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Abstract

Aims: Obesity is a global public health challenge, and the traditional WHO-proposed

diagnostic criteria based on body mass index (BMI) often fail to fully assess related

health risks. The European Association for the Study of Obesity (EASO) has proposed

new criteria that combine BMI, waist-to-height ratio (WtHR) and complications to

more accurately evaluate obesity-related health risks.

Materials and Methods: This study utilized data from the National Health and Nutri-

tion Examination Survey database, covering the years 1999–2018. The study vali-

dated the new EASO criteria for diagnosing obesity, defined as BMI ≥25 kg/m2,

WtHR ≥0.5 and the presence of 12 obesity-related complications. The associations

between obesity and mortality were assessed using Kaplan–Meier survival curves

and Cox proportional hazards regression analyses. Mediation analysis was conducted

to explore potential mechanisms by which obesity impacts patient prognosis.

Results: A total of 39 066 participants were included, with a mean age of 43.6 years;

51.3% were male. Over a median follow-up period of 141 months, 3708 deaths were

recorded. The prevalence of obesity was 63.04% according to the new EASO criteria.

The obesity rate based on BMI ≥30 is only 35.55%. The EASO criteria achieved a

C-index of 0.5549, which surpasses the predictive accuracy of the traditional BMI

≥30 kg/m2 criterion, with a C-index of 0.5265. Cox regression analysis indicated that

when using the traditional BMI ≥30 criterion to diagnose obesity, it was associated

with all-cause mortality and cardiovascular disease (CVD)-related mortality, but it did

not predict cancer-related mortality. Obesity diagnosed by EASO criteria was signifi-

cantly associated with an increased risk of all-cause mortality (hazard ratio [HR] and

95% confidence interval [CI]: 1.13 [1.02, 1.24]), CVD mortality (HR and 95% CI: 1.48

[1.20, 1.83]) and cancer mortality (HR and 95% CI: 1.26 [1.03, 1.54]). When using
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simplified BMI ≥25 kg/m2, WtHR ≥0.5 and any of the top five complications (diabetes

mellitus, hypertension, CVD, metabolic syndrome and ageing) as diagnostic criteria,

which had the highest C-index (0.612), obesity remained an independent prognostic

factor for poor overall survival (HR and 95% CI for all-cause mortality: 1.41 [1.26,

1.58], HR for CVD mortality: 2.08 [1.61, 2.68] and HR for cancer mortality: 1.32

[1.06, 1.65]).

Conclusions: This study confirms the prognostic value of the new obesity diagnostic

criteria proposed by EASO, suggesting that these criteria offer a more accurate

assessment of obesity-related health risks.
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1 | INTRODUCTION

Obesity is recognized as a major global public health challenge, with

its prevalence steadily increasing over the past decades.1,2 It is associ-

ated with a heightened risk of cardiometabolic diseases, dementia,

depression and cancer.3–7 Traditionally, the diagnosis of obesity has

relied on body mass index (BMI), with a BMI ≥30 kg/m2 widely used

as the standard criterion.8 However, BMI has significant limitations in

assessing obesity-related health risks, as it does not account for body

fat distribution or associated metabolic risks. Consequently, there is a

growing need for more accurate diagnostic criteria for obesity.

Abdominal obesity, characterized by a disproportionate accumu-

lation of abdominal fat, is prevalent worldwide.9 This condition is

linked to poorer overall survival (OS), independent of BMI.10 Even

among individuals with a normal BMI, those with excess abdominal

fat, as indicated by a high waist-to-height ratio (WtHR), face signifi-

cantly elevated risks of mortality, particularly from cardiovascular dis-

eases and metabolic disorders.11,12 However, such individuals are

often overlooked in clinical practice, as traditional diagnostic criteria

relying solely on BMI fail to capture these risks. BMI does not differ-

entiate between fat and lean mass, nor does it reflect the distribution

of body fat, which are critical factors influencing health outcomes.13

Despite these limitations, BMI remains a widely used tool due to its

simplicity and applicability in large-scale studies. Its ability to provide

a quick and standardized measure of weight status makes it a valuable

initial screening tool in public health and clinical settings.14 To address

these limitations, the European Association for the Study of Obesity

(EASO) has proposed a new framework for diagnosing obesity.15 This

framework considers not only BMI but also the WtHR and the pres-

ence of obesity-related complications. Compared to the traditional

BMI ≥30 kg/m2 criterion, this new approach offers a more compre-

hensive assessment of an individual's health risks.

This study was based on data from the National Health and Nutri-

tion Examination Survey (NHANES) and aims to investigate the rela-

tionship between this new definition of obesity and all-cause

mortality, cardiovascular disease (CVD) mortality and cancer-related

mortality. Additionally, the study seeks to compare these outcomes

with those predicted by traditional obesity criteria. By analysing a

wide range of NHANES data, we aim to validate the potential benefits

of this new criterion in predicting health risks and to provide new

insights into the clinical management of obesity.

2 | METHODS

2.1 | Study design

Participants in this study were drawn from the NHANES, a publicly avail-

able follow-up survey. Detailed information on NHANES can be found

on its official website and in relevant literature (https://www.cdc.gov/

nchs/nhanes/).16 Briefly, NHANES is a comprehensive program designed

to assess the health and nutritional status of adults and children in the

United States. It combines interviews, physical examinations and surveys

covering demographic, socioeconomic, dietary and health-related topics,

along with medical, dental, physiological measurements and laboratory

tests. Thirteen consecutive surveys have been conducted since 1999,

and data from these surveys, spanning from 1999 to 2018, were

included in this study. This study adhered to the Strengthening the

Reporting of Observational Studies in Epidemiology checklist for obser-

vational studies to ensure transparent and rigorous reporting.

NHANES was approved by the Research Ethics Review Board of

the National Center for Health Statistics, and all participants provided

informed consent. The data used in this study were deidentified and

publicly available (https://www.cdc.gov/nchs/nhanes/index.htm).

2.2 | Study population

Figure 1 illustrates the screening process for our study. We included

101 316 participants from NHANES with survival data between 1999

and 2018. Exclusion criteria were: participants without BMI data,

those with a BMI less than 18.5 kg/m2, participants under 18 years of

age or over 80 years and excluding short-term deaths (within 5 years).

Ultimately, 39 066 participants were included in the final analysis.
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2.3 | Population characteristics

Demographic characteristics, including age, gender, area of residence

and survey year, were recorded. Information on participants' smoking

status, alcohol consumption, physical activity, total energy intake and

diet quality scores was obtained from questionnaires. BMI was calcu-

lated using weight and height measurements taken by trained

researchers. Biomarkers related to inflammation and insulin resistance

were calculated based on laboratory measurements. The neutrophil-

to-lymphocyte ratio (NLR) was calculated as neutrophil count (�109/

L) divided by lymphocyte count (�109/L). The albumin-to-globulin

ratio (AGR) was calculated as albumin divided by globulin. Indicators

related to insulin resistance were calculated as follows: LHR (low-

density lipoprotein cholesterol/high-density lipoprotein cholesterol),

TCHR (cholesterol/high-density lipoprotein cholesterol), TGHR (tri-

glyceride/high-density lipoprotein cholesterol) and TyG

(Ln [triglyceride (mg/dL) � fasting blood glucose (mg/dL)]/2).

2.4 | Diagnosis of obesity

The exposure of interest was obesity, defined according to the frame-

work developed by the EASO.15 The specific criteria for obesity were

as follows: a high risk of fat accumulation, defined as a BMI between

25 and 30 kg/m2 and a WtHR of 0.5 or higher, accompanied by medi-

cal, functional or psychological impairments or complications; or BMI

of 30 kg/m2 or higher.

Based on the EASO framework, in conjunction with the US guide-

lines and previous studies,17–19 the following complications were

classified as medical, functional or psychological complications: diabe-

tes mellitus (DM) and prediabetes mellitus, dyslipidaemia, hyperten-

sion, CVD, Obstructive Sleep Apnoea Syndrome, metabolic syndrome

(MetS), osteoarthritis, chronic obstructive pulmonary disease, gout,

depression and ageing. Information on these complications was

obtained from surveys, and their distribution in the study population

is depicted in Figure S1.

In this study, the definitions of obesity-related complications

were based on NHANES database standards. DM was defined as

fasting blood glucose ≥126 mg/dL, HbA1c ≥6.5%, a history of physi-

cian diagnosis or the use of glucose-lowering medications, while pre-

DM was defined as fasting blood glucose between 100 and 125 mg/

dL or HbA1c between 5.7% and 6.4%. Dyslipidaemia was defined as

total cholesterol >200 mg/dL, LDL-C >130 mg/dL, low HDL-C, tri-

glycerides >150 mg/dL or the use of lipid-lowering medications.

Hypertension was defined as systolic blood pressure ≥140 mmHg,

diastolic blood pressure ≥90 mmHg or the use of antihypertensive

medications. CVD, osteoarthritis, chronic obstructive pulmonary dis-

ease, gout and Obstructive Sleep Apnoea Syndrome were based on

physician-diagnosed history. MetS was defined according to abnor-

mal values of waist circumference, triglycerides, HDL-C, blood pres-

sure and fasting blood glucose. Depression was assessed using the

Patient Health Questionnaire-9, with scores ≥10 indicating the pres-

ence of depressive symptoms. Ageing was defined using

phenotypic age.

The study also simplified the criteria by selecting the top five

complications (DM, hypertension, CVD, MetS and ageing) as diagnos-

tic criteria based on the results of the C-index (Tables S1 and S2).

Among different obesity diagnostic criteria, the combination of

F IGURE 1 Flowchart of the selection
of the study participants. BMI, body mass
index.
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BMI ≥ 25 kg/m2 + WtHR ≥ 0.5 with various complications demon-

strated different C-index values. Among single complications,

BMI ≥ 25 kg/m2 + WtHR + DM had the highest C-index (0.6015,

95% CI: 0.5937–0.6093), followed by hypertension, CVD, metabolic

syndrome and ageing. In comparison, the combination of

BMI ≥ 25 kg/m2 + WtHR + any one of the 12 complications had a

C-index of 0.5549 (95% CI: 0.5471–0.5628), indicating that the top

five complications contributed the most to obesity prognosis. After

further simplifying the criteria, the combination of BMI ≥ 25 kg/

m2 + WtHR + any one of the top five complications achieved a

C-index of 0.6118 (95% CI: 0.6049–0.6186), demonstrating that opti-

mizing the combination of complications can enhance the predictive

ability of the diagnostic standard. Therefore, BMI ≥ 25 kg/

m2 + WtHR + any one of the top five complications was defined as

the simplified modified diagnostic standard.

2.5 | Outcome

The primary outcome of this study was all-cause mortality. Secondary

outcomes included CVD mortality and cancer-related mortality. Mor-

tality follow-up was based on National Death Index records as of

31 December 2019 provided by the Centers for Disease Control and

Prevention.20

2.6 | Statistical analyses

All NHANES analyses were weighted to represent the US population.

Baseline characteristics were compared by categorizing participants

as people with obesity or those without obesity. Continuous variables

were expressed as means and standard deviations, while categorical

variables were expressed as numbers and percentages. Group com-

parisons were made using chi-square tests for categorical variables

and Student's t-tests for continuous variables. Survival analysis was

conducted using Kaplan–Meier curves. Cox proportional hazards

regression analyses were performed using survey-weighted data to

calculate hazard ratios (HR) and 95% confidence intervals (CI) for the

association between obesity and all-cause and cause-specific mortal-

ity. Model 1 was adjusted for sex, age, survey year and area. Model

2 was further adjusted for smoking status, alcohol consumption, phys-

ical activity, total energy intake and diet quality score. Additionally,

the relative hazard ratio (RHR) was calculated in a similar manner. The

formula for calculating RHR was (HR1/HR2), which can further com-

pare the contributions of different obesity diagnostic criteria. In sub-

group analyses, the association between obesity and all-cause

mortality was analysed and stratified by sex (male or female) and age

(≤45, 45–65 or >65 years). Sensitivity analyses were also conducted.

Model-based causal mediation analysis was used to identify mediators

with the mediation package.

All statistical analyses were conducted using R software (version

4.2.2, http://www.rproject.org), and a p-value <0.05 was considered

statistically significant.

3 | RESULTS

3.1 | Patient characteristics

A total of 39 066 participants were included in this study, weighted to

represent 1 517 394 766 individuals. Of these, 51.3% were male, and

48.7% were female, with a mean age of 43.6 years. With a median

follow-up of 141 months, 3708 deaths were recorded. Obesity preva-

lence was 63.04% according to the new EASO criteria. Table 1 dem-

onstrates the characteristics of participants diagnosed with obesity

according to EASO criteria and simplified criteria. Compared to indi-

viduals without obesity, people with obesity were older, smoked and

drank more alcohol, were less physically active, had lower serum albu-

min levels and higher leucocyte counts and blood creatinine levels.

3.2 | Obesity and OS

Figure 2 presents the Kaplan–Meier survival curves for OS. For all-

cause mortality (Figure 2A,B), CVD mortality (Figure 2C,D) and cancer

mortality (Figure 2E,F), the probability of survival was significantly

lower in individuals with obesity than in nonindividuals with obesity.

Regardless of whether obesity was diagnosed using the EASO criteria

or the simplified criteria, the p-value of the log-rank test was <0.0001,

indicating that obesity was significantly associated with a higher risk

of death.

According to the multivariate-adjusted Cox regression analysis

(Table 2), the HRs for the group of people with obesity diagnosed

using the EASO criteria for these mortality categories were 1.13 (95%

CI: 1.02–1.24, p = 0.016), 1.48 (95% CI: 1.20–1.83, p < 0.001) and

1.26 (95% CI: 1.03–1.54, p = 0.027), respectively. The HRs for all-

cause mortality, CVD mortality and cancer mortality in the group of

individuals with obesity diagnosed using the simplified criteria were

1.41 (95% CI: 1.26–1.58), 2.08 (95% CI: 1.61–2.68) and 1.32 (95% CI:

1.06–1.65), respectively – all statistically significant (p-values <0.001).

These results suggested that obesity diagnosed by EASO criteria is

significantly associated with higher all-cause mortality, CVD mortality

and cancer mortality. Furthermore, the RHR for all-cause mortality,

cardiovascular-related mortality and cancer-related mortality between

the simplified diagnostic criteria and the full EASO criteria were

1.2477 (95% CI: 1.0746–1.4490), 1.4054 (95% CI: 1.0096–1.9565)

and 1.0476 (95% CI: 0.7769–1.4127).

3.3 | Subgroup analyses

As shown in Table 3, for patients under 45 years of age, those with

obesity had a significantly increased risk of all-cause mortality (HR:

1.76, 95% CI: 1.33–2.33) and a higher risk of CVD mortality

(HR: 2.01, 95% CI: 1.10–3.65) compared to those without obesity. In

the 45–65 years age group, obesity was significantly associated with

increased risks of all-cause mortality (HR: 1.61, 95% CI: 1.33–1.94),

cancer mortality (HR: 1.37, 95% CI: 0.99–1.89) and CVD mortality
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(HR: 2.90, 95% CI: 1.78–4.74). For patients aged 65 years and older,

obesity was significantly associated with an increased risk of CVD

mortality (HR: 1.56, 95% CI: 1.13–2.17), but the association between

obesity and cancer or all-cause mortality did not reach statistical sig-

nificance in this age group. Overall, the association of obesity with

mortality risk was significant across all age groups, with the highest

risk observed in younger individuals.

In men, obesity was significantly associated with an increased risk

of all-cause mortality (HR: 1.35, 95% CI: 1.16–1.57) and CVD mortal-

ity (HR: 1.86, 95% CI: 1.34–2.58) according to the EASO criteria. In

women, obesity was significantly associated with increased risks of

all-cause mortality (HR: 1.48, 95% CI: 1.25–1.75), CVD mortality (HR:

2.40, 95% CI: 1.58–3.64) and cancer mortality (HR: 1.43, 95% CI:

1.01–2.04). Overall, individuals with obesity were significantly associ-

ated with an increased risk of all-cause mortality and CVD mortality

across both genders, regardless of the criteria used. Moreover,

females with obesity had a significantly elevated risk of cancer-related

death (Table 4).

3.4 | Sensitivity analysis

In order to simplify the clinical application of obesity diagnostic cri-

teria, this study validated multiple diagnostic methods. The study

applied both the EASO criteria (BMI ≥25 kg/m2 and WtHR ≥0.5 with

any of complications) and each specific comorbidity criterion individu-

ally (BMI ≥25 kg/m2 and WtHR ≥0.5 with each specific comorbidity).

The Kaplan–Meier survival curves indicated that obesity diagnosis,

regardless of the comorbidity criterion used, could reliably predict

patient prognosis (Figure S2). Additionally, a multimodel Cox propor-

tional hazards regression analysis showed that the risk of death in

individuals with obesity (defined by BMI ≥25 kg/m2, WtHR ≥0.5 and

any comorbidity) was 1.13 times higher than in those without obesity

(HR: 1.13; 95% CI: 1.02, 1.24; p = 0.016, Table S3). When a specific

comorbidity was used for diagnosis, there was no significant differ-

ence in prognosis between individuals with obesity (defined by BMI

≥25 kg/m2, WtHR ≥0.5 and dyslipidaemia) and those without obesity.

However, significant differences in prognosis were observed between

individuals with obesity and those without obesity for other complica-

tions (Table S3).

Given that a BMI ≥30 kg/m2 is the currently recognized criterion

for obesity, sensitivity analyses were conducted to assess the predic-

tive value of this criterion for OS. The results showed that patients

with a BMI ≥30 kg/m2 had significantly higher risks of mortality com-

pared to patients with a BMI <30 kg/m2. Specifically, a BMI ≥30 kg/

m2 was associated with a significantly increased risk of all-cause mor-

tality (HR: 1.18, 95% CI: 1.08–1.29) and showed similar trends across

age groups. The risk of cardiovascular mortality was significantly

higher in patients with a BMI ≥30 kg/m2 (HR: 1.47, 95% CI: 1.23–

1.76), particularly in the 45–65 years age group (HR: 1.81, 95% CI:

1.31–2.51). Regarding cancer mortality, there was a trend towards an

increased risk in individuals with obesity overall, but the difference

was not statistically significant (Table S4). The RHR comparing theT
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EASO criterion to the WHO criterion was 1.19 (95% CI: 1.03–1.38),

indicating that the EASO criterion demonstrates a significantly higher

predictive risk for obesity-related outcomes compared to the WHO

criterion.

3.5 | Mediating effects

According to Figure S3, several indicators mediated the relationship

between obesity and patient prognosis. Albumin had the largest medi-

ating effect (10.3%), followed by the AGR (6.4%) and the LHR (4.2%).

The CRP and the NLR also showed significant mediating effects,

though smaller in proportion (3.6% and 1.3%, respectively). These

findings suggest that nutrition- and inflammation-related indicators

may play a role in the impact of obesity on patient prognosis.

3.6 | Grading of obesity

Based on the number of complications, the survival of patients was

analysed. Kaplan–Meier survival curves showed a significant differ-

ence in OS between patients with different numbers of complications

(p < 0.0001, Figure S4). Cox regression analyses further demonstrated

that the risk of death significantly increased with the number of com-

plications (Table S5). Based on specific HR values, we categorized

patients into four risk classes: Grade 1 with no complications, Grade

2 with 1–3 complications, Grade 3 with 4–5 complications and

Grade 4 with 6 or more complications.

This study then evaluated the prognostic value of this obesity

grading system. The Kaplan–Meier survival curves showed significant

differences in survival probabilities across the different grading groups

(p < 0.0001, Figure S5). Cox regression analyses indicated that the risk

of death increased significantly with the severity of the grading

(Table S6). Compared to Grade 1, the HR was 2.46 (95% CI: 1.40–

4.33, p = 0.002) for Grade 2, 3.56 (95% CI: 2.01–6.31, p < 0.001) for

Grade 3 and 5.33 (95% CI: 3.00–9.50, p < 0.001) for Grade 4.

4 | DISCUSSION

In this study, we validated new EASO diagnostic criteria for obesity

using data from the NHANES database and explored their associa-

tions with all-cause mortality, CVD mortality and cancer-related mor-

tality. For the first time, we applied the diagnostic criteria of BMI

≥25 kg/m2 combined with a WtHR ≥0.5 and the presence of compli-

cations, as proposed by EASO, to a large population, and conducted a

F IGURE 2 Kaplan–Meier (K–M) survival curves for different causes of death based on different obesity criteria. (A, B) K–M survival curve for
all-cause mortality using European Association for the Study of Obesity (EASO) and simplified obesity criteria; (C, D) K–M survival curve for
cardiovascular-related mortality using EASO and simplified obesity criteria; (E, F) K–M survival curve for cancer-related mortality using EASO and
simplified obesity criteria. OS, overall survival.

TABLE 2 Cox survival analysis of obesity and patient outcomes.

All-cause mortality Cardiovascular-related mortality Cancer-related mortality

Nonobesity Obesity Nonobesity Obesity Nonobesity Obesity

Simplified criteria

HR (95% CI) Ref. 2.94 (2.65, 3.26) Ref. 4.56 (3.6, 5.77) Ref. 2.6 (2.11, 3.19)

p-Value <0.001 <0.001 <0.001

HR (95% CI)a Ref. 1.52 (1.36, 1.69) Ref. 2.33 (1.82, 2.99) Ref. 1.36 (1.1, 1.69)

p-Value <0.001 <0.001 0.005

HR (95% CI)b Ref. 1.41 (1.26, 1.58) Ref. 2.08 (1.61, 2.68) Ref. 1.32 (1.06, 1.65)

p-Value <0.001 <0.001 0.014

EASO criteria

HR (95% CI) Ref. 1.69 (1.54, 1.85) Ref. 2.36 (1.93, 2.87) Ref. 1.78 (1.47, 2.17)

p-Value <0.001 <0.001 <0.001

HR (95% CI)a Ref. 1.10 (1.00, 1.20) Ref. 1.51 (1.24, 1.86) Ref. 1.15 (0.95, 1.4)

p-Value 0.053 <0.001 0.152

HR (95% CI)b Ref. 1.13 (1.02, 1.24) Ref. 1.48 (1.2, 1.83) Ref. 1.26 (1.03, 1.54)

p-Value 0.016 <0.001 0.027

Abbreviations: CI, confidence interval; EASO, European Association for the Study of Obesity; HR, hazard ratio.
aAdjusted for sex, age, survey year and area.
bAdjusted for sex, age, survey year, area, smoking status, alcohol consumption, physical activity, total energy intake and diet quality score.
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TABLE 3 Subgroup analysis of obesity and patient prognosis across different age groups.

Age <45 years Age 45-65 years Age ≥65 years

Nonobesity Obesity Nonobesity Obesity Nonobesity Obesity

All-cause mortality

Simplified criteria

HR (95% CI) Ref. 1.93 (1.48, 2.52) Ref. 1.76 (1.47, 2.11) Ref. 1.20 (1.04, 1.39)

p-Value <0.001 <0.001 0.010

HR (95% CI)a Ref. 1.90 (1.45, 2.49) Ref. 1.75 (1.45, 2.1) Ref. 1.17 (1.01, 1.35)

p-Value <0.001 <0.001 0.033

HR (95% CI)b Ref. 1.76 (1.33, 2.33) Ref. 1.61 (1.33, 1.94) Ref. 1.09 (0.94, 1.26)

p-Value <0.001 <0.001 0.273

EASO criteria

HR (95% CI) Ref. 1.58 (1.21, 2.07) Ref. 1.20 (1.02, 1.41) Ref. 0.98 (0.87, 1.1)

p-Value 0.001 0.032 0.747

HR (95% CI)a Ref. 1.55 (1.18, 2.03) Ref. 1.14 (0.97, 1.35) Ref. 0.94 (0.84, 1.06)

p-Value 0.001 0.117 0.332

HR (95% CI)b Ref. 1.45 (1.09, 1.91) Ref. 1.23 (1.03, 1.46) Ref. 0.97 (0.85, 1.09)

p-Value 0.010 0.020 0.582

Cardiovascular-related mortality

Simplified criteria

HR (95% CI) Ref. 2.57 (1.45, 4.58) Ref. 3.08 (1.95, 4.85) Ref. 1.8 (1.32, 2.46)

p-Value 0.001 <0.001 <0.001

HR (95% CI)a Ref. 2.54 (1.43, 4.52) Ref. 3.08 (1.94, 4.91) Ref. 1.76 (1.29, 2.42)

p-Value 0.001 <0.001 <0.001

HR (95% CI)b Ref. 2.01 (1.10, 3.65) Ref. 2.9 (1.78, 4.74) Ref. 1.56 (1.13, 2.17)

p-Value 0.022 <0.001 0.007

EASO criteria

HR (95% CI) Ref. 2.5 (1.4, 4.45) Ref. 1.78 (1.2, 2.63) Ref. 1.26 (0.99, 1.61)

p-Value 0.002 0.004 0.057

HR (95% CI)a Ref. 2.49 (1.4, 4.41) Ref. 1.69 (1.14, 2.51) Ref. 1.22 (0.96, 1.56)

p-Value 0.002 0.009 0.103

HR (95% CI)b Ref. 2.1 (1.15, 3.83) Ref. 1.78 (1.16, 2.71) Ref. 1.17 (0.91, 1.51)

p-Value 0.016 0.008 0.220

Cancer-related mortality

Simplified criteria

HR (95% CI) Ref. 1.65 (0.94, 2.9) Ref. 1.51 (1.11, 2.05) Ref. 1.13 (0.83, 1.54)

p-Value 0.083 0.009 0.435

HR (95% CI)a Ref. 1.65 (0.93, 2.91) Ref. 1.48 (1.08, 2.02) Ref. 1.05 (0.77, 1.44)

p-Value 0.086 0.014 0.739

HR (95% CI)b Ref. 1.67 (0.91, 3.07) Ref. 1.37 (0.99, 1.89) Ref. 1.10 (0.80, 1.52)

p-Value 0.095 0.055 0.544

EASO criteria

HR (95% CI) Ref. 1.38 (0.78, 2.46) Ref. 1.16 (0.87, 1.55) Ref. 1.24 (0.94, 1.63)

p-Value 0.270 0.320 0.126

HR (95% CI)a Ref. 1.37 (0.77, 2.44) Ref. 1.09 (0.81, 1.46) Ref. 1.16 (0.88, 1.53)

p-Value 0.288 0.564 0.300

HR (95% CI)b Ref. 1.38 (0.75, 2.54) Ref. 1.22 (0.89, 1.66) Ref. 1.32 (0.99, 1.76)

p-Value 0.303 0.213 0.054

Abbreviations: CI, confidence interval; EASO, European Association for the Study of Obesity; HR, hazard ratio.
aAdjusted for sex, age, survey year and area.
bAdjusted for sex, age, survey year, area, smoking status, alcohol consumption, physical activity, total energy intake and diet quality score.
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TABLE 4 Subgroup analysis of obesity and patient prognosis across different sexes.

Male Female

Nonobesity Obesity Nonobesity Obesity

All-cause mortality

Simplified criteria

HR (95% CI) Ref. 2.79 (2.43, 3.21) Ref. 3.07 (2.63, 3.59)

p-Value <0.001 <0.001

HR (95% CI)a Ref. 1.41 (1.22, 1.63) Ref. 1.65 (1.4, 1.95)

p-Value <0.001 <0.001

HR (95% CI)b Ref. 1.35 (1.16, 1.57) Ref. 1.48 (1.25, 1.75)

p-Value <0.001 <0.001

EASO criteria

HR (95% CI) Ref. 1.62 (1.43, 1.83) Ref. 1.73 (1.51, 1.98)

p-Value <0.001 <0.001

HR (95% CI)a Ref. 1.03 (0.91, 1.17) Ref. 1.18 (1.02, 1.35)

p-Value 0.648 0.022

HR (95% CI)b Ref. 1.10 (0.96, 1.25) Ref. 1.10 (0.96, 1.27)

p-Value 0.179 0.177

Cardiovascular-related mortality

Simplified criteria

HR (95% CI) Ref. 3.83 (2.85, 5.14) Ref. 5.70 (3.86, 8.41)

p-Value <0.001 <0.001

HR (95% CI)a Ref. 1.96 (1.43, 2.7) Ref. 2.96 (1.98, 4.43)

p-Value <0.001 <0.001

HR (95% CI)b Ref. 1.86 (1.34, 2.58) Ref. 2.40 (1.58, 3.64)

p-Value <0.001 <0.001

EASO criteria

HR (95% CI) Ref. 2.18 (1.69, 2.82) Ref. 2.51 (1.85, 3.42)

p-Value <0.001 <0.001

HR (95% CI)a Ref. 1.4 (1.07, 1.84) Ref. 1.67 (1.23, 2.27)

p-Value 0.016 0.001

HR (95% CI)b Ref. 1.43 (1.08, 1.89) Ref. 1.4 (1.01, 1.93)

p-Value 0.013 0.042

Cancer-related mortality

Simplified criteria

HR (95% CI) Ref. 2.55 (1.95, 3.34) Ref. 2.6 (1.89, 3.59)

p-Value <0.001 <0.001

HR (95% CI)a Ref. 1.24 (0.93, 1.64) Ref. 1.54 (1.1, 2.16)

p-Value 0.140 0.012

HR (95% CI)b Ref. 1.21 (0.91, 1.63) Ref. 1.43 (1.01, 2.04)

p-Value 0.192 0.045

EASO criteria

HR (95% CI) Ref. 1.56 (1.21, 2) Ref. 2.07 (1.52, 2.81)

p-Value 0.001 <0.001

HR (95% CI)a Ref. 0.94 (0.73, 1.21) Ref. 1.5 (1.1, 2.04)

p-Value 0.648 0.011

HR (95% CI)b Ref. 1.04 (0.8, 1.36) Ref. 1.49 (1.08, 2.06)

p-Value 0.747 0.016

Abbreviations: CI, confidence interval; EASO, European Association for the Study of Obesity; HR, hazard ratio.
aAdjusted for sex, age, survey year and area.
bAdjusted for sex, age, survey year, area, smoking status, alcohol consumption, physical activity, total energy intake and diet quality score.
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comparative analysis with the traditional WHO obesity criterion (BMI

≥30 kg/m2). The RHR results indicated that the EASO criterion dem-

onstrates a significantly higher predictive risk for obesity-related out-

comes. We also attempted to simplify the EASO criteria by focusing

on high-priority complications, and our results showed that both the

EASO criteria and their simplified version effectively predict the prog-

nosis of individuals with obesity. These findings underscore the

advantages of incorporating WtHR and obesity-related complications

into diagnostic criteria, providing a valuable reference for the clinical

management of obesity and highlighting the potential of these criteria

for broader application in clinical practice.

Firstly, the new EASO criteria, as well as the simplified version,

were significantly associated with higher all-cause mortality, CVD

mortality and cancer-related mortality, as demonstrated by Kaplan–

Meier survival curves and Cox proportional hazards regression ana-

lyses. These findings are consistent with several large epidemiological

studies that emphasize the importance of obesity in prognostic

assessments.21–23 For example, Harborg et al. reported that rising

global obesity rates significantly increased mortality associated with

CVD and cancer.23 Additionally, studies have highlighted the limita-

tions of relying solely on BMI for diagnosing obesity, as BMI does not

account for body fat distribution or associated metabolic risks.13,24,25

Ashwell et al.26 demonstrated that WtHR, compared to BMI, more

accurately predicts health risks, particularly CVD risks. Our study fur-

ther validated this approach, showing that incorporating WtHR and

the number of complications provides a more accurate reflection of

the prognostic risks in individuals with obesity.

Secondly, our findings indicate that grading based on the number

of complications effectively differentiates the prognostic risk among

individuals with obesity. Specifically, the risk of death increased signif-

icantly with the number of complications, aligning with previous stud-

ies on the adverse effects of multiple complications on health.27,28 Lin

highlighted that the number and type of obesity-related complications

directly affect mortality risk, especially when multiple

complications are present, which shows a significant cumulative

effect.29 Our Cox regression analysis further supports this, showing

that mortality risk increases significantly with the number of complica-

tions. This finding is consistent with the study by Haidar et al., who

found a strong association between cardiovascular complications and

obesity-related mortality.30 Therefore, grading based on the number

of complications not only improves the prediction of mortality risk but

also provides important guidance for developing clinical interventions.

Furthermore, the simplified diagnostic criteria for obesity, which

combine BMI ≥25 kg/m2, WtHR ≥0.5 and the top five high-risk com-

plications, demonstrated a higher C-index and RHR for predicting

obesity-related mortality. This suggests that streamlining the combi-

nation of complications can make these diagnostic criteria more appli-

cable in clinical practice while maintaining high predictive

accuracy.26,31,32 For instance, Soo Lim33 showed that specific compli-

cations such as DM, hypertension and CVD significantly increased

mortality risk in individuals with obesity. Chung also supported this

finding, noting that the combination of BMI and WtHR more

accurately predicts cardiovascular events and all-cause mortality.34

These findings underscore the importance of including key comorbid-

ity indicators in the clinical diagnosis of obesity, as this approach not

only enhances diagnostic accuracy but also helps identify high-risk

patient groups, thereby optimizing clinical management strategies.

Moreover, this diagnostic standard demonstrates high practicality in

clinical practice. First, it can be used during routine physical examina-

tions to quickly identify high-risk individuals, making it particularly

suitable for resource-limited settings to enable early interventions.

Second, by focusing on high-priority complications, it allows for more

precise risk stratification and facilitates the development of personal-

ized intervention strategies. Furthermore, this standard aligns closely

with existing clinical practices, such as the management of hyperten-

sion and diabetes, allowing for seamless integration into daily medical

workflows. Its strong predictive power and practical applicability make

it highly valuable in both clinical and public health contexts.

Furthermore, integrating the EASO criteria into clinical guidelines

could enhance the management of obesity-related health risks by pro-

viding a more comprehensive and practical framework. This would

allow for earlier identification and stratification of high-risk individ-

uals, particularly in settings where resources are limited. Additionally,

validation studies in low- and middle-income countries are crucial to

assess the generalizability and applicability of these criteria across

diverse populations and healthcare systems. These efforts would not

only strengthen the clinical utility of the EASO criteria but also pro-

mote equitable healthcare solutions for addressing the global burden

of obesity. However, adopting the EASO criteria may increase the

number of individuals diagnosed with obesity compared to traditional

BMI-based definitions. While this allows for more comprehensive risk

assessment, it also poses challenges for healthcare systems, particu-

larly in resource-limited settings, due to the potential rise in patients

requiring management. Future research should focus on balancing the

expanded diagnostic scope with strategies to ensure efficient

resource allocation and prioritization of high-risk individuals.

Additionally, our study identified nutritional and inflammation-

related indicators as important mediators between obesity and patient

prognosis. Albumin, a key marker of nutritional status, suggests that

malnutrition may lead to decreased immune function, increasing the

risk of infections and other complications, thereby exacerbating

obesity-related health risks.35,36 The AGR, an indicator of immune

inflammation, also had a significant mediating effect, highlighting the

role of chronic low-grade inflammation as a key pathological mecha-

nism in obesity and its associated complications.37–39 While CRP and

the NLR had smaller mediating effects, they still indicate the potential

prognostic impact of inflammation.40,41 These results suggest that

nutritional status and inflammatory response are not only reflections

of the health status of individuals with obesity but may also affect

their long-term prognosis through complex pathological

mechanisms.42,43

The strengths of this study include the use of a large-scale

NHANES database, which provides extensive and representative data,

enhancing the external validity of our findings. However, the study
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has some limitations. Firstly, due to the cross-sectional nature of the

NHANES data, causal relationships could not be established. Although

mortality data were derived from longitudinal follow-up, the primary

exposure and covariates were collected at a single time point, limiting

the ability to infer causality. Secondly, the definition of complications

in this study was based on self-reported and physical examination

data, which may have introduced bias. Furthermore, our study did not

account for the effects of diabetes-related medications due to the

lack of specific data, which may influence BMI and survival outcomes.

Future research should address this limitation. Additionally, despite

adjusting for multiple confounders, residual confounding may still

exist, potentially affecting the accuracy of the results, and it is hoped

that they will be further controlled in future studies. Lastly, the study

population may not fully represent diverse global populations, and

future studies should validate these findings across different regions

and groups to enhance generalizability.

5 | CONCLUSIONS

This study validated the EASO diagnostic criteria for obesity, demon-

strating their superiority over traditional BMI-based standards in pre-

dicting all-cause, cardiovascular and cancer-related mortality. By

integrating BMI ≥25 kg/m2, WtHR ≥0.5 and complications, the EASO

framework offers a more comprehensive assessment of obesity-

related health risks. Furthermore, risk stratification based on the num-

ber of complications effectively highlights the progressive impact of

obesity severity on mortality. These findings emphasize the clinical

value of adopting the EASO criteria to guide personalized obesity

management and public health interventions. Future research should

explore longitudinal applications and assess their utility in diverse

populations.
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