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Background: To evaluate the type-1 diabetic children for early atherosclerosis risk by measuring 
serum oxidized lipoprotein in relation with glycaemic control. Recent studies indicate that systemic 
markers of inflammation can identify subjects at high risk of cardiovascular disease (CVD). Oxidized 
low density lipoprotein (OxLDL) levels have been regarded as one of the independent determinants of 
atherosclerosis. Methods: This cross sectional study involved a total 79 subjects including 39 type 1 
diabetics and 40 non-diabetic controls between the ages of 9 to 16 years. A detailed medical history was 
taken from each subject and the individuals with history of type-1 diabetes underwent clinical 
examination. Individuals with obesity, hypertension, smoking, and chronic infections, autoimmune and 
renal diseases were excluded. Serum concentrations of glucose and lipid profile were measured in 
duplicate by kits based on enzymatic methods. OxLDL was measured in duplicate by using standard 
enzyme linked immunosorbent assay (ELISA) method. Haemoglobin A1c and Body mass index (BMI) 
were also measured. Results: Diabetic patients had significantly elevated levels of blood glucose 
(320.1vs 97) and HbA1c (10.3% vs 5.21%) as compared to controls (p<0.001) but the serum levels of 
OXLDL were not found to be significantly elevated in diabetic children (222.4 vs 140.2) as compared 
to controls (p>0.05). Conclusion: OxLDL is a strong independent risk marker for atherosclerosis 
observed in diagnosed old age patients of CVD but in present study we could not find statistically 
significant elevated levels of OxLDL in young diabetic subjects with short duration of diabetes. 
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INTRODUCTION 
Diabetes mellitus is a risk factor for atherosclerosis and 
asymptomatic low grade inflammation occurs prior to 
unconcealed vascular lesions in these patients.1 
Recently, there has been much interest in pro-oxidants 
in atherosclerosis - related vascular disease states and 
aging.2 Atherosclerosis is considered a process 
involving the interplay of inflammation and oxidative 
stress. Oxidations of low-density lipoprotein (LDL), and 
the subsequent uptake by macrophages in the vascular 
wall, are important steps in the development of 
atherosclerosis. A small part of the oxidized LDL 
(OxLDL) particles escapes uptake by macrophages and 
returns to the blood stream or may leak from 
atherosclerotic plaques. Thus, measuring circulating 
levels of OxLDL may contribute to the estimation of 
cardiovascular disease (CVD) risk. In support of this 
notion, concentrations of OxLDL have been found to be 
elevated in patients with both stable and unstable angina 
and acute myocardial infarction. In apparently healthy 
middle-aged men, OxLDL was found to be a strong 
predictor for acute coronary heart disease events.3  

A number of studies suggest the OxLDL is a 
more potent pro-atherosclerotic motivator than the 
native unmodified LDL. OxLDL has been observed to 
be increased in diabetic patients and this may contribute 
to the increased atherogenesis in diabetes, regardless of 
normal lipid levels, OxLDL levels may be elevated in 
diabetic patients and this may be explanation for the 
altered endothelial function.4–6 Endothelium exposed to 

OxLDL develops alterations such as early signs of 
injury in the form of apoptosis.7 The OxLDL decreases 
the gene expression of endothelial nitric oxide synthase 
and enhances production of reactive oxygen species.8 
The OxLDL itself activates inflammatory cells and 
potentiates the liberation of growth factors from 
monocytes/macrophage.9,10 Most significantly, 
pathological studies have revealed build-up of OxLDL 
in the rupture–prone atherosclerotic plaque.11 Given the 
understandable pathophysiologic significance, there has 
been extreme curiosity in the detection of OxLDL as 
predictor of coronary heart disease events.12–14 In a 
nested case-control study in individuals with and 
without eminent LDL cholesterol levels, OxLDL levels 
were found to be increased in patients who afterward 
developed myocardial infarction (MI).15,16 

Oxidized low density lipoprotein (OxLDL) 
levels have been regarded as one of the independent 
determinants of intima media thickness (IMT) of the 
common carotid artery, a surrogate marker of 
atherosclerosis.17 OxLDL induces foam cell formation 
from macrophages that plays a key role in early 
atherogenesis.18 Oxidation of LDL occurs primarily in 
the vessels wall, thus activating many inflammatory and 
atherogenic reactions.19,20 During the last five years, the 
role of OxLDL in pre-clinical atherosclerosis has been 
investigated in a number of studies.21 OxLDL is 
considered to encourage atherosclerosis through 
complex inflammatory and immunologic mechanisms 
that lead to lipid dysregulation and foam cell formation. 
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The present study was designed to assess serum OxLDL 
levels in children with short duration of type1 diabetes 
and healthy controls.  

The finding that cardiovascular diseases 
may originate in childhood and adolescence leads to 
the need that these risk factors to be extensively 
investigated in these phases, with the purpose of 
planning earlier and more effective interventions.  

SUBJECTS AND METHODS 
This cross sectional study was carried out on 39 type-
1 diabetic children (19 males and 20 female) between 
the ages of 9–16 years and 40 aged & sex matched 
healthy controls. Duration of diabetes was more than 
one year in diabetic children who were undergoing 
periodic follow-up examinations at the Diabetic 
Clinic of Children Hospital Lahore. The study was 
approved by the Ethical Committee and the Research 
Board of the University of Health Sciences (UHS), 
Lahore and conducted in the Department of 
Physiology, University of Health Sciences, Lahore. 
Written informed consent to participate in the study 
was obtained from each subject and/ his or her 
parents. 

Children aged 9–16 years with Type1 
diabetes having diabetes for more than one year were 
included in this study, while subjects taking 
medications known to affect body growth or lipid 
metabolism, antihypertensive, antiplatelet, or lipid-
lowering medications, subjects with endocrinopathies 
(e.g., Cushing’s syndrome, Down’s syndrome, 
acromegaly, thyrotoxicosis, etc.) or any major illness 
since birth, any clinical evidence of infection, 
connective tissue disease, liver dysfunction, or 
angiopathy were excluded. 

Body weight (BW) and height were 
recorded in all subjects by height and weight 
determining machine. Body mass index (BMI) was 
calculated by the following formula: 

BW (Kg) BMI= [Height (m)]2 

Arterial blood pressure (BP) was measured 
by the mercury sphygmomanometer (Certeza CR-
2001) from the right arm in sitting position using an 
appropriate cuff size.  

Serum OxLDL were determined by ELISA 
using commercial kits (OxLDL: Biomedia, 
Medizinprodukte, GmbH & Co, with an automated EIA 
analyzer (Bio-Rad Laboratories, Hercules, CA, USA). 

Arithmetic mean and standard error of mean 
(SEM) of each parameter were determined. The 
significance of differences among the two groups was 
analyzed by student’s t-test and p<0.05 was 
considered statistically significant. All calculations 
were carried out with the SPSS 15. 

RESULTS 
Table-1 summarizes the anthropometric 
characteristics of type1 diabetic subjects and non-
diabetic controls. No significant differences were 
observed in the values of BMI (p=0.09) systolic 
blood pressure (p>0.05) and diastolic blood pressure 
(p>0.05) among the type1 diabetics and non-diabetic 
controls.  

Table-2 summarizes the glycaemic 
parameters of type1 diabetic male subjects and 
respective non-diabetic controls. Mean blood glucose 
concentrations were significantly higher in type1 
diabetic children than in controls. HbA1c levels were 
significantly higher (p<0.001) in diabetic children as 
compared to the control group. 

Table-3 depicts serum OxLDL levels in 
study groups. No significant differences were 
observed in serum levels of OxLDL in diabetic 
children and control groups (222.4±60 mg/dl vs 
140.2±37 mg/dl, p=0.25).  

Table-1: Anthropometric characteristics of type 1 
diabetics and non-diabetic controls 

 Variable Controls Type 1 diabetics p-value 
Number of subjects 
(n) 40 39  
Age  (years) 9±16 9±16  
Males 20 19  
Female 20 20 0.09* 
Duration of diabetes Nil >1 year >0.05* 
BMI (Kg/m2) 16.4±2 17.9±3 >0.05* 
Systolic BP (mmHg) 100.7±13 99.7±10  
Diastolic BP (mmHg) 63.13±8 62.82±8  

*Non-significant 

Table-2: Glycaemic parameters of type 1 diabetic 
subjects and non- diabetic controls. 

Variables 
Type 1 
diabetic 

Non-diabetic 
control p-value 

Plasma glucose level (mg/dl) 320.1±23.22 97.00±1.35 <0.001 
HbA1C % 10.3±0.55 5.21±0.08 <0.001 

p<0.001=highly significant 

Table-3: Serum OxLDL in type 1 diabetic subjects 
and non diabetic controls 

Serum OxLDL 
(mg/dl) 

Type 1 
diabetics 

Non-diabetic 
controls p-value 

Males 222.4±60 140.2±37 0.25* 
Females  129.5±40 128.2±37 0.98* 

*Non-significant 

DISCUSSION  
There are many studies about cardiovascular 
mortality and morbidity in diabetic adults and old age 
population with context to different risk factors like 
dyslipidemia, hypertension, metabolic disease, 
obesity and hyperglycaemia but the risk factors about 
the cardiovascular disease in type1 diabetic children 
have not been studied extensively. 
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HbA1c is a marker of long term glycaemic 
control; increase in HbA1c increases the relative risk 
for CVD events. Atherosclerosis in diabetes mellitus 
is more progressive in diabetic children than non 
diabetic controls. Both type-1 and type-2 diabetes are 
associated with abnormalities of lipid metabolism. 
Several researchers reported abnormal lipid 
metabolism in uncontrolled diabetic patients. 

The present study is one of the few studies 
which have evaluated the serum level of oxidised low 
density lipoprotein (OxLDL) in type1 diabetic 
children at an early age group, i.e., 9 to 16 years. 
Serum Oxidised LDL levels were higher in type 1 
diabetic children as compared to non-diabetic 
controls but the difference was not statistically 
significant (p>0.05).  Matsumoto et al (2004) found 
that OxLDL levels were higher in diabetic patients as 
compared to healthy controls. Factors that may 
promote LDL oxidation in diabetic patients include 
antioxidant deficiencies, increased production of 
reactive oxygen species and protein glycation. The 
OxLDL correlated significantly with BMI but not 
with conventional lipid parameters, age, gender or 
smoking status.22 

The clinical importance of circulating 
OxLDL has not been established, although OxLDL is 
involved in atherogenesis by inducing smooth muscle 
cell proliferation and smooth muscle cell foam cell 
generation.23 Another study evaluates the relationship 
between age, inflammatory and oxidative stress- 
related markers with functional and structural 
changes of the arteries in the asymptomatic persons.24 
The results of a study suggested that elevated OxLDL 
and older age become more important determinants 
of structural changes of the arteries in asymptomatic 
person.25 

The limitation of our study was that it 
mainly included type-1 children with short duration 
of disease, so it cannot be applied on type-2 patients 
or patients with longer duration of diabetes. Further 
studies need to be conducted in Pakistan with larger 
sample size. 

CONCLUSION 
Elevated levels of serum OxLDL in older age with 
longer duration of diabetes may be more important 
determinants of preclinical atherosclerosis. 

ACKNOWLEDGEMENT 
We thank sincerely, to the patients, their parents and 
the staff of Endocrinology outpatient department of 
children hospital and institute of child health, Lahore. 
This work was supported by Department of 
Physiology and Cell Biology, University of Health 
Sciences, Lahore 

REFERENCES 
1. Plutzky J. Inflammatory pathways in atherosclerosis and 

acute coronary syndromes. Am J Cardiol 2001;88:10–5. 
2. McEwen JE, Zimniak P, Mehta JL, Shmookler Reis RJ. 

Molecular pathology of aging and its implications for 
senescent coronary atherosclerosis. Curr Opin Cardiol 
2005;20:399–406. 

3. Salonen JT, Ylä-Herttuala S, Yamamoto R, Butler S, Korpela 
H, Salonen R, et al. Autoantibody against oxidized LDL and 
progression ofcarotid atherosclerosis. Lancet 1992;339:883–7. 

4. Leborgne L, Pakala R, Dilcher C, Hellinga D, Seabron R, Tio 
FO, et al. Effect of antioxidants on atherosclerosis plaque 
formation in balloon-denuded and irradiated 
hypercholesterolemic rabbits. J Cardiovasc Pharmacol 
2005;46:540–7. 

5. Mangge H, Schauenstein K, Stroedter, Griesl A, Maerz W, 
Borkenstein M. Low Grade Inflammation in juvenile obesity 
and type1 diabetes associated with early signs of 
atherosclerosis. Exp Clin Endocrinol Diabetes 
2004;112:378–82. 

6. Coccheri S. Approaches to prevention of cardiovascular 
complications and events in diabetes mellitus. Drugs 
2007;67:997–1026. 

7. Li D, Yang B, Mehta JL. Ox-LDL induces apoptosis in 
human coronary artery endothelial cells: role of PKC, 
PTK,bel-2 and Fas. Am J Physiol Heart Circ Physiol 
1998;275:568–76. 

8. Mehta JL, Li D, Chen HJ, Joseph J, Romeo F. Inhibition of 
LOX-1 by statins may relate to upregulation of Enos. 
Biochem Biophys Res Comm 2001;289:857–61. 

9. Absood A, Furutani A, Kawamura T, Graham LM. 
Differential PDGF secretion by graft and aortic SMC in 
response to oxidized LDL. Am J Physiol Heart Circ Physiol 
2002;283:725–32. 

10. Inoue M, Itoh H, Tanaka T, Chun TH, Doi K, Fukunaga Y, et 
al. Oxidized LDL regulates vascular endothelial growth 
factor expression in human macrophages and endothelial 
cells through activation of peroxisome proliferators activated 
receptor-gamma. Arterioscler Thromb Vasc Biol 
2001;21:560–6. 

11. Li D, Singh RM, Liu L, Chen H, Singh BM, Kazzaz N, et al. 
Oxidized-LDL through LOX-1 increase the expression of 
Angiotensin converting enzyme in human coronary artery 
endothelial cells. Cardiovasc Res 2003;57:238–43. 

12. Holvoet P, Mertens A, Verhamme P, Bogaerts K, Beyens G, 
Verhaeghe R, et al. Circulating oxidized LDL is a useful 
marker for identifying patients with coronary artery disease. 
Arterioscler Thromb Vasc Biol 2001;21:844–8. 

13. Holvoet P, Harris TB, Tracy RP. Association of high 
coronary heart disease risk status with circulating oxidizing 
LDL in the well-functioning elderly: findings from the 
health, aging and body composition study. Arterioscler 
Thomb Vasc Biol 2003;23:1444–8. 

14. Hayashida K, Kume N, Murase T, Minami M, Nakagawa D, 
Inada T, et al. Serum soluble Lectin-like oxidized low-
density lipoprotein receptor-1 levels are elevated in acute 
coronary syndrome; a novel marker for early diagnosis. 
Circulation 2005;112:812–8. 

15. Wu T, Willet WC, Rifai N, Shai I, Manson JE, Rimm EB. Is 
plasma oxidized low-density lipoprotein, measured with the 
widely used antibody 4E6, an independent predictor of 
coronary heart disease among US men and women. J Am 
Coll Cardiol 2006;48:973–9. 

16. Nordin Fredrikson G, Hedbald B, Berglund G, Nilsson J. 
Plasma oxidized LDL: a predictor for acute myocardial 
infarction. J Intern Med 2003;253:425–9. 

17. Yamagishi S, Matsuoka H, Kitano S, Hibi N, Jinnouchi Y, 
Umei H, et al. Elevated circulating oxidized LDL levels in 



Pak J Physiol 2010;6(1) 

http://www.pps.org.pk/PJP/6-1/Aqeela.pdf  35

Japanese subjects with the metabolic syndrome. Int J Cardiol 
2007;118:270–2. 

18. Shashkin P, Dragulev B, Ley K. Macrophage differentiation 
to foam cells. Curr Pharm Des 2005;11:3061–72. 

19. Navab M, Ananthramaiah GM, Reddy ST, Van Lenten BJ, 
Ansell BJ, Fonarow GC, et al. The oxidation hypothesis of 
atherogenesis: the role of oxidized phospholipids and HDL. J 
Lipid Res 2004;45:993–1007. 

20. Tsimikas S, Brilakis ES, Miller ER, McConnell JP, Lennon 
RJ, Kornman KS, et al. Oxidized phospholipids, Lp(a) 
lipoprotein, and coronary artery disease. N Engl J Med 
2005;353:46–57. 

21. Liu ML, Ylitalo K, Salonen R, Salonen JT, Taskinen MR. 
Circulating oxidized low density lipoprotein and its 
association with carotid intima-media thickness in 
asymptomatic members of familial combined hyperlipidemia 
families. Arterioscler Thromb Vasc Biol 2004;24:1492–7. 

22. Matsumoto T, Takashima H, Ohira N, Tarutani Y, Yasuda Y, 
Yamane T, et al. Plasma level of oxidized low-density 
lipoprotein is an independent of coronary macrovasomotor 
and  microvasomotor responses induced by bradykinin. J Am 
Coll Cardiol 2004;44:451–7. 

23. Steinberg D, Parthasarathy S, Carew TE, Khoo JC, Witztum 
JL. Beyond cholesterol: Modification of low-density 
lipoprotein that increase its atherogenicity. N Engl J Med 
1989;320:915–24. 

24. Cox DA, Cohen ML. Effects of oxidized low- density 
lipoprotein on vascular contraction and relaxation: clinical 
and pharmacological implications in atherosclerosis. 
Pharmacol Rev 1996;48:3–19. 

25. Kampus P, Kals J, Ristimae T, Muda P, Ulst K, Zilmer K, et 
al. Augmentation index and carotid intima-media thickness 
are differently related to age, C-reactive protein and oxidized 
low-density lipoprotein. J Hypertens 2007;25:819–25.

Address for Correspondence: 
Dr. Aqeela Hamad, 29-A, New Officers’ Colony, Bilal Park, Sadar Bazar, Lahore, Pakistan. Cell: +92-306-4046307 
Email: hibanoor.4@hotmail.com 


