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In 2025, a Lancet Commission proposed distinguishing clinical obesity, defined by

adiposity-related organ dysfunction, from preclinical obesity, defined by excess
adiposity with preserved function, and recommended using anthropometric
measures beyond body mass index (BMI) to confirm obesity status'. Here we report
the comparative performance of this framework versus conventional BMI-based
classification using prevalence, incidence and mortality data from 844,108 adults
across four cohorts in China, the UK, the USA and Spain. Complementing BMI

with waist circumference and waist-to-height ratio data showed that BMI alone
overestimated obesity in1.2-3.1% and underestimated it in 5.2-8.6% of participants
across cohorts. The combined anthropometric definition increased overall obesity
prevalence by 3.3-7.4% relative to BMI-based classification. Clinical obesity accounted
for22.7-31.3% of total obesity, with an overall population prevalence of 5.6-10.9%.
Alarge proportion of individuals (between 77.4% and 91.3%) with preclinical obesity at
baseline showed no progression to clinical obesity over 10 years. Increased mortality
risk was associated with the combined anthropometric definition of obesity, but

not with BMI-only obesity. Clinical obesity was associated with substantially higher
all-cause mortality (hazard ratio 1.69, 95% confidence interval 1.64-1.73), whereas
preclinical obesity conferred only modest risk (1.19, 1.14-1.24). These findings support
the global adoption of the Lancet Commission diagnostic framework to improve
obesity care and policy.

Medical diagnoses typically define disease on the basis of objective signs
of organ dysfunction? (see https://www.merriam-webster.com/diction-
ary/diagnosis). By contrast, the healthimpact of obesity has historically
been assessed using body mass index (BMI)—a proxy for body size—
alongside obesity-related comorbidities®. This approach providesan
aggregate measure of ill health rather than a disease-specific diagnosis.
The absence of a clinically grounded definition hasimpeded recogni-
tion of obesity as a distinct disease, contributing to gapsin care, incon-
sistent prevention, misallocated resources and persistent stigma®’.
Toaddress this,in2025, a Lancet Commission from TheLancet Diabe-
tes & Endocrinology proposed a new diagnostic framework that distin-
guishes between two categories of obesity: clinical obesity, defined by
excess adiposity impairing organ function or daily activities; and preclin-
ical obesity, characterized by increased adiposity and increased health

risks but with preserved organ and whole-body function’. The frame-
work also recommends supplementing BMI with other anthropomet-
ric measures, such as waist circumference (WC), waist-to-height ratio
(WHTtR) or fat quantification with dual-energy X-ray absorptiometry,
when available, toimprove the detection of excess adiposity. Although
consistent conceptually with diagnostic principles in medicine, the
clinicalimplications of this framework remain uncertain. Itisunknown
how substantially the recommended use of additional anthropometric
measures changes the classification of obesity compared with BMI
alone, or whether the distinction between clinical and preclinical obesity
captures meaningfully different health states. The natural history of
preclinical obesity is also poorly characterized, including the extent to
whichit remains stable or progresses to clinical obesity over time. More
broadly, whether these classifications show consistent associations with
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Fig.1|Prevalence and classification accuracy for BMI-based obesity versus
CAD-obesity. Definitions of BMI-based obesity, WC-based obesity, WHtR-based
obesity and CAD-obesity are provided in the Methods. The analysesincluded
137,795 participants from the Kailuan Study, 436,203 participants from the UK
Biobank, 218,841 participants fromthe All of Us (AoU) Research Program and

prognosis across populations and healthcare settings has yet to be estab-
lished. We examined these questions using data from 844,108 adults
from fourlarge cohortsin China, the UK, the USA and Spain, aiming to
evaluate the Lancet Commission’s proposed diagnostic framework in
terms of obesity classification, the distribution and longitudinal course
of clinical and preclinical obesity and their associations with mortality.

Multi-anthropometric definition of obesity

To assess whether incorporating other anthropometric measures
(WC and WHtR) improves obesity detection beyond the use of BMI
alone, we analysed data from four cohorts: the Kailuan Study (China,
n=137,795), the UK Biobank (UKB, n = 436,203), the All of Us Research
Program (AoU; USA, n =218,841) and the SIDIAP database (Spain,
n=>51,269). The characteristics of the study populations are shown
in Supplementary Table 1, selection of study participants from each
cohortis shown in Supplementary Figs. 1-4 and the details of study
design of each cohortare presented in the Methods and Supplementary
Methods. Following the Lancet Commission’s proposed diagnostic
criteria', obesity confirmation required any of the following three com-
ponents: (1) BMI > 40.0 kg m™; (2) BMI > 30.0 kg m™(>28.0 kg m™for
Chinese individuals) plus elevated WC or elevated WHtR; or (3) BMI
25.0-29.9 kg m™(24.0-27.9 kg mfor Chinese individuals) plus both
elevated WC and elevated WHtR. Elevated WC was defined as >102 cm
for male and =88 cm for female individuals (=90/85 cm (male/female)
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Overweight without CAD-obesity
BMlI-based obesity with CAD-obesity

BMI-based obesity only (overestimation)

51,269 participants from the SIDIAP database. Prevalence estimates are
presented as percentages. a, Prevalence of obesity defined separately by
BMI, WC and WHtR. b, Reclassification of obesity status across BMI-defined
categories after applying CAD-obesity criteria. Coloursindicate the
correspondingreclassification categories as definedin the figure.

for Chinese individuals)®®, and WHtR thresholds varied by ethnicity
(non-Hispanic white: male/female >0.57/0.58; non-Hispanic Black:
>0.55/0.57; Hispanic: 20.57/0.59; Asian: >0.56/0.59; others: >20.50)™.

Classification based on BMI alone resulted in both over- and
under-identification of obesity across all four cohorts (Fig. 1 and
Extended Data Table 1). The proportions classified as obese by BMI
but without elevated WC or WHtR were 3.1% in the Kailuan Study, 1.9%
inthe UKB,1.9% in the AoU and 1.2% in the SIDIAP, whereas 6.6%, 5.2%,
7.5% and 8.6%, respectively, of individuals with BMI-defined overweight
met both WC and WHtR criteria for obesity-level adiposity. With the
Lancet Commission’s recommended multi-criteria definition, hereaf-
ter referred to as the combined anthropometric definition of obesity
(CAD-obesity), overall obesity prevalence increased from17.8% to 21.3%
in the Kailuan Study, 24.0% to 27.3% in the UKB, 42.5% to 48.1% in the
AoU and 18.7% t0 26.1% in the SIDIAP. Overall, CAD-obesity yielded a
modest netincrease in obesity prevalence of 3.5% in China, 3.3% in the
UK, 5.6% in the USA and 7.4% in Spain.

Clinical and preclinical categories

Clinical obesity was defined as CAD-obesity accompanied by at least
one ofthe18 adult diagnostic criteria specified by the Lancet Commis-
sion. These criteria represent obesity-related organ dysfunction or
functionalimpairmentacross several systems, including cardiovascular
(for example, heart failure, atrial fibrillation, thromboembolic disease
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Fig.2|Prevalence of preclinical obesity and clinical obesityinall
participants and in participants with CAD-obesity. Definitions of CAD-
obesity, preclinical obesity and clinical obesity are provided in the Methods.
Theanalysesincluded 137,795 participants from the Kailuan Study, 436,203
participants from the UK Biobank, 218,841 participants from the All of Us
Research Programand 51,269 participants from the SIDIAP database. Grey
segments representindividuals without CAD-obesity. Orange segments
represent the estimated AF-adjusted prevalence component of clinical obesity,

and hypertension), respiratory (obstructive sleep apnoeaand chronic
obstructive pulmonary disease), metabolic (combined dysglycaemia
and dyslipidaemia), hepatic (MASLD with fibrosis), renal (chronic kid-
ney disease), neurological (intracranial hypertension), musculoskel-
etal (hip or knee osteoarthritis), reproductive (infertility), urological
(urinary incontinence) and lymphatic dysfunctions, together with
limitations in daily activities. Criteria for clinical obesity were opera-
tionalized using predefined clinical, laboratory, imaging or diagnostic
criteria adapted to the variables available in each cohort. Detailed
definitions and cohort-specific assessment methods are provided in
the Supplementary Methods and Supplementary Table 2.

However, not all organ dysfunction that coexists with CAD-obesity
canbe assumed to be attributable to obesity. We therefore applied an
attributable fraction (AF) approach to provide apopulation-level esti-
mate of attribution and to adjust subsequent estimates accordingly™.
The AF was calculated as: AF = Hﬁ; ! where HR denotes the hazard
ratio for the association between CAD-obesity and risk ofincident organ
dysfunctionwith adjustment for relevant confounders using Cox pro-
portional hazards models. The cohort-specific HRs used to derive the
AF estimates were 1.62 (95% confidence interval (Cl), 1.58-1.66) in the
Kailuan Study, 1.68 (1.64-1.72) in the UKB, 1.67 (1.61-1.73) in the AoU
and2.07(1.97-2.18) inthe SIDIAP (Extended Data Table 2), correspond-
ing to AF values of 0.383, 0.405, 0.401 and 0.517, respectively.

Because the distinction between clinical and preclinical obesity
depends on the presence of organ dysfunction among individuals
with CAD-obesity, we first quantified the observed crude prevalence of
organ dysfunction and then applied the cohort-specific AF estimates to
account for the proportion plausibly attributable to obesity at the popu-
lationlevel. The crude prevalence of organ dysfunction among people
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corresponding to CAD-obesity with organ dysfunction statistically attributable
to CAD-obesity at the populationlevel. Green segments representindividuals
with CAD-obesity but without evidence of organ dysfunction. Segments
withacolourgradientrepresent the estimated non-attributable prevalence
componentamong participants with CAD-obesity and organ dysfunction after
application of the AF adjustment. Together, the green and gradient segments
represent the estimated AF-adjusted prevalence of preclinical obesity.

with CAD-obesity rangedfrom 56.7%inthe AoUto 75.3% in the UKB (Fig. 2;
Extended Data Table 3). AF-adjusted clinical obesity accounted for 26.3%
(95%Cl:25.2-27.3) of total obesity in the Kailuan Study, 30.5% (29.4-31.6)
in the UKB, 22.7% (21.5-24.0) in the AoU, and 31.3% (30.9-31.8) in the
SIDIAP (Fig. 2; Extended Data Table 3). Accordingly, the proportion of
individuals with CAD-obesity but without any detectable organ dysfunc-
tion—representing the minimum estimate of preclinical obesity—ranged
from24.7%in the UKB to 43.3% in the AoU, and the maximum estimate
of preclinical obesity (1 minus the AF-adjusted prevalence of clinical
obesity) ranged from 68.7%in the SIDIAP to 77.3% in the AoU (Extended
Data Table 3).

The overall prevalence of AF-adjusted clinical obesity in the full popu-
lation was 5.6% (95% CI: 5.4-5.8) in the Kailuan Study, 8.3% (8.0-8.6) in
the UKB, 10.9% (10.4-11.5) in the AoU and 8.2% (8.1-8.3) in the SIDIAP
(Fig. 2 and Extended Data Table 3).

Sensitivity analysesrestricting to the nine organ dysfunctionindica-
torsavailableacross all datasets yielded results that were highly consist-
entwith the primary analyses. Prevalence estimates changed minimally
under therestricted definition, indicating that additional cohort-specific
indicators contributed little to classification (Supplementary Tables 3
and 4). Indicators that were not universally available were individually
rare, and most participants presenting themalso had atleast one of the
nine commonindicators, supporting the robustness and comparability
of the classification across cohorts (Supplementary Table 5).

Ten-year stability of preclinical obesity

To assess the progression from preclinical to clinical obesity, we per-
formed an analysis among individuals with CAD-obesity but without
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Fig.3|Cumulative incidence of organ dysfunction and AF-adjusted clinical
obesity amongindividuals with preclinical obesity at baseline. The analyses
included 8,009 participants from the Kailuan Study, 29,338 participants from
the UK Biobank, 54,535 participants from the All of Us Research Program and
5,273 participants from the SIDIAP database, all of whom had preclinical obesity
atbaseline.Solid lines represent the estimated cumulative incidence of clinical
obesity, calculated by applying AF-based estimates to the observed incidence of
organdysfunction amongindividuals with preclinical obesity. Dashed lines
representthe observed cumulativeincidence ofincident organ dysfunction.
Shaded areasrepresent the corresponding 95% Cls. Cumulative incidence
curveswere estimated using Kaplan-Meier methods and were generated from
baseline untilincident organ dysfunction, death or the end of follow-up,
whichever occurred first. AF estimates were calculated from HRs derived using
Cox proportional hazards models adjusted for cohort-specific covariates, as
describedinthe Supplementary Methods.

any organdysfunction atbaseline. The AF-adjusted 10-year incidence of
clinical obesity was 21.2% in the Kailuan Study, 8.7% in the UKB and 22.6%
inthe SIDIAP; because of ashorter follow-up inthe AoU cohort, onlyan
AF-adjusted 4-year incidence was calculated and an incidence of 8.5%
was found (Fig. 3). Thus, approximately 70-90% of individuals with pre-
clinical obesity remained stable over adecade. Theincidence rates were
similar between male and femaleindividuals (Supplementary Fig. 5),and
sensitivity analysis restricting to the nine organ dysfunctionindicators
yielded similar results (Kailuan Study: 21.4%; UK Biobank: 8.8%).

No excess mortality with BMI alone

Cox proportional hazards models were used to assess associations of
BMI-based obesity and CAD-obesity with all-cause mortality, adjust-
ing for sociodemographic covariates. The AoU cohort was excluded
because of limited follow-up. Median follow-up was 15.3 years in the
Kailuan Study (17,642 deaths), 13.8 years in the UKB (31,812 deaths)
and11.2 yearsinthe SIDIAP (2,338 deaths).

Compared with individuals with no overweight or obesity, partici-
pants with BMI-defined overweight or obesity but without CAD-obesity
had a lower all-cause mortality risk (pooled HR 0.88 [95% CI: 0.86—
0.90]and 0.93[0.86-0.99], respectively). By contrast, individuals with
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CAD-obesity, regardless of whether their BMIwas in the overweight or
obese range, had a significantly higher, albeit modest, mortality risk
(pooled HR1.06 [1.03-1.10] and 1.07 [1.05-1.10], respectively; Fig. 4a
and Extended Data Table 4).

Further cause-specific mortality analyses were done in the UK
Biobank (the only cohort with available cause-specific mortality data),
including cardiovascular mortality, obesity-related cancer mortality
and their combination (Supplementary Table 6). After multivariable
adjustment, BMI-defined overweight or obesity without CAD-obesity
was not associated withincreased risks of these cause-specific mortality
outcomes. By contrast, CAD-obesity was associated with higher risks,
including among individuals in the BMI-defined overweight range.

Infurther sensitivity analyses, exclusion of deaths occurring within
the first 5 years of follow-up did not materially alter the associations,
arguing against reverse causation as amajor explanation for the find-
ings (Supplementary Table 7). The proportion of missingness was low
across all cohorts, with no variable exceeding 20% (Supplementary
Table 8), and a sensitivity analysis restricted to participants without
missing variables also yielded robust results (Supplementary Table 9).
Stratified analyses by smoking status confirmed that smoking was a
strong effect modifier; however, among never-smokers, CAD-obesity
remained consistently associated with higher mortality risk, whereas
BMI-defined overweight and obesity in the absence of CAD-obesity
showed no or modest mortality risk after multivariable adjustment
(Supplementary Table 10).

Higher mortality in clinical obesity

We evaluated the association between clinical obesity and mortal-
ity risk. Participants were first categorized into four baseline groups:
(1) no CAD-obesity and no organ dysfunction (reference group); (2)
no CAD-obesity with organ dysfunction; (3) CAD-obesity without
organ dysfunction (preclinical obesity); and (4) CAD-obesity with
organ dysfunction (clinical obesity). Clinical obesity was associated
with a substantially higher mortality risk (pooled HR, 1.69; 95% ClI,
1.64-1.73), whereas preclinical obesity showed a modest association
(pooled HR,1.19;95% Cl, 1.14-1.24; Fig.4b and Extended Data Table 5).
Cohort-specific estimates were directionally consistent.

Sensitivity analyses by excluding deaths occurring within the first2 or
Syears of follow-up or by incorporating waist-to-hip ratiointo the diag-
nostic indicators did not materially alter the associations (Extended
Data Table 6). The association between clinical obesity and mortality
was stronger in female individuals and in those aged younger than
60 years (P<0.001 for interactions; Extended Data Fig. 1and Supple-
mentary Table11). Inthe age-stratified analysis, sensitivity analyses by
further excluding deaths occurring within the first 5years or restricting
participants without missing variables yielded similar results to those
of the primary analysis (Supplementary Tables 12 and 13), providing
further reassurance against reverse causation and selection biases.

To disentangle the relative contributions of BMI-defined obesity,
CAD-obesity and organ dysfunction to mortality risk, participants
were further classified into eight groups according to the presence
or absence of each component. In groups defined by organ dysfunc-
tionand CAD-obesity, BMI-defined obesity conferred little additional
risk, when compared with the BMI-defined non-obese status. On the
other hand, CAD-obesity showed a consistently higher mortality risk,
and the highest mortality risks were observed among participants
with both CAD-obesity and organ dysfunction (thatis, clinical obesity)
(Extended Data Table 7).

Separate cause-specific mortality analyses of clinical and preclini-
cal obesity inthe UK Biobank dataset showed that clinical obesity was
consistently associated with substantially higher risks, with effect
sizes generally stronger than those observed for all-cause mortality,
whereas preclinical obesity showed elevated but consistently lower
risks (Supplementary Table 14).
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obesity, CAD-obesity and clinical obesity status. The analysesincluded
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UK Biobank and 51,269 participants from the SIDIAP database. Each panel
presents Kaplan-Meier survival curves and adjusted HRs with 95% Cls for
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pooled HR estimates from Cox proportional hazards models shownonthe
right. Solid lines in Kaplan-Meier plots represent survival probability
estimates for each obesity classification group, with coloursindicating the
categories defined in each panel.Shaded areas around survival curves
indicate 95% Cls. In forest plots, points represent HR point estimates and
horizontallines represent corresponding 95% Cls. The x axes of the forest
plotsare presented onalogarithmic scale. Cox proportional hazards models
were adjusted for cohort-specific covariates as specified in

Internal evaluation of WHtR cut-offs

We performed further complementary analyses to examine the appro-
priateness of the ethnicity-specific WHtR thresholds used to confirm
obesity status. First, the relationship between BMI and WHtR was
broadly consistent across cohorts (Pearson r > 0.64; Extended Data
Fig.2). Onthebasis of fitted linear regression models, the conventional
WHEtR cut-off of 0.50 corresponded approximately to the BMI-defined
overweight threshold, whereas WHtR values corresponding to the
BMI-defined obesity threshold were generally higher than 0.55 (from
0.55t0 0.60 across the four cohorts).

Mortality analyses showed a similar pattern. Restricted cubicspline
models indicated that mortality risk began to increase at WHtR val-
ues around 0.55 (Extended Data Fig. 3). Consistently, participants
with a WHtR between 0.50 and the ethnicity-specific thresholds
had no excess mortality risk (pooled HR, 0.99; 95% CI, 0.97-1.02),
whereas those with a WHtR above the ethnicity-specific threshold

5 10
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T .
1.00 1.502.00
Hazard ratio

T
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the Supplementary Methods, and pooled HR estimates were obtained using
fixed-effects models. All statistical tests were two-sided, and no adjustment
for multiple comparisons was performed. a, Mortality risk according to
BMI-based overweight or obesity and CAD-obesity status. Coloursindicate
BMI-based categories combined with CAD-obesity status: no overweight or
obesity; overweight BMIwithout CAD-obesity; BMI-based obesity without
CAD-obesity; overweight BMIwith CAD-obesity; and BMI-based obesity with
CAD-obesity. b, Mortality risk according to obesity stage defined by
CAD-obesity and organ dysfunction, including preclinical and clinical
obesity. Coloursindicate four groups: no CAD-obesity and noorgan
dysfunction; no CAD-obesity with organ dysfunction; CAD-obesity without
organdysfunction (preclinical obesity); and CAD-obesity with organ
dysfunction (clinical obesity).

had a higher risk (pooled HR, 1.21; 95% Cl, 1.18-1.24; Supplementary
Table 15).

Using 0.50 instead of the ethnicity-specific thresholds substantially
increased the proportion of participants defined as having obesity
by meeting the WHtR criterion across all four cohorts (Kailuan, 59.2%
versus 18.3%; UKB, 66.7% versus 27.2%; AoU, 74.3% versus 48.8%; SIDIAP,
71.1% versus 33.3%). When these thresholds were incorporated into the
definition of confirmed obesity, the same risk pattern was observed:
participants classified only by the 0.50 threshold showed no excess
mortality (pooled HR,1.00; 95% CI, 0.96-1.03), whereas those meeting
the ethnicity-specific thresholds had a higher mortality risk (pooled
HR,1.20;95% Cl, 1.18-1.22; Supplementary Table 16).

Discussion

To our knowledge, this is the first large-scale, multinational study
to comprehensively evaluate the Lancet Commission diagnostic
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framework® against the widely used BMI-based classification. Previ-
ous studies have examined individual components of the framework—
such asexpanded anthropometric criteria or prevalence estimates of
clinical obesity—but have lacked integrated assessment or longitudinal
follow-up™?. This study evaluated several interrelated elements of
the new diagnostic framework: the implications of using combined
anthropometric criteria to confirm obesity; their effects on prevalence
and risk stratification compared with BMI alone; the importance of
selecting appropriate anthropometric cut-offs; and the prognostic
implications of distinguishing clinical from preclinical obesity.

Withregard to anthropometric classification, our findings show that
BMIlalone both over- and under-identifies obesity and does not reliably
distinguish individuals who have an increased mortality risk. These
results support the Commission framework’s use of complementary
anthropometric measures alongside BMI to improve obesity classi-
fication and risk stratification. Although WC and WHtR are, like BMI,
indirect measures of adiposity, increased values for these measures
are (for anatomical and physiological reasons) more likely to reflect
fat-mass expansion, whereas a higher BMI might also reflect greater
lean mass. Their correlation with direct body-composition measure-
ments'® supports their use as a pragmatic means of detecting excess
adiposity where direct measurement is impractical. Future studies
should determine whether direct measurement of fat adds meaning-
ful precision and could ultimately replace combined anthropometry
ifreliable bedside technologies become widely available.

We observed substantial discordance between BMI-based classifica-
tionand CAD-obesity, with BMI overestimating obesityin1.2-3.1% and
underestimating it in 5.2-8.6% of participants across cohorts. When
considered against national obesity estimates from the 2025 World
Obesity Atlas”, these proportions suggest that BMI misclassification
affects tens of millions of individuals in countries with large popula-
tions, underscoring the potential public-healthimplications of seem-
ingly modest differences in classification.

However, the effects of using acombined anthropometric definition
of obesity depend, crucially, on how the Commission’s recommenda-
tions are operationalized. Unlike our findings, previous studies in
US cohorts reported that applying the Lancet Commission frame-
work substantially increased overall obesity prevalence? . These
discrepancies mainly reflect methodological differences, particularly
the choice of anthropometric cut-offs and incomplete adherence to
the framework’s recommendations. In one study™, higher prevalence
estimates were driven by the use of a single low WHtR cut-off of 0.50
across populations, potentially classifying individuals with milder
increases in adiposity and associated risk as having obesity. Another
study’reported an overall obesity prevalence of 60% in the AoU cohort,
compared with 48.1% in our analysis. Inaddition to using asingle WHtR
cut-off of 0.50, the study applied the cut-off across the full BMI range,
includingindividuals withanormal BMI. This approach diverges from
the Commission’s recommendation that anthropometric confirmation
be used mainly in individuals with BMI values below—but near —the
BMI obesity threshold'. Applying anthropometric criteria outside
this context risks classifying individuals with normal body weight and
localized abdominal adiposity—such as those with lipodystrophy or
related conditions, which are biologically and clinically distinct—as
having obesity. For this reason, the Commission retained BMI as the
initial screening tool', and we limited the assessment of obesity to
participants within the conventional BMI-defined overweight and
obesity ranges.

In closer alignment with the Commission’s guidance, we applied
obesity-level, ethnicity-specific thresholds for WC and WHtR. In our data,
the conventional WHtR cut-off of 0.50 corresponded approximately to
the BMI-defined overweight threshold, whereas WHtR values corre-
spondingto the BMI-defined obesity threshold and increasing mortality
risk were generally observed around or above 0.55. This convergence
between anthropometric and mortality analyses supports the use of
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higher WHtR thresholds for obesity classification and is consistent with
the previously proposed cut-off of 0.55-0.59 (ref. 10). Further prospec-
tive evaluation will be required to refine population-specific thresholds.

The application of obesity-level thresholds for WC and WHtR fur-
ther illustrates the limitations of BMI-based classification. Although
these measures remain indirect proxies of body fat, the reclassified
groups had distinct mortality profiles, showing that conventional BMI
categories encompass individuals with heterogeneous risk and that
additional measures provide clinically relevant stratification beyond
BMI alone. This is particularly consequential for the overweight cat-
egory. The Lancet Commission framework intentionally does not
retain overweight as a separate intermediate-risk category; instead,
itextends the definition of obesity to individuals with a BMI classified
asoverweight who meet additional anthropometric criteriaindicating
obesity-level adiposity. Our data support this approach: individuals
withaBMIin the overweight range who met CAD-obesity criteria had
amortality risk comparable with that of individuals with a BMl in the
obesity range who also met CAD-obesity criteria. By contrast, those
with a BMI classified as overweight who did not meet CAD-obesity
criteriahad no excessrisk and, in several analyses, had alower risk than
did individuals with anormal BMI. The CAD-obesity criteria therefore
identify adiposity-related risk that would otherwise remain obscured
within the conventional overweight range.

The implications are substantial. An estimated 1.5 billion adults
worldwide are classified as overweight by BMIY, yet our findings indi-
cate that individuals in this population should not all be regarded as
being atincreased risk. Our data suggest that combining BMIwith WC
and appropriately calibrated WHtR cut-offs, such as those evaluated
here, canidentify higher-risk individuals without substantially increas-
ing overall obesity prevalence. This selective reclassification provides
a clinically meaningful basis to inform individual care, health policy
and resource allocation.

Anthropometric confirmation improves the identification of mor-
tality risk associated with excess adiposity. However, because clini-
cal obesity denotes an active disease state, its diagnosis requires a
further step: establishing the presence of organ dysfunction that can
plausibly be attributed to that adiposity. This requirement reflects a
fundamental principle of disease definition: because similar altera-
tions in organ function can arise from different disease processes,
causality cannot be inferred from coexistence alone. For example,
not all joint inflammation is caused by rheumatoid arthritis, nor is
all heart failure attributable to the same underlying heart disease. In
clinical practice, differential diagnosis addresses this uncertainty by
consideringalternative causes and, where possible, excluding them;itis
therefore essential to diagnostic specificity. For this reason, organ dys-
function coexisting with obesity cannot automatically be considered
obesity-related; doing so could overattribute dysfunction to obesity
and substantially inflate estimates of clinical-obesity prevalence and
incidence. Most previous applications of the framework classified all
coexisting organ dysfunction as obesity-related without accounting
foralternative causes™ ¢, and might therefore have overestimated the
prevalence of clinical obesity.

Tomitigate this problem, we applied the AF method at the population
level to estimate the proportion of organ dysfunction that is statistically
attributable to CAD-obesity, and adjusted the prevalence andincidence
estimates accordingly. Although this adjustment cannot establish cau-
sality inindividual participants, it mitigates therisk of attributing organ
dysfunction to obesity when other causes could beresponsible, thereby
reducing systematic overattribution and improving population-level
estimates of the prevalence and incidence of clinical obesity. Notably, an
earlier US study™ using a different adjustment approach estimated the
clinical-obesity prevalence as 9.7%, close to the 10.9% that was observedin
the AoU cohortafter AF adjustment. This concordance between studies
using different population-level methods to account for plausible attri-
bution provides some reassurance about the robustness of our estimates.



Ourlongitudinaland mortality analyses provide evidence supporting
the distinction between clinical and preclinical obesity. Despite vari-
ation across cohorts, 70-90% of individuals with preclinical obesity
did not progress to clinical obesity over 10 years. Clinical obesity was
also associated with substantially higher all-cause and obesity-related
mortality, whereas preclinical obesity showed only a modest excess
mortality risk. The observed patterns of progression and differences
in mortality risk show that these health states differ not only in their
defining clinical characteristics but also in their prognostic implica-
tions. The distinct clinical and prognostic profiles of clinical and pre-
clinical obesity provide afoundation for personalized, proportionate
care. Preclinical obesity warrants a mostly preventive approach aimed
at reducing future risk, with the nature and intensity of intervention
guided by the individual’s risk of progression and the presence of rel-
evant comorbidities. By contrast, established functional impairment
and higher mortality risk in clinical obesity justify greater urgency and,
where appropriate, more intensive treatment and prioritized access.
Thedistinction cantherefore guide the purpose, timing and intensity
ofindividual care and support evidence-based decisions on treatment
prioritization, coverage and resource allocation.

Notably, using this distinction to guide proportionate care does not
imply withholding treatment from people with preclinical obesity. One
criticism of the Lancet Commission framework is that distinguishing
preclinical from clinical obesity could encourage ‘watchful waiting’
or restrict access to treatment'® 2%, However, this concern seems to
conflate diagnostic classification with treatment eligibility. Like any
diagnosis, the distinction between clinical and preclinical obesity pro-
vides a snapshot of an individual’s current health status; it does not
prescribeinaction or determine eligibility for treatment by itself. Analo-
gous distinctions—such as those between prediabetes and diabetes or
adenomatous polyps and carcinoma—guide the purpose, urgency and
intensity of intervention without precluding care for prediabetes or
adenomatous polyps®. Accordingly, preclinical obesity might warrant
active preventive treatment, including lifestyle, pharmacological or, in
selected cases, surgical interventions, depending on progression risk
and comorbidities that could benefit from weight reduction. Treatment
decisions should therefore be informed by diagnosis but not reduced
to diagnostic category alone.

Several limitations should be acknowledged. The retrospective
design of our study and its reliance on electronic health record (EHR)
data could limit diagnostic precision and introduce inter-cohort vari-
ability. Organ dysfunction was identified using administrative codes
rather than standardized clinical assessments, and not all 18 dysfunc-
tion indicators were available in every cohort, potentially leading to
the underestimation or misclassification of specific organ disease
subtypes. Thislimitationis highlighted by the Kailuan cohort, in which
the higher observed incidence of clinical obesity might reflect more
frequent (biennial) clinical evaluations. However, sensitivity analyses
showed that the additional indicators contributed minimally to clas-
sification, supporting the conclusion that differences in the number of
available organ-dysfunctionindicators are unlikely to be amajor driver
oftheinter-cohortvariability observedin the primary analyses. Finally,
the AF method cannot determine attribution at the individual level,
and future prospective studies using clinically adjudicated diagnoses
of clinical and preclinical obesity will be essential to refine estimates
of disease burden and progression. Nonetheless, the consistency of
findings across geographically and demographically diverse cohorts
strengthens the robustness, generalizability and clinical relevance of
the proposed diagnostic framework.

In summary, BMI alone misclassifies obesity in a substantial pro-
portion of individuals, both overestimating and underestimating the
clinical relevance of excess adiposity, and does not meaningfully dis-
criminate higher mortality risk. Integrating other anthropometric
measures (such as WHtRand WC) and clinical criteria reflecting organ
function into a multi-criteria framework improves obesity detection

and aligns diagnosis more closely with true disease status. Clinical and
preclinical obesity represent distinct and prevalent subgroups, with
markedly different mortality risks. This study demonstrates the clinical
utility and prognostic importance of distinguishing between clinical
and preclinical obesity, and supports the global applicability of this
classification scheme for guiding care and informing health policy.
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Methods

Study population

This population-based multinational study analysed data from four
large and well-characterized adult cohorts: the Kailuan Study (China),
the UK Biobank (UKB; UK), the All of Us Research Program (AoU; USA),
and the Information System for the Development of Research in Pri-
mary Care (SIDIAP, Spain). The Kailuan Study is an ongoing prospective
cohortinitiated between 2006 and 2007 among more than 100,000
employees of the Kailuan Group, with biennial follow-up examinations
thereafter”. The UK Biobank enrolled around 500,000 individuals
aged 37-73 years from 2006 to 2010 with questionnaires, physical
examinations and biomarker assessments®. The All of Us Research
Program is a US precision-medicine initiative aimed at building a
diverse biomedical database to study the biological, clinical, social
and environmental determinants of health?*. The SIDIAP database
includes pseudonymized EHRs from more than eight millionindividu-
als in Catalonia since 2006, with approximately 75% of the regional
population represented®.

TheKailuan Study was approved by the ethics committee of the Kai-
luan Medical Group. The UK Biobank received ethical approval from
the North West Multi-Centre Research Ethics Committee. The All of
Us Research Program is overseen by the All of Us institutional review
board. The SIDIAP analysis was approved by the IDIAP Jordi Gol ethics
committee (20/204-P). All studies followed the Declaration of Helsinki,
and all participants gave their writteninformed consent. No additional
ethical approval was required for the current study because no new
datawere collected and all analyses were performed using previously
collected data.

Participants aged 18-74 years who were free from stroke, myocar-
dial infarction and cancer at baseline and for whom anthropometric
(BMI, WC and WHtR) and organ-dysfunction data were available were
included. The finalnumbersincludedinthe prevalence estimates were
137,795 from the Kailuan Study, 436,203 from the UKB, 218,841 from the
AoUand 51,269 from the SIDIAP. The progression from preclinical obe-
sity to clinical obesity was estimated among those with CAD-confirmed
obesity but without any organ dysfunction, and the sample size was
8,009, 29,338, 54,535 and 5,273, respectively. For the mortality analy-
sis, the AoU study was excluded owing toits relatively short follow-up
duration; for the other three cohorts, the sample size was generally the
same as that in the prevalence analysis, except for the Kailuan Study,
in which three participants without valid mortality data were further
excluded. Details of the study design for each cohort can be found in
the Supplementary Methods, and the selection of study participants
isin Supplementary Figs.1-4.

Definitions of clinical and preclinical obesity

Following criteria from the Lancet Commission’, clinical obesity was
defined as excess adiposity plus at least one sign of obesity-induced
organdysfunction. Preclinical obesity was defined as excess adiposity
without such dysfunction.

Excess adiposity was defined by any of the following criteria, to
be consistent with the proposed framework: (1) BMI =40 kgm™%;
(2) BMI =30 kg m™ (>28 for Chinese individuals) plus elevated WC or
WHtR; or (3) BMI 25-30 kg m2 (24-28 for Chinese individuals) plus
both elevated WC and WHtR. The thresholds for population-specific
WC-defined adiposity are 2102 cm for male and >88 cm for female
individualsinthe Western population, and >90 cm for male and =85 cm
for female individuals in the Chinese population®’. The thresholds
for race- and sex-specific WHtR-defined adiposity are 0.57 (male)
and 0.58 (female) for non-Hispanic white individuals; 0.55 (male) and
0.57 (female) for non-Hispanic Black individuals; 0.57 (male) and 0.59
(female) for Hispanic individuals; 0.56 (male) and 0.59 (female) for
Asianindividuals; and 0.50 for others™. Toillustrate that the commonly
used WHtR cut-off of 0.50 (ref. 26) is not an appropriate measure for

central obesity, the bivariate scatter plots between BMI and WHtR
were generated with fitted linear regression lines. The optimal cut-off
values for WHtR that correspond to established BMIthresholds of obe-
sity (28 kg mfor Chinese individuals and 30 for others) were derived
fromthelinear regression lines giventhe very high Pearson correlation
coefficients in the four cohorts (r> 0.64).

Organ dysfunction was defined as the presence of at least one of 18
clinicalindicators listed in the Commission report. Notably, in line with
the Commission’s recommendations, the metabolic cluster criterion
for clinical obesity (hyperglycaemia together with low high-density
lipoprotein (HDL) and high triglycerides) was considered to be met
only when diabetes and dyslipidaemia occurred together, and not when
either conditionoccurred alone. Data availability about organ dysfunc-
tionranged from 9 (SIDIAP) to 18 (UKB) indicators. Case ascertainment
was based on medical records, self-reports and health assessments
(Supplementary Table 2).

Covariates

Socio-demographicand lifestyle datawere collected for each cohort;
details can be found in the Supplementary Methods.

Outcomes

Organ dysfunction and death events were identified through
self-reports, clinical exams, medical records and provincial death
certificates in the Kailuan Study. In the UKB, events were ascertained
through linkages with hospital records and death registries. Incident
organ dysfunctions were obtained through EHRs in the AoU study,
with measurements recorded at different time points and clinic visits.
Outcomes in the SIDIAP were identified through linkage to primary
care and hospital EHRs.

Measures of prevalence and incidence

Given the challenges in establishing causality between obesity and
coexisting organ dysfunction at theindividual level, we applied the AF
approach at the population level to quantify the proportion of organ
dysfunction cases attributable to obesity among individuals with obe-
sity™. The AF was calculated as: AF = H::l; ! where HR denotes the hazard
ratio for the association between obesity and risk of incident organ
dysfunction with adjustment for relevant confounders using Cox pro-
portional hazards models. Details are provided in the Supplementary
Methods.

Statistical analysis

Descriptive statistics were reported as mean (s.d.), median (interquar-
tilerange) or percentages, as appropriate. Multipleimputations using
chained equations (linear and logistic regression) were used to impute
the missing data (mice package in R, v.3.19.0). Prevalence estimates
and 95% Cls were calculated using the epi.conf function from the epiR
package in R (v.2.0.95). To quantify the misclassification of obesity by
BMI alone, we estimated the prevalence of abdominal obesity (based
on WC and/or WHtR) in each BMI category. We further estimated the
prevalence of clinical obesity among people with obesity, as well as
amongthe total population, with adjustment using the AF method. The
AF-adjusted prevalence of clinical obesity was estimated by multiply-
ingthe crude prevalence of clinical obesity and the corresponding AF
valuesin each cohort. The unadjusted prevalence (that is, the observed
prevalence) was considered as the maximum of the prevalence of clini-
cal obesity.

Using longitudinal datafrom all four cohorts, we estimated the cumu-
lativeincidence of incident organ dysfunction among individuals with
preclinical obesity. Follow-up time was calculated from baseline until
the first occurrence of incident organ dysfunction, death or end of
follow-up. Cumulative incidence curves were estimated using Kaplan-
Meier methodsimplemented inthe survival packageinR (v.3.8.6), with
cumulativeincidence calculated as1minus the survival probability. The



AF-adjusted cumulative incidence of clinical obesity was estimated by
multiplying the observed cumulative incidence of organ dysfunction
by the corresponding AF estimates in each cohort.

For mortality risk analysis, participants were categorized into four
groups: (1) no confirmed obesity and no organ dysfunction (refer-
ence group); (2) no confirmed obesity but with organ dysfunction;
(3) confirmed obesity without organ dysfunction (preclinical obesity);
or (4) confirmed obesity with organ dysfunction (clinical obesity). To
evaluate whether the composite anthropometric criteria could detect
high-risk individuals misclassified by BMI alone, we conducted the
analysis of the association between obesity status and mortality in
the following five groups: (1) no overweight or obesity (BMI < 24/25;
reference group); (2) BMI-based overweight without CAD-obesity;
(3) BMI-based overweight with CAD-obesity (thatis, both elevated WC
and elevated WHtR; this group can be viewed as the underdiagnosis
of obesity by BMI alone); (4) BMI-based obesity without CAD-obesity
(thisgroup canbe viewed as the overdiagnosis of obesity by BMI alone);
and (5) BMI-based obesity with CAD-obesity. To further evaluate the
effects of composite anthropometric criteria for excessive adiposity,
participants were categorized into eight groups based on BMI-defined
obesity status (yes, no), CAD-obesity status (yes, no) and presence of
organ dysfunction (yes, no) at baseline.

The association between obesity subtypes and mortality was esti-
mated using the Cox proportional hazards models implemented in
the survival package in R (v.3.8-6). Study-specific HRs and 95% Cls
were pooled using fixed-effects meta-analysis implemented in the
meta package in R (v.8.5.0). Time-at-risk extended from baseline to
death or administrative censoring (31 December 2023 for the Kailuan
Study, 19 December 2022 for the UKB and 31 December 2021 for the
SIDIAP). Proportional hazards assumptions were verified using log-
log survival plots. We performed several robustness checks, such as
excludingdeaths occurring within the first 2 or 5 years after baseline
or including waist-to-hip ratio (=0.90 for male and >0.85 for female
individuals) as an additional criterion for central obesity. Stratified
analyses by age groups (<60 and =60 years old), sex (male and female)
and smoking status (never, former and current) were further per-
formed to test the robustness of the results across subgroups of the
participants.

Allanalyses were performed using SASv.9.4 and R v.4.4.2. Statistical
significance was defined as P < 0.05 (two-sided).

Reporting summary
Furtherinformation onresearch designisavailablein the Nature Port-
folio Reporting Summary linked to this article.

Data availability

The All of Us Research Program data used in this study are available
through the All of Us Researcher Workbench (https://workbench.
researchallofus.org) after registration and approval. The UK Biobank
datausedinthisstudy are available through the UK Biobank Research
Analysis Platform (https://www.ukbiobank.ac.uk) after registration
and approval (application number 109546). The Kailuan Study data
are not publicly available because of participant privacy restrictions.
Deidentified data may be made available upon reasonable request to
S.W. at drwusl@163.com, pending application and approval by the
steering committee of the cohort. The SIDIAP data were sourced from
EHRs and are only available for the participating researchers, inaccord-
ance with current European and national laws. Data may be shared on
reasonable request to the participating researchers, with permission
from SIDIAP’s Scientific Committee and the Clinical Research Ethics

Committee of IDIAP Jordi Gol, but are not publicly available for legal
reasons related to data privacy protection.
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Extended DataFig.1|Subgroup analysis of the associationbetween clinical
obesity and risk of all-cause mortality. Results are shown as HRs and 95% Cls
from the Cox proportional hazards model. The analyses included 137,792
participants with 17,642 deathsin the Kailuan Study, 436,203 participants with
31,812 deathsinthe UK Biobank and 51,269 participants with 2,338 deathsin
the SIDIAP database. Pointsindicate HR point estimates and horizontal lines
indicate 95% Cls. Models were adjusted for demographic factors (age and sexin
allstudiesand, in addition, ethnicity in the UK Biobank), socio-economic status
(marital status, educational level and household income in the Kailuan Study;
employment, education and Townsend deprivationindex in the UK Biobank;

and MEDEA deprivationindex in the SIDIAP) and lifestyle factors (smoking and
alcohol consumptionin all studies; physical activity in the Kailuan Study; and
physicalactivity, diet quality and sleep durationin the UK Biobank). Interactions
of obesity status with sex and age group were evaluated usingjoint Wald tests
of'the correspondinginteraction terms; all P, eraciion Values were <0.001. Pooled
estimates were obtained using a fixed-effect meta-analysis model. All statistical
testswere two-sided. In panel a, blue and orange represent men and female,
respectively.Inpanelb, greenand purplerepresent participants aged <60
yearsand >60 years, respectively. a, Sex-stratified analyses. b, Age-stratified
analyses.
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Extended DataFig. 3| Associations between WHtR and all-cause mortality. indicate HRs, and the shaded areas indicate 95% Cls. The horizontal dashed line
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Extended Data Table 1| Prevalence of obesity defined by different anthropometric measures

CAD-obesity Obesity defined by BMI alone  Obesity defined by WC alone  Obesity defined by WHtR alone

Kailuan Study

Overall  21.3 (21.1-21.5) 17.8 (17.6-18.0) 39.4 (39.1-39.6) 18.3 (18.0-18.5)

Female 17.1(16.6-17.5) 15.8 (15.4-16.2) 37.1(36.5-37.7) 12.6 (12.2-13.0)

Male 22.3(22.1-22.6) 18.3 (17.6-18.9) 39.9 (39.6-40.2) 19.6 (19.4-19.8)
UK Biobank

Overall  27.3 (27.1-27.4) 24.0 (23.9-24.1) 33.0(32.9-33.1) 27.2(27.1-27.3)

Female 25.5(25.4-25.7) 23.4 (23.2-23.6) 35.9(35.7-36.1) 21.4 (21.2-21.6)

Male 29.3 (29.1-29.5) 24.7 (24.5-24.9) 29.5(29.3-29.7) 34.1(33.9-34.3)
AoU Study

Overall  48.1 (47.9-48.3) 42.5(42.3-42.7) 53.1 (52.9-53.3) 48.8 (48.6-49.0)

Female 51.4(51.2-51.7) 45.8 (45.6-46.1) 60.1 (59.9-60.4) 48.4 (48.1-48.7)

Male 42.8 (42.5-43.1) 37.2 (36.8-37.5) 41.7 (41.4-42.0) 49.5 (49.2-49.9)

SIDIAP database

Overall  26.1 (25.7-26.5) 18.7 (18.4-19.1) 31.6 (31.2-32.0) 33.3(32.9-33.7)
Female  29.1 (28.6-29.7) 17.9 (17.4-18.4) 42.8 (42.2-43.4) 31.2(30.7-31.8)
Male 23.1(22.5-23.6) 19.5 (19.1-20.0) 20.4 (19.9-20.9) 35.3 (34.7-35.9)

This table presents the prevalence estimates and 95% Cls of obesity defined by different anthropometric measures. The analyses included 137,795 participants from the Kailuan Study, 436,203
participants from the UK Biobank, 218,841 participants from the All of Us (AoU) Research Program and 51,269 participants from the SIDIAP database. Prevalence estimates are presented as
percentages with 95% Cls. The combined anthropometric definition of obesity is described in detail in the Methods.
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Extended Data Table 2 | Hazard ratios and attributable fractions of CAD-obesity associated with organ dysfunctions

Overall Female Male
HR (95% CI) AF HR (95% CI) AF HR (95% CI) AF
Kailuan Study 1.62 (1.58-1.66) 0.383 1.72 (1.63-1.82) 0.419 1.57 (1.53-1.61) 0.363
UK Biobank 1.68 (1.64-1.72) 0.405 1.81(1.75-1.87) 0.448 1.53 (1.47-1.59) 0.346
AoU Study 1.67 (1.61-1.73) 0.401 1.70 (1.62-1.77) 0.412 1.57 (1.48-1.66) 0.363
SIDIAP database 2.07 (1.97-2.18) 0.517 2.06 (1.91-2.22) 0.515 2.08 (1.93-2.25) 0.519

The analyses included 70,081 participants in the Kailuan Study, 188,964 participants in the UK Biobank, 138,588 participants in the All of Us (AoU) Research Program and 32,954 participants

in the SIDIAP database. HRs were estimated using Cox proportional hazards models adjusted for demographic factors (age and sex in all, and, in addition, race/ethnicity in the AoU study and
ethnicity in the UK Biobank), socio-economic status (marital status, educational level and household income in the Kailuan Study, and, in addition, employment, education and Townsend
deprivation index in the UK Biobank; educational level and household income in the AoU study; and MEDEA deprivation index in SIDIAP) and lifestyle factors (smoking and alcohol consumption
in all studies, and, in addition, physical activity in the Kailuan Study and physical activity, diet quality and sleep duration in the UK Biobank). All statistical tests were two-sided. AF was calculated
as follows: AF=(HR-1)/HR.



Extended Data Table 3 | Prevalence of preclinical obesity and clinical obesity before and after attributable adjustment

Participants with CAD-obesity Overall population
CAD-obesity with C_AD-obesity Clinical obesity Pre-clir_\ical CA_D-obesity C_AD-obesity Clinical obesity Pre-clir_\ical
dys‘;lrjgnacl:ion "ﬁ;’l‘?ﬂﬁ&ﬁii“ (AF adjusted) (AFoz;?s‘t,ed) dv;lst?u:g;nn WJ;Z?: ;:t:g?.n (AF adjusted) (AFO::jsl:?tled)

Kailuan Study

Overall 68.6 (68.1-69.2) 31.4(30.8-31.9) 26.3 (25.2-27.3) 73.7(72.7-74.8) 14.6 (14.4-14.8) 6.68 (6.55-6.82) 5.60 (5.36-5.83) 15.7 (15.1-16.3)

Female 62.5 (61.1-64.0) 37.5 (36.0-38.9) 26.2 (24.2-28.2) 73.8 (71.8-75.8) 10.7 (10.3-11.0) 6.39 (6.10-6.69) 4.47 (4.09-4.84) 12.6 (11.6-13.6)

Male 69.8 (69.2-70.3) 30.2(29.7-30.8) 25.3 (24.2-26.5) 74.7 (73.5-75.8) 15.6 (15.4-15.8) 6.75 (6.61-6.90) 5.66 (5.39-5.92) 16.7 (16.1-17.3)
UK Biobank

Overall 75.3 (75.1-75.6) 24.7 (24.4-24.9) 30.5 (29.4-31.6) 69.5 (68.4-70.6) 20.5 (20.4-20.7) 6.73 (6.65-6.80) 8.32 (8.02-8.61) 18.9 (18.4-19.5)

Female 72.0 (71.6-72.3) 28.0(27.7-28.4) 32.2(30.9-33.5) 67.8 (66.5-69.1) 18.4 (18.2-18.5) 7.16 (7.06-7.26) 8.22 (7.88-8.57) 17.3 (16.7-17.9)

Male 78.8 (78.5-79.2) 21.2(20.8-21.5) 27.3(25.3-29.3) 72.7 (70.7-74.7) 23.1(22.9-23.3) 6.21(6.10-6.32) 8.01(7.41-8.61) 21.3(20.4-22.2)
AoU Study

Overall 56.7 (56.4-57.0) 43.3 (43.0-43.6) 22.7 (21.5-24.0) 77.3 (76.0-78.5) 27.3 (27.1-27.5) 20.9 (20.7-21.0) 10.9 (10.4-11.5) 37.3(36.3-38.1)

Female 54.8 (54.4-55.2) 45.2 (44.8-45.6) 22.6 (20.9-24.2) 77.4 (75.8-79.1) 28.2 (27.9-28.4) 23.3 (23.0-23.5) 11.6 (10.9-12.3) 39.9 (38.6-41.0)

Male 60.3 (59.8-60.8) 39.7 (39.2-40.2) 21.9(19.7-24.1) 78.1(75.9-80.3) 25.8 (25.5-26.1) 17.0 (16.7-17.2) 9.37 (8.41-10.3) 33.4(31.9-34.9)
SIDIAP database

Overall 60.6 (59.8-61.4) 39.4 (38.6-40.2) 31.3(30.9-31.8) 68.7 (68.2-69.1) 15.8 (15.5-16.1) 10.3 (10.0-10.6) 8.20 (8.10-8.30) 17.9 (17.8-18.0)

Female 56.7 (55.6-57.8) 43.3 (42.2-44.4) 29.2 (28.6-29.8) 70.8 (70.2-71.4) 16.5 (16.1-17.0) 12.6 (12.2-13.0) 8.50 (8.30-8.70) 20.6 (20.5-20.8)

Male 65.5 (64.3-66.7) 34.5 (33.3-35.7) 34.0 (33.4-34.6) 66.0 (65.4-66.6) 15.1 (14.7-15.6) 7.90 (7.60-8.30) 7.80 (7.70-8.00) 15.2 (15.1-15.4)

The analyses included 137,795 participants from the Kailuan Study, 436,203 participants from the UK Biobank, 218,841 participants from the All of Us (AoU) Research Program and 51,269
participants from the SIDIAP database. For population-level estimation, the prevalence of CAD-obesity was partitioned into three mutually exclusive observed or model-estimated components
according to the presence of organ dysfunction and its estimated attribution based on AF analysis: (1) CAD-obesity without organ dysfunction, defined as individuals with CAD-obesity who

did not present with any predefined organ dysfunction; (2) CAD-obesity with non-attributable organ dysfunction, defined as the estimated non-attributable component among participants
with CAD-obesity and organ dysfunction, derived by applying the AF at the population level; and (3) clinical obesity (AF-adjusted), defined as the estimated attributable component among
participants with CAD-obesity and organ dysfunction, derived using the AF. Groups 1and 2 together represent preclinical obesity, referring to individuals with CAD-obesity but without organ
dysfunction considered attributable to obesity. AF was calculated as follows: AF=(HR=1)/HR; P_jpnical =AFxP, ; Paiinical =P jnical %P,
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Extended Data Table 4 | Hazard ratios (95% Cls) for associations between five groups combining BMI categories and
CAD-obesity status with mortality

No Overweight without BMI-defined Overweight with BMi-defined obesity with
overweight/obesity CAD-obesity obesity only CAD-obesity CAD-obesity
Kailuan Study
Cases/person-years 6763/834819 5353/705268 440/63810 2063/132676 3023/300560

Model 1
Model 2

UK Biobank
Cases/person-years
Model 1
Model 2

SIDIAP database
Cases/person-years
Model 1
Model 2

Pooled results
Cases/person-years
Model 1

Model 2

1.00 (Reference)

1.00 (Reference)

8795/1980800
1.00 (Reference)

1.00 (Reference)

698/252535
1.00 (Reference)

1.00 (Reference)

16256/3068154
1.00 (Reference)

1.00 (Reference)

0.96 (0.92-0.99)
0.93 (0.90-0.97)

10455/2214930
0.88 (0.86-0.91)
0.86 (0.84-0.89)

527/139815
0.75 (0.67-0.84)
0.71 (0.63-0.80)

16335/3060013
0.90 (0.88-0.92)
0.88 (0.86-0.90)

1.10 (1.00-1.21)
1.06 (0.96-1.17)

435/115133
0.86 (0.78-0.95)
0.82 (0.74-0.90)

13/6319
0.69 (0.40-1.19)
0.69 (0.40-1.19)

888/185262
0.97 (0.91-1.04)
0.93 (0.86-0.99)

1.12 (1.06-1.17)
1.08 (1.02-1.13)

2670/300947
1.17 (1.12-1.23)
1.07 (1.02-1.12)

400/46660
1.01 (0.89-1.14)
0.89 (0.78-1.01)

5133/480283
1.14 (1.10-1.17)
1.06 (1.03-1.10)

1.17 (1.12-1.23)
1.11 (1.06-1.16)

9457/1293696
1.25 (1.21-1.29)
1.07 (1.04-1.11)

700/94458
1.09 (0.98-1.22)
0.91 (0.81-1.01)

13180/1688714
1.22 (1.19-1.25)
1.07 (1.05-1.10)

The results are shown as HRs and 95% Cls from Cox proportional hazards models. The analyses included 137,792 participants in the Kailuan Study, 436,203 participants in the UK Biobank and
51,269 participants in the SIDIAP database. Model 1 was adjusted for demographic factors (age and sex in all studies and, in addition, ethnicity in the UK Biobank), socio-economic status (marital
status, educational level and household income in the Kailuan Study; employment, education and Townsend deprivation index in the UK Biobank; and MEDEA deprivation index in the SIDIAP)
and lifestyle factors (smoking and alcohol consumption in all cohorts; physical activity in the Kailuan Study; and physical activity, diet quality and sleep duration in the UK Biobank); model 2 was
also adjusted for organ dysfunctions. Pooled estimates were obtained using a fixed-effect meta-analysis model. All statistical tests were two-sided.

The ‘'no overweight/obesity’ group was defined as BMI<24kgm™in the Kailuan Study and <25kgm™2in the other studies. The ‘overweight without CAD-obesity’ group was defined as BMI in the
overweight range but without both elevated WC and WHtR. The ‘BMI-defined obesity only’ group was defined as having obesity by BMI but neither elevated WC nor elevated WHtR, and this
group could be viewed as those who were over-diagnosed as obese by BMI alone. The ‘overweight with CAD-obesity’ group was defined as having overweight by BMI plus having elevated WC
and WHIR; this group could be viewed as those who were under-diagnosed as obese by BMI alone. The ‘BMI-defined obesity with CAD-obesity’ group was defined as having obesity by BMI plus
having elevated WC or WHtR. The cut-off points for the elevated WC and WHtR are described in detail in the Methods.



Extended Data Table 5 | Hazard ratios (95% Cls) for association between clinical obesity and all-cause mortality

No CAD-obesity
& no organ
dysfunction

No CAD-obesity but
with organ
dysfunction

Pre-clinical obesity
(CAD-obesity & no
organ dysfunction)

Clinical obesity (CAD-
obesity with organ
dysfunction)

Kailuan Study
Cases/person-years
Model 1
Model 2

UK Biobank
Cases/person-years
Model 1
Model 2

SIDIAP database
Cases/person-years
Model 1
Model 2

Pooled results
Model 1

Model 2

4083/903521
1.00 (Reference)

1.00 (Reference)

6356/2196060
1.00 (Reference)

1.00 (Reference)

383/291162
1.00 (Reference)

1.00 (Reference)

1.00 (Reference)

1.00 (Reference)

8473/700377
1.52 (1.46-1.58)
1.53 (1.47-1.58)

13329/2114803
1.39 (1.35-1.43)
1.33 (1.29-1.37)

855/107507
1.71 (1.50-1.95)
1.71 (1.50-1.95)

1.44 (1.41-1.47)
1.42 (1.39-1.45)

927/137808
1.15 (1.07-1.24)
1.15 (1.07-1.23)

1690/403462
1.34 (1.27-1.41)
1.21 (1.15-1.28)

148/55665
1.18 (0.97-1.43)
1.24 (1.02-1.50)

1.27 (1.22-1.32)
1.19 (1.14-1.24)

4159/295428
1.64 (1.57-1.71)
1.65 (1.58-1.73)

10437/1191180
1.96 (1.90-2.02)
1.69 (1.63-1.74)

952/85453
1.93 (1.69-2.20)
1.93 (1.69-2.21)

1.85 (1.80-1.89)
1.69 (1.64-1.73)

The results are shown as HRs and 95% Cls from Cox proportional hazards models. The analyses included 137,792 participants in the Kailuan Study, 436,203 participants in the UK Biobank and
51,269 participants in the SIDIAP database. Model 1 was adjusted for demographic factors (age and sex in all studies and, in addition, ethnicity in the UK Biobank); model 2 was also adjusted for
socio-economic status (marital status, educational level and household income in the Kailuan Study; employment, education and Townsend deprivation index in the UK Biobank; and MEDEA
deprivation index in the SIDIAP) and lifestyle factors (smoking and alcohol consumption in all cohorts; physical activity in the Kailuan Study; and physical activity, diet quality and sleep duration
in the UK Biobank). Pooled estimates were derived using a fixed-effects model. All statistical tests were two-sided.
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Extended Data Table 6 | Sensitivity analyses of the association between clinical obesity and all-cause mortality

No CAD-obesity Pre-clinical obesity Clinical obesity

No organ
dysfunction

With organ
dysfunction

CAD-obesity & no
organ dysfunction

CAD-obesity with
organ dysfunction

Exclusion of participants died within two years
Kailuan Study (16,977 Cases, N=137,127)
Cases/person-years 3908/903333
Hazard ratio (95%Cl) 1.00 (Reference)
UK Biobank (30,448 Cases, N=434,839)
Cases/person-years 6106/2195756
Hazard ratio (95%Cl) 1.00 (Reference)
SIDIAP (2,143 Cases, N=51,074)
Cases/person-years 343/291131
Hazard ratio (95%Cl) 1.00 (Reference)
Pooled results
Hazard ratio (95%Cl) 1.00 (Reference)
Exclusion of participants died within five years
Kailuan Cohort (14,870 Cases, N=135,020)
Cases/person-years 3389/901451
Hazard ratio (95%Cl) 1.00 (Reference)
UK Biobank (26,467 Cases, N=430,858)
Cases/person-years 5266/2192743
Hazard ratio (95%Cl) 1.00 (Reference)
SIDIAP database (1,744 Cases, N=50,675)
Cases/person-years 278/290821
Hazard ratio (95%Cl) 1.00 (Reference)
Pooled results

Hazard ratio (95%Cl) 1.00 (Reference)

8148/700019
1.53 (1.48-1.59)

12702/2114071
1.31 (1.27-1.36)

799/107464
1.74 (1.51, 1.99)

1.42 (1.39-1.45)

7127/696278

1.55 (1.49-1.62)

11032/2108054

1.32 (1.28-1.37)

632/106783
1.68 (1.44-1.96)

1.41 (1.38-1.45)

Incorporate WHR into the diagnostic indicators for CAD-obesity?

Kailuan Study (17,642 Cases, N=137,792)
Cases/person-years 4083/903521
Hazard ratio (95%Cl) 1.00 (Reference)
UK Biobank (31,812 Cases, N=436,203)
Cases/person-years 5765/2051406
Hazard ratio (95%Cl) 1.00 (Reference)
Pooled results

Hazard ratio (95%Cl) 1.00 (Reference)

8473/700377

1.52 (1.46-1.58)

11262/1839567
1.33 (1.29-1.38)

1.41 (1.37-1.44)

896/137776
1.16 (1.08-1.24)

1619/403382
1.21 (1.14-1.28)

139/55658
1.36 (1.12, 1.66)

1.20 (1.15-1.25)

803/137434

1.19 (1.10-1.29)

1404/402609

1.21 (1.14-1.29)

118/55568

1.42 (1.14-1.77)

1.21 (1.16-1.27)

927/137808

1.09 (1.02 1.16)

2281/548117
1.19 (1.14-1.25)

1.16 (1.11-1.20)

4025/295276
1.67 (1.60-1.75)

10021/1190697
1.69 (1.64-1.75)

862/85384
1.93 (1.68, 2.22)

1.69 (1.65-1.74)

3551/293525

1.71 (1.63-1.79)

8765/1186179

1.72 (1.66-1.78)

716/84687
1.94 (1.66-2.27)

1.72 (1.68-1.77)

4159/295428

1.62 (1.55-1.69)

12504/1466416
1.64 (1.59-1.70)

1.63 (1.59-1.68)

“Waist-to-hip ratio (WHR) cut-offs were defined as >0.90 for male and >0.85 for female.

The results are shown as HRs and 95% Cls from Cox proportional hazards models. Models were adjusted for demographic factors (age and sex in all studies and, in addition, ethnicity in the UK
Biobank), socio-economic status (marital status, educational level and household income in the Kailuan Study; employment, education and Townsend deprivation index in the UK Biobank;
and MEDEA deprivation index in the SIDIAP) and lifestyle factors (smoking and alcohol consumption in all studies; physical activity in the UK Biobank and the Kailuan Study; and diet quality and
sleep duration in the UK Biobank). Pooled estimates were obtained using a fixed-effect meta-analysis model. All statistical tests were two-sided.



Extended Data Table 7 | Hazard ratios (95% Cls) for associations between eight groups combining BMI categories,
CAD-obesity status and organ dysfunction status with mortality

No CAD-obesity & no organ dysfunction

No CAD-obesity but with organ dysfunction

Pre-clinical obesity

Clinical obesity

BMI- & Confirmed-

& Dysf

BMI+ & Confirmed-

& Dysf

BMI- & Confirmed-

&D +

BMI+ & Confirmed-
& Dysfunction+

BMI- & Confirmed+

& Dysf 1

BMI+ & Confirmed+

& Dysfunction-

BMI- & Confirmed+

& Dysfunction+

BMI+ & Confirmed+
& Dysfunction+

Kailuan Study
N, %
Cases/person-years
Model 1
Model 2

UK Biobank
N, %
Cases/person-years
Model 1
Model 2

SIDIAP database
N, %
Cases/person-years
Model 1
Model 2

Pooled results
Cases/person-years
Model 1

Model 2

59212 (42.97%)
3983/878992
1.00 (Reference)

1.00 (Reference)

1566371 (35.85%)
6236/2151022
1.00 (Reference)

1.00 (Reference)

27235 (53.1%)
382/286602
1.00 (Reference)

1.00 (Reference)

10601/3316616
1.00 (Reference)

1.00 (Reference)

1659 (1.2%)
100/24529
1.20 (0.98-1.46)
1.18 (0.97-1.44)

3255 (0.75%)
120/45039
1.08 (0.91-1.30)
1.03 (0.86-1.23)

446 (0.9%)

1/4560

221/74128

13 (0.99-1.29)
1.10 (0.96-1.25)

44952 (32.62%)
8133/661096
152 (1.46-1.58)
1.53 (1.47-1.59)

152431 (34.94%)
13014/2044708
1.39 (1.35-1.44)
1.33 (1.29-1.37)

10038 (19.6%)
843/105747
1.68 (1.48-1.92)
1.70 (1.49-1.94)

21990/2811551
1.45 (1.41-1.48)
1.41(1.38-1.44)

2607 (1.89%)
340/39281
1.55 (1.39-1.74)
1.55 (1.39-1.73)

5171 (1.19%)
315/70095
1.22 (1.09-1.36)
1.14 (1.02-1.28)

171 (0.3%)
12/1760
1.87 (1.05-3.34)
1.63 (0.91-2.89)

667/111136
1.38 (1.28-1.49)
1.34 (1.24-1.45)

3231 (2.34%)
482/48596
1.19 (1.08-1.30)
1.17 (1.06-1.28)

6147 (1.41%)
447/83728
1.30 (1.18-1.43)
1.19 (1.08-1.31)

1684 (3.3%)
55/17881
1.05 (0.79-1.40)
1.10 (0.83-1.47)

984/150205
1.23 (1.15-1.31)
1.18 (1.10-1.26)

5977 (4.34%)
445/89212
1.13 (1.02-1.24)
1.14 (1.03-1.25)

23191 (5.32%)
1243/319734
1.35 (1.27-1.44)
1.22 (1.14-1.29)

3589 (7.0%)
93/37785
1.25 (0.99-1.56)
1.32 (1.05-1.65)

1781/446731
1.28 (1.22-1.35)
1.20 (1.14-1.26)

5869 (4.26%)
1581/84080
1.64 (1.54-1.74)
1.64 (1.55-1.74)

16488 (3.78%)
22231217219
1.86 (1.77-1.95)
1.63 (1.56-1.72)

2712 (5.3%)
345/28780
1.86 (1.58-2.18)
1.87 (1.59-2.19)

4149/330079
1.78 (1.71-1.84)
1.65 (1.59-1.71)

14285 (10.37%)
2578/211348
1.65 (1.57-1.74)
1.67 (1.59-1.75)

73149 (16.77%)
8214/973961
1.99 (1.93-2.06)
1.70 (1.65-1.76)

5394 (10.5%)
607/56674
1.93 (1.68-2.22)
1.93 (1.68-2.23)

11399/1241983
1.89 (1.84-1.94)
1.70 (1.65-1.74)

The results are shown as HRs and 95% Cls from Cox proportional hazards models. The definitions of BMI categories, CAD-obesity and organ dysfunction status are described in the Methods.
Model 1 was adjusted for demographic factors (age and sex in all studies and, in addition, ethnicity in the UK Biobank); model 2 was also adjusted for socio-economic status (marital status,
educational level and household income in the Kailuan Study; employment, education and Townsend deprivation index in the UK Biobank; and MEDEA deprivation index in the SIDIAP) and
lifestyle factors (smoking and alcohol consumption in all cohorts; physical activity in the Kailuan Study; and physical activity, diet quality and sleep duration in the UK Biobank). Pooled estimates
were derived using a fixed-effects model. All statistical tests were two-sided.
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Population characteristics The study included four large population-based cohorts: the Kailuan Study (n = 137,795; mean age 47.9 years; 80.6% male),
UK Biobank (n = 436,203; mean age 56.0 years; 45.7% male), All of Us Research Program (n = 218,841; mean age 50.1 years;
38.2% male), and SIDIAP database (n = 51,269; mean age 43.4 years; 49.9% male). Across cohorts, the prevalence of current
smoking ranged from 10.4% to 36.4%. The prevalence of obesity varied substantially according to different anthropometric
criteria. Overall, waist circumference-defined obesity was the most prevalent anthropometric measure of excess adiposity,
except in the SIDIAP database. Across cohorts, the prevalence of obesity defined by BMI, waist circumference, or waist-to-
height ratio was generally highest in the All of Us Research Program and lowest in the Kailuan Study.

Recruitment Participants were recruited through population-based cohort studies, healthcare systems, and electronic health record
databases in China, the United Kingdom, the United States, and Spain. Recruitment procedures included standardized health
assessments, questionnaires, physical examinations, biospecimen collection, and linkage to electronic health records where
available. Potential sources of bias include volunteer participation bias, selection bias, and incomplete ascertainment of
adiposity measures in routinely collected healthcare data.

Ethics oversight The Kailuan Study was approved by the Ethics Committee of the Kailuan Medical Group. UK Biobank received ethical approval
from the North West Multi-Centre Research Ethics Committee (application number 109546). The All of Us Research Program
is overseen by the All of Us Institutional Review Board. The SIDIAP analysis was approved by the IDIAP Jordi Gol ethics
committee (application number 20/204-P). All participants provided written informed consent where applicable.

No additional ethical approval was required for the current study because no new data were collected and all analyses were
conducted using previously collected data.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Sample size No statistical methods were used to predetermine sample size. Sample sizes were determined by the availability of eligible participants from
four large population-based cohorts and electronic health record databases. The large sample size and substantial number of outcome events
provided sufficient statistical power for the analyses performed.

Data exclusions  Participants with missing data on key exposure variables, or outcome variables were excluded according to pre-specified criteria described in
the Methods section. Additional cohort-specific exclusion criteria can be seen in the flowchart.

Replication No experimental replication was performed because of the observational study design. Instead, findings were evaluated across multiple
independent population-based cohorts from different countries and healthcare settings to assess reproducibility and generalizability.
Consistency of associations across cohorts supported the robustness of the findings.

Randomization  This was an observational study and participants were not randomized. Statistical models were adjusted for demographic, socioeconomic,
lifestyle, and clinical covariates where appropriate.




Blinding Blinding was not relevant to this observational cohort study because exposures and outcomes were derived from questionnaires, clinical
assessments, and electronic health records using predefined criteria.
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