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Abstract

Introduction: Dysfunctional adiposity plays a key role in the early development of cardiometabolic distur-
bances, particularly in young adults. The Dysfunctional Adiposity Index (DAI) has been proposed as an al-
ternative marker integrating anthropometric and biochemical parameters to identify metabolic risk at early
stages. This study aimed to evaluate the association between DAI and multiple cardiometabolic risk factors in
university students.

Methodology: A cross-sectional study was conducted in 253 individuals aged 18-25 years from the Guada-
lajara Metropolitan Area. Anthropometric, clinical, and biochemical measurements were obtained following
standardized procedures. The DAl was calculated using sex-specific formulas and classified using a cutoff val-
ue of 1.065. Insulin resistance was assessed using HOMA-IR. Student s t-tests, Chi-square tests, and logistic
regression analyses were performed, with significance set at p < 0.05.

Results: Participants with elevated DAI showed higher waist circumference, triglycerides, total cholesterol,
diastolic blood pressure, and HOMA-IR, along with lower HDL-c levels compared with those with normal DAI
(p < 0.05). The prevalence of abdominal obesity, hypertriglyceridemia, and low HDL-c was markedly higher
among individuals with elevated DAL Elevated DAI was strongly associated with increased odds of obesity
(OR=5.63), dyslipidemias (OR 4.41-5.08), hypertension (OR=9.51), and insulin resistance (OR=3.44).

Conclusion: The DAI emerges as a practical, low-cost marker for early detection of cardiometabolic altera-
tions in young adults. Its use in screening strategies may support timely preventive interventions
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Introduction

Cardiovascular disease (CVD) remains the leading
cause of premature morbidity and mortality world-
wide. Since the mid-20th century, extensive research
has identified major modifiable risk factors such as
smoking, hypertension, diabetes, and dyslipidemia
demonstrating that reducing these conditions can
significantly lower disease incidence [1]. National
dietary and prevention guidelines have incorporated
these findings since the 1960s, though they require
ongoing revision.

Obesity plays a central role in the development of
cardiometabolic risk. However, beyond Body Mass
Index (BMI), indicators that assess fat mass distribu-
tion and metabolic alterations may provide better pre-
dictive value for disease than BMI alone [2]. Several
markers such as waist circumference, body fat per-
centage, and waist-to-height ratio have been used to
improve risk stratification in youth populations [3,4].

The Dysfunctional Adiposity Index (DAI) has re-
cently emerged as a novel, integrative marker of ad-
ipose tissue dysfunction that considers both anthro-
pometric and biochemical parameters. In apparently
healthy individuals, especially young adults, DAI
has shown associations with early-stage metabolic
alterations, allowing detection of risk before clinical
symptoms appear [5].

Compared to traditional measures like BMI or waist
circumference, DAI evaluates both the morphologi-
cal and functional quality of adipose tissue, offering
greater predictive accuracy for metabolic disorders
[5]. It incorporates practical, non-invasive data waist
circumference, BMI, triglycerides, and HDL choles-
terol making it suitable for use in routine clinical and
screening settings [6].

Evidence from occupational cohorts, including a
study involving over 400,000 Spanish workers, has
demonstrated DAI’s diagnostic utility for identifying
metabolic syndrome [7]. Furthermore, sex-specific
differences have been observed, with DAI showing
higher predictive capacity in women for cardiovas-
cular and metabolic abnormalities [8,9].

The pathophysiological basis of DAI aligns with insu-
lin resistance and lipotoxicity, which are central com-
ponents of metabolic syndrome [10]. Although DAI
and HOMA-IR are distinct, their overlapping biolog-
ical mechanisms suggest potential interrelations that
merit further exploration.

University life can expose students to lifestyle chang-
es such as poor diet, reduced physical activity, and
increased stress that contribute to the early onset of
metabolic risk factors [11,12]. These factors may not
only increase the risk of long-term chronic disease but
also hinder academic performance and well-being.

Such alterations may impact metabolism by promot-
ing the emergence of cardiometabolic risk factors that,
over time, could increase the likelihood of developing
non-communicable chronic diseases. However, there
is still limited knowledge regarding the prevalence of
these risk factors in the university student population.
For this reason, the aim of this study is to analyze the
association between the Dysfunctional Adiposity In-
dex (DAI) and metabolic risk markers including insu-
lin resistance and related cardiometabolic factors in a
population of university students, to evaluate its pre-
dictive utility and potential application in early risk
screening.

Materials and Methods

Participants

This cross-sectional study included 252 universi-
ty-aged individuals from the Guadalajara Metropol-
itan Area (ZMG), Mexico, ranging from 18 to 25
years old. Participants were recruited through public
announcements and selected based on the inclusion
criterion of age. Individuals with known conditions
that could interfere with insulin metabolism (e.g.,
polycystic ovary syndrome) were excluded. Ethical
approval was obtained, and all procedures complied
with the Mexican General Health Law on health re-
search and the 2008 Declaration of Helsinki.

Anthropometric and Clinical Measurements

All enrolled individuals completed a standardized
health history form and underwent a physical exam-
ination. Anthropometric data included body weight,
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height, and waist circumference. Weight and height
were recorded using a TANITA30A electronic scale,
which also provided the BMI. Waist circumference
was measured with a flexible, non-stretchable tape,
and abdominal obesity was defined according to the
Adult Treatment Panel III (ATP III) guidelines [13].

Blood pressure was measured in a seated position
using an aneroid sphygmomanometer, following the
procedures described in the Mexican Official Stand-
ard [14].

Biochemical Analysis

Venous blood samples were collected after a fasting
period of 8 to 12 hours and processed immediately.
Samples were divided into two aliquots:

The first aliquot was analyzed using a wet chemistry
method on an A15 Biosystems analyzer to determine
serum levels of glucose, total cholesterol, triglycer-
ides (TG), and high-density lipoprotein cholesterol
(HDL-c).

The Dysfunctional Adiposity Index (DAI) was com-
puted using sex-specific formulas proposed by [15],
which incorporate waist circumference (WC), BMI,
triglycerides, and HDL-c:

wc TG 143

DAI female = (m)(ﬁ)(ﬂm—c)
[1]
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DAI'male = (22.?94-(2.68*334”) e
[2]

A cut off point of 1.065 was used to classify individ-
uals as having metabolic alterations.

The second aliquot was used to determine insulin
concentrations through an enzyme-linked immuno-
sorbent assay (ELISA). Insulin resistance was as-
sessed using the Homeostasis Model Assessment of
Insulin Resistance (HOMA-IR), calculated as:
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[3]

A cut-off value of >2.5 was applied to identify insu-
lin-resistant individuals [16].

Data Analysis

Descriptive statistics were generated for all variables
and expressed as frequencies, percentages, or mean
+ standard deviation, as appropriate. Differences be-
tween groups were assessed using Student’s t-tests for
continuous variables and Chi-square tests for categor-
ical data. The association between metabolic risk and
DAI was estimated using Odds Ratios (ORs). All sta-
tistical analyses were carried out using Statgraphics
Centurion 19, with significance set at p < 0.05.

Results.

A total of 252 university students were included, clas-
sified into DAI-Elevated (n = 56) and DAI-Normal
(n=196). Table 1 summarizes the comparison of met-
abolic and anthropometric variables between groups.

Participants with elevated DAI showed significantly
higher values of waist circumference (WC), triglyc-
erides (TG), total cholesterol, diastolic blood pressure
(DBP), and HOMA-IR, along with significantly lower
HDL-cholesterol levels compared with participants
with normal DAI (p < 0.05 for all). Body mass index
(BMI) was also slightly higher in the elevated DAI
group (27.03 £ 5.27 vs. 23.39 + 4.05, p < 0.000). No
significant differences were observed in systolic blood
pressure (SBP) (p = 0.0608).
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Table 1: Metabolic Risk Factors Differences Between Normal and elevated Dysfunctional Adiposity Index

BMI 27.03 £5.27 23.39 £ 4.05 <0.000 *
WC 94.66 + 12.07 83.00 £ 4.72 <0.000 *
TG 151.44 + 53.41 72.23 +£23.08 <0.000 *
HDL 45.76 £ 6.43 54.35+9.73 <0.000 *
CHOL 185. 98 + 35.67 159.83 £ 27.55 <0.000 *
SBP 117.83 £ 14.06 114.06 + 12.21 <0.0608
DBP 79.25+12.02 74.07 = 9.64 <0.0023 *
HOMA-IR 2.98 £3.36 1.68 £1.56 <0.0008 *

Mean =+ standard deviation. Student’s t test, a p value <0.05 was considered significant.

*Statistical differences. SBP (systolic blood pressure), DBP (diastolic blood pressure), WC (waist circumfer-
ence), HDL (high density lipoprotein), HOMA (homeostatic model assessment). DAI (dysfunctional adiposity
index). DAI (dysfunctional adiposity index), BMI (Body Mass Index).

We illustrate the prevalence of several metabolic risk factors stratified by the Dysfunctional Adiposity Index
(DAJ) in figure 1. Consistently, the group with elevated DAI showed a significantly higher frequency of met-
abolic alterations compared with the group with normal DAI. Abdominal obesity was the most prevalent con-
dition in the elevated-DAI group (69.5%), followed by hypertriglyceridemia (55.4%), low HDL cholesterol
(55.5%), and hypercholesterolemia (33.8%). In contrast, the normal-DAI group exhibited considerably lower
prevalences across all assessed conditions, with abdominal obesity (28.4%) and low HDL (21.9%) being the
most frequent. These findings indicate a clear clustering of cardiometabolic risk factors among individuals
with elevated DAL

Metabolic Risk Prevalence by DAl Group

70 4 DAl Group
= Hormal DAl
mm Elevated DAl

A

Figure 1: Metabolic risk factors by DAI Group.
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In figure 2, depicts the relationship between DAI and three continuous metabolic parameters: body mass in-
dex (BMI) (A), triglycerides (TG) (B), and waist circumference (WC) (C). In all cases, a positive association
was observed between DAI and the variables analyzed. The association was particularly strong for DAI and
triglycerides, where higher DAI values were accompanied by marked increases in serum TG levels. Similarly,
both BMI and waist circumference showed ascending trends as DAI increased, indicating that a higher DAI
is linked to greater overall and central adiposity. The confidence bands emphasize the consistency of these
associations, suggesting that DAI functions as a robust indicator of metabolic disturbances related to excessive
adiposity and dyslipidemia.

DAl vs BMI D vs Trighycerides D vs Waist Circumfierence

Figure 2: Correlation between DAI and BMI (A), TG (B) and WC (C).

Finally, to further explore the metabolic implications of elevated DAI, odds ratios (OR) were calculated for
key cardiometabolic risk factors (Table 2). Students with elevated DAI exhibited 5.63-fold higher odds of obe-
sity (95% CI: 2.51-12.63, p < 0.0001) and 3.10-fold higher odds of abdominal obesity (95% CI: 2.70-9.61, p
<0.0001). Altered lipid parameters were also strongly associated with elevated DAI, including 4.41-fold high-
er odds of HDL-cholesterol deficit (95% CI: 2.36-8.25, p < 0.0001) and 5.08-fold higher odds of hypercho-
lesterolemia (95% CI: 2.43-10.59, p < 0.001). Elevated DAI was further associated with 9.51-fold increased
odds of hypertension (95% CI: 1.79-30.44, p = 0.0082) and 3.44-fold increased odds of insulin resistance
(95% CI: 1.78-6.66, p = 0.0002).

Table 2: Association of DAI with Metabolic Risk Factors.

Obesity (BMI) 5.6308 <0.0001 2.5103 - 12.6304
Abdominal Obesity 3.100 <0.0001 2.7069 — 9.6090
WO

HDL Deficit 4.4121 <0.0001 2.3590 — 8.2522
Hyper cholesterol 5.0781 <0.001 2.4336 — 10.5960
Hypertension 9.5098 0.0082 1.7927 —30.4473
Insulin resistance 3.4440 0.0002 1.7811 — 6.6595

Chi square test. p < 0.05 was considered significant.

Overall, these data indicate that elevated DAI is strongly associated with multiple components of metabolic
risk, including adiposity, dyslipidemia, blood pressure alterations, and insulin resistance. The consistency and
magnitude of these associations suggest that the DAI may serve as a useful marker for early identification of
metabolic risk among young adults.
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Discussion

This study evaluated the associations between the
Dysfunctional Adiposity Index (DAI) and multiple
metabolic risk factors in a population of young uni-
versity students. Our findings demonstrate that ele-
vated DALI is consistently linked to an adverse met-
abolic profile, supporting its relevance as an early
indicator of cardiometabolic risk.

Consistent with our results, participants with ele-
vated DAI showed significantly higher levels of tri-
glycerides, total cholesterol, waist circumference,
and HOMA-IR, along with lower HDL cholesterol
concentrations. These parameters reflect well-estab-
lished components of metabolic dysfunction and are
strongly associated with impaired adipose tissue reg-
ulation [17,18]. Like previous reports, our findings
suggest that DAI captures underlying adipose tissue
dysfunction, particularly visceral and ectopic fat ac-
cumulation which may occur even in young adults
without clinically manifest disease [19].

The marked differences in the prevalence of meta-
bolic alterations between the elevated and normal
DAI groups are aligned with evidence suggesting
that dysfunctional adiposity often co-occurs with
dyslipidemia and central obesity. Prior studies have
shown that individuals with visceral adiposity exhib-
it a higher frequency of hypertriglyceridemia, low
HDL cholesterol, and insulin resistance, even when
BMI remains within non-obese ranges [20,21]. Our
results reinforce this pattern and extend it to univer-
sity students, highlighting the early onset of cardio-
metabolic clustering.

The positive linear associations observed between
DAI and continuous measures including BMI, tri-
glycerides, and waist circumference further support
the biological plausibility of the index. DAl increased
in parallel with general and central adiposity mark-
ers, consistent with findings that adipose tissue dys-
function reflects both excess fat mass and impaired
metabolic flexibility [22]. The particularly strong re-
lationship between DAI and triglycerides aligns with
previous evidence demonstrating that dysfunction-
al adiposity promotes hepatic fat flux and reduced
clearance of triglyceride-rich lipoproteins.

Additionally, the odds ratios calculated for several

cardiometabolic risk factors underscore the clinical
relevance of elevated DAI. The increased odds of
obesity, abdominal obesity, low HDL, hypercholes-
terolemia, hypertension, and insulin resistance mirror
patterns reported in studies examining early cardio-
metabolic risk in youth and young adults. The magni-
tude of these associations suggests that DAI not only
reflects excess adiposity but also captures multisystem
metabolic vulnerability, likely involving inflammato-
ry and endocrine pathways.

Taken together, these results position the DAI as a
promising early screening tool for metabolic risk
among young adults. Identifying individuals with dys-
functional adiposity at this stage is critical, given that
early metabolic disturbances strongly predict long-
term cardiometabolic outcomes [23,24]. While our
findings provide substantial support for the utility of
the DAI, longitudinal studies are needed to determine
whether elevated DAI predicts incident metabolic dis-
ease and whether its incorporation into routine screen-
ing improves early detection strategies. In conclusion,
elevated DAI was strongly associated with multiple
metabolic risk components in young individuals. This
study contributes to the growing body of evidence
highlighting the importance of adipose tissue function
beyond body mass alone in understanding and identi-
fying cardiometabolic risk. The consistency between
our findings and existing literature supports the DAI
as a potentially valuable marker for early risk stratifi-
cation in university populations.

Conclusions

This study demonstrated a strong and consistent as-
sociation of DAI with multiple metabolic risk factors.
Individuals with elevated DAI exhibited higher levels
of adiposity, dyslipidemia, blood pressure alterations,
and insulin resistance, as well as a greater prevalence
of key cardiometabolic abnormalities. The magnitude
and coherence of these associations indicate that DAI
captures early metabolic dysregulation that is not ful-
ly reflected by traditional anthropometric measures
alone. These findings highlight the potential of DAI
as a practical and informative tool for early identifi-
cation of metabolic risk in young adults, a population
in which cardiometabolic disturbances often go un-
recognized. Incorporating DAI into screening strate-
gies may improve the detection of individuals at ele-
vated risk and support timely interventions aimed at
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preventing the progression of metabolic disease.

Future longitudinal studies are needed to determine
whether elevated DAI predicts incident cardiomet-
abolic outcomes and to evaluate its applicability
across diverse populations and clinical settings
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