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PEDIATRIC NEW PERSPECTIVE

A new approach to assessing the health benefit from
obesity interventions in children and adolescents:
the assessing cost-effectiveness in obesity project

MM Habyl, T Vos?, R Carter!, M Moodie!, A Markwick?, A Magnus3, K-S Tay-Teo1 and B Swinburn*

'Program Evaluation Unit, School of Population Health, The University of Melbourne, Parkville Victoria, Australia; *School
of Population Health, University of Queensland, Herston, Qld, Australia and Chronic Disease Surveillance and
Epidemiology, Public Health Branch, Department of Human Services, Melbourne Victoria, Australia; *Chronic Disease
Surveillance and Epidemiology, Public Health Branch, Department of Human Services, Melbourne Victoria, Australia and
*School of Exercise and Nutrition Sciences, Deakin University, 221 Burwood Highway, Melbourne Victoria, Australia

Obijective: To report on a new modelling approach developed for the assessing cost-effectiveness in obesity (ACE-Obesity)
project and the likely population health benefit and strength of evidence for 13 potential obesity prevention interventions in
children and adolescents in Australia.

Methods: We used the best available evidence, including evidence from non-traditional epidemiological study designs, to
determine the health benefits as body mass index (BMI) units saved and disability-adjusted life years (DALYs) saved. We
developed new methods to model the impact of behaviours on BMI post-intervention where this was not measured and the
impacts on DALYs over the child’s lifetime (on the assumption that changes in BMI were maintained into adulthood). A working
group of stakeholders provided input into decisions on the selection of interventions, the assumptions for modelling and the
strength of the evidence.

Results: The likely health benefit varied considerably, as did the strength of the evidence from which that health benefit was
calculated. The greatest health benefit is likely to be achieved by the ‘Reduction of TV advertising of high fat and/or high sugar
foods and drinks to children’, ‘Laparoscopic adjustable gastric banding’ and the ‘multi-faceted school-based programme with an
active physical education component’ interventions.

Conclusions: The use of consistent methods and common health outcome measures enables valid comparison of the potential
impact of interventions, but comparisons must take into account the strength of the evidence used. Other considerations,
including cost-effectiveness and acceptability to stakeholders, will be presented in future ACE-Obesity papers. Information gaps
identified include the need for new and more effective initiatives for the prevention of overweight and obesity and for better
evaluations of public health interventions.
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Introduction

There is now a widespread awareness of the problem of
childhood and adolescent obesity? and many governments
are now seeking to invest in prevention and management
programmes. Concurrently, there is also an increasing
recognition of the need for health investments to be
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informed by the best available evidence of effectiveness
and cost-effectiveness.>~> Unfortunately, for the prevention
of childhood obesity, the traditional evidence base of
intervention effectiveness trials is very small in volume
(fewer than 25 studies), very narrow in approach (mainly
primary school programmes), shows very limited impact,®’
and evidence of cost-effectiveness is almost non-existent.?
New approaches are urgently needed to fill this gap in the
evidence base so that decision-makers have some evidential
basis for making policy and funding decisions beyond the
usual drivers of historical precedence, potential political
gains and the lobby power of vested interests.

In recognition of the need for evidence-based policy
making for obesity prevention, the Department of Human
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Services in Victoria, Australia, commissioned the assessing
cost-effectiveness in obesity (ACE-Obesity) project in 2004.
The aim of the project was to assist state and national policy-
makers by providing evidence of the effectiveness and cost-
effectiveness of selected obesity prevention interventions,
particularly among children and adolescents.

The methods for the ACE-Obesity project, along with
previous ACE studies in cancer, heart disease and mental
health,*!%2 draw upon the theories of priority setting'* and
combine technical rigour with due process. Technical rigour
is obtained by using the best available epidemiological and
economic data when analysing the effectiveness, population
impact, costs and cost-effectiveness of interventions and by
using a standardized evaluation protocol to ensure transpar-
ency and comparability of outcomes across interventions.
Due process is achieved by involving stakeholders in a
project working group, taking into account ‘2nd stage filter’
criteria which are the broader considerations that are
important in decision-making but less amenable to quanti-
fication (strength of evidence, acceptability to stakeholders,
feasibility of implementation, sustainability, impact on
equity as well as potential positive and negative side-
effects™'®) and seeking consensus decisions after informed
discussion and debate.

For previous ACE projects, there was sufficient trial
evidence available for the technical analyses to model
interventions for the Australian context. However, to evolve
the previous ACE methodologies for use in childhood and
adolescent obesity posed several substantial challenges: the
limited trial data meant that other forms of evidence would
have to be used; models for assessing the impact of
behaviour changes on energy balance and weight change
would have to be developed, and; methods for extrapolating
reductions in body mass index (‘BMI savings’) in childhood
into reductions in disability-adjusted life years (‘DALY
savings’) in adulthood would also have to be developed.
This work therefore involved the development of an
integrated series of new methodologies for the obesity
context that could be widely applied across many different
obesity intervention scenarios. This work represents a
significant advance on previous cost-effectiveness work in
adults and children®'* because it includes public health
interventions without randomized controlled trial evidence,
assesses interventions using common health outcomes (BMI
and DALYs) and includes the expected impact on almost all
diseases that have been shown to be causally related to
obesity.!

It is only when all interventions are assessed using
common health outcomes that fair comparisons can be
made across interventions and with interventions for other
disorders. This has not been possible before for obesity and
was only achievable through modelling as BMI and obesity-
related disease outcomes are not routinely measured when
assessing the effectiveness of interventions. Although this
modelling has been done using Australian data for demo-
graphics, burden of disease, BMI distribution and interven-
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tion uptake the work could be readily adapted for use in
other countries by keeping the same structure but using
country-specific data for these inputs.

The purpose of this paper is twofold: to provide an
overview of the ACE-Obesity approach and associated
methods for calculating the likely impact of interventions
on BMI and DALYs and, as an example, to provide the health
benefit results for 13 obesity interventions modelled for the
Australian population of children and adolescents. An
assessment of the strength of evidence (level and quality)
used in the calculations of health benefit is also reported.

Methods

Overview of ACE-Obesity aims and process
The ACE methodology aims to help decision-makers (mainly
within governments) to set priorities by combining techni-
cally rigorous analyses with due process. The question posed
by the ACE-Obesity project was ‘What are the best options
towards which state and national resources should be
directed to reduce unhealthy weight gain in children and
adolescents in Australia?” Although the project was funded
by the Victorian State Government, it used the target
population of all Australian children and adolescents aged
5-19 years. The reference year for all calculations was 2001
(latest year for which key data were available) and an annual
discount rate of 3% was used for calculating the present
value of the projections.®

A working group was established of representatives from
state and federal health departments and other government
agencies and departments, representatives from key non-
governmental organizations (including a health consumer
organization), and academics with particular areas of
expertise. They met nine times over the 2 years of the
project and provided substantial input into: the selection of
the interventions to be scoped and then taken to full
analyses; the methodologies developed for the modelling;
the assumptions involved in the models, including uncer-
tainty parameters; and the judgements about the 2nd stage
filter criteria for each intervention.

Interventions

A list of 22 potential intervention areas was drawn from the
literature, existing initiatives and programmes and the
Australian Government’s strategic plan for obesity.'® As part
of the ACE-Obesity project we had the resources to evaluate
the effectiveness and cost-effectiveness of 13 different
obesity interventions in children and adolescents. Priority
was given to public health interventions that met pre-agreed
selection criteria; two of the most significant being (i)
relevance to current policy decision-making and (ii) avail-
ability of evidence of effectiveness/efficacy to support the
analyses. Judgements about which interventions to include
were made by the project working group and supported by



‘scoping reports’ prepared by the research team. Although
there was very little evidence to support some of the
included interventions, they were included owing to their
importance to current policy decision-making (e.g. Active
After School Communities). Some clinical interventions
were included for benchmarking purposes (e.g. Laparoscopic
adjustable gastric banding). Intervention areas were most
commonly excluded because a particular intervention could
not be clearly described (e.g. active recreation), owing to lack
of evidence (e.g. interventions in early child care) or because
several interventions from that setting (e.g. schools) were
already included.

The interventions chosen for analysis by the project
working group are shown in Table 1. Also shown is the
broad intervention setting, the target population for the
intervention and the likely number of participants based on
Australian population figures in 2001 and likely take-up
rates.

Assessment of health gain

DALYs saved over the child’s lifetime was chosen as the
measure of health gain for the ACE-Obesity project. This
measure was chosen because it captures both morbidity and
mortality effects and because baseline information on health
status is available for Australia.**** It also allows comparison
with obesity prevention interventions in adults, as well as
with interventions for other conditions for which cost-
effectiveness ratios have been calculated using the ACE
approach.*!® We also calculated the total age-specific BMI
units (kg/m?) that could be saved by the intervention.

The first step was to calculate the BMI units (kg/m?) that
the intervention could save for the individual and the
population and the second step was to convert this post-
intervention BMI units saved to lifetime DALYs saved.

Measurement of BMI units saved. Where possible, BMI
change post-intervention was determined directly from trial
data. Where there was more than one relevant (and similar)
trial, we attempted to use meta-analysis to determine the
average BMI benefit.*> In practice, the degree of hetero-
geneity in intervention design (e.g. ‘Multifaceted school-
based interventions’) prevented this and analyses were more
often based on the results of one trial.

Where controlled trials were not available, effectiveness
was modelled using the best available evidence and/or
plausible assumptions. We make all of our assumptions
explicit in reporting of the effectiveness and cost-effective-
ness results in the individual intervention papers. For some
interventions only changes in behaviour (e.g. an increase in
physical activity) were reported in the trial or in the
programme evaluation. Examples of these interventions
include ‘Reduction of TV advertising’, where the randomized
controlled trial only reported changes in food and drink
choice and the ‘Walking School Bus’, where only frequency
and duration of walking was reported for those participating
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in the intervention. To enable us to evaluate these interven-
tions, we modelled the relationship between behaviour
change, energy balance and BMI using the best available
evidence. The method for this is described below.

Behaviour change to energy imbalance The logic model for
the pathways through which behaviour changes influence
body weight has previously been published.*® Interventions
that change energy intake operate through changes in either
the weight (g) or the energy density (kJ/g) of food and
beverages consumed (or both). Interventions that change
energy expenditure are assumed to operate through changes
in sedentariness or changes in physical activity (or both).

There is now substantial experimental evidence that
changing the energy density of foods and beverages changes
total energy intake because there is little or no compensation
through change in the total weight of food eaten.*”*® This is
supported by monitoring data in Australian children which
showed that the 13% increase in energy intake from 1985 to
1995 was owing to the 15% increase in energy density with
no changes in the weight of food eaten.*’

We used the Australian 1995 National Nutrition Survey
(NNS95)°? to determine the weight and energy density of the
total diet (excluding water) for children 2-18 years from
‘core’ and ‘non-core’ foods and beverages according to the
Australian Guide to Healthy Eating.®>> We assumed that
any reductions in non-core food consumption (e.g. owing to
reduced promotion of the products) were replaced by an
equivalent weight of core foods so that the total weight of
food was not altered. The same assumptions were made for
beverages, but the impact on BMI was based on data from
Ludwig et al.>*

Unless there were published trial data on the changes of
physical activity or sedentary behaviours on weight or BMI,
we modelled the impact of such interventions using the
published energy costs of activity.>* The metabolic equiva-
lent values (METs) for an activity (such as walking) were
subtracted from the MET value for resting quietly (1.0) to
give the net MET difference for modelling.

Energy imbalance to weight and BMI Once an energy deficit
had been determined, the next step was to model its impact
on changes in weight using validated coefficients for such
calculations,*® whereby a 10% change in energy balance
results in a 4.5% change in body weight (95% confidence
interval 3.8-5.1).%% We used the data from the NNS95°° to
translate mean changes in weight to mean changes in BMI,
assuming no change in height.

Modelling of DALYs saved. We calculated the DALYs saved
owing to the interventions as the difference in future
mortality and morbidity outcomes between a baseline
scenario (base case), which represents current practice, and
the intervention option. Differences in mortality and
morbidity were based on changes in the age-specific BMI
distribution of the target population over their remaining
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Table 1

9pl

Interventions chosen for analysis (grouped by setting), target population and strength of evidence (definitions in Table)

Intervention and setting'® Target population and number of children®

Strength of
evidence category

Comments on studies used and likelihood of bias

Child care

1. Active After School Communities
Programme'’

Primary school children in grades
prep to 6 (age 5-11 years)
N~99 000

Schools
2. Multi-faceted school-based programmes,
including education to improve nutrition
and increase physical
activity without an active PE componen
3. Multi-faceted school-based programmes,
including education to improve nutrition
and increase physical
activity with an active PE component®?
4. Multi-faceted school-based programme
targeted at overweight and obese
children®

Children in primary school grade 1
(age 6 years) — 2 year programme

N=x114630
2!

Children in primary school grade 1
(age 6 years) — 3 year programme
Nx~114630

Overweight or obese children aged

7-10 years attending a combined
primary/secondary school

N~ 3800

Children in primary school grades 2 to 6
(age 7-11 years)

N~ 595000

5. School-based education programme
to reduce consumption of carbonated
(fizzy) drinks®*

6. School-based education programme
to reduce TV viewing®®

Children in primary school grades 3 and 4
(age 8-10 years)
N~ 268 600

Schools/neighbourhoods and community organizations
7. TravelSMART schools?® Children in primary school grades 5 and 6
(age 10-11 years)
N=~267 700
8. Walking School Bus®® Primary school children in grades prep to 2
(age 5-7 years)
N=~7840

Media and marketing

9. Reduction of TV advertising of high fat
and/or high sugar foods and drinks to
children (up to 14 years)

All Australian children aged 5-14 years
Nz 2.4 million

None

Limited®

Limited®

Limited®

Limited®

Inconclusive

Weak

Weak

Limited®

Evidence used in the modelling is based mostly on level IV, parallel evidence and
programme logic. Other studies of physical activity within the school setting have
shown no significant effect on BMI,'®'? except for very intensive interventions
(1.25h per day for 14 weeks).?°

One non-RCT that showed a statistically significant BMI benefit for girls only.?’
Variations of Know Your Body studies have been trialled across the world with
mixed results.

One non-RCT that showed a large and statistically significant BMI benefit for both
boys and girls.?? Variations of Know Your Body studies have been trialled across the
world with mixed results.

One small non-RCT in USA, published in 1985.2

Two RCTs in total. One UK RCT, used for this analysis, that showed statistically
significant decrease in prevalence of overweight and obesity but not mean BMI.>* One
US RCT that showed a significant reduction in mean BMI among the upper baseline-
BMI tertile, but not overall.?®

One small RCT that showed a statistically significant reduction in mean BMI.2
Supported by another RCT where reduction in TV viewing accounted for the
reduction in BMI in a multi-faceted school-based intervention.?” The authors are
aware of one larger US RCT conducted by Robinson (1999-2002), which has not been
published. Attempts to discover the results of this RCT have been unsuccessful and the
authors have assumed no significant result. An Australian RCT, results as yet
unpublished, but shown to have no effect on TV viewing or BMI.

One small pilot study (level llI-3 study design) with very low response rate (35%).2%
Only measured change in % of students using active transport. BMI not measured.
Would benefit from further research and/or pilot studies before implementation.

Modelling based on level IV evidence.3° Further effectiveness data sought but this
does not appear to support its effectiveness. Would benefit from further research and/
or pilot studies before implementation.

Single RCT assessing food choice after reduced advertising.>' Supportive parallel
evidence in toys, smoking and alcohol advertising bans exists. Cross-sectional studies
used for evidence of impact of food choice on BMI. Implementation of this
intervention should be accompanied by an appropriate evaluation budget.

o
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One small RCT.32 Results not statistically significant but P<0.18. Larger Australian

RCT in progress.
One small RCT with statistically significant results.>> Supporting evidence from

3 other RCTs.34736
Five case series (level IV) studies in adolescents showing large and consistent

reduction in BMI.33#2 3 systematic reviews in adults. Analysis based on case
series of 28 adolescents treated in Melbourne, Australia. Strong programme

One 12-month RCT.3” Several short-term pilot studies. Level | evidence of
logic. Current Melbourne-based RCT in adolescents in progress.

Comments on studies used and likelihood of bias
effectiveness in adults.

Strength of
evidence category
Limited®

Sufficient

Limited®
Sufficient

Target population and number of children®

Obese adolescents aged 12-16 years

N=~3256
14-19 years, with private health

insurance

Severely obese adolescents, aged
N~4120

Obese children aged 10-11 years

Overweight or moderately obese
N~ 5800

children aged 5-9 years

N~ 9685

targeted at overweight and moderately

obese children??
11. Family-based targeted programme

for morbidly obese adolescents

for obese children33
12. Orlistat therapy for obese adolescents>”

Abbreviations: BMI, body mass index; GP, general practitioner; PE, physical education; RCT, randomized controlled trial; UK, United Kingdom; USA, United States of America. *Number of children

participating in the intervention based on Australian population figures in 2001 and likely take-up rates. For some interventions, not all of the children/adolescents participating receive a health benefit from
the intervention. PEvidence from level Il or Il study designs — box 2 in Table 2. “Evidence from level IV studies, indirect or parallel evidence and/or from epidemiological modelling using a mixture of study

designs — box 3 in Table 2. The hospital setting was not included in Healthy Weight 2008, but this clinical intervention was included in the project for purposes of comparison and benchmarking.

13. Laparoscopic adjustable gastric banding

Table 1 (continued)

Intervention and setting'®

Primary care services

10. Family-based GP programme

Hospital
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life span. To do this we took all children aged 5-19 years
from the NNS95 as the cohort of children for the model,
since data on measured BMI are available and representative
of the Australian population in 1995.5° For all analyses BMI
values were log-transformed and 6 years of cohort effect were
added to approximate 2001 BMI values. We calculated future
predicted BMI values for this cohort of children in 5-year
increments to 100 years of age by adding age effects to the
values from 2001. We calculated both the cohort and age
effects from serial cross-sectional studies of BMI in children
and adults in Australia using multiple linear regression.
These calculations assume that the relative contribution to
BMI of year of birth (cohort) and age remain constant over
time. These values of BMI represent the base case.

For the intervention scenario, we adjusted the base case
BMI values in 2001 by subtracting the average BMI reduction
attributable to the intervention in the relevant target group.
Thus, for an intervention aimed at all 5-9 year olds that
achieved a reduction in BMI of 0.2 kg/m? all 5-9 year olds in
the cohort have 0.2 subtracted from their 2001 BMI values. If
the intervention was targeted at obese children, only those
children within the cohort that fell into that category would
have 0.2 subtracted. We then log-transformed the BMI values
and the projections into the future were recalculated by
adding the age effects as described above. These values of
BMI represent the intervention option.

Potential impact fraction We determined the impact of the
change in the BMI distribution on mortality and morbidity
from the potential impact fraction (PIF).>®> The PIF is the
proportional change in expected disease or death, that is,
attributable to a change in exposure to the risk factor in the
population. It is calculated from the proportion of children
in each BMI category (e.g. 21-21.99, 22-22.99 and so on) in
the base case and with the intervention, and from the
relative risk (RR) of disease for the specific BMI category
compared to a reference category of BMI 21.1%°° BMI values
below 21 are included in the reference category of BMI 21 (as
used by the World Health Organization for their Global
Burden of Disease Study).

The diseases for which PIFs were calculated are ischaemic
heart disease, ischaemic stroke, hypertensive heart disease,
type 2 diabetes, osteoarthritis, endometrial cancer, colon
cancer, post-menopausal breast cancer and kidney cancer.
These diseases were included because: (i) they have been
shown to be causally related to obesity;'* (ii) continuous RRs
are available (i.e. per 1kg/m? increase in BMI);'® and (iii)
they are included in the 2003 Australian and/or 2001
Victorian Burden of Disease Study estimates of disease risk
owing to high BMIL** PIFs were calculated in Stata (Inter-
cooled Stata, version 8.0, StataCorp) by sex and 5-year age
group over the remaining lifespan of the cohort.

The RR estimates'® were applied to both deaths and disease
prevalence and assume that: (i) excess disease risk occurs
only at BMIs >21kg/m? and only from 25 years of age;'* (ii)
shifts in the population distribution owing to obesity
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interventions do not lead to an increase in the prevalence of
underweight (BMI<18.5kg/m? which has its own health
risks;'® (iii) RR estimates are not changing over time; (iv)
risks for the 30-44 year age group apply to 25-29 year olds;
(v) RRs are constant within a given age group; and (iv) the
risk of disease is exponentially related to BMI.'* Disease risks
for underweight (BMI < 18.5kg/m?) are not included.

The BMI to DALYs model To determine the change in
DALYs resulting from an intervention deterministic Markov
modelling techniques are used. The model takes the current
prevalent cohort of children and adolescents (age 5-19 years)
in 2001 and follows them for their remaining life span until
death (or age 100 years). New cases are not added. The model
was constructed in Microsoft Excel with some inputs (PIFs,
projected mortality rates) calculated in Stata.

The backbone of the model is a separate cohort life table
for each sex (male, female) and 5-year age group (5-9, 10-14
and 15-19 years), giving six life tables in total for the base
case. These six tables, constructed in Excel 2000, are repeated
for the intervention scenario and the difference between the
intervention and base case gives the DALYs saved owing to
the intervention.

Base case (current practice) scenario The base case assumed
continuation of current trends in mortality and BMI
distributions and, implicitly therefore, continuation of past
trends in practice of obesity prevention and treatment. The
years of life lived in the base case were calculated from
projected Australian all-cause (total) age-specific mortality
rates.’® Projections were based on past mortality trends
(1979-2002) with no explicit modelling of the effect of
changes in risk factors and assumed continuation of trends
to 2031, after which mortality rates were kept constant.

Years of life lived were adjusted for disease-related
disability for each sex and age, determined from the
Victorian Burden of Disease Study for 2001.** Total prevalent
years lived with disability (YLD) for each sex and age group
were calculated as prevalence x disability weight and were
converted to rates by dividing by Victorian population
figures. Total mortality and disability rates were extrapolated
from S-year to 1-year age groups for input into the life tables
using the function (linear, exponential or polynomial) that
gave the best R%-value.

Intervention scenario For the intervention scenario we
calculated the mortality and prevalent YLD rates for
obesity-related diseases as the rate in the base case x (1-PIF)
for each age and sex category. For most diseases it was
assumed that current prevalent YLD rates are a good
approximation of future rates. However, for ischaemic heart
disease, ischaemic stroke and type 2 diabetes, trends in
incidence were accounted for to 2031, after which they were
kept constant.’® The trends show decreasing rates of
prevalent YLD for ischaemic heart disease and ischaemic
stroke, but increasing rates for type 2 diabetes, largely owing
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to expected increases in the prevalence of obesity over the
projection period.>® After applying the PIFs we recalculated
years of life lived and disability-adjusted years lived. The
difference between the intervention scenario and the base
case gives the years of life saved and DALYs saved by the
intervention.

Targeted interventions For interventions targeted at the
overweight or obese group of children the average popula-
tion mortality and YLD rates used in the BMI to DALYs
model would underestimate the true disease experience of
these higher risk groups. Therefore, correction factors were
calculated for: (i) overweight or obese children; and for (ii)
obese children separately by disease, sex, 5-year age group
and cohort (aged 5-9, 10-14 and 15-19 years in 2001). This
was done by determining the proportion of the disease
burden in the whole population at each age that is
contributed by the top percentiles of the BMI distribution
that correspond with the prevalence of obesity and/or
overweight in children targeted for intervention. For exam-
ple, if the prevalence of obesity in 5- to 9-year-old children
was 10% we calculated at each successive age the proportion
of disease burden owing to elevated BMI that occurs in the
top 10% of the BMI distribution. If in this example we found
that 25% of the total amount of disease attributed to BMI
occured in the top 10% of the BMI distribution, the
correction factor was 25/10=2.5. In other words, children
in the top 10% of the BMI distribution will experience 2.5
times the rate of the population average disease rates and
treatment costs. When applied in the model the correction
factors for the overweight or obese group resulted in an
increase in the DALYs saved of 92-250% depending on the
cohort, sex and BMI reduction tested.

Economic analyses

Economic analyses were also conducted and whereas the
results are not shown here, brief mention is made of the
methods to provide a complete picture of the ACE-Obesity
approach. With each of the specified interventions, costs
were estimated based on a societal perspective and with the
intervention under ‘steady-state conditions’ (i.e. fully im-
plemented and operating in accordance with its efficacy
potential). Detailed intervention pathway analysis was used
to specify all steps in an intervention and the probability of
associated resource use. Unit costs were sourced from the
most accurate sources for the 2001 reference year. Interven-
tion costs were assessed as additional expenditure (savings)
against current practice. Net incremental cost-effectiveness
ratios were calculated as the ‘met cost per DALY saved’,
following consideration of cost-offsets or the savings in
health care costs arising from a reduction in obesity-related
diseases as a consequence of the intervention.



Uncertainty analysis

We used @RISK software (version 4.0, Palisade Corporation)
to conduct simulation modelling (with Monte Carlo sam-
pling) to calculate 95% uncertainty ranges around the
benefits, costs and cost-effectiveness ratios. The probability
distributions around the input variables were based on the
range of parameter values and/or standard errors obtained
from the literature, together with expert advice on the likely
scenarios under Australian conditions.

In the BMI to DALYs model, there is uncertainty around
many of the input values, such as the RRs of disease,
mortality rate projections and BMI projections. Ideally, we
would have included uncertainty around all inputs in the
@RISK analyses. However, this is a difficult and time-
consuming task and thus, to date, we have only conducted
simple one-way uncertainty analyses in the BMI to DALYs
component of the modelling. Consequently, the only
uncertainty around the resultant DALYs saved for each
intervention is due to the uncertainty around the impact
of each intervention on BMI.

Strength of evidence

When assessing the strength of evidence used to calculate
the health benefit, it became clear that the existing ACE
approach'® based on the grading of the level®” and quality of
evidence into three categories (sufficient evidence, limited
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evidence, and inconclusive evidence, as set out in the left
hand column of Table 2) did not work very well for obesity
prevention interventions. Thus, a new classification system
was developed (Table 2), which combined the traditional
classification of evidence based on epidemiologic study
design, with other types of evidence that would not
ordinarily be captured, for example, parallel evidence and
epidemiological modelling to BMI based on a mix of
evidence types. This revised classification draws on the work
of Hawe and Shiell 1995°® and Swinburn et al. 2005° and also
reflects aspects of other evidence frameworks.>°6!

Results

Results for the assessment of health benefit and strength of
evidence for the 13 interventions analysed are shown in
Tables 1 and 3. The intervention with the biggest impact on
an individual’s BMI is the clinical intervention ‘Laparoscopic
adjustable gastric banding’ for morbidly obese adolescents
(Table 3). However, the intervention with the biggest
population impact is the public health intervention ‘Reduc-
tion of TV advertising of high fat and/or high sugar foods
and drinks to children’. Although the individual impact of
this intervention is relatively small (Table 3), the number of
children affected is large (Table 1), resulting in savings of
around 400 000 total BMI units or 37 000 total DALYs (Table 3).

Table 2 Classifying the strength of the evidence — based on study design®” and quality

Evidence from level I-Ill study designs®®

Evidence from level IV studies®, indirect or parallel evidence® and/or from
epidemiological modelling using a mixture of study designs

1. ‘Sufficient evidence of effectiveness’
e The effect is unlikely to be due to chance or bias:
e evidence from a level | study design; several good quality level
Il studies; or several high quality level lll-1 or 1ll-2 studies from
which effects of bias and confounding can be reasonably
excluded.

3. ‘Limited evidence of effectiveness’

e Sound theoretical rationale and programme logic; and

e Level IV studies, indirect or parallel evidence for outcomes; or

e Epidemiological modelling to the desired outcome (BMI) using a
mix of evidence types or levels.

The effect is unlikely to be due to chance.

Implementation of this intervention should be accompanied by an

appropriate evaluation budget.

N

. ‘Limited evidence of effectiveness’

The effect is probably not owing to chance.

e Bias cannot be excluded as a possible explanation:

e evidence from one level Il study of uncertain or indifferent
quality; one level llI-1 or lII-2 study of high quality; several
level llI-1 or l1I-2 studies of lower quality; or sizeable number of
level llI-3 studies of good quality and consistent in suggesting
an effect.

4. ‘Weak evidence of effectiveness’

e Sound theoretical rationale and programme logic; or

e Level IV studies, indirect or parallel evidence for outcomes; or

e Epidemiological modelling to the desired outcome (BMI) using a
mix of evidence types or levels.

The effect is probably not due to chance but bias cannot be excluded

as a possible explanation.

Would benefit from further research and/or pilot studies before

implementation.

5. ‘Inconclusive evidence of effectiveness’

No position could be reached on the presence or absence of an effect
of the intervention — only level lll studies available but they are few and
of poor quality.

6. ‘No evidence of effectiveness’
No position could be reached on the likely credentials of this
intervention. Further research may be warranted.

Abbreviations: BMI, body mass index. Boxes are numbered according to their order in the evidence hierarchy from 1 (strongest evidence) to 6 (no evidence). “These
evidence classifications are based on those of the National Health and Medical Research Council of Australia®’: I, systematic review of RCTs; II, one or more properly
designed RCTs; llI, studies with other (non-randomized) controls; IV, case series, pre-test and/or post-test. bSee Carter et al.'® or Haby et al.’? for full details for this

column.
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Table 3 Impact of the interventions on BMI (post-intervention) and DALYs saved (over the child’s lifetime)

(744}

Intervention

BMI reduction per child (kg/m?)

Total BMI units saved

DALYs saved per child

Total DALYs saved

9. TV advertising

13. Laparoscopic adjustable gastric

banding
6. TV viewing
3. Multi-faceted school-based
including active PE
5. Fizzy drinks
11. Targeted family-based
programme
2. Multi-faceted school-based
without active PE

10. Targeted GP programme
1. Active After School

Communities

12. Orlistat therapy

4. Targeted multi-faceted school-

based programme
. TravelSMART

~N

8. Walking School Bus

Prep to Grade 4:
Grades 5 and 6:

0.17 (0.05, 0.33)
13.9 (9.9, 17.95)°

400000 (170000, 700000)
55000 (13000, 140000)

122000 (43 000, 194 000)
124000 (53 000, 214 000)

0.45 (0.17, 0.73)
1.1 (0.82, 1.38)°

0.13 (—0.08, 0.34)°
1.70 (0.68, .72)°

69000 (—46 000, 235 000)
3400 (1200, 8300)

0.14 (~0.20, 0.48) — boys 7200 (11000, 32000) - boys

0.31 (~0.0004, 0.62)* — girls 16000 (300, 45 000) — girls
23000 (—9000, 77 000) — all

0.25 (~0.12, 0.62)° 2300 (~1100, 6000)

0.07 (0.03, 0.15) — boys & girls 4200 (1700, 9100)

0.08 (0.03, 0.18) - boys

0.09 (0.04, 0.19) — girls

0.86 (0.37, 1.34)° 600 (80, 3000)

0.52 (0.10, 0.94) 2000 (370, 3500)
0.07 (0.02, 0.18) — boys & girls 470 (190, 1000)
0.02 (0.01, 0.04 — boys
0.03 (0.01, 0.04) — girls

Public transport: 0.007 (0.004, 0.011) — boys
0.008 (0.004, 0.012) - girls

0.03 (0.01, 0.11) 270 (40, 1300)

0.014 (0.006, 0.022)

3.29 (2.98, 3.46) - boys
2.70 (2.54, 2.75) — girls

0.03 (0.01, 0.05)

0.08 (0.06, 0.09) - boys
0.07 (0.05, 0.08) — girls

0.01 (—0.007, 0.03)

1.32 (0.60, 1.92) - boys
0.99 (0.45, 1.36) — girls

0.01 (~0.02, 0.04) - boys

0.02 (0.01, 0.04) - girls

0.06 (—0.031, 0.16) — boys
0.046 (—0.024, 0.11) — girls
Prep to Grade 4: 0.006 (0.003, 0.011) — boys
0.005 (0.002, 0.011) — girls
Grades 5 and 6: 0.007 (0.003, 0.016) — boys
0.006 (0.004, 0.014) — girls
Age 12-14 years: 0.78 (0.34, .08) — boys
0.59 (0.27, .84) — girls
Age 15-16 years: 0.54 (0.17, 0.87) — boys
0.55 (0.28, 0.86) — girls
0.08 (0.02, 0.25)

Walking: 0.005 (0.002, 0.015) - boys
0.005 (0.003, 0.013) — girls
Cycling: 0.002 (0.001, 0.003) - boys
0.003 (0.001, 0.004) - girls

Public transport: 0.0007 (0.0005, 0.001) — boys

0.0009 (0.0003, 0.001) - girls

0.003 (0.00034, 0.0086) — boys
0.0018 (0.00072, 0.0079) — girls

37000 (16 000, 59000)
12000 (5000, 25000)

8600 (4500, 12 400)
8000 (3500, 13 500)

5300 (—1300, 17000)
2700 (1000, 6300)

500 (~600, 2100) — boys
1000 (200, 2800) - girls
1600 (—250, 4900) — all

510 (=90, 1200)

450 (250, 770)

450 (67, 1800)

360 (90, 1100)

50 (33, 72)

30 (7, 104)

Abbreviations: BMI, body mass index; DALYs, disability-adjusted life years; GP, general practitioner; PE, physical education Note: interventions are ordered by impact on total DALYs saved; intervention
number is from Table 1. Unless otherwise stated, values are medians and ranges are 95% uncertainty intervals obtained from @RISK. Values are given to two significant figures. °Mean (95% confidence

interval).
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of effectiveness
Sufficient evidence?

Limited evidence

No evidence

Limited evidence Weak evidence® No/inconclusive

(study types II-111) (study type IV or evidence®
mixed)
o 40000 [ Lowrisk :
decision: | TV advertising
. !
S 1
!
~ N 1
20 000 RS !
~ .
Total LAGB AN 1
DALY .. !
benefit® Multi-faceted SBRE TV viewing
Fizzy drinks ~ ~~<}
15
3000 Targeted family- | AR N
based ' Sso
Multi-faceted SB-PE AN
| S
:
Targeted GP program ' AN R
500 Orlistat ! Sso AASC
Targeted multi- , AN
faceted SB ' S
1 TravelSMART S
0 ! wsB  High risk
' decision’

@ Stronger evidence: Evidence from level I-11l study designs — boxes 1 and 2 in Table 2.

b Weaker evidence: Evidence from level IV studies, indirect or parallel evidence and/or from epidemiological modeliing using a

mixture of study designs — boxes 3 and 4 in Table 2.
°Boxes 5 and 6 in Table 2.
4 This axis is not to scale.

€ Low risk decision — the high potential impact and strong evidence of effectiveness increases the chance of success in improving

population health.

f High risk decision — the low potential impact and weak evidence of effectiveness decreases the chance of success in improving

population health.

AASC — Active After School Communities program, GP — General Practitioner, LAGB — Laparoscopic Adjustable Gastric Banding,
PE — active Physical Education, SB — School-Based, WSB —Walking School Bus.

Figure 1 Total DALYs saved versus strength of the evidence base (definitions in Table 2).

Although there are multiple considerations in choosing an
eventual portfolio of interventions to reduce childhood
obesity, some of the factors can be displayed graphically to
give a sense of the interplay between them. An example is
shown in Figure 1 where the strength of the evidence (from
Table 1) for the modelled interventions is plotted against its
estimated population impact (from Table 3). Options in the
top left hand corner, provide the biggest population impact
with the greatest strength of evidence and, therefore, greater
certainty of effect.

Discussion

Investing in the reduction of obesity in children and
adolescents means setting priorities. Ideally, the pro-
grammes, policies and services to be prioritized into a
portfolio of interventions should be based on the best

evidence available on the likely costs, the likely effectiveness,
the level of certainty (strength of evidence) and other
considerations important in decision-making (impact on
equity and so on).*® The ACE-Obesity approach aims to
provide this information to decision-makers and, in this
paper, we have provided an overview of the approach and
some of the key methodologies along with illustrative health
benefit (effectiveness) results from the modelling as applied
to 13 potential interventions for the Australian population
of children and adolescents.

At this stage, the ACE-Obesity methods and processes may
be analogous to the early modelling of the global burden of
disease in the 1990s.°% Those results had a significant effect
on reorienting global attention onto the major contributors
to the overall population disease burden. Since then, that
modelling methodology has become much more sophisti-
cated to include risk factors and attributable burdens, the
evidence base to support the modelling has improved, and
the modelling has been used to inform priorities in smaller
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jurisdictions such as at a state level.**®* The results of this
ACE-Obesity modelling (particularly the effectiveness, costs,
cost-utility and 2nd stage filters) will help to paint the broad
picture of priorities for intervention and we would expect
this picture to become more fine-grained and more con-
textualized over the coming years as the methods evolve, the
evidence to include in the models improves, and other
intervention scenarios are modelled. The ACE approach will
help to bridge the gap between existing decision-making for
resource allocation and policy formulation and the ideal
situation of being able to choose proven interventions based
on the best evidence possible.

Some general conclusions from this first set of ACE-
Obesity analyses can be made. Firstly, unless the individual
impact of an intervention is very large, such as for
Laparoscopic adjustable gastric banding, the number of
children and adolescents impacted by the intervention is a
critical factor in determining population impact and is one
of the reasons that the regulations to reduce food and drink
advertising, which affect all children aged 5-14 years, had a
bigger estimated effect compared to, for example, pro-
grammes in schools which are dependent on the level of
school and student uptake. Another general observation was
that the individual impact of physical activity interventions
such as the active transport programmes was smaller than
nutrition interventions such as reducing fizzy drinks. This is
not really surprising given that, for the average 8-year-old
child, 10% of energy intake is equivalent to 450 ml of soft
drink (just over one can) whereas 10% of energy expenditure
is equivalent to 2.5 h extra walking.*®

The use of consistent methods and common health
outcome measures enables valid comparison of the potential
impact of the 13 interventions presented in this example
(Table 3), but comparisons should take into account the
strength of the evidence used. When we consider the
strength of evidence alongside the size of the total DALY
benefit (Figure 1), decisions on what interventions are likely
to be effective when implemented become more complex.
Decisions to invest in interventions in the top left hand
corner of Figure 1 are less risky because the evidence
supporting a high potential health gain is much stronger.
Thus, the chance of success in improving population health
is higher. But, these interventions on their own are unlikely
to be sufficient to address the current levels of overweight
and obesity, let alone to prevent the future predicted increase
in overweight and obesity. Thus, some tough decisions will
need to be made — and these are more risky because the
return is less certain. For example, the evidence supporting
the reduction in TV advertising to children is less strong.
Although there is a randomized controlled trial supporting
the link between advertising and unhealthy food choice, the
relationship between food choice and BMI was modelled
based on lower levels of evidence. Thus, whereas the
potential health gain is high, the certainty that it will be
achieved if the intervention is implemented is lower. For this
reason, we recommend that, if implemented it (and all
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interventions that fall in the right hand section of Table 2
and Figure 1) should be accompanied by an appropriate
evaluation plan and budget so that the size of the actual
impact on BMI can be determined using a controlled study
design (level II or III%7). Changes to the intervention can
then be made, if needed, based on better quality evidence. If
not shown to be effective, the resources should then be
diverted appropriately.

Another consideration in setting priorities for obesity
prevention is the appropriate mix of clinical/targeted
interventions versus public health interventions. Clinical
interventions, whereas more likely to have an immediate
and larger impact on individuals, are insufficient to reverse
the trend towards increasing BMIL.®* Real impacts on the
problem will only occur if clinical approaches are comple-
mented by public health prevention approaches that focus
on the whole population with the aim of changing social
norms and moving the entire distribution of BMI to the
left.®* The need to intervene across a range of settings and
sectors should also be considered for maximum effect.’

Methodological advances

We chose to develop new methods rather than exclude all
interventions that did not have randomized controlled
evidence of a change in BMI, which would have reduced
the project’s usefulness to policy makers. We used the best
available evidence to model from changes in behaviour to
changes in BMI. We also developed a new evidence grading
system based on the degree of confidence that we thought
could be put in the results for interventions that relied on
evidence of effectiveness from level IV study designs and
other types of evidence (see right hand column of Table 2).
Although both of these approaches increase the uncertainty
around the benefit estimate we believe that this is preferable
to allowing selective decision-making to continue where
interventions with poorer quality evidence are implemented
solely on the basis of political acceptability without
consideration of their potential health gain or cost-
effectiveness. But we reiterate that, if implemented, these
interventions must be properly evaluated to confirm their
effectiveness and to enable modifications to be made if
needed.

Another methodological advance in this project was to
model from post-intervention changes in BMI to DALYs
saved over the child’s lifetime using the best available
evidence. DALYs are particularly useful because they allow
comparisons to be made between interventions in children
and adults as well as between interventions addressing other
disorders or risk factors. The use of a utility measure such as
the DALY also allows ‘benchmarking’ with existing pharma-
ceutical and medical interventions.

Another strength of the ACE-Obesity project methods
described in this paper is the inclusion of future predicted
trends in BMI, deaths and morbidity to 30 years in the
future. Although adding uncertainty to the model, it



improves its overall accuracy. Further, the treatment of BMI
as a continuous rather than categorical variable (i.e. normal
weight, overweight or obese) gives more valuable informa-
tion on overall population impact of interventions and is
consistent with the latest methodological advances made in
assessing the burden of disease attributable to high BMI.'3
Our use of simulation-modelling techniques to allow multi-
way uncertainty analysis around the BMI benefit is another
strength of our methods.

Limitations of the methods

The biggest limitation of the ACE-Obesity project methods is
the assumption that 100% of the BMI benefit is maintained
over the lifetime. This is unlikely, with the exception of the
‘Laparoscopic adjustable gastric banding’ intervention, as
behavioural changes are difficult to maintain. Thus, the
DALY benefit is likely to be lower than reported, unless
implementation of multiple obesity prevention interven-
tions had some kind of synergistic and multiplicative effect —
which is currently unknown and untested. Also, if the
intervention effort was maintained it could be postulated
that the BMI benefit would be maintained as well. We tested
the impact of the alternative assumptions that only 50 and
25% of the effect is maintained. The results indicate that the
benefits are similarly reduced by approximately 50 and 25%,
respectively. Although it is very likely that the size of the
maintenance of the effect varies between interventions,
there is insufficient evidence on which to base quantitative
modelling. It is important to acknowledge that if all of the
benefit is lost by the time the child reaches 25 years of age
(the age at which disease risks begin to be included in the
model) then the resulting DALYs saved will be zero.

This highlights another limitation of the model: that
impacts on diseases in childhood and adolescence are not
included, nor is any impact on quality of life, that is,
independent of disease. However, this was a deliberate
decision because there is a lack of reliable epidemiological
evidence that any childhood conditions are causally related
to obesity® or that BMI has an impact on quality of life,
independent of disease. Other limitations of the ACE-
Obesity project methods include the number of assumptions
needed to translate from behaviour change to BMI to DALYs,
as well as the inability to include uncertainty around all of
these assumptions/estimates in our multi-way uncertainty
analyses.

The lack of good quality evidence of effectiveness for many
public health interventions, including some interventions
that have already been widely implemented in Australia, was
a significant limitation of the ACE-Obesity project. Although
the reasons for not measuring BMI changes owing to an
intervention are understandable (although not always well
justified), the reasons for not including both pre- and post-
intervention measurement of the targeted behaviour
(e.g. physical activity or food choice), let alone an appro-
priate control group, are much less understandable and need
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to be addressed. In an era of greater demand for evidence-
based policy-making and where the need to maximize the
health gain achieved from limited resources is more
apparent, it is imperative that funders of public health
programmes ensure that what is implemented is properly
evaluated. This information can then aid future decision-
making.

Gaps in the knowledge base

As well as providing evidence of the health benefit likely to
be achieved by various obesity interventions, the ACE-
Obesity study has highlighted many information gaps that
need to be addressed by further research. The most obvious is
the need for new and more effective initiatives for primary
prevention in particular. The expected gain from the current
arsenal of interventions is unlikely to be sufficient to reverse
the trend towards increasing levels of overweight and
obesity. And any new or current interventions that are
tested or implemented, need to be properly evaluated so that
we can be confident that they actually achieve the desired
impact when compared to current practice or to no
intervention - be it an increase in physical activity levels, a
decrease in consumption of energy-dense foods and drinks
and/or a slowing of the increase in BMI. Impact on
satisfaction levels or retrospective reporting of baseline
behaviours is insufficient evidence on which to base funding
decisions if the desire is to prove an impact on obesity or
physical activity levels. Population-based cohort studies are
also needed to properly assess the causal relationship
between BMI in childhood and later health effects in
children and adolescents, including type 2 diabetes and
early signs of cardiovascular disease. The population pre-
valence of type 2 diabetes in children and adolescents also
needs to be measured objectively and periodically to confirm
the clinical and anecdotal evidence of its reported increase in
recent years.>%>

Extrapolation of the health benefit results to other countries and
health systems

In the ACE-Obesity study we used the Australian context to
determine the likely health benefit (and costs). Therefore,
care must be taken if trying to generalize the results to other
countries. Some interventions may work differently in other
countries, particularly behavioural interventions, owing to
differences in lifestyle, culture, beliefs, education and health
systems and current practice in obesity prevention. The
impact on total BMI units and DALYs saved will also vary
according to differences in population size and structure and
different BMI distributions and disease rates between
countries. Ideally, analyses should be repeated for other
countries so that these factors can be taken into account
before application in policy-making.
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Conclusions

In conclusion, the results of these analyses provide valuable
information on the health benefit likely to be achieved by 13
different interventions for the prevention of obesity in
children and adolescents. Because we have used consistent
methods and common health outcomes (BMI and DALYs),
the impact of these interventions can be validly compared.
However, conclusions drawn from these comparisons should
take into account the strength of the evidence used in
determining the health benefit. Other considerations that
will be important and are to be presented in future
ACE-Obesity papers are: the cost-effectiveness of the inter-
ventions and broader aspects that impact on real world
decision-making, including acceptability to stakeholders,
feasibility of implementation, sustainability, impact on
equity and potential positive and negative side-effects.
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