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Abstract

Background: The prevalence of dyslipidemia in diabetes mellitus [DM] is 95%. Diabetic patients with
accompanied dyslipidemia are soft targets of cardiovascular deaths. Glycated Hemoglobin [HbA1C] the gold
standard for assessing the glycemic status, has been regarded as an independent risk factor for Coronary
Heart Disease [CHD] and stroke. Various studies have contradicting results on the impact ofHbA1C levels on
lipid profile in diabetics. Aim: To find out association between glycemic control (HbA1C), age, gender and
serum lipid profile in type 2 diabetic patients and non-diabetic subjects. Materials and Methods: A cross-sectional
study carried out in SRM Hospital and Research Centre, Chennai. Total 450 subjects (150 controlled & 150
poorly controlled diabetics, 150 non-diabetics) with equal number of males and females in each group and
investigated for HbA1C and lipid profile. Statistical Analysis: The data were analyzed by SPSS version 21 using
Independent samples student ‘t’ test. ‘p’ value <0.05 was considered as statistically significant. Results: There
was a significant increase in mean Total Cholesterol [TC], Triglyceride[TG], Low Density Lipoprotein-
Cholesterol [LDL-C], Fasting Blood Glucose [FBG] levels and HbA1C between non-diabetics, controlled and
poorly controlled diabetics. But High Density Lipoprotein-Cholesterol [HDL-C] was not significant between
these study groups. TC, TG, LDL-C levels between males and females in each group were not statistically
significant. But mean HDL-C was non-significantly lower in female diabetics. Subjects with worse glycemic
control (HbA1C >9%) possessed significantly high values of TC, TG, LDL-C, FBG except HDL-C. No significant
correlation for age with respect to serum lipid profile. Conclusion: We conclude, HbA1C predicts dyslipidemia.
This highlights the usefulness of HbA1C as dual biomarker (glycemic control and lipidemic state) for screening
high risk diabetic patients.
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Introduction

Diabetic patients with accompanied (but often
unnoticed) dyslipidemia are soft targets of
cardiovascular deaths [1].The prevalence of
dyslipidemia in diabetes mellitus is 95% and is
characterized by increased Triglyceride [TG], High

Density Lipoprotein - Cholesterol [HDL-C] and small
dense Low Density Lipoprotein – Cholesterol [LDL-
C] [2]. An early intervention to normalize circulating
lipids in diabetics has been shown to reduce
cardiovascular complications and mortality [1].

Glycated Hemoglobin [HbA1C] is widely used as
an indicator of glycemic status over previous three
months. Recently, elevated HbA1C has been regarded
as an independent risk factor for Coronary Heart
Disease [CHD]and stroke in subjects with and without
diabetes [3]. Estimated risk of Cerebrovascular Disease
[CVD] has shown to be increased by 18% for each 1%
increase in absolute HbA1C value in diabetics [4].
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A few studies have previously tried to find the
correlation between HbA1C and lipid profile. Some of
these have shown that all the parameters of lipid
profile have significant correlation with glycemic
control [5].

Giansanti et al observed significantly higher levels
of hypercholesterolemia and hyperlipidemia in type
2 diabetic patients with CVD as compared to patients
without CVD [6]. Ravipati G et al observed a direct
correlation between HbA1C and the severity of CHD
in diabetic patients [7].

On the other hand some studies do not report
significant correlation between glycemic control and
all the parameters of lipid profile [8]. Even in non-
diabetic cases with HbA1C levels within normal range,
positive relationships between HbA1C and CVD has
been demonstrated [9].

These controversies inspired us to take forward this
study which was aimed to find out association
between glycemic control (HbA1C), age, gender and
serum lipid profile in type 2 diabetic patients and non-
diabetic subjects.

Materials and Methods

This is a descriptive analytical cross-sectional study
carried out in SRM Medical College Hospital and
Research Centre, Chennai (February 2016 to December
2016) and approved by institutional ethical committee.
Total 450 subjects were divided into 3 groups which
included 150 controlled diabetics [known diabetics
with Fasting Plasma Glucose (FPG) < 126 mg/dl since
last 6 months], 150 poorly controlled diabetes [FPG >
126 mg/dl since last 6 months], 150 non-diabetics [no
history of Diabetes Mellitus (DM) and two FPG values
< 126 mg/dl performed close to the date of the complete
blood count]. All study subjects were investigated for
dyslipidemia.

Venous blood samples were collected from all the
subjects after atleast 8 hours fasting. Blood samples
were collected into EDTA tubes for HbA1C and then
serum separated tube for fasting blood glucose and
lipid profile measurement.

Reference Values

For serum lipid reference level, National Cholesterol
Education Programme [NCEP], Adult Treatment
Panel III [ATP III] [NCEP – ATP III] guideline was
referred. Hypercholesterolemia defined as Total
Cholesterol [TC] > 200 mg/dl, LDL-C > 100 mg/dl,
Hypertriglyceridemia > 150 mg/dl and HDL-C < 40

mg/dl. Dyslipidemia defined by presence of one or
more than one abnormal serum lipid concentration
[4].

Measurements

HbA1C assay was done by High Performance
Liquid Chromatography [HPLC]. FBG, TC, TG, HDL-
C was measured by enzymatic method by using
OLYMPUS AU400 autoanalyzer on the same day of
collection.

The levels of LDL-C calculated by using Friedwald’s
formula [10]

LDL-C = TC – HDL-C –(TG/5)

The impact of glycemic control on various
parameters was evaluated by categorizing all the
patients (diabetic and non-diabetic) into 3 categories
on the basis of HbA1C levels.

HbA1C <6% - good glycemic control

HbA1C 6-9% - poor glycemic control

HbA1C >9% - worse glycemic control.

Inclusion Criteria

1. Both males and females >30 years

2. Known type 2 diabetic patients and non-diabetics.

Exclusion Criteria

1. Patients with type I diabetes

2. Patients on anti-lipidemic therapy, steroids

3. Family history of hypercholesterolemia

4. Body Mass Index >30

Statistical Analysis

The data were analyzed by SPSS version 21.
Independent samples student ‘t’ test was used to
compare the means of different parameters between
males and females. One way analysis of variance
(ANOVA) to examine the significance levels of various
biochemical parameters in study groups. Univariate
analysis was performed to evaluate the effects of gender,
age and glycemic control on serum lipid profile. ‘p’
value <0.05 was considered as statistically significant.

Results

In our study total 450 diabetic and non-diabetic
subjects were evaluated for lipid profile. The sex
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distribution showed an equal number of males and
females in all the groups. There was a linear and
significant increase in the mean TC, TG, LDL-C, FBG
levels and HbA1C between non-diabetics, controlled
diabetics and poorly controlled diabetics. But HDL-C
was not significant between these study groups
[Table 1].

Table 2 shows the comparison between the mean
biochemical parameters with respect to gender in 3
study groups. We found that TC, TG, LDL-C levels
between males and females in each group were not
statistically significant. Also our results showed that
the mean HDL-C concentration was non-significantly
lower in the female diabetics as compared to that in
the male diabetics.

Table 1: Comparison of Lipid profile, FBG and HbA1C in diabetic and control groups

Parameter Non-Diabetics Controlled Diabetics Poorly Controlled Diabetics 
M 

n=75 
F 

n=75 
T 

n=150 
M 

n=75 
F 

n=75 
T 

n=150 
M 

n=75 
F 

n=75 
T 

n=150 

Total cholesterol 
(mg/dl) 

Desirable (<200) 68 68 136 65 65 130 56 52 108 
Borderline high 

(200-239) 
4 4 8 7 8 15 15 15 30 

High (≥240) 3 3 6 3 2 5 4 8 12 
Triglycerides 

(mg/dl) 
Normal (<150) 58 65 123 59 66 125 37 41 78 
Borderline high 

(150-199) 
8 8 16 9 3 12 12 14 26 

High (≥200) 9 2 11 7 6 13 26 20 46 
HDL-C (mg/dl) Low (<40) 32 21 53 29 19 48 44 57 101 

Borderline High 
(40-59) 

38 50 93 44 52 96 26 18 44 

High (≥60) 5 4 9 2 4 6 2 3 5 
LDL-C (mg/dl) Optimal(<100) 29 39 68 33 31 64 21 17 38 

Near optimal 
(100-129) 

24 24 48 22 27 49 24 21 45 

Borderline 
high(130-159) 

17 6 23 17 11 28 19 20 39 

High(160-189) 4 4 8 1 5 6 7 13 20 
Very high(≥190) 1 2 3 2 1 3 4 4 8 

 

Table 2: Frequency of Lipid parameters in the Diabetic and Control Groups according to the ATP III classification. [M: Male, F:
Female, T: Total]

Table 3: Correlation between Lipid profile and HbA1C

HbA1C also demonstrated direct and significant
correlation with TC, TG, LDL-C, FBG except HDL-C.
Also we observed that worse glycemic control (HbA1C
>9%) possessed significantly high values of TC, TG,

LDL-C, FBG except HDL-C as compared to patients
having poor(HbA1C 6-9%) and good(HbA1C <6%)
glycemic control [Table3/Figure 1].
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Parameter  HbA1C% ANOVA 
p value <6% (n=156) 6-9% (n=184) >9% (n=110) 

Total cholesterol 153.32 ± 2.73 165.12 ± 3.10 180.46 ± 4.97 14.602, 0.0001 
Triglycerides 112.44 ± 3.80 125.32 ± 5.99 185.98 ± 13.08 25.932, 0.0001 

HDL-C 39.16 ± 0.99 38.72 ± 1.27 36.78 ± 0.90 1.013, 0.364 
LDL-C 103.97 ± 2.31 115.19 ± 3.12 126.12 ± 4.25 12.267, 0.0001 

FBG 97.79 ± 0.95 120.97 ± 2.57 203.37 ± 8.47 154.952, 0.0001 

Parameter Non-Diabetics 
(Mean ± SD) 

Controlled Diabetics 
(Mean ± SD) 

Poorly Controlled Diabetics 
(Mean ± SD) 

ANOVA 
p value 

Total cholesterol 158.61 ± 3.24 158.85 ± 3.03 174.67 ± 4.05 7.040, 0.001 
Triglycerides 114.96 ± 4.84 116.98 ± 5.43 172.62 ± 10.12 20.736, 0.0001 

HDL-C 39.81 ± 1.45 37.77 ± 0.80 37.62 ± 1.08 1.151, 0.317 
LDL-C 105.83 ± 3.03 109.73 ± 2.81 124.27 ± 3.38 9.929, 0.0001 

FBG 98.47 ± 1.10 100.33 ± 1.20 200.42 ± 5.94 269.251, 0.0001 
HbA1C 5.98 ± 0.08 7.33 ± 0.14 9.72 ± 0.17 188.786, 0.0001 
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TC - Total Cholesterol, TG – Triglyceride, HDL-C –
High Density Lipoprotein Cholesterol, LDL-C – Low
Density Lipoprotein Cholesterol, FBG – Fasting Blood
Glucose We categorized the study subjects into 4 groups
based on ageviz 50 years, 51-70 years, 61-70 years,

and 70 years and then compared the mean values of
TC, TG, LDL-C, FBG, HDL-C and HbA1C.

We observed that there was no significant
correlation for age with respect to serum lipid profile
[Table 4].

Table 4: Correlation between patients Age and lipid parameters

Discussion

Diabetes Mellitus [DM] is a hereditary chronic and
endocrine metabolic disorder which causes deaths
worldwide [10].  The International Diabetes Federation
[IDF] reported that total number of diabetic subjects in
India is 41 million in 2006 and that this would raise to
70 million by the year 2025 [11].

Lipid abnormalities are common in diabetics and
frequently seen in type 2 DM. Dyslipidemia make
diabetics prone to develop CHD and other
complications of atherosclerosis [1]. In the present
study, the pattern of lipid profile parameters in diabetic
subjects and its correlations with FBG, HbA1C, age,
gender are seen.

In this study, we observed a significant correlation
between glycemic status and lipid profile. High levels
of TC, TG and LDL-C were seen in more number of
poorly controlled diabetics when compared with non-

diabetics and controlled diabetics which was
statistically significant. This agrees with the results of
Petitti et al who observed significant increase in TC,
TG, LDL-C in type 2 diabetes with poor glycemic
control [12]. Also similar results were observed by
Rosediani et al who reported that increasing non-HDL
cholesterol concentration had significant curvilinear
relationships with CVD and CHD risk [13].  Moreover
NCEP ATP III has recommended using non-HDL
cholesterol in assessing CVD risk in patients with
diabetes [13,14].

Our study results confirm that glycemic control is
directly related to lipid metabolism. This coincides
with the research results of ZE Onal et al, who
suggested that TG rich lipoproteins accumulate in the
insulin resistant state, causing the decreased activity
of lipoprotein, increased lipolysis in adipose tissue
and increased output of Very Low Density Lipoprotein
[VLDL] particles from the liver. They also concluded
that poor glycemic control group correlated with
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Parameter Age in Years  
≤50  

(n=225 ) 
51-60 

(n=91 ) 
61-70 

(n=101 ) 
>70 

(n=33 ) 
ANOVA 
p value 

Mean ±SE Mean ±SE Mean ±SE Mean ±SE  

Total cholesterol 166.00 ± 2.67 161.24 ± 4.93 162.47 ± 4.47 163.27 ± 8.15 0.330, 0.804 
Triglycerides 134.14 ± 6.98 136.97 ± 8.40 141.17 ± 7.82 113.36 ± 10.23 0.785, 0.503 

HDL-C 37.83 ± 0.98 40.44 ± 1.79 37.33 ± 0.95 39.94 ± 1.86 1.099, 0.349 
LDL-C 114.83 ± 2.42 109.48 ± 4.55 113.33 ± 3.76 113.00 ± 7.27 0.415, 0.742 

FBG 128.97 ± 4.57 137.59 ± 6.02 135.34 ± 5.99 141.67 ± 11.87 0.687, 0.560 
HbA1C 7.51 ± 0.16 7.97 ± 0.24 7.84 ± 0.22 7.54 ± 0.28 1.136, 0.334 
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higher TC, LDL-C levels compared to both control and
optimical glycemic control group which goes in hand
with our results [15].

Our study results contradicts with the results of
Zhe Yan et al, Khaw KT who reported no significant
correlation between glycemic control and all
parameters of lipid profile [8,9].

Insulin regulates the enzymatic activity of
Lipoprotein Lipase [LPL] and cholesterol ester
transport protein. All these factors are likely cause of
dyslipidemia in diabetes. Moreover insulin deficiency
reduces the activity of hepatic lipase and several steps
in the production of biologically active LPL may be
altered in DM [16].

In our study,non-significantly lower levels of HDL-
C was more frequently observed among poorly
controlled diabetics when compared with controlled
diabetics and non-diabetics. Similar results were
observed in study done by Khan et al [1].  Recent studies
have shown that many factors contribute to the HDL
dysfunction that is witnessed  in T2DM. Oxidation
and glycation of  HDL-associated proteins were
shown torender them inactive. By changing the gene
expression and activity of HDL-metabolizing
enzymes, metabolic abnormalities associated with DM
compromise the efficiency of reverse cholesterol
transport. Finally, the constantly increased
inflammatory state in DM results in majorchanges in
the HDL proteome; changes that not only devoid the
HDL of its normal function,but also turn it into a
proatherogenic particle [17]. HDL levels were found
to be decreased in T2DM, with a predominance of small
dense HDL particles that undergo rapid catabolism
[18,19]. This alteration in HDL is the result of an
augmentation in the activity of several lipolytic and
HDL-modifying enzymes, alongside an increment in
triglyceride levels [17].

Individuals with type 2 DM and CHD tend to have
small HDL particles. Hypertriglyceridemia and hyper-
insulinemia are independently associated with low
levels of HDL-2 and small HDL particles. It is well
documented that reduced HDL-C levels are associated
with an increased risk of CHD. A number of functions
of HDL particles may contribute to direct cardio-
protective effects including promotion of cellular
cholesterol efflux and direct anti-oxidative and anti-
inflammatory properties [20].

Our study results show more number of male and
female diabetic patients with uncontrolled diabetes
had increased TC, TG and LDL-C levels. Female
patients demonstrated non-significant decrease in
HDL-C levels. The glycemic status worsens in females
when compared to males.

Hyperlipidemia in females may be attributed to the
effect of sex hormones on body fat distribution, leading
to difference in altered lipoproteins [21]. Diabetic
females are subjected to more adverse changes in
coagulation, vascular function than diabetic men [1].
This explains why diabetes eliminated or attenuates
a women’s protection against IHD [1,22].

We observed the severity of dyslipidemia increases
in patients with higher HbA1C value. Similar results
were observed by Khan et al and Selvin et al who
reported that elevated HbA1C and dyslipidemia are
independent risk factors of CVD, diabetic patients with
elevated HbA1C and dyslipidemia can be considered
as a very high risk group for CVD [1,3].  Improving
glycemic control can substantially reduce the risk of
cardiovascular events in diabetics. It has been
estimated that reducing the HbA1C levels by 0.2%
could lower the mortality by 10% [3].

There was a slight increase in HbA1C in patient
age 51-70 years as compared to patients aged <50
years. Older patients (>70 years) had HbA1C levels
similar to the younger ones. However, this difference
in HbA1C was not statistically significant among these
age categories [1,24].

We also observed no significant correlation between
age and lipid profile. This goes in hand with study
results of Kalofoutis C et al but contradicts with the
results of Khan et al who found a significant decrease
in various lipid components including TC, TG and
LDL-C with advancing age [1,24].

The above discussion clearly indicates the clinical
significance of various lipid parameters in diabetic
patients leading to various complications.

Conclusion

We conclude, HbA1C predicts dyslipidemia. This
highlights the usefulness of HbA1C as dual biomarker
(glycemic control and lipidemic state) for screening
high risk diabetic patients. The better the glycemic
control as reflected by HbA1C the better would be the
lipidemic state. Achieving the target in HbA1C (< 6%)
will contribute in improving the lipid state, and hence
may lessen the diabetic complications in type 2 DM.

Conflicts of Interest: None
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