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Web-based models to inform health policy: ===

A scoping review

Jade D.Rae'?'®, Winnie Chen??, Sophie Diarra**, Nhung Nghiem®’, Rebecca H. Chisholm®?, An Tran-Duy”'%™",
Freya Shearer® and Angela Devine?”

Abstract

Health policies must be continually updated as new evidence is generated to ensure the optimal delivery of health
interventions and prevention measures. Models are often used to study health problems, but their complexity limits
their use by policy-makers. One way to facilitate their use among non-modellers is to develop user-friendly interfaces
and make them available online. We conducted a scoping review of journal articles to identify and describe the cur-
rently available, interactive, freely available web-based health models that aim to inform health policy relevant to any
disease or health issue affecting human populations. This scoping review included 16 web-based models covering
13 diseases or health issues, of which the most common were coronavirus disease 2019 (COVID-19) and malaria. The
most common model outputs were epidemiological indicators (14/16), such as case numbers, incidences, or results
from diagnostic screening, followed by the cost of implementing the intervention or health measure of interest
(10/16). Model validation was performed in 6 of the 16 studies by comparing the model results with the previously
published evidence or comparing simulated outcomes with observed data. Sensitivity and scenario analyses were
conducted for 62.5% of models (10/16); however, in most cases, the user can perform these analyses by chang-

ing the model parameters in the user interface. This review explores the potential of web-based models to support
health policy decisions and resource allocation. Despite their limited number, the 16 interactive web-based health
models provide valuable insights into various health issues, primarily infectious diseases. The usability of the currently
available web-based health models is impacted by the accuracy of the model description, the ability of the user

to alter parameter values and the model assumptions that limit their generalizability. Such models must be validated
and incorporate appropriate sensitivity analyses to be reliable and helpful to policy-makers.
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Introduction

Health policies provide governments and organizations
with guidelines on how to effectively promote and safe-
guard the population’s health and should be continu-
ally updated in accordance with new evidence on what
interventions are effective and cost—effective, and how
intervention impact can be improved. Over the past
two decades, mechanistic and statistical models used to
investigate the impact of interventions and control meas-
ures on health outcomes have been increasingly used to
inform health policy decisions.

While mechanistic models cannot replace randomized
controlled trials, population surveys, or other empirical
studies, they are less costly and provide a simplified view
of reality that can be used to predict future events, inves-
tigate counterfactual scenarios [1], synthesize evidence
across empiric studies [2], or investigate the impact of
individual factors on the outcome of interest [3—5]. These
include infectious disease transmission models used to
inform the national response to influenza outbreaks [6],
and in recent years, those used to inform reopening plans
during the COVID-19 pandemic [6, 7].

Models have historically been inaccessible to the public
or communities outside of academic research; however,
the number of interactive and web-based models has
increased in recent years. These models allow policy-
makers (and the public) to change model parameters to
investigate the potential impact of healthcare interven-
tions in various contexts. The capacity of these models to
influence health policy in a meaningful way, however, is
determined, in part, by (1) the ability to change the model
parameters so that the outputs are generalizable to differ-
ent contexts, (2) the interpretability of model outputs, (3)
the reliability of the model outputs and (4) how easy it
is to navigate within the web-based model. This scoping
review explores the web-based health models currently
available and published in the literature, their utility and
limitations and the extent to which their outputs have
informed health policy.

Methods

Search strategy and selection criteria

To identify papers describing web-based health policy
models, one reviewer searched Ovid Medline and Web
of Science databases using the search strategy provided
in Additional file 1. To be eligible for inclusion, articles
needed to describe a freely available, interactive, digital
health technology, hosted online to support health or
disease related policy decisions. The model needed to
be accessible at the time of data extraction using a link
provided by the authors. The web-based model must be
related to healthcare or health policy and address a deci-
sion problem. Articles were limited to those published
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from 1 January 2010 to 16 May 2022 and excluded if the
text or abstract were unavailable or the article was not
reported in English.

Search results were uploaded onto the Covidence
platform, where duplicate articles were identified and
removed. Covidence is a web-based platform that
streamlines the screening and data extraction process
for systematic and other literature reviews. One reviewer
screened all titles and abstracts, and a second indepen-
dently screened a random third of the articles. Con-
flicts were resolved through discussion between the two
reviewers. One reviewer screened the full texts of arti-
cles deemed eligible on the basis of the title and abstract.
Although not always applicable, the reporting of the
scoping review was guided by the Preferred Reporting
Items for Systematic Reviews and Meta-analyses exten-
sion for Scoping Reviews (PRISMA-ScR) [8] checklist,
provided in Additional file 2. The protocol for this scop-
ing review has not been previously published.

Data extraction

Using a data extraction template developed by two
reviewers in Excel, one reviewer extracted information
from the articles included in the scoping review. Follow-
ing completion, a second independent reviewer checked
the data extraction. Conflicts were resolved through dis-
cussion between the two reviewers.

Extracted information included the disease or health
issue modelled, the aim of the model, the origin (coun-
try or region) of the data used in the model and model
validation and checks. The country or region of data ori-
gin was classified as low-, middle- or high-income. This
was provided in the paper or determined by a reviewer
using economic indicators from the World Bank [9]. The
type of intervention investigated was classified as medi-
cal or public health. Medical interventions were those in
which treatment was delivered to individual patients, and
public health interventions were interventions or efforts
that aimed to improve physical or mental health at the
population level. The description of the model type was
assessed by three reviewers on the basis of their field of
expertise.

Synthesis of results

The web-based models described in the included studies
were summarized according to their structure, applica-
tion, internal and external validation, and findings. Usa-
bility was also assessed, focusing on factors such as the
transparency of the model setup, the ability to upload
external data, and the option to download results. Model
validation was examined in terms of whether internal
and/or external validation was performed. Because this
scoping review was not restricted to a particular disease,
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health issue or modelling approach, commonalities and
differences were described across all included studies.

Results

The search strategy identified 9054 studies published
between 1 January 2010 and 16 May 2022. After screen-
ing the titles and abstracts, the full texts of 85 poten-
tially relevant studies were reviewed for inclusion. This
resulted in the exclusion of 58 studies, the inclusion of
15 studies and 13 studies that met the inclusion criteria
but did not provide a working link to the model (Fig. 1).
An email was sent to the authors of these studies request-
ing a working link. While six authors responded, six did
not respond after two email attempts, and the authors of
one study could not be contacted. For the latter, the first
author’s email did not work, no alternative email could
be found for the first author and secondary authors could
provide no further information on the model. Of the six
studies with authors who responded, a working link was
provided for one model, and the remaining five models
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were either not hosted online, terminated or still under
development [10]. In addition to the 15 studies identified
from systematic searches, 1 further study that met the
inclusion criteria was added to the included studies [11].
The main reasons were that the model described in the
study was not hosted online (20/70), was used for data
visualization only (17/70) or was not accessible without a
login (8/70) or that the health outcomes were assessed at
the individual level, such as prognostic models designed
to predict the risk of mortality in individual patients,
rather than at the population level (8/70).

The models identified in this scoping review investi-
gated the impact of possible changes in health policy
relevant to a wide range of health issues and diseases.
Links to these models are provided in Table S1, Addi-
tional file 3. Most models were developed in the previ-
ous 5 years, with the oldest model developed in 2016. The
majority of models were used to study infectious diseases
(75%, 12/16), with the most common being COVID-19
(31%, 5/16) and malaria (19%, 3/16). One COVID-19

Database searches identified 9054 unique records

85 potentially relevant studies identified during screening of titles and abstracts

v

15 studies met the
inclusion criteria and

Working link requested for

57 studies did not meet
the inclusion criteria

provided working link 13 studies
! !

1 author 5 authors 7 authors could not
responded could not be contacted or did

with working provide not respond to

link working link requests
v
69 studies excluded
1 additional study identified *
\ 4 \4 Jr
17 studies included in the scoping review

Fig. 1 PRISMA flow diagram of articles included in the scoping review. ‘One additional study was known to the authors but not identified

during screening
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model focused not on the risk of infection but on the
impact of delayed elective surgeries during the pandemic
[12].

The models were constructed using data from a wide
geographical scope and income levels (Table 1). In some
instances, the application of these models was limited to
the country or region of origin of the data used to con-
struct the model (5/16). In contrast, the outputs from 11
models (69%) could be adapted to any country of interest
through selection from a drop-down menu [13, 14] or by
altering the parameter values to reflect different contexts
[12, 15-22].

The programming language used to construct these
models was provided in 13 of the 16 studies (81%), with
R being the most common (77%; 10/13). The code used
for model construction was provided for five models [11,
19, 20, 22, 23] (Table 1). In 13 models, the values of the
parameters could be changed using sliding bars [10, 20],
manually inputting numbers or ticking boxes [14, 16, 18,
24, 25] or a combination of both methods [11, 13, 15, 17,
19, 20, 23]. Alternatively, three models allowed users to
upload data containing some or all parameter values [18,
21, 26].

Model outputs were displayed using a variety of for-
mats: graphs and tables for six models [12, 14, 18, 20,
22, 24], tables only for five models [11, 15, 16, 19, 21],
graphs only for two models [13, 17], maps for two mod-
els [23, 26] and text only for one model [25]. The most
common model outputs were epidemiological indicators
(14/16), including case numbers, incidences, or results
from screening, followed by the cost of implementing the
intervention or health measure of interest, such as qual-
ity-adjusted life-years (QALYs) (10/16) (Table 1).

The most common limitation described by the authors
of the included studies was the exclusion of parameters
or simplifications to the model due to unreliable or miss-
ing data [11, 13, 15, 19, 21]. For example, Alfaro-Murillo
et al. acknowledged that the interventions delivered to
control the Zika outbreak would likely improve health
outcomes for other diseases transmitted by the same
mosquito vector (for example, dengue, chikungunya and
yellow fever), which would increase the impact of these
interventions. Still, those effects were not considered in
their model [13]. In another example from Chaillon et al.,
the model did not consider changes in the life expectancy
of human immunodeficiency virus (HIV)-infected indi-
viduals receiving or not receiving antiretroviral therapy
(ART), despite evidence to suggest that adhering to ART
can result in a normal life expectancy, which would have
an impact on the total costs of implementing ART [15].

The outputs from six models (38%) were validated
externally or internally (Table 2). In several studies, dif-
ficulty validating the model outputs was listed as a
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limitation [16, 18, 24], or the evaluation of the model was
described as subjective [24]. One model by Wozniak et al.
was described as validated, but details on the methods
used were not provided [25]. Internal validation was con-
ducted for three models by comparing model simulations
to observed data [18, 20, 21]. For two of these models,
the simulation results appear to conform to the empirical
data in the overlaid graphs, but the authors do not explic-
itly discuss the internal validity of the results [18, 21]. For
the third model (Incerti et al.), both internal and external
validation were performed [20]. The model was internally
validated by confirming that the results from model sim-
ulations were consistent with the observed empirical data
related to rheumatoid arthritis [20]. External validation
was performed by comparing model results with results
from three other models for cost—effectiveness in the
USA that describe treatment strategies for rheumatoid
arthritis [27-29]. This external validation revealed similar
results for health sector costs but differences in expected
life years, which the authors attributed to differences in
the included parameters [20].

External validation was conducted for the final three
models by comparing the model outputs to results pub-
lished in other studies from a different country or region
[24] or with data from the same country or region but col-
lected using different methods [12, 16]. External valida-
tion of the model for the USA, described by Lanza et al.,
was done by comparing the model outputs with results
from a study conducted in China [24]. Both studies aimed
to investigate the effect of lifestyle change on the risk of
type 2 diabetes, but the results differed (smaller amounts
of weight loss were needed for similar reductions in type
2 diabetes risk in the Chinese population) [24]. These
differences could likely be attributed to contextual fac-
tors influencing diabetes risk that vary between the Chi-
nese and American populations. In the model described
by Custer et al., external validation revealed differences
in the cost—effectiveness results for blood screening of
HIV, hepatitis C, and hepatitis B between their models
for the USA and the Netherlands when compared with
results published in studies conducted in those respec-
tive countries [16]. The authors emphasized that, despite
these variations, the results were within “the same order
of magnitude’, deeming the model results valid [16]. Sim-
ilarly, results from the model described by Rovers et al.,
which investigates the economic and health impacts of
delayed elective surgeries in the Netherlands during the
COVID-19 pandemic, were externally validated by com-
paring them with the results obtained from a nationwide
survey conducted in the Netherlands [12].

Sensitivity analyses were conducted in seven stud-
ies (44%) to explore the impact of altering individual
model parameters on model results [11, 15-17, 19, 20,
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22] (Table 2) and were described for only a subset of all
model parameters in three studies [15, 19, 22]. Addition-
ally, scenario analyses were conducted in seven studies
to investigate the impact of altering multiple parameters
on the model results (to reflect changes in the delivery of
the intervention or the study context) [11, 13-15, 20-22].
For example, Zafari et al. investigated the cost—effective-
ness of different university re-opening strategies during
the COVID-19 pandemic under three prevalence sce-
narios (low, moderate and high prevalence) [22]. Other
uncertainty analyses included Monte Carlo simulation
to investigate the range of possible outcome values [19,
20, 22, 25] and calibration matrices, which were used
by Morifa et al. to dictate how individuals transitioned
between disease states for human papillomavirus (HPV)
and cervical cancer and to check whether the model fit-
ted well to the data by comparing the input values of the
matrix to the target values [21].

Only one model was reported to inform health policy
changes before publication [19]. This study assessed the
impact of students returning home from university on
COVID-19 case numbers in Wales, finding that students
returning home, particularly those returning to multi-
generational households, would expose individuals in
that household to a higher risk of infection [19]. These
findings influenced the policy of the Welsh government,
which, based on these findings, advised students not to
socialize in the days leading up to departure from the
University, implemented staggered departure times for
the students and set up mass testing facilities for students
to get tested prior to travelling home [19].

Discussion

Web-based models are becoming increasingly relevant in
informing changes to health policy, as they can be used to
inform decisions in real-time and are publicly available.
Interactive, user-friendly web-based models allow users
to modify model parameters to better understand the
potential impact of policy changes on health outcomes
in various contexts. While the results obtained from sta-
tistical and mathematical models can be used to inform
evidence-based policy changes, their utility relies on the
policy-makers’ ability to interpret them accurately. This
scoping review summarizes 16 web-based health-related
models to describe their application, and strengths and
limitations. These models presented results relevant to
13 diseases or health issues, with the majority of tools
focused on understanding the epidemiological impact
and cost of intervention delivery.

While some of these models were well-described, oth-
ers lacked sufficient detail. For example, Custer et al. [16]
listed “yield’, “prevalence’, and “incidence” modelling
options without providing any further methodological
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details and directing readers to another article. For a
number of studies, it was not clear whether the chosen
model was appropriate given the natural history of the
disease or epidemiological context. For example, Alfaro-
Murillo et al. did not directly model infection dynamics;
instead, they assumed that cases would change linearly
through time according to a linear regression model fit
to weekly case data [13]. As another example, the model
described by Chaillon et al. did not consider the rela-
tionship between population susceptibility and infec-
tions through time, which would have likely impacted
the model outcomes (for example, infection incidence).
In addition, the model presented by Miller et al. was
described as a “tool” without a clear description of the
model type [15].

The usability of interactive web-based models is deter-
mined, in part, by how easily parameter values can be
changed and how easy it is to interpret the model out-
puts. In nine models, at least one of the parameter val-
ues was selected using a sliding bar where the user selects
a value from a visualized range [11-13, 15, 17, 19, 20,
22, 23]. This could be beneficial in the interpretation of
whether that value is considered high or low in the model
and in avoiding input errors; however, it may take longer
to select the values of interest when compared with val-
ues that are typed and may reduce the precision of input
values (for example, it may be difficult or not possible to
select a value with decimal places). In 12 of the 16 mod-
els, safeguards were in place to ensure the values selected
were appropriate by limiting the range of values a user
can choose from (for example, a percentage could not
be greater than 100%) [11-13, 15, 17, 19-24, 26]. How-
ever, these safeguards limit the flexibility of the model in
exploring extreme parameter values, which may be rel-
evant in other settings, thus limiting generalizability. For
example, in the model described by Chaillon et al., the
impact of treatment and prophylactic pharmaceuticals
on new HIV infections was limited to a follow-up period
of up to 15 years (this was not described as a limitation
in the study) [15]. Another example, from Harper et al.,
limits the number of students considered when investi-
gating the risk of secondary cases of COVID-19 following
the return home of university students to a maximum of
25,000, which is smaller than the population of some uni-
versities [19]. Model usability is also influenced by model
accessibility. During screening for this review, many
models could not be located on the basis of the informa-
tion provided in the manuscript, and some models that
were once accessible were no longer maintained.

Three models allow the user to upload data [18, 21,
26]. Models that are parameterized using user data can
improve the efficiency of the model (uploading data saves
time when compared with manually inputting parameter
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values); improve the accuracy of parameter values, as it
minimizes the risk of manually entering an incorrect
value; promote model flexibility, as users can make use
of their own data to obtain results specific to their con-
text; and can allow for more complex model parameteri-
zation when longitudinal data are uploaded [18, 21, 26].
However, data must conform to the data format accepted
by the model, so data may need to be reformatted [26],
which may be a hurdle for some users. For example,
prevalence data are uploaded into the model described
by Giorgi et al. to generate prevalence maps for Kenya
or Tanzania [26]. When users do not have appropriate
data, example data provided in the model platform can
be used.

Models that present results in graphs or maps along-
side text descriptions, such as in Devine et al. (2017;
2021), can promote a clearer understanding of model
findings when compared with text or graphs alone [11,
17]. This is particularly true when small-scale differences
in the outcome may be lost in summary graphs, such as
in the outputs from the model described by Alfaro-Muri-
llo et al., where the impact of small changes in the cost of
the intervention cannot be determined at the resolution
used [13].

Timely changes to health policy are crucial in improv-
ing health outcomes and minimizing the costs associated
with interventions and prevention strategies. As the field
of web-based health models continues to evolve, there is
a greater ability for evidence-based policy decisions to be
made promptly, contributing to more effective and effi-
cient healthcare systems. Results generated in 5 of the 16
models aimed to inform changes to the delivery of con-
trol and prevention strategies during significant public
health events, including the Zika outbreak [13] and the
COVID-19 pandemic [18, 19, 22, 23]. Changes in health
policy can be facilitated during these periods of urgency
by presenting these results to policy-makers in an inter-
active, easy-to-understand format.

A limitation described in the studies included in this
review was that it was necessary to make assumptions
around parameters that may limit the generalizability of
results to contexts where these assumptions are valid.
Assumptions can also influence the accuracy of model
estimates. For instance, a model that assumes the same
transmissibility of a pathogen across a geographic area
may fail to capture the spatial heterogeneity in trans-
mission patterns. Accordingly, it is important to clearly
describe the assumptions made when choosing param-
eters, allowing the user to assess the validity of those
assumptions within their specific context of interest.

Stochastic (that is, first-order) and parameter (that
is, second-order) uncertainty analyses are essential in
understanding the limitations and potential variability in
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model estimates and predictions [30]. Sensitivity analy-
ses were conducted in seven studies to investigate how
changes to specific parameter values affect the model
results [11, 15-17, 19, 20, 22], and scenario analyses were
conducted in seven studies to explore how the model
results change under a range of hypothetical scenarios
by altering multiple parameter values simultaneously
[11, 13-15, 20-22]. The results from the sensitivity and
scenario analyses can improve the understanding of the
complex relationships between the parameters and the
outcome. While uncertainty analyses were not conducted
in all studies, the interactive nature of web-based mod-
els allows users to perform some sensitivity and scenario
analyses themselves, allowing policy-makers to make
informed decisions while considering the uncertainties
and variability of model results.

This scoping review has several limitations. First, this
review only includes web-based models published in
the literature. Second, the construction and use of web-
based models are relatively novel, so the terms used to
describe them in the literature are inconsistent. This may
have resulted in the unintentional omission of some web-
based models from our review. Furthermore, we found
that the model type was often not clearly stated. How-
ever, we appreciate that there were contexts within which
unconventional modelling paradigms needed to be devel-
oped to address the health questions under investigation,
and therefore, in some cases, the authors were not able to
classify their models based on well-established types. The
taxonomy of model types for health economic models is
widely available in the literature [30, 31], and while there
are standard approaches to describing epidemiological
models, it may be helpful if a taxonomy of model types
could be developed. Many of the limitations in the web-
based models identified in our review align with issues
identified in the modelling literature [32]. With this in
mind, we have developed a list of recommendations for
studies that describe the development and use of web-
based models to improve their usability, quality and
uptake (Table S2, Additional file 4). These recommenda-
tions should be complemented by addressing additional
criteria from relevant checklists on good modelling prac-
tices and reporting standards [33, 34].

Conclusion

This review highlights the potential of web-based models
to support the effective delivery of health resources and
improvements to health policy. The 16 models discussed
in this review provide valuable insight into various health
issues across a wide range of settings. The results from
this scoping review suggest that (1) the usability of web-
based models could be improved by ensuring the user
can easily change parameter values in the user interface,
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(2) the ability to conduct sensitivity and scenario analyses
should be considered when developing models and inter-
preting model results and (3) model descriptions need to
be more carefully considered. With improvements in the
ease of web-based model development and the increas-
ing amount of freely available data, the number of web-
based models used to inform health policy will continue
to increase, leading to more timely, well-informed policy
changes.
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