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Objectives: Implementation interventions applied in public health are about using proven

strategies to influence the uptake of evidence-based prevention and health promotion

initiatives. The decision to invest in implementation has an opportunity cost, which can be

overlooked. The purpose of this study was to assess the extent to which economic eval-

uations have been applied to implementation interventions in public health.

Study design: We conducted a systematic review of empirical studies examining the costs and

consequences, cost-effectiveness or cost-benefit of strategies directed towards enhancing the

implementation of public health interventions and policies in developed countries.

Methods: The following databases were searched for English language publications reporting

both effect measures and costs, from 1990 to current: MEDLINE, Embase, PsycINFO, CINAHL,

EconLit, EPPI-Centre database of health promotion research, Cost-Effectiveness Analysis

Registry, NHS Economic Evaluation Database, Informit and Scopus.

Results: The search strategy returned 3229 records after duplicate removal, from which we

included14economicevaluations.All the includedevaluationswereconductedandpublished

after 2000. Twelve of the 14 evaluations were based on controlled trials and two reported hy-

pothetical modelled scenarios. The methodologic rigour and compliance with reporting

guidelines for economic evaluationswas highly varied and not related to the publication date.

Conclusions: Our findings offer the first insight into the application and methodologic rigour

of economic evaluations of implementation strategies supporting public health policies

and interventions. To usefully inform public health policy and investment decisions, there

needs to be greater application of economic evaluation to understand the cost-

effectiveness of alternative implementation efforts. This review highlights the great

paucity and mixed quality of the evidence on this topic and offers guidance by way of a

checklist to improve the quality and reporting of future evaluations.

© 2019 The Authors. Published by Elsevier Ltd on behalf of The Royal Society for Public

Health. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction database limits: MEDLINE, Embase, PsycINFO, CINAHL, Econ-
In health care, the use of evidence-based, cost-effective

practice does not spontaneously occur. Getting evidence into

routine practice is the underlying objective of implementation

science so an increasing application in health care is not

surprising. Proven strategies and programmes have evolved to

influence the uptake of evidence-based health care delivery

methods.1 Examples include audit and feedback, education,

financial incentives and regulation. The real-world effective-

ness of practice change strategies has been examined in tar-

geted public health settings such as schools, workplaces and

healthcare facilities and has been shown to improve health

outcomes.2 However, while effective, these strategies have

resource requirements, which can be overlooked. In eco-

nomics, the value of these resources is measured in terms of

their opportunity cost. That is, the value forgone from an

alternative use. Implementation interventions compete for

the same resources as other interventions. Identifying,

measuring and valuing the resources directed towards

implementation, in conjunction with an assessment of

effectiveness, informs the value for money derived from

implementation investment and is important for overall

health service efficiency. The equity impacts of implementa-

tion investment should also be assessed and is equally

overlooked.3

While prolific in clinical settings, public health initiatives

are less likely to be accompanied by economic evaluations4e6

and some specific methodologic challenges have been iden-

tified to explain why this could be the case, namely the diffi-

culty in attributing effects, measuring and valuing outcomes,

identifying intersectoral costs and incorporating equity con-

siderations.6 In relation to implementation interventions

specifically, it has been shown that the application of eco-

nomic evaluation to implementation strategies targeting

clinical practice change is not routine.7,8 When they are un-

dertaken, the methodological quality is variable.8 The extent

to which economic evaluations have been applied to public

health implementation interventions is unknown. To that

end, the purpose of this study was to conduct a systematic

review of empirical studies examining the costs and conse-

quences, cost-effectiveness or cost-benefit of strategies

directed towards enhancing the implementation of public

health interventions and policies. Our specific aims were to:

(1) identify empirical economic evaluations of public health

implementation interventions and policies published since

1990; (2) assess the quality of these evaluations; (3) synthesise

the evidence of the study findings; and (4) develop recom-

mendations to facilitate their conduct.
Methods

Search strategy and study selection

The following databases were searched for English language

publications from 1990 to November 2017, depending on the
Lit, EPPI-Centre database of health promotion research, Cost-

Effectiveness Analysis Registry (CEA), NHS Economic Evalua-

tion Database (NHS EED), Informit and Scopus. This period

was selected to reflect the prominence of implementation

science as a discipline from the 1990s. A preliminary exami-

nation of literature published before this date did not return

any relevant publications. Table 1 details the MEDLINE search

strategy and PICOS criteria.

The study eligibility criteria were reported to be full eco-

nomic evaluations of implementation interventions applied

to a public or population health area in a community setting.

Studies were considered to be full economic evaluations if

they included information on both the costs and effects of

implementation strategies.9,10 The definition of public health

for this review was consistent with an accepted definition

cited in the 2004 Wanless report.5 Included studies were

randomised controlled trials, controlled trials and controlled

before-and-after studies that involved economic evaluations

of implementation strategies, includingmodelled evaluations.

Implementation interventions were defined as any initiative

designed to influence the uptake of public or population

health interventions in community settings. Included strate-

gies followed the taxonomy of professional, organisational,

financial and regulatory strategies developed by the Effective

Practice and Organisation of Care (EPOC) group11 and were

consistent with the types of strategies adopted in the health

technology assessment review by Grimshaw et al.12

All titles and abstracts of the search results were inde-

pendently screened by two reviewers (P.R. and K.E. or A.S.) to

identify potentially relevant studies. Full-text articles were

sought for those titles/abstracts that appeared to meet the

eligibility criteria. Based on the full-text reading, two re-

viewers (P.R. and K.E.) independently assessed the identified

studies for eligibility for inclusion. Furthermore, the reference

lists of the included studies were also screened for potentially

relevant articles. Disagreements between reviewers relating

to study inclusion choices were resolved by consensus among

all the reviewers (P.R., K.E. and A.S.).

Data extraction and analysis

Two reviewers (P.R. and K.E.) independently extracted data

from the included studies on the following: public health issue

addressed; intervention target population and study setting;

country; year of study; year of reference case for the analysis

and publication date; analysis perspective (societal, health-

care sector, public finance or other); category of approach

(trial-based, modelled or other); classification of outcomes

(intermediate or final); and method of analysis (cost-conse-

quence, cost-minimisation, cost-effectiveness, cost-utility,

cost-benefit or other).

Methodological quality
The quality of the economic studies was assessed using the

Drummond 10-point checklist.9 Reporting quality was

assessed using the Consolidated Health Economic Evaluation
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Table 1 e MEDLINE search strategy.

(O) Outcomes 1. *Cost-Benefit Analysis/

2. Economic evaluation.mp. [mp ¼ title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept word,

rare disease supplementary concept word, unique identifier, synonyms]

3. Cost effectiveness.mp.

4. (cost adj2 (effective* or utilit* or benefit* or minimi* or analy* or outcome*)).mp. [mp ¼ title, abstract, original title, name of substance word, subject heading word, keyword

heading word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]

5. 1 or 2 or 3 or 4

(P) Population 6. Public Health/

7. Public health.mp. [mp ¼ title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept word, rare

disease supplementary concept word, unique identifier, synonyms]

8. (("population level" or "population based" or population or "community level" or "community based" or communit*) adj2 (intervention* or implement*)).mp. [mp ¼ title,

abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept word, rare disease supplementary concept word,

unique identifier, synonyms]

9. ("public health" adj2 (intervention* or implement*)).mp. [mp ¼ title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol

supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]

10. Health Promotion/ec [Economics]

11. 6 or 7 or 8 or 9 or 10

(I) Intervention 12. Implement*.mp. [mp ¼ title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept word, rare

disease supplementary concept word, unique identifier, synonyms]

13. Implement* strat*.mp. [mp ¼ title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept word, rare

disease supplementary concept word, unique identifier, synonyms]

14. Dissemination.mp. [mp ¼ title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept word, rare

disease supplementary concept word, unique identifier, synonyms]

15. (organi?ational adj change*).mp. [mp ¼ title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept

word, rare disease supplementary concept word, unique identifier, synonyms]

16. (system adj2 change*).mp. [mp ¼ title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept word,

rare disease supplementary concept word, unique identifier, synonyms]

17. Quality improvement.mp. [mp ¼ title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept word,

rare disease supplementary concept word, unique identifier, synonyms]

18. ((adherent or complian*) adj3 policy).mp. [mp ¼ title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary

concept word, rare disease supplementary concept word, unique identifier, synonyms]

19. ((polic* or practic* or progra* or innovat*) adj5 (perform* or feedback or prompt* or reminder* or incentive* or penalt* or communic* or change manag* or train* or audit*)).mp.

[mp ¼ title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept word, rare disease supplementary

concept word, unique identifier, synonyms]

20. (intervention$ or prevent* or polic* or program$).mp.

21. 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19

22. 21 and 20

23. 5 and 11 and 22
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(P) Population 24. (developing countr* or third world or underdeveloped countr* or under developed countr*).mp. [mp ¼ title, abstract, original title, name of substance word, subject heading

word, keyword heading word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]

25. Exp africa/or americas/or exp caribbean region/or exp central america/or latin america/or mexico/or exp south america/

26. Exp europe, eastern/or exp transcaucasia/

27. New Guinea/or asia/or exp asia, central/or asia, southeastern/or borneo/or cambodia/or east timor/or indonesia/or laos/or malaysia/or mekong valley/or myanmar/or

philippines/or thailand/or vietnam/or asia, western/or bangladesh/or bhutan/or india/or middle east/or afghanistan/or iran/or iraq/or jordan/or lebanon/or oman/or saudi

arabia/or syria/or turkey/or yemen/or nepal/or pakistan/or sri lanka/or far east/or china/or tibet/or exp korea/or mongolia/

28. (Afghanistan or Africa or Albania or Algeria or Angola or Antigua or Argentina or Armenia or Azerbaijan or Bangladesh or Barbados or Barbuda or Belarus or Belize or Brazil or

Bhutan or Bolivia or Bosnia or Botswana or Bulgaria or Burkina Faso or Burundi or Cambodia or Cameroon or Central African Republic or Chad or Chile or Colombia or Comoros or

Congo or Costa Rica or Croatia or Cuba or Czech* or Congo or Djibouti or Dominica or Dominican or East Timor or Ecuador or Egypt or El Salvador or Equatorial Guinea or Eritrea or

Estonia or Ethiopia or Fiji or Gabon or Gambia or Ghana or Grenada or Guatemala or Guinea-Bissau or Guyana or Haiti or Honduras or Hungary or India or Indonesia or Iran or Iraq

or Ivory Coast or Jamaica or Jordan or Kazakhstan or Kenya or Kiribati or Kyrgyzstan or Laos or Latvia or Lebanon or Lesotho or Liberia or Libya or Lithuania or Madagascar or

Malawi or Malaysia or Maldives or Mali or Marshall Islands or Mauritania or Mauritius or Mexico or Micronesia or Moldova or Mongolia or Montenegro or Morocco or Mozambique

or Myanmar or Namibia or Nepal or New Guinea or Nicaragua or Niger or Nigeria or Korea or Oman or Pakistan or Palau or Panama or Papua New Guinea or Paraguay or Benin or

China or Peru or Philippines or Poland or Cape Verde or Georgia or Kosovo or Macedonia or Yemen or Romania or Russia or Rwanda or Saint Kitts or Saint Vincent or Saint Lucia or

Sao Tome Principe or Saudi Arabia or Senegal or Serbia or Seychelles or Sierra Leone or Slovak* or South Africa or Solomon Islands or Somalia or Sri Lanka or Sri-Lanka or Sudan or

Suriname or Swaziland or Syria or Tajikistan or Tanzania or Thailand or Togo or Tonga or Trinidad or Tobago or Tunisia or Turkey or Turkmenistan or Uganda or Ukraine or

Uruguay or Uzbekistan or Vanuatu or Venezuela or Vietnam or Samoa or Zambia or Zimbabwe).af.

29. 24 or 25 or 26 or 27 or 28

30. (developed countries or european union).af.

31. Europe/or andorra/or austria/or belgium/or exp france/or exp germany/or exp united kingdom/or greece/or ireland/or exp italy/or liechtenstein/or luxembourg/or monaco/or

netherlands/or portugal/or exp "scandinavian and nordic countries"/or spain/or switzerland/or exp australia/or new zealand/

32. North america/or exp canada/or exp united states/

33. (united kingdom or england or scotland or wales or denmark or finland or iceland or norway or sweden).af.

34. (north america or canada or oecd or united states).af.

35. (europe or andorra or austria or belgium or france or germany or greece or ireland or italy or liechtenstein or luxembourg or monaco or netherlands or portugal or spain or

switzerland or australia or new zealand).af.

36. 30 or 31 or 32 or 33 or 34 or 35

37. 23 and 36

38. 23 not 29
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Reporting Standards (CHEERS) checklist.10 These checklists

are designed to improve the clarity of published economic

evaluations and to increase reporting transparency. We

assessed whether all relevant costs and effects were identi-

fied, measured and valued appropriately. Guidelines for

analysis and interpretation of results relate to the treatment

of the timing of costs and effects; the reporting and interpre-

tation of incremental analysis; treatment of uncertainty; and

the context for the results. All the listed items were also

aligned with the recommendations for conduct, methodo-

logical practices and reporting of cost-effectiveness analyses

developed by the JAMA panel on cost-effectiveness in health

and medicine.13,14

Costs and effects
Compared with economic evaluations of clinical healthcare

interventions, the range of possible costs and effects asso-

ciated with implementation interventions is argued to be

wider.8,12 For this reason, we also assessed whether

included studies reported (i) implementation strategy

development costs; (ii) implementation strategy execution

costs; and (iii) consequent changes in the cost of healthcare

provision. We extracted data on the relevant economic

outcomes: incremental cost-effectiveness ratios, net mon-

etary benefit statistics and costebenefit ratios. Any stated

decision rules such as willingness-to-pay thresholds were

also recorded.

Furthermore, in light of the relative paucity of economic

evidence of public health interventions,4e6 we also extracted

data on whether cost-effectiveness of the index policy or

intervention was reported or discussed. We were also inter-

ested to assess what measures of effect were included in the

studies and how they were measured. If the evidence base for
Fig. 1 e PRISMA
the index policy is documented and includes a robust asso-

ciation between the intermediate and final outcomes, it may

be efficient to limit outcomemeasurement in implementation

studies to intermediate outcome measures only such as

change in healthcare practitioner behaviour, uptake or

reach.15

Evidence synthesis
To address our third aim, a quantitative evidence synthesis of

the review results was planned, subject to assessment of

heterogeneity. All data were entered in a Microsoft Excel

(2013) database.
Results

Results of searches and screening

The searches of the MEDLINE, Embase, PsycINFO, CINAHL,

EconLit, EPPI-Centre database of health promotion research,

CEA, NHS EED databases produced 5313 hits. The searches of

the Informit and Scopus databases produced 244 hits (Fig. 1).

From the title and abstract review, a total of 23 records met

the eligibility criteria. On the basis of full-text assessments,

12 studies were excluded. The reasons for exclusion were the

following: (1) the purpose of the study did not specifically

relate to improving population or public health; and (2)

studies only reported efficacy or effectiveness metrics with

no corresponding data on costs. A further three studies were

included from the search of the references of included arti-

cles. In total, 14 studies19e32 were included in our review. No

systematic reviews of relevant economic evaluations were

identified.
flowchart.
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Study characteristics

Table 2 summarises the characteristics of all included studies.

Nine (64%) studies were conducted in the United

States,19e22,24,26e28,32 two (14%) in Australia25,29 and the

remaining three studies in Japan,23 Spain33 and the

Netherlands.30 In the majority of studies (n ¼ 12), the popu-

lation targeted by the interventions was the general

community19e21,23e28,30,32,33 with only two studies targeting

healthcare providers22 and schools,29 respectively.

Nine (64%) of the studies focussed on strategies to increase

cancer screening participation.19e21,23,26e28,32,33 The public

health focus of the remaining studies included physical ac-

tivity alone29 and in combination with healthy eating,30

alcohol-related crime25 and immunisation.22,24 The range of

implementation strategies used in the studies, while highly

varied, included predominantly demand-side interventions.

Six studies included multiple intervention arms testing

alternate strategies.19,20,27,30e33

Six studies reported results from single interventions

designed with multiple strategies.19,26e31 The strategies that

were most commonly combined included printed educational

materials together with telephone education and counselling.

The majority of the studies were trial-based eval-

uations,19e23,25e31,33 two studies were modelled evaluations

using decision analysis,24,32 one study used modelling to
Table 2 e Summary of study characteristics.

Characteristic

Country USA

Japan

Australia

Spain

The Netherlands

Population and setting Healthcare providers

General community

Other (schools)

Index intervention or policya Mammography screeni

Cervical cancer screeni

Colorectal cancer scree

Immunisation rates

Other (alcohol and crim

behaviours)

Strategy typea HCP education

Tailored risk printed m

Public awareness raisin

Financial incentives

Telephone education a

Multistrategy practice c

Evaluation method Cost consequence

Cost effectiveness

Cost benefit

Cost utility

Other

Unclear

Perspective Healthcare provider

Public finance

Societal

Other

Not stated

HCP, health care practitioner.
a Studies are included in multiple categories.
estimate costs28 and one study included a modelled trans-

formation of intermediate to final outcomes.20

Methodological quality

Evaluation design
The method of economic evaluation was defined in all the

studies but clearly justified in only five studies19,24,26,29,33

(Table 2). Most studies reported cost-effectiveness analy-

ses,19e24,26e29,32,33 one study presented a costebenefit anal-

ysis25 and one study conducted both cost-effectiveness and

cost-utility analysis.30,31 An analysis perspective was clearly

stated in 11 studies but justification was only provided in

seven.19,20,24,26,28e31 The analysis time horizon was explicitly

stated in six studies19,26,29e33 and could be inferred in one

further study.28 An over view of all the included studies is

provided in Table 3.

Data included in the evaluations
Table 4 summarises the quality of data and reporting per-

taining to the identification, measurement and valuation of

effectiveness of the intervention. The primary and secondary

outcome measures were clearly specified in 11 of the 14

studies.19e25,27,29e31,33 The methods of measurement were

reported in detail in only nine studies.19e23,25,27,29e31 Thirteen

of the studies reported intermediate outcomes,19e24,26e33
Description n (%)

9 (64)

1 (7)

2 (14)

1 (7)

1 (7)

1 (7)

12 (86)

1 (7)

ng 7 (50)

ng 2 (14)

ning 1 (7)

2 (7)

e rates, physical activity and multihealth 3 (21)

3 (21)

essaging 5 (35)

g (media and community activities) 2 (14)

1 (7)

nd counselling 9 (63)

hange initiatives 6 (42)

0 (0)

12 (86)

1 (7)

1 (7)

0 (0)

0 (0)

4 (28)

1 (7)

6 (42)

0 (0)

3 (21)
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Table 3 e Overview of included studies.
Author (year),
Country

Targeted public
health issue

Study setting and
participants

Type of
economic
evaluation

Implementation
strategy category

Comparators Measure of effect
(intermediate/final

outcome)

Cost categories included
(perspective)

Modelled or
trial-based
analysis

Time
horizon

Health economic results

Franzini, Boom
et al. (2007),22

USA

Immunisation
coverage among
preschoolers

Paediatric and
family medicine
providers in
Houston GP
practices

CEA HCP education Usual practice Self-reported provider
behaviour Immunisation
rates

Direct expenses Time
costs

TBA NR Incremental cost ¼ $212
per provider
Cost per 1 additional
correct answer to
immunisation guideline
knowledge $437
Cost per 1 additional
correct answer to 11
attitude and behaviour
questions $474
Cost to increase
immunisation rates by
1% $424-$555

Hirai, Ishikawa
et al. (2016),23

Japan

Colorectal cancer
screening
participation

Japanese
community setting,
46e66 years

CEA Tailored risk printed
messaging

Generic reminder that
FOBT was due

Participation in screening
within 5 m of receiving
print reminder

Individual assessment
Overheads Reminder

TBA NR Cost per participant 524
JPY
Cost to increase
screening participation
by 1 3740 JPY for tailored
matched and 4783 JPY
for tailored unmatched
and 2747 JPY for control

Kim and Yoo,24

(2015), USA
Influenza
vaccination in the
elderly

US Medicare elderly CEA Public awareness
raising via TV media

No TV campaign Increase in vaccination
rate # of additionally
vaccinated Medicare
elderly

Cost of TV campaign Modelled NR Deterministic model
ICER $17.79 USD per
additionally vaccinated
Medicare elderly
Stochastic model ICER
$23.54 USD per
additionally vaccinated
Medicare elderly

Navarro,
Shakeshaft
et al. (2013),25

Australia

Alcohol-related
violent crime

Communities in
NSW population
between 5000 and
20,000, >100 km
from a major urban
centre

CBA Public awareness
raising and
multistrategy practice
change initiatives

Control communities,
no intervention

Violent crimes, typically
alcohol related

Intervention costs:
additional policing
Media releases, mail-
outs and feedback
Intervention benefits:
reducedmedical costs of
assault
Increased productivity

TBA NR Additional average total
cost of the intervention
$187,905 AUS
Estimated value of the
benefit $4,126,123 AUS
Benefit cost ratio 22:1
Net social benefit
$3,938,218 AUS

Schuster, Frick
et al. (2015),26

USA

Breast and
cervical cancer
screening
participation

Korean American
women attending
one of 23 ethnic
churches in
Baltimore

CEA Telephone education
and counselling

Wait list control, 1-
day training

Screening adherence Intervention
development costs
Training
Implementation

TBA 1 year
and
2 years

ICER ¼ $236 USD per
additional screening
excluding programme
development costs

Slater, Parks et al.
(2017),27 USA

Breast cancer
screening
participation

Female Medicare
beneficiaries aged
65-84 years

CEA Financial
incentives þ tailored
messaging

Control, no
intervention

Completion of a screening
mammogram

Phone centre costs
(logistics þtime) direct
mail materials
mailing list costs,
intervention
development costs

TBA 1 year ICER ¼ $1602.51 USD per
participant who
received a mammogram
for the direct mail
relative to control
ICER ¼ $1135.19 USD for
the direct
mail þ incentive arm
relative to control

(continued on next page)
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Table 3 e (continued )

Author (year),
Country

Targeted public
health issue

Study setting and
participants

Type of
economic
evaluation

Implementation
strategy category

Comparators Measure of effect
(intermediate/final

outcome)

Cost categories included
(perspective)

Modelled or
trial-based
analysis

Time
horizon

Health economic results

Stockdale, Keeler
et al. (2000),28

USA

Breast cancer
screening
participation

Women attending
churches in Los
Angeles

CEA Telephone education
and counselling

Usual practice, no
intervention

Number of additional
screenings
Modelled extrapolation
life years saved

Personnel, non-
personnel, indirect costs

TBA and
modelled

1 year Total cost per church
$609.98-$2926.95 USD
(cost models 1e3)
Cost per additional
screen $188.27-$903.42
USD (models 1e3)
Total cost per life year
saved by intervention
and subsequent
mammography $19,678-
$46,308 USD (models 1
e3)

Sutherland,
Reeves et al.
(2016),29

Australia

Physical activity
in adolescents

Secondary schools
and students in
NSW

CEA Multistrategy practice
change initiatives

Usual practice, no
intervention

Minutes of MVPA; percent
reduction in BMI; MET
hours gained per person
per day

Personnel costs
materials and printing

TBA 2 years Cost per additional
minute of MVPA per day
gained:
Based on the finding of a
difference in change of
7.0 (95% CI 2.68e11.36)
minutes per student per
day of MVPA for
students in the
intervention vs control
ICER $56 AUS [95% CI $35
e$147] per additional
minute of MVPA per day

Trapero-Bertran,
Acera Perez
et al. (2017),33

Spain

Cervical cancer
screening
participation

Women aged 30e70
years in selected
community area of
Spain

CEA Tailored risk printed
messaging þ telephone
education and
counselling

Active interventions:
personalised letter;
personalised
letterþ information
leaflet; personalised
letter, leaflet þ phone
call

Screening coverage over
42 months

Direct healthcare costs TBA 3e5 years IG2 is strongly
dominated (more
expensive and less
effective than IG1)
IG1 costs V 2.78 per 1%
increase in coverage
compared with an
opportunistic screening
IG3 costs V 13.73 per 1%
increase in coverage
more than an
opportunistic screening,
making IG1 more cost-
effective.
In the comparisons with
the next best
alternative, IG3 costs V

60.73 per 1% increase in
coverage more than IG1.
For women of all ages,
IG1 is the most cost-
effective alternative.

van Keulen,
Bosmans et al.
(2010),30,31 the
Netherlands

Multihealth
behaviours
(physical activity
and fruit and
vegetable
consumption)

Dutch general
practices

CUA Tailored risk printed
messaging þ telephone
education and
counselling

(1) Printed tailored
letters; (2)
motivational phone
calls; (3) combination
of 1 and 2; (4) no
intervention

Increase in the total
number of public health
guidelines met;
QALYs

Fixed costs
(development, training,
implementation,
overhead)
Variable costs
Total costs

TBA 73 weeks Combined intervention
and TMI both dominated
by control and TPC for
the difference in the
total number of
guidelines met
ICER for the TPC group
relative to control V160
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Wu, Fung et al.
(2004),32 USA

Breast cancer
screening
participation

Hypothetical cohort
based on 2000 Texan
female population
aged 50e79 years

CEA Telephone education
and counselling
Brief clinician-led
advice

Active controls:
Tailored telephone
counselling; clinic- or
physician-based
interventions
Usual care

Screening rates cancer
mortality rates

Screening cost
Diagnostic workup
Treatment costs
Terminal care costs

Modelled 5 years ICER more favourable
for tailored telephone
counselling
interventions (tailored
telephone counselling
vs. Clinic-based
intervention 88,520 vs.
172,960)

Andersen et al.
(2002),19 USA

Breast cancer
screening
participation

Woman aged 40e80
years living in a
rural community

CEA Mammography
promotion by
volunteers in rural
communities

Active controls: (1)
Community activities;
(2) Individual
counselling;
combined 1 and 2; (3)
no intervention

Use of mammography in
the general community
(percent of women)
Use of mammography by
underusers

Direct costs
Development and
training of volunteers
Materials
Personnel costs
Indirect costs

TBA
Modelled
extrapolation

31
months

General community
population ICER range
infinited$437 USD per
additional mammogram
ICCAs ICER range
infinited$608 per
additional mammogram
Cost per year of life
saved associated with
mammography
promotion was
approximately $56,000
USD per year of life
saved

Crane et al.
(2000),21 USA

Breast cancer
screening
participation

Woman aged 50
years or older living
in Colorado

Cost
analysis þ
rudimentary
CEA

Multiple outcall
strategy to promote
screening
mammography

(1)Single telephone
call; (2) single call
preceded by mail-out;
(3) no intervention

Adherence to screening
guidelines

Cost for delivery of calls
Printing and postage
Personnel costs
Overheads

TBA NR The cost per participant
who changed their
screening behaviour
was estimated to be
$288, $390 and $154 USD
for each of the single
outcall, advance card 1
single outcall, and
multiple outcall
interventions,
respectively

Costanza et al.
(2000),20 USA

Breast cancer
screening
participation

Female underusers
of mammography
aged 50e80 years
who were members
of an HMO and
living in
Massachusetts

CEA Telephone education
and counselling þ HCP
education

(1) Mailed screening
reminders only; (2)
mailed screening
reminder þtelephone
counselling; (3)
mailed reminders to
women þ physician-
based education

Self-report of
mammography use

Start-up costs
Ongoing costs
Total direct costs
Total indirect costs

TBA 3 years Reminder system cost $5
USD per woman in the
practice for all three
arms
BSTC was 3� more
expensive than routine
care and MD-ED, 5�
more expensive
Cost per additional user
was $726 USD for BSTC
and $2179 for MD-ED
Cost of BSTC $181,418
USD to $362,835 per life
saved for women aged
50e59 years

BMI, body mass index; BSTC, barrier-specific telephone counseling; CI, confidence interval; CEA, cost-effectiveness analysis, CUA, cost-utility analysis; FOBT, faecal occult blood test; GP, general

practitioner; HCP, health care practitioner; MVPA, moderate to vigorous physical activity; QALYs, quality adjusted life years; NR, not reported; NSW, New South Wales; TBA, trial-based analysis; TMI,

tailored messaging intervention; TPC, telephone counselling.
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Table 4 e Summary of data collection for evaluating
effectiveness: identification, measurement and valuation
of outcomes.

Reporting quality variable % done (n)

Identification of effects

Primary and secondary outcomes clearly outlined 79% (11/14)

Sufficiently detailed reporting of effects 64% (9/14)

Intermediate effects and final outcomes reported 29% (4/14)

Measurement of effects

Description of methods for measuring effects 79% (11/14)

Sufficiently detailed reporting of methods 50% (7/14)

Measurement in appropriate units 86% (12/14)

Valuation of effects

Description of methods to value effects 100% (2/2)

Credible methods to value effects 50% (1/2)
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three studies reported both intermediate and final out-

comes19,30e32 and one study reported only final outcomes.25

The outcomes were valued in two studies25,30,31 (one cost

benefit analysis (CBA) and one cost-utility analysis), but the

approach to the valuation was clearly specified in only one

study.30,31

A summary of the collection of data for estimating the

costs of implementation is presented in Table 5. Only two

studies reported the costs of developing the implementation

strategies.26,30,31 In these studies, resource use identification

was reported consistently with the recommended guidelines,

but resource use measurement was not reported. Changes in

the cost of any associated healthcare provisionwas accounted

for in only one study32 and assumed to be of no difference

between study arms in one further study.30,31

All 14 studies reported the costs of executing these stra-

tegies; however, sufficient detail was reported in only five

(36%) studies.19,22,29e32 Only six studies reported the quantities

of resources used for strategy execution purposes separately

from their unit costs,19,21,23,28e31 and only four studies pro-

vided adequate description of methods for estimating

resource quantities.19,22,29e31

The reference year or price base for the analysis was un-

specified in four studies.20,26e28,30,31 Currency data were made

explicit in 11 of the studies and inferred from descriptions in

three studies. In this review, 13 of the studies made reference

to the efficacy of the index policy targeted by the imple-

mentation strategies, and a further six studies referenced the

cost-effectiveness of the policy.

Analysis and interpretation of evaluation results

Three studies appropriately25,26,32 reported discounting of

costs and effects. A further five studies19,20,29e31,33 with anal-

ysis periods greater than 12 months did not report discount-

ing. Incremental analyses was performed in 12 of the 14

studies and omitted in two studies.21,23

None of the studies explicitly associated the efficiency of

implementation strategies and the cost-effectiveness of the

index policy being promoted. While uncertainty analysis was

technically performed in 10 of the 14 studies,19,21,22,24,25,28e33

this involved rudimentary, deterministic univariate analyses

in nine of the 10.
Synthesis of review results
Compared with effectiveness studies, it is argued that the

generalisability of cost-effectiveness results is limited by the

wide range of factors necessarily involved in economic anal-

ysis studies, and the recent commentary on the conduct of

systematic reviews of economic evaluations has highlighted

specific challenges in relation to undertaking meta-analyses

of the results.16e18 In this review, the different populations,

jurisdictions, study settings, time horizons,measures of effect

and economic outcome measures stemming from the delib-

erate choice to adopt a broad definition of public health and no

limitation on the type of implementation intervention or type

of economic evaluation meant that the results from the

included studies could not be meaningfully combined in the

form of a meta-analysis or meta-regression. We, therefore,

summarised the results in the form of a narrative synthesis

only. A descriptive summary of the economic evaluation re-

sults is provided in Table 3.

The majority of the studies (nine) concluded that the re-

sults are evidence that the implementation interventions

are cost-effective or have a positive costebenefit

ratio.19e21,24e27,29,32 Three studies state that the in-

terventions were not deemed cost-effective,22,23,30 and the

remaining two make no claim regarding cost-effective-

ness.28,33 However, of the eight studies using cost-

effectiveness analysis and making a cost-effectiveness

claim, only five provided a context for the results in terms of

either explicit willingness-to-pay thresholds for the selected

outcome measures or benchmark ICERS.24,26,27,29,32
Discussion

To assess the scope and quality of evidence of economic

evaluations applied to implementation investment in a public

health setting, we conducted a systematic review of English

language literature from January 1990 to September 2017. Our

first aim was to identify empirical studies affecting public

health policies and practices over this period. The absence of

any relevant systematic reviews on this topic is in contrast to

the estimated 35e50 reviews of economic evaluations esti-

mated to be published each year.34 On the grounds that sys-

tematic reviews are the vehicle for providing information on

what is known and where knowledge gaps exist, it can be

concluded that there is a great deal yet to be learned on this

topic. From this one review, it is not possible to make any

broad conclusions regarding the value for money offered by

implementation interventions. Furthermore, the dominance

of trial-based analyses with restricted time horizons lends

weight to the argument made earlier by Hoomans and

Severens15 that greater use can be made of economic model-

ling to increase the efficiency of economic evaluations.

As referenced in the introduction, research has been pre-

viously conducted to better understand the paucity of eco-

nomic evaluations conducted in public health.5,6 Yet there are

further reasons that may explain the absence of good quality

economic evaluations in public health implementation in-

terventions. First, it may be challenging to sufficiently differ-

entiate the costs of implementation from the cost of the

https://doi.org/10.1016/j.puhe.2019.01.012
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Table 5 e Summary of data collection for evaluating costs: identification, measurement and valuation of resource use.

Reporting quality variable Implementation intervention

development costs,

% done (n)

Implementation intervention

execution costs, % done (n)

Identification of costs

Reporting of costs 14% (2/14) 100% (14/14)

Sufficiently detailed reporting of costs 0% (0/14) 36% (5/14)

Inclusion of fixed costs 7% (1/14) 57% (8/14)

Inclusion of variable costs 14% (2/14) 93% (13/14)

Inclusion of opportunity costs 7% (1/14) 71% (10/14)

Omission of any costs justified 0% (0/14) 29% (4/14)

Measurement of costs

Separate reporting of resource quantities from unit costs 0% (0/14) 43% (6/14)

Description of methods for estimating resource quantities 0% (0/14) 29% (4/14)

Sufficiently detailed description of methods for estimation 0% (0/14) 29% (4/14)

Measurement in appropriate units 0% (0/14) 86% (12/14)

Valuation of costs

Recording of currency data 14% (2/14) 79% (11/14)

Recording of price data 14% (2/14) 50% (7/14)

Description of methods to value unit costs 0% (0/14) 7% (1/14)

Details of any adjustments for inflation or currency conversions 0% (0/14) 21% (3/14)
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intervention. Second, implementation is typically the purview

of local health services where cost-impact assessments, if

conducted at all, are undertaken internally and not neces-

sarily reported or published in the research community.

Further aims of this research were to assess the method-

ological quality of the evaluations and consistency of report-

ing with recommended guidelines. The clearmajority (13 of 14

studies) were cost-effectiveness/utility analyses, where the

outcomes of the implementation strategies were represented

by a single metric. This result is important for the reason that

in the public health context, the outcomes and impacts of

implementation investment can be many and varied,

prompting some commentators to suggest that cost conse-

quence or multicriteria decision analysis may be appropriate

alternate methods, allowing decision makers (or analysts) to

weight the importance of different effects.6 Evaluation quality

and reporting was judged according to consistency with

guidelines.9,10,13,14 No single study met every reporting

criteria, and methodologic rigour and consistency with

reporting guidelines was highly variable. Compliance with the

reporting criteria for measures of effect was higher than for

measurement of resource use. This is likely correlated with

the high proportion of trial-based analyses, where interven-

tion efficacy is the primary trial outcome.

Regarding the data included in the economic evaluations,

we observed that only one study reported the costs of devel-

oping strategies and only one study considered downstream

healthcare costs. It was also observed that in one of the three

studies involving healthcare practitioner education, the eco-

nomic evaluation wrongly omitted to consider the opportunity

cost of healthcare professional time spent on attending the

educational meetings. It is appropriate that heathcare policy-

makersare cognizant of the balanceamongdevelopment costs,

implementation or execution costs and the costs of any asso-

ciated changes inhealthcare provision. The focus of the studies

included in our review was clearly dominated by intervention

execution costs. As noted by other commentators, the data

included in these studiesmaybe insufficient for a full economic

evaluation;9,35 however, economic modelling can be used to
transform or supplement relevant costs.9,36 In the studies

included inour review, theevaluationswere eitherwholly trial-

based with no further attempt to transform the outcomes or

costs beyond the life of the study or wholly modelled.

Our review has a number of limitations and strengths

which should be noted. First, there was no prespecified pro-

tocol published for this review; however, the reviewers fol-

lowed the PICOS criteria for inclusion, and the search strategy

has been reported for transparency. Second, it is possible that

some economic evaluations will have been missed. Invest-

ment in implementation of public health initiatives is typi-

cally the responsibility of local health authorities, some of

which do not have the research capacity or capability to

conduct and publish economic evaluations. Furthermore,

implementation may occur in the form of quality improve-

ment initiatives, which often escape the lens of evaluation.

Our findings offer the first insight into the application and

methodologic rigour of economic evaluations of implementa-

tion strategies supporting public health policies and in-

terventions.While restricted in the settingof publichealth, our

findings are in accordance with similar commentary on the

economics of implementation in clinical health care.8,15,37,38

By highlighting the paucity of evidence and the deficiencies

in the application of economic evaluation methods, the

quality of future evaluations can be improved and decision-

making with respect to investment in implementation can

be better informed. Public health policies and programmes,

especially in the area of health prevention, have great po-

tential to mitigate escalating healthcare costs. Ensuring not

just their effective implementation but cost-effective imple-

mentation is critical if governments are to succeed in realising

improved population health outcomes and contained per

capita healthcare expenditure. To that end, the short checklist

below, developed from the findings of this review, provides

additional pragmatic guidance for conducting and reporting

economic evaluations of implementation interventions in

public health. Our checklist (Table 6) is intended to be used in

conjunction with the Drummond9 and CHEERS checklists10

and adds supplementary questions for consideration.
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Table 6 e Checklist to guide the conduct and reporting of economic evaluations of implementation interventions in public
health.

Item Drummond

checklist itema

CHEERS

checklist itemb

Recommendation relevant to implementation

interventions in public health

Background and objectives N/A 3 Provide an explicit statement of the economic evidence of the

index policy or programme targeted by the implementation

intervention

Consider the policy perspective for the interpretation of the

evaluation result. Will an incremental cost per unit change in

outcome inform decision-making or would an alternate

analysis type (e.g., cost consequence) be more appropriate?

Target population and

subgroups

10.4 4 Include study participant characteristics relevant for informing

equity considerations, e.g., the health status and ‘gap’ by sex,

age and socio-economic status

Study perspective 4.2 6 Where possible adopt a societal perspective to reflect the broad

nature of the expected costs and benefits

Choice of health outcomes

and measurement of

effectiveness

3, 4 10, 11 Depending on the known evidence of cost-effectiveness of the

index policy/programme, consider measuring intermediate

outcomes relevant to implementation and use economic

modelling to extrapolate to the final health outcomes

Estimating resource use and

costs

4, 5 13 Consider identifying, measuring and valuing resource use

associated with both development and execution of

implementation interventions

Characterising uncertainty

and heterogeneity

9 21, 22 Consider variation in parameters relevant to implementation,

e.g., reach and uptake

Distributional impacts 10.4 N/A If applicable (refer item no.4), make an explicit effort to include

equity considerations (e.g., undertake distributional cost-

effectiveness analysis)

a Corresponds directly to Drummond checklist item.9

b Corresponds directly to CHEERS checklist item.10
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