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Abstract
Objective The relationships between carotid intima-media thickness (C-IMT) and β cell function and insulin resistance in 
patients with type 2 diabetes (T2D) have not been fully elucidated. This study is to investigate whether impaired glucose 
metabolism is etiologically associated with C-IMT in patients with T2D.
Methods The study group consisted of 490 (284 men, 206 women) participants. Venous blood specimens were obtained 
from all subjects for biochemical profiles after an >8-h overnight fast. C-IMT was measured as the distance between the 
luminal-intimal leading edge (I-line) and the medial-adventitial leading edge (M-line) on the far wall. Insulin resistance was 
estimated with the homeostasis model assessment of insulin resistance (HOMA-IR). The acute insulin response to arginine 
was calculated as the mean of the three plasma insulin levels obtained within 2, 4, and 6 min after the arginine bolus minus 
the pre-stimulus plasma insulin levels.
Results There was a graded increase in C-IMT values according to tertiles of HOMA-IR in men; the values of C-IMT were 
significantly decreased across the tertiles of acute insulin and C-peptide responses in women. Multivariate analysis revealed 
that HOMA-IR and age were positively associated with C-IMT among men participants, and acute insulin response and 
current smoking were the independent determinants of C-IMT in women.
Conclusion Early insulin response stimulated by arginine is independently associated with C-IMT in women T2D individu-
als, whereas insulin resistance is positively correlated with C-IMT in men T2D subjects.
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Introduction

Type 2 diabetes (T2D) characterized by pathological pro-
gressive hyperglycemia is caused by insulin resistance and 
pancreatic β cell dysfunction. There is evidence that T2D 
is associated with early atherosclerosis, and is a well-estab-
lished risk factor for cardiovascular diseases [1, 2]. Carotid 
intima-media thickness (C-IMT) is currently a widely used 
marker for cardiovascular conditions, in particular for ath-
erosclerotic disease [3]. It has been addressed to be directly 
associated with the development of cardiovascular disease 
[4, 5]. On the other hand, there is growing evidence that 
inflammation represents as a key pathophysiological etiol-
ogy in the development and progress of both atherosclerotic 
cardiovascular disease and T2D [6, 7]. Notably, patients 
with T2D were reported to have a marked increment in 
C-IMT compared to the age-matched non-diabetic indi-
viduals [8]. Some atherosclerosis-promoting factors may 
be influenced by insulin resistance alone or together with 
hyperinsulinemia and hyperglycemia [9–11]. However, pre-
vious studies have shown contradictory results regarding 
the relationship between C-IMT and T2D. In non-diabetic 
individuals, C-IMT was shown to be negatively associated 
with insulin secretion independently of other risk factors 
such as insulin sensitivity [12]. Interestingly, another study 
identified a gender difference suggesting that C-IMT is 
inversely correlated with insulin sensitivity in men, but is 
independently associated with fasting plasma glucose levels 
in women [13]. In this respect, both insulin resistance and 
insulin secretion should be accurately measured. Defects in 
insulin action and β cell function are known as hallmarks 
of T2D with resultant relative or absolute inadequacy of 
insulin secretion in response to hyperglycemia. However, 
the relationship between C-IMT and β cell function in T2D 
individuals has not been fully elucidated.

There is a need to establish novel methods that can appro-
priately assess disease progression and β cell mass in clinical 
and epidemiological studies. Currently, HOMA-β (homeosta-
sis model assessment of β cell function) is commonly used to 
assess β cell function. However, this score is calculated by 
using fasting plasma glucose and insulin levels, which only 
indicates β cell function under fasting non-dynamic condi-
tions. Furthermore, arginine-induced insulin secretion is also 
able to evaluate β cell function in T2D patients as well as in 
islet auto-transplantation studies [14, 15]. In a clinical setting, 
this stimulus is applied intravenously to elicit an acute insu-
lin response (AIR) or an acute C-peptide response (ACR). 
The aim of the present study is to investigate the association 
between C-IMT and β-cell function in individuals with T2D. 
Physiological approaches, e.g., arginine-stimulated test (AST), 
were applied to participants to determine insulin resistance and 
early insulin secretion.

Materials and methods

Study design

The study was designed as a cross-sectional case-control 
study, and was conducted at the Fudan University, Zhong-
shan Hospital, Xiamen Branch, over a period of 2 years.

From August 2018 to February 2021, a total of 490 
patients with T2D (284 men, 206 women) aged between 
40 and 70 year-old from the department of Endocrinol-
ogy, Zhongshan Hospital (Xiamen), Fudan University, 
China, had been recruited into this present ongoing 
cohort. Patients were diagnosed as diabetes based on 
American Diabetes Association (ADA) 2018 criteria: (1) 
a self-reported history of diabetes previously diagnosed 
by health care professionals; (2) fasting plasma glucose 
(FPG) ≥126 mg/dL (7.0 mmol/L); (3) 2-h plasma glu-
cose (2-h PG, OGTT) ≥200 mg/dL (11.1 mmol/L); or (4) 
glycosylated hemoglobin A1c (HbA1c) ≥6.5% (48 mmol/
mol). All patients were examined Glutamic acid decar-
boxylase antibody (GAD-Ab) negative to exclude type 1 
diabetes. Subjects with the following conditions were also 
excluded: specific types of diabetes due to other causes, 
cancer, pregnancy, lactation, abnormal liver or/and renal 
function, infectious diseases, evidence of hyperthyroid-
ism, hypothyroidism, alcoholism, viral hepatitis (type B 
or C), or those who underwent vascular surgery such as 
carotid endarterectomy or stenting. The study protocol 
was approved by the Human Research Ethical Committee 
of the Zhongshan Hospital (Xiamen), Fudan University. 
Written informed consent was obtained from each partici-
pant before the start of the study.

Waist circumference, heart rate, and blood pressure 
(BP) were measured in all participants. After an >8-h 
overnight fast, venous blood specimens were obtained 
from all subjects for biochemical profiles as well as low 
density lipoprotein (LDL-cholesterol), high density lipo-
protein (HDL-cholesterol), triglycerides, high-sensitivity 
C-reactive protein (hs-CRP), uric acid, and estimated glo-
merular filtration rate (eGFR); the information of current 
smoking and body mass index (BMI) were also obtained.

Carotid intima‑media thickness measurement

High resolution B-mode ultrasound of the extracranial 
carotid arteries was performed by trained and certified 
technicians following a standardized protocol [13]. A seg-
ment about 1 cm proximal to the carotid bifurcation was 
imaged in the longitudinal plane and C-IMT was measured 
as the distance between the luminal–intimal leading edge 
(I-line) and the medial–adventitial leading edge (M-line) 
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on the far wall. C-IMT was assessed in three contiguous 
sites at 1-mm intervals and the average of the three val-
ues was used for analyses. The mean of the left and right 
measurements was used in this analysis.

Clinical and biochemical measurements

Clinical parameters, such as age, gender, systolic blood 
pressure, heart rate, body mass index (BMI), and waist cir-
cumference were collected. Blood pressure was measured 
using a standard sphygmomanometer in the sitting position, 
as the average of the last two of three consecutive measure-
ments obtained at 3-min intervals. BMI was calculated as 
body weight in kilograms divided by the square of body 
height in meters (kg/m2). Waist circumference was taken 
at umbilical level to the closest centimeter. Fasting blood 
samples were obtained in the early morning for biochemical 
studies including serum creatinine, high-density lipoproteins 
(HDL), low-density lipoproteins (LDL) triglyceride, uric 
acid, glycated hemoglobin (HbA1c), and high-sensitivity 
C-reactive protein (hs-CRP). The glomerular filtration rate 
was estimated by the modified modification of diet in renal 
disease equation with the new Japanese coefficient [16].

Arginine stimulation test

Dynamic testing of β cell function was evaluated by AST 
performed according to the method of Robertson [17]. 
Before the test, glucose levels were measured to ensure that 
they were between 4 and 12 mmol/L. After baseline samples 
were drawn for glucose, insulin, and C-peptide at 0 min, 
an intravenous injection of 5 g of arginine (given as 50% 
arginine HCl) was administered over 30 s, with time 0 set 
halfway through the arginine injection. Samples for plasma 
glucose, insulin, and C-peptide were collected from the con-
tralateral arm at 2, 4, and 6 min after the arginine injection.

Insulin secretion and insulin resistance

Insulin resistance was estimated with the homeostasis model 
assessment of insulin resistance (HOMA-IR) according to 
the formula HOMA-IR = fasting insulin (FINS) (μU/ml) 
× fasting plasma glucose (FPG) (mmol/L)/22.5 [18]. For 
the assessment of pancreatic β cell function, we used the 
homeostasis model assessment of β cell function (HOMA-β) 
according to the formula HOMA-β = 20×FINS (μU/ml)/
(FPG mmol/L-3.5). The pancreatic β cell function was also 
evaluated by area under curve of insulin  (INSAUC ) accord-
ing to the formula  INSAUC  =  INS0+2×INS2+2×INS0+INS6, 
where  INS0, 2, 6 is the plasma insulin levels obtained within 
0, 2, and 6 min after the arginine bolus. The acute insulin 
response (AIR) to arginine was calculated as the mean of the 
three plasma insulin levels obtained within 2, 4, and 6 min 

after the arginine bolus minus the prestimulus plasma insulin 
level. In addition, the acute C-peptide response (ACR) to 
arginine was calculated as described for insulin.

Statistical analysis

The statistical analyses were carried out by Statistical 
Package for Social Sciences 18 (SPSS). Continuous vari-
ables are presented as mean ± SD (standard deviation) or 
median (interquartile range) and categorical variables as 
percentages of patients in the study. Subjects were divided 
into two groups according to gender and each group was 
further subdivided into tertiles of fasting plasma insulin, 
glucose concentrations and index of insulin secretion and 
resistance. Comparisons were drawn by chi-square test, 
unpaired Student t test, and one-way analysis of variance, 
as appropriate. Two-sided p values of less than 0.05 were 
considered statistically significant. To find the parameters 
that explain the significance of the variance of the depend-
ent variables, stepwise multivariate linear regression analy-
sis was performed to correlated parameters with C-IMT 
and p value <0.05 was considered as indication of statis-
tical significance. Regression models, with standardized 
baseline C-IMT as the dependent variable and established 
risk factors as independent variables, were run separately 
for men and women.

Results

Demographic, clinical, and laboratory data

The demographic, clinical, and laboratory data from partici-
pants were shown in Table 1. At baseline, men and women dif-
fered in age, waist circumference, systolic BP, HDL-cholesterol, 
current smoking, uric acid, fasting insulin,  INSAUC , HOMA-IR, 
HOMA-β%, and C-IMT (Table 1). There were no significant 
differences in fasting glucose, AIR, ACR, and HbA1c.

Correlations between C‑IMT and insulin secretion 
related factors

At baseline, C-IMT was detected to be significantly higher 
in men. We next examined C-IMT across the tertiles of fast-
ing plasma insulin and glucose concentrations, and index of 
insulin secretion and insulin resistance in men and women. 
Notably, C-IMT values were positively correlated with 
HOMA-IR, but no significant differences in IMT values 
were identified across tertiles of HOMA-β, fasting glucose 
concentrations,  INS0, AIR,  INSAUC , and ACR (Table 2), 
suggesting that the elevated C-IMT values may be attrib-
uted by the progress of insulin resistance in men. However, 
completely different conclusions were drawn from the data 
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in women. C-IMT levels were markedly decreased across 
the tertiles of AIR and ACR in female participants. No sig-
nificant differences were found in C-IMT values across the 

tertiles of HOMA-IR, HOMA-β, fasting glucose concentra-
tions,  INS0, and  INSAUC  (Table 2). Collectively, these data 
indicate that changes in C-IMT are strongly associated with 

Table 1  Clinical and metabolic 
characteristics, mean ± SD, 
median (interquartile range), 
percentages of patients in the 
study

SD Standard deviation, BMI body mass index, BP blood pressure, LDL low-density lipoprotein, HDL high-
density lipoprotein, CRP C-reactive protein, HbA1c glycosylated hemoglobin

Men Women p value

n 284 206
Age, y 53±12 60±11 <0.0001
BMI, kg/m2 25.0±3.5 24.7±4.3 0.37
Waist circumference, cm 90.6±10.8 85.5±9.9 <0.0001
Heart rate, bpm 80.2±9.2 79.4±8.5 0.32
Systolic BP, mm Hg 129.7±16.7 133.1±18.6 0.04
LDL-cholesterol, mmol/L 2.6±0.9 2.6±1.1 0.71
HDL-cholesterol, mmol/L 1.1±0.4 1.2±0.4 <0.0001
Triglycerides, mmol/L 4.6±1.2 4.7±1.2 0.21
hsCRP, mg/L 1.3 (2.3) 1.3 (2.2) 0.52
eGFR, (estimated glomerular filtration rate) 94.1±22.4 93.8±20.0 0.87
Current smoking, % 35.9 1.5 <0.0001
Uric acid 363.0±106.8 324.6±96.3 <0.0001
Fasting glucose, mmol/L 7.88±2.35 7.84±2.46 0.88
Fasting insulin, pmol/L 6.5 (6.75) 8.3 (8.3) 0.002
Acute insulin response, AIR 17.8 (25.5) 18.8 (21.3) 0.65
Area under curve of insulin,  INSAUC 97.1 (113.7) 121.8 (117.9) 0.01
Homeostasis model assessment of insulin resistance, HOMA-IR 2.3 (2.6) 2.9(3.1) 0.01
Homeostasis model assessment of beta cell function (HOMA-β) 33.3 (45.3) 42.4 (60.7) 0.001
Acute C-peptide response, ACR 1.4 (1.4) 1.3 (1.2) 0.18
HbA1c 9.3±2.3 9.2±2.2 0.57
Intima-media thickness (IMT) 0.81±0.28 0.75±0.28 0.01

Table 2  Values of C-IMT by tertiles of fasting plasma insulin, glucose concentrations and index of insulin secretion and resistance

HOMA-IR Homeostasis model assessment of insulin resistance, HOMA-β homeostasis model assessment of beta cell function, FG fasting glu-
cose, AIR acute insulin response, INSAUC  area under curve of insulin, ACR  acute C-peptide response, IMT intima-media thickness. *, significant 
changes in C-IMT values across the indicated tertiles (defined as p values less than 0.05).

Men Women

1 2 3 p value 1 2 3 p value

HOMA-IR 0.04–1.57 1.58–3.12 3.13–284.4 0.17–1.85 1.86–3.73 3.74–213.33
IMT, mm 0.74±0.32 0.82±0.19 0.90±0.27 0.01* 0.79±0.19 0.73±0.29 0.74±0.32 0.77
HOMA-β 4.29–22.22 22.23–51.67 51.68–6896.55 3.64–32.57 32.58–67.10 67.11–15384.62
IMT, mm 0.80±0.30 0.83±0.26 0.83±0.26 0.65 0.76±0.25 0.76±0.27 0.74±0.30 0.83
FG, mmol/L 3.60–6.80 6.81–8.50 8.51–17.20 3.70–6.60 6.61–8.50 8.51–19.50
IMT, mm 0.76±0.27 0.82±0.30 0.88±0.24 0.12 0.78±0.25 0.73±0.31 0.75±0.26 0.61
INS0, pmol/L 0.20–4.90 4.91–8.70 8.71–1000 0.60–5.90 5.91–11.30 11.31–1000
IMT, mm 0.76±0.30 0.84–0.27 0.87±0.23 0.05 0.78±0.21 0.75±0.28 0.73±0.32 0.86
AIR 0.90–11.77 11.78–27.73 27.74–185.47 0.27–12.43 12.44–25.97 25.98–278.67
IMT, mm 0.80±0.27 0.82±0.27 0.85±0.28 0.42 0.84±0.17 0.81±0.22 0.65±0.36 0.005*
INSAUC 5.60–64.80 64.81–132.40 132.41–6000 8.80–75.90 75.91–166.50 166.51–6000
IMT, mm 0.78±0.30 0.85±0.25 0.85±0.27 0.11 0.83±0.14 0.79±0.30 0.69±0.34 0.09
ACR 0.10–1.02 1.03–2.07 2.08–20.07 0.04–1.01 1.02–1.74 1.75–46.60
IMT, mm 0.81±0.27 0.81±0.26 0.86±0.28 0.55 0.83±0.22 0.78±0.25 0.69±0.33 0.03*
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insulin resistance status in men, but are more prone to be 
controlled by β cell function in women.

Independent determinants of C‑IMT in men 
and women

To further explore the independent determinants of C-IMT 
in men and women, we then assessed the roles of insulin 
resistance or insulin secretion in association with C-IMT in 
our study participants. Multivariate analysis revealed that 
HOMA-IR and age were positively associated with C-IMT 
in male participants, after adjusting for other traditional risk 
factors (waist circumference, systolic BP, LDL-cholesterol, 
and current smoking) (Table 3). Whilst, in women, AIR and 
current smoking were unveiled to be the independent deter-
minants of C-IMT by multivariate analysis (Table 3), sug-
gesting that both the risk factors and the mechanism under-
lying of carotid plaques differ in gender. Taken together, 
C-IMT is significantly higher in the highest HOMA-IR 

tertile in men (p<0.001), and in contrast, C-IMT is higher in 
the lowest tertile of AIR index in women (p<0.001; Fig. 1).

Discussion

In the present study, we assessed C-IMT in 490 T2D par-
ticipants. The arginine stimulation test (AST) method was 
applied as the established measurement to assess insulin 
secretion in patients. We for the first time demonstrated that 
insulin resistance and insulin secretion are independent risk 
factors of C-IMT in men and women with T2D, respectively.

Elevated C-IMT has been demonstrated to be associated 
with insulin resistance (evaluated by HOMA-IR), glucose 
intolerance, and higher fasting glucose levels, especially in 
non-diabetic individuals and even in obese children [9, 13, 
17, 19], indicating that early atherosclerosis in prediabe-
tes may be causally linked to endothelial insulin resistance. 
In fact, hyperinsulinemia resulted from insulin resistance 

Table 3  Independent 
determinants of C-IMT in men 
and women

C-IMT Carotid intima-media thickness, SE standard error of the mean, HOMA-IR homeostasis model 
assessment of insulin resistance, AIR acute insulin response

C-IMT β±SE p value β±SE p value
Men Women

HOMA-IR 0.106±0.023 <0.001 AIR −0.083±0.024 0.001
Age 0.004±0.002 0.033 Current smoking −0.493±0.144 0.001

Constant 0.954±0.051 <0.001
Total model R2 0.361 <0.001 Total model R2 0.367 <0.001

Fig. 1  Independent gender-specific determinants of C-IMT by tertiles 
in T2D individuals. A C-IMT with insulin resistance (HOMA-IR) in 
men. B C-IMT with insulin secretion (AIR index) in women. p values 

indicated are adjusted for age, BMI, waist circumference, systolic BP, 
low-density lipoprotein-cholesterol, eGFR, and current smoking
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has been reported to cause endothelial dysfunction and ath-
erosclerosis [20]. More importantly, insulin supplementa-
tion showed the ability to improve several vascular func-
tions in animal models and people with insulin resistance 
[21]. On the other hand, Roussel et al. demonstrated that 
insulin secretion (evaluated by the early insulin response 
index which was calculated as the ratio of insulin change 
over the first 30 min of the OGTT, to plasma glucose at 30 
min) is also associated with early carotid atherosclerosis in 
non-diabetic population independently of other risk factors 
such as insulin resistance [12]. Similarly, β cell function 
(estimated by HOMA-β) was still significantly related to an 
increased risk of poor functional outcomes in non-diabetic 
ischemic stroke patients after adjusting insulin resistance 
[18]. Furthermore, C-IMT was addressed to be associated 
with impaired β cell function in non-diabetic people [11]. 
Together these hinted that defects in insulin resistance and/
or insulin secretion may pathophysiologically be connected 
with the development of carotid atherosclerosis. Given the 
above evidence in non-diabetic population, we raised the 
likelihood that this association may also exist in T2D popu-
lation. Indeed, our data clearly revealed that C-IMT value 
is significantly correlated with insulin resistance (evaluated 
by HOMA-IR) and insulin secretion (evaluated by ACR and 
AIR) in T2D patients. More interestingly, these associations 
are manifested in a gender-specific manner, which is in line 
with the previous findings that C-IMT is associated with 
insulin sensitivity in men, but with fasting plasma glucose 
in women, respectively [13]. This discrepancy might reflect 
a gender-specific mechanism involved in the development of 
atherosclerosis in T2D patients. However, the explanation 
behind is not fully understood, and therefore, future studies 
focus on exploring the causal relationship between impaired 
glucose metabolism and atherosclerosis in different gender 
groups are needed.

The progression of C-IMT is determined by a pleth-
ora of risk factors, such as age, blood pressure, lipids, 
smoking, obesity, and CRP [22, 23], though we found the 
C-IMT value is significantly correlated with insulin resist-
ance and insulin secretion in a gender-specific manner. It 
is noteworthy that diet, exercise, parental history of pre-
mature death from coronary heart disease are also associ-
ated with carotid atherosclerotic plaques [24], which may 
confound the interpretation of our results. Therefore, in the 
present study, we employed stepwise multivariate linear 
regression analysis to explore the independent C-IMT-cor-
related parameters in gender-divided subgroups to adjust 
the potential confounding factors. After excluding the 
traditional risk factors (waist circumference, systolic BP, 
LDL-cholesterol, and current smoking), our multivariate 
regression model revealed the true independent determi-
nants of C-IMT in T2D population in a gender-specific 
manner. Taken together, these suggest that the risk factors 

of carotid plaques as well as the mechanisms underlying 
may differ in gender in T2D individuals. Further studies 
are needed to explore the more comprehensive relation-
ships between C-IMT and arginine-stimulated insulin 
secretion and insulin resistance after excluding all the 
possible variables.

HOMA-IR and HOMA-β are widely used for evaluating 
insulin resistance and insulin secretion, respectively [18, 25, 
26]. It is noteworthy that these two measurements derived 
from fasting samples are limited to merely reflecting fast-
ing nondynamic conditions in clinical settings. In addition, 
oral glucose tolerance test (OGTT) and euglycemic-hyper-
insulinemia clamp have also been applied to evaluate insulin 
sensitivity [11–13]. In our study, AST was employed to exam-
ine the first phase insulin secretion and the reserved func-
tion of β cells. It has been established that β cell dysfunction 
plays a key role in the pathogenesis of diabetes development 
that leads to defects in glucose-stimulated insulin secretion. 
However, β cells still retain the act to stimuli by non-sugar 
substances such as arginine [27]. Arginine is more potent to 
trigger secretion in β cells than glucose, and hence, can be 
used to evaluate the reserved function of islet β cells. In fact, 
hyperglycemic clamp technique is a more accurate application 
for evaluating islet β cell secretory function [14]. Nonetheless, 
the high technique requirement and long operative time limit 
its utility in clinical settings. In contrast, AST is far less tech-
nically demanding and can bring reproducible and comple-
mentary measures of β cell function [28]. More importantly, 
in young T2D individuals, AST is beneficial to reflect β cell 
reserve regardless of disease duration and treatment [29]. At 
last, it has also been demonstrated that arginine is preferred to 
glucagon for the assessment of β cell function [30].

T2D is suggested to be linked with atherosclerotic car-
diovascular diseases through multifactorial pathways. For 
instance, HDL-cholesterol levels or the HDL-based makers 
have been established to be associated with various disor-
ders, including hypertension [31], hepatosteatosis [32], thy-
roiditis [33], and in particular, diabetes [34, 35]. Importantly, 
these conditions are also tightly connected with high burden 
of inflammation that is well known to play a key role in 
the development of atherosclerosis in T2D patients [36]. In 
addition, there is evidence that women generally have higher 
HDL-cholesterol levels than men [37, 38], which is also con-
firmed by the baseline data in our study population. These 
together strengthen our results that atherosclerotic cardio-
vascular disease is gender-specifically associated with T2D.

Clinically, the gender-specific C-IMT values demon-
strated by our findings provide a novel means of risk assess-
ment for T2D patients, which may shed light on the per-
sonalized T2D treatment. Moreover, our data also highlight 
the significance of usage of AST-based insulin secretion in 
clinical settings to evaluate the relationship between T2D 
and development of atherosclerosis.
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Limitations

The current study cannot determine the causal relationship 
between arginine-stimulated insulin secretion and C-IMT 
due to its cross-sectional and unpaired design. In addition, 
the relatively small sample size may result in reduced sta-
tistical power. A larger population from more clinical study 
sites is warranted in the future. Notably, patients with dia-
betes may develop various severe vascular complications, 
which cannot be merely reflected by C-IMT with ultrasound 
detection. In addition, C-IMT values may also be affected by 
many other factors, such as premature deaths in family, diet, 
and exercise, which may confound the explanation of the 
results. Therefore, more parameters correlated with C-IMT 
value and/or atherosclerosis occurrence such as percentage 
of stenosis and peak systolic velocity (PSV) of carotid that 
indicating vascular plaque formation are of necessity to be 
included in the analysis model to establish a more compre-
hensive explanation.

Conclusion

Early insulin response stimulated by arginine is indepen-
dently associated with C-IMT in women T2D individuals, 
whereas insulin resistance is positively correlated with 
C-IMT in men T2D subjects. These gender-specific find-
ings provide prognostic and therapeutic implications in the 
personalized management of patients with T2D. Further-
more, AST has the potential to be used as a reliable param-
eter in evaluating the relationship between impaired glucose 
metabolism and development of atherosclerosis.
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