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Integrated evaluation of visceral adiposity indices and markers
in adults with type 2 diabetes mellitus: A cross-sectional
analytical study
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ABSTRACT
Introduction: Visceral adiposity plays a pivotal role in the metabolic disturbances characteristic
of type 2 diabetes mellitus (T2DM). Although body mass index (BMI) is widely used to estimate
overall adiposity, it fails to differentiate between subcutaneous fat andmetabolically active visceral
fat. In contrast, the visceral adiposity index (VAI) integrates anthropometric and lipid parameters
to estimate visceral fat mass, while adipokines such as leptin and adiponectin provide biochem-
ical insights into visceral adipose tissue (VAT) activity. This study aimed to perform an integrated
evaluation of BMI, VAI, and biochemical markers of VAT activity in patients with T2DM, and to de-
termine their associations with glycaemic and lipid profiles. Methods: This cross-sectional study
included 90 adults (aged 30–60 years) diagnosed with T2DM. Participants were stratified into three
groups basedonBMI: normalweight (18.5–24.9 kg/m²), overweight (25.0–29.9 kg/m²), andobese (≥
30.0 kg/m²). Clinical measurements included anthropometric data, blood pressure, fasting plasma
glucose (FPG), postprandial blood glucose (PPBG), glycated haemoglobin (HbA1c), and compre-
hensive lipid profiles. Serum leptin and adiponectin levels were quantified via enzyme-linked im-
munosorbent assay (ELISA), and the VAI was calculated using a sex-specific formula. Statistical anal-
yses were performed using analysis of variance (ANOVA), Pearson's correlation, andmultivariate re-
gression, with statistical significance defined as p < 0.05. Results: BMI, waist circumference (WC),
and VAI increased significantly across the groups (p < 0.001). The mean VAI values were 1.4 ± 0.5,
3.3 ± 1.2, and 4.7 ± 1.9 in the normal-weight, overweight, and obese cohorts, respectively. Serum
leptin levels demonstrated a progressive increase (from 11.0 ± 3.1 to 36.8 ± 6.0 ng/mL), whereas
adiponectin levels exhibited a concurrent decrease (from 14.3 ± 2.5 to 6.2 ± 1.9 µg/mL). The VAI
demonstrated a strong positive correlation with leptin (r = 0.72) and a negative correlation with
adiponectin (r = -0.66). Furthermore, an elevated VAI was significantly associated with increased
levels of FPG, HbA1c, triglycerides (TG), and low-density lipoprotein cholesterol (LDL-C), as well as
decreased levels of high-density lipoprotein cholesterol (HDL-C) (p< 0.001). Multivariate regression
analysis identified the VAI as the strongest independent predictor of both HbA1c levels (β = 0.52)
and the leptin-to-adiponectin ratio (β = 0.71). Conclusion: The integration of anthropometric in-
dices (BMI and VAI) with biochemical markers (leptin and adiponectin) facilitates a comprehensive
evaluation of visceral adiposity and metabolic risk in patients with T2DM. Notably, the VAI exhib-
ited stronger associations with glycaemic and lipid abnormalities than BMI alone, underscoring its
clinical utility in assessing visceral fat dysfunction.
Key words: Type 2 diabetes mellitus, Visceral adiposity index, Adiponectin, Leptin, Insulin resis-
tance, Obesity, Cardiometabolic risk

INTRODUCTION
Type 2 diabetes mellitus (T2DM) is a chronic
metabolic disorder characterized by persistent hy-
perglycaemia resulting from defective insulin secre-
tion, insulin resistance, or both. The global burden
of T2DM continues to escalate in tandem with ris-
ing obesity rates, reflecting a shared pathophysi-
ological link between adiposity and impaired glu-
cose metabolism 1. Adipose tissue functions as a
metabolically active endocrine organ that regulates
energy homeostasis and insulin sensitivity 2. Among

the body’s adipose depots, visceral adipose tissue

(VAT) contributes disproportionately to metabolic

complications due to its proximity to the portal cir-

culation and high lipolytic activity3.

VAT releases excess free fatty acids, proinflamma-

tory cytokines, and adipokines that impair both

hepatic and peripheral insulin sensitivity4. The

metabolic impact of obesity is dictated not only by

total fat mass but also by the distribution and func-

tional state of the adipose tissue5. Consequently,

assessing visceral adiposity has become essential for
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predicting insulin resistance and cardiometabolic
risk.
Although body mass index (BMI) is widely utilized
for obesity classification, it fails to differentiate be-
tween visceral and subcutaneous fat depots, thereby
inadequately accounting for metabolic heterogene-
ity among individuals with similar BMI values6. To
address this limitation, the visceral adiposity in-
dex (VAI) was developed to estimate visceral fat
dysfunction utilizing routine clinical and biochemi-
cal parameters, including BMI, waist circumference
(WC), triglycerides (TG), and high-density lipopro-
tein cholesterol (HDL-C)7. Multiple studies have
validated the VAI as a reliable surrogate marker for
insulin resistance and cardiometabolic risk across
diverse populations 8,9.
Population-based analyses confirm that elevated
VAI is strongly associated with an increased risk
of T2DM, metabolic syndrome, and cardiovascular
disease 10,11. Furthermore, the VAI has been linked
to microvascular complications, such as diabetic
nephropathy, in individuals with diabetes12. Thus,
it provides a simple, robust method for quantifying
visceral adiposity and predictingmetabolic dysfunc-
tion beyond the capabilities of BMI alone.
In parallel with these clinical indices, adipokines
serve as biochemical indicators of adipose tis-
sue activity. Leptin, secreted in proportion to
fat mass, regulates appetite and energy balance;
however, chronic hyperleptinaemia leads to lep-
tin resistance, contributing to persistent hunger
and weight gain13,14. Conversely, adiponectin
exerts insulin-sensitizing, anti-inflammatory, and
anti-atherogenic effects, yet its circulating levels de-
crease inversely with visceral adiposity15,16. There-
fore, the leptin-to-adiponectin ratio reflects adipose
tissue dysfunction, with elevated ratios correlat-
ing with insulin resistance and poor metabolic con-
trol 17,18.
Recent evidence underscores the necessity of an
integrated evaluation combining anthropometric
indices, lipid-based surrogates like the VAI, and
adipokine biomarkers to comprehensively under-
stand adiposity-related metabolic risk19,20.
Although BMI, the VAI, and individual adipokines
have been independently evaluated regarding
metabolic risk, studies integrating these anthro-
pometric, lipid-based, and biochemical markers
within a single T2DM cohort remain limited.
Specifically, the relative prognostic value of the VAI
versus BMI in predicting glycaemic dysregulation
and adipokine imbalance has not been clearly
established, particularly within Middle Eastern

populations. Therefore, the present study was
designed to provide an integrated evaluation of
BMI, the VAI, and adipokine markers (leptin and
adiponectin), and to determine their comparative
associations with glycaemic and lipid abnormalities
in adults with T2DM. This research addresses the
current gap in integrated visceral adiposity assess-
ment among Middle Eastern T2DM populations,
where distinct genetic and lifestyle factors may
uniquely modify adiposity-metabolic relationships.

MATERIALS ANDMETHODS
Study Design and Participants
A cross-sectional analytical study was conducted
involving 90 adults (aged 30–60 years) with estab-
lished T2DM. Participants were recruited from the
endocrinology outpatient clinics at Thumbay Uni-
versity Hospital (TUH) in Ajman, United Arab Emi-
rates, and its collaborating clinics. The study pro-
tocol received ethical approval from the Institu-
tional Review Board (IRB/COM/FAC/34/OCT-2022),
and all participants provided written informed con-
sent. Recruitment occurred between January 2023
and June 2024. Participants were equally stratified
into three groups based on their BMI: normal weight
(n = 30), overweight (n = 30), and obese (n = 30).

Inclusion Criteria
• Adults aged 30–60 years diagnosed with T2DM
according to the American Diabetes Asso-
ciation (ADA) Standards of Medical Care in
Diabetes—2024 21.

• Male and female participants undergoing
lifestyle-based interventions, including dietary
modifications and physical activity. Adher-
ence to these interventions was qualitatively
assessed via structured clinical interviews and
medical record reviews. (Note: Standard-
ized questionnaires, such as the International
Physical Activity Questionnaire or food fre-
quency scores, were not utilized, which may
introduce residual confounding).

Exclusion Criteria
• Diagnosis of type 1 diabetes, gestational dia-
betes, or secondary diabetes.

• History or clinical presence of cardiovascular
disease, nephropathy, hepatic dysfunction, or
active infection.

• Current use of antidiabetic or lipid-lowering
pharmacological therapies at the time of re-
cruitment.
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Anthropometric and Clinical Measure-
ments
Height, weight, and waist circumference (WC) were
measured using standardized protocols. BMI was
calculated as weight in kilograms divided by the
square of height in meters (kg/m²). WC was mea-
sured at the midpoint between the lower margin of
the last palpable rib and the top of the iliac crest.
Blood pressure (BP) was recorded utilizing a digi-
tal sphygmomanometer; three measurements were
taken following a 10-minute resting period, and the
average value was recorded. Hypertension was de-
fined as a systolic BP ≥ 130 mmHg and/or a diastolic
BP ≥ 80 mmHg. Hypercholesterolaemia was defined
as a total cholesterol level ≥ 5.2 mmol/L.

Biochemical Analysis
Venous blood samples were collected following a
10- to 12-hour overnight fast. Postprandial sam-
ples were drawn exactly 2 hours after a standard-
ized meal. Fasting plasma glucose (FPG), postpran-
dial blood glucose (PPBG), total cholesterol (TC),
TG, HDL-C, and low-density lipoprotein cholesterol
(LDL-C) were quantified using a Beckman Coul-
ter AU680 analyser. Glycated haemoglobin (HbA1c)
levels were measured via high-performance liquid
chromatography (HPLC).
Serum adipokines were quantified using enzyme-
linked immunosorbent assay (ELISA) kits for lep-
tin (EQ 6444-9601) and adiponectin (EQ 6446-
9601) sourced from Euroimmun (Germany). Lep-
tin and adiponectin concentrations were expressed
in ng/mL and µg/mL, respectively. The leptin-to-
adiponectin ratio was calculated using these stan-
dardized units, consistent with prior literature. Ac-
cording to the manufacturer, the intra-assay and
inter-assay coefficients of variation for both ELISA
kits were < 8% and < 10%, respectively.
The VAI was calculated according to the sex-specific
equation: VAI = [WC/(39.68 + (1.88 × BMI))] ×
(TG/1.03) × (1.31/HDL-C) for males and VAI =
[WC/(36.58 + (1.89 × BMI))] × (TG/0.81) × (1.52/HDL-
C) for females.

Statistical Analysis
Statistical analyses were performed using IBM SPSS
Statistics, version 29.0. Data normality was evalu-
ated using the Shapiro-Wilk test, and homogeneity
of variance was assessed via Levene’s test. Although
minor deviations from normality were detected in
some variables based on the Shapiro-Wilk test, vi-
sual inspection of histograms and skewness-kurtosis

values confirmed approximately normal distribu-
tions; consequently, continuous variables are re-
ported as the mean ± standard deviation (SD). One-
way analysis of variance (ANOVA) was utilized to
compare continuous variables across the three in-
dependent BMI categories, followed by post hoc
Bonferroni corrections for pairwise comparisons.
Pearson’s correlation coefficients were calculated to
evaluate associations among BMI, VAI, adipokines,
and metabolic parameters.
Multiple linear regression analysis was conducted to
identify independent predictors of HbA1c levels and
the leptin-to-adiponectin ratio, entering all candi-
date variables simultaneously into the model. Mul-
ticollinearity was ruled out, as the variance inflation
factor (VIF) for all variables remained < 2.5. Boot-
strap resampling (1,000 iterations) was employed to
validate the stability of the regression coefficients.
Statistical significance was defined as p < 0.05. A
post hoc power analysis was performed based on the
observed effect size for the primary association be-
tween the VAI and HbA1c. Assuming an effect size
(f ²) of 0.35, an alpha level (α) of 0.05, and a total
sample size of 90 participants, the achieved statisti-
cal power exceeded 90%, confirming the study was
adequately powered to detect clinically meaningful
associations.

RESULTS
Anthropometric Measurements and Clini-
cal Characteristics
Participants were equally distributed among the
normal-weight, overweight, and obese groups. The
mean age of the cohort was 49.6 ± 8.1 years, with a
slight male predominance (52%). As shown in Ta-
ble 1, the prevalence of hypertension and hyper-
cholesterolaemia increased significantly in tandem
with increasing BMI (p < 0.001). Mean weight, waist
circumference (WC), and blood pressure values also
increased significantly from the normal-weight to
the obese categories. The mean BMI within the
obese group was 33.5 ± 2.9 kg/m², indicating a pre-
dominance of class I obesity with limited overlap
into class II. These findings demonstrate a clear pro-
gression of central obesity and cardiometabolic risk
factors concomitant with increasing BMI.

Visceral Adiposity Index and Adiposity
Markers
As detailed in Table 2, visceral adiposity index (VAI)
values increased progressively across the BMI cate-
gories, indicative of worsening visceral adipose tis-
sue (VAT) dysfunction. Concurrently, serum leptin
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Table 1: Baseline Anthropometric Measurements and Clinical Characteristics of the Study Subjects

Parameter Total
(n = 90)

Normal Weight
(n = 30)

Overweight
(n = 30)

Obesity
(n = 30)

p
value

Age (years) 49.6 ± 8.1 48.2 ± 7.9 49.7 ± 8.3 50.9 ± 8.2 0.47

Duration of Diabetes
(years)

6.4 ± 2.7 6.1 ± 2.5 6.5 ± 2.9 6.7 ± 2.8 0.61

Hypertension (%) 47 20 47 73 < 0.001

Hypercholesterolemia
(%)

53 33 57 70 < 0.001

Weight (kg) 78.0 ± 7.7 70.8 ± 7.5 78.1 ± 8.0 84.6 ± 6.9 < 0.001

WC (cm) 93.0 ± 5.4 86.5 ± 5.1 94.3 ± 5.2 99.1 ± 6.4 < 0.001

BMI (kg/m²) 27.7 ± 2.5 22.3 ± 2.1 27.4 ± 2.5 33.5 ± 2.9 < 0.001

Systolic BP (mmHg) 117 ± 7.6 109.6 ± 6.8 118.5 ± 8.2 126.3 ± 7.2 < 0.001

Diastolic BP (mmHg) 81 ± 6.0 75.4 ± 5.9 81.1 ± 6.4 83.9 ± 6.1 < 0.001

Values are presented as themean ± standard deviation or percentage (%), as appropriate. p value < 0.05 indicates statistical
significance. WC: Waist Circumference; BMI: Body Mass Index; BP: Blood Pressure.

levels increased progressively, whereas adiponectin
levels exhibited a significant decline across the
groups. The VAI was positively correlated with lep-
tin (r = 0.72, p < 0.001) and inversely correlated
with adiponectin (r = -0.66, p < 0.001). Notably, the
leptin-to-adiponectin ratio increased fivefold from
the normal-weight to the obese cohorts, further re-
flecting progressive adipose tissue dysfunction. Fur-
thermore, the VAI demonstrated a strong positive
correlation with the leptin-to-adiponectin ratio (r =
0.74, p < 0.001).

Metabolic Variables
Glycaemic and lipid profiles deteriorated with in-
creasing adiposity, characterized by significant ele-
vations in fasting plasma glucose (FPG), postpran-
dial blood glucose (PPBG), glycated haemoglobin
(HbA1c), triglycerides (TG), and low-density lipopro-
tein cholesterol (LDL-C), alongside a significant
reduction in high-density lipoprotein cholesterol
(HDL-C). The VAI exhibited strong positive correla-
tions with FPG (r = 0.61), HbA1c (r = 0.58), TG (r =
0.69), and LDL-C (r = 0.55), as well as an inverse cor-
relation with HDL-C (r = -0.48) (all p < 0.001). These
associations underscore that visceral fat dysfunction
exerts a more profound impact on metabolic param-
eters than overall adiposity alone.

Integrated Regression Analysis
All covariates were entered simultaneously into a
single multivariable regression model, which ac-
counted for 68% of the variance in HbA1c levels (R²
= 0.68) and 74% of the variance in the leptin-to-
adiponectin ratio (R² = 0.74). The VAI emerged as

the most significant independent predictor for both
outcomes, demonstrating that visceral adiposity is
more strongly associated with metabolic dysregula-
tion in T2DM than total adiposity. Collinearity di-
agnostics revealed acceptable variance inflation fac-
tor (VIF) values for all predictors (range: 1.12–2.34),
indicating an absence of significant multicollinear-
ity among the independent variables. Finally, boot-
strap resampling (1,000 iterations) yielded regres-
sion coefficients and confidence intervals compara-
ble to those of the original model, confirming the ro-
bustness and stability of the observed associations.

DISCUSSION
The present study evaluated the interrelationships
among body mass index (BMI), the visceral adi-
posity index (VAI), and biochemical markers of vis-
ceral adipose tissue activity—specifically leptin and
adiponectin—in adults with T2DM. The findings
demonstrated that, compared with BMI alone, the
VAI and adipokine parameters exhibited stronger
and more consistent associations with glycaemic
control, lipid metabolism, and blood pressure. These
results indicate that visceral fat distribution and
function play a more critical role in determining
metabolic risk than total body adiposity.
In this cohort, both BMI and waist circumference
(WC) increased progressively across the weight cat-
egories; however, the elevation in the VAI was
considerably more pronounced. The VAI was
strongly positively correlated with fasting plasma
glucose (FPG), glycated haemoglobin (HbA1c), and
triglycerides (TG), and inversely correlated with
high-density lipoprotein cholesterol (HDL-C). Mul-
tiple regression analysis confirmed that the VAI
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Table 2: Visceral Adiposity Index and AdipokineMarkers Across BMI Groups

Parameter Normal Weight
(n = 30)

Overweight
(n = 30)

Obesity
(n = 30)

p
value

VAI 1.4 ± 0.5 3.3 ± 1.2 4.7 ± 1.9 < 0.001

Leptin (ng/mL) 11.0 ± 3.1 24.5 ± 5.9 36.8 ± 6.0 < 0.001

Adiponectin (µg/mL) 14.3 ± 2.5 9.8 ± 2.8 6.2 ± 1.9 < 0.001

Leptin/adiponectin Ratio
(ng/µg)

0.77 ± 0.25 2.50 ± 0.61 3.88 ± 0.92 < 0.001

Values are presented as the mean ± standard deviation. p value < 0.05 indicates statistical significance. VAI: Visceral
Adiposity Index

was the most significant independent predictor of
both HbA1c levels and the leptin-to-adiponectin
ratio. The leptin-to-adiponectin ratio was exam-
ined specifically in relation to the VAI because both
represent complementary measures of visceral adi-
pose tissue (VAT) dysfunction, whereas other pre-
dictors, such as BMI and age, primarily reflect gen-
eral adiposity or demographic factors. Restricting
the model in this manner improved interpretabil-
ity and minimized redundancy. Ultimately, these
findings suggest that visceral adiposity, rather than
overall fat mass, is the primary driver of insulin re-
sistance and glycaemic dysregulation in individuals
with T2DM.
Several large-scale studies have corroborated that
elevated VAI values are significantly associated with
the development of T2DM, metabolic syndrome,
and cardiovascular complications. A 2024 meta-
analysis reported that the VAI is a reliable and in-
dependent predictor of T2DM across diverse pop-
ulations 22. Another investigation among adults in
the United States demonstrated a dose-dependent
relationship—wherein progressively increasing VAI
values correspond to worsening metabolic risk—
between the VAI and the incidence of diabetes, even
after adjusting for BMI and other metabolic con-
founders 23. Furthermore, findings from the Na-
tional Health and Nutrition Examination Survey
(NHANES) indicated that individuals with higher
VAI values faced an increased risk of coronary heart
disease and higher all-cause mortality, affirming
the prognostic importance of this index 24 . A
prospective study involving individuals with hyper-
tension further demonstrated that a progressive rise
in the VAI predicted new-onset diabetes and im-
paired FPG, even among participants with compa-
rable BMIs, highlighting the superior discriminatory
power of the VAI for assessing metabolic risk 25.
The progressive increase in the VAI observed in the
current study and its significant association with
dyslipidaemia and hyperglycaemia align closely

with previous findings. These relationships rein-
force that the VAI incorporates both anthropometric
and biochemical dimensions of adiposity, thereby
capturing the functional aspects of visceral fat activ-
ity that cannot be represented by BMI alone 26–28.
The present study also demonstrated a significant
increase in leptin concentrations and a concomitant
decrease in adiponectin concentrations in parallel
with increasing VAI and BMI. The resulting escala-
tion in the leptin-to-adiponectin ratio across weight
categories reflects a shift toward adipose tissue dys-
function, characterized by insulin resistance and in-
flammation. The inverse association between the
VAI and adiponectin levels observed in this cohort is
consistent with the role of adiponectin as an insulin-
sensitizing and anti-inflammatory adipokine. Con-
versely, elevated leptin levels are known to promote
sympathetic overactivity and vascular stiffness, con-
tributing to the broader cardiometabolic burden ob-
served in obesity-related diabetes.
Previous studies have established that the leptin-
to-adiponectin ratio is a highly sensitive indicator
of adipose tissue dysfunction and metabolic risk.
A 2024 study demonstrated that this ratio posi-
tively correlated with insulin resistance and key
markers of metabolic syndrome 29. Another inves-
tigation indicated that a profound adiponectin-to-
leptin imbalance reflected a greater inflammatory
burden and was strongly associated with mortal-
ity risk in metabolic diseases30. The findings of
the current study corroborate these observations by
demonstrating a fivefold increase in the leptin-to-
adiponectin ratio between normal-weight and obese
participants with T2DM, suggesting that this ratio
could serve as a practical indicator of metabolic dys-
function in clinical settings.
Lifestyle and therapeutic interventions that reduce
bodyweight and visceral fat have been shown to sig-
nificantly improve the leptin-to-adiponectin ratio.
For instance, a controlled dietary intervention uti-
lizing a low-energy diet decreased leptin levels and
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increased adiponectin levels, ultimately enhancing
insulin sensitivity31. Similarly, a combined exer-
cise and dietary programme in older adults resulted
in significant improvements in the adiponectin-
to-leptin ratio alongside increased insulin sensitiv-
ity 32,33. Collectively, these findings underscore the
clinical importance of targeting adipose dysfunc-
tion, rather than focusing solely on weight reduc-
tion, in the management of metabolic disorders.
The mechanistic link among visceral adiposity,
adipokine imbalance, and cardiometabolic dysfunc-
tion in patients with T2DM is illustrated in Figure 1.
The strong correlation observed between the VAI
and adipokine imbalance in the present study points
to a shared underlying pathophysiological process
driven by inflammation and endocrine dysregula-
tion within the visceral fat compartment. Adipose
tissue functions as an active immunometabolic or-
gan that secretes various inflammatory mediators.
This includes the interleukin-1 receptor antagonist
(IL-1RA), which is typically elevated in obesity and
T2DM but decreases following bariatric surgery-
induced weight loss34. The reduction in IL-1RA fol-
lowing the loss of fat mass highlights the reversible
nature of visceral adipose inflammation. Further-
more, recent mechanistic reviews detailing adipose
tissue dysfunction have elucidated how chronic hy-
poxia, macrophage infiltration, and oxidative stress
within visceral fat depots collectively propagate sys-
temic insulin resistance35.
Therefore, the significant associations of both the
VAI and the leptin-to-adiponectin ratio with gly-
caemic and lipid parameters in this study likely re-
flect the combined endocrine and inflammatory ac-
tivity of visceral adipose tissue. These findings sug-
gest that the VAI, by incorporating triglyceride and
HDL-C levels, serves as a reliable surrogate for eval-
uating both the quantity and quality of visceral fat,
whereas the leptin-to-adiponectin ratio provides a
direct biochemical representation of adipose tissue
health.
Additionally, the present study demonstrated that
a higher VAI was associated with increased lev-
els of TC, TG, and LDL-C, and decreased lev-
els of HDL-C. These outcomes align with previ-
ous work reporting that individuals with elevated
VAI values face a significantly increased risk of
atherogenic dyslipidaemia and cardiovascular dis-
ease 36. Another investigation assessing novel adi-
posity indices—such as the lipid accumulation prod-
uct and the triglyceride-glucose index—concluded
that these markers, alongside the VAI, were superior
to BMI in predicting cardiovascular disease risk37.

Furthermore, dietary patterns have been shown to
modify the relationship between the VAI and cardio-
vascular outcomes, indicating that nutritional be-
haviour and visceral fat act synergistically to influ-
ence cardiometabolic health38.
The specific pattern of dyslipidaemia observed in
the current study suggests that excess visceral fat
increases the hepatic delivery of free fatty acids,
thereby stimulating the overproduction of very-low-
density lipoproteins and impairing HDL-C synthe-
sis. This underlying mechanism explains why the
VAI, which intrinsically incorporates TG and HDL-
C into its formula, functions effectively as an in-
tegrated marker of both dyslipidaemia and broader
metabolic disturbance.
The present data also support an association be-
tween visceral adiposity and microvascular compli-
cations in individuals with diabetes. Participants in
the highest VAI tertile exhibited significantly higher
HbA1c, FPG, and LDL-C levels. These patterns
are consistent with prior findings demonstrating an
independent association between the VAI and the
presence and severity of diabetic kidney disease
(DKD) 39. The proposed mechanism involves lipid
accumulation and endothelial inflammation within
the renal microvasculature, which collectively accel-
erate glomerular injury and proteinuria. Thus, mon-
itoring the VAI could aid in the early detection of
microvascular risk among patients with T2DM.
Although the present study was cross-sectional, the
observed trends mirror those described in longitudi-
nal research. A 2024 cohort investigation reported
that individuals with an elevated VAI and more se-
vere adipose tissue dysfunction were more likely to
progress from prediabetes to overt diabetes, and less
likely to revert to normoglycaemia40. This supports
the hypothesis that early visceral adipose dysfunc-
tion plays a pivotal role in the transition from com-
pensated insulin resistance to clinical diabetes. The
strong associations between the VAI and glycaemic
parameters observed in the present analysis suggest
that this index may serve as a valuable predictive
tool for identifying patients at high risk of glycaemic
deterioration.
The combined assessment of BMI, the VAI, and
adipokines provides amultidimensional approach to
understanding adiposity-related metabolic risk. In
clinical settings, the VAI can be easily calculated us-
ing routinely available variables—such as BMI, WC,
TG, and HDL-C—without the need for advanced
imaging modalities. When utilized in conjunction
with adipokine markers, the VAI facilitates the iden-
tification of patients with metabolically unhealthy
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Figure 1: Mechanistic link between visceral adiposity, adipokine imbalance and cardiometabolic dysfunc-
tion in patients with T2DM. Increased BMI and WC promote increased visceral adiposity, leading to visceral adi-
pose tissue dysfunction. Dysfunctional visceral fat exhibits altered adipokine secretion, characterisedby increased
leptin levels and decreased adiponectin levels, resulting in an increased leptin-adiponectin ratio. This adipokine
imbalance contributes to insulin resistance and systemic inflammation, which in turn is strongly associated with
hyperglycaemia, atherogenicdyslipidaemiaandendothelial dysfunction. These interrelatedprocesses collectively
increase the risk of cardiometabolic and microvascular complications in individuals with T2DM.

Table 3: Glycaemic and Lipid Profile Variables across BMI Groups

Parameter Normal Weight (n = 30) Overweight (n = 30) Obesity (n = 30) p value

FPG (mmol/L) 7.9 ± 1.0 9.6 ± 1.1 11.8 ± 1.3 < 0.001

PPBG (mmol/L) 10.8 ± 1.6 13.4 ± 1.9 15.7 ± 2.0 < 0.001

HbA1c (%) 6.9 ± 0.4 7.9 ± 0.6 8.7 ± 0.5 < 0.001

TC (mmol/L) 5.0 ± 0.6 5.7 ± 0.5 6.1 ± 0.7 < 0.001

TG (mmol/L) 1.6 ± 0.4 2.4 ± 0.6 2.9 ± 0.5 < 0.001

HDL-C (mmol/L) 1.5 ± 0.3 1.3 ± 0.3 1.2 ± 0.2 0.01

LDL-C (mmol/L) 3.1 ± 0.5 4.0 ± 0.6 4.5 ± 0.5 < 0.001

TC/HDL-C Ratio 3.3 ± 0.7 4.6 ± 0.9 5.2 ± 1.0 < 0.001

Values are presented as the mean ± standard deviation. p value < 0.05 indicates statistical significance.
FPG: Fasting Plasma Glucose; PPBG: Postprandial Blood Glucose; HbA1c: Glycated Haemoglobin; TC: Total
Cholesterol; TG: Triglycerides; HDL-C: High-Density Lipoprotein Cholesterol; LDL-C: Low-Density Lipopro-
tein Cholesterol.
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Table 4: Multiple Linear Regression Analysis for Predictors of
Glycaemic and Adipokine Dysregulation

Predictors of HbA1c (R² = 0.68)

Predictor β SE t p value 95% CI VIF

VAI 0.52 0.09 5.84 <0.001 0.34 - 0.70 1.94

Leptin 0.44 0.08 5.23 <0.001 0.28 - 0.60 2.34

Adiponectin -0.38 0.09 -4.27 <0.01 -0.56 - 0.20 2.11

BMI 0.29 0.14 2.04 0.04 0.02 - 0.56 1.76

Age 0.12 0.09 1.35 0.19 -0.06 - 0.30 1.12

Predictors of Leptin/Adiponectin Ratio (R² = 0.74)

Predictor β SE t p value 95% CI VIF

VAI 0.71 0.10 7.02 <0.001 0.51 - 0.91 1.88

BMI 0.33 0.10 3.41 <0.01 0.13 - 0.53 1.92

Age 0.09 0.08 1.08 0.28 -0.07 - 0.25 1.15

Values are presented as standardized regression coefficients (β), standard
errors (SE), t statistics, p values, 95% confidence intervals (CI) and variance
inflation factors (VIF). HbA1c: Glycated Haemoglobin; VAI: Visceral Adi-
posity Index; BMI: Body Mass Index.

obesity (defined as obesity associated with insulin
resistance, dyslipidaemia, impaired glycaemic con-
trol, and adipokine imbalance) whomight otherwise
remain unrecognized using BMI alone.
Recent evidence also indicates that the VAI corre-
lates with future cardiovascular and renal events
in individuals with T2DM, emphasizing its value
as a prognostic marker beyond mere glucose con-
trol 26. Therefore, integrating the VAI into risk as-
sessment algorithms could refine the prediction of
cardiometabolic complications. Emerging artificial
intelligence models for cardiovascular risk predic-
tion have demonstrated improved accuracy when
adiposity and metabolic indices are incorporated,
further highlighting the potential of the VAI in pre-
cision diabetes care41.
The primary strength of this study lies in its inte-
grated design, which simultaneously evaluates an-
thropometric, biochemical, and functional measures
of adiposity within a single cohort. The inclusion
of both leptin and adiponectin as markers of vis-
ceral adipose activity provides mechanistic support
for the observed associations between the VAI and
metabolic parameters.
However, the cross-sectional design of this study
precludes causal inference and prevents the deter-
mination of temporal or directional relationships be-
tween visceral adiposity and metabolic deteriora-
tion. Furthermore, sex was not included as a co-
variate in the primary regression models due to the
comparable distribution of males and females across
BMI categories, as well as the absence of signifi-
cant sex-related interaction effects on HbA1c or the

leptin-to-adiponectin ratio during preliminary anal-
yses. Nonetheless, residual confounding related to
sex-specific biological or behavioural factors cannot
be entirely excluded.
Furthermore, the exclusion of patients receiving
pharmacological therapy, the small sample size, and
the single-centre study setting may limit the gener-
alizability of these findings. The exclusion of partic-
ipants receiving antidiabetic or lipid-lowering med-
ications was a deliberate design choice intended to
minimize pharmacological confounding, thereby al-
lowing for a clearer evaluation of the physiological
relationships among visceral adiposity, adipokines,
and metabolic parameters. Although this approach
enhances internal validity, it may restrict the gener-
alizability of the findings to broader patient popu-
lations receiving standard pharmacotherapy. Addi-
tionally, the single-centre nature of the study may
limit its external validity. Future multicentre stud-
ies utilizing independent validation cohorts are war-
ranted to confirm these findings across more diverse
clinical settings.
A methodological limitation of the present study
is that the VAI is a surrogate marker rather than
a direct measure of visceral adipose tissue. Gold-
standard imaging techniques, such as computed
tomography (CT) or magnetic resonance imaging
(MRI), which provide precise quantification of vis-
ceral fat area, were not feasible for validating the
VAI within this specific cohort. Nevertheless, the
VAI has been previously validated against MRI-
measured visceral fat and demonstrated to corre-
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late strongly with visceral adipose tissue dysfunc-
tion and cardiometabolic risk7. While the VAI re-
mains a practical and clinically feasible index, fu-
ture studies incorporating imaging-based valida-
tion within similar ethnic populations would fur-
ther strengthen its applicability. Furthermore, un-
measured confounders—such as ethnicity-specific
genetic predispositions, dietary patterns, and cul-
tural lifestyle habits prevalent within the UAE
population—may have influenced visceral fat dis-
tribution and adipokine profiles. Finally, although
mild deviations from normality were observed for
certain variables, parametric tests were retained due
to their statistical robustness at this sample size;
however, future research may benefit from sensi-
tivity analyses utilizing nonparametric or robust re-
gression approaches.

Future investigations should employ longitudinal
and interventional designs to determine whether
reductions in the VAI or the normalization of the
leptin-to-adiponectin ratio directly result in im-
proved glycaemic control, lipid profiles, and cardio-
vascular outcomes. It would also be clinically valu-
able to assess whether incorporating the VAI into
established cardiovascular and renal risk equations
enhances predictive accuracy and clinical decision-
making in diabetes management. Ultimately, future
research should encompass longitudinal cohorts to
track temporal changes in the VAI alongside in-
cident complications, and involve more heteroge-
neous patient populations, including individuals re-
ceiving standard pharmacological treatments.

CONCLUSION
This study highlights that, compared with BMI, vis-
ceral adipose dysfunction—quantified by the VAI
and the leptin-to-adiponectin ratio—is more closely
associated with glycaemic and lipid abnormalities
in adults with T2DM. The progressive increase in
the VAI and leptin levels, coupled with a concomi-
tant decrease in adiponectin levels, reflects worsen-
ing adipose tissue inflammation and endocrine im-
balance. These findings emphasize the importance
of evaluating visceral fat quality, rather than solely
its quantity, in the clinical management of diabetes.
Integrating the VAI and adipokine profiles into rou-
tine assessments could improve early risk detection
and guide targeted interventions aimed at reduc-
ing visceral adiposity, ultimately achieving better
metabolic and cardiovascular outcomes.
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