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A B S T R A C T

Diabetes is a metabolic disease which has hyperglycaemia resulting from defects in insulin secretion or
action. HbA1C is one of the most reliable test used for estimation of glycaemic index. Diabetes is often
accompanied by undiagnosed dyslipidaemia, characterized by increased triglyceride level, decreased high-
density lipoprotein levels and increase in low-density lipoprotein (LDL) particles. Diabetes is a significant
risk factor for atherosclerotic cardiovascular disease (ASCVD). The purpose of this study was to correlate
lipid parameters with different levels of HbA1c to assess dyslipidaemia with diabetic status.
An observational study was conducted in biochemistry laboratory at Gandhi Hospital, Telangana.
After informed consent, 5ml of venous blood sample was collected in plain tube and EDTA tube from
diabetic and apparently non diabetic patients. Estimation of serum triglycerides was done by glycerol
phosphate oxidase peroxidase, serum cholesterol by cholesterol oxidase method, serum HDL by direct
clearance method in Beckmann Coulter AU 500 and HbA1c was estimated by high performance liquid
chromatography in Bio-Rad D10.
A total of 90 samples were divided into 3 groups according to their HbA1c results. Group 1 with HbA1c
less than 5.6, Group 2 with HbA1c 5.6-7 and Group 3 with HbA1c more than 7.
The present study showed no variation in the lipid profile in Group 1 with HbA1c < 5.6. In Group 2 with
HbA1c between 5.6-7, there was significant increase in LDL cholesterol. In Group 3 with HbA1c >7 there
was marked increase in LDL and serum triglyceride. Hence, we can conclude that dyslipidemia is increased
in poor glycemic control and evaluation of HbA1c may also be used as a predictor of dyslipidaemia in
diabetics.
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1. Introduction

Diabetes mellitus is a group of metabolic disorders
characterized by hyperglycaemia resulting from defects
in insulin secretion, insulin action, or both.1 In 2009,
an International Expert Committee recommended that
diabetes be diagnosed by measurement of haemoglobin
A1c (HbA1c), which reflects long-term blood glucose
concentrations.1

* Corresponding author.
E-mail address: malathi.ramdas@gmail.com (R. D. Malathi).

The blood glucose data available from HbA1c are used
in prescribing and monitoring the medicines for diabetes
and prediabetes, along with exercise and diet. The accuracy
of this test has continued to evolve over the last few years
and useful in monitoring the blood glucose values among
patients in clinics.2

Analysis of glycated haemoglobin (HbA1c) in blood
provides evidence about an individual’s average blood
glucose levels during the previous two to three months,
which is the predicted half-life of red blood cells (RBCs).3

The HbA1c is now recommended as a standard of care
(SOC) for testing and monitoring diabetes, specifically the
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type 2 diabetes.4 With no fasting required and also not being
bound by the time of the day on the part of the patient, the
HbA1c is a very convenient test to administer and evaluate.5

The HbA1c is recommended to be performed at least twice
a year in diabetes patients with stable blood glucose levels.6

The HbA1c levels differ for different diabetes patients,
depending on their history of diabetes and whether they are
on tablets or long-term and/or short-term insulin dosage.7

HbA1c is not only a useful biomarker of long-term
glycaemic control but also a good predictor of lipid profile;
thus, monitoring of glycaemic control using HbA1c could
have additional benefits of identifying diabetes patients who
are at a greater risk of cardiovascular complications.8

Patients with type 2 diabetes often exhibit an atherogenic
lipid profile (high TG and low HDL cholesterol) which
greatly increases their risk of cardiovascular disease
(CVD) when compared with people without diabetes.9

Significantly higher levels of hypercholesterolaemia and
hyperlipidaemia in type 2 diabetic patients with CVD as
compared to diabetic patients without CVD have been
observed.10 Interestingly, attempts to reduce cardiovascular
risks resulted in the improvement of HbA1c even in the
absence of any specific intervention targeted at improving
glycaemic control.11

Type 2 diabetes is associated with a cluster of interrelated
plasma lipid and lipoprotein abnormalities, including
reduced HDL cholesterol, a predominance of small dense
LDL particles, and elevated triglycerides.12

Insulin resistance and type 2 diabetes are associated with
a clustering of interrelated plasma lipid and lipoprotein
abnormalities, which include reduced HDL cholesterol, a
predominance of small dense LDL particles, and elevated
triglyceride levels.12 Each of these dyslipidaemia features is
associated with an increased risk of cardiovascular disease.
Increased hepatic secretion of large triglyceride-rich VLDL
and impaired clearance of VLDL appears to be of central
importance in the pathophysiology of this dyslipidemia.13

Insulin resistance plays an important role in the
development of diabetic dyslipidaemia due to several
reasons. In insulin resistance and type 2 diabetes, increased
efflux of free fatty acids from adipose tissue and impaired
insulin mediated skeletal muscle uptake of free fatty acids
increase fatty acid flux to the liver.13

Free fatty acid levels are elevated in individuals with
impaired glucose tolerance suggests that insulin resistance
associated with elevated free fatty acid levels occurs before
the onset of hyperglycemia.13 Epidemiologic studies have
also demonstrated a relationship between plasma free fatty
acid levels and insulin resistance.14

Diabetic patients with accompanied but undiagnosed
dyslipidaemia vulnerable to cardiovascular deaths. Patients
with type 2 diabetes mostly exhibit an atherogenic
lipid profile, which greatly increases their risk of CVD
when compared with people without diabetes. An early

intervention to normalize circulating lipids has been shown
to reduce cardiovascular complications and mortality.15

2. Materials and Methods

A case control study was done on 90 patients who were
divided into 3 groups of 30 each based on their HbA1c
values

Group 1: HbA1c < 5.6 (non diabetic).
Group 2: HbA1c between 5.6 to 7(Good glycemic

control)
Group 3: HbA1c > 7 (poor glycemic control)
Willing patients of age group 30-60 yrs with fasting of at

least 8 hours before giving the sample were included in the
study. Diabetes mellitus patients with known cardiovascular
disease, patients with known hypertension and patients with
chronic liver disease, kidney disease and thyroid disorders
were excluded from study.

A total of 90 samples were included from patients in
Outpatient Department of Gandhi Hospital, Secunderabad,
after informed consent, 5 mL of venous blood was
taken from each patient in EDTA tube and plain tube
for HbA1c and lipid profile respectively. Samples were
centrifuged at 3500 rpm for 10 minutes and serum
was analysed in Biochemistry Department, CDL, Gandhi
hospital, Secunderabad.

Analysis of serum lipid profile by enzymatic method
which includes Serum triglycerides by enzymatic
method (GPO-POD), serum Cholesterol by cholesterol
oxidase method, serum HDL by enzymatic- direct
immunosuppression method in Beckmann Coulter AU500.
Values of VLDL were calculated by the formula TG/5 and
LDL by the Friedwald formula LDL= Total Cholesterol-
HDL-TG/5. HbA1c was estimated by high performance
liquid chromatography on Bio-Rad-D10.

3. Results

A total of 90 samples were taken, which were divided into
3 group according to their HbA1c results.

In the first group of HbA1c<5.6, the following were
the Mean ± SD of cholesterol, triglycerides, LDL HDL
and, VLDL, as 149.7 ± 40mg/dL, 130.6 ± 59mg/dL, 70.94
± 33.63mg/dL, 48.03 ± 12.85mg/dL, 25.7 ± 11.94mg/dL
respectively. In the second group of samples having HbA1c
values between 5.6-7, the mean values for cholesterol,
triglycerides, LDL, HDL, VLDL, are 176 ± 56.18mg/dL,
139.72 ± 57.35mg/dL, 108.05 ± 49.37mg/dL, 49.59 ±
33.58mg/dL, 27.79 ± 11.48mg/dL respectively.

In the third group of HbA1c >7 has mean values
of cholesterol, triglycerides, LDL, HDL and VLDL as
192.56 ± 60.36mg/dL, 158.09 ± 72.45mg/dL, 126.02 ±
52.36mg/dL, 39.43 ± 7.82mg/dL, 39.43 ± 7.82mg/dL, and
29.65 ± 14.20mg/dL.
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Table 1: Comparison of serum cholesterol between the 3 HbA1c study groups

Group 1 Group 2 Group 3
HbA1c levels HbA1c < 5.6 HbA1c: 5.6-7 HbA1c: >7
N 30 30 30
Mean ± SD (mg/dL) 149.7 ± 40.6 176 ± 56.18 192.56 ± 60.36
F-Value 1.23 1.215 2.520
p-value 0.28 0.280 0.124

Table 2: Comparison of serum triglycerides between the 3 HbA1c study groups

Group 1 Group 2 Group 3
HbA1c levels HbA1c < 5.6 HbA1c: 5.6-7 HbA1c: >7
N 30 30 30
Mean ± SD(mg/dL) 130.6 ± 59.0 139.72 ± 57.35 158.09 ± 72.45
F-Value 4.93 0.043 1.042
p-value 0.07 0.837 0.03*

Table 3: Comparison of Serum LDL between the 3 HbA1c study groups

Group 1 Group 2 Group 3
HbA1c levels HbA1c < 5.6 HbA1c: 5.6-7 HbA1c: >7
N 30 30 30
Mean ± SD(mg/dL) 70.94 ± 33.63 108.05 ± 49.37 126.02 ± 52.36
F-Value 0.82 1.621 2.466
p-value 0.37 0.02* 0.022*

Table 4: Comparison of Serum HDL between the 3 HbA1c study groups

Group 1 Group 2 Group 3
HbA1C levels HbA1c < 5.6 HbA1c: 5.6-7 HbA1c: >7
N 30 30 30
Mean ± SD (mg/dL) 70.94 ± 33.63 49.59 ± 33.58 39.43 ± 7.82
F-Value 0.824 1.834 0.247
p-value 0.372 0.187 0.623

Table 5: Comparison of Serum VLDL between the 3 HbA1c study groups

Group 1 Group 2 Group 3
HbA1c levels HbA1c < 5.6 HbA1c: 5.6-7 HbA1c: >7
N 30 30 30
Mean ± SD (mg/dL) 25.71 ± 11.94 27.79 ± 11.48 29.65 ± 14.20
F-Value 4.807 0.028 0.34
p-value 0.37 0.869 0.57

*p<0.05

The p value was calculated by ANOVA method with
HbA1c on X axis and lipid parameters on Y axis.

So, from the above results, we can infer that there is
significant correlation of LDL with HbA1c values of 5.6-
7, as their p value is <0.05 And in case of HbA1c >7 there is
significant correlation with LDL and triglycerides as their p
values is <0.05. So conclusively we can say that lipid profile
parameters like LDL and triglycerides are increased with
rise in HbA1c values.

4. Discussion

Lipid abnormalities are frequently observed in patients
with type-2 diabetic mellitus in whom there is increased
risk of mortality due to associated diabetes complications
and therefore require good glycaemic control and lipid
parameters.15

The abnormal lipid profile in type 2 Diabetes mellitus
maybe due to insulin resistance, which causes the increased
release of free fatty acids. The Diabetes complications and
control trial (DCCT) have identified HbA1c as the gold
standard of glycaemic control. It has been suggested that
the level of HbA1c ≤7.0% is appropriate to reduce the risk
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of cardiovascular complications.16

Thambiah et al in their cross-sectional study have
shown significant correlation between fasting blood glucose
and HbA1c with total cholesterol, triglyceride, low density
lipoprotein which emphasises the additional possible use
of HbA1c as a biomarker for dyslipidaemia as well as a
potential indirect predictor of cardiovascular disease (CVD)
risk in T2DM patients.17 Begum et al in their study
have observed that HbA1c can be used as a predictor of
dyslipidaemia in type 2 diabetes.18

A study of Khan et al in their study indicated that
HbA(1c) is not only a useful biomarker of long-term
glycaemic control but also a good predictor of lipid
profile and therefore monitoring of glycaemic control using
HbA(1c) could have additional benefits of identifying
diabetic patients who are at a greater risk of cardiovascular
complications.19

Singh et al. in their study showed HbA1c can be used as
a predictor of dyslipidaemia in type 2 diabetics in addition
to as glycaemic control parameter, and so early diagnosis
of dyslipidaemia can be used as a preventive measure for
the development of cardiovascular disease (CVD) in type 2
diabetics.20

In a study by Alzahrani et al. it was seen that HbA1c
was associated with triglycerides and can be used for early
diagnosis of dyslipidaemia.21 Arshad Hussain et al., in their
study showed that apart from a reliable glycaemic index,
HbA1c can also be used as a predictor of dyslipidaemia.22

In their study Baranwala et al. showed in their study that
significant correlation of level of HbA1c with parameters
of lipid profile suggests utility of HbA1c as a marker of
dyslipidaemia.23 Reddy S et al. in their diabetic study
showed HbA1c can be used in monitoring of long-
term glycaemic control and as an indirect indicator of
dyslipidaemia in type 2 diabetic patients.24

Selvin et al. have demonstrated a linear relationship
between CHD and HbA1c in diabetic patients, suggesting
that the risk of CHD begins to increase at HbA1c levels even
below 7.0%.25 Grant et al. have reported significantly higher
CVD risk factors among individuals with HbA1c>6.0%.26

A study from north eastern Indian population
investigated the lipid profile and its correlation with
HbA1c levels in incidence of myocardial infarction, which
concluded that 60% patients with myocardial infarction had
poor glycaemic control and found that the serum HbA1c
level has direct relationship with the serum lipid profile and
is indirectly associated with levels of HDL cholesterol.27

A study conducted by Anand et al. established that
serum HbA1c levels, adequate glycaemic control, and lipid
profile screening help to identify high-risk patients for
timely diagnosis of hyperlipidaemia, hence decreases the
incidence of cardiovascular diseases and peripheral vascular
complications through appropriate interventions.28

Mahajan et al. conducted a study, which showed
positive correlation of HbA1c with LDL, triglycerides,
total cholesterol, high-density lipoprotein, very-low-density
lipoprotein, and low-density lipoprotein C levels.29

Adninta et al in their study showed a positive correlation
between serum triglycerides and HbA1c levels that is high
triglyceride levels in groups with HbA1c more than 8
similar to findings in our study.30

Syeda Naqvi et al, in their study have divided the
study group into 4 according to their HbA1c levels
and had correlated serum triglycerides levels with them,
which showed positive correlation with groups having
HbA1c levels more than 7. Similarly, in the present study
triglyceride levels were increased in group with HbA1c
more than 7.31

Gaurav Gupta et al. in their study have investigated
hyperglycaemia and dyslipidaemia in stroke patients
through two tier investigation, first by taking a history
of medication for anti-diabetic or lipid lowering agents
and second by measuring HbA1c and lipid profile with
specific importance to LDL levels. This correlation was
statistically highly significant suggesting that patients with
high HbA1c (more than 6.5) and LDL levels were more
likely to have a stroke. They recommended treating diabetes
and dyslipidaemia to achieve favourable clinical outcomes.
In the present study also, LDL levels were increased in
groups with HbA1c more than 5.6.32

In United Kingdom Prospective Diabetes Study
(UKPDS), it was seen that in patients with type 2
diabetes, the risk of diabetic complications was strongly
associated with hyperglycaemia. Glycaemia control with
decreased level of HbA1c is likely to reduce the risk of
complications.33

The above discussion clearly indicates that high HbA1c
levels in may indicate dyslipidaemia in diabetes patients,
especially those with poor glycaemic control. As prompt
interventions can be done to decrease the mortality and
morbidity due to complications of diabetes mellitus, HbA1c
which is a well-known biomarker of long-term glycaemic
control can also be used as a good predictor of lipid profile;
thus, monitoring of glycaemic control using HbA1c could
have additional benefits of identifying diabetes patients who
are at a greater risk of cardiovascular disease.

5. Conclusions

In the present study, significant alteration in the lipid
parameters is seen in correlation to the HbA1c levels
that is increased LDL and triglyceride levels in patients
with poor glycaemic status suggesting the usefulness of
HbA1c for screening diabetes patients for dyslipidaemia.
As dyslipidaemia and hyperglycaemia are modifiable risk
factors, it is recommended that controlling glycaemic
index can decrease the dyslipidaemia complications in an
individual. However, further research on larger cohorts is
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required to provide further evidence for the predictive value
of HbA1c for dyslipidaemia.
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