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Abstract
COVID-19 in the UK has had a profound impact on population health and other socially important outcomes, including on 
education and the economy. Although a range of evidence has guided policy, epidemiological models have been central. It 
is less clear whether models to support decision making have sought to integrate COVID-19 epidemiology with a consid-
eration of broader health, wellbeing and economic implications. We report on a rapid review of studies seeking to integrate 
epidemiological and economic modelling to assess the impacts of alternative policies. Overall, our results suggest that 
few studies have explored broader impacts of different COVID-19 policies in the UK. Three studies looked only at health, 
capturing impacts on individuals with and without COVID-19, with various methods used to model the latter. Four models 
considered health and wider impacts on individuals’ economic outcomes, such as wages. However, these models made no 
attempt to consider the dynamic impacts on economic outcomes of others and the wider economy. The most complex analyses 
sought to link epidemiological and dynamic economic models. Studies compared a wide range of policies, although most 
were defined in general terms with minimal consideration of their granular specifications. There was minimal exploration 
of uncertainty, with no consideration in half the studies. Selecting appropriate models to inform decisions requires careful 
thought of factors relevant to the decision options under consideration such as the outcomes of interest, sectors likely to be 
impacted and causal pathways. In summary, better linking epidemiological and economic modelling would help to inform 
COVID-19 policy.
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Key Points for Decision Makers 

Policies to control COVID-19 such as lockdowns and 
vaccination strategies impact on population health in 
various ways, but also on a wider set of economic out-
comes.

Few UK-focussed studies have attempted so far to bal-
ance health and economic outcomes of these policies, 
using a joint epidemiological and economic modelling 
framework.

Future studies to support decision making should pro-
vide appropriate linkage between epidemiological and 
economics models, have suitable granularity to evaluate 
nuanced policy options and characterise decision uncer-
tainty if they are to explicitly and appropriately quantify 
the inevitable trade-offs between the different aspects of 
population health and wellbeing and livelihoods associ-
ated with COVID-19 control policies.

1  Introduction

In the UK, the COVID-19 pandemic has had a profound 
impact on health with 4.1 million confirmed cases, over 
430,000 patient admissions to hospital and over 120,000 
deaths of individuals with a positive COVID test within 28 
days until 23 February 2021 [1]. The impact on the economy 
of the virus and policies to control COVID-19 is also stark, 
with GDP in November 2020 approximately 9% below its 
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pre-pandemic level [2]. There are likely also to have been 
major non-COVID-19 health effects (for example, those 
associated with mental health [3] and reductions in contacts 
with the health system [4]) as well as negative non-health 
consequences such as impacts on children’s educational out-
comes [5]. Similar patterns have emerged across the world 
with variation in the magnitude of impacts.

In the UK, there has been a range of policy decisions 
aiming to control the virus. These have included three ver-
sions of national lockdown, social distancing measures, 
test and trace of symptomatic cases, mandatory use of face 
coverings, regional tiered restrictions, travel restrictions 
and phased vaccination of the population. Considerable 
prominence has been given to the epidemiological evidence 
informing these decisions, most notably the use of epide-
miological modelling. Modelling provides a technical frame-
work, which, when parametrised and calibrated to available 
data, can simulate the epidemic under different scenarios 
and in the context of different policies. Although policy 
has doubtless been guided by a range of different evidence, 
it is less clear whether this has included models aiming to 
estimate a broad range of impacts from COVID-19 control 
policies based on the same core epidemiological evidence 
and assumptions. Given the inevitable trade-offs between 
alternative policy specifications in terms of their impacts 
on outcomes such as COVID-19-related health, health and 
wellbeing effects in individuals without COVID-19, other 
consequences of social value such as educational outcomes 
and wider economic metrics, there has been a potential role 
for broader-based modelling. Such integrated quantitative 
modelling might be labelled decision analytic in that it has 
the potential to be explicit regarding important considera-
tions for decisions such as the key trade-offs between poli-
cies, the implications of alternative normative judgements 
about how to value alternative outcomes and the magnitude 
of evidential uncertainty.

This paper reports on a rapid review of published and 
grey literature up until November 2020. It aimed to identify 
studies seeking to integrate epidemiological, clinical and 
economic modelling to assess alternative COVID-19 control 
policies. The paper reports on the modelling approaches, 
types of impacts reported and policies evaluated. It seeks 
to draw insights into how such integrated models can best 
inform future policy decisions relating to COVID-19.

2 � Methods

A rapid review was conducted to identify studies detail-
ing modelling that aimed to integrate both economics and 
epidemiology with a view to informing UK policy deci-
sions on COVID-19. In particular, these were studies that 
reported the outcomes for epidemiological, clinical and 

economic metrics relating to alternative policies to control 
the epidemic in the UK in a modelling framework that was 
driven by a common epidemiological transmission model.

Systematic database and website searches were con-
ducted in November 2020 to identify published and pre-
printed titles (search strategies detailed in Online Resource 
1, see Electronic Supplementary Material [ESM]). PubMed, 
Embase, arXiv, medRxiv, SSRN, Research Square, the 
economic websites of the National Bureau of Economics 
Research (NBER) and Centre for Economic Policy Research 
(CPER) real-time papers were searched. Supplementary 
online searching via Google was undertaken to identify grey 
literature reports (further details in Online Resource 1, see 
ESM).

The review included UK-focussed studies comparing at 
least two alternative policies and including an epidemiologi-
cal model of severe acute respiratory syndrome coronavirus 
2 (SARSCoV-2) transmission that linked to the estimation 
of outcomes beyond the direct health impacts of COVID-19 
and/or wider economic impacts. The type of epidemiological 
models considered was not restricted to model types. Static 
Markov models, Bayesian hierarchical models as well as 
dynamic Susceptible-Exposed-Infectious-Recovered (SEIR) 
models or individual-based models, and both computer 
simulations and analytical solutions were included in the 
search and considered for inclusion. The inclusion criteria 
required that the studies quantified at least one of the follow-
ing impacts of alternative policies:

–	 Costs falling on the health care sector (including direct 
costs related to COVID-19 [e.g. health care and con-
sumables such as personal protective equipment] and 
unrelated health care costs);

–	 Non-COVID-19 health outcomes measured in terms 
of mortality, life-years or quality-adjusted life-years 
(QALYs), implying a trade-off between non-COVID-
19-related and COVID-19-related health;

–	 Impacts on the UK public sector economy outside the 
NHS or on the private sector;

–	 Individual economic outcomes (e.g. wages, productivity, 
private consumption);

–	 Monetised value of avoided COVID-19 fatalities.

The search results were screened for inclusion indepen-
dently by two researchers (AD and AM) at the title and 
abstract level. Full-text titles were retrieved for the stud-
ies identified at this first stage of screening, and assessed 
against the inclusion/exclusion criteria by the same research-
ers. Disagreement on inclusion of studies were resolved by 
a third researcher (SW).

A data extraction table developed for the purpose 
of this study was applied to each of the included studies 
(see Table 1 in Online Resource 2 [see ESM]). Data were 
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extracted on the following: decision problem, model struc-
ture (including the approach taken to link the epidemio-
logical and economic components), outcomes, resource use 
and costs, constraints captured in the model, decision rules 
applied and the strengths and weaknesses in the approach 
taken to reflect economic impacts as identified by the study’s 
authors. The extraction focused on obtaining information to 
characterise the approach taken to address the decision prob-
lem, rather than to assess the validity of study results and 
conclusions. A narrative approach to synthesis was taken 
given the heterogeneity between studies in their methods 
and metrics estimated.

3 � Results

3.1 � Studies Included

Results of the rapid review are summarised using a 
PRISMA flow chart [6] (Fig. 1). The searches identified 
791 relevant titles. One additional publication [7] was sent 
to the authors via private correspondence (Dr Katharina 
Hauck, Imperial College. Personal communication by 
email, November 2020) and was also considered for screen-
ing. After deduplication and the first level of screening, 25 
full-text manuscripts were assessed for inclusion. Thirteen 
of these titles did not match the inclusion/exclusion criteria. 
One further title [8] was excluded because, while the study 
relied on an underlying comparison of a policy of lockdown 
with no lockdown, it assessed the impact on GDP loss of 
knowledge on infection status conditional on symptoms 
rather than comparing alternative policies. More details on 
the excluded studies at full-text screening, including reasons 
for exclusion, are presented in Online Resource 2, Table 2 
(see ESM). Data were extracted for the 11 studies included 
[7–9, 15–18].

3.2 � Modelling Approaches

The approaches taken to link the epidemiological model 
component to health and wider impacts vary substantially 
across studies. These approaches can be grouped under three 
main categories, as illustrated in Table 1.

The health-only models captured the impacts of policies 
on the health of individuals with and without COVID-19 
[13, 17, 18], but did not include non-health outcomes (e.g. 
earnings). These studies all used epidemiological models 
to estimate the number of deaths and hospitalisations due 
to COVID-19 under different policies to control the dis-
ease. In contrast, the health impacts on individuals without 
COVID-19, and the methods used to capture them, var-
ied across studies. In principle, common links could have 
been applied between the modelled impacts of policies on 
COVID-19 cases and their health outcomes and the health 
impacts on others. For example, the impact of lockdown 
policies, which reduce average social contacts in a commu-
nity, on COVID-19 cases, serious illness, hospitalisation and 
mortality could be generated by the ‘engine’ of the transmis-
sion model. The reduction in social contacts could also have 
driven the incidence of mental health problems, and the rates 
of hospitalisation against inpatient and outpatient capacity 
could have determined the cancelation of medical proce-
dures and appointments for individuals without COVID-19 
and their consequences for health outcomes. The studies that 
sought to estimate these ‘indirect’ impacts on the health of 
individuals without COVID-19 did not exploit any formal 
links in the model. In two studies [13, 18], these indirect 
impacts of COVID-19 and control policies on individuals 
without the disease are informed by assumptions and exter-
nal data sources, with these impacts not directly linked to 
the epidemiological model. One study simply contrasts the 
magnitude of the impact on life expectancy of patients with 
COVID-19 of alternative COVID-19 control policies against 
the impact of suicide, drug poisoning and socioeconomic 
inequality-related deaths on life expectancy in the general 
population [17].

Health and individual outcome models aimed to capture 
the impact of policies on individuals in terms of their health 
and their economic outcomes, such as wages. However, 
these models did not attempt to implement the dynamic 
impacts of policies on economic outcomes associated with 
other individuals or the wider economy within the economic 
model component, even if the epidemiological component 
was dynamic (i.e. captured interactions between individu-
als to model disease transmission). Four studies [10, 11, 15, 
16] used similar approaches to capture individual outcomes 
as those studies including health outcomes in individuals 

Table 1   Modelling approach

DoHSC Department of Health and Social Care

Health only model Health and individual outcomes Health and general equilibrium/
dynamic model

Other

Dolan and Jenkins [13], McCartney 
et al. [17], DoHSC et al. [18]

Colbourn et al. [10], Cont et al. [11], 
Zala et al. [15], Sandmann et al. [16]

Haw et al. [7], Aum et al. [9], Keogh-
Brown et al. [14]

Cuñat and Zymek [12]
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without COVID-19. That is, whilst they utilised epidemi-
ological models to capture the health outcomes for those 
with COVID-19, these studies applied external evidence, 
‘delinked’ from epidemiological and clinical outcomes, 
to estimate the impact of policies on wider individual 
outcomes. Three of these studies capture the impact of 
social distancing measures [10, 11, 16]. Colbourn et al. 
[10] assume the number of contacts per day (type of con-
tact not explicitly defined) in the epidemiological model 
to be a proxy for economic activity and relate this param-
eter to impact on GDP. In contrast, Sandmann et al. [16] 
assume a proportional relationship between daily incidence 
of COVID-19 and GDP loss. Cont et al. [11] estimated a 
social cost based on reduction in social contacts. One other 
study [15] based health outcomes on the outputs of an epi-
demiological model, while GDP impacts were sourced from 
the outcomes of a macroeconomic model for a hypothetical 
influenza pandemic with no direct link with the COVID-19 
epidemiological model.

The most complex model structures, health and general 
equilibrium/dynamic models, directly linked an epidemio-
logical model to a general equilibrium or other dynamic 

economic model, which allowed them to capture impacts of 
the economic activity of an individual on other individuals 
and the wider economy. Aum and colleagues [9] developed 
a model linking infection transmission to a production econ-
omy model. The model captured the impact of labour supply 
choices (working from home or not) on individual earnings, 
utility (based on consumption, health and a ‘fear’ factor) and 
GDP. Two studies [7, 14] captured the impacts of COVID-
19-related reductions in labour supply on outputs of a multi-
sectoral macroeconomic model. Haw et al. [7] modelled the 
optimisation of policies to control COVID-19 based on GDP 
maximisation subject to a number of constraints including 
health care system capacity, relationship between supply and 
demand between sectors, level of demand and levels of eco-
nomic activity reduction across sectors.

Cuñat and Zymek [12] took an alternative approach to 
modelling the impacts of the disease on welfare which fell 
outside of the classification of model types. They applied a 
model of individual location choice to capture the impact of 
geographical restrictions and loss of life on welfare, based 
on country-specific estimates of the value of life (which was 
GDP based in the UK case).

Fig. 1   PRISMA flow diagram. 
CPER Centre for Economic 
Policy Research, NBER 
National Bureau of Economics 
Research
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3.3 � Policies Compared

The studies compared a wide range of alternative policies to 
control COVID-19, as summarised in Fig. 2.

Mitigation usually referred to a package of measures aim-
ing to slow the spread of disease, so as to manage the burden 
on the health care system and to protect the most vulnerable 
[19]. These measures included household isolation (when 
one member is identified as infected), shielding of vulner-
able individuals, school closures and social distancing of the 
population. Suppression policies include similar measures 
but aimed to reduce and maintain the number of infected 
cases in the population at a low level [19]. Both types of 
policy were considered in the epidemiological modelling 
by Ferguson et al. [19], which informed UK government 
policy when the first lockdown was declared in March 2020. 
Five of the included studies [13–18] compared mitigation 
and/or suppression policies to a ‘do nothing’ or unmitigated 
pandemic policy. Mitigation and suppression policies were 
compared against each other and/or to a ‘do nothing’ policy 
where no measures are set in place to control disease spread 
(also referred to as ‘unmitigated pandemic’).

Lockdown policies consisted of a set of social distancing 
and confinement measures, with the exact details varying 
across studies. Lockdown was used as a general term (or 
referred to the set of measures defined by the UK govern-
ment in March 2020). Some studies compared lockdown 
policies with different time profiles for start and release [9, 
10]. Other studies compared lockdown policies with par-
ticular geographical patterns (centralised vs decentralised 
lockdown rollout) [20] or pre-planned versus adaptative 
lockdown [11].

Social distancing policies were considered in two studies 
[11, 16]. These policies were loosely defined as those that 
reduce contacts between individuals. It is worth noting that 
there was considerable overlap in the individual measures 
that comprised lockdown, social distancing and mitigation 

policies, with some of these terms used interchangeably 
within the same study.

While most studies compared a small number of generally 
defined policies including multiple disease control measures 
(such as mitigation, suppression and lockdown), others com-
pared a wider set of policies that are defined more granularly. 
Colbourn et al. [10] compared a number of different policies 
combining different levels of population-scale test and trace 
(whole population vs symptomatic cases, and over different 
timelines) with lockdown release (at particular timepoints or 
triggered by number of infections) and the use of face cover-
ings. These policies also included the package of measures 
imposed by the UK government in March 2020 and a ‘do 
nothing’ policy. Sandmann et al. [16] compared vaccina-
tion, with varying levels of assumed effectiveness, with and 
without social distancing.

Test and trace policies were only evaluated in two studies 
[9, 10]. One study considered the easing of lockdown restric-
tions for individuals with hypothetical ‘virus visas’, demon-
strating they have antibodies to the virus, while maintain the 
intensity of lockdown for the remaining individuals [9]. A 
‘virus visas’ policy implicitly requires antibody testing to be 
widely available. Only one study considered travel restric-
tions; Cuñat and Zymek [12] assessed regional quarantines 
(imposing barriers to travel within countries) [9]. Only two 
studies [9, 11] explicitly compared the impact of closures of 
different sectors of the economy (and at different levels of 
activity), including school closures.

3.4 � Outcomes, Resource Use and Costs

The outcomes, resource use and costs considered in the 
studies are presented in Fig. 3. All but one of the studies 
quantified the health outcomes of patients infected with 
COVID-19. These outcomes included number of deaths [7, 
10, 12, 14, 16, 18], infections [7, 10, 14, 16], hospitalisations 
[10, 14, 16] and ICU cases [7, 10, 14, 16]. Three studies 

Fig. 2   Policies compared in the included studies. DoHSC Department of Health and Social Care, T&T test and trace
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quantified the health outcomes of COVID-19 patients in 
terms of QALY losses [15, 16, 18] and one used ‘welfare 
loss’ [12].

The health outcomes of non-COVID-19 patients were 
included in five studies [13, 15–18], including impacts on 
mortality [13, 17, 18, 20] and health-related quality of life 
(HRQoL) [15, 16, 18]. Mortality outcomes were expressed 
in terms of numbers of deaths and years of life lost or 
accrued; while HRQoL was expressed as QALY losses.

Wider non-health outcomes captured included GDP 
losses [7, 9, 10, 15], gross value added (GVA; a sector-
specific measure of production outputs) losses [7], value of 
a day of life [12] (based on either average daily consump-
tion or statistical value of life) and earnings [9], which 
were expressed in absolute monetary terms (pound sterling 
or purchasing-power-adjusted US dollars) or as a propor-
tion (e.g. percentage of GDP or earnings loss). GDP and 
GVA losses were also considered as costs falling on the 
economy more generally, which could fall on the public 
sector, private sector or across all sectors, depending on 
the level of aggregation at which the studies reported 
them.

Only four studies [10, 14–16] reported costs falling on 
the NHS budget. The studies all included costs associated 
with hospitalisations (ICU and non-ICU) and death/end 
of life. In addition, Sandmann et al. [16] considered vac-
cine-related costs (acquisition, administration and adverse 
events management), enhanced personal protective equip-
ment, visits to general practitioners and remote helpline 
calls. Colbourn et al. [10] included the costs of tests and 
contact tracing. The costs reported in these studies were 
expressed in pound sterling, with the exception of Keogh-
Brown et al. [14] where costs were expressed in terms of 
real GDP, government or private consumption (in pound 
sterling or as a percentage).

Costs falling on the individual included the social cost 
of physical distancing (a theoretic cost expressed without 
units) [11], value of a day of life (in pound sterling or pur-
chasing-power-adjusted US dollars) [12] and reductions in 
private consumption (in pound sterling) [14].

4 � Discussion

One of the many challenges of analysis to support policy 
decisions relating to COVID-19 is the inevitable range of 
possible costs and consequences across individuals and 
sectors of the economy. However, this review identified 
only 11 UK-focussed modelling studies that assessed the 
impact of COVID-19 control policies on non-COVID-
19-related health outcomes and/or wider economic out-
comes. To address the fact that this apparently small 
number may reflect the delayed timeline of publication 
of studies, we also searched grey literature, including 
preprints, to identify relevant studies. Despite the small 
number of studies identified, there was considerable vari-
ation between studies in the modelling approaches taken, 
the policies compared, the health and economic impacts 
captured and the values used to inform decisions.

Any assessment of the appropriateness of the model-
ling approaches taken needs to consider the specific deci-
sion problem(s) being informed, including the nature of 
the policy options, the outcomes relevant to the decision 
makers and how these are valued. The majority of model-
ling approaches identified considered quite broad policy 
options and, consequently, lacked granularity to compare 
more nuanced policies with multiple potential specifica-
tions. This approach may be suitable to inform higher 
level policy decisions, such as comparing the impact of 
early versus extended national lockdown. However, the 

Fig. 3   Outcomes, costs and resource use included in the studies. DoHSC Department of Health and Social Care
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lack of granularity restricts not only the types of policies 
that can be informed, but also the range of outcomes of 
interest that can be captured. The decision to increase the 
level of detail in the model structure should depend on 
whether additional granularity in particular model features 
allows modelling causal links not captured otherwise and 
whether modelling these is likely to have a sizeable dif-
ferential impact across policies [21]. Although an increase 
in granularity may be desirable, this may be constrained 
by data availability.

Since March 2020, the governments of the UK have 
rolled out a number of COVID-19 control policies; these 
include three different forms of national lockdown (with 
different sector closures in each), social distancing meas-
ures, test and trace of symptomatic cases, mandatory use 
of face coverings, regional-level restrictions conditional on 
local infection levels (i.e. the tier allocation system), travel 
restrictions and phased vaccination of the population. 
Models like the one proposed by Haw et al. [7] seem par-
ticularly suited to evaluate different forms of lockdown and 
schedule partial sector closures subject to explicit health 
and economic constraints such as level of transmission, 
health care system capacity, level of school closures, etc. 
Different modalities of test and trace policies have been 
modelled by Colbourn et al. [10], who demonstrated the 
potential impact on health outcomes and GDP of these 
types of policies in combination with different lockdown 
start and stopping rules, and the use of face coverings.

However, policies such as the tier allocation system (in 
terms of their specification and/or compared with whole-
nation arrangements) have not been formally modelled in 
the identified studies. Models that consider regional hetero-
geneity in transmission rates [11] may be better suited to 
model these policies, but would require extensions to capture 
the impacts on health and wider outcomes of travel restric-
tions between regions and different levels of uptake of these 
restrictions by the public. Another challenge in modelling 
to inform policies such as the tier allocation system relates 
to the heterogeneity of measures that are considered within 
tiers and uncertainty regarding their relative impact on trans-
mission rates and economic outcomes. None of the identified 
studies appears to have the granularity to capture the differ-
ential impact of different tier allocation system specifications 
(e.g. the use of the initial three-tier system vs the most recent 
five tiers in England). Travel restrictions between countries 
have also been overlooked by the UK studies; extensions 
to existing models to characterise the impact of interna-
tional travel restrictions would be an important feature as 
new variants of the virus emerge with different infectious-
ness and potential to impact mortality and morbidity. There 
has been a concern about the impact of the pandemic and 
policy responses on health inequalities [22]. None of the 
models considered the impact of policies on this measure of 

outcome and potential trade-offs with other outcomes. Exist-
ing methods could have been used to quantify potentially 
unequal policy impacts across socioeconomic groups (or 
groups defined according to other dimensions of equality). 
These methods require that the identification of the relevant 
groups and that differences in these groups are reflected in 
the model parameters (e.g. different vaccine uptake rates by 
ethnicity) and are propagated to final model outputs to quan-
tify the differential impact of the policies across the groups. 
This also allows quantifying the impact of the policies on 
overall (health) inequality [23].

A common limitation of the identified studies relates to 
the consideration of uncertainty in the health and economic 
effects of policies. Almost half of the studies did not assess 
uncertainty [9, 10, 12, 17, 18], and the others did so in a 
limited manner, which mostly consists of testing a few struc-
tural assumptions and/or the robustness of the results when 
varying key parameters [7, 13–16]. Only one study claimed 
to have incorporated parameter uncertainty, although it is 
unclear how this was conducted [11]. It is unclear whether 
data limitations or model features were the main barriers 
in considering uncertainty in existing studies. Quantifying 
uncertainty is crucial when projecting outcomes from both 
epidemiological and economic modelling and for informing 
decision uncertainty. Consideration of uncertainty should 
be routinely incorporated in the models, or, where this is 
not feasible, its potential implications should be discussed.

Ensuring the appropriateness of models to inform deci-
sion making requires careful consideration of the modelling 
approach, both within the epidemiological and economic 
elements of the model, the available evidence and the meth-
odology to quantify uncertainty. It should also focus on the 
main factors relevant to decision options, such as the out-
comes of interest, sectors likely to be impacted and causal 
pathways. The selection of modelling approach is also inter-
connected with the set of policy options under comparison 
and the suitable level of granularity required to evaluate 
them. The characteristics of the COVID-19 pandemic and 
the associated policy options require a type of modelling 
that is not widely used to inform resource allocation deci-
sions in health. The widely used models in health technology 
assessment generally focus on a narrow set of direct health 
effects without explicit consideration of disease transmis-
sion and use a health system perspective on costs. There are 
good examples of models using transmission modelling and 
economic evaluation [24, 25], although technical challenges 
exist in terms of reflecting the full range of uncertainties. 
The use of economic evaluation to inform policy decisions 
when costs and consequences fall across different types of 
individuals and sectors is also not a well-developed area 
[26]. Although modelling policy options relating to COVID-
19 is characterised by often extreme uncertainty in estimated 
effects, there are also challenging normative issues about 
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how to value different types of impact to inform policy trade-
offs. So far, policies to control COVID-19 spread in the UK 
have appeared to focus on preventing immediate irrevers-
ible harms (COVID-19-related deaths). While the potential 
harms of these policy responses to, for example, the econ-
omy and educational outcomes, may be ameliorated to some 
extent in the future, it is unclear how and whether potentially 
irreversible versus reversible harms have been explicitly 
considered by policy makers in the inevitable trade-off they 
had to make. Models that seek to bring together the epide-
miological, clinical and economic implications of policies 
cannot solve these normative issues but can make them more 
transparent. There remains a question, however, as to how 
explicit policy makers want to be in exposing those trade-
offs when justifying policy choices.

The findings of our study need to be considered in the 
context of the limitations imposed by its scope and design. 
This study aimed to characterise the available modelling 
studies that have aimed to integrate epidemiological and 
economics evidence that could be used to inform UK-level 
COVID-19 control policies. The narrow focus on UK model-
ling studies may have excluded relevant evidence from other 
countries that might have some applicability to UK policy. 
However, the restricted scope allowed for a rapid review and 
examination of evidence with direct relevance to UK deci-
sion makers. It also highlighted the knowledge gaps and lim-
itations, which may be addressed by further modelling. The 
use of a rapid systematic review design during the public 
health crisis, as opposed to a full systematic review beyond 
the pandemic, also limits the body of evidence examined in 
terms of its comprehensiveness. There is, nevertheless, value 
in using a rapid review to characterise the current state of 
evidence to support contemporaneous decision making and 
to guide future research. Finally, narrowing the scope of the 
study to published papers, preprints and grey literature on 
modelling studies may not capture other types of evidence 
relevant to policy makers (e.g. interviews with policy makers 
and analysts to provide insight into the determinants of the 
real-time policy choices during the COVID-19 pandemic 
[27]).

5 � Conclusion

A small number of UK-focussed studies have attempted to 
balance the health and economic outcomes of these poli-
cies, using a joint epidemiological and economic modelling 
framework. When selecting modelling approaches, future 
studies to inform decisions should carefully consider a num-
ber of factors relevant to decision options, such as the out-
comes of interest, sectors likely to be impacted and causal 
pathways. This is strongly interconnected with the set of 

policy options under comparison and the suitable level of 
granularity required to evaluate them. In summary, a bet-
ter linkage between impact, from epidemiological models, 
and economic costs of different policies is necessary for the 
appropriate assessment of COVID-19 policies.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s40273-​021-​01045-2.

Declarations 

Funding source  This research is funded by the National Institute for 
Health Research (NIHR) Policy Research Programme, conducted 
through the Policy Research Unit in Economic Methods of Evaluation 
in Health and Social Care Interventions, PR-PRU-1217-20401. The 
views expressed are those of the authors and not necessarily those of 
the NIHR or the Department of Health and Social Care.

Conflicts of interest/Competing interests  Ruth Wong holds a grant 
awarded by the Department of Health and Social Care. Mark Sculpher 
has received grants from the National Institute for Health Research in 
relating to this work, and from Public Health England for whom this 
research is undertaken.

Ethical approval  This study did not require any ethical approval.

Authors contributions  All authors contributed to the study concep-
tion and design. Ruth Wong developed and conducted the literature 
searches. Ana Duarte, Andrew Metry and Simon Walker screened and 
identified titles for inclusion, and performed the data extraction. Ana 
Duarte drafted the manuscript with substantial input from all authors. 
Mark Sculpher had oversight of the project. All authors read and 
approved the final manuscript.

Acknowledgements  We would like to acknowledge a range of col-
leagues who pointed us to reports detailing modelling studies with the 
potential to be included in our review. We would also like to acknowl-
edge Prof. Allan Wailoo for technical advice on the methodology of the 
study and commenting on an early draft of this manuscript.

References

	 1.	 UK Government. The official UK Government website for data 
and insights on Coronavirus (COVID-19). 2021. https://​coron​avi-
rus.​data.​gov.​uk/. Accessed 23 Feb 2021

	 2.	 Harari D, Keep M. House of common library briefing paper 8866: 
coronavirus: economic impact. UK Parliament; 2021.

	 3.	 Kousoulis A, Van Bortel T, Hernadez P, John A. The long term 
mental health impact of COVID-19 must not be ignored. BMJ 
Opin. 2020. Avalabel at: https://​blogs.​bmj.​com/​bmj/​2020/​05/​05/​
the-​long-​term-​mental-​health-​impact-​of-​covid-​19-​must-​not-​be-​
ignor​ed/. Accessed 21 Feb 2021.

	 4.	 Mansfield KE, Mathur R, Tazare J, Henderson AD, Mulick AR, 
Carreira H, et al. Indirect acute effects of the COVID-19 pan-
demic on physical and mental health in the UK: a population-
based study. Lancet Digit Health. 2021;3:E217–30.

	 5.	 Education Endowment Foundation. Impact of COVID-19 school 
closures and subsequent support strategies on attainment and 
socioemotional wellbeing in Key Stage 1. 2021. https://​educa​
tione​ndowm​entfo​undat​ion.​org.​uk/​covid-​19-​resou​rces/​best-​evide​

https://doi.org/10.1007/s40273-021-01045-2
https://coronavirus.data.gov.uk/
https://coronavirus.data.gov.uk/
https://blogs.bmj.com/bmj/2020/05/05/the-long-term-mental-health-impact-of-covid-19-must-not-be-ignored/
https://blogs.bmj.com/bmj/2020/05/05/the-long-term-mental-health-impact-of-covid-19-must-not-be-ignored/
https://blogs.bmj.com/bmj/2020/05/05/the-long-term-mental-health-impact-of-covid-19-must-not-be-ignored/
https://educationendowmentfoundation.org.uk/covid-19-resources/best-evidence-on-impact-of-school-closures-on-the-attainment-gap/
https://educationendowmentfoundation.org.uk/covid-19-resources/best-evidence-on-impact-of-school-closures-on-the-attainment-gap/


887Jointly Modelling Economics and Epidemiology to Support Public Policy Decisions for the COVID-19 Response

nce-​on-​impact-​of-​school-​closu​res-​on-​the-​attai​nment-​gap/. 
Accessed 23 Feb 2021

	 6.	 Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred 
reporting items for systematic reviews and meta-analyses: the 
PRISMA statement. PLOS Med. 2009;6(7):e1000097.

	 7.	 Haw D, Forchini G, Christen P, Baja S, Hogan A, Winskill P, et al. 
How can we keep schools and universities open? Differentiat-
ing closures by economic sector to optimize social and economic 
activity while containing SARS-CoV-2 transmission. London: 
Imperial College London; 2020.

	 8.	 Forsyth O. Uncertainty and lockdown in COVID-19: an incom-
plete information SIR model. Covid Economics Vetted And Real-
Time Papers 2020. pp. 1–38.

	 9.	 Aum S, Yoon SL, Shin Y. Inequality of fear and self-quarantine: 
Is there a trade-off between GDP and public health? In: NBER 
Working paper series NBER; 2020.

	10.	 Colbourn T, Waites W, Panovska-Griffiths J, Manheim D, Sturni-
olo S, Colbourn G, et al. odelling the health and economic impacts 
of population-wide testing, contact tracing and isolation (PTTI) 
strategies for COVID-19 in the UK. In: SSRN 2020.

	11.	 Cont R, Kotlicki A, Xu R. Modelling COVID-19 contagion: risk 
assessment and targeted mitigation policies. In: SSRN 2020.

	12.	 Cuñat A, Zymek R. The (structural) gravity of epidemics. The 
University of Edinburgh; 2020.

	13.	 Dolan P, Jenkins P. Estimating the monetary value of the deaths 
prevented from the UK COVID-19 lockdown when it was decided 
upon—and the value of “flattening the curve”. 2020. https://​www.​
lse.​ac.​uk/​PBS/​assets/​docum​ents/​Estim​ating-​the-​monet​ary-​value-​
of-​the-​deaths-​preve​nted-​from-​the-​UK-​Covid-​19-​lockd​own.​pdf. 
Accessed 9 Dec 2020.

	14.	 Keogh-Brown MR, Jensen HT, Edmunds WJ, Smith RD. The 
impact of COVID-19, associated behaviours and policies on the 
UK economy: a computable general equilibrium model. SSM 
Popul Health. 2020;14:100651.

	15.	 Zala D, Mosweu I, Critchlow S, Romeo R, McCrone P. Costing 
the COVID-19 pandemic: an exploratory economic evaluation of 
hypothetical suppression policy in the United Kingdom. Value 
Health. 2020;23(11):1432–7.

	16.	 Sandmann F, Davies N, Vassall A, Edmunds WJ, Jit M. The poten-
tial health and economic value of SARS-CoV-2 vaccination along-
side physical distancing in the UK: transmission model-based 
future scenario analysis and economic evaluation. medRxiv 2020.

	17.	 McCartney G, Leyland A, Walsh D, Ruth D. Scaling COVID-
19 against inequalities: should the policy response consistently 

match the mortality challenge? J Epidemiol Community Health. 
2020;75:315–20.

	18.	 Scientific Advisory Group for Emergencies. Direct and indirect 
impacts of COVID-19 on excess deaths and morbidity, 15 July 
2020: Department of Health and Social Care (DHSC), Office for 
National Statistics (ONS), Government Actuary’s Department 
(GAD) and Home Office (HO). 2020. https://​assets.​publi​shing.​
servi​ce.​gov.​uk/​gover​nment/​uploa​ds/​system/​uploa​ds/​attac​hment_​
data/​file/​907616/​s0650-​direct-​indir​ect-​impac​ts-​covid-​19-​excess-​
deaths-​morbi​dity-​sage-​48.​pdf. Accessed 9 Dec 2020.

	19.	 Ferguson N, Laydon D, Gilani GN, Imai N, Ainslie K, Baguelin 
M, et al. Report 9: impact of non-pharmaceutical interventions 
(NPIs) to reduce COVID19 mortality and healthcare demand. 
Imperial College COVID-19 Response Team, 2020.

	20.	 Adriani F. Social distance, speed of containment and crowding in/
out in a network model of contagion. In: SSRN 2020.

	21.	 Squires H, Chilcott J, Akehurst R, Burr J, Kelly MP. A framework 
for developing the structure of public health economic models. 
Value Health. 2016;19(5):588–601.

	22.	 Marmot M. Health inequalities, COVID-19 and healthcare profes-
sionals. 2020. https://​www.​rcplo​ndon.​ac.​uk/​news/​health-​inequ​aliti​
es-​covid-​19-​and-​healt​hcare-​profe​ssion​als. Accessed 23 Feb 2021

	23.	 Asaria M, Griffin S, Cookson R. Distributional cost-effectiveness 
analysis: a tutorial. Med Decis Mak. 2016;36(1):8–19.

	24.	 Jit M, Brisson M, Laprise J-F, Choi YH. Comparison of two 
dose and three dose human papillomavirus vaccine schedules: 
cost effectiveness analysis based on transmission model. BMJ. 
2015;350:g7584.

	25.	 Cambiano V, Johnson CC, Hatzold K, Terris-Prestholt F, 
Maheswaran H, Thirumurthy H, et al. The impact and cost-effec-
tiveness of community-based HIV self-testing in sub-Saharan 
Africa: a health economic and modelling analysis. J Int AIDS 
Soc. 2019;22:e25243.

	26.	 Walker S, Griffin S, Asaria M, Tsuchiya A, Sculpher M. Striving 
for a societal perspective: a framework for economic evaluations 
when costs and effects fall on multiple sectors and decision mak-
ers. Appl Health Econ Health Policy. 2019;17(5):577–90.

	27.	 Greenhalgh T, Thorne S, Malterud K. Time to challenge the spu-
rious hierarchy of systematic over narrative reviews? Eur J Clin 
Investig. 2018;48(6):e12931.

https://educationendowmentfoundation.org.uk/covid-19-resources/best-evidence-on-impact-of-school-closures-on-the-attainment-gap/
https://www.lse.ac.uk/PBS/assets/documents/Estimating-the-monetary-value-of-the-deaths-prevented-from-the-UK-Covid-19-lockdown.pdf
https://www.lse.ac.uk/PBS/assets/documents/Estimating-the-monetary-value-of-the-deaths-prevented-from-the-UK-Covid-19-lockdown.pdf
https://www.lse.ac.uk/PBS/assets/documents/Estimating-the-monetary-value-of-the-deaths-prevented-from-the-UK-Covid-19-lockdown.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/907616/s0650-direct-indirect-impacts-covid-19-excess-deaths-morbidity-sage-48.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/907616/s0650-direct-indirect-impacts-covid-19-excess-deaths-morbidity-sage-48.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/907616/s0650-direct-indirect-impacts-covid-19-excess-deaths-morbidity-sage-48.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/907616/s0650-direct-indirect-impacts-covid-19-excess-deaths-morbidity-sage-48.pdf
https://www.rcplondon.ac.uk/news/health-inequalities-covid-19-and-healthcare-professionals
https://www.rcplondon.ac.uk/news/health-inequalities-covid-19-and-healthcare-professionals

	Jointly Modelling Economics and Epidemiology to Support Public Policy Decisions for the COVID-19 Response: A Review of UK Studies
	Abstract
	1 Introduction
	2 Methods
	3 Results
	3.1 Studies Included
	3.2 Modelling Approaches
	3.3 Policies Compared
	3.4 Outcomes, Resource Use and Costs

	4 Discussion
	5 Conclusion
	References




