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Abstract

Purpose of Review Cost-effectiveness analysis (CEA) can help identify the trade-offs decision makers face when confronted with
alternative courses of action for the implementation of public health strategies. Application of CEA alongside implementation
scientific studies remains limited. We aimed to identify areas for future development in order to enhance the uptake and impact of
model-based CEA in implementation scientific research.

Recent Findings Important questions remain about how to broadly implement evidence-based public health interventions in
routine practice. Establishing population-level implementation strategy components and distinct implementation phases, includ-
ing planning for implementation, the time required to scale-up programs, and sustainment efforts required to maintain them, can
help determine the data needed to quantify each of these elements. Model-based CEA can use these data to determine the added
value associated with each of these elements across systems, settings, population subgroups, and levels of implementation to
provide tailored guidance for evidence-based public health action. There is a need to integrate implementation science explicitly
into CEA to adequately capture diverse real-world delivery contexts and make detailed, informed recommendations on the
aspects of the implementation process that provide good value.

Summary We describe examples of how model-based CEA can integrate implementation scientific concepts and evidence to
help tailor evaluations to local context. We also propose six distinct domains for methodological advancement in order to enhance
the uptake and impact of model-based cost-effectiveness analysis in implementation scientific research.

Keywords Cost-effectiveness analysis - Health economic evaluation - Simulation modeling - Effectiveness research -
Implementation strategies - Public health

Introduction

Now more than ever we need to carefully evaluate the imple-
mentation of public health programs, to ensure not only their
effectiveness but also the effectiveness of the program’s im-
plementation and ultimately its value, relative to other com-
peting interests. Economic evaluation, and cost-effectiveness
analysis (CEA) specifically, can help identify the trade-offs, or
opportunity costs, decision makers face when confronted with
alternative courses of action for the implementation of public

This article is part of the Topical Collection on Implementation Science

P4 Bohdan Nosyk
bnosyk@sfu.ca

Faculty of Health Sciences, Simon Fraser University, 8888
University Drive V5A 1S6, Burnaby, British Columbia, Canada

@ Springer

health strategies [1]. By determining the value provided by
successful program implementation, CEA can not only help
inform resource allocation decisions but also provide evidence
for determining optimal scalability and sustainability of im-
plementation strategies addressing the health needs of diverse
populations [2]. Furthermore, CEA can help determine the
maximum returns on investment that can be obtained from
improving implementation activities [3—6]; however, realizing
the full public health benefit of systematically incorporating
evidence-based interventions (EBIs) into routine practice re-
quires generalizable evidence of how these have been broadly
implemented and sustained in practice [3, 7, 8].

For instance, HIV testing provides outstanding value and
can even be cost-saving in the long term in high-prevalence
populations and settings [9]. Nonetheless, real-world evidence
on the scale of implementation of HIV-testing programs is
sparse [9]. Levels of implementation documented in the public
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domain fall short of what would be required, in combination
with a wide range of EBIs to treat and protect against infec-
tion, to reach the targets of the US ‘Ending the HIV Epidemic’
initiative [10]. Similarly, medication for opioid-use disorder
can also provide exceptional value in addition to substantial
health benefits [11]. However, there remains a pressing need
for data to guide evidence-based decision-making in address-
ing the North American opioid crisis, particularly for
assessing the impact of public health strategies over different
timescales, for different populations or settings, and in com-
bination with multiple interventions [12]. Of course, the glob-
al COVID-19 pandemic poses the most significant and imme-
diate challenge in public health implementation. A sound un-
derstanding of what may limit the efficiency of large-scale
implementation of testing and contact tracing programs across
different contexts could have helped guide the effective deliv-
ery of COVID-19 vaccines [13].

While CEA has a 40-year history in population health re-
search [14], its application alongside implementation scientif-
ic studies has been limited [1, 15, 16]. A recent systematic
review of economic evaluations in the implementation science
literature revealed only 14 articles focused on implementation
[17], with only four CEAs using quality-adjusted life years
(QALYsSs) [18]. While the review found improvements in the
quality of CEAs over time [17, 19], best-practice recommen-
dations, such as reporting the perspective from which the
analysis is conducted, investigating parameter uncertainty, or
reporting cost calculations, were not adhered to in most stud-
ies [14, 20-22]. Likewise, another recent systematic re-
view found a dearth of economic evaluations of inter-
ventions designed to improve the implementation of
public health initiatives, also noting the mixed quality
of the evidence from these studies [23].

The use of model-based economic evaluation has been
suggested to help make CEA the standard practice in imple-
mentation science [1]. Using mathematical relationships,
models such as dynamic transmission models, agent-based
models, state-transition cohort models, or individual-based
microsimulation models can provide a flexible framework to
compare alternative courses of action. As the COVID-19 pan-
demic has revealed, simulation modeling is playing a greater
role than ever in public-health decision-making [24-26]. The
context in which healthcare services are delivered has been
shown to influence the cost-effectiveness of interventions [9,
27]. Simulation models that capture the heterogeneity across
settings are uniquely positioned to offer guidance on contex-
tually efficient strategies to implement [12, 28, 29].

Fundamentally, public-health programs aim to expand the
implementation of evidence-based practices by increasing
their reach, adoption, and sustainment to achieve better health
outcomes. We outline areas for future development in CEA
that would most complement the field of implementation sci-
ence, in the interest of providing decision makers with

pragmatic and context-specific information on the value of
implementation and sustainment strategies. Specifically, in
order to enhance the uptake and impact of model-based
CEA in implementation scientific research, we suggest the
need for advancement in (1) determining the reach of EBIs
at the population level and within subgroups; (2) reporting
adoption of EBIs at a system level and across settings; (3)
improving the documentation of pre-implementation planning
activities; (4) generating evidence on scaling up EBIs to the
population level; (5) measuring the sustainment of EBIs over
time; and (6) generating precise and generalizable costs of
each of the above components.

Implementation Science Theories, Study
Designs, and Their Application
in Cost-Effectiveness Analysis

Increasing the impact of a public health program depends not
only on the effectiveness of its individual components but also
on the extent and quality of its implementation. While imple-
mentation scientists have developed frameworks to character-
ize implementation theory and practice [30], recommenda-
tions on how these may be incorporated into CEA are scarce.
Applying these frameworks in CEA can ensure we fully cap-
ture the design features of a given EBI and the relevant costs
for each of the implementation components. This can provide
a foundation from which to improve the evaluation of imple-
mentation strategies and population health. While this article
is not intended as a complete review of all individual ap-
proaches available, we describe examples of how model-
based CEA can integrate implementation science to help tailor
evaluations to local context and focus decision makers on
implementation strategies that may provide the greatest public
health impact and value for money.

The RE-AIM Framework

The Reach Effectiveness Adoption Implementation
Maintenance (RE-AIM) framework has been broadly applied
to evaluate health policies and EBIs since it was initially pub-
lished more than two decades ago [31, 32]. The framework’s
domains are recognized as essential components in evaluating
population-level effects [30]. We applied the RE-AIM frame-
work in recent model-based CEA evaluating combinations of
EBIs in HIV/AIDS [33]. We used RE-AIM to define scale of
delivery, periods over which the implementation of EBIs are
scaled-up and sustained, and the costs of pre-implementation,
implementation, delivery, and sustainment of each interven-
tion [9]. Table 1 describes the definitions and assumptions we
used for explicitly integrating intervention and implementa-
tion components in simulation modeling.
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Table 1

implementation of EBIs in model-based CEA

RE-AIM framework definitions and assumptions used for the

Domain Definition ~ Assumptions for Assumptions for
interventions implementation
Reach Participation (i) Individuals must (i) Individuals must
rate in the accept to access services in
interven- participate; (ii) the setting(s) in
tions participation rates which the
are specific to interventions are
each intervention. delivered; (ii)
reach remains
constant over the
delivery period.
Effectiveness Effect of the (i) The effect is (i) The effectiveness
interven- equivalent in all of each
tions population intervention is
subgroups unless specific to the
there is evidence setting(s) in which
to the contrary. it is delivered.
Adoption Delivery of (i) Staff accept to (i) The adoption rate
the deliver is specific to the
interven- interventions as setting(s) and
tions implemented. population(s) in

Implementation Consistent

which the
interventions are
delivered; (ii)
adoption remains
constant over the
delivery period.

(i) Delivery costs are (i) The interventions

delivery a function of the are adapted to

of the scale of delivery ensure fidelity; (ii)

interven- of the there is a period

tions interventions. for scaling up the
intervention; (ii)
implementation
costs are a
function of the
setting(s) and
scale of delivery
of the
interventions.

Maintenance Sustainment (i) The effects of the (i) Costs for

of the interventions sustainment

interven- remain constant activities (e.g.,

tions over time. retraining) are a

function of the
scale of delivery
of the
interventions; (ii)
duration of the
sustainment
period is assumed
to be fixed for
each intervention.

RE-AIM, Reach Effectiveness Adoption Implementation Maintenance;
EBIs, evidence-based interventions; CEA, cost-effectiveness analysis

The scale of delivery refers to the extent to which an EBI

ultimately reaches its intended population. In a prior applica-
tion, we defined scale of delivery as the product of reach and
adoption (Scale;; = Reach; < Adoption;,) for each interven-
tion 7, intended population j, and delivery setting &. We used
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the best evidence available in the public domain for each
healthcare setting in which an EBI would be delivered, using
similar evidence specific to each population subgroup for
which an EBI was intended. Reach was defined as the partic-
ipation rate in a given intervention, conditional on both the
probability an individual would access services in setting &k
and would accept the intervention. Adoption was defined as
the proportion of a delivery setting actually implementing the
intervention. Consequently, the population-level impact for
each intervention was the product of the resulting scale of
delivery and its effectiveness (Population-based Impact; =
Scale;; x Effectiveness;). We incorporated a scale-up period
to account for the time required to get to the defined scale of
delivery followed by a sustainment period necessary for main-
taining the scale of delivery.

While we strived to use the best publicly available data to
inform each of the RE-AIM components, evidence for
population-level implementation of interventions, scale-up,
adoption, and sustainment was very limited. Furthermore, as
it has been previously noted [6, 32], data on costs associated
with implementation components other than those specific to
the delivery of the intervention itself are mostly lacking.
Consequently, our analysis required numerous assumptions
for deriving costs, particularly for representative patient vol-
umes across healthcare settings, physician practices, or HIV
clinics. Nonetheless, it is encouraging that the Standards for
Reporting Implementation Studies (StaR1T) [34], a checklist for
the transparent reporting of studies evaluating implementation
strategies, distinguishes between costs specific to the interven-
tions and to the implementation strategy, suggesting more
evidence on costs specific to implementation may soon be-
come available.

Hybrid Study Designs

Hybrid designs combine evaluation of both the implementa-
tion process and the intervention. The typology proposed by
Curran et al. outlines different considerations for choosing the
appropriate hybrid design, with the Hybrid Type 2 simulta-
neously evaluating the effectiveness of an intervention and its
implementation [35]. Similar to the STARI reporting guide-
lines, which also differentiate cost data for the implementation
strategy and the intervention, the recommendations for costs
were general and did not distinguish between the various ele-
ments of the implementation process (e.g., planning, scaling
up, and sustainment). CEA conducted alongside Hybrid Type
2 designs provides an opportunity to also evaluate the differ-
ent components of implementation strategies most relevant
and useful for decision makers and implementers [35, 36].
Mirroring the recommended conditions for use of a Hybrid
Type 2 design [35], CEA-specific considerations may include
(1) accounting for the costs of pre-implementation activities
that ensure the face validity of the implementation strategies
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being proposed; (2) emphasizing the need for evidence of
individual implementation components (e.g., varying levels
ofreach and adoption) and their costs, supporting applicability
to new settings and populations; (3) the potential risk for dis-
placement of other services that may result in indirect costs
not captured by an evaluation restricted to the intervention(s)
of interest; (4) demonstrating effectiveness (and value) of
large-scale implementation to support momentum of adoption
in routine care; (5) investigating hypothetical implementation
dynamics to iteratively support the development of adaptive
implementation strategies; (6) conducting value of informa-
tion analysis to estimate the additional value the study may
produce by reducing uncertainty in decision-making.

Simulation modeling and CEA can enhance the relevance
of implementation science by measuring the effects of differ-
ent, sometimes hypothetical, implementation components
(e.g., reach, adoption, and sustainment—which are ultimately
implementation outcomes themselves), while taking into con-
sideration the impact of context and accounting for variation
in costs, ultimately providing value-based recommendations
to improve public health.

Scale of Delivery *

Ideal or Perfect
Implementation

Setting an Agenda for Methodological
Development

The evidence base supporting many public-health interven-
tions is strong and diverse, but important questions remain
about how to broadly implement them in routine practice to
achieve greater population-level impact [1]. From a method-
ological standpoint, there is a need to integrate implementa-
tion science explicitly into CEA to adequately capture diverse
real-world delivery contexts. CEA can produce detailed, in-
formed recommendations on the aspects of the implementa-
tion process that provide good value. An effective use of
model-based CEA for decision-making thus requires consid-
ering the feasibility and costs of individual implementation
components, including planning for implementation, time re-
quired to scale-up programs, reach, adoption, and sustainment
(Fig. 1). We identify areas of advancement needed for model-
based CEA to further support public health action by estimat-
ing the potential impact of these implementation components,
discussing resulting implications for cost considerations and
further methodological development (Table 2).

Implementation
Strategy
Reaches Scale

-

Actual J/ PO dalil P L
Implementation i [;" ...............
// r.‘f)" [B]
/ el
,/ /” .‘C]
G 1"
A
Current |eve| — - o W b e,
Pre-Impl. Scale-up > < Sustainment R
Period Period Period
| Time
Implementation
Cost Implementation
Components | |
Intervention Infrastructure
Cost Delivery (e.g., human resources)
Components ; ;
P Material (e.g., physical resources)

Possible implementation and maintenance patterns

E> Interventions addressing: [A] scale-up time; [B] reach or adoption (to increase scale); and [C] maintenance.

Fig. 1 Cost components, timing, and scale of implementation strategies
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Table 2 Areas of advancement to enhance the impact of CEA in implementation scientific research

RE-AIM domain Implementation-process data needs for CEA  Implementation-cost data needs for

Examples of approaches for answering data
needs

CEA
Intended o Integrating surveillance and reporting
populations systems to derive population-level reach
(reach) within and across settings

e Emphasizing granular data to distinguish
access to services by population subgroups

Service delivery
(adoption) specific to delivery settings (e.g., formal
healthcare sector, community based,
schools) and by payer

e Impact of interventions improving

system-level adoption

o Human resources needed for
pre-implementation planning

e Real-world effectiveness of EBIs, overall
and within key subgroups

Planning
(effectiveness)

o Costs as a function of population
reach specific to delivery settings
and key population subgroups

e Functional form of the cost
function capturing economies of
scale (or decreasing returns as
reach increases)

o Existing levels of implementation for EBIs, e Costs as a function of increasing
adoption accounting for
heterogeneity across settings and
geographical location

e Functional form of the cost
function to capture economies of
scale and scope

o Costs of pre-implementation
planning

e Direct and indirect costs
attributable to different funding
agencies

e Publicly available surveillance data to
determine baseline service utilization levels
and feasible population reach

® Reporting of costs for implementation
strategies increasing reach across different
systems, settings, population subgroups,
and levels of implementation

e Estimate system capacity and
public-health-department intended targets
for adoption levels, see MISII for
measurement framework example [76]

e Increased reporting (and development) of
quantitative measures of determinants of
adoption and other implementation phases
[77]

e Increased use of hybrid
effectiveness-implementation (type 2) study
designs [35] to determine the real-world
scalability and generalizability of EBIs

e Systematic and harmonized reporting of
human resource (e.g., FTEs), see Cidav
et al. [52] and Saldana et al. [54] for
pragmatic approaches

Scaling up e Timing of adoption across delivery settings ® Flexible cost functions accounting e Establish reporting guidelines and
(implementa- e Evidence on changing population for scale and scope when standardized instruments for quantitative
tion) characteristics at increasing scales of implementation timing changes population-level measures of different

delivery e Budget impact of speeding up implementation phases [78]
implementation to determine if e Estimate statistical models (e.g., multiple
feasible or affordable under linear regression) to determine cost
current budget constraints functions accounting for system and

implementation components [70]

Sustaining e Longitudinal measurement of scale of ® Costs for the maintenance of EBI e Establish a standardized and explicit
impact delivery implementation over period of definition of maintenance/sustainment
(maintenance) o Funding mechanisms for EBIs over time sustainment implementation phase for generalizability

e Impact of interventions improving o Costs for retraining to maintain of reporting [62]
population-level sustainment impact of EBIs ® Yearly reporting of reach and adoption

levels
o Tracking of increasing or decreasing
delivery costs

RE-AIM, Reach Effectiveness Adoption Implementation Maintenance; EBIs, evidence-based interventions; CEA, cost-effectiveness analysis; MISII,
measure of innovation-specific implementation intentions; F7E, full-time equivalency

Scale of Implementation: Intended Populations and
Service Delivery

In our prior work evaluating combinations of EBIs in HIV/
AIDS, we derived the scale for individual interventions by
determining their potential reach based on how population-
level utilization of different healthcare settings (e.g., primary
care, emergency departments) varied by geographic region,
racial/ethnic group, and sex [9, 33]. For example, to determine
the potential reach of an HIV testing intervention in primary
care [9], we used regional US estimates of persons having
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seen a doctor in the past year (e.g., 59.3% of Hispanic/
Latino men in the West, 93.9% for Black/African American
women in the Northeast) [37]. CEAs can thus provide a real-
istic assessment of the potential value of implementing public-
health programs by explicitly accounting for underlying struc-
tural barriers to healthcare access. As adaptation of EBIs can
increase population reach within settings, helping to achieve
more equitable service provision [38], model-based CEA can
also allow for determining the additional value (and health
benefits) that can result from efforts to reduce existing dispar-
ities [39]. Implementation scientists have argued for health
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equity to serve as a guiding principle for the discipline [40].
Simulation models can help us understand the extent and de-
ployment of resources required to overcome these disparities
[39, 40]. The recent extension of the RE-AIM framework now
incorporates health-equity considerations for each of its do-
mains [41]. Specifically, it suggests the importance of deter-
mining reach in terms of population characteristics and social
determinants of health [41]. However, reporting of real-world
implementation data such as these is very limited [9,
42]. The emerging ‘Distributional Cost-Effectiveness
Analysis’ framework is designed to explicate the
tradeoffs in strategies designed to reduce health ineq-
uities [43], as opposed to simply maximizing total
health, though of course explicit evidence to this end
must be available to execute such analyses [40, 44, 45].
Capturing the population-level impact of EBIs requires in-
formation on adoption rates within service-delivery settings,
as well as across delivery settings and geographic areas [9].
For example, we estimated the potential adoption in primary
care of an HIV testing intervention using the proportion of
physicians who offer routine HIV tests (e.g., 31.7% of physi-
cians accepting new patients following Affordable Care Act
expansion in California, 54.0% of physicians responding to
the United States Centers for Disease Control and
Prevention’s Medical Monitoring Project Provider Survey)
[9, 46, 47]. Consequently, information on current levels of
implementation (when the objective is to improve access to
existing EBIs) or on feasible levels of implementation (for
EBIs not previously implemented) is essential. Recently,
Aarons et al. proposed a ranking of the evidence required to
evaluate the transportability of EBIs [7]. Extensions to the
value of a perfect implementation framework have similarly
explored the influence of relaxing assumptions of immediate
and perfect adoption [4, 5] to determine whether it is worth-
while to collect more data to reduce decision uncertainty.
Another recent extension to this framework has investigated
the influence of heterogeneity in adoption across geographical
areas [48]. Overly optimistic expectations of the transportabil-
ity of findings from one setting to another are one of the major
causes of unsuccessful policy implementation [49].
Model-based CEA can help the design of implemen-
tation strategies by determining the long-term benefits
from increasing adoption, reach, or both (Fig. 1 [A]).
This can be particularly informative when promoting
uptake outside of formal healthcare settings to reach
different populations via adoption of EBIs in low-barri-
er, community-based settings. Addressing determinants
of health such as income and employment, housing,
geography, and availability of transportation, stigma or
discrimination, and health literacy offers great public
health promise by delivering services for people who
might not seek treatment through formal care settings
or for historically underserved populations. While the

Consolidated Framework for Implementation Research
can help identify contextual determinants for increasing
reach and adoption [50], adapting interventions to dif-
ferent delivery settings or target populations will be
more complex and prolonged. Model-based CEA can
help estimate the costs and benefits of prevention inter-
ventions that promote long-term improvements in public
health, which are more difficult to measure than effects
from short-term clinical interventions.

Planning for Implementation, Scaling Up, and
Sustaining Impact

While calls to explicitly account for the costs attributable to
implementation strategies are not novel [51], reporting re-
mains uncommon [23]. Proposals of pragmatic approaches
are still recent [52, 53], particularly when considering pre-
implementation activities that may have a direct impact on
scale of implementation [54] or program feasibility and sus-
tainability [55]. In estimating costs for implementing combi-
nations of EBIs in HIV/AIDS for six US cities, we derived
public health department costs attributable to planning activi-
ties to coordinate implementation in local healthcare facilities
[9]. We derived personnel needs and used full-time equivalent
salaries based on work we have done with local health depart-
ments in determining programmatic costs associated with
planning for the adoption of EBIs [56]. Additionally, we
scaled personnel needs according to population size in each
city to account for the number of healthcare facilities that
would need to be targeted by such an initiative [9]. We pro-
pose these to be distinct from costs explicitly attributable to
implementation activities such as EBI adaptation or ensuring
implementation fidelity [6]. Accounting for planning costs in
CEA is essential when considering the efforts required to im-
prove adoption of EBIs across different service-delivery set-
tings (e.g., HIV testing in clinical settings versus sexual health
clinics or community-based organizations) [51]. By working
in close collaboration with decision makers and forecasting
the long-term costs and benefits of alternative implementation
strategies, CEA can provide valuable information for making
implementation decisions, thus helping determine the best fit
for a given context.

Scale-up Period

Model-based CEA can also extrapolate the effects of shorten-
ing the scale-up period to reach a targeted level of implemen-
tation. Using dynamic transmission models to capture the im-
pact of achieving herd immunity levels from mass vaccination
serves as an example [57]. While constant, linear scale-up
over the implementation period can be used as a simplifying
assumption [9, 57-59], model-based CEA can also provide
implementation scientists with a sense of the relative value
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for rapid, or staggered patterns of scale-up (Fig. 1 [B]). For
instance, implementing physician alerts in electronic medical
records to promote adherence to HIV antiretroviral therapy
can be rapidly scaled-up within a healthcare system, whereas
a multi-component intervention requiring training for medical
personnel and changes to existing processes may require a
more time-consuming sequential implementation if there are
constraints on human resources [9]. If available, evidence on
the cost and effectiveness of interventions designed to im-
prove implementation could also be incorporated explicitly
[5]- Recent retrospective work by Johannesen et al. has ex-
plored the relative gains of eliminating slow or delayed scaling
up of prevention in cardiovascular disease [48]. Furthermore,
evidence on the uptake of specific health technologies based
on diffusion theory could provide a methodological founda-
tion to prospectively model the impact on value provided by
different patterns of adoption (and therefore scale-up) in the
implementation of EBIs [60].

Sustaining Impact Over Time

Determining the costs and health benefits of improved
sustainment over time can allow decision makers to plan for
the necessary effort levels for maintenance of an implementa-
tion strategy (Fig. 1 [C]). The concept of sustainment however
lacks a consensus definition in implementation science, and
there is limited research on how best to sustain an effective
intervention after implementation [61, 62]. There is also a
need for better reporting of strategies facilitating sustainment
to reduce this large research-to-practice gap [62, 63]. There
has been a growing focus on long-term evaluation for the
sustainment of EBIs [41] with the recognition that ongoing
interventions may be required to sustain the impact of EBIs
[63]. CEA can be utilized to assess dynamic scenarios, includ-
ing the timing for and frequency of retraining or other
sustainment activities, ultimately determining how much it
may be worth investing to sustain implementation strategies.

Interactions between Implementation Components

Of course, capturing the interaction between each of the
above-noted implementation components is another advan-
tage provided by simulation modeling. Working in close col-
laboration with decision makers, simulation models can be
utilized to assess the long-term impact and the value of strat-
egies varying any combination of the populations reached;
adoption within and across settings; planning capacity; the
scale-up period; and the duration of sustainment (Table 3).
Such collaborations can happen during planning for imple-
mentation or simultaneously during any stage of executing
an implementation strategy, supporting adaptive implementa-
tion strategies in near real time.
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Costs of Implementation Components

Uncertainty surrounding the costs of implementation is a fun-
damental challenge to the broad implementation of EBIs, par-
ticularly in public health [64]. While there is a breadth of
frameworks to guide adaptation, there has been little emphasis
on how best to estimate the costs of implementation strategies,
according to the scale of delivery, and in diverse settings of-
fering a different scope of services. For instance, the
Consolidated Framework for Implementation Research can
help identify barriers to implementation and includes cost
considerations for EBIs [50]; however, evidence on the costs
of implementation components is necessary for CEA to be
further incorporated into implementation scientific research
(Table 2) [1]. Consistency in adherence to best practices and
reporting guidelines such as the Consolidated Health
Economic Evaluation Reporting Standards (CHEERS) [65]
has been important in helping establish model-based CEA as
standard practice for decision-making in healthcare [14].
Similar guidelines for reporting implementation costs could
further help promote the use of implementation science with
CEA. There are a number of high-quality microcosting exam-
ples in both the public health [66] and the implementation
science literature [54]. Similarly, some studies have proposed
approaches for the standardized reporting of pre-
implementation and implementation component costs [52,
54, 55, 67] but these have not yet been used widely or applied
to population-level EBIs. Moreover, CEA typically uses as-
sumptions of constant average costs (i.¢., linear cost functions)
yet the functional form of costs can matter, particularly for
widespread implementation of EBIs [68].

Assessing economies of scale and scope in delivering indi-
vidual and combinations of interventions will no doubt be
areas of intense inquiry and scrutiny in the coming years as
health systems adapt to our new reality. A study using a
regression-based approach to investigate factors determining
costs for a large HIV prevention program conducted through
non-government organizations in India incorporated a diverse
set of population and setting characteristics and found de-
creasing average costs as scale of delivery increased [69]. A
similar approach in local public health agencies across the
state of Colorado found evidence suggesting economies of
scale in the surveillance of communicable diseases, with av-
erage costs one-third lower for high-volume agencies as com-
pared to low-volume agencies [70]. Economies of scope offer
the potential for improving the impact of public health pro-
grams [71-73]. The costs of implementation components for
delivering more than one intervention at once may differ and
requires careful consideration [71]. Determining the value of
integrated programs targeting multiple-disease areas with
CEA can be enhanced by incorporating budget-impact analy-
sis to also help build consensus for financing arrangement
across different sectors of the health system [74, 75].



Curr HIV/AIDS Rep (2021) 18:176-185

183

Table 3 Examples of how model-

based CEA can support Domain Application
implementation scientific
research Intended

populations

o Determining the value of expanding reach of EBIs in the intended population and among
different populations or subgroups

o Determining the impact of implementation strategies that aim to reduce health inequities

Service delivery

® Determining the value of expanding adoption in the target delivery setting or across

different delivery settings

o Determining the impact of implementing EBIs outside of formal healthcare settings to
deliver services to underserved individuals

e Working with decision makers during pre-implementation to project costs and benefits of

different implementation strategies

® Prospectively determining the potential budgetary impact of implementation strategy

e Determining the impact and value of speeding up implementation within and across

e Exploring uncertainty resulting from different patterns in the timing of implementation

® Determining the impact of imperfect sustainment and how much it may be worth investing

Planning
alternatives
Scaling up
delivery settings
Sustaining
impact

effort

in sustainment efforts, both in terms of required frequency and the extent of required

e Exploring the impact for the de-implementation of existing EBIs

EBIs, evidence-based interventions; CEA, cost-effectiveness analysis

As the paradigm for CEA in implementation science shifts
to systematically account for the costs of different components
necessary for achieving population-level implementation of
EBIs, the potential for model-based CEA to support and com-
plement implementation scientific research in public health
will continue to increase.

Conclusion

We believe in the promotion of implementation science
and cost-effectiveness analysis as vital tools that should
be applied in evaluating every meaningful public-health
initiative. As the current pandemic has made painfully
clear, it is imperative for public-health scientists to ad-
vance a range of new approaches to determine what im-
plementation strategy may provide the greatest public-
health value and thus promote sustainable and efficient
use of limited resources. We conclude by acknowledging
that our proposed agenda will require health researchers to
continue strengthening partnerships with decision makers
to advance how implementation-science methods can be
incorporated in CEA. Decision makers continuously need
to account for courses of action that are shaped by social,
political, and economic considerations. Model-based CEA
is ideally positioned to play a central role in providing a
sound understanding of how well diverse implementation
strategies could work, and how we can strive to further
advance public health.
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