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Background: Cardiometabolic risk (CMR) factors, including obesity,
hypertension, hyperglycemia, and dyslipidemia, are major contributors to
global morbidity and mortality. Although gold-standard diagnostic methods for
obesity and insulin resistance exist, they are costly and inaccessible in resource-
limited settings. Conventional anthropometric measures underestimate
parameters that enhance risk prediction and fail explaining the complex
relationship between adipose tissue distribution and metabolic dysfunction.
This study evaluated and compared the diagnostic accuracy of 15 conventional
and non-conventional anthropometric and biochemical indices for identifying
CMR factors in Mexican adults. We hypothesized that non-conventional indices
would demonstrate superior diaghostic performance compared with
traditional measures.

Methods: We analyzed data from 1,876 participants aged 20—-80 years from the
2022 National Health and Nutrition Survey (ENSANUT). Anthropometric indices,
including body mass index (BMI), waist-to-height ratio (WHtR), body roundness
index (BRI), deep abdominal adipose tissue index (DAAT), and weight-adjusted
waist index (WWI), were calculated alongside biochemical indices such as
HOMA-IR, triglyceride-glucose index (TG), and combined indices like TG*BMI
and TG*WC. Receiver operating characteristic (ROC) curve analysis evaluates
diagnostic performance, with sex-stratified analyses conducted to determine
optimal cut-off values.

Results: Non-conventional indices demonstrated superior diagnostic performance
across all outcomes. For obesity detection, TG*BMI achieved the highest area under
the curve (AUC=0.972), followed by WHtR and BRI (AUC=0.934). For CMR
assessment, BRI showed perfect discrimination (AUC=1.000), whereas TG*WC
(AUC=0.976) and LAP (AUC=0.963) demonstrated exceptional performance. Sex-
based analyses revealed that optimal cut-off values varied, with most indices
maintaining a consistent discriminatory capacity across sexes.
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Conclusions: Non-conventional anthropometric indices, particularly those
incorporating metabolic and anthropometric parameters, outperform
traditional BMI-based assessments for CMR stratification in Mexican adults.
These accessible, cost-effective tools offer superior diagnostic accuracy and
enhance early identification of high-risk individuals in resource-limited
healthcare settings. Future studies are required to validate these findings and
establish population-specific reference values.

cardiometabolic risk, anthropometric indices, biochemical indices, obesity,

mexican adults

Highlights

* The anthropometric indices WHtR, BRI, and DAAT
showed the best correlation with cardiometabolic
risk factors.

* Biochemical indices TG, TG/HDL, and AIP had higher
correlations than HOMA-IR and QUICKI.

* TG*BMI, WHtR, BRI, TG*WC, DAAT, and LAP had
higher AUC values for detecting obesity.

* BRI, TG*WC, LAP, BMI, TG*BMI, DAAT, and WWT had
higher AUC values for assessing cardiometabolic risk, and
TG*BMI and TG*WC had higher AUC values for
evaluating insulin resistance.

* Anthropometric indices performed better than biochemical
indices in assessing cardiometabolic risk factors.

Abbreviations: CMR, Cardiometabolic Risk; HBP, High Blood Pressure; WHO,
World Health Organization; T2D, Type 2 Diabetes Mellitus; MRI, Magnetic
Resonance Imaging; HEC, Hyperinsulinemic-Euglycemic Clamp; BMI, Body
Mass Index; TG-BMI, Triglyceride-Glucose Body Mass Index; TG,
Triglyceride-Glucose Index; TG/HDL-C, Triglycerides to High-Density
Lipoprotein Cholesterol Ratio; WC, Waist Circumference; VAI, Visceral
Adiposity Index; BSI, Body Shape Index; BRI, Body Roundness Index; ABSI, A
Body Shape Index; DAAT, Deep Abdominal Adipose Tissue Index; WWI,
Weight-Adjusted Waist Index; LAP, Lipid Accumulation Product Index;
HOMA-IR, Homeostasis Model Assessment of Insulin Resistance; QUICKI,
Quantitative Insulin Sensitivity Check Index; AIP, Atherogenic Index of
Plasma; LDL-C, Low-Density Lipoprotein Cholesterol; HDL-C, High-Density
Lipoprotein Cholesterol; CRP, C-Reactive Protein; HbAlc, Glycated
Hemoglobin; TG*BMI, Triglycerides-Glucose Index Multiplied by Body Mass
Index; TG*WGC, Triglycerides-Glucose Index Multiplied by Waist Circumference;
ENSANUT, Encuesta Nacional de Salud y Nutricion (National Health and

Nutrition Survey).
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1 Background

Cardiometabolic risk (CMR) encompasses modifiable factors
that synergistically increase vascular events and metabolic
dysfunction (1-3), including abdominal obesity, hypertension,
hyperglycemia, dyslipidemia, and lifestyle factors that collectively
damage cardiac and vascular structures, elevating cardiovascular
disease (CVD) risk, leading global mortality cause (4, 5). Obesity is a
major cardiometabolic risk factor characterized by pathological
adipose accumulation that increases white adipose tissue (WAT)
and is associated with various metabolic disorders (6-9). Visceral
adiposity secretes the pro-inflammatory cytokines interleukin-6
(IL-6) and tumor necrosis factor-o. (TNF-o), reducing endothelial
nitric oxide and upregulating adhesion molecules that initiate
atherosclerosis (10). Moreover, increased free fatty acids (FFAs)
release from adipose tissue disrupts insulin signaling, promotes
hepatic glucose production, and activates cholesteryl ester transfer
protein, thereby disrupting vascular homeostasis and, exacerbating
atherogenic dyslipidemia and inflammation (11).

Visceral adipocyte dysfunction promotes insulin resistance,
dyslipidemia, hypertension, and hyperglycemia through impaired
lipid metabolism and vascular regulation (12). In patients with type
2 diabetes (T2D), obesity, and atherogenic dyslipidemia promote
vascular obstruction, elevating coronary heart disease risk and
mortality from cardiovascular, renal, and infectious diseases (11,
13, 14). Additionally, triglycerides in HDL particles are the primary
factors for hypertension, whereas atherogenic lipoproteins
increase the pulse pressure (15). Additionally, obesity-mediated
WAT dysfunction triggers dysregulated oxylipin pathways,
particularly reduced cytochrome P450-soluble epoxide hydrolase
activity during metabolic syndrome, compromising tissue
homeostasis and inflammation reduction (16). Brown adipose
tissue (BAT) activation offers promising interventions by
enhancing thermogenesis, improving metabolic parameters,
and strengthening intestinal barrier integrity while reducing
inflammation (17). The convergence of abdominal obesity,
hypertension, dyslipidemia, insulin resistance, and inflammation
create a self-reinforcing cycle of metabolic-vascular dysfunction,
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emphasizing the need for integrated cardiometabolic assessment
guiding risk stratification and clinical intervention.

Gut microbiota composition may predict responses to dietary
and pharmacological interventions for personalized cardiometabolic
therapies (18). Multi-omics research demonstrated microbiota—
metabolite signatures significantly impact metabolic development,
highlighting microbiome contributions to CMR (19).

The gold standards for diagnosing metabolic diseases are
computed tomography (CT) and magnetic resonance imaging
(MRI), which accurately quantify adipose tissue; however, their
complexity and high cost limit their routine use. Although MRI is
radiation-free, it is time-consuming and expensive (20, 21). The
hyperinsulinemic-euglycemic clamp (HEC), reference method for
insulin resistance assessment, requires specialized staff, equipment,
and multiple arterial samples, restricting large-scale application (22).
Echocardiography aids cardiac evaluation but is operator-dependent,
and inexperience can affect the accuracy of diagnosis (23, 24).

Anthropometric indices are accessible, noninvasive, and cost-
effective tools for cardiometabolic risk assessment across diverse
populations (25). While traditional measures have been widely
implemented, emerging evidence supports the superior utility of
non-conventional indices in capturing the complex relationship
between adiposity distribution and metabolic dysfunction (10, 26-31).

Traditional anthropometric indices -including waist
circumference (WC), waist-to-height ratio (WHtR), and waist-to-
hip ratio (WHR)- have been extensively utilized to evaluate general
or central obesity, however, these conventional measures often
overlook potentially valuable parameters that could enhance risk
prediction and fail to differentiate between adipose tissue types,
despite the critical influence of fat distribution on obesity-related
outcomes (32, 33). Conventional anthropometric indices offer
valuable approaches to cardiometabolic risk assessment, with
body mass index (BMI) and other traditional metrics remaining
associated with long-term cerebrovascular events and providing
estimates of insulin resistance (14, 34, 35). However, these indices
frequently fail to capture metabolic heterogeneity among
individuals with similar BMI values.

The distinction between adipose tissue compartments is
particularly relevant, as visceral adipose tissue promotes a
proinflammatory state and significantly increases the risk of
atherosclerosis, cardiometabolic diseases, T2D, and cardiovascular
events (36-38). Consequently, accurate evaluation of visceral
adiposity has become imperative for comprehensive cardiometabolic
risk assessment (32).

Several non-traditional indices effectively assess visceral
adiposity, each selected for this study based on their unique
physiological and methodological advantages. The A Body Shape
Index (ABSI) quantifies abdominal obesity and sarcopenic obesity
(39, 40), while evaluating visceral fat linked to cardiovascular
morbidity, predicting outcomes not captured by conventional
metrics, including all-cause mortality, metabolic syndrome,
diabetes, and hypertension (41-44). The Body Roundness Index
(BRI) estimates total adiposity using an elliptical modeling
approach that better approximates variations in human body
shape than simple circumference measurements or BMI
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calculations, effectively predicting metabolic syndrome (MetS) and
CMR (26). The index correlates strongly with visceral adiposity
markers and has demonstrated superior association with arterial
stiffness, metabolic syndrome, and hypertension compared to
traditional measures (45-47). The deep abdominal adipose tissue
index (DAAT) can directly estimate visceral fat accumulation and
the predictability of cardiovascular events by incorporating
mathematical modeling that incorporates weight, waist
circumference, and BMI into sex-specific equations, specifically
targeting the metabolically active visceral adipose tissue
compartment that conventional indices cannot distinguish (27, 32).
This index has demonstrated a predictive capacity for cardiovascular
events by capturing the inflammatory and metabolic dysfunctions
associated with visceral fat accumulation (48). The Weight-adjusted
waist circumference index (WWI) is a strong predictor of
cardiovascular morbidity, mortality, and hypertension, consistently
outperforming traditional measures such as BMI, WC, ABSI, and
WHR in diverse populations (28, 49-51). WWI evaluates both central
adiposity and overall body composition by adjusting waist
circumference for weigh, capturing a phenotype associated with
increased cardiovascular mortality, particularly valuable in
populations with sarcopenic obesity where conventional indices may
underestimate cardiometabolic risk (28, 50, 51).

Complementing the properties of non-conventional indices,
combined anthropometric-laboratory indices such as the Visceral
Adiposity Index (VAI), which combines WC, BMI with TG and
HDL, surrogates of insulin resistance, and cardiometabolic risk
(13). VAI combines anthropometric measurements (waist
circumference, BMI) with lipid parameters (triglycerides, HDL
cholesterol) in sex-specific formulas designed to reflect visceral
adipose function, correlating with CMR, hypertension, insulin
resistance, and albuminuria (29, 39, 52, 53). Lipid Accumulation
Product (LAP) combines waist circumference (WC) and
triglyceride levels, which reflects pathophysiological processes
underlying cardiometabolic risk, particularly insulin resistance
and pre-diabetes (30, 31), demonstrating greater efficacy in
predicting prediabetes and incident T2D (45, 54, 55), surpassing
BMI in CMR prediction (30, 31). The integration of anthropometric
and lipid markers achieves a more precise CMR assessment than
anthropometry alone. Indeed, TG alone serves as a strong predictor
of prediabetes and in combination with BRI, VAL, or ABSI,
significantly enhances the diagnostic accuracy and prediction of
stroke incidence (56, 57). TG*BMI and TG*WC have superior
performance in detecting insulin resistance and cardiometabolic
risk. The combination of TG levels and anthropometric measures
simultaneously captures both metabolic dysfunction and adiposity
distribution. This dual approach provides a more comprehensive
cardiometabolic risk assessment than either component alone (14,
35). Moreover, the triglyceride-to-cholesterol ratio, triglyceride-to-
glucose ratio to high-density lipoprotein cholesterol (TG/HDL-c)
associates to arterial stiffness progression (58).

Biochemical blood parameters play a crucial role in assessing
cardiometabolic risk, providing valuable insights into metabolic
health and cardiovascular disease risk. These parameters typically
include lipid profiles (total cholesterol, LDL cholesterol, HDL
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cholesterol, and triglycerides), glucose levels, and glycated
hemoglobin (HbAlc) levels. The insulin resistance (IR) related to
glucose and insulin levels, is a key factor for metabolic syndrome,
obesity, and cardiovascular diseases (59, 60). The homeostasis
model of insulin resistance (HOMA-IR) evaluates IR and the
pancreatic beta cell function, and the quantitative insulin
sensitivity check index (QUICKI) which evaluates the ability of
cells to respond to the effect of insulin, offer accessible and effective
ways to determine IR (30, 31, 61).

While prior studies have validated conventional indices (BMI,
WHItR) and developed Mexican-specific tools (MAIs/BAls) for
assessing cardiometabolic risk (62-65), critical gaps persist regarding
the comparative efficacy of non-conventional anthropometric indices
—both independently and in combination with biochemical
parameters—within Mexico’s unique demographic context.
Rodriguez-Carrillo et al. (2021) advanced this field by establishing
sex-specific MAIs and BAIs to identify visceral adiposity and metabolic
syndrome (66-69), yet their work did not systematically compare these
tools against emerging non-conventional indices (e.g., BRI, WWI,
DAAT) or evaluate their integrated use with biochemical markers.
This omission leaves unresolved whether novel indices improve risk
detection over conventional measures in Mexican adults, particularly
given population-specific adiposity patterns and metabolic profiles. To
address this, we calculated 15 indices and hypothesized that non-
conventional anthropometric indices would demonstrate stronger
correlations with biochemical parameters and superior diagnostic
performance for cardiometabolic risk factors than traditional
measures. This comparative analysis fills a critical gap in optimizing
risk stratification strategies for Mexico’s high-risk population.

2 Methods
2.1 Data collection

We obtained data on participants from the National Health and
Nutrition Survey, 2022 (ENSANUT) database (Publicly available at:
https://ensanut.insp.mx/encuestas/ensanutcontinua2022/
descargas.php.) ENSANUT is a national multistage probability
sampling survey that was conducted between July 28, 2022, and
December 10, 2022, encompassing 14,240 households, to obtain
10,450 households with complete information from eight regions of
Mexico (Pacific North, Border, Pacific Central, Pacific North, Central,
Mexico City State of Mexico, Pacific South, and Peninsula) (70). The
ENSANUT is a structured questionnaire that collects basic
information (age, sex, unit), anthropometric measurements of
weight (kg), height (cm), and waist circumference (cm), as well as
blood pressure (mmHg). Anthropometric measurements were
performed in duplicate. Blood pressure (mmHg) was measured
using a standard mercury sphygmomanometer.

Fifteen milliliters of blood were collected from each participant
after fasting via venous puncture of the forearm to obtain laboratory
glucose, cholesterol, triglycerides, HDL, and LDL levels. National
Institutes, Instituto Nacional de Diagnostico y Referencia
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Epidemiologia Dr Manuel Martinez Baez (InDRE), Ciencias
Medicas y Nutricion Salvador Zubiran (INCMNSZ), and Salud
Publica (INSP) laboratories analyzed the samples. Trained
personnel collected biological samples and performed
anthropometric measurements. The INSP Ethics, Research, and
Biosafety Commission authorized the questionnaires, interviews,
and informed consent forms. The participants had to accept and
sign an informed consent form.

2.2 Participants

After acquiring the database, we filtered the data to include only
men and women aged 20-80 years. The initial sample comprised
6,833 individuals with biochemical test results; however, patients
with risk factors that could influence the effect of the
anthropometric indices were excluded from the study. These risk
factors include the diagnosis of type 2 diabetes (T2D), diagnosis of
gestational diabetes (GDM), lower and upper limb amputations,
and pregnancy. Furthermore, participants who failed to undergo
complete anthropometric measurements or biochemical tests, or
those with incomplete general data, were excluded from the final
analysis. Only participants whose information was complete and
validated in the database were included. This avoids bias derived
from missing or inconsistent data. The final analysis included
1,876 participants.

2.2.1 Classification of participants

The participants were classified into two groups according to
CMR, defined by central obesity status using WHtR (cut-off
of 20.50, indicating CMR presence). This index has shown
superior performance over other indices in detecting central
adiposity and associated metabolic dysregulation (66-69). While
CMR conventionally encompasses multiple components (e.g.,
dyslipidemia, hypertension), our operational definition focused on
central obesity because of its established role as a primary driver
of cardiometabolic pathophysiology and its feasibility in
resource-limited settings. The selected WHtR cut-off has been
extensively validated across diverse populations for identifying
individuals at elevated risk of insulin resistance, dyslipidemia, and
cardiovascular events (71-74), ensuring its applicability to Mexico’s
clinical infrastructure.

2.3 Anthropometric measurements

Anthropometric indices were calculated using previously
established methodologies.

. igh
1. Body mass index, BMI = %‘iti (75).

2. Waist-to-height ratio, WHIR = #git (76).

3. A body shape index, ABSI = 77).

weC
(height} x BMI)
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wey2
4. Body roundness index, BRI = 364.2 ~ 365.5, /1~ =0n s

(78).
5. Deep abdominal adiposity tissue index, DAAT (48).

Males = —382.9 + (1.09  weight — (kg)) + (6.04 WC - (cm))+

(-2.29 IMB(kg/m?))

Females = -278 + (- 0.86  weight — (kg)) + (5.19  WC - (cm))

. _ . B . . — WC
6. Weight-adjusted-waist index, WWI e (49).

2.4 Biochemical measurements

Indices related to biochemical parameters, including HOMA-
IR, TG, TG/DHK, QUICKI, and AIP, were calculated using the
following methods:

7. Homeostasis Model Assessment insulin resistance index,
HOMA-IR (79).

HOMA - IR = Fasting glucose(mmol/L)

fasting inulin(UI/ml)/405

8. Triglycerides to Glucose Index, TG (80).
TG = Ln [fasting triglycerides (mg/dL)
fasting plasma glucose (mg/dL)/2]
9. Triglycerides to high-density lipoprotein cholesterol ratio,
TG/HDL-C (81).
TG/HDL = ratio [TG (mmol/dL) divided by HDL

- C (mmol/dL)]

10. Quantitative insulin sensitivity check index, QUICKI (82).
QUICKI = (1/[log fasting insulin (WU/mL)

+ log fasting glucose (mg/dL)])

11. Atherogenic index of plasma, AIP (13).

AIP = Log10[Tg(mmol/L)/HDL (mmol/L)]
2.5 Biochemical indices with
anthropometric measurements

The VAL LAP, TyG*BMI, and TyG*WC indices were calculated
as follows:

12. Visceral adiposity index, VAI (83).
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Males = WC (cm)/[39.68 + 1.88  BMI (kg/m?)]

x[ TG (mmol/L)/1.03] x [1.31/HDL (mmol/L)].

Females = WC (cm)/[36.58 + 1.89  BMI (kg/mz)]

x[ TG (mmol/L)/0.81] x [1.52/HDL (mmol/L)] .

13. Lipid accumulation product, LAP (84).

Male sex = [WC (cm) - 65]x TG (mmol/L).

Female = [WC (cm) — 58]x TG (mmol/L).

14. Trigycerides to Body mass index, TyG*BMI (14).

Ln [fasting  triglycerides(mg/dL)

fasting  plasma  glucose(mg/dL)/2]x BMI

15. Triglycerides to Waist circumference. TyG*WC (13).
Ln [fasting triglycerides (mg/dL)

fasting plasma glucose (mg/dL)/2]x WC

2.6 Statistical analysis

Data analysis was conducted using IBM SPSS Statistics version 23.
A p-value (bilateral) <0.05 indicated statistical significance; continuous
numerical variables were presented as mean and standard deviation,
Student’s t-test for continuous variables, Pearson’s correlation test for
continuous numerical variables, and were prepared by plotting 1-
specificity on the x-axis and sensitivity on the y-axis to evaluate the
prognostic capacity of biochemical, anthropometric, and biochemical-
anthropometric indices. The cut-off point value that had the highest
Youden index was selected as the optimal cut-off point for each index
(Youden index=sensitivity+specificity-1).

3 Results

A total of 1,876 participants were included, comprising 40.2%
men and 59.8% women, with a mean age of 43.50 (+ 15.01) years.
Participants were stratified by cardiometabolic risk (CMR) status
using WHtR 20.50, resulting in 1,342 individuals with CMR
(71.5%) and 534 without CMR (28.5%). The BMI was higher in
women (29.97 kg/m2), approaching the obesity threshold of 30 kg/
m2, whereas in men, it was 28.65 kg/m2, placing them in the
overweight category (p<0.001). The LAP, ABSI, DAAT, WWI, TG,
TG*WC, TG/HDL, and AIP indices were significantly higher in
men than in women, while women had higher BRI and WHtR
values (p<0.001) Table 1.

Compared to the non-CMR group, CMR participants exhibited
significantly elevated values for all anthropometric and biochemical
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parameters (p<0.001 for all variables). The CMR group
demonstrated markedly higher mean BMI (30.39 vs. 25.79 kg/m?),
waist circumference (105.53 vs. 83.92 cm), and WH{tR (0.64 vs. 0.50).
Advanced adiposity indices showed pronounced differences, with
BRI (6.82 vs. 4.13), DAAT (215.26 vs. 142.64), and LAP (67.29 vs.
26.12) being substantially elevated in the CMR group. Biochemical
profiles revealed significant metabolic dysfunction in CMR
participants, with higher fasting glucose (104.18 vs. 92.41 mg/dL),
insulin (14.01 vs. 10.74 pIU/mL), and HOMA-IR (3.64 vs. 2.45).
Lipid parameters demonstrated atherogenic patterns in the CMR
group, including elevated triglycerides (192.44 vs. 138.21 mg/dL),
reduced HDL-C (44.95 vs. 46.84 mg/dL), and higher TG/HDL ratio
(1.89 vs. 1.23). Combined indices TGBMI (284.65 vs. 178.23) and
TGWC (945.19 vs. 582.61) were markedly elevated in
CMR participants.

Sex-Specific Patterns Within CMR Categories.

Among participants with CMR, significant sex differences
persisted. Males exhibited higher visceral adiposity markers
including DAAT (245.63 vs. 195.73, p<0.001), WWTI (11.59 vs.
11.44, p<0.001), and ABSI (0.082 vs. 0.081, p<0.001). Biochemical
profiles showed males with more severe dyslipidemia, evidenced
by higher triglycerides (219.56 vs. 174.52 mg/dL, p<0.001), TG/
HDL ratio (2.22 vs. 1.67, p<0.001), and AIP (0.28 vs. 0.15,
p<0.001). Conversely, females with CMR demonstrated higher
subcutaneous adiposity patterns with elevated BMI (31.18 vs.
29.18 kg/m?, p<0.001), WHIR (0.66 vs. 0.61, p<0.001), and BRI
(7.24 vs. 5.94, p<0.001), alongside higher insulin levels (15.28 vs.
11.96 pIU/mL, p<0.001) and HOMA-IR (3.95 vs. 3.17, p<0.001).

In the non-CMR group, sex differences were less pronounced
but still significant. Males maintained higher waist circumference
(89.24 vs. 83.54 cm, p<0.001) and triglycerides (151.98 vs. 129.89
mg/dL, p<0.001), while females showed marginally higher BMI
(26.05 vs. 25.30 kg/m?®, p=0.012) and insulin sensitivity indices.

3.1 Partial correlation between different
anthropometric and biochemical indexes

The anthropometric indices exhibited positive correlations with
one another, with WHtR, BRI, and WWI demonstrating the
strongest correlations, followed by BMI and DAAT. The ABSI
showed correlation values of < 0.500 (p<0.001) (Table 2).

The biochemical indices were contrasted with Pearson’s
correlation statistic, considering strong correlations with a higher
value of (Pearson 0.500) and (p<0.00I). The best indices with a
higher correlation were TG, TG/HDL, and AIP (p<0.001) than the
HOMA-IR and QUICKI indices, both of which had low
correlations (Table 3).

Regarding the correlations between the indices by sex, we
observed that in both sexes, the indices with the highest
correlation were WHIR, BRI, and DAAT, as they demonstrated a
correlation with LAP, TG*BMI, and TG*WC indices (p<0.001). The
most effective female indicators were BRI and DAAT, which
exhibited higher correlation values, whereas ABSI did not
demonstrate higher correlations. Irrespective of the correlation

Frontiers in Endocrinology

10.3389/fendo.2025.1588469

value, anthropometric indicators exhibited a relationship with
most of the biochemical indicators. In men, QUICKI had the
lowest correlation with the other indicators, as it correlated only
with ABSI and WWI. Conversely, although the correlation value
was low in women, a correlation was observed for all
anthropometric indices. The ABSI demonstrated weak
correlations, potentially due to the formula’s utilization of two
anthropometric measurements (weight and height) and one index
(BMI), which may have led to variations in the results. Specific
indicators can be employed in conjunction regardless of sex, and
our findings indicate that anthropometric indicators behave
similarly irrespective of sex. However, biochemical indicators,
such as QUICKI, yield more favorable results for females.

3.2 Diagnostic ability of anthropometric
and biochemical indicators

To evaluate the diagnostic performance of the calculated
anthropometric indices in obesity assessment, we used Receiver
Operating Characteristic (ROC) curve analysis, with Body Mass
Index (BMI) employed as the reference standard for obesity
classification. The ROC analysis revealed that TG*BMI
(AUC=0.972), followed by WHtR (AUC=0.934), BRI
(AUC=0.934), TG*WC (0.888), DAAT (0.825), and LAP (0.805),
demonstrated higher area under the curve (AUC) values.
Conversely, HOMA-IR (0.769), WWI (0.705), and VAI (0.664)
(p<0.005) exhibited lower values for determining adiposity, whereas
ABSI (0.490) and QUICKI (0.525) showed no useful discriminative
ability. Although ABSI does not contribute to adiposity
determination, it helps assess body shape (Figure 1a).

The analysis of the indicators’ ability to assess CMR, utilizing
the WHItR index as a contrast indicator, revealed that the indicators
with higher AUC values were BRI (AUC=1.000), followed by
TG*WC (0.976), LAP (0.963), BMI (0.961), TG*BMI (0.960),
DAAT (0.953), WWI (0.940) the VAI (0.840), TG (0.803),
HOMA-IR (0.799), TG/HDL (0.794) and AIP (0.794), ABSI
(0.763) (p<0.005), indices exhibited moderate predictive capacity
and QUICKI (0.548) which demonstrated the lowest efficacy in
assessing CMR (Figure 1b).

The HOMA-IR index was used to evaluate the capacity to assess
insulin resistance. The findings indicated that The TG*BMI (0.792),
TG*WC (0.761), BMI (0.772), LAP (0.726), WHIR (0.749), and BRI
(0.749) indices exhibited moderate AUC values, whereas the indices
that demonstrated lower values were QUICKI (0.564), AIP (0.652),
TG/HDL (0.652), VAI (0.677), DAAT (0.674), WWI (0.635), and
TG (0.687) (p<0.005) (Figure Ic).

3.3 Differences in ROC curves of
anthropometric and biochemical indices by
sex

The study revealed that in both male and female participants,
the indicators demonstrating superior adiposity evaluation
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TABLE 1 Baseline characteristics stratified by sex and cardiometabolic risk status in mexican adults (N=1,876).

10.3389/fendo.2025.1588469

Variable Female p With Without
(n=1,122) value CMR (n=1,697) CMR (n=179) value

Age (years) 4350 + 15.01 4436 + 15.99 42.92 + 1430 0.046 4455 + 1471 3352 + 1421 0.000
Height (cm) 158.78 + 9.58 166.50 + 7.38 153.60 + 7.07 0.000 158.27 + 9.54 163.63 + 8.59 0.000
Weight (kg) 7434 + 16.84 79.68 + 17.50 70.75 + 15.38 0.000 76.13 + 1627 5738 + 12.01 0.000
WC (cm) 96.76 + 13.70 98.49 + 13.96 95.61 + 13.40 0.000 99.12 + 12.07 7447 + 594 0.000
WHIR 0.61 + 0.08 0.59 + 0.08 0.62 + 0.09 0.000 0.62 + 0.07 0.45 + 0.03 0.000
BMI (kg/m?) 29.44 + 594 28.65 + 5.48 29.97 + 6.18 0.000 3029 + 5.44 2135 + 4.12 0.000
VAI 3.10 + 2.66 3+288 3.17 + 250 0.175 328+ 272 1.37 £ 0.81 0.000
LAP 76.65 + 69.29 84.11 + 87.87 71.63 + 52.74 0.000 83.12 + 69.68 1531 + 1.30 0.000
ABSI 0.81 + 0.05 0.81 + 0.05 0.80 + 0.05 0.000 0.81 + 0.05 0.76 + 0.06 0.000
BRI 5.83 + 2.13 538 + 1.90 6.14 +2.22 0.000 6.18 + 1.94 2.57 +0.50 0.000
DAAT 187.85 + 82.03 23322 + 89.80 157.37 + 59.35 0.000 199.80 + 75.99 74.62 + 40.03 0.000
WWI 11.28 + 0.90 11.08 + 0.83 11.42 + 091 0.000 1142 +0.78 9.92 + 0.74 0.000
HOMA-IR(mg/dL) 341 +5.05 3.12 £ 5.05 3.61 +5.04 0.038 3.63 +524 114 + 1.62 0.000
TG (mg/dL) 8.88 + 0.61 8.98 + 0.65 8.81 +0.57 0.000 8.94 + 0.59 831 + 0.46 0.000
TG*BMI 262.59 + 59.96 258.78 + 58.49 265.15 + 60.82 0.024 271.54 + 54.67 177.79 + 37.37 0.000
TG*WC 862.84 + 152.66 888.45 + 160 84524 + 14525 0.000 888.27 + 135.89 619.25 + 68.40 0.000
TG/HDL(mmol) 1.87 + 1.66 222 +2.08 1.63 + 1.24 0.000 1.97 + 1.70 0.94 + 0.57 0.000
QUICKI(mUT) 222 +0.08 223 +0.09 222 +0.08 0.044 223 +0.09 221 +0.06 0.002
AIP 0.17 +0.28 0.23 +0.29 0.13 +0.26 0.000 020 +0.27 0.08 +0.22 0.000
Glucose (mg/dL) 97.65 + 33.92 97.84 + 31.62 97.52 + 35.40 0.837 98.61 + 35.02 88.53 + 18.50 0.000
Cholesterol 178.65 + 57.27 182.19 + 78.22 176.26 + 36.90 0.028 181.16 + 58.60 154.79 + 3452 0.000
(mg/dL)

Triglycerides 17893 £ 127.19  204.72 + 160.89 161.60 + 94.46 0.000 186.91 + 130.16 103.30 + 51.32 0.000
(mg/dL)

LDL-C (mg/dL) 107.33 + 28.99 108.65 + 29.72 106.45 + 28.48 0.106 109.22 + 28.48 89.43 + 27.76 0.000
HDL-C (mg/dL) 45.55 + 10.09 43.69 +9.75 46.80 + 10.12 0.000 44.97 +9.81 50.98 + 11.04 0.000
Uric acid (mg/dL) 5.14 + 143 6.07 + 1.39 452 +1.08 0.000 520 + 1.43 459 + 1.30 0.000
Albumin (g/dL) 420 +0.30 429 +0.32 413 +£0.28 0.000 418 +0.30 435+ 031 0.000
Creatinine mg/dL 0.73 +0.33 0.88 + 0.46 0.64 +0.13 0.000 0.73 +0.33 0.77 +0.29 0.112
Insulin Ul/mL 13.48 + 15.50 12.20 + 14.86 14.34 + 15.86 0.003 14.23 + 15.98 6.39 + 6.50 0.000
CRP (mg/L) 0.43 +0.85 0.39 + 0.96 0.46 + 0.78 0.061 0.45 + 0.80 0.28 +1.25 0.014
HBAIc (%) 5.58 + 0.86 559 + 0.95 5.57 + 0.80 0.743 562 + 0.88 521 +0.55 0.00
Systolic (mmHg) 119.60 + 17.77 125.15 + 16.75 115.86 + 17.46 0.000 120.46 + 17.84 111.35 + 1476 0.000
Diastolic (mmHg) 7490 + 11.34 76.84 + 11.49 73.60 + 11.06 0.000 7556 + 11.29 68.62 + 9.87 0.000

WC, Waist circumference; WHIR, waist-to-height ratio; BMI, body mass index; VAL, visceral adiposity index; LAP, lipid accumulation product; ABSI, body shape index; BRI, body roundness
index; DAAT, Deep abdominal adipose tissue; WWI, weight-adjusted waist index; HOMA-IR, Homeostasis Model Assessment insulin resistance; TG, Triglycerides-Glucose Index; TG/HDL-C,
Triglycerides to high-density lipoprotein cholesterol ratio; QUICKI, Quantitative insulin sensitivity check index; AIP, Atherogenic index of plasma; LDL-C, low-density lipoprotein cholesterol;
HDL-C, high-density lipoprotein cholesterol; CRP, C-reactive protein; HBAlc, Glycated Hemoglobin; TG*BMI, Triglycerides-Glucose index multiplied by body mass index; TG*WC,
Triglycerides-Glucose Index multiplied by waist circumference.
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TABLE 2 Pearson'’s correlation test for anthropometric indices.

10.3389/fendo.2025.1588469

Index Pearson BMI WHtR ABSI BRI DAAT WWI
BMI Correlation 1 0.846** -0.107** 0.851%¢ 0.664** 0.342%%
Sig. 0.000 0.000 0.000 0.000 0.000
WHtR Correlation 0.846** 1 0.384* 0.993%* 0.722% 0.783%*
Sig. 0.000 0.000 0.000 0.000 0.000
ABSI Correlation -0.107* 0.384** 1 0.365** 0.423* 0.816**
Sig. 0.000 0.000 0.000 0.000 0.000
BRI Correlation 0.851% 0.993* 0.365* 1 0.710* 0.765*
Sig. 0.000 0.000 0.000 0.000 0.000
DAAT Correlation 0.664** 0.722% 0.423%¢ 0.710%* 1 0.495%*
Sig. 0.000 0.000 0.000 0.000 0.000
WWI Correlation 0.342°* 0.783** 0.816** 0.765* 0.495** 1
Sig. 0.000 0.000 0.000 0.000 0.000

**Correlation is significant at the 0.01 level (bilateral).
*Correlation is significant at p < 0.05 (bilateral).

WHIR, waist-to-height ratio; BMI, body mass index; ABSI, body shape index; BRI, body roundness index; DAAT, Deep abdominal adipose tissue; WWI, weight-adjusted waist index.

TABLE 3 Pearson'’s correlation test for biochemical indices.

Index Pearson HOMA-IR TG TG/HDL QUICKI AIP
HOMA-IR Correlation 1 0.291** 0.157** 0.248** 0.195%*
Sig. 0.000 0.000 0.000 0.000**
TG Correlation 0.291** 0.779** 0.408** 0.898**
Sig. 0.000 0.000 0.000 0.000
TG/HDL Correlation 0.157** 0.779** 1 0.108** 0.841**
Sig. 0.000 0.000 0.000 0.000
QUICKI Correlation 0.248** 0.408** 0.108** 1 0.087**
Sig. 0.000 0.000 0.000 0.000
AIP Correlation 0.195** 0.898** 0.841** 0.087** 1
Sig. 0.000 0.000 0.000 0.000

**Correlation is significant at the 0.01 level (bilateral). HOMA-IR Homeostasis Model Assessment insulin resistance; TG, Triglycerides-Glucose Index; TG/HDL-C, Triglycerides to high-density
lipoprotein cholesterol ratio; QUICKI, Quantitative insulin sensitivity check index; AIP, Atherogenic index of plasma.

capability by AUC were TG*BMI (AUC 0.965 and 0.978, male and
female, respectively), WHtR (0.936, 0.932), BRI (0.936, 0.932),
DAAT (0.935, 0.926), TG*WC (0.901, 0.915), and LAP (0.811,
0.813). In men, the HOMA-IR index demonstrated a strong
predictive value for obesity (0.809) (p<0.005) (Figures 2a, b). In
assessing the ability to evaluate CMR, more indicators exhibited
superior performance in both sexes: BRI (1.000, 1.000), DAAT
(0.986, 0.994), TG*WC (0.984, 0.984), TG*BMI (0.967, 0.956), BMI
(0.965, 0.957), WWT (0.939, 0.938), TG (0.823, 0.808), and VAI
(0.854, 0.819). In men, the AIP (0.827), TG/DHL (0.827), and ABSI
(0.800) indices were better predictors of CMR, whereas in women,
these predictors were not superior (p<0.005) (Figures 2c, d).

To detect insulin resistance, the indicators that demonstrated
superiority in men were TG*BMI (0.812) and TG*WC (0.800); in
women, the values were lower in these indices TG*BMI (0.779) and
TG*WC (0.767) (p<0.005); other indices that were moderately
predictive of IR were BMI (0.795, 0.751), DAAT (0.775, 0.727),
WHItR (0.773, 0.724), and BRI (0.773, 0.724) (Figures 2e, f). Based
on these observations, we suggest that these indices may be applied
to the general population, irrespective of sex. The study also
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identified indices that are not recommended for use owing to
their low values, namely, TG/DHL, AIP, and QUICKI.

3.4 Subgroup analysis

3.4.1 Visceral adiposity indices performance

To address potential interactions and subgroup effects, we
conducted targeted ROC analyses focusing on indices specifically
designed to assess visceral adipose tissue dysfunction and
cardiometabolic risk factors (Figure 3).

Using BMI as the reference standard, BRI and WHtR
demonstrated excellent discriminatory capacity (AUC=0.934,
p<0.001), indicating a superior ability to identify obesity
compared to other visceral adiposity markers. DAAT showed
good performance (AUC=0.825), whereas LAP achieved
acceptable discrimination (AUC=0.805). WWI demonstrated
moderate utility (AUC=0.705), suggesting its potential as a
complementary assessment tool. Notably, VAI showed limited
obesity discrimination (AUC=0.664), reflecting its design as a
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FIGURE 1

Receiver operating characteristic (ROC) curve (a) illustrates the ROC curve with anthropometric indices using BMI as the contrast variable. (b) depicts
the anthropometric and biochemical indices with the WHtR serving as the contrast variable, whereas (c) presents the biochemical indicators with the
HOMA-IR index as the contrast variable. The analysis was conducted for the entire study population.

metabolic rather than a purely anthropometric indicator. ABSI
performed poorly for obesity detection (AUC=0.490, p=0.478),
which is consistent with its primary utility for mortality
prediction rather than adiposity assessment Figure 3a.

For insulin resistance discrimination using HOMA-IR as
reference, BRI, WHtR, and LAP achieved comparable superior
performance (AUC=0.749, p<0.001). This finding underscores the
strong relationship between central adiposity and insulin resistance
pathophysiology. VAI, DAAT, and WWI demonstrated moderate
discriminatory ability (AUC=0.635-0.677), while ABSI showed
inadequate performance (AUC=0.513, p=0.327) for insulin
resistance detection in this population Figure 3b.

For cardiometabolic risk, using WHtR >0.50 as the CMR
reference, LAP demonstrated exceptional discrimination
(AUC=0.963), followed closely by DAAT (AUC=0.953), reflecting

Frontiers in Endocrinology

the superior performance of combined anthropometric-
biochemical indices. WWT achieved excellent discrimination
(AUC=0.940), whereas VAI showed good performance
(AUC=0.840). Interestingly, ABSI demonstrated acceptable CMR
discrimination (AUC=0.763), suggesting differential utility across
cardiometabolic outcomes Figure 3c.

3.4.2 Combined biochemical-anthropometric
index performance

We conducted comprehensive subgroup analyses using
combined biochemical-anthropometric indices to address
potential interactions and enhance diagnostic precision (Figure 4).
For obesity prediction using combined indices, ROC analysis of
biochemical-anthropometric combinations revealed superior
performance compared to individual measures. TG*BMI
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FIGURE 2

Receiver operating characteristic (ROC) curves according to sex. (a, b) illustrate the obesity indicators, with the BMI index utilized as a contrast
variable; (c, d) depict the RCM indicators, with the WHtR index employed as a contrast variable; (e, f) present the insulin resistance indicators, with
the HOMA-IR index serving as a contrast variable. The population was stratified by sex for all the analyses.

“WHIR -—=T6 TGHOL

10.3389/fendo.2025.1588469

(_b) Females

00 T T T T 1
00 02 04 06 08 10

1 - Specificity

= =HOMA-IR
= Reference

Females

T
06

o
Y
1

2
=
‘@
[=
@
»n
0.4+
02
001& T T T T ,
00 02 04 06 08 10
1 - Specificity
—BMI - TG*WC QUICKI
—WHR —TO TGHDL
—TG*BMI - AP - Reference

demonstrated exceptional discriminatory capacity for obesity detection
(AUC=0.972, 95% CI: 0.966-0.978), significantly outperforming
individual biochemical indices. TG*WC achieved good
discrimination (0.888), whereas LAP showed acceptable performance
(0.805). The VAI demonstrated limited utility for obesity assessment
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(0.664), reflecting its primary design for metabolic dysfunction rather
than for adiposity quantification (Figure 4a).

For CMR prediction, TG*WC achieved near-perfect
discrimination (AUC=0.976, 95% CI: 0.971-0.981), likely attributable
to the incorporation of waist circumference—a key component in our
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FIGURE 3

receiver operating characteristic (ROC) curves based on indices related to visceral adipose tissue. (a) illustrates the obesity indicators using body
mass index (BMI) as the reference variable. (b) shows the homeostatic model assessment of insulin resistance (HOMA-IR) index serving as the
reference variable. (c) depicts the cardiometabolic risk (CMR) indicators, with the waist-to-height ratio (WHtR) as the reference variable. The analysis

was conducted on the total population.

WHitR-based CMR classification. This finding supports the biological
plausibility that waist-circumference-based indices effectively capture
central adiposity patterns associated with cardiometabolic dysfunction.
TG*BMI maintained excellent performance (AUC=0.945), whereas
LAP and VAI showed good discriminatory capacities (AUC=0.869 and
0.840, respectively) (Figure 4b).

Combined indices demonstrated moderate-to-good performance
for insulin resistance assessment, with TG*BMI achieving the highest
discrimination (AUC=0.792, 95% CI: 0.772-0.812). TGWC and LAP
showed comparable performance (AUC=0.761 and 0.726,
respectively), whereas VAI exhibited limited utility (AUC=0.677,
p<0.005). The moderate performance across all indices suggests that
insulin resistance assessment may require alternative biomarkers or
multiparameter approaches in this population (Figure 4c).
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Our findings demonstrate that combining triglyceride levels
with anthropometric measures significantly enhances the diagnostic
accuracy across cardiometabolic outcomes. The superior
performance of TG*BMI and TG*WC supports their potential as
practical screening tools, particularly in resource-limited settings
where comprehensive metabolic panels may be unavailable.

3.4 The optimal cut-off value of
anthropometric indices
3.4.1 Obesity prediction

ROC analysis revealed that TG*BMI demonstrated the highest
diagnostic performance for obesity detection (AUC=0.972, 95% CI:
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FIGURE 4

Receiver operating characteristic (ROC) curves based on biochemical indices with anthropometric measurements. (a) illustrates the obesity
indicators using body mass index (BMI) as the reference variable. (b) depicts the cardiometabolic risk (CMR) indicators with the waist-to-height ratio
(WHtR) as the reference variable. (c) shows the homeostatic model assessment of insulin resistance (HOMA-IR) index serving as the reference

variable. The analysis was conducted on the total population.

0.966-0.978), followed by WHtR and BRI (both AUC=0.934), and
TG*WC (AUC=0.898). The optimal cut-off values were 266.97 for
TGBMLI, 0.62 for WHtR, 5.05 for BRI, and 461.73 for TGWC. These
indices achieved high sensitivity (0.825-0.905) and specificity
(0.888-0.903), with Youden indices ranging from 0.71-0.80,
indicating excellent discriminatory capacity Table 4.

Sex-stratified analysis revealed differential diagnostic
performance; in males, TG*BMI demonstrated superior obesity
prediction (AUC=0.965, 95% CI: 0.954-0.976) with an optimal
cut-off of 268.39, achieving high sensitivity (0.923) and specificity
(0.886). WHIR, BRI, and DAAT showed comparable performance
(AUC=0.932-0.936) with cut-offs of 0.61, 5.76, and 246.56,
respectively. TGWC exhibited a good discriminatory capacity
(AUC=0.902), with a cut-off of 915.38 Table 5.

In females, BRI achieved perfect diagnostic accuracy
(AUC=1.000, 95% CI: 1.000-1.000) with a cut-off of 6.17,
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demonstrating 100% sensitivity and specificity. WHtR maintained
a strong performance (AUC=0.932) with a cut-off of 0.63, whereas
TG*BMI showed excellent discrimination (AUC=0.984) at a cut-off
of 263.45. Notably, female-specific cut-ofts were generally higher for
most indices than for males, reflecting sex-specific adiposity
patterns Table 5.

3.4.2 Cardiometabolic risk assessment

BRI exhibited perfect diagnostic performance for CMR
detection (AUC=1.000, 95% CI: 1.000-1.000) with an optimal cut-
off of 3.27, achieving 100% sensitivity and specificity (Youden
index=1.00). TG*WC demonstrated exceptional performance
(AUC=0.975, 95% CI: 0.969-0.980) with a cut-off of 722.41,
followed by LAP (AUC=0.969, cut-off=30.75). Notably, 13 indices
achieved AUC values >0.75, indicating good-to-excellent diagnostic
accuracy for CMR identification. Traditional BMI showed moderate
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performance (AUC=0.858) with an optimal cut-off of 27.24 kg/
m? Table 4.

For CMR prediction, although both sexes demonstrated
exceptional performance with BRI achieving perfect
discrimination, cut-offs were different: 3.23 (males) and 3.26
(females). DAAT showed excellent performance in both groups
(male AUC=0.986, cut-off=159.11; female AUC=0.984, cut-
off=89.58). TG*WC demonstrated strong predictive capacity with
sex-specific cut-offs of 759.67 (males) and 700.91 (females), both
achieving AUC values >0.980 Table 5.

Traditional BMI maintained good performance across sexes
(male AUC=0.965, female AUC=0.957) with similar cut-offs (24.27
vs. 24.27 kg/m®). Additional indices, including WWI, VAI, TG/
HDL, TG, and ABSI, showed consistent performance between
sexes, indicating robust CMR detection capabilities, regardless of
sex-specific metabolic differences Table 5.

3.4.3 Insulin resistance detection

For insulin resistance assessment, TG*BMI achieved the highest
discriminatory power (AUC=0.792, 95% CI: 0.772-0.812) with a cut-
off of 251.37, followed by BMI (AUC=0.772, cut-off=29.28 kg/m?)
and TG*WC (AUC=0.761, cut-off=861.99). However, overall
diagnostic performance for insulin resistance was lower compared
to obesity and CMR detection, with most indices achieving moderate
accuracy (AUC 0.70-0.80) Table 4.

Sex differences were most pronounced in insulin resistance
assessment. Males showed superior diagnostic performance with
TG*BMI (AUC=0.812, cut-oft=252.27) and TG*WC (AUC=0.800,
cut-0ff=915.38), demonstrating good discriminatory capacity. BMI
and DAAT achieved moderate performance (AUC=0.795 and
0.775, respectively) with cut-offs of 28.65 kg/m* and 270.80,
respectively Table 5.

In females, all indices demonstrated moderate diagnostic
accuracy with generally lower AUC values. TGBMI remained the
best performer (AUC=0.767, cut-off=842.95), followed by TGWC
(AUC=0.751, cut-off=829.75). The reduced performance in females
suggests sex-specific insulin resistance mechanisms that may
require alternative diagnostic approaches or modified cut-off
values Table 5.

Non-conventional indices (TG*BMI, WHtR, BRI, TG*WC, and
LAP) consistently outperformed traditional measures across all three
outcomes. Notably, BMI demonstrated varying cut-off values
depending on the target condition: 27.24 kg/m* for CMR versus
29.28 kg/m® for insulin resistance, highlighting the importance of
condition-specific thresholds. The superior performance of the
combined biochemical-anthropometric indices (TG*BMI and
TG*WC) underscores the value of integrating metabolic and
adiposity markers for enhanced diagnostic accuracy Table 4.

4 Discussion

Cardiometabolic diseases are the leading cause of mortality
worldwide, affecting ever-growing numbers of people across all ages
and both sexes. We evaluated 15 conventional and non-
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conventional indices, -each noninvasive, cost-effective, and easy
obtainable- based on anthropometric measurements, routine
chemistry, or their combination in a national representative
sample of Mexican adults. Waist-to-height ratio (WHtR), body-
roundness index (BRI), deep abdominal adipose tissue index
(DAAT), and triglyceride-based indices showed the strongest
correlations with metabolic variables and the highest diagnostic
power. ROC analysis confirmed that TG*BMI, WHtR, BRI, and
TG*WC best detected obesity, whereas BRI, TG*WC, LAP, and
DAAT most accurately identified the overall cardiometabolic risk.
Although the optimal cut-off values differed by sex, discriminative
performance remained consistently high in both men and women.

Data analysis revealed significant sex differences in both
anthropometric and biochemical indices among 1,876 participants
(754 men, 1.122 women). These differences reflect the underlying
physiological, hormonal, and metabolic disparities between males
and females that influence cardiometabolic risk assessment.

The most striking distinctions observed in the data reflect the
well-documented sexual dimorphism in adipose tissue distribution
patterns. Males demonstrated significantly higher waist
circumference (98.49 vs. 95.61 cm, p<0.001) and DAAT (233.22
vs. 157.37, p<0.001), while females exhibited higher WHtR (0.62 vs.
0.59, p<0.001), BMI (29.97 vs. 28.65 kg/m?, p<0.001), and BRI (6.14
vs. 5.38, p<0.001). These patterns are largely explained by sex-
specific fat deposition regulated by sex hormones, particularly
estrogen and testosterone. Research has established that males
tend to accumulate more central/intra-abdominal (visceral)
adipose tissue, whereas females typically store fat in subcutaneous
and gluteal/femoral depots, reflecting android versus gynoid fat
distribution patterns (85, 86). This distribution pattern is primarily
mediated by estrogen’s complex effects on adipocyte metabolism,
differentiation, and regional fat accumulation (87). Estrogen
promotes subcutaneous fat accumulation while actively limiting
visceral fat deposition through multiple coordinated molecular
mechanisms. Estrogen increases the expression of antilipolytic
02A-adrenergic receptors exclusively in subcutaneous adipocytes,
but not in visceral fat depots, thereby promoting fat storage in
peripheral regions while facilitating lipolysis in central
compartments (88). This receptor-mediated mechanism explains
the preferential subcutaneous fat accumulation observed in
premenopausal women and the subsequent redistribution toward
visceral depots following menopause.

Additionally, estrogen enhances fatty acid oxidation through
AMP-kinase (AMPK) phosphorylation in skeletal muscle tissue,
which increases the sensitivity of acetyl-CoA carboxylase to
palmitoyl-CoA inhibition, and subsequently promoting fatty acid
oxidation. Furthermore, estrogen inhibits hepatic lipogenesis through
direct transcriptional regulation of lipogenic enzymes, including fatty
acid synthase (FASN) and stearoyl-CoA desaturase-1 (SCD-1), while
simultaneously reducing cholesterol biosynthesis via HMG-CoA
reductase suppression and increasing lipoprotein lipase activity,
preferentially in the subcutaneous regions (85, 88).

The higher DAAT in males (233.22 vs. 157.37, p<0.001) directly
reflects greater visceral adiposity. Current evidence indicates that
visceral fat in men exhibits different metabolic activities than
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TABLE 4 The optimal cut-off value of anthropometric indices.

10.3389/fendo.2025.1588469

AUC (95%Cl) Cut-off value Sensitivity Specificity Youden index
Obesity

TG*BMI 0.972 (0.966-0.978)** 266.97 0.925 0.903 0.827

WHtR 0.934 (0.924-0.945)** 0.62 0.829 0.888 0.717
BRI 0.934 (0.924-0.945)** 6.05 0.829 0.888 0.717

TG*WC 0.888 (0.874-0.902)** 840.73 0.905 0.710 0.614

DAAT 0.825 (0.807-0.843)** 161.63 0.897 0.616 0.513
LAP 0.805 (0.786-0.824)** 51.64 0.870 0.625 0.496

HOMA-IR 0.769 (0.748-0.791)** 2.12 0.775 0.650 0.425
WWI 0.705 (0.682-0.728)** 11.12 0.765 0.564 0.329
VAI 0.664 (0.640-0.688)** 2.17 0.719 0.541 0.260

Cardiometabolic risk
BRI 1.000 (1,000~ 3.27 1.000 1.000 1.000
1,000)**

TG*WC 0.976 (0.969-0.983)** 72241 0.903 0.933 0.836
LAP 0.963 (0.951-0.974)** 30.75 0.872 0.916 0.788
BMI 0.961 (0.946-0.975)** 24.27 0.902 0.905 0.807

TG*BMI 0.960 (0.946-0.975)** 208.68 0.897 0.911 0.808

DAAT 0.953 (0.941-0.966)** 109.54 0.912 0.832 0.744
WWI 0.940 (0.924-0.956)** 10.46 0.904 0.821 0.725
VAI 0.840 (0.811-0.870)** 1.78 0.743 0.782 0.525
TG 0.803 (0.769-0.836)** 8.60 0.711 0.743 0.454

HOMA-IR 0.799 (0.767-0.831)** 1.58 0.727 0.715 0.442
AIP 0.794 (0.761-0.827)** 0.017 0.745 0.682 0.427

TG/HDL 0.794 (0.761-0.827)** 1.04 0.745 0.682 0.427
ABSI 0.763 (0.726-0.800)** 0.790 0.706 0.726 0.431

Insuline resistence

TG*BMI 0.792 (0.772-0.812)** 251.37 0.798 0.654 0.453
BMI 0.772 (0.751-0.793)** 29.28 0.712 0.713 0.425

TG*WC 0.761 (0.739-0.782)** 881.99 0.665 0.728 0.393

WHtR 0.749 (0.727-0.771)** 0.60 0.741 0.663 0.404
BRI 0.749 (0.727-0.771)** 5.54 0.741 0.663 0.404
LAP 0.726 (0.704-0.749)** 59.62 0.714 0.640 0.354

**p value <0.005, TG*BMI, Triglycerides-Glucose index multiplied by body mass index; WHIR, waist-to-height ratio; BRI, body roundness index; TG*WC, Triglycerides-Glucose Index
multiplied by waist circumference; DAAT, Deep abdominal adipose tissue; LAP, lipid accumulation product; BMI, body mass index; TG, Triglycerides-Glucose Index; HOMA-IR, Homeostasis
Model Assessment insulin resistance; WWI, weight-adjusted waist index; VAI, visceral adiposity index; AIP, Atherogenic index of plasma; TG/HDL-C, Triglycerides to high-density lipoprotein
cholesterol ratio; ABSI, body shape index.

subcutaneous fat in women, including higher lipolytic rates and
inflammatory cytokine production (85, 89). The hormonal
environment significantly influences adipocyte progenitor cell
differentiation (87). Interestingly, the lower BMI but higher
DAAT in males illustrates how BMI alone fails to capture
important sex differences in adipose tissue distribution relevant to

Frontiers in Endocrinology

cardiometabolic risk. This pattern suggests that males store
proportionally more metabolically active visceral fat, whereas
females accumulate more subcutaneous adipose tissue, which is
typically less metabolically harmful (85, 90).

Biochemical indices revealed consistent patterns that aligned
with the differences in adipose tissue distribution. Males
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TABLE 5 Optimal cut-off values of anthropometric indices according to sex for detecting obesity, cardiometabolic risk, and insulin resistance.

AUC (95%Cl)  Cut-off Sensitivity Specificity Youden index
Obesity

Male
TG*BMI 0.965 (0.954-0.976) 268.39 0.923 0.886 0.809
WHtR 0.936 (0.919-0.953) 0.61 0.835 0.870 0.715
BRI 0.936 (0.919-0.953) 5.76 0.835 0.879 0.715
DAAT 0.935 (0.918-0.952) 246.56 0.875 0.844 0.720
TG*WC 0.902 (0.879-0.922) 915.38 0.832 0.811 0.642
LAP 0.811 (0.781-0.841) 64.77 0.813 0.692 0.505
HOMA-IR 0.809 (0.777-0.840) 2.06 0.806 0.723 0.529

Female
TG*BMI 0.978 (0.972-0.985) 263.45 0.942 0.908 0.850
WHtR 0.932 (0.918.-0.946) = 0.63 0.847 0.872 0.719
BRI 0.932 (0.918-0.946) 6.17 0.847 0.872 0.719
DAAT 0.926 (0.911-0.941) 159.77 0.858 0.855 0.713
TG*WC 0.915 (0.899-0.931) 838.74 0.879 0.809 0.688
LAP 0.813 (0.788-0.838) 51.64 0.854 0.666 0.520
HOMA-IR 0.738 (0.709-0.766) 241 0.718 0.663 0.380

Cardiometabolic risk

Male
BRI 1.000 (1.000-1.000) 3.29 1.000 1.000 1.000
DAAT 0.986 (0.979-0.993) 159.11 0918 0.989 0.908
TG*WC 0.984 (0.976-0.992) 759.57 0.894 0.868 0.862
TG*BMI 0.967 (0.953-0.981) 208.70 0.915 0.892 0.808
BMI 0.965 (0.951-0.980) 24.27 0.902 0.903 0.805
WWI 0.939 (0.914-0.964) 10.34 0.923 0.828 0.751
VAI 0.854 (0.817-0.891) 1.75 0.731 0.849 0.580
TG/DHL 0.827 (0.787-0.867) 1.33 0.710 0.806 0.516
TG 0.823 (0.783-0.863) 8.83 0.619 0.882 0.500
ABSI 0.800 (0.750-0.851) 0.796 0.756 0.731 0.448

Female
BRI 1.000 (1.000-1.000) 3.26 1.000 1.000 1.00
DAAT 0.994 (0.990-0.997) 88.58 0.959 1.000 0.959
TG*WC 0.984 (0.976-0.991) 700.91 0.908 0.988 0.897
TG*BMI 0.956 (0.931-0.982) 203.23 0914 0.907 0.821
BMI 0.957 (0.931-0.981) 2427 0.902 0.907 0.809
WWI 0.938 (0.917-0.959) 10.80 0.801 0.942 0.743
VAI 0.819 (0.772- 0.866) = 1.38 0.882 0.640 0.522
TG/DHL 0.794 (0.743-0.844) 0.77 0.856 0.616 0.472

(Continued)
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TABLE 5 Continued

AUC (95%Cl)

Sensitivity

10.3389/fendo.2025.1588469

Youden index

Specificity

Cardiometabolic risk

TG ‘ 0.808 (0.756-0.860) = 8.38 ‘ 0.813 0.698 0.510
ABSI ‘ 0.753 (0.700-0.806)  0.78 ‘ 0.648 0.779 0.427
Insulin resistance

Male
TG*BMI 0.812 (0.781-0.843) = 252.27 0.824 0.669 0.494
TG*WC 0.800 (0.768-0.833) = 915.38 0.731 0.760 0.491
BMI 0.795 (0.762-0.828)  28.65 0.767 0.712 0.479
DAAT 0.775 (0.741-0.809) = 270.60 0.573 0.848 0.422
WHIR 0.773 (0.739-0.807)  0.59 0.735 0.691 0.425
BRI 0.773 (0.739-0.807) = 5.37 0.735 0.691 0.425
LAP 0.738(0.703-0.774) 59.71 0.774 0.619 0.393

Female
TG*BMI 0.779 (0.753-0.806) = 256.09 0.760 0.670 0.430
TG*WC 0.767 (0.739-0.794) = 842.95 0.719 0.699 0.417
BMI 0.751 (0.723-0.779)  29.75 0.686 0.700 0.387
DAAT 0.727 (0.698-0.756) = 148.52 0.740 0.613 0.354
WHIR 0.724 (0.695-0.754)  0.61 7.38 0.635 0.373
BRI 0.724 (0.695-0.754)  5.70 0.738 0.635 0.373
LAP 0.729 (0.700-0.758)  50.13 0.774 0.580 0.354

TG*BMI, Triglycerides-Glucose index multiplied by body mass index; WHtR, waist-to-height ratio; BRI, body roundness index; TG*WC, Triglycerides-Glucose Index multiplied by waist
circumference; DAAT, Deep abdominal adipose tissue; LAP, lipid accumulation product; BMI, body mass index; TG, Triglycerides-Glucose Index; HOMA-IR, Homeostasis Model Assessment
insulin resistance; WWI, weight-adjusted waist index; VAI, visceral adiposity index; TG/HDL-C, Triglycerides to high-density lipoprotein cholesterol ratio; ABSI, body shape index.

demonstrate significantly higher triglycerides (204.72 vs. 161.60
mg/dL, p<0.001), triglyceride-glucose index (TG) (8.98 vs. 8.81,
p<0.001), TG/HDL ratio (2.22 vs. 1.63, p<0.001), and atherogenic
index of plasma (AIP) (0.23 vs. 0.13, p<0.001). These differences in
lipid profiles stem from several interrelated factors. Visceral
adiposity prevalent in males exhibits higher lipolytic activity,
releasing free fatty acids directly into the portal circulation, which
promotes hepatic triglyceride synthesis and VLDL production (89).
Estrogen in females enhances HDL production and decreases
hepatic lipase activity, contributing to higher HDL-C levels
observed in women (46.80 vs. 43.69 mg/dL, p<0.001) (91).
Although hormonal factors play a crucial role in lipid
metabolism, our study also examined the effectiveness of various
anthropometric indices in assessing cardiometabolic risk. We found
stronger correlations between WHtR and BRI (r=0.993), BMI and
BRI (r=0.851), BMI and WHIR (r=0.846), and ABSI and WWI
(r=0.816). These correlations reflect fundamental biochemical
differences in the distribution and function of adipose tissues.
Visceral adipose tissue, better captured by WHtR and BRI, is
more metabolically active than subcutaneous fat, with higher rates
of lipolysis releasing free fatty acids directly into portal circulation
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(92, 93). Among the biochemical indices, TG and AIP showed the
strongest correlation, reflecting their shared biochemical
foundations in lipid metabolism and insulin resistance pathways
(94). The TG/HDL cholesterol ratio and AIP were also strongly
correlated (r=0.841), which could be partly explained their
mathematical relationship and by biochemical connections in
lipoprotein particle size alterations occurring in insulin
resistance (94).

We observed that biochemical measurements incorporating
anthropometric parameters, such as TG*BMI and TG*WC,
showed stronger correlations. Various anthropometric indices,
such as BMI alone, serve as predictors of metabolic syndrome
(MetS) irrespective of sex, while in females, the TG*WC indicator
emerged as the most effective predictor of MetS. In individuals with
MetS, anthropometric indicators can efficiently and rapidly identify
those at risk of cardiovascular disease (95). BRI emerged as an
indicator yielding optimal results, demonstrating strong
correlations with various indicators and superior performance in
the ROC curve for determining CMR and obesity. The ability of BRI
to predict type 2 diabetes and cardiovascular risk stems from its
accuracy in estimating visceral adiposity, which produces
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adipokines and inflammatory cytokines such as TNF-o,, IL-6, and
resistin, which impair insulin signaling pathways (96). In Jiangsu,
eastern China, among adults, BRI functioned as a representative
predictor of MetS and cardiovascular disease (95). The BRI was
superior to BMI and waist circumference as predictors of MetS and
its risk factors in the indigenous Peruvian population (97); superior
to BMI in the detection, assessment, and progression of
cardiovascular disease (CVD) and its risk factors; and closely
associated with arterial stiffness in overweight and individuals
with obesity (98, 99). BRI and WHtR exhibit similar abilities to
predict MetS in adults, and both are effective in determining CVD
(77, 98). The WHIR index has been reported as a reliable indicator
of obesity and is also associated with cardiometabolic risk factors,
such as hypertension, hypercholesterolemia, and elevated LDL
(100). The WHtR was correlated with all anthropometric and
biochemical indices, demonstrating stronger correlations with
indices that utilize laboratory measurements and anthropometric
variables, such as TG*WC and TG*BMI. The WHtR index has
detected CMR in diverse populations, including individuals who are
not with overweight or obesity, and is recommended for the early
prevention of MetS. It represents a potentially valuable index due to
its simplicity (92) and may predict cardiometabolic abnormalities,
particularly in females (101).

Cardiometabolic risk aggregates modifiable factors—obesity,
central adiposity, hypertension, hyperglycemia, dyslipidemia,
smoking, inactivity, and poor diet—that jointly increase vascular
events. Visceral fat is key; a higher waist-to-height ratio or visceral-fat
thickness associates with carotid intima-media thickening, an early
atherosclerotic marker (102). Dyslipidemia and hyperglycemia boost
mitochondrial ROS, activating NLRP3 inflammasomes and
destabilizing plaques (103). Hypertension compounds damage by
accelerating extracellular matrix remodeling and reducing NO
bioavailability, leading to early arterial stiffening (102).

Physical inactivity is a major modifiable driver of CMR. A 2023
meta-analysis showed that aerobic and high-intensity interval
exercise similarly slow carotid atherosclerosis by enhancing lipids
and endothelial function (104). In contrast, diets rich in saturated
fat and refined sugar aggravate dyslipidemia and insulin resistance
and are associated with higher cardiovascular mortality (105).

An important limitation of ENSANUT is the absence of hip
circumference, precluding waist-to-hip ratio (WHR) calculation.
WHR is a robust marker of central adiposity that predicts
cardiovascular events and mortality beyond BMI or waist
circumference (106, 107). Larger hips attenuate, whereas smaller hips
amplify, diabetes, and coronary-heart disease risks associated with a
given waist size (108, 109). WHR is also independently related to
subclinical myocardial injury (110). Without hip data, we cannot
quantify the cardioprotective effect of gluteofemoral fat—typically
greater in women—so CMR may be overestimated in participants
with broad hips, and our sex-specific cut-offs may not extrapolate to
groups with different fat patterns. Future Mexican surveys should
therefore include hip measurements, enabling WHR and combined
waist-hip models to be benchmarked against the non-conventional
indices evaluated here and improving external validity.
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These findings emphasize the necessity for integrated interventions
targeting abdominal obesity, lipid/glucose homeostasis, and lifestyle
modifications. Future public health strategies should prioritize visceral
adiposity reduction through community-based exercise programs and
dietary education, leveraging noninvasive indices such as WHIR and
BRI for early risk stratification in resource-limited settings.

Exercise and organized sports are the most accessible, cost-
effective first-line interventions for lowering cardiometabolic risk.
Alongside the screening indices (WHtR, BRI, and DAAT), regular
physical activity remains central to risk management. Recent
evidence shows that sports participation markedly slows
cardiometabolic risk trajectories, with pronounced benefits in
women. Marques-Elias et al. (2021) reported that lifelong sports
engagement plus current activity reduced obesity and improved
metabolic profiles in female workers (111).

The present analysis indicates that simple, inexpensive indices
—particularly WHtR, BRI, DAAT, TGBMI, and TGWC—
outperform traditional metrics for detecting adiposity, insulin
resistance, and global cardiometabolic risk in Mexican adults.
Integrating these tools into routine primary care and community-
based programs, and validating them prospectively alongside hip-
circumference measures, could substantially advance the early
detection and prevention of cardiometabolic disease in resource-
constrained settings.

5 Conclusions

This nationally representative ENSANUT analysis demonstrates
that several non-conventional indices—most notably TGBMI,
TGWC, LAP, BRI, DAAT, and WWI—surpass traditional metrics
(BMI, WC, WHtR) in identifying obesity, insulin resistance, and
overall cardiometabolic risk in Mexican adults. As these indices
rely on inexpensive anthropometric and basic biochemical
measurements, they offer practical screening tools for resource-
limited settings.

5.1 Limitations of the study

The main strength of this study is its use of rigorously collected,
nationally representative ENSANUT data. Nevertheless, this study
has several limitations must be considered. (i) Its cross-sectional
design precludes causal inference; therefore, temporal relationships
between the indices and incident cardiometabolic events cannot be
established. (ii) Listwise deletion of incomplete records reduces the
analytical sample size and may introduce selection bias, thereby
limiting generalizability. (iii) The Body Roundness Index yielded an
AUC of 1.000 for cardiometabolic risk, an implausibly perfect value
that probably reflects sample-specific overfitting rather than true
diagnostic perfection; replication in independent cohorts is needed.
(iv) The database lacked hip circumference data, preventing the
calculation of the waist-to-hip ratio (WHR), a widely validated
marker of central adiposity and CMR. (v) Residual confounding by
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unmeasured lifestyle factors, such as diet quality or physical activity,
cannot be excluded.

5.2 Future directions

Prospective cohort studies should track incident diabetes,
hypertension, and cardiovascular events to confirm the predictive
utility of these non-conventional indices and calibrate time-
dependent cut-offs. Randomized interventions that reduce visceral
adiposity—e.g., high-intensity interval training or energy-restricted
diets—could test whether index improvements translate into
measurable reductions in CMR. Future surveys should include hip
circumference measurements to permit WHR calculations and
enable direct comparisons with conventional markers. Finally,
external validation across different Mexican regions, other Latin-
American populations, and varied age strata is essential to refine sex-
specific thresholds, assess reproducibility, and facilitate the
integration of these indices into public health screening programs.

Data availability statement

Publicly available datasets were analyzed in this study. This
data can be found here: https://ensanut.insp.mx/encuestas/
ensanutcontinua2022/descargas.php.

Author contributions

LQ: Conceptualization, Data curation, Formal analysis,
Investigation, Writing - original draft. OI: Data curation,
Investigation, Software, Validation, Visualization, Writing -
original draft. MM: Conceptualization, Funding acquisition,
Project administration, Resources, Supervision, Writing — review
& editing. YP: Conceptualization, Methodology, Software,
Validation, Visualization, Writing — review & editing. EC: Formal
analysis, Investigation, Methodology, Visualization, Writing -
original draft. MR: Data curation, Formal analysis, Investigation,
Methodology, Writing - original draft. JA: Conceptualization,
Formal analysis, Funding acquisition, Project administration,
Supervision, Writing — review & editing.

References

1. Chatterjee A, Harris SB, Leiter LA, Fitchett DH, Teoh H, Bhattacharyya OK, et al.
Managing cardiometabolic risk in primary care: summary of the 2011 consensus
statement. Can Fam Phys. (2012) 58:389-93, e196-201.

2. Drozdz D, Alvarez-Pitti J, Wojcik M, Borghi C, Gabbianelli R, Mazur A, et al.
Obesity and cardiometabolic risk factors: from childhood to adulthood. Nutrients.
(2021) 13:4176. doi: 10.3390/nu13114176

3. Huh'Y, Park HS. Associations of overweight and obesity with cardiometabolic risk factor
clusters among Korean adolescents. Sci Rep. (2024) 14:3581. doi: 10.1038/541598-024-53698-6

4. Mezhal F, Oulhaj A, Abdulle A, Aljunaibi A, Alnaecemi A, Ahmad A, et al. High
prevalence of cardiometabolic risk factors amongst young adults in the United Arab
Emirates: the UAE Healthy Future Study. BMC Cardiovasc Disord. (2023) 23:137.
doi: 10.1186/s12872-023-03165-3

Frontiers in Endocrinology

10.3389/fendo.2025.1588469

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. LQ, EC, and MR received
scholarships from the Secretaria de Ciencia, Humanidades,
Tecnologia e Innovacion, Mexico. #800096 to LQ, #1070651 to
EC, # 1318121 to MR.

Acknowledgments

The authors thank all the Undergraduate Biochemical
Laboratory FMC-UABJO instructors for their technical assistance
during this study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that Generative AI was used in the
creation of this manuscript. While preparing this work, the
authors used Paperpal to improve readability. After using this
tool, the authors reviewed and edited the content as needed and
take(s) full responsibility for the content of the publication.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

5. Gutierrez-Cuevas J, Sandoval-Rodriguez A, Meza-Rios A, Monroy-Ramirez HC,
Galicia-Moreno M, Garcia-Bafiuelos J, et al. Molecular mechanisms of obesity-linked
cardiac dysfunction: an up-date on current knowledge. Cells. (2021) 10(3):629.
doi: 10.3390/cells10030629

6. Gerdts E, Regitz-Zagrosek V. Sex differences in cardiometabolic disorders. Nat
Med. (2019) 25:1657-66. doi: 10.1038/s41591-019-0643-8

7. Valenzuela PL, Carrera-Bastos P, Castillo-Garcia A, Lieberman DE, Santos-
Lozano A, Lucia A. Obesity and the risk of cardiometabolic diseases. Nat Rev
Cardiol. (2023) 20:475-94. doi: 10.1038/s41569-023-00847-5

8. Shuster A, Patlas M, Pinthus JH, Mourtzakis M. The clinical importance of
visceral adiposity: a critical review of methods for visceral adipose tissue analysis. Br J
Radiol. (2012) 85:1-10. doi: 10.1259/bjr/38447238

frontiersin.org


https://ensanut.insp.mx/encuestas/ensanutcontinua2022/descargas.php
https://ensanut.insp.mx/encuestas/ensanutcontinua2022/descargas.php
https://doi.org/10.3390/nu13114176
https://doi.org/10.1038/s41598-024-53698-6
https://doi.org/10.1186/s12872-023-03165-3
https://doi.org/10.3390/cells10030629
https://doi.org/10.1038/s41591-019-0643-8
https://doi.org/10.1038/s41569-023-00847-5
https://doi.org/10.1259/bjr/38447238
https://doi.org/10.3389/fendo.2025.1588469
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Quirino-Vela et al.

9. Zwick RK, Guerrero-Juarez CF, Horsley V, Plikus MV. Anatomical, physiological,
and functional diversity of adipose tissue. Cell Metab. (2018) 27:68-83. doi: 10.1016/
j.cmet.2017.12.002

10. Xiao Q, Xue A, Huang W, Yuan J. Evaluating the visceral adiposity inflammatory
index for enhanced stroke risk assessment. Sci Rep. (2025) 15:14971. doi: 10.1038/
541598-025-99024-6

11. Lin Z, Sun L. Research advances in the therapy of metabolic syndrome. Front
Pharmacol. (2024) 15:1364881. doi: 10.3389/fphar.2024.1364881

12. Chakraborty S, Verma A, Garg R, Singh ], Verma H. Cardiometabolic risk
factors associated with type 2 diabetes mellitus: A mechanistic insight. Clin Med
Insights Endocrinol Diabetes. (2023) 16:11795514231220780. doi: 10.1177/
11795514231220780

13. Selvi N, Nandhini S, Sakthivadivel V, Lokesh S, Srinivasan A, Sumathi S.
Association of triglyceride-glucose index (TyG index) with hbAlc and insulin
resistance in type 2 diabetes mellitus. Maedica - A ] Clin Med. (2021) 16:375-81.
doi: 10.26574/maedica.2021.16.3.375

14. Song B, Zhao X, Yao T, Lu W, Zhang H, Liu T, et al. Triglyceride glucose-body
mass index and risk of incident type 2 diabetes mellitus in Japanese people with normal
glycemic level: A population-based longitudinal cohort study. Front Endocrinol
(Lausanne). (2022) 13. doi: 10.3389/fend0.2022.907973

15. Liu W, Yang C, Lei F, Huang X, Cai J, Chen S, et al. Major lipids and lipoprotein
levels and risk of blood pressure elevation: a Mendelian Randomisation study.
EBioMedicine. (2024) 100:104964. doi: 10.1016/j.ebiom.2023.104964

16. Hateley C, Olona A, Halliday L, Edin ML, Ko JH, Forlano R, et al. Multi-tissue
profiling of oxylipins reveal a conserved up-regulation of epoxide:diol ratio that
associates with white adipose tissue inflammation and liver steatosis in obesity.
EBioMedicine. (2024) 103:105127. doi: 10.1016/j.ebiom.2024.105127

17. He C, An Y, Shi L, Huang Y, Zhang H, Fu W, et al. Xiasangju alleviate metabolic
syndrome by enhancing noradrenaline biosynthesis and activating brown adipose
tissue. Front Pharmacol. (2024) 15:1371929. doi: 10.3389/fphar.2024.1371929

18. Crudele L, Gadaleta RM, Cariello M, Moschetta A. Gut microbiota in the
pathogenesis and therapeutic approaches of diabetes. EBioMedicine. (2023) 97:104821.
doi: 10.1016/j.ebiom.2023.104821

19. Ling CW, Deng K, Yang Y, Lin HR, Liu CY, Li BY, et al. Mapping the gut
microecological multi-omics signatures to serum metabolome and their impact on
cardiometabolic health in elderly adults. EBioMedicine. (2024) 105:105209.
doi: 10.1016/j.ebiom.2024.105209

20. Kim YJ, Park JW, Kim JW, Park CS, Gonzalez JPS, Lee SH, et al. Computerized
automated quantification of subcutaneous and visceral adipose tissue from computed
tomography scans: development and validation study. JMIR Med Inform. (2016) 4:e2.
doi: 10.2196/medinform.4923

21. Greco F, Mallio CA. Artificial intelligence and abdominal adipose tissue analysis: a
literature review. Quant Imaging Med Surg. (2021) 11:4461-74. doi: 10.21037/qims-21-370

22. Gastaldelli A. Measuring and estimating insulin resistance in clinical and
research settings. Obesity. (2022) 30:1549-63. doi: 10.1002/0by.23503

23. G. S, Gopalakrishnan U, Parthinarupothi RK, Madathil T. Deep learning
supported echocardiogram analysis: A comprehensive review. Artif Intell Med.
(2024) 151:102866. doi: 10.1016/j.artmed.2024.102866

24. Zhang J, Gajjala S, Agrawal P, Tison GH, Hallock LA, Beussink-Nelson L, et al.
Fully automated echocardiogram interpretation in clinical practice. Circulation. (2018)
138:1623-35. doi: 10.1161/CIRCULATIONAHA.118.034338

25. Padilla CJ, Ferreyro FA, Arnold WD. Anthropometry as a readily accessible
health assessment of older adults. Exp Gerontol. (2021) 153:111464. doi: 10.1016/
j.exger.2021.111464

26. Xu J, Zhang L, Wu Q, Zhou Y, Jin Z, Li Z, et al. Body roundness index is a
superior indicator to associate with the cardio-metabolic risk: evidence from a cross-
sectional study with 17,000 Eastern-China adults. BMC Cardiovasc Disord. (2021)
21:97. doi: 10.1186/s12872-021-01905-x

27. Despreés JP, Prud’homme D, Pouliot MC, Tremblay A, Bouchard C. Estimation
of deep abdominal adipose-tissue accumulation from simple anthropometric
measurements in men. Am J Clin Nutr. (1991) 54:471-7. doi: 10.1093/ajcn/54.3.471

28. Li Q, Qie R, Qin P, Zhang D, Guo C, Zhou Q, et al. Association of weight-adjusted-
waist index with incident hypertension: The Rural Chinese Cohort Study. Nutrition Metab
Cardiovasc Dis. (2020) 30:1732-41. doi: 10.1016/j.numecd.2020.05.033

29. Zhang Z, Shi D, Zhang Q, Wang S, Liu K, Meng Q, et al. Visceral adiposity index
(VAI), a powerful predictor of incident hypertension in prehypertensives. Intern Emerg
Med. (2018) 13:509-16. doi: 10.1007/s11739-018-1836-8

30. Ahn N, Baumeister SE, Amann U, Rathmann W, Peters A, Huth C, et al. Visceral
adiposity index (VAI), lipid accumulation product (LAP), and product of triglycerides
and glucose (TyG) to discriminate prediabetes and diabetes. Sci Rep. (2019) 9:9693.
doi: 10.1038/s41598-019-46187-8

31. Anoop SS, Dasgupta R, Rebekah G, Jose A, Inbakumari MP, Finney G, et al.
Lipid accumulation product (LAP) as a potential index to predict risk of insulin
resistance in young, non-obese Asian Indian males from Southern India: observations
from hyperinsulinemic-euglycemic clamp studies. BMJ Open Diabetes Res Care. (2021)
9:¢002414-e002414. doi: 10.1136/bmjdrc-2021-002414

Frontiers in Endocrinology

10.3389/fendo.2025.1588469

32. Golabi S, Ajloo S, Maghsoudi F, Adelipour M, Naghashpour M. Associations
between traditional and non-traditional anthropometric indices and cardiometabolic
risk factors among inpatients with type 2 diabetes mellitus: a cross-sectional study. J Int
Med Res. (2021) 49. doi: 10.1177/03000605211049960

33. Carrion-Martinez A, Buckley BJR, Orenes-Pifiero E, Marin F, Lip GYH, Rivera-
Caravaca JM. Anthropometric measures and risk of cardiovascular disease: is there an
opportunity for non-traditional anthropometric assessment? A review. Rev Cardiovasc
Med. (2022) 23:414. doi: 10.31083/j.rcm2312414

34. Tahir UA, Gerszten RE. Molecular biomarkers for cardiometabolic disease: risk
assessment in young individuals. Circ Res. (2023) 132:1663-73. doi: 10.1161/
CIRCRESAHA.123.322000

35. Er LK, Wu S, Chou HH, Hsu LA, Teng MS, Sun YC, et al. Triglyceride glucose-
body mass index is a simple and clinically useful surrogate marker for insulin resistance
in nondiabetic individuals. PloS One. (2016) 11:¢0149731-e0149731. doi: 10.1371/
journal.pone.0149731

36. Alvehus M, Buren J, Sjostrom M, Goedecke J, Olsson T. The human visceral fat
depot has a unique inflammatory profile. Obesity. (2010) 18:879-83. doi: 10.1038/
oby.2010.22

37. Garofallo SB, Portal VL, Markoski MM, Dias LD, de Quadrosa AS, Marcadenti
A. Correlations between traditional and nontraditional indicators of adiposity,
inflammation, and monocyte subtypes in patients with stable coronary artery
disease. ] Obes. (2019) 2019:1-11. doi: 10.1155/2019/3139278

38. Neeland IJ, Ross R, Despres JP, Matsuzawa Y, Yamashita S, Shai I, et al. Visceral
and ectopic fat, atherosclerosis, and cardiometabolic disease: a position statement.
Lancet Diabetes Endocrinol. (2019) 7:715-25. doi: 10.1016/S2213-8587(19)30084-1

39. Qin Z, Jiang L, Sun J, Geng J, Chen S, Yang Q, et al. Higher visceral adiposity
index is associated with increased likelihood of abdominal aortic calcification. Clinics.
(2022) 77:100114. doi: 10.1016/j.clinsp.2022.100114

40. Cho HW, Chung W, Moon S, Ryu OH, Kim MK, Kang JG. Effect of sarcopenia
and body shape on cardiovascular disease according to obesity phenotypes. Diabetes
Metab J. (2021) 45:209-18. doi: 10.4093/dmj.2019.0223

41. Anoop S, Krakauer ], Krakauer N, Misra A. A Body shape index significantly
predicts MRI-defined abdominal adipose tissue depots in non-obese Asian Indians with
type 2 diabetes mellitus. BMJ Open Diabetes Res Care. (2020) 8:¢001324-e001324.
doi: 10.1136/bmjdrc-2020-001324

42. Bertoli S, Leone A, Krakauer NY, Bedogni G, Vanzulli A, Redaelli VI, et al.
Association of Body Shape Index (ABSI) with cardio-metabolic risk factors: A cross-
sectional study of 6081 Caucasian adults. PloS One. (2017) 12:¢0185013-e0185013.
doi: 10.1371/journal.pone.0185013

43. Ofstad AP, Sommer C, Birkeland KI, Bjorgaas MR, Gran JM, Gulseth HL, et al.
Comparison of the associations between non-traditional and traditional indices of
adiposity and cardiovascular mortality: an observational study of one million person-
years of follow-up. Int ] Obes. (2019) 43:1082-92. doi: 10.1038/s41366-019-0353-9

44. Nagayama D, Fujishiro K, Watanabe Y, Yamaguchi T, Suzuki K, Saiki A, et al. A
body shape index (ABSI) as a variant of conicity index not affected by the obesity
paradox: A cross-sectional study using arterial stiffness parameter. J Pers Med. (2022)
12:2014. doi: 10.3390/jpm12122014

45. Klisic A, Radoman Vujacic I, Kostadinovic J, Patoulias D, Ninic A. Novel
anthropometric parameters in the adult population with prediabetes. Eur Rev Med
Pharmacol Sci. (2023) 27:11063-72. doi: 10.26355/eurrev_202311_34475

46. Calderon-Garcia JF, Roncero-Martin R, Rico-Martin S, De Nicolas-Jiménez JM,
Lopez-Espuela F, Santano-Mogena E, et al. Effectiveness of body roundness index (BRI)
and a body shape index (ABSI) in predicting hypertension: A systematic review and
meta-analysis of observational studies. Int ] Environ Res Public Health. (2021) 18:11607.
doi: 10.3390/ijerph182111607

47. Baveicy K, Mostafaei S, Darbandi M, Hamzeh B, Najafi F, Pasdar Y. Predicting
metabolic syndrome by visceral adiposity index, body roundness index and a body
shape index in adults: A cross-sectional study from the Iranian raNCD cohort data.
Diabetes Metab Syndr Obes. (2020) 13:879-87. doi: 10.2147/DMS0.5238153

48. Brundavani V, Murthy SR, Kurpad AV. Estimation of deep-abdominal-adipose-
tissue (DAAT) accumulation from simple anthropometric measurements in Indian
men and women. Eur J Clin Nutr. (2006) 60:658-66. doi: 10.1038/s].¢jcn.1602366

49. Park Y, Kim NH, Kwon TY, Kim SG. A novel adiposity index as an integrated
predictor of cardiometabolic disease morbidity and mortality. Sci Rep. (2018) 8:16753.
doi: 10.1038/541598-018-35073-4

50. Ding C, ShiY, LiJ, Li M, Hu L, Rao J, et al. Association of weight-adjusted-waist
index with all-cause and cardiovascular mortality in China: A prospective cohort study.
Nutrition Metab Cardiovasc Dis. (2022) 32:1210-7. doi: 10.1016/j.numecd.2022.01.033

51. Qin Z, Du D, Li Y, Chang K, Yang Q, Zhang Z, et al. The association between
weight-adjusted-waist index and abdominal aortic calcification in adults aged > 40
years: results from NHANES 2013-2014. Sci Rep. (2022) 12:20354. doi: 10.1038/
541598-022-24756-8

52. Ji B, Qu H, Wang H, Wei H, Deng H. Association between the visceral adiposity
index and homeostatic model assessment of insulin resistance in participants with
normal waist circumference. Angiology. (2017) 68:716-21. doi: 10.1177/
0003319716682120

frontiersin.org


https://doi.org/10.1016/j.cmet.2017.12.002
https://doi.org/10.1016/j.cmet.2017.12.002
https://doi.org/10.1038/s41598-025-99024-6
https://doi.org/10.1038/s41598-025-99024-6
https://doi.org/10.3389/fphar.2024.1364881
https://doi.org/10.1177/11795514231220780
https://doi.org/10.1177/11795514231220780
https://doi.org/10.26574/maedica.2021.16.3.375
https://doi.org/10.3389/fendo.2022.907973
https://doi.org/10.1016/j.ebiom.2023.104964
https://doi.org/10.1016/j.ebiom.2024.105127
https://doi.org/10.3389/fphar.2024.1371929
https://doi.org/10.1016/j.ebiom.2023.104821
https://doi.org/10.1016/j.ebiom.2024.105209
https://doi.org/10.2196/medinform.4923
https://doi.org/10.21037/qims-21-370
https://doi.org/10.1002/oby.23503
https://doi.org/10.1016/j.artmed.2024.102866
https://doi.org/10.1161/CIRCULATIONAHA.118.034338
https://doi.org/10.1016/j.exger.2021.111464
https://doi.org/10.1016/j.exger.2021.111464
https://doi.org/10.1186/s12872-021-01905-x
https://doi.org/10.1093/ajcn/54.3.471
https://doi.org/10.1016/j.numecd.2020.05.033
https://doi.org/10.1007/s11739-018-1836-8
https://doi.org/10.1038/s41598-019-46187-8
https://doi.org/10.1136/bmjdrc-2021-002414
https://doi.org/10.1177/03000605211049960
https://doi.org/10.31083/j.rcm2312414
https://doi.org/10.1161/CIRCRESAHA.123.322000
https://doi.org/10.1161/CIRCRESAHA.123.322000
https://doi.org/10.1371/journal.pone.0149731
https://doi.org/10.1371/journal.pone.0149731
https://doi.org/10.1038/oby.2010.22
https://doi.org/10.1038/oby.2010.22
https://doi.org/10.1155/2019/3139278
https://doi.org/10.1016/S2213-8587(19)30084-1
https://doi.org/10.1016/j.clinsp.2022.100114
https://doi.org/10.4093/dmj.2019.0223
https://doi.org/10.1136/bmjdrc-2020-001324
https://doi.org/10.1371/journal.pone.0185013
https://doi.org/10.1038/s41366-019-0353-9
https://doi.org/10.3390/jpm12122014
https://doi.org/10.26355/eurrev_202311_34475
https://doi.org/10.3390/ijerph182111607
https://doi.org/10.2147/DMSO.S238153
https://doi.org/10.1038/sj.ejcn.1602366
https://doi.org/10.1038/s41598-018-35073-4
https://doi.org/10.1016/j.numecd.2022.01.033
https://doi.org/10.1038/s41598-022-24756-8
https://doi.org/10.1038/s41598-022-24756-8
https://doi.org/10.1177/0003319716682120
https://doi.org/10.1177/0003319716682120
https://doi.org/10.3389/fendo.2025.1588469
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Quirino-Vela et al.

53. Sun K, Lin D, Li F, Qi Y, Feng W, Ren M, et al. Visceral adiposity index is
associated with increased urinary albumin excretion: A population-based study. Clin
Nutr. (2019) 38:1332-8. doi: 10.1016/j.clnu.2018.05.025

54. Fakhrolmobasheri M, Shafie D, Manshaee B, Karbasi S, Mazroui A, Najafabadi
MM, et al. Accuracy of novel anthropometric indices for assessing the risk for
progression of prediabetes to diabetes; 13 years of results from Isfahan Cohort Study.
Arch Endocrinol Metab. (2024) 68:€230269. doi: 10.20945/2359-4292-2023-0269

55. Liu'Y, Jiang H, Luo L, Gao Z. Relationship between four visceral obesity indices
and prediabetes and diabetes: a cross-sectional study in Dalian, China. BMC Endocr
Disord. (2024) 24:191. doi: 10.1186/512902-024-01718-x

56. Zhang Y, Wang M, Zuo Y, Su X, Wen J, Zhai Q, et al. Comparison of the
predictive power of adiposity indices and blood lipid indices for diagnosis of
prediabetes. Hormones. (2022) 21:683-90. doi: 10.1007/s42000-022-00398-3

57. Zhang R, Hong J, Wu Y, Lin L, Chen S, Xiao Y. Joint association of triglyceride
glucose index (TyG) and a body shape index (ABSI) with stroke incidence: a
nationwide prospective cohort study. Cardiovasc Diabetol. (2025) 24:7. doi: 10.1186/
$12933-024-02569-5

58. Wu Z, Zhou D, Liu Y, Li Z, Wang ], Han Z, et al. Association of TyG index and
TG/HDL-C ratio with arterial stiffness progression in a non-normotensive population.
Cardiovasc Diabetol. (2021) 20:134. doi: 10.1186/s12933-021-01330-6

59. Hill MA, Yang Y, Zhang L, Sun Z, Jia G, Parrish AR, et al. Insulin resistance,
cardiovascular stiffening and cardiovascular disease. Metabolism. (2021) 119:154766.
doi: 10.1016/j.metabol.2021.154766

60. Kosmas CE, Bousvarou MD, Kostara CE, Papakonstantinou EJ, Salamou E,
Guzman E. Insulin resistance and cardiovascular disease. J Int Med Res. (2023)
51:030006052311645-030006052311645. doi: 10.1177/03000605231164548

61. DeFronzo RA, Tobin JD, Andres R. Glucose clamp technique: a method for
quantifying insulin secretion and resistance. Am ] Physiology-Endocrinol Metab. (1979)
237:E214-4. doi: 10.1152/ajpendo.1979.237.3.E214

62. Neufeld LM, Jones-Smith JC, Garcia R, Fernald LC. Anthropometric predictors
for the risk of chronic disease in non-diabetic, non-hypertensive young Mexican
women. Public Health Nutr. (2008) 11:159-67. doi: 10.1017/S136898000700002X

63. Megchin Hernandez M, Espinosa Raya ], Garcia Parra E, Gomez Pliego R,
Castellanos Pérez M, Briones Aranda A. Comparative analysis of anthropometric
indicators for diagnosing obesity and predicting cardiometabolic risk in Mexican
adolescents. Nutr Hosp. (2022) 39:513-9. doi: 10.20960/nh.03897

64. Wall-Medrano A, Ramos-Jiménez A, Hernandez-Torres RP, Villalobos-Molina
R, Tapia-Pancardo DC, Jiménez-Flores JR, et al. Cardiometabolic risk in young adults
from northern Mexico: Revisiting body mass index and waist-circumference as
predictors. BMC Public Health. (2016) 16:236. doi: 10.1186/5s12889-016-2896-1

65. Rodriguez-Carrillo PL, Aguirre-Tostado PI, Macias-Cervantes MH, Alegria-
Torres JA, Luevano-Contreras C. Novel adiposity and biochemical-anthropometric
indices to identify cardiometabolic risk and metabolic syndrome in mexican adults.
Healthcare. (2021) 9:1561. doi: 10.3390/healthcare9111561

66. Ashwell M, Gunn P, Gibson S. Waist-to-height ratio is a better screening tool
than waist circumference and BMI for adult cardiometabolic risk factors: systematic
review and meta-analysis. Obes Rev. (2012) 13:275-86. doi: 10.1111/j.1467-
789X.2011.00952.x

67. Zhang FL, Ren JX, Zhang P, Jin H, Qu 'Y, Yu Y, et al. Strong association of waist
circumference (WC), body mass index (BMI), waist-to-height ratio (WHtR), and waist-
to-hip ratio (WHR) with diabetes: A population-based cross-sectional study in Jilin
Province, China. J Diabetes Res. (2021) 2021:1-9. doi: 10.1155/2021/8812431

68. Selcuk Can A, Akal Yildiz E, Samur G, Rakicioglu N, Pekcan G, Ozbayrake S,
et al. Optimal waist:height ratio cut-off point for cardiometabolic risk factors in Turkish
adults. Public Health Nutr. (2010) 13:488-95. doi: 10.1017/S1368980009991637

69. Liu J, Tse LA, Liu Z, Rangarajan S, Hu B, Yin L, et al. Predictive values of
anthropometric measurements for cardiometabolic risk factors and cardiovascular
diseases among 44-048 chinese. ] Am Heart Assoc. (2019) 8:e010870. doi: 10.1161/
JAHA.118.010870

70. Romero-Martinez M, Barrientos-Gutiérrez T, Cuevas-Nasu L, Bautista-
Arrendondo S, Colchero MA, Gaona-Pineda EB, et al. Metodologia de la Encuesta
Nacional de Salud y Nutricion 2022 y Planeacion y disefio de la Ensanut Continua
2020-2024. Salud Publ Mex. (2022) 64:522-9. doi: 10.21149/14186

71. Hewage N, Wijesekara U, Perera R. Determining the best method for evaluating
obesity and the risk for non-communicable diseases in women of childbearing age by
measuring the body mass index, waist circumference, waist-to-hip ratio, waist-to-
height ratio, A Body Shape Index, and hip index. Nutrition. (2023) 114:112135.
doi: 10.1016/j.nut.2023.112135

72. Mokha JS, Srinivasan SR, Dasmahapatra P, Fernandez C, Chen W, Xu J, et al.
Utility of waist-to-height ratio in assessing the status of central obesity and related
cardiometabolic risk profile among normal weight and overweight/obese children: the
Bogalusa Heart Study. BMC Pediatr. (2010) 10:73. doi: 10.1186/1471-2431-10-73

73. Moosaie F, Fatemi Abhari SM, Deravi N, Karimi Behnagh A, Esteghamati S,
Dehghani Firouzabadi F, et al. Waist-to-height ratio is a more accurate tool for
predicting hypertension than waist-to-hip circumference and BMI in patients with
type 2 diabetes: A prospective study. Front Public Health. (2021) 9. doi: 10.3389/
fpubh.2021.726288

Frontiers in Endocrinology

10.3389/fendo.2025.1588469

74. Hsieh SD, Yoshinaga H, Muto T. Waist-to-height ratio, a simple and practical
index for assessing central fat distribution and metabolic risk in Japanese men and
women. Int ] Obes. (2003) 27:610-6. doi: 10.1038/s;.ij0.0802259

75. Weir CB, Jan A. BMI Classification Percentile And Cut Off Points. (2023).
StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing.

76. Tian T, Zhang J, Zhu Q, Xie W, Wang Y, Dai Y. Predicting value of five
anthropometric measures in metabolic syndrome among Jiangsu Province, China.
BMC Public Health. (2020) 20:1317. doi: 10.1186/s12889-020-09423-9

77. Krakauer NY, Krakauer JC. A new body shape index predicts mortality hazard
independently of body mass index. PloS One. (2012) 7:¢39504-4. doi: 10.1371/
journal.pone.0039504

78. Thomas DM, Bredlau C, Bosy-Westphal A, Mueller M, Shen W, Gallagher D,
et al. Relationships between body roundness with body fat and visceral adipose tissue
emerging from a new geometrical model. Obesity. (2013) 21:2264-71. doi: 10.1002/
oby.20408

79. Dundar C, Terzi O, Arslan HN. Comparison of the ability of HOMA-IR, VAI,
and TyG indexes to predict metabolic syndrome in children with obesity: a cross-
sectional study. BMC Pediatr. (2023) 23:74. doi: 10.1186/s12887-023-03892-8

80. Simental-Mendia LE, Rodriguez-Moran M, Guerrero-Romero F. The product of
fasting glucose and triglycerides as surrogate for identifying insulin resistance in
apparently healthy subjects. Metab Syndr Relat Disord. (2008) 6:299-304.
doi: 10.1089/met.2008.0034

81. Gaziano JM, Hennekens CH, O’Donnell CJ, Breslow JL, Buring JE. Fasting
triglycerides, high-density lipoprotein, and risk of myocardial infarction. Circulation.
(1997) 96:2520-5. doi: 10.1161/01.CIR.96.8.2520

82. Katz A, Nambi SS, Mather K, Baron AD, Follmann DA, Sullivan G, et al.
Quantitative insulin sensitivity check index: A simple, accurate method for assessing
insulin sensitivity in humans. J Clin Endocrinol Metab. (2000) 85:2402-10.
doi: 10.1210/jcem.85.7.6661

83. Amato MC, Giordano C, Galia M, Criscimanna A, Vitabile S, Midiri M, et al.
Visceral adiposity index. Diabetes Care. (2010) 33:920-2. doi: 10.2337/dc09-1825

84. Kahn HS. The “lipid accumulation product” performs better than the body mass
index for recognizing cardiovascular risk: a population-based comparison. BMC
Cardiovasc Disord. (2005) 5:26. doi: 10.1186/1471-2261-5-26

85. Lumish HS, O’Reilly M, Reilly MP. Sex differences in genomic drivers of adipose
distribution and related cardiometabolic disorders. Arterioscler Thromb Vasc Biol.
(2020) 40:45-60. doi: 10.1161/ATVBAHA.119.313154

86. Stranahan AM, Guo DH, Yamamoto M, Hernandez CM, Khodadadi H, Baban
B, et al. Sex differences in adipose tissue distribution determine susceptibility to
neuroinflammation in mice with dietary obesity. Diabetes. (2023) 72:245-60.
doi: 10.2337/db22-0192

87. Kurylowicz A. Estrogens in adipose tissue physiology and obesity-related
dysfunction. Biomedicines. (2023) 11:690. doi: 10.3390/biomedicines11030690

88. Lizcano F, Guzman G. Estrogen deficiency and the origin of obesity during
menopause. BioMed Res Int. (2014) 2014:1-11. doi: 10.1155/2014/757461

89. Mair KM, Gaw R, MacLean MR. Obesity, estrogens and adipose tissue
dysfunction - implications for pulmonary arterial hypertension. Pulm Circ. (2020)
10:1-21. doi: 10.1177/2045894020952023

90. Steiner BM, Berry DC. The regulation of adipose tissue health by estrogens.
Front Endocrinol (Lausanne). (2022) 13. doi: 10.3389/fend0.2022.889923

91. Agirbasli M, Agaoglu NB, Orak N, Caglioz H, Ocek T, Karabag T, et al. Sex
hormones, insulin resistance and high-density lipoprotein cholesterol levels in children.
Horm Res Paediatr. (2010) 73:166-74. doi: 10.1159/000284357

92. Wu L, Zhu W, Qiao Q, Huang L, Li Y, Chen L. Novel and traditional
anthropometric indices for identifying metabolic syndrome in non-overweight/obese
adults. Nutr Metab (Lond). (2021) 18:3. doi: 10.1186/s12986-020-00536-x

93. Zhang K, Zhao Q, Li Y, Zhen Q, Yu 'Y, Tao Y, et al. Feasibility of anthropometric
indices to identify dyslipidemia among adults in Jilin Province: a cross-sectional study.
Lipids Health Dis. (2018) 17:16. doi: 10.1186/s12944-017-0648-6

94. Li Y, Zheng R, Li S, Cai R, Ni F, Zheng H, et al. Association between four
anthropometric indexes and metabolic syndrome in US adults. Front Endocrinol
(Lausanne). (2022) 13. doi: 10.3389/fend0.2022.889785

95. Mao J, Gan S, Zhou Q, Zhou H, Deng Z. Optimal anthropometric indicators and cut
points for predicting metabolic syndrome in chinese patients with type 2 diabetes mellitus by
gender. Diabetes Metab Syndrome Obes. (2023) 16:505-14. doi: 10.2147/DMS0.5399275

96. Zhou Z, Liu J. Association between body roundness index and incidence of type
2 diabetes in a population-based cohort study. Sci Rep. (2025) 15:13186. doi: 10.1038/
$41598-025-92652-y

97. Stefanescu A, Revilla L, Lopez T, Sanchez SE, Williams MA, Gelaye B. Using A
Body Shape Index (ABSI) and Body Roundness Index (BRI) to predict risk of metabolic
syndrome in Peruvian adults. J Int Med Res. (2020) 48:030006051984885-
030006051984885. doi: 10.1177/0300060519848854

98. Maessen MFH, Eijsvogels TMH, Verheggen RJHM, Hopman MTE, Verbeek
ALM, de Vegt F. Entering a new era of body indices: the feasibility of a body shape
index and body roundness index to identify cardiovascular health status. PloS One.
(2014) 9:107212-107212. doi: 10.1371/journal.pone.0107212

frontiersin.org


https://doi.org/10.1016/j.clnu.2018.05.025
https://doi.org/10.20945/2359-4292-2023-0269
https://doi.org/10.1186/s12902-024-01718-x
https://doi.org/10.1007/s42000-022-00398-3
https://doi.org/10.1186/s12933-024-02569-5
https://doi.org/10.1186/s12933-024-02569-5
https://doi.org/10.1186/s12933-021-01330-6
https://doi.org/10.1016/j.metabol.2021.154766
https://doi.org/10.1177/03000605231164548
https://doi.org/10.1152/ajpendo.1979.237.3.E214
https://doi.org/10.1017/S136898000700002X
https://doi.org/10.20960/nh.03897
https://doi.org/10.1186/s12889-016-2896-1
https://doi.org/10.3390/healthcare9111561
https://doi.org/10.1111/j.1467-789X.2011.00952.x
https://doi.org/10.1111/j.1467-789X.2011.00952.x
https://doi.org/10.1155/2021/8812431
https://doi.org/10.1017/S1368980009991637
https://doi.org/10.1161/JAHA.118.010870
https://doi.org/10.1161/JAHA.118.010870
https://doi.org/10.21149/14186
https://doi.org/10.1016/j.nut.2023.112135
https://doi.org/10.1186/1471-2431-10-73
https://doi.org/10.3389/fpubh.2021.726288
https://doi.org/10.3389/fpubh.2021.726288
https://doi.org/10.1038/sj.ijo.0802259
https://doi.org/10.1186/s12889-020-09423-9
https://doi.org/10.1371/journal.pone.0039504
https://doi.org/10.1371/journal.pone.0039504
https://doi.org/10.1002/oby.20408
https://doi.org/10.1002/oby.20408
https://doi.org/10.1186/s12887-023-03892-8
https://doi.org/10.1089/met.2008.0034
https://doi.org/10.1161/01.CIR.96.8.2520
https://doi.org/10.1210/jcem.85.7.6661
https://doi.org/10.2337/dc09-1825
https://doi.org/10.1186/1471-2261-5-26
https://doi.org/10.1161/ATVBAHA.119.313154
https://doi.org/10.2337/db22-0192
https://doi.org/10.3390/biomedicines11030690
https://doi.org/10.1155/2014/757461
https://doi.org/10.1177/2045894020952023
https://doi.org/10.3389/fendo.2022.889923
https://doi.org/10.1159/000284357
https://doi.org/10.1186/s12986-020-00536-x
https://doi.org/10.1186/s12944-017-0648-6
https://doi.org/10.3389/fendo.2022.889785
https://doi.org/10.2147/DMSO.S399275
https://doi.org/10.1038/s41598-025-92652-y
https://doi.org/10.1038/s41598-025-92652-y
https://doi.org/10.1177/0300060519848854
https://doi.org/10.1371/journal.pone.0107212
https://doi.org/10.3389/fendo.2025.1588469
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Quirino-Vela et al.

99. Li G, Yao T, Wu Xw, Cao Z, Tu Yc, Ma Y, et al. Novel and traditional
anthropometric indices for identifying arterial stiffness in overweight and obese
adults. Clin Nutr. (2020) 39:893-900. doi: 10.1016/j.cInu.2019.03.029

100. Peer N, Lombard C, Steyn K, Levitt N. Waist-to-height ratio is a useful
indicator of cardio-metabolic risk in South Africa. Fam Pract. (2019) 37:36-42.
doi: 10.1093/fampra/cmz044

101. Abboud M, Haidar S, Mahboub N, Papandreou D, Rizk R. Abdominal volume
index, waist-to-height ratio, and waist circumference are optimal predictors of
cardiometabolic abnormalities in a sample of Lebanese adults: A cross-sectional
study. PloS Global Public Health. (2023) 3:e0002726-¢0002726. doi: 10.1371/
journal.pgph.0002726

102. Kose MP, Piskinpasa ME, Hacioglu Y, Karabag T. The relationship of visceral
adiposity with endothelial functions and subclinical atherosclerosis in obese
individuals. Romanian ] Internal Med. (2024) 62:404-13. doi: 10.2478/rjim-2024-0024

103. YeJ, Li L, Wang M, Ma Q, Tian Y, Zhang Q, et al. Diabetes mellitus promotes
the development of atherosclerosis: the role of NLRP3. Front Immunol. (2022)
13:900254. doi: 10.3389/fimmu.2022.900254

104. Gao P, Zhang X, Yin S, Tuo H, Lin Q, Tang F, et al. Meta-analysis of the effect of
different exercise mode on carotid atherosclerosis. Int | Environ Res Public Health.
(2023) 20:2189. doi: 10.3390/ijerph20032189

105. Taylor RM, Haslam RL, Herbert J, Whatnall MC, Trijsburg L, de Vries JHM,
et al. Diet quality and cardiovascular outcomes: A systematic review and meta-analysis
of cohort studies. Nutr Dietetics. (2024) 81:35-50. doi: 10.1111/1747-0080.12860

Frontiers in Endocrinology

21

10.3389/fendo.2025.1588469

106. Czernichow S, Kengne A -P, Stamatakis E, Hamer M, Batty GD. Body mass
index, waist circumference and waist-hip ratio: which is the better discriminator of
cardiovascular disease mortality risk? Evidence from an individual-participant meta-
analysis of 82 864 participants from nine cohort studies. Obes Rev. (2011) 12:680-7.
doi: 10.1111/j.1467-789X.2011.00879.x

107. de Koning L, Merchant AT, Pogue J, Anand SS. Waist circumference and waist-
to-hip ratio as predictors of cardiovascular events: meta-regression analysis of
prospective studies. Eur Heart J. (2007) 28:850-6. doi: 10.1093/eurheartj/ehm026

108. Parker ED, Pereira MA, Stevens J, Folsom AR. Association of hip circumference
with incident diabetes and coronary heart disease: the Atherosclerosis Risk in
Communities study. Am ] Epidemiol. (2009) 169:837-47. doi: 10.1093/aje/kwn395

109. Cameron AJ, Romaniuk H, Orellana L, Dallongeville ], Dobson AJ, Drygas W,
et al. Combined influence of waist and hip circumference on risk of death in a large
cohort of european and Australian adults. ] Am Heart Assoc. (2020) 9:¢015189.
doi: 10.1161/JAHA.119.015189

110. Wang Z, Huang X, Li J, Liu N, Wei Q. Association between waist-hip ratio
and subclinical myocardial injury in the general population: Insights from the
NHANES. Front Endocrinol (Lausanne). (2022) 13:975327. doi: 10.3389/
fendo.2022.975327

111. Marques Elias RG, Ieker ASD, dos Reis LL, Stabelini Neto A, Sasaki JE, Lopes
WA, et al. Physical activity, sport practice and cardiovascular risk factors in workers
from a public hospital: A trajectory analysis. Front Cardiovasc Med. (2021) 8.
doi: 10.3389/fcvm.2021.740442

frontiersin.org


https://doi.org/10.1016/j.clnu.2019.03.029
https://doi.org/10.1093/fampra/cmz044
https://doi.org/10.1371/journal.pgph.0002726
https://doi.org/10.1371/journal.pgph.0002726
https://doi.org/10.2478/rjim-2024-0024
https://doi.org/10.3389/fimmu.2022.900254
https://doi.org/10.3390/ijerph20032189
https://doi.org/10.1111/1747-0080.12860
https://doi.org/10.1111/j.1467-789X.2011.00879.x
https://doi.org/10.1093/eurheartj/ehm026
https://doi.org/10.1093/aje/kwn395
https://doi.org/10.1161/JAHA.119.015189
https://doi.org/10.3389/fendo.2022.975327
https://doi.org/10.3389/fendo.2022.975327
https://doi.org/10.3389/fcvm.2021.740442
https://doi.org/10.3389/fendo.2025.1588469
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Cardiometabolic risk assessment by anthropometric and biochemical indices in mexican population
	Highlights
	1 Background
	2 Methods
	2.1 Data collection
	2.2 Participants
	2.2.1 Classification of participants

	2.3 Anthropometric measurements
	2.4 Biochemical measurements
	2.5 Biochemical indices with anthropometric measurements
	2.6 Statistical analysis

	3 Results
	3.1 Partial correlation between different anthropometric and biochemical indexes
	3.2 Diagnostic ability of anthropometric and biochemical indicators
	3.3 Differences in ROC curves of anthropometric and biochemical indices by sex
	3.4 Subgroup analysis
	3.4.1 Visceral adiposity indices performance
	3.4.2 Combined biochemical-anthropometric index performance

	3.4 The optimal cut-off value of anthropometric indices
	3.4.1 Obesity prediction
	3.4.2 Cardiometabolic risk assessment
	3.4.3 Insulin resistance detection


	4 Discussion
	5 Conclusions
	5.1 Limitations of the study
	5.2 Future directions

	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


