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ABSTRACT— Diabetes mellitus (DM) is a worldwide metabolic disease. Type 2 DM is usually associated 

with several complications like coronary artery disease, hypertension and dyslipidemia. Atherosclerosis 

which is considered as a part of macrovascular complications of diabetic patients, is thought to be happened 

as a result of vascular infiltration of monocytes and lymphocytes with adhesion molecules. These adhesion 

molecules including VCAM-1 and ICAM-1 which act as atherosclerosis markers and can be isolated from 

the endothelium and measured in peripheral blood. In addition, it was found that insulin resistance may play 

a role in endothelial dysfunction where insulin stimulates the release of the adhesion molecules (VCAM-1 

and ICAM-1). The aim of this study was to investigate the effect of diabetes mellitus and the safety of anti-

hyperglycemic medications on the cardiovascular function in diabetic patients and compare it with the 

healthy individuals by measuring VCAM-1. About 58 male and female diabetic patients were enrolled in 

this study (30 patients were already receiving anti-diabetic medications and the 28 patients were just newly 

diagnosed as DM patients and not yet received treatments), in addition to 30 individuals as healthy control 

group. The patients' samples were collected from the National Diabetic Center/Al-Mustansiriyah University 

at the period between March/2017 and May/2017. The mean age for all groups was nearly the same, it was 

about (52.02 ± 0.81) and the mean BMI for all groups was about (28.77 ± 0.34). Vascular cell adhesion 

molecule-1 (VCAM-1), insulin, fasting blood glucose (FBG) and HbA1c were all measured for all the three 

groups.  Insulin and VCAM-1 were measured using ELISA technique. In the present study, it was found that 

there was a high significant difference in the mean VCAM-1 seen in the control group (22.27 ± 0.94) 

compared with that seen in the newly diagnosed DM patients (18.95 ± 0.58) where (P=0.01), with no 

significant difference when compared with the mean of already DM patients group receiving treatments 

(21.08 ± 0.72) besides no significant statistical relationship between means of VCAM-1 of the two DM 

groups. VCAM-1 showed a negative significant correlation with insulin (P=0.05). From this study, it was 

observed that VCAM-1 was within normal level when compared with that of healthy control or even below 

the normal which means that DM is not necessarily associated with increased risk of endothelial dysfunction 

and atherosclerosis and this dysfunction might be related with some other factors like genes, environmental 

conditions or other underlying disease states. 
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1. INTRODUCTION 

Diabetes mellitus (DM) is a worldwide long – term metabolic disease. Type 2 DM is usually associated 

with several complications like coronary artery disease, hypertension and dyslipidemia [1]. The incidence 

of coronary artery disease was found to be higher among diabetic patients in about two to four times 

compared that in non-diabetics and this will lead to higher mortality rates in diabetic patients [2- 4]. 



Waheed, et.al, 2022                                                                                                                                  BNIHS 

 

1266 
 

There are many mechanisms that may lead to the progression of myocardial function deterioration in 

patients with DM such as oxidative stress and hyperglycemia-mediated coronary microvascular dysfunction 

[5]. 

 

The main cause of death among diabetic patients is the cardiovascular disease (CVD) [6]. In diabetic 

patients, cardiovascular disease is thought to be caused by diabetic microvascular complicatios such as 

diabetic nephropathy and retinopathy [7- 9]. 

 

Cardiac microvascular dysfunction (CMD) can be defined as diminished ability of the heart to pump blood 

and thus insufficient oxygen requirements. It was found that the incidence of CMD was higher in patients 

with type 1 or 2 diabetes than non-diabetic patients [10]. Besides the ability of diabetes to cause 

cardiovascular complications, there were some studies that were done to evaluate the cardiovascular safety 

of some antihyperglycemic agents and it was found that rosiglitazone is associated with increased risk heart 

failure and myocardial infarction [11]. 

 

Type 1 DM is associated with complete absence of insulin due to autoimmune destruction of islet beta cells 

of pancreas [12]. Atherosclerosis which is considered as a part of macrovascular complications of diabetic 

patients, is thought to be happened as a result of vascular infiltration of monocytes and lymphocytes with 

adhesion molecules. These adhesion molecules including VCAM-1 and ICAM-1 which act as 

atherosclerosis markers and can be isolated from the endothelium and measured in peripheral blood [13], 

[14]. 

 

In diabetic patients with type 2 DM with uncontrolled diabetes, hyperglycemia can lead to inflammation of 

endothelium and oxidative stress which in turn may cause microvascular complications such as diabetic 

retinopathy, diabetic nephropathy, and diabetic kidney disease [15]. This inflammation is thought to be 

initiated by tumor necrosis factor-α (TNF-α) which in turn stimulate the release of adhesion molecules 

(VCAM-1 and ICAM-1) [14], [16]. 

 

In addition, it was found that insulin resistance may play a role in endothelial dysfunction where insulin 

stimulates the release of the adhesion molecules (VCAM-1 and ICAM-1) [17]. Under normal conditions, 

there is a balance between anti- and pro-inflammatory cytokines so those adhesion molecules don't adhere 

to the endothelial wall, while in diabetic patients, excess glucose will bind with proteins via lysine chain 

and with oxidative stress this may stimulate the release of adhesion molecules in higher amounts than usual 

and there adherence to the endothelial wall via their receptors [18]. 

 

Type 2 DM patients may prone to obesity as a result of increase in the mass of adipose tissue which is 

caused by increased size and number of adipocytes. Since adepokine (which is released by adipose tissue) is 

responsible for regulation of many inflammatory and metabolic processes in the body, in obesity its 

deregulation may lead to atherosclerosis, DM, and insulin resistance [17]. 

 

2. Patients and methods 

About 58 male and female diabetic patients were enrolled in this study (30 patients were already receiving 

anti-diabetic medications and the 28 patients were just newly diagnosed as DM patients and not yet 

received treatments), in addition to 30 individuals as healthy control group. The patients' samples were 

collected from the National Diabetic Center/Al-Mustansiriyah University at the period between March/2017 

and May/2017. 
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The mean age for all groups was nearly the same, for the patients, it was (52.02 ± 0.81) , for the newly 

diagnosed ones was (52.68 ± 0.81) and for the control group was (52.47 ± 0.78) . BMI (body mass index) 

was also measured for all groups with the mean BMI for all were also nearly the same, for the patients it 

was (28.77 ± 0.34), for the newly diagnosed ones was (28.78 ± 0.33) and for the control group was (28.53 ± 

0.31). Vascular cell adhesion molecule-1 (VCAM-1), insulin, fasting blood glucose (FBG) and HbA1c were 

all measured for all the three groups. 

 

Insulin and VCAM-1 were measured using ELISA technique and their kits were Demed tech/Germany for 

insulin and Rai Biotech Co/US for VCAM-1. 

 

3. Statistical analysis 

The Statistical Analysis System- SAS (2012) program was used to detect the effect of different factors on 

the study parameters. Least significant difference –LSD test (ANOVA) was used to significantly compare 

between means. Besides, Estimation of correlation coefficient between variables in this study was also 

determined. The results were expressed in terms of (mean± SE) and P value was also detected, in that 

P<0.01 meant there was a high significant difference and P<0.05 meant there was a significant difference 

[19]. 

 

4. Results 

In the present study, it was found that there was a high significant difference in the mean VCAM-1 seen in 

the control group (22.27 ± 0.94) compared with that seen in the newly diagnosed DM patients (18.95 ± 

0.58) where (P=0.01), with no significant difference when compared with the mean of already DM patients 

group receiving treatments (21.08 ± 0.72) besides no significant statistical relationship between means of 

VCAM-1 of the two DM groups as elucidated in table 1. 

 

In case of insulin, a high significant statistical difference was detected in the two DM groups (26.93 ± 1.04) 

and (28.51 ± 0.91) compared with the mean insulin level of healthy control group (13.67 ± 0.79) where 

(P=0.0001) as shown in table 1. 

 

There was a high significant difference in the mean HbA1c in the DM group receiving treatments (10.36 ± 

0.34) compared with that of newly diagnosed DM group (8.41 ± 0.09) and that of control (5.16 ± 0.11), and 

the mean HbA1c in the newly diagnosed DM group was in turn highly significant higher than that of 

healthy control (P=0.0001) as shown in table 1. 

 

Table 2 showed no significant correlation between age, BMI and the measured VCAM-1, insulin, HbA1c 

and FBG. 

 

According to the results in table 3. VCAM-1 showed no significant correlation with HbA1c and FBG while 

it had a negative significant correlation with insulin (P=0.05). On the other hand, insulin showed a high 

significant positive correlation with HbA1c and FBG (P=0.0001). in addition, HbA1c had a high significant 

positive correlation with FBG (P=0.0001). 

 

Besides, when age (P=0.848) and BMI (P= 0.823) of the three groups were compared together, it was found 

no significant difference among the three groups as shown in table 4.  

 

Table 1. Comparison among different groups in study parameters 

The Group No. Mean ± SE 
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VCAM-1 ( ) Insulin ( ) HbA1c ( ) FBG ( ) 

 DM Patients  30 21.08 ± 

0.72 AB 

26.93 ± 

1.04 A 

10.36 ± 

0.34 A 

141.27 ± 

2.99 A 

Newly 

Diagnosed 

DM patients  

28 18.95 ± 

0.58 B 

28.51 ± 

0.91 A 

8.41 ± 0.09 

B 

136.14 ± 

2.41 A 

Control  30 22.27 ± 

0.94 A 

13.67 ± 

0.79 B 

5.16 ± 0.11 

C 

87.47 ± 

1.32 B 

LSD value --- 2.178 ** 2.593 ** 0.607 ** 6.590 ** 

P-value --- 0.010  0.0001 0.0001 0.0001 

** (P<0.01): high significant., A,B: Duncan letters, A is given to the highest significant 

value. LSD: Least significant difference 

 

Table 2. Correlation coefficient between age, BMI and other Parameters: 

Parameters  Age (year)  BMI (m/kg2) 

Correlation 

coefficient-r 

P-value Correlation 

coefficient-r 

P-value 

VCAM-1  -0.05 0.642 NS 0.08 0.467 NS 

Insulin 0.04 0.678 NS 0.06 0.548 NS 

HbA1c  -0.02 0.876 NS 0.09 0.386 NS 

FBG  -0.06 0.557 NS 0.12 0.258  NS 

NS: Non-Significant. 

 

Table 3. Correlation coefficient among study parameters: 

Parameters  Correlation coefficient-r P-value 

VCAM-1 & Insulin  -0.21 0.050 * 

VCAM-1 & HbA1c -0.14  0.187 NS 

VCAM-1 & FBG -0.17 0.104 NS 

Insulin & HbA1c 0.76 0.0001 ** 

Insulin  & FBG 0.72 0.0001 ** 

HbA1c & FBG 0.78 0.0001 ** 

* (P<0.05), ** (P<0.01), NS: Non-Significant. 

 

Table 4. Comparison between age and BMI among the groups: 

Variable  The Group No. Mean ± SE Range  

 

 

Age (year) 

Patient  30 52.02 ± 0.81 44.00-59.00 

Newly 

Diagnosis  

28 52.68 ± 0.81 44.00-60.00 

Control  30 52.47 ± 0.78 44.00-60.00 

LSD value --- 2.275 NS --- 

P-value --- 0.848 --- 

 

 

 

BMI (m/kg2) 

Patient  30 28.77 ± 0.34 25.40-32.90 

Newly 

Diagnosis  

28 28.78 ± 0.33 25.40-32.90 
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Control  30 28.53 ± 0.31 25.40-32.90 

LSD value --- 0.929 NS --- 

P-value --- 0.823 --- 

NS: Non-Significant. 

 

5. Discussion 

This study was applied on diabetic patients who were already had DM and receiving anti-diabetic 

treatments and other patients who were just newly diagnosed as DM and net yet received treatments to 

detect the level of VCAM-1, insulin, HbA1c, and FBG in those patients and compare it with that of healthy 

subjects who were designed as control, beside the effect of BMI and age on those parameters. 

 

From the results, the current study found that VCAM-1 in the two DM patients' groups was less than that of 

healthy control and this is not agreed with other studies which detected that VCAM-1 as adhesion molecule 

is increased in DM patients that leads to endothelial dysfunction as a part of inflammatory process [13], 

[14]. 

 

The insulin resistance level is needed to investigate for hyperglycemis even before DM diagnosis [20]. 

 

This study also found that insulin in DM patients' groups was higher than in control group and this might be 

due to increased insulin resistance in those patients. 

 

HbA1c in turn was higher in DM patients with treatments compared with its level in newly diagnosed ones 

and healthy subjects and this agreed with other study which stated that glycated Hb (HbA1c) don’t reach 

level below 7% in most DM patients [21]. 

 

In the present study, it was found that body mass index (BMI) and the age of the patients had no significant 

correlation with the measured parameters. This might not in agreement with another study which detected 

that as BMI and fat mass of the patients and their ages increased, the risk of developing DM complications 

was increased [22]. 

 

According to the current study, VCAM-1 showed negative correlation with insulin which means that as 

insulin level increased, VCAM-1 levels decreased and vice versa and this might not agree with other study 

which demonstrated that insulin resistance would increase the expression of adhesion molecules like 

VCAM-1 [23]. Whereas insulin showed a high positive correlation with HbA1c and FBG and this result 

was expected since DM patients usually have elevated HbA1c, FBG and increased insulin as a result of 

insulin resistance. 

 

6. Conclusion 

From this study, it was observed that VCAM-1 was within normal level when compared with that of 

healthy control or even below the normal which means that DM is not necessarily associated with increased 

risk of endothelial dysfunction and atherosclerosis and this dysfunction might be related with some other 

factors like genes, environmental conditions or other underlying disease states. 

 

7. References 

[1] Naito R and Miyauchi K .Coronary Artery Disease and Type 2 Diabetes Mellitus.Int Heart J. 2017 

Aug 3; 58(4):475-480. 

 



Waheed, et.al, 2022                                                                                                                                  BNIHS 

 

1270 
 

[2] Zhang Y, Hu C, Hong J, Zeng J, Lai S, Lv A, Su Q, Dong Y, Zhou Z, Tang W, Zhao J, Cui L, Zou 

D, Wang D, Li H, Liu C, Wu G, Shen J, Zhu D, Wang W, Shen W, Ning G and Xu G. Lipid profiling 

reveals different therapeutic effects of metformin and glipizide in patients with type 2 diabetes and coronary 

artery disease. Diabetes Care. 2014 Oct; 37(10):2804-12 

 

[3]  Freitas Lima LC, Braga VA, do Socorro de França Silva M, Cruz JC, Sousa Santos SH, de Oliveira 

Monteiro MM and Balarini CM. Adipokines, diabetes and atherosclerosis: an inflammatory 

association.Front Physiol. 2015; 6:304 

 

[4]  Luo JQ, Ren H, Banh HL, Liu MZ, Xu P, Fang PFand Xiang DX. The Associations between 

Apolipoprotein E Gene Epsilon2/Epsilon3/Epsilon4 Polymorphisms and the Risk of Coronary Artery 

Disease in Patients with Type 2 Diabetes Mellitus. Front Physiol. 2017 Dec 12;8:1031.  

 

[5] Hitsumoto T . Association of Hemorheology With High-Sensitivity Cardiac Troponin T Levels in 

Patients With Type 2 Diabetes Mellitus Assessed by Microchannel Array Flow Analyzer. Cardiol Res. 2017 

Dec;8(6):304-311 . 

 

[6] Gregg EW, Williams DE and Geiss L. Changes in diabetes-related complications in the United 

States. N Engl J Med. 2014;371(3):286–287. 

 

[7] Cox AJ, Hsu FC, Carr JJ, Freedman BI and Bowden DW. Glomerular filtration rate and 

albuminuria predict mortality independently from coronary artery calcified plaque in the Diabetes Heart 

Study. Cardiovasc Diabetol. 2013;12:68. 

 

[8] Cheung N, Wang JJ, Klein R, Couper DJ, Sharrett AR and Wong TY. Diabetic retinopathy and the 

risk of coronary heart disease: the Atherosclerosis Risk in Communities Study. Diabetes Care. 

2007;30(7):1742–1746. 

 

[9] Juutilainen A, Lehto S, Ronnemaa T, Pyorala K and Laakso M. Retinopathy predicts cardiovascular 

mortality in type 2 diabetic men and women. Diabetes Care. 2007;30(2):292–299. 

 

[10] Potier L, Chequer R, Roussel R, Mohammedi K, Sismail S, Hartemann A, Amouyal C, Marre M, 

Le Guludec D and Hyafil F. Relationship between cardiac microvascular dysfunction measured with 

82Rubidium-PET and albuminuria in patients with diabetes mellitus. Cardiovasc Diabetol. 2018 Jan 

11;17(1):11. 

 

[11]  Zhang XL, Zhu QQ, Chen YH, Li XL, Chen F, Huang JA and Xu B. Cardiovascular Safety, Long-

Term Noncardiovascular Safety, and Efficacy of Sodium-Glucose Cotransporter 2 Inhibitors in Patients 

With Type 2 Diabetes Mellitus: A Systemic Review and Meta-Analysis With Trial Sequential Analysis. J 

Am Heart Assoc. 2018 Jan 20;7(2). pii: e007165 

 

[12] Haller MG, Silverstein JH and Rosenbloom AL. Paediatric Endocrinology. 5th edition. New york: 

Informa Healthcare; 2006. Type 1 Diabetes in the Child and Adolescent.in:LifshitzF; p. 63 

 

[13] Rostampour N, Fekri K, Hashemi-Dehkordi E and Obodiat M. Association between Vascular 

Endothelial Markers and Carotid Intima-Media Thickness in Children and Adolescents with Type 1 

Diabetes Mellitus. J Clin Diagn Res. 2017 Sep;11(9):SC01-SC05. 

https://www.healthsciencesbulletin.com/


ISSN: 1343-4292 

Volume 140, Issue 01, April, 2022 

  

1271 
 

[14] Hocaoglu-Emre FS, Saribal D, Yenmis G and Guvenen G. Vascular Cell Adhesion Molecule 1, 

Intercellular Adhesion Molecule 1, and Cluster of Differentiation 146 Levels in Patients with Type 2 

Diabetes with Complications. Endocrinol Metab (Seoul). 2017 Mar;32(1):99-105 

 

[15]  Diagnosis and classification of diabetes mellitus.American Diabetes Association.Diabetes Care. 

2014 Jan; 37 Suppl 1:S81-90. 

 

[16]  Završnik M, Kariž S, Makuc J, Šeruga M, Cilenšek I and  Petrovič D. PECAM-1 Leu125Val 

(rs688) Polymorphism and Diabetic Nephropathy in Caucasians with Type 2 Diabetes Mellitus. Anal Cell 

Pathol (Amst). 2016;2016:3152967. 

 

[17]  Al-Jiffri OH, Al-Sharif FM, Al-Jiffri EH and Uversky VN. Intrinsic disorder in biomarkers of 

insulin resistance, hypoadiponectinemia, and endothelial dysfunction among the type 2 diabetic patients. 

Intrinsically Disord Proteins. 2016 May 11;4(1):e1171278. 

 

[18] Hadi HA and Suwaidi JA.Endothelial dysfunction in diabetes mellitus. Vasc Health Risk Manag. 

2007; 3(6):853-76. 

 

[19] SAS. 2012. Statistical Analysis System, User's Guide. Statistical.  Version 9.1th ed. SAS. Inst. Inc. 

Cary. N.C. USA. 

 

[20] Berry NT, Hubal M and Wideman L. The effects of an acute exercise bout on GH and IGF-1 in 

prediabetic and healthy African Americans: A pilot study investigating gene expression. PLoS One. 2018 

Jan 19;13(1):e0191331. 

 

[21] Inzucchi, R.M. Bergenstal, J.B. Buse, M. Diamant, E. Ferrannini, M. Nauck, A.L. Peters, A. 

Tsapas, R. Wender, D.R. MatthewsManagement of hyperglycemia in type 2 diabetes: a patient-centered 

approach: position statement of the American Diabetes Association (ADA) and the European Association 

for the Study of Diabetes (EASD).Diabetes Care, 35 (2012), pp. 1364-1379. 

 

[22] Carroll PV, Christ ER, Bengtsson BA, Carlsson L, Christiansen JS, Clemmons D, et al. Growth 

hormone deficiency in adulthood and the effects of growth hormone replacement: a review. Growth 

Hormone Research Society Scientific Committee. J Clin Endocrinol Metab. 1998;83(2):382–95 

 

[23] Cersosimo E and DeFronzo RA. Insulin resistance and endothelial dysfunction: the road map to 

cardiovascular diseases. Diabetes Metab Res Rev. 2006 Nov-Dec; 22(6):423-36. 

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 


