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ABSTRACT: 

Introduction: Atherogenic lipid profile and Atherogenic index of plasma (AIP) the new marker of atherogenicity, 

directly contributes to assess cardiovascular risk.The aim of the present study was to  see the role & association of 

biological markers of  atherogenicity with cardiovascular risk in patients of diabetes mellitus and to study 10 year 

cardiovascular risk by using framingham heart scale. 

Material and method: Fifty Diabetic patients, Type-1 -25,Type-2 DM-25and control-25 of age range (30-70 ) year 

who attended SMS hospitals and ESIC Hospital, Jaipur were included in this study. Five milliliters of blood was 

taken  with all asceptic precaution for lipid profile analysis. The Atherogenic index of plasma (AIP) was calculated 

as log (TG/HDL-c) using the Czech online calculator of atherogenic risk.10 years general cardiovascular risk was 

assessed by Framingham’s heart scale. 

Result: Diabetic patients of both types had highly significant levels of Total Cholesterol(P < 0.001),Triglyceride (P 

< 0.001) VeryLowDensityLipoprotein (P < 0.001)  and LowDensityLipoprotein (P < 0.001)  compare to controls . 

High Density Lipoprotein was found to be significant (P<.05) in both group of Diabetic patients than the control 

group . Atherogenic Index of  Plasma (AIP )(P< 0.001) was found to be highly significant in both type of Diabetic 

patients compared to controls. There was no significant value is found between type-1 and type-2 for all above 

parameters. CV risk was found to be Mild-28% ,Intermediate-24% ,High- 48%  in Type -1 Diabetic Patients 

whereas in Type -2 DM ,Mild-4% ,Intermediate-32% ,High-64% .Type -2 DM patients have higher CV risk than the 

Type -1DM patients 

Conclusion: This study suggests that atherogenic index of Plasma (AIP), and CVD Risk Score may be particularly 

useful as atherogenic risk predictors in DM patients. Type -2 DM patients have raised AIP and  higher risk of 

cardiovascular disease than the Type -1 DM. 
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Introduction: 

Recent estimates from the International Diabetes 

Federation suggest that, worldwide, there are about 

285million individuals with diabetes.[1]India, a 

developing country is labeled as the Diabetic 

capital of the World. Epidemiological studies have 

shown that patients with diabetes mellitus and 

glucose  intolerance are at increased risk for 

coronary heart disease (CHD). Type 2 diabetes 

patients poses the most urgent cardiovascular 

risk.[2]In Diabetic Mellitus Patients Cardiovascular 

risk is increased by a clustering of risk factors such 

as abdominal obesity, impaired fasting glucose, 

increased blood pressure, low HDL-cholesterol 

(HDL-C), increased triglycerides (TGs), and an 

increase in small, dense LDL particles and 

associated atherogenic lipoprotein phenotype. 

Atherogenic lipid profile contributes to 

cardiovascular risk. Atherogenic index of plasma 

(AIP), is the new marker of atherogenicity, since 

the AIP is related directly to the atherosclerosis 

risk. AIP reflects the delicate metabolic interactions 

within the whole lipoprotein complex.AIP is the 

ratio calculated as log (TG/HDL-c). The 

association of TGs and HDL-C in this simple ratio 

theoretically reflects the balance between risk and 

protective lipoprotein forces . Existence of 

hypertriglyceridemia will increase the activity of 

hepatic lipase (HL) which results in the increase of 

HDL-c catabolism (degradation of HDL-c). Each 

degradation of 1mg HDL-c will correlate with 2% 

increase in the risk coronary heart disease (CHD) 

[3, 4]. NCEP ATPIII has recommended using Non-

HDL cholesterol in assessing CVD risk in patients 

with diabetes The concept of medical intervention 

based on estimated total CVD risk in asymptomatic 

patients is well established both in the UK[5] and 

internationally.[6,7]Framingham Heart Study, 

identify the common factors or characteristics that 

contribute to CVD [8] and estimate CHD or CVD 

risk over a specified time period, generally 10 

years. Triglyceride-rich lipoproteins comprise a 

great variety of nascent and metabolically modified 

lipoprotein particles. The capacity to enter the 

subintimal area of the vasculature is inversely 

related to the size of the lipid particle.Managing 

dyslipidaemia is an important part of a 

multifactorial treatment approach in patients with 

diabetes, as it is a significant independent predictor 

of CHD and mortality.[9]The Framingham Study 

has largely influenced our understanding of CVD 

and its determinants in people with diabetes over 

the last several decades and continues to provide 

useful information relating to the changing pattern 

with time and suggests pathways for improving 

prevention and control. 

The present study was conducted with the objective 

of - 

1.To see the role & association of biological 

markers of atherogenicity ( Lipid profile and 

Atherogenic Index of plasma ) with cardiovascular 

risk in patients of diabetes mellitus . 

2. To study 10 year cardiovascular risk in diabetics 

by using framingham heart scale. 
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Materials and methods: 

Fifty Diabetes Mellitus patients who attended SMS 

hospital and ESIC Hospital, Jaipur were included 

in this study.The patients were grouped as follows: 

Group I (G1) consisted patients of Type-1, IDDM 

(n=25).Group II (G2) consisted patients of Type-

2NIDDM (n=25). 

Healthy control groups were also enrolled in this 

study (n=25). The age range of all three groups is 

30-70 year. 

Blood samples:-Five milliliters of fasting Blood 

sample were collected within EDTA Vial under all 

aseptic precautions,centrifuged at 3500 rpm for ten 

minutes to separate plasma  and complete lipid 

profile analysis was done. 

Body mass index: 

The BMI was calculated as the weight (Kg) divided 

by the height in (m2). 

Atherogenic index of plasma (AIP):The AIP was 

calculated as log (TG/HDL-c) using the Czech 

online calculator of atherogenic risk. 

Lipid profile analysis: 

Fraction of plasma lipids were performed using 

ready kits  

S. Cholesterol -By CHOD-PAP 

S. Triglyceride -  By GPO Method. 

S. HDL cholesterol- By PTA Method. 

S.VLDL cholesterol- By Fieldwalds et al. Method. 

S.LDL cholesterol- By Fieldwald Method. 

Cardiovascular risk: 

10 years general cardiovascular risk was assessed 

by Framingham’s heart scale. 

Data obtained was subjected to statistical analysis 

by applying unpaired ‘t’ test at relevant levels. All 

the values of ‘t’ test & ‘p’ were expressed as highly 

significant if the values of p < .001. SPSS 

VERSION 17 was used for data analysis.
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TABLE 1 

       Demographic and Behavioural Characteristics of Diabetic and control groups(Mean+SD) 

 

   PARAMETERS 

 

DiabetesMellitus                 

(Type-1) 

 

 DiabetesMellitus                   

(Type-2) 

 

      Controls 

    No. of cases         25          25          25 

male & females %    male-76%, 

   females-24% 

    male 68 %, 

    females 32% 

     male 84%, 

     females 16% 

age ( mean+SD ) 

   years 

 

  49.08+12.64 

 

   55.12+10.43 

 

   50.68+9.16 

family history(DM)  

  32%-yes,68%-no 

 

   32%-yes,68%-no 

 

   84%-no,16%-yes 

dietary habit   Non veg 28%, 

  veg- 72% 

   Non-veg-44% 

   veg-56% 

  Non-veg-28%, 

  veg-72% 

smoker/alcohalic  

     52%Yes 

 

       40%Yes 

 

      44%Yes 

socio-economic status      48%-LIG 

     52%-MIG 

    40%-LIG 

    60%-MIG 

    48%- LIG 

    52%-MIG 

duration  (mean) 

   years 

 

        6.56 

  

          4.12 

- 

 

        Mean age was higher in Type-2 than Type-1 and Mean duration was more in Type-1 than Type-2. 
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     TABLE 2 

      Differential analysis between Lipid  parameters, Atherogenic index of plasma  (AIP ),  

      Blood  pressure of  Diabetics and control group .(Mean+SD )   

        Control- (G-1), Diabetes Mellitus type I-(G-2) , Diabetes Mellitus type –II (G-3)  

  

Table showing maching of G- 2 and G-3 with G-1 and G-2 with G-3 in all parameters. 

HS-Highly significant,( <.001)S- significant (<.05),NS-Non significant.( >.05) 

 

 

 

 

PARAMETERS      1 

control 

Mean+SD 

      2 

DM (Type-1) 

Mean+SD 

      3 

DM(Type-2) 

Mean+SD 

P Value 

bet 1&2 

P Value 

bet 1&3 

P  

Value   

bet  

2&3 

BMI(kg/m2) 20.33+ 1.83 21.12+1.80 21.88+1.55 <.05 

S 

<.001 

HS 

<.05 

S 

Blood glucose 

(mg/dl) 

94.88+7.41 168.08+43.81 166.48+39.15 <.001 

HS 

<.001 

HS 

>.05 

NS 

S.Cholesterol 

(mg/dl) 

158.84+17.78 216.43+22.28 222.92+32.00 <.001 

HS 

<.001 

HS 

>.05 

NS 

S.Triglyceride 

(mg/dl) 

149.77+9.49 195.56+34.39 207.64+ 

44.15 

<.001 

HS 

<.001 

HS 

>.05 

NS 

S.VLDL 

(mg/dl) 

30.5+2.91 39.11+6.94 40.41+8.91 <.001 

HS 

<.001 

HS 

<.05 

S 

S.LDL 

(mg/dl) 

84.48+17.23 137.21+21.10 144.80+ 33.51 <.001 

HS 

<.001 

HS 

>.05 

NS 

S.HDL 

(mg/dl) 

41.05+4.47 38.74+6.68 38.50+5.64 <.05 

S 

<.05 

S 

>.05 

NS 

AIP 1.29+.126 1.59+.325 1.61+.322 <.001 

HS 

<.001 

HS 

>.05 

NS 

SBP(mm Hg) 121.44+7.51 132.44+9.26 131.88+8.80 <.001 

HS 

<.001 

HS 

>.05 

NS 

DBP(mm Hg) 82.32+6.18 89.6+4.76 85.68+5.70 <.05 

S 

<.05 

S 

<.05 

S 
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TABLE 3:-   Cardiovascular risk (CVR) in Diabetic groups  (Mean ±SD ) 

CASES CVD RISK- 

CATEGORY 

0-10% 

(Mean+SD) 

 

MILD 

 

NO. OF 

CASES 

CVD RISK 

CATEGORY -10-

20% 

(Mean+SD) 

 

INTERMEDIATE 

 

NO. OF 

CASES 

CVD RISK 

CATEGORY -

20-30%or >30% 

(Mean+SD) 

HIGH RISK 

 

NO.OF 

CASES 

DM(Type-1) 

(25) 

7.98+1.79 7(28%) 15.78+2.32 6(24%) 29.85+0.27 12(48%) 

DM(Type-2) 

(25) 

9.4+00 1 (4%) 15.7+3.12 8(32%) 28.00+2.72 16(64%) 

       Table showing CV risk in Type -I Diabetic Patients ( Mild-28% ,Intermediate-24% ,High- 48% )                    

                            and in Type II  Diabetic patients (Mild-4% ,Intermediate-32% ,High-64% ) 

Results:   

In Our study Male were found more in both type of 

Diabetes Mellitus.Mean age was found higher in 

type-2 than type-1. A significant difference was 

found in  BMI between type-2 DM and Control group 

whereas type-1 DM had no significant value with 

control and type-2 DM. 

Mean value of S.glucose, S.cholesterol, 

S..Triglyceride, SVLDL, SLDL, AIP, SBP was found 

to be higher in both group of Diabetes compared to 

control group while S.HDL value was found to be 

decreased in both diabetic group than controls.  

Type -1 and Type-2 Diabetic patients had highly 

significant levels of Total Cholesterol (P < 

0.001),Triglyceride (P < 0.001) Very Low Density 

Lipoprotein (P < 0.001)  and Low Density 

Lipoprotein (P < 0.001)  compared to controls 

whereas there was no significant value is found 

between type-1 and type-2. High Density Lipoprotein 

was found to be significant (P<.05) in both group of 

Diabetic patients types compare to control group 

whereas there was no significant value is found 

between type-1 and type-2. Atherogenic lipid risk 

factors, AIP (P < 0.001) was found to be  highly 

significant in both type-1 and type-2 compared to 

control group whereas there was no significant value 

is found between type-1 and type-2. SBP was found 

highly significant (P < 0.001)  whereas DBP was 

found significant (P<.05) in both type of DM  

compared to control group.A significant difference 

was found for DBP between type-1 and type-2  

whereas  no significant value is found for SBP. AIP 

(P< 0.001) was found to be highly significant in both 

type of Diabetic patients compared to controls 

whereas  no significant value is found between type-

1DM and type-2DM . 

In our study table -3 showing CV risk was found 

Mild-28% ,Intermediate-24% ,High- 48%  in Type -1 

Diabetic Patients compared to Mild-4% 

,Intermediate-32% ,High-64% in Type -2 DM. 

Discussion:  

Cardiovascular disease (CVD) risk is great in diabetic 

patients than non-diabetic individuals. 
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Despite major improvements in the clinical 

management of both diabetes and cardiovascular 

disease (CVD) over the last few decades, the 

available evidence suggests that CVD remains the 

leading cause of morbidity and mortality in people 

with diabetes.[10] 

It has been reported that all groups of diabetic 

patients showed significant dyslipidemia also called 

atherosclerotic diabetic dislipidemia. In the present 

study we observed significant  higher levels of lipids 

(TC,TG, LDL and VLDL) and lipid risk factors (such 

as AIP, log(TG/HDL) indicating atherogenic 

changes. other study in DM patients also reveals high 

prevalence of hyper cholesterolemia, hyper       

triglyceridemia, high LDL-C and low HDL-C levels 

which are well known risk factors for cardiovascular 

diseases.[11] Insulin affects the liver apo-lipoprotein  

production. It regulates the enzymatic activity of 

lipoprotein lipase (LpL) and Cholesterol ester 

transport protein. All these factors are likely cause of 

dyslipidemia in Diabetes mellitus.[12]We have found 

that serum cholesterol is increased in all group of 

diabetes when compared with the controls. Some of 

the possible reason of higher concentration of serum 

cholesterol in diabetes may be attributed to decrease 

muscular exercise or inhibition of cholesterol 

catabolism. Increase triglyceride level may be due to 

insulin deficiency which results faulty glucose 

utilization,causes hyperglycemia and mobilization of 

fatty acids from adipose tissue for energy purpose 

and excess fatty acid are accumulated in the liver and 

converted to triglyceride. [13]. Hypertriglyceridemia 

may lead to an increased production of the small, 

dense form of LDL cholesterol and to decreased 

HDL transport of cholesterol back to the liver. It is 

well known that triglyceride-risk lipoprotein (VLDL-

c and LDL-c) is atherogenic, and the occurrence of 

CVD has been shown to be increased with the 

presence of hypertriglyceridemia, decrease in HDL-C 

value and increase in small dense LDL-c and VLDL-

c. Particles . These conditions are frequently found in 

type- 2 diabetic patients [14] 

Clinical studies have shown that AIP predicts 

cardiovascular risk. In our study the AIP value for 

Type-2 DM was the highest, predicting a higher risk 

for cardiovascular disease, medium in Type-1 DM  

and  lowest in control group. A recent study by Rao 

et al.[15] emphasizes the importance of AIP in 

predicting CVD risk associated with newly diagnosed 

diabetes. The current study's observation of 

significantly raised AIP is in accordance with the 

above observations, indicating the presence of 

atherogenic risk in  Type-2 more than the Type-1 DM 

patients. TG/HDL-C ratio has been proposed as an 

easily measurable predictor of LDL size and has 

better predictive value than lipids individually and 

ratios of individual lipids to HDL-C .[16,17 ] Tan et 

al. study shows that AIP also provides information 

about atherogenic plasma and  quantifies the response 

to therapy in clinical trials. [18] Triglycerides and 

HDL-cholesterol in AIP reflect the balance between 

the atherogenic and protective lipoproteins. AIP 

correlates with the size of pro- and antiatherogenic 

lipoprotein particles.AIP is an easily available 

cardiovascular risk marker and a useful measure of 

response to treatment.AIP < 0.11 low risk; AIP 0.11 

– 0.21 intermediate risk; AIP > 0.21 increased risk. 

[19,20] Recently Kalidhhas and coworkers concluded 

hyperglycemia, dyslipidemia and perhaps to a lesser 

extent, hypertension which all contribute to the 
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development of atherosclerosis [21,22] Hermans et 

al., proposed AIP as a simple means to estimate 

atherogenic dyslipidemia and the residual 

cardiovascular risk in Type- 2 DM.[23] 

In our study CV risk assessment by using  

Framingham’s heart scale was found to be raised 

more in Type-2 DM patients than the Type- 1DM. 

Framingham Study further suggests that the lifetime 

risk of CVD among people with diabetes is high and 

is further accentuated by the presence of other risk 

factors.[24,25] 

More research work for investigating cardiovascular 

health problem in the population are required, and the 

Framingham Study continues to be part of this 

journey. 

Conclusion:  

This study suggests that atherogenic index of Plasma 

(AIP), and CVD Risk Score may be particularly 

useful as atherogenic risk predictors in  patients with 

Diabetes Mellitus. AIP can be easily calculated from 

standard lipid profile. Type -2 DM patients have 

raised AIP and higher risk of cardiovascular disease 

than the Type -1 DM. 
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