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ARTICLE INFO                                         ABSTRACT 
 

 

Introduction: Diabetes mellitus (DM) patients with dyslipidemia are soft targets of cardiovascular 
deaths. Very few studies have previously tried to find correlation between HbA1c levels and lipid 
profile. In present study primary objective was compare dyslipidaemia between good glycemic 
control and poor glycemic control groups whereas secondary objective was to find correlation 
between fasting serum glucose (FBS), two hours post prandial serum glucose (PPBS) and HbA1c and 
serum lipid profile in type 2 DM patients.  
Material and Methods: One hundred ninety seven patients age ≥30 years were included in study. 
Investigations included were FBS, two hours PPBS, HbA1c, serum total cholesterol(TC), serum 
triglycerides (TG), serum high density lipoprotein (HDL) cholesterol, serum low density 
lipoprotein(LDL) cholesterol, very low density lipoprotein(VLDL) cholesterol, Apo lipoprotein A  
and  Apo lipoprotein B (Apo A & Apo B). Atherogenic index of plasma (AIP) = log (TG/HDLc) and  
Atherogenic coefficient (AC) = (TC– HDLc)/HDLc were calculated). In the present study, we have 
defined dyslipidaemis when any one parameter of lipid profile was abnormal. Primary outcome 
measures were to compare dyslipidaemia between good glycemic control and poor glycemic control 
groups and study correlation between lipid profile and FBS, PPBS and HbA1c. Chi-square test, 
Mann-Whitney U test and Spearman correlation were used for statistical analysis. 
Results: In poor glycemic control group (HbA1c >7) dyslipdemia was observed in all patients which 
was statistically significant. FBS had significant direct positive correlation with TC (r = 0.21, P = 
0.004), HDL cholesterol (r = 0.25, P = 0.001), LDL cholesterol (r = 0.30, P = 0.001) and APO 
lipoprotein A( r = 0.35, P = 0.001) whereas PPBS and HbA1c did not show significant correlation 
with lipid profile.  
Conclusion: Glycemic control is important for preventing dyslipidaemia in DM patients. 
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INTRODUCTION 
 

Diabetes Mellitus (DM) is a global endemic with rapidly 
increasing prevalence in both developing and developed 
countries.1 WHO has declared India as “Diabetic Capital of the 
world”.2  Although the prevalence of both type 1 and type 2 
DM is going to increase, type 2 DM is expected to rise more 
rapidly in future because of increased obesity and reduced 
activity levels.  
 

Glycated hemoglobin (HbA1c) is routinely used as a 
diagnostic tool for measuring long term glycemic control. The 
United Kingdom Prospective Diabetes Study (UKPDS) has 
shown that in patients with type 2 DM, the risk of diabetic 
complications were strongly associated with previous 
hyperglycemia. Glycemic control with decreased level of 
HbA1c is likely to reduce the risk of complications.3   
 

Apart from classical risk factors like dyslipidemia, elevated 
HbA1c  has now been regarded as an independent risk factor 
for cardio vascular diseases (CVD) in subjects with or without 
DM .Estimated risk of CVD has shown to be increased by 18% 
for each 1% increase in absolute HbA1c value in DM 
patients.4  
 

DM patients with unnoticed dyslipidemia are soft targets of 
cardiovascular deaths. Patients with type 2 DM often exhibit 
an atherogenic lipid profile, which greatly increases their risk 
of CVD compared with people without DM. An early 
intervention to normalize circulating lipids has been shown to 
reduce cardiovascular complications and mortality.5,6  

 

Very few studies have previously tried to find the correlation 
between HbA1c levels and lipid profile. Some of these have 
shown that all the parameters of lipid profile have significant 
correlation with glycemic control.7-10 On the other hand, some 
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studies do not report significant correlation between glycemic 
control and all parameters of lipid profile. 11-13 In the present 
study primary objective was to find association between 
glycemic control and serum lipid profile in type 2 DM 
patients.  
 

MATERIAL AND METHODS 
 

All the patients age ≥30 years who attended medicine 
outpatient department, diabetes mellitus outpatient department 
or admitted in Poona Hospital and Research Centre, Pune 
between May 2015 and November 2016 and ready to participate 
were included in study. Permission was obtained from ethics 
committee and scientific advisory committee of the institution.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Based on previously published study 14, setting an alpha error 
at 0.05, and power at 80%, sample size of 138 was calculated 
for the present cross sectional study by formula.15 We included 
197 patients for better validation of results. Written informed 
consent was obtained from all patients after explaining them 
study in detail. Each patient was subjected to detailed clinical 
history, clinical examination and investigated as per the study 
proforma. Exclusion criteria were patients with known case of 
type-1 DM, patients already on lipid lowering drugs, patients 
with functional thyroid disorder, chronic renal failure, 
nephrotic syndrome, liver disease, chronic alcoholic, familial 
hypercholesteremic syndromes, patients with anemia, patients 
using corticosteroid therapy, oral contraceptives, pregnant  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 Lipid profile and HbA1c 
 

Parameters 
HbA1c 

Total 
N= 197 (%) 

p-value <=7 
N= 37 (%) 

>7 
N= 160 (%) 

TC 

Normal 
(<200 mg/dL) 

25(67.6) 98(61.3) 123(62.4) 
0.573 * 

Abnormal 
(≥ 200 mg/dL) 

12(32.4) 62(38.7) 74(37.6) 

Mean(SD) 179.3(54.2) 194.3(57.2) 
 

0.129 ** 

HDL 

Normal 
(≥ 40 mg/dL) 

11(29.7) 50(31.3) 61(31.0) 
0.999 * 

Abnormal 
(< 40 mg/dL) 

26(70.3) 110(68.7) 136(69.0) 

Mean(SD) 41.4(14.1) 43.1(15.8) 
 

0.742** 

LDL 

Normal 
(< 100 mg/dL) 

17(45.9) 65(40.6) 82(41.6) 
0.582 * 

Abnormal 
(≥ 100 mg/dL) 

20(54.1) 95(59.4) 115(58.4) 

Mean(SD) 106.4(38.4) 114.1(43.8) 
 

0.315** 

VLDL 

Normal 
( ≤ 51 mg/dL) 

35(94.6) 141(88.1) 176(89.3) 
0.377 * 

Abnormal 
(> 51 mg/dL) 

2(5.4) 19(11.9) 21(10.7) 

Mean(SD) 41.3(11.4) 43.4(11.6) 
 

0.403** 

TG 

Normal 
(<150 mg/dL) 

21(56.8) 84(52.5) 105(53.3) 
0.716 * 

Abnormal 
(≥ 150 mg/dL) 

16(43.2) 76(47.5) 92(46.7) 

Mean(SD) 143.0(58.5) 167.6(73.8) 
 

0.059** 

APO A 

Normal 
(110-205 mg/dL) 

22(59.5) 66(41.3) 88(44.7) 
0.066 * 

Abnormal 
(>205 mg/dL) 

15(40.5) 94(58.7) 109(55.3) 

Mean(SD) 140.8(55.8) 129.3(58.6) 
 

0.121** 

APO B 

Normal 
(55-125 mg/dL) 

23(62.2) 97(60.6) 120(60.9) 
0.999 * 

Abnormal 
(>125 mg/dL) 

14(37.8) 63(39.4) 77(29.1) 

Mean(SD) 101.7(38.4) 103.9(45.1) 
 

0.915** 

APO B/ 
APO 

A ratio 

Normal 
(0.3-0.9) 

27(73.0) 95(59.4) 122(61.9) 
0.137 * 

Abnormal 
(>0.9) 

10(27.0) 65(40.6) 75(38.1) 

Mean(SD) 0.93(0.9) 0.96(0.6) 
 

0.143** 

TC/ HDL 
ratio 

Normal 
(≤ 5.0) 

26(70.3) 98(61.3) 124(62.9) 
0.349 * 

Abnormal 
(>5.0) 

11(29.7) 62(38.7) 73(37.1) 

Mean(SD) 4.7(1.7) 4.9(1.9) 
 

0.430** 

LDL /HDL 
ratio 

Normal 
(≤ 3.6) 

30(81.1) 125(78.1) 155(78.7) 
0.825 * 

Abnormal 
(>3.6) 

7(18.9) 35(21.9) 42(21.3) 

Mean(SD) 2.8(1.2) 2.9(1.3) 
 

0.713** 
AIP Mean(SD) 0.54(0.26) 0.58(0.25) 

 
0.357** 

Non HDL 
cholesterol 

Normal 
(≤ 130 mg/dL) 

19(51.4) 58(36.3) 77(39.1) 
0.096 * 

Abnormal 
(>130 mg/dL) 

18(48.6) 102(63.7) 120(60.9) 

Mean(SD) 138.0(49.2) 150.6(53.7) 
 

0.108** 
 

* X2 or Fisher’s exact test was used  
** Mann-Whitney U test was used  
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women and absence or withdrawal of consent. Investigations 
included fasting serum glucose (FBS), two hours post prandial 
serum glucose (PPBS), HbA1c, serum total cholesterol(TC), 
serum triglycerides (TG), serum high density lipoprotein 
(HDL) cholesterol, serum low density lipoprotein(LDL) 
cholesterol, very low density lipoprotein(VLDL) cholesterol, 
Apo lipoprotein A  and  Apo lipoprotein B (Apo A & Apo B). 
Atherogenic index of plasma (AIP) = log (TG/HDLc) and 
Atherogenic coefficient (AC) = (TC– HDLc)/HDLc were 
calculated.  
 

The American diabetes association (ADA) has designated 
HbA1c level of <7% as a goal of optimal blood glucose 
control 16  whereas the American association of clinical 
endocrinologist has recommended HbA1c level of <6.5%.  17 
We have used ADA goal for optimal blood glucose control 
(HbA1c level ≤ 7 good control , and HbA1c level > 7 poor  
control ).National cholesterol education programme (NCEP) 
guidelines 18 were used for definition of dyslipidemia, 
hypercholesterolemia( serum TC levels ≥200 mg/dl), 
hypertriglyceridemia (serum TG levels ≥150 mg/dl ), low 
HDL cholesterol (HDL cholesterol levels <40 mg/dl), high 
LDL cholesterol (LDL cholesterol levels ≥100 mg/dl  
calculated using the Friedewald equation). In the present study, 
we have defined dyslipidaemis when any one parameter of 
lipid profile was abnormal. Patients with dyslipidemia were 
further subdivided into those with mixed dyslipidemia (all 
parameters outside the recommended targets), combined 
dyslipidemia (two parameters outside the recommended 
targets) and those with isolated dyslipidemia (any one 
parameter outside the recommended targets). 
 

Primary outcome measures were to compare dyslipidaemia 
between good glycemic control and poor glycemic control 
groups and study correlation between lipid profile and FBS, 
PPBS and HbA1c.  
 

Data analysis was done by using SPSS (Statistical package for 
social sciences) Version 20:0 (IBM, USA).Qualitative data are 
expressed by using frequency and percentage (%). Quantitative 
data are expressed by using mean and SD. Chi-square test or 
Fisher's exact test was used to compare qualitative data 
variables. Mann-Whitney U test was used to find the 
significant difference between quantitative variables. 
Spearman correlation coefficient used to find the correlation 
between two quantitative data variables, lipid profile and FBS, 
PPBS and HbA1c. P –value <0.05 was considered significant. 
 

RESULTS  
 

The study included 126 male (64 %) and 71 female (36%) 
patients. Ninety one (46.2%), 62/197 (31.5%), and 31 (15.7%) 
patients were between the age group of 41-50, 51-60 and 61-
70 respectively. Eight patients (4.1%) were above 70 years 
whereas 5/197 (2.5%) were below 41 years of age. Mean age 
of the patients was 62 ± 11.2 years. One hundred seventy 
(86.3%) patients had hypertension and 86/197 (43.7%) patients 
were smokers. One hundred forty (71.1%), 30/197(15.2%), 
26(13.2%0) and 1/197(0.5%) patients had body mass index of 
> 25, 23.0 ≤ 25, 18.5- < 23, and < 18.5 respectively. Duration 
of diabetes mellitus was one to five years, six to ten years and 
more than 10 years in 5/197( 2.6%), 96/197( 48.7%) and 
96/197( 48.7%) patients respectively. One hundred sixty seven 
(84.8%) patients had dyslipidaemia. Mixed dyslipidaemia, 
combined dyslipidaemia and isolated dyslipidaemia was 
observed in 60/197(30.5%), 54 (27.4%), and 53(26.9%) 

patients respectively whereas 30 (15.2%) patients had normal 
lipid levels. One hundred sixty (81.2%) patients had HbA1c >7 
whereas 37/ 197(18.8%) had HbA1c ≤ 7. The atherogenic lipid 
profile (high TG, high LDL and low HDL) was seen in 10 
(5.1%) patients. 
 

There was no statistically significant difference between 
isolated dyslipidaemia and age group, gender, obesity, 
socioeconomic status and duration of DM. All the patients 
whose HbA1c > 7 had dyslipidaemia whereas 7/37(19.9%) 
patients had dyslipidaemia whose HbA1c ≤ 7 which was 
statistically significant (p <0.001). 
 

As depicted in table 1, there was no statistically significant 
difference in lipid profile of patients whose HbA1C was ≤ 7 
and those HbA1C was > 7. 
 

FBS appeared to have a direct correlation with TC, HDL, LDL 
and APO A. A significant positive correlation (correlation 
coefficient r = 0.21, P = 0.004) was seen between the TC and 
FBS, (correlation coefficient r = 0.25, P = 0.001) between 
HDL and FBS, (correlation coefficient r = 0.30, P = 0.001) 
between LDL and FBSL (correlation coefficient r = 0.35, P = 
0.001) between APO A and FBS concentrations. There was no 
significant correlation between PPBS, HBA1C and lipid 
profile parameters.  
 

DISCUSSION 
 

In the present study conducted on 197 patients, we evaluated 
the pattern of lipid profile parameters in DM patients and it’s 
correlation with glycemic control. Patient’s characteristics was 
compared with prevalence of dyslipidemia, only glycemic 
control  showed association with dyslipidemia ,other factors 
such as age, gender, duration of DM ,BMI & socioeconomic 
status did not show association. In our study 37 patients had 
HbA1c level of ≤ 7 indicating a good glycemic control and 
160 patients had HbA1c of > 7 indicating a poor glycemic 
control. This suggest higher number of DM patients still do not 
achieve glycemic targets. The levels of TC, LDL, VLDL, TG, 
Non-HDL, Lipid ratios were statistically not significant, as 
observed in other studies. 10, 19-23  As elevated HbA1c and 
dyslipidemia are independent risk factors of CVD, DM 
patients with elevated HbA1c and dyslipidemia can be 
considered as a very high risk group for CVD. Improving 
glycemic control can substantially reduce the risk of 
cardiovascular events in DM patients. 24  

 

Patient with poor glycemic control (HBa1C >7) had more 
dyslipidemia. The prevalence of dyslipidemia in our study was 
84.8%. Parikh et al reported prevalence of dyslipidemia among 
DM males and females 85.5% and 97.8% respectively. 14  M 
Agarwal et al reported 80.7% prevalence of dyslipidemia 
among DM patients who were not on lipid lowering drugs in 
tertiary care hospital in Ahemdabad. 21  Study of prevalence 
and pattern of dyslipidemia in type 2 DM patients attending 
rural health training centre of medical college in Bhopal, 
Madhya Pradesh, India reported  high (86%) prevalence of 
dyslipidemia and most common pattern observed was mixed 
type dyslipidemia. 25  In our study isolated single parameter 
dyslipidemia was seen in 26.9% patients, combined 
dyslipdemia in 27.4% patients and mixed dyslipidemia in 30.5 
% patients. The most common lipid abnormality  seen was low 
serum HDL (69.0%), increased LDL (58.4%) and 
hypertriglyceridemia (46.7%) which was similar to western 
studies reporting hypertriglyceridemia and low serum HDL as 
major abnormality. 26, 27  The most common pattern of 
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dyslipidemia in study by Agarwal et al21  in Gujarati 
population was  high LDL and hypertriglyceridemia.  
 

In the present study, 46.7 % had hypertriglyceridemia and this 
would have resulted in unreliable LDL calculation. So, relying 
on LDL targets alone can be misleading in such patients hence, 
a new parameter on lipid profile, the non-HDL-C can be used 
as a marker of dyslipidemia since it reflects the sum of serum 
cholesterol carried by all of the potentially atherogenic 
lipoproteins LDL, VLDL, IDL, and other remnant 
lipoproteins. The measurement of Non-HDL-C is simple 
which can be conducted even in non-fasting state of patients 
and can be determined regardless of TG concentration. Hence, 
Non-HDL cholesterol can be of great value in determining 
dyslipidemia in diabetic subjects. 
 

In our study HbA1c did not show correlation with lipid profile 
parameters which was contrary to previous studies. 20-23  
HbA1c  showed no significant correlation with TC in our study 
,this was also seen in a similar study conducted in Turkey. 28  
In the present study, FBS showed direct correlation with TC, 
LDL, HDL, and APO A and no correlation was found between 
PPBSL with any lipid profile parameters. This was seen in 
some studies.13,19 Most of the previous studies  reported that 
PPBSL contributed maximum to the glycemic control and 
fluctuations in which  leads to macro and micro vascular 
complication,29, 30 nonetheless multiple studies have linked 
FBS to increased cardiovascular risk.31-34 Our study did not 
show significant correlation between FBS and non-HDL-C. 
Non-HDL-C was shown to be the stronger predictor of CVD in 
diabetic population by ‘The Strong Heart Study’ with hazard 
ratios of 2.23 and 1.80 respectively in male and female.35 This 
study reported that increased Non-HDL cholesterol 
concentrations had significant, curvilinear relationships with 
CVD and CHD risk (P <0.001). Moreover, NCEP ATPIII has 
recommended using Non-HDL cholesterol in assessing CVD 
risk in patients with diabetes.  
 

Experimental studies show that abnormal glucose metabolism 
impairs normal endothelial function, accelerates 
atherosclerotic plaque formation, and contributes to plaque 
rupture and thrombosis. Epidemiological studies provide 
complementary evidence. In the Rotterdam study, among 
elderly participants with a FBS <110 mg/dL and without 
diabetes, those with higher blood glucose levels had higher 
levels of arterial stiffness.36 The CATHAY study reported that 
higher levels of fasting glycemia (102–124 mg/dL) were 
associated with arterial endothelial dysfunction and intima-
media thickening. 37 In a biomarker study in Italy, a number of 
CVD biomarkers showed positive dose-response relationships 
with fasting glucose across three strata: <100; 100–109; and 
110–125 mg/dL. 38  
 

This was a cross sectional study conducted in a single tertiary 
care hospital and represents only a small population of 
patients. Patients had other risk factors like hypertension, 
smoking and high body mass index which could have affected 
lipid profile. Randomized controlled studies may be conducted 
to compare lipid profile parameters in various anti diabetic 
regimen. 
 

CONCLUSIONS 
 

In poor glycemic control group dyslipdemia was observed in 
all patients which was statistically significant. FBS had 
significant direct positive correlation with TC, HDL, LDL and 

APO whereas PPBS and HbA1c did not show significant 
correlation with lipid profile.  
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