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Role of Adiponectin in Modulating Insulin Resistance
in Visceral Obesity-Associated Type 2
Diabetes Mellitus
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Abstract

Background: Visceral obesity is a key determinant of insulin resist-
ance and pathogenesis of type 2 diabetes mellitus (T2DM). Adiponec-
tin is an adipokine predominantly secreted by visceral adipose tissue,
characterized by potent anti-inflammatory and insulin-sensitizing
properties. The reduction of adiponectin in obesity may contribute to
metabolic dysfunction. A comprehensive understanding of its regu-
latory functions offers valuable insights into the underlying patho-
physiology. The aim of the study was to evaluate the role of serum
adiponectin in modulating insulin resistance among patients with vis-
ceral obesity-associated T2DM and to examine its association with
anthropometric and metabolic parameters.

Methods: This cross-sectional study included 140 adults (aged 30 -
65) with T2DM and confirmed visceral obesity (waist circumference
(WC) =90 cm in men, > 80 cm in women). Serum adiponectin, fast-
ing glucose and insulin levels were measured using enzyme-linked
immunosorbent assay and chemiluminescent immunoassay. Insulin
resistance was assessed via the homeostatic model assessment for in-
sulin resistance (HOMA-IR) index. Spearman correlations and multi-
variate regression analyses were performed.

Results: Serum adiponectin levels were significantly lower in in-
dividuals with elevated HOMA-IR (P < 0.01). Adiponectin showed
a strong inverse correlation with HOMA-IR (p = -0.45, P < 0.001),
body mass index (BMI, p = -0.17, P = 0.041), WC (p = -0.23, P =
0.006) and fasting glucose (p = -0.79, P < 0.001). Multivariate re-
gression confirmed adiponectin as an independent predictor of insulin
resistance after adjusting for age, gender, WC and BMI.

Conclusion: Adiponectin is a key modulator of insulin resistance
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in visceral obesity-associated T2DM. Its inverse relationship with
HOMA-IR, central adiposity and dyslipidemia underscores its role as
a sensitive biomarker and potential therapeutic target for improving
metabolic health.
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Introduction

Type 2 diabetes mellitus (T2DM) is a metabolic disorder char-
acterized by hyperglycemia, insulin resistance and progressive
pancreatic -cell dysfunction [1, 2]. The worldwide escalation
of T2DM strongly indicates the growing burden of obesity,
with visceral adiposity emerging as a critical driver of this as-
sociation [2, 3]. Visceral adiposity occurs due to the increased
intra-abdominal fat accumulation, which is recognized as a
more accurate predictor of metabolic risk than general obesity
due to its unique endocrine and inflammatory profile [4-6].

Visceral adipose tissue functions as a highly active endo-
crine organ, secreting a range of bioactive molecules, includ-
ing adipokines, chemokines and cytokines. These secretions
contribute to low-grade chronic inflammation, oxidative stress,
endothelial dysfunction and disruption of insulin signaling
pathways [7, 8]. The resulting pro-inflammatory environment
fosters insulin resistance, which not only promotes hypergly-
cemia but also increases the risk of cardiovascular disease and
non-alcoholic fatty liver disease [9-11].

Adiponectin is one of the adipocyte-derived hormones
that exhibit anti-inflammatory, anti-atherogenic and insulin-
sensitizing properties. The adiponectin level declines with
increasing adiposity, particularly in individuals with visceral
obesity [12-14]. Low adiponectin is linked to higher insulin re-
sistance, metabolic syndrome, dyslipidemia and a heightened
risk of T2DM and atherosclerosis [15-17].

Adiponectin acts primarily through its receptors adiponec-
tin receptor 1 (AdipoR1) and adiponectin receptor 2 (Adi-
poR2), which are expressed in liver, skeletal muscle and vas-
cular endothelium. It activates key signaling cascades such as
AMP-activated protein kinase (AMPK) and peroxisome prolif-
erator-activated receptor-alpha (PPAR-a), leading to enhanced
fatty acid oxidation, increased glucose uptake, suppression of
hepatic gluconeogenesis and improved mitochondrial function

Articles © The authors | Journal compilation © ] Endocrinol Metab and Elmer Press Inc™ | https://jem.elmerpub.com
144 This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited


https://crossmark.crossref.org/dialog/?doi=10.14740/jem1546&domain=pdf&date_stamp=2025-09-15
https://orcid.org/0000-0001-8205-1159
https://orcid.org/0009-0000-6729-7388
https://orcid.org/0000-0001-8128-054X

Shaheer et al

J Endocrinol Metab. 2025;15(4):144-152

[18-21]. These mechanisms are pivotal in restoring metabolic
homeostasis, especially in the insulin-resistant state.

Adiponectin also plays a role in modulating vascular in-
flammation, inhibiting endothelial cell apoptosis and improv-
ing nitric oxide availability. These effects confer protection
against atherosclerosis, which is particularly relevant in pa-
tients with T2DM and central obesity [22-24]. Genetic studies
have shown that polymorphisms in the ADIPOQ gene affect
both serum adiponectin concentrations and receptor function-
ality. Variants such as rs2241766 and rs1501299 have been
linked to increased T2DM susceptibility, insulin resistance and
metabolic syndrome with central obesity [25-27]. Moreover,
studies have revealed that epigenetic modifications (e.g., pro-
moter methylation) can suppress adiponectin gene expression
in response to environmental triggers such as chronic inflam-
mation or oxidative stress [28].

Clinical studies have demonstrated that serum adiponectin
levels are inversely correlated with central obesity and direct-
ly associated with insulin sensitivity, high-density lipoprotein
(HDL) cholesterol and adipose tissue insulin responsiveness [29,
30]. Waist-to-height ratio and waist circumference (WC) have
outperformed body mass index (BMI) as predictors of low adi-
ponectin and insulin resistance in various ethnic cohorts [31, 32].

Pharmacological agents such as thiazolidinediones
(PPAR-y agonists), glucagon-like peptide-1 (GLP-1) receptor
agonists and sodium-glucose cotransporter-2 (SGLT2) inhibi-
tors have been shown to increase circulating adiponectin lev-
els, concomitantly improving insulin sensitivity and glycemic
control in patients with visceral adiposity and T2DM [33-35].
Similarly, lifestyle interventions including calorie restriction,
aerobic exercise and omega-3 supplementation elevate adi-
ponectin concentrations and improve metabolic outcomes [36,
37]. This suggests a potential therapeutic role for adiponectin
restoration in obesity-associated insulin resistance.

Improved insulin sensitivity has been observed without
changes in adiponectin levels, while paradoxically elevated
adiponectin has been described in patients with advanced car-
diovascular disease and chronic kidney disease by a phenome-
non termed the “adiponectin paradox” [38, 39]. These findings
underscore the complexity of adiponectin biology and the need
for population-specific studies. Despite extensive research, the
modulatory role of adiponectin in insulin resistance within the
context of visceral obesity remains incompletely understood in
high-risk populations. Understanding this interaction may aid
in identifying patients at early risk of metabolic deterioration
and guide targeted interventions.

The present study aims to explore the role of adiponectin
in modulating insulin resistance in individuals with visceral
obesity-associated T2DM. It further seeks to assess the poten-
tial of adiponectin as a mechanistic biomarker and therapeutic
target in managing metabolic complications in central obesity.

Materials and Methods

Study design and ethical approval

This cross-sectional observational study was conducted from Oc-

tober 2024 to May 2025 at Gulf Medical University in collabora-
tion with Thumbay University Hospital, Thumbay Clinics and
Thumbay Labs, Ajman, United Arab Emirates. The study proto-
col was approved by the Institutional Review Board (IRB-COM-
FAC-58-Oct-2024) and the study was conducted in accordance
with the ethical standards of our institutional review board and
adhered to the principles outlined in the Declaration of Helsinki
for research involving human subjects. Written informed consent
was obtained from all participants before data collection.

Study population

A total of 140 adult patients aged 30 to 65 years with a con-
firmed diagnosis of T2DM were recruited using purposive
sampling. The diagnosis of T2DM was based on the American
Diabetes Association (ADA) 2023 guidelines. All participants
had visceral obesity, defined as a WC of > 90 ¢m for men and >
80 cm for women, according to International Diabetes Federa-
tion (IDF) criteria for South Asian populations.

Inclusion and exclusion criteria

The study included patients aged 30 - 65 years, diagnosed
with T2DM and visceral obesity. Patients were excluded if
they had type 1 diabetes, gestational diabetes, insulin therapy,
chronic kidney disease (estimated glomerular filtration rate <
60 mL/min/1.73 m?), hepatic dysfunction, malignancy, acute
infection or inflammatory conditions. Additionally, patients on
medications known to affect adiponectin levels, such as corti-
costeroids or thiazolidinediones, were excluded.

Anthropometric and clinical assessments

Anthropometric data included height, weight, BMI and WC.
Height and weight were measured using a stadiometer and a
calibrated digital weighing scale, respectively and BMI was
calculated as weight in kilograms divided by height in meters
squared (kg/m?). WC was measured at the midpoint between
the lower rib margin and the iliac crest using a non-stretchable
tape. Blood pressure was recorded in a seated position after 5
min of rest using an automated sphygmomanometer and the
mean of two readings was used for analysis.

Laboratory investigations

All participants underwent venous blood sampling following a
10 - 12 h overnight fast. Adiponectin levels were quantified us-
ing a validated enzyme-linked immunosorbent assay (ELISA)
kit from Invitrogen (Thermo Fisher Scientific), with a sensi-
tivity of 0.2 ng/mL and an intra-assay coefficient of variation
below 5%. Fasting plasma glucose (FPG), 2-h postprandial
blood glucose (PPBQG), triglycerides (TG), total cholesterol
(TC), low-density lipoprotein cholesterol (LDLC) and high-
density lipoprotein cholesterol (HDLC) were analyzed using
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Table 1. Normality Assessment of Variables in Overweight and Obese Groups

Variable Shapiro-Wilk P (overweight) Normality (overweight)  Shapiro-Wilk P (obese)  Normality (obese)
Age 0.010 Non-normal 0.001 Non-normal
Height 0.190 Normal 0.153 Normal
Weight (kg) 0.016 Non-normal 0.372 Normal

WC (cm) 0.001 Non-normal 0.001 Non-normal
BMI (kg/m?) 0.040 Non-normal 0.028 Non-normal
FPG (mmol/L) 0.046 Non-normal 0.395 Normal
PPBG (mmol/L) 0.385 Normal 0.027 Non-normal
HbAlc (%) 0.532 Normal 0.019 Non-normal
Insulin (uIU/mL) 0.019 Non-normal 0.096 Normal
HOMA-IR 0.001 Non-normal 0.001 Non-normal
Adiponectin (png/mL) 0.001 Non-normal 0.001 Non-normal
TC (mmol/L) 0.001 Non-normal 0.001 Non-normal
TG (mmol/L) 0.005 Non-normal 0.261 Normal
HDL (mmol/L) 0.001 Non-normal 0.001 Non-normal
LDL (mmol/L) 0.001 Non-normal 0.001 Non-normal

P < 0.05 was considered as significant. BMI: body mass index; FPG: fasting plasma glucose; HbA1c: glycated hemoglobin; HDL: high-density lipo-
protein; HOMA-IR: homeostatic model assessment for insulin resistance; LDL: low-density lipoprotein; PPBG: postprandial blood glucose; TC: total

cholesterol; TG: triglycerides; WC: waist circumference.

the Beckman Coulter Clinical Chemistry Analyzer. Glycated
hemoglobin (HbAlc) was assessed through high-performance
liquid chromatography (HPLC). Serum insulin concentrations
were determined via chemiluminescent immunoassay (CLIA).
All laboratory investigations were carried out in the central
laboratory by standard quality control protocols.

Assessment of insulin resistance

Insulin resistance was estimated using the homeostatic model
assessment for insulin resistance (HOMA-IR), calculated us-
ing the formula: HOMA-IR = (Fasting Insulin (uU/mL) x
Fasting Glucose (mmol/L))/22.5. Higher HOMA-IR values
were interpreted as indicative of greater insulin resistance. A
cut-off value of > 2.5 was considered to indicate insulin resist-
ance based on established guidelines.

Sample size estimation

The required sample size was calculated based on an expected
moderate inverse correlation (r = -0.4) between serum adi-
ponectin and HOMA-IR, with an a of 0.05 and 80% power.
The minimum estimated sample size was 84 participants. To
enhance power and allow for subgroup analyses, a total of 140
participants were ultimately enrolled in the study.

Statistical analysis

All data were analyzed using IBM SPSS Statistics (version

29.0). Continuous variables were tested for normality using
the Shapiro-Wilk test. Normally distributed data were ex-
pressed as mean =+ standard deviation (SD), while non-normal-
ly distributed data were presented as median and interquartile
range (IQR). For group comparisons between overweight and
obese participants, an independent samples ¢-test was applied
to normally distributed variables, while the Mann-Whitney U
test was used for non-normally distributed variables. Spear-
man’s rank correlation coefficient (p) was employed to assess
the strength and direction of associations between serum adi-
ponectin and various anthropometric and metabolic variables,
conducted separately within overweight and obese subgroups.
A multivariate linear regression analysis was performed to de-
termine whether serum adiponectin was an independent pre-
dictor of insulin resistance. A P-value of < 0.05 was considered
statistically significant throughout all analyses.

Results

A total of 140 participants with T2DM and confirmed visceral
obesity were included in the study and stratified into over-
weight (n = 77) and obese (n = 63) groups based on WC cri-
teria. Table 1 indicates the normality assessment of metabolic
and anthropometric variables in overweight and obese groups.
In the overweight group, the variables that followed a normal
distribution (P > 0.05) included height (p = 0.190), PPBG (P
=0.385) and HbAlc (P = 0.532). All other variables, age (P =
0.010), weight (P =0.016), WC (P <0.001), BMI (P = 0.040),
FPG (P = 0.046), insulin (P = 0.019), HOMA-IR (P < 0.001),
adiponectin (P < 0.001), TC (P <0.001), TG (P = 0.005), HDL
(P<0.001) and LDL (P <0.001), showed significant deviation
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Table 2. Anthropometric and Biochemical Parameters in Overweight and Obese Participants

Variable Overweight (mean + SD/median (IQR))  Obese (mean + SD/median (IQR))  Test statistic P-value
Height (cm) 168.42 +8.24 166.86 + 8.82 t=1.079 0.283
Weight (kg) 77.1(71.2 - 81.6) 90.0 (83.0-96.4) U=1780.5 <0.001
WC (cm) 97.0 (94.0 - 97.0) 101.3 (97.5 - 105.6) U=1,3435 <0.001
BMI (kg/m?) 27.3 (26.1 - 28.2) 32.4(31.2-33.0) Uu=0.0 <0.001
FPG (mmol/L) 13.6 (12.7 - 15.1) 13.9 (13.1 - 14.4) U =2,061.0 0.126
PPBG (mmol/L) 17.1 (15.9-19.5) 17.7 (16.4 - 20.1) U=2,153.0 0.254
HbAlc (%) 9.0 (8.3-10.2) 9.3(8.6-9.9) U=2,127.0 0.211
Insulin (uIU/mL) 6.6 (6.2 -7.0) 6.5(6.2-6.9) U=1,9225 0.035
HOMA-IR 4.0 (4.0 -4.0) 4.0 (4.0-4.0) U=2415.0 0.958
Adiponectin (png/mL) 11.3 (10.7 - 12.0) 11.3 (10.5 - 11.6) U=1,891.5 0.016
TC (mmol/L) 53(.2-54) 53(5.2-54) U=2,079.5 0.125
TG (mmol/L) 323.0-34) 33@3.2-35) U=2,061.5 0.124
HDL (mmol/L) 1.1 (1.0-1.1) 1.1 (1.0-1.1) U=1.9225 0.015
LDL (mmol/L) 2.7(2.7-2.8) 2.8(2.7-2.8) U =2,205.0 0.286

Mean + SD is used for normally distributed data, and median (IQR) is used for non-normally distributed variables. P < 0.05 was considered as sig-
nificant. BMI: body mass index; FPG: fasting plasma glucose; HbA1c: glycated hemoglobin; HDL: high-density lipoprotein; HOMA-IR: homeostatic
model assessment for insulin resistance; LDL: low-density lipoprotein; PPBG: postprandial blood glucose; TC: total cholesterol; TG: triglycerides;

WC: waist circumference.

from normality.

In the obese group, height (P = 0.153), weight (P =0.372),
FPG (P = 0.395) and insulin (P = 0.096) were normally dis-
tributed. In contrast, age (P <0.001), WC (P < 0.001), BMI (P
=0.028), PPBG (P = 0.027), HbAlc (P = 0.019), HOMA-IR
(P <0.001), adiponectin (P < 0.001), TC (P <0.001), TG (P =
0.261), HDL (P < 0.001) and LDL (P < 0.001) demonstrated
non-normal distributions.

Overall, the normality assessment indicates that non-par-
ametric statistical tests should be employed for most variables
when comparing between overweight and obese groups, ex-
cept for those with normal distribution in both groups (notably
height). These results guided the selection of appropriate ana-
lytical methods in subsequent comparisons.

Table 2 shows a comparative analysis between overweight
and obese individuals with T2DM, revealing several statisti-
cally significant differences in metabolic and anthropometric
parameters. Obese participants exhibited significantly higher
weight (90.0 (83.0 - 96.4) kg vs. 77.1 (71.2 - 81.6) kg, U =
780.5, P <0.001), WC (101.3 (97.5 - 105.6) cm vs. 97.0 (94.0
-97.0)cm, U =1343.5,P<0.001) and BMI (32.4 (31.2 - 33.0)
vs. 27.3 (26.1 - 28.2), U = 0.0, P < 0.001) compared to the
overweight group.

While no statistically significant differences were ob-
served in FPG (13.9 (13.1 - 14.4) vs. 13.6 (12.7 - 15.1)), PPBG
(17.7 (16.4 - 20.1) vs. 17.1 (15.9 - 19.5)), or HbAlc (9.3 (8.6
-9.9) vs. 9.0 (8.3 - 10.2)) levels (P > 0.05), obese individuals
had significantly lower serum adiponectin levels (11.3 (10.5
- 11.6) pg/mL vs. 11.3 (10.7 - 12.0) pg/mL, U = 1891.5, P =
0.016). This aligns with the hypothesis that low adiponectin is
associated with increased insulin resistance in visceral obesity.
Despite a trend toward higher fasting insulin levels in the over-

weight group (6.6 (6.2 - 7.0) vs. 6.5 (6.2 - 6.9) pU/mL), the dif-
ference was modest yet statistically significant (U = 1,922.5,
P =0.035). However, HOMA-IR values were nearly identical
between groups (4.0 (4.0 - 4.0) vs. 4.0 (4.0 - 4.0)), showing
no statistically significant difference (U =2,415.0, P =0.958).

In terms of lipid profiles, only HDLC was significantly
lower in the obese group (1.1 (1.0 - 1.1) mmol/L vs. 1.1 (1.0
- 1.1) mmol/L, U = 1,922.5, P = 0.015). No significant differ-
ences were found in TC, TG, or LDLC between the two groups
(P > 0.05). Finally, no statistically significant difference was
observed in height, a normally distributed variable, between
overweight and obese participants (168.42 + 8.24 cm vs. 166.86
+ 8.82 cm, ¢ = 1.079, P = 0.283). These findings suggest that
visceral obesity is strongly associated with adverse adipokine
profiles and specific anthropometric traits, while glycemic and
insulin resistance indices remain relatively comparable in early-
stage or moderately controlled T2DM patients.

Table 3 shows the correlation of serum adiponectin with
anthropometric and metabolic parameters in the full study co-
hort, overweight and obese T2DM patients. A moderate nega-
tive correlation was observed between adiponectin and HO-
MA-IR (p =-0.45, P<0.001) in the full cohort, indicating that
lower adiponectin levels are associated with greater insulin re-
sistance. Additionally, adiponectin showed weak negative cor-
relations with both WC (p = -0.230, P = 0.006) and BMI (p =
-0.173, P=0.041), suggesting a mild inverse relationship with
central and overall adiposity. A strong positive correlation was
observed between adiponectin and fasting insulin (p = 0.750,
P <0.001), while strong negative correlations were found with
FPG (p =-0.785, P < 0.001), TG (p =-0.792, P < 0.001) and
TC (p =-0.738, P < 0.001). Adiponectin also demonstrated a
strong positive correlation with HDLC (p = 0.918, P < 0.001)
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Table 3. Correlation of Adiponectin With Anthropometric and Biochemical Parameters

Variable All cases (p) P-value Overweight (p)  Overweight (P-value) Obese (p) Obese (P-value)
WC (cm) -0.230%* 0.006 -0.35% 0.025 -0.45% 0.008
BMI (kg/m?) -0.173%* 0.041 -0.28%* 0.041 -0.38%* 0.015
Insulin (uIU/mL) 0.750%* <0.001 0.749%* <0.001 0.763%* <0.001
HOMA-IR -0.45%%* <0.001 -0.45%* 0.010 -0.61%* <0.001
FPG (mmol/L) -0.785%* <0.001 -0.796** <0.001 -0.772%%* <0.001
PPBG (mmol/L) -0.648** <0.001 -0.704** <0.001 -0.559%** <0.001
HbAlc (%) -0.640%* <0.001 -0.675%* <0.001 -0.577%** <0.001
TC (mmol/L) -0.738%* <0.001 -0.795%* <0.001 -0.666** <0.001
TG (mmol/L) -0.792%* <0.001 -0.807** <0.001 -0.777** <0.001
HDL (mmol/L) 0.918%** <0.001 0.923%** <0.001 0.915%* <0.001
LDL (mmol/L) -0.552%* <0.001 -0.565%* <0.001 -0.545%%* <0.001

Data are represented as Spearman rank correlation coefficient (p). *Correlation is significant at 0.05 level (two-tailed). **Correlation is significant at
0.01 level (two-tailed). BMI: body mass index; FPG: fasting plasma glucose; HbA1c: glycated hemoglobin; HDL: high-density lipoprotein; HOMA-IR:
homeostatic model assessment for insulin resistance; LDL: low-density lipoprotein; PPBG: postprandial blood glucose; TC: total cholesterol; TG:

triglycerides; WC: waist circumference.

and a moderate negative correlation with LDLC (p = -0.552,
P <0.001).

These findings reinforce the metabolic significance of
adiponectin, particularly its inverse association with insulin
resistance, dyslipidemia and glycemic markers and support its
potential utility as a biomarker in evaluating cardiometabolic
risk in T2DM patients.

Adiponectin showed a moderate negative correlation with
HOMA-IR (p =-0.45, P =0.010), WC (p = -0.35, P = 0.025)
and BMI (p =-0.28, p = 0.041) in the overweight group, indi-
cating that lower adiponectin levels are moderately associated
with greater insulin resistance and central adiposity. Addition-
ally, adiponectin demonstrated a strong negative correlation
with FPG (p = -0.796, P < 0.001), TG (p =-0.807, P < 0.001)
and TC (p = -0.795, P < 0.001), as well as a strong positive
correlation with HDLC (p = 0.923, P < 0.001) and insulin lev-
els (p = 0.749, P < 0.001). Adiponectin maintained a strong
inverse correlation with HOMA-IR (p = -0.61, P < 0.001) in
the obese group, reinforcing its role in modulating insulin sen-
sitivity. It was also negatively correlated with WC (p = -0.45,
P=10.008) and BMI (p =-0.38, P=0.015). Strong negative as-
sociations were observed with FPG (p=-0.772,P <0.001), TG
(p=-0.777, p < 0.001) and TC (p = -0.666, P < 0.001), while
a strong positive correlation was seen with HDL (p = 0.915, P
< 0.001) and insulin (p = 0.763, P < 0.001). Among the pre-
dictors, serum adiponectin was the strongest negative predic-
tor of HOMA-IR (B = -0.45, P < 0.001), followed by BMI,
which showed a positive association (f = 0.28, P = 0.007).
WC, age and gender were not significant predictors in the ad-
justed model.

These findings align with existing literature and under-
score adiponectin’s potential as a biomarker of metabolic
health. Its consistent inverse relationship with insulin resist-
ance, central obesity and dyslipidemia in both groups high-
lights its mechanistic relevance in the metabolic regulation of
T2DM patients.

Discussion

The present study affirms the central role of adiponectin in
modulating insulin resistance among individuals with visceral
obesity-associated T2DM. Our findings demonstrated a statisti-
cally significant inverse correlation between serum adiponectin
levels and insulin resistance. This supports well-documented
function of adiponectin as an insulin-sensitizing adipokine with
anti-inflammatory, anti-atherogenic and metabolic regulatory
properties [15, 40, 41]. These results align with recent experi-
mental studies showing that adiponectin exerts its beneficial
effects through the activation of AMPK and PPAR-o0, which
promote glucose uptake in muscle tissue, inhibit hepatic gluco-
neogenesis and enhance lipid oxidation [19, 42, 43]. Figure 1 il-

LD,

)
Visceral 5 | 1 Glucose Uptake
Adipocyte ¢
PPAR«a Hepatic Glucose
l Tk lPro’:iuction
Adiponectin l
Insulin
Sensitivity

Figure 1. Pathway illustrating the regulatory role of adiponectin via
AMPK and PPAR-a signaling. Adiponectin binding to AdipoR1/AdipoR2
activates AMPK and PPAR-a, promoting glucose uptake in skeletal mus-
cle, enhancing fatty acid oxidation and suppressing hepatic gluconeo-
genesis, thereby improving insulin sensitivity. AdipoR1: adiponectin re-
ceptor 1; AdipoR2: adiponectin receptor 2; AMPK: AMP-activated protein
kinase; PPAR-a: peroxisome proliferator-activated receptor-alpha.
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lustrates the regulatory influence of adiponectin via AMPK and
PPAR-a pathways. Adiponectin binds to its receptors AdipoR1
in skeletal muscle and AdipoR2 in the liver, activating AMPK
and PPAR-a signaling pathways that together enhance insu-
lin sensitivity. AMPK stimulation in muscle promotes glucose
transporter 4 (GLUT4) translocation for increased glucose up-
take and activates fatty acid oxidation by inhibiting acetyl-CoA
carboxylase, reducing lipid accumulation. In the liver, PPAR-a
upregulates genes for fatty acid transport and oxidation while
suppressing gluconeogenic enzymes, thereby decreasing hepatic
glucose output. These effects improve systemic glucose utiliza-
tion, reduce hepatic glucose production and alleviate metabolic
stress, contributing to better glycemic control in insulin resist-
ance and T2DM [20, 42, 43].

A particularly noteworthy observation in our study was the
consistently lower adiponectin levels among obese participants
compared to the overweight group, despite similar glycemic
control metrics. This finding reinforces the concept that viscer-
al adiposity more accurately predicts adiponectin suppression
and metabolic risk [31, 44]. Recent research underscores that
visceral fat secretes lower adiponectin while simultaneously in-
creasing pro-inflammatory cytokines like tumor necrosis factor-
alpha (TNF-a) and interleukin-6 (IL-6), fostering insulin resist-
ance via paracrine and systemic pathways [6, 45]. This has been
confirmed by imaging-based studies and wearable sensor data
that correlate visceral fat mass with metabolic dysfunction more
strongly than overall adiposity [42, 46].

Adiponectin showed moderate-to-strong negative rela-
tionships with multiple markers of metabolic dysfunction, in-
cluding FPG, TG, TC, LDL and a strong positive relationship
with HDLC. These associations support a multifaceted regula-
tory role of adiponectin in lipid metabolism and its potential to
mitigate atherogenic risk [47-49]. Several studies have corrob-
orated these results, describing adiponectin as a key regulator
of cholesterol efflux, lipoprotein metabolism and endothelial
function, thereby linking it directly to cardiovascular protec-
tion in patients with T2DM and central obesity [48, 50].

Although obese individuals showed a trend toward lower
insulin and adiponectin levels, HOMA-IR values did not differ
significantly between the overweight and obese groups. The
lack of significant difference in HOMA-IR despite lower adi-
ponectin in obese participants may reflect a ceiling effect in
insulin resistance progression among patients with moderately
controlled T2DM. Alternatively, this observation could be in-
fluenced by ethnic-specific insulin dynamics, hepatic insulin
clearance, or B-cell compensatory mechanisms not captured
in our analysis. Similar patterns have been described in Asian
cohorts where metabolic impairment occurs at relatively lower
BMI thresholds [51, 52].

The regulatory mechanisms governing adiponectin ex-
pression are complex and involve both genetic and environ-
mental factors [53-55]. Several single-nucleotide polymor-
phisms in the ADIPOQ gene, particularly rs2241766 and
rs1501299, have been shown to affect circulating adiponectin
levels and confer increased risk for insulin resistance, T2DM
and metabolic syndrome in various populations [56, 57]. In ad-
dition, emerging evidence indicates that epigenetic modifica-
tions, such as DNA methylation of the ADIPOQ promoter, can
suppress gene expression in response to obesity-induced oxi-

dative stress or inflammation [53, 58]. These insights highlight
the need for future genetic stratification in adiponectin-related
research and interventions.

The therapeutic implications of our findings are substan-
tial. Current pharmacologic agents that increase adiponec-
tin, such as thiazolidinediones, GLP-1 receptor agonists and
SGLT2 inhibitors, have shown efficacy in improving insulin
sensitivity and lipid profiles in patients with visceral obesity
[59, 60]. Moreover, lifestyle interventions like aerobic exer-
cise, caloric restriction and omega-3 fatty acid supplementa-
tion have also demonstrated the ability to elevate adiponectin
levels, leading to improved glycemic and lipid outcomes [61-
64]. These findings advocate for a multipronged approach to
treatment in obese T2DM patients, where restoring adiponec-
tin could become a valuable therapeutic target.

Emerging therapeutic molecules like AdipoRon, a syn-
thetic agonist of AdipoR1 and AdipoR2, have gained consider-
able attention. Preclinical studies show that AdipoRon mimics
adiponectin action, enhances insulin sensitivity and reduces
glucose levels [45, 48]. Despite being in the early stages of
development, these compounds hold significant potential as
adiponectin-targeted pharmacotherapies, offering a novel
therapeutic approach particularly relevant for individuals with
genetic or epigenetic deficiencies in endogenous adiponectin
production. The current study supports the use of adiponectin
as a biomarker for early metabolic risk detection in centrally
obese individuals. Several prospective studies have reported
that low baseline adiponectin levels are predictive of future
T2DM onset and cardiovascular events, even in individuals
with normal BMI or HbAlc [54, 65]. This underscores adi-
ponectin’s value as a mechanistic biomarker, not merely a
reflection of adiposity but a functional indicator of metabolic
and cardiovascular homeostasis.

Despite the strong correlations observed, the so-called
“adiponectin paradox” should be acknowledged. This phe-
nomenon refers to paradoxically elevated adiponectin levels
in patients with advanced chronic conditions, such as chronic
kidney disease, congestive heart failure, or cachexia, where
higher adiponectin is associated with worse outcomes [39,
64]. While such cases were excluded from our study, this
complexity highlights the need for context-specific interpre-
tation of adiponectin data, especially in elderly or comorbid
populations.

There are some limitations to our study. The cross-section-
al design does not allow us to establish a temporal or causal
relationship between adiponectin and insulin resistance. How-
ever, our findings are consistent with extensive experimental
and clinical evidence demonstrating the role of adiponectin
in modulating insulin sensitivity through AMPK and PPAR-a
pathways. In this context, our study supports the biological
plausibility of adiponectin as a modulator while acknowl-
edging that our design can only confirm association. Future
longitudinal and interventional studies are needed to demon-
strate causality directly. Although we excluded patients using
agents that directly influence adiponectin, residual confound-
ing from unmeasured factors such as diet, physical activity,
socioeconomic status and genetic predisposition cannot be en-
tirely ruled out. Also, the generalizability of our findings may
be limited to South Asian populations with similar metabolic
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characteristics; validation in larger, multiethnic cohorts is war-
ranted.

Conclusion

Adiponectin is a key modulator of insulin sensitivity in in-
dividuals with visceral obesity-associated T2DM. Its strong
inverse association with HOMA-IR, central adiposity and
dyslipidemia highlights its value as a sensitive biomarker of
metabolic dysfunction. Unlike general obesity measures, adi-
ponectin more precisely reflects the pathophysiological impact
of visceral fat and offers a meaningful target for improving
insulin resistance and cardiometabolic health. The novelty of
this study lies in its focus on a South Asian cohort, a high-
risk population that develops metabolic complications at lower
BMI thresholds and in its subgroup analysis of overweight ver-
sus obese patients. These findings emphasize adiponectin as a
promising therapeutic target and a mechanistic biomarker for
early risk detection in populations with central obesity.
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