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Integrating human health into prospective impact assessments is known to be challenging. This is true for both
approaches: dedicated health impact assessments (HIA) as well as inclusion of health into more general impact
assessments. Acknowledging the full range of participatory, qualitative, and quantitative approaches, this study
focuses on the latter, especially on computational tools for quantitative healthmodelling.We conducted a survey
among tool developers concerning the status quo of development and availability of such tools; experiences
made with model usage in real-life situations; and priorities for further development. Responding toolmaker
groups described 17 such tools, most of them being maintained and reported as ready for use and covering a
wide range of topics, including risk & protective factors, exposures, policies, and health outcomes. In recent
years, existing models have been improved and were applied in new ways, and completely new models
emerged. Therewas high agreement among respondents on the need to further developmethods for assessment
of inequalities and uncertainty. The contribution of quantitativemodeling to health foresight would benefit from
building joint strategies of further tool development, improving the visibility of quantitative tools and methods,
and engaging continuously with actual and potential users.

© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

Integrating human health into prospective impact assessments is
widely seen as necessary but challenging; this is true for both approaches:
inclusion of health into more general impact assessments as well as ded-
icated health impact assessments (HIA) [Birley, 2011; British Medical
Association, 1998; Diwan et al., 2000; Kemm et al., 2004, Kemm, 2013;
O'Mullane, 2013; US National Research Council, 2011]. Acknowledging
the full range of participatory, qualitative, and quantitative approaches,
this study focuses on the latter, especially on computational tools for
quantitative health modeling.

In previous publications [Fehr and Mekel, 2010; Fehr et al., 2012], we
studied the role of quantification within HIA. In a survey conducted in
2011, we identified 14 tools for quantitative health impact assessment
and concluded thatwhile further tool development is no longer a priority,
targeted improvements, comparative evaluation of different tools, and
maintenance and continued availability are issues to address in further
work [Fehr et al., 2012].

Adding on to this, we note that already the Gothenburg HIA work-
shop in 1999 identified “a false dichotomy between qualitative and
), odile.mekel@lzg.nrw.de
rley),
quantitative methods,” stating that “both can generate meaningful evi-
dence” for HIA [Douglas, 2000]. A “Quantifiable HIA discussion group,”
initiated at the third United Kingdom conference on HIA in 2000,
concluded: “Only if quantitative estimates of one or more impacts
will help inform decision making and robust estimates can be
calculated should we generate these estimates” [Mindell et al., 2001].
In an early synoptic view, four quantitative approaches were compared
[McCarthy and Utley, 2004]. Soon after, an editorial observed:
“Mathematical modelling is ... seldom applied to non-communicable
diseases..., despite its great potential” [Mindell and Joffe, 2005].

An early analysis of methods for quantification identified availability
of valid data and of methods as two major difficulties, and concluded,
“quantification in HIA is useful but not often achieved” [Veerman et al.,
2005]. The same authors proposed that three types of validity are relevant
for HIA: plausibility, formal validity, and predictive validity [Veerman
et al., 2007]. A Swedish-origin guide to quantification in HIA is largely
based on methods from Health Technology Assessment and from eco-
nomic evaluation [Brodin and Hodge, 2008]. In a British guide [Glover
and Henderson, 20101], the focus is also on valuing health effects, espe-
cially on Quality Adjusted Life Years.

A reviewof the strengths andweaknesses of quantitativemethods in
HIA concluded that “the production of a single estimate, or range of
1 includes references until 1995
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estimates, for the likely health impacts ... can obscure the complexities
and uncertainties that underlie these figures” [O'Connell and Hurley,
2009]. Synthesizing the experience from 15 quantitative estimations
in HIA practice in the USA, the authors identified four critical issues:
causation, external validity, heterogeneous effects, and secular trends
[Bhatia and Seto, 2011]. Applying a broad view on risk assessment,
quantification in HIA is seen as a form of “top-down policy risk assess-
ment” [Ádám et al., 2014a]; a combined tool includes textual guidance
and a checklist [Ádám et al., 2014b].

In summary, we see a strong growth of computational tools for
health impact quantification, particularly in Europe, but also several
areas of underdevelopment such as lack of insight into the relative use-
fulness of various tools, lack of experience in applying them in a real-life
context, limitations in whether and how they estimate impacts on
health inequalities and deal with uncertainty, and problems of mainte-
nance.We therefore decided to conduct a survey among tool developers
to answer the following questions:

• What is the status quo of development and availability of tools for
quantitative health impact assessment?

• Which experiences are being made with model usage, especially in
real-life situations?

• What priorities are seen by tool developers/suppliers for further
development?

In this study,we did not intend a fully in-depth reviewof all individual
tools. Rather, we set out to overview a field of activity which we consider
to be important, both scientifically and for public health policy, butwhere
overview has been lacking. We expect the results of this survey to be rel-
evant for both tool developers (who tend to be unaware of each others'
work, because there is a lack of established scientific networks in this
area) and tool users (who are likely to be unaware of the status quo of
tool development, which hinders decision making on which tool to use
for answering a specific policy question).
2. Data and methods

For this survey, the units of interest are (quantitative) healthmodeling
tools. There is nomaintained database of such tools and so the core group
for inclusion in this surveywere the 14modeling tools covered in our ear-
lier analysis [Fehr et al., 2012].We added three toolswhichwe discovered
later and which have also been used for health impact assessment.

For each of the 17 tools, we identified a key toolmaker group,
consisting of between one and three persons, 26 toolmakers altogether.
The distribution by country was as follows: Netherlands 9, United
Kingdom 7, Australia 4, USA 2, and one each in Canada, Germany,
Finland, and Greece. In 2013, each of the 26 toolmakers received infor-
mation explaining our intention, and – via email – a questionnaire
which covered (i) current status of tool development since 2011: tool
features incl. methods for handling health inequalities and for dealing
with uncertainty; financial support for tool development; tool mainte-
nance and availability incl. user support; tool use incl. for what purposes
and bywhom; and tool evaluation; and (ii) perspectives for further tool
development: priorities incl. development of methods for handling
health inequalities and for dealing with uncertainty; tool maintenance
and continued availability; tool use; and tool evaluation as a priority.

The addresseeswere informed thatwe expected to receive one com-
pleted questionnaire per tool. To those who did not respond by the
deadline, a reminder message was sent via email; in some instances,
we also made contact by telephone. Results from completed question-
naires were transferred into a master spreadsheet. From this, a series
of specific spreadsheets was generated, involving manual coding and
spreadsheet-based counting of answers where appropriate. The coding
and counting were cross-checked within the group of authors.
3. Results

3.1. Response rates

We received no response from three groups; another group
responded in free-style only. The other 13 groups responded by
questionnaire:

• 10 groups sent back one questionnaire each, concerning their respec-
tive tool.

• Two other groups returned one questionnaire concerning their origi-
nal tool plus one questionnaire concerning an additional tool.

• One other group did not send back a questionnaire on the original tool
but three questionnaires on additional tools.

Thus we received completed questionnaires for 12 “original” and
five additional tools – see Fig. 1.
3.2. Current status of development and use

Fourteen toolswere described as “Ready for use,” one as “Under con-
struction,” and two “Awaiting maintenance.” For 11 tools, maintenance
had been carried out or new elements or options have been added, since
2011; in two more cases, new tools had been developed. Thus, most of
the 17 tools were being maintained and reported as ready for use.

Toolmakers described a wide range of topics covered, including risk
and protective factors, exposures, policies, health outcomes. Analysts, con-
sultants, academic researchers, decision makers “in all jurisdictions across
the country,” national cancer league, and non-governmental organizations
(NGOs)werementioned as users. Countries of tool usage includedCanada,
Denmark, Finland, Germany, The Netherlands, New Zealand, South Africa,
and the USA; also “53member states of the European region of theWorld
HealthOrganization” and “EuropeanUnionmember states.” For full results
on tool use, see Web Appendix Box 1.

The main results concerning the status quo of tool development are
summarized in Fig. 2. When asked if their tool can handle health in-
equalities, in seven cases, the answer was “yes” and in six cases “to a
limited extent,” often via separate specific analyses; data availability
was identified as a likely problem. When asked whether tools included
methods for dealing with uncertainty, 13 answered “yes,” three report-
ed “to a limited extent”: handling uncertainty apparently is a standard
feature but the degrees of sophistication is likely to vary.

For 10 tools, there was financial support for development, mainte-
nance, use, or evaluation since 2011. The source of funding was, non-
exclusively, given as national (8 cases), European Union (3 cases), or
others (3 cases).

The possibility of usage of a tool by others than its developers was
confirmed for nine tools; another four specified “not easily.” Eight of
the tools were reported to have been used by external users. Thirteen
tools indicated support for users via detailed written guidance,
helpdesk, or training. Nine of the tools can be accessed via a website,
six other tools via contact or collaboration with developers. Eight tool-
makers reported they were satisfied with the use of their tool since
2011, another six reported limited satisfaction.

Formal evaluation of the tool was confirmed in four cases, with
widely varying methods and approaches (e.g., via comparison with
measurements from continuous measurement stations, application of
the tool in practice, internal audit, and publications with peer review
or assessment of a PhD thesis). In four additional cases, respondents
mentioned informal (implicit) evaluation, by being included in a data-
base, presentations of results, or internal evaluation within the team
of developers. The evaluations identified areas for improvement in soft-
ware, in modeling, and in uncertainty assessment.

Selected properties of the tools are summarized in Table 1.



Fig. 1. Initial tool set, and tool set covered by the response to the survey (2013).
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3.3. Perspectives for further development and use

When asked about priorities for further development of their tool,
responses were interpreted as substantive in nine, methodological in
seven, and concerning user-friendliness in eight cases. For one tool,
maintenance was identified as priority. For detailed answers, see Web
Appendix Box 2.

Main results concerning the perspectives of tool development are
summarized in Fig. 3. The ability to handle health inequalities was con-
firmed as a priority for future development in eight cases. Similarly, to
handle uncertainty was confirmed as a priority in 15 cases.

Tool evaluation was mostly not seen as a priority; it was nominated
four times, and another eight times with reservations. Suggestions for
evaluations included reliability, validity, accuracy (13 times), usability
(4 times) and relevance for decision making (3 times). It was pointed
out that if tools were sufficiently similar, a “ring” exercise could be
held in which all models use the same data to predict the same health
outcome. Comparison of estimated impacts would yield insight in the
differences between models.

The maintenance and continued availability of their tool in the fu-
ture was seen as assured for five tools. From this perspective, for most
tools, the future development is uncertain. Based on 14 answers, main-
tenance and continued availability was said to depend on support from
stakeholders and policymakers, goodwill by centermanagement, future
work/projects, and general funding. Other answers identified that tools
would be used toward estimating burden of disease (5 cases), impacts
Fig. 2.Main developments since 2011, ac
and effectiveness of policies and measures (13 cases), and research
and education (2 cases). For more details, see Web Appendix Box 3.

The survey questionnaire included questions on recent reports, pub-
lications, websites, etc., concerning the respective tools. The ways in
which toolmakers responded to these questions differed widely. We
felt a need to supplement the responses via additional searches, espe-
cially on the Internet. For the resulting list of tool-specific references,
see Table 1.

4. Discussion

In the few years since our previous paper, there have been many
new developments, from small improvements to, or new applications
of, existingmodels to the development of completely newmodels. Nev-
ertheless, the need for cohesion in the field is evident from the large va-
riety of models, the lack of serious evaluation efforts, and the limited
consensus about priorities for further development.

4.1. Strengths and limitations of the work

We do not claim to have established a complete list of quantitative
HIA tools: our approach was organic with a view to inclusion of all rel-
evant tools, with no designed sampling of the toolmaker community.
No sampling frame exists, so in effect, one task was to construct one.
In part, this depended on what was considered to be an individual
tool: whenever, it was difficult to differentiate between incremental
cording to survey responses (2013).



Table 1
Properties of tools covered in the survey responses (2013).

Tool Origin Scope Functional status Usability by
others

Access mode Support for users References

ACE-MSLT: Assessing
Cost-Effectiveness – Proportional
Multi-State Life Table

Australia Generic Ready Not easy Contact (request) 5-day workshop • Vos et al. (2010)
• www.sph.uq.edu.au/bodce-ace-prevention
• www.sph.uq.edu.au/bodce-ace-prevention-methods-176960
• www.sph.uq.edu.au/ace-prevention-results-176960

CRMM: Cancer Risk Management
Model

Canada Cancer risk Ready Yes Website, after
registration

Yes • Evans et al. (2013)

DYNAMO-HIA: Dynamic Modelling
for Health Impact Assessment

EU (NL) Generic Ready; and new
version in testing
phase

Yes Website User guide,
training material

• Nusselder et al. (2011)
• Boshuizen et al. (2012)
• Holm et al. (2014)
• Kulik et al. (2012)
• Lhachimi et al. (2012a)
• Lhachimi et al. (2012b)
• Lhachimi et al. (2013)
• www.dynamo-hia.eu

EcoSense DE Environmental risks Ready Yes, either
“light” edition
or for fee

Website, after
registration

User's manual;
service team

• Torras Ortiz (2012)
• Torras Ortiz and Friedrich (2013)
• www.externe.info
• http://ecosenseweb.ier.uni-stuttgart.de/

Foresight Obesity Model (and
Model family)

UK Obesity
(Model family: Generic)

Ready (Largely) No Collaboration — • McPherson et al. (2007)
• Keaver et al. (2013)

Health Paths Canada Generic Under construction Not easy Contact No • Wolfson and Rowe (2014)
HECOS: Health and Economic
Consequences of Smoking

UK for EU Smoking Ready, but
obsolete

No — — • Orme et al. (2001)
• Antonanzas and Portillo (2003)
• Godfrey et al. (2010/2011)

HEIMTSA: Health and Environment
Integrated Methodology and
Toolbox for Scenario Assessment
INTARESE: Integrated Assessment
of Health Risks of Environmental
Stressors in Europe

EU Environmental risks Awaiting
maintenance

Yes, after
registration

Website Online –help;
guidance

• Briggs (2008)
• Smolders et al. (2010)
• Forastiere et al. (2011)
• Cesaroni et al. (2012)
• www.intarese.org/about
• www.innovationseeds.eu/Virtual_Library/Knowledge/INTARESE_-_IIEHIA_
System.kl

• www.thl.fi/en_US/web/en/research/tools/assessment_of_health_impacts/

(continued on next page)
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Table 1 (continued)

Tool Origin Scope Functional status Usability by
others

Access mode Support for users References

integrated_environmental_health_assessments
• www.integrated-assessment.eu/

ICT: Impact Calculation Tool EU (FI, NL) Environmental risks Ready Yes Website Written guidance • Kollanus et al. (2010)
• www.integrated-assessment.eu/content/impact_calculation_tool

ICT-R/HIA in Opasnet: Impact
Calculation Tool

FI Environmental risks Ready Not easy Website Limited
guidance

• Pohjola et al. (2011)
• Pohjola and Tuomisto (2011)
• http://en.opasnet.org/w/HIA
• http://en.opasnet.org/w/Impact_Calculation_Tool_for_R
• Guidance: http://en.opasnet.org/w/Modelling_in_Opasnet

IEHIAS Guidance system
(INTARESE: Integrated Assessment
of Health Risks of Environmental
Stressors in Europe)

EU Environmental risks Ready Yes Website Yes • www.integrated-assessment.eu

IMPACT [Simulation Engine]:
Generic Tool for Modelling and
Simulating Public Health Policy

UK Cardiovascular disease Ready Not yet Website Yes • Ainsworth et al. (2011)
• Couch et al. (2013)
• www.healthimpact.org.uk

MicMac: Bridging the Micro–Macro
Gap in Population Forecasting

NL/DE Generic Ready Yes Website, after
registration

Training • Gampe et al. (2007)
• www.nidi.nl/en/research/al/micmac/home

MSLT: Proportional Multi-State Life
Table

NL Generic Ready Not easy Contact (request) Brief instructions • Veerman (2007)

Prevent NL Generic Ready Yes Contact (request) Manual • Barendregt (1999)
• Mooy and Gunning-Schepers (2001)
• de Vries et al. (2010)
• Soerjomataram et al. (2010)
• Soerjomataram et al. (2011)
• Dallat et al. (2013)
• www.epigear.com/index_files/prevent.html

RIVM-CDM: Rijksinstituut voor
Volksgezondheid en Milieu
Chronic Disease Model

NL Generic Awaiting
maintenance
(restructuring)

No — Documentation,
training

• Hoogenveen et al. (2009/2010)
• Over et al. (2012)
• Suijkerbuijk et al. (2013)
• www.nationaalkompas.nl/algemeen/meta-informatie/modellen/cdm/

THIM: Theoretical Health Inequality
Model

Canada Health inequalities Ready Yes Contact Yes, limited • Wolfson (2013)

DE = Germany, EU = European Union, NL = Netherlands, FI = Finland, UK = United Kingdom.
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Fig. 3. Priorities for further tool development, according to survey responses (2013).
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tool development and emergence of a new tool, we pragmatically
followed the way the toolmakers themselves framed it. Overall, re-
sponse ratewas good and although not all toolmaker groups responded,
most tools could be included in our analysis. As a result, the paper
presents a range of relevant tools and reports what some of the main
properties of these tools are, as understood and assessed by the tool de-
velopers themselves, together with developers' views of what is needed
and how the area is progressing.

By bringing this information into the public arena in away that is ac-
cessible to the general reader, we hope to further understanding and
wider discussion of the possibilities for quantification and perhaps lay
a basis to carry out the more comprehensive and in-depth description
that would also be particularly useful for the experienced practitioner.

Asking toolmaker groups to provide a coordinated answer about a
single tool has worked well; the groups usually agreed on one lead per-
son, avoiding multiple and potentially contradictory responses. The re-
spondents were in a good position to know the answers to the
questionswe asked. Several of these questions required judgment rath-
er than simple reporting andwe speculate that some of the responses to
thesemay be too positive because the respondentsmayhave had signif-
icant emotional, reputational and/or financial investment in the tool's
success. Also, we did not specify formal criteria for assessing, for exam-
ple, ease of use of a tool by others, so there is some ambiguity in answers
summarized as “not easily” used by others. Nevertheless, if developers
consider that the tool may cause difficulty for use by others, then this
can be taken at face value.

The questionnairementioned “health inequalities impact assessment”
and asked if the tools could handle health inequalities, without differenti-
ating among inequalities between, e.g., age, gender, regions, or socio-
economic status, andwithout explicitly asking aboutmethods to estimate
impacts on health inequalities.

Such biases and ambiguities could be investigated by a more formal
and objective exploration of issues like the tools' readiness for use,
including how they handle inequalities and uncertainties, but such an ex-
ercisewas beyond the scope of this study. Such an extensionof theproject
could also investigate the degree of disaggregation (by age, gender, re-
gion, SES) afforded by the various tools, and with what ease, particularly
as this relates to the granularity with which inequality issues can be
assessed, and how time issues are dealt with. In our experience, time is-
sues such as latency or cessation lag are often overlooked or blurred
when dealing with Burden of Disease assessments but are important
and non-trivial when assessing the health impacts of a proposed policy,
program, or measure (see e.g. COMEAP, 2010).
4.2. Interpretation

“Foresight” orientation is regarded by many as crucial for public
health, and the tools included in the survey cover a long list of
subject-matter areas, with a remarkable richness and diversity
both of current applications and future extensions envisaged by tool-
makers. Our impression, however, is that quantitative modeling still
has a relatively marginal status in public health debates, with low
visibility and scattered voices – though about half of the toolmakers
said they were satisfied with the degree of usage of their tool since
2011.

We do not interpret the toolmakers' relative satisfaction as
indicating that quantitative methods are already sufficiently used.
It suggests to us rather that the tools available are sufficient for
analysis of specific well-defined problems; but predicting the
health impacts of really wide-ranging policies and measures
which affect multiple determinants, both social and environmental
(e.g. changes to the Common Agricultural Policy; or the use of
“fracking”; or austerity policies) need an array of tools that is
wider, and an ability to integrate them that is better, than is easily
available at the moment.

In addition, it is our impression that toolmakers have been
concerned especially with constructing something that worked in a
specific setting. Making the tools user-friendly and marketing them
to potential users may not have been the priority with the limited
resources available – despite the respondents' reports that support to
external users was available for many of them, and that about one half
had indeed been used by people other than the team that developed
them.

The list of potential future applications covers multiple foresight ac-
tivities for public health and if implementedwould go someway toward
making existing tools more usable. Regarding the priorities for further
development that we have suggested in a previous paper (Fehr et al.,
2012), our findings are

• there is high agreement among toolmakers on the need to further de-
velop methods for assessing impacts on health inequalities and for
dealing with uncertainty;

• the interpretation of “tool evaluation” varies a lot among respondents
with limited consensus about how to proceed;

• no mechanism exists to serve ongoing communication or systematic
information exchange among toolmakers, and between toolmakers
and users of tools.
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4.3. Next steps

Although this survey provided useful information on the current
status and future prospects of quantifying tools for HIA, it is only a
first and modest step in moving the field forward. We see these
quantifying tools and models as an important building block toward
meeting the complex challenge of health foresight. With more
“foresight” urgently needed, how can the potential inherent in
quantitative modeling be tapped more completely? One next step
involving limited effort is to increase visibility of existing tools; our
paper is one contribution toward this. Another could be to also
survey advanced HIA practitioners as key users and policymakers
as primary end-user clients, to get to know their agenda and
information needs – our survey sought relevant information from
the provider (toolmakers) side only. This could help create momen-
tum toward broader application of these modeling approaches, and
closer cooperation of these three groups (which may partially
overlap).

A clear commitment to boosting the development and wide-
spread application of quantification tools and the introduction of
modeling results into future-oriented public health debates would
be a major step forward. Such development could be led and sup-
ported, e.g., by professional associations (e.g. the European Public
Health Association (EUPHA) or the International Association for Im-
pact Assessment (IAIA)), the World Health Organization, and the
European Union, all of whomhave already shown some commitment
to the development and use of quantitative methods, at least in some
specific contexts. It seems that at present, many of those involved in
policy development see it as sufficient to have at most a “light-touch”
qualitative assessment of the potential health effects. While this can
undoubtedly be useful, in our view, the multiple health effects of
complex policies both need and merit quantitative analysis at least
of those pathways which preliminary analysis suggests are likely to
have greatest impacts on human health.

In parallel with developments such as these is the need to form a
community of tool developers that engages with one another as well
as with the wider world of actual and potential users, to help over-
come current fragmentation of the area, and to develop a critical
mass of visibility for quantitative tools andmethods. Such communi-
ty building is perhaps best done also by an existing established orga-
nization of good reputation, like EUPHA or IAIA. The degree of
response to the detailed questionnaire we developed and the rich
detail of answers received suggest a willingness of toolmakers to
contribute to this discussion and an interest in exchange and cooper-
ation. The need also to be outward-facing might be met by an annual
“fair,” perhaps linked with the annual meeting of EUPHA or IAIA,
where toolmakers could showcase what they have already on offer
and what they hope to develop, in an environment where there is
opportunity to interact and engage with other HIA practitioners,
and indeed with policy-making end-users.
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