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Introduction: As per the International Diabetes Federation, 422 million people are living with diabetes across the world, 
and it is expected to rise to a whooping figure of 592 million in 2035, of which 79.4 million diabetics will be from India. 
Worsening of glycemic control deteriorates lipid & lipoprotein abnormalities in Diabetes Mellitus. Glycated 
hemoglobin (HbA1c) is a gold-standard measure of long-term glycemic control.  
Objective: to study the pattern of dyslipidemia and to determine the correlation of Glycated hemoglobin (HbA1C) with 
dyslipidemia in newly diagnosed type 2 diabetes mellitus patients. 
Material and method: A cross-sectional study was carried out among 200 newly diagnosed type 2 Diabetes Mellitus 
patients from Feb 2019 to July 2019 in the Department of Medicine of a tertiary care teaching hospital in south-eastern 
Rajasthan. Venous blood samples were collected from all the subjects after at least 8 hours fasting. The Serum was later 
used for analyzing Fasting Blood Glucose (FBG), Lipid Profile and HbA1c. 
Results: 70 (76.09%) females and 84 (77.8%) males were found to have dyslipidemia. Patients with HbA1c values 
greater than 7.0% had significantly higher values of FBG, TG, LDL, VLDL and risk ratio TC/ HDL, LDL/HDL. There was a 
significant positive correlation between HbA1c with TG, LDL and VLDL.  
Conclusion: The study revealed a significant correlation between HbA1c and various circulating lipid parameters. This 
implies that HbA1c can be used as a potential biomarker for predicting dyslipidemia in patients with T2DM.
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INTRODUCTION: 
Over the past few decades, Non-communicable diseases 
(NCDs) have emerged as the leading causes of death 
globally, killing more people each year than all other causes 

1combined.  One of the important diseases in this respect is 
2,3,4 diabetes, which is considered a “disease of urbanization”.

The increasing modernization, sedentary lifestyle and 
unhealthy dietary habits in rural and urban India has taken its 

5toll on the health of the general public, especially the youth .

As per the International Diabetes Federation, 422 million 
people are living with diabetes across the world, and it is 
expected to rise to a whooping figure of 592 million in 2035, of 

6which 79.4 million diabetics will be from India.  India is 
7declared as the “diabetic capital” of the world by WHO.  An 

estimation of WHO in 2016 shows, 1.6 million deaths were 
directly caused by diabetes and another 2.2 million were 
attributable to consequences of high blood sugar levels and 
number of death caused by diabetes is expected to be double 
by 2030. Almost half of deaths attributable to high blood 

8glucose occur before the age of 70.

The patients with Type 2 diabetes mellitus may often remain 
asymptomatic for a longer period of time with abnormalities 
like insulin resistance, hyperinsulinemia, hyperglycemia, 
dyslipidemia, and hypertension tend to cluster and are often 

9,10referred to as the "metabolic syndrome”.  Worsening of 
glycemic control deter iorates lipid & lipoprotein 

11abnormalities in Diabetes Mellitus.  The pattern of lipid 
profile in Type 2 diabetes mellitus is called “diabetic 
dyslipidemia” or “atherogenic dyslipidemia” comprising 
high plasma triglyceride (TG), low high density lipoproteins 
(HDL) and increased low density lipoproteins (LDL) particles. 
Some studies have also shown that dyslipidemia in diabetic 

12, 13patients is more atherogenic.  Patients with type 2 diabetes 
carrying apolipoprotein E 4 genotype were found to have a 
greater cardiovascular risk owing to metabolic variation in 

14lipid metabolism leading to higher cholesterol and LDL.

Glycated hemoglobin (HbA1c) is a gold-standard measure of 
long-term glycemic control with the ability to reflect the 

cumulative glycemic history of the preceding 2–3 months and 
15consider better predictor than fasting or 2-h glucose.  HbA1c 

predicts the r isk for the development of diabetic 
complications in diabetes patients. Recently, elevated HbA1c 
has been regarded as an independent risk factor for coronary 
heart disease and stroke in subjects with or without 

16,17diabetes.  It is estimated that there is an 18% increased risk 
of CVD for each 1% rise in absolute HbA1c levels in the 
diabetic population. This positive correlation between HbA1c 
and CVD has been demonstrated in non-diabetic cases, even 

18within the normal range of HbA1c.

Very few studies have evaluated the effect of glycemic control 
on dyslipidemia particularly in south-eastern Rajasthan. With 
this background the present research was planned to study 
the pattern of dyslipidemia and to determine the correlation 
of Glycated hemoglobin (HbA1C) with dyslipidemia in newly 
diagnosed type 2 diabetes mellitus patients.

Methodology: The present cross-sectional study was carried 
out from Feb 2019 to July 2019 in the Department of Medicine 
in a tertiary care teaching hospital in south-eastern Rajasthan.  
A total of 200 newly diagnosed type 2 diabetic patients 
visiting the OPD of Medicine Department, satisfying the 
inclusion and exclusion criteria were included in this study.

Inclusion criteria
Ÿ Patients diagnosed with Type 2 DM first time at OPD 

(Newly Diagnosed),  
Ÿ Patients who were willing to participate in study

Exclusion criteria
Ÿ Patients with Type I DM, 
Ÿ Previously detected type 2 DM patients (old cases) or 

patients on anti-diabetic medication,
Ÿ Pregnant and lactating females,
Ÿ Seriously ill patients requiring immediate hospitalization,
Ÿ Non co-operative patients or patients not proving written 

consent.

Before commencing the study, ethical clearance was taken 
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from the Institutional Ethics Committee.  A written consent 
was obtained from all the study participants before the study. 
Venous blood samples were collected from all the subjects 
after at least 8 hours fasting. The Serum was later used for 
analyzing Fasting Blood Glucose (FBG), Lipid Profile and 
HbA1c. The patients were then divided into two groups based 
on the HbA1c levels i.e. good glycemic control (HbA1c< 7%) 
and poor glycemic control (HbA1c > 7%). For serum lipid 
reference level, National Cholesterol Education Programme 
(NCEP) Adult Treatment Panel III (ATP III) guideline was 

1 9referred.  According to NCEP-ATP III  guidelines, 
hypercholesterolemia is defined as TC > 200 mg/dl, high LDL 
when value > 100 mg / dl, hypertriglyceridemia as TG > 150 
mg/dl and low HDL when value < 40 mg/dl. Dyslipidemia was 
defined by presence of one or more than one abnormal serum 

20lipid concentration.  Diabetes was defined as per American 
21 Diabetes Association (ADA) criteria.  Data thus collected was 

entered in MS excel 10 and analyzed using SPSS trial version 20. 
Pearson's correlation test was applied to determine various 
correlations. Independent samples t-test (2-tailed) was used to 
compare means of different parameters. P value < 0.05 was 
considered as statistically significant. 

RESULTS: 
Based on inclusion and exclusion criteria, 200 newly 
diagnosed type 2 diabetes patient (Male-108, Female-92) 
attending OPD of Medicine department during February 
2019 to July 2019 were enrolled in study. Mean age of study 
participants was 50.83±11.06 years. The mean values of FBS, 
HbA1c, Cholesterol, TG, LDL, VLDL and HDL were 173.74 ± 
38.46, 7.6 ± 2.1, 208.45 ± 38.4, 187.66 ± 23.36, 114.72 ± 19.26, 
29.33 ± 8.48 and 41.42 ± 4.32 respectively. The mean value of 
HbA1c and FBG were slightly higher in females in 
comparison to male patients but the differences were not 
significant (p>0.05). 

Hypercholesterolemia was found in 62.5% of patients 
similarly hypertriglyceridemia was found in 74.5% of 
patients. Abnormal LDL levels were found in 68.5% while HDL 
less than 40 mg/dl was in 48.5% of the study participants. 
According to the NCEP ATP III guideline, 70 (76.09%) females 
and 84 (77.8%) males were found to have dyslipidemia. 
(Table 1).

The patients were divided into two groups based on the 
HbA1c levels i.e. good glycemic control (HbA1c< 7%) and 
poor glycemic control (HbA1c >7%).   Age at first diagnosis of 
diabetes was lower in poor glycemic control group but 
difference was not statistically significant (p=0.20).  Patients 
with HbA1c values greater than 7.0% had significantly higher 
values of FBG (p=0.0001), TG p=0.0001), LDL (p = 0.0001), 
VLDL p=0.0001) and risk ratio TC/ HDL (p = 0.0001), LDL/HDL 
(p=0.0001). Difference in cholesterol (p=0.061) and HDL 
(p=0.054) was not significant in these two group. (Table 2) 

There was a significant positive correlation between HbA1c 
with TG (r = 0.124, p = 0.006), LDL (r=0.142, p=0.001) and 
VLDL (r=0.131, p=0.004).  Although the correlation of HbA1c 
was found positive with cholesterol (r = 0.063, p = 0.206) and 
negative with HDL (r = -0.024, p = 0.625) but these correlation 
was found to be statistically non-significant. (Table 3)

DISCUSSION: 
The present study was carried out to determine the 
correlation between glycemic control (HbA1c) and lipid 
profile among newly diagnosed type 2 diabetic patients 
attending OPD of a tertiary care institute. People with type 2 
diabetic have a higher risk of cardiovascular morbidity and 
mortality, and are disproportionately affected by CVD 
compared with subjects without DM. Early detection and 
treatment of dyslipidemia associated with DM may be one 

22step in reducing the CVD risk.
 

In our study, a large proportion of type 2 DM patients have 

hypercholesterolemia, hypertriglyceridemia, high LDL and 
low HDL levels which are well established risk factors for 
cardiovascular diseases. These findings are consistent with 

23 24.study by Mahato RV et al  and Wexler DJ et al.  The abnormal 
lipid profile observed in type 2 Diabetes mellitus is said to be 
related to insulin resistance as reported in previous studies, 
which leads to increased release of free fatty acids from fatty 
tissue, impaired insulin dependent muscle uptake of free fatty 

25acids and increase fatty acid release to the hepatic tissue.

In present study, we observed a significant correlation of 
HbA1c with LDL and TG. This finding is comparable to studies 

23 26  27by Mahato RV et al , Khan HA et al and Andersen G et al . 
HbA1c level was inversely correlated with HDL in our study. 

20,23,26.This finding is also consistent to other studies.

In our study, patients with HbA1c greater than 7.0% found with 
a significant increase in LDL, TG, and LDL/HDL ratio compared 
with those with HbA1c up to 7.0%. This finding is in 

23  accordance to study by Mahato RV et al andBhattacharjee P 
20 16et al . Selvin et al et al  reported in their study that improving 

glycemic control may substantially reduce the risk of 
cardiovascular events among type 2 DM patients. Khan HA et 

26al  also reported that severity of dyslipidaemia increases in 
patients with higher HbA1c value. As dyslipidaemia and 
elevated HbA1c are independent risk factors of CVD, diabetic 
patients with elevated HbA1c and dyslipidaemia can be 
considered as a very high risk group for CVD. It has been 
reported that reducing the HbA1c level by 0.2% could lower 

22the mortality by 10%.  

CONCLUSION: 
The study revealed a significant correlation between HbA1c 
and various circulating lipid parameters. This implies that 
HbA1c can be used as a potential biomarker for predicting 
dyslipidemia in patients with T2DM. The results of our study 
suggest the importance of glycemic control in managing 
dyslipidemia and further reducing the risk for CVD in 
patients with T2DM.

Table 1 Serum lipid profile parameters of Type 2 Diabetes 
patients.

FBS-fasting blood sugar; HbA1c-hemoglobin A1c; TG-
triglyceride; LDL-low density lipoprotein; VLDL- very low 
density lipoprotein; HDL-high-density lipoprotein.

Table 2: Association between Serum lipid profile 
parameters and Glycated hemoglobin (HbA1c) of the 
T2DM patients
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Parameters Mean SD

Age (years) 50.83 11.06

FBS (mg/dl) 173.74 38.46

HbA1c (%) 7.6 2.1

Cholesterol (mg/dl) 208.45 38.24

TG (mg/dl) 187.66 23.36

LDL (mg/dl) 114.72 19.26

VLDL (mg/dl) 29.33 8.48

HDL (mg/dl) 41.42 4.32

Parameters Glycated haemoglobin (HbA1c) P 
value≤ 7.0 (n=82) >7.0 (n=118)

Mean SD Mean SD

Age (years) 51.64 11.24 49.67 9.78 0.20

FBS (mg/dl) 188.54 33.28 226.36 36.62 0.0001

Cholesterol 
(mg/dl)

202.09 38.86 212.87 40.64 0.061

TG (mg/dl) 173.47 22.88 197.52 28.62 0.0001

LDL (mg/dl) 103.29 9.60 122.63 13.82 0.0001

VLDL (mg/dl) 22.72 7.32 33.93 7.96 0.0001

HDL (mg/dl) 43.26 11.08 40.14 11.34 0.054

TC/HDL 4.67 1.08 5.30 1.06 0.0001

LDL/HDL 2.39 0.86 3.06 1.12 0.0001
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FBS-fasting blood sugar; HbA1c-hemoglobin A1c; TG-
triglyceride; LDL-low density lipoprotein; VLDL- very low 
density lipoprotein; HDL-high-density lipoprotein.

Table 3: Correlation between Glycated haemoglobin 
(HbA1c) and Lipid Profile in Type 2 Diabetes Mellitus 
patients
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Lipid Profile Parameters HbA1c

Pearson's correlation P value

Cholesterol 0.063 0.206

TG 0.124 0.006

LDL 0.142 0.001

VLDL 0.131 0.004

HDL -0.024 0.625
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