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Abstract
After having identified a short list of candidate indicators for assessing the impact of the European Innovation
Partnership on Active and Healthy Ageing (EIP on AHA) in the first and second reports on outcome indicators for MAFEIP,
the next step in this project was to develop a quantitative approach that could be suited to establishing a link between
candidate indicators and the EIP on AHA objectives. This report therefore conceptualises a model for estimating the
impact of the Partnership's activities on its targets for health and sustainability of health and care system using the
outcome indicators that were previously identified. In accordance with the EIP on AHA headline target of increasing the
average healthy life expectancy of European citizens by two years by 2020, we took the methods to calculate Healthy
Life Years (HLY) as a starting point, but adapted them to better accommodate the needs of MAFEIP. The rationale for
this adaptation was to ensure the resulting model can adequately estimate the health impacts achieved by EIP on AHA
commitments, and also to utilise data on indicators that are most frequently reported across EIP on AHA participants.
The resulting model is based on a Markov process with three generic health states ('baseline health', 'deteriorated
health' and 'death'), which can draw upon data from primary and secondary outcome indicators across populations,
interventions, commitments and geographic domains. We discuss how the model's flexibility that allows it to be applied
to different contexts could be enhanced further through the optional inclusion of additional health states or extensions
for incorporating additional secondary indicators. We also discuss how to use the model for estimating the impact of
activities delivered within the EIP on AHA on the sustainability of health and care systems in terms of the incremental
impact of the interventions on health and care expenditure. We propose that the model should be implemented as a
web-based monitoring tool to enable stakeholders within commitments to independently assess the impact of their
respective interventions on health and sustainability of health and care systems, with the support and guidance of IPTS.
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1.

Introduction

1.1

Background

IPTS in cooperation with DG CNECT and DG SANCO is developing a monitoring framework to assess
the evolution and impact of the European Innovation Partnership on Active and Healthy Ageing (EIP
on AHA), through the "Monitoring and Assessment Framework for the EIP on AHA" (MAFEIP) project.
The main objective of MAFEIP is to define a common monitoring framework, which should facilitate
and harmonise the monitoring of the process of the EIP on AHA and of the outcome and output of
the Action Groups within the EIP on AHA (not the individual commitments1 to the six specific Action
Groups). It will also seek to establish a link between the monitoring results and the EIP on AHA
objectives, namely the Triple Win (quality of life; sustainability of health and care systems; and,
innovation and growth) and the overall objective of increasing by two additional healthy life years
the average healthy life span of European citizens by 2020.
1.1.1 The development process

The input of both the Action Group members and experts has been the basis for the initial
monitoring framework developed by the EC. Experts were asked to provide input on the factors
influencing quality of life and on WHO, OECD and Eurostat data (meeting June 2012 – August
2012). In addition, in August 2012 the Action Group members were asked to provide input about the
methodology and indicators they are using and the kind of data they gather. After intensive
interaction between the Action Group members and the experts and following the Action Group
meetings on the further fine-tuning of the framework (September-October 2012), a meeting took
place with the experts and two members of each Action Group to discuss remaining issues in
November 2012 and to define the initial Monitoring Framework.
1.1.2 The initial monitoring framework

The objective of the outcome indicators is to monitor the factors influencing the Triple Win, for
example:


For Quality of life of patients/users, this may include changes in risk factors, nutrition or
physical activity



For Sustainability of health and care systems, changes in hospital admissions, or a shift
towards home care instead of institutionalisation



And for Innovation and growth possibilities, new employment opportunities.

The proposed monitoring framework consists of three columns, which represent the Triple Win as
shown in Figure 1 below:


Quality of Life



Sustainability of health and care systems and



Innovation and growth.

The multidimensional approach of the monitoring framework for the EIP on AHA entails a set of
building blocks which contain different indicators. The monitoring framework and its three columns
and building block system were originally devised in such a way that not all blocks of indicators are
necessarily relevant for all Action Groups. Therefore, not all individual actions may contribute to all
building blocks. However, each individual action should contribute to at least one building block. As a
result, the outcome indicators in Figure 1 may constitute a long-list of potential indicators which
1

Commitments are stakeholders who have committed to engage through a project or an initiative, and
contribute to the objectives of an EIP on AHA action, or a group of actions.
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may not always be equally fit for linking to the overarching objective of the EIP on AHA and the
Triple Win, either because the Action Groups' commitments cannot be forced to use specific
indicators or because some of the indicators initially thought of may not be adequate for estimating
the impacts on the EIP on AHA higher objectives.
Figure 1: EIP on AHA initial Monitoring Framework (5th of November 2012)

1.2

Refining and operationalising the initial framework

In order to further develop and operationalise the EIP on AHA monitoring and assessment
framework, the following exercises were carried out within the MAFEIP project (see MAFEIP
Inception Report annex2 and MAFEIP’s first report on outcome indicators3:

2
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I.

A double-check of the interactive process with experts and Action Group members that
led to the initial framework structure, including the review of the indicators mentioned
in the survey of Action Group participants from August 2012. This interactive process
led to the definition of the initial Monitoring Framework of the EIP on AHA (Figure 1).

II.

A review of Reference Sites' good practices, which provided the EIP on AHA with cases
of comprehensive, innovation-based approaches to active and healthy ageing. This
review identified outcome indicators from a self-assessment questionnaire submitted
by a total of 71 good practices in April 2013. Some of the indicators identified in the
analysis were found to be used by a number of Reference Sites, others were very
specific to a few or even single sites. General categories of impact were thus defined,
under which specific indicators were further specified and the frequency of occurrence

http://publications.jrc.ec.europa.eu/repository/bitstream/JRC85879/jrc85879.pdf
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC91162/jrc91162.pdf
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across the Reference Sites was recorded. This led to the identification and
categorisation of indicators, and the assessment of their relevance across reference
sites.
III.

A clustering exercise which consisted of a review of commitments' good practices for
Action Groups A1, A3, B3 and D4 in order to identify the outcome indicators used by
these good practices, after grouping the interventions described into clusters.

IV.

A systematic review of the scientific literature in each of the six Action Group domains.
Though the review was done through systematic searches in specialised scientific
databases, it could not be exhaustive because of the limited time and resources
available and the breadth of the fields concerned. However it provided some useful
indications of whether targeted initiatives like those undertaken by EIP on AHA
commitments lead to scientifically-sound outcomes.

V.

A review of macro-level and intermediary-level indicators with a view to assessing the
possibility of establishing the link between the outcomes of Action Groups’
commitments and the higher objectives of the EIP on AHA.

VI.

An analysis of data from a survey conducted across Action Groups to learn about the
actual outcome indicators being used to measure the impact of commitments on the
health and sustainability targets of the EIP on AHA.

To inform the choice of outcome indicators proposed for use in the MAFEIP project, the above data
sources I to V were studied in conjunction. The rationale was that each single source of information
may not be adequate to inform the choice of outcome indicators for the monitoring framework of
the EIP on AHA on its own, however, together, the various sources may support or disqualify the use
of particular outcome indicators. In addition, whilst not conceptualising quantitative models as this
is the purpose of the current report, we took into account aspects of linking outcome indicators to
the 2HLY and the Triple Win in order to discriminate between a set of "primary outcome
indicators" and "secondary outcome indicators". Primary outcome indicators are not just
relevant across a number of commitments and Action Groups, but also particularly well suited to
establishing a quantitative link to the Triple Win and the headline target. Secondary outcome
indicators may require more elaborate approaches to establishing a quantitative link to primary
outcome indicators, and ultimately to the Triple Win and the headline target. Secondary indicators
could either be relevant for several Action Groups (common secondary indicators), or targeted at
particular Action Groups (specific secondary indicators).
The joint analysis of data sources I to V, combined with initial considerations regarding the ability of
outcome indicators to be linked to the EIP on AHA objectives, led to the definition of a short list of
potential outcome indicators for the quantitative monitoring of the Partnerships' impact on quality
of life and the sustainability of health and care systems. The results of this exercise were reported
in MAFEIP’s first report on outcome indicators4. Subsequently, we used data from the survey
conducted across Action Groups (data source VI) to confirm and further refine this shortlist of
outcome indicators, and the results from this exercise have been reported in the "MAFEIP Second
report on outcome indicators"5. Before describing in more detail the aim of this document, which is
to propose a quantitative modelling strategy for MAFEIP that links health impact and health and
care system outcomes to EIP on AHA objectives, we will briefly summarise below the results from
MAFEIP’s first and second reports on outcome indicators.

4
5

See footnote 3
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC93431/jrc93431.pdf

5

1.3

Short-list of candidate indicators for quantifying EIP on AHA outcomes

As mentioned, the activities described above resulted in a short list of potential outcome indicators
for quantitatively modelling the impact of EIP of AHA activities. The results are presented separately
for the columns 'Quality of Life' and 'Sustainability of health and care systems'.
1.3.1 "Quality of Life" Column

Our provisional proposal for outcome indicators in the Quality of Life column of the monitoring
framework is summarised in Table 1.
Table 1: Provisional proposal for outcome indicators within the QoL column

Common indicators

Specific indicators

Primary indicators
HRQoL
Mortality

n.a.

Secondary indicators
Risk Factors
Physical Activity
Adherence to treatment
Falls
Frailty
Nutrition
Mental health / depression
Cognitive decline
Functional status

Key (primary) outcome indicators should be general enough to be relevant across all Action
Groups of the EIP on AHA, but also sufficiently specific and sensitive to capture the impact of
particular interventions within each Action Group. We identified measures of health-related
quality of life (HRQoL), in particular instruments suited to constructing a single metric that
combines the valuation of a certain health state with the time spent in this state, like the EQ-5Dinstrument; or instruments that could potentially be mapped towards the EQ-5D including - but not
limited to - members of the SF-family (e.g. SF-36 or SF-6D). Accordingly, we also identified
mortality rates as primary indicators, stratified by major target diseases such as heart failure,
stroke, COPD, dementia, falls, or suicide as applicable to each Action Group. The analysis of survey
data reported in the MAFEIP’s second report on outcome indicators provided very strong support for
the use of primary outcome indicators for the purposes of MAFEIP, with 63% of respondents
reporting the use of HRQoL and/or mortality indicators.
Secondary outcome indicators generally require a more elaborate approach to linking outcomes
to the EIP on AHA objectives and the headline target and they could either be relevant for several
Action Groups (common secondary indicators), or targeted at particular Action Groups (specific
secondary indicators). The common secondary indicator 'Risk factors' includes routine clinical
measures such as blood pressure, cholesterol levels, blood glucose, and body mass index. A change
in risk factors due to interventions delivered within different commitments may result in a change
in quality-adjusted life expectancy. A quantitative link could be established, for instance, through
the use of validated risk stratification tools such as the Framingham risk equation [D'Agostino et al.,
2008] or the QRISK-tool [Hippisley-Cox J et al., 2007] for estimating cardiovascular disease risk. The
common secondary indicator Physical Activity initially appeared to be relevant across a number
of commitments and Action Groups. In addition, some evidence could be found in the literature and
studies exist that provide a link between changes in physical activity behaviour and respective
changes in quality-adjusted life expectancy using Decision Analytic Modelling (DAM) [NICE, 2006:
Anokye et al., 2011; Anokye et al., 2013]. However, the survey data analysed in MAFEIP’s second
report on outcome indicators showed that coverage through the inclusion of common secondary
indicators (both risk factors and physical activity) could only be increased by 9%, i.e. from 63% to
72% of respondents to the survey.
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Next to those secondary indicators that are commonly supported by commitments across Action
Groups, we identified some additional candidate indicators after a review of the good practices
presented by each Action Group in their respective booklets6. We refer to these indicators as specific
secondary indicators as they are not generally applicable across all Action Groups, but rather
relevant for one or a few Action Groups within the EIP on AHA only. Whilst these indicators were
initially supported through a combined analysis of good practices and clustering data in MAFEIP’s
first report on outcome indicators, survey data indicated that additional coverage achieved through
specific secondary indicators may be even lower than for common secondary indicators. For
cognitive decline, functional status, frailty and adherence, it oscillated between 0% and 4% in all
but Action Group A2. In this Action Group, only falls indicators sustained their relevance in terms of
additional coverage of four responses to the survey (18%). Nutrition, which we handled as a special
case in MAFEIP’s first report on outcome indicators, only increased coverage of additional responses
by 2%. Additional coverage was also low for instruments measuring and valuing mental health, in
particular depression (1%), but for some of these instruments, mapping towards more general
measures of HRQoL, such as the EQ-5D instrument, may be an option [e.g. Dakin, 2013].
We considered the inclusion of secondary common and specific indicators in MAFEIP’s first report on
outcome indicators to provide an alternative should we not find enough support for primary
indicators. However, this support was overwhelmingly in favour of primary indicators in the survey.
This survey was answered by 36% of participants across the six Action Groups and may therefore
be broadly indicative of the data on indicators that may actually become available in the future. We
decided, however, not to drop secondary indicators, but to consider the trade-off between the
resources required for adding additional indicators to the framework, and the incremental increase
in coverage that could be achieved, and the implications for the methods to link individual indicators
with EIP on AHA objectives. Hence, in this report our aim is to develop a generic model that can be
adapted to different target populations, interventions and settings, and which may be fed with data
related to the different (primary and secondary) outcome indicators mentioned in Table 1 above.
Furthermore, we have developed a section on potential extensions to the general model which
would allow the use of additional data from those secondary indicators which the general model
could not accommodate. However, further work in this direction will depend on the feasibility of and
resource availability for developing such model extensions for linking up these secondary indicators
to the EIP on AHA objectives.
1.3.2 "Sustainability of health systems" Column

In MAFEIP’s first and second reports on outcome indicators, we proposed collecting information on
the change in quantities of resources used as the primary focus of analysis for assessing the
impact of EIP on AHA on the sustainability of health and care systems. The most frequently
mentioned outcome indicators for the sustainability of health and care systems are:


Health and care resource use, e.g. number of visits to primary care; measures of hospital
/ emergency admission and length of stay.



Health and care cost / expenditures (resource use valued in monetary units) e.g. drug
cost, administrative cost.

The above is supported by the scientific evidence which shows two main types of outcomes: costrelated and utilisation-related, as reported in MAFEIP’s first report on outcome indicators.
We think that commitments should be encouraged to report any relevant resource use information,
regardless of whether resource use items are likely to be positively or negatively affected by the
6

The booklets can be found in the library of the EIP on AHA marketplace:
https://webgate.ec.europa.eu/eipaha/library/
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intervention. This relates to both changes in resource use patterns due to the intervention and also
changes in the likelihood of related future health and care utilisation. On the other hand, collecting
information on health and care cost / expenditures only (i.e. resource use valued in monetary units)
may limit the possibilities of transferring or extrapolating information from individual commitments
to other settings, or to a health/care system level. The main reason is that relative prices may differ
substantially between settings, so that an identical change in resource utilisation in two settings
may translate into differing impact on respective health and care expenditure. In addition, unit costs
of resources are also likely to change over time within the same setting, which may impact on
respective health and care expenditure even if utilisation remains constant. Therefore, whilst
resource use data should be collected on an intervention level, we propose that information on unit
cost for resources should be collected via desk research unless this data can be provided by EIP on
AHA participants.

1.4

Aim and objectives of this report

After having defined a shortlist of candidate indicators for the quantitative assessment of impact
within the EIP on AHA policy initiative in MAFEIP’s first and second reports on outcome indicators,
the next step in this project is to conceptualise a quantitative model that could be suited to
establishing a link between candidate indicators and the EIP on AHA objectives. In previous reports,
in particular in MAFEIP’s first report on outcome indicators, we have already briefly considered the
feasibility of building quantitative models to link potential outcome indicators with EIP on AHA
objectives. However, we only did so to make a decision on the inclusion or exclusion of indicators, as
their usefulness for MAFEIP depends on whether they a) can capture impact on an intervention level
and b) allow a quantitative assessment and, at least in principle, extrapolation towards the EIP on
AHA objectives. Hence, the primary aim of this report is to develop further the ideas expressed in
MAFEIP’s first report on outcome indicators and to conceptualise a quantitative approach for the
estimation of impact using the outcome indicators previously identified as potential candidates for
MAFEIP. This includes both the development of an overall conceptual framework and the provision
of further details regarding the modelling strategy to link individual outcome indicators with the EIP
on AHA objectives. However, it should be noted that because the EIP on AHA policy initiative is in its
early stages and consequently actual outcome data is scarce, this report does not aim to provide
final models to quantify EIP on AHA outcomes, as this will only be possible once we know exactly
what kind of data will become available on an intervention level. Neither do we aim to provide a
comprehensive framework that covers all possible cases (interventions / commitments) within the
EIP, as this would be unrealistic given the size of the EIP on AHA and the varying scope of
participating commitments. Furthermore, though the ability to link up to the EIP on AHA objectives
played a role when we selected candidate indicators, the technical feasibility of doing so within the
scope of MAFEIP is still unclear for some secondary indicators. Even though this question is not
within the scope of the current deliverable, we will address both the relevance of some secondary
indicators (such as, for instance, 'falls', 'frailty', or 'cognitive decline') for adapting the general model
developed here to a particular target population and intervention, and also potential model
extensions for the inclusion of other secondary indicators (such as, for instance, 'physical activity',
'risk factors', or 'adherence to treatment') into the framework. Hence with this deliverable, we aim to
provide a methodological framework that tries to address the major challenges within MAFEIP, i.e.
the mentioned variety of interventions within commitments and Action Groups and the expectation
of very scattered and incomplete outcome data. Both require a highly flexible modelling approach
that can be adapted to a variety of commitments, interventions, disease areas and geographic
domains, whilst still providing reliable and scientifically robust estimates. Obviously, our proposal
will require further fine-tuning once actual data becomes available to model the outcomes of
commitments participating in the EIP on AHA policy initiative.
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1.5

Structure of this report

The rest of the report is structured as follows:



Chapter 2 provides a rationale for our overall modelling approach, which builds upon the
general method to calculate Healthy Life Years (HLY). We will then provide details and
examples of the calculation of health expectancies in general and HLY in particular. We
conclude Chapter 2 by highlighting some of the key characteristics of the general HLYmodel. This model may require adjustment for MAFEIP, which aims to adequately estimate
the health outcomes achieved within the EIP on AHA.



Chapter 3 will pick up on this discussion by trying to address these challenges whilst
extending the general approach of calculating HLY and transforming it into a model which is
more suitable for the purposes of MAFEIP.
o Section 3.1 provides the basis for proposing a Markov-Model with three generic
health states ('baseline health', 'deteriorated health' and 'death') to link outcome
indicators across populations, interventions, commitments and geographic domains
to the EIP on AHA objectives.
o Section 3.2 elaborates on issues related to the implementation of the proposed
model, such as the incremental approach that we adopt for MAFEIP, the
development of a web-based tool based on the proposed model to enable
commitments to assess their respective impact on the EIP on AHA objectives related
to quality of life and the sustainability of health and care systems, the optional
inclusion of additional health states to further improve the flexibility of the
proposed tool, as well as data needs and potential sources to populate the tool with
the required data.
o Section 3.3 describes how some secondary outcome indicators (such as information
on 'falls', 'frailty', or 'cognitive decline') could be utilised to adapt the generic Markov
Model to a particular target population and intervention. We also discuss potential
model extensions for other secondary outcome indicators (such as 'physical activity',
'risk factors' or 'adherence to treatment').
o Section 3.4 explains how to adapt further the proposed model in order to estimate
the impact of EIP on AHA activities on the sustainability of health and care systems.




Chapter 4 discusses remaining challenges for quantitative modelling within MAFEIP.
Chapter 5 offers our conclusions.
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2.

Adapting the Healthy Life Years (HLY) model to build a quantitative
model for the EIP on AHA objectives

In this chapter, we first present the rationale for our approach, which consists in developing a model
based upon the general method for the calculation of the HLY-statistic, since HLY have previously been
chosen as the unit of measurement for the EIP on AHA headline target. We then provide details on the
calculation of health expectancies in general and HLY in particular, before we elaborate on some
characteristics of the HLY-statistic that need special consideration for the purposes of MAFEIP.
Attention will be given to the difference between Healthy Life Years (HLY) and Quality Adjusted Life
Years (QALYs), as we deem it crucial to incorporate information on health related quality of life
(HRQoL) in order to estimate the potential impact of the EIP on AHA on its Quality of Life objective.

2.1

Rationale for adapting the HLY model

In the MAFEIP first and second reports on outcome indicators we outlined the major difficulties with
extrapolating health outcome within the EIP on AHA towards the HLY-statistic. In brief, the analysis
done in these reports showed that the HLY indicator is not actually used by any commitment of the EIP
on AHA. Further, in the "MAFEIP First report on outcome Indicators" we discussed some key
characteristics of the HLY-statistic that reduce its capacity to capture potential health gains from the
activities delivered within the EIP on AHA. These characteristics may not be regarded as a disadvantage
of the HLY-statistic per se, but rather as a consequence of the fact that HLY have been developed with
a different purpose in mind than estimating incremental health gain from a particular intervention. In
the "MAFEIP First report on outcome Indicators" we have therefore proposed to extrapolate from
outcome indicators in the QoL block of the monitoring framework to Quality Adjusted Life Years, and to
add gains in quality adjusted life expectancy across interventions and commitments targeted at
different populations. We have further stated that, for the final link between the QALY-statistic and the
headline target expressed in HLY, more exploratory work will be required.
As a consequence, we have decided - in a first step - to systematically review the scientific literature to
help bridging between those two measures of health expectancy, Healthy Life Years and Quality
Adjusted Life Years. The review, conducted between March 18th and March 24th 2014 across SCOPUS,
Pubmed, Cochrane Library and Health Economics Evaluation database (HEED), aimed to identify papers
that have previously discussed or attempted to provide a link between the HLY and the QALY metric.
We have further extended our search to include papers looking into potential links between Disability
Adjusted Life Years (DALY) and HLY, hoping this could result in further insights about potential links
between indicators that could be useful for our purposes. Unfortunately, we could not identify suitable
models in the state-of-the-art scientific literature that would provide such linkage. This may be due to
the above mentioned fact that HLYs and QALYs have been developed with a different purpose in mind.
Whilst QALYs are useful for estimating health gain from particular healthcare interventions [e.g.
Weinstein et al., 2009], which makes them particularly suitable for the purposes of MAFEIP, the primary
aim of the HLY statistic is to provide information on the current health status (or rather health
expectancy) of a particular target population [e.g. Robine et al., 1999; Jagger et al., 2008]. Appendix 1
provides details on the search strategy used within each database, the search results, and the number
and references of papers reviewed in full-text.
Whilst not providing an actual model for linkage between the QALY and the HLY statistic, the literature
review did result in a number of useful insights for understanding the construction of HLY. Hence, we
have used this information to look into the details of the method used for building the HLY indicator in
order to find out whether this could give us some clues as to how we may be able to bridge the link
between Quality Adjusted Life Years on the one hand and Healthy Life Years on the other.
In brief, both HLYs and QALYs are measures of health expectancy which combine information on the
length of life with information on the health state in which this life is being lived (e.g. Weinstein et al.,
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2009; Jagger et al., 2006). At their extreme values (i.e. 'full health' and 'death'), both measures may be
regarded as equivalent, that is, one year in full health should be equivalent to one HLY or one QALY.
Respectively, 'death' can be expressed as 'zero' HLYs or 'zero' QALYs. However, the key difference
between both measures lies in the continuum between 'full health' and 'death'. Whilst the HLY-statistic
only captures one state of 'disability', which is defined as being limited in usual activities for at least
six month (Jagger et al., 2006, Eurostat: EU-SILC, 2014), QALYs allow discriminating between health
states on an interval scale between 0 ('death') and 1 ('full health') (e.g. Weinstein et al., 2009). Further
the use of QALYs is advocated on the basis that, from a public policy perspective, their value is the
same, no matter who gets it (e.g. Weinstein, 1988). These properties allow us to argue that an
incremental QALY gain for many should be equivalent to a large gain in QALYs for a few, i.e. 100 *
0.01 QALY = 1 QALY = one year in full health = 1HLY. This makes the QALY statistic particularly useful
for MAFEIP as it has the potential to overcome one major drawback of the HLY-metric, which is its
insensitivity to capture health gains which neither result in prolonged life nor fully restore the health of
an individual (i.e. move the individual from an 'disabled' state to the 'healthy' state). In other words, if
patients gain from the interventions delivered within MAFEIP, but not sufficiently for their health to be
restored (as it is the case by definition for chronically sick patients for instance) the HLY-statistic would
not, in contrast to the QALY, be able to capture this. On the other hand, if incremental QALY gains add
up to a full QALY, and a year in full health is the same irrespective of our choice of outcome measure,
the distinction between the QALY statistic and HLY becomes, at least in theory, redundant.
In practice, however, there are differences between the two which have to be considered further. It is
obvious that we cannot estimate HLY in MAFEIP: on the one hand this would not allow capturing the
above mentioned incremental health gains that do not result in full health of patients treated within
the EIP on AHA, on the other we simply lack the data required to estimate HLY in the way EUROSTAT
does as none of the commitments participating in the EIP on AHA reported to estimate HLY. Hence, any
aggregated measure of health outcome will inevitably differ from the HLY-statistic as deployed by
EUROSTAT. The best we can do, under these circumstances, is to take the HLY-model as a starting
point and develop our own model by adapting the HLY-statistic to the specific needs of the EIP on AHA
monitoring and assessment framework, most importantly by including HRQoL data to allow estimating
health gains on an interval scale. This approach strikes a balance between the need to obtain data on
health gain that can be easily understood, communicated and connected to the EIP on AHA headline
target (i.e. the 2HLY gain and Quality of Life improvement), and the required adjustments to the HLY
model that we deem necessary to allow for efficient monitoring and assessment of health gain within
the MAFEIP project. This also means, however, that there are constraints with regard to the
comparability between the metric to express overall health impact of the EIP on AHA as developed in
this proposal, and the HLY-statistic as deployed by Eurostat to estimate the health expectancy of
European citizens [Eurostat: glossary, 2014]. We will discuss these differences in detail throughout the
remainder of this document.
The following sections will explain in more detail how the HLY-statistic as deployed by Eurostat is
constructed and which features may require adaptation for our purposes.

2.2

Constructing Healthy life Years (HLY) as a measure of health expectancy

Health expectancies are "the combination of a life expectancy figure with a concept of health which
makes it possible to calculate the number of years lived in different health states." [Robine et al, 1999]
In other words, health expectancies generally comprise the length of time spent in different health
states, no matter how health states may be defined [Jagger et al, 2006]. As Robine et al. (1999)
further specify, there are "as many possible health expectancies as there are concepts of health." One
particular type of health expectancy is the Healthy Life Year statistic (HLY) as currently deployed by
Eurostat [Eurostat: glossary, 2014], which was also chosen as indicator for the headline target of the
EIP on AHA.
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The HLY indicator deployed by Eurostat belongs to the European Core Health Indicators (ECHI) and is
defined as the number of years that a person is expected to continue to live in a healthy condition
[Eurostat: glossary, 2014]. The indicator is calculated separately for men and women and for three
ages (at birth, at the age of 50 and at the age of 65 respectively) [Eurostat: glossary, 2014]. Mortality
statistics (length of life/life expectancy) are being combined with data on self-reported activity
limitation/disability (health state). Whilst mortality data is obtainable from the Eurostat demographic
database [Eurostat: population data, 2014], self-reported disability data stems from the EU Statistics
on Income and Living Conditions (EU-SILC) [Eurostat: EU-SILC, 2014], which contains a module on
health. Respondents are being asked: “for at least the past 6 months, to what extent have you been
limited because of a health problem in activities people usually do? Would you say you have been 1.
severely limited / 2. limited but not severely, or / 3. not limited at all?” [Eurostat: EU-SILC, 2014]. The
HLY statistic is then calculated following the 'Sullivan method' [Eurostat: glossary, 2014].
The Sullivan method is described in great detail in work published by the European Health Expectancy
Monitoring Unit (EHEMU) [Jagger et al., 2006]. In brief, health expectancies calculated by the Sullivan
method take into account the years that a person of a particular age can expect to remain living in a
particular health state (no matter how this state may be defined) [Jagger et al., 2006]. To calculate
HLY according to the Sullivan method, information on the age-specific prevalence of particular health
states among the population is required, which in our case is provided by the EU-SILC data [Eurostat:
EU-SILC, 2014]. For the HLY statistic, the two 'disability' states (severely and moderately limited) are
merged into one state, leaving us with three potential health states to consider: 'healthy', 'disabled' and
'death' [Jagger et al., 2006]. For estimating the transition into the 'death' state we require mortality
data, which is, as mentioned above, available from Eurostat's demographic database [Eurostat:
population data, 2014]. Age cohorts are often expressed in five or ten year intervals, as proportions of
different health states may be too small in smaller age intervals [Jagger et al., 2006].
The Sullivan method is based on a life table approach as illustrated in Table 2 below:
Table 2: Life table approach for constructing Healthy Life Years (HLY)
1

Age

X

2

Mid- year population size

Px

3

No of deaths

Dx

4

Central death rate

5

Conditional probability of death

6

Numbers surviving to age X

lx+1= lx(1-qx)

7

Person years lived at age x

Lx=0.5*(lx+lx+1)

8

Total number of years lived from age x

Tx =∑ Lx

9

Total life expectancy

ex=Tx/lx,

mx=Dx/ Px
𝑞𝑥 =

𝑚𝑥
(1
1 + − 𝑎 𝑥 ) ∗ 𝑚𝑥

10

Proportion with disability

11

Person years lived without disability at age x

(1-x)Lx

12

Total years lived without disability from age x

∑ (1-x)Lx

13

Disability free life expectancy

14

Proportion of life spent disability free

x

𝐷𝐹𝐿𝐸𝑥 =

∑ (1 − 𝜋𝑥 )𝐿𝑥
𝑙𝑥

%DF = DFLEx / ex

Adapted from Jagger et al (2006)
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In order to populate Table 2 with data and to construct HLY, we require information on the three rows
shaded in grey, i.e. the population size (Px, row 2), the number of deaths in each age cohort (Dx, row 3),
and the proportion with a disability (x, row 10) in each age cohort [Jagger et al., 2006]. With this data,
we can calculate the central death rate (mx, row 4), which is simply mx=Dx/ Px. The conditional
𝑚𝑥
probability of death in the age cohort is then calculated as 𝑞𝑥 =
, where ax is a half-term
)∗𝑚
1+(1−𝑎𝑥

𝑥

correction as people who die in period x usually have lived throughout part of that period (therefore, a x
is often set constant at 0.5 [Jagger et al., 2006]. For lx, we may, for instance, assume a starting
population of 100.000 in the first year of the life table. For successive years, we calculate the number
of people surviving to age x as: lx+1= lx(1-qx). The number of person years lived at age x is then the
average of the respective age interval and the subsequent interval, hence Lx=0.5*(lx+lx+1) (apart from
the final age interval, and the first year of life). For the final year of the life table, Lx is given by lx/mx. Tx
is the total number of years lived from a particular age, and simply the sum of L x from that particular
year up to the end of the life table. Finally, total life expectancy at each age is given by e x=Tx/lx, and
this is displayed in the red shaded line 9 of table 2.
In order to move from life expectancy to disability-free life expectancy, we now need to multiply the
person years lived at a particular age (Lx) with the probability of living without disability in that age
cohort (1- 𝜋𝑥 ). The total number of years lived without disability from age x (row 12) is then simply the
sum of (1- 𝜋𝑥 )*Lx, from a particular age up to the end of the life table, equivalent to calculating the
total number of years lived in a particular age Tx in row 8. Finally, by dividing the number of years lived
without disability (row 12) by the number of people surviving up to a particular age lx (row 6), we
obtain the disability-free life expectancy for that age cohort. Dividing disability-free life expectancy by
total life expectancy results in the proportion of remaining life spent disability free (row 14). A more
thorough discussion and examples of how to calculate HLY are obtainable from [Jagger et al., 2006].

2.3

Problems with capturing potential health gains within the EIP on AHA through
the standard HLY-model

What we can learn from the above section is that HLY are calculated using a cohort model
implemented as a life table that rests on transition probabilities between three health states ('healthy',
'disabled' and 'death'). To populate the general HLY-model, three types of data are required:


population size,



the death rates in each age cohort, and



the probability of becoming disabled in each age cohort.

Figure 2 provides a schematic representation of this model. The bubbles represent health states and
the arrows the transition probabilities between those states. The schematic presentation displays one
cycle of the model (i.e. one year of the life table displayed in Table 2 above), and the cohort (e.g.
100,000 patients) is assumed to progress through the model depending on the transition probabilities
for a specified number of cycles (years). The longer the model runs (i.e. the more cycles we allow for),
the higher the percentage of individuals that is progressing into the 'death' state, which is also referred
to as an 'absorbing state' (as the probability (P) of remaining in the 'death' state is 1). Initially, the
percentage of individuals of the cohort progressing into the 'disability' state is also increasing;
however, as individuals ultimately move on to the 'death' state, this percentage gradually reduces from
some point onwards over the remaining model-lifetime.
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Figure 2: Schematic presentation of the HLY-model according to the Sullivan-method
(Probability to remain
'disabled' in that cycle)
Pdx =1- Pqx

Prdx = 𝛑𝐱

Healthy
Phx=1-( 𝝅𝒙 +Pqx)
(Probability to remain 'healthy' in
that cycle (year))

(Age dependant
probability of 'disability')

Pqx

Death

Disability

(All-cause mortality by age)

Px=1 ('Death'= absorbing state)

From Figure 2, we can see that the HLY model only considers the all-cause mortality of a patient
cohort stratified by age; and it does not decompose the probability of moving to the 'disabled' state
from the probability of moving back to the 'healthy' state (i.e. the chance that an individual may fully
recover from a particular condition). Related to that is the problem that the HLY model cannot be
adapted to populations which are not fully healthy at baseline and whose health condition may
deteriorate over time (e.g. patients with chronic diseases). Finally, the HLY model does not assign
different weights to different health states according to the perceived quality of life in this particular
state. The remainder of this section will discuss, in more detail, why these features may reduce the
flexibility of the model and also potentially reduce its capacity to capture health impact of the
activities carried out within the EIP on AHA. Note, however, that the above remarks do not aim to
criticize HLY which were originally developed for an entirely different purpose (which is the provision of
population based statistics on health expectancy). We merely highlight those features of the HLYmodel as they may require some adjustment for the purposes of MAFEIP to allow for the monitoring of
health outcomes within the EIP on AHA.
In order to understand better the limitations we face, let us consider the actions carried out within the
EIP on AHA and their potential to improve the health of participating individuals. In general, potential
health gains can be of the following types (note that interventions may also have a simultaneous
effect on any of these categories):
I.

An intervention could target healthy individuals to delay their progression into the 'disabled'
state of the HLY model, i.e. their probability (P) of declining health (P-decline). This could be
the case, for instance, if a commitment focusses on healthy elderly people to increase their
general physical activity levels. As a consequence, the probability of adverse future health
conditions such as, for instance, cardiovascular disease (CVD), decreases. This, in turn would
lead to prolonged healthy life, and therefore contribute towards the EIP on AHA health target
by slowing down the progression into the 'disabled' state.

II.

On the other hand, an intervention may target patients who already suffer from a particular
condition in order to fully restore their health (P-improvement). In other words, some patients
may move from the 'disabled' state back to a 'healthy' state

III.

Health gain may also occur albeit without full health recovery. This means that patients move
from the 'disabled' state to another health state which is characterised by higher health
related quality of life (HRQoL), but which is not equal to the 'healthy' state of the HLYmodel. Likewise, for patients who are not healthy at baseline, the objective could be to prevent
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a worsening of the current health status so as to avoid moving to a health state which is
characterised by lower HRQoL (and potentially higher health and care resource use). This may
be the major source of health gain for any commitment focussing on patients with chronic
diseases within the EIP on AHA as their probability to move from / to fully healthy life is, by
definition, zero. The HLY-model is not able to adequately capture such situations without
further adaptation.
IV.

Finally, an intervention may also change the probability of death (P-death) of either healthy
individuals (e.g. through primary prevention) or patients who already suffer from a particular
health condition. For instance, primary prevention of CVD could be targeted at healthy
individuals so as to lower their probability of a sudden fatal CVD-event, whilst secondary CVD
prevention, which targets patients who already have a history of cardiovascular disease, could
lower the disease specific probability of death for this cohort.

Hence, in order to adapt the HLY model for MAFEIP, we face a number of issues: first and foremost, a
suitable model for MAFEIP needs to be adaptable to a large number of commitments within the six
thematic Action Groups of the EIP on AHA, which focus on a variety of objectives, implement different
interventions and target different cohorts of individuals with different demographic or disease
characteristics. Hence, the HLY-model with its three rather restrictive health states ('healthy', 'disabled',
'death') does not provide the flexibility that would be required to allow adaption to various contexts.
For instance, the HLY model is predicated on the assumption that recovery from the disability state
should always result in full health. Hence, any intervention delivered within the EIP on AHA that does
improve health without fully restoring it, or that focusses on patients with a particular condition (such
as chronically sick) and aims to reduce the transition into a worse health state, would not be captured
by the HLY-model introduced above. Therefore, a more generic definition of health states is required.
To achieve the flexibility needed for MAFEIP, we will introduce in the next chapter three generic but
mutually exclusive health states for the model: 'baseline health', 'deteriorated health', and 'death'.
Adapting such health states to a particular patient cohort (e.g. patients at different stages of frailty as
measured by the Groningen Frailty Index, GFI [Steverink et al., 2001]) and weighting them with
respective estimates of HRQoL (measured on an interval scale) would then allow adding up health
gains across a diverse set of individuals, interventions, and contexts.
Secondly, as the standard model used by Eurostat to calculate HLY according to the Sullivan method
does not decompose explicitly the probability of disability (π𝑥 ) from the probability of recovery
[Jagger et al, 2006], it is not possible to explicitly model the fact that patients may (in part or even
fully) recover from an impaired health condition as a consequence of actions being taken within the EIP
on AHA. Of course, one may argue that the parameter π𝑥 in the HLY-model (π𝑥 = age dependant
probability of disability) includes both the probability of disability and the probability of recovery.
However, without decomposing π𝑥 , it may not be possible to adequately consider health gain of
individuals who may restore their health as a direct consequence of an EIP on AHA intervention.
Thirdly, as the HLY model used by Eurostat does not distinguish between the mortality rates of
individuals in different health states [Jagger et al., 2006], it is not possible to quantify the effect of
interventions that are able to prolong life by reducing the mortality associated with a particular
disease. This holds both for healthy patients whose probability of a sudden fatal health event may
change e.g. through primary prevention measures, as well as for sick patients whose disease specific
mortality may change due to a particular intervention. Hence, for the purposes of MAFEIP, we require a
model that decomposes the mortality of individuals in different health states so that any change due
to an intervention may translate directly into health gain attributable to the EIP on AHA.
Finally, and this is probably the most fundamental issue with the HLY-statistic for the purposes of
MAFEIP, we found that none of the commitments participating in the EIP on AHA collect the
information required to construct HLY. This could be a consequence of the above mentioned limitations
of the HLY-statistic for the purposes of monitoring health outcome of individual health interventions.
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The following chapter will pick up from this discussion and show that some adjustments to the HLYmodel may help address the above mentioned issues, making the model better suited for estimating
health gains from the activities delivered within the EIP on AHA. It will further show that the resulting
model can be implemented as a general three-state Markov-cohort model, which is based on the twoprimary outcome indicators (HRQoL and mortality) previously identified for the purposes of MAFEIP
(see MAFEIP first and second reports on outcome indicators).
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3.

MAFEIP quantitative modelling proposal

In this chapter, we will expand on the HLY-model and propose a general health-state transition model
for quantifying health outcomes within MAFEIP. We have identified Decision Analytic Modelling (DAM),
an approach that is commonly used for the economic evaluation of healthcare technologies [e.g.
O'Brien 1996; Drummond et al., 2005, Briggs et al., 2006], as a promising strategy to implement
models that could be suited for the EIP on AHA monitoring and assessment purposes. More precisely,
we will present and discuss a general three-state Markov cohort model for the quantitative linkage of
previously identified outcome indicators with the EIP on AHA objectives (see Section 3.1). The model is
built around the two primary outcome indicators (HRQoL and mortality), but those secondary outcome
indicators that could be used to describe mutually exclusive health states for the model (such as
different stages of frailty, cognitive or functional decline) are also relevant and may be used to adapt
the model to a particular target population. Section 3.2 will then elaborate on some issues related to
the implementation of the proposed model, such as the incremental approach that we adopt for
MAFEIP, the development of a tool based on the proposed model to enable commitments to assess
their respective impact on quality of life and health and care systems’ sustainability outcomes, as well
data needs and potential sources to populate the tool with the required data. Whilst some secondary
outcome indicators may be useful and required to define health states when adapting the tool to a
particular target population, other secondary indicators which were discussed in previous reports (such
as physical activity, risk factors or adherence rates) may require extensions to the generic Markov
model. We will briefly discuss potential model extensions in Section 3.3 in order to show how such
secondary indicators could, in principle, be incorporated into the framework. We will conclude Chapter 3
by showing how the proposed framework could be adapted further to estimate the impact of EIP on
AHA commitments on the sustainability of health and care systems in Section 3.4.

3.1

Extending the standard HLY-model for the purposes of MAFEIP

As discussed in Section 2.3, we have identified a number of issues associated with the standard HLYmodel when trying to capture and aggregate health outcomes within MAFEIP:


The model cannot explicitly capture changes in the probability of moving forth and back
between its two 'alive' states ('healthy' and 'disabled')



The model does not distinguish between baseline mortality and the excess mortality related to
a certain health condition.



The model fails to capture health improvements which neither result in full recovery nor apply
to individuals who were not 'healthy' at baseline.



The model does not possess the flexibility to be adapted to a diverse set of commitments
within which 'alive'-states may be defined differently, and neither does it allow aggregating
respective health impacts across different interventions, populations, or contexts for which the
various alive states differ.



None of the EIP on AHA commitments collect the information on self-reported disability, which
is required to estimate HLY.

In order to overcome these challenges, we propose the following adjustments to the model:
1. Defining three generic and mutually exclusive health states: two 'alive'-states ('baseline health'
and 'deteriorated health') and the absorbing 'death'-state respectively.
2. Explicitly modelling the probability to move forth and back between the 'alive' states of the
model.
3. Decomposing mortality to allow for explicit modelling of changes in the probability of 'death'
for individuals in different 'alive'-states as a consequence of an EIP on AHA activity.
4. Using HRQoL-data as reported by a large number of commitments across EIP on AHA Action
Groups to weight different 'alive' states of the model. This will allow us to:
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a. account for incremental gains in HRQoL within different 'alive'-states, and
b. aggregate health impact across different commitments that define respective 'alive'states differently.
The resulting model is displayed in Figure 3 below. The baseline health state represents the HRQoL and
life expectancy of the population targeted by the intervention. The deteriorated health state represents
a condition where one or more morbidities have negatively affected an individual’s HRQoL and life
expectancy compared to the baseline health. The specific definition of this state will be determined by
the nature and purpose of the intervention under assessment, as it represents the state of deteriorated
health that the intervention aims to prevent or cure. Each state will have a HRQoL utility weight
attached to it. Hence, the model is built around the two primary outcome indicators (HRQoL and
mortality), however, it also allows adapting the "alive" states to different target cohorts, interventions
and contexts by using data from secondary outcome indicators to define mutually exclusive health
states for the model (such as, for instance, different levels of frailty as measured by the Groningen
Frailty Index, GFI [Steverink et al., 2001]).
Figure 3: Generic Markov-model to enable quantification of EIP on AHA health impact
P-stable
(deteriorated)
P-stable
(baseline)

P-decline

Baseline health

Deteriorated health
(HRQoL)

(HRQoL)
P-improvement

P- death
(deteriorated)

P- death
(baseline)

Death

P=1

The simulated population will transfer between the Markov states based on four transition
probabilities: the incidence of the deteriorated health condition, the rate of recovery from that back to
baseline health, baseline mortality in the target population, and excess mortality in the population with
deteriorated health. The resulting model is more flexible and may allow a more comprehensive
assessment of the possible health gains that may be achieved through interventions delivered within
the EIP on AHA. By weighting different 'alive'-states using HRQoL data, we draw upon the information
likely to become available across a large number of commitments and Action Groups within MAFEIP (as
previously assessed in the MAFEIP first and second reports on outcome indicators), and we adequately
reflect the fact that different commitments (and often different interventions within commitments)
may relate to entirely different health conditions.
In order to reflect disease progression more adequately within a health state transition model,
however, one could also define more health states, and different HRQoL-weights could then be
assigned to each state [e.g Briggs & Sculpher, 1998; Briggs et al., 2006]. The optional inclusion of
additional health states (beyond the three states mentioned above) will therefore be explicitly
considered when developing a web-based 'monitoring tool' for MAFEIP as this would further enhance
the flexibility of the tool to be adapted to different interventions, target populations and / or care
contexts. However, our main purpose in this section is to introduce a conceptual framework for an
extrapolation model for MAFEIP which is (relatively) simple and flexible. The more complex the basic
model, the more context-specific it may become, and the more resource consuming it may get to adapt
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it to particular commitments [e.g. Haycox et al., 1998, Sculpher et al., 2004]. The economic evaluation
literature offers a number of examples of generic models which have been adapted ex-post to
different settings [e.g. Drummond, 1994; Haycox et al., 1998]. Our strategy within MAFEIP is similar,
though the number of different settings to be considered is unparalleled. Further, whilst we believe
that the optional inclusion of additional health states will enhance the flexibility of the tool to be
adapted to different interventions, populations and contexts, this also means, however, that more
parameters will have to be populated with data. This would only be feasible if such data is likely to
become available for the respective intervention / commitment, as populating such models with
secondary data from alternative sources would significantly increase the use of analytic resources (for
more details on this issue see also Section 3.2). Data availability is likely to be a limiting factor within
MAFEIP which we ought to take into account when adapting a model to a particular context. Thirdly, the
model proposed for MAFEIP is originally based on the HLY-calculation method as described in Chapter
2, and all changes to the original HLY model should be justified and based on prior reasoning. Finally,
we consider it crucial that the model can be communicated easily and clearly to the various
stakeholders within and outside the EIP on AHA. However, to warrant capturing potential health gains
within the different commitments of the EIP on AHA, some level of complexity is unavoidable
especially if the model is to provide scientifically robust and unbiased evidence that is useful for policy
making. At the same time the model should remain as straightforward as possible to allow non-experts
to understand the methods that led to the evidence generated within MAFEIP. We believe that the
general three-state transition model that builds on the HLY-model balances out this potential tradeoff, but the optional inclusion of additional health states when adapting the model to a particular
context could further enhance the flexibility of the monitoring framework and should therefore be
considered when building a web-based monitoring tool for MAFEIP (see Chapter 3.2).
With respect to HRQoL, note that the analysis of survey data in the "MAFEIP Second report on outcome
indicators" showed that commitments may use a variety of instruments to elicit information on
patients HRQoL, most prominently the EQ-5D [http://www.euroqol.org/] and the SF-36 tool [Ware et al,
2000], but also other methods such as the SF-12, [Ware et al, 1996], the SF-6D [Brazier et al ,2002],
the Nottingham Health profile [Hunt, 1981] or the 15D instrument [Sintonen, 2001], amongst others.
As a consequence, HRQoL data may not be comparable across interventions if different methods have
been used. This variability in methods constitutes an obstacle for the aggregation of health gains
across the groups of interventions for which different instruments were applied. However, the scientific
literature offers methods for 'mapping', or 'cross-walking' between different elicitation methods [e.g.
Dakin, 2013]. Therefore, in order to increase the generalizability of our proposed framework to
different contexts, and to be able to aggregate health gains across groups of interventions, we propose
either calculating or adapting existing algorithms that are published in the scientific literature to
'convert' HRQoL-values measured with one instrument (e.g. the SF-36) into equivalent values of
another instrument (such as the EQ-5D). There are both theoretical and practical reasons why mapping
from other instruments towards the EQ-5D may be indicated [e.g. Brazier et al., 2010]. First, the EQ-5D
was most commonly mentioned across commitments in the survey on outcome measures reported in
the "MAFEIP Second report on outcome indicators". Secondly, the EQ-5D instrument is a generic,
preference based measure, with value sets and translations for most EU-countries [e.g. Brooks et al.,
2003], and it is also the method of choice of a number of decision bodies, most prominently the
National Institute for Health and Care Excellence (NICE) in England and Wales [NICE, 2009]. In addition,
it has been explicitly mentioned in national pharmacoeconomic guidelines, submission guidelines for
pharmaceuticals or published pharmacoeconomic recommendations for the Baltic countries (Latvia,
Lithuania, Estonia), Belgium, Croatia, Hungary, Ireland, Poland and Sweden, and it is also compatible
with recommendations available for countries such as the Netherlands, France or Spain [ISPOR, 2014:
Eldessouki et al., 2012]. This may also be the reason why algorithms for mapping from other
instruments towards the EQ-5D may be the most prevalent in the related scientific literature
[Longworth & Rowen, 2013; Dakin, 2013]. The discussion in Chapter 4 will further elaborate on the
method of mapping and its potential use within MAFEIP.
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Having defined a general model structure for our purposes, the question is how to use such a model to
quantify potential health gain from a particular intervention carried out within the EIP on AHA in
practice. This will be discussed in depth in the next section.

3.2

Implementing the proposed modelling framework

In this section, we will build upon the general model structure developed above and show how this can
be used to assess incremental health gain within the EIP on AHA using Decision Analytic Modelling
(DAM) techniques. When applying DAM to the health field, the overriding question is essentially what to
do based on all the information which we currently have about a particular problem [e.g. Drummond et
al., 2005]. The basic idea is that a decision cannot be avoided even if the information to support this
decision is scarce, meaning that such decisions need to be taken "under conditions of uncertainty"
[Drummond et al., 2005]. The basic strategy is to "synthesise all available information from multiple
sources and to apply mathematical techniques to assess the impact (costs and outcomes) of health
interventions" [O'Brien, 1996]. The essential data inputs are probabilities for clinical events, and the
impact of such events on a) costs (resources valued in monetary units) and b) values or utilities for
health outcomes [Obrien, 1996]. The appeal of this approach in general, and particularly for the
purposes of MAFEIP, is the fact that DAM "pulls together the many needed pieces of information from
multiple sources and then stitches them together into a (hopefully) cohesive whole" [O'Brien, 1996].
Hence, DAM is perfectly suited to dealing with a potential major challenge within MAFEIP, which is the
availability of data across a diverse set of commitments / Action Groups as existing gaps in the data
from commitments may be filled with data from other sources and the impact of parameter
uncertainty on model results can be quantified [e.g. Briggs & Sculpher, 1998; Briggs et al., 2006].
It needs to be mentioned, however, that the European Commission does not intend to assess the
incremental cost-effectiveness of an intervention carried out by an EIP on AHA commitment, nor to
compare several interventions on their cost-effectiveness. Rather, the general aim of the MAFEIP
project is to estimate the aggregated impact of the EIP on AHA on its overall quality of life and
sustainability of health systems objectives. Nevertheless, a web-tool implementing the Markov model
introduced above could be used by individual stakeholders to estimate the Incremental Cost
Effectiveness Ratio or the Incremental Net Monetary Benefit of one intervention compared to another
[Stinnett & Mullahy, 1998].
We would like to address now three key issues relating to the implementation of our proposal and the
estimation of health impact within MAFEIP using DAM, namely:
i.
How to calculate incremental health gain associated with activities in the EIP on AHA
ii.
How to deal with contextual variation within and between commitments
iii.
How to populate models with relevant data
To answer the first question, consider Figure 4 below. In order to estimate the health gain that results
from an intervention delivered within the EIP on AHA, it is not sufficient to run the model developed
above only once with parameter estimates for the respective intervention under assessment. This
would result in an estimate of total health expectancy, which includes the health gain associated with
the intervention, but without making it explicit [e.g. Drummond et al., 2005]. In other words, in order to
find out how much the EIP on AHA activities add to the health expectancy of European citizens, we also
need to know the health expectancy that would have been achievable without having the EIP on AHA in
place [e.g. Drummond et al., 2005]. This is what has been referred to in previous communications as
"defining the baseline" (henceforth we will only use the term "standard care scenario"). Only if we
appropriately quantify health expectancy without the EIP on AHA, can we estimate the potential health
gains from the interventions delivered within commitments and Action Groups. To do so, we need to
subtract the health expectancy that would result from standard care in a particular context from the
health expectancy with an EIP on AHA intervention in place [e.g. Drummond et al., 2005].
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Hence, to estimate the "incremental health gain" from an intervention delivered within an EIP on AHA
commitment the model needs to run twice, and this incremental health gain is then calculated as
shown in Figure 4 as ∆𝐸 = 𝐸𝑖 − 𝐸𝑐 [e.g. Drummond et al., 2005] (where 𝐸𝑖 is the health expectancy
with intervention, and 𝐸𝑐 the respective health expectancy with standard care). The total health impact
across all EIP on AHA commitments is then ∆𝐸𝐸𝐼𝑃 = ∑ (𝐸𝑖 − 𝐸𝑐 ).
Figure 4: Incremental approach to estimate EIP on AHA health impact
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Deteriorated

Step 1

= health expectancy with
intervention (Ei)

Death

Running the model for the intervention delivered within the commitment

Baseline

Deteriorated

Step 2
Death

= Health expectancy with
standard care (Ec)

Running the same model using standard care assumptions within a particular context

Step 3

∆E = Ei - Ec

= Incremental effectiveness
of intervention (∆E)

Calculating the incremental health gain from the intervention delivered within
the EIP on AHA

Having clarified that the EIP on AHA impact should be estimated as the "incremental health gain" from
the activities carried out within commitments and Action Groups, the next question that inevitably
follows is how to define, for each intervention respectively, an appropriate "standard care scenario".
The standard care scenario should generally reflect routine practice, hence, reporting health outcomes
of the most common care strategy that would be replaced by the intervention in question. A similar
definition of the comparator has been adopted in many national guidelines for the economic
evaluation of healthcare technologies in developed countries [Eldessouki et al., 2012; ISPOR, 2014].
However, this would require assessing 'routine practice' for each intervention, subpopulation and
geographic setting, as there may be considerable contextual variation [e.g. Sculpher et al;, 2004;
Goeree et al., 2007; Boehler, 2013; Boehler & Lord, 2015]. Likewise, interventions differ vastly between
individual commitments, and sometimes even within commitments, e.g. for different population
subgroups or across different geographical sites within the same commitment. These sources of
variation could constitute one of the most fundamental challenges within the MAFEIP project, as the
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EIP on AHA gathers more than 500 commitments across six thematic Action Groups, often with more
than one intervention per commitment, and spanning all 28 EU-member states (and more).
Consequently, the monitoring and assessment of EIP on AHA outcomes would inevitably lead to a huge
amount of scenarios to consider, each characterised by a unique set of parameter estimates for the
model. Even if alterations in structural model assumptions are being ruled out, diversity within and
between commitments, care settings, and geographic locations would still have to be reflected by
respective variation in parameter estimates. Having to deal with variation on such a scale may
ultimately cast into doubt the practical feasibility of monitoring outcomes within the EIP on AHA in the
above described manner.
For this reason, instead of attempting to build and populate models for each intervention centrally by
IPTS, we propose to implement the monitoring framework for the EIP on AHA in such a way that
participating commitments can assess themselves their respective impact on health and health and
care systems’ sustainability outcomes. This could be achieved through a user-friendly software tool
implemented in a widely accessible software environment, which allows remote monitoring of EIP on
AHA outcomes directly by the commitment, with the support and guidance of IPTS.
Such a tool should be based on the above described Markov-process and allow for a minimum of three
health states ('baseline health', 'deteriorated health', 'death'), but potentially provide the option of
incorporating additional health states if required. It should further consider transitions between health
states in order to link primary outcome indicators (mortality and HRQoL) with the objectives of
achieving a health gain and improved quality of life for European citizens. The tool could then be
adapted to different interventions, populations and care settings by using secondary indicator data to
define the two 'alive' states of the model. For instance, 'baseline health' could describe a particular
patient cohort before the occurrence of a fall, whilst 'deteriorated health' describes the health and
resource outcomes for the same population after a fall has happened. The transition between both
states represents the likelihood of a fall in the target population. Likewise, different instruments which
aim to assess the progression of a particular disease (such as, for instance, the Groningen Frailty Index
[Steverink et al., 2001], or the Clinical COPD questionnaire [van der Molen et al., 2003]) could be used
to define the baseline and deteriorated states of the model respectively for that disease, and HRQoL
data from a generic instrument such as the EQ-5D could then be used to weight the respective health
states of the model. Hence, the specific definition of the 'alive'-states will be determined by the nature
and purpose of an intervention under assessment, and each state will have a HRQoL utility weight
attached to it. A user-friendly interface should allow the use of the tool by individuals with little or no
prior experience in decision analytic modelling; and last but not least it should also be possible to
update, revise, or modify the tool in the future. To allow for remote data entry and retrieval of results,
a web implementation may be most appropriate, especially in case of a wider roll-out.
Implementing the model described in this report by means of a web-based monitoring tool allowing
remote data handling may address some of the major challenges within MAFEIP and yield important
benefits, both for the monitoring and assessment of the EIP on AHA and for the stakeholders involved
in this policy initiative. For monitoring purposes, we may benefit from the expertise of stakeholders
who are the best experts in their own fields, and may best be able to gather, validate and select the
evidence required to populate models (with the guidance of IPTS), while reducing the burden of data
gathering for IPTS. Stakeholders would also benefit from being able to use a tool that helps them
evaluate the impact of their intervention on patient's health and the sustainability of health and care
systems in terms of respective changes in health and care expenditure. Whilst the European
Commission does not intend to compare interventions on their cost-effectiveness, individual
stakeholders could use the tool to estimate the Incremental Cost Effectiveness Ratio (ICER) or the
Incremental Net Monetary Benefit (INMB) of one intervention compared to another. The use of the tool
could be facilitated through dedicated workshops and through direct communication with
commitments participating in the EIP on AHA.
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There are examples in the literature, both for developing web-based Markov tools similar to what we
propose for the purposes of MAFEIP, and for running workshops to facilitate the use of such
instruments for participants with little or no background in economic evaluation and decision modelling
methods. For instance, the Multidisciplinary Assessment of Technology Centre for Healthcare (MATCH)
project [www.MATCH.ac.uk], a research collaboration between leading UK Universities (Brunel,
Birmingham, Nottingham & Ulster) and a number of industrial and public sector partners, developed a
web-based tool that allows users to model the transition of a population of patients through a series
of health states over time, based on a Markov process [http://www.nottingham.ac.uk/
match/research/tools/markovtoolmain.html]. The model provides flexibility in the sense that it allows
choosing between 2 and 5 different health states and it can be run for a specified number of cycles
and a specified size of population. Of particular interest for the web-based implementation strategy of
the monitoring framework are the experiences with using tools of this kind in workshops for
participants with little or no background in economic evaluation and decision modelling methods
[Crowe et al., 2010: Craven et al., 2012]. The authors state that 'even though small companies and
healthcare purchasers have little prior knowledge of health economics, the key issues can be rapidly
absorbed to be applied in decision making.' [Crowe et al., 2010].
However, there are also a number of issues which would require further research. For instance, the tool
should be flexible enough so that it can be applied to different contexts, but gathering the required
data for input parameters should remain at a manageable level for the stakeholders who may not
have a particular background in health economic evaluation and/or decision analytic modelling. This
may require, for instance, to distinguish between different sets of input parameters: those input
parameters which characterise the interventions treatment effect may be more context specific and
should generally be informed by data that stems from the commitment (unless such data is not
available, in which case secondary data sources from the literature or comparable interventions
implemented elsewhere may be considered - see further below in this section). For other parameters, it
may be sufficient to consider variability only at national level. As a consequence, the tool could provide
background data for those estimates that are generally required to populate the model and also
assumed to vary only between countries (e.g. all-cause mortality stratified by age and gender; unit cost
estimates for major resource use items stratified by EU-countries for the assessment of impact on the
sustainability of health and care systems – see also section 3.4 below), and users could adapt the
model to their geographic context by selecting pre-defined background data that would udpate
automatically. For other, more context specific data, however, manual input will be required. Such input
values could then be stored in a common database so that other users could benefit from an ever
expanding pool of data to populate the model with relevant estimates. Also, the model should allow
updating information as new evidence emerges. A major issue which inevitably follows relates to the
loss of control over the quality of the data used to populate parameters, which in turn may have a
negative impact on the validity and reliability of estimated outcomes. Hence, more research would be
required to develop quality checks for data inputs, and also to develop appropriate guidance for
potential users on the process of data entry.
To further specify the characteristics of such a tool, an iterative approach is recommended. Once a
basic tool is developed and implemented in an adequate software environment, it should be tested in
the field with a limited number of cases in order to:


Assess its applicability to a number of potentially diverse interventions, target groups, and
geographic domains, and provide suggestions to further improve its generalisability



Evaluate the ability of the tool to estimate health and economic outcomes (and related
uncertainty around point estimates) of the EIP on AHA.



Incorporate and evaluate quality checks for data-inputs especially if the tool is to be used by
stakeholders with limited background in economic evaluation in health.
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Test the tool and its interface with different stakeholders participating in the EIP on AHA and
for a number of selected cases.

A critical appraisal of the initial tool should then form the basis for further refinement, before rolling it
out on a wider scale. This appraisal should consider issues such as the time and resources required to
populate the tool and the potential for improving remote data collection and robustness of results, e.g.
through stakeholder workshops, training manuals, etc.
By proposing to implement the above described model as a tool for stakeholders participating in the
EIP on AHA, we aim to address the issue of diversity arising from the wide scope of the EIP on AHA,
with its six thematic Action Groups, comprising hundreds of commitments which focus on a vast
variety of health and care interventions. It leaves us, however, with the third question raised at the
beginning of this section, which is how to populate the tool with relevant data. It is likely that not all
data required to populate the tool will be available from each commitment which may in principle be
suitable for modelling, which is why DAM is particularly well suited, since its particular strength is to
'pull together' the pieces of information needed from other sources [O'Brien, 1996]. This, however,
brings us back to the importance of quality checks for data-inputs. As commitments should be able to
use the tool to assess health and health and care systems’ sustainability impacts of their respective
interventions by entering their data remotely, the remainder of this section discusses the choice of
input data especially for those parameters which commitments would generally have to populate
themselves. Two questions arise:


which sources to check for relevant data, and



in which order should they be checked.

In order to populate the tool with relevant data, we should generally proceed from the most to the
least adequate source of available evidence. Guidelines for the economic evaluation of healthcare
technologies suggest particular sources of evidence for what is called treatment effects, i.e. the
difference in health state (HRQoL) and the time spent in a health state (duration) between treatment
and no treatment/placebo, or any other suitable comparator. For instance, NICE (2013) states that
'research methods and designs that are used to measure the treatment effect can broadly be
categorised in experimental or observational studies', and that 'the most reliable evidence about the
relative treatment effects of a technology is obtained from experimental studies with high internal and
external validity. For an assessment of internal validity, the different types of study design can be
ranked according to design features that affect their validity for estimating relative treatment effect,
ranging from RCTs to uncontrolled observational studies.' However, for the purposes of MAFEIP, it is
important to note that the innovative character of many technologies under assessment, and the vast
amount of interventions to assess is likely to limit both the availability of high quality evidence to
populate the tool and the time available to source and analyse this evidence. Nevertheless, we ought
to find a pragmatic solution to populate the tool with data even in the absence of high quality
evidence. We have therefore developed an algorithm for populating the tool with relevant data that
aims to balance out the general desire for high quality information with good internal and external
validity and the limiting factors that may require a more pragmatic approach. Our approach is
illustrated in Figure 5 below.
The proposed algorithm starts off with an assessment of the data provided by commitments. It is
important to note that research methods may differ across commitments, meaning that if an estimate
is available that could be used to populate the tool, a brief assessment of the internal and external
validity of the data provided may be indicated. On the broadest level, this could mean that we make a
crude judgement based on the nature of the data reported before accepting estimates from
commitments (e.g. have experimental methods been used or is the data based on a less robust
observational design with or even without a control group). As a second step, we may then briefly
screen the related RCT literature to check whether the same intervention has previously been
evaluated in an experimental study so that estimates of treatment effect could be confirmed or
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elicited and applied to the tool. If this is not the case, we may use published results from observational
studies, if available. However, as mentioned above, the innovative character of many interventions
within the EIP on AHA may result in a generally low evidence base, so that the subsequent step would
be to use estimates from similar commitments, if available. This may require combining information
available from different commitments which focus on similar interventions, patient subgroups,
comparators and outcomes assessed, and this approach is predicated on the assumption that
parameter inputs may be transferrable between those commitments. Further, if neither the published
literature, nor similar commitments within the EIP on AHA provide useful estimates to populate the
tool, the next step would be to ask experts for their judgement. If expert judgement does not help to
populate the tool either, we may consider alternative secondary indicators to link up surrogate health
outcomes to HRQoL and disease specific mortality (which will also briefly be discussed in Section 3.3
below). The idea behind using alternative indicators is that there may be different ways to extrapolate
health outcomes from one intervention towards the EIP on AHA objectives, and if data availability for a
particular intervention does not permit a specific route, alternative routes could be checked before
excluding the intervention from the quantitative assessment within MAFEIP. However, this option also
needs to be balanced against the additional analytic resources that may be required to conceptualise
respective model extensions and populate them with relevant data (see subsequent section for more
details). This is why the respective boxes in Figure 5 are shaded in grey and dashed lines have been
used to underline the rather hypothetical nature of this option. If none of the above works, the
commitment has to be excluded from the described quantitative modelling exercise.
It needs to be highlighted that the above algorithm constitutes a 'best case scenario' which reflects our
aim to provide a monitoring framework that is, a priori, as inclusive as possible as we cannot yet
foresee the amount or quality of data that is likely to become available in the future. Further
adjustments may therefore be indicated once we know more about data availability within MAFEIP, and
this could require scaling down the whole exercise to a more manageable level. For instance, literature
searches for published evidence could be reduced to a minimum, or expert judgement could be used
earlier in the process. Potential model extensions may further increase the required workload so that
this option should be considered with caution.
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Figure 5: Algorithm to populate tool with relevant data on treatment effects
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3.3

Use of secondary outcome indicators within MAFEIP

The analysis of the survey data on outcome indicators reported in the MAFEIP Second report on
outcome indicators led to a number of important insights for conceptualising a quantitative modelling
framework for MAFEIP. First of all, it showed that primary indicators for the QoL column (HRQoL and
mortality) are likely to become available for a number of commitments participating in the EIP on AHA.
Whilst primary indicators covered 63% of respondents answering this survey, common secondary
indicators add 9% to the overall potential coverage, and specific secondary indicators add another 4%
to overall coverage of respondents. This is also displayed in Figure 6 below.
Figure 6: Commitments potentially covered by each type of indicator per Action Group

Source: Stakeholder survey, MAFEIP Second report on outcome indicators

As already mentioned in Section 3.1 , the generic tool which we aim to develop for the purposes of
MAFEIP allows drawing from data related to both primary and secondary outcome indicators. More
precisely, our basic model rests on three health states, two 'alive'-states ('baseline health' and
'deteriorated health') and a 'death' state respectively. The model is built around the two primary
outcome indicators (HRQoL and mortality), but adapting the alive states to different target cohorts
provides the opportunity to draw upon data from secondary outcome indicators which can be utilised
to define mutually exclusive health states for the model. For instance, 'baseline health' could describe
a particular patient cohort before the occurrence of a fall, whilst 'deteriorated health' describes the
health and resource outcomes for the same population after a fall has happened. The transition
between both states represents the likelihood of a fall in the target population. Likewise, different
instruments which aim to assess the progression of a particular disease (such as, for instance, the
Groningen Frailty Index [Steverink et al., 2001], or the Clinical COPD questionnaire [van der Molen et al.,
2003]) could be used to define the baseline and deteriorated states of the model respectively for that
disease, and HRQoL data from a generic instrument such as the EQ-5D could then be used to weight
the respective health states of the model.
While this means that the proposed tool for MAFEIP can accommodate data related to various (primary
and secondary) outcome indicators, there are a few exceptions which may require extensions to the
basic model. These exceptions relate to outcome data from certain secondary outcome indicators
which cannot be used directly to define respective health states for the model. In other words, an
additional step would be required to link those outcome indicators to the general model in order to
extrapolate respective outcomes to the EIP on AHA health objectives. We will use the example of the
'physical activity' indicator to describe a potential model extension for that particular secondary
outcome indicator and will also briefly mention further possible extensions for 'risk factors' and
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'adherence to treatment'. If data became available in the future on any of those indicators justifying
their use, more work would be required to fully conceptualise respective model extensions to our
overall framework and the feasibility of doing so would have to be assessed in light of available
resources.
Figure 7: Extending the basic model for certain secondary outcome indicators
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To include such secondary indicators into the modelling framework for MAFEIP, it is necessary to go
beyond the basic three-stage Markov-cohort model. One way to do so is to combine a decision tree
with the proposed Markov cohort model [e.g. Briggs et al., 2006], as displayed in Figure 7 above.
Although decision tree models and Markov models differ in a number of aspects, they are by no means
incompatible. As Briggs et al. (2006) specify, Markov models may rather be seen as 'just a form of
recursive decision tree'. Hence, we may also be able to use both forms of modelling jointly.
In the context of MAFEIP, we could, for instance, first use a decision tree model to characterise the
behavioural outcomes of a physical activity intervention delivered within an EIP on AHA commitment.
The purpose of the decision tree model would be to estimate, both for the intervention and the
standard care scenario, the proportion of the patient cohort that changes their physical activity
behaviour, and subsequent changes in the probability to experience an adverse health event (such as
CHD, stroke, or type 2 diabetes). This would ultimately impact on the proportions of the patient cohort
in each state of the Markov model. The purpose of the Markov-model would then be to estimate the
quality adjusted life expectancy with and without the intervention. The existing health economic
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evaluation literature could be used to help further conceptualise respective model extensions. For
instance, NICE (2006) assessed the cost-effectiveness of physical activity interventions using a
decision tree in order to model the impact of a change in physical activity on the onset of coronary
heart disease (CHD), stroke, type 2 diabetes and colon cancer; and the model was used to estimate the
cost and quality adjusted life expectancy from the onset of these conditions. Subsequently, Anokye et
al (2011) built a very similar model, though they did not link behavioural change to the likelihood of
developing colon cancer as they found more robust evidence for CHD, type II diabetes and stroke
(Figure 8).
Figure 8: Decision tree model for physical activity by Anokye et al (2011)

In the study by Anokye et al (2011), the authors considered a cohort of sedentary individuals (aged
between 40 and 60) who are exposed to exercise referral schemes compared to a control group not
exposed to the intervention. Effectiveness of the intervention was measured as the probability of
moving from a sedentary to an active state based on an intention to treat analysis and data was
obtained from a meta-analysis as part of a systematic literature review on the effectiveness of ERS
schemes. Being active was defined as doing at least 90 to 150 minutes of moderate intensity physical
activity per week. Sedentary patients were hence defined as those with activity levels below this
threshold. A further key assumption (for which the authors could not provide sufficient scientific
evidence though), was that the change in activity levels would last long enough to translate into future
health benefits in terms of a reduced risk of developing a disease. For the purposes of MAFEIP we
could, for instance, adapt the model in Figure 8 and populate it with behavioural change data obtained
from commitments participating in the EIP on AHA. The purpose of the decision tree-model would be to
estimate the likelihood of an adverse health event (CHD, stroke, diabetes) for individuals who could
either remain inactive or become active following the intervention, and this would feed into the Markov
model that rests on different transition probabilities between health states for active and inactive
patient cohorts.
Respective model extensions could also be developed for other secondary indicators. For instance, risk
factors (such as blood cholesterol, glucose levels, diabetes status or obesity) could be used to estimate
the future risk of a CHD-event, and the subsequent probabilities to move from the 'baseline' state into
the 'deteriorated health' or 'death' state of the Markov model. This could be done using validated risk
stratification tools such as the Framingham risk equation [D'Agostino et al., 2008] or the Q-RISK
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instrument [Hippisley-Cox et al., 2007]. For adherence to interventions, we could assume full treatment
effectiveness only for the proportion of people who adhere to the intervention, and any increase in this
proportion would subsequently result in better health outcomes [e.g. Greving et al., 2011]. However, as
mentioned above, our intention here is to only present a conceptual framework that allows for model
extensions to incorporate additional secondary indicators into MAFEIP, if necessary, and not (yet) to
fully develop the respective model extensions. Future work within MAFEIP may be dedicated to develop
such models if data became available that would justify their use; however, this decision should be
made in the light of the additional coverage of the framework that a particular model extension may
help achieve and the analytic resources available to develop them.

3.4

Adapting the model to estimate impact on the sustainability of health systems

A key concern for most countries across the European Union is an ever rising demand for health and
care services, resulting in constantly increasing pressure on health and care systems. Therefore,
assessing how interventions delivered by the commitments participating in the EIP on AHA may impact
on the sustainability of health and care systems through their respective impact on health and care
expenditure across the EU is a key objective of MAFEIP. This includes both the cost associated with
implementing (and scaling up) the health and social care models proposed within different
commitments and Action Groups, and the potential cost savings from the respective interventions that
may arise, for instance, from avoided care episodes in the future, or the shift from more to less
resource intensive care alternatives. In the MAFEIP first and second reports on outcome indicators we
have proposed collecting information on the quantities of resources related to a particular intervention
compared to a standard care alternative to assess the EIP on AHA impact on the sustainability of
health and care systems. We further proposed to value such resources in monetary units using national
average unit cost data, which would then enable quantification of an intervention's impact on
respective health and care expenditures.
We believe that our modelling proposal for the quality of life column bears a particular advantage as it
may also be used to assess the EIP on AHA impact on the sustainability of health and care systems
through its estimated impact on health and care expenditures. More precisely, we could utilise Markov
based cohort models which were previously developed and populated with data for the assessment of
health impact in order to estimate interventions health and care resource use, and their consequent
impact on health and care expenditure in a particular jurisdiction. Using the same models for both
columns of the monitoring framework ensures a more consistent approach to the assessment of
impact and a much more efficient use of analytic resources within the MAFEIP project.
Hence, our approach would rest on two key principles:


First, we may use the Markov models originally developed and populated with data for
monitoring health impact within MAFEIP in order to estimate the 'prevalence' of the different
'alive-states' relevant for a particular intervention within a certain population [e.g. Mar et al.,
2008].



Secondly, by replacing HRQoL weights with resource use data from commitments that could be
weighted with national average unit cost, we can then estimate the incremental impact of a
particular intervention over standard care on health and care expenditure.

All other aspects of the modelling strategy as outlined above within the context of health impact
assessment would hold for the estimation of impact on the sustainability of health and care systems
through the estimated impact on health and care expenditures, in particular the incremental approach
that compares the commitments intervention with a respective care alternative. A schematic
presentation of the adapted model is displayed in Figure 9 below.
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Figure 9: Adapting the model to assess impact on the sustainability of health and care systems
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Though the purpose of this document is to develop a conceptual framework rather than to fully specify
a model for assessing the impact of interventions delivered within the EIP on AHA on the sustainability
of health and care systems through their respective impact on health and care expenditure, it is
worthwhile mentioning that there is a considerable body of literature that could be used to further
inform the development of the methods for carrying out such an assessment within MAFEIP. Apart
from the research that is generally involved with the economic evaluation of healthcare technologies
(in particular their cost-effectiveness), both national regulatory agencies (such as the National Institute
for Health and Care Excellence (NICE) in England and Wales) and the related scientific literature offer
guidelines on the assessment of interventions impact on health and care resources in the context of
their use within particular healthcare markets. Good practice guidelines also exist for 'budget impact
analysis', such as those published by the task force of the International Society for Pharmacoeconomics and Outcomes Research [Mauskopf et al., 2007]. The potential use of Markov Models has
been explicitly mentioned in this context.
As with the estimation of health impact, however, the key challenge within MAFEIP is its wide scope,
with hundreds of commitments in six thematic Action Groups implementing a vast variety of
interventions across all 28 member countries (and sometimes even beyond). This calls for a model that
balances out the trade-off between context specificity and existing constraints inherent to the analytic
resources available. With the generic Markov model implemented as a web-based tool, we believe that
such an assessment may be possible, especially as 'the purpose is not to produce exact estimates of
the [budget] consequences of an intervention, but to provide a valid computing framework (a model)
that allows users to understand the relation between the characteristics of their setting and the
possible budget consequences of a new health technology' [Mauskopf et al., 2007]. This evaluation
should include not just the cost arising from implementing and running the new care alternative, but
also a) the potential impact on related future health and care resource use that may differ between
standard care and the new intervention scenario (for instance through avoided future care episodes)
and b) the shift from one health and care alternative to another (e.g. from secondary to primary care).
In general, the resource use considered should be 'relevant to the health condition and intervention of
interest over the chosen time horizon' [Mauskopf et al., 2007].
However, it is also important to ensure that the analysis of resource utilisation does not exceed
reasonable efforts. As a general rule, it may not be worthwhile to invest huge efforts to collect
resource use information whose impact on respective expenditures is relatively small. Hence, resources
which are consumed in small quantities and are characterised by low unit cost may not necessarily be
reported for the purposes of monitoring the impact of the EIP on AHA on the sustainability of health
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and care systems [e.g. Drummond et al., 2005]. Also, resource use shall be reported only for those
resource items that are likely to differ in their consumption between standard care and the intervention
delivered within the EIP on AHA within each state of the model. The idea is that, by choosing an
incremental approach, those resources whose consumption does not change through the intervention
would be the same for standard care as for the intervention scenario [e.g. Drummond et al. 2005].
Another question to answer is that of the economic perspective, or who bears the costs of the
resources consumed / saved as a result of the intervention. A strict healthcare perspective (i.e. not
taking into account cost in related sectors such as the social care system) may be a too restrictive
viewpoint for the purposes of MAFEIP. We propose, at a minimum, a "health and care" perspective that
simultaneously looks into the impact of the EIP on AHA on both health and care systems. As the
boundaries between health and care systems may also differ between different countries, choosing a
perspective that considers both may improve the comparability of results across different geographic
settings. For instance, whilst some care related services are commonly being delivered by community
nurses in a UK setting (and therefore not considered from a strict NHS perspective), the same services
may fall within the healthcare system in other countries where community nurses do not exist.
However, an even broader perspective may also be indicated for several reasons. For some
commitments or Action Groups, costs may be more restricted to health and care systems than for
others. Only considering health and care resources may therefore bias results towards or away from
particular Action Groups if substantial investments or savings lie outside the health and care systems.
This may be particularly the case for Action Group D4. Secondly, assuming that the overall impact of
EIP on AHA activities is positive, it needs to be considered whether this result would come at the cost
of increased pressure on the budgets available in other sectors, which may ultimately require a societal
perspective. Note that we do not see this to be in conflict with the good practices for budget impact
analysis as suggested by Mauskopf et al. (2007), as it follows the recommendation to take the
perspective of the respective 'budget holder'. As multiple 'budget holders' may be affected by EIP on
AHA interventions across countries, a societal perspective may be the only valid option.
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4.

Issues for discussion

The purpose of this report was to propose a quantitative modelling framework for linking outcomes of
the EIP on AHA policy initiative to its objectives related to quality of life and sustainability of health
and care systems. Whilst we believe to have provided a robust proposal that is technically feasible, it
needs to be highlighted, however, that the proposed framework will require further adjustment and
fine tuning in the future to adapt it to the actual data availability. At such an early stage of the
project, where both the number of commitments that will provide outcome data and the quality of the
information to be received is unclear, it is not possible to tailor our proposal further to anticipate future
needs. Rather, we aimed to provide a flexible framework that does not, a priori, exclude any feasible
option to capture interventions' outcomes. This is reflected, for instance, in the generic model
framework which builds upon data from both primary and secondary outcome indicators, and also
allows including additional health states or even model extensions to accommodate for additional
indicators should their use increase the flexibility and consequently the coverage of commitments
through the framework. Our proposed framework also shows flexibility insofar it allows populating the
model with data from secondary sources in order to assess the health and sustainability outcomes of a
particular intervention in cases where this can help fill gaps in the existing data. In that context, we
provided an example of algorithm that supports the choice of appropriate data sources for populating
the model.
While our proposal offers the flexibility to adjust and fine tune the modelling framework to the reality
of future data availability, the examples above demonstrate, in a sense, the current 'best case'
character of the proposed framework. For instance, if a large number of commitments provide suitable
data, this may allow assessing the impact of interventions' outcomes for many commitments by
adapting the basic model. However, at the same time analytic resources may not be sufficient to
extend the framework further by modelling impact through possible model extensions as discussed in
Section 3.3. Further work will therefore be required to assess the technical feasibility of developing
such model extensions for linking up certain secondary indicators to the EIP on AHA objectives. With
respect to populating models with data, it is also likely that this will constitute a key constraint to the
future coverage of our proposal, as the diversity of the interventions delivered within the EIP on AHA
and also their innovative character may result in a generally scarce and scattered evidence base. Even
a crude search for input values for parameters may prove time consuming.
We therefore believe that a number of options ought to be considered in order to further adapt our
modelling framework to potential future needs and requirements. The obvious default strategy for
MAFEIP would be that, following the reporting of outcomes data by commitments, IPTS in collaboration
with DG SANCO and DG CONNECT undertakes all subsequent steps in order to adapt a model to a
particular intervention. This would involve verification of estimates provided by commitments,
populating respective models with outcomes data, and closing gaps in the data through reviews of
secondary data sources (such as the published literature, estimates provided by similar commitments,
or expert opinion). The advantage of this approach would be that IPTS remains in full control over the
validity of the data inputs, and that similar quality standards for data inputs can be fulfilled across
commitments. However, the respective efforts for data sourcing, validation and input into respective
models would be tremendous, and it is unlikely that IPTS could take over this task for more than a
small subset of commitments participating in the EIP on AHA (it is impossible to estimate the number
of interventions for which this approach could be feasible at this point as it depends on many factors,
but overall coverage would most likely remain low).
With respect to implementing models and populating them with intervention specific data, we
therefore propose an alternative implementation strategy for MAFEIP, which is the development of a
tool that may enable stakeholders within commitments to assess health and health and care systems’
sustainability impact of their respective interventions independently, with the support and guidance of
IPTS. Initially, this tool should be based on the generic three-state Markov model described here, but in
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order to increase its flexibility to be adapted to different contexts (which would further increase the
coverage of commitments through our proposal), the optional inclusion of more than three health
states should be considered for the future. The key advantage of this strategy would be to reduce the
burden of data collection within MAFEIP towards a more manageable level by involving experts within
commitments in the process of gathering, validating, and selecting the evidence required to populate
the tool. Further, stakeholders could benefit from obtaining access to a tool that helps them evaluate
the impact of their respective interventions on patient's health and the sustainability of health and
care systems; and they could also improve their knowledge base with respect to decision modelling
methods for health economic evaluation in general, and evaluating the impact of their respective
health and care interventions in particular. IPTS could facilitate the use of the tool through dedicated
workshops and through direct communication with commitments participating in the EIP on AHA. The
analytic resources that could be freed through this approach could be used to further increase the
flexibility of the proposed monitoring framework, for instance, through the optional inclusion of
additional health states in the model, or by developing model extensions for incorporating selected
secondary indicators. The main drawback of this approach, however, would be a loss of control over the
quality of the data used to populate the tool, so that this strategy would require developing effective
quality checks of the data. To address this potential loss of control over the quality of data used to
populate the tool, sufficient support should be provided to commitments participating in the EIP on
AHA. Therefore, an important activity to be envisaged for the continuation of MAFEIP would be for IPTS
to facilitate the use of the tool, raise awareness about its purpose and the advantages it provides for
EIP on AHA stakeholders, and to also support commitments with populating the tool with data for their
own purposes.
Another area that we identified for further research within MAFEIP is the use of mapping algorithms to
address the problem that commitments may use a variety of instruments to elicit information on
patients HRQoL. As a consequence, HRQoL data may not be comparable across interventions and
without addressing this issue, it could be impossible to aggregate health gain across the groups of
interventions for which different instruments have been applied. However, as mentioned in Section 3.1,
the scientific literature offers methods for 'mapping', or 'cross-walking' between different elicitation
methods [e.g. Dakin, 2013], and in order to increase the generalizability of our proposed framework, we
propose either calculating or adapting existing algorithms that are published in the scientific literature
to 'convert' HRQoL-values measured with one instrument into equivalent values of another instrument.
There are both theoretical and practical reasons why a mapping from other instruments towards the
EQ-5D may be indicated. We therefore suggest to conduct more research into the use of mapping for
the purposes of MAFEIP, and to further consult with external experts on this particular matter.

34

5.

Conclusions

The purpose of this report was to propose a quantitative modelling framework for linking outcomes of
the EIP on AHA policy initiative to its objectives related to quality of life and sustainability of health
and care systems.
After confirming the selection of potential outcome indicators, the main challenge that we faced was
the linking between these indicators on the one hand and the EIP on AHA targets of adding 2HLY to the
life of European citizens and achieving a Triple Win for Europe on the other. After a thorough search of
the scientific literature on potential ways of bridging the outcomes of the EIP on AHA and the above
targets, we decided to take the HLY model as a starting point and adapt it to the needs of MAFEIP. The
rationale for this adaptation was to make sure the resulting model could adequately capture
(incremental) health impacts achieved by EIP on AHA commitments, and also to use data on indicators
that are most frequently reported across the EIP on AHA by participants. As a result, we have been able
to propose a generic and flexible modelling approach based on a Markov process, which allows us to
link (primary and secondary) outcome indicators across interventions, commitments and geographic
domains to the EIP on AHA health objective. We further demonstrated how some model extensions
could be implemented to incorporate additional secondary indicators in the overall framework,
although this would depend on technical feasibility and the availability of analytical resources. Another
advantage of this model is that it can be adapted to estimate the impact of activities delivered within
the EIP on AHA on the sustainability of health and care systems in terms of changes in health and care
expenditure. Finally, we propose that this framework should be implemented as a tool that could
enable stakeholders within commitments to assess the health and sustainability impact of their
respective interventions independently, with the support and guidance of IPTS.
This report has therefore brought us to the point where we can actually start building a model to
estimate the impact of the innovations delivered within the EIP on AHA and their contribution to the
Quality of Life of European citizens and the sustainability of health and care systems. Nevertheless,
this implies that relevant data from the Action Groups and commitments will become available which
may not be the case immediately. This is why the issue of data availability, data collection and data
sources for populating the model will play a crucial role in determining how we can best implement our
approach in practice. While we believe that developing a monitoring tool would facilitate the data
collection and input process, some issues will have to be resolved. We therefore deem it important to
facilitate further discussions on data issues and actively promote the framework among stakeholders,
commitments or Action Groups. Indeed, explaining our model and its advantages will help to ensure the
acceptance of the approach proposed by all those involved. We believe this would be the best way to
implement the framework successfully, and in turn estimate the real impact of the EIP on AHA.
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7.

Annexes

Appendix 1: Systematic search strategy for identifying papers on the bridging between QALYs and HLYs
Appendix 1.1: database search strategies

SCOPUS search strategy:
Performed on March, 18th 2014 (covers EMBASE, MEDLINE and SCIENCE DIRECT)
Nr

Search terms

Hits

1

ALL("quality adjusted life year" OR "quality adjusted life
years" OR QALY OR QALYs)

17,628

2

ALL("disability adjusted life year" OR "disability adjusted
life years" OR DALY OR DALYs)

301,814

3

ALL("Healthy life year" OR "Healthy life years" OR HLY OR
HLYs)

1,957

4

#1 AND #3

46

5

#2 AND #3

92

6

#4 AND #5

30

7

#4 OR #5

108

PubMed search strategy:
Performed on March, 19th 2014
Nr

Search terms

Hits

1

ALL("quality adjusted life year" OR "quality adjusted life
years" OR QALY OR QALYs)

9986

2

ALL("disability adjusted life year" OR "disability adjusted
life years" OR DALY OR DALYs)

9854

3

ALL("Healthy life year" OR "Healthy life years" OR HLY OR
HLYs)

776

4

#1 AND #3

12

5

#2 AND #3

16

6

#4 AND #5

4

7

#4 OR #5

25

40

Cochrane Library search strategy:
Performed on March, 24th 2014
(Quality adjusted life year OR quality adjusted life years OR QALY OR QALYs or Disability adjusted life
year OR Disability adjusted life years OR DALY OR DALYs) AND (Healthy life year OR Healthy life years OR
HLY OR HLYs)
Database

Hits

Cochrane Database of Systematic Reviews (CDSR)

1

Cochrane Central Register of Controlled Trials

25

Cochrane Methodology Register

3

Database of Abstracts of Reviews of Effects (DARE)

0

Health Technology Assessment Database (HTA)

0

NHS Economic Evaluation Database (NHS EED)

8

HEED search strategy (Health Economics Evaluation Database)
Performed on March, 24th 2014
(Quality adjusted life year OR quality adjusted life years OR QALY OR QALYs or Disability adjusted life
year OR Disability adjusted life years OR DALY OR DALYs) AND (Healthy life year OR Healthy life years OR
HLY OR HLYs) in Abstract
No of hits: 72
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Appendix 1.2: Managing references

Search results imported to Mendeley
SCOPUS: 108
Pubmed: 25
Cochrane Database of Systematic Reviews (CDSR) 1
Cochrane Central Register of Controlled Trials: 25
Cochrane Methodology Register: 3
NHS Economic Evaluation Database (NHS EED): 8
HEED 72
Total: 242

Without duplicates:
226

Duplicates:
16

Potentially relevant
after 1st screening of
titles and abstracts:
37

Excluded after 1st
screening of titles and
abstracts:
189

Potentially relevant
after 2nd screening of
titles and abstracts:
24

Excluded after 2nd
screening of titles and
abstracts:
13

Full text review
24
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Appendix 1.3: Papers under full-text review
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doi:10.1016/j.chiabu.2011.06.005
De Hollander, A. E. M., Melse, J. M., Lebret, E., & Kramers, P. G. N. (1999). An aggregate public health indicator to
represent the impact of multiple environmental exposures. Epidemiology (Vol. 10, pp. 606–617). Retrieved
from http://www.scopus.com/inward/record.url?eid=2-s2.0-0032783878&partnerID=tZOtx3y1
Eralp, M. N., Scholtes, S., Martell, G., Winter, R., & Exley, A. R. (2012). Screening of healthcare workers for tuberculosis:
development and validation of a new health economic model to inform practice. BMJ open, 2(2), e000630.
doi:10.1136/bmjopen-2011-000630
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