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The Lancet commission definition of clinical obesity: a multi-
cohort cross-sectional analysis from early childhood to older
age in seven high-income countries
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Summary

Background The Lancet Diabetes & Endocrinology Commission on Clinical Obesity established a consensus definition
for clinical obesity (excess adiposity with clinical or laboratory evidence of adiposity-related sequelae). In contrast to
body mass index (BMI)-based criteria, this new definition conceptualises obesity as a chronic disease to guide
prevention and management. We sought to determine the age-specific cross-sectional prevalence of clinical and
BMI-defined obesity from early childhood to older age.

Methods We analysed 11 population-derived childhood and adult cohorts in Australia, Canada, Estonia, Finland, the
Netherlands, UK, and US (n = 786,557) from 1996 to 2023. Cross-sectional prevalence of BMI-defined (using
Centres for Disease Control and Prevention cut-points) and clinical obesity was calculated for each age group
across cohorts, stratified by sex and education level.

Findings No cohort captured all diagnostic criteria for clinical obesity. Using available heterogeneous data spanning
different epochs, the cross-sectional prevalence of clinical obesity (range 2.1-4.9%) was lower than BMI-defined
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obesity (7.0-10.8%) in childhood and adolescence, increased across adulthood, surpassed BMI-defined obesity
prevalence in mid-to-late adulthood, and peaked at 65-74 years (52.0% vs. 34.4% for BMI-defined obesity).
Clinical obesity prevalence was higher in men compared to women in early-to-mid adulthood (e.g. 18.6% vs.
13.9%, respectively at 35-44 years), and higher in women later in adulthood (e.g. 44.1% vs. 57.1%, respectively at
65-74 years). Clinical obesity was marginally less prevalent in the highest education group (range 1.3-48.2%)
compared to the lowest (3.6-55.0%).

Interpretation We provide population-level cross-sectional prevalence data on clinical obesity, which were largely
consistent across diverse high-income settings. The findings highlight challenges in operationalising the
Commission’s conceptual definition in epidemiological studies using large-scale, incomplete and heterogeneous
real-world data. Population data capturing all diagnostic criteria of clinical obesity are essential to further

improve the understanding of the prevalence and translational implications of these definitions.

Funding No study-specific funding to declare.

Copyright © 2026 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
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Introduction

Obesity affects over 800 million individuals worldwide,
and the prevalence is increasing.'” It is a multifactorial
condition characterised by excess adiposity,’ arising
from heritable, lifestyle and environmental factors,
particularly an increasingly obesogenic
environment.** In high-income countries, the preva-
lence of obesity has more than doubled over the past
four decades and now affects approximately 25-35% of
adults across North America, Western Europe, and
Australasia.>* The economic and healthcare burden is
substantial; obesity-related conditions account for an
estimated 2-8% of total healthcare expenditure in
high-income settings, and this proportion is projected
to increase.*® Critically, excess adiposity established in
childhood and adolescence tracks strongly into adult-
hood, with early-onset obesity associated with a
markedly greater cumulative burden of car-
diometabolic disease,”* certain cancers,” and prema-
ture mortality compared with obesity first arising in
adulthood.'*'* Addressing obesity across the entire life
course, from early childhood through to older age, is
therefore essential to understanding and reducing its
long-term population health impact.

Obesity has been defined by body mass index (BMI,
>30 kg/m2 in adults, >95th percentile for age and sex
in children),’ a convenient population-level measure
but an imperfect proxy for adiposity and individual
health; BMI-defined obesity results in both over- and
under-estimation of adiposity, related morbidity and
future disease risks.”” Moreover, obesity has generally
been considered a risk factor for adverse health out-
comes, rather than a chronic disease per se.

The Lancet Diabetes & Endocrinology Commission on
the Definition and diagnostic criteria of clinical obesity
(hereafter the Commission) recently reframed the

definition of obesity to guide management and pre-
vention, and to prioritise interventions and public
health strategies. It was hoped that this reframing
would overcome misconceptions contributing to size or
weight-related bias and discrimination'® which exacer-
bate the adverse health effects of obesity.”'® The
Commission developed a clinically relevant and mean-
ingful consensus definition of clinical and preclinical
obesity, consistent with the emerging understanding
and recognition of obesity as a chronic disease.'*"

Clinical obesity was defined as having excess
adiposity (based on either BMI and one other anthro-
pometric measure such as waist circumference or
waist-to-height ratio, two non-BMI anthropometric
measures, or body fat percentage), and at least one
clinical or laboratory criterion due to obesity (based on
either: organ dysfunction, such as metabolic, cardio-
vascular, or liver dysfunction; or limitations in activities
of daily living, ADL) (Figure S1). Preclinical obesity was
defined as excess adiposity without evidence of adverse
sequelae.

There have been no studies investigating the prev-
alences of clinical, preclinical, and BMI-defined obesity
at various stages of the life course. Recognition of
clinical and preclinical obesity from childhood and
adolescence onwards is particularly important. First,
the duration of exposure to excess adiposity is an in-
dependent determinant of cardiometabolic risk, with
individuals who have obesity onset in childhood accu-
mulating greater lifetime exposure with disproportion-
ately higher risks of metabolic disease, cardiovascular
disease (CVD), certain cancers, and kidney disease.'*"
Second, childhood and adolescence represent critical
windows for primordial and primary prevention, during
which interventions to reduce adiposity or prevent its
sequelae may have the greatest long-term benefit.
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Research in context

Evidence before this study

In 2025, The Lancet Diabetes & Endocrinology Commission on
the Definition and diagnostic criteria of clinical obesity
(hereafter the Commission) established new diagnostic
criteria for clinical obesity (excess adiposity with evidence of
organ dysfunction) and preclinical obesity (excess adiposity
without organ dysfunction), warranting investigation into
their prevalence across different populations. We completed
a literature search in PubMed, Ovid MEDLINE, and Google
Scholar, using the search terms (“prevalence” OR
“proportion”) AND “clinical obesity”, with publication date
limited to between January 14, 2025—when the Definition
and diagnostic criteria of clinical obesity paper was
published—and February 23, 2026, with no restrictions on
language, preprints, or publication type. Additionally, we
searched for all articles that have cited the Definition and
diagnostic criteria of clinical obesity paper by conducting a
forward citation search in PubMed on February 23, 2026. We
identified 22 studies that examined the prevalence of clinical
obesity, including 21 published papers and one preprint.
Almost all studies compared the prevalence of clinical and/or
preclinical obesity with the prevalence of obesity defined by
body mass index (BMI), predominantly in adult populations.
To our knowledge, no studies have estimated the prevalence
of clinical and preclinical obesity across the life course. Most
of the identified studies analysed data from a single country
(ten from US, three from UK, two from Republic of Korea,
one from UAE, one from Peru, one from Mexico, and two
from China). The only study of a paediatric population
analysed data from 5 to 11-year-old children in Mexico in
whom the prevalence of clinical obesity (3.60%) was lower
than that of BMI-defined obesity (20.7%, defined as a BMI
>95th percentile on the World Health Organisation growth
charts). An adult cohort study in the US identified clinical
obesity in 39.1% of all participants, which increased with age,
and preclinical obesity in 28.9% of participants. The
prevalence of clinical obesity varies with interpretation of the
diagnostic criteria. Another study in the same US cohort
reported that 68.6% of participants had clinical obesity,
compared to 42.9% with BMI-defined obesity. A study of
health surveys in Peru found the overall prevalence of age-
adjusted clinical obesity ranged between 15.7% and 22.1%
depending on criteria cut-offs. A study of 440,000 adults in
Dubai, UAE found that a third of participants with excess

Third, it remains unknown whether the Commission’s
criteria identifies a clinically different population of
children and adolescents compared with conventional
BMI-based definitions. Establishing the prevalence of
clinical and preclinical obesity across the paediatric age
range is therefore an essential step in evaluating the
utility and implications of the Commission’s framework
for younger populations.
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adiposity (based on BMI >40 kg/m?) also met organ
dysfunction criteria for clinical obesity. A study of Chinese
community-based adult cohorts reported that 33.8% of men
and 24.1% of women had clinical obesity, lower than the
prevalence of BMI-defined obesity in these populations
(44.5% and 26.7% respectively) with a lower BMI cut off for
obesity of >25 kg/m? used as recommended for Asian
populations. Another study analysed survey data from 56
countries and found substantial differences in the prevalence
of clinical obesity between countries, with estimates ranging
from 0% to 29%. While a range of adiposity and organ
dysfunction measures were used to classify clinical obesity
across the identified studies, only two studies had available
data on all adiposity measures relevant to the Commission’s
clinical obesity definition (BMI, waist circumference, waist-
to-height ratio, waist-to-hip ratio, and body fat percentage).

Added value of this study

We describe the cross-sectional prevalence of clinical and
preclinical obesity across the life course using the new
Commission clinical obesity definition. In this analysis, we
integrated available cross-sectional data from 11 cohorts
from different epochs across seven countries from early
childhood to older age, making this study the largest clinical
obesity prevalence study (n = 786,557) to date. We
investigated variations in clinical obesity prevalence by sex
and education level, and whether prevalence varied with
specific excess adiposity criteria.

Implications of all the available evidence

Compared to BMI-defined obesity, the prevalence of clinical
obesity is lower in childhood and markedly higher from mid-
to-late adulthood onwards. There are no cohorts that have
collected complete data on all diagnostic criteria for clinical
obesity. Despite the variation in available data, recruitment
epoch, geographic context, and measurement heterogeneity,
the general pattern of clinical obesity prevalence across the
life course was similar across the cohorts. There were marked
differences in the prevalence of clinical obesity and preclinical
obesity by sex, but less so by education level. Longitudinal
data on all diagnostic criteria for clinical obesity are essential
to understand the public health and translational
implications.

Estimating the prevalence of clinical obesity across
the life course requires data spanning early childhood
to older adulthood. No single cohort captured all vari-
ables across this age range. By integrating data from
multiple cohorts across seven high-income countries,
we were able to generate life course prevalence esti-
mates that were not possible from any single study,
while also assessing the consistency of findings across
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diverse populations, settings, and data collection
epochs. Although this approach introduces unavoidable
heterogeneity, it reflects the real-world complexity of
applying a novel clinical framework to existing popu-
lation data, and the variation observed across cohorts is
itself informative about the robustness and general-
isability of the Commission’s definition. We aimed to
address key knowledge and translational gaps by
investigating cross-sectional data from 786,557 children
and adults across 44 cross-sectional waves of 11 cohorts
from seven countries in the Evaluation of Clinical
Obesity Across the Life Course (ECOS) study. The pri-
mary objective of ECOS was to estimate the cross-
sectional prevalence of clinical obesity, as defined by
the Commission’s criteria, across the full life course,
from early childhood to older adulthood, and to
compare this with the prevalence of BMI-defined
obesity across the same age range. ECOS is not a
study of healthcare burden or health outcomes. The
secondary objective was to examine how clinical obesity
prevalence varies by sex and education, and to evaluate
how prevalence estimates differ depending on adiposity
criteria.

Methods

Overview

We estimated the cross-sectional prevalence of clinical
and preclinical obesity, using the Commission’s
criteria,” and BMI-defined obesity (using Centres for
Disease Control [CDC] cut-offs) in 11 population-
derived cohorts with participants from early childhood
to older age.

Data sources
We included cross-sectional data collected from 44 as-
sessments/waves in 11 cohorts between 1996 and 2023.
While obesity rates have continued to increase subse-
quently, data collection epochs postdate the onset of the
global obesity epidemic.* Participants were >4 years, to
exclude the dynamic changes in growth and adiposity in
early childhood. Cohorts included children (4-17 years),
and adults (>18 years) from Australia, Canada, Estonia,
Finland, the Netherlands, UK, and US. No population-
derived cohort has previously collected complete data
on all diagnostic criteria in the Commission’s defini-
tions, but all cohorts included sufficient data to di-
agnose clinical obesity (anthropometric measures and/
or body fat percentage to classify excess adiposity, and
at least one clinical and/or laboratory criterion, see
Table S1). There was heterogeneity in the availability of
organ dysfunction criteria available across the cohorts.
Further detail on these cohorts is shown in
Supplementary Methods and Table S2. The cohorts
included were: the Avon Longitudinal Study of Parents
and Children (ALSPAC)*?; the Barwon Infant Study
(BIS)?; Child Health CheckPoint (CheckPoint)*; the

Canadian Healthy Infant Longitudinal Development
(CHILD)*?; the Estonian Biobank (Est Biobank)”;
Generation R (Gen R)*; and the Northern Finland Birth
Cohorts, including the NFBC1966 46-year follow-up
(NFBC1966 46 y)>* the NFBC1986 15-16 -year
follow-up (NFBC1986 15-16 y)*'*; the National Health
and Nutrition Examination Survey (NHANES)*; the
Physical Activity and Nutrition in Children (PANIC)
study*~*; UK Biobank*; and the Cardiovascular Risk in
Young Finns Study (YFS).*

Ethics

This project was approved by the RCH Research Ethics
and Governance committee (MCC DERP reference #
4191). All cohorts had relevant ethics approval and
written consent from participants or their parents.

Definitions of BMI-based obesity, clinical obesity,
and preclinical obesity

BMI-based obesity was defined as a BMI >30 kg/m? for
adults or >95th percentile for children, based on the
U.S. CDC BMI-for-age growth charts.” CDC BMI-for-
age growth charts were selected as they are applicable
across the full paediatric age range, and are widely used
in international epidemiological studies. Clinical
obesity was defined by the Commission as excess
adiposity with at least one sign/symptom of organ
dysfunction or limitation in ADL. We defined excess
adiposity using any of: BMI and one other anthropo-
metric criterion, any two anthropometric criterion or
body fat percentage, consitent with the Commission’s
definition (Table 1). Preclinical obesity was defined as
excess adiposity without organ dysfunction or limita-
tions in ADL. Although the Commission recommended
that ‘excess adiposity’® can be pragmatically assumed
for BMI >40 kg/m?, we categorised participants based
on the adiposity criteria with no BMI-based assump-
tions to minimise misclassification and as sufficient
anthropometric data were available in all participants
(Table 2, Figure S1). Excluding this assumption of
excess adiposity constitutes a modification of the
Commission’s criteria. However, we performed a
sensitivity analysis in multiple waves of NHANES, to
evaluate if there was any change in prevalence of clin-
ical obesity if excess adiposity was assumed with a BMI
>40 kg/m?.

As the guidelines do not provide specific thresholds
for laboratory criteria for classifying clinical obesity, we
used age- and sex-specific thresholds from clinical
guidelines and previous literature. This represents a
pragmatic operationalisation rather than a direct
application of specified values. The Commission’s
definition does not address how to classify individuals
with excess adiposity who have organ dysfunction that
has been controlled by medication (e.g. antihyperten-
sives, lipid-lowering medication, or hypoglycaemic
agents). These participants were classified as having

www.thelancet.com Vol 100 October, 2026
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Diagnostic domain Diagnostic parameters Criteria®
Excess adiposity Increased body mass index Adults®: >30 kg/m”
Children®; >95th centile
Anthropometric measures Increased waist circumference Women®: >88 cm

Men®: >102 cm
Children®; >90th centile

Increased waist-to-height ratio >0.5
Increased waist-to-hip ratio Women®: >0.85
Men®: >0.9
Increased body fat percentage >85th centile”
Activities of Daily Living (ADL) Limitations in bathing, dressing, toileting, continence, and/or Evidence of at least one limitation in ADL
eating
Central nervous system Signs of raised intracranial pressure such as vision loss and/or Diagnosis (ICD-10 code or survey)
recurrent headaches
Upper airway Sleep apnoea or increased upper airway resistance Diagnosis (ICD-10 code survey) or evidence of sleep apnoea
(survey)
Respiratory Hypoventilations and/or breathlessness and/or wheezing due to  Data not available in any cohort

reduced lung and/or diaphragmatic compliance

Cardiovascular Heart failure (adults only) Diagnosis (ICD-10 code or survey)
Pulmonary artery hypertension (adults only)
Atrial fibrillation (adults only)

Recurrent deep-vein thrombosis or pulmonary thrombotic disease
(adults only)

Elevated blood pressure Elevated systolic and diastolic blood pressure® or hypertension
diagnosis (ICD-10 code)
Metabolism
Metabolic cluster: hyperglycaemia, high Hyperglycaemia Elevated fasting or non-fasting blood glucose' level or blood
triglycerides, and abnormal cholesterol HbA1c measure
Increased triglycerides Raised fasting or non-fasting blood triglycerides level
Decreased HDL cholesterol or increased LDL cholesterol Low fasting or non-fasting blood HDL cholesterol level or high
fasting or non-fasting blood LDL cholesterol level
Liver Abnormal liver enzymes (alanine aminotransferase, gamma- At least one liver enzyme elevated above normal® range
glutamyl transferase or aspartate aminotransferase)
Renal Microalbuminuria Raised albumin-creatinine ratio
Urinary Recurrent/chronic urinary incontinence Diagnosis (ICD-10 code) or evidence by survey
Reproductive Male hypogonadism (adults), or anovulation, oligo-menorrhea, or Diagnosis (ICD-10 code)
polycystic ovarian syndrome
Musculoskeletal Osteoarthritis (adults) or chronic, severe knee or hip pain with  Diagnosis (ICD-10 code) or evidence by survey
joint stiffness and reduced range of joint motion
Lymphatic Lower limbs lymphoedema causing chronic pain and/or reduced Diagnosis (ICD-10 code)

range of motion (adults)

HbA1c: haemoglobin Alc, HDL: high-density lipoprotein, LDL: low-density lipoprotein, ICD-10: International Classification of Diseases 10th revision. “Specific cut-offs and ranges used with references
available in Table S3. "Corresponds to CDC Body Composition age- and sex-matched data for non-Hispanic Whites.** “Age >18. “Age 4-17. *Right arm if available, average of measures, excluding first
measure. FFasting used preferentially when both were available. 9Normal range for liver function may differ by jurisdiction, with no universally accepted value, in this study based on hospital guidelines
and The Royal College of Pathologists of Australia.

Table 1: Clinical diagnostic criteria used in ECOS.

Clinical obesity As defined by the Lancet Diabetes & Endocrinology Commission based on excess adiposity with at least ~ Binary (present or absent)
one clinical and/or laboratory criteria

Preclinical obesity As defined by the Lancet Diabetes & Endocrinology Commission based on excess adiposity with no clinical ~ Binary (present or absent)
and/or laboratory criteria

BMI-defined obesity Defined by BMI Binary (present or absent)

No obesity, meets organ dysfunction criteria  Does not have excess adiposity but has at least one clinical and/or laboratory criteria (not including ADL)  Binary (present or absent)
for clinical obesity

No obesity, does not meet organ dysfunction  As defined by the Lancet Diabetes & Endocrinology Commission, does not have excess adiposity and does ~ Binary (present or absent)
criteria for clinical obesity not meet any of the clinical and/or laboratory criteria

Table 2: Exposure variables.

www.thelancet.com Vol 100 October, 2026



Articles

preclinical obesity; i.e. the same category as participants
with excess adiposity but with no underlying organ
dysfunction. We assumed that laboratory criteria, if
met, were due to adiposity. Where possible, we deter-
mined whether clinical criteria would be most likely
due to adiposity. Data (questionnaire, code, or measure)
were excluded if they were considered non-specific and
could not be reasonably attributed to increased
adiposity. A summary of the criteria used in ECOS is
provided in Table 1, with additional detail, including
cut-off values, references and ICD-10 codes, in
Table S3A.

Definition of education as a proxy for
socioeconomic position

We used the highest level of education completed for
participants aged >25 years, and highest level of
maternal education completed for participants aged
4-24 years (except in Estonian Biobank, the partici-
pant’s own education was used for >18 years, and in
NHANES, household reference person’s education was
used for participants 4-24 years as maternal education
data were not available). Education was classified as
low, middle, and high using cohort-specific cut-offs
(Table S3B). In contrast to other measures of socio-
economic position, education was collected across all
cohorts and harmonisation was possible.

Preparation of data

Cohorts used all available data relevant to the Com-
mission criteria for clinical obesity.” Where data did
not directly correspond to these criteria, content
expertise was used to assess the validity of using the
cohort measure as a proxy. All analysts used the same
analytical code.

Race and ethnicity were not harmonised or reported
across cohorts, as classification systems used differed
substantially across countries and individual cohorts,
reflecting national census frameworks and cohort-
specific recruitment contexts. Conflating these distinct
classification systems would risk misrepresenting the
demographic composition of individual cohorts and
introducing erroneous comparisons. Cohort-specific
demographic information, including race and
ethnicity where collected, is available in the respective
cohort profile publications (Supplementary Methods).

Statistical analysis

Individual cohort analyses were performed in R
(version differed by cohort, see Supplementary
Methods) and combined in R version 4.4.1 using the
metafor package for meta-analyses and the ggplot2
package for visualisation. For all analyses, participants
were stratified into age groups (in years): 4-5, 6-7, 8-9,
10-14, 15-19, 20-24, 25-34, 35-44, 45-54, 55-064,
65-74, 75-84, and 85+ years. Narrower age groups were
used in early life to account for rapid changes in growth

over this period. To consider differences by sex and by
socioeconomic position, participants were also stratified
by sex and education level. Participants were excluded if
they did not have age, sex, or education data available.
Missing data were not imputed, given the heterogeneity
of epoch, population, setting, and cohort-specific data
availability. Missingness of adiposity data is presented
in Table S4.

The majority of participants contributed cross-
sectional data at a single time point. In a minority of
longitudinal cohorts (CHILD, ALSPAC, PANIC, and
GenR), some participants will have contributed data
from more than one time point. Accordingly, each
cohort wave was treated as a separate cross-sectional
sample in within-cohort analyses, and clustering be-
tween cohort waves in meta-analyses was accounted for
through random intercepts by cohort. Prevalences with
a denominator less than 100 were excluded from all
figures of individual cohort results, except for figures
showing the prevalence of adiposity or organ dysfunc-
tion criteria. To mitigate the risk of participant identi-
fication, we masked obesity category results in
subgroups where reported frequency of any obesity
category was <5 and only included these frequencies in
overall results.

In each cohort, we calculated the prevalence and
corresponding 95% confidence interval (CI, based on
the normal approximation) for each of the four cate-
gories (clinical obesity; preclinical obesity; no obesity,
meets organ dysfunction criteria for clinical obesity;
and no obesity, does not meets organ dysfunction
criteria for clinical obesity), and for BMI-defined
obesity. Combined prevalence estimates within each
age group were synthesised using a three-level meta-
analysis, with models including random intercepts at
the wave and cohort level to account for hierarchical
clustering. The meta-analysis was fitted using the
restricted maximum likelihood method with confidence
intervals based on the t-distribution to approximate the
Knapp-Hartung adjustment. Subgroup difference tests
were performed to estimate the differences between sex
and education level groups within the meta-analysis
models, with an additional random intercept included
at the estimate level. We conducted sensitivity analyses
for prevalences excluding data from cohorts with sub-
stantial sex imbalance (ALSPAC FOM 1-4, CheckPoint
parents, Estonian Biobank). These cohort waves were
retained in the main analyses as they represent best
available population-derived data for respective age
ranges and exclusion would considerably reduce the
data available for the mid-adulthood age range. In
sensitivity analyses, we considered the prevalence of
clinical obesity using different thresholds for liver
function measures (alanine aminotransferase [ALT],
aspartate aminotransferase [AST], or gamma-glutamyl
transferase [GGT] >50 U/L and >60 U/L) as the up-
per limit of normal differs by jurisdiction, with no
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universally accepted normal range. In further sensi-
tivity analyses, we also considered abnormal results for
any component of the metabolic cluster (glucose, hae-
moglobin Alc, triglycerides, high-density lipoprotein
cholesterol, and low-density lipoprotein cholesterol) as
sufficient to meet this criterion.

In adults and children with clinical obesity, we
determined the proportion who met each organ
dysfunction criterion, to investigate the relative contri-
bution of each to the classification. The denominator
for each criterion was restricted to participants with
available data for that criterion. To summarise across
the cohorts with data from the same age group, we
synthesised cohort-level estimates in a three-level meta-
analysis with hierachical clustering by cohort. To
investigate multi-morbidity of organ dysfunction mea-
sures in clinical obesity, we quantified the number of
different organ dysfunction criteria met for each
participant with clinical obesity. In a subset of cohorts
that had all relevant adiposity measures, we investigated
the proportion of participants who met each adiposity
criterion, both overall and by sex. We conducted
sensitivity analyses for the definition of excess
adiposity, considering estimates that would arise overall
and by sex if the definition was restricted to just one of
the following criteria: (a) BMI and one anthropometric
criterion, (b) any two anthropometric criteria, and (c)
body fat percentage.

Role of funding source
There was no specific study funding for this project.

Results

A summary of each assessment/wave included in
ECOS is shown in Table 3. Across all cohorts, mini-
mum data for assessment of clinical obesity status, age,
sex, and education was available for 786,557 partici-
pants, but no participants had data on all diagnostic
criteria for clinical obesity.

Prevalence of BMI-defined, clinical, and preclinical
obesity

The cross-sectional prevalence of clinical obesity in
overall meta-analyses was 3.7% in early childhood (4-5
years), and 52.0% in older adulthood (65-74 years)
(Fig. 1, Table S5). The prevalence of BMI-defined
obesity was higher than clinical obesity across child-
hood (e.g. 8.8% in early childhood), and early and mid
adulthood (e.g. 26.3% at 35-44 years, vs. 15.1% for
clinical obesity), with prevalence of clinical obesity
higher than BMI-defined obesity from age 55-64 years
onwards. There was pattern of higher prevalence of
clinical obesity in males compared to females from age
15-19 to age 3544 (e.g. men 18.6% vs. women 13.9% at
35-44 years, 95% confidence interval for difference
1.4-8.1%, p < 0.001), and higher in women from age
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55-64 onwards (e.g. men 44.1% vs. women 57.1% at
65-74 years, 95% CI for difference —-19.6 to —6.4%,
p <0.001) (Table S6). Clinical obesity prevalence peaked
for males at 65-74 years (44.1%, 95% CI 37.5-50.8%)
and females at 75-84 years (58.5%, 95% CI 47.3—
68.9%). Between early adulthood and mid-late adult-
hood, the clinical obesity prevalence overall for sex
tracked more closely to female clinical obesity preva-
lence than the male prevalence, likely reflecting the sex
balance in the included cohorts. However, the observed
trends in clinical obesity and BMI-defined obesity
prevalence remained when cohorts with a large pro-
portion of female participants were excluded
(Figure S2). In sensitivity analyses, with varying liver
function thresholds, there were minimal changes in
clinical obesity prevalence (Figures S3-S6). When we
considered any abnormal result in the metabolic cluster
as sufficient to meet this diagnostic criterion, the
prevalence of clinical obesity was substantially higher
from early adulthood onwards, peaking at 62.7% (at
65-74 years) (Figure S7). Males and females had a
similar age-dependent pattern of BMI-defined obesity,
with prevalence consistently higher in females from age
45-54 years onwards, and prevalence peaking at 65-74
years for both men and women (men 30.4% vs. women
37.1%, 95% CI for difference —9.4 to —3.9%, p < 0.001).
Preclinical obesity prevalence was highest in mid-
adulthood (27.5% at 35-44 years; Figure S8). The
prevalence of organ dysfunction criteria within partici-
pants without obesity increased throughout adulthood,
peaking at 77.2% of all participants with no obesity by
75+ years (Figure S9).

In most cohorts, cross-sectional clinical obesity
prevalence increased with age and peaked in late
adulthood. For example, in NHANES 2005-2006, the
prevalence peaked at at 55.5% at 65-74 vyears
(Figures S10-S13). In most cohorts, cross-sectional
preclinical obesity prevalence increased during child-
hood, peaked in early-to-mid adulthood (25-34 or 35-44
years), and then reduced. In CheckPoint P1 (age range
28-71 years) and ALSPAC FOM2-4 (age range 36-67
years), clinical obesity prevalence was low relative to
other cohorts (5.1%-11.1%), but the prevalence of pre-
clinical obesity was high (34.0%-47.9%). In paediatric
cohorts, clinical obesity prevalence was generally lower
than BMI-defined obesity; for example, in 8-9-year-olds
in Gen R F5, clinical obesity prevalence was 9.1%
compared to 19.9% for BMlI-defined obesity
(Figures S14-S16).

Prevalence of organ dysfunction criteria among
participants with clinical obesity

Among participants with clinical obesity, raised systolic
blood pressure—the most frequently collected clinical
measure—was prevalent in all age groups, particularly
at age 4-9 years (87.3%, Fig. 2). Liver dysfunction was
prevalent in early-to-mid-adulthood, particularly
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Cohort name Age Number of  Year(s) of  Sex Education BMI adult  BMI Adiposity Diagnostic Diagnostic
and wave” (range) participantsb assessment (% female) (own/maternal, (median, Z-score measures domains— domains—
low, %) IQR)* children available clinical laboratory
(mean)® (BMI +)
ALSPAC (GBR)
49 mth 4 911 1996 45.1 20.2 NA 0.627 wc, wth cvD
61 mth 4-5 830 1997 46.3 21.6 NA 0.456 wc, wth cvD
F7 6-9 6462 1998-2000 49.1 21.6 NA 0.248 wc, wth D MET
F9 8-11 5996 2001-2002 50.8 19.1 NA 0.366 wc, wth, %a  CVD MET, LIV
F10 9-12 5652 2002-2003 51.2 19.1 NA 0.365 wc, wth D
F11 10-13 5551 2003-2004 513 18.7 NA 0.373 wc, wth, %a  CVD
TF1 11-14 5339 2004-2005 51.3 18.0 NA 0.317 wc, wth, %a  CVD
TF2 12-15 4367 2005-2006 51.0 177 NA 0.223 wc, wth, %a  CVD
TF3 14-17 4360 2006-2008 52.4 17.2 NA 0.217 wc, wth, %a  CVD MET, LIV
TF4 16-19 3755 2009-2011 55.2 16.2 NA 0.265 %a cvD MET, LIV
F24 22-26 3087 2015-2017 61.4 16.0 23.8 (5.5) NA wc, wth, whr, CVD MET, LIV
%a
FOM1 33-62 3875 2009-2011 100.0 15.8 25.5 (6.3) NA wc, wth, whr, CVD MET
%a
FOM2 36-65 2519 2011-2013 100.0 12.4 25.3 (6.1) NA wc, wth, whr, CVD MET
%a
FOM3 38-66 2618 2013-2014 100.0 12.4 25.3 (6.2) NA wc, wth, whr, CVD MET
%a
FOM4 39-67 2534 2014-2015 100.0 12.6 25.4 (6.3) NA wc, wth, whr, CVD MET
%a
BIS (AUS) 4-5 670 2014-2016  46.9 4.8 NA 0.075 wc, wth, %a  UA, CVD MET
CheckPoint (AUS)
SC 11-12 1862 2015-2016 49.0 53 NA 0.369 wc, wth, %a  CVD, ADL MET, REN
P1 28-71 1851 2015-2016 87.7 5l 26.5 (7.5) NA wec, wth, whr, CVD MET, REN
%a
CHILD (CAN)
S5y 4-6 1954 2013-2017 46.1 0.4 NA 0.338 wc, wth D MET
8y 6-11 1248 2018-2021 47.0 0.2 NA 0.233 wc, wth, %a  CVD MET
Estonian Biobank (EST)
Wave 1 18-100 41,450 2002-2017 65.7 16.2 25.4 (6.9) NA wc, wth CNS, UA, CVD, URI, MET
REP, MSK, LYM
Wave 2 18-94 70,986 2018-2022 673 4.1 25.0 (6.4) NA wc, wth CNS, UA, CVD, URI, MET
REP, MSK, LYM
Generation R (NLD)
F5 5-9 6088 2008-2012 49.8 6.5 NA 0.449 %a D LIV
F9 9-12 5383 2012-2016 50.5 5.2 NA 0.354 %a D MET
F13 13-17 4480 2015-2019 50.7 5.0 NA 0.115 %a D
F17 16-22 3263 2018-2022 53.0 3.9 22.0 (4.4) 0.031 %a D
Northern Finland Birth Cohort (FIN)
NFBC1986 15-17 5603 2001-2002 50.9 10.1 NA 0.025 wc, wth CNS, UA, CVD, URI, MET
15-16 y REP
NFBC1966 45-48 3931 2012 62.8 9.6 261 (5.8) NA wc, wth, whr  CNS, UA, CVD, UR), MET
46 y REP, LYM
NHANES (US) 6-85 7371 1999-2000 514 41.0 27.0 (7.6) 0.834 wc, wth, %a  CVD, MSK, ADL MET, LIV, REN
5-85 7923 2001-2002 51.6 32.6 269 (73) 0.750 wc, wth, %a  CVD, MSK, ADL MET, LIV, REN
6-85 7431 2003-2004 511 30.9 271 (7.7) 0.838 wc, wth, %a  CVD, MSK, ADL MET, LIV, REN
6-85 7537 2005-2006 51.5 29.0 27.4 (7.9) 0.825 wc, wth UA, CVD, URI, MSK, MET, LIV, REN
ADL
6-80 7582 2007-2008 50.1 30.9 27.8 (7.9) 0.842 wc, wth UA, CVD, URI, MSK, MET, LIV, REN
ADL
6-80 7992 2009-2010 50.5 29.4 27.9 (8.1) 0.856 wc, wth CVD, URI, MSK, ADL MET, LIV, REN
6-80 7261 2011-2012  49.7 249 27.4 (8.2) 0.850 wc, wth, %a  CVD, URI, MSK, ADL MET, LIV, REN
5-80 7968 2013-2014 511 221 27.6 (8.4) 0.826 wc, wth, %a  CVD, URI, MSK, ADL MET, LIV, REN
4-80 7780 2015-2016 51.0 24.4 283 (87) 0.878 wc, wth, %a  UA, CVD, URI, MSK, MET, LIV, REN

ADL

(Table 3 continues on next page)
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Cohort name Age Number of  Year(s) of  Sex Education BMI adult  BMI Adiposity Diagnostic Diagnostic
and wave® (range) participantsb assessment (% female) (own/maternal, (median, Z-score measures domains— domains—
low, %) IQR)* children available clinical laboratory
(mean)® (BMI +)
(Continued from previous page)
4-80 7150 2017-2018 511 19.5 28.4 (8.8) 0.878 wc, wth, whr, UA, CVD, URI, MSK, MET, LIV, REN
%a ADL
5-80 7716 2021-2023 53.6 12.9 283 (8.8) 0.909 wc, wth, whr - CVD, URI, MSK, ADL
PANIC (FIN)
Baseline 6-9 504 2007-2009 48.2 21.4 NA 0.150 wc, wth, %a  CVD, ADL MET, LIV
2y follow-up ~ 8-11 437 2009-2011 49.0 16.5 NA 0.203 wc, wth, %a  CVD, ADL MET, LIV
8y follow-up  15-17 276 2016-2017 453 217 NA -0.005 wc, wth, %a  CNS, CVD, ADL MET, LIV
UK Biobank 37-73 489,296 2006-2010 54.5 34.2 26.8 (5.8) NA wc, wth, whr, CNS, UA, CVD, UR, MET, LIV, REN
(GBR) %a REP, LYM
YFS (FIN) 4-93 5708 2018-2020 57.6 51.6 265 (6.5 0264 we, wth VD MET, LIV
BIS: Barwon Infant Study, CHILD: Canadian Healthy Infant Longitudinal Development, PANIC: Physical Activity and Nutrition in Children, ALSPAC: Avon Longitudinal Study of Parents and Children, YFS:
Cardiovascular Risk in Young Finns, NHANES: National Health and Nutrition Examination Survey, AUS: Australia, CAN: Canada, FIN: Finland, GBR: United Kingdom, US: United States of America, NLD:
the Netherlands, EST: Estonia, Adiposity measures, wc: waist circumference, wth: waist-to-height ratio, whr: waist-to-hip ratio, %a: percentage adiposity, diagnostic domains; CNS: central nervous
system, UA: upper airway, RESP: respiratory, CVD: cardiovascular, MET: metabolic, REN: renal, LIV: liver, URI: urinary, REP: reproductive, MSK: musculoskeletal, LYM: lymphatic, ADL: activities of daily
living. Prevalence of BMI-defined, clinical, and preclinical obesity. *Waves named according to cohort-specific nomenclature. "Race and ethnicity are not reported in this table. Harmonisation of these
classifications into a single reporting framework was not possible without conflating meaningfully distinct categories, which would risk misrepresenting the demographic composition of individual
cohorts. “Based on n = 816,373 (includes those without education data).
Table 3: Participant characteristics in each cohort.

elevated ALT (56.3% at 20-34 years) and GGT (48.8% at
35-54 years). Renal dysfunction was most prevalent in
childhood (44.2% at 4-9 years) and late adulthood
(33.9% at 75+ years), while the prevalence of muscu-
loskeletal dysfunction was highest at older ages (55.1%
at 75+ years). Similar trends were observed for both
females and males (Figure S17).

801

60 1

Prevalence (%)

In most individual cohorts, raised systolic blood
pressure was common in children and adults with clin-
ical obesity; e.g. in YFS 85.7% of children and 59.1% of
adults met this criterion (Fig. 3). Trends were consistent
across females and males for both adults and children
(Figure S18). However, it was relatively less common in
the NHANES continuous waves, ranging from 26.9%

<
£
o,

& &

Age group (years)

Clinical obesity (females)
BMI-defined obesity (females)

Clinical obesity (males)

BMI-defined obesity (males) - -

—e— C(linical obesity (overall)

BMI-defined obesity (overall)

Fig. 1: Prevalence of clinical obesity and BMI-defined obesity the life course for all cohorts combined, with 95% confidence intervals.

www.thelancet.com Vol 100 October, 2026




Articles

10

CNS | Signs of raised intracranial pressure

Upper airway | Sleep apnoea or increased upper airway resistance -

Pulmonary artery

Cardiovascular*

Metabolism

Criteria

Liver*

Renall Microalbuminuria 4#¥8 25

Urinary | Recurrent/chronic urinary

Anovulation, oligo-menorrhea, or PCOS

Reproductive

Male hypogonadism -
Musculoskeletal | Osteoarthritis -

Lymphatic | Lower limbs lymphoedema -

Atrial fibrillation

Recurrent DVT or pulmonary thrombotic disease -

Metabolic clusterT

LDL cholesterol

Heart failure

hypertension -

Systolic BP

Diastolic BP Prevalence (%)

100

Glucose -

HbAlc

Triglycerides

Missing or
ALT . 24 insufficient data

incontinence

RGO
o’\ q& v\ V\ (\v\ X\
wQ,\Q%b,q,/@
N vy g

Age group (years)

N

Fig. 2: Prevalence of organ dysfunction criteria among participants with clinical obesity across the life course for all cohorts combined. *Some
criteria based on ICD-10 codes are not shown here; T Additionally includes participants who met an ICD-10 code for this criterion. CNS: central
nervous system, DVT: deep-vein thrombosis, BP: blood pressure, HbAlc: haemoglobin Alc, LDL: high-density lipoprotein, HDL: low-density
lipoprotein, ALT: alanine aminotransferase, AST: aspartate aminotransferase, GGT: gamma-glutamyl transferase, PCOS: polycystic ovarian

syndrome. Respiratory dysfunction, specifically in relation to clinical

obesity, is not shown here as it was not measured in any of the included

cohorts. Cell values indicate the prevalence (%) of a criterion in an age group, among participants with clinical obesity who were measured for
that criterion. Denominators vary with completeness of the data. White cells indicate criteria that are not applicable to that age group.

(NHANES 2013-2014) to 44.8% (NHANES 1999-2000)
for adults. Liver dysfunction was especially prevalent in
ALSPAC F24 (72.1% with elevated ALT, 47.1% with
elevated GGT) and TF4 adults (57.1% with elevated ALT,
71.4% with elevated GGT). In a sensitivity analysis of UK
Biobank participants with clinical obesity who only met
one organ dysfunction criterion, liver dysfunction was
common, particularly GGT (39.3%, Figure S19). Renal

dysfunction was common among children with clinical
obesity in NHANES (e.g. 46.4% of children in NHANES
2013-2014). Although the metabolic cluster prevalence
was not striking for many cohorts, abnormalities in the
individual metabolic cluster components were common
(e.g. Est Biobank wave 2, metabolic cluster prevalence
was 1.1%, whereas 40.7% had raised triglycerides and
39.7% had raised LDL cholesterol).
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Fig. 3: Prevalence of organ dysfunction criteria in A) children and B) adults with clinical obesity in each cohort. *Some criteria based on ICD-10
codes are not shown here. + Additionally includes participants who met an ICD-10 code for this criterion. # Less than five participants, results
have been masked. CNS: central nervous system, DVT: deep-vein thrombosis, BP: blood pressure, HbAlc: haemoglobin Alc, LDL: high-density
lipoprotein, HDL: low-density lipoprotein, ALT: alanine aminotransferase, AST: aspartate aminotransferase, GGT: gamma-glutamyl trans-
ferase, PCOS: polycystic ovarian syndrome. Respiratory dysfunction, specifically in relation to clinical obesity, is not shown here as it was not
measured in any of the included cohorts. Cell values indicate the prevalence (%) of a criterion in a cohort, among participants with clinical
obesity who were measured for that criterion. Denominators vary with completeness of the data. Panel A) excludes Gen R F17 as there was a
small number of children with clinical obesity, however adults with clinical obesity in this cohort were included in panel B).

Prevalence of BMI-defined, clinical, and preclinical
obesity by sex

In meta-analyses, the cross-sectional prevalence of
clinical obesity in females and males increased with
age, peaking for both females and males at 75+ years,
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while prevalence of preclinical obesity was highest
across early and mid-adulthood (Fig. 4).

In most individual cohorts the prevalence of clinical
obesity was higher in males earlier in life, however in
mid-late adulthood clinical obesity prevalence was
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Fig. 4: Prevalence of clinical obesity; preclinical obesity by sex across the life course for all cohorts combined.

generally higher in females than in males (Fig. 5,
Figure S20). For example, of participants aged 55-64
years in Est Biobank wave 1, 50.9% of females had
clinical obesity compared to 36.9% of males. The most

notable exception was the UK Biobank-the largest
study-where the prevalence of clinical obesity was
considerably higher in males (57.9%) than females
(32.0%) at 55-64 years. The prevalence of preclinical
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Fig. 5: Prevalence of BMI-defined obesity, clinical obesity, and preclinical obesity by sex across the life course in each cohort.
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obesity varied markedly by sex; in females, cross-
sectional prevalence increased until peaking in early-
to-mid-adulthood, whereas in males, cross-sectional
prevalence remained constant across the life course in
most cohorts. In sensitivity analyses, removing cohorts
that had substantial sex imbalance (ALSPAC FOM1-4,
CheckPoint parents, Estonian Biobank) from the meta-
analyses resulted in similar trends to the main results
(Figures S2), however the prevalence of clinical obesity
exceeded BMI-defined obesity at an earlier age.

Prevalence of BMI-defined, clinical, and preclinical
obesity by education level
In meta-analyses of prevelances stratified by education
level, there were similar age-dependent patterns in both
clinical and preclinical obesity seen across all three
education groups (Fig. 6). Across all age groups, prev-
alence of clinical obesity was higher for low and middle
education groups compared to the high education
group (e.g. 46.8% for high, 53.9% for middle, 55.0% for
low at 65-74 years, p-value for difference < 0.001)
(Table S7). Of those with neither clinical nor preclinical
obesity, the proportion of participants with no obesity
but who met organ dysfunction criteria for clinical
obesity was tended to be lower in those with a higher
education level across most age groups (Figure S21).
Across many cohorts, clinical obesity prevalence was
slightly lower in participants with a high level of edu-
cation compared to those with a middle or low level of
education (Figures S22-S23). For example, in CHILD,
5.0% of 4-5-year-olds with a high maternal education
level had clinical obesity compared to 10.9% of those

with a middle maternal education level. In some co-
horts, this education gradient was also observed for
BMI-defined obesity and preclinical obesity, particularly
in childhood.

Prevalence of adiposity criteria in a subgroup
analysis of cohorts with data on all relevant
adiposity criteria

In subgroup analysis of cohorts with available data on
all adiposity criteria, Almost all participants with clin-
ical obesity (98.9%-100.0% depending on the cohort) or
preclinical obesity (95.4%-99.9%) met the criterion for
waist-to-height ratio (Fig. 7). The waist circumference
(61.9%-91.6%) and waist-to-hip ratio (70.6%—99.4%)
criteria were also frequently met by participants with
clinical obesity. Body fat percentage was generally the
least common adiposity criterion met by participants
(e.g. only 9.6% of UK Biobank participants with clinical
obesity). Similar patterns for adiposity measures among
those with clinical obesity were seen in males and fe-
males (Figure S24).

Prevalence of clinical and preclinical obesity in a
sensitivity analysis for the definition of excess
adiposity

The prevalence of clinical obesity was highest when
excess adiposity was defined by meeting any two
anthropometric criteria (Fig. 8, Figures S25-S26). This
was particularly pronounced in adults, where the cross-
sectional prevalence of clinical obesity increased from
5.2% at age 20-24 years to 51.2% at age 65-74 years.
Clinical and preclinical obesity prevalences were
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Fig. 6: Prevalence of clinical obesity; preclinical obesity by education across the life course for all cohorts combined.
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substantially lower across most ages when BMI with
one anthropometric criterion or body fat percentage
only was used as the definition of excess adiposity. This
pattern was also evident in sex-stratified analyses
(Figure S27). The prevalence of clinical and preclinical
obesity remained the same when including the
assumption of excess adiposity if BMI >40 kg/m? in
adults, in addition to the three adiposity criteria
(Figure S28).

Discussion

In this multi-cohort collaboration, we examined the
recently proposed Commission framework for preclin-
ical and clinical obesity in large-scale, population-based
data spanning childhood to older adulthood. We
compared cross-sectional prevalences of BMI-defined,
clinical, and preclinical obesity using data from 11 co-
horts from seven high-income countries (n = 786,557).
No cohort had complete and contemporaneous infor-
mation across all anthropometric, body composition,
and multi-system organ dysfunction domains specified
by the Commission, and cohorts were heterogeneous
with respect to the data collected. The Commission
diagnostic criteria were developed to guide individual
clinical assessment, rather than population-level
epidemiological classification, hence applying them to
large cohort data requires a pragmatic adaption. How-
ever, estimating population level prevalence using the
Commission criteria, albeit imperfectly, is necessary to
understand the public health implications of the new
definition. We therefore analysed a harmonised and
pragmatic operationalisation of the definitions using
available and comparable measures across studies. Our
data provide preliminary rather than definitive preva-
lence estimates of clinical obesity compared to
BMI-defined obesity. In addition, as most data were
cross-sectional, findings cannot be interpreted as indi-
vidual trajectories or life course transitions. These an-
alyses highlight the challenges in operationalising the
Commission’s conceptual definition in epidemiological
studies, and the urgent need for harmonised and
complete longitudinal data in diverse settings and
populations to inform clinical practice and public
health strategies.

There were marked age-related differences in the
cross-sectional prevalence depending on how obesity
was defined. Cross-sectional prevalences of BMI-
defined and preclinical obesity were higher than clin-
ical obesity in early childhood until mid-life. Thereafter,
the cross-sectional prevalence of clinical obesity
increased with age until late adulthood. In adults, the
prevalence ranged from 5.2% to 52.0%. In older age
groups, the prevalence of clinical obesity exceeded the
prevalence reported in most previous studies.”*

The prevalence of clinical obesity in adults in our
study was similar to previous cohort studies in the

www.thelancet.com Vol 100 October, 2026

Republic of Korea, US, and UK.”** The lower preva-
lence estimates reported by some studies may reflect
lack of data on non-BMI anthropometric
measures.”**° Ag in our analyses, most previous
cohort studies did not measure all clinical and labora-
tory diagnostic criteria.*“°#°-% Importantly, studies
varied markedly in how they operationalised the Com-
mission definition of clinical obesity, which could
potentially under- or overestimate the prevalence.”°' In
our study, throughout childhood and early adulthood,
BMI-defined obesity prevalence was higher than clinical
obesity; from 55 to 64 years clinical obesity was more
prevalent, with this difference in cross-sectional preva-
lence increasing with age. These results align with the
only previous paediatric study, in which BMI-defined
obesity (20.7%) was more prevalent than clinical
obesity (3.6%) in 111 Mexican children aged 6-11
years.”’

There were striking sex differences in the prevalence
of clinical and preclinical obesity, which may partly
reflect sex differences in data availability in specific
cohorts. Sex differences were less evident for BMI-
defined obesity. Males had a higher cross-sectional
prevalence of clinical obesity from 15 to 19 years with
sex differences widening until older age. Higher prev-
alence of clinical obesity in women from 65 to 74 years
onwards may indicate survival bias, and reflect limita-
tions in available data, with the largest cohort (UK
Biobank) only including participants <73 years. In
sensitivity analyses excluding data from sex-
predominant cohorts and single sex ALSPAC waves,
similar patterns of sex differences were observed, with
an earlier age at which the prevalence of clinical obesity
exceeded BMI-defined obesity. This likely reflects well-
described sex differences in BMI across the lifecourse,
in addition to the lower prevalence of clinical obesity
among women earlier in life.

There were also sex differences in the cross-sectional
prevalence of preclinical obesity with age. In women,
preclinical obesity prevalence was highest in early
adulthood, then decreased. In men, prevalence
remained constant beyond childhood. Clinical obesity
prevalence exceeded preclinical obesity at a younger age
in men than women. It may be that excess adiposity
results in fewer clinical sequelae in women than men at
a given age. Further evaluation of population-
representative cohorts and consideration of preg-
nancy, offspring health and intergenerational health
outcomes are needed to fully appreciate sex differences
and their clinical implications across the life course.

The patterns of prevalence of BMI-defined, clinical,
and preclinical obesity were similar across education
levels. In most cohorts, there was limited evidence of a
lower prevalence of clinical obesity in those with a high
level of education. There is likely a complex relationship
between socioeconomic position and prevention, onset,
prevalence, progression, and outcomes of BMI-defined
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and clinical obesity across the life course. In the ECOS
analyses, it was possible to harmonise only one mea-
sure of socioeconomic position. Detailed cohort specific
analysis of the relationship between multiple socioeco-
nomic factors and obesity outcomes would be
informative.

We explored the prevalence of specific excess
adiposity criteria in a subset of cohorts with available
data. There were substantial differences in the preva-
lence of clinical obesity and preclinical obesity
depending on the non-BMI adiposity measure. We
found lower prevalence of excess adiposity defined by
body fat percentage compared to other adiposity
criteria. This may reflect the lack of universally accepted
normative body fat percentage thresholds. We used a
cut-off above the 85th centile, which approximates a
body fact percentage of 34.3% in non-Hispanic White
men aged 40-59 years and 47.2% in women.” Such
population-specific differences between criteria may
have important implications for diagnosis, which in
turn will impact risk prediction and treatment
eligibility.

Our study has several strengths. We leveraged 11
cohorts in the largest such study to date. Apart from
sparser data at the extremes of age, where estimates
were less precise, we generated preliminary cross-
sectional prevalence estimates of BMlI-defined and
(pre)clinical obesity across diverse settings and pop-
ulations from high-income countries. A key strength is
the inclusion of 97,071 children aged 4-17 years; pre-
vious paediatric data on clinical obesity are limited to a
single study of 111 children.”

We acknowledge significant but unavoidable limi-
tations, most intrinsic to using historical data from
cohorts that were enrolled prior to the definition of
clinical obesity, and which all lack complete data on all
proposed diagnostic criteria for clinical obesity. The
data were from multiple study types, including obser-
vational cohorts and biobanks that vary in their popu-
lation representativeness and span different epochs. To
account for changing prevalence of obesity, we only
included data from 1996 onwards, but we acknowledge
the increasing prevalence of obesity and its drivers over
the study period.

For children and adolescents, BMI-defined obesity
was classified using CDC growth charts (>95th
percentile), which may yield different prevalence esti-
mates compared with WHO growth standards or IOTF
cut-offs. The choice of paediatric reference system can
meaningfully influence obesity prevalence estimates,
particularly in non-US populations and in younger age
groups.”*** However, as the primary focus of this study
was the Commission’s clinical obesity definition rather
than BMI-defined obesity, this decision is unlikely to
have had a substantial effect on the main findings
regarding clinical obesity prevalence.

Cohorts were largely cross-sectional, although some
cohorts had repeated measures on the same in-
dividuals, and some collected different information at
different time points. These cross-sectional data pre-
cluded interpretations regarding trajectories and life
course transitions in prevalences, and we therefore
provide cross-sectional age-specific prevalence esti-
mates across heterogeneous cohorts. We have accoun-
ted for cohort-specific differences. We acknowledge that
there is potential for non-random missingness, for
example, if participants with more severe obesity were
less likely to have data on certain diagnostic criteria,
this may have influenced prevalence estimates in some
cohorts. As no cohort collected data on all 13 diagnostic
domains, clinical obesity prevalence was likely under-
estimated. Data relating to CNS, respiratory, lymphatic,
and reproductive diagnostic criteria were sparse or
unavailable. In this study, organ dysfunction or limita-
tions in ADL were generally included, but it was not
possible to verify whether these were due to adiposity.
We excluded a limited number of diagnostic criteria
data such as questionnaire data relating to headaches
for CNS criteria, and wheeze for respiratory criteria, as
these are symptoms of many common conditions and
could not be attributed to increased adiposity with
confidence. For other diagnostic criteria, such as
musculoskeletal — parameters, hypertension, and
obstructive sleep apnoea, the high population preva-
lence in later adulthood, irrespective of obesity, may
have resulted in an overestimation of clinical obesity
prevalence if these were the sole organ dysfunction
criterion. The heterogeneity of organ dysfunction
criteria and assessment of functional limitation across
the cohorts reflects the use of studies designed prior to
the publication of the Commission’s definition of
clinical obesity.

There was also considerable variation across cohorts
in how data on individual diagnostic criteria were
determined; for example, osteoarthritis was defined by
ICD-10 codes in the Estonian Biobank and by ques-
tionnaire in NHANES. Similarly, specific methodology
for laboratory assays varied; for example in Child
Health CheckPoint, LDL cholesterol was measured
using a NMR metabolomics platform, whereas in the
UK Biobank it was measured via enzymatic protective
selection analysis. These differences reflect the avail-
ability of real-world data that were collected prior to the
Commission’s definition of clinical obesity in cohorts
designed to address different research questions, and
are likely to impact the prevalence estimates. We used
clinical guidelines and published literature to deter-
mine the thresholds used for laboratory criteria cut offs
for organ dysfunction, and represent pragmatic oper-
ationalisation of the Commission criteria. We
acknowledge that variation in threshold may alter esti-
mates of clinical obesity prevalence.
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The Commission’s diagnostic criteria do not specify
how to approach those on medications for diagnostic
criteria. Medication data were either unavailable or
inconsistently collected across cohorts. In this analysis,
medication use did not qualify individuals for the
treated diagnostic criterion, potentially underestimating
prevalence. Conversely, if a diagnosis was in the data-
set, an individual may meet criteria for clinical obesity,
even if the condition is well-controlled. This consider-
ation is relevant for analyses of clinical obesity and
long-term health outcomes. Ethnicity-based cut-offs
were not used in ECOS and specific global reference
ranges were used for all diagnostic criteria, potentially
misclassifying some subgroups. Race and ethnicity data
were recorded in individual cohorts using country-
specific classification frameworks that cannot be
meaningfully harmonised across the seven countries in
ECOS, reflecting the socially constructed and nationally
variable nature of these categories. The cohorts are
predominantly from high-income, majority-White
populations, which limits generalisability to more
racially and ethnicially diverse settings and populations
with different obesity risk profiles.** Studies in more
diverse populations, including those from low- and
middle-income countries, are clearly warranted given
the disproportionate and growing burden of obesity*®
and associated health outcomes in these settings.®

We used (maternal/household reference) education
as the sole SEP parameter, given its consistent associ-
ation with diverse health outcomes® and its availability
in all cohorts. Stratified analyses by other SEP param-
eters, including area-level disadvantage, occupation,
and income may identify important additional associa-
tions with policy implications, but these data were not
consistently available across cohorts. Finally, cohort
participants in observational studies tend to be health-
ier and less socioeconomically deprived,* potentially
underestimating obesity prevalence, however defined.

Many of these limitations could be overcome by
prospective longitudinal studies with standardised data
collection that capture the breadth of the diagnostic
criteria. Such studies are critical to define the true
population prevalence of clinical obesity across diverse
populations, and the relevance of the definition to
health outcomes. Understanding morbidity and mor-
tality arising from clinical or preclinical obesity is
essential to inform targeted prevention, management
and policy, especially for children and young adults who
have longer exposure to excess adiposity and would
benefit most from early interventions.

In conclusion, this multi-cohort study provides age-
related cross-sectional prevalence estimates of (pre)-
clinical obesity across multiple high-income countries.
These findings are to be considered in the context of
heterogeneity of available data and other acknowledged
limitations. Evaluating the prevalence of clinical
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obesity, changes over the life course, and variations by
sex and socioeconomic position are vital to informing
the Commission’s goals. Clinical obesity prevalence
was lower in childhood and higher in mid-adulthood
onwards compared to BMI-defined obesity. Sex differ-
ences in clinical and preclinical obesity prevalence
warrant further exploration, as health outcomes may
differ both by sex and age.
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