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Abstract

Background
Obesity contributes to metabolic heterogeneity in type 2 diabetes mellitus (T2DM), but conventional glycemic
and lipid markers may not fully capture obesity-related adipose tissue dysfunction. Circulating adipokines
may provide additional insight into adipose endocrine dysregulation in individuals with T2DM. This study
evaluated differences in circulating retinol-binding protein 4 (RBP4), fatty acid-binding protein 4 (FABP4),
visfatin, and adiponectin between overweight and obese adults with T2DM, with exploratory assessment of
sex-stratified patterns.

Methods
This cross-sectional study included 100 adults with established T2DM who were classified as overweight
(body mass index [BMI] 25.0–29.9 kg/m²; n = 50) or obese (BMI ≥ 30.0 kg/m²; n = 50). Participants were
further stratified by sex into overweight males (n = 32), overweight females (n = 18), obese males (n = 41), and
obese females (n = 9). Serum RBP4, FABP4, visfatin, and adiponectin concentrations were measured using
enzyme-linked immunosorbent assays. Group differences were assessed using two-way linear models
evaluating BMI category, sex, and BMI category × sex interaction effects.

Results
Glycemic indices and lipid parameters were broadly comparable across BMI and sex strata. In contrast,
obesity was associated with significantly higher circulating RBP4, FABP4, and visfatin concentrations and
significantly lower adiponectin concentrations compared with overweight status. BMI category showed
significant main effects for all four adipokines. No significant BMI category × sex interactions were observed
for RBP4, FABP4, or visfatin. Adiponectin showed a significant BMI category × sex interaction, suggesting a
possible greater obesity-associated reduction among females; however, this finding should be interpreted as
exploratory because of the small obese female subgroup.

Conclusions
Among adults with T2DM, obesity was associated with coordinated alterations in circulating adipokines
despite broadly similar routine glycemic and lipid profiles. These findings suggest that adipokine profiling
may reflect obesity-related adipose tissue dysfunction not captured by conventional metabolic markers. The
observed sex-related adiponectin pattern is hypothesis-generating and requires confirmation in larger, sex-
balanced longitudinal cohorts incorporating direct or validated surrogate measures of visceral adiposity and
insulin resistance.

1. Background
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Type 2 diabetes mellitus (T2DM) is one of the most important contributors to global cardiometabolic
morbidity, with recent estimates indicating a continued rise in disease prevalence and treatment burden
worldwide [1]. This increasing burden has occurred in parallel with the global escalation of overweight and
obesity, which substantially influence the development, progression, and clinical heterogeneity of T2DM [2].
Population-level projections further suggest a continuing shift toward higher body mass index (BMI)
distributions, reinforcing the need to better characterize obesity-related biological pathways in individuals
with established T2DM [3].

Contemporary diabetes care increasingly emphasizes comprehensive cardiometabolic risk reduction,
including attention to weight-related comorbidities and obesity-associated complications [4]. However, BMI
alone provides an incomplete assessment of metabolic risk because it does not distinguish between fat
mass and lean mass, nor does it directly reflect adipose tissue distribution, ectopic lipid accumulation, or
adipose tissue dysfunction [5]. Visceral adipose tissue is particularly relevant in this context, as excess
visceral fat is closely linked to insulin resistance, inflammatory signalling, and adverse cardiometabolic
outcomes in patients with T2DM [6].

Although direct quantification of visceral adipose tissue using imaging methods is informative, it is not
always feasible in routine clinical or resource-limited research settings. Therefore, anthropometric and
biochemical surrogates of visceral adiposity have gained increasing attention in metabolic risk phenotyping
[7]. Evidence from systematic reviews and meta-analyses supports the use of the visceral adiposity index as
a predictor of T2DM risk, suggesting that visceral adiposity-related measures may provide information
beyond BMI alone [8]. Additional prospective and population-based studies have also shown that visceral
obesity indices are associated with future diabetes risk and adverse glycemic profiles in diverse populations
[9, 10]. These findings support the broader concept that obesity-related risk in T2DM is not determined solely
by body size but also by the functional and endocrine status of adipose tissue.

Adipose tissue is now recognized as an active endocrine and immune-metabolic organ rather than a passive
site of energy storage. In obesity, adipocyte hypertrophy, impaired lipid handling, hypoxia, oxidative stress,
and immune cell infiltration contribute to adipose tissue dysfunction [11]. The concept of adiposopathy
describes the pathophysiological state in which dysfunctional adipose tissue promotes insulin resistance,
systemic inflammation, and cardiometabolic complications [12]. Therefore, inflammatory remodeling of
adipose tissue is considered a central mechanism linking obesity with insulin resistance and T2DM
progression [13]. Beyond local tissue effects, adipose-derived mediators exert systemic actions on hepatic,
vascular, skeletal muscle, and pancreatic pathways, making circulating adipokines biologologically plausible
markers of obesity-related metabolic dysfunction [14].

The metabolic consequences of adipose tissue dysfunction are closely related to lipid overflow, ectopic fat
deposition, and the progressive impairment of insulin-sensitive tissues [15]. Importantly, these processes
may differ by sex because biological differences in fat distribution, adipose tissue expandability, sex
hormone signalling, and substrate metabolism influence cardiometabolic risks [16]. Therefore, sex-related
variations in adipose tissue biology may affect both adipokine secretion and the metabolic response to
increasing adiposity [17]. Experimental and clinical evidence indicates that adipose remodeling, energy
metabolism, and inflammatory adaptation differ between men and women [18, 19]. Furthermore, sex
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differences in regional fat distribution are associated with distinct patterns of susceptibility to diabetes and
metabolic risk [20]. Recent analyses also suggest that insulin resistance and obesity-related metabolic
deterioration may follow sex-specific trajectories [21], whereas adipose tissue signatures in obesity and
T2DM appear to differ according to sex [22]. These observations support the importance of considering sex-
stratified patterns when evaluating endocrine dysfunction in T2DM.

Circulating adipokines provide a measurable endocrine readout of adipose tissue function and may capture
obesity-associated biological alterations that are not fully reflected by routine glycemic and lipid parameters
[23]. Adipokines also influence pancreatic β-cell function, inflammatory pathways, vascular biology, and
insulin sensitivity, indicating their potential relevance to the progression and complication profile of T2DM
[24]. Among these biomarkers, adiponectin is generally considered protective because of its insulin-
sensitizing, anti-inflammatory, and vasculoprotective effects, although context-dependent paradoxical
associations have been described in some clinical populations [25]. Genetic and population-level data further
support the role of adiponectin pathways in obesity- and T2DM-related phenotypes [26]. Interventional and
bariatric surgery studies have also demonstrated that improvements in metabolic status and reductions in
adiposity are often accompanied by favorable changes in adiponectin concentrations [27, 28].

In contrast, retinol-binding protein 4 (RBP4), fatty acid-binding protein 4 (FABP4), and visfatin are generally
associated with adverse metabolic states. RBP4 has been implicated in obesity-related insulin resistance and
adipose hepatic metabolic dysfunction [29]. FABP4, an adipocyte- and macrophage-derived lipid-binding
protein, is increasingly recognized as a marker and mediator of adipose tissue stress, lipid dysregulation,
inflammation, and cardiometabolic risk factors. [30]. Visfatin has also been linked to inflammatory-metabolic
signalling in obesity-related disorders, although its clinical interpretation remains heterogeneous across
studies [31]. Conversely, adiponectin may serve as a complementary marker for refining cardiometabolic risk
assessment in T2DM beyond anthropometric indices alone [32].

Despite growing evidence linking adipokines with obesity and T2DM, little is known about whether circulating
adipokine profiles differ between overweight and obese adults with established T2DM when routine glycemic
and lipid indices are broadly comparable. In addition, the extent to which these adipokine patterns vary by sex
in clinically managed T2DM populations remains insufficiently characterized. Addressing this gap may help
clarify whether adipokine profiling provides additional biological information on obesity-related adipose
tissue dysfunction beyond conventional clinical markers.

The novelty of the present study lies in evaluating whether a coordinated adipokine signature distinguishes
obese from overweight adults with established T2DM despite broadly comparable routine glycemic and lipid
indices. This approach may help clarify whether adipokine profiling provides biological information on
adipose tissue dysfunction beyond conventional metabolic markers in clinically managed T2DM populations.
Therefore, the present study aimed to evaluate the circulating levels of RBP4, FABP4, visfatin, and
adiponectin in overweight and obese adults with T2DM. A secondary exploratory objective was to examine
whether these adipokine patterns differed by sex, with particular attention to obesity-associated differences
that may not be captured by routine glycemic and lipid measurements.

2. Methods
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2.1 Study Design and Setting
This cross-sectional observational study was conducted among adults with T2DM who attended Thumbay
University Hospital in Ajman, United Arab Emirates. The objective was to evaluate variations in circulating
adipokine profiles according to adiposity status and to explore potential sex-based differences in these
patterns. The study follows the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines for cross-sectional studies. Participants were consecutively recruited from among
eligible patients attending the hospital. They were classified according to BMI into two predefined adiposity
categories: overweight and obese. A secondary exploratory analysis was performed after stratification by
sex.

2.2 Study Participants
A total of 100 adults with T2DM were enrolled in this study. Participants were classified into overweight and
obese groups according to their BMI. The overweight group included participants with BMI of 25.0–29.9
kg/m², while the obese group included participants with BMI ≥ 30.0 kg/m². Each group comprised 50
participants.

For sex-stratified analyses, participants were categorized into four subgroups: overweight males, overweight
females, obese males, and obese females. The subgroup distribution was as follows: overweight males, n = 
32; overweight females, n = 18; obese males, n = 41; and obese females, n = 9.

The diagnosis of T2DM was confirmed using clinical records. Eligible participants were adults aged 30–60
years with established T2DM and available anthropometric, biochemical, and adipokine data.

2.3 Inclusion and Exclusion Criteria
Participants were included if they were aged 30–60 years, had a confirmed diagnosis of T2DM, had BMI
values within the overweight or obese range, and provided written informed consent before enrolment.

Participants were excluded if they had acute illness, known inflammatory disorders, endocrine disorders
other than T2DM, pregnancy, documented chronic liver disease, documented chronic kidney disease, or
incomplete clinical, anthropometric, biochemical, or adipokine data required for the primary analysis.

2.3 Anthropometric and Clinical Measurements
Anthropometric measurements were performed using standardized procedures. Body weight was measured
with the participants wearing light clothing and no footwear. Height was measured using a calibrated
stadiometer. BMI was calculated as body weight in kilograms divided by height in meters squared. Waist
circumference was measured using a non-stretchable measuring tape at the midpoint between the lower
margin of the last palpable rib and the upper border of the iliac crest. The measurements were recorded in
centimeters. Blood pressure was measured in the seated position after an adequate resting period using a
calibrated sphygmomanometer. Systolic and diastolic blood pressure values were recorded in mmHg. Sex
was recorded as male or female based on clinical records. Because gender identity was not assessed
separately, the analysis is described as sex-stratified rather than gender-stratified.
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2.4 Biochemical Measurements
Venous blood samples were collected after overnight fasting. Fasting blood glucose, postprandial blood
glucose, glycated hemoglobin (HbA1c), and lipid profile parameters were measured using standard
automated clinical chemistry methods, according to routine laboratory protocols. The lipid profile included
total cholesterol, triglycerides, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, very
low-density lipoprotein cholesterol, and total cholesterol/high-density lipoprotein cholesterol ratio.

Renal function markers, including urea and creatinine levels, were measured using routine automated
biochemical methods. Liver enzymes, including alanine aminotransferase and aspartate aminotransferase,
were also evaluated. Serum total protein, albumin, globulin, and albumin-to-globulin ratio were measured as
routine biochemical parameters.

2.5 Adipokine Measurements
Serum concentrations of retinol-binding protein 4 (RBP4), fatty acid-binding protein 4 (FABP4), visfatin, and
adiponectin were measured using commercially available enzyme-linked immunosorbent assay (ELISA) kits
(BioVendor Laboratorní medicína, Czech Republic), according to the manufacturer’s instructions.

Serum RBP4 was estimated using a competitive ELISA method for the quantitative determination of human
RBP4. Serum FABP4 levels were estimated using a sandwich ELISA method based on wells coated with
polyclonal anti-human FABP antibodies. Serum visfatin levels were measured using a sandwich ELISA
method based on monoclonal antibody-coated wells specific for human visfatin. Serum adiponectin levels
were measured using an ELISA method based on wells coated with human adiponectin antigen and
horseradish peroxidase-conjugated anti-human adiponectin antibodies.

All serum samples, standards, and quality controls were analyzed in duplicates. Standard curves were
generated by plotting the absorbance values of the standards against their known concentrations, and the
sample concentrations were calculated from the corresponding standard curve. The final concentrations
were corrected for dilution factors, where applicable.

Tetramethylbenzidine was used as the chromogenic substrate, and the reaction was terminated using stop
solution. Absorbance was measured using a microplate reader (Sunrise; Tecan Group Limited). RBP4
absorbance was read at 450 nm with a reference wavelength of 540 nm. FABP4 and adiponectin absorbance
were measured at 450 nm with a reference wavelength of 630 nm. Visfatin absorbance was measured at 450
nm.

Adipokine concentrations were reported as µg/mL for RBP4 and adiponectin and ng/mL for FABP4 and
visfatin. The reference intervals provided in the manufacturer’s package inserts were 10–70 µg/mL for RBP4,
2–46 ng/mL for FABP4, 0.2–1.5 ng/mL for visfatin, and 4.5–22 µg/mL for adiponectin.

Quality control procedures were applied throughout the assay process, including duplicate analysis of
samples, standards, and controls, use of standard curves for concentration calculation, and adherence to the
manufacturer-recommended incubation, washing, substrate reaction, and absorbance-reading procedures.
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2.6 Clinical covariates and potential confounders
Available clinical and laboratory variables included age, sex, BMI, waist circumference, blood pressure,
fasting blood glucose, postprandial blood glucose, HbA1c, lipid profile, renal function markers, liver enzymes,
and serum protein parameters. Data on diabetes duration, medication use, smoking status, menopausal
status, physical activity, and dietary intake were not available for incorporation into adjusted models;
therefore, these variables were considered potential unmeasured confounders and are addressed as
limitations.

2.7 Statistical Analysis
Data were analyzed using IBM SPSS Statistics for Windows, Version 29.0 (IBM Corp., Armonk, NY, USA).
Continuous variables are summarized as mean ± standard deviation. Categorical variables were summarized
using frequencies and percentages. The participants were analyzed according to BMI category and sex.
Group comparisons were performed using two-way linear models with BMI category, sex, and BMI category ×
sex interaction as the fixed factors. The main effects of BMI category and sex were evaluated, and the
interaction term was used to assess whether the association between the BMI category and each outcome
differed between males and females.

Separate two-way linear models were constructed for anthropometric variables, blood pressure, glycemic
indices, lipid parameters, renal function markers, liver enzymes, serum proteins, and adipokines. For the
primary adipokine analysis, RBP4, FABP4, visfatin, and adiponectin were evaluated as the dependent
variables in separate models. Statistical significance was set at p < 0.05. Interaction findings were interpreted
cautiously, particularly when subgroup sample sizes were small. Distribution-level differences in adipokines
across the BMI-sex strata were visualized using box-and-whisker plots to assess median shifts, interquartile
ranges, variability, and potential outliers across subgroups.

2.8 Ethical Considerations
The study protocol was reviewed and approved by the Institutional Review Board of the Gulf Medical
University, Ajman, United Arab Emirates (Approval No. IRB/COM/FAC/05/2018). Written informed consent
was obtained from all participants prior to enrolment. All study procedures were conducted in accordance
with the ethical principles of the Declaration of Helsinki and its subsequent amendments.

3. Results

3.1 Study population and baseline characteristics
A total of 100 adults with type 2 diabetes mellitus (T2DM) were included in the analysis. Participants were
classified into overweight (n = 50) and obese (n = 50) groups and further stratified by sex into overweight
males (n = 32), overweight females (n = 18), obese males (n = 41), and obese females (n = 9). The baseline
demographic and anthropometric characteristics are presented in Table 1. Age did not differ significantly
according to BMI category, sex, or BMI category × sex interaction. As expected, body weight, BMI, and waist
circumference were significantly higher in obese participants than in overweight participants, confirming a
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clear anthropometric separation between the two adiposity groups. Body weight also showed a significant
sex effect, whereas BMI did not differ significantly by sex.

Waist circumference increased significantly with obesity in the study population. Although the effect of sex
on waist circumference approached statistical significance, the BMI category × sex interaction was not
significant. Systolic blood pressure did not show a significant main effect of BMI category or sex; however, a
significant BMI category × sex interaction was observed. This interaction appeared to reflect lower systolic
blood pressure among obese females than among obese males, whereas values were broadly similar
between overweight males and females. Given the small number of obese female participants, this finding
should be interpreted with caution. Diastolic blood pressure did not differ significantly according to BMI
category, sex, or their interactions.  

Table 1
Demographic and anthropometric characteristics stratified by Sex and BMI category

Variable Overweight,
Male (n = 
32)

Overweight,
Female (n 
= 18)

Obese,
Male
(n = 
41)

Obese,
Female
(n = 9)

p (BMI
category)

p
(Sex)

p
(Interaction)

Age, y 48.00 ± 
7.46

45.61 ± 
7.13

44.07 
± 7.48

47.00 
± 8.25

0.092 0.856 0.135

Weight, kg 76.18 ± 
7.58

80.87 ± 
9.16

87.74 
± 9.72

91.91 
± 6.53

< .001 0.028 0.901

BMI, kg/m² 27.66 ± 
1.19

26.97 ± 
1.55

32.13 
± 1.36

31.84 
± 1.01

< .001 0.081 0.515

Waist
circumference,
cm

95.92 ± 
4.35

96.48 ± 
1.74

98.69 
± 4.70

102.47 
± 2.34

< .001 0.053 0.094

Systolic BP,
mmHg

120.00 ± 
8.80

122.06 ± 
7.94

122.68 
± 8.67

116.11 
± 7.82

0.764 0.504 0.034

Diastolic BP,
mmHg

75.00 ± 
5.68

77.11 ± 
7.33

77.80 
± 6.13

75.56 
± 5.27

0.176 0.774 0.136

Data are presented as mean ± standard deviation (SD). p values were obtained from a 2-way linear model
(BMI category × sex), reporting the main effects and the interaction term. Abbreviations: BMI, body mass
index; BP, blood pressure; SD, standard deviation; T2DM, type 2 diabetes mellitus; y, years.

3.2 Glycemic indices and lipid profile
Across the four sex-BMI strata, the glycemic indices were highly comparable (Table 2). Fasting blood
glucose, postprandial blood glucose, and HbA1c showed no significant BMI-category main effect, no
significant sex main effect, and no interaction, indicating that overweight versus obesity was not associated
with measurable differences in glycemic control within this cohort. Likewise, the lipid profile (total
cholesterol, triglycerides, HDL, LDL, VLDL, and TC/HDL ratio) showed no significant differences by BMI
category or sex, and no interaction effects. This overall metabolic similarity provides an important context for
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interpreting adipokines: the primary biological separation between overweight and obese T2DM participants
in this dataset is not captured by routine glycemic or lipid indices. 

 
Table 2

Glycemic indices and lipid profile stratified by Sex and BMI category
Variable Overweight,

Male (n = 
32)

Overweight,
Female (n = 
18)

Obese,
Male
(n = 
41)

Obese,
Female
(n = 9)

p (BMI
category)

p
(Sex)

p
(Interaction)

Fasting blood
glucose,
mmol/L

13.75 ± 1.11 13.54 ± 0.94 13.75 
± 0.96

13.53 
± 1.32

1.000 0.381 0.976

Postprandial
blood
glucose,
mmol/L

18.79 ± 1.49 18.74 ± 1.36 18.49 
± 1.08

17.80 
± 0.98

0.079 0.309 0.283

HbA1c, % 9.31 ± 0.40 9.25 ± 0.44 9.26 ± 
0.35

9.27 ± 
0.56

0.715 0.709 0.744

Total
cholesterol,
mmol/L

5.36 ± 0.30 5.30 ± 0.27 5.44 ± 
0.31

5.34 ± 
0.24

0.222 0.274 0.775

Triglycerides,
mmol/L

2.20 ± 0.15 2.18 ± 0.13 2.20 ± 
0.17

2.14 ± 
0.15

0.827 0.282 0.636

VLDL
cholesterol,
mmol/L

1.02 ± 0.06 0.99 ± 0.05 1.02 ± 
0.07

0.99 ± 
0.08

0.838 0.080 0.897

HDL
cholesterol,
mmol/L

1.19 ± 0.09 1.17 ± 0.08 1.19 ± 
0.08

1.17 ± 
0.07

0.752 0.332 0.994

LDL
cholesterol,
mmol/L

3.16 ± 0.33 3.11 ± 0.32 3.24 ± 
0.30

3.20 ± 
0.23

0.179 0.519 0.936

TC/HDL ratio 4.53 ± 0.47 4.55 ± 0.47 4.63 ± 
0.45

4.59 ± 
0.39

0.397 0.960 0.803

Data are presented as the mean ± SD. p values were obtained from a 2-way linear model (BMI category ×
gender). Abbreviations: HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; TC, total cholesterol; TG, triglycerides; VLDL, very low-density lipoprotein; SD, standard deviation.

3.3 Renal function, liver enzymes and serum proteins
Renal and hepatic markers were broadly stable across the BMI categories and sex strata (Table 3). Urea
showed a significant BMI category main effect (p = .005), which was modestly higher in patients with obesity
in both males and females. Notably, creatinine levels did not differ significantly, suggesting that urea
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elevation is unlikely to reflect overt renal impairment and may be influenced by hydration status, dietary
protein intake, early renal hemodynamics, or medication effects. Liver enzymes were generally similar;
however, ALT demonstrated a significant BMI category × gender interaction (p = .034), indicating that the
obesity-associated ALT pattern differed by sex. This interaction appears to be driven by lower ALT levels
among obese females than among obese males, whereas ALT values were similar between overweight males
and females. Given the small subgroup of obese females, this observation should be interpreted cautiously.
Serum protein levels did not differ significantly, suggesting no major differences in routine protein indices
across the strata. 

 
Table 3

Renal function, liver enzymes and serum proteins stratified by Sex and BMI category
Variable Overweight,

Male (n = 
32)

Overweight,
Female (n = 
18)

Obese,
Male
(n = 41)

Obese,
Female
(n = 9)

p (BMI
category)

p
(Sex)

p
(Interaction)

Urea,
mmol/L

4.04 ± 0.78 4.17 ± 0.73 4.55 ± 
0.72

4.41 ± 
0.81

0.005 0.890 0.463

Creatinine,
µmol/L

93.41 ± 
17.90

96.28 ± 
15.36

90.17 ± 
20.92

93.44 ± 
18.18

0.417 0.486 0.964

Total
protein,
g/L

70.41 ± 3.85 71.06 ± 4.70 70.88 ± 
4.91

71.44 ± 
4.36

0.625 0.553 0.969

Albumin,
g/L

45.06 ± 3.17 45.28 ± 3.08 45.37 ± 
3.40

45.00 ± 
3.39

0.814 0.988 0.707

Globulins,
g/L

25.34 ± 3.14 25.78 ± 3.32 25.51 ± 
2.71

26.44 ± 
2.30

0.626 0.355 0.720

A/G ratio 1.81 ± 0.32 1.77 ± 0.28 1.80 ± 
0.19

1.70 ± 
0.19

0.551 0.295 0.649

AST, U/L 31.47 ± 7.92 30.33 ± 6.41 30.41 ± 
6.45

30.33 ± 
7.07

0.582 0.654 0.750

ALT, U/L 26.03 ± 5.41 26.17 ± 3.47 26.59 ± 
5.57

21.22 ± 
7.64

0.460 0.110 0.034

Data are presented as the mean ± SD. p values were obtained from a 2-way linear model (BMI category ×
gender). Abbreviations: A/G, albumin/globulin; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; SD, standard deviation; U/L, units per liter.

3.4 Adipokines
The serum adipokine concentrations are presented in Table 4 and illustrated in Fig. 1. The BMI category
showed significant main effects for all four adipokines. Compared with overweight participants, obese
participants had significantly higher circulating concentrations of RBP4, FABP4, and visfatin and significantly
lower adiponectin concentrations. RBP4 concentrations were higher in both obese males and females than in
their overweight counterparts. The sex main effect and BMI category × sex interaction were not statistically

Page 10/21



significant for RBP4, indicating that the obesity-associated increase was broadly consistent across men and
women.

FABP4 concentrations also significantly increased with obesity. Both obese males and females showed
higher FABP4 levels than overweight males and females. No significant sex main effect or BMI category ×
sex interaction was observed, suggesting that the BMI category was the principal determinant of FABP4
variation in this cohort. Visfatin concentrations were significantly higher in obese participants than in
overweight participants. Similar to RBP4 and FABP4, visfatin did not show a significant sex main effect or
BMI category × sex interaction, indicating a consistent obesity-associated increase across sex strata.

Adiponectin showed the opposite pattern, with significantly lower concentrations among obese participants
compared with overweight participants. In contrast to other adipokines, adiponectin levels demonstrated a
significant BMI category × sex interaction. Overweight males and females had comparable adiponectin
levels, whereas obese females had lower adiponectin concentrations than obese males. This finding
suggests a potentially greater obesity-associated reduction in adiponectin levels among females; however, it
should be interpreted cautiously because of the small number of obese female participants. 

 
Table 4

Adipokines stratified by Sex and BMI category
Adipokine Overweight,

Male (n = 
32)

Overweight,
Female (n = 
18)

Obese,
Male
(n = 41)

Obese,
Female
(n = 9)

p (BMI
category)

p
(Sex)

p
(Interaction)

RBP4,
µg/mL

96.19 ± 
10.74

91.83 ± 
12.77

125.02 
± 13.26

127.78 
± 8.50

< .001 0.570 0.214

FABP4,
ng/mL

46.36 ± 3.84 43.92 ± 4.58 56.05 ± 
4.94

56.62 ± 
4.43

< .001 0.225 0.160

Visfatin,
ng/mL

8.68 ± 0.86 8.17 ± 1.02 11.59 ± 
1.28

11.91 ± 
0.90

< .001 0.463 0.108

Adiponectin,
µg/mL

10.43 ± 1.93 10.49 ± 1.92 7.14 ± 
2.22

5.07 ± 
1.14

< .001 0.096 0.027

Data are presented as the mean ± SD. p values were obtained from a 2-way linear model (BMI category ×
gender). Adipokines were measured by enzyme-linked immunosorbent assay (ELISA) per protocol.
Abbreviations: ELISA, enzyme-linked immunosorbent assay; FABP4, fatty acid-binding protein 4; RBP4, retinol-
binding protein 4; SD, standard deviation; T2DM, type 2 diabetes mellitus.

Overall, Fig. 1 reinforces that adipokines (RBP4, FABP4, visfatin, and adiponectin) sharply differentiate
overweight from obese T2DM participants, even when HbA1c, fasting/postprandial glucose, and standard
lipid measures remain similar between BMI categories.

In this cohort of adults with T2DM, obesity was associated with higher body weight, BMI, and waist
circumference, whereas routine glycemic and lipid parameters remained broadly comparable between
overweight and obese participants. Renal, hepatic, and serum protein markers were largely similar across
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groups, except for higher urea levels in obesity and exploratory interaction effects of systolic blood pressure
and alanine aminotransferase.

The most consistent biological differences were observed in the adipokine panel. Obesity was associated
with elevated RBP4, FABP4, and visfatin levels and reduced adiponectin levels. These adipokine alterations
were observed despite broadly similar HbA1c, glucose, and lipid profiles in the two groups. The adiponectin
interaction by BMI category and sex suggests a possible sex-related difference in the adipose endocrine
response to obesity; however, this finding should be regarded as hypothesis-generating because of the small
obese female subgroup.

4. Discussion
The present study demonstrated that obesity is associated with a distinct circulating adipokine profile among
adults with type 2 diabetes mellitus (T2DM), despite broadly comparable glycemic and lipid indices between
overweight and obese participants. Although the two BMI categories were clearly separated by
anthropometric measures, fasting blood glucose, postprandial blood glucose, HbA1c, and lipid profile
parameters did not differ significantly across the BMI and sex strata. In contrast, circulating RBP4, FABP4,
and visfatin concentrations were significantly higher, whereas adiponectin concentrations were significantly
lower in obese participants. These findings suggest that adipokine alterations may reflect obesity-related
adipose tissue dysfunction in T2DM, even when conventional metabolic markers appear similar.

The dissociation between routine biochemical markers and adipokine profiles is clinically significant. In
treated T2DM populations, glycemic and lipid indices may be influenced by pharmacological therapy, dietary
changes, and clinical monitoring, potentially reducing the observable differences between adiposity groups at
a single time point. However, adipose tissue dysfunction may persist despite apparent similarities in HbA1c
or lipid profiles. Obesity-related adipose tissue dysfunction is characterized by adipocyte hypertrophy,
impaired lipid storage capacity, altered adipokine secretion, inflammatory remodeling, and vascular
dysfunction [33, 34]. Therefore, the observed adipokine pattern may represent an endocrine signal of adipose
tissue stress that is not captured by standard laboratory parameters.

Adiponectin showed a significant reduction in obese participants compared with overweight participants.
This finding is consistent with the established role of adiponectin as an insulin-sensitizing, anti-inflammatory,
and vasculoprotective protein. Lower adiponectin concentrations are commonly associated with obesity,
impaired adipose tissue function and increased cardiometabolic risk. However, adiponectin biology is
complex, and paradoxical associations have been described in selected clinical populations, particularly in
relation to cardiovascular outcomes and mortality [35]. In the present study, lower adiponectin levels in
obesity likely reflect impaired adipose endocrine function rather than a direct measure of insulin resistance,
because fasting insulin and HOMA-IR were not assessed.

A notable finding was the significant BMI category × sex interaction for adiponectin, with obese females
showing lower adiponectin concentrations than obese males, whereas overweight males and females had
comparable values. This suggests that the obesity-associated reduction in adiponectin levels may differ by
sex. Such a pattern is biologically plausible because adipose tissue distribution, adipocyte expandability, sex
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hormone signalling, and metabolic flexibility differ between men and women [36–38]. Nevertheless, this
result must be interpreted cautiously because the obese female subgroup was small. Therefore, adiponectin
interactions should be considered hypothesis-generating rather than confirmatory. Larger sex-balanced
studies are required to determine whether this pattern is reproducible and has clinical or prognostic
significance.

FABP4 showed one of the clearest obesity-associated increases in this study cohort. FABP4 is an adipocyte-
and macrophage-derived lipid-binding protein involved in fatty acid trafficking, inflammation of adipose
tissue, and metabolic regulation. Elevated FABP4 concentrations have been linked to obesity, insulin
resistance, diabetes, and cardiometabolic risks [39–41]. In the present study, FABP4 levels were significantly
higher in obese participants of both sexes, with no significant BMI category × sex interaction. This suggests
that FABP4 may primarily reflect adiposity-related adipose tissue stress rather than a sex-specific effect in
this sample population. The consistency of FABP4 elevation across the male and female subgroups supports
its potential value as part of a broader adipokine profile characterizing obesity-related metabolic dysfunction
in T2DM.

RBP4 concentrations were significantly higher in obese participants. RBP4 has been implicated in obesity-
related metabolic dysregulation through its relationship with adipose tissue function, hepatic metabolism,
lipid handling and impaired insulin signalling [42–44]. The present findings support the concept that RBP4
may be an adipose-hepatic marker of obesity-associated metabolic stress. Importantly, RBP4 levels were
elevated despite comparable glycemic indices between overweight and obese participants, suggesting that
RBP4 may provide information beyond HbA1c or glucose measurements in clinically managed T2DM.
However, because this study was cross-sectional, the findings cannot establish whether increased RBP4
contributes to metabolic deterioration or merely reflects the underlying adipose tissue dysfunction.

Visfatin concentrations were significantly higher in obese participants than in overweight ones. Visfatin has
been associated with obesity-related inflammatory and metabolic pathways, although its interpretation
remains less consistent than that of adiponectin and FABP4 [45, 46]. In this study, visfatin levels were
elevated in both male and female obese participants, with no significant sex interaction. This supports the
interpretation that visfatin may act as part of a broader obesity-associated inflammatory metabolic adipokine
pattern rather than as an isolated diagnostic marker. Given the heterogeneity of visfatin findings in the
previous literature, its greatest value may lie in combined adipokine profiling rather than independent
interpretation.

Taken together, these findings indicate a coordinated obesity-associated endocrine shift in adults with T2DM.
The pattern of elevated RBP4, FABP4, and visfatin levels, together with reduced adiponectin levels, is
consistent with impaired adipose tissue function and inflammatory-metabolic remodeling. This shift was
observed even though routine glycemic and lipid markers were similar between the groups. These results
support the possibility that adipokine profiling may help characterize metabolic heterogeneity among
individuals with T2DM, particularly in relation to obesity-related adipose tissue dysfunction. However, the
present study did not establish diagnostic, prognostic, or therapeutic utility, and the findings should therefore
be interpreted as biologically informative rather than immediately clinically actionable.
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The present results also highlight the limitations of relying exclusively on BMI and routine biochemical
indices to characterize obesity-related metabolic risk. BMI is useful for classifying adiposity status but does
not directly measure visceral fat, ectopic lipid deposition, or adipose tissue quality. Similarly, HbA1c and lipid
parameters provide important clinical information but may not reflect the endocrine and inflammatory states
of adipose tissue. Recent studies have emphasized the potential value of visceral adiposity-related indices
and metabolic risk markers in identifying diabetes and prediabetes risk in diverse populations [47, 48]. In this
context, adipokines may complement conventional markers by providing additional insights into adipose
tissue dysfunction. Future studies incorporating validated visceral adiposity indices or direct imaging-based
measures of visceral fat would help clarify the relationship between adipokines, fat distribution, and
metabolic risk in patients with T2DM.

The sex-stratified component of this study adds an important exploratory dimension to the existing literature.
Although RBP4, FABP4, and visfatin showed broadly similar obesity-associated increases in men and women,
adiponectin appeared to demonstrate a sex-dependent pattern. This may reflect differences in adipose tissue
distribution, hormonal regulation, and adipocyte function. However, because the obese female subgroup
included only nine participants, this finding should not be overinterpreted. Instead, it should be used to
generate a testable hypothesis for future studies with adequate female representation, assessment of
menopausal status, and adjustment for relevant hormonal and treatment-related variables.

This study had several strengths. First, it assessed multiple adipokines simultaneously within the same
T2DM cohort, allowing the evaluation of a broader adipose endocrine profile rather than a single biomarker.
Second, the inclusion of both overweight and obese participants enabled comparisons across clinically
relevant adiposity categories. Third, the sex-stratified analysis allowed for the preliminary exploration of
whether obesity-associated adipokine patterns differed between males and females. Fourth, this study
included routine glycemic, lipid, renal, hepatic, and anthropometric parameters, providing a clinical context for
interpreting adipokine differences.

This study also had some important limitations. The cross-sectional design of this study prevents
conclusions regarding causality, temporality, or prediction of future cardiometabolic outcomes. The sample
size was modest, and the obese female subgroup was small, limiting the statistical power for interaction
analyses. Therefore, the observed adiponectin interactions should be regarded as exploratory. The study did
not include normal-weight individuals with T2DM or non-diabetic controls, which limits the interpretation of
whether the observed adipokine patterns are specific to obesity severity within T2DM or reflect broader
diabetes-related changes. BMI and waist circumference were used as adiposity measures; however, direct
imaging-based quantification of visceral or ectopic fat was not performed. In addition, fasting insulin and
HOMA-IR levels were not measured; therefore, insulin resistance could not be directly evaluated. Information
on diabetes duration, menopausal status, smoking, physical activity, dietary intake, and medication use was
not incorporated into the present analysis, and these factors may have influenced adipokine concentrations.
Finally, although ELISA procedures were performed according to the manufacturer’s instructions with
duplicate analysis and quality control procedures, preanalytical and assay-related variability cannot be
completely excluded.
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Overall, the present findings indicate that obesity in adults with T2DM is associated with coordinated
alterations in circulating adipokines, even when routine glycemic and lipid indices are comparable. This
pattern supports the concept that adipokine profiling may provide additional biological insights into obesity-
related adipose tissue dysfunction beyond conventional clinical markers. However, given the cross-sectional
design and small obese female subgroup, the sex-related adiponectin findings should be interpreted as
exploratory and require confirmation in larger, sex-balanced cohorts.

5. Conclusion
In adults with T2DM, obesity was associated with a distinct circulating adipokine profile characterized by
elevated RBP4, FABP4, and visfatin levels and reduced adiponectin levels. These alterations were observed
despite broadly comparable glycemic and lipid parameters, suggesting that adipokines may reflect obesity-
related adipose tissue dysfunction not captured by routine metabolic markers. The observed BMI category ×
sex interaction for adiponectin is hypothesis-generating and should be confirmed in larger, sex-balanced
longitudinal studies incorporating direct or validated surrogate measures of visceral adiposity, insulin
resistance, treatment exposure, and relevant sex-specific clinical variables.
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Figures

Figure 1

Demonstrates that the obesity-associated differences are not confined to mean shifts but reflect consistent
distribution-level changes in medians, interquartile ranges, and overall ranges across subgroups.

Figure 1A (RBP4): Both obese males and females showed an upward shift relative to overweight males and
females, with higher medians and overall distributions. The separation between the overweight and obese
strata was visually clear, supporting RBP4 as a robust discriminator of obesity status in T2DM. The male and
female distributions within each BMI category were broadly similar, consistent with the lack of a strong BMI
category × gender interaction.

Figure 1B (FABP4): FABP4 displayed one of the most pronounced separations between the overweight and
obese strata, with higher medians and upward-shifted interquartile ranges in both obese subgroups. The
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relatively tight clustering within groups (narrower IQRs) and a large between-category shift suggest a strong
and consistent obesity-associated effect. Sex differences were modest within BMI categories, reinforcing
that the main driver was the BMI category rather than sex.

Figure 1C (visfatin): Visfatin distributions shifted upward with obesity in both males and females, with obese
strata showing higher medians and higher overall ranges than the overweight strata. Compared with FABP4,
visfatin showed a slightly greater within-group spread; however, the between-category separation remained
substantial, supporting a strong association between obesity and visfatin elevation in T2DM.

Figure 1D (Adiponectin): Adiponectin showed the reverse direction, with the obese strata shifted downward
compared with the overweight strata, consistent with the suppression of a protective insulin-sensitizing
adipokine in obesity. Importantly, Figure 1D visually supports the BMI category × sex interaction: overweight
males and females have overlapping adiponectin distributions, whereas obese females show a noticeably
lower distribution than obese males (lower median and lower IQR), consistent with a steeper obesity-
associated decline among females in this cohort. Given the smaller obese female subgroup (n=9), this
finding is best interpreted as statistically supported but requiring cautious generalization.
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