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Introduction: Endothelium dysfunction and decrease of incretin effects occur early in type 
2 diabetes mellitus and these changes contribute to diabetic cardiovascular complications 
such as atherosclerosis, thick intima-media, coronary, and peripheral arterial diseases. In 
patients with diabetes, the femoral artery is a site of a high incidence of injury in peripheral 
vascular diseases, and atherosclerotic changes may appear earlier in the femoral artery 
compared to the carotid artery. This study was conducted to determine the prevalence of 
increased femoral artery intima-media thickness (IMT) and atherosclerotic plaque and their 
correlation with serum glucagon-like peptide-1 (GLP-1) levels in newly-diagnosed patients 
with type 2 diabetes mellitus.
Materials and Methods: A cross-sectional study was conducted on 332 patients with nT2D in 
the National Endocrinology Hospital, Vietnam from January 2015 to May 2018. IMT was 
measured by Doppler ultrasound and GLP-1 by enzyme-linked immunosorbent assay 
(ELISA). All data were analyzed with SPSS version 26 for Windows (SPSS Inc, Chicago, IL).
Results: Prevalence of thick femoral artery IMT and atherosclerotic plaque was 38.2 and 22.3%, 
respectively. There was a relationship between IMT and age, waist to hip ratio (WHR), systolic 
blood pressure (SBP), diastolic blood pressure (DBP), fasting GLP-1, high sensitive CRP 
(hsCRP) and 24-hour microalbuminuria secretion (24-h MAUS). The fasting serum GLP-1 
(fGLP-1) levels were reduced significantly in patients with thickness and atherosclerosis femoral 
artery (p = 0.001). After adjusting with other related factors, namely, DBP and estimated 
glomerular filtration rate (eGFR), whilst hsCRP and 24-h MAUS showed a significantly positive 
correlation to IMT (Standardized B and p of 0.242, 0.004 and 0.178, 0.043, respectively), fGLP-1 
showed a significantly negative correlation to IMT (Standardized B = −0.288, p = 0.001).
Conclusion: Among n2TD, the percentage for femoral artery thick IMT and atherosclerosis 
was 38.2% and 22.3% respectively, and serum GLP-1 was negatively correlated with thick 
IMT and atherosclerosis.
Keywords: newly diagnosed type 2 diabetes mellitus, intima-media thickness and 
atherosclerotic plaque, femoral artery, serum glucagon-like peptide-1 levels

Introduction
Type 2 diabetes mellitus which accounts for 90% of the total of diabetic patients 
causes severe complications and an economic burden.1 Albeit diabetes-induced 
arterial complications are not specific to type 2 diabetes mellitus, they occur at an 
early stage of the disease and their frequency is relatively high and remained the 
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most prevalent cause of morbidity and mortality in dia-
betic patients. Pathologically, diabetes mellitus could lead 
to both micro- and macrovascular complications such as 
coronary artery disease, myocardial disease, hypertension, 
peripheral vascular disease, retinopathy, nephropathy and 
neuropathy.2 The prevalence of lower extremities artery 
disorders among other peripheral arterial disorders is quite 
high.3 Diabetes-induced lower extremities artery diseases 
could lead to limb amputation unless early diagnosis and 
plausible treatment.4 Common femoral arteries lay shal-
lowly to the superficial surface and appear to be easy to 
evaluate morphology and size, recently, studies started 
focusing on the potential role of intima-media thickness 
measured at the femoral artery in assessing cardiovascular 
risk and increased IMT at the femoral arteries in 
a population suffering from hypertensive and diabetes 
patients.5–7 Intima-media thickness under 2D ultrasound 
findings is one of the useful surrogate endpoints for arter-
ial diseases and a feasible method in routine clinical 
practice.8,9 Doppler ultrasonography is a practical method 
to discover and measure arterial media as well as sizes of 
atherosclerosis plaques, blood flow velocity, which results 
in a good screening apparatus to evaluate and to prognosis 
arterial thrombosis and occlusion with high accuracy.

Furthermore, the vascular system has characteristic 
changes in the course of diabetes.2 Diabetes could increase 
the risk of inflammation, platelet adhesion, and aggrega-
tion, coagulation disorders, and rheology.2 Additionally, 
recent studies also indicate that one of the early and 
characteristic features of the pathogenesis of type 2 dia-
betes is the loss of the incretin effect, which promotes the 
progression of vascular complications.10,11 Serum GLP-1 
has been proved to have benefits in vascular systems, such 
as alleviating endothelium dysfunction, which is an early 
marker of atherosclerosis, develops as a result of arterial 
endothelial wall injury.12–14

The injuries to the arterial system in patients with type 
2 diabetes occurs throughout the arterial system in the 
chronological order of the duration of the disease and 
varies with race.2 However, most recent studies have 
focused on patients with long-term diabetes and changes 
in the carotid artery,15–18 with less research on femoral 
changes as well as in newly diagnosed type 2 diabetes 
mellitus.15,19 Besides, the correlation between serum GLP- 
1 and femoral artery abnormalities has not been eluci-
dated. We executed this study to investigate the femoral 
arterial intima-media thickness prevalence and the correla-
tion between serum GLP-1 levels and femoral artery 

intima-media thickness in nT2D, which helps us to get 
an insight into changes in the biology of type 2 diabetes 
mellitus.

Materials and Methods
Study Population and Design
A cross-sectional study was conducted on 332 patients 
with nT2D in the National Endocrinology Hospital 
(Hanoi, Vietnam) from January 2015 to May 2018.

All patients were diagnosed with type 2 diabetes based 
on the American Diabetes Association guideline20 for the 
first time, which minimized other factors related to treat-
ment therapy (such as acarbose, miglitol, metformin, insu-
lin therapy)21 to GLP-1 levels and to evaluate vascular 
injuries at the early stage of the disease. We excluded 
patients with types of diabetes other than type 2 diabetes 
mellitus, conditions which affected serum GLP-1 levels,21 

severe chronic liver failure, heart failure or kidney failure, 
hemodynamic diseases (such as moderate-to-severe ane-
mia, aplastic anemia, hemolytic anemia), systemic dis-
eases (systemic lupus erythematosus, peripheral arterial 
occlusive diseases), infections (HIV, tuberculosis, foot 
ulcer, severe infections) and severe diabetic conditions 
(patients with hyperglycemic crises, such as hyperosmo-
larity and diabetic ketoacidosis, hypoglycemia). In addi-
tion, patients who were prescribed anticoagulant remedies 
were excluded from the study (sintrom, aspirin, clopido-
grel, heparin).

All participants were provided with written informed 
consent and agreed to join our study; and the protocol was 
approved by the Ethical Review Committee of Vietnam 
Military Medical University, Vietnam (Reference No.168/ 
2014/IRB-VMMU). The study was also conducted using 
good clinical practice following the Declaration of 
Helsinki of 1964, as revised in 2013.

Clinical and Biochemical Assessments
All patients were asked for their comorbidity diseases and 
history of drug usages. Anthropometric measurements and 
clinical examination were collected, namely history of 
smoking, age, gender, height, weight, WHR, blood pres-
sure (at sitting positions), and pulse.

Patients were asked to fast from 22:00 and then blood 
samples were collected at 7:00 next morning. Lipid profiles 
(ie, total cholesterol, triglyceride, LDL-C, and HDL-C), AST, 
ALT, creatinine, electrolytes, protein, and hsCRP were mea-
sured by enzyme colorimetric method (Beckman AU680, 
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USA). Serum insulin and C-peptide were quantified based on 
electrode chemiluminescence (COBAS E411, USA). HbA1c 
was measured in percentage by a high-performance liquid 
chromatography method (Adams A1C, Japan). Fasting 
plasma glucose (FPG) and two-hour postprandial glucose 
(2h-PPG) were measured by hexokinase methods (Beckman 
AU680, USA). Twenty-four-hour MAUS was measured by 
enzymatic turbidimeter autoanalyzer (Beckman AU680, 
USA). The whole blood cell was counted by K-4500, Japan.

Bilateral Femoral Arteries Findings by 
Ultrasonography
Patients were guided to lay on the supine position with 
flexible lower extremities. Under the standardized protocol 
for ultrasound in Vietnam, experienced ultrasound practi-
tioners investigated femoral arteries from the inguinal 
ligament position downwardly to common femoral arteries 
to the bifurcation of the femoral artery into the sub- 
sartorial artery and the deep femoral artery by Philip HD 
11 XE Color Doppler apparatus using a linear transducer 
(frequency of 7.5 MHz). Colored Doppler and continuous 
Doppler modes were employed to investigate the morphol-
ogy and functions of arteries. We used the Pignoli method 
which was described elsewhere to measure intima-media 
thickness (IMT) of common femoral arteries in 2D 
mode.22 The position for evaluating IMT (mm) was at 
the distal walls of femoral arteries which were 2cm from 
the bifurcation of the femoral artery into sub sartorial 
artery and deep femoral artery (supplementary picture S1 
and S2). The IMT was defined as the distance from the 
boundary of the vascular intima and lumen to the bound-
ary of tunica media and tunica adventitia at end-diastole 
B-mode. IMT measurements were performed at both left 
and right femoral artery alternatively and the highest IMT 
was reported as an IMT variable for each patient, and then 
classified into 3 categories, namely normal IMT (less than 
1mm), thick IMT (1 ≤ IMT < 1.5mm), and atherosclerosis 
(IMT ≥ 1.5mm) based on the classification for carotid 
artery.23,24

Assessment of Glucagon-Like Peptide-1 
Levels
Patients at the time of their clinical visit were fasting at 
least 8 hours were aspirated blood for fasting serum GLP- 
1 analysis (fGLP-1). All collecting tubes were added 
DPP4 inhibitor (DPP-IV Inhibitor, K579, Bio Vision, 
USA) before being added blood to prevent GLP-1 from 

the degradation by DPP4. Consequently, these blood sam-
ples were centrifuged at the velocity of 3000rpm for 15 
minutes. Sera were then analyzed with commercially 
available kits (Human ELISA GLP-1 kits, IBL, Japan, 
#27,784) according to the manufacturer’s protocol by 
ELISA apparatus (Thermo Fisher Scientific, USA). 
Changes in color were checked at a wavelength of 
450nm. According to manufacture information, both of 
the intra-assay and inter-assay coefficients of variation 
were below 10%.

Statistical Analysis
All continuous variables were expressed as mean ± SEM 
or Median (interquartile range, Q1-Q3). Differences 
between groups were examined with either Student’s 
t-test or Mann Whitney’s test. Correlations between 
serum GLP-1 levels and other variables were evaluated 
with Pearson’s and Spearman correlation analysis for nor-
mal distribution and skewed distribution variables, respec-
tively. The chi-square test of association is used to 
discover if there is a relationship between two categorical 
variables, and Cramer’s V value is employed to evaluate 
the strength of the association, if available. Kruskal–Wallis 
H-tests with Dunn’s pairwise post hoc tests to analyze the 
differences in GLP-1 between groups of IMT. Multivariate 
linear regression was employed to analyze the effects of 
GLP-1 and other related factors and IMT, and VIF value < 
10 was defined as no collinear for each variable in the 
multivariate regression. Two-tailed P-values < 0.05 were 
set as statistically significant.

All data were analyzed with the SPSS version 26 (64- 
bit edition) for Windows (SPSS Inc, Chicago, IL).

Results
Demographic and Biomedical Findings
A total of 332 patients with nT2D were enrolled in our study 
(for more details about demographic and biomedical find-
ings, refer to Table 1). Fasting serum insulin levels, ALT, 
HDL-C, and platelet count at the time of diagnosing in 
women was higher than those in men. Male patients had 
higher serum triglyceride, creatinine, hsCRP, red blood cell 
counts, 24-h MAUS, eGFR, and IMT than those in women. 
There was no significant difference in both fGLP-1 levels 
between male and female patients. Surprisingly, regarding 
the characteristics of diabetes mellitus, albeit those patients 
were firstly diagnosed with type 2 diabetes mellitus, their 
glucose indices values (eg, FPG, 2hr-PPG, and HbA1c) 
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were high (Table 1). Besides, the vast majority of the 
patients had normal BMI and there were no significant 
differences in BMI between male and female patients.

Femoral Arteries Abnormalities in Newly 
Diagnosed Patients with Type 2 Diabetes 
Mellitus
In our study, among 332 patients with T2D, thick IMT 
made up 38.2% and only 22.3% of patients suffered from 
femoral atherosclerosis.

There is a statistically significant association between 
gender and atherosclerosis (Cramer’s V value of 13.0%, 
p = 0.018); age and both thick IMT and atherosclerosis 
(Cramer’s V value of 41.0%, p < 0.001 for the former and 
35.2%, p < 0.001 for the latter); hypertension and thick IMT 
(Cramer’s V value of 22.1%, p < 0.001); high microalbumi-
nuria and thick IMT and atherosclerosis (Cramer’s V value of 

20.4%, p = 0.003 and 21.7%, p = 0.002, respectively); and 
eGFR and atherosclerosis (Cramer’s V value of 13.8%, p = 
0.012). In particular, male patients and patients with poor 
glycemic control had a high percentage of atherosclerosis. 
Hypertension and high age at the time of diagnosis accounted 
for a high percentage of patients with both atherosclerosis 
and thick IMT. The highest rate of femoral abnormalities was 
seen in patients aged from 60 to 69 (Table 2).

Serum Glucagon-Like Peptide-1 Levels in 
Newly Diagnosed Patients with Type 2 
Diabetes Mellitus and Correlation to 
Femoral Artery Abnormalities
A Kruskal–Wallis H-tests showed that there was 
a statistically significant difference in GLP-1 level 
between the different IMT groups, χ2(2) = 15.113; p = 
0.001 (Table 3). Dunn’s pairwise tests were carried out for 

Table 1 The Demographic and Biomedical Characteristics of the Study Population

Variables, Unit Men Women Overall

Age, years 51.91±0.79 56.35±0.78 54.01±0.57
BMI, kg/m2 22.58±0.21 22.06 (20.30–25.25) 22.20 (20.40–24.20)

WHR 0.92 (0.88–0.94)‡ 0.89 (0.86–0.93)‡ 0.91 (0.87–0.94)

SBP, mmHg 124.00 (120.00–140.00) 120.00 (120.00–140.00) 120.00 (120.00–140.00)
DBP, mmHg 80.00 (70.00–80.00) 80.00 (70.00–80.00) 80.00 (70.00–80.00)

FPG, mmol/L 12.20 (8.90–15.80)† 10.30 (7.90–14.20)† 10.95 (8.23–15.30)

2hr-PPG, mmol/L 15.40 (11.43–18.90) 13.45 (11.05–18.38) 14.60 (11.20–18.75)
HbA1c, % 10.10 (7.70–11.70) 9.30 (7.30–11.40) 9.90 (7.50–11.60)

C-peptide, nmol/L 0.69 (0.46–1.11)† 0.83 (0.59–1.20)† 0.76 (0.50–1.17)
Insulin, pmol/L 61.44 (34.90–95.37)† 78.41 (48.94–117.29)† 68.32 (41.31–105.77)

Protein, g/L 70.00 (66.35–73.00) 69.80 (67.00–73.00) 70.00 (66.96–73.00)

Triglycerides, mmol/L 2.45 (1.56–4.27)† 2.00 (1.38–3.29)† 2.22 (1.43–3.61)
Total cholesterol, mmol/L 5.55±0.11 5.41±0.11 5.42 (4.50–6.28)

HDL-C, mmol/L 1.17 (0.99–1.43)† 1.24 (1.07–1.48)† 1.19 (1.03–1.45)

LDL-C, mmol/L 3.39 (2.55–4.20) 3.13±0.09 3.14 (2.45–4.13)
ALT, U/L 33.00 (24.00–53.00)† 30.00 (22.00–44.00)† 31.00 (23.00–49.00)

AST, U/L 28.00 (21.00–38.00) 28.00 (20.50–36.00) 28.00 (21.00–37.00)

Creatinine, μmol/L 83.89±1.02† 70.17±0.87† 77.00 (68.00–86.00)
fGLP-1, pmol/L 6.25 (4.55–9.31) 6.49 (5.20–8.01) 6.31 (4.90–8.68)

Calcium ion, mmol/L 1.20 (1.17–1.24) 1.19 (1.17–1.23) 1.20 (1.17–1.23)

hsCRP, mg/L 2.21 (1.10–5.30) 2.11 (1.05–4.86) 2.17 (1.09–5.18)
Red blood cell, T/L 5.14 (4.69–5.42)‡ 4.79 (4.58–5.00)‡ 4.94 (4.62–5.26)

Platelet, G/L 238.50 (203.50–282.00)‡ 271.56±4.40‡ 257.57±3.63

24-h MAUS, mg/L 11.50 (4.98–22.75)† 6.60 (4.12–18.33)† 8.90 (4.49–21.58)
eGFR, mL/min/1.73m2 78.66 (66.50–92.98) ‡ 65.81 (56.38–77.82)‡ 72.14 (60.31–86.45)

IMT, mm 0.83 (0.69–1.58)† 0.77 (0.65–1.43)† 0.82 (0.68–1.45)

Notes: Data were illustrated into Mean±SEM or Median (Q1-Q3); †P < 0.05; ‡ P < 0.001 (between male and female group). 
Abbreviations: ALT, alanine transferase; AST, aspartate transferase; BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; 
FDG, fasting plasma glucose; fGLP-1, fasting serum glucagon-like peptide-1; HbA1c, hemoglobin A1c; HDL-C, high density lipoprotein cholesterol; hs-CRP, high 
sensitive C reactive protein; IMT, intima-media thickness; LDL-C, low density lipoprotein cholesterol; SBP, systolic blood pressure; WHR, waist-to-hip ratio; 24-h 
MAUS, 24-hour microalbuminuria secretion; 2hr-PPG, two-hour postprandial glucose.
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the three pairs of groups (normal, thick IMT, and athero-
sclerosis). There was strong evidence (p < 0.01, adjusted 
using Bonferroni corrections) of a difference in GLP-1 
between normal IMT and both thick IMT and atherosclero-
sis group in male patients and in overall (p < 0.01). The 
median GLP-1 for normal IMT was 6.91 pmol/L compared 
to 4.73 pmol/L in thick IMT group and 5.52 pmol/L in 
atherosclerosis group in overall.

In the univariate linear regression analysis, fGLP-1, age, 
WHR, systolic blood pressure (SBP), diastolic blood pres-
sure (DBP), total cholesterol, hsCRP and 24-h MAUS illu-
strated the significant correlation to IMT. After adjusting 
with other related factors (namely, DBP and eGFR), whilst 
hsCRP and 24-h MAUS showed a significantly positive 
correlation to IMT, fGLP-1 showed a significantly negative 
correlation to IMT (Table 4).

Discussion
The Prevalence of Abnormal Femoral 
Arterial Intima-Media Thickness and 
Cardiovascular Risk Factors
The endothelium has been considered as an endocrine 
organ that regulates and maintains hemodynamic func-
tions of the vessel wall.25,26 Since intima-media was 
directly exposed to blood flow, as a consequence, the 
early and first injury was seen in intima-media. 
Functional changes of endothelium play a pivotal role 
in the pathogenesis of both micro- and macrovascular 
complications in diabetes, amongst, chronic hyperglyce-
mia contributes greatly to IMT changes.2 In our 
research, the percentage of patients with thick femoral 
arterial IMT was 38.2% and patients with femoral arter-
ial atherosclerosis made up 22.3%, which was in line 
with the previous study.19 The prevalence of femoral 
atherosclerosis increases greatly among patients with 

Table 2 The Relationship Between Cardiovascular Risk Factors 
and Thick Intima-Media Thickness and Femoral Atherosclerosis

Variables, Unit Thick IMT 
n (%)

Atherosclerosis 
n (%)

Gender

Male (n = 175) 70 (40.0) 48 (27.4)†

Female (n = 157) 57 (36.3) 26 (16.6)†

Overall (n = 332) 127 (38.2) 74 (22.3)

Age, years

< 40 (n = 33) 2 (6.0)‡ 1 (3.0)‡

40–49 (n = 74) 12 (16.2)‡ 6 (8.1)‡

50–59 (n = 118) 37 (31.4)‡ 24 (20.3)‡

60–69 (n = 93) 49 (52.7)‡ 34 (36.6)‡

≥ 70 (n = 14) 10 (71.4)‡ 9 (64.2)‡

Smoking
Active (n = 70) 26 (37.1) 19 (27.1)

None (n = 262) 101 (38.5) 55 (21.0)

Hypertension

Positive (n = 108) 58 (53.7)‡ 30 (27.8)

Negative (n = 224) 69 (30.8)‡ 44 (19.6)

BMI, kg/m2

Malnutrition (n = 24) 6 (25.0) 5 (20.8)
Normal (n = 167) 62 (37.1) 38 (22.8)

Overweight (n = 81) 33 (40.7) 19 (23.5)

Obesity (n = 60) 26 (43.3) 12 (20.0)

Lipid disorders

Positive (n = 228) 88 (38.5) 53 (23.2)
Negative (n = 79) 35 (44.3) 17 (21.5)

Glucose control
Good-normal (n = 44) 16 (36.4) 11 (25.0)

Poor (n = 288) 111 (38.5) 63 (21.9)

24-h microalbuminuria

≥ 30 mg/l (n = 32) 20 (62.5)† 14 (43.7)†

< 30 mg/l (n = 177) 59 (33.3)† 35 (19.8)†

eGFR, mL/min/1.73m2

< 60 (n = 80) 38 (47.5) 26 (32.5)†

≥ 60 (n = 252) 89 (35.3) 48 (19.4)†

Notes: †P < 0.05; ‡P < 0.001 
Abbreviations: BMI, body mass index; eGFR, estimated glomerular filtration rate; 
IMT, intima-media thickness.

Table 3 The Relationship Between Fasting Glucagon-Like Peptide-1 
Levels and Intima-Media Thickness Stratified by Gender and Overall

Normal 
IMT

Thick 
IMT

Atherosclerosis

Mean rank (n)

Male 44.76 (38) 22.83 (12) 25.50 (20)
Female 31.19 (47) 24.00 (4) 29.78 (9)

Overall 74.68 (85) 42.69 (16) 51.17 (29)

Median GLP-1 (n)

Male* 7.49 (38) 4.35 (12) 5.18 (20)
Female 6.37 (47) 5.26 (4) 6.79 (9)

Overall* 6.91 (85) 4.73 (16) 5.52 (29)

Test Statistics**

Male χ2(2) = 17.353; p < 0.001, n = 70

Female χ2(2) = 0.643; p = 0.725, n = 60
Overall χ2(2) = 15.113; p = 0.001, n = 130

Notes: *p < 0.01 between 3 groups by Dunn’s pairwise test adjusted using 
Bonferroni corrections, **Kruskal–Wallis H-tests 
Abbreviations: IMT, intima-media thickness; GLP-1, glucagon-like peptide - 1.
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poor control of glucose in comparison to those with 
good-normal glycemic control. Type 2 diabetes mellitus 
leads to macrovascular and microvascular complications 
which occurred early and it is a major and known risk 
factor for atherosclerosis development. One of the 
mechanisms was the reduction of endothelial NO func-
tion due to the reduction in synthesizing and the 
increase in degradation,27 insulin resistance,28 low- 
grade systemic inflammation.29 As aortic-IMT is also 
increased by 22.8% in adult diabetes mellitus 
patients.30 There is a clear relationship between the 
thickness of the intima-media complex in the common 
carotid artery and the prevalence of plaque in the carotid 
and femoral arteries. This demonstrates that the increase 
in IMT in both the general carotid and femoral arteries 
contributes to the reflection of atherosclerosis of the 
arterial system, but interestingly, the changes in the 
artery wall may occur earlier in the femoral than in 
the carotid artery.5 Thick IMT has been proven as one 
cue for early atherosclerosis. Regarding femoral athero-
sclerosis, its role in the prognosis of emboli of other 
organs of the human body such as the brain and the 
heart has been not elucidated, however, early changes of 
femoral IMT among patients with type 2 diabetes melli-
tus were seen commonly at the early stage of diabetes, 

which suggests the role of femoral IMT screening in the 
follow-up of diabetic vascular complications.

In our study, in patients with higher age, the percentage 
of thick IMT and plaque were higher than those in younger 
patients, and patients aged from 60 to 69 showed the 
highest percentage of thick IMT and plaque, which was 
in line with the previous study.19 Belcaro et al followed up 
the progress of arterial plaque for 6 years concluded that 
measuring IMT could be a surrogate for the progress of 
endothelial dysfunctions related to ages.31 Factors asso-
ciated with cardiovascular events in type 2 diabetics such 
as age, SBP, and HbA1c as well as diabetes onset were 
positively correlated with carotid IMT, in contrast, the 
hemoglobin concentration was inversely correlated with 
the carotid IMT. The most significant correlation was 
between the time of onset of diabetes, HbA1c, and hemo-
globin and carotid IMT after correction for other risk 
factors.30

Besides, our results also outlined that there was 
a relation between IMT and gender (ie, the prevalence of 
thick IMT and atherosclerosis appeared to be higher in 
male patients than in female ones). Depairon et al (2010) 
measured femoral intima-media thickness in 98 healthy 
participants aged from 20 to 60 without any atherosclero-
sis risk factors and found that mean IMT was 0.543 and 

Table 4 Univariate and Multivariate Linear Regression Analysis: Standardized Beta Coefficients of Independent Variables and 
Femoral Intimal Media Thickness

Determinants, Unit Univariate Multivariate

r P-value Standardized B P-value VIF

Age, years** 0.440 0.000
BMI, kg/m2 0.081 0.140

WHR** 0.171 0.002
SBP, mmHg** 0.303 0.000
DBP, mmHg 0.167 0.002 0.027 0.750 1.087

fGLP-1, pmol/L −0.433 0.000 −0.288 0.001 1.092

FPG, mmol/L 0.036 0.515
Triglyceride, mmol/L −0.003 0.952

Total cholesterol, mmol/L 0.061 0.266

HDL-C, mmol/L −0.006 0.912
LDL-C, mmol/L 0.057 0.315

hsCRP, mg/L 0.211 0.000 0.242 0.004 1.027

24-h MAUS, mg/L 0.167 0.015 0.178 0.043 1.133
eGFR, mL/min/1.73m2 −0.163 0.003 −0.150 0.074 1.035

Notes: P-value in Italic was significant. **These variables were excluded from multivariate regression model due to their intercorrelations and correlations with other 
variables. 
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; fGLP-1, fasting serum glucagon-like peptide-1; FPG, 
fasting plasma glucose; HDL-C, high density lipoprotein cholesterol; hsCRP, high sensitive C reactive protein; LDL-C, low density lipoprotein cholesterol; SBP, systolic 
blood pressure; VIF, variance inflantion factor; WHR, waist-to-hip ratio; 24-h MAUS, 24-hour microalbuminuria secretion.
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0.562 mm in female and male people, respectively. The 
increased level of IMT was 0.0012 mm/year in females 
and 0.0031 mm/year in males. Besides, they outlined that 
IMT depended on age and gender.32

In patients with T2D with hypertension, the percentage of 
thick IMT and atherosclerosis was significantly higher than 
those in patients without hypertension, which suggested the 
synergic effect of hypertension and T2D worsened femoral 
artery abnormalities. Our result was consistent with other 
studies.23,33,34 While hypertension remains an important 
risk factor for the development of generalized atherosclero-
sis, it has also been implicated as a major risk factor in 
cardiovascular disease. Hypertension has been shown to be 
one of the main causes of thickening and hardening of arterial 
walls through complex mechanisms including an increase in 
smooth muscle mass, connective tissue deposition, endothe-
lial dysfunction, and abnormal production of endothelium- 
derived relaxing factors.35 In Nigerians with hypertension, 
carotid and femoral thickness increased significantly com-
pared to healthy subjects and the thick femoral IMT was one 
of the pinpoints of atherosclerosis.36

Our results showed that the percentage of femoral ather-
osclerosis was significantly higher in patients with high 24-h 
MAUS and low eGFR when compared with those with 
normal eGFR and negative 24-h MAUS. Theoretically, 
microalbuminuria and chronic kidney diseases are the risks 
of cardiovascular disease and contributed to the abnormal 
changes of endothelial function.37,38 In patients with chronic 
kidney disease, the femoral IMT was significantly higher 
than that in the healthy group with p = 0.004. Vascular 
atherosclerotic levels were associated with femoral IMT in 
both chronic kidney disease and healthy subjects (p < 0.001 
and p = 0.009, respectively). Additionally, the femoral IMT 
above 0.57mm served as a predictor of pathological progres-
sion to atherosclerosis with a high sensitivity of 92%.39

Albeit some studies outlined that lipid profile, espe-
cially LDL-C and HDL-C, related to the thickness of 
carotid arteries,40,41 some studies found a moderate corre-
lation between them.42,43 In our study, we did not find out 
this correlation after adjustment for other factors.

The Relation Between Femoral Arterial 
Intima-Media Thickness and Fasting 
Serum Glucagon-Like Peptide-1
Our study also outlined the correlation between serum 
GLP-1 levels and IMT by femoral arterial Doppler ultra-
sound performance in 130 patients. A Kruskal–Wallis 

H-tests showed that there was a statistically significant 
difference in GLP-1 level between the different IMT 
groups; GLP-1 decreased significantly in patients with 
thick IMT and atherosclerosis in male patients in overall. 
Endothelial dysfunctions (ie, arterial motor dysfunctions, 
procoagulant factors, and proinflammation cytokines) 
played a pivotal role in the progression of diabetic micro-
vascular complications in patients with type 2 diabetes 
mellitus. Previous research has proved that serum GLP-1 
levels made a great contribution to not only prevent the 
arterial wall from inflammatory response, atherosclerosis, 
oxidative stress, but also increase endothelium relaxations. 
Serum GLP-1 benefits endothelial functions via numerous 
mechanisms. Nagashima et al (2011) found that GLP-1 
inhibits the formation of foam macrophages via cAMP and 
hence prevents the inflammatory response to the artery 
which closely related to negative feedback of CD36 and 
ACAT-1. GLP-1 affected macrophages population and 
modulated adherence molecular, such as IL-10, CD136, 
and CD204. By activation of STAT3 via the GLP-1-recep-
tor dependent manner, GLP-1 reduced pro-inflammatory 
response and macrophage accumulation along the arterial 
wall.44 Katja Piotrowski et al (2013) noted that GLP-1 was 
correlated to coronary arterial abnormalities in human 
(which was diagnosed via coronary angiography) via mul-
tivariate logistic regression including age, gender, BMI, 
hypertension, diabetes, smoking, triglyceride, HDL-C, 
hsCRP and glomerular filtration rate (OR=2.53, 95% CI: 
1.12–6.08, p=0.03).45 Antonio Ceriello et al (2013) found 
that GLP-1 reduced endothelial dysfunction, inflammatory 
response in patients with type 2 diabetes mellitus with or 
without hypo- or hyperglycemic attack via the effect to 
nitro tyrosine, 8-iso prostaglandin F2α, sICAM-1, and 
interleukin-6.12 Moreover, both GLP-1 and dipeptidyl pep-
tidase IV inhibitors upregulate endothelial NO synthetase 
and improve NO production in adjunction with reduction 
of cyclooxygenase expression that increases endothelium 
relaxations.13 In the univariate linear regression analysis, 
fGLP-1, age, WHR, SBP, DBP, total cholesterol, hsCRP, 
and 24-h MAUS illustrated the significant correlation to 
IMT. Due to many factors that could affect the thickness of 
the femoral arterial wall,41 after adjusting with other 
related factors (namely, DBP and eGFR), whilst hsCRP 
and 24-h MAUS illustrated a significantly positive corre-
lation to IMT, fGLP-1 showed a significantly negative 
correlation to IMT. Although our results did not reveal 
the correlation between BMI, lipid profiles, and arterial 
thickness, there would be some reasons. First, our median 
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BMI of the patients was not too high, which was one of 
the characteristics of Asian patients with type 2 diabetes 
mellitus46,47 so the number of overweight or obese patients 
was not enough. Second, other lipid profiles marker such 
as triglycerides is not directly atherogenic.48

There would be some limitations to our research. Our 
study was just an observational study and we did not 
measure the thickness of femoral arteries wall in the con-
trol group. Moreover, we did not check the reproducibility 
of ultrasonography practitioners.

Conclusion
In conclusion, it is evident that this study has shown 
among patients with type 2 diabetes mellitus, diabetes- 
induced vascular complications have progressed for 
a long time, which have been proved with the percentage 
for femoral artery thick IMT and atherosclerosis were 38.2 
and 22.3 respectively, and the high incidence of femoral 
artery abnormalities was seen in older patients. Moreover, 
serum GLP-1 levels reduced significantly in patients with 
thickness and atherosclerosis femoral artery, and GLP-1 
negatively correlated with IMT.
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