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ABSTRACT 
 
Aim: Glycosylated hemoglobin is a used marker for long-term glycemic 
control. This investigation is an attempt to evaluate the diagnostic value 
of HbA(1c) in predicting cardiovascular risk 

Materials and methods:The study was conducted in V.S general hospit-
al. 278 subjectsduringMay 2012 to October 2012, were included in the 
study. Details regarding to age, gender, duration of diabetes, were taken. 
Venous blood samples were collected and analyzed for glycosylated he-
moglobin (HbA1c), fasting plasma glucose (FPG), Total Cholesterol, Trig-
lycerides, HDL-C and LDL-C and AIP 

Results:The total cholesterol and LDL cholesterol were significantly 
higher in females as compared to male diabetics. TG levels and AIP ratio 
were raised in the subjects <55 years compared to those >55 years. In cas-
es with duration of diabetes > 6 years HbA1c, total cholesterol, TG,LDL 
cholesterol and AIP ratio were elevated but only total cholesterol and 
LDL cholesterol werestatistically significant. All the lipid parameters ex-
cept HDL cholesterol were higher in subjects with HbA1c >7 % as com-
pared to the group with HbA1c < 7%. 

Conclusion: The findings indicate that HbA1c can provideauxiliary in-
formation about theextent of circulating lipids and AIP, and can thus be 
used as a predictor of cardiovascular risk in diabetics 
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INTRODUCTION 

The worldwide prevalence of diabetes mellitus has 
increased dramatically in the past 20 years. Indianow 
stands only second to china in the largest number of 
diabetic patients in the world. In 2011 there were 366 
million people with diabetes, and these are expected 
to rise to 552 million by 20301. The burden of diabetes 
is to a large extent the consequence of macrovascular 
(coronary artery disease, peripheral vascular disease, 
and atherosclerosis) and microvascular (retinopathy, 
neuropathy and nephropathy) complications of the 
disease 2. The percentage of glycosylated hemoglobin 
(HbA1c) reflects the glycemic control of a patient dur-
ing the 8-10 week period before the blood sample was 
obtained. The Diabetes complications and control trial 
(DCCT) established HbA1c as the gold standard of 
glycemic control. Lowering HbA1C has been shown to 
reduce microvascular complications of diabetes, and if 
implemented soon after the diagnosis of diabetes, is 
associated with long-term reduction in macrovascular 
disease3,4. 

Dyslipidemia is one of the major established risk fac-
tors for cardiovascular disease in diabetes mellitus[4]. 
The characteristic features of diabetic dyslipidemia are 

a high plasma triglyceride concentration, low HDL 
cholesterol concentration and increased concentration 
of small dense LDL-cholesterol particles. The Athero-
genic index of plasma has recently been proposed as a 
marker of plasma atherogenicity and is positively cor-
related with cardiovascular disease risk5. 

Apart from classical risk factors like dyslipidemia, ele-
vated HbA1c is now regarded as an independent risk 
factor for CVD in subjects with or without diabetes6. 
HbA1c is directly related to the severity of coronary 
artery disease (CAD) in diabetic patients. Estimated 
risk of CAD has shown to be increased by 18% for 
each 1% increase in absolute HbA1c value in diabetic 
population7. 

Moreover, attempts to reduce cardiovascular risks re-
sulted in the improvement of HbA1c even in the ab-
sence of any specific intervention targeted at improv-
ing glycemic contro8. A soluble form of receptor for 
advanced glycation end products (sRAGE) in type 2 
diabetic patients with CAD was found to be elevated 
with significant association between sRAGE and 
HbA1c as well as serum lipids9. 
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In view of the predisposition for the development of 
atherosclerotic vascular disease in the diabetics, atten-
tion has been focused on glycemic control, lipid and 
lipoprotein levels indiabetics. This investigation is an 
attempt to evaluate the diagnostic value of HbA1c in 
predicting cardiovascular risk. 

 

MATERIAL AND METHODS 

The study was conducted in the patient attending opd 
of medicine department of V.S general hospitalduring 
May 2012 to October 2012 were included in to the 
study. A Systematic Random Sampling (every third 
subject) was taken as the mode of selection.A total of 
278 subjects were recruited in the study. 

Subjects in the age group of 35-70 years of both sexes 
and those who gave a history of diabetes and were 
under treatment with either oral antidiabetic drugs or 
insulin were included in the study. The subjects who 
gave a history of any cardiovascular, renal or thyroid 
disorders were excluded from the study. 

Details pertaining to the age, gender, duration of di-
abetes, lipid profile and HbA1c were taken. Venous 
blood samples from all the subjects were collected af-
ter at least 8h fasting and analyzed for glycosylated 
hemoglobin (HbA1c), fasting plasma glucose (FPG), 
serum total cholesterol(TC), triglycerides (TG) and 
high- density lipoprotein cholesterol (HDL-C) on 
Randox (Daytona) auto analyzer. The level of low- 
density lipoprotein cholesterol (LDL-C) was deter-
mined using the formula: LDL= Total Cholesterol – 
(TG/5 + HDL). 

 

OPERATIONAL DEFINITIONS 

HbA1c of <7% was considered good glycemic control, 
while a HbA1c >7% was considered as poor glycemic 
control. The selection of these cutoff values of HbA1c 
was based on earlier studies10.For serum lipid refer-
ence level, National Cholesterol Education Pro-
gramme (NCEP) Adult Treatment Panel III (ATP III) 
guideline was referred. According to NCEP-ATPIII 
guideline, hypercholesterolemia is defined as TC >200 
mg/dl, high LDL-C when value >100 mg/dl, hyper-
triglyceridemia as TAG >150 mg/dl and low HDL-C 
when value <40 mg/dl. Dyslipidemia was defined by 
presence of one or more than one abnormal serum li-
pid concentration11. 

The atherogenic index of plasma (AIP) was calculated 
by the formula base 10 logarithm of the ratio of TG 
toHDL. An AIP of > 0.21was taken as high CAD risk, 
and <0.21as low-intermediate CAD risk 12. 

Statistical analysis was carried out using Graph Pad 
Prism 6.0 version. Data were described as mean with 
S.D. for continuous variables and proportions for ca-
tegorical variables. Fischer test was used to assess sta-
tistical significance of the difference between the per-
centages of poor glycemic control and lipid profile ac-

cording to independent categorical variables. A p val-
ue <0.05 was considered statistically significant. 

 

RESULT 

All the subjects were into four variables. The first 3 
groups show the effect of gender, age and duration of 
diabetes on HbA1c levelsand lipid parameters, while 
the fourth group shows the influence of glycemic con-
trol on the circulatinglipids. Out of a total of 278 di-
abetics, 130 were males and 148 were females. The 
mean age ± SD of the male and female diabetic sub-
jects were 54.71±11.40 years and 56.34±10 years, re-
spectively. Although the levels of HbA1c, FPG were 
marginally higher in females and TG in male diabetics, 
they were not statistically significant 

 

Table 1: Characteristics of male and female diabetics 

Variables Male Female pvalue 
N 130 148  
Age (yrs) 54.71±11.40 56.34±10 0.2051 
Duration(yrs) 5.17±3.80 6.2±4.19 0.0336 
HbA1c (%) 7.81±1.64 8.06±1.77 0.2251 
FBS(mg/dl) 161±60 165±62 0.5863 
Statisticallysignificant-p<0.05 

 

Table2 shows the effect of age on HbA1c and lipidpa-
rameters. There appears a significant difference be-
tween TG levels and AIP ratio in relation to age. TG 
levels and AIP were raised in the subjects <55 years 
compared to those subjects >55 years. Although 
HbA1c and LDL levels are slightly raised in the lower 
age group these were not statistically significant. 
There was no difference in HDL levels among the two 
groups. 

 

Table2: Effect of age onHbA1c on lipid parameters 

Variables <55yrs >55yrs p value 
N 145 133  
Age 47.45±6.74 64.43±6.35 0.001 
Duration 5.36±3.94 6.1±4.12 0.127 
HbA1c (%) 8.02±1.76 7.9±1.66 0.56 
FBS(mg/dl) 167±64 160±57 0.3381 
Tcholesterol(mg/dl) 193±48 187±41 0.2655 
Triglycerides(mg/dl) 211±122 173±93 0.004 
HDLcholesterol(mg/dl) 38±2.01 38±2.02 1.000 
LDLcholesterol(mg/dl) 119±38 115±34 0.3574 
AIP 0.33±0.21 0.26±0.19 0.004 
Statistically significant-p<0.05 

 

Comparison of the variables in relation to duration of 
diabetes < 6 years vs > 6 years[Table 3] shows that 
HbA1c,total cholesterol, TG , LDLcholesterol and AI-
Pare elevated in the group with > 6 yearsduration of 
diabetes but only total cholesterol and LDL cholesterol 
werestatistically significant. There is no difference in 
HDL levels among the two groups. 
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Table 3: EffectofdurationofdiabetesonHbA1c and 
lipid parameters 

 <6yrs >6yrs pvalue 
N 184 94  
AGE 54.6±10.32 57.4±11.37 0.0127 
Duration 3.3±1.80 10.4±2.95 0.0001 
HbA1c 7.88±1.73 8.07±1.68 0.2794 
FPG 162±68 166±46 0.5014 
Tchol 187±41 197±50 0.0347 
TG 190±108 199±115 0.4339 
HDL 38±2.15 38±1.75 1 
LDL 114±32 123±41 0.0183 
AIP 0.29±0.20 0.31±0.19 0.3194 
Statisticallysignificant-p<0.05 

 

Table 4: RelationofHbA1c with lipid parameters in 
diabetics 

Parameter <7% >7% p value 
N 92 186  
Age 56.8±10.95 55±10.58 0.1881 
Males 45 85  
Females 47 101  
Duration 4.49±3.46 6.31±4.17 0.0004 
HbA1c (%) 6.24±0.78 8.79±1.39 0.0001 
FPG(mg/dl) 117±22 186±62 0.0001 
T cholesterol(mg/dl) 169±30 201±47 0.0001 
Triglycerides(mg/dl) 155±62 211±124 0.0001 
HDLcholesterol(mg/dl) 38±1.84 38±2.10 1.000 
LDLcholesterol(mg/dl) 102±28 124±37 0.0001 
AIP 0.23±0.15 0.33±0.22 0.0001 
Statisticallysignificant-p<0.05 

 

Table 5: The comparative effectsofglycemic contro-
lon lipidprofile indiabeticpatients 

Parameter HbA1C<7% HbA1C>7% pvalue 
N 92 186  
T. Cholesterol(mg/dl) 

<200 74(80.4%) 88(47.3) 0.0001
>200 18(19.6) 98(52.7)  

Triglycerides(mg/dl) 
<150 52 70 0.0032
>150 40 116  

HDL Cholesterol(mg/dl) 
<40 74 140 0.36 
>40 18 46  

LDL Cholesterol(mg/dl) 
<100 56 52 0.0001
>100 36 134  

AIP 
<0.21 46 64 0.0136
>0.21 46 122  

Statisticallysignificant-p<0.05 

 

The mean ± SD of the FPG and lipid parameters in re-
lation to HbA1c are presented [Table 4]. All the lipid 
parameters except HDL cholesterol were statistically 
higher in the subjects with HbA1c >7 % as compared 
to the group with HbA1c < 7%. These lipid variables 
were further categorized according to the NCEP (ATP 
III) criteria to better define the relationship of glycemic 

control with lipid parameters. Fischer exact paired test 
of proportion was used to calculate the p value. A 
highly statistically significant difference was observed 
[Table 5] for all the lipids, total cholesterol, TG, LDL 
levels and AIP except HDL cholesterol. 

 

DISCUSSION 

Hyperlipidemia is common in diabetic patients. An 
association between hyperlipidemia and diabetic ke-
toacidosis was first demonstrated by Bloor in 1916 13. 

In our study, the distribution of characteristics accord-
ing to gender showed that the total cholesterol and 
LDL cholesterol levels were significantly higher in fe-
males as compared to male diabetics. Although the 
levels of HbA1c, were marginally higher in females 
than male diabetics, they were not statistically signifi-
cant. Triglycerides were marginally elevated in the 
male diabetics but no difference was noted in the 
HDL-C and AIP. 

The data of Table 1 shows that the mean age of diabet-
ic females is higher as compared to males. Studies 
have shown that the disease shows a little gender pre-
ference, although diabetes becomes slightly more fre-
quent in women with advancing age. The estrogen 
hormone, in females is said to have a protective role 
for developing diabetes14, Estrogen seems to contri-
bute to glucose homeostasis in women by makes the 
body cells morereceptiveorsensitivetoinsulin15.Lipid, 
apoprotein, and lipoprotein profiles in women differ 
significantly from men and the effect of gender on li-
pid parameters is independent of age [16]. 

While an elevation of total cholesterol and LDL-C in 
females and higher TG levels in maleswere in corrobo-
ration with other studies17 22in contrast no difference 
was noted for HDL-C between the two genders. Con-
troversy exists regarding the effect of age, and dura-
tion of diabetes on lipid profile and glycemic status. 
While some studies reports no association, others have 
shown a significant correlation of these two factors 
with lipid profile18 19. 

Our study shows that subjects less than 55years of age 
had statistically significant higher level of TG levels 
and AIP compared to the subjects above 55 
years.HbA1c and LDL levels, even though elevated in 
the lower age group were are not statistically signifi-
cant.HbA1c, total cholesterol, TG, LDL cholesterol and 
AIP seem to rise significantly with increased duration 
of diabetes. Longer duration of diabetes is known to 
be associated with poor control , possibly because of 
progressive impairment of insulin secretion with time 
because of beta cell failure, which makes the response 
to diet alone or oral agents unlikely20.Poor glycemic 
control, age-related pathology with duration of di-
abetes are thought to accelerate degenerative changes 
in a cooperative manner21.  

The comparative effects of glycemic control indiabetic 
patients are shown in Table 5. Patients with worse gly-
cemic control (HbA1c >7%) possessed significantly 
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high total cholesterol and LDL as compared to pa-
tients having poor glycemic control. There was a linear 
and significant increase in triglycerides and AIP in the 
patientswith impaired glycemic control. Our findings 
are in agreement with other studies22 23. On the other 
hand, glycemic control had no impact on serum HDL 
levels. We report an increase in atherogenicity inthe 
subjects with poor glycemic control. 

Value of AIP corresponds closely to those of esterifica-
tion rate in apo-B-lipoprotein – depleted plasma and 
to lipoprotein particle size. AIP reflects the delicate 
metabolic interactions within the whole lipoprotein 
complex[12]. 

 

CONCLUSION 

The mean age (in years) of the subjects with poor gly-
cemic control was lower, duration of diabeteslonger 
and the levels of circulating lipids higher on compari-
son with subjects with good glycemic control. 

Although hyperlipidemia and poorglycemic control 
are risk factors forcardiovasculardisease as proven-
byotherstudies, there appears to be inter play among 
the various factors like age, duration, hyperlipidemia 
and hyperglycemia with eventual affect on the cardiac 
status. Onset of diabetes at an earlier age, longer dura-
tion of diabetes, poor glycemic control, development 
of insulin resistance produces an enhanced atherogen-
ic environment within the circulation and probably 
account for the raised AIP in these cases. Infiltration of 
lipoproteins in arterial wall and dermal tissue has 
been implicated in atherosclerosis and xanthoma, re-
spectively. 

HbA1c and AIP appear to be strong predictors for 
identifying atherogenicity and therefore a strong can-
didate for identifying subjects at risk for cardiovascu-
lar events. 
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