adjusted Matrix 
(CAM) model, which also seeks to include issues of feasibility and equity in a more defined 
manner. In addition, the Child Health and Nutrition Research Initiative (CHNRI) constructed a 
separate model adapted from the ENHR, after a perceived lack of relevance of the current ENHR 
processes in child health research priority setting.  

Each method, outlined below, has strengths and weaknesses. They are all theoretical models 
which provide guidelines of various comprehensiveness on how to complete a priority setting 
exercise, however their feasibility in practice is often largely untested. Attempts to follow the 
models comprehensively (e.g. Argentina) have struggled with certain problems in 
implementation and have only been able to partially complete the process. Therefore, most 
organisations which follow a priority setting method adapt it to their situation and do not follow 
the process meticulously. Looking at the models in practice, and in particular the challenges 
faced, will thus be instructive in reflecting on common themes and the difficulties of priority 
setting in health research. 

 

2.1 ENHR 

2.1.1 Theory 
The Essential National Health Research framework was developed in 1990 and resulted in the 
formation of the Council on Health Research for Development (COHRED) in 1993 to promote 
the use of, and advance, the framework. Since COHREDs inception, the ENHR has been updated 
and refined routinely, to its present form as outlined in Figure 1 [24].  
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Figure 1: ENHR organogram[24]. The organogram includes the composition of quantitative and qualitative 
data inputs used to set research agendas, the interface between national and global research agendas, the 
translation of set research agendas into research results, and the feedback of these results into the 
quantitative data used in priority setting.  

Briefly, the ENHR framework suggests that an executive committee be commissioned to steer 
the priority setting exercise. This committee should have the requisite leadership skills and 
have legitimacy in the community. The committee then identifies stakeholders relevant to 
priority setting. Guidelines are provided by the ENHR model on gathering and identifying 
stakeholders: researchers, policy makers, community members, private sector and NGOs should 
all be included, and there must be equitable representation from different social demographics 
(Figure 1). A select group of stakeholders then perform a situation analysis of the current health 
situation which scientifically assesses the health status of the country; the status of the health 
system and the research system; as well as the users’ health wants and needs. An emphasis is 
placed on equity when it comes to situation analysis. This is also the stage at which the bulk of 
quantitative, burden of disease data is presented.  

Broad research areas are then decided upon by all the stakeholders using the situation analysis 
as a guideline. These research areas are subsequently compared with global trends, and 
adjustments made if deemed necessary.  Stakeholders are then further asked to draft up a list of 
criteria for ranking of priority areas. Criteria can include factors such as economic impact, 
community concern, impact on health, and availability of cost effective interventions. Scores are 
then assigned to the degree of fit for each criterion. For example, economic impact could be 
ranked as follows: 
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Economic 
Impact 

None (0 points) A little (1 points) Some (3 points) A lot (10 points) 

 
The weighting of scores within and between criteria is decided by the stakeholders and reflects 
the value judgements they make on the need/desirability of each criterion. Some criteria can 
also be binary and viewed as deal breakers: e.g. is it feasible? yes/no. Once a working scoring 
module has been agreed upon, all research areas are scored. This process results in a list of 
ranked priority areas, which can further be shortlisted into high priority research areas.  

In addition, the ENHR acknowledges that implementation of the research priorities can only be 
accomplished if the priority areas are supported. It suggests many ways this can be done, such 
as encouraging interdisciplinary work, financial incentives, having a mechanism for 
dissemination of the priorities, having a mechanism in place to monitor research and assessing 
resources available for the priority areas [24].  

The strengths of the ENHR framework are that it involves multiple stakeholders in setting the 
priorities, and that it allows for quantitative input during the situation analysis. The main 
drawback is that stakeholder input can be very subjective and not evidence based; this is 
especially true in the ranking exercise as points and weightings are assigned to the criteria in an 
essentially best guess estimate, and are not necessarily objective or evidence-based.  

2.1.2 Real-world example: NHRC 
The National Health Research Committee (NHRC) is the official decision making body in South 
Africa for priority setting in health research. A priority setting summit was held in 2011, and 
subsequently a report released on the priority setting exercise and findings [9]. The basic 
methodology used at the summit was an adaptation of the ENHR method. Priorities were 
decided upon by the committee after hearing presentations by a panel of experts, invited 
delegates and various research findings of NHRC sub-committees from the previous year. The 
committee involved multiple stakeholders from various fields and identified key priority areas. 
Within those areas, experts presented on strengths, weaknesses and opportunities (SWOT 
analysis) for research in each field. Delegates then broke away into smaller commissions in 
order to discuss priority research questions. This resulted in 5-10 key research questions per 
area being identified.  

The NHRC process differed from the ENHR strategy as it lacked the key component of scoring or 
ranking the priority questions identified. The strengths of the NHRC methodology are that it 
involved many participants’ inputs, had some factual basis (as experts presented data to help 
guide the development of research areas and questions) and the outcome of specific questions 
helped guide exactly what research should be done, as opposed to a more generic statement on 
their being a need for more research in a particular area. The main weakness is that it did not 
rank these questions in any way, so it is unclear which questions should be prioritised within 
each disease, nor between diseases. Using a quantitative ranking tool, like the WHO model 
described in section 2.3 below, would help to give a weighting to the questions and address this 
shortcoming. 

In terms of impact, The University of Cape Town has taken cognisance of the NHRC priorities in 
its Strategic Plan for Research 2013 [25], however it remains to be seen if this will impact the 
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nature of research conducted at the institution. Because the summit was held in 2011, and the 
results only published in April of 2012 it is too early to gauge whether the NHRC’s exercise will 
have any significant impact on national research outputs. 

 

2.2 CAM 

2.2.1 Theory 
The Combined Approach Matrix (CAM) follows on from the advocacy of the ENHR that a 
systematic process should be used when setting priorities, but expands the model to make it 
clearer what specific factors should be considered. The CAM can be either a two dimensional or 
three dimensional matrix, with the two dimensional matrix composed of a public health axis 
and an institutional axis, while the three dimensional matrix contains an additional equity axis. 
Within each axis are subgroups, as outlined in Figure 2 below, which when combined present a 
holistic view of a particular disease. For example, if the CAM model were applied to cervical 
cancer it would allow the determinants (public health axis) to incorporate both health sector 
problems, such as service delivery, as well as household problems, such as male headed 
households limiting women’s access to healthcare (institutional axis).  

 

Figure 2: The Combined Approach Matrix (3D) [26]. The matrix is comprised of three axes: equity, 
institutional and public health. Further subdivisions can exist within these axes, for example gender and 
poverty are listed as equity issues. More subdivisions can be added to each if desired, such as ethnicity or 
sexual orientation on the equity axis. 

The methodology used to fill out the CAM is not clearly defined, but follows the same basic 
principles as the ENHR: stakeholders are identified and invited to participate in the construction 
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of the matrix, in consultation with the relevant scientific data. Gaps in the ability to fill out the 
model are themselves considered to be research priority areas. 

The CAM models main strength is its attempt to detail the complete gambit of contributing 
factors to priority setting in a systematic manner, including issues of equity. However, the CAM 
suffers from the same subjectivity of the ENHR strategy when it comes to ranking of these 
contributing factors, as well as in the ranking of priority areas relative to each other. However, 
one of the recommendations that the model makes is the use of the WHO model in order to 
assist with the completion of this ranking [26][27].  

2.2.2 Real-world example: Argentina 
The National Academy of Medicine in Argentina attempted to apply the CAM model between the 
periods of 2005 to 2009. Great effort was made to follow the methodology entirely and the 
process was generally considered successful by the National Academy. However, two major 
concerns arose during the exercise. The first was the composition of the stakeholders and 
decision makers consulted, as it was felt that individuals would push their own agendas in 
priority setting [28]. Secondly, it was felt that a clear and transparent methodology for setting 
priorities was lacking, and while the CAM output did give an indication of the scope of the 
problem, it did not help with ranking [28].  

The priority setting exercise has only recently been completed, and because of this there have as 
yet been no attempts to measure its impact in Argentinian health research. However, it was 
noted by the National Academy that the priority setting process itself had had positive impacts 
in increasing dialogue and collaboration between various stakeholders that were involved in the 
exercise [29]. 

 

2.3 THE WHO MODEL 

2.3.1 Theory 
The guidelines proposed by the World Health Organisations (WHO) Investing in Health Research 
and Development report [30] use burden of disease, measured using Disability Adjusted Life 
Years (DALYS), as their basis. Briefly, DALYs are a measure of the number of years of life lost, 
either directly through fatality or theoretically because of disability, due to a disease (the DALY 
concept is more thoroughly explored in section 4.3.1.). DALY data is represented as a 
quadrangle, with the percentage of diseased individuals receiving interventions on the x-axis, 
and the resultant efficacy of these interventions on the y-axis (Figure 3). The quadrangle is then 
broken up into 4 partitions to elucidate the nature of research required to increase either the 
efficacy of interventions, or the percentage of individuals receiving treatment.  

The first partition of the quadrangle is the burden of disease which is unavertable with existing 
interventions. Thus, it reflects where basic and clinical research into new treatment options is 
most required to improve intervention efficacy. The second partition is the degree of disease 
burden that is currently being averted, and while it provides no guidelines for priority setting, 
has informative value as a benchmark for performance of the current health system. The third 
partition is the burden of disease which could be averted with improved efficiency, and reflects 
where research into improved health systems and policies could increase coverage of 
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interventions in the population. The final partition is what is avertable with existing 
interventions, but in a non-cost effective manner, and represents areas of biomedical (and 
public health) research to reduce the costs of current interventions and hence make them more 
widely accessible [30].  

 

Figure 3: WHO quadrangle [30]. Burden of disease is depicted as a quadrangle representing all DALYs caused 
by the disease.  Percentage efficacy of interventions, as well as effective coverage in the population are the 
two axes proposed to combat the DALY burden. On the y-axis, the maximum efficacy currently attainable (z) 
delineates the remaining portion of the burden that is unavertable with existing interventions. On the x-axis, 
(x) represents population coverage, whereas (y) represents potential gains in coverage from improved 
efficiency, with the remaining gains possible via use of existing but non-cost-effective interventions. 

It is important to note that the WHO model differentiates between ‘efficacy’, ‘efficiency’ and ‘cost 
effectiveness’. In this context, efficacy refers to the ability of the interventions to treat a disease . 
Efficiency on the other hand, refers to the context under which the intervention operates, and 
the degree to which it can help, or hinder, the efficacy of the intervention. Importantly, the 
model assumes that a more efficient health system will only impact the number of people 
receiving the intervention, and not the efficacy of the intervention. Finally, cost-effective refers 
to a particular subset of the health system, namely that of financing. Again, the model assumes 
that more expensive drugs do not have a higher efficacy, but rather are more able to reach the 
population. For example, a drug may have an efficacy of 60% and a population coverage of 50% 
in a rural population in a low income country. Using a better drug in the same context would 
result in an efficacy increase. Improving the route of administration of the drug would increase 
the population coverage and hence improve the efficiency of that intervention. Using a more 
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expensive drug, that has the same efficacy but is more stable and hence can also reach a larger 
population, is a change in the cost-effectiveness.    

The main strengths of the WHO model (Figure 3) are that it uses quantitative data only, and 
hence has less chance for bias. Furthermore, the model generates proportional outcomes (i.e. 
using this model gives an idea of how much basic research should be done in a disease relative 
to how much health systems research). Proportional outcomes allow comparisons to be made 
between diseases and fields, for example how much basic research in TB should be done (either 
in terms of resource allocation or research output) relative to basic research in HIV or even 
public health research in HIV.  

The WHO models shortcomings are that it does not take into account stakeholder interests, 
equity issues, costs of research, or identify specific research questions. Instead, it leaves these 
issues to the discretion of stakeholders or researchers. Nor does the model discern between 
direct healthcare provision and service level healthcare provision such as sanitation, as the CAM 
model attempts to. Nonetheless, as a tool for organising and ranking data that feeds into the 
CAM model, it is potentially very useful. The final problem is that the Investing in Health 
Research and Development report only provides the guideline for the dissection of the burden of 
disease, and limits their methodology to “consultation of the literature and experts”, so there is 
no clear quantitative methodology to construct the WHO model.  

2.3.2 Real-world example: WHO ad hoc committee 
In conjunction with the release of the priority setting model (Figure 3), the WHO ad hoc 
committee also released its attempts to apply the model to various disease states, including TB. 
This was done through best guess estimates, consultation with the available literature and 
consultation with relevant experts in the fields. The committee then attempted to analyse the 
impact of their TB priority setting exercise by looking at the change in TB publications between 
2004 and 2009, eight years after initial publication of the priority setting results. An increase 
from 20 priority relevant publications in 2004 to 56 in 2009 was noted, although no alignment 
of these relevant publications with the ranking of the priorities was measured [31]. 
Furthermore, only absolute changes in numbers of priority relevant publications were assessed, 
not changes relative to total TB publications (including non-priority relevant publications, 
which may have also increased substantially over the time period).  

Unfortunately the report contains very few references to the data sources used and experts 
consulted by the committee, nor the methodology used to interpret and construct the model. 
Therefore, it is hard to gauge the validity of their results. Developing a defined algorithm for the 
WHO model would help address this validity concern. This thesis will attempt to develop such 
an algorithm. 

 

2.4 CHNRI 

2.4.1 Theory 
The Child Health and Nutrition Research Initiative (CHNRI) framework was developed due to 
the perceived failure of current priority setting methodologies in recognising the importance of 
health systems research, and instead having a bias towards basic research. This resulted in 
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certain diseases which are highly prevalent in child health, such as diarrheal disease, being 
neglected, because effective interventions already exist and hence when stakeholders identified 
key research areas it was often left off the list [32].  In many respects the CHNRI is similar to the 
ENHR and CAM strategy, only it seeks to broaden the stakeholder participation and definition of 
what constitutes a research area to include areas similar to those defined by the WHO model: 

“health policy and systems research will reduce disease burden by improving efficiency of 
health systems in delivering the interventions, implementation research will aim to 
improve existing non-affordable interventions to make them feasible and affordable in 
low-income settings, while other types of research will seek new and non-existing 
interventions.”[32] 

It is also similar to the CAM model in that it includes notions of equity, affordability and 
feasibility. However, the CHNRI suffers similar drawbacks to the ENHR and CAM model in that 
scoring is still value laden and subjective. Indeed, the CHNRI lists 20 universal challenges for 
priority setting, number 11 of which is “Development of a simple quantitative way to rank 
competing research options” [33]. 

2.4.2 Real-world example: MRC 
In 2007 the Medical Research Council (MRC) of South Africa embarked on a priority setting 
exercise using the CHNRI framework [34]. Six academics led the working group, and together 
they identified 63 research options to address the seven main causes of mortality in children 
under 5 (9 research options per cause of mortality). Furthermore, it was stipulated that an 
equal number of research options should come from each research field (health systems, 
biomedical and basic research). This list of research options was then scored by six technical 
experts using a CHNRI conceptual framework. These scored options were then opened to 
scoring by a wider stakeholder group. 

Some of the limitations of the MRC exercise included the fact that even though all three research 
fields were given equal consideration, it did not comment on whether this was an equitable 
distribution (highest distribution to highest need). Furthermore, the priority setting process 
was limited to a relatively small number of research options because the academics who led the 
working group felt that an exhaustive list would not be feasible from a human resources 
perspective. Finally, although the weighting model used was opened to a large stakeholder 
group, it was found that this input had little to no effect on the scoring of the options initially 
performed by the technical experts. Nonetheless, the MRC priority setting exercise has resulted 
in governmental policy changes as well as an acknowledgement by national research funders, 
including the MRC itself, of a need to align funding decisions with the research priorities [35]. As 
of yet, no formal assessment of the nature of research being funded nationally has been 
conducted, so it is unclear whether the policy changes have resulted in a change in practice.  
However,  at a global level at least, the CHNRI reports that investments have begun to align with 
priorities set in their field [14].  
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3. LIMITATIONS OF PRIORITY SETTING  
 

3.1 METHODOLOGICAL LIMITATIONS 
 

While the methods described in section 2 appear to have had some success in effecting change 
in research agendas, they nonetheless all suffer from limitations, both in terms of the 
information used to set the priorities, and in terms of the involvement of the stakeholders and 
how their input is handled. Combined, these limitations affect the legitimacy of the priority 
setting process. 

3.1.1 Limitations with respect to information 
Many priority setting frameworks advocate the use of evidence in priority setting, however 
there is often a paucity of reliable data to use in developing countries, whose scant resources 
make priority setting even more essential. Thus, any quantitative models should require as few 
data inputs as possible [36]. Because the data is also likely to be numerous, and the 
stakeholders involved in priority setting are likely to be a heterogeneous mix, it is important to 
present all available data in a condensed yet comprehensible manner [36]. 

3.1.2 Limitations of stakeholders 
Determining and recruiting an equitable composition of stakeholders (to achieve legitimacy) is 
a major struggle for many priority setting endeavours. However, even if such a composition is 
achieved, there still arise many difficulties in decision making by stakeholders, in particular 
scoring mechanisms for competing priorities. Stakeholders can lack the technical knowledge to 
make informed decisions, or can make biased decisions in their favour. One of the proposed 
solutions is the creation of an algorithm using a transparent set of criteria to assist with 
selection amongst competing research priorities [16], however there has been limited research 
in the area of developing such an algorithm. 

3.1.3 Legitimacy 
Given the limitations on knowledge and problems with stakeholder input, current priority 
setting methods encounter difficulties with objectivity and complexity. These problems limit 
their perceived legitimacy, which can impact on the translation of priorities into research 
outcomes. Based on experience with developing countries’ priority setting processes, 
quantitative heavy methods, such as the WHO model, can ameliorate these two problems.  In 
particular, quantitative models can bring legitimacy to ranking of priority areas, and assist with 
the presentation and interpretation of complex quantitative data [36].  

 

3.2 PHILOSOPHICAL LIMITATIONS 
 

Given the current methodological limitations of priority setting, some scientists and 
philosophers argue that it is not a worthwhile endeavour as the outcomes are likely no better 
than more effortless ad hoc decisions would be. Even if a legitimate priority setting process 
were developed, there are still some arguments against setting priorities. Firstly, the inherent 
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uncertainty of the future makes it impossible to account for the needs of the future and hence 
set relevant priorities in the present [37]. The counter argument to this is to accept some degree 
of uncertainty about the future, but to emphasize that priority setting still has some predictive 
value and prepares research better for the future than no priority setting at all [16].  

A second argument against priority setting is the observation that many of the world’s most 
important scientific breakthroughs have come from areas that are not research priorities at the 
time, and that by setting priorities in research areas as opposed to encouraging research 
excellence, such discoveries may be stifled [38]. This is a valid argument, and hence it is 
important that research priorities should be framed in terms of the general areas required, with 
enough academic freedom for the researchers to use their own problem solving techniques and 
innovative thinking. This ties into a further concern, that of priority setting being viewed as a 
bureaucratic process that seeks to enforce the direction of research. This can potentially be met 
with resistance by the researchers if they do not feel they are involved in the priority setting 
process and hence are being forced to do research against their will. This is also a valid 
argument, and highlights the importance of having an appropriate stakeholder composition in 
the setting of priorities. Cognisance of these limitations can be seen in most priority setting 
methodologies when put into practice.  

 

3.3 PRACTICAL LIMITATIONS 
 

The practical limitations in setting research priorities include:  buy-in from researchers, 
resource distribution and the defining of research by area.  

3.3.1 Researcher buy-in 
Generally, in order for researchers to willingly conduct research in priority areas they must 
agree with the priorities set. This is achieved principally through a consultative process with 
researchers in the setting of priorities. Unfortunately, in many developing countries where 
priorities are set, insufficient knowledge dissemination networks exist, and hence many 
researchers, funders and institutions are not even aware of national priorities, let alone invited 
to participate in there formulation [39]. 

Researcher buy-in can also be encouraged with proper management. There are rules and 
regulations which govern researchers, either at a national or institutional level, which require 
them to focus their research in priority areas, such as the European Charter for Researchers 
[40]. This top down managerial approach does not always result in research alignment, 
although the proper financial and career incentives do appear to be effective [41]. 

3.3.2 Resource distribution 
Even if funders and researchers are made aware of research priorities, the current models do 
not specify what this means in practical terms, with respects to financial and infrastructure 
distribution. Different research areas incur different costs, with their outcomes not always 
matching the investments [42]. Basic research can be very expensive and only result in marginal 
improvements in health, whereas some health systems research can incur a negligible cost and 
result in significant improvements in health. Unfortunately very little data exists on the ‘cost-
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effectiveness’ of field and disease specific research and hence priorities can only guide the 
distribution of resources to a limited degree. Nonetheless, even with this limitation, it appears 
to be better to base allocation of resources according to an imperfect priority process, as 
opposed to no process, as evidenced by marked improvements in health in those countries 
which successfully set priorities [16]. Unfortunately this is an area where very little evaluation 
has been done, and so the strength of argument is largely intuitive and not empirically based. 

3.3.3 Classification of research 
Lastly, research does not always neatly fit into the defined categories decided upon by priority 
setting exercises. For example, HIV vaccine research could lead to a cheaper intervention, cure 
currently unavertable disease and be more easily integrated into the health system, and hence 
would fall into all three categories of the WHO model. Similarly, public health research that is 
not disease specific, such as health worker motivation, could have significant impact on priority 
areas yet could easily be overlooked by the classic ENHR model. Indeed, Health systems 
research in general is often ranked low as a priority when priority areas are analysed in 
isolation to each other [22]. Therefore, any priority setting tool must be able to account for this 
and produce a holistic view of research priorities, which allows for cross-disease and cross-
discipline comparisons to be made.  
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4. DEVELOPMENT OF A QUANTITATIVE MODEL 
 

This dissertation will attempt to develop a quantitative model for the ranking of priorities, 
based off the principles of the WHO model. It will then define a methodology for construction of 
the quantitative model. In order to do this, the burden of tuberculosis (TB) in South Africa (SA) 
will be used as a worked example. 

 

4.1 PROBLEMS WITH THE WHO MODEL AND AMENDMENTS 
 

The WHO model in its current state has a few limitations. Starting with the y-axis, the combined 
efficacy of an intervention, a DALY scale[43] is used with 100% efficacy being equivalent to 0 
DALYs per person in the disease population. However, use of a percentage scale limits the cross 
comparability of the WHO model between diseases, as any efficacy less than 100% will 
represent a variable number of DALYs. For example, an efficacy of 0% for TB could result in 5 
DALYs, whereas an efficacy of 0% in HIV could result in 16 DALYs, as illustrated in Figure 4 
below. This problem could be addressed by instead using an absolute DALYs per person scale, 
and not a percentage efficacy scale. 

If using such an approach, construction would start at 0 DALYs, and expand during the 
completion of the model (Figure 5), as the length of the axis will vary by disease. A further 
consequence would be that instead of seeking to increase intervention efficacy to 100%, the 
amended model would instead seek to reduce DALYs per person to 0. The second component to 
the WHO model, the x-axis of ‘effective coverage in the population’, is similar to the y-axis in that 
coverage percentage is not an absolute figure and thus limits cross comparability. Each disease 
has a unique burden, and so achieving 100% coverage may equate to treating or preventing 100 
cases in one disease, and 10 000 in another. The amended model will therefore use absolute 
disease burden figures on the x-axis instead. Similarly, the goal of the new model will be to 
reduce absolute disease burden to 0, as opposed to increasing effective coverage to 100% in the 
original model.  

The change of these two axes will allow for a more practical interpretation of the WHO model, 
and allow for cross comparisons between diseases due to the use of standard health metrics. 
Furthermore this will absolve the inconsistency between the axes and the area of the WHO 
quadrangle being equivalent to the total DALY burden of disease, as DALYs per person 
multiplied by absolute disease burden is a more accurate reflection of the total DALYs of a 
disease than coverage multiplied by efficacy. DALY and disease burden data is also more readily 
available, compared to efficacy and coverage data, and so the model will be easier to construct.  
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Figure 4: Breakdown of the y-axis of the WHO model. 100% efficacy of an intervention mix can equate to 
averting a different number of DALYs depending on the disease being analysed, as illustrated with TB and 
HIV on the right.  
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The second problem with the WHO model involves the way it is subdivided into its various 
components. The current manner of division limits the effect of improvements in health systems 
efficiency and use of non-cost effective interventions to only improving coverage in the 
population. However, these changes could also increase the efficacy of the intervention mix, and 
hence the model will be amended to allow for this (Figure 5). Furthermore, the WHO model 
applies the effects of these two improvements to the current DALYs of a disease independently 
of each other. This is problematic, as if improvements using one strategy were made, reducing 
the DALY burden of disease, then the impact of the second strategy should be applied to this 
revised DALY burden and not the original DALYs. The methodology of the construction of the 
amended model will address this issue by nesting the components within each other.   

The amended model will therefore have a slightly different ‘inverted’ format, as represented in 
Figure 5, whilst retaining the fundamental essence of the original WHO model. The two axes will 
be inverted, in the sense that the goal will now be to reduce both axis values (0 DALYs pp and 0 
disease burden) as opposed to reaching 100% coverage and intervention efficacy.  

This same four subdivisions of the original WHO model will still apply (Unavertable with 
existing interventions, Averted with current mix of interventions and population coverage, 
Avertable with improved efficiency, and Avertable with existing but non-cost-effective 
interventions), however the amendment will have the following consequences:  

• the ‘averted with current mix of interventions and population coverage’ section used to 
map the percentage of DALYs averted by an intervention, in a percentage of the 
population with the disease. The new model will map what additional DALYS pp would 
exist in the absence of the current intervention mix, as well as how much larger the 
absolute burden of the disease would be. 

• The ‘unavertable with existing interventions’ section used to describe the maximum 
percentage of efficacy attainable with existing interventions, irrespective of cost or 
health system constraints. The new model will instead describe the maximum reduction 
in DALYs pp and disease burden attainable with current interventions, regardless of cost 
or health system constraints. 

• The ‘avertable with improved efficiency’ and ‘avertable with existing, but non cost 
effective interventions’ sections in the original model detailed the additional percentage 
coverage possible in the population with improved efficiency of the health system or use 
of non-cost effective interventions. The new model will describe the reduction in DALYs 
pp and disease burden possible with improvements in efficiency and use of non-cost 
effective interventions. Furthermore, the new model will detail the consequences of 
improving efficiency first, and then using non-cost effective interventions on the 
remaining DALYs (and vice versa), as opposed to applying both to the original DALYs. 
This new quadrangle will henceforth be referred to as the burden of disease (BoD) box. 

No methodology has been described to subdivide the quadrangle proposed by the WHO model, 
other than the very vague ‘consulting with the literature and relevant experts’ [30]. Therefore 
an original methodology for subdividing the amended model was developed.  In order to do this, 
TB in South Africa was used as a worked example.   
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Figure 5: Amendment of the WHO model. The ‘combined efficacy of intervention mix’ axis is replaced by a 
‘DALYs per person’ axis, and the ‘effective coverage in the population’ axis is replaced by a ‘size of population 
with disease’ axis. Improvements in efficiency and use of non-cost-effective interventions are now allowed to 
impact both axes, and are nested within each other. 
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4.2 TUBERCULOSIS 
 

Amongst infectious diseases, TB is the second highest contributor to deaths worldwide, second 
only to HIV (although the two are closely linked) [44]. For this reason reduction of TB is part of 
the 6th Millennium Development Goal of the United Nations [45]. TB is also a disease of the 
resource poor developing world [44], and hence setting priorities in its research is of particular 
importance. 

TB is an appropriate disease to use as a worked example as many priority setting exercises have 
focused on it (e.g. the WHO has published a list of 77 research priority questions for TB covering 
a host of topics [31]). This is useful as it will allow comparisons of priority setting outcomes of 
the amended model with those of other methods to see where there is agreement and 
disagreement. Furthermore, TB is an ideal candidate for a worked example as there is a plethora 
of data available on TB, with over 99% of cases reported on [46], and hence any methodology 
developed should at the very least be able to be applied to TB. 

 

4.3 TB DATA 
 

In order to address the problem of data paucity in developing countries, data sources will be 
limited to those that are widely available for as many countries as possible. As such, WHO 
report statistics will mostly be drawn upon, in particular the Global Burden of Disease and the 
Global Tuberculosis reports, which gather data from as many of the WHO member states as 
possible. In cases of missing data for member countries, the WHO also extrapolates figures using 
a combination of modelling based on similar countries’ data and corroborating indirect 
evidence within the country [47].  

The WHO has been collecting data on TB in conjunction with the STOP TB program since 2001, 
and has amassed a rich database from over 1000 partners (in more than 100 countries) of 
burden of disease, financial and epidemiological data [48].   This wealth of data makes it a 
suitable starting point for developing a model on setting research priorities as it gives an idea of 
the ‘gold standard’ potential data that could be available for a disease. Thus any priority setting 
model should at the very least be able to be constructed using the TB dataset. 

4.3.1 DALYs 
 

The DALY (Disability Adjusted Life Year) was first conceptualised following the Global Burden 
of Disease study conducted by the World Bank in 1992. One of the major drawbacks of the study 
was that it focused primarily on mortality as an outcome, and did not accurately account for the 
impact of nonfatal diseases. Thus, the DALY was constructed to incorporate both mortality and 
disability due to an illness into a single measure [43]. Four basic tenets surround the 
construction of a DALY value. Firstly, any indicator of health impact of a disease should include 
both mortality and altered health status. As such, DALYs are a combination of the number of 
years of life lost due to a disease, as well as the decrease in the quality, due to the disease, of 
those remaining years of life lived [43]. For example, if a disease reduced a patient’s quality of 
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life by 25%, then for every four years living with the disease, the patient would have suffered 1 
DALY. The second tenet states that the only demographic considerations should be age and sex. 
This is because older people and men, on average, have less years of life to lose if they contract a 
fatal disease, and so their DALY scores should be weighted to account for this. The third tenet 
states that like health outcomes should be treated as like. In other words, if two individuals of 
the same age and sex contract a disease that results in their death, then the DALYs caused by 
those deaths should be treated as equal, irrespective of the personal differences between those 
two individuals (such as socioeconomic background or even if different diseases caused their 
deaths). Finally, the fourth tenet states that time (in this case number of years) should be the 
unit of measurement for burden of disease.  

The DALY has many strengths as disease burden indicator. Primarily, it allows for the 
quantification of nonfatal diseases, which can have a very high burden on the population. It also 
provides a standard metric to measure the outcome of a specific intervention, making it 
particularly well suited to priority setting. It also makes projections on the future impact of a 
disease which allows for forward looking priority setting [49]. The DALY is currently also the 
most widely accepted burden of disease indicator, and is argued by its proponents as being the 
crucial measure of burden of disease for priority setting in health research [43], and hence there 
is a wealth of DALY data available for many diseases and countries, even though it does have 
some limitations and criticisms. 

The major conceptual criticism of the DALY is that it measures the quantity of ill-health of a 
disease as opposed to the burden. The distinction being that the burden is influenced by factors 
such as social support and economic status, amongst others, of the people inflicted with the 
disease [50]. This is a powerful argument, supported by real-world evidence[51], and so 
attempts are being made to quantify DALYs in a more comprehensive manner, which takes into 
account the socioeconomic factors influencing disease burden [52]. Many of the other criticisms 
against the DALY are methodological issues: weighting by age and discounting future life for 
example. Some of these criticisms can, and have, been addressed by changes in the DALY 
methodology [53].  

Despite these criticisms and shortcomings, the DALY is still widely used by international 
organisations such as the World Bank and WHO, and is the most readily available and accepted 
data type. Furthermore, Rosenberger suggests that the best practice for deciding on priorities in 
health research is to consult with either QALY (Quality Adjusted Life Years) or DALY  estimates 
to get an idea of the burden of disease [18]. As such, the DALY will be used in construction of the 
amended model, bearing in mind that it is an imperfect estimate. 

4.3.2 Disease burden 
There are two measurements of disease burden that are relevant to priority setting, incidence 
and prevalence. Incidence is the rate of new or recurring cases of a disease, whereas prevalence 
is the number of individuals with the disease at a given period or point in time [54]. Some 
diseases have a high incidence but are cured relatively quickly and so have low prevalence, such 
as diarrheal diseases [55]. Others may have a relatively low incidence, but a high prevalence, 
such as chronic diseases like hypertension [56]. It is important to include both measurements, 
as research can be geared towards preventive interventions (which would reduce incidence), or 
curative interventions (which  would reduce prevalence). Therefore, because TB is an infectious 
yet curable disease, it is  most important to include incidence, yet because it can also last up to 
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three years if untreated [57], prevalence estimates are also important. Therefore both measures 
of disease burden must be incorporated into the model. A simple addition of the prevalence and 
incidence rates would result in overestimation of the burden (as some of the prevalent cases for 
the time period may overlap with incident cases for the same time period), however in the 
absence of any more sophisticated models for estimating disease burden it is a crude estimate 
that allows both measurements to be captured, even if it is not a true reflection of the disease 
burden. Prevalence and incidence data for TB will be sourced from the WHO Global 
Tuberculosis Report, which provides annual estimates of TB prevalence and incidence for 
member states per 100 000 population. Data from 2004 will be used so as to chronologically 
match with the DALY data. It is important to note that only 19 member states derive their 
prevalence estimates from survey data, the remainder are inferred from incidence rate 
estimates and average duration of disease data, which does call into question the reliability of 
this data [44]. Nonetheless, the WHO data is currently the best data available, and in the 
interests of consistency, will still be used in the model, bearing in mind its limitations. 

4.3.3 Financial 
The financial data used in construction of the amended model will also come from the WHO 
Global Tuberculosis report, which has collected data from a subset of member states since 2006. 
It includes both government and donor funds, which make up to 41% of funding in some cases 
[44]. Costs include: first-line drugs, National Tuberculosis Control Programme staff, programme 
management and supervision, laboratory equipment and supplies, collaborative TB/HIV 
activities, operational research, surveys, hospital stays and clinic visits. Costs per patient treated 
are case-weighted (costs are adjusted relative to the specifics of the case, such as patient age, 
which may affect the costs) three-year averages between the years of 2004–2006, and are 
controlled for some confounders such as non-annual expenses on buildings, equipment, buffer 
stocks of drugs, etc. [44]. However, the financial data does not take into account economies of 
scope and hence could be confounded somewhat by issues such as pre-existing infrastructure 
that reduces the cost of delivery; nor do they account for economies of scale, which could reduce 
price with up-scaling of service delivery.  

4.3.4 Cost-effectiveness 
There are a wealth of published cost-effectiveness studies pertaining to TB, and other diseases, 
both communicable and non-communicable. The Disease Control Priorities Project (DCPP) has 
published an exhaustive review of such literature, with a focus on developing countries, 
containing summaries of cost-effectiveness for over 26 disease areas, including TB [58]. This  
was published in 2006, which does mean there is a slight chronological disparity between this 
data and some of the WHO data. Nonetheless, cost-effectiveness data will be used to calculate 
gains in efficiency with existing but non-cost-effective interventions. 

 

4.4 CONSTRUCTION OF THE AMENDED WHO MODEL 
 

When the WHO model was originally proposed, no methodology was detailed for its 
construction [30]. This has limited its applicability, and therefore the methodology used in 
construction of the amended model will be detailed in this section. This methodology will be 
used to construct the amended model for TB in South Africa, and may not be entirely 
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appropriate for all contexts, however it will provide a base methodology that can be adapted as 
required in other settings.    

4.4.1 The BoD Box 
In order to construct the BoD box for TB, DALY data from the WHO 2004 Burden of Disease 
dataset [59], which provides DALYs per 100 000 people for WHO member states, will be used. 
This will then be cross-referenced with the WHO Global TB Report dataset [60], which provides 
data on TB prevalence and incidence per 100 000. By dividing DALYs per 100 000 by the sum of 
prevalence and incidence (hereafter just referred to as disease burden) per 100 000, a crude 
estimate of the DALYs per person (DALY pp) can be gained: 

 

 

Equation 1: 

DALYs per 100 000             = DALYs per person (pp) 

Disease burden per 100 000 

This will constitute the y-axis of the BoD box. The x-axis will simply be the absolute disease 
burden of TB for South Africa, extrapolated from the per 100 000 estimates to the entire 
population. Therefore the absolute area of the quadrangle formed will represent the absolute 
DALYs of TB in South Africa. The validity of an aggregate DALY score per person may raise 
concerns around issues such as equity, as DALYs are unlikely to be uniformly distributed across 
the population, but this is an issue that could be better addressed as a separate axis in priority 
setting, as advocated by the CAM model. 

4.4.2 The currently averted section 
The DALYs from TB which are currently being averted are equivalent to the additional DALYs 
that would be incurred if South Africa completely stopped treating TB. This includes both direct 
healthcare interventions, as well as broader social interventions such as sanitation. Trying to 
calculate the DALYs for TB in such a hypothetical case would be difficult, as TB (and indeed 
most disease) is complex, with multiple factors playing a role in its impact and subsequent 
DALY burden, and all of these would need to be accounted for. A far more useful comparison 
would be to determine what the worst possible prognosis for TB is in the world, and compare 
this to South Africa. In other words, the worst performing country in the world would represent 
the global lowest baseline of access to healthcare for TB (be it direct treatment, or indirect such 
as sanitation or social support), and hence the more accurate worst case prognosis for the 
disease (as opposed to a hypothetical complete absence of treatment scenario). Therefore, to 
get an idea of how many TB DALYs South Africa is currently averting, the DALYs pp (y-axis of 
the BoD box) in all the member states where data is available will first be calculated, using the 
same formula stipulated in section 4.4.1. Using this data a relative comparison of the country 
with the worst DALYS pp and South Africa’s DALYs pp will be made, and the difference in DALYs 
pp will be appended to the y-axis as DALYs averted. Similarly, for the hypothetical worst 
absolute disease burden (x-axis), the member state with the worst disease burden per 100 000 
will be used, and extrapolated to the South African population, using equation 2:  
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Equation 2: 

South African Population   x Worst disease burden per 100 000 = Hypothetical absolute worst           

             100 000        disease burden    

This equation allows South Africa’s population size to be taken into account, and reflects what 
the disease burden in South Africa would be if their prevalence and incidence were as bad as the 
worst performing country. Importantly, one country might have the worst DALYs pp, whereas a 
different country may have the worst disease burden per 100 000, and the worst performer in 
either case will be used.  

In this a way, a hypothetical box will be created of what South Africa’s TB BoD box would be if it 
had both the worst DALYs possible as well as the worst disease burden possible (Figure 6). The 
difference between this hypothetical and the actual BoD box will give an idea of how many 
DALYs pp South Africa is currently averting through every avenue (not just direct health 
interventions, but also wider influences such as sanitation and infrastructure). Of course, as 
mentioned with the assumption of the worst DALY pp and worst absolute disease burden, this 
“currently averted” section may not be the true burden of disease averted, because even the 
poorest performing country is still providing some form of service delivery to ameliorate the 
burden of disease. Furthermore this model assumes that worst DALYs pp and worst absolute 
disease burden are mutually exclusive. It is hypothetically possible that the country with the 
worst disease burden may be particularly susceptible to contracting the disease, but that that 
same susceptibility confers some protection in reducing DALYs and hence it would never be 
possible to achieve a situation where a country has both the worst disease burden and the worst 
DALYs pp. Furthermore, there are potentially immutable factors such as genetic susceptibility of 
the population which exacerbate the disease burden or DALYs pp of the worst performing 
country, and hence are not transferable completely to a country which has a population with a 
different genetic makeup. An attempt could be made to control for such variables, but this 
would be complex and given the infancy of this model, is something best left for further studies 
if the model proves successful.  

 

Figure 6: The Currently Averted Section. On the left, averted DALYs are averaged. On the right, DALYs are 
presented as a distribution of individual DALYs per person. In both cases the total area of averted DALYs 
remains the same. 
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Finally, while the total area will be a reflection of the disease burden averted, it may be the case 
that certain individuals have a worse prognosis, while others have a better one, and so the true 
reflection may be more like something illustrated in figure 6 above. However, in order to 
determine this it would require a lot more information, and as the total area of averted DALYs 
(black shaded area) remains the same in both cases, and because the distribution is not 
pertinent to the scoring process of priority setting in this study, it is not necessary to include in 
the model calculations. Furthermore, a mean estimate of how bad the burden of TB is will help 
control for confounding variables.  

4.4.3 The unavertable with existing interventions section 
A similar method will be used to construct the “Unavertable with existing interventions” section 
of the BoD box. In this case however, the country with the lowest DALY pp and the country with 
the lowest disease burden per 100 000 will be used, with the same extrapolations done to give a 
‘best case’ scenario: 

 

Equation 3: 

South Africa’s DALY pp – Best DALY pp = Avertable DALYs with existing interventions 

Equation 4: 

South African Population   x Best disease burden per 100 000 = Hypothetical absolute best    

          100 000        disease burden 

The premise of this method is that countries which have the lowest DALYs pp and disease 
burden respectively are using all available technologies to their fullest extent in a near perfectly 
functioning health system, and therefore any residual DALYs are much more likely to be 
attributable to a lack of known interventions than any other factor.  

It is again assumed that disease burden and DALYs pp are mutually exclusive. That is to say, the 
interventions used by the particular country with the lowest DALYs pp do not indirectly 
increase its disease burden. Thus, the resulting ‘unavertable’ box is a hypothetical scenario 
where the best DALY reducing and disease burden reducing strategies are employed, 
irrespective of mitigating factors such as financial constraints. Furthermore, while it may also be 
true that particular individuals have lower DALYs, using the average DALY expectancy and not 
individual cases, helps control for possible confounding variables in individual cases, such as 
gender or genetics.  

As with construction of the “currently averted” section, this methodology has limitations. 
Primarily, it is likely that even the country with the best outcome indicators still has financial 
constraints and flaws in policy and service delivery. Thus, there may be some component of this 
hypothetical ‘unavertable’ section that could be attributed to these factors, which may lead to an 
overestimation of how many DALYs are unavertable with existing interventions. Conversely, 
even the best performing countries are likely to have socioeconomic disparities which lead to 
some individuals not receiving service and technology available, which will lead to 
overestimation of how many DALYs are unavertable. Therefore, this methodology has a degree 
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of variance that could be either greater or lesser than the true value, and hence is only a rough 
estimate. 

In addition, there may be immutable factors outside of the realm of health systems, such as 
climate or population density, which allow a particular country to achieve low DALYs pp. 
Because factors like climate cannot be altered, it may mean that what is unavertable in one 
country is not necessarily equivalent to what is unavertable in a country with different 
immutable factors, and hence lowers the validity of using these figures to make inferences about 
different countries. An attempt could be made to control for these variables, such as weighting 
based on variables of interest, however in the interests of simplicity and consistency of data 
sources, this methodology will focus only on extrapolations from the WHO burden of disease 
data and no other variables.  

4.4.4 The avertable with improved efficiency section 
In order to construct the Avertable with improved efficiency section, ‘cost per patient treated’ 
data provided by the WHO for a host of member states since 2006 will be used, weighted by 
treatment outcome, as detailed in equation 5:  

Equation 5: 

Cost per patient treated                                                     =    Weighted Cost per patient   

1 / [DALYs pp (previously calculated, section 4.4.1.)]      

The numerator is the cost per patient treated, which must be minimised in the most efficient 
state. However, the outcomes of the patients treatment are also of interest, and hence the cost 
per patient will be weighted by the DALYs pp. Because the DALYs pp would also be minimised in 
the most efficient state, the denominator is 1/ [DALYs pp] so that a smaller DALY pp score 
would result in a larger denominator and hence a smaller weighted cost per patient score 
overall. For example, if countries A and B both spend US$10 per patient treated, yet country A 
has a DALY pp score of 1 and country B has a DALY score of 2, the resultant weighted cost per 
patient scores would be US$10 for country A and US$20 (10/[1/2]) for country B. Once cost per 
patient scores have been weighted, the member state with the lowest score can be determined 
and compared to South Africa’s score. The ratio of these two scores will give an idea of the 
degree to which total DALYs could theoretically be averted with improved efficiency: 

Equation 6: 

Best outcomes weighted score                       =  Proportion of South Africa’s DALYs avertable with   
South Africa’s outcomes weighted score     improved  efficiency 

Using the above examples of Country A and B, it would suggest that US$10/US$20 = 0.5 of the 
burden of Country B could be averted if they were as efficient as Country A.  

The amended model will assume that the ratio of DALY pp to disease burden would remain 
essentially unchanged, and hence the shape of the ‘Avertable with improved efficiency’ box 
would remain congruent with the BoD box (i.e. the x and y axis ratios would remain fixed). An 
attempt could be made to tease out the exact changes in the DALY pp and disease burden ratios, 
however the model is primarily interested in what proportion ‘Avertable with improved 
efficiency’ contributes to the overall BoD box, and not what the actual distribution would be in 
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real life, so for the sake of simplicity of the model, an assumption of no changes in the ratio will 
be made. This is a limitation of the model as it is hard to tease out financing with respects to 
individual DALYs and absolute prevalence and incidence. For example, it could be that a 
particular country has very good preventive measures, but those who do develop TB suffer a 
high DALY due to poor treatment.  

A further limitation of this methodology is the nature of the costs included in the ‘cost per 
patient’ calculation provided by the WHO, as previously outlined in section 4.2, which do not 
include economies of scale or scope. However this is not necessarily a problem in this case, as 
these can be viewed as health systems issues and hence it is appropriate to include them in the 
models calculation. For example, it may be that TB drugs need a well-run cold-supply chain, and 
the existence of this chain is driving down the DALY pp value in the best performing country 
(economy of scope). By including this variable in the efficiency calculation it includes that 
proportion of the disease which could be averted if health systems research were performed to 
elucidate the economies of scope and scaled that result in timely TB drug delivery (i.e. a well-
run cold-supply chain).  

The ‘cost per patient’ data given by the WHO are also in US dollars and do not take into account 
factors such as purchasing power parity or general economic differences between the countries 
being compared, which may confound the results. These values can be back converted to the 
original currency of the member state and then converted into International Dollars using a 
purchasing power parity conversion factor. This conversion will be performed on the data, and 
both results will be reported. 

4.4.5 The avertable with existing but non-cost-effective interventions 
section 
There are two potential approaches that can be taken to complete this final section. Firstly, from 
a theoretical standpoint it need not be calculated in any formal manner, as it should just be the 
remainder of the BoD box, once all other sections have been constructed and accounted for. 
Secondly, cost-effectiveness data can be consulted to estimate how many additional DALYs are 
reduced with more expensive treatment.  

Comprehensive reviews of cost-effectiveness studies are detailed by the Disease Control 
Priorities Project report [58].  This report summarises the costs of various treatments as well as 
their efficacy in improving treatment outcome (expressed as a percentage) for various 
geographical regions. From this it can be extrapolated how many DALYs could be averted if the 
more effective, but also more expensive treatment was reduced in cost, using the equation 
below: 

Equation 7: 

South Africa’s efficacy (based on current treatment programs) =  Increased ratio of DALYs  
 Best Efficacy (irrespective of cost)         avertable with improved  
                 biomedical research 

The results of equation 7 will inform a hypothetical reduction in the x-axis of the BoD box, but 
may not be instructive in disease burden measures depending on the type of modelling done. 
For simplicity’s sake the assumption will again be made of an equal ratio in disease burden 
reduction. Importantly, these reductions will be applied to the remaining DALYs after the 
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reductions from improved efficiency (section 4.4.4) have been applied, and vice versa, with both 
outcomes reported on. 

4.4.6 Validation  
In order to validate the results of the amended model, comparisons can be made to the 
questions of the NHRC, the WHO results and the Argentinian CAM results. Both Argentina and 
the WHO addressed the issue of tuberculosis and HIV, and the NHRC developed priority 
questions around both diseases. The WHO results can be compared directly, while the 
Argentinian results can only address the unavertable component. Agreement with these three 
methodologies does not necessarily validate the results, however if it does agree with the 
results it would strengthen the argument for its use as applying the algorithm developed in this 
thesis would be less labour intensive and more evidence based than the current methods of 
priority setting.  

Disagreement does not invalidate the models results either, as there would be no way to tell 
which of the results is closer to the truth as there is no gold standard of priority setting to 
compare to. Furthermore, the Argentinian and WHO results are not specific to South Africa, 
which limits their comparability. Thus the best that can be done is to ensure internal validity, 
which will be achieved by looking at how much of the BoD box constructed is accounted for by 
the four sections. If the four sections account for the majority of the DALYs it will indicate that 
there is at least some internal validity in the proposed methodology.  The degree of the BoD box 
that remains unaccounted for once all the sections have been calculated should give an idea of 
the uncertainty inherent in the model. Assuming equal uncertainty in all four sections, a quarter 
of these remaining DALYs can be taken and expressed as a percentage of the total for each 
section to give a confidence interval estimate for the model’s results. 

While it is likely to be impossible to develop a specific methodology that is applicable to all 
diseases due to the variation in data availability with each disease, a particular generalizable 
approach to the construction of the amended model can nonetheless be developed. 

For the Unavertable with existing interventions section the literature can be reviewed on those 
countries identified as having the lowest DALYs pp and disease burden per 100 000 to see if 
there is any agreement with them having exceptionally good health provision systems. A similar 
literature search can be performed on the worst performing countries used to construct the 
currently averted section. 

Finally, it is important to remember that this model is only meant to feed into a broader priority 
setting process, such as the CAM. Hence, many of its limitations can be addressed, or taken into 
account, during such proceedings. 
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ABSTRACT (350 WORDS):  

 
Background: Setting priorities is important in health research as there are limited resources 
available for research. Various guidelines exist to assist in the priority setting process, however 
priority setting still faces significant challenges, such as clear ranking of identified priorities. 
The World Health Organisation (WHO) proposed a Disability Adjusted Life Year (DALY) based 
model to rank priorities by research area (basic, health systems and biomedical), by dividing the 
DALYs into ‘unavertable with existing interventions’, ‘avertable with improved efficiency’ and 
‘avertable with existing but non-cost-effective interventions’ respectively. However, the model 
has conceptual flaws and no clear methodology for its construction. Therefore, the aim of this 
paper was to amend the model to address these flaws, and develop a clear methodology by 
using tuberculosis in South Africa as a worked example.   
Methods: An amended model was constructed to represent total DALYs as the product of 
DALYs per person and absolute burden of disease. These figures were calculated for all 
countries from WHO datasets. The lowest figures achieved by any country were assumed to 
represent ‘unavertable with existing interventions’ if extrapolated to South Africa. The ratio of 
‘cost per patient treated’ (adjusted for purchasing power, and outcome weighted) between 
South Africa and the best country was used to calculate the ‘avertable with improved efficiency 
section’. And finally ‘avertable with existing but non-cost-effective interventions’ was calculated 
using Disease Control Priorities Project efficacy data, and the ratio between the best 
intervention and South Africa’s current intervention, irrespective of cost.  
Results:  The amended model shows that South Africa has a TB burden of 1 009 837.3 DALYs.  
0.009% of DALYs are unavertable with existing interventions, 96.3% of DALYs could be averted 
with improvements in efficiency. Of the remaining DALYs, a further 56.9% could be averted 
with existing but non-cost-effective interventions.  
Conclusions: The amended model was successfully constructed using limited data sources. The 
generalizability of the data used is the main limitation of the model. More complex formulas are 
required to deal with such potential confounding variables; however the results act as starting 
point for development of a more robust model. 
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ARTICLE 

Background 
The demand for health research far outstrips the current financial and capacity resources made 
available to do so [1], and hence it is important to set priorities when making decisions about 
what research to undertake. Furthermore, priorities should be set in a transparent, rational and 
systematic manner. This need was articulated by The Commission on Health Research for 
Development in 1990 [2], and led to the formation of The Council on Health Research for 
Development (COHRED), which celebrates its 20th anniversary this year. COHRED is arguably 
the world leader in priority setting in health research, and over the past two decades has 
fostered an international movement towards procedural priority setting. While COHRED does 
not endorse a specific priority setting process, they do provide general guidelines on best 
practices for countries that wish to set health research priorities [3]. Broadly, processes should 
involve quantitative data inputs as well as participation from stakeholders, such as researchers, 
funders, politicians, community members, health workers, economists and civil servants. These 
two inputs are then used to identify priorities, which can range from specific research questions 
to broader disease areas. The identified priorities are subsequently ranked in order of 
importance, usually with a greater focus on stakeholder input and less focus on quantitative 
data inputs. There are a variety of frameworks, like the Calibration Adjusted Matrix (CAM)[4] or 
the Essential National Health Research (ENHR) [5] framework, which provide guidelines on 
priority identification and ranking, such as what data is relevant, which stakeholders should be 
involved in the identification of research priorities, what criteria are used in priority 
identification and how the research priorities identified are ranked. However, despite the 
COHRED guidelines and a plethora of frameworks, priority setting still faces significant 
challenges, such as the uncertainty of health research outcomes, ensuring that the priority 
setting process is transparent and fair,  and defining relevant criteria to identify and rank 
priorities [6]. This paper will address the challenge of subjectivity in ranking criteria, and the 
need for a clearly defined, transparent and quantitative methodology to rank priorities [7]. 
Importantly, this methodology must also be relatively simple, as priority setting can be most 
beneficial in resource scarce developing countries, which generally have a paucity of data and 
expertise relevant for ranking priorities [7]. 

Current ranking techniques are divided into two categories, either direct or indirect [3]. Direct 
techniques involve contrasting two priorities and selecting the one of greater importance, such 
as a discrete choice method. Indirect techniques utilise a scoring system which scores a priority 
based on a list of criteria, and then calculates a cumulative score using a formula that 
incorporates all the criteria listed. While this latter method increases the transparency and 
standardises ranking of priorities, the criteria used, and their weighting, is determined by 
stakeholder input and is therefore highly subjective. The World Health Organisation (WHO) 
proposed an alternative, quantitative-based, model for ranking priorities by research area in 
1996, as outlined in Figure 1.  

In this model, Disability Adjusted Life Years (DALYs) are used to construct a quadrangle for a 
particular disease. This quadrangle consists of two axes, namely how much of the population 
affected could be treated with interventions, and how effective the interventions could be at 
treating the disease.  Four subdivisions are then listed. Firstly, how well the current 
interventions are working, both in terms of treatment efficacy and population coverage, defined 
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as the ‘averted with current mix of interventions and population coverage’ section.  Secondly, 
what additional coverage could be obtained with gains in health systems and policy research, 
defined as the ‘avertable with improved efficiency’ section. Thirdly, what gains in coverage 
could be obtained with biomedical research to reduce the cost of interventions, defined as the 
‘avertable with existing but non-cost-effective interventions’ section. And lastly, gains in 
effectiveness of interventions from basic and clinical research to identify new interventions, 
defined as the ‘unavertable with existing interventions’ section. By using this model, priority 
areas can be identified and ranked in terms of disease and research area automatically, as the 
area of a section would indicate the degree to which research in that disease field (e.g. HIV 
health systems and policy research) should be a priority relative to other disease fields. 
However, in its current state the WHO model has some major flaws, both in the methodology 
and inherent to its structure. 

Firstly, one of the main assumptions of the WHO model is that the sum of all the components 
contributing to coverage and efficacy of interventions would neatly sum to 100% coverage and 
100% efficacy.  By way of example, in figure 1 current interventions (x value on x-axis) cover 
roughly 30% of the population, with an additional roughly 40% coverage possible with 
improvements in efficiency, and approximately 30% additional coverage achievable with use of 
existing but non-cost-effective interventions. However, it is possible to envisage a situation 
where just improving efficiency could increase coverage by an extra 60%, or just using non-
cost-effective interventions could increase coverage by an extra 60%. The total coverage in such 
a case would thus be the baseline of 30% plus 120% if both efficiency improvements were made 
and non-cost-effective interventions adopted, to a total of 150% coverage. As it is not possible to 
achieve such a thing, it is important to adapt the model to show a relativistic improvement, as 
the problem arises due to the assumption of mutual exclusivity in the model. The model 
assumes that with the current burden of disease you could increase coverage by either 
increasing efficiency or using non-cost-effective interventions. However, these gains are both 
based on the current disease burden, but if improvements in efficiency were made, then the 
disease burden would change and the contribution that non-cost effective measures could make 
would only apply to the new disease burden. Thus it makes more sense to look at relativistic 
changes. That is to say, if improvements to efficiency were made, what would be the subsequent 
impact of adoption of non-cost effective interventions, or vice versa.  

Secondly, the current construction of the WHO model assumes that use of non-cost effective 
interventions and increases in health system efficiency will only increase population coverage, 
and not the efficacy of the interventions, but there is no reason to assume that this will always 
be the case, and so the model would also need to be amended to allow for changes in both 
population coverage and efficacy from these two factors. Finally, the current axes are presented 
in terms of percentage coverage and percentage efficacy of interventions against a disease. 
However, because disease burdens vary, it limits the viability of cross-comparisons between 
diseases. Furthermore, it is unclear what ‘coverage in the population’ means, as it could apply to 
both provision of treatment for those with the disease, as well as preventive measures for the ‘at 
risk’ population. Therefore the axes of the model should also be adapted to present the results 
in terms of absolute disease burden figures, and not percentage coverage or efficacy. 
Furthermore, the y-axis of ‘coverage in the population’ must be more clearly defined and able to 
incorporate both curative and preventive measures. 
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It is perhaps for these reasons that the WHO model has largely remained unused, although it has 
been referenced as a model that could be incorporated into current priority setting frameworks, 
such as the ENHR or CAM frameworks [4].  This is compounded by the fact that even if the 
model were made theoretically sound, it is practically not an easy model to construct as data on 
treatment coverage and efficacy are not available, nor is it clear how to construct the 
quadrangle as no formal methodology for its construction was ever proposed.  This paper has 
therefore focused on developing an amended model based on the principles of the WHO model, 
and attempted to define an explicit methodology for its construction using quantitative data. 
The viability of the amended model was then explored using Tuberculosis (TB) in South Africa 
(SA) as a worked example. 

 

Methods 
Amendment of WHO model 

The axes of the amended model were changed to those of disease severity (as measured by 
DALYs per person) and disease burden (as measured by both prevalence and incidence). The 
revised model thus seeks to reduce severity and disease burden, and subsequently the size of 
the quadrangle, as opposed to increasing coverage and efficacy as in the original WHO model. 
Similar to the WHO model, the amended model acknowledges that there is a particular severity 
and burden of the disease that is unavertable with existing interventions, as well as a larger 
severity and burden that the current intervention mix is averting. In addition, the portion of the 
disease that is avertable, could be averted either via increases in efficiency of the health system 
or use of existing but non-cost-effective interventions, as stipulated by the WHO model. In the 
amended model, these two routes are allowed to have impact on both burden and severity 
measures of the disease (Figure 2).   

The amended model also nests the ‘avertable with existing but non-cost-effective interventions’ 
section within the ‘avertable with improved efficiency' section (and vice versa, if so desired), to 
address the issues of relativistic changes and mutual exclusivity in the original WHO model.   

Finally, the revised model appends the additional disease burden and DALYs that are ‘averted 
with current mix of interventions and population coverage’ to the ends of each axis. 

Application of amended model to TB 

The construction of the amended model for TB involved three stages, as outlined in Figure 3. To 
construct the x-axis, both incidence and prevalence estimates were consulted. The Global 
Tuberculosis Control report provides prevalence measures as point estimates of the number of 
individuals with a disease in the population at a given time based on survey data. It also 
provides incidence measures as estimates of new and recurring cases of TB over a one year 
period based on modelling.  Disease burden was calculated as the sum of the incidence and 
prevalence per 100000 estimates for South Africa (SA). While the simple addition of prevalence 
and incidence estimates may result in overestimation of the disease burden (as some of the 
incident cases will be double measured by the point prevalence), it does allow for a more 
accurate reflection of diseases with high incidence but low prevalence (e.g. diarrheal diseases), 
as well as chronic diseases that may have a low incidence, but a much higher prevalence (e.g. 
hypertension). It also allows for both preventive measures, which largely impact disease 
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incidence, and curative measures, which impact disease prevalence, to be accounted for. 
Therefore it was important to include both measures of incidence and prevalence in the 
calculation of disease burden. The disease burden was then applied to SA’s population size in 
2004 to get an absolute disease burden score using equation 1: 

Equation 1 

(prevalence + incidence per 100000) * (SA Population / 100000) = Absolute disease burden 

For the y-axis, SA’s DALYs per person (pp) were calculated using equation 2, with age 
standardised DALY rates sourced from from WHO 2004 disease burden data [8] and TB 
prevalence and incidence rates from the 2004 Global Tuberculosis Control report [9]. 

Equation 2 

DALYs per 100000 / (prevalence + incidence per 100000) = DALYs per person 

This quadrangle therefore represents the entire DALYs of TB for SA, which can be attributed to 
the three mechanisms outlined in the amended model, namely: the proportion which is 
unavertable with existing interventions, the proportion which is avertable with improved 
efficiency, and the proportion which is avertable with existing but non-cost-effective 
interventions.  

The second stage was to determine that component of the quadrangle which was currently 
unavertable with existing interventions, and to append the additional DALYs that are currently 
being averted. To determine this, DALYs pp and disease burden were calculated for each 
country where both data was available (appendix 1). Those countries which either had 0 DALYs, 
incidence or prevalence per 100000 were excluded. Of the remaining countries, the lowest 
DALY pp score was appended to the y-axis. For the x-axis, the lowest disease burden score was 
extrapolated using equation 3 the SA population to get a hypothetical absolute lowest disease 
burden for SA.  

The resultant quadrangle was assumed to estimate that portion of the DALYs unavertable with 
existing interventions, as these are the best figures that any country has been able to achieve. 
However, even in the best performing countries used to construct this estimate there are other 
determinants of health, such as climate. These factors may prevent optimal treatment of a 
disease (e.g. monsoons) or assist in the treatments efficacy (e.g. warm climates). Thus there is a 
degree of uncertainty around the estimate.  

Equation 3 

(country with combined lowest incidence + prevalence per 100000) *(SA 
Population/100000) 

To determine the degree of disease burden currently being averted, the worst performing 
countries, both in terms of DALYs pp and disease burden, were identified. The same 
methodology used to calculate the hypothetical best disease burden for SA was used to calculate 
the hypothetical worst disease burden for SA. These figures were then appended to the current 
DALY pp and disease burden estimates. The premise being that SA is averting at least as much 
as the difference between itself and the worst performing countries, if not more so, as even the 
worst performing countries are likely to be combating TB in some manner.  
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Two approaches were taken to subdivide the remaining disease burden (stage 3 of Figure 3). In 
the first approach, the component which could be averted with improved efficiency was first 
calculated, and then the remaining disease burden was used to calculate what could be averted 
with existing but non-cost-effective interventions. In the second approach, the component 
which could be averted with existing but non-cost effective interventions was first calculated, 
and then the remaining disease burden was used to calculate what could be averted with 
improvements in efficiency. For both cases, calculations were performed in the same manner. 
To determine the proportion avertable with improved efficiency, cost per patient treated (CPP) 
data from 2008 and 2009 (both in US dollars, and adjusted for purchasing power parity) was 
used. Data from 2008/9 was used as this data has only recently been recorded by the WHO and 
hence there was no data available for 2004. This value was weighted by DALY pp data to control 
for the potential differences in outcomes of the treatment, as such: 

Equation 4 

Cost per patient treated / [1/DALY pp] = Weighted cost per patient 

In equation 4, countries with poor treatment outcomes (i.e. high DALY pp values) will have a 
small denominator, and hence their cost per patient will be inflated. Alternatively, countries that 
spend slightly more, but achieve better outcomes, will have a larger denominator and hence 
their cost per patient will be deflated. The ratio between SA’s weighted CPP and the lowest 
weighted CPP obtained was hypothesized to represent the proportion of total disease burden 
reduction which could be obtained with improvements in efficiency. It was assumed that the 
reduction would be an equivalent reduction in DALYs pp and disease burden, and hence the 
ratio between the axes remained fixed. The degree of the disease which is avertable using 
existing but non-cost-effective interventions was calculated using TB cost-effectiveness data 
from the Disease Control Priorities Project report [10]. This report models efficacies of current 
treatments for TB in 6 global regions, as well as hypothetical best efficacies of interventions in 
those regions and their respective costs. The ratio between the highest average efficacy 
achievable by all the existing interventions mentioned in the Sub-Saharan Africa region 
(irrespective of cost) and the efficacy of SA’s current intervention program was assumed to 
represent the proportion of the disease burden which could be averted with existing but non 
cost effective interventions. Similarly, it was assumed that this would be equally reflected in 
disease burden and DALY pp reductions, and hence the ratio between the axes remained fixed. 

 

Results and Discussion 
Construction of model 

Table 1 summarises all the data used in construction of the amended model. SA had a DALY pp 
value of 1.48. The country with the lowest value was Kiribati with a value of 0.12, whereas the 
country with the highest value was the United Arab Emirates (UAE) with a value of 13.47 DALYs 
pp. This is a surprising result for the UAE, as dry climates are known to speed TB recovery [11]. 
Potential explanations for this include the relatively high contribution by emigrants from South 
and Southeast Asian countries [12],  the increase in multiple drug resistant (MDR) TB, as well as 
a novel strain of TB among the indigenous population [13]. In terms of disease burden, UAE has 
a combined prevalence and incidence per 100 000 of 5.7, ranking 7th lowest amongst the 
member states (appendix 1). 
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Table 1: List of figures used to construct amended model 

Data Type Value Country 
DALY Data 

 
  

DALYs per person (PP) 1.48 South Africa 
Best DALYs PP 0.12 Kiribati 
Worst DALYs PP 13.47 UAE 
Disease Burden (DB) Data   

 DB / 100000 1683 South Africa 
Disease Burden 682 322.47 South Africa 
Best DB /100000 1.78 Monaco 
Best DB   721.65 South Africa  
Worst DB/100000 3 342 Namibia 
Worst DB  1 354 915 South Africa 
Cost Per Patient (CPP)     
Weighted CPP 404.45  South Africa 
Best  weighted CPP 14.29 Yemen 
Fold reduction 28.30   
Weighted CPP PPP adjusted 621.33  South Africa 
Best  weighted CPP PPP 
adjusted 22.81 Namibia 
Fold reduction PPP adjusted 27.24   
Cost Efficiency (DCPP) Data     
Sub Saharan Africa Baseline 
treatment active infection 33%   
Sub Saharan Africa Best 
treatment active infection 71%  
Sub Saharan Africa Best 
treatment latent infection 80%   
Fold Increase 2.15   

 

This suggests that relatively few people contract TB, but that it is a particularly severe strain. 
While this does call into question the validity of using UAE as a baseline for worst case scenario, 
the Cook Islands, Burkina Faso, Mali and Togo all have DALYs pp of greater than 9 (appendix 1), 
and have vastly disparate climates, genetics and disease profiles. Hence, a DALY pp value of 
13.47 is within acceptable range, but a value between 9 and 13 could be a more conservative 
estimate.  The lowest scoring country, Kiribati, has one of the highest incidence rates of TB in 
the Western Pacific region [14], however it also has stringent treatment guidelines, with 
patients being quarantined for two months during treatment, and then further confined to a 
specialised centre until fully healed [15]. This combination of high incidence and strict 
treatment could account for the resultant low DALY pp value. The small population may limit 
the generalizability of such a treatment, and this is supported by similar small countries also 
achieving low DALY pp rates (appendix 1), however it should be noted that larger countries like 
Australia and Switzerland have DALY pp values of 0.15 and 0.17, respectively. Therefore both 
UAE and Kiribati figures were used in the construction of the amended model as they did not 
deviate from the general trend of the member states (Figure 4). 
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In terms of disease burden, SA had a combined absolute incidence and prevalence of 682 322.5. 
Monaco had the lowest combined prevalence and incidence of 1.78 per 100 000, whereas 
Namibia had the highest with 3342 per 100 000. This extrapolated to a hypothetical best and 
worst disease burden for South Africa of 721.65 and 1 352 915 respectively. Again, the high 
levels of TB in Namibia, which is a desert area, are unexpected. Possible explanations for this 
include the high co-morbidity with HIV [16] as well as a high rate of drug resistant TB [17]. 
Interestingly, similar to UAE, Namibia appears to be plagued by a specific subset of TB which 
could be exacerbating its disease burden [18]. These differences in disease profiles do limit the 
generalizability of using Namibia as a worst case scenario, particularly as Namibia is unique in 
having both the highest incidence per 100 000 and the highest prevalence per 100 000 (by way 
of example Cambodia has the 2nd  highest prevalence but only the 11th highest incidence). 
Namibia’s disease burden score is also disproportionately high compared to the other top five 
countries (Cambodia, Swaziland, Central African Republic and South Africa) which range from 
1683 to 1844 (Figure 4). On the other end of the scale, Monaco had the lowest disease burden 
score, however this was relatively similar to other low scoring countries. Therefore Monaco was 
used in the construction of the amended model, and both Namibia and Cambodia were used due 
to the potential of Namibia as an outlier. From this data the amended model was constructed as 
shown in Figure 5 (Namibia is included as a shaded extra).  

The total potential DALYs that TB could inflict in South Africa are between 10 070 106.53 and 
18 250 705.05 depending on whether Namibia was considered, however up to 94.5% of this 
was averted in 2004 due to the current intervention mix. Importantly, this includes not only 
direct healthcare such as curative and preventive medicine, but also includes broader 
interventions such as sanitation and access to health, as well as confounders such as strain 
subtype and genetic susceptibility to the disease. As a result of these factors, SAs actual burden 
of TB was 1 009 837.3 DALYs. Of this, 86.6 DALYs [0.009%] were unavertable with existing 
interventions (too small to be seen at the scale of Figure 5). 

Subdividing existing DALYs 

The weighted cost per patient (CPP) for SA was US$ 404.45, with the lowest weighted CPP being 
achieved by Yemen at a cost of US$14.29. The DCPP reports a lowest theoretical cost per patient 
based on their model of US$12, thus the DALY weighted figure is within range of their estimates. 
When adjusted for purchasing power parity, SA had a value of International (Int.) $621.33, and 
Namibia replaced Yemen as the most effective with a DALY weighted value of Int.$22.81 
(compared to Yemen with a value of Int$24.29). Namibia has managed to continuously improve 
its health delivery in response to TB since 2004, the year in which it had its highest case 
notification rate of 16 156. In 2008 this had been reduced to 13 737, with an estimated 83% 
treatment success rate [19].  By using 2004 burden of disease data with 2008 financing data, it 
is likely that the figure for Namibia is an underestimation of its true cost-per-patient. 
Unfortunately, no chronologically matched data exists, which is a limitation of this model, and so 
it is the best estimate available. Furthermore, Namibia’s Int.$ was in a similar range of other low 
scoring countries (Figure 4) and hence it was used to calculate potential improvements from 
efficiency.  The ratio between SA and Namibia’s Int.$ values was 0.035, which suggested all but 
3.5% of the current burden of TB could be averted with improvements in efficiency. 

The cost efficiency data from the DCPP assumed a baseline efficacy using the treatment active 
non-infectious intervention of 33% for Sub-Saharan Africa, with a best estimate of 71% efficacy. 
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Adopting the treatment latent infection intervention, which is currently not used in Sub Saharan 
Africa and hence has a baseline efficacy of 0%, would result in a best estimate of 80% efficacy. 
This means that efficacy could be improved 2.42 fold (80/33) using existing but non-cost-
effective interventions.  

Using these two ratios (the Int.$ CPP ratio and the DCPP ratio), the existing DALYs from TB were 
subdivided as illustrated in Figure 6. If improvements in efficiency were first adopted, then 972 
757.1 [96.5%] DALYs could have been averted. The resulting 37 080.24[3.5%] DALYs could thus 
be reduced 2.42 fold with adoption of non-cost-effective interventions to leave a remainder of 
15 322.41 DALYs (Figure 6). Alternatively if existing non-cost-effective interventions were first 
adopted, then 592 549.59[58.68%] DALYs could be averted. Of the remaining 417 288.45 
DALYs, 96.33% could be averted with gains in efficiency, again leaving a remainder of 15 322.41 
DALYs. 

Limitations 

Of the 15 322.41 DALYs remaining (1.52% of the original DALYs for SA), 86.6 are accounted for 
by the unavertable with existing interventions estimate. The remaining 15235.81 DALYs (1.51% 
of total DALYs for SA) represents the uncertainty in the model, as under ideal conditions all 
DALYS should be accounted for by the 4 subsections of the model. It is unclear what this error is 
attributable to, however the validity of the model can be confirmed by comparing it to the 
results of other studies. According to the DCPP, 71% of TB disease burden should currently be 
averted in SA, yet the amended model figures show 89.97% (or 94.5% if Namibia is included) is 
already being averted. This discrepancy suggests a 1.27 fold difference between the amended 
models calculations and the DCPP calculations. It is not immediately clear which figure is more 
accurate, as the DCPP has limitations such as being modelled on Kenya, and using deaths as 
opposed to DALYs to quantify efficacy. However, if the efficacy of the DCPP data was increased 
1.27 fold, it would cover the majority of the unaccounted for DALYs. There is also a degree of 
uncertainty from the WHO sources of data, as a lot of the country specific data is based on 
estimates and crude modelling, and the financial data is supplied by the member states and not 
objectively verified.  Finally, there is also a chronological discrepancy between these two data 
sources, as previously mentioned. 

There are also some limitations with the assumptions of the model. The simplified addition of 
prevalence and incidence to get an estimate of disease burden is crude and requires more 
refinement. The model can be recalculated on the assumption that either prevalent cases or 
incident cases are the only contributors to DALY estimates (appendix 2). However, the WHO 
uses both prevalence and incidence figures in construction of its DALYs [20], and so it is 
inaccurate to attribute the total DALYs to one disease burden measure. The WHO uses a Generic 
Disease Modelling System (DISMOD) algorithm to compute prevalence and incidence 
contributions to DALY estimates, and this algorithm could also potentially be used to construct 
disease burden estimates. In terms of the accuracy of the DALY pp figures, untreated TB can 
have a ten year case fatality rate of 70%. Furthermore, those who survive can still be disabled 
by TB for as long as 10 years and TB is mostly a disease of young to middle-aged adults [21]. As 
such, the worst case DALY pp estimate of 13.47 DALYs is definitely within the range of what 
could be expected from TB.  In terms of that which is unavertable, a 2006 Tanzanian study 
suggested that up to 93% of all disease burden was avertable with existing interventions [22]. 
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The results suggest that 98.5% of the TB burden is avertable with existing interventions, which 
is a reasonable agreement with the Tanzanian figure.  

The amended model also assumes no relatedness between disease burden and disease severity, 
and hence chooses the best and worst DALYs pp and disease burdens independently of each 
other. In reality it may be impossible to impact the disease burden without impacting the DALYs 
pp. For example, it is known that TB interventions have different efficacies depending on 
whether the disease is endemic or rare [10], and hence it may be impossible to achieve both the 
lowest DALYs pp and the lowest disease burden simultaneously, as the model assumes. The 
assumptions that disease burden and DALY data can be generalised from one country to 
another also brings in uncertainty, as there is a high likelihood of confounding variables playing 
a role. However, the identification and elucidation of these confounders which lead to such low 
DALY pp or disease burden scores are themselves health systems questions worthy of research.  

This model also does not fully account for the host of potential confounding variables, such as 
economies of scope and climate. While these are acknowledged as limitations of the model, no 
attempt is made to control or adjust the model for them. 

Furthermore, even if the model is assumed to be generally valid, there are still limitations with 
its applicability. Firstly, the amended model only looks at research area, and not all issues 
important in priority setting, for example equity. It is therefore important that this model be 
viewed as a component to feed into a more complex framework, such as the CAM model, and not 
an end to itself. In addition, while the model suggests the burden of disease which could be 
reduced by research area, it does not quantify how much should be spent on each of those 
research areas, as different research incurs different costs and have varying levels of cost-
effectiveness [23]. If this data were available, then the areas of the model could be weighted as 
such to reflect cost-effectiveness. However, given that basic research is typically more expensive 
then health systems research, it would most likely exaggerate the results of the amended model. 
Thus, research into the cost-effectiveness of research is required, although this is a requirement 
for all priority setting processes, and not just this specific model. Lastly, defining what area 
research falls into is sometimes ambiguous. For example, a TB vaccine could both reduce the 
unavertable component of the disease, be cheaper than current interventions and be more 
effectively delivered to the population. The amended model nonetheless highlights the 
importance of health systems research investments, which traditionally has been a neglected 
area in research[24], and suggests that any TB research should have health systems at the 
forefront, even if it is a cross-disciplinary endeavour.  

A final limitation to the model is the potential for a disease-specific lens being used to define 
research priorities, as this would exclude pure health systems research. This could be addressed 
by summing all the subsections of the amended WHO model across all diseases analysed to get a 
general idea of how much health systems research is required relative to basic research and 
biomedical research, however the validity of such a simple summation is unclear.   

 

Conclusion 
This paper provides the first results at attempting to develop a quantitative-only model and 
methodology for the ranking of research priorities. At its current stage it is a grossly simplified 
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model, but is widely applicable with limited data inputs. Further refinements are still required, 
and it does not take into account other ranking relevant criteria such as equity, which would 
need stakeholder input. Nevertheless, policy makers can use this model in its current form as an 
efficient way to graphically illustrate burden of disease data for multiple diseases, as well as 
highlight the relative challenges in tackling those diseases (health systems, basic research, etc.), 
both within the disease and between diseases. This is useful in steering the desired composition 
of health research as a whole and health research within a specific disease field.  

 

References 

1. Tomlinson M, Chopra M, Hoosain N, Rudan I: A review of selected research priority setting 
processes at national level in low and middle income countries: towards fair and 
legitimate priority setting. Health Res Policy Syst 2011, 9:19. 

2. Commission on Health Research for Development: Health Research: Essential Link to Equity in 
Development. Oxford University Press; 1990. 

3. Montorzi G, Haan S De, Kennedy A, Becerra F, Devlin M: Priority Setting in Health Research: A 
Management Process for Countries. Council on Health Research for Development (COHRED); 
2010. 

4. Ghaffar A, Collins T, Matlin SA, Olifson S: The 3D Combined Approach Matrix: An Improved Tool 
for Setting Priorities in Research for Health. Geneva, Switzerland; 2009. 

5. Okello D, Chongtrakul P: A Manual for Research Priority Setting Using the ENHR Strategy. 
2000(March). 

6. Rudan I, Kapiriri L, Tomlinson M, Balliet M, Cohen B, Chopra M: Evidence-based priority 
setting for health care and research: tools to support policy in maternal, neonatal, and 
child health in Africa. PLoS Med 2010, 7:e1000308. 

7. Rudan I: Global health research priorities: mobilizing the developing world. Public 
Health 2012, 126:237–40. 

8. Mathers C, Boerma T, Ma Fat D: The Global Burden of Disease 2004. 2004. 

9. World Health Organisation: Global Tuberculosis Control - Surveillance, Planning, Financing. 
2004. 

10. Dye C, Floyd K: Disease Control Priorities in Developing Countries: Chapter 16 Tuberculosis. 
Second. Disease Control Priorities Project; 2006:289–309. 

11. Weinzirl J: The action of a high dry climate in the cure of tuberculosis. Public Health Pap 
Rep 1907. 

12. Al-Zarouni M, Dash N, Al Ali M, Al-Shehhi F, Panigrahi D: Tuberculosis and MDR-TB in the 
northern emirates of United Arab Emirates: a 5-year study. Southeast Asian J Trop Med 
Public Health 2010, 41:163–8. 



63 
 

13. Dissanayake S, Usmani A, Sheikh FA, Sheek-Hussein M, Ameen AM, Lukic ML: 
Mycobacterium tuberculosis in the United Arab Emirates: evidence of local transmission 
with unique strains. Trans R Soc Trop Med Hyg , 95:591–4. 

14. Aleksic E, Merker M, Cox H, Reiher B, Sekawi Z, Hearps AC, Ryan CE, Lee A V, Goursaud R, 
Malau C, O’Connor J, Cherry CL, Niemann S, Crowe SM: First molecular epidemiology study of 
Mycobacterium tuberculosis in Kiribati. PLoS One 2013, 8:e55423. 

15. Global Education Website [http://www.globaleducation.edu.au/case-studies/tackling-
tuberculosis-in-kiribati.html] 

16. Sagwa E, Mantel-Teeuwisse AK, Ruswa N, Musasa JP, Pal S, Dhliwayo P, van Wyk B: The 
burden of adverse events during treatment of drug-resistant tuberculosis in Namibia. 
South Med Rev 2012, 5:6–13. 

17. Ricks PM, Mavhunga F, Modi S, Indongo R, Zezai A, Lambert LA, DeLuca N, Krashin JS, 
Nakashima AK, Holtz TH: Characteristics of multidrug-resistant tuberculosis in Namibia. 
BMC Infect Dis 2012, 12:385. 

18. Haas WH, Engelmann G, Amthor B, Shyamba S, Mugala F, Felten M, Rabbow M, Leichsenring 
M, Oosthuizen OJ, Bremer HJ: Transmission dynamics of tuberculosis in a high-incidence 
country: prospective analysis by PCR DNA fingerprinting. J Clin Microbiol 1999, 37:3975–9. 

19. TB CARE 1 Website: Namibia Country Profile 
[http://www.tbcare1.org/countries/africa/nam/] 

20. The World Health Organisation: Global Burden of Disease: Death and DALY Country Estimates. 
2009. 

21. Tiemersma EW, van der Werf MJ, Borgdorff MW, Williams BG, Nagelkerke NJD: Natural 
history of tuberculosis: duration and fatality of untreated pulmonary tuberculosis in HIV 
negative patients: a systematic review. PLoS One 2011, 6:e17601. 

22. Tanzania Ministry of Health and Social Welfare: District Health Profile: A Chart Book of 
Selected Health and Demographic Indicators. 2007:0–22. 

23. Miller DC, Salkind NJ: Handbook of Research Design & Social Measurement. Sixth. 2455 Teller 
Road, Thousand Oaks California 91320 United States of America: SAGE Publications, Inc.; 2002. 

24. Ranson MK, Bennett SC: Priority setting and health policy and systems research. Health 
Res Policy Syst 2009, 7:27. 

25. WHO Ad Hoc Committee on Health Research Relating to Future Intervention Options: 
Investing in Health Research and Development. Geneva, Switzerland; 1996:271.  

 

 

 

 



64 
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COHRED – Council On Health Research for Development 

CPP – Cost Per Patient Treated 

DALY – Disability Adjusted Life Year 

DALY pp – DALYs Per Person 

DISMOD – Generic Disease Modelling System 

ENHR – Essential National Health Research 

HIV – Human Immunodeficiency Virus 

Int.$ - International dollars 

MDR – Multiple Drug Resistant 

SA – South Africa 
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UAE – United Arab Emirates 
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FIGURE LEGENDS  

 
Figure 1: WHO model for ranking of research priorities [8]. Ability to tackle the burden of 
disease is represented by the efficacy of interventions, and the coverage in the population. 
Improvements in coverage can be gained via either health systems research or biomedical 
research to reduce the cost of interventions. Efficacy gains can arise from research to identify 
new interventions. 
Figure 2: Amended model based off of original WHO model. DALYs are represented as a 
product of disease burden (incorporating both incidence and prevalence measures) and DALYs 
due to the disease per person. DALYs which are currently being averted are appended to the 
ends of the axes, while those that currently exist could be averted with either health systems 
research to improve efficiency, biomedical research to reduce the cost of existing interventions, 
or research on new interventions to tackle the portion of the burden that not even the best 
existing interventions can avert. 
Figure 3: Construction of amended model. Stage One: Construction of the two axes to create the 
total DALYs attributable to a particular disease. Stage Two:  Determination of the DALYs 
currently being averted as well as those unavertable with existing interventions, based off of 
best and worst performing member states. Stage Three: Division of current DALYs into those 
that could be reduced with improvements in health systems, and those that could be reduced 
with reduction in costs of existing interventions. 
Figure 4: DALYs per person, Disease Burden and DALY weighted cost (purchasing power parity 
adjusted) for all member states. Lowest scorers are highlighted in green, highest in red, and 
South Africa in yellow for reference. Namibia and Eritrea are considered outliers in the Disease 
Burden and DALY weighted cost graphs respectively, and so the second highest countries are 
also included. 
Figure 5: Amended model of TB DALYs for South Africa. South Africa has an average DALY per 
person (pp) score of 1.48 and and absolute disease burden of 682322. 0.12 DALYs pp and a 
disease burden of 722 is unavertable with existing interventions, but is too small to see at this 
scale. South Africa is currently averting a DALY pp figure of 13.47, and an absolute disease 
burden of between 747 595 and 1 354 915. 
Figure 6: Subdivision of existing DALYs due to TB for South Africa. In the first graph, reduction 
from improved efficiency are calculated first, followed by reductions through use of existing but 
non-cost-effective interventions. In the second graph, these reductions are applied first, 
followed by the reductions from improved efficiency. 
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Figure 1: WHO model for ranking of research priorities [25]. Ability to tackle the burden of disease is 
represented by the efficacy of interventions, and the coverage in the population. Improvements in coverage 
can be gained via either health systems research or biomedical research to reduce the cost of interventions. 
Efficacy gains can arise from research to identify new interventions. 
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Figure 2: Amended model based on the original WHO model. DALYs are represented as a product of disease 
burden (incorporating both incidence and prevalence measures) and DALYs due to the disease per person. 
DALYs which are currently being averted are appended to the ends of the axes, while those that currently 
exist could be averted with either health systems research to improve efficiency, biomedical research to 
reduce the cost of existing interventions, or research on new interventions to tackle the portion of the 
burden that not even the best existing interventions can avert.  
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Figure 3: Construction of amended model. Stage One: Construction of the two axes to create the total DALYs 
attributable to a particular disease. Stage Two:  Determination of the DALYs currently being averted as well 
as those unavertable with existing interventions, based on the best and worst performing member states. 
Stage Three: Division of current DALYs into those that could be reduced with improvements in health 
systems, and those that could be reduced with reduction in costs of existing interventions. 
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Figure 4: DALYs per person, Disease Burden and DALY weighted cost (purchasing power parity adjusted) for 
all member states. Lowest scorers are highlighted in green, highest in red, and South Africa in yellow for 
reference. Namibia and Eritrea are considered outliers in the Disease Burden and DALY weighted cost graphs 
respectively, and so the second highest countries are also included.  
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Figure 5: Amended model of TB DALYs for South Africa. South Africa has an average DALY per person (pp) 
score of 1.48 and absolute disease burden of 682322. 0.12 DALYs pp and a disease burden of 722 is 
unavertable with existing interventions, but is too small to see at this scale. South Africa is currently averting 
a DALY pp figure of 13.47, and an absolute disease burden of between 747 595 and 1 354 915. 
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Figure 6: Subdivision of existing DALYs due to TB for South Africa. In the first graph, reduction from 
improved efficiency is calculated first, followed by reductions through use of existing but non-cost-effective 
interventions. In the second graph, these reductions are applied first, followed by the reductions from 
improved efficiency. 
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APPENDICES 
 

Appendix 1: Country figures (Data Summary Table) 

 

Country DALYS 
/ 100 
000 
(2004)
1 

Prevalence 
/ 100 000 
(2004)1 

Incidence 
/ 100 000 
(2004)1 

Disease 
Burden 
(column 
2+3)  

DALYS 
pp  
(column 
1/6) 

Country 
Population 
(2004)1 

Cost Per 
Patient 
Treated in 
local 
currency 
(2008 & 
2009)2 

DALY 
weighted 
cost per 
patient 
 

PPP 
Adjusted 
Cost 

DALY 
Weighte
d Cost 
PPP 
Adjusted 

Afghanistan                              
1 589  

372 189 561           
2.83  

18553819 333.9346 945.816548
3 

689.0832 1951.718 

Albania                                   
59  

27 20 47           
1.25  

3179442  0 #DIV/0! #DIV/0! 

Algeria                                   
64  

130 87 217           
0.29  

27751086  0 #DIV/0! #DIV/0! 

American 
Samoa 

 18 11 29                
-    

51885  #DIV/0! #DIV/0! #DIV/0! 

Andorra                                   
11  

17 13 30           
0.35  

63111  0 #DIV/0! #DIV/0! 

Angola                                 
875  

310 270 580           
1.51  

11742960  0 #DIV/0! #DIV/0! 

Anguilla  55 22 77                
-    

9549  #DIV/0! #DIV/0! #DIV/0! 

Antigua and 
Barbuda 

                                    
3  

5.5 4.3 9.8           
0.29  

66895  0 #DIV/0! #DIV/0! 

Argentina                                   
43  

47 35 82           
0.52  

34420352 77.3195 40.2345481
9 

181.1911 94.28594 

Armenia                                 
246  

109 75 184           
1.34  

3290540 108.2037 144.786843
6 

157.8949 211.2784 
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Aruba  8.2 6.4 14.6                
-    

76762  #DIV/0! #DIV/0! #DIV/0! 

Australia                                     
2  

7.5 5.9 13.4           
0.15  

17921818  0 #DIV/0! #DIV/0! 

Austria                                     
7  

17 13 30           
0.22  

7894229  0 #DIV/0! #DIV/0! 

Azerbaijan                                 
248  

945 416 1361           
0.18  

7669735  0 #DIV/0! #DIV/0! 

Bahamas                                   
91  

16 18 34           
2.67  

275426  0 #DIV/0! #DIV/0! 

Bahrain                                   
59  

53 43 96           
0.62  

545329  0 #DIV/0! #DIV/0! 

Bangladesh                              
1 362  

454 225 679           
2.01  

115059015 25.1185 50.3685585
8 

4304.934 8632.415 

Barbados                                     
4  

5.4 4.7 10.1           
0.35  

262637  0 #DIV/0! #DIV/0! 

Belarus                                 
223  

106 73 179           
1.24  

10293127  0 #DIV/0! #DIV/0! 

Belgium                                     
8  

15 12 27           
0.29  

10057529  0 #DIV/0! #DIV/0! 

Belize                                 
161  

43 40 83           
1.94  

214153  0 #DIV/0! #DIV/0! 

Benin                                 
458  

110 76 186           
2.46  

5473217  0 434.9904 1070.2 

Bermuda  6.8 5.3 12.1                
-    

61104  #DIV/0! #DIV/0! #DIV/0! 

Bhutan                                 
588  

548 307 855           
0.69  

523417 3348.1092 2304.34064
1 

7272.902 5005.585 

Bolivia 
(Plurinational 
State of) 

                                
841  

243 163 406           
2.07  

7304230  0 300.9444 623.5328 

Bonaire, Saint Eustatius 
and Saba 

6 0.69 6.69                
-    

18488  #DIV/0!  #DIV/0! 

Bosnia and                                   59 53 112           3462032  0 #DIV/0! #DIV/0! 
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Herzegovina 86  0.76  
Botswana                              

1 063  
591 773 1364           

0.78  
1546414 341.0421 265.786655

3 
560.7541 437.0163 

Brazil                                 
148  

62 53 115           
1.29  

159398558 573.5483 738.208359
3 

656.0267 844.3655 

British Virgin Islands 4.7 3.6 8.3                
-    

18070  #DIV/0!  #DIV/0! 

Brunei 
Darussalam 

                                
122  

85 66 151           
0.81  

282000  0 #DIV/0! #DIV/0! 

Bulgaria                                   
51  

81 56 137           
0.37  

8449971 4128.15 1543.85300
9 

6796.483 2541.761 

Burkina Faso                              
1 581  

101 64 165           
9.58  

10401025 180.0903 1725.28527
2 

324.6236 3109.93 

Burundi                              
2 333  

285 212 497           
4.69  

6017127 107.0442 502.525781 228.7816 1074.03 

CÃ´te d'Ivoire                              
2 069  

387 287 674           
3.07  

14253952 222.3401 682.527225 303.546 931.8086 

Cambodia                              
2 266  

1318 526 1844           
1.23  

10862069 141.3513 173.706496
7 

274.932 337.8637 

Cameroon                                 
604  

394 317 711           
0.85  

13589699 82.4731 70.1155413
6 

123.7221 105.1839 

Canada                                     
3  

6.9 5.5 12.4           
0.22  

29009032  0 #DIV/0! #DIV/0! 

Cape Verde                              
1 305  

270 155 425           
3.07  

385101 466.5605 1432.26609
3 

413.5754 1269.61 

Cayman 
Islands 

 1.9 1.5 3.4                
-    

31437  #DIV/0! #DIV/0! #DIV/0! 

Central 
African 
Republic 

                             
1 708  

939 763 1702           
1.00  

3247456 184.2757 184.944418
5 

251.4566 252.3691 

Chad                              
1 931  

212 151 363           
5.32  

6785842   0 #DIV/0! #DIV/0! 

Chile                                   
42  

32 22 54           
0.77  

14174890  0 #DIV/0! #DIV/0! 



75 
 

China                                 
275  

146 95 241           
1.14  

120152257
0 

189.2202 215.953455
3 

314.8542 359.3372 

China, Hong Kong SAR 125 98 223                
-    

6048024  #DIV/0!  #DIV/0! 

China, Macao 
SAR 

 113 88 201                
-    

391906  #DIV/0! #DIV/0! #DIV/0! 

Colombia                                 
153  

56 39 95           
1.61  

35797965 866.0785 1397.46343
8 

1526.205 2462.612 

Comoros                                 
235  

68 36 104           
2.26  

482401  0 #DIV/0! #DIV/0! 

Congo                              
1 655  

512 430 942           
1.76  

2658948 145.6943 256.013600
7 

163.1492 286.6853 

Cook Islands                                 
130  

7.8 6.1 13.9           
9.36  

18252  0 #DIV/0! #DIV/0! 

Costa Rica                                   
28  

41 25 66           
0.43  

3384498  0 #DIV/0! #DIV/0! 

Croatia                                   
45  

39 31 70           
0.65  

4658613  0 #DIV/0! #DIV/0! 

Cuba                                     
6  

14 9.6 23.6           
0.27  

10847842  0 #DIV/0! #DIV/0! 

CuraÃ§ao    0 #DIV/0
! 

145939  #DIV/0! #DIV/0! #DIV/0! 

Cyprus                                     
8  

4.6 3.6 8.2           
1.00  

837205  0 #DIV/0! #DIV/0! 

Czech 
Republic 

                                    
8  

15 12 27           
0.29  

10322561  0 #DIV/0! #DIV/0! 

Democratic 
People's 
Republic of 
Korea 

                                
260  

605 344 949           
0.27  

21471407  0 #DIV/0! #DIV/0! 

Democratic 
Republic of 
the Congo 

                             
1 898  

514 327 841           
2.26  

42650247 190.6451 430.269987
9 

239.5707 540.691 

Denmark                                     10 8.3 18.3           5212071  0 #DIV/0! #DIV/0! 
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6  0.31  
Djibouti                              

3 181  
871 619 1490           

2.13  
613219 20.5778 43.9311065

7 
30.75249 65.65284 

Dominica                                    
12  

20 14 34  71350  #DIV/0! #DIV/0! #DIV/0! 

Dominican 
Republic 

                                
334  

116 85 201           
1.66  

7774932 357.2499 592.785061
6 

522.2096 866.5028 

Ecuador                                 
612  

149 88 237           
2.58  

11173647 2419.3625 6246.83095 4652.62 12013.14 

Egypt                                   
75  

34 22 56           
1.34  

61032081 540.3559 725.347481
8 

1144.283 1536.03 

El Salvador                                 
189  

43 32 75           
2.53  

5663820 905.4206 2286.22625
1 

1561.07 3941.769 

Equatorial 
Guinea 

                             
1 141  

313 206 519           
2.20  

428005  0 #DIV/0! #DIV/0! 

Eritrea                              
1 705  

185 126 311           
5.48  

3186063 5296.0846 29029.1774
3 

12103.09 66340.09 

Estonia                                 
136  

57 46 103           
1.32  

1467016  0 #DIV/0! #DIV/0! 

Ethiopia                              
1 976  

350 359 709           
2.79  

55281054 147.4628 411.057866
4 

297.7255 829.9206 

Fiji                                   
66  

82 42 124           
0.53  

765725  0 #DIV/0! #DIV/0! 

Finland                                     
7  

10 7.8 17.8           
0.38  

5086368  0 #DIV/0! #DIV/0! 

France                                     
8  

14 11 25           
0.32  

57628904  0 #DIV/0! #DIV/0! 

French 
Polynesia 

 34 26 60                
-    

211583  #DIV/0! #DIV/0! #DIV/0! 

Gabon                              
1 078  

757 597 1354           
0.80  

1055707 262.4412 209.009465
5 

267.8666 213.3303 

Gambia                              
1 076  

378 244 622           
1.73  

1094974   0 #DIV/0! #DIV/0! 
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Georgia                                 
266  

354 193 547           
0.49  

5157814 1509.878 733.820869
7 

2386.581 1159.91 

Germany                                     
5  

10 8.2 18.2           
0.28  

81495194  0 #DIV/0! #DIV/0! 

Ghana                              
1 189  

173 125 298           
3.99  

16554855 480.9518 1919.07592
8 

912.15 3639.627 

Greece                                     
8  

7.5 5.9 13.4           
0.63  

10574134  0 #DIV/0! #DIV/0! 

Greenland  227 178 405                
-    

55631  #DIV/0! #DIV/0! #DIV/0! 

Grenada                                     
2  

8.6 4.3 12.9           
0.17  

99313  0 #DIV/0! #DIV/0! 

Guam  42 32 74                
-    

143492  #DIV/0! #DIV/0! #DIV/0! 

Guatemala                                 
361  

118 65 183           
1.97  

9788284 319.6153 631.109185 464.6974 917.5869 

Guinea                              
1 310  

329 216 545           
2.40  

7249558  0 #DIV/0! #DIV/0! 

Guinea-
Bissau 

                                
952  

286 207 493           
1.93  

1103003 87.1826 168.435360
8 

128.5097 248.2786 

Guyana                                 
350  

124 115 239           
1.46  

726552 2169.6615 3175.52141
8 

3471.152 5080.386 

Haiti                              
1 470  

393 277 670           
2.19  

7724690 18.161 39.8556066
7 

28.60248 62.77018 

Honduras                                 
298  

133 96 229           
1.30  

5440691 487.3005 634.701674
7 

837.4317 1090.742 

Hungary                                   
41  

31 24 55           
0.74  

10342427  0 #DIV/0! #DIV/0! 

Iceland                                     
4  

4.4 3.7 8.1           
0.50  

264909  0 #DIV/0! #DIV/0! 

India                                 
726  

383 212 595           
1.22  

946373316 44.5227 54.3145673
3 

111.4199 135.9245 

Indonesia                              
1 167  

370 201 571           
2.04  

196488446 196.7636 402.140091
6 

379.7913 776.2071 
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Iran (Islamic 
Republic of) 

                                  
84  

32 21 53           
1.59  

58808655 59.4036 94.6303889
7 

126.8188 202.0233 

Iraq                                 
314  

68 49 117           
2.68  

19633844  0 #DIV/0! #DIV/0! 

Ireland                                     
8  

14 11 25           
0.33  

3586685  0 #DIV/0! #DIV/0! 

Israel                                     
7  

9.6 7.7 17.3           
0.43  

5164345  0 #DIV/0! #DIV/0! 

Italy                                     
5  

9.5 7.7 17.2           
0.27  

56965197  0 #DIV/0! #DIV/0! 

Jamaica                                   
20  

8.4 6.5 14.9           
1.34  

2439337 134.205 179.907692
5 

170.1972 228.1568 

Japan                                   
16  

34 27 61           
0.27  

124097649  0 #DIV/0! #DIV/0! 

Jordan                                   
15  

9.2 7.2 16.4           
0.91  

4216536 3363.6363 3070.54279
7 

4183.891 3819.324 

Kazakhstan                                 
452  

366 247 613           
0.74  

16120117  0 #DIV/0! #DIV/0! 

Kenya                              
2 577  

334 357 691           
3.73  

26642887 172.346 642.731152
9 

250.6111 934.6057 

Kiribati                                 
141  

689 448 1137           
0.12  

76188 275.6205 34.1676224 488.7805 60.59225 

Kuwait                                   
41  

38 30 68           
0.61  

1687552  0 #DIV/0! #DIV/0! 

Kyrgyzstan                                 
481  

386 226 612           
0.79  

4542747  0 #DIV/0! #DIV/0! 

Lao People's 
Democratic 
Republic 

                                
778  

782 281 1063           
0.73  

4677981 358.091 262.209758
1 

769.3386 563.3431 

Latvia                                 
149  

113 84 197           
0.76  

2528893  0 #DIV/0! #DIV/0! 

Lebanon                                   
29  

14 12 26           
1.10  

3364891 840 921.904123
7 

1143.778 1255.302 

Lesotho                                 415 643 1058           1761558 193.75 175.511452 381.1072 345.2319 
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958  0.91  1 
Liberia                              

1 684  
443 261 704           

2.39  
2039922 87.5674 209.421228

9 
168.1252 402.0787 

Libya                                   
42  

53 40 93           
0.45  

4687106  0 #DIV/0! #DIV/0! 

Lithuania                                 
157  

98 77 175           
0.90  

3652438  0 #DIV/0! #DIV/0! 

Luxembourg                                     
6  

12 9.4 21.4           
0.28  

401804  0 #DIV/0! #DIV/0! 

Madagascar                              
1 248  

512 268 780           
1.60  

12728117 152.4593 243.928103
8 

275.5454 440.8604 

Malawi                              
1 563  

284 378 662           
2.36  

9772164 153.3289 362.091764
5 

316.1826 746.6767 

Malaysia                                 
423  

125 87 212           
2.00  

20205446 29.0697 58.0252983 45.23463 90.29171 

Maldives                                 
141  

80 56 136           
1.03  

243256 787.9856 814.723227
9 

916.0959 947.1805 

Mali                              
2 123  

107 71 178         
11.93  

9564231 205.7761 2454.53410
7 

311.9557 3721.063 

Malta                                     
3  

7.2 5.8 13           
0.20  

383314  0 #DIV/0! #DIV/0! 

Marshall 
Islands 

                                
206  

598 340 938           
0.22  

50565  0 #DIV/0! #DIV/0! 

Mauritania                              
1 783  

563 300 863           
2.07  

2228453 149.1446 308.154790
6 

254.7963 526.4468 

Mauritius                                   
53  

43 23 66           
0.80  

1122040  0 #DIV/0! #DIV/0! 

Mexico                                   
59  

35 23 58           
1.01  

90691331 91.5204 92.4551938
7 

123.5525 124.8145 

Micronesia 
(Federated 
States of) 

                                
250  

476 247 723           
0.35  

105825   0 #DIV/0! #DIV/0! 

Monaco                                     
4  

1 0.78 1.78           
2.36  

32574  0 #DIV/0! #DIV/0! 
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Mongolia                                 
534  

331 228 559           
0.96  

2288370 310.0646 296.276685
1 

575.7542 550.1516 

Montenegro  41 34 75                
-    

10707   #DIV/0! #DIV/0! #DIV/0! 

Montserrat  4.7 10 14.7                
-    

26523600  #DIV/0! #DIV/0! #DIV/0! 

Morocco                                 
213  

131 103 234           
0.91  

15409381 27.9314 25.4590540
5 

38.50031 35.09246 

Mozambique                              
1 872  

490 520 1010           
1.85  

41552659 321.3893 595.610360
4 

544.1064 1008.358 

Myanmar                                 
487  

677 406 1083           
0.45  

1603865 102.7053 46.1691292
5 

249.3781 112.103 

Namibia                              
1 048  

1622 1720 3342           
0.31  

9863 53.3333 16.7211161
8 

72.76991 22.8149 

Nauru                                   
66  

94 74 168           
0.39  

21064150  0 #DIV/0! #DIV/0! 

Nepal                                 
686  

236 163 399           
1.72  

30485798 37.6492 64.7577555
7 

80.81318 139.0011 

Netherlands                                     
5  

11 8.6 19.6           
0.25  

15320112  0 #DIV/0! #DIV/0! 

New 
Caledonia 

 34 26 60                
-    

186358  #DIV/0! #DIV/0! #DIV/0! 

New Zealand                                     
7  

13 9.9 22.9           
0.31  

3623421  0 #DIV/0! #DIV/0! 

Nicaragua                                 
234  

83 56 139           
1.68  

4535802 65.8333 110.915926
9 

132.5836 223.3768 

Niger                              
1 124  

272 150 422           
2.66  

8871631   0 #DIV/0! #DIV/0! 

Nigeria                              
1 847  

300 180 480           
3.85  

107452627 242.1602 932.027938
6 

314.4452 1210.239 

Niue                                   
57  

48 38 86           
0.66  

2204  0 #DIV/0! #DIV/0! 

Northern Mariana 
Islands 

108 84 192                
-    

54852  #DIV/0!  #DIV/0! 
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Norway                                     
4  

8.9 7 15.9           
0.24  

4333931  0 #DIV/0! #DIV/0! 

Oman                                   
31  

17 14 31           
1.02  

2182619  0 #DIV/0! #DIV/0! 

Pakistan                              
1 118  

488 231 719           
1.55  

124121817 132.1347 205.423388
1 

355.7163 553.0148 

Palau                                 
162  

56 34 90           
1.80  

16804  0 #DIV/0! #DIV/0! 

Panama                                   
75  

50 47 97           
0.78  

2622903 746.3093 579.081626
4 

1166.108 904.8148 

Papua New 
Guinea 

                             
1 318  

544 355 899           
1.47  

4595463 199.8906 293.132273
7 

307.9001 451.5243 

Paraguay                                 
304  

69 49 118           
2.58  

4685320 162.0019 417.670282
1 

278.9296 719.1311 

Peru                                 
439  

195 148 343           
1.28  

23404523  0 #DIV/0! #DIV/0! 

Philippines                              
1 429  

662 306 968           
1.48  

67703053 74.057 109.308295
8 

127.7074 188.4964 

Poland                                   
33  

34 26 60           
0.56  

38364540  0 #DIV/0! #DIV/0! 

Portugal                                   
40  

43 40 83           
0.48  

10077548  0 #DIV/0! #DIV/0! 

Puerto Rico  3.4 3.4 6.8                
-    

3668794  #DIV/0! #DIV/0! #DIV/0! 

Qatar                                 
153  

60 47 107           
1.43  

495126  0 #DIV/0! #DIV/0! 

Republic of 
Korea 

                                
111  

170 86 256           
0.43  

44365820  0 #DIV/0! #DIV/0! 

Republic of 
Moldova 

                                
437  

264 174 438           
1.00  

4361061 1009.7572 1007.45927
6 

1665.615 1661.825 

Romania                                 
201  

205 154 359           
0.56  

22810195 582.5 326.540490
6 

754.5337 422.9799 

Russian 
Federation 

                                
593  

216 139 355           
1.67  

148866314 4202.8952 7015.58731
3 

6931.291 11569.9 
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Rwanda                              
2 613  

230 176 406           
6.44  

5648306 140.7065 905.728204
8 

262.8331 1691.858 

Saint Kitts 
and Nevis 

                                  
42  

3.6 2.8 6.4           
6.55  

42511  0 #DIV/0! #DIV/0! 

Saint Lucia                                   
17  

13 10 23           
0.74  

145255  0 #DIV/0! #DIV/0! 

Saint Vincent 
and the 
Grenadines 

                                  
56  

41 25 66           
0.85  

108089  0 #DIV/0! #DIV/0! 

Samoa                                   
97  

24 18 42           
2.31  

166662  0 #DIV/0! #DIV/0! 

San Marino                                     
2  

2.6 2 4.6           
0.37  

25406  0 #DIV/0! #DIV/0! 

Sao Tome and 
Principe 

                             
1 308  

123 106 229           
5.71  

125488 269.6106 1539.69680
6 

350.919 2004.034 

Saudi Arabia                                 
143  

22 17 39           
3.66  

18117969  0 #DIV/0! #DIV/0! 

Senegal                              
1 584  

225 144 369           
4.29  

8143140 240.7377 1033.53286
1 

348.5668 1496.464 

Serbia                                   
46  

41 34 75           
0.62  

10753700 2140.5652 1317.26350
6 

3400.898 2092.849 

Seychelles                                   
34  

58 34 92           
0.37  

74016  0 #DIV/0! #DIV/0! 

Sierra Leone                              
2 863  

946 479 1425           
2.01  

3915066   0 #DIV/0! #DIV/0! 

Singapore                                   
36  

48 39 87           
0.41  

3385486  0 #DIV/0! #DIV/0! 

Sint Maarten (Dutch 
part) 

  0 #DIV/0
! 

  #DIV/0!  #DIV/0! 

Slovakia                                   
17  

21 17 38           
0.44  

5353767  0 #DIV/0! #DIV/0! 

Slovenia                                   
11  

20 15 35           
0.32  

1959752  0 #DIV/0! #DIV/0! 

Solomon                                 274 150 424           346599 234.4359 380.483345 378.8794 614.9114 
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Islands 688  1.62  
Somalia                              

1 441  
494 285 779           

1.85  
6484228 34.0004 62.9061542

2 
#DIV/0! #DIV/0! 

South Africa                              
2 484  

785 898 1683           
1.48  

40542036 274.0589 404.455542 421.0137 621.3311 

South Sudan  267 146 413                
-    

  #DIV/0! #DIV/0! #DIV/0! 

Spain                                   
13  

23 19 42           
0.31  

39318577  0 #DIV/0! #DIV/0! 

Sri Lanka                                 
236  

102 66 168           
1.41  

18089720 727.932 1024.11076
9 

1390.038 1955.612 

Sudan                              
1 576  

225 135 360           
4.38  

29367076 223.1417 976.713599
2 

316.62 1385.877 

Suriname                                   
58  

107 67 174           
0.34  

430102   0 #DIV/0! #DIV/0! 

Swaziland                              
2 216  

672 1120 1792           
1.24  

944404 58.4776 72.3070061
2 

104.6655 129.4179 

Sweden                                     
4  

7 5.5 12.5           
0.29  

8789976  0 #DIV/0! #DIV/0! 

Switzerland                                     
3  

9.9 7.9 17.8           
0.17  

6961228  0 #DIV/0! #DIV/0! 

Syrian Arab 
Republic 

                                
142  

34 28 62           
2.28  

13809349  0 #DIV/0! #DIV/0! 

Tajikistan                                 
996  

408 208 616           
1.62  

5691845  0 #DIV/0! #DIV/0! 

Thailand                                 
479  

248 164 412           
1.16  

59126690 822.8734 956.389089
3 

1536.614 1785.938 

The Former 
Yugoslav 
Republic of 
Macedonia 

                                  
65  

36 32 68           
0.95  

1953874  0 #DIV/0! #DIV/0! 

Timor-Leste                              
2 449  

741 498 1239           
1.98  

 46.5503 92.0113384
8 

83.12554 164.306 
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Togo                              
2 476  

117 81 198         
12.50  

3982804 338.1159 4227.36136
2 

527.2362 6591.876 

Tokelau  1.3 0.53 1.83                
-    

1524  #DIV/0! #DIV/0! #DIV/0! 

Tonga                                   
87  

34 24 58           
1.50  

95691 3109.3333 4667.95503
5 

4004.317 6011.569 

Trinidad and 
Tobago 

                                  
39  

17 15 32           
1.22  

1253000  0 #DIV/0! #DIV/0! 

Tunisia                                   
72  

29 23 52           
1.39  

8808669 391.2 541.964879
1 

657.9767 911.5549 

Turkey                                 
108  

30 31 61           
1.76  

57911273 2545.6496 4488.37119
7 

3106.4 5477.06 

Turkmenista
n 

                                
296  

367 189 556           
0.53  

4095512  0 #DIV/0! #DIV/0! 

Turks and Caicos Islands 27 21 48                
-    

14644  #DIV/0!  #DIV/0! 

Tuvalu                                 
119  

511 303 814           
0.15  

9188 2800 409.232054
8 

#DIV/0! #DIV/0! 

Uganda                              
2 213  

338 326 664           
3.33  

20193432 210.5723 701.729489
2 

405.0557 1349.843 

Ukraine                                 
502  

163 119 282           
1.78  

51377434  0 #DIV/0! #DIV/0! 

United Arab 
Emirates 

                                  
77  

3.7 2 5.7         
13.47  

2232980  0 #DIV/0! #DIV/0! 

United 
Kingdom of 
Great Britain 
and Northern 
Ireland 

                                    
9  

16 13 29           
0.31  

57838596  0 #DIV/0! #DIV/0! 

United 
Republic of 
Tanzania 

                             
1 606  

233 225 458           
3.51  

29064223   0 #DIV/0! #DIV/0! 

United States 
of America 

                                    
3  

6.5 5.6 12.1           
0.22  

263468980  0 #DIV/0! #DIV/0! 
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Uruguay                                 
342  

28 23 51           
6.70  

3200342  0 #DIV/0! #DIV/0! 

US Virgin 
Islands 

 9.9 7.7 17.6                
-    

106260  #DIV/0! #DIV/0! #DIV/0! 

Uzbekistan                                 
449  

522 255 777           
0.58  

22466866 968.4528 559.658133
9 

3391.529 1959.927 

Vanuatu                                 
372  

138 86 224           
1.66  

164254 646.874 1074.32497
7 

582.5191 967.4447 

Venezuela 
(Bolivarian 
Republic of) 

                                  
61  

46 34 80           
0.76  

21569680 122.0891 92.8857632
7 

209.7002 159.5406 

Viet Nam                                 
533  

335 205 540           
0.99  

72769366 72.1895 71.3057674
1 

155.372 153.47 

Wallis and Futuna 
Islands 

93 72 165                
-    

14077  #DIV/0!  #DIV/0! 

West Bank and Gaza 
Strip 

7.3 3.6 10.9                
-    

2479672  #DIV/0!  #DIV/0! 

Yemen                                 
363  

145 87 232           
1.57  

14530275 9.1323 14.2931169 15.5204 24.29124 

Zambia                              
1 972  

427 591 1018           
1.94  

8692599 164.5421 318.806967
9 

165.9756 321.5844 

Zimbabwe                              
1 911  

409 807 1216           
1.57  

11469872 171.2814 269.176178
2 

#DIV/0! #DIV/0! 

 

1- Mathers C, Boerma T, Ma Fat D: The Global Burden of Disease 2004. 2004. 

2- World Health Organisation: Global Tuberculosis Control - Surveillance, Planning, Financing. 2004. 
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Appendix 2: Disease Burden Estimates 

Data Type 
Prevalence Only 
  

Incidence Only 
  

Prevalence + Incidence 
  

 
Value Country Value Country Value Country 

DALY Data 
 

          
DALYs PP  3.16 SA 2.77 SA 1.48 SA 
Best DALYs PP 0.20 Kiribati 0.31 Kiribati 0.12 Kiribati 
Worst DALYs PP 21.16 Togo 38.38 UAE 13.47 UAE 
Disease Burden Data        
DB / 100000 785.00 SA 898.00 SA 1683.00 SA 
Disease Burden 318254.98   364067.48   682322.47   
Best DB /100000 1.00 Monaco 0.53 Tokelau 1.78 Monaco 
Best DB   405.42   214.87   721.65   
Worst DB/100000 1622.00 Namibia 1720.00 Namibia 3342.00 Namibia 
Worst DB  657591.82   697323.02   1354914.84   
2nd Worst DB/10000 1318.00 Cambodia 1120.00 Swaziland 1844.00 Cambodia 
2nd Worst DB 534344.03   454070.80   747595.14   
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Figure legends 
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image. You must have permission from the copyright to reproduce the image. Images that do not meet 

our requirements will not be used. 

Images must be 300dpi and 155mm square (1831 x 1831 pixels for a raster image). 

Allowable formats - EPS, PDF (for line drawings), PNG, TIFF (for photographs and screen dumps), JPEG, 

BMP, DOC, PPT, CDX, TGF (ISIS/Draw). 

PREPARING TABLES 

Each table should be numbered and cited in sequence using Arabic numerals (i.e. Table 1, 2, 3 etc.). 

Tables should also have a title (above the table) that summarizes the whole table; it should be no longer 
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Smaller tables considered to be integral to the manuscript can be pasted into the end of the document 

text file, in A4 portrait or landscape format. These will be typeset and displayed in the final published 

form of the article. Such tables should be formatted using the 'Table object' in a word processing 

program to ensure that columns of data are kept aligned when the file is sent electronically for review; 

this will not always be the case if columns are generated by simply using tabs to separate text. Columns 

and rows of data should be made visibly distinct by ensuring that the borders of each cell display as 
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black lines. Commas should not be used to indicate numerical values. Color and shading may not be 

used; parts of the table can be highlighted using symbols or bold text, the meaning of which should be 

explained in a table legend. Tables should not be embedded as figures or spreadsheet files. 

Larger datasets or tables too wide for a landscape page can be uploaded separately as additional files. 

Additional files will not be displayed in the final, laid-out PDF of the article, but a link will be provided to 

the files as supplied by the author. 

Tabular data provided as additional files can be uploaded as an Excel spreadsheet (.xls ) or comma 

separated values (.csv). As with all files, please use the standard file extensions. 

PREPARING ADDITIONAL FILES 

Although Health Research Policy and Systems does not restrict the length and quantity of data included in 

an article, we encourage authors to provide datasets, tables, movies, or other information as additional 

files. 

Please note: All Additional files will be published along with the article. Do not include files such as patient 

consent forms, certificates of language editing, or revised versions of the main manuscript document 

with tracked changes. Such files should be sent by email to editorial@health-policy-systems.com, quoting the 

Manuscript ID number. 

Results that would otherwise be indicated as "data not shown" can and should be included as additional 

files. Since many weblinks and URLs rapidly become broken, Health Research Policy and Systems requires 

that supporting data are included as additional files, or deposited in a recognized repository. Please do 

not link to data on a personal/departmental website. The maximum file size for additional files is 20 MB 

each, and files will be virus-scanned on submission. 

Additional files can be in any format, and will be downloadable from the final published article as 

supplied by the author. We recommend CSV rather than PDF for tabular data. 

Certain supported files formats are recognized and can be displayed to the user in the browser. These 

include most movie formats (for users with the Quicktime plugin), mini-websites prepared according to 

our guidelines, chemical structure files (MOL, PDB), geographic data files (KML). 

If additional material is provided, please list the following information in a separate section of the 

manuscript text: 

• File name (e.g. Additional file 1) 

• File format including the correct file extension for example .pdf, .xls, .txt, .pptx (including name and a URL of an 

appropriate viewer if format is unusual) 

• Title of data 
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• Description of data 

Additional files should be named "Additional file 1" and so on and should be referenced explicitly by file 

name within the body of the article, e.g. 'An additional movie file shows this in more detail [see 

Additional file 1]'. 

Additional file formats 
Ideally, file formats for additional files should not be platform-specific, and should be viewable using free 
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• Additional documentation 

o PDF (Adode Acrobat) 

• Animations 
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Mini-websites 
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(Internet Explorer and Firefox) are able to view all parts of the mini-website without problems, it is ideal to check this 
on a different machine. 

5. Compress the folder into a ZIP, check the file size is under 20 MB, ensure that index.html is in the root of the ZIP, and 
that the file has .zip extension, then submit as an additional file with your article. 

STYLE AND LANGUAGE 
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Currently, Health Research Policy and Systems can only accept manuscripts written in English. Spelling 
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Health Research Policy and Systems will not edit submitted manuscripts for style or language; reviewers 

may advise rejection of a manuscript if it is compromised by grammatical errors. Authors are advised to 

write clearly and simply, and to have their article checked by colleagues before submission. In-house 

copyediting will be minimal. Non-native speakers of English may choose to make use of a copyediting 

service. 

Help and advice on scientific writing 
The abstract is one of the most important parts of a manuscript. For guidance, please visit our page 

on Writing titles and abstracts for scientific articles. 

Tim Albert has produced for BioMed Central a list of tips for writing a scientific manuscript. American 

Scientist also provides a list of resources for science writing. For more detailed guidance on preparing a 

manuscript and writing in English, please visit the BioMed Central author academy. 

Abbreviations 
Abbreviations should be used as sparingly as possible. They should be defined when first used and a list 

of abbreviations can be provided following the main manuscript text. 

Typography 
• Please use double line spacing. 

• Type the text unjustified, without hyphenating words at line breaks. 

• Use hard returns only to end headings and paragraphs, not to rearrange lines. 

• Capitalize only the first word, and proper nouns, in the title. 
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• Use the Health Research Policy and Systems reference format. 

• Footnotes are not allowed, but endnotes are permitted. 

• Please do not format the text in multiple columns. 
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they will be lost during conversion to PDF. 
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Introduction 

Why rank? 

Ranking of priorities in health research is important as there are limited financial, human and infrastructural 
resources available, especially in developing countries. Therefore it is important that these resources be 
utilised to maximum effect. Selection of priorities on an ad-hoc basis often results in stagnation of research, 
misalignment of collaborative efforts and biases from certain parties, such as researchers. Undertaking a 
formal ranking procedure allows for transparency and consistency in decision making, reduces the 
potential for biased or irrational decision making, focuses research efforts, improves collaboration and 
research efficiency, and allows for participation in research prioritisation by various stakeholders, 
including civil society.  

How to rank? 

Priorities can be ranked by disease, feasibility of research, equity, research area, impact on disease burden, 
and other criteria. There are various frameworks available to guide the ranking process, although no gold 
standard currently exists. There are, however, some key principles that almost all frameworks have in 
common, as well as some glaring challenges faced by all. Any ranking exercise should be informed by 
relevant data, allow for a broad stakeholder composition in decision making and be tailored to the specific 
contextual background it is being performed in. Relevant criteria must be defined prior to ranking, and 
consistently applied by all parties. Some of the common pitfalls  

• The use of a quantitative model for ranking 
research priorities is needed to overcome biases 
and increase transparency and consistency in 
ranking 

• The WHO proposed a model in 1996 which has 
seen little use in its current state. However, 
amendments to the model can increase its 
validity and functionality, allowing it to be 
constructed using widely available data 

• Quantitative models are still in their infancy, 
and due to other factors of interest (e.g. equity) 
should be used in conjunction with other 
priority setting processes 

• Quantitative models can also serve as a useful 
tool for data presentation and interpretation  

• A quantitative model should be incorporated 
into all priority setting exercises 

• This model should be used to assist stakeholders 
with interpreting complex datasets 

• Research areas should be considered when 
setting priorities, in addition to issues such as 
equity and feasibility.  

• Further development and refinement of 
quantitative methodologies is required 

• Data sources which feed into such 
methodologies also need to be interrogated for 
accuracy,  

• More thorough understanding of the costs of 
research needs to be gained 

 



 

 

 

 

 

experienced in such processes include: deciding who is a relevant stakeholder, the uncertainty of health 
research outcomes, defining and deciding upon relevant criteria for ranking, limiting stakeholder biases, and 
defining a valid and transparent ranking process. It has thus been suggested that a simple quantitative way to 
rank competing research priorities is required. This policy document reports on the development and 
feasibility of using such a quantitative model via an adaptation of a framework proposed by the World Health 
Organisation. While policy makers at different levels may have different primary goals, they all have at some 
level a desire to reduce morbidity and mortality through their research priorities, and hence this methodology 
is of relevance to them all. 

The Proposed Model 

The development of a quantitative model to rank priorities by research area was based on the WHO model 
(see The World Health Organisation Model insert for more details), which is the only quantitative model 
previously described for ranking of priorities. The model is outlined below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Priority setting in South Africa at a glance 

South Africa’s National Health Research Committee (NHRC) held a priority setting summit in 2011, which loosely                                                                   
followed the Essential National Health Research framework of priority setting. Seven experts, as well as                                                                                                                     
sub-committees of the NHRC presented evidence and SWOT (strength, weakness, opportunity and threat) analysis for                                                                                                                    
seven areas of health research. The research areas were : HIV and TB; Maternal and child health; Non-communicable                                                                           
diseases; Violence and injury; Basic; Health systems; and National service delivery. A broader stakeholder constituent                                                                           
then divided into subcommittees and identified specific research questions for each of these areas. These research                                                                           
questions were then collated, and a shortlist of future recommendations was compiled (although no attempt was                                                                             
made to rank these questions in order of importance).  

For more information see: http://www.doh.gov.za/docs/reports/2012/summitreport.pdf  

Prevalence is an estimate of the number of people in the population with a 
disease at a given time. 
Incidence is an estimate of the number of new or recurring cases occurring over 
a time period. 
Some diseases have high incidence but could have a low prevalence depending 
on when the prevalence is measured (e.g. seasonal diarrhoeal diseases), or vice 
versa (e.g. chronic diseases). Therefore it is important that both measures are 
included in the analysis 

The overall DALYs from a 
disease are subdivided into 
four sections which inform 
the areas of research 
required. 

The model represents 
disease as total DALYs, 
which are a product of 
the severity of the 
disease, and the size of 
the population inflicted. 

DALYs: A Disability 
Adjusted Life Year is a 
measurement of the 
severity of disease that 
looks at both years of 
life lost due to fatality, 
as well as converting 
reductions in quality of 
life (due to a disease) to 
a hypothetical amount 
of years of life lost 



The model represents the severity of a disease as a combination of the impact it has on an individual who 
contracts it (DALYs per person) and the amount of people who contract the disease (Disease burden). It 
then divides the disease into four sections, three of which represent  different targets for research: 

• Unavertable with existing interventions – This proportion of the disease can be combated 
with basic research 

• Avertable with existing but non-cost-effective interventions – This proportion of the 
disease can be combated with biomedical research to reduce the cost of interventions 

• Avertable with improved efficiency – This proportion of the disease can be combated with 
health systems research 

Benefits of the model 

 It is objective. Provided the data is reliable, then there is no opportunity for personal biases to 
influence the results.  

 It is transparent. Unlike personal decision making, the methodology used to construct the model is 
entirely transparent.  

 The model is easy to construct. Minimal data inputs are required for construction of this model, 
which allows it to be used in many developing world setting where data is scarce.  

 Comparisons can be made between diseases as the figures used to construct the model are 
standardised across diseases.  

 The model guides the direction of research by area, but leaves the specific topics in that area up to 
researchers. This allows for some academic freedom and room for innovation. 

 The model can easily be incorporated into a broader priority setting framework/exercise. 

Limitations of the model 

 There is a high possibility of confounding variables influencing the results.  
 There are still issues that need to be addressed before it can have any practical worth, such as 

determining the costs of different types of research, as well as defining research endeavours by 
research area.  

 This model does not take into account issues such as equity, and so needs to be part of a broader 
process. 

 

 

 

 

 

 

 

 

The WHO model was developed in 1996, as part of the Investing in Research for Health report. It 

is a Disability Adjusted Life Year (DALY) based model with a focus on research areas as the unit of priority setting. Briefly, it conceptualises the 
ability to reduce DALYs as either through increases in the efficacy of interventions or increases in coverage of the population, as illustrated in 
figure 1.1.                                                                                                                                 

This model has  remained largely unused as no formal methodology for its                                                                                                                                
construction has been developed. Furthermore, there are some issues of the model                                                                                                                               
that need to be addressed: The model assumes mutual exclusivity of the three                                                                                                                                
forms of research, and that  combined they contribute to 100% efficacy and                                                                                                                                
coverage. The model also assumes that basic research can only improve                                                                                                                                
intervention efficacy, and health systems and biomedical research only population                                                                                                                                
coverage, but these latter two could also improve intervention efficacy. Finally,                                                                                                                                  
data on efficacy of interventions and coverage in populations is not readily                                                                                                                                 
available, so it is not clear that these are the best axes to use for this model. For                                                                                                                                 
these reasons an adaptation of the model was developed that addresses some of                                                                                                                                 
these issues, whilst still retaining the core principles of the model. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tuberculosis is the number one cause of death in South Africa, accounting for 11.6% of all deaths in 2010. In order to 
construct the model to determine what research would best tackle this problem, DALY data from the WHO Burden of 
Disease database was used, as well as data from the WHO                                                                                                       
Global TB and the Disease Control Priorities Project reports,                                                                                                       
as detailed in the table on the right. Comparisons were made                                                                                               
between South Africa and the best and worst performing                                                                                                         
countries in terms of DALYs per person, Disease Burden and                                                                                                         
Cost per patient treated. Efficacy of intervention data was                                                                                                         
also used to examine the efficacy of existing but non-cost                                                                                                        
effective interventions  Using this data it was determined                                                                                                         
that the burden of TB in South Africa is approximately                                                                                                                                
1 009 837 DALYs. These results are represented in the figure                                                                                                                  
below. The unavertable portion is almost invisible at this                                                                                                                   
scale, whilst that which is currently being averted is almost 10 times larger than the current DALY burden and hence 
was not depicted. It was also decided to apply gains due to increases in healthy systems efficiency prior to gains by 
use of non-cost-effective interventions, as South Africa is a developing country with limited resources and therefore is 
more likely to first implement more efficient measures, as opposed to more expensive measures. 

 

 

 

 

 

 

 

 

 

From this it was determined that: 

• 87 DALYs are unavertable no matter what (basic research) 
• 9 060 270 DALYs are currently being averted with  

South Africa’s intervention mix 
• 96% of DALYs could be averted with improvements 

in efficiency (health systems research) 
• 54% of the remaining DALYs could be averted with  

reductions in cost of existing Interventions  (biomedical research) 

 

South Africa’s current disease 
burden could be reduced 
significantly with improvements 
in health systems efficiency 

This could be further reduced 
with use of non-cost-effective 
interventions, or research to 
reduce the cost of drugs 

1.52% of South Africa’s DALY burden is unaccounted for. 

Unavertable DALYs comprise a very 
small fraction of the DALY burden 

Value Country
DALYs per person (pp) 1.48 SA
Best 0.12 Kiribati
Worst 13.47 UAE
Disease Burden  (per 100 000) 1683 SA
Best 1.78 Monaco
Worst 1844 Cambodia
Cost per patient 621.33 SA
Best 22.81 Namibia
Efficacy of Interventions 0.33
Irrespective of cost 0.71

Interrogating the data: Why does UAE 
(United Arab Emirates) have such high 
DALY pp levels even in the desert? 

It has long been known that drier climates speed TB 
recovery, and so it is surprising that the UAE would 
have such a high DALY per person rate. Some 
possible explanations include a large contribution 
from Southeast Asian migrants, and a particularly 
virulent strain of TB unique to the region. This serves 
to highlight the potential of confounding factors that 
limit the generalizability of cross country 
comparisons. 

 

For more information please see: Setting priorities in health research using the World Health Organisation model: Development 
of a quantitative methodology using tuberculosis in South Africa as a worked example, or contact the author: Mr Damian Hacking 
(damianuct@gmail.com) 
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