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ABSTRACT 

Objective: Type 1 diabetes is an organ specific autoimmune disease characterized by a progressive cell-mediated 

destruction of beta cells of the pancreas which leads to an absolute dependence on insulin for survival and 

maintenance of health. The present study was designed to look at the levels of atherogenic index of plasma (AIP) in 

normotensive adults with type 1 diabetes mellitus. The study was also intended to look for the difference, if any, in 

AIP levels between type 1 diabetics and the control healthy group. 

Study Design: Observational and comparative study. 

Place and Duration of Study: This study was conducted at Department of Biochemistry and Clinical Chemistry, 

Khyber Medical College, Peshawar from July 2006 to December 2006. 

Materials and Methods: In this study 30 patients with Normotensive Type 1 Diabetes Mellitus and 30 healthy 

control individuals were included. Blood samples of patients and control individuals were collected and analyzed for 

glucose, lipid profile and AIP was evaluated. 

Results: The age and the body mass index (BMI) were having no significant statistical difference between the 

patient and the control group. Blood glucose, lipid profile and AIP were found to be significantly higher in 

normotensive type 1 diabetic patients when compared with control subjects.  

Conclusion: The study emphasizes that the determination of Atherogenic index of plasma as a routine measure can 

be used as an early predictor of atherosclerotic complications in diabetes mellitus. 
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INTRODUCTION 

Type 1 diabetes is an organ specific autoimmune 

disease characterized by a progressive cell-mediated 

destruction of beta cells of the pancreas which leads to 

an absolute dependence on insulin for survival and 

maintenance of health1. The global number of 

individuals with diabetes in 2000 was estimated to be 

171 million (2.8% of the world’s population), a figure 

projected to increase in 2030 to 366 million (6.5%), 298 

million of whom will live in developing countries2.  

Although most attention has focused on the increase in 

type 2 diabetes, a parallel rise in type 1 has occurred. A 

type 1 diabetic has always been known as disease of 

childhood, but more recent epidemiological studies 

have indicated that the incidence of type 1 diabetes is 

comparable in children and adults3. In the younger type 

1 diabetes mellitus patients acute complication such as 

hyperglycemia and ketoacidosis are the main causes of 

death while renal and cardiovascular disease are 

responsible for the majority of deaths in the older 

population4. As in persons with type 2 diabetes and the 

general population, dyslipidemia is a significant risk 

factor for coronary heart disease (CHD) for type 1 

diabetic patient. Dyslipidemia is a preventable major 

risk factor for coronary heart disease5. 
Diabetic dyslipidemia is generally characterized by 

increased plasma triglyceride (TG) and decreased high 

density lipoprotein – cholesterol (HDL-C) 

concentrations, a preponderance of small, dense low 

density lipoprotein (LDL) and an increased 

apolipoprotein B concentration6. The level of 

dyslipidemia predicts macrovascular complication such 

as coronary heart disease in patients with type1 diabetes 

mellitus7. Identification of risk factors, such as 

dyslipidemia is considered of great importance in terms 

of avoiding chronic micro and macro vascular 

complications8. 

Atherogenic index of plasma (AIP) is defined as 

logarithm of plasma triglyceride concentration to the 

concentration of high density lipoprotein cholesterol9. 

AIP provides information about the atherogenicity of 

plasma and quantifies the response to therapeutic 

intervention10. It is also considered as a significant 

predictor of coronary heart disease11. This study 

evaluates the level of atherogenic index of plasma in 

normotensive adults with type 1 diabetes mellitus. 

MATERIALS AND METHODS 

A total of 60 subjects were included in this study. 

Thirty previously diagnosed Type 1 diabetic patients 

and equal number of control (non-diabetic) healthy 

individuals having no history of taking lipid lowering 

drugs , multivitamins especially antioxidant vitamins 

and not suffering from coronary heart disease, 

hypertension or any other disease participated in  

this study. 

The study was conducted in Department of 

Biochemistry and Clinical Chemistry, Khyber Medical 

College Peshawar. Blood samples were collected from 
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normotensive Type 1 diabetic adult patients as well as 

from the control subjects in the morning after an over 

night fast. Serum was separated after blood was 

allowed to clot by centrifugation at 2500 rpm for 15 

minutes. Estimation of serum glucose determination 

was done immediately. Blood glucose, triglycerides, 

cholesterol and HDL-c were analyzed by enzymatic 

colorimetric method, using kits supplied by Randox 

Laboratories Ltd. Ardmore, United Kingdom. LDL-c 

and VLDL-c were calculated by Friedewald’s formula12 

and Wilson’s formula13 respectively. Atherogenic Index 

of Plasma (AIP) was calculated as log (TG/HDL-C)14. 
The results were expressed as mean ± SD. Statistical 

significance was evaluated by Students t-test  was 

applied and differences among two groups were 

considered significant at P<0.05. 

RESULTS 

The study population consisted of 30 known cases of 

type 1 diabetes mellitus and 30 healthy controls. The 

mean values of age in case of  type 1 diabetes mellitus 

(34.47 ± 5.34 yrs), the control group (35.37 ± 4.33 yrs) 

and the mean values of BMI in case of type 1 diabetic 

group (21.73 ± 3.72 Kg/m2), control group (22.97 ± 

1.67 Kg/m2), were all indifferent statistically. 

Table No. 1: Blood Glucose, Lipid Profile and 

Atherogenic Index of Plasma of control subjects and 

Normotensive Adult Type-1 Diabetic Individuals 

 

 

 

Control 

(n=30) 

Normotensive 

Adult Type-1 

Diabetic 

(n=30) 

Glucose (mg/dl) 

Triglycerides (mg/dl) 

Cholesterol (mg/dl) 

HDL-c (mg/dl) 

LDL-c (mg/dl) 

VLDL-c (mg/dl) 

AIP 

91.87  6.32 

131.70  13.29 

179.53  23.68 

51.87  8.74 

101.37  26.80 

26.33  2.73 

0.05  0.08 

201.10  46.64  

174.70  30.09  

225.47  30.66  

34.83  4.63  

155.62  27.18  

35.00  6.10  

0.34  0.09  

P  0.001 as compared to Control subjects 

Comparison of serum glucose and lipid profile between 

normotensive type 1 diabetic adult patients and healthy 

control subjects is shown in Table 1. Fasting serum 

glucose, total cholesterol, triglycerides, LDL-C  were 

found significantly high (P<0.001) in normotensive 

type 1 diabetic adult patients when compared with non 

diabetic subjects, on the other hand the levels of HDL-

C was found to be significantly lower (P<0.001) in type 

1 diabetic patients as compared to control group. 

Plasma atherogenicity (Atherogenic index of plasma) 

was found significantly high (P<0.001) in normotensive 

type 1 diabetic adult patients when compared with (non 

diabetic) healthy control group. 

DISCUSSION 

Diabetes is a chronic illness that requires continuing 

medical care and ongoing patient self-management 

education and support to prevent acute complications 

and to reduce the risk of long-term complications15. 

Patients with diabetes mellitus develop atherosclerotic 

vascular disease earlier with great severity than non-

diabetic subjects. Approximately 35% of patients with 

insulin dependant diabetes mellitus die of coronary 

artery disease by the age of 55 years16. Although the 

prognosis of the type 1 diabetes mellitus has improved 

considerably over the past 50 years, it is still exceeds 

that of general population4. The present study reveals 

increased concentration of triglycerides, total 

cholesterol, low-density lipoprotein cholesterol and 

very-low-density lipoprotein cholesterol; whereas the 

high-density lipoprotein cholesterol levels were 

significantly lower in normotensive Type1 Diabetic 

adults as compared to the healthy non-diabetic control 

subjects.  

Torres-Tamayo and colleagues17 noticed increased 

triglycerides and total cholesterol levels in Type1 

Diabetic patients. A group of research workers also 

reported significantly higher serum total cholesterol and 

apolipoprotein B levels in Type1 Diabetic group of 

patients18. In a study by Perez et, al. comparison of 

adult Type 1 diabetics with non diabetic patients 

showed a higher LDL-C , total triglyceride and low 

HDL-C levels in 16%, 5%, and 20% of patients and 

13%, 6%, and 9% of controls, respectively . Diabetic 

women showed more hypercholesterolemia than non-

diabetic women19. EURO DIAB IDDM complication 

study on type 1 diabetic adults reports the prevalence of 

LDL hypercholesterolemia in 45% in men and women 

while hypertriglyceridemia was observed to be 12% in 

men and 8% in women20. Sarman and group showed 

significant higher levels of serum total cholesterol and 

apolipoprotein B in type 1 diabetic patients as 

compared to non diabetic subjects18. 

AIP indicates a balance between the actual 

concentration of plasma triglyceride and high density 

lipoprotein, which predetermine the direction of 

cholesterol transport in an intravascular pool is the flux 

of newly produced cholesteryl esters by lecithin 

cholesterol acyl transferase (LCAT) towards 

atherogenic LDLs or beneficial HDLs21. The 

atherogenic index of plasma has recently been proposed 

as a marker of plasma atherogenicity because it is 

increased in people at higher risk of coronary heart 

disease and is inversely correlated with LDL particale 

size. AIP values of  - 0.3 to 0.1 are associated with low 

coronary artery disease (CAD) risk, 0.1 to 0.24 medium 

and above 0.24 high risk22. 
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CONCLUSION 

The study emphasizes that the determination of 

Atherogenic index of plasma as a routine measure can 

be used as an early predictor of atherosclerotic 

complications in diabetes mellitus. 

REFERENCES 

1. Ichinose K, Kawasaki E, Eguchi K. Recent 

Advancement of understanding Pathogenesis of 

Type 1 Diabetics and Potential Relevance to 

Diabetic Nephropathy. Am J Nephrol.2007; 

554- 564. 

2. Yach D, Hawkes C, Gould L, Hofman KJ. The 

Global Burden of Chronic Diseases Overcoming 

Impediments to Prevention and Control. JAMA 

2004;291(21):2616-22. 

3. Devendra D, Liu E, Eisenbarth GS. Type 1 

Diabetes: Recent Developments. BMJ 2004; 

328:750-5. 

4. Weis U, Turner B, Gibney J, Watts GF, Burke V, 

Shaw KW, et al. Long-term predictors of coronary 

artery disease and mortality in type 1 diabetes. QJ 

Med 2001;94:623-630. 

5. Wadwa RP, Kinney GL, Maahs DM, Snell-

Bergeon J, Hokanson JE, Garg SK, et al. 

Awareness and Treatment of Dyslipidemia in 

Young Adults With Type 1 Diabetes. Diabetes 

Care 2005;28(5):1051–1056. 

6. Tan MH, Johns D, Glazer NB. Pioglitazone 

reduces atherogenic index of plasma in patients 

with Type 2 Diabetes. Clin Chem 2004;50(7): 

1184–88. 

7. Krishna P, Roopakala, Kumar KMP. Dyslipidemia 

in Type 1 Diabetes mellitus in the young. Int J 

Diab Dev Countries 2005;25(4):110-12.  

8. Matheus AS, Cobas RA, Gomes MB. 

Dyslipidemias in type 1 diabetes: a current 

approach. Arq Bras Endocrinol Metabol 2008; 

52(2):334-9. 

9. Dobiasova M, Frohlich J. The plasma parameter 

log (TG/HDL-C) as an atherogenic index: 

correlation with lipoprotein particle size and 

esterification rate in apoB-lipoprotein-depleted 

plasma (FERHDL). Clin Biochem 2001;34:583-8. 

10. Dobiášová M. Atherogenic Index of Plasma 

[Log(Triglycerides/HDL-Cholesterol)]: Theoretical 

and Practical Implications. Clin Chem 2004;50(7): 

1113-15. 

11. Bodhe C, Jankar D, Bhutada T, Patwardhan M, 

Patwardhan V. HbA1c: Predictor of Dyslipidemia 

and Atherogenicity in Diabetes Mellitus. IJBMSP 

2012;2(1):25-27. 

12. Friedwald WT, Levy RI, Fredrickson DS. 

Estimation of the concentration of low density 

lipoprotein cholesterol in plasma, without use of 

preparative ultracentrifuge. Clin Chem 1972;18: 

499-502. 

13. Delong DM, Delong ER, Wood PD, Lippet K, 

Rifkind BM. A comparison of method for the 

estimation of plasma low and very low density 

lipoprotein cholesterol. J A M A 1986;256:2372-7. 

14. Onat A, Can G, Kaya H, Hergenç G "Atherogenic 

index of plasma" (log10 triglyceride/high-density 

lipoprotein-cholesterol) predicts high blood 

pressure, diabetes, and vascular events. Journal of 

Clin Lipidol 2010;4(2):89-98.  

15. American Diabetic Association. Standards of 

Medical Care in Diabetes—2010. Diabetes Care 

2010;33(Suppl. 1):S11-S61. 

16. Timimi FK, Ting HH, Haley EA, Roddy MA, 

Ganz P, Creager MA. Vitamin C improve 

Endothelium-dependent vasodilation  in patients 

with Insulin-dependent diabetes Mellitus. J Am 

Coll Cardiol 1998;31(3):552-7. 

17. Torres-Tamayo M, Zamora-Gonzalez J, Bravo-

Rios LE, Cardoso-Saldana G, Mendoza-Morfin F, 

Posadas-Romero C. Lipoprotein (a) levels in 

children and adolescents with diabetes. Rev Invest 

Clin 1997;49:437-43. 

18. Sarman B, Farkas K, Toth M, Somogyi A, 

Tulassay Z. Circulating plasma endothelium – 1, 

plasma lipids and complications in type 1 diabetes 

mellitus. Diabetes Nutr Metab 2000;13(3):142-8. 

19. Pérez A, Wägner AM, Carreras G, Giménez G, 

Sánchez-Quesada JL, Rigla M, et al. Prevalence 

and phenotypic distribution of dyslipidemia in type 

1 diabetes mellitus: effect of glycemic control. 

Arch Intern Med 2000;160(18):2756-62. 

20. Idzior-Walus B, Mattock MB, Solnica B, Stevens 

L, Fuller JH. The Eurodiab Iddm Complications 

Study Group. Diabetic Medicine 2001;18(10):786-

796. 

21. Kalidhas P, Kanniyappan D, Gandhi K, Aruna RM. 

Coronary Artery Disease risk factors in type 2 

diabetes mellitus with metabolic syndrome in 

urban south Indian population. J Clin Diag Res 

2011;5(3):516–18. 

22. Rajashekar Rao B, Parineetha PB, Venkata Raman 

V. Study on correlations between glycated 

haemoglobin, lipid profile and blood glucose levels 

in type 2 diabetics living at moderate high altitude. 

Intern Med J Malaysia 2010;9(2):39–44. 

 

 

 

Address for Corresponding Author: 

Dr. Muhammad Ahmad  

Department of Biochemistry,  

Peshawar Medical College, 

Peshawar. 

Email: mahmad29@hotmail.com 

 

http://ukpmc.ac.uk/search/?page=1&query=AUTH:%22Onat+A%22+SORT_DATE:y&restrict=All+results
http://ukpmc.ac.uk/search/?page=1&query=AUTH:%22Can+G%22+SORT_DATE:y&restrict=All+results
http://ukpmc.ac.uk/search/?page=1&query=AUTH:%22Kaya+H%22+SORT_DATE:y&restrict=All+results
http://ukpmc.ac.uk/search/?page=1&query=AUTH:%22Hergen%C3%A7+G%22+SORT_DATE:y&restrict=All+results
http://ukpmc.ac.uk/search/?page=1&query=JOURNAL:%22J+Clin+Lipidol%22+SORT_DATE:y&restrict=All+results
http://ukpmc.ac.uk/search/?page=1&query=JOURNAL:%22J+Clin+Lipidol%22+SORT_DATE:y&restrict=All+results
http://www.ncbi.nlm.nih.gov/pubmed?term=%22P%C3%A9rez%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22W%C3%A4gner%20AM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Carreras%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gim%C3%A9nez%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22S%C3%A1nchez-Quesada%20JL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rigla%20M%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Arch%20Intern%20Med.');
mailto:mahmad29@hotmail.com

