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1 | INTRODUCTION

Summary

Objectives: We aim to describe and provide a discussion of methods used to conduct
economic evaluations of dietary interventions in children and adolescents, including
long-term modelling, and to make recommendations to assist health economists in
the design and reporting of such evaluations.

Methods: A systematic review was conducted in 11 bibliographic databases and the
grey literature with searches undertaken between January 2000 and December
2021. A study was included if it (1) was an economic evaluation or modelling study of
an obesity-prevention dietary intervention and (2) targeted 2- to 18-year-olds.
Results: Twenty-six studies met the inclusion criteria. Twelve studies conducted an
economic evaluation alongside a clinical trial, and 14 studies modelled long-term
health and cost outcomes. Four overarching methodological challenges were
identified: modelling long-term impact of interventions, measuring and valuing health
outcomes, cost inclusions and equity considerations.

Conclusions: Variability in methods used to predict, measure and value long-term
benefits in adulthood from short-term clinical outcomes in childhood was evident
across studies. Key recommendations to improve the design and analysis of future
economic evaluations include the consideration of weight regain and diminishing
intervention effects within future projections; exploration of wider intervention
benefits not restricted to quality-of-life outcomes; and inclusion of parental or care-

giver opportunity costs.
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fat and sugar lead to excess energy consumption and contribute to

the prevalence and burden of obesity related diseases, including type

In 2016, the World Health Organization estimated that over 18% of 2 diabetes mellitus, cardiovascular disease and cancers.2™* Obesity-
5- to 19-year-olds were affected with overweight or obesity.! The related health expenditures negatively impact on limited healthcare
main cause of overweight and obesity is an imbalance between budgets, costing the UK National Health Service alone over £5.1 billion
energy consumption and energy expenditure. Diets high in saturated annually.® Interventions that aim to improve population diet are
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therefore a priority for policy makers, and evidence on the
economics of such interventions is becoming internationally
recognized as being crucial to support effective public health policy
making.~?

Health economic evaluations assess additional costs and benefits
of an intervention against a comparator (e.g., usual practice). How this
is conducted is dependent upon several factors, including the type of
economic evaluation approach and whether a healthcare or societal
perspective is adopted. Economic evaluations can be conducted
alongside clinical trials, where costs and benefits are derived from trial
data. Alternatively, clinical effectiveness data can be input into an
economic model to derive long-term cost and benefit outcomes.
Where the former provides a cost-effectiveness estimate using actual
trial data, the latter provides long-term projections of healthcare and
societal resource use, costs and associated benefits. The way in which
costs and benefits are compared between an intervention and a
comparator is dependent on the evaluation framework. There are four
main economic evaluation frameworks: (1) cost-minimization analysis:
when different treatment options have equivalent outcomes, there-
fore the cheapest option is used; (2) cost-effectiveness analysis: a
comparison of additional costs by additional benefits (natural units);
(3) cost-utility analysis: a comparison of additional costs by additional
health-related utilities (e.g., quality-adjusted life years, disability
adjusted life years and health years gained); and (4) cost-benefit
analysis: health and/or non-health benefits are valued in monetary
terms (distinctly different to a return on investment which accounts
for financial benefits only).1°

Six systematic reviews have been identified concerning the
economics of childhood obesity prevention.!>"'® Most recently,
Zanganeh et al. conducted a quality appraisal of the literature'® and
reviewed the methods adopted within economic evaluations of
nutrition and physical activity-based interventions. However, this
study was primarily descriptive in nature and did not provide a critical
analysis of the methods, including strengths and limitations, adopted
within studies. Oosterhoff et al. also examined key aspects in the
design of economic evaluations on school-based interventions and
highlighted key issues and recommendations for future economic
evaluations.!* However, such reviews have either: lacked a
comprehensive search

strategy, potentially compromising the

inclusion of key texts*'?14; focused on a narrow population group or
intervention setting®®>'* or focused solely on physical activity
interventions.*®

There is currently a lack of consensus on the scope and content
of model based economic evaluations for childhood obesity preven-
tion dietary interventions,!” leading to variations in assumptions
adopted and disparities in final cost-effectiveness outcomes. This
systematic review conducts a comprehensive search and assessment
of the literature to develop an understanding of the design of
economic evaluations and models, their structure, and methods. The
aim of this review is to describe current approaches to the economic
evaluation of childhood obesity prevention interventions and make
recommendations to assist health economists in the design of such

evaluations, with a particular focus on modelling.
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2 | METHODS
21 | Search strategy
The systematic review was registered on PROSPERO

(CRD42018115790). It was initially conducted between November
2018 and January 2019 and later updated to December 2021.
Bibliographic databases included Medline/PubMed, PsycInfo, Embase,
Cochrane Library, Web of Science, SCOPUS, Centre for Reviews and
Dissemination (DARE, NHS EED and HTA), EconlLit and the Cost
Effectiveness Analysis (CEA) Registry. Databases were systematically
searched using piloted free text and MeSH terms (Table $1).*8 In addi-
tion, the grey literature was searched using broad terms: “economic
evaluation,” “child” and “obesity” and/or “diet.” This included Google,
Google Scholar, Grey Literature Report in Public Health and
OpenGrey.eu. For Google-based searches, the first 20 pages of results
were examined. Citations of included studies were also searched. Due
to the high agreeability rate between the two reviewers in the first
set of screening, and resource constraints, only one reviewer screened
studies and extracted data from the updated search strategy, unless
stated otherwise. Findings from the initial and updated search
strategy have been pooled and reported in accordance with PRISMA
guidelines.’

2.1.1 | Inclusion criteria

Criteria for eligible studies included interventions targeting diet and
nutrition, either solely or as part of a multi-component intervention,
and with a focus on obesity prevention. Economic studies included
economic evaluations alongside trials, or model-based studies of a
single intervention only. The economic analysis of a single interven-
tion, rather than pooled effectiveness data of multiple interventions,
was selected due to the high level of heterogeneity found within the
design and content of dietary interventions.2>2 This also enables an
investigation of approaches adopted when single clinical studies are
evaluated, allowing easier replication for those taking on a similar
approach. No restrictions were placed on the design of the interven-
tion under investigation nor the type of comparator under investiga-
tion. The review was restricted to English-language papers on studies
conducted in high-income countries targeting 2- to 18-year-olds. This
starting age was chosen as children's diets and nutritional needs are
comparatively different to subsequent years.???® No restrictions were
placed on clinical or economic study outcomes, which included both
direct or proxy measures of obesity prevention. No restrictions were

placed on the setting in which interventions were based.

2.1.2 | Exclusion criteria
Studies published before the year 2000 were excluded, to ensure the
inclusion of up-to-date practices, and for pragmatic purposes, given

available resources. Modelling studies of hypothetical policies were
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excluded as they rely on data from multiple intervention studies rather
than the evaluation of a single intervention. This review focused on
obesity prevention; therefore, weight loss and obesity treatment
studies were excluded. Studies targeting niche population and patient
groups were also excluded. Finally, studies that measured obesity-
related health conditions with no reference to obesity-prevention or

dietary improvements within their aims were excluded.

2.2 | Data extraction and quality appraisal

Two data extractions tables were developed, piloted and refined. Two
reviewers (S.M. and C.M.) independently extracted data and compared
for completeness and accuracy. Any conflicts were discussed until
agreement was met.

The Cochrane Public Health Group data extraction and
assessment template form?* and the CONSORT 2010 checklist®®
informed the data extraction table of effectiveness studies. Extracted
data included study design, intervention description (settings,
comparator, strategy, and duration), population, sample size,
participant characteristics, attrition rates, missing data management,
outcome measures, and results. For extraction of economic evaluation
data, the Consolidated Health Economic Evaluation Reporting
Standards checklist was adopted.?® This included study design,
economic outcomes, perspective, time horizon, discount rate,
resources and costs, evaluation/modelling methods, databases
utilized, methods for dealing with uncertainty, and cost-effectiveness
outcomes.

Following guidance provided by the Centre for Reviews and
Dissemination the BMJ 35-item checklist was used to assess the qual-
ity of economic evaluations.?” Items designed for the critical appraisal
of decision-analytic models developed for health technology assess-
ment were embedded to cover issues relating to modelling studies.?®
These included structural assumptions, model type, time horizon,
health states and cycle length. Two items from the Paediatric Quality
Appraisal Questionnaire were also embedded in order to capture
insights into methods for capturing parent and child impacts, including
productivity and school absence.?’ One reviewer assessed the quality
of all studies (S.M.) and a second reviewer (C.M.) independently
validated 20%.

2.3 | Data synthesis

A narrative synthesis of the methods used by the economic
evaluations was conducted. Characteristics of effectiveness and cost-
effectiveness studies were summarized and details concerning
economic evaluation and modelling study methods were identified,
compared and set within the context of the broader methods
literature. Descriptions of cost-effectiveness studies, together with
reported sensitivity analyses, were used to make recommendations
concerning the scope and content of economic evaluations, models

and key parameters. Research findings are presented based on a

classification of key methodological challenges adapted from
Weatherly et al.>® Within their paper, several reviews exploring the
economics of various public health interventions were investigated in
which key methodological challenges were commonly identified
across studies: attribution of effects; measuring and valuing
outcomes; intersectoral costs and consequences; and equity

considerations.

3 | RESULTS
3.1 | Literature search: Identification of economic
analyses

In the search conducted between December 2018 and January 2019,
13,706 studies were initially identified and 3931 duplicates were
removed. One reviewer (S.M.) screened 9775 titles and excluded
7520 studies that were not related to the main inclusion criteria
relating to obesity prevention (phase 1 screening). Two reviewers
(S.M. and C.M.) independently screened 2255 titles and abstracts
(phase 2 screening). There was 71% agreeability between reviewers
and after discussions a final number of 45 studies were included for
full text screening (phase 3 screening). Seventeen studies were inde-
pendently included and 22 excluded, whilst the remaining six studies
were discussed between reviewers leading to a further two inclusions.
One additional paper was identified via the reference list of included
studies and included in the review.®! In total, 20 papers comprising of

19 separate studies, with one study split across two papers,32’33

were
included in the systematic review.

In the updated search strategy conducted up to December
2021, 5563 studies were initially identified, and 1336 duplicates
were removed. One reviewer (S.M.) screened 4227 titles and
excluded 3145 studies that were not related to the main inclusion
criteria relating to obesity prevention (phase 1 screening), followed
by the screening of 1082 titles and abstracts (phase 2 screening).
A final number of 27 studies were included for full text screening
(phase 3 screening) whereby a second reviewer (C.M.) screened
30% of full-texts. There was 100% agreeability between the two
reviewers leading to the inclusion of 7 additional studies and the
exclusion of 20. No additional papers were identified from refer-
ences or the grey literature.

In total, 27 papers comprising of 26 separate studies were
included within this systematic review, and 46 papers were excluded
overall after full-text screening. Main reasons for exclusion included:
not an economic analysis (14/46), not based on a single effectiveness
study, such as a hypothetical policy (13/46), not meeting criteria for
population characteristics, such as age (8/46) and not an obesity pre-
vention nutrition-based intervention (7/46). Four additional studies
were excluded due to there being no intervention comparator, the
study was not in the English language, the authors had no access to
the paper and study data was previously reported and had been
included in the initial search strategy. Figure 1 shows the pooled study

selection process.
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Quality appraisal outcomes are presented in Table S2 and
Table S3. There was 81% concordance in the scoring of studies
between the two reviewers. None of the studies fulfilled all the
quality criteria and only 19/35 items from the BMJ checklist were
fulfilled by at least 80% of studies.

3.2 | Study characteristics

3.2.1 | Characteristics of intervention programs

With the exception of two studies, all were school-based interven-
tions.323* Four studies self-identified as school and community-based

35-38

interventions, one targeted day care services** and one was a

youth-camp based intervention.3? Eight economic studies were solely

31,32,34,38-42 and 15 were

based on diet and nutrition interventions,
nutrition and physical activity based.31323>3743-53 The majority of
interventions were compared to a usual practice or “do nothing”

31,32,34,36,37,39,42,43,45-47,49-51,53-56 One intervention was

scenario.
compared to a control condition where the control school was given
money to purchase school equipment,®® and four interventions were
compared to usual practice with delayed intervention exposure

(e.g., waiting list).38444857 One study comprised of three intervention

arms,** and another comprised of two.>? Intervention arms were com-
pared between each other alongside a usual-practice comparator,
whereas one study compared outcomes between two interventions
with no control comparator.*® Further intervention characteristics are
described in Table S4.

3.2.2 | Economic evaluation approach

Table 1 summarizes methods and results of economic analyses.
Twelve studies conducted an economic evaluation alongside a clinical
trial, of which one conducted a cost-utility analysis,*® eight conducted

38,41,44,45,48,50,54,57

a cost-effectiveness analysis and one conducted

both.3> One study conducted a cost-consequence analysis®>® and one
conducted both a cost-effectiveness analysis and cost-consequence
analysis.>* Fourteen studies modelled long-term health and cost out-
comes, of which eight applied cost-utility methods,3%32-36:46:47:49.52,56
one conducted a cost-benefit analysis,®® and three conducted
both.374%5> One paper conducted a cost-effectiveness analysis*? and
one paper conducted a return on investment analysis.>? Eight papers

adopted Markov decision analytic models,31:3236:39:4246.52.56 0

55,56

reported the use of decision trees and the remainder did not refer

to the modelling method adopted.3740:47:49:51
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TABLE 1

Author, year (country)

Characteristics of economic evaluations

Study design; outcomes

Economic evaluations alongside trials

Adab, 2018 (UK)*®

Beets, 2018 (USA)**

Brown, 2021
(Australia)®®

Conesa, 2018
(Spain)*®

Keszytus, 2013
(Germany)>*

Kesztyus, 2017
(Germany)®”

Ladapo, 2016 (USA)*®

McAuley, 2010 (New
Zealand)®®

Reeves, 2021
(Australia)®*

Reilly, 2018

(Australia)**

Vieira, 2019
(Portugal)>®

Wang, 2008 (USA)*°

Modelling studies
An, 2018 (USA)*?

CUA; QALYs saved; cases of obesity
prevented

CEA; changes in no. of days F&V,
water, deserts and SSBs served

CEA,; intervention cost and ICER per
decrease in total and discretionary
energy (kJ) packed inside the school
lunchbox

CEA,; cost/no. of obesity cases
avoided, decrease in obesity
prevalence, BMI unit decrease, BMI
z-score decrease

CEA; change in WC and WtHR

CEA,; cases of obesity averted

CEA; F&V servings, free/reduced
price lunches, full price lunches, all
lunches served, snacks served

CEA and CUA,; kg of WGP; HRQoL
using the HUI (parental proxy)

CEA, CCA,; service implementation of
dietary guidelines

CEA; compliance of healthy canteen
policy

CCA; comparison of costs and
benefits (medical costs averted)

CEA,; cost/% BF reduction

CBA, MM; cases of childhood
overweight prevented, net benefits

Perspective; time horizon;
discounting

Public sector; 18 months; 3.5%/
annum

Perspective not declared; 2 years;
none declared

Societal; 10 weeks; none

Institutional; 28 months; none
declared

Societal; 1 year; none

Societal; 1 year; none

School; 5 weeks; none

Societal; 2 years; 5%/annum

Health sector and modified societal
perspective; 1 year; none

Health service delivery; 12 months;
none

Societal; academic year; none

Societal; 1 year; none

Societal; lifetime; 3%/annum

_WILEY_L_®

WTP threshold; key results (base
case)

£20-30,000 WTP; £46,083/QALY

No WTP; Cost/child/week for 1 day
improvement of F&V = $0.16;
SSB = $0.18; Water = $0.28;
Dessert improvement = $0.25

40 AUD WTP = 99% likely cost-
effective; 0.54 AUD per reduction
in total lunchbox energy, 0.24 AUD
per reduction in kJ from
discretionary foods

€5/child for 2% reduction in obesity
prevalence WTP; €2.4/child/year to
reduce the obesity prevalence in
boys by 2%

€35 WTP; €11.11/1 cm of WC;
€18.55/unit of WtHR

€123/year parental WTP; Costs/case
of incidental abdominal obesity
averted varied between €1515-
€1993 depending on the size of the
observed population, €25.04/child/
year

$50,000 WTP; $1.20/additional fruit
served during meals, 8.43/
additional full priced lunch, $2.11/
additional free/reduced-price lunch,
$1.69/reduction in snacks sold

No WTP; no sig diff in HUI scores so
did not continue with cost-utility
analysis; $1708/kg of WGP in 7 y/o
children; $664/kg of WGP in 13
y/o children

No WTP; CEA: intervention
dominated, Intervention
costs = 4634 AUD, control
costs = 7640 AUD,

ACER = —-2897 AUD

No WTP; Incremental cost per point
increase in proportion of schools
reporting adherence: High intensity
versus usual: $2982, Medium
intensity versus usual: $2627, Low
intensity versus usual: $4730. No
statistical difference in
effectiveness between high and
medium intensity

No WTP; total costs = €7915.53,
€36.14/child, €18.18/child (scale-
up), cost of treating obesity =
€3849.15/adult with obesity

No WTP; $317/0.76% reduction in %
BF/student

No WTP; $14.5 saved/dollar spent,
$174 net benefit/student

(Continues)
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TABLE 1

Author, year (country)
Brown, 2007 (USA)*”

Coffield, 2019
(USA)>?

Ekwaru, 2017
(Canada)*®

Graziose, 2017
(USA)*

Haby, 2006 - benefits®?
Carter, 2009 - costs®®
(Australia)

Mernagh, 2010 (New
Zealand)**

Kenney, 2019

(USA)*?

Moodie, 2013
(Australia)®®

Qosterhoff, 2020
(Netherlands)>?

Rush, 2014 (New
Zealand)*®

Te Velde, 2011
(Netherlands)*®

Wang, 2003 (USA)>®

Wyatt, 2016 (UK)>®

(Continued)
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Study design; outcomes

CUA, net monetary benefit; child and
projected adult obesity cases
averted

ROI; comparison of costs accrued
over 2 year intervention and costs
averted 10 years post intervention

CUA, MM; person years of excess
body weight, obesity, and chronic
disease and QALYs based on 43
health states

CUA, decision analytic model;
reduction in adult obesity,
associated medical costs averted
and QALYs saved

CUA, MM; total age-specific BMI
units (kg/m2); DALYs saved; net
cost/DALY saved

CUA, MM; cost/QALY

CEA, MM; cost/case of obesity
prevented

CUA, MM; change in BMI and DALYs
averted over the lifetime of the
cohort

CUA, MM; cost/QALY

CUA; BMI and QALYs based on
health state preference-based
utilities

CUA; DALYs averted/100,000
children, NMB

CUA, CBA,; cases of adulthood
overweight prevented and QALY
saved

CUA, MM; QALY, life year gained,
weight-related event avoided

Perspective; time horizon;
discounting

Societal; 64 years; 3%/annum

Modified societal; 10 years; 3%/
annum

School system; 80 years (males),
84 years (female); 3%/annum (costs
discounted for 10 years and health
outcomes up to 84 years)

Societal; 10-40 years; 3%/annum

Societal; lifetime (100 years); 3%/
annum

Healthcare; lifetime (100 years);
3.5%/annum

Modified societal; 10 years; 3%/
annum

Societal; lifetime (100 years); 3%/
annum

Healthcare and societal; lifetime
(100 years); 4%/annum (costs),
1.5%/annum (benefits)

Healthcare; lifetime (2-100 years);
3.5%/annum

Healthcare and societal; lifetime; 3%/
annum

Societal; 25 years (40-65 years); 3%/
annum

NHS and Social Care; 30 years (33-
62); 3.5%/annum

WTP threshold; key results (base
case)

$30,000 WTP; $900/QALY saved,
$68,125 base case net-benefit

No WTP; intervention cost =
$384,717, healthcare spending and
productivity losses averted =
$581,837, ROl = $1.51/$1
invested

$50,000 WTP; $33,421/QALY gained

$50,000 WTP; $275/QALY

$50,000 WTP; cost/DALY saved/
child: $21,100 (Tamir et al);
$5912.50 (Manios et al.); $2800
(James et al.); $38.57 (Gorn et al.)

$50,000 WTP; $205,101.45/QALY
(APPLE); $168,391.38/QALY
(BAEW); $134,252.49/QALY (SNPI)

No WTP; $6542 (95% Ul: $1741-
$11,918)/case prevented, $0.31
(95% Ul: $0.15-$0.55) healthcare
cost saving/dollar invested

$50,000 WTP; $29,798/DALY saved
(intervention population);

$20,227/DALY saved (modelling to
national level)

€20,000 WTP; €253.18 healthcare
perspective intervention cost/child,
€260,152 societal perspective
intervention cost, ICER = €19,734

$50,000 WTP; Project Energize
versus 2006 younger children ICER:
$30,438; Project Energize versus
2004 older children ICER: $24,690

€19,600/DALY WTP; €5728/DALY
averted (prochildren vs. no
intervention); €10,674/DALY
averted (school guiten vs. no
intervention)

$30,000 WTP; $4305/QALY saved

£20-30,000 WTP; Dominated

Abbreviations: ACER, average cost-effectiveness ratio; AUD, Australian dollars; BF, body fat; BMI, Body Mass Index; CAD, Canadian dollars; CBA, cost
benefit analysis; CCA, cost-consequence analysis; CEA, cost-effectiveness analysis; Cl, confidence interval; CUA, cost utility analysis; DALY, disability
adjusted life year; F&V, Fruit and vegetables; HRQoL, health related quality of life; HUI, health utility index; IDC, intervention delivery costs; ICER,
incremental cost-effectiveness ratio; MM, Markov Model; NMB, net monetary benefit; QALY, quality adjusted life year; ROI, return on investment; SSB,
sugar sweetened beverage; WC, waist circumference; WGP, weight gain prevented; WtHR, waist to height ratio; WTP, willingness to pay; y/o, year old.
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3.2.3 | Study perspectives and associated
intervention costs

Study perspective usually determines cost inclusions. All but one
study stated the perspective of the economic analysis.** Fourteen

studies claimed a societal perspective,323°-37:39:40:42:47.50,51,53-55,57

four studies were reported from a healthcare perspective, 31414956
and three studies conducted both.344%>2 Three studies also reported

454648 and one from a

from an institutional/school system perspective
public sector perspective.*?

This section will describe how intervention costs were collected
and what they consisted of. Discussion of non-intervention costs are
discussed further below. Nineteen studies reported an estimate of
staff salaries to implement the intervention, training delivery or train-
ing receipt.3437:38:40-42:44-48.50-57 Njineteen studies included costs of
intervention material and material maintenance (where applica-
ble).31:34:37-43454850-57 Eyamples include, water dispensers, books,
handouts, sports equipment, food provision, and promotional costs.
Ten studies reported additional costs, such as transport, overnight
accommodation and utilities.3>#1:4244:46.50.52-55 Tyyq studies reported
intervention comparator costs, taking the form of usual school activity
costs.>#%0 Intervention development costs were usually excluded, as
this was considered a sunk cost. Five studies excluded school staff
costs as the intervention was either embedded within the curriculum,
or did not increase staff workload.®33>°4-5% One study reported the
exclusion of unrelated health care costs due to additional years of
life,®® and out of pocket expenses by individuals due to the

intervention.®!

3.24 | Discount rates

Discounting of costs and benefits is not required in the case where an
intervention lasts 1 year or less, as was the case in eight stud-
jes 34384148.50.53.54.57 However, two studies lasting 2 years or over
were not discounted.***> Ten studies indicated a discount rate of
3%,3236:37:39,40424647.5135 four studies indicated a discount rate of
3.5%314349.56 and one study utilized a discount rate of 5% per
annum.®> One study applied a 4% discount rate for costs and a 1.5%
discount rate for benefits, per annum.>? Though typically discount
rates are selected based on country-specific recommendations, seven

studies did not justify their discounting choices.31:3>37:42:43:46.55

3.2.5 | Sensitivity analyses

All but three studies provided details of a sensitivity analysis.>®44>3
Probabilistic sensitivity analysis was most often conducted within
studies and seeks to explore the impact of parametric uncertainty in
the model.32:33:37:39:404246.47.5255 Thaysh the use of probabilistic
sensitivity analysis allows description of the parametric uncertainty
within economic outcomes, other methods investigate uncertainty of

assumptions within the analysis through the variation of one (one-way

)31,32,34736,39741,43,45,47752,54757 or multlple parame-

32,46,47,51,55

sensitivity analysis
ters (two-way or multi-way sensitivity analysis) at a time.
Further details of modelling methods are outlined in Table S5, and the
parameters commonly investigated within sensitivity analysis are
outlined in Table Sé.

3.3 | Key findings and methodological challenges

Key findings have been categorized into four domains adapted from
Weatherly et al.. modelling long-term impact of interventions;
measuring and valuing health outcomes; cost inclusions; and equity
considerations.>° A critical appraisal of the methods undertaken
within cost-effectiveness studies and key considerations for future
economic evaluations of childhood obesity prevention strategies is
provided in Table 2. The results are presented as a narrative synthesis
and critical appraisal of the methods identified in the economic

evaluations.

3.3.1 | Modelling long-term impact of interventions
Several challenges in modelling the long-term impact of interventions
were identified. These include the omission of child intervention ben-
efits when adopting lifetime horizons; the approaches used to project
long-term outcomes from childhood to adulthood; and assumptions
concerning the maintenance of intervention effects over time. Each of
these main issues will now be discussed.

Methodological guidance commonly requires a lifetime horizon in
economic analysis. This is particularly relevant in economic evalua-
tions of obesity prevention studies, as many of the benefits of obesity
prevention interventions will occur in adulthood. Nevertheless eight
studies, all of which conducted economic evaluations alongside trials,
based their time horizons on trial duration, which ranged from
5 weeks*® to 28 months.*® Whereas, modelling studies included cost
and benefits over a lifetime,313236:39:4049.52
84,%¢ 65375556 or 40% years. Where truncated lifetime approaches

were adopted, authors justified this based on a paucity of long-term

or truncated analyses at

outcomes data. Two studies modelled costs and benefits over a
10-year time horizon, as this was most relevant for policy makers and
due to the long-term uncertainty regarding intervention effects. %!
One study modelled intervention costs and benefits to cover both the
childhood (up to 20 years old) and adulthood years.’?> However, in
most instances health outcomes and associated costs were only mod-
elled throughout adulthood. In doing so, childhood economic benefits
of interventions were often overlooked. Emerging research suggests
that obesity impacts directly upon child health through early changes

in metabolic risk factors’?°

and negatively impacts on healthcare
resources early on in life.® Failing to include childhood health out-
comes risks underestimating the economic benefits of early interven-
tion and increases levels of uncertainty when longer time horizons are
considered. Moreover, some decision makers are interested in early

outcomes in their own right.8? One solution is to present economic
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TABLE 2 Critical appraisal of methods undertaken within cost-effectiveness studies

Methods
Modelling long-term impact of interventions

Inclusion of childhood benefits

Two-step projections

Multiple logistic regression models for
weight status transition probabilities

Adulthood obesity predictions based on
childhood intervention outcomes

Strengths (+) and limitations (—)

(=) Most modelling studies modelled up to
the adulthood years. Although children
and/or adolescents were targeted within
effectiveness studies, the shorter-term
benefits of interventions on child health
were not modelled. Inclusion of the
shorter-term benefits may provide useful
insights into the immediate benefits, if
any, that interventions may have.2 ¢

(+) Two-step probability estimates allow
the use of multiple datasets to estimate
child to adulthood BMI trajectories. This
enables long-term modelling of outcomes
in the absence of longitudinal data.®”:°25°
Variations of this approach included the
transformation of BMI population survey
data to approximate future BMI values, in
addition to the use of multiple cross-
sectional studies of BMI in children and
adults to inform multiple linear
regressions based on age
effects 31823649 Alternatively, childhood
BMI trajectories were used to estimate
child weight status up to early adulthood
before entering adulthood model.>2 P4

(+) Growth trajectories factored covariates
such as demographic characteristics and
health behaviors, when used to predict
future weight status.*?>2 9

(=) Within studies, the two-step approach
generally assumed a constant relationship
between BMI and age and did not
account for individual differences.®®

(—) There is a danger of using available
parameters that are outdated and not
reflective of increased obesity rates in
the last 20 years.>8 P

(+) Inclusion of covariates when obtaining
weight status transition probabilities
(including age, sex and current weight
status) allows for the consideration of
expected variability between population
subgroups which increases the reliability
of predictions.* ¢

(+) In cases where there was a lack of
evidence to support lifetime projections
up to the elderly years, assumptions
included maintenance of BMI projections
from adulthood, whilst keeping all other
environmental factors held constant.3%4?
Transparency of assumptions adopted are
important for purposes of replication and
future improvements to model
development.?

(+) Sensitivity analysis was used to explore

intervention effect
decay,31:4042:4647.49.51,52 54,57 T

Considerations for future evaluations

The short-term health and benefit gains
from interventions in the childhood and
adolescent years should be modelled.
Modelling the short-term outcomes
could potentially demonstrate the
immediate benefits interventions may
have. Such findings may be beneficial to
decision makers who will not only see
the benefits in the long term but also in
the foreseeable future, within their
funding cycles.®

As childhood obesity-prevention
interventions are unlikely to lead to
short-term weight-related benefits, all
modelling studies should aim to carry
out long-term projections of
intervention outcomes. In cases where
this may not be possible, shorter-term
surrogate markers may be used where
they have well-established links to long-
term outcomes.

New data should be incorporated within
existing models in cases where
evaluations are based on existing model
structures. Epidemiological data will
need to be constantly updated to
provide more accurate estimates that are
relevant to the trends faced in present
societies.®

Weight status transition probabilities
should consider the differences in
weight status transitions by subgroups.

Intervention effects need to be
maintained at least up to the point in
which disease risks begin to present
themselves. Sensitivity analysis can
provide insights into the level of
maintenance that will need to be
achieved for an intervention to be cost-
effective. Whether this is achievable will
need to be assessed.3

Weight regain after weight-loss is a
prominent obstacle within obesity
prevention trials. The possibility of
weight regain and diminishing
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TABLE 2 (Continued)

Methods

Measuring and valuing health outcomes

Potential Impact Fractions

Relative risks of disease incidence and

mortality conditional on BMI

Strengths (+) and limitations (—)

provides valuable insights into the tipping
point by which interventions are no
longer cost-effective.”® However,
arbitrary percentages were used due to
lack of data 313646

(+) Where dietary intake was the primary
intervention outcome, evidence on the
moderate tracking of fruit and vegetable
intake was taken into consideration to
form the basis of maintenance of
intervention effects, and was varied
within sensitivity analysis.*®

(+) An annual depreciation rate was
considered within base case analysis to
acknowledge the likelihood that
intervention effects diminish with time.¢

(—) Maintenance of intervention effects was
usually not considered within base-case
scenarios of models, despite availability
of evidence suggesting the possibility of
intervention effects reversing in the long-
term.>? There was no evidence from
included studies, nor data collected from
interventions to evaluate the extent to
which weight changes persisted from
childhood over time, or whether there

were cases of overweight relapse.”47->>
b,d

(+) BMI was treated as a continuous rather
than a categorical variable when
considering expected disease due to
changes in exposure to the risk factor by
BMI unit.323¢4° This is a more accurate
reflection of the association between
BMI and diseases in comparison to
methods that have used weight status to
determine disease

presence,31'37"“”47’55'5‘5 such as is the
case with transition probabilities for
remaining healthy, developing a weight-
related condition or death.*

(++) Stability was assumed of all incidence
and mortality rates from causes other
than the diseases included in models.*®
Although this may not be representative
of reality, this ensures that costs and
benefits are specifically evaluated for
obesity-related disease states.?

(+) Due to low incidence rate data, it was
assumed that BMI did not lead to many
iliness cases before the age of 20 years.
Inclusion of iliness from age 20 years is
considered an improvement in
comparison to studies that have
investigated disease incidence during
older adult years.®%#?

(—) General population incidence rates
obtained from a country not related to
the study population, was frequently
used with no justification.3%4? ®

OBESITY _WILEY 9

Considerations for future evaluations

intervention effects needs to be
incorporated within models and adjusted
within scenario analysis for a more
accurate depiction of reality and cost-
effectiveness outcomes.?

The use of BMI as a continuous outcome
measure is more accurate than the use
of categorical weight status to accurately
reflect the associations between weight
and disease.?

All incidence rate data relating to
obesity-related disease should be
included within models. The presence of
metabolic risk factors, indicative of early-
disease onset, could still lead to
increased healthcare resource use and
costs. For example, prescription drugs
for cholesterol is indicative of an
unhealthy diet, despite the absence of
overweight or obesity.6%¢* ¢

Should obesity-related parameter
estimates be unavailable from the

(Continues)
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TABLE 2 (Continued)

Methods

QALYs attributed to obesity related
diseases

Disutility for excess weight or chronic
disease

Costs and benefits by weight status

Consideration of wider intervention
effects

MAHDI ET AL

Strengths (+) and limitations (—)

(+) Disutility was not applied to BMI
categories in order to avoid potential of
double-counting in cases where someone
also had an obesity-related
disease.>>*%4? However, the absence of
disutility risks underestimating the direct
impact of overweight or obesity on
health-related quality of life, in the
absence of disease.®? 2

(—) Obesity-related disease states were not
included in cases where evidence
suggests low incidence rates by weight
status, thus risking the exclusion of cases
of illness within evaluations. *¢

(—) Models did not consider different stages
of disease severity, but rather the
presence or absence of a chronic illness.
QALYs attributed to diseases represented
the average quality of life over the
duration of the illness.®%*? It is expected
that greater disease severity would be
associated with greater BMI®®%* and
lower HRQoL.6%:¢¢ &d

(+) Highest disutility value was applied in
cases where someone had obesity as well
as a chronic illness in order to avoid risk
of double-counting.* This considers both
the impacts of HRQoL of obesity and
chronic disease.?

(—) Adult based utility decrements had been
applied to younger age groups.*® HRQoL
is typically more impaired within the
older than younger years.®” Though the
consideration of obesity-related health
impacts within the younger years is a
progressive step within models, the use
of adult-based data may overestimate the
benefits of this.”

(—) Cost and benefit outcomes were based
on long-term weight status categories
(healthy/overweight/obese).®”#7>> This
assumes that overweight/obesity will
impact all individuals equally when
outcomes vary by

sociodemographics, 421536870 ad

(—) Utilities were only captured for direct
intervention effects (or for the outcome
of interest) and indirect positive effects
of the intervention were not considered
or measured, potentially leading to an
underestimation of cost-effectiveness. 2

Considerations for future evaluations

country of intervention under
evaluation, the use of another countrys
data may be a suitable alternative.
Suitability can be determined by factors
such as similar lifestyle, diet, obesity
prevalence and population
characteristics.

Models should incorporate an element
of disease severity due to changes in
exposure to the risk factor (disease) by
BMI unit. This could be embedded
within Potential Impact Fractions and
taken further to attribute appropriate
QALYs by disease severity. ¢

Given the substantial health benefits and
cost-savings associated with the
avoidance of at least one health state,
the inclusion of disease states with low
incidence rates ought to be incorporated
within models.¢

Where factors may be highly correlated
(e.g., obesity and disease states), care
should be taken when attributing utilities
to weight status in case of double-
counting benefits (or lack thereof).
Methods such as applying the highest
disutility value between weight status
and disease state may be an optimal
approach to adopt.

Careful consideration needs to be taken
when choosing the most appropriate
utility values from the literature,
including: the population describing the
health state (e.g., age, sex), elicitation
technique used to derive utility value,
sample size and country.>®

Models should consider covariates
within utility and cost estimates. Where
there is a lack of existing data, future
research should consider the impact of
weight status on utility outcomes by
sociodemographic classifications.

Consider evaluating other benefits not
directly attributable to the intervention,
as not doing so may underestimate the
wider intervention benefit. This may not
be solely health behaviors, but also
individual psychology that may lead to
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TABLE 2 (Continued)

Methods

Choice of outcomes

Cost inclusions

Costs converted into rates

Costs attributed for overweight and
obesity related health states

Strengths (+) and limitations (—)

(—) Few economic evaluations alongside
trials considered child HRQoL using
preference-based outcome measures.
There is mixed evidence to suggest that
such measures are sensitive enough to
detect differences by weight status. * ¢

35,43

(—) There was variability in the choice of
outcome measures within clinical trials,
including objective measures such as
BM|,31'36'37'39'42'46'49'51-53 and Subjective
measures such as dietary intake.32:3840
Given short-term follow up of
interventions, it is unlikely that any
significant changes in BMI or cases of
overweight/obesity avoided would have
been detected to allow meaningful
modelling of long-term intervention
impacts. 2

(—) Although there is value in using BMI
when assessing health risks of
overweight and obesity, this is not the
most reliable measure.”*

(+) Converting costs into rates allows
gradual costs of obesity to be factored
along with the possibility that not
everyone will live the same number of
years, hence incurring different amounts
of obesity-related costs.>*° This
compares to the use of a block cost
estimate for the presence or absence of
obesity or related
diseases.3739:4047:49.55.5¢ The yse of rates
could help ensure that obesity-related
costs are not overestimated. * ¢

(—) Not all costs related to all obesity
associated health states were included,
for example, medical care costs
associated with obesity during
adolescence and young adulthood.
Exclusion of healthcare costs could lead
to an underestimation of cost-
effectiveness outcomes. >¢

(—) Costs were calculated by weight status/
BMI category as opposed to BMI unit,
which may overlook cost
inc|usi0n$.31’37'39'40’47’49'55'56 a

(—) Models do not consider the potential
changes in healthcare costs at different
ages and assume one cost for overweight
or obesity. Use of healthcare resources
may differ with age, due to greater
likelihood of comorbidities, differences in
treatment options and plans.”®

OBESITY _WILEY 11

Considerations for future evaluations

other health benefits as well as cross-
sectoral benefits.¢

o Within the economic evaluation of trials,
improved assessment tools need to be
designed to detect changes in HRQoL
amongst healthy children taking part in a
weight gain prevention intervention to
protect themselves from future disease.®

e In the face of high uncertainty within
modelling outcomes, more reliable and
objective methods should be adopted to
measure dietary or energy intake, for
example, doubly labelled water, or the
use of adjustment equations for self-
reported data.

o Where there is a lack of data or evidence
from RCTs to support long-term
projections of intervention effects,
alternative data sources ought to be
considered. Amongst other
considerations include non-experimental
data, prospective studies and the
application of econometric
methodology.°

e Alternative outcome measures may be
better predictors of disease, other than
BM, including waist circumference, or
potentially objective dietary intake.”?

e Conversion of costs into rates may
prevent overestimation of obesity-
related costs. The inclusion of covariates,
such as age, within equations may
further improve estimation of rates
though this could introduce further
complexity into evaluations.

e Economic analyses ought to expand their
inclusion of healthcare costs given the
growing evidence of the costs associated
with obesity within the childhood years.
For example, increased use of GP
services and outpatient visits.”* These
are often overlooked within cost-
effectiveness analyses when considering
cost inclusions as cost-estimates are
limited to adulthood healthcare resource
use.

e Consideration of BMI as a continuous
variable within evaluations may lead to
more accurate estimations of medical
and pharmacy costs, expanding to
younger age groups.””

(Continues)
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TABLE 2 (Continued)

Methods

Wider cost inclusions

Equity considerations

Equity considerations

Strengths (+) and limitations (—)

(+) Those with obesity may die earlier than
healthy weight individuals. The
consideration of life expectancy when
calculating labor productivity cost
estimates could help prevent
overestimations of cost-effectiveness
outcomes.®”>° |n addition, given that
weight gain prevention interventions
have wider policy implications, they are
likely to hold cross-sectoral costs and
consequences. °

(—) Obesity prevention may result in longer
years lived, leading to non-obesity related
healthcare costs which was considered by
only one study.’? ¢

(—) Opportunity costs of lost time for
parents and informal caregivers were
rarely considered. Childhood obesity
prevention interventions typically involve
time commitments from guardians. Cost-
savings from opportunity costs of lost
time can also be accrued from the
prevention of cases of overweight or
obesity (e.g., less visits to the GP with the
child). 24

(=) Although some studies had involved
parents throughout the roll out of
interventions,3%33:4043:46,54.57.76 tare
was rarely consideration of intervention
effects on parents or other family
members within models,”* potentially
leading to an underestimation of the total
benefits and cost-savings of interventions
on population health. ¢

(—) Studies had not included differential diet
costs. Doing so would suggest whether
interventions have a negative financial
impact on individuals, for example,
whether there are financial implications
to changes in diets.¢

(+) Various subgroup characteristics were
explored within economic evaluations,
usually conducted through analysis by
subgroup and further explored within
sensitivity analysis,31-3336,37,39.4047.49.52
95% confidence intervals were used to
guide sensitivity analyses in cases where
there was a lack of data sources to guide
variations in model parameters.>> ¢

Note: All recommendations presented are for where there is data availability.
Abbreviations: BMI, body mass index; HRQoL, health related quality of life; QALY, quality adjusted life year; RCT, randomized controlled trial.

2Discussed within the body of the text.
bCould be improved through further data collection.
“Based on evaluation decision.

9dLimitations of cost-effectiveness studies more generally.

Considerations for future evaluations

Societal or public-sector perspectives
may be more appropriate than a
healthcare perspective for obesity
prevention interventions, given that
public health interventions could lead to
numerous cross-sectoral costs and
benefits. Studies taking a societal
perspective ought to have broader
inclusion of costs relating to societal
impacts, including costs of improved
diet, parent/caregiver opportunity cost
of lost time, work/school absenteeism
due to weight-related sick days for both
adult and child.?

Spill-over effects ought to be included
within obesity prevention studies, should
evidence suggest that interventions have
had a positive effect on other family
members. ¢

Equity ought to be explored within
economic evaluations, given the strong
link between obesity and socioeconomic
status.”®””78 However, studies may not
be sufficiently powered to detect
meaningful differences between
subgroups. Alternative methods such as
the use of weights ought to be
considered, although these are more
computationally complex to administer.”
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outcomes over a selected range of time horizons up to death, allowing
the impact on uncertainty to be explicity communicated.>*®#? For
example, results can be presented for 1, 5, 10, 20, and 50 years.83 This
will enable the case of investment to be presented, and will demon-
strate how interventions can positively impact short-term outcomes,
and avert health complications that may not present until adulthood.

Studies utilized different approaches to modelling long-term
outcomes from childhood-based effectiveness data. Most commonly,
literature was used to obtain childhood to adulthood body mass index
(BMI) trajectories.3?*75¢ In two cases, adult obesity impacts were
based directly on rates of child overweight averted in two stages,
firstly at 21-29 years, then again at 40 years. This was due to a lack
of single progression estimates in published data.>”>> Such methods
did not account for within-group differences (e.g., sex) that may result
in variability in intervention effects (unlike regression models).*® Alter-
natively, future weight was categorized based on population survey
data in annual,®>*’ or 5-year increments.>>3¢ When this method was
used, the impact of the intervention on mean BMI was subtracted
from each simulated individual in the population cohort. This
approach often assumed a constant relationship between BMI and
age; in addition, subtracting the average decline in BMI across all indi-
viduals does not capture the variability of intervention effects across
the varying characteristics in the intervention arm (e.g., whether
weight gain prevention interventions result in greater BMI reductions
amongst individuals with overweight/obesity as opposed to healthy-
weight individuals). Another approach utilized a childhood BMI trajec-
tory to estimate the effect of the intervention on child weight status
up to 20 years of age, before entering an adulthood chronic disease
model.>? In doing so, this method, accommodates assumptions sur-
rounding the immediate and short-term effects of the intervention.
The final approach used regression methods to estimate intervention
impact on energy consumption and child weight given age, sex, and
height.3? This method controls for subgroup differences in weight sta-
tus transition probabilities and therefore may result in more accurate
predictions. Studies that adopted a 10-year time horizon, either used
an annual depreciation rate over 10 years®! or shifted children's
individual growth trajectories, after exposure to the intervention to
estimate future weight status.*?> Growth trajectory estimates consid-
ered demographic characteristics, growth, health behaviors and
obesity risk.*? In all cases, when deriving parameter estimates, it is
imperative that new models adopt the latest epidemiological data in
order to accurately reflect the rising trends in overweight/obesity,
and associated costs.

Maintenance of intervention effects was assumed within all base-
case analyses, except one.’! This is problematic because weight regain
after weight loss is a reoccurring problem, meaning that economic
outcomes may be overestimated.®* One study used an annual depre-
ciation rate of 2.62%, acknowledging the likelihood that intervention
effects are not maintained in the long-term, which reflects clinical
findings.>? Since data on the maintenance of intervention effects
within obesity prevention is currently lacking for children, adult-based
estimates were adopted. To account for intervention effects

degrading over time, another study used data on fruit and vegetable

consumption from adolescence to young adulthood to justify a 30%
lifetime extrapolation of intervention effects within sensitivity
analysis.*® Other studies examined the impact of declines in
through scenario

intervention  effectiveness sensitivity  or

3140,46,47,49.52,5457 qllowing the assessment of parameter and

analysis,
structural uncertainty within the economic evaluations. These ana-
lyses led to substantial differences in cost-effectiveness outcomes in
comparison to base-case scenarios. However, such assumptions were
seldomly supported by evidence from longitudinal studies, with
approximately half of studies justifying their choice of variables within
sensitivity analysis.32-36:41-4349-5254-57 pravious work has also dem-
onstrated how incorporating an intervention decay rate can substan-
tially affect the cost-effectiveness of an obesity intervention,®”
suggesting the importance of factoring in changes to intervention

effectiveness over time.

3.3.2 | Measuring and valuing health outcomes

A number of methodological issues associated with measuring and
valuing health outcomes were also identified. These related to the
methods for associating weight status to disease incidence and
mortality, methods for linking disease severity to health utility, the
scope of obesity related diseases considered, the wider non-weight
related potential health impacts and the use of current utility
instruments.

Inclusion of disease states within models was done through incor-
porating Potential Impact Fractions, which calculate the proportion
change in expected disease or death by change in BMI.32344C The use
of a continuous risk factor (e.g., BMI) is more accurate than a categori-
cal classification of weight status (e.g., healthy weight/overweight/
obese) when predicting disease incidence and mortality rates.®36+85
The use of categorical classifications carries an assumption that all
individuals within a classification have the same disease incidence,
when there is great variability in BMI within each classification. Other
studies applied transition probabilities for remaining healthy,
developing a weight-related condition or death in progressive time
intervals.314¢525¢ Although disease states can provide a deeper per-
spective into the long-term implications of obesity risks through the
incorporation of related costs and consequences, models did not con-
sider how different stages of disease severity could impact upon
health utility outcomes. One study considered the impact of increased
life years, due to obesity prevention, on age-related chronic disease.>?
On the other hand, economic evaluations alongside clinical trials used
a variety of clinical outcomes to measure health benefits. This

35,50,53,54 servings of fOOd,34’44’48

45,57

included anthropometric outcomes,

8 and

energy content of packed lunches,® obesity prevalence,
compliance of a healthy canteen policy.®*! Differences in outcomes,
without the use of a generic outcome measure such as a quality
adjusted life year, increases the difficulty in understanding the signifi-
cance of the outcome beyond the scope of the immediate study. It
also increases difficulty in comparing the cost-effectiveness of differ-

ent trials, particularly if there are no standard cut-off values assigned
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to the changes in these outcomes, as is the case with quality adjusted
life years.

Similarly, when valuing disease states, potential differences in
utility by disease severity have not been factored. Some studies used
estimates of quality adjusted life years attributed to obesity-related
diseases.3¥*7°23¢ Others used quality adjusted life year measure-

1,374755 and one study

ments associated with obesity in genera
assigned decrements in health utilities for every year lived with excess
weight, obesity or chronic disease within the model. In order to avoid
double counting, the highest disutility value was applied in cases
where someone had both obesity and a chronic illness.*® Future
studies ought to consider the inter-connected relationship between
obesity and disease severity, whereby higher BMI classifications are
associated with greater health complications, lower health related
quality of life and greater healthcare costs.”>®® Moreover, perfect
health was also assumed for those classified as healthy weight in all
studies. This may be an oversight as evidence suggests that health
complications occur as a result of unhealthy diets, regardless of
weight status.8”~7°

The number of obesity-related chronic disease states used within

31,49

models also varied from four®® to fourteen, and commonly

included diabetes, cancers, stroke, hypertension, and heart disease.

Although disease states were omitted from models,3”->>>¢

potentially
due to lack of available data or low incidence rates by weight status,
this could exclude relatively rare conditions with a significant eco-
nomic burden. More simplified models have based cost and benefit
outcomes directly on long-term weight status, whereby cost of illness
is associated with overweight/obesity status.’7:4247:51:5355 Thjs
assumes that overweight/obesity will impact health states of individ-
uals equally, yet costs may vary by age, sex, socioeconomic status and
ethnicity.68-70.71:92

No study considered the wider non-weight related potential
health gains from improvements in nutrition.”® This could underesti-
mate the potential impact of interventions in cases where recipients
comply with behavioral changes that have no impact on weight
studies termed  as

outcomes.”®  Despite  these

31,35,43,53,56

being

they may have positive effects on

95-97

ineffective,
comorbidities or non-health outcomes.

Two economic evaluations alongside clinical trials used
utility instruments (the Health Utility Index®> and the Child Health
Utility-9D measure) 4° to capture the impacts of obesity preven-
tion interventions. Given children are unlikely to face detrimental
health conditions to the same extent as adults, neither intervention
led to significant changes in quality adjusted life year outcomes.
Indeed, two previous studies have found no statistically significant
association between health related quality of life and weight
status.”®?? Though more recently, a meta-analysis of international
studies found small but significantly lower utility values among 6-
to 15-year-olds with overweight or obesity in comparison
to those of healthy weight. This may flag potential differences in
the sensitivity of different utility-based measures amongst
different pediatric populations.*®® Improved assessment tools may

need to be designed to detect changes in health related

quality of life in weight gain prevention trials among disease-free

children.

3.3.3 | Costinclusions

Limitations involving the inclusion of costs were identified across
studies. These comprised of the methods by which costs were
included within models, the dismissal of healthcare costs associated
with overweight and obesity related health states, and the exclusion
of wider costs and potential cost-savings.

The costs included in an economic evaluation can have a
significant impact on the results. Most models incorporated costs
associated with either obesity-based or obesity-related disease
costs.37:39:40:42:47.49,51,52.5556 \Mernagh et al. considered health care
and medical costs associated with both healthy weight and weight-
related diseases,! whereas others quantified the number of lost sick
days for individuals with and without obesity.®”>> These methods
apply a block total cost for the disease state which may lead to an
overestimation of healthcare resources, given that age of death has
implications on reduced healthcare use. In the case of Coffield et al.,
healthcare costs were included if significant associations were found
within regressions between healthcare costs and BMI changes.®* On
the other hand two studies considered gradual healthcare resource
use over the lifetime.®®%® Carter et al®®* and Moodie et al.*®
converted obesity-related disease costs for each sex and 5-year age
group into rates for the Australian population. All disease-specific
rates for each sex and age group were summed to give a total
obesity-related disease cost rate. Total cost rates were incorporated
into lifetables at each one-year age group via extrapolation methods.
More recently published studies within this review considered medical
care costs for both children and adults,*>°%>2 taking into consider-
ation GP and specialist visits as well as a comparison of medical costs
between those with healthy weight and overweight/obesity.>2
Exclusion of such costs risks the underestimation of cost-
effectiveness outcomes. In addition, only one study incorporated both
obesity-related chronic disease cost and disease costs associated with
longer years lived (independent of weight).>?

Other costs were also not considered by most models. Only three
studies incorporated productivity costs by quantifying the number of
lost sick days for individuals with and without obesity.>”>?° In addi-
tion, 65% of studies did not discuss the relevance of productivity

changes to the study question.31:35-37:39:40:43:46:47.50.56,57 Cqnsidering

the impact of obesity on productivity,°!

omitting these costs may
lead to a large underestimation of cost-effectiveness. Moreover,
preventing cases of childhood overweight/obesity may lead to a
reduction in supervised healthcare visits, and consequently cost-
savings of opportunity costs of lost time. However, only four studies
considered opportunity costs of lost time for parents and informal

33364352 \whilst others considered such inclusions within

43,5

caregivers,
sensitivity analysis,*>>> and one study considered school absences’?
which also holds repercussions to parent/carer workplace productivity

costs through increased absenteeism. As such, societal perspectives



MAHDI ET AL

OBESITY

_WILEY_L_*

may be better suited than healthcare perspectives, due to cross-sector
cost implications.

The family unit plays an integral component within childhood
Childhood
interventions are likely to impact the whole household, and not

obesity-prevention  studies. obesity  prevention
just the recipient child, especially as changes in diet will likely be the
result of food purchasing behaviors. This is particularly the case
when interventions are not restricted to changes within the
school environment, but also involve parents in their
administration.31-33384043:46,51.525457  Ag sych, childhood obesity
prevention trials may lead to spill-over effects onto other family
members,°? accruing greater intervention benefits and cost-savings
from disease prevention.>! Changes to dietary behaviors can also hold
financial repercussions to the household, given that healthier substitu-
tions are more costly than unhealthy, energy-dense foods.103-10°

However, these were rarely considered within studies.

3.34 | Equity considerations

The consideration of equity is a key component for economic models
of particular relevance for public health interventions.!°® Health
inequalities describe differences in health status between population
subgroups associated with economic or social conditions.?®”
Childhood obesity is a worldwide concern that impacts those within
disadvantaged groups disproportionately.’®””7® However, less than
half of included papers considered equity within their evaluations.
Four studies compared outcomes by gender,32333¢3%40 tour studies

31,37,47,49

considered cost-effectiveness outcomes by ethnicity, and

3149:52 of which two identified

three considered socioeconomic status,
differences in incremental cost effectiveness ratios between socio-
economic status groups.*?">2 An intervention that is rejected for scale
up as it is not cost-effective in a general population, may be cost-
effective in a socioeconomically or other disadvantaged group. In such
instances, an opportunity to reduce health disparities is missed. Like-
wise, morbidity and mortality rates may differ by subgroup, potentially
leading to inaccurate cost-effectiveness estimations when parameters

are derived from the general population.

4 | DISCUSSION

This systematic review has assessed the different methods
undertaken by studies investigating the cost-effectiveness of dietary
obesity prevention interventions in children and adolescents. It
extends previous research by providing a critical synthesis of the
strengths and limitations of assumptions adopted within evaluations
and provides recommendations for future consideration. Despite the
heterogeneity in evaluation approaches, including methods by which
adult obesity was predicted from child intervention outcomes, and the
choice and methods by which obesity-related health states, health
benefits and related costs were explored, there were key similarities

across evaluations. It was generally assumed that intervention effects

were maintained, and that the only benefit from interventions was
related to obesity prevention. In addition, potential confounding
factors were constant from childhood to adulthood and subgroups
were rarely included within transition probability calculations, utility
estimates and costs. Key considerations for future evaluations are
outlined below.

When modelling the long-term impact of interventions, assuming
that intervention effects are maintained from childhood through to
adulthood carries a danger of over-estimating cost-effectiveness out-
comes. Children and adolescents are amenable to changes from the
point at which trial data is collected at childhood until adulthood.
Therefore long-term predictions of outcomes may be questionable,
especially when intervention effects are known to diminish with
time, %8 and health outcomes relating to the prevention of obesity-
related chronic illness are more likely to present with older age as
opposed to childhood. A common approach used within modelling
studies was to project adult BMI from child effectiveness outcomes
and then calculate the long-term costs and benefits based on adult
parameters. Using sensitivity analysis, the long-term impact of
intervention effectiveness can be varied, though when done, these
assumptions are seldomly supported by evidence from longitudinal
studies. Recently, Oosterhoff et al. elicited expert opinions on the
likely trends in intervention effect maintenance during and after inter-
vention exposure, which were used to model possible BMI trajectories
for primary school aged children and adolescents separately. The most
popular opinion elicited by experts suggested effect maintenance dur-
ing intervention exposure, followed by a decay of the relative effects.
Results suggested considerable differences between reference inter-
vention effects and expert elicited scenarios.>? Brown et al. investi-
gated the impact of effect decay on cost-effectiveness of obesity
prevention interventions in the early years.’? Results suggested no
health care cost savings if intervention effects decayed to zero after
10 years post-intervention, in comparison to the substantial cost-
savings should intervention effects be maintained into adulthood. This
raises a need for longer follow-up periods within obesity-prevention
trials to track the maintenance of intervention effects and establish
the factors relating to their success or failure over time.2°?11° Such
data could reduce the uncertainty in modelling the long-term impact
of interventions in childhood. Currently, very few studies exist that
provide a relative estimate of intervention effect maintenance, though
these estimates are within adult populations.'** There is also a need
to incorporate weight management modules within new or existing
cohort or prospective studies, to track the maintenance of interven-
tion effects. Whilst such research may be costly and time-consuming,
it would allow us to better understand the implications of much short-
term intervention research. In developing and validating models of
long-term effects, researchers should explore other reliable sources of
data, including commercial providers or existing registries.*!?

We are currently living in an obesogenic environment. Unhealthy
diets are more prevalent due to the availability, affordability and
accessibility of calorie-rich foods.?**>1'* Changes need to be made
across systems in order to see a significant shift in behavior to reduce

obesity prevalence.? Obesity prevention interventions need to be
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ongoing and sustainable, spanning throughout the life course, tailored
to each stage of life where transitions and settings could impact on
one's behavior and lifestyle. Whole-systems approaches may be a
potential avenue for exploration, where modifications are made to
whole communities.>>**> Though this will incur additional substantial
costs, the availability of such interventions will ensure that individuals
will have constant exposure to obesity prevention strategies, increas-
ing likelihood of long-term behavior change. However, adopting a life
course approach may pose challenges for economic evaluation, as has
previously been reported.''® For instance, given the number of
players involved in implementing a whole of system intervention,
spanning across numerous sectors and implemented by both formal
(e.g., school) and informal (e.g., parents) parties, tracking of cost inclu-
sion estimates and intervention maintenance costs will be difficult and
timely. Until long-term data is available, there may be uncertainty
regarding suitable follow-up periods for intervention effect size esti-
mates, alongside a suitable comparator. Data collection requirements
may be burdensome for community members, and need to be feasi-
ble.!Y” There is also a likelihood that intervention benefits will extend
beyond child and adolescent recipients,2% and may lead to non-weight
related health outcomes. The exposure to multiple behavior change
strategies may interact with one another leading to expected or unex-
pected consequences, which may be difficult to predict and account
for.1'8 As such, it has been advised that system dynamic models ought
to be utilized in such scenarios to predict changes in system shifts.21¢
Review findings have also highlighted the potential underestima-
tion of cost-effectiveness outcomes due to the neglect of wider inter-
vention benefits and health outcomes. Engagement in healthier
lifestyles may have an impact on child wellbeing,**?*2° which is
seldomly investigated within economic evaluations in children, despite
its perceived importance when making decisions on public health
investments.'®® In addition, preference-based measures may not be
sensitive enough to detect changes in health related quality of life
amongst children.*? New and emerging research is only just starting
to investigate child-based factors that could be incorporated into
models. Age- and sex-specific utility values have recently been esti-
mated from the Child Health Utility-9D measure within an Australian
population of 10- to 17-year-olds. Findings suggested differences in
utility values between boys and girls, with significant associations
between utilities and BMI z-scores with age.*?? These findings high-
light the importance of factoring in age and sex covariates when
modelling long-term costs and benefits within childhood obesity pre-
vention models. The usability of preference-based weight-specific
instruments for economic evaluations, such as the Weight-specific
Adolescent Instrument for Economic evaluation (WAItE), have also
been investigated. Outcomes have suggested a high correlation
between the WAILE, existing generic preference-based health related
quality of life measures, and weight-specific measures. The WAItE
also has an ability to differentiate between weight status and an abil-
ity to pick up meaningful changes in health related quality of life.12%
As such, weight-specific measures may be better suited for identifying
differences in health related quality of life in younger populations.?*

However, difficulty persists in assessing health related quality of life

in healthy individuals who are taking part in weight-gain prevention
interventions to protect long-term health. This flags the need to
develop better measurement tools designed to detect changes in
healthy populations.!” Difficulty linking health gains to health utilities
within children also calls to question the suitability of cost-utility
analysis. Alternative methods such as cost-benefit analysis, where
monetary valuations of intervention benefits could be derived via

willingness to pay methods,?°

may have some value.

When considering cost inclusions, various international recom-
mendations suggest the use of a healthcare perspective within base-
case evaluations of health technology assessments.*?%'?” However,
rarely do obesity prevention dietary interventions fit within the scope
of a healthcare perspective, given they have wider policy implications
and cross-sectoral consequences.® These include school attendance
and performance, employment, and productivity, or financial repercus-
sions to individuals due to higher costs of maintaining healthier life-
styles.r” The majority of included studies did not factor child-related
productivity costs and their implications, nor healthcare related costs
within the childhood years, which may have been due to the lack of
data available at the time of evaluation. Recent research investigated
the impact of overweight and obesity on school absenteeism in an
Australian population of 6- to 13-year-olds to calculate the indirect
repercussions to caregiver lost productivity. Results found that
children with obesity missed on average one extra day of school
annually in comparison to those without overweight or obesity. This
amounted to $338 in indirect carer productivity losses per child.*?®
There has also been an increase in studies investigating childhood
obesity related healthcare costs, with findings suggesting substantial

129

medical costs as early as the first 5 years of life,”” and greater utiliza-

tion of general practitioner and specialist weight services.>%9%130
Although the inclusion of such costs can be a laborious task, economic
evaluations ought to consider cross-sectoral costs or discuss potential
intervention impacts across sectors.

Decision makers have expressed that economic evidence should
consider minimizing inequality alongside maximizing efficiency,°® and
called for a formal weighting of outcomes by population subgroups.
Alternative methods may include separate cost-effectiveness analyses
by subgroup, however this has implications for both primary research,
for example increased sample sizes to detect subgroup effects, and
secondary modelling that would require subgroup specific parameter

inputs.*3?

4.1 | Comparison with previous literature

This paper provides an updated review of the literature. In 2019,
Zanganeh et al. published a comprehensive systematic review
exploring the methods, study quality and results of economic
evaluations for childhood and adolescent obesity interventions.'®
Similarly, Oosterhoff et al. explored the design, issues and potential
solutions to economic evaluations of school-based lifestyle inter-
ventions in 4- to 12-year-olds.'* However, both search strategies

were conducted up to early 2017. Fourteen of the included studies
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within this current paper were published between 2017 and 2021,
demonstrating how this area of research is expanding rapidly and
the need to regularly update systematic reviews within this
domain.

Previous research has acknowledged the shortcomings in
methodological recommendations concerning economic evaluations.
Frew discusses how current recommendations for economic evalua-
tions are not suited to the evaluation of childhood obesity prevention
and outlines key obstacles. These included issues with the conduct of
cost utility evaluations, the use of quality adjusted life years for
measuring intervention benefits, current issues with cost analyses of
interventions and long-term healthcare savings, and the unsuitability
of healthcare perspectives.2®> More recently, Fattore and colleagues
provided recommendations on the type of economic evaluation
framework that is most appropriate to conduct concerning nutrition-
based interventions, given intervention design and purpose. They also
adopted the use of the Weatherly framework to outline the main
challenges in the economic evaluation of nutrition interventions and
provided useful recommendations that complement those presented
in this paper. For example, when measuring and valuing outcomes,
nutrition interventions may generate value far greater than health
outcomes and quality adjusted life years alone, including mental and
social outcomes. In addition, studies do not consider the potential loss
of utility during the intervention period where behavior change is in
progress, or the psychological impact changing one's diet may have on
an individual.t3? Despite its strengths, the paper by Fattore and
colleagues is not a systematic review of the literature, does not
discuss the impact of nutrition interventions on children and
adolescents, nor does it focus on obesity prevention. As such, this
current systematic review has complemented previous research by
not only providing an overview of the characteristics of current
economic evaluations, but also delving into a discussion of the
evaluation and modelling techniques and assumptions undertaken
within this specific area. This has resulted in a comprehensive critical
appraisal of the methods and the provision of useful recommenda-
tions for future economic evaluations of childhood obesity prevention
interventions.

4.2 | Limitations and recommendations for future

research

An early decision was made to exclude studies modelling hypothetical
scenarios and those assessing the impact of multiple effectiveness
studies. Inclusion of hypothetical studies could have diversified the
nature and methods of studies under review. However, closely exam-
ining cost-effectiveness studies of implemented interventions was
deemed more suitable for those wishing to undertake a similar
research approach. This provides insight into the methods by which
economic evaluations and modelling studies are conducted for, and
cost-effectiveness outcomes are compared between, single clinical
studies. Similarly, given the growing popularity of childhood obesity

prevention interventions within infancy, >33 the exclusion of studies

targeting children 2 years old and younger may have led to shortfalls
in our understanding of the economics of obesity within the early
years and over the life course. In addition, due to a lack of capacity,
authors of included studies were not contacted for any unpublished
work, which could have minimized publication bias. Most nutrition-
based interventions within this review incorporated a physical activity
component. Given that physical activity-based search terms were not
included in the search strategy, as the focus of this review was on
nutrition economics, studies whereby diet was a secondary rather
than primary focus may have not been identified. Finally, although we
adopted recommendations for reporting of systematic reviews by the
Centre for Reviews and Dissemination, the data extraction process
was extremely timely and resulted in the extraction of more data
than was reported. Future systematic reviews may consider the
recommendations put forth by Jacobsen and colleagues, whom
investigated the key challenges of conducting systematic reviews of
economic evaluations, to help focus the reporting of review
findings. '3

Based on the current findings, there are several recommendations
for future economic evaluations of childhood obesity prevention
interventions. Firstly, interventions ought to consider the possibility
of weight regain and diminishing intervention effects within future
projections. Where available data is scarce or where there is uncer-
tainty around long-term intervention effects, comprehensive sensitiv-
ity and scenario analysis should be conducted. Secondly, few studies
had considered collection of child preference-based measures, despite
the existence of validated measures. A greater focus on the develop-
ment of outcomes measures sensitive to changes in health related
quality of life and wellbeing in healthy children ought to be developed
for use within public health prevention interventions, given such inter-
ventions focus on promoting healthier lifestyles as opposed to weight
loss. Thirdly, very few studies had considered parental or caregiver
opportunity costs; non-obesity related health benefits, including
cross-sectoral costs and consequences should be incorporated.
Finally, combating health inequalities is core to public health interven-
tions. It is imperative for studies to explore differences in cost-
effectiveness by subgroups should data permit this.

5 | CONCLUSIONS

This systematic review provides an overview of economic evaluations
of childhood obesity-prevention dietary interventions. It has extended
previous research by providing a deeper understanding of model
structures, and the possible assumptions that can be embedded within
analyses. In doing so, a number of key methodological challenges were
identified within four organizational themes: (1) modelling long-term
impact of interventions; (2) measuring and valuing health outcomes;
(3) cost inclusions; and (4) equity considerations. Considerations for
future evaluations have been outlined and discussed. The findings of
this review should be used to improve methodological decisions and
aid the choice of assumptions made within future economic

evaluations of childhood dietary interventions.



18 |W”_Ey_OBESITY

MAHDI ET AL

ACKNOWLEDGMENTS

We thank Professor Tracey Young (School of Health and Related
Research, University of Sheffield) for reviewing a draft of the
manuscript and providing feedback. This work was supported by the
Wellcome Trust Doctoral Training Centre in Public Health Economics
[108903/B/15/Z]
Sheffield. The funder had no role in the design and conduct of the

and Decision Science and the University of

study; collection, management, analysis, and interpretation of the
data; preparation, review, or approval of the manuscript; and decision

to submit the manuscript for publication.

CONFLICT OF INTEREST
The authors declare that there is no conflict of interest.

AUTHOR CONTRIBUTIONS

S.M,, N.J.B. and J.C. contributed to the conception of this review;
S.M. designed the study; S.M. and C.M. carried out study selection,
data extraction and quality appraisal; S.M., C.M. and J.C. carried out
analysis and interpretation of data; S.M. drafted the paper; C.M.,
N.J.B. and J.C. critically revised the paper. All authors have read and

approved the content of the review.

ORCID

Sundus Mahdi ") https://orcid.org/0000-0002-6918-3453
Colette Marr ' https://orcid.org/0000-0003-4663-1345
Nicola J. Buckland "= https://orcid.org/0000-0002-3667-6438
Jim Chilcott "= https://orcid.org/0000-0003-1231-7817

REFERENCES

1. World Health Organization. Obesity and Overweight. https://www.
who.int/news-room/fact-sheets/detail/obesity-and-overweight.
Published 2020. Accessed March 11, 2022.

2. Butland B, Jebb S, Kopelman P, et al. Foresight. Tackling obesities:
future choices. Project report. Department of Innovation Universi-
ties and Skills, 2007.

3. World Health Organization. Global action plan for the prevention and
control of noncommunicable diseases 2013-2020. World Health
Organization; 2013.

4. Bray GA. Medical consequences of obesity. J Clin Endocrinol Metab.
2004;89(6):2583-2589. doi:10.1210/jc.2004-0535

5. Scarborough P, Bhatnagar P, Wickramasinghe KK, Allender S,
Foster C, Rayner M. The economic burden of ill health due to diet,
physical inactivity, smoking, alcohol and obesity in the UK: an update
to 2006-07 NHS costs. J Public Health. 2011;33(4):527-535. doi:10.
1093/pubmed/fdr033

6. National Institute for Health and Care Excellence. Preventing excess
weight gain (NICE Guideline NG7). https://www.nice.org.uk/
guidance/ng7. Published 2015. Accessed March 11, 2022.

7. Institute for Clinical Economic Review. Working towards Fair Pricing,
Fair Access, and Future Innovation. https://icer-review.org/.
Published 2020. Accessed March 11, 2022.

8. Rabarison KM, Bish CL, Massoudi MS, Giles WH. Economic evalua-
tion enhances public health decision making. Front Public Health.
2015;3:164. doi:10.3389/fpubh.2015.00164

9. Canadian Agency for Drugs Technologies in Health (CADTH). Guide-
lines for the Economic Evaluation of Health Technologies: Canada.
CADTH Methods and Guidelines https://www.cadth.ca/sites/
default/files/pdf/guidelines_for_the_economic_evaluation_of_

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

health_technologies_canada_4th_ed.pdf. Published 2017. Accessed
March 11, 2022.

Drummond MF, Sculpher MJ, Claxton K, Stoddart GL, Torrance GW.
Methods for the economic evaluation of health care programmes. 4th
ed. New York: Oxford University Press; 2015.

Erdol S, Mazzucco W, Boccia S. Cost Effectiveness Analysis of
Childhood Obesity Primary Prevention Programmes: A Systematic
Review. Epidemiol Biostat Public Health. 2014;11(3):€9416.9411-
e€9416.9410.

McKinnon RA, Siddigi SM, Chaloupka FJ, Mancino L, Prasad K.
Obesity-Related Policy/Environmental Interventions: A Systematic
Review of Economic Analyses. Am J Prev Med. 2016;50(4):543-549.
doi:10.1016/j.amepre.2015.10.021

Doring N, Mayer S, Rasmussen F, Sonntag D. Economic Evaluation
of Obesity Prevention in Early Childhood: Methods, Limitations and
Recommendations. Int J Environ Res Public Health. 2016;13(9):911.
doi:10.3390/ijerph13090911

Oosterhoff M, Bosma H, van Schayck OCP, Evers S, Dirksen CD,
Joore MA. A systematic review on economic evaluations of school-
based lifestyle interventions targeting weight-related behaviours
among 4-12year olds: Issues and ways forward. Prev Med. 2018;
114:115-122. doi:10.1016/j.ypmed.2018.06.015

Korber K. Quality assessment of economic evaluations of health pro-
motion programs for children and adolescents-a systematic review
using the example of physical activity. Health Econ Rev. 2015;5(1):
35. doi:10.1186/513561-015-0071-5

Zanganeh M, Adab P, Li B, Frew E. A Systematic Review of Methods,
Study Quality, and Results of Economic Evaluation for Childhood
and Adolescent Obesity Intervention. Int J Environ Res Public Health.
2019;16(3). doi:10.3390/ijerph16030485

Lenoir-Wijnkoop |, Dapoigny M, Dubois D, et al. Nutrition
economics-characterising the economic and health impact of
nutrition.  Br J Nutr. 2011;105(1):157-166. doi:10.1017/
S0007114510003041

Centre for Reviews and Dissemination. CRD's guidance for undertak-
ing reviews in healthcare. University of York: York Publication
Services; 2008.

Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for
reporting systematic reviews and meta-analyses of studies that
evaluate health care interventions: explanation and elaboration. PLoS
Med. 2009;6(7):e1000100. doi:10.1371/journal.pmed.1000100
Wolfenden L, Wyse R, Nichols M, Allender S, Millar L, McEIduff P. A
systematic review and meta-analysis of whole of community inter-
ventions to prevent excessive population weight gain. Prev Med.
2014;62:193-200. doi:10.1016/j.ypmed.2014.01.031

Brown T, Moore THM, Hooper L, et al. Interventions for preventing
obesity in children. Cochrane Db Syst Rev. 2019;7(7):CD001871. doi:
10.1002/14651858.CD001871.pub4

NHSUK. Eat well. https://www.nhs.uk/live-well/eat-well/. Publi-
shed 2019. Accessed March 11, 2022.

U.S. Department of Agriculture and U.S. Department of Health and
Human Services. Dietary Guidelines for Americans, 2020-2025. 9th
Edition. Available at https://www.dietaryguidelines.gov/sites/
default/files/2020-12/Dietary_Guidelines_for_Americans_2020-
2025.pdf. Published 2020. Accessed March 11, 2022.

Cochrane Public Health. Data Extraction and Assessment Template.
https://ph.cochrane.org/sites/ph.cochrane.org/files/public/uploads/
CPHG%20Data%20extraction%20template_0.docx. Published 2011.
Accessed March 29, 2019.

Schulz KF, Altman DG, Moher D. CONSORT 2010 statement:
updated guidelines for reporting parallel group randomised trials.
BMC Med. 2010;8(1):18. doi:10.1186/1741-7015-8-18

Husereau D, Drummond M, Petrou S, et al. Consolidated health
economic evaluation reporting standards (CHEERS)—explanation
and elaboration: a report of the ISPOR health economic evaluation



MAHDI ET AL

OBESITY

_WILEY_L_*

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

publication guidelines good reporting practices task force. Value
Health. 2013;16(2):231-250. doi:10.1016/j.jval.2013.02.002
Drummond M, Jefferson T. Guidelines for authors and peer
reviewers of economic submissions to the BMJ. BMJ. 1996;
313(7052):275-283. doi:10.1136/bmj.313.7052.275

Philips Z, Ginnelly L, Sculpher M, et al. Review of guidelines for
good practice in decision-analytic modelling in health technology
assessment. In: NIHR Health Technology Assessment programme:
Executive Summaries. NIHR Journals Library; 2004. doi:10.3310/
hta8360.

Ungar WJ, Santos MT. The Pediatric Quality Appraisal Question-
naire: an instrument for evaluation of the pediatric health economics
literature. Value Health. 2003;6(5):584-594. doi:10.1046/j.1524-
4733.2003.65253.x

Weatherly H, Drummond M, Claxton K, et al. Methods for assessing
the cost-effectiveness of public health interventions: key challenges
and recommendations. Health Policy. 2009;93(2-3):85-92. doi:10.
1016/j.healthpol.2009.07.012

Mernagh P, Paech A, Coleman K, et al. Assessing the cost-
effectiveness of public health interventions to prevent obesity: overview
report. Wellington: Health Research Council of New Zealand; 2010.
Haby M, Vos T, Carter R, et al. A new approach to assessing the
health benefit from obesity interventions in children and adoles-
cents: The assessing cost-effectiveness in obesity project. Int J Obes
(Lond). 2006;30(10):1463-1475. doi:10.1038/sj.ij0.0803469

Carter R, Moodie M, Markwick A, et al. Assessing cost-effectiveness
in obesity (ACE-obesity): an overview of the ACE approach, eco-
nomic methods and cost results. BMC Public Health. 2009;9(1):419.
doi:10.1186/1471-2458-9-419

Reeves P, Edmunds K, Szewczyk Z, et al. Economic evaluation of a
web-based menu planning intervention to improve childcare service
adherence with dietary guidelines. Implement Sci. 2021;16(1):1.
doi:10.1186/513012-020-01068-x

McAuley KA, Taylor RW, Farmer VL, et al. Economic evaluation of a
community-based obesity prevention program in children: the
APPLE project. Obesity (Silver Spring). 2010;18(1):131-136. doi:10.
1038/0by.2009.148

Moodie ML, Herbert JK, de Silva-Sanigorski AM, et al. The cost-
effectiveness of a successful community-based obesity prevention
program; The Be Active Eat Well Program. Obesity. 2013;21(10):
2072-2080. doi:10.1002/0by.20472

Brown IHS, Perez A, Li YP, Hoelscher DM, Kelder SH, Rivera R. The
cost-effectiveness of a school-based overweight program. Int J
Behav Nutr Phys Act. 2007;4:47. doi:10.1186/1479-5868-4-47
Brown A, Sutherland R, Reeves P, Nathan N, Wolfenden L. Cost and
Cost Effectiveness of a Pilot m-Health Intervention Targeting
Parents of School-Aged Children to Improve the Nutritional Quality
of Foods Packed in the Lunchbox. Nutrients. 2021;13(11):4136.
doi:10.3390/nu13114136

An R, Xue H, Wang L, Wang Y. Projecting the impact of a nationwide
school plain water access intervention on childhood obesity:
a cost-benefit analysis. Pediatr Obes. 2018;13(11):715-723. doi:10.
1111/ijpo.12236

Te Velde SJ, Lennert Veerman J, Tak NI, Bosmans JE, Klepp KiI,
Brug J. Modeling the long term health outcomes and cost-
effectiveness of two interventions promoting fruit and vegetable
intake among schoolchildren. Econ Hum Biol. 2011;9(1):14-22.
doi:10.1016/j.ehb.2010.09.001

Reilly KL, Reeves P, Deeming S, et al. Economic analysis of three
interventions of different intensity in improving school implementa-
tion of a government healthy canteen policy in Australia: costs,
incremental and relative cost effectiveness. BMC Public Health.
2018;18(1):378. doi:10.1186/s12889-018-5315-y

Kenney EL, Cradock AL, Barrett JL, et al. Cost-Effectiveness of
Water Promotion Strategies in Schools for Preventing Childhood

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Obesity and Increasing Water Intake. Obesity. 2019;27(12):2037-
2045. doi:10.1002/0by.22615

Adab P, Barrett T, Bhopal R, et al. The West Midlands ActiVe life-
style and healthy Eating in School children (WAVES) study: a cluster
randomised controlled trial testing the clinical effectiveness and
cost-effectiveness of a multifaceted obesity prevention intervention
programme targeted at children aged 6-7 years. Health Technol
Assess. 2018;22(8):1-608. doi:10.3310/hta22080

Beets MW, Brazendale K, Weaver R, et al. Economic evaluation of a
group randomized controlled trial on healthy eating and physical
activity in afterschool programs. Prev Med: Int J Devoted to Pract and
Theory. 2018;106:60-65. doi:10.1016/j.ypmed.2017.10.003

Conesa M, Llaurado E, Aceves-Martins M, et al. Cost-Effectiveness
of the EdAI (Educacio en Alimentacio) Program: A Primary School-
Based Study to Prevent Childhood Obesity. J Epidemiol. 2018;
28(12):477-481. doi:10.2188/jea.JE20170111

Ekwaru JP, Ohinmaa A, Tran BX, Setayeshgar S, Johnson JA,
Veugelers PJ. Cost-effectiveness of a school-based health
promotion program in Canada: A life-course modeling approach.
PLoS ONE. 2017;12(5):e0177848. doi:10.1371/journal.pone.
0177848

Graziose MM, Koch PA, Wang YC, Gray HL, Contento IR. Cost-
effectiveness of a Nutrition Education Curriculum Intervention in
Elementary Schools. J Nutr Educ Behav. 2017;49(8):684-691. doi:10.
1016/j.jneb.2016.10.006

Ladapo JA, Bogart LM, Klein DJ, et al. Cost and Cost-Effectiveness
of Students for Nutrition and eXercise (SNaX). Acad Pediatr. 2016;
16(3):247-253. doi:10.1016/j.acap.2015.07.009

Rush E, Obolonkin V, McLennan S, et al. Lifetime cost effectiveness
of a through-school nutrition and physical programme: Project
Energize. Obes Res Clin Pract. 2014;8(2):e115-e122. doi:10.1016/j.
orcp.2013.03.005

Wang LY, Gutin B, Barbeau P, et al. Cost-effectiveness of a school-
based obesity prevention program. J Sch Health. 2008;78(12):
619-624.

Coffield E, Nihiser A, Carlson S, et al. Shape Up Somerville's
return on investment: Multi-group exposure generates net-benefits
in a child obesity intervention. Prev Med Rep. 2019;16:100954.
doi:10.1016/j.pmedr.2019.100954

Oosterhoff M, Over EAB, van Giessen A, et al. Lifetime cost-
effectiveness and equity impacts of the Healthy Primary School of
the Future initiative. BMC Public Health. 2020;20(1):1887.

Vieira M, Carvalho GS. Costs and benefits of a school-based health
intervention in Portugal. Health Promot Int. 2019;34(6):1141-1148.
doi:10.1093/heapro/day085

Kesztyus D, Schreiber A, Wirt T, et al. Economic evaluation of
URMEL-ICE, a school-based overweight prevention programme
comprising metabolism, exercise and lifestyle intervention in
children. Eur J Health Econ. 2013;14(2):185-195. doi:10.1007/
s10198-011-0358-3

Wang LY, Yang Q, Lowry R, Wechsler H. Economic analysis of a
school-based obesity prevention program. Obes Res. 2003;11(11):
1313-1324. doi:10.1038/0by.2003.178

Wyatt K, Lloyd J, Creanor S, et al. Cluster randomised controlled trial
and economic and process evaluation to determine the effectiveness
and cost effectiveness of a novel intervention [Healthy Lifestyles
Programme (HeLP)] to prevent obesity in school children. Public
Health Res. 2018;6(1):236. doi:10.3310/phr06010

Kesztyts D, Lauer R, Kesztyus T, Kilian R, Steinacker JM. Costs and
effects of a state-wide health promotion program in primary schools
in Germany - the Baden-Wirttemberg Study: a cluster-randomized,
controlled trial. PLoS ONE. 2017;12(2):e0172332. doi:10.1371/
journal.pone.0172332

. Baker C. Obesity Statistics. House of Commons Library Briefing

Paper Number 3336. http://researchbriefings.files.parliament.uk/



20 |W”_Ey_OBESITY

59.
60.
61.
62.

63.
64.
65.
66.
67.

68.

69.

70.

71.

72.
73.
74.

75.

MAHDI ET AL

documents/SN03336/SN03336.pdf.
March 11, 2022.

Brown V, Ananthapavan J, Sonntag D, Tan EJ, Hayes A, Moodie M.
The potential for long-term cost-effectiveness of obesity prevention
interventions in the early years of life. Pediatr Obes. 2019;14(8):
e12517. doi:10.1111/ijpo.12517

le Roux CW, Hartvig NV, Haase CL, Nordsborg RB, Olsen AH,
Satylganova A. Obesity, cardiovascular risk and healthcare resource
utilization in the UK. Eur J Prev Cardiol. 2020;28(11):1235-1241.
doi:10.1177/2047487320925639

Kit BK, Ogden CL, Flegal KM. Prescription medication use among
normal weight, overweight, and obese adults, United States,
2005-2008. Ann Epidemiol. 2012;22(2):112-119. doi:10.1016/j.
annepidem.2011.10.010

De Beer M, Hofsteenge G, Koot H, Hirasing R, Delemarre-van de
Waal H, Gemke R. Health-related-quality-of-life in obese adoles-
cents is decreased and inversely related to BMI. Acta Paediatr. 2007;
96(5):710-714. doi:10.1111/j.1651-2227.2007.00243.x

Zabarsky G, Beek C, Hagman E, Pierpont B, Caprio S, Weiss R.
Impact of severe obesity on cardiovascular risk factors in youth.
J Pediatr. 2018;192:105-114. doi:10.1016/j.jpeds.2017.09.066
Andreyeva T, Sturm R, Ringel JS. Moderate and severe obesity
have large differences in health care costs. Obes Res. 2004;12(12):
1936-1943. doi:10.1038/0by.2004.243

Jia H, Lubetkin El. The impact of obesity on health-related quality-
of-life in the general adult US population. J Public Health. 2005;
27(2):156-164. doi:10.1093/pubmed/fdi025

Williams J, Wake M, Hesketh K, Maher E, Waters E. Health-related
quality of life of overweight and obese children. Jama. 2005;293(1):
70-76. doi:10.1001/jama.293.1.70

Zabelina DL, Erickson AL, Kolotkin RL, Crosby RD. The effect of age
on weight-related quality of life in overweight and obese individuals.
Obesity. 2009;17(7):1410-1413. doi:10.1038/0by.2009.43
Scharoun-Lee M, Kaufman JS, Popkin BM, Gordon-Larsen P.
Obesity, race/ethnicity and life course socioeconomic status across
the transition from adolescence to adulthood. J Epidemiol Community
Health. 2009;63(2):133-139. doi:10.1136/jech.2008.075721

O'Dea JA. Gender, ethnicity, culture and social class influences on
childhood obesity among Australian schoolchildren: implications for
treatment, prevention and community education. Health Soc Care
Community. 2008;16(3):282-290. doi:10.1111/j.1365-2524.2008.
00768.x

Wang Y, Beydoun MA. The obesity epidemic in the United States—
gender, age, socioeconomic, racial/ethnic, and geographic character-
istics: a systematic review and meta-regression analysis. Epidemiol
Rev. 2007;29(1):6-28. doi:10.1093/epirev/mxm007

Bhurosy T, Jeewon R. Pitfalls of using body mass index (BMI) in
assessment of obesity risk. Curr Res Nutr Food Sci. 2013;1(1):71-76.
doi:10.12944/CRNFSJ.1.1.07

Candari CJ, Cylus J, Nolte E. Assessing the economic costs of
unhealthy diets and low physical activity: An evidence review and
proposed framework. Health policy series 47. Copenhagen: WHO
Regional Office for Europe; 2017.

Kim DD, Basu A. Estimating the medical care costs of obesity in the
United States: systematic review, meta-analysis, and empirical
analysis. Value Health. 2016;19(5):602-613. doi:10.1016/j.jval.2016.
02.008

Breitfelder A, Wenig CM, Wolfenstetter SB, et al. Relative weight-
related costs of healthcare use by children—results from the two
German birth cohorts, GINI-plus and LISA-plus. Econ Hum Biol.
2011;9(3):302-315. doi:10.1016/j.ehb.2011.02.001

@stbye T, Stroo M, Eisenstein EL, Peterson B, Dement J. Is over-
weight and class | obesity associated with increased health claims
costs? Obesity. 2014;22(4):1179-1186. doi:10.1002/0by.20669

Published 2019. Accessed

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Foster GD, Sherman S, Borradaile KE, et al. A policy-based school
intervention to prevent overweight and obesity. Pediatrics. 2008;
121(4):e794-e802. doi:10.1542/peds.2007-1365

Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of obesity
among adults and youth: United States, 2015-2016. NCHS Data
Brief, No.288. CDC Stacks Public Health Publications; 2017.

Ogden CL, Carroll MD, Fakhouri TH, et al. Prevalence of obesity
among youths by household income and education level of head of
household—United States 2011-2014. Morb Mortal Wkly Rep. 2018;
67(6):186-189. doi:10.15585/mmwr.mmé6706a3

Huang RC, de Klerk NH, Smith A, et al. Lifecourse childhood adipos-
ity trajectories associated with adolescent insulin resistance. Diabe-
tes Care. 2011;34(4):1019-1025. doi:10.2337/dc10-1809

Hao G, Wang X, Treiber FA, Harshfield G, Kapuku G, Su S. Body
mass index trajectories in childhood is predictive of cardiovascular
risk: results from the 23-year longitudinal Georgia Stress and Heart
study. Int J Obes (Lond). 2018;42(4):923-925. doi:10.1038/ijo.
2017.244

Kuhle S, Kirk S, Ohinmaa A, Yasui Y, Allen AC, Veugelers PJ. Use and
cost of health services among overweight and obese Canadian chil-
dren. Int J Pediatr Obes. 2011;6(2):142-148. doi:10.3109/17477166.
2010.486834

Hayes A, Tan EJ, Lung T, Brown V, Moodie M, Baur L. A new model
for evaluation of interventions to prevent obesity in early childhood.
Front Endocrinol. 2019;10(MAR):132. do0i:10.3389/fendo.2019.
00132

Frew E. Economic evaluation of childhood obesity interventions:
reflections and suggestions. Pharmacoeconomics. 2016;34(8):733-
740. doi:10.1007/s40273-016-0398-8

Kraschnewski JL, Boan J, Esposito J, et al. Long-term weight loss
maintenance in the United States. Int J Obes (Lond). 2010;34(11):
1644-1654. doi:10.1038/ij0.2010.94

Nyberg ST, Batty GD, Pentti J, et al. Obesity and loss of disease-free
years owing to major non-communicable diseases: a multicohort
study. Lancet Public Health. 2018;3(10):e490-e497. doi:10.1016/
$2468-2667(18)30139-7

Sgltoft F, Hammer M, Kragh N. The association of body mass index
and health-related quality of life in the general population: data from
the 2003 Health Survey of England. Qual Life Res. 2009;18(10):
1293. doi:10.1007/s11136-009-9541-8

Phillips CM, Chen L-W, Heude B, et al. Dietary inflammatory index
and non-communicable disease risk: A narrative review. Nutrients.
2019;11(8):1873. doi:10.3390/nu11081873

Ezzati M, Riboli E. Behavioral and dietary risk factors for non-
communicable diseases. N Engl J Med. 2013;369(10):954-964.
doi:10.1056/NEJMra1203528

Brennan SF, Cantwell MM, Cardwell CR, Velentzis LS, Woodside JV.
Dietary patterns and breast cancer risk: a systematic review and
meta-analysis. Am J Clin Nutr. 2010;91(5):1294-1302. doi:10.3945/
ajcn.2009.28796

Cuenca-Garcia M, Ortega F, Ruiz J, et al. Combined influence of
healthy diet and active lifestyle on cardiovascular disease risk
factors in adolescents. Scand J Med Sci Sports. 2014;24(3):553-562.
doi:10.1111/sms.12022

An R. Health care expenses in relation to obesity and smoking
among US adults by gender, race/ethnicity, and age group: 1998-
2011. Public Health. 2015;129(1):29-36. doi:10.1016/j.puhe.2014.
11.003

Finkelstein EA, Trogdon JG, Brown DS, Allaire BT, Dellea PS, Kamal-
Bahl SJ. The lifetime medical cost burden of overweight and obesity:
implications for obesity prevention. Obesity. 2008;16(8):1843-1848.
doi:10.1038/0by.2008.290

Penney TL, Kirk SF. The Health at Every Size paradigm and obesity:
missing empirical evidence may help push the reframing obesity



MAHDI ET AL

OBESITY

_WILEY_L_ 2

94.

95.

96.

97.

98.

99.

100.

101.

102.

108.

104.

105.

106.

107.

108.

109.

110.

111.

112.

debate forward. Am J Public Health. 2015;105(5):e38-e42. doi:10.
2105/AJPH.2015.302552

Lobstein T, Jackson-Leach R, Moodie ML, et al. Child and adolescent
obesity: part of a bigger picture. Lancet. 2015;385(9986):2510-
2520. doi:10.1016/50140-6736(14)61746-3

Kleinman RE, Hall S, Green H, et al. Diet, breakfast, and academic
performance in children. Ann Nutr Metab. 2002;46(Suppl 1):24-30.
doi:10.1159/000066399

Rampersaud GC, Pereira MA, Girard BL, Adams J, Metzl JD. Break-
fast habits, nutritional status, body weight, and academic perfor-
mance in children and adolescents. J Am Diet Assoc. 2005;105(5):
743-760. doi:10.1016/j.jada.2005.02.007

Martinez-Gonzalez MA, Gea A, Ruiz-Canela M. The Mediterranean
Diet and Cardiovascular Health. Circ Res. 2019;124(5):779-798. doi:
10.1161/CIRCRESAHA.118.313348

Eminson K, Canaway A, Adab P, Lancashire E, Pallan M, Frew E.
How does age affect the relationship between weight and health
utility during the middle years of childhood? Qual Life Res. 2018;
27(6):1455-1462.

Tan EJ, Brown V, Petrou S, et al. Is there an association between
early weight status and utility-based health-related quality of life in
young children? Qual Life Res. 2018;27(11):2851-2858.

Brown V, Tan EJ, Hayes AJ, Petrou S, Moodie ML. Utility values for
childhood obesity interventions: a systematic review and meta-
analysis of the evidence for use in economic evaluation. Obes Rev.
2018;19(7):905-916. doi:10.1111/0br.12672

Goettler A, Grosse A, Sonntag D. Productivity loss due to over-
weight and obesity: a systematic review of indirect costs. BMJ Open.
2017;7(10):e014632. doi:10.1136/bmjopen-2016-014632
Zanganeh M, Adab P, Li B, et al. Cost-Effectiveness of a School-and
Family-Based Childhood Obesity Prevention Programme in China:
The "CHIRPY DRAGON" Cluster-Randomised Controlled Trial. Int J
Public Health. 2021;66:1604025. doi:10.3389/ijph.2021.1604025
Rao M, Afshin A, Singh G, Mozaffarian D. Do healthier foods and
diet patterns cost more than less healthy options? A systematic
review and meta-analysis. BMJ Open. 2013;3(12):e004277. doi:10.
1136/bmjopen-2013-004277

Cade J, Upmeier H, Calvert C, Greenwood D. Costs of a healthy
diet: analysis from the UK Women's Cohort Study. Public Health
Nutr. 1999;2(4):505-512. doi:10.1017/51368980099000683

Jetter KM, Cassady DL. The availability and cost of healthier food
alternatives. Am J Prev Med. 2006;30(1):38-44. doi:10.1016/j.
amepre.2005.08.039

Frew E, Breheny K. Methods for public health economic evaluation:
A Delphi survey of decision makers in English and Welsh local
government. Health Econ. 2019;28(8):1052-1063. doi:10.1002/hec.
3916

Braveman P, Gruskin S. Defining equity in health. J Epidemiol
Commun H. 2003;57(4):254-258. doi:10.1136/jech.57.4.254

Jeffery RW, French SA. Preventing weight gain in adults: the
pound of prevention study. Am J Public Health. 1999;89(5):747-751.
doi:10.2105/AJPH.89.5.747

Scaglioni S, Salvioni M, Galimberti C. Influence of parental attitudes
in the development of children eating behaviour. Br J Nutr. 2008;99-
(Suppl 1):522-525. doi:10.1017/5S0007114508892471

Lazzeretti L, Rotella F, Pala L, Rotella CM. Assessment of psychologi-
cal predictors of weight loss: How and what for? World J Psychiatry.
2015;5(1):56-67.

Thomas JG, Bond DS, Phelan S, Hill JO, Wing RR. Weight-loss main-
tenance for 10 years in the National Weight Control Registry. Am J
Prev Med. 2014;46(1):17-23. doi:10.1016/j.amepre.2013.08.019
The National Weight Control Registry. NWCR Facts. http://www.
nwcr.ws/Research/default.htm. Published 2020. Accessed March
11, 2022.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

Caspi CE, Sorensen G, Subramanian S, Kawachi I. The local food
environment and diet: a systematic review. Health Place. 2012;18(5):
1172-1187. doi:10.1016/j.healthplace.2012.05.006

Cummins S, Macintyre S. “Food deserts”—evidence and assumption
in health policy making. BMJ. 2002;325(7361):436-438. doi:10.
1136/bm;j.325.7361.436

Allender S, Millar L, Hovmand P, et al. Whole of systems trial of pre-
vention strategies for childhood obesity: WHO STOPS childhood
obesity. Int J Environ Res Public Health. 2016;13(11):1143 doi:10.
3390/ijerph13111143

Sweeney R, Moodie M, Nguyen P, et al. Protocol for an economic
evaluation of WHO STOPS childhood obesity stepped-wedge
cluster randomised controlled trial. BMJ Open. 2018;8(5):e020551.
doi:10.1136/bmjopen-2017-020551

Gubbels JS, Mathisen FK, Samdal O, et al. The assessment of ongo-
ing community-based interventions to prevent obesity: lessons
learned. BMC Public Health. 2015;15(1):1-11. doi:10.1186/s12889-
015-1563-2

Shiell A, Hawe P, Gold L. Complex interventions or complex
systems? Implications for health economic evaluation. BMJ. 2008;
336(7656):1281-1283. doi:10.1136/bmj.39569.510521.AD

Biddle SJ, Asare M. Physical activity and mental health in children
and adolescents: a review of reviews. Br J Sports Med. 2011;45(11):
886-895. doi:10.1136/bjsports-2011-090185

Wille N, Erhart M, Petersen C, Ravens-Sieberer U. The impact of
overweight and obesity on health-related quality of life in
childhood--results from an intervention study. BMC Public Health.
2008;8:421. doi:10.1186/1471-2458-8-421

Brazier J, Deverill M. A checklist for judging preference-based
measures of health related quality of life: learning from psychomet-
rics. Health Econ. 1999;8(1):41-51. doi:10.1002/(SICI)1099-1050
(199902)8:13.0.CO;2-#

Killedar A, Lung T, Petrou S, Teixeira-Pinto A, Hayes A. Estimating
Age-and Sex-Specific Utility Values from the CHU9D Associated
with Child and Adolescent BMI z-Score. Pharmacoeconomics. 2020;
38(4):375-384. doi:10.1007/s40273-019-00866-6

Oluboyede Y, Robinson T. Measuring Weight-Specific Quality of
Life in Adolescents: An Examination of the Concurrent Validity and
Test-Retest Reliability of the WAItE. Value Health. 2019;22(3):348-
354. doi:10.1016/j.jval.2018.10.001

Pakpour AH, Chen C-Y, Lin C-Y, Strong C, Tsai M-C, Lin Y-C. The
relationship between children's overweight and quality of life: A
comparison of Sizing Me Up, PedsQL and Kid-KINDL. Int J
Clin Health Psychol. 2019;19(1):49-56. doi:10.1016/j.ijchp.2018.
06.002

Perkins C, Steinbach R, Tompson L, et al. Cost-benefit analysis:
methodological challenges of evaluating large-scale public health
interventions and a worked example of the costs and benefits of
part-night lighting. In: What is the effect of reduced street lighting on
crime and road traffic injuries at night? A mixed-methods study. South-
ampton (UK): NIHR Journals Library; 2015:108. doi:10.3310/
phr03110.

National Institute for Health and Care Excellence. Guide to the
methods of technology appraisal: Process and Methods [PMG9].

The reference case. https://www.nice.org.uk/process/pmg9/
chapter/the-reference-case. Published 2013. Accessed March
11, 2022.

ISPOR. Pharmacoeconomic Guidelines Around The World:
Germany. https://tools.ispor.org/PEguidelines/countrydet.asp?c=
9&t=1. Published 2020. Accessed March 11, 2022.

Carrello J, Lung T, Killedar A, Baur LA, Hayes A. Relationship
between obesity and school absenteeism in Australian children:
Implications for carer productivity. Obes Res Clin Pract. 2021;15(6):
587-592. doi:10.1016/j.0rcp.2021.09.006



22 |W”_Ey_OBESITY

129.

130.

131

132.

133.

MAHDI ET AL

Hayes A, Chevalier A, D'Souza M, Baur L, Wen LM,
Simpson J. Early childhood obesity: Association with healthcare
expenditure in Australia. Obesity. 2016;24(8):1752-1758. doi:10.
1002/0by.21544

Black N, Hughes R, Jones AM. The health care costs of childhood
obesity in Australia: An instrumental variables approach. Econ Hum
Biol. 2018;31:1-13. doi:10.1016/j.ehb.2018.07.003

Lal A, Moodie M, Peeters A, Carter R. Inclusion of equity in
economic analyses of public health policies: systematic review and
future directions. Aust N Z J Public Health. 2018;42(2):207-213.
doi:10.1111/1753-6405.12709

Fattore G, Federici C, Drummond M, et al. Economic evaluation of
nutrition interventions: Does one size fit all? Health Policy. 2021;
125(9):1238-1246.

Tan EJ, Hayes AJ, Taylor RW, Taylor BJ, Brown V. Cost-
Effectiveness of a Novel Sleep Intervention in Infancy to Prevent
Overweight in Childhood. Obesity. 2020;28(11):2201-2208. doi:10.
1002/0by.22989

134. Jacobsen E, Boyers D, Avenell A. Challenges of systematic reviews

of economic evaluations: a review of recent reviews and an obesity
case study. Pharmacoeconomics. 2020;38(3):259-267. doi:10.1007/
$40273-019-00878-2

SUPPORTING INFORMATION
Additional supporting information may be found in the online version
of the article at the publisher's website.

How to cite this article: Mahdi S, Marr C, Buckland NJ,
Chilcott J. Methods for the economic evaluation of obesity
prevention dietary interventions in children: A systematic
review and critical appraisal of the evidence. Obesity Reviews.
2022;1-22. doi:10.1111/0br.13457



	Methods for the economic evaluation of obesity prevention dietary interventions in children: A systematic review and critic...
	1  INTRODUCTION
	2  METHODS
	2.1  Search strategy
	2.1.1  Inclusion criteria
	2.1.2  Exclusion criteria

	2.2  Data extraction and quality appraisal
	2.3  Data synthesis

	3  RESULTS
	3.1  Literature search: Identification of economic analyses
	3.2  Study characteristics
	3.2.1  Characteristics of intervention programs
	3.2.2  Economic evaluation approach
	3.2.3  Study perspectives and associated intervention costs
	3.2.4  Discount rates
	3.2.5  Sensitivity analyses

	3.3  Key findings and methodological challenges
	3.3.1  Modelling long-term impact of interventions
	3.3.2  Measuring and valuing health outcomes
	3.3.3  Cost inclusions
	3.3.4  Equity considerations


	4  DISCUSSION
	4.1  Comparison with previous literature
	4.2  Limitations and recommendations for future research

	5  CONCLUSIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	REFERENCES


