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Obesity has both direct and indirect effects on health and well-
being, which can vary considerably among individuals based 

on independent and synergistic genetic, biological, developmental 
and psychosocial influences (1). It is clear that some individuals 
are disproportionately burdened by comorbidities linked with 
obesity (2) and some face greater barriers to weight management. 
These observations reinforce the complexity of obesity and the 
long-standing position that there are different types of obesity 
(obesities) with varying etiologies and health consequences (3). 
Given this heterogeneity, obesity should not only be defined 
according to degree of adiposity or excess weight, but also on the 
basis of a more detailed assessment of obesity-related comorbidities 
and barriers to successful weight management. 

Herein, we propose an evidence-informed paediatric clinical 
obesity staging system that builds on an existing model for adults 
(4). The staging system captures the severity of disease, as well 
as factors that complicate management, within four domains of 
health most commonly encountered in obesity – metabolic, mech-
anical, mental health and social milieu (the 4Ms) (Figure 1). This 
assessment tool can help support improved clinical and adminis-
trative decisions regarding the allocation of resources (ie, human, 
financial, time) for obesity management, and provide a platform 
for future research and clinical care designed to individualize 
therapeutic options. Given the evidence supporting the presence 
of many types of obesity with different etiologies and conse-
quences (5,6), an expanded understanding of paediatric obesity 
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Traditionally, clinical recommendations for assessing and managing 
paediatric obesity have relied on anthropometric measures, such as 
body mass index (BMI), BMI percentile and/or BMI z-score, to moni-
tor health risks and determine weight management success. However, 
anthropometric measures do not always accurately and reliably iden-
tify children and youth with obesity-related health risks or comorbidi-
ties. The authors propose a new clinical staging system (the Edmonton 
Obesity Staging System for Pediatrics, EOSS-P), adapted from the 
adult-oriented EOSS. The EOSS-P is used to stratify patients accord-
ing to severity of obesity-related comorbidities and barriers to weight 
management into four graded categories (0 to 3) within four main 
health domains: metabolic, mechanical, mental health and social 
milieu (the 4Ms). The EOSS-P is based on common clinical assess-
ments that are widely available and routinely completed by clinicians, 
and has the potential to provide clinical and prognostic information to 
help evaluate and inform the management of paediatric obesity.
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Le système d’Edmonton pour évaluer le stade 
d’obésité en pédiatrie : un système clinique proposé 
pour évaluer l’obésité juvénile

D’ordinaire, les recommandations cliniques pour évaluer et prendre en 
charge l’obésité juvénile reposent sur des mesures anthropométriques, 
telles que l’indice de masse corporelle (IMC), le percentile d’IMC ou 
l’écart réduit de l’IMC, pour surveiller les risques sur la santé et déter-
miner la bonne gestion du poids. Cependant, les mesures anthropomé-
triques ne permettent pas toujours de déterminer avec précision et 
fiabilité les enfants et les adolescents présentant des risques de santé ou 
des comorbidités liés à l’obésité. Les auteurs proposent un nouveau 
système clinique d’établissement du stade de l’obésité (le système 
d’Edmonton pour évaluer le stade de l’obésité, ou EOSS-P), adapté de 
l’EOSS destiné aux adultes. L’EOSS-P est utilisé pour stratifier les 
patients selon la gravité des comorbidités liées à l’obésité et les obsta-
cles à la gestion du poids en quatre catégories (0 à 3) tirées de quatre 
grands domaines de santé : métabolique, mécanique, santé mentale et 
milieu social (les 4M). L’EOSS-P, qui repose sur des évaluations cli-
niques courantes généralisées souvent remplies par les cliniciens, peut 
fournir de l’information clinique et pronostique pour contribuer à 
évaluer et étayer la prise en charge de l’obésité juvénile.
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may improve on the current but incomplete practice that focuses 
primarily on anthropometric assessment.

OBESITy STAgIng SySTEMS FOR ADuLTS
The Edmonton Obesity Staging System (EOSS) classifies adults 
with obesity into five graded categories (0 to 4), which incorpor-
ate obesity-related comorbidities and functional status into the 
assessment (4). One of the strengths of EOSS is that it outlines the 
metabolic, mechanical and mental health risk factors that should 
be assessed according to clinical practice guidelines to determine 
both health risks and an approach to management. The predictive 
validity of the EOSS was evaluated using the National Health 
and Human Nutrition Examination Surveys datasets, which 
found that EOSS stage was predictive of mortality, independent 
of body mass index (BMI), with clear separation of survival curves 
(7). Individuals categorized at EOSS stages 0 and 1 were not at 
increased risk for all-cause mortality compared with normal weight 
individuals (2), whereas those rated as EOSS stages 2 and 3 had 
an increased relative risk for all-cause mortality, suggesting that 
obesity-related comorbidities, and not weight status in isolation, 
increase risk for mortality (2). In this manner, the EOSS provides 
prognostic information that can assist clinicians in tailoring 
interventions based on the stage of obesity – providing those at 
higher stages with the most intensive treatment (or earlier treat-
ment) compared with those at lower risk (lower EOSS stage). For 
individuals with EOSS stages 0 and 1, a reasonable target is weight 

maintenance and the promotion of health behaviours, while those 
at EOSS stages 2 and 3 require greater resources to address the 
medical and/or mental health risk factors identified, in addition to 
supporting health behaviour modifications. Based on this evidence 
(2,7), our aim was to develop a paediatric-specific clinical staging 
system for obesity adapted from the EOSS for adults.

PROPOSED CLInICAL STAgIng SySTEM FOR 
PAEDIATRIC OBESITy

The clinical staging system was developed by a group of clinicians and 
scientists representing, and affiliated with, secondary and tertiary level 
care centres for managing paediatric obesity across Canada. The 
original developer of the EOSS system (AMS) and a colleague 
with expertise in survey development and psychometrics (JL) also 
contributed clinical and research expertise. As a collective, con-
sensus was achieved for which factors to include in the staging 
system, and the degree of impact these factors had on the health 
and well-being of children and youth with obesity. Consensus was 
reached through an iterative process, which included a series of 
e-mail communications, teleconferences and face-to-face meetings 
over a one-year period. Similar to the EOSS, the EOSS for 
Pediatrics (EOSS-P) is based on common clinical assessments, 
which include metabolic, mechanical, mental health and social 
milieu (the 4Ms) histories as well as routine diagnostic evaluations 
that are widely available and routinely completed (Table 1). The 
staging system identifies disease severity and potential barriers to 

Figure 1) Edmonton Obesity Staging System – Pediatrics staging tool. ADHD Attention deficit hyperactivity disorder; ADL Activities of daily living; 
FSGS Focal segmental glomerulosclerosis; GERD Gastroesophageal reflux disease; IGT Impaired glucose tolerance; LD Learning diability; MSK 
Musculoskeletal; OSA Obstructive sleep apnea; PAP Positive airway pressure; PCOS Polycystic ovary syndrome; Suppl Supplemental; T2DM Type 
2 diabetes mellitus
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Table 1
The edmonton Obesity Staging System for Pediatrics (eOSS-P)

Risk factor
Stage

0 1 2 3
Metabolic No metabolic  

abnormalities
Acanthosis nigricans  
Impaired glucose tolerance  

(7.8 mmol/L – 11.0 mmol/L)
Impaired fasting glucose  

(6.1 mmol/L – 6.9 mmol/L)

T2D	without	diabetes-related	 
complications 

T2D	with	diabetes-related	 
complications,	hemoglobin	A1c	≥8%	

Prehypertension Hypertension Uncontrolled hypertension on  
pharmacotherapy

Focal segmental glomerulosclerosis
Lipids at upper end of normal range  
LDL-C	or	non-HDL-C:	3.4	mmol/L	–	
4.1mmol/L

HDL-C:	0.8	mmol/L	–	1.03	mmol/L
TG: 1.5 mmol/L– 4.0 mmol/L

Lipids modestly elevated 
LDL-C	or	non-HDL-C:	>4.2	mmol/L
HDL-C:	<0.80	mmol/L
TG:	>4.0	mmol/L

Elevated lipids requiring  
pharmacotherapy

ALT: 1.5–2.0× normal 
Ultrasound: mild to moderate fatty infiltration 

of the liver 

ALT: 2–3× normal 
Ultrasound: severe fatty infiltration  

of the liver 

ALT:	>3×	normal
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

Dyspnea	with	physical	activity	not	interfering	
with activities of daily living

Dyspnea	causing	moderate	limitations	 
in activities of daily living

Dyspnea	when	sleeping	or	sitting

Gastroesophageal reflux disease Peripheral edema
Mental health No psychopathology Mild depression or anxiety that does not 

interfere with functioning
Major depression or anxiety disorder Uncontrolled psychopathology 

Mild body image preoccupation/concern Significant	body	image	disturbance Self/physical	loathing
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
Developmental	delay	with	severe	 

impact on weight management
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,	 
siblings or other family members, 
constant arguing or family  
violence

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 develop-
mental 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 Moderate financial limitations Severe	financial	limitations
Dangerous	home	environment;	child	 

protection involvement
The EOSS-P can be applied to all children and youth with obesity. Individuals are assigned whatever stage is the highest in which they present with any metabolic, 
mechanical, mental health or social milieu risk factors. ADHD Attention deficit hyperactivity disorder; ALT Alanine aminotranferase; BiPAP Bi-level positive airway 
pressure; CPAP Continuous positive airway pressure; HDL-C High-density lipoprotein cholesterol; LDL-C Low-density lipoprotein cholesterol; MSK Musculoskeletal; 
OSA Obstructive sleep apnea; PCOS Polycystic ovary syndrome; T2D Type 2 diabetes; TG Triglycerides
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effective management within the 4Ms framework, most likely to 
impact prognosis in paediatric obesity. Some of the proposed cut-
offs (eg, lipid panel, blood pressure) were based on clinical practice 
guidelines, while others were based on clinical and research know-
ledge and expertise. The EOSS-P was designed to be used by clin-
icians to provide a framework for assessing children and youth 
with obesity and to help guide management.

The EOSS-P assesses four main domains that are impacted by 
obesity and can impact responsiveness to weight management.

Metabolic
Metabolic complications of paediatric obesity include glucose dys-
regulation (including type 2 diabetes [T2D]) (8), dyslipidemia (9), 
the metabolic syndrome (10), nonalcoholic fatty liver disease 
(11), hypertension (9) and, in adolescent females, polycystic ovary 
syndrome (12). Metabolic complications are often asymptomatic 
and must be screened for to be identified. Screening should begin 
at two years of age for lipid disorders, three years of age for hyper-
tension and at 10 years of age or at the onset of puberty, if this 
occurs earlier, for diabetes (13). Metabolic complications of obes-
ity can improve significantly through changes in health behaviour 
with minimal change in BMI (14). 

Mechanical
Biomechanical complications of paediatric obesity include sleep 
apnea (15), sleep disordered breathing (15), gastroesophageal 
reflux disease (16), and musculoskeletal pain and dysfunction 
(17,18). The presence of sleep apnea and/or sleep disordered 
breathing can exacerbate the metabolic complications of obesity 
(19), have deleterious neurobehavioural effects (20), and affect 
appetite and food intake (21). Biomechanical complications can 
be barriers to weight management and affect prognosis (22). If left 
inadequately treated, biomechanical complications of obesity can 
promote further weight gain. 

Mental health
Children and youth with obesity are at risk for social isolation and 
stigmatization (23). Childhood psychiatric disorders (eg, depres-
sion, anxiety), school difficulties, body dissatisfaction, dysregulated 

eating behaviours, teasing and bullying have all been linked to 
paediatric obesity (24,25). Children and youth with obesity have 
consistently reported lower health-related quality of life compared 
with normative samples (26,27). Mental health disorders, as well 
as some of the pharmacotherapeutic agents that are used to man-
age them, can complicate weight management, promote weight 
gain and affect prognosis (28).

Social milieu
An assessment of the family, school and neighbourhood milieus (the 
social milieu) is unique to the paediatric staging system and is 
important given the key role that parents, family members, schools 
and communities/neighbourhoods play in the health and wellbeing 
of children and youth (24). School difficulties and family factors, 
such as poor parental health, maternal depression, poor family func-
tioning, receipt of social assistance, lack of emotional support, single 
parenthood and maternal drug use, have been associated with child-
hood obesity (24). Exposure to greater levels of psychosocial stress 
has been associated with higher levels of self-reported illness and 
negative health outcomes (29). Parental involvement and support 
are integral to successful paediatric obesity management (30).

SCORIng AnD InTERPRETIng THE EOSS-P
The EOSS-P can be applied to children with obesity who are 
≥2 years of age. The staging system is a tool reliant on clinician 
ratings, which are based on common clinical assessments including 
medical history, clinical examination and routine investigations. 
The EOSS-P is based on the presence and degree of the 4Ms with 
four stages of increasing health risk severity (0, 1, 2 and 3). The 
4Ms are distinct categories, and progression in one of the categor-
ies does not necessarily coincide with a concomitant increase in 
the others. Individuals are assigned the highest stage in which they 
present with any metabolic, mechanical, mental health or social 
milieu risk factors. 

CLInICAL MAnAgEMEnT ACCORDIng TO 
EOSS-P STAgE

The EOSS-P enables clinicians to both assess and address four main 
domains that are impacted by obesity or impact weight manage-
ment. It identifies complications of obesity, as well as drivers of 
weight gain and barriers to weight management, and informs an 
individualized and meaningful approach to weight management 
(Table 2). For patients at stage 0, the management strategy will be to 
prevent progression to a higher stage through the reinforcement and 
support of positive health behaviours. For patients at stages 1, 2 or 3, 
the management strategies are designed to reverse modifiable risk 
factors and prevent progression to higher stages. Persistence or 
progression within stages 1, 2 or 3 over an extended period (eg, 
12 months) should trigger intensification of the management 
strategy, with the exclusion of nonmodifiable factors (eg, develop-
mental delay). Below are some case examples: 

Case 1: Stage 0
AM is a 15-year-old boy with a BMI of 35 kg/m2 (99th BMI per-
centile, BMI z-score of 2.40). He has no metabolic or mechanical 
complications of obesity. He is physically active and has no func-
tional limitations. He has a positive body image. He lives with 
supportive parents and their relationship is healthy. 
Suggested management strategy: For AM, the clinical focus 
includes helping him to maintain a healthy lifestyle and behavioural 
habits. He could be followed by his primary care provider (eg, 
paediatrician, family physician or nurse practitioner) with expertise 
in paediatric weight management.

Table 2
The edmonton Obesity Staging System for Pediatrics and 
stage-based management plan*
Stage Management plan
0 Ongoing	monitoring	of	obesity-related	risk	factors	and	healthy	 

lifestyle/behavioural counselling by the primary health care  
provider at regular visits.

1 Ongoing	monitoring	of	obesity-related	risk	factors	and	healthy	 
lifestyle/behavioural counselling by primary health care provider in 
conjunction with dietitian/mental health provider depending on 
individual needs.

2 Referral to multidisciplinary paediatric obesity clinic for comprehen-
sive assessment; receive more intensive, family-centred counsel-
ling and lifestyle/behavioural intervention; plan regular follow-up  
clinical appointments.

3 Referral to tertiary level, multidisciplinary paediatric obesity clinic  
for comprehensive assessment, which may include subspecialty 
care to manage comorbidities; receive more intensive, family- 
centred counselling and lifestyle/behavioural intervention; con-
sider complementary, intensive therapeutic options (eg, bariatric  
surgery); plan regular follow-up clinical appointments.

*Persistence in stage 1, 2 or 3 over an extended period (eg, 12 months) should 
result in intensification of management strategy after the exclusion of nonmodifi-
able risk factors
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Case 2: Stage 1
BC is a 10-year-old boy with a BMI of 34 kg/m2 (99th BMI per-
centile, BMI z-score of 2.57). He has acanthosis nigricans on 
examination (stage 1, metabolic). He has no biomechanical com-
plications of obesity (stage 0, mechanical). He has attention defi-
cit hyperactivity disorder, a learning disability and is struggling at 
school (stage 1, mental health). He has been bullied about his 
weight (stage 1, milieu). Overall stage: 1.
Suggested management strategy: BC has metabolic complications 
of obesity including acanthosis nigricans. The presence of atten-
tion deficit hyperactive disorder and a learning disability may 
complicate weight management. The weight-based bullying is 
likely a major stressor, negatively impacting his engagement in 
physical activity and serving as a barrier to weight management. 
He may benefit from a specialized treatment team to address the 
underlying causes and complications of obesity, which includes 
(at a minimum) a consultation with a paediatrician. He may also 
benefit from a consultation with a psychologist or social worker 
to explore whether academic and/or social support is available to 
him at school.

Case 3: Stage 2
LM is a 13-year-old girl with a BMI of 32 kg/m2 (98th BMI per-
centile, BMI z-score of 2.19), T2D and hypertension. Her most 
recent hemoglobin A1c value was 6.5% (stage 2, metabolic). She 
has no functional limitations or self-esteem issues (stage 0, mental 
health; stage 0, mechanical). Her parents are separated and signifi-
cant conflict exists between her mother and father (stage 2, 
milieu). Overall stage: 2.
Suggested management strategy: LM has metabolic complications 
of obesity including T2D and hypertension. Her diabetes is 
adequately controlled. Family stressors may complicate weight and 
diabetes management. She and her family would benefit from a 
specialized interdisciplinary team to assess and address the compli-
cations of obesity as well as provide a comprehensive therapeutic 
care plan. She may also require support from the diabetes team. 
Her family situation can be a complicating factor; therefore, men-
tal health assessment and support would be important.

Case 4: Stage 3
DM is a 16-year-old boy with a BMI of 54 kg/m2 (99th BMI per-
centile, BMI z-score of 3.16), impaired glucose tolerance (stage 1, 
metabolic) and sleep disordered breathing requiring bilevel posi-
tive airway pressure therapy at maximal settings with need for 
supplemental oxygen (stage 3, mechanical). He struggles with 
adherence to his bilevel positive airway pressure therapy. He has 
knee pain that intermittently interferes with his ability to be 
active. He lives with his mother and two siblings (stage 0, mental 
health; stage 0, milieu). Overall stage: 3.
Suggested management strategy: DM has metabolic complica-
tions of obesity including impaired glucose tolerance, and mech-
anical complications including sleep apnea and musculoskeletal 
pain. His poorly managed sleep problems may promote further 
weight gain. He may require consultation with an endocrinologist 
and respirologist. He would benefit from an intensive, family-
based paediatric weight management program that includes a 
comprehensive assessment, and a care plan completed by an inter-
disciplinary team with nutrition, physical activity and mental 
health components. If available, bariatric surgery may be con-
sidered after completing an interdisciplinary six-month presurgical 
intervention and if adequate family/social supports exist to enable 
success postsurgery. 

As illustrated in these cases, using the EOSS-P can provide a 
better conceptualization of the severity of the condition, an identi-
fication of potential barriers and strengths for the child and family, 
and a more comprehensive evaluation of therapeutic needs than 
can be identified using BMI alone.

LIMITATIOnS AnD FuTuRE DIRECTIOnS  
OF THE EOSS-P 

The EOSS-P has limitations that are important to acknowledge. 
First, similar to the EOSS for adults, some of the concepts that 
comprise the EOSS-P rely on clinical acumen for purposes of 
measurement. Both the mental health and social milieu risk fac-
tors can be subject to variation in clinical judgment and, as new 
data emerge, thresholds proposed for the metabolic cutoffs may 
differ from the current classification system. Like the EOSS for 
adults, the EOSS-P does not contain a measure of readiness to 
change, although it may be a useful prognostic indicator. 
Attempts were made to stay as consistent as possible with the 
adult version of the tool to ensure that it would be easily transfer-
able across age groups. Children at higher stages are likely to 
have greater needs from the health care system. They would, 
therefore, benefit from access to intensive efforts at intervention, 
even in the precontemplation phase with support from an expert 
team to help identify and address barriers to movement across 
the stages of change. Finally, the tool needs to be evaluated for its 
reliability and validity in clinical practice. This progression from 
establishing to testing the staging system is consistent with the 
adult-based EOSS, which included the original development of 
the EOSS (4), followed by two independent validation studies 
that demonstrated the value of using the EOSS versus BMI to 
determine health risk (2,7). Our team members are currently 
leading research that will enable us to replicate this sequence of 
reports. We are advocating, herein, for increased health care 
resources to be directed to children with the highest EOSS-P 
stage, although some may argue that given the treatment resist-
ance often observed at these higher stages, resources directed at 
lower or middle stages of obesity may result in better outcomes 
and impact a greater number of children/families. We will need 
long-term studies to determine whether this is, in fact, true.

COnCLuSIOn
From a clinical viewpoint, current anthropometric classifications 
used in paediatric obesity are limited. The adaptation of the 
EOSS-P was designed to provide clinical and prognostic informa-
tion to help evaluate and guide weight management. The EOSS-P 
can help clinicians identify children with obesity who are at 
increased  risk and may benefit from more immediate, intensive 
therapy with treatment stratification according to the EOSS-P 
stage. The EOSS-P can also inform treatment guidelines, establish 
differential prognoses and be used to more clearly describe popula-
tions used in research so that generalizability of the findings could 
be better understood. 

Children with obesity are a heterogeneous group; therefore, 
applying the proposed clinical staging system can help prioritize 
and tailor family-centred health services depending on obesity-
associated health risks, which vary across metabolic, mechanical, 
mental health and social milieu domains.
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