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Abstract

Background: Despite advancements in the use of body mass index (BMI) to cate-

gorize obesity severity in pediatrics, its utility in guiding individual clinical decision

making remains limited. The Edmonton Obesity Staging System for Pediatrics

(EOSS‐P) provides a way to categorize the medical and functional impacts of obesity
according to the severity of impairment. The aim of this study was to describe the

severity of obesity among a sample of multicultural Australian children using both

BMI and EOSS‐P tools.
Methods: This cross‐sectional study included children aged 2–17 years receiving
obesity treatment through the Growing Health Kids (GHK) multi‐disciplinary weight
management service in Australia between January to December 2021. BMI severity

was determined using the 95th percentile for BMI on age and gender standardized

Centre for Disease Control and Prevention (CDC) growth charts. The EOSS‐P
staging system was applied across the four health domains (metabolic, mechani-

cal, mental health and social milieu) using clinical information.

Results: Complete data was obtained for 338 children (age 10.0 � 3.66 years), of

whom 69.5% were affected by severe obesity. An EOSS‐P stage 3 (most severe) was
assigned to 49.7% of children, the remaining 48.5% were assigned stage 2 and 1.5%

were assigned stage 1 (least severe). BMI predicted health risk as defined by EOSS‐
P overall score. BMI class did not predict poor mental health.

Conclusion: Used in combination, BMI and EOSS‐P provide improved risk stratifi-
cation of pediatric obesity. This additional tool can help focus resources and develop

comprehensive multidisciplinary treatment plans.
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1 | INTRODUCTION

Childhood obesity affects 158 million children (aged 5–19 years)

worldwide and remains one of the most serious global public health

challenges of the 21st century.1,2 In Australia, childhood obesity af-

fects 8.2% of children and adolescents aged 2–17 years.3 Moreover,

the proportion of those affected by severe obesity is rising among

those with obesity.4,5 There are also considerable variations in the

prevalence of childhood obesity among sub‐populations, with a
disproportionately higher burden felt among children residing in low

socio‐economic settings (SES), Indigenous children and those with
developmental comorbidities.6,7 Childhood obesity is strongly linked

to morbidity and mortality in adulthood.8 For most children (aged

7–14 years) obesity will persist into adulthood.8,9 This presents an

immediate and lasting physical, social, and psychological toll on the

individual, as it increases medical costs, limits productivity, and

reduces life expectancy.1 As childhood obesity disproportionately

affects children with vulnerabilities such as low SES, and some ethnic

minority groups, it also contributes to many of the growing health

disparities affecting Australia today.

Clinically, obesity among children and adolescents is classified

by a body mass index (BMI) greater than the 95th percentile for

age and gender using the 2000 CDC growth charts.10 One limi-

tation of these growth charts is their inability to accurately plot

children and adolescents with very high BMI.10–12 This has led to

the use of 120% of the 95th percentile of BMI (BMI95pct) for the

classification of severe obesity among children.13 The BMI95pct

evaluates a child's BMI by comparing to the expected BMI at the

95th percentile for the child's age and gender, the cut point for

obesity.5 This classification system is increasingly being used to

predict health risk factors and complications in children with se-

vere obesity. Studies have found that children with class II obesity

(120% to <140% BMI95pct) demonstrated greater risk for

abnormal levels of HDL cholesterol, systolic blood pressure, and

glucose, and those with class III obesity (140% BMI95pct or

greater) had significantly worse levels of triglycerides, diastolic

blood pressure, and health‐related quality of life compared to
children with class II obesity.14

Despite these advancements in the representation of obesity at

an individual level, BMI remains a simplistic approximation of excess

body fat, as, does not consider the various other clinical and man-

agement complexities of pediatric obesity and fails to provide in-

formation on the presence or extent of comorbidities, functional

(physical, psychological, social) limitations, or factors that may

complicate management and guide clinical decision making. Effective

delivery of obesity based clinical services requires detailed assess-

ment tools which not only approximate overall excess body fat, but

also captures other relevant metabolic, functional and psychological

sequelae. These other data may allow for integrated multi‐
disciplinary clinical solutions.15 In 2016, Hadjiyannakis and col-

leagues proposed the Edmonton Obesity Staging System for Pedi-

atrics (EOSS‐P) which was based on the Edmonton Obesity Staging
System for Adults.16 The EOSS‐P categorizes the medical and

functional impacts of obesity according to severity of impairment

across four health domains: metabolic health, mental health, me-

chanical health, and social milieu (Table 1). Each of the four health

domains is scored across a 4‐point staging system of increasing
severity (stage 0–3).

Previous research has assessed the clinical utility of EOSS in

adult populations.17,18 The EOSS adult staging system, correlates

with the relative risk for all‐cause mortality and morbidity, inde-
pendent of BMI, indicating that obesity‐related comorbidities in-
crease the mortality risk.17,18 The EOSS‐P has only been used to
stratify obesity risk among two pediatric cohorts in Canada and one

in Greece.19–21 These studies showed that the use of BMI class alone

to define disease severity underestimated disease burden in a sub-

stantial proportion of children with class I obesity and overestimated

health risk in some with class III obesity.19 However, EOSS‐P has
never been assessed in combination with the BMI95pct approach in a

pediatric cohort, and neither tool has been used to describe obesity

severity among a multicultural cohort of children in this case based in

Australia.

This study aimed to fill this research gap by systematically

describing obesity severity by looking at the association between

BMI (expressed in terms of the 95th percentile), and the EOSS‐P
clinical staging system in a multi‐ethnic cohort of Australian chil-
dren enrolled in the Growing Healthy Kids (GHK) weight manage-

ment service in South West Sydney, New South Wales, Australia.

2 | METHODS

2.1 | Study design and participants

The participants in this study consisted of children who were

accessing clinical services for obesity treatment at a multidisciplinary

pediatric weight management service, GHK, based in South Western

Sydney, Australia. South West Sydney is one of poorest and most

ethnically diverse areas in NSW. Participants were enrolled into the

GHK service between January 2019 and December 2021. Referral to

the GHK service was by healthcare practitioner only and required a

measured weight and height. Eligibility for the GHK service consisted

of children aged between 2 and 17 years with a BMI equal to or

greater than the 95th percentile on CDC BMI for age‐ and sex‐
specific charts. Children were triaged based on referral BMI and

any obesity‐related comorbidity noted on referral. Waiting times for
services varied by triage category. Demographic information

received through referral was used to calculate the child's age, to

identify Aboriginality and culturally and linguistically diverse (CALD)

children. CALD status was defined as children born in non‐English
speaking countries, and those who did not speak English at home.22

Standardized data collection occurred for all children at the initial

appointment. Data collection was undertaken by a combination of

Allied Health, Nursing and Staff Specialist clinicians. All staff were

trained, and competency assessed, prior to undertaking the stan-

dardized assessment.
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TAB L E 1 Edmonton obesity staging scale for pediatrics (EOSS‐P)

Domain

Stage

0 1 2 3

Metabolic No metabolic

concern

Acanthosis nigricans T2D without diabetes‐related
complications

T2D with diabetes‐related
complications, hemoglobin A1c

≥8%
Impaired glucose tolerance (7.8–

11.0 mmol/L)

Impaired fasting glucose (6.1–

6.9 mmol/L)

aInsulin resistance (fasting insulin
>10 mIU/L)

Prehypertension Hypertension a(HTN stage 1 and
stage 2)

Uncontrolled hypertension

onpharmacotherapy

Focal segmental glomerulosclerosis

Lipids at upper end of normal range Lipids modestly elevated Elevated lipids requiring

pharmacotherapy
LDL‐C or non‐hdl‐c: 3.4–4.1 mmol/L LDL‐C or non‐hdl‐c: >4.2 mmol/L

HDL‐C: 0.8–1.03 mmol/L HDL‐C: <0.80 mmol/L

TG: 1.5–4.0 mmol/L Tg: >4.0 mmol/L

ALT: 1.5–2.0� normal ALT: 2–3� normal ALT: >3� normal

Ultrasound: Mild to moderate fatty

infiltration of the liver

Ultrasound: Severe fatty infiltration

of the liver

Liver dysfunction

PCOS Cardiomegaly

Mechanical No functional

limitations

Mild OSA not requiring BiPAP or

CPAP

OSA requiring BiPAP or CPAP OSA requiring BiPAP or CPAP and

supplementary oxygen

overnight; pulmonary

hypertension

Mild MSK pain that does not

interfere with activities of daily

living

MSK pain and/or complications

limiting physical activity

Limited mobility; Blount's disease;

slipped capital femoral epiphysis;

osteoarthritis

Gastroesophageal reflux disease Peripheral edema

Mental

health

No psychopathology Mild depression or anxiety that does

not interfere with functioning
a(not medicated, not interfering

with ADLs)

Major depression or anxiety

disorder a(medicated or limiting
ADLs)

Uncontrolled psychopathology
a(requiring acute care, recent
suicide attempt, suicide

ideology)

Mild body image preoccupation/

concern a(occasional, not

interfering with ADLs)

Significant body image disturbance
a(frequent, limits ADLs)

Self/physical loathinga (daily,
interferes with functioning)

Mild emotional/binge eating

(occasional)

Moderate binge eating (frequent) Severe binge eating (daily)

Developmental delay with mild

impact on weight management

Developmental delay with moderate

impact on weight management
a(moderate GDD, ID, ASD level
3 (and greater), ODD, OCD)

Developmental delay with severe

impact on weight management
a(severe GDD, ID)a(Mild GDD, ID, ASD level 1/2)

ADHD or learning disability

Social

milieu

No parental, familial,

or social‐
environment

concerns

Occasional bullying at school or at

home

Significant bullying at school or at

home; poor school attendance

School refusal/absenteeism

Minor problems in the relationships

of the child with one or more

family members

Moderate problems with parents,

siblings or other family members,

frequent arguing, difficulty

maintaining positive

relationships

Severe problems with parent, sibling

or other family members,

constant arguing or family

violence

(Continues)
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2.2 | BMI classification

To classify obesity severity a physical assessment of BMI routinely

collected at referral and the initial appointment was extracted from

the participant's medical records. Body mass index (BMI) was

calculated as a percentile (using the CDC Growth Reference Charts)

using weight and standing height measured using standardized pro-

cedures. Standing height was measured to the nearest 0.1 cm and

body weight to the nearest 10 g. The BMI95pct was calculated for

each child by dividing their measured BMI by the corresponding BMI

at the 95th percentile for their age and gender using the standard-

ized CDC Growth Reference Charts.23 Using the BMI95pct class I

obesity is defined as BMI ≥95% and <120% BMI95pct, class II
obesity BMI ≥120% BMI95pct and <140% BMI95pct, and class III
obesity is BMI ≥140% BMI95pct.

2.3 | EOSS‐P staging

The EOSS‐P criteria, outlined in Table 1, was used for staging obesity
complications in each of the four domains using routinely collected

clinical data extracted from the participant's medical record. The four

EOSS‐P domains and criteria within16 were applied with some
modification to the original methods (Table 1). Variation occurred for

two reasons, firstly, not all data required for the EOSS‐P was
routinely collected in the GHK cohort. In these instances, the criteria

were omitted, or a clinically appropriate substitute measure was

applied across the staging system. Secondly, in the domain of mental

health further information was needed for the clinical service and to

ensure consistent scoring between team members.

The metabolic health domain was assigned using the criteria out-

lined in Table 1. Blood pressure (BP) was staged according to the sys-

tolic BP percentile tables.24 Ametabolic health stage 0 was applied if a

participant's systolic BP was classified as normative, stage 1 for pre-

hypertension, and stage 2 for hypertension stage 1 and hypertension

stage 2. Routinely collected pathology; lipid profile, fasting glucose

homeostasis, and transaminases was staged as recommended.16

Fasting insulin was routinely collected for all children and adolescents

attending the service, however acanthosis nigricans was only noted

among those children where the physical assessment was undertaken

by a pediatrician. As a result, a fasting insulin of greater than 10mIU/L

or presence of acanthosis nigricans were used as proximate measures

of insulin resistance and were scored as stage 1 metabolic risk factor.

The domain of mechanical health was applied as recommended except

for dyspnea, which was not systematically assessed and for the pur-

poses of this study was removed from the criteria.16

To assist in consistent stage scoring of the mental health risk

factors further definitions were applied. Clinically diagnosed

depression or anxiety was allocated stage 1 if it did not interfere

with daily functioning and was not medicated. Stage 2 was allocated

for depression and anxiety requiring pharmacotherapy or that

interfered with daily functioning. Stage 3 was assigned to children

T A B L E 1 (Continued)

Domain

Stage

0 1 2 3

Caregiver is generally

knowledgeable of child's needs/

strengths but may require

information or support in

parenting skills

Need for information on parenting

skills; current lack of information

interfering with ability to parent

effectively

Unable to monitor or discipline child

Caregiver has minimal difficulty

organizing household to support

needs of child

Moderate difficulty organizing

household to support needs of

child

Unable to organize household to

support needs of child;

experienced recent periods of

homelessness

Caregiver is recovering from

medical/physical, mental health

and/or substance use problems

Medical/physical problems that

interfere with parenting; has

some mental health, substance

use and/or developmental

challenges that interfere with

parenting

Medical/physical, mental health,

substance use or developmental

challenges that make it

impossible for caregiver to

parent effectively

Mild financial limitations a(SEIFA
decile 4 and 5)

Moderate financial limitations
a(SEIFA decile 2 and 3)

Severe financial limitations a(SEIFA
decile 1)

Dangerous home environment;

current child protection

involvement

Abbreviations: ADLs, activities of daily living; CPAP, continuous positive airway pressure; MSK, musculoskeletal; OSA, obstructive sleep apnea; PCOS,

polycystic ovarian syndrome; T2D, type 2 diabetes mellitus.
aDenotes variations in criteria from the recommended criteria published by Hadjiyannakis et al.
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requiring acute mental health management. Body image dissatis-

faction which occurred occasionally (monthly or less) was classed as

stage 1, frequent (weekly) and interfering with functioning was

classed as stage 2 and occurring daily and limiting functioning was

stage 3. Binge eating disorder was only assessed for children and

adolescents with clinical indications of the condition and severity

was assigned by a clinical psychologist using the Diagnostic and

Statistical Manual of Mental Disorders (DSM‐5‐TR) criteria.25

Developmental disability was scored based on the level of impact of

the associated behavioral difficulties on weight management using

clinical judgment. Stage 1 developmental disability was scored for

children whose developmental disability was felt to have a mild

influence on weight management. This was usually mild levels of

global developmental delay (GDD) or mild intellectual disability (ID),

autism spectrum disorder (ASD) level 1 and level 2 and attention

deficit hyperactivity disorder (ADHD).25 Stage 2 was assigned when

the developmental difficulties were felt to have moderate impacts

on weight management. This tended to be moderate GDD or ID as

well as ASD level 3 and greater, oppositional defiance disorder

(ODD), and obsessive compulsive disorder (OCD). Stage 3 was

scored when developmental disability was felt to have severe im-

pacts on weight management (e.g., severe GDD or ID). Socio‐
Economic Index for Areas (SEIFA) by residential suburb was used

to assess socio‐economic status. An overall EOSS‐P score corre-
sponds with the highest score observed in any of the four domains.

For example, a child presenting with no metabolic or mechanical

concerns, a stage 1 for mental health and a stage 2 for social milieu,

would be assigned an overall EOSS‐P score of stage 2.16

2.4 | Statistical analysis

The primary analysis included only participants who had complete

data as recommended by Hadjiyannakis et al.16 The EOSS‐P staging
system assigns a stage based on the most severe score observed

across the fout health domains. As such, missing data could result in

misclassification, and the most accurate evaluation of EOSS‐P is
made for individuals with complete data.16

Data was analyzed across the four EOSS‐P domains by BMI class.
Descriptive statistics, means (with standard deviations, SDs) or

counts (with percentages) were tabulated. Change in BMI95pct be-

tween referral and initial assessment were tabulated and compared

using Wilcoxon signed rank test (paired two sample case).

Associations between BMI class and EOSS‐P stages 2–3 were
assessed using a multivariable binary logistic regression model. These

models were adjusted for age and sex, and the strengths of associ-

ations were presented as adjusted odds ratios (with 95% confidence

intervals [CIs]) of EOSS‐P stages 2–3 for class II or III obesity
compared with class I obesity. Statistical significance was set at

p value of 0.05. All analyses were done with R version R‐4.1.2.26

This study was approved by the South Western Sydney Local

Health District Human Research and Ethics Committee (2019/

ETH12871).

3 | RESULTS

Data was available for 397 children with a mean age of 10.0 years

(range 2–18 years). Of these children 86.9% (n = 343) had complete
data. Children excluded due to incomplete data were older (average

age 11.7 years), had a greater proportion of class III obesity (n = 16)
and were more likely to identify as Aboriginal (n = 6). Five children
were further excluded due to Trisomy 21, a condition for which the

CDC growth charts do not apply. Thus, a total of 84.7% (n = 338)
children were included in the primary analysis. Among these 338

children, 57.1% (n = 193) were male and 35.5% (n = 120) were
culturally and linguistically diverse (CALD) (Supporting Informa-

tion S1). Severe obesity (120%95pct or greater) affected 69.5%

(n = 235) children of which 45.2% (n = 153) class II severe obesity
and 24.2% (n = 82) had class III severe obesity. There was no sig-
nificant difference in the age or gender distribution across the BMI

classes.

A significant worsening in the BMI95pct was observed across all

BMI classes between referral and initial assessment (Table 2).

Despite a shorter waiting time, children with severe class III obesity

experienced the greatest deterioration while waiting for services,

with an observed change in BMI95pct six times greater than expe-

rienced among children affected by obesity (class I). When consid-

ered by EOSS‐P Stage and BMI class, BMI95pct at referral remained
the strongest predictor of deterioration between referral and initial

assessment (Table 2).

Serious weight‐related comorbidities, as defined by the EOSS‐P
staging system, were observed in all children, with no children

assigned an EOSS‐P stage 0 in this study sample. An EOSS‐P stage
3 was assigned to half of all children (49.7%, n = 168), the

remaining 48.5% (n = 164) were assigned stage 2 and 1.8% (n = 6)
were assigned stage 1. Of the children classified as EOSS‐P stage 1,
three were affected by class III severe obesity, one by class II se-

vere obesity, and 2 by obesity (Table 3). Among children with class

III obesity, 58.5% (n = 48) were EOSS‐P stage 3. Alarmingly, 39.8%
(n = 41) of children affected by class I obesity were also assigned
EOSS‐P stage 3, indicating the presence of serious weight‐related
comorbidity at lower BMI values (Table 3). There were no signifi-

cant differences in the distribution of EOSS‐P stage by age
(Table 4).

Poor metabolic health, defined as a metabolic EOSS‐P score of 1
or greater, were observed among 87.4% (n = 297) children (Table 3).
Pre‐diabetes was observed among 75% (n = 255) of children, and an
additional 1.8% (n = 6) of children had markers of type 2 diabetes.
More than half (52.1%, n = 176) of all children had an abnormal lipid
profile. Elevated BP affected 30.2% (n = 102) children, of which
20.1% (n = 68) were prehypertensive, 8.9% (n = 30) were hyper-
tensive, and 0.9% (n = 3) were hypertensive requiring pharmaco-
therapy (Supporting Information S1). Class III obesity increased the

risk of dyslipidemia, hypertension, liver dysfunction, acanthosis and

abnormal HbA1c (Supporting Information S1). Insulin resistance, a

high normal lipid profile and prehypertension was also observed in

most children with Class I obesity (Table 3).
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Although mechanical health complications were the least com-

mon EOSS‐P domain reported among the study population, 12.7%
(n = 43) children reported obstructive sleep apnea (OSA) and 7.7%
(n = 26) children experienced musculoskeletal pain (Supporting In-
formation S1). Both these health issues appeared more commonly

with Class III obesity. Limited mobility was reported by 0.9% (n = 3)
children, however, was not always secondary to obesity.

A mental health stage 1–3 was reported by 45.6% (n = 154)
children, of which 39.3% (n = 133) were reported to have multi‐
morbid mental health concerns. Attention deficit hyperactivity dis-

order was the most reported mental health concern affecting 25.1%

(n = 85) children, followed by depression and anxiety affecting 21.5%
(n = 72) children. Developmental delay was reported in 19.2% (n = 65)
children, 3.8% (n = 13) children were affected by binge eating disor-
der, and 3.5% (n = 12) by body image dissatisfaction. A range of
serious mental health conditions not included in the EOSS‐P were
reported among the participants. Psychosocial trauma associatedwith

a refugee experience was reported among 18.2% (n = 62) children,
while bipolar affective disorder and borderline personality disorder

affected 1% (n = 3) of children.
A complex social milieu, social EOSS‐P domain of 1–3, was ubiq-

uitous among participants with 46.1% (n = 156) classified as stage 3,
51.5% (n = 174) as stage 2, and 1.8% (n = 6) stage 1. The majority
(75.7%, n = 256) of children lived in areas of relative socio‐economic
disadvantage and reported relationship difficulties with their care-

giver (68.3%, n = 231). Bullying affected 24.9% (n = 84) children,
11.5% (n = 39) of whom reported occasional bullying, 11.5% (n = 39)

reported significant bullying and 1.8% (n = 6) reported bullying
resulting in school absenteeism. Limitations in caregiver ability to

organize the household was reported among the majority (66.7%,

n= 227) of children. Social risk factors were equally distributed across
all BMI classes (Table 3, Supporting Information S1).

Compared to class I obesity, class III obesity was associated with a

greater odd of an overall EOSS‐P stage 3 (adjusted odds ratio [AOR]
2.15, 95% confidence interval [CI] 1.19, 3.91, p‐value 0.011), and an
almost 2‐fold increase in odds of social milieu stage 3 (AOR 1.98, 95%
CI 1.10, 3.60, p‐value 0.023) (Table 5). In metabolic, mechanical, and
mental health domains, stages2and3weremergedowing to a very low

count in stage 3 before performing regression analysis. Class III obesity

was associatedwith a 3.86 fold increase in odds of metabolic stages 2–

3 (AOR 3.86, 95% CI 1.92, 8.05, p‐value <0.001), and a 4.44 fold in-
crease in odds of mechanical stages 2–3 (AOR 4.44, 95% CI 1.48, 16.4,

p‐value 0.013). For the mental domain, class II obesity was marginally
associatedwith a greater odds ofmental stages 2–3 (AOR1.95, 95%CI

1.01, 3.94, p‐value 0.053), but class III obesity was not significantly
related to mental stages 2–3.

4 | DISCUSSION

This study is the first to assess the relationship between BMI class,

based on BMI95pct and EOSS‐P in a pediatric sample. Severity of
obesity, defined by BMI, was observed to predict overall health risk

as defined by the EOSS‐P. Stratifying clinical risk in pediatric obesity

TAB L E 2 Change in BMI95pct from referral to initial assessment by BMI class and EOSS‐P stage

Referral (BMI95pct)

Initial assessment

(BMI95pct) BMI95pct

Average waiting

time (months)

mean SD Mean SD
Difference from referral
to initial assessment p‐value* Mean SD

Overall 128.44 26.58 135.87 29.14 7.43 <0.001 9.30 5.91

Class I 109.04 8.86 110.73 6.03 1.69 0.0217 9.77 5.23

Class II 125.21 13.32 134.44 19.95 9.23 <0.001 9.78 5.75

Class III 158.84 32.75 170.12 27.31 11.28 <0.001 7.80 6.75

Overall EOSS‐P stage 3

Overall 133.33 30.03 141.52 35.61 8.19 <0.001 9.09 6.36

Class I 109.20 8.97 110.86 5.85 1.66 0.0686 9.00 4.96

Class II 125.90 14.27 135.18 26.67 9.28 <0.001 9.70 6.03

Class III 166.17 33.10 178.14 32.24 11.97 <0.001 8.17 7.81

Overall EOSS‐P stages 1 and 2

Overall 123.61 21.68 130.28 19.43 6.67 <0.001 9.5 5.43

Class I 108.94 8.85 110.64 6.20 1.7 0.1738 10.27 5.38

Class II 124.47 12.28 133.64 8.22 9.17 <0.001 9.86 5.48

Class III 148.51 29.74 158.80 11.14 10.29 <0.001 7.29 4.96

Note: *p‐value for the test to see if referral and initial assessment groups are significantly different.
Abbreviation: BMI, body mass index; EOSS‐P, Edmonton obesity staging system for pediatrics; SD, standard deviation.
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is, however, highly complex and although BMI class predicted overall

health risk, heterogeneity among individuals was observed. A small

number of children with class III obesity had EOSS‐P stage 1, sug-
gesting some children with a high BMI had a relatively low health

risk. At the same time most children with class I obesity were clas-

sified as EOSS‐P stage 3 (40%) and stage 2 (59%), suggesting a high
health risk may exist at these lower BMI values. These findings,

consistent with previous research in Canada and Greece, illustrates

TAB L E 3 Participant demography and Edmonton obesity staging system for pediatrics (EOSS‐P) stages overall and by domain across
body mass index (BMI) classes

BMI class (severity of obesity)

Overall Class I Class II Class III

Demography n Column % n Column % n Column % n Column %

Female 145 42.9 47 45.6 65 42.5 33 40.2

Male 193 57.1 56 54.4 89 58.2 48 58.5

CALD 120 35.5 31 30.1 60 39.2 29 35.4

Aboriginal 12 3.6 5 4.9 3 2.0 4 4.9

BMI class (severity of obesity)

Overall Class I Class II Class III

Initial assessment mean SD mean SD mean SD mean SD

Age (years) 10 3.7 10 3.8 9.7 3.6 10.6 3.7

BMI (kg/m2) 31.5 8.8 25.7 4 30.7 7.2 40.2 9.2

BMI95pct 135.9 29 110.7 6 134.4 19.9 170.1 27.3

BMI class (severity of obesity)

Overall Class I Class II Class III

EOSS‐P domain n Column % n Column % n Column % n Column %

Overall EOSS‐P Stage 0 0 0.0 0 0.0 0 0.0 0 0.0

Stage 1 6 1.8 2 1.9 1 0.7 3 3.7

Stage 2 164 48.5 60 58.3 73 47.7 31 37.8

Stage 3 168 49.7 41 39.8 79 51.6 48 58.5

Metabolic health Stage 0 41 12.1 19 18.4 17 11.1 5 6.1

Stage 1 221 65.4 69 67.0 108 70.6 44 53.7

Stage 2 74 21.9 15 14.6 27 17.6 32 39.0

Stage 3 2 0.6 0 0.0 1 0.7 1 1.2

Mechanical health Stage 0 237 70.1 84 81.6 113 73.9 40 48.8

Stage 1 70 20.7 15 14.6 26 17.0 29 35.4

Stage 2 22 6.5 3 2.9 10 6.5 9 11.0

Stage 3 12 2.7 1 1.0 4 2.6 4 4.9

Mental health Stage 0 184 55.4 69 67.0 74 50.3 41 50.0

Stage 1 80 24.1 19 18.4 38 25.9 23 28.0

Stage 2 47 14.2 11 10.7 23 15.6 13 15.9

Stage 3 21 6.3 4 3.9 12 8.2 5 6.1

Social milieu Stage 0 2 0.6 1 1.0 0 0.0 1 1.2

Stage 1 6 1.8 2 1.9 2 1.3 2 2.4

Stage 2 174 51.5 61 59.2 79 51.6 34 41.5

Stage 3 156 46.2 39 37.9 72 47.1 45 54.9
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the importance of wholistic assessment for the needs of young

people that accounts not only on excess body fat, but also incorpo-

rating all the various comorbidities and perpetuating factors to

enable the provision of integrated care across health, psychological

and social service providers delivering treatment and prevention

services.19,20,27

In pediatrics, the EOSS‐P has been shown to be predictive of
poor medical and functional status, as well as complex social cir-

cumstances, and poorer quality of life.19–21 Studies have not yet

confirmed the clinical utility of the EOSS‐P in predicting complica-
tions following intervention. Although medical, and functional status

and a complex social milieu are known to mediate health outcomes,

traditional anthropometric measurements often remain the sole as-

pects that guide the treatment of individuals with obesity.28 The

EOSS‐P provides a systematic way to shift the narrative from weight
loss toward treatment based on the individual pathophysiology and

needs of persons with obesity.29 To do this, investment in systems

that support prospective data capture and scoring in the real‐world
setting are required. To date all studies reporting on the EOSS‐P
have applied the clinical staging in retrospect. In the current study,

attempts to implement prospective EOSS‐P clinical staging for indi-
vidual children was inhibited by a lack of integration clinical data

systems, medical records systems, and reporting systems. Interest-

ingly, we found BMI95pct at referral predicted deterioration while

waiting for services, independent of EOSS‐P. This is important, as
BMI is commonly used in the clinical setting, field surveys and

population health screening and provides a simple solution to referral

and triage for weight management services.

Among the four domains of EOSS‐P, complex social concerns
were most prevalent. The extremes of social disadvantage, including

relationship breakdown, financial hardship, school absenteeism,

family violence, limited caregiver capacity and homelessness were

observed among 98% of children in this study and were predicted by

BMI class. Given the level of influence and dependence of the social

environment in predisposing, perpetuating and improving obesity and

associated comorbidity, it is essential that obesity classification tools

assess the social context and clinicians apply this information to

treatment decisions.30 The higher burden of social and economic

disadvantage in children with obesity, especially for those from socio‐
demographically disadvantaged backgrounds, also underscore the

need for integrated psychosocial supports, social work and psychol-

ogy, in multi‐disciplinary weight management services.31 Not doing
so will likely contribute to the burden of disease and health inequity.

Poor metabolic health was observed in most participants and,

consistent with previous research, BMI class differentiated the de-

gree of metabolic disease.17,19,21 Most participants had metabolic

indicators of early disease development, including prehypertension,

insulin resistance and raised blood fats. Class III obesity increased the

risk of established metabolic disease, however 15% of children with

class I obesity also scored stage 2 in the metabolic domain. Children

in this study were not evenly distributed across the 4 metabolic

EOSS‐P stages, with less than 1% scored as stage 3. A score of stage
3 in the metabolic health domain is consistent with established and

unmanaged chronic disease. A larger sample set would enable further

exploration of the metabolic staging system in a pediatric cohort. The

broad co‐existence of metabolic disease in children with obesity,
however, does highlights the importance of routine metabolic

screening. Unmanaged metabolic concerns can have immediate and

long‐lasting health impacts and can act as a barrier to treatment
efficacy.32 Despite recommendations for their inclusion, few services

report metabolic screening as a routine clinical measure.28,33

Children affected by obesity in this study reported a high degree

of mental health burden and in particular, a high burden of devel-

opmental comorbidity. Developmental comorbidity conveys a

TAB L E 4 Distribution of the overall EOSS‐P scoring by age
group

Age group

Overall EOSS‐P score

Average Median SD

Preschool 2–5 years 2.58 3 0.50

Primary school 6–11 years 2.44 2 0.54

Secondary school 12–18 years 2.50 3 0.53

Abbreviations: EOSS‐P, Edmonton obesity staging system for pediatrics;
SD, standard deviation.

TAB L E 5 Association between BMI class and EOSS‐P stages 2–3 adjusted for age and sex

Overall EOSS‐P stage

3

Metabolic health stages 2 or

3

Mechanical health stages 2 or

3

Mental health stages 2 or

3

Social milieu stage

3

Class I Reference Reference Reference Reference Reference

Class II 1.62, 1.37, 2.66, 1.95, 1.37,

(0.98, 2.69), (0.70, 2.80), (0.91, 9.68), (1.01, 3.94), (0.82, 2.3),

0.063 0.368 0.095 0.053 0.228

Class

III

2.15, 3.86, 4.44, 1.57, 1.98,

(1.19, 3.91), (1.92, 8.05), (1.48, 16.4), (0.73, 3.42), (1.10, 3.60),

0.011 <0.001 0.013 0.251 0.023

Note: Data presented as adjusted odds ratio (95% CI), p value.

Abbreviations: BMI, body mass index; EOSS‐P, Edmonton obesity staging system for pediatrics.
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heightened risk of obesity and related comorbidity.34 For these

children, obesity increases the risk of secondary conditions related to

their primary disability, such as fatigue, chronic pain, muscular

deconditioning, social isolation, depression, and difficulty performing

activities of daily living.35–37 Despite evidence of an increased

prevalence, little attention has been paid to the treatment of obesity

among children with developmental comorbidity.38 Where evidence

is available, efficacy in weight management is achieved through ad-

aptations of existing treatment models.39 This notion requires further

understanding, especially around the clinical skills required by

treatment teams to adequately modify treatment approaches.

Consistent with previous reports, BMI class did not seem to discern

the degree of mental health risk in children with obesity.19 Inter-

estingly, the criteria included in the EOSS‐P mental health domain
combine three heterogeneous dimensions; internalizing problems

(e.g., depression, body self‐image), ADHD and developmental

disability. This multi‐dimensionality combined with a small sample
size in this paper is likely to have contributed to non‐significant
outcomes. Despite this, at an individual clinical level of the EOSS‐P
offers a means of identifying mental health concerns, as well as the

need for multi‐disciplinary weight management services being
equipped with the specialist skills to support patients with mental

health concern and developmental comorbidity, within multi‐
disciplinary weight management services.

Mechanical complications of OSA, musculoskeletal pain and

gastroesophageal reflux disorder most often affected children with

class III obesity. These concerns were, however, the least likely issue

to be reported overall. This finding might be due to measurement

bias as non‐documentation of mechanical concerns was interpreted
as the absence of concern. The exclusion of dyspnea, which was not

routinely assessed, will also have influenced this outcome. Obesity is

a major risk factor for respiratory disease.1 Like other weight‐related
comorbidity, obesity and respiratory diseases, including asthma and

OSA perpetuate one another.40 Children with obesity display poorer

asthma control which has been linked to reduced participation in

physical activity and greater sedentary behavior.40 Assessment of,

and support in the management of, mechanical complications must be

an essential part of the health‐care plan for children with severe
obesity.

The level of severe obesity observed in this cohort is of concern.

Severe obesity was noted in 57% at referral increasing to 69.5% at

the time of initial assessment, following an average waiting time of

9 months. Further research is required to understand why children

are not being identified and referred to services in a timely manner.

Additionally, adequate resourcing of effective multi‐disciplinary care
models is required to reduce time waiting for services. This is

important, given that treatment outcomes are improved when chil-

dren are referred younger and at a lower BMI.4,41 In Australia and

abroad, unequal service access and high demand for multi‐
disciplinary pediatric weight management services further contrib-

utes to the problem by increasing service waiting times.28,42 In

Australia, only 16 multi‐disciplinary weight management services
exist, most of which are based in metropolitan centers and operate in

a part‐time capacity.28 Such supply and demand mismatches are
problematic as long waits for treatment have been linked to

decreased engagement and adherence, and increased attrition, and a

worsening of obesity severity.43 By providing a more detailed un-

derstanding of clinical risk, the EOSS‐P used in combination with
BMI, may improve early referral to weight management services and

service access of weight management through improved triage.

A strength of this study is the availability of data to stage

children across the full EOSS‐P. A further strength is the use of BMI
expressed as percentage of the 95th percentile. The combination of

these two enables a more accurate description of clinical risk in this

pediatric cohort. This study also has limitations. In this is a referral‐
based clinic sample health care practitioners were encouraged to

identify obesity‐related co‐morbidities at the time of referral. This
may have resulted in a higher prevalence of co‐morbidity among
the sample and may explain the higher staging score observed

among children in the lower BMI classes. The small sample size did

not allow for staging across the four stages with sufficient numbers

to find significant outcomes. Further research is required on a

larger cohort to determine the spread of children across the four

stages in each of the four domains. Children excluded from analysis

due to incomplete data were more likely to be affected by Class III

severe obesity. Incomplete data was most often due to loss to

follow‐up, and evidence suggests that loss to follow‐up in children is
associated with low socio‐economic status.44 This study found a
high degree of low socioeconomic status and complex social cir-

cumstances among children with Class III obesity. The exclusion of

this data is a source of selection bias and further exploration into

the causes of loss to follow‐up among this small group may
strengthen further clinical and research work. Consistent scoring of

the EOSS‐P domains of mental health and social milieu was aided
by standardized definitions but would have been further strength-

ened by an assessment of inter‐rater reliability, which was not
undertaken in this study. In this study data was in part limited by

the tool itself. Without integration of the tool into electronic

medical systems, collating and scoring of the EOSS‐P remains time
consuming. Further consideration of the performance of the EOSS‐P
tool in resource limited setting is required. This should include

learning from the integration of this tool in the management of adult

obesity and consideration for its application in broader settings,

outside specialist services.

Understanding comorbidity profile is crucial to understanding

clinical risk and helping to decide on the most appropriate inter-

vention for weight management, thereby influencing the urgency

with which services should be received. The EOSS‐P tool is a useful
tool for clinical staging that circumvents the under or over estimation

of risk that can occur with using BMI class alone. Use of the EOSS‐P
in combination with BMI class provides a more accurate framework

for capture of clinical risk and fairer triaging of clients being referred

to pediatric weight management services. This is important for

appropriate allocation and targeting of resources at population

health, primary, secondary and tertiary level care for these children.

We advocate for broader familiarity with such a clinical staging
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system to prompt clinicians to adopt a more holistic and systematic

approach to aid the assessment and management of these children.
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