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Abstract
Aim: The study aims to investigate the association between type 2 diabetes and adipokines, particularly resistin and adiponectin, in 
insulin resistance. It also explores the potential of the resistin to adiponectin ratio as an indicator for these conditions

Methods: This research involved 198 participants, including 100 patients with type 2 diabetes and 98 controls. It focused on measur-
ing various biochemical parameters like HbA1c, fasting plasma glucose, lipid profiles (low-density lipoprotein, oxidized low-density 
lipoprotein, triglyceride, total cholesterol), and adipokines (resistin and adiponectin). The study utilized the Homeostasis Model 
Assessment of Insulin Resistance and Triglyceride-Glucose index to evaluate insulin resistance.

Results: Type 2 diabetic patients exhibited higher levels of HbA1c, fasting plasma glucose, lipid profiles, and resistin, but lower adi-
ponectin levels compared to controls. Adiponectin showed a negative correlation with insulin resistance, while resistin demonstrated 
a positive correlation. Both adipokines significantly related to atherogenic markers, with adiponectin offering protection against 
atherosclerosis and resistin augmenting it.

Conclusion: The findings underscore the complex roles of resistin and adiponectin in the pathophysiology of type 2 diabetes, insulin 
resistance. The resistin to adiponectin ratio could be a useful biomarker for insulin resistance. These insights suggest potential ther-
apeutic strategies for treating diabetes and preventing its complications.
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Introduction
Type 2 diabetes (T2D) is a global epidemic characterized 
primarily by hyperglycemia resulting from impaired in-
sulin action and secretion (American Diabetes American 
Diabetes Association 2018). One of the pivotal mecha-
nisms underlying the development of T2D is insulin re-
sistance, wherein cells fail to respond efficiently to insulin, 
culminating in elevated blood glucose levels (Kahn 2003).

This impaired glucose metabolism and insulin resistance 
not only derange metabolic homeostasis but also has pro-
found implications for cardiovascular health. The chron-
ically elevated glucose levels in T2D patients can trigger 
endothelial dysfunction, a sentinel event in the initiation 
of atherosclerotic vascular disease(Hsueh and Quiñones 
2003). Furthermore, insulin resistance has been directly 
linked to dyslipidemia, systemic inflammation, and hyper-
tension, each of which can accelerate the progression of 
atherosclerosis and culminate in a broad spectrum of car-
diovascular diseases (CVDs) (Bornfeldt and Tabas 2011).

Atherosclerosis is a primary factor leading to macrovas-
cular disease in diabetic patients due to the constriction 
of blood vessel walls, especially the arterioles (Katakami 
2018). This condition is multifaceted. Crucially, there’s 
substantial evidence highlighting inflammation’s role in 
the onset of atherosclerosis and the resulting vascular com-
plications in diabetes (Blaschke et al. 2006). Elevated levels 
of certain biomarkers have been found, suggesting a poten-
tial for predicting atherosclerosis and related heart diseases 
in those with diabetes. Yet, few clinical studies have delved 
into the relationship and physiological effects of these in-
flammatory biomarkers in the context of diabetes and ath-
erosclerosis. For instance, the pro-inflammatory biomark-
er CD36, found on macrophage membranes, interacts with 
oxidized LDL (Park 2014). This interaction boosts the cre-
ation of foam cells, marking the onset of atherosclerosis.

In recent years, there has been a rise in interest in the 
effect of oxidative stress and inflammation in common 
metabolic disorders such as type 2 diabetes (T2D) (Hol-
voet et al. 2007). Individuals diagnosed with diabetes have 
a reduction in plasma antioxidant activity and an eleva-
tion in levels of lipid hydroperoxides which are widely 
known indicators of oxidative stress in vivo (Lopez et 
al. 2005). Oxidative stress resulting from hyperglycemia 
leads to the modification of low-density lipoprotein cho-
lesterol (LDL-C) into a form known as oxidized LDL (ox-
LDL) (Evans et al. 2002). Elevated levels of Oxidized LDL 
have been shown to exacerbate atherosclerosis and cause 
damage to the endothelium of the artery wall (Goyal et al. 
2012). The increase in ox-LDL levels within atherosclerot-
ic plaques also plays a significant role in the progression of 
atherosclerosis (Yla-Herttuala et al. 1994).

Emerging in the milieu of metabolic and cardiovascular 
research are adipokines, bioactive molecules secreted by 
adipose tissue. These molecules have a crucial role in the 
control of various physiological processes, such as hunger 
and satiety, fat distribution, inflammation, blood pressure, 
and endothelial function they exhibit their functions in 

several organs, such as adipose tissue, the brain, the liver, 
blood vessels, and muscles (Blüher 2014).

These molecules serve as significant regulators of glu-
cose and lipid metabolism and are directly implicated in 
the pathophysiology of insulin resistance, T2D, athero-
sclerosis, and CVD (Ouchi et al. 2011). Adiponectin, an 
abundant adipokine, is often lauded for its insulin-sensi-
tizing, anti-inflammatory, and anti-atherogenic properties 
(Yamauchi et al. 2002). Multiple epidemiological studies 
indicate that a lack of adiponectin is linked to hyperten-
sion and coronary artery disease (Iwashima et al. 2004). 
In addition, mounting evidence from experimental inves-
tigations suggests that adiponectin plays a vital role in the 
prevention of metabolic and cardiovascular disease (Shi-
bata et al. 2012). Multiple clinical researches have shown 
that hypoadiponectinemia is associated with the occur-
rence of insulin resistance (IR) and type 2 diabetes mel-
litus (DM) (Tabák et al. 2009; Kishida et al. 2012). Most 
of these studies indicate a decrease in adiponectin levels 
in individuals with Type 2 diabetes mellitus even at the 
initial stages of the disease, such as at the time of diagno-
sis (Sharma et al. 2006). Several prospective studies have 
shown that elevated levels of circulating adiponectin are 
linked to a reduced risk of Type 2 DM, even after account-
ing for several factors that could potentially influence this 
association (Mather et al. 2008).

Conversely, resistin, another adipokine, has been as-
sociated with insulin resistance and pro-inflammatory 
pathways, promoting endothelial dysfunction and ath-
erosclerosis (Reilly et al. 2005). High levels of resistin are 
observed in obese and diabetic mice (Steppan et al. 2001), 
whilst functional reductions in resistin protein, such as the 
use of anti-resistin antibodies or resistin gene knockouts, 
have been shown to enhance insulin sensitivity and lower 
levels of blood glucose, free fatty acids, and triglycerides 
in mouse models (Kim et al. 2004). Recent clinical stud-
ies have found a direct association between elevated levels 
of resistin in the bloodstream and the severity of unstable 
angina and worse prognostic outcomes in patients with 
coronary artery disease (Lubos et al. 2007). This may be 
explained as resistin promotes the production of endothe-
lin, a potent vasoconstrictor in endothelial cells, as well as 
prothrombotic atherogenic factors (Li et al. 2007). Con-
sidering these results collectively, it may be hypothesized 
that adiponectin and resistin have a shared regulatory 
mechanism that influences the body’s metabolism, includ-
ing energy, glucose, and lipid homeostasis. Therefore, a 
new index called the resistin/adiponectin (R/A) ratio may 
be suggested to offer a more accurate measure of metabol-
ic homeostasis and metabolic diseases.

Understanding the complex interplay between ad-
ipokines, insulin resistance, T2D, and atherosclerosis 
could unravel new diagnostic and therapeutic avenues for 
managing metabolic and cardiovascular diseases.

Thus, this study aims to dissect the correlation between 
adiponectin, resistin, and the adiponectin-to-resistin ra-
tio concerning parameters of glucose metabolism, and 
lipid profiles in patients with T2D. By exploring these 
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connections, we aspire to provide insights that could be 
instrumental in devising novel strategies for risk predic-
tion and management in T2D and associated CVD.

Methodology
Study design and participants

This study was a case-control study as indicated by different 
previous reports (Al-Azzam et al. 2013; Babiikir Eltahir et al. 
2020). Between April and July 2021, individuals with Type 
2 Diabetes (T2D) and healthy individuals were directed to 
the Endocrinology Department at Prince Hamzah Hospi-
tal. Before joining the study, they were thoroughly briefed 
and provided their consent for a blood sample collection. 
The study included 100 people with T2D, and 98 were also 
included as controls who were matched for age and sex.

without any health concerns. The participants were eligi-
ble if they were diagnosed with T2D at least six months be-
fore the study, lived in Jordan, were older than 18, and were 
on a sulphonylurea derivative as an oral hypoglycemic drug, 
and diet treatment. Their casual physical activity ranged 
from simple household chores to brief post-meal walks, 
aiding in their energy burn and weight control. Those with 
Type 1 diabetes or Individuals with cancer, kidney failure, 
severe liver damage, inflammatory conditions, or those 
taking insulin, biguanide, thiazolidinedione, or cholester-
ol-lowering medications were not included in the research.

The study was conducted in accordance with the Dec-
laration of Helsinki, and approved by the Institutional 
Review Board of the Hashemite University (IRB number: 
11/7/2020/2021).

Clinical and biochemical assessments

The diagnosis of T2D followed the criteria set by the Amer-
ican Diabetes Association (Anon n.d.), which hinges on a 
fasting blood glucose (FBG) level of 126 mg/dl or higher 
after refraining from eating for at least 8 hours. The con-
trol group was verified to be free of diabetes by checking 
the FBG levels on two distinct occasions. Body mass index 
(BMI) was determined by dividing their self-stated weight 
(in kg) by the square of their self-stated height (in meters). 
After resting for 10 minutes, trained nurses measured 
blood pressure three times from the right arm. Blood was 
drawn from a peripheral vein into tubes containing hepa-
rin. After gentle mixing, these samples were centrifuged at 
3,000 rpm at a temperature of 4 °C for a quarter of an hour. 
Subsequently, the plasma was extracted and preserved at a 
temperature of -80 °C for later assessments.

Measurement of fasting blood glucose, 
HbA1c, insulin, HOMA-IR and TyG index

HbA1c levels were determined using a kit from Wond-
fo (China, catalog number: W207). Blood glucose 
concentrations were evaluated with a colorimetric detec-

tion kit by Biolabo (France, catalog number: 80009), all in 
line with the guidance provided by the respective manu-
facturers. Insulin was also measured using a commercially 
available kit (MBS761338, Mybiosource, USA) according 
to the manufacturer’s instructions.

To assess insulin resistance, Homeostasis Model As-
sessment of Insulin Resistance (HOMA-IR) and triglycer-
ide–glucose (TyG) index were calculated. HOMA-IR was 
calculated using Homeostasis Model Assessment of Insu-
lin Resistance (HOMA-IR) was calculated using a stan-
dard formula based on fasting glucose and insulin levels.

HOMA-IR = (Fasting glucose (mg/dL) × Fasting insu-
lin (μIU/mL)/405 (Yoon et al. 2016).

TyG index was calculated using a standard formula 
based on fasting triglyceride and glucose levels.

TyG index = ln [fasting TG (mg/dL) × fasting glucose 
(mg/dL)/2] (Lee et al. 2021).

Analysis of lipid profile

Total cholesterol, low-density lipoproteins (LDL), and, 
high-density lipoproteins (HDL) were assessed using spe-
cific kits from Biolabo (France, catalog numbers: 80106, 
90816, and 86516, respectively), following the guidelines 
provided by the manufacturer. Triglyceride (TG) levels were 
determined using a kit from Linear Chemicals (Spain, cat-
alog number: 1155005), also in compliance with the manu-
facturer’s directions. Oxidized LDL (ox-LDL) was measured 
using a commercially available kit (MBS168574, MyBio-
Source, USA) according to the manufacturer’s instructions.

Measurement of serum resistin and ad-
iponectin

Serum concentrations of resistin and adiponectin were 
determined using commercially available ELISA kits 
(Mybiosource, USA, MBS355429, and MBS2024009, re-
spectively) as per the manufacturer’s guidelines. The ab-
sorbance readings were taken at 450 nm using the ELx800 
Microplate Reader by BioTek Instruments, located in 
Winooski, VT, USA. For every patient, the Resistin/Ad-
iponectin (R/A) ratio was computed by dividing the re-
sistin serum concentration (given in ng/ml) by the adi-
ponectin serum concentration (expressed in ng/ml).

Statistical analysis

The demographic and clinical characteristics were sum-
marized using means and standard deviations for contin-
uous variables and frequencies for categorical variables. 
T-tests were used to compare the means between the 
T2D patients and the controls. P values were calculated, 
with values below 0.05 considered statistically significant. 
Pearson’s correlation coefficient was used to assess the re-
lationships between the adipokines (adiponectin, resistin, 
and the R/A ratio) and other metabolic and cardiac pa-
rameters. Again, p-values < 0.05 were considered to indi-
cate a significant correlation.
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Results
Clinical characteristics of type 2 diabe-
tes patients vs. controls

As depicted in Table 1, the clinical characteristics of pa-
tients with Type 2 diabetes (T2D) were compared to con-
trols to elucidate potential differences. A total of 100 T2D 
patients and 98 controls were included in this analysis.

The gender distribution was comparable between the 
two groups, with females and males comprising 53% and 
47% of the control group, respectively, and 51% and 49% 
of the T2D group (p=0.09). Similarly, age did not differ 
significantly between the groups (62.5 ± 9.4 years for con-
trols and 64.0 ± 10.9 years for T2D patients; p=0.27) as 
individuals between groups were gender and age-matched 
to remove the impact of those variables.

Key metabolic parameters highlighted some stark 
differences between the groups. The HbA1c was mark-
edly elevated in the T2D group (8.2 ± 1.7%) compared 
to controls (4.9 ± 0.5%) with a significant p-value of 
0.0001. Fasting plasma glucose (FPG) in T2D patients was 
more than double that of controls (189 ± 44.7 mg/dl vs. 
83.5 ± 9.2 mg/dl; p=0.0001).

Lipid profile was notably different between the groups. 
LDL levels in T2D patients were almost three times higher 
than in controls (122.7 ± 9.1 ng/ml vs. 42.4 ± 9.9 ng/ml; 
p=0.0001). On the contrary, HDL was found to be signifi-
cantly lower in T2D patients when compared to controls 
(3286 ± 749.3 ng/ml vs. 4421.3 ± 789.2 ng/ml; p=0.0001), 
suggesting that dysregulation of lipoprotein metabolism 
and dyslipidemia associated with diabetes.

The oxidized LDL (ox-LDL), was significantly elevated 
in the T2D group (2931.7 ± 830.1 pg/ml) in comparison 
to the control group (2466.4 ± 483.7 pg/ml; p=0.0001). 
Similarly, the total cholesterol, triglycerides, insulin levels, 
HOMA-IR, and TyG (markers of insulin resistance) were 
also significantly higher in the T2D group.

Adiponectin, which is often decreased in diabet-
ic conditions, was markedly lower in T2D patients 
(0.6 ± 0.03 ng/ml) compared to controls (4.3 ± 1.6 ng/ml; 
p=0.0001) while resistin, another adipokine, was elevated 
in the T2D group (12.5 ± 1.2 ng/ml) compared to controls 
(7.5 ± 1.4 ng/ml; p=0.0001). The resistin to adiponectin 
ratio (R/A ratio), an emerging marker of metabolic syn-
drome and insulin resistance, showed an exceedingly el-
evated value in T2D patients (45.0 ± 15.1) as opposed to 
controls (1.8 ± 0.8; p=0.0001).

Correlation between adipokines and 
HOMA-IR and TyG index in T2D

A correlation analysis was performed to understand the rela-
tionship between HOMA-IR, a well-established marker of in-
sulin resistance, and adipokine-related parameters (Table 2).

A robust positive correlation was observed between the 
R/A (Resistin/Adiponectin) ratio and HOMA-IR, with a 
correlation coefficient r=0.69 (p=0.0001). Similarly, a pos-
itive correlation was documented between R/A (Resistin/
Adiponectin) ratio and the TyG index, with a correlation 
coefficient r=0.53 (p=0.006). This indicates that as the R/A 
ratio increases, there is a corresponding rise in HOMA-IR 
TyG index values.

Resistin showed a moderate positive correlation with 
HOMA-IR. The correlation coefficient was found to be 
0.34, and the association was statistically significant with a 
p-value of 0.001. Similarly, resistin showed a positive cor-
relation with the TyG index with a coefficient of 0.42 and 
this association was statistically significant with a p-value 
of 0.003. This result implies that higher levels of resistin are 
associated with increased insulin resistance. In contrast, 
adiponectin demonstrated a strong negative correlation 
with HOMA-IR and TyG index, with a correlation coeffi-
cient r=−0.89 and -0.77 (p=0.0001, 0.004, respectively).This 
inverse relationship suggests that as adiponectin levels de-
crease, there is a marked increase in HOMA-IR and TyG in-
dex values, indicating an enhancement in insulin resistance.

Correlations between adipokines and 
metabolic parameters in T2D

To unravel the relationship between the adipokines 
(Adiponectin and Resistin), as well as their ratio (R/A) 
and various metabolic parameters, a detailed correlation 
analysis was carried out (Table 3).

Adiponectin demonstrated a strong negative correlation 
with HbA1c (r=−0.87, p=0.0001). As adiponectin levels de-

Table 1. Clinical characteristics of the participants.

Parameter Controls (n=98) T2D (n=100) P value
Gender (F/M, n) 52/46 51/49
Age (years) 62.5 ± 9.4 64.0 ± 10.9 0.27
BMI (kg/m2) 30.0 ± 2.0 29.0 ± 2.4 0.13
SBP (mm Hg) 124.2 ± 4.3 125.1 ± 2.9 0.26
DBP (mm Hg) 85.1 ± 5.2 85.5 ± 4.0 0.56
HbA1c (%) 4.9 ± 0.5 8.2 ± 1.7 0.0001
FPG (mg/dl) 83.5 ± 9.2 189 ± 44.7 0.0001
LDL (ng/ml) 42.4 ± 9.9 122.7 ± 9.1 0.0001
ox-LDL (pg/ml) 2466.4 ± 483.7 2931.7 ± 830.1 0.0001
TG (mmol/L) 1.8 ± 0.3 2.84 ± 0.2 0.001
T. Cholesterol (mmol/L) 4.6 ± 0.3 6.1 ± 0.4 0.007
HDL (ng/ml) 4421.3 ± 789.2 3286 ± 749.3 0.0001
Insulin (μU/ml) 4.1 ± 1.6 5.1 ± 1.3 0.0001
HOMA-IR 0.85 ± 0.3 2.4 ± 0.9 0.0001
TyG index 4.3 4.9 0.009
Adiponectin (ng/ml) 4.3 ± 1.6 0.6 ± 0.03 0.0001
Resistin (ng/ml) 7.5 ± 1.4 12.5 ± 1.2 0.0001
R/A ratio 1.8 ± 0.8 45.0 ± 15.1 0.0001

Table 2. Pearson’s correlation for serum adiponectin, resistin, 
and R/A ratio with HOMA-IR in T2D.

Parameter HOMA-IR TyG index
R P value R P value

R/A 0.69 0.0001 0.53 0.006
Resistin 0.34 0.001 0.42 0.003
Adiponectin -0.89 0.0001 -0.77 0.004
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crease, HbA1c values tend to increase, suggesting potential 
glycemic control disruptions. On the other hand, Resistin 
positively correlated with HbA1c (r=0.78, p=0.0001), im-
plying higher resistin levels might be associated with poor 
glycemic control. Moreover, a positive correlation between 
R/A ratio and HbA1c (r=0.69, p=0.0001) was observed.

Regarding the correlation with lipid profile measures, 
Adiponectin and Resistin showed strong negative and pos-
itive correlations respectively (r=−0.87 and r=0.88, both 
p=0.0001) with atherogenic LDL. The R/A ratio also dis-
played a positive correlation with LDL (r=0.77, p=0.0001). 
However, cardioprotective HDL demonstrated a strong 
positive correlation with Adiponectin (r=0.88, p=0.0001) 
and negative correlations with Resistin and the R/A ratio 
(r=−0.74 and r=−0.71 respectively, both p=0.0001). Further-
more, Adiponectin and Resistin correlated negatively and 
positively with TG respectively (r=−0.94 and r=0.58, both 
p=0.001). The R/A ratio also exhibited a positive correla-
tion with TG (r=0.65, p=0.001) while a mild negative cor-
relation was observed between cholesterol and adiponectin 
(r=−0.30, p=0.01) and moderate positive correlations with 
Resistin and the R/A ratio (r=0.49 for both, p=0.001). The 
results provide evidence to support the hypothesis that ad-
iponectin may exert its beneficial effects on cardiovascular 
disease (CVD) by lowering lipoproteins, such as LDL, TG, 
and total cholesterol in contrast to resistin.

In a similar pattern, Adiponectin demonstrated a substan-
tial negative correlation with ox-LDL (r=−0.97, p=0.0001), 
while Resistin showed a positive one (r=0.74, p=0.0001). 
The R/A ratio displayed a positive correlation with ox-LDL 
as well (r=0.66, p=0.0001). Thereby, resistin significantly in-
creases lipid peroxidation in contrast to adiponectin.

Discussion

Type 2 diabetes (T2D) is a multifaceted metabolic dis-
order. The present study aimed to investigate the clinical 
characteristics of patients with T2D and controls and then 
delve deeper into the relationship between insulin resis-
tance (quantified by HOMA-IR and TyG index) and spe-
cific adipokines, particularly adiponectin and resistin.

Consistent with established literature, our cohort of 
T2D patients showed significant differences in several 
metabolic and cardiovascular parameters compared to 
controls (American Diabetes Association 2018). Remark-
ably, HbA1c, FPG, LDL, ox-LDL, TG, and T. Cholester-

ol were substantially elevated in the T2D group which is 
consistent with a previous study that found that more than 
90% of type 2 diabetic patients in Jordan had dyslipidemia 
of some kind. Specifically, hypercholesterolemia (77.2%), 
low HDL (83.9%), high LDL-c (91.5%), and hypertri-
glyceridemia (83.1%) were all present in this population 
(Nazik et al. 2008). As well as, the levels of resistin were 
substantially elevated in the T2D group, while adiponec-
tin levels significantly diminished. Several studies have 
reported that individuals diagnosed with type 2 diabetes 
mellitus exhibited reduced concentrations of adiponectin 
in their bloodstream (Babiikir Eltahir et al. 2020). Mean-
while, a positive correlation between resistin levels and 
insulin resistance was established in type 2 diabetes and 
obese individuals (Siddiqui et al. 2020).

The aberration in these parameters aligns with the rec-
ognized pathophysiological alterations associated with 
T2D (Kahn 2003). Elevated HbA1c and FPG confirm 
chronic hyperglycemia in T2D patients, while the dyslip-
idemic profile, marked by heightened LDL, ox-LDL, and 
TG levels, underscores the heightened cardiovascular risk 
in this group (Lambie et al. 2021).

Resistin and adiponectin have emerged as vital links 
in the interplay between metabolism and inflammation. 
The adipokine adiponectin, generally deemed to have 
insulin-sensitizing properties, showed a strong negative 
correlation with HOMA-IR, supporting its protective role 
against insulin resistance (Myeong et al. 2006). This obser-
vation complements previous findings that tout adiponec-
tin as a negative regulator of inflammation and a mediator 
of glucose regulation (Fantuzzi 2005). In contrast, resistin 
displayed a positive correlation with HOMA-IR, high-
lighting its role in exacerbating insulin resistance (Askin 
et al. 2022). It has been proposed that resistin acts on liv-
er and muscle cells, inhibiting the effects of insulin, and 
thereby promoting insulin resistance (Gu et al. 2023).

Another focal point was the understanding of how these 
adipokines relate to atherosclerosis, a prime mediator of car-
diovascular complications in T2D (Gasbarrino et al. 2023b). 
Elevated LDL, TG, and total cholesterol levels are known 
to promote atherosclerosis (Mushenkova et al. 2021). Our 
findings suggest that adiponectin is inversely associated 
with these atherogenic markers, while resistin shares a di-
rect relationship. Adiponectin, through its anti-inflamma-
tory and anti-atherogenic properties, can inhibit the trans-
formation of macrophages to foam cells, a crucial step in 
atherosclerotic plaque formation (Gasbarrino et al. 2023a). 
Conversely, resistin’s pro-inflammatory actions might fuel 
atherosclerosis progression (Dos Santos et al. 2021).

The role of oxidized low-density lipoprotein (LDL) as a 
marker of oxidative stress in the progression of atheroscle-
rosis has been proposed to be substantial, and there exists 
a correlation between atherosclerotic problems with both 
diabetes and obesity. Limited research has been conduct-
ed on the association between oxidized low-density lipo-
protein (Ox-LDL) and adipokines, with a notable absence 
of studies specifically examining their correlation with 
resistin and adiponectin. In this study, we formulated a 

Table 3. Pearson’s correlation for serum adiponectin, resistin, 
and R/A ratio with various parameters in T2D.

Parameter Adiponectin Resistin R/A
r P value r P value r P value

HbA1c -0.87 0.0001 0.78 0.0001 0.69 0.0001
LDL -0.87 0.0001 0.88 0.0001 0.77 0.0001
ox-LDL -0.97 0.0001 0.74 0.0001 0.66 0.0001
TG -0.94 0.0001 0.58 0.001 0.65 0.001
T. Cholesterol -0.30 0.01 0.49 0.001 0.49 0.001
HDL 0.88 0.0001 -0.74 0.0001 -0.71 0.0001
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hypothesis regarding a potential correlation between adi-
pokines and Oxidized LDL in an in vivo setting. The find-
ings of our study indicate a positive correlation between 
concentrations of Ox-LDL and resistin (Xu et al. 2006) 
whilst Ox-LDL has an inverse correlation with adiponec-
tin (Basati et al. 2011).

Elevated levels of resistin and decreased levels of adi-
ponectin are both associated with detrimental outcomes 
in cardiovascular health. Resistin, an adipokine, is not just 
an indicator of adiposity but has been correlated with in-
creased inflammation, endothelial dysfunction, and ath-
erosclerotic progression, which are critical factors in the 
onset and progression of cardiovascular disease (Reilly et 
al. 2005; Tarkhnishvili et al. 2022). In contrast, adiponec-
tin, another adipokine, often acts in a protective capacity 
for the cardiovascular system. Lower adiponectin con-
centrations have been linked to an elevated risk of hyper-
tension, coronary artery disease, and other cardiovascu-
lar complications. This protective adipokine is known to 
inhibit vascular inflammation and atherosclerotic plaque 
formation, suggesting its critical role in maintaining car-
diovascular health (Shibata et al. 2005; Zhou et al. 2021). 
Thus, imbalances in resistin and adiponectin levels can 
serve as significant indicators and potentially modifiable 
risk factors for cardiovascular disease.

The R/A ratio, representing the resistin to adiponectin 
balance, has been proposed as a better marker for insulin 
resistance and atherosclerosis than each adipokine alone 
(Norata et al. 2007). Our results corroborate this, as the 
R/A ratio exhibited strong positive correlations with sev-
eral markers of insulin resistance and atherosclerosis.

Conclusion
Our findings amplify the intricate roles of resistin and ad-
iponectin in modulating insulin resistance, atherosclero-
sis, and cardiovascular function in T2D patients. The R/A 
ratio stands out as a potential diagnostic and prognostic 
tool. Future studies should focus on mechanistic pathways 
of adipokines as diagnostic and therapeutic targets.
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