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Summary
lobally, 124 million children and adolescents aged 5e19
years are affected byobesity,with prevalence rates highest
 � Of the 34 member countries of the Organisation for Economic

Co-operation and Development, obesity prevalence is highest in
the United States, with Australia ranking fifth for girls and eighth
for boys. Curbing the problem is achievable and can be realised through
a combination of smart governance across many sectors, community
initiatives, the support of individual efforts, and clinical leadership.

� At 5 years of age, one in five Australian children are already affected by
overweight or obesity; obesity prevention strategies must therefore
start before this age. There is strong evidence that reducing screen
time and promoting breastfeeding in 0e2-year-olds are effective
interventions in the early years.

� The main behavioural risk factors for obesity are overconsumption of
energy-dense, nutrient-poor foods and a lack of physical activity.
Emerging evidence suggests poor sleep quality and duration and high
amounts of sedentary time also play a role.

� Systems-based policy actions may change long term obesity
prevalence in children by targeting the food environment through
nutrition labelling, healthy foods in schools, restricted unhealthy food
marketing to children, and fiscal policies to reduce consumption of
harmful foods and sugar-sweetened beverages.

� Macro-environmental factors influence obesity risk. Public transport
policy and the built environment (proximity to parks, bike paths,
green space, schools and shops) influence play time spent outdoors,
walking and cycling. Greater access to parks and playgrounds and
active commuting are associated with lower body mass index.

� Australian interventions have largely employed individual level
approaches. These are important, but of limited effectiveness unless
priority is also given to policies that reduce obesity-conducive
environments.

� Clinicians can provide anticipatory guidance to support healthy weight
and weight-related behaviours, including weight monitoring, early
feeding and children’s diets, physical activity opportunities, and limited
sedentary and screen time.

� Investigations in children with obesity usually include liver function
tests and measuring fasting glucose, lipid and possibly insulin levels.
As obesity can be associated with micronutrient deficiencies, it may
be prudent to check full blood count and iron, vitamin B12 and
vitamin D levels. Endocrinological assessment is usually not needed.
Second line investigations may include liver ultrasound, oral glucose
tolerance testing and sleep study.

� Traditional treatment of child and adolescent obesity has focused on
family-based, multicomponent (diet, physical activity and behaviour
change) interventions, although these lead to small and often short
term weight reductions (mean, � 1.45 kg; 95% CI, 1.88 to � 1.02).
Nevertheless, these principles remain core interventions in children and
adolescents with obesity.

� A very low energy diet should be considered in adolescents with severe
obesity or obesity-related comorbidities, and for adolescents who have
not achieved weight loss following a more conventional dietary
approach.

� Pharmacotherapy confers only small reductions in weight; for example,
effect size for metformin is � 3.90 kg (95% CI, � 5.86 to � 1.94).

� Bariatric surgery should be considered in adolescents over 15 years of
age with severe obesity (body mass index > 40 kg/m2, or > 35 kg/m2

in the presence of severe complications).
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G (> 20%) in Polynesia and Micronesia, the Middle East,
North Africa, the Caribbean and the United States.1 Of the 34
member countries of the Organisation for Economic Co-operation
and Development, obesity prevalence is highest in the US, with
Australia ranking fifth for girls and eighth for boys.1

In Australia in 2015, the prevalence of overweight and obesity
(combined) in primary school children had plateaued at
22.9% (including 7.1% with obesity), although not in secondary
school students (21.7% overweight, additional 5.8% obesity).2

Further, the prevalence of severe or morbid obesity has increased
in this age group.3 There are also growing socio-economic in-
equalities in Australian prevalence rates, with overweight and
obesity continuing to increase among children in families with
lower socio-economic status2,4 (Box 1).

Among Aboriginal children the prevalence of overweight and
obesity is generally higher,5 with similar patterns to non-Aboriginal
children in that the prevalence of overweight and obesity increases
with age. There is some evidence that the prevalence of obesity is
lower in Aboriginal children living in remote areas compared with
urban centres.6 The cultural diversity of the Australian population
means that a rangeof factorsmay influence theprevalence of obesity,
including social and cultural norms regarding weight, dietary
practices and physical activity. Also, in under-resourced commu-
nities, among refugees and culturally diverse populations, logistical
problems inmeasurement and concerns thatmany studiesmaymiss
children living in transitory conditions or non-private dwellings6

highlight the fact that further research is needed into understand-
ing the risk factors that affect obesity in these subpopulations.

A 2016 report used the Global Burden of Disease prevalence esti-
mates for overweight and obesity for children aged 5e17 years, as
well as estimates of the prevalence of several obesity-related
comorbidities, to project forward to 2025 on the assumption that
no effective intervention is implemented to modify the trend.7 The
authors estimated that in 2025 there would be 12 million children
with impaired glucose tolerance, 4 million with type 2 diabetes, 27
million with hypertension and 38 million with hepatic steatosis.

The main behavioural risk factors for obesity are the over-
consumption of energy-dense, nutrient-poor foods and a lack of
physical activity.8 There is emerging evidence that poor sleep
quality and duration,9 as well as high amounts of sedentary time
(ie, sitting),10 play a role. Such obesity-conducive behaviour is
influenced by a range of individual level factors including biology,
genetics and psychology. These individual level factors are nested
within families, the community and the local environment, as well
as the broader economic, political and social environment (Box 2).
Each of these levels or sectors needs to be considered in addressing
the issue of obesity in children and adolescents. In this narrative
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1 Prevalence of overweight and obesity for school-age
children in New South Wales, Australia, according to
socio-economic status (SES)
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review, we consider the prevention of obesity in this age group, as
well as the management of children and adolescents already
affected by obesity, highlighting current andpotential intervention
approaches.

Search criteria

This narrative review is based on data from systematic reviews,
review papers, reports, evidence summaries and individual
studies known to the authors. Other studies were identified by a
search of the Cochrane Library and a MEDLINE search of English
languagepapers publishedup to 2017using search terms “obesity”
2 Sectors of influence for childhood obesity prevention
and “child” or “adolescent”, and further refined using such terms
as “bariatric surgery”, “behaviour therapy”, “diet”, “drug
therapy”, “exercise”, “health promotion”, “physical activity”,
“prevention” and “weight maintenance”. Reference lists of key
articles were also checked to identify additional papers of interest.
We searched theWorldHealthOrganizationwebsite for reports on
child obesity. We also searched for clinical guidelines on the
management of child and adolescent obesity. For the latter to be
considered, they needed to be developed or endorsed by a national
health professional body or government agency.

WHO recommendations

TheWHOhas recommended that a coordinated effort is needed to
address the epidemic of obesity and, in 2014, it established the
Commission on Ending Childhood Obesity. The Commission’s
2016 final report outlined six key areas of action (Box 3), five
focusing on obesity prevention and one on treatment.8 The sub-
sequent implementation plan provides a guide for policy makers
and a recommended suite of actions.11 We discuss several of these
recommendations below, as well as some additional approaches.
An overall summary of the evidence for interventions designed to
reduce obesity-conducive behaviour in children and adolescents is
presented in Box 4.12

Prevention of obesity in children and adolescents

Pre-conception and antenatal period
Obesity risk can be passed from one generation to the next and
maternal obesity can have an adverse influence on fetal develop-
ment and later offspring weight status.13 It has therefore been
recommended that achieving a healthy weight before pregnancy,
and a healthy weight gain during pregnancy, may contribute to
obesity prevention in childhood.8,14 However, there is limited



3 Six key areas of action from the World Health Organization Commission on Ending Childhood Obesity report8

� Integrate and strengthen guidance for non-communicable disease prevention with current guidance for pre-conception and antenatal care to
reduce the risk of childhood obesity.

� Provide guidance on, and support for, healthy diet, sleep and physical activity in early childhood to ensure children grow appropriately and develop
healthy habits.

� Implement comprehensive programs that promote the intake of healthy foods and reduce the intake of unhealthy foods and sugar-sweetened
beverages by children and adolescents.

� Implement comprehensive programs that promote physical activity and reduce sedentary behaviours in children and adolescents.

� Implement comprehensive programs that promote healthy school environments, health and nutrition literacy, and physical activity in school-age
children and adolescents.

� Provide family-based, multicomponent, lifestyle weight management services for children and young people with obesity. u
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evidence for effectiveness of interventions that target gestational or
maternal weight gain on offspring obesity, suggesting that there
should be a focus on the pre-conception andpost partumperiods.15

Prevention and management of hyperglycaemia and gestational
hypertension may be important. Several clinical trials have shown
that improved diabetes control results in decreased neonatal
adiposity;16 however, there is no clear evidence of an effect on body
mass index (BMI) in later childhood.
Prevention in the early years (0e5 years of age)
In Australia, one in five children is already affected by overweight
or obesity at 5 years of age;17 obesity prevention strategies that start
4 Evidence for interventions designed to reduce obesity-conduc

Setting Children 0e5 years Children 5e12

Home and
family

Strong evidence for interventions in
reducing screen time and for improving
breastfeeding in 0e2-year-olds

Strong evidenc
consumption (

Moderate evidence for behaviour change
and skill building for parents of 3e5-year-
olds
Weak to moderate evidence for interventions promoting fam

Child care
and
pre-school

Weak to moderate evidence for programs
with parental involvement in improving
diets, physical activity and encouraging
water consumption

Not applicable

School Not applicable Strong evidenc
interventions w
combined phys
interventions w
component
Moderate evid
during breaks a
increasing phys
and playground
availability of e
foods, increasin
foods, sedenta
with parental in
Emerging evide
reducing portio

Community Lack of evidence Moderate evid
Moderate evid
physical activit
include a schoo

Health
services

Strong evidence for treatment/management (but not preve
body mass index

Policy Emerging evidence for policies that aim to reduce the consu
Emerging evidence for regulation to reduce marketing of en

* Adapted from Bauman et al.12 Recent systematic reviews were assessed for quality usin
(https://amstar.ca/Amstar_Checklist.php) and this was used to assign an evidence level
before 5 years are therefore necessary. As shown in Box 4, in-
terventions targeting a reduction in screen time and promotion of
breastfeeding in 0e2-year-olds have the strongest level of evidence
of effectiveness in the early years. A 2016 systematic review18

assessed the effectiveness of interventions in the 0e2 year age
group. Interventions were typically focused on individual and
family level factors andhad componentswhich provided guidance
to parents on breastfeeding and appropriate complementary
feeding, healthy diet, sleep andphysical activity.18 Interventions in
the first 2 years have been trialled in Australia and New Zealand,
with mixed success in reducing BMI at 18e24 months in the
intervention groups.19-22 A prospective individual participant
meta-analysis of these specific studies is underway.23 The Sydney-
ive behaviour*

years Adolescents 13e18 years

e for interventions that reduce screen time and encourage water
especially with high parent involvement)

ily meals, improving skills in cooking and shopping

Not applicable

e for physical activity
ith a home component, and
ical activity and diet
ith a community and home

Lack of evidence for consistently effective
interventions

ence for physical activity
nd before/after school,
ical education lesson time
equipment, restricting

nergy-dense, nutrient-poor
g availability of healthy
ry behaviour interventions
volvement

Moderate evidence for educational
interventions on food intake

nce for healthy school canteens and food provision, interventions
n size, and healthy food policies

ence for active travel (cycling or walking) to school
ence for community-based
y and diet programs that
l component

ntion) of paediatric overweight/obesity with modest improvements in

mption of sugar-sweetened beverages
ergy-dense, nutrient-poor foods

g the AMSTAR (Assessing the Methodological Quality of Systematic Reviews) criteria
of strong, moderate, weak, emerging or lack of evidence. u
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basedHealthy Beginnings Trial found that homevisits by nurses to
new mothers in the first 2 years led to a BMI reduction of 0.29 kg/
m2 (95%CI,� 0.55 to� 0.02; P ¼ 0.04) in the intervention group at
age 2 years compared with the control group, with a higher pro-
portion of children in the intervention group growing within the
healthy weight range, as well as showing improvement in several
obesity-conducive behaviours.19,24 Internationally, this was the
first study to show this effect on BMI in early childhood. However,
longer follow-up showed that the effects were not sustained at 5
years of age without further intervention, suggesting that obesity
prevention programs need to be maintained throughout early
childhood.25

Early care and education settings are avenues for obesity preven-
tion in the pre-school-age group. However, evidence for child care
or pre-school interventions to reduce obesity-conducive behav-
iours is weak to moderate (Box 4). A systematic review of 43 in-
terventions in such settings, conducted between 2010 and 2015,
provided tentative evidence that comprehensive, multicompo-
nent, multilevel interventions, with parental engagement, were
more likely to be effective in helping children maintain or achieve
healthy weights.26
School-based and community-based obesity prevention
For older children, schools are a focal point for obesity prevention
strategies.8 Although there is moderate to strong evidence for im-
provements in levels of physical activity and eating behaviourwith
some school-based interventions (Box 4), there is limited effec-
tiveness of prevention programs in schools in reducing BMI. A
systematic review assessing 41 school-based studies concluded
that interventions with combined diet and physical activity com-
ponents and a home element have the greatest impact (supported
by Box 4); however, estimates on differences in the change in BMI
between the intervention and control groupsweremodest, ranging
from e 0.33 kg/m2 to 0.05 kg/m2.27 There remains a large gap in
the literature regarding successful school-based interventions for
adolescents and strategies that involve parents to a greater degree
in order to influence the home environment.28

A review of community-based childhood obesity prevention pro-
grams in high-income countries showed very few interventions for
childhood obesity that were exclusively based in a community
setting — most involved additional settings such as school, home
and primary care.29 There is moderate evidence for community
interventions that include a physical activity or active transport
component for reducing obesity-conducive behaviour (Box 4),12

suggesting the important role of communities in facilitating
active lifestyles.
Focusing on the upstream determinants of obesity
Fromapublic healthpreventionperspective, tackling theupstream
determinants of obesity — those which operate at the macro level
and include government policies and global forces—must be key
to obesity prevention. Systems-based policy actions that target the
food environment have the potential to produce long term changes
to the prevalence of obesity and overweight in children.30 These
include effective nutrition labelling, initiatives to make healthy
foods available in schools, restrictions on unhealthy food market-
ing to children, as well as fiscal policies to reduce consumption of
harmful foods and sugar-sweetened beverages.30,31

In Mexico, a tax on sugar-sweetened beverages, introduced in
January 2014, was associatedwith an average 6% relative decrease
in purchases of taxed beverages in the following year.32 The
magnitude of these changes was greater in lower income
households.33 A US study identified this approach as the single
most cost-effective intervention which would save an estimated
$55 for every $1 invested over a 10-year period.34 Concerns have
been expressed by industry and lobby groups that nutrition should
be amatter of individual responsibility and that a sugar-sweetened
beverage taxwould be regressive and have a differential impact on
people on low incomes. However, a study which modelled the
impact of a 20% tax on sugar-sweetened beverages in Australia
estimated that it would likely reduce purchasing and consump-
tion, leading to health gains and health care expenditure savings
across all quintiles of socio-economic deprivation.35 A tax imple-
mented in the United Kingdom in April 2018 prompted manu-
facturers to reformulate their products in advance of the levy.36

Another potential policy action is to limit the exposure of children
to the marketing of energy-dense, nutrient-poor foods. This has
been identified as a highly cost-effective strategy, potentially
saving an estimated $38 for every $1 invested.34 Australian studies
have shown that public attitudes are changing in this area, with
growing support for government intervention to regulate food
advertising and implement other regulatory policies, especially
those targeting children.37

There are several otherupstreammacro-environmental factors that
influence obesity risk. Both public transport policy and the built
environment — including proximity to parks, playgrounds, bike
paths, green space, schools and shops — influence such factors as
play time spent outdoors, walkability and active commuting to
school (eg, walking or cycling).38 Longitudinal and cross-sectional
studies have shown that greater neighbourhood park and play-
ground access and active commuting are associated with lower
BMI.39,40

In Australia, existing interventions and strategies have largely
employed individual level, downstream approaches, mainly to
influence behaviour change in order to prevent obesity. Although
these are important within a suite of actions across the life course,
the documented effect sizes mean that strong downstream
commitment alone will not resolve childhood obesity. Priority
must be given to policies that address broader obesity-conducive
environments. It is here where bold actions, particularly at a na-
tional level, are urgently needed.
Clinic-based anticipatory guidance for obesity prevention
Although these broader approaches to obesity prevention are
fundamental to tackling obesity, clinicians can also provide antic-
ipatory guidance to families, children, adolescents and prospective
parents in order to support healthy weight and weight-related
behaviour41,42 (Box 5). These include providing weight moni-
toring, giving guidance on early feeding and children’s diets,43

reviewing physical activity opportunities, and recommending
limited sedentary and screen time.44
Management of child and adolescent obesity

While prevention of obesity in children and adolescents is vital, so
too is the effective management of those already affected. In
Australia, children andadolescentswith obesitypresent frequently
to primary, secondary and tertiary care services at rates that are
higher than expected from the background prevalence of
obesity.45,46 However, the primary reason for presentation is
usually not obesity.45,46 Barriers to paediatric weight management
experienced by medical practitioners include difficulties in raising
the issue, uncertainty about advice to offer, lack of referral
pathways, reduced local service capacity, a relative lack of



5 Anticipatory guidance and prevention in clinic settings for children and adolescents41-44

Before and during pregnancy

� Encourage prospective parents to maintain a healthy weight before conception

� Encourage pregnant women to avoid excessive weight gain during pregnancy

� Monitor type 2 diabetes and hypertension during pregnancy and control of gestational diabetes

For infants and young children

� Encourage breastfeeding, including exclusive breastfeeding for 6 months followed by continued breastfeeding

� Assist parents to recognise cues of hunger and satiety, and provide responsive feeding

� Provide anticipatory guidance on child nutrition for parents, aligned with child’s developmental stages

� Introduce solid foods around 6 months of age

� Fruits, vegetables and iron-fortified cereals as first foods and a variety of other foods introduced subsequently providing a balanced diet

Avoid unhealthy energy-dense snacks

� Monitor weight, ensuring children avoid rapid or excessive weight gain

� Recommend restricting screen time for children aged under 2 years and limiting to less than 1 hour each day for children aged 2e5 years

� Provide regular opportunities for supervised floor-based play and “tummy time” for infants

� Establish habits of daily physical activity and play for toddlers and pre-schoolers

� Recognise sleep cues and encourage adequate sleep

School-age children and adolescents

� Monitor weight and maintain correct growth velocity

� Encourage parents to model healthy dietary intake and patterns, physical activity and limited screen time

� Encourage family meals in which parents and children eat together

� Encourage children to eat a healthy breakfast daily

� Discourage eating meals or snacks while watching TV/screens

Limit energy-dense, nutrient-poor foods

� Restrict availability of discretionary foods at home and limit eating out

� Involve children and adolescents in planning, shopping and preparing meals

� Avoid sugar-sweetened beverages; limit fruit juice and encourage water and milk as main drinks

� Encourage daily physical activity (at least 1 hour of moderate to vigorous physical activity daily) and active transport (cycling, walking)

� Limit the amount of time children spend on screens, and other sedentary behaviours, to fewer than 2 hours per day

� Encourage healthy sleep routines and sleep duration u
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confidence in managing patients with obesity, and a need for
further training.46,47
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Weight stigma and obesity management
People with obesity can experience a range of forms of weight
stigmatisation, including within the health system and by health
professionals.48,49 This can lead to a variety of negative social,
psychological and physical health consequences. In 2017, the
American Academy of Pediatrics recommended several practice-
level strategies to address weight stigma in the clinical care of
young people.48 These include role modelling by medical practi-
tioners of supportive and unbiased behaviours towards children
and families with obesity; using appropriate language and neutral
word choices, such as “unhealthy weight, “BMI” or “weight”, in
place of words perceived to be stigmatising or blaming, such as
“obese”, “extremely obese” or “fat”; creating safe and welcoming
practice environments; ensuring good clinical documentation; and
having an empathetic approach to behaviour change counselling.48
r
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Routine growth assessment
Growth assessment should be a part of standard paediatric clinical
practice. The more routine this is, the easier it will be to recognise
abnormal growth patterns, raise the issue of obesity if present via
discussion of the growth chart, and plan management. In children
aged over 2 years, height andweight should bemeasured and BMI
calculated and plotted against BMI-for-age reference charts.42

Measurement of waist circumference provides some information
about central fat distribution, with a waist-to-height ratio > 0.5
being useful in predicting cardiometabolic risk.42
Clinical investigations
Clinical investigations of potential obesity-associated complica-
tions are warranted in most adolescents with obesity, and in all
patients with severe obesity, with clinical signs or history sugges-
tive of complications (eg, acanthosis nigricans), or with a familial
risk of cardiometabolic disease. Investigations normally include
liver function tests and measuring fasting glucose, lipid and
possibly insulin levels.42,50 Because obesity can be associated with
micronutrient deficiencies, it may be prudent to check full blood
count and iron, vitamin B12 and vitaminD levels.More specialised
assessment is usually not needed, unless there is evidence of
endocrine or genetic disease, such as short stature, poor linear
growth, developmental delay, hirsutism or menstrual
irregularities.

Second line investigations may include liver ultrasound or an oral
glucose tolerance test.When obstructive sleep apnoea is suspected,
referral for a sleep study is warranted. A range of other in-
vestigations, including markers of low grade inflammation, are
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potentially useful in assessing childhood obesity but are not yet
recommended for routine assessment.

The 2013 National Health and Medical Research Council
(NHMRC) clinical practice guidelines42 and other reviews50 pro-
vide further details about clinical history taking and examination,
and potential investigations.
7 Behaviour change strategies for the management of
children and adolescents with obesity 50-52

Behaviour modification techniques

� Goal setting

� Stimulus control (modifying or restricting environmental influences)

� Self-monitoring

Behaviour modification approaches

� Family-centred

� Achievable

� Individualised to suit age, lifestyle and family

Dietary change strategies

� Appropriate fruit and vegetable intake (two and five serves,
respectively)
Conventional treatment
Family-based behavioural change interventions. Traditionally,
treatment of child and adolescent obesity has focused on family-
based, multicomponent (diet, physical activity and behaviour
change) interventions. A 2017 systematic review reporting on 70
trials in children aged 6e11 years found that such interventions
led to small and often short term reductions in weight and BMI
when compared with a no treatment or usual care control group
(mean difference weight, � 1.45 kg [95% CI, � 1.88 to � 1.02 kg];
BMI,� 0.53 kg/m2 [95%CI,� 0.82 to� 0.24 kg/m2]) at the longest
follow-up.51A separate systematic reviewof 44 intervention trials in
adolescents aged12e17years also showed reductions inweight and
BMI (mean difference weight, � 3.67 kg [95% CI, � 5.21
to � 2.13 kg]; BMI, � 1.18 kg/m2 [95% CI, � 1.67 to � 0.69 kg/
m2]).52 In adolescents, the weight outcomes for intervention versus
control groups persisted to 18e24 months from baseline.

In both Cochrane reviews, there were reductions in body fat per-
centage,waist circumference and total fatmass.51,52 Improvements
in quality of life were also noted in adolescents, with dietary and
physical activity outcomes in both age groups being inconsistent
for the included studies.

A separate systematic review reported on cardiometabolic out-
comes from behaviour change interventions in children and ado-
lescents with obesity, showing reductions in fasting insulin (mean
difference, � 55 pmol/L; 95% CI, � 71 to � 39 pmol/L), low den-
sity lipoprotein cholesterol (� 0.30 mmol/L; 95% CI, � 0.45
to � 0.15 mmol/L), triglycerides (� 0.15 mmol/L; 95% CI, � 0.24
to � 0.07 mmol/L) and blood pressure up to 12 months from
baseline.53

There are often challenges in implementing these findings in usual
clinical practice.49 For example, compared with the situation in
clinical trials, it may not be possible to review patients as
frequently, there may not be the same level of specialist expertise
available, and patients may have other comorbidities or be more
socially disadvantaged. Treatment fidelity and treatment adher-
ence are thus potentially compromised.

Despite these difficulties, the principles of obesity management in
children are well established (Box 6).
6 Key management principles for children and adolescents
with obesity 49,50

� An empathetic approach, employing non-stigmatising language

� Use body mass index for age charts

� Assess and manage comorbidities

� A family focus

� A developmentally appropriate approach

� Support long term behavioural change (see Box 7)

� Strategies for long term weight maintenance

� In patients with moderate to severe obesity, more intense dietary
interventions (eg, very low energy diet) may be indicated

� In adolescents with moderate to severe obesity, consider other
therapies, including pharmacotherapy and bariatric surgery u
Behaviour change strategies. Appropriate strategies to treat
paediatric obesity should facilitate behaviour change and family
involvement to improve diet, physical activity, screen time and
sleep (Box 7). Emerging evidence also suggests that digital tech-
nologies, including mobile health, should be considered as an
alternative or adjunct to traditional lifestyle therapy.54 However,
more evidence is required is this area.

The NHMRC clinical practice guidelines42 and other reviews50

provide detailed outlines of these treatment components. Some
state health departments have additional online resources to sup-
port and upskill clinicians.55

Non-conventional treatment
More intensive dietary approaches. A very low energy diet
(VLED) should be considered in adolescents with severe obesity or
obesity-related comorbidities, or in adolescents who have not
achieved weight loss following a more conventional dietary
approach.42 A VLED is usually an intensive, short term, strict cal-
orie restriction (< 800 kcal/day) typically achieved using formu-
lated meal replacements such as shakes and bars to ensure
nutritional adequacy.56 In adolescents, VLEDs can induce safe
short term weight loss and improvements in metabolic risk fac-
tors.57,58 The strict nature of the diet requires intensive monitoring
by health professionals.

Pharmacotherapy. A 2016 systematic review of trials of drug in-
terventions in paediatric obesity identified 11 trials of metformin,
four of orlistat and one of combinedmetforminefluoxetine, aswell
� Reduction in discretionary foods

� Healthy snack options

� Breakfast daily

� Appropriate portion sizes

� Water as the main drink

Physical activity and screen time recommendations

� Participation in physical activity for at least 1 hour per day

� No more than 1 hour per day of screen time for 2e5-year-olds

� No more than 2 hours per day of screen time for 5e17-year-olds

Sleep recommendations

� Appropriate sleep duration (ie, 10e12 hours a night for
under-12-year-olds; 8e10 hours a night for over-12-year-olds)

� Earlier bed time may be needed

� Bedroom screen time restrictions u
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as ongoing trials of metformin, topiramate and glucagon-like
peptide-1 receptor agonists.59 All were undertaken in the context
of support for behavioural change. Overall there were small re-
ductions in weight compared with placebo (effect size for
metformin, � 3.90 kg [95% CI, � 5.86 to � 1.94 kg]; for
orlistat, � 2.48 kg [95% CI, � 4.31 to � 0.65 kg). The most
commonly reported adverse events in the orlistat and metformin
trials were gastrointestinal, such as diarrhoea, mild abdominal
pain or discomfort, and fatty stools (orlistat specific). Thus, in
adolescents with obesity, there are currently only limited drug
therapy options, with use often being off-label.

Bariatric surgery. There is one randomised controlled trial of
bariatric surgery in adolescents: an Australian study of 50 patients
aged 14e18 years who received either laparoscopic adjustable
gastric banding or a lifestyle program.60 At 2 years, the surgery
group hadmarked reductions inweight (meanweight loss, 34.6 kg
[95% CI, 30.2e39.0 kg]) compared with the lifestyle group (mean
weight loss, 3.0 kg [95% CI, 2.1e8.1 kg]). The prospective US
Teen-Longitudinal Assessment of Bariatric Surgery61 enrolled 242
patients, with 67% undergoing Roux-en-Y gastric bypass,
28% laparoscopic sleeve gastrectomy and 6% laparoscopic
adjustable gastric banding. At 3 years, there was a 27% (95% CI,
25e29%) mean weight loss, and marked improvement in both
cardiometabolic complications and quality of life measures.
However, 13% had undergone one or more further intra-
abdominal procedures.

The current Australian and New Zealand recommendations for
bariatric surgery in adolescents62 are that surgery should be
considered in adolescents (minimum age, 15 years) with severe
obesity (BMI > 40 kg/m2, or > 35 kg/m2 in the presence of severe
complications), following at least 6 months of multidisciplinary
therapy, and where the adolescent and family are motivated and
the adolescent provides informed consent. A challenge for health
care systems in Australia is how to ensure equitable access to
appropriate bariatric surgery services for affected adolescents.
Paediatric obesity and health service delivery
considerations
There is strong evidence that treatment of paediatric obesity leads
to some improvements in BMI as well as in obesity-related com-
plications (Box 4).12 However, resourcing constraints prevent such
interventions from being accessible and deliverable, at scale, in
most health systems. The 2016 WHO report called for leadership
to: “Develop and support appropriate weight management
services for children and adolescents . that are family-based,
multicomponent (including nutrition, physical activity and
psychosocial support) and delivered by multi-professional teams
with appropriate training and resources, as part of Universal
Health Coverage”.8

In Australia, there are few well evaluated models of care for the
treatment of paediatric obesity, and there are there no clear referral
pathways from primary to secondary and tertiary level services in
most health districts. There is also marked variability across the
states in terms of availability of community-based child weight
management programs. In November 2015 in New South Wales,
“tackling childhood obesity” was named as one of 12 Premier’s
Priorities. The resultant focus from the state government has pro-
vided opportunities for the development and delivery of a range of
free online clinical resources and training modules for health pro-
fessionals, as well as the initiation of additional services to treat
childhood obesity. The Healthy Kids for Professionals website
provides access to theWeight4KIDS e-learning program and other
clinical resources.55
M

Conclusion

Our narrative review of the literature shows that child and
adolescent obesity is a complex problem involving many levels
of influence. In terms of obesity prevention, there needs to be
integrated action from pre-conception, through pregnancy and
early childhood, and across the age and developmental spec-
trum. Several strategies outside the health sector hold promise
for influencing obesity on a population scale. These include
fiscal policies to reduce consumption of sugar-sweetened bev-
erages, the strict regulation of unhealthy food marketing to
children, public transport policies to promote active transport,
and urban planning approaches that support active commu-
nities. Effective treatment of children and adolescents with
established obesity is also required. While the basic principles
of management are well recognised — including family-based,
behavioural change, as well as adjunctive therapies for older
children with more severe obesity — major challenges in
delivering services, at scale, in often resource-constrained en-
vironments remain. Coordinated health care pathways are
required in each health region, linking primary care through to
tertiary care services, which include bariatric surgery for older
adolescents. Overall, curbing the problem of obesity is achiev-
able and can be realised through a combination of smart
governance across many sectors, community initiatives, the
support of individual efforts, and clinical leadership.

Competing interests: No relevant disclosures.

Provenance: Not commissioned; externally peer reviewed.n

ª 2018 AMPCo Pty Ltd. Produced with Elsevier B.V. All rights reserved.
JA
2
0
9

(6
)

j
17

S
e
p
te
m
b
e
r
2
0
18

273
1 NCD Risk Factor Collaboration. Worldwide trends in
body-mass index, underweight, overweight, and obesity
from 1975 to 2016: a pooled analysis of 2416
population-based measurement studies in 128$9 million
children, adolescents, and adults. Lancet 2017; 390:
2627-2642.

2 Hardy LL, Mihrshahi S, Drayton BA, Bauman A. NSW
School Physical Activity and Nutrition Survey (SPANS)
2015: full report. Sydney: NSW Department of Health,
2016. http://www.health.nsw.gov.au/heal/Publications/
spans-2015-full-report.PDF (viewed July 2018).

3 Garnett SP, Baur LA, Jones AMD, Hardy LL. Trends in the
prevalence of morbid and severe obesity in Australian
children aged 7-15 years, 1985-2012. PLoS One 2016; 11:
e0154879.

4 Hardy LL, Mihrshahi S, Gale J, et al. 30-year trends in
overweight, obesity and waist-to-height ratio by
socioeconomic status in Australian children, 1985 to
2015. Int J Obes 2017; 41: 76-82.

5 Australian Bureau of Statistics. Australian Aboriginal
and Torres Strait Islander Health Survey: first results,
Australia, 2012-13. http://www.abs.gov.au/ausstats/
abs@.nsf/mf/4727.0.55.001 (viewed July 2018).

6 Dyer SM, Gomersall JS, Smithers LG, Davy C, Coleman
DT, Street JM. Prevalence and characteristics of
overweight and obesity in indigenous Australian
children: a systematic review. Crit Rev Food Sci Nutr 2017;
57: 1365-1376.

7 Lobstein T, Jackson-Leach R. Planning for the worst:
estimates of obesity and comorbidities in school-age
children in 2025. Pediatr Obes 2016; 11: 321-325.

8 World Health Organization. Report of the Commission
on Ending Childhood Obesity. Geneva: WHO, 2016.
http://www.who.int/end-childhood-obesity/
publications/echo-report/en/ (viewed July 2018).

9 Li L, Zhang S, Huang Y, Chen K. Sleep duration and
obesity in children: a systematic review and meta-
analysis of prospective cohort studies. J Paediatr Child
Health 2017; 53: 378-385.

http://www.health.nsw.gov.au/heal/Publications/spans-2015-full-report.PDF
http://www.health.nsw.gov.au/heal/Publications/spans-2015-full-report.PDF
http://www.abs.gov.au/ausstats/abs@.nsf/mf/4727.0.55.001
http://www.abs.gov.au/ausstats/abs@.nsf/mf/4727.0.55.001
http://www.who.int/end-childhood-obesity/publications/echo-report/en/
http://www.who.int/end-childhood-obesity/publications/echo-report/en/


Narrative review
M
JA

2
0
9

(6
)

j
17

S
e
p
te
m
b
e
r
2
0
18

274
10 Chaput JP, Saunders TJ, Carson V. Interactions between
sleep, movement and other non-movement behaviours
in the pathogenesis of childhood obesity. Obes Rev 2017;
18 Suppl 1: 7-14.

11 World Health Organization. Report of the Commission
on Ending Childhood Obesity. Implementation plan:
executive summary. Geneva: WHO, 2017. http://apps.
who.int/iris/bitstream/handle/10665/259349/
WHO-NMH-PND-ECHO-17.1-eng.pdf?sequence¼1
(viewed July 2018).

12 Bauman A, Bellew W, Boylan S, et al. Obesity prevention
in children and young people aged 0-18 years: a rapid
evidence review. Prepared for the NSW Ministry of
Health. Sydney: Physical Activity Nutrition Obesity
Research Group, University of Sydney, 2016. http://
sydney.edu.au/medicine/public-health/prevention-
research/policy-advice/OBESITY%20PREVENTION%
20IN%20CHILDREN%20AND%20YOUNG%20PEOPLE_
Full%20Technical%20Report%20_Final.pdf (viewed
July 2018).

13 Godfrey KM, Reynolds RM, Prescott SL, et al. Influence
of maternal obesity on the long-term health of
offspring. Lancet Diabetes Endocrinol 2017; 5: 53-64.

14 Olson CM, Strawderman MS, Dennison BA. Maternal
weight gain during pregnancy and child weight at age 3
years. Matern Child Health J 2009; 13: 839-846.

15 Hanson M, Barker M, Dodd JM, et al. Interventions to
prevent maternal obesity before conception, during
pregnancy, and post partum. Lancet Diabetes Endocrinol
2017; 5: 65-76.

16 Brown J, Alwan NA, West J, et al. Lifestyle interventions
for the treatment of women with gestational diabetes.
Cochrane Database Syst Rev 2017; (5): CD011970.

17 Australian Bureau of Statistics. National Health Survey:
first results, 2014-15. http://www.abs.gov.au/
AUSSTATS/abs@.nsf/DetailsPage/4364.0.55.0012
014-15?OpenDocument (accessed 4 June 2018).

18 Blake-Lamb TL, Locks LM, Perkins ME, et al.
Interventions for childhood obesity in the first 1,000
days: a systematic review. Am J Prev Med 2016; 50:
780-789.

19 Wen LM, Baur LA, Simpson JM, et al. Effectiveness of
home based early intervention on children’s BMI at age
2: randomised controlled trial. BMJ 2012; 344: e3732.

20 Campbell KJ, Lioret S, McNaughton SA, et al. A parent-
focused intervention to reduce infant obesity risk
behaviors: a randomized trial. Pediatrics 2013; 131:
652-660.

21 Daniels LA, Mallan KM, Battistutta D, et al. Evaluation of
an intervention to promote protective infant feeding
practices to prevent childhood obesity: outcomes of the
NOURISH RCT at 14 months of age and 6 months post
the first of two intervention modules. Int J Obes 2012;
36: 1292-1298.

22 Taylor BJ, Gray AR, Galland BC, et al. Targeting sleep,
food, and activity in infants for obesity prevention: an
RCT. Pediatrics 2017; 139.

23 Askie LM, Baur LA, Campbell K, et al. The Early
Prevention of Obesity in CHildren (EPOCH)
Collaboration–an individual patient data prospective
meta-analysis. BMC Public Health 2010; 10: 728.

24 Wen LM, Baur LA, Rissel C, et al. Correlates of body mass
index and overweight and obesity of children aged 2
years: findings from the healthy beginnings trial. Obesity
2014; 22: 1723-1730.

25 Wen LM, Baur LA, Simpson JM, et al. Sustainability of
effects of an early childhood obesity prevention trial
over time: a further 3-year follow-up of the Healthy
Beginnings Trial. JAMA Pediatrics 2015; 169: 543-551.
26 Ward DS, Welker E, Choate A, et al. Strength of obesity
prevention interventions in early care and education
settings: a systematic review. Prev Med 2017; 95 Suppl:
S37-S52.

27 Bleich SN, Vercammen KA, Zatz LY, et al. Interventions
to prevent global childhood overweight and obesity: a
systematic review. Lancet Diabetes Endocrinol 2018; 6:
332-346.

28 Lloyd J, Creanor S, Logan S, et al. Effectiveness of the
Healthy Lifestyles Programme (HeLP) to prevent obesity
in UK primary-school children: a cluster randomised
controlled trial. Lancet Child Adolesc Health 2018; 2:
35-45.

29 Bleich SN, Segal J, Wu Y, et al. Systematic review of
community-based childhood obesity prevention studies.
Pediatrics 2013; 132: e201-e210.

30 Obesity Policy Coalition, Global Obesity Centre. Tipping
the scales: Australian obesity prevention
consensushttp://www.opc.org.au/downloads/tipping-
the-scales/tipping-the-scales.pdf (viewed July 2018).

31 Hawkes C, Smith TG, Jewell J, et al. Smart food
policies for obesity prevention. Lancet 2015; 385:
2410-2421.

32 Colchero MA, Popkin BM, Rivera JA, Ng SW. Beverage
purchases from stores in Mexico under the excise tax on
sugar sweetened beverages: observational study. BMJ
2016; 352: h6704.

33 Colchero MA, Rivera-Dommarco J, Popkin BM, Ng SW. In
Mexico, evidence of sustained consumer response two
years after implementing a sugar-sweetened beverage
tax. Health Aff 2017; 36: 564-571.

34 Gortmaker SL, Long MW, Resch SC, et al. Cost
effectiveness of childhood obesity interventions:
evidence and methods for CHOICES. Am J Prev Med
2015; 49: 102-111.

35 Lal A, Mantilla-Herrera AM, Veerman L, et al. Modelled
health benefits of a sugar-sweetened beverage tax
across different socioeconomic groups in Australia: a
cost-effectiveness and equity analysis. PLoS Med 2017;
14: e1002326.

36 Schmidt F. Comments on the sugar tax in the UK.
Euromonitor International 26 Mar 2018. https://blog.
euromonitor.com/2018/03/sugar-tax-uk.html (viewed
July 2018).

37 Berry NM, Carter P, Nolan R, et al. Public attitudes to
government intervention to regulate food advertising,
especially to children. Health Promot J Austr 2017; 28:
85-87.

38 Sallis JF, Glanz K. The role of built environments in
physical activity, eating, and obesity in childhood. Future
Child 2006; 16: 89-108.

39 Morgan Hughey S, Kaczynski AT, et al. Green and lean: is
neighborhood park and playground availability
associated with youth obesity? Variations by gender,
socioeconomic status, and race/ethnicity. Prev Med 2017;
95 Suppl: S101-S108.

40 Mendoza JA, Watson K, Nguyen N, et al. Active
commuting to school and association with physical
activity and adiposity among US youth. J Phys Act
Health 2011; 8: 488-495.

41 Australian Government Department of Health. Clinical
practice guidelines: pregnancy care. Canberra: DoH, 2018.
http://www.health.gov.au/internet/main/publishing.nsf/
Content/pregnancycareguidelines (viewed July 2018).

42 National Health and Medical Research Council. Clinical
practice guidelines for the management of overweight
and obesity in adults, adolescents and children in
Australia. Canberra: NHMRC, 2013. www.nhmrc.gov.au/
guidelines/publications/n57 (accessed July 2018).
43 National Health and Medical Research Council.
Australian dietary guidelines. Canberra: NHMRC, 2013.
https://www.nhmrc.gov.au/guidelines-publications/n55
(accessed July 2018).

44 Australian Government Department of Health.
Australia’s physical activity and sedentary behaviour
guidelineshttp://www.health.gov.au/internet/main/
publishing.nsf/content/health-pubhlth-strateg-phys-
act-guidelines (viewed July 2018).

45 Cretikos MA, Valenti L, Britt HC, Baur LA. General
practice management of overweight and obesity in
children and adolescents in Australia. Med Care 2008;
46: 1163-1169.

46 Wake M, Campbell MW, Turner M, et al. How training
affects Australian paediatricians’ management of
obesity. Arch Dis Child 2013; 98: 3-8.

47 Jones KM, Dixon ME, Dixon JB. GPs, families and
children’s perceptions of childhood obesity. Obes Res Clin
Pract 2014; 8: e140-e148.

48 Pont SJ, Puhl R, Cook SR, Slusser W. Stigma experienced
by children and adolescents with obesity. Pediatrics 2017;
140. doi: 10.1542/peds.2017-3034. [Epub ahead of print].

49 Dietz WH, Baur LA, Hall K, et al. Management of obesity:
improvement of health-care training and systems for
prevention and care. Lancet 2015; 385: 2521-2533.

50 Baur LA, Hazelton B, Shrewsbury VA. Assessment and
management of obesity in childhood and adolescence.
Nat Rev Gastroenterol Hepatol 2011; 8: 635-645.

51 Mead E, Brown T, Rees K, et al. Diet, physical activity
and behavioural interventions for the treatment of
overweight or obese children from the age of 6 to 11
years. Cochrane Database Syst Rev 2017; (6): CD012651.

52 Al-Khudairy L, Loveman E, Colquitt JL, et al. Diet,
physical activity and behavioural interventions for the
treatment of overweight or obese adolescents aged 12
to 17 years. Cochrane Database Syst Rev 2017; (6):
CD012691.

53 Ho M, Garnett SP, Baur L, et al. Effectiveness of lifestyle
interventions in child obesity: systematic review with
meta-analysis. Pediatrics 2012; 130: e1647-e1671.

54 Fedele DA, Cushing CC, Fritz A, et al. Mobile health
interventions for improving health outcomes in youth: a
meta-analysis. JAMA Pediatr 2017; 171: 461-469.

55 NSW Ministry of Health. Healthy Kids for Professionals.
Weight management resources for health professionals.
https://pro.healthykids.nsw.gov.au/ (viewed July 2018).

56 Mulholland Y, Nicokavoura E, Broom J, Rolland C. Very-
low-energy diets and morbidity: a systematic review of
longer-term evidence. Br J Nutr 2012; 108: 832-851.

57 Berkowitz RI, Wadden TA, Gehrman CA, et al. Meal
replacements in the treatment of adolescent obesity: a
randomized controlled trial. Obesity 2011; 19: 1193-1199.

58 Gow ML, Baur LA, Johnson NA, et al. Reversal of type 2
diabetes in youth who adhere to a very-low-energy diet:
a pilot study. Diabetologia 2017; 60: 406-415.

59 Mead E, Atkinson G, Richter B, et al. Drug interventions
for the treatment of obesity in children and adolescents.
Cochrane Database Syst Rev 2016; (11): CD012436.

60 O’Brien PE, Sawyer SM, Laurie C, et al. Laparoscopic
adjustable gastric banding in severely obese
adolescents: a randomized trial. JAMA 2010; 303:
519-526.

61 Inge TH, Courcoulas AP, Jenkins TM, et al. Weight loss
and health status 3 years after bariatric surgery in
adolescents. N Engl J Med 2016; 374(2): 113-123.

62 Baur LA, Fitzgerald DA. Recommendations for bariatric
surgery in adolescents in Australia and New Zealand.
J Paediatr Child Health 2010; 46: 704-707.-

http://apps.who.int/iris/bitstream/handle/10665/259349/WHO-NMH-PND-ECHO-17.1-eng.pdf?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/259349/WHO-NMH-PND-ECHO-17.1-eng.pdf?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/259349/WHO-NMH-PND-ECHO-17.1-eng.pdf?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/259349/WHO-NMH-PND-ECHO-17.1-eng.pdf?sequence=1
http://sydney.edu.au/medicine/public-health/prevention-research/policy-advice/OBESITY%20PREVENTION%20IN%20CHILDREN%20AND%20YOUNG%20PEOPLE_Full%20Technical%20Report%20_Final.pdf
http://sydney.edu.au/medicine/public-health/prevention-research/policy-advice/OBESITY%20PREVENTION%20IN%20CHILDREN%20AND%20YOUNG%20PEOPLE_Full%20Technical%20Report%20_Final.pdf
http://sydney.edu.au/medicine/public-health/prevention-research/policy-advice/OBESITY%20PREVENTION%20IN%20CHILDREN%20AND%20YOUNG%20PEOPLE_Full%20Technical%20Report%20_Final.pdf
http://sydney.edu.au/medicine/public-health/prevention-research/policy-advice/OBESITY%20PREVENTION%20IN%20CHILDREN%20AND%20YOUNG%20PEOPLE_Full%20Technical%20Report%20_Final.pdf
http://sydney.edu.au/medicine/public-health/prevention-research/policy-advice/OBESITY%20PREVENTION%20IN%20CHILDREN%20AND%20YOUNG%20PEOPLE_Full%20Technical%20Report%20_Final.pdf
http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/4364.0.55.0012014-15?OpenDocument
http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/4364.0.55.0012014-15?OpenDocument
http://www.abs.gov.au/AUSSTATS/abs@.nsf/DetailsPage/4364.0.55.0012014-15?OpenDocument
http://www.opc.org.au/downloads/tipping-the-scales/tipping-the-scales.pdf
http://www.opc.org.au/downloads/tipping-the-scales/tipping-the-scales.pdf
https://blog.euromonitor.com/2018/03/sugar-tax-uk.html
https://blog.euromonitor.com/2018/03/sugar-tax-uk.html
http://www.health.gov.au/internet/main/publishing.nsf/Content/pregnancycareguidelines
http://www.health.gov.au/internet/main/publishing.nsf/Content/pregnancycareguidelines
http://www.nhmrc.gov.au/guidelines/publications/n57
http://www.nhmrc.gov.au/guidelines/publications/n57
https://www.nhmrc.gov.au/guidelines-publications/n55
http://www.health.gov.au/internet/main/publishing.nsf/content/health-pubhlth-strateg-phys-act-guidelines
http://www.health.gov.au/internet/main/publishing.nsf/content/health-pubhlth-strateg-phys-act-guidelines
http://www.health.gov.au/internet/main/publishing.nsf/content/health-pubhlth-strateg-phys-act-guidelines
https://pro.healthykids.nsw.gov.au/

	Contemporary approaches to the prevention and management of paediatric obesity: an Australian focus
	Search criteria
	WHO recommendations
	Prevention of obesity in children and adolescents
	Pre-conception and antenatal period
	Prevention in the early years (0–5 years of age)
	School-based and community-based obesity prevention
	Focusing on the upstream determinants of obesity
	Clinic-based anticipatory guidance for obesity prevention

	Management of child and adolescent obesity
	Weight stigma and obesity management
	Routine growth assessment
	Clinical investigations
	Conventional treatment
	Family-based behavioural change interventions
	Behaviour change strategies

	Non-conventional treatment
	More intensive dietary approaches
	Pharmacotherapy
	Bariatric surgery

	Paediatric obesity and health service delivery considerations

	Conclusion


