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ABSTRACT: Coronary artery disease (CAD) had been the most common cause of death globally in
diabetic patients who had been at increased risk of atherosclerosis. One of the factors contributing to
coronary artery disease is the rate of altered serum concentrations of HDL–cholesterol and its
apolipoprotein (apoA-1). An increase in glycosylated hemoglobin (HbA1c) greater than 8% increases
the incidence of CAD death by six times. The present study evaluated 70 patients of diabetes mellitus,
with an age ranging from 40 to 60 years and with two subsets, i. e. with and without CAD. These cases
had been evaluated for their serum lipid profile and apoA-1, levels along with serum creatinine and
glucose. The controls were healthy individuals of age & sex matched. The standard methodologies
had been applied for analytes estimation. Apo A-1 has been measured by turbidimetric method. The
study showed raised parameters of lipid profile excepting for HDL-c that was significantly lowered.
Serum creatinine values showed no significance. Serum apo A-1 showed correlation with poor
metabolic control, low HDL- c and high triglycerides. The measurement of apo A-1 could be used as a
biomarker to predict cardiovascular disease, especially in patients with type-2 diabetes mellitus.
KEYWORDS: Coronary Artery Disease = CAD; Apo lipoprotein A1=apoA-1; Diabetes mellitus = DM;
HDL- cholesterol = HDL-c.
INTRODUCTION: Diabetes is now pandemic, with a worldwide incidence of 5% in general
population. This situation seems to be more serious in these diabetic patients who are at increased
risk of atherosclerosis and its consequences, particularly coronary artery disease (CAD). CAD had
been the most common cause of death globally. Rates are higher among men than women of a given
age1. Fixed risk factors such as age, sex, family history and modifiable risk factors such as smoking,
hypertension, diabetes mellitus and obesity had been well determined in this condition. One of the
factors contributing to the increased risk of CAD is the high prevalence rate of lowered serum
concentrations of HDL–C and its apo lipoprotein (apo A-1).2 Apo A-1 is the principal protein
component of HDL, which removes cholesterol from the cells and thus having protective effect.
Measurement of apo A-1, which provides further useful information, can be an alternative to the
measurement of HDL–Cholesterol. The present study evaluates the atherogenic lipid profile in type 2
diabetes mellitus patients with and without coronary artery disease with focus on apo A-1.
The glycosylated hemoglobin value has been shown to predict the risk of development of
many of the chronic complications in diabetes. An increase in glycoHb greater than 8%, increases the
incidence of death due to CAD by six times.3
Apo A-1 is the most important structural component of HDL-c. It comprises about 65 to 75%
of total HDL protein. It is synthesized in the small intestine and in the liver. Apo A-1alongwith apo A II and A- IV are found on HDL. Apo A-1 binds phospholipid on lipoprotein and activates lecithincholesterol acyl transferase (LCAT), the enzyme that removes cholesterol from peripheral cells and
delivers the cholesterol esters to the liver, i.e., promotes fat efflux.4,5
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MATERIALS AND METHODS: The diabetic patients were selected from the outpatient population,
consulting the department of Endocrinology, Andhra medical college & King George Hospital,
Visakhapatnam. The age range was 40-60 years. No specific reference was made with regard to the
sex of the patients. Coronary artery disease was defined as positive history of myocardial infarction
and positive findings in the Echocardiogram of Type 2 DM patients. In the present study, cases of CAD
were selected from cardiology ward, after being diagnosed by consultant cardiologist. An ethical
clearance was obtained from the college ethics committee for the present study.
A total of seventy patients of both sexes were taken for the present study. A prior consent was
obtained from the patients for withdrawal of blood samples. The inclusion criteria are(1) cases
diagnosed with type 2 DM and glycosylated Hb (HbAIc) greater than upper normal limit, indicating
suboptimal glycaemic control.(2) Cases of diagnosed CAD. 30 control subjects were selected from a
healthy population of no history of DM and are of age and sex matched. Exclusion criteria are those
patients with hypothyroidism or trauma or with recent cerebrovascular accidents or alcoholism or
the use of statins and those with chronic kidney disease.
Fasting blood samples from both subsets were obtained by venepuncture and collected in
vacutainer tubes. Dry tubes were used for serum. Blood was centrifuged at 800g for 15 minutes and
the serum were immediately analyzed or if delayed frozen at–200C until use. The EDTA samples
drawn were analyzed for glycoHb values (HbA1c).
Glycaemia was measured by glucose oxidase method 6 and HBA1c by HPLC method.7
Cholesterol (by cholesterol oxidase- PAP method);6 HDL-cholesterol by homogenous precipitation
followed by CHOD-PAP method6 and triglycerides by enzymatic method.6 ApoA-1 was measured
using “Tulip” company kit according to the manufacturer’s instructions. In apoA-1 estimation, in
turbidimetric method,8 initial and final readings were taken at 20 and 300 seconds respectively.
While interference with bilirubin, rheumatoid factor and hemolysis is avoided and samples with
triglyceride levels more than 200 mgs/dl are diluted 1: 1 ratio with distilled water and measured for
apo A-1 levels. Along with, serum creatinine (Jaffe’s reaction) 6 was also estimated.
RESULTS AND OBSERVATIONS: In the present study, 32 patients of type 2 DM with CAD and 38
patients patients without CAD had been investigated for fasting glucose, lipid profile, apoA-1 and
creatinine levels. Also, glycosylated HbA IC levels were estimated. Along with, control subjects were
studied.
Parameter

Controls
Mean±SD

Test Subject with DM
Without CAD
With CAD.

Serum Total Cholesterol
188.6±8.3
212±12.6
(mgs/dl)
Serum Triglycerides
136.8±8.6
220±14.8
(mgs/dl)
Serum HDL – C (mgs/dl)
47.6±5.2
40±4.6
Serum LDL – C (mgs/dl)
114.4±22.2
128±9.6
Serum VCDL – C (mgs/dl)
27.8±1.4
44±14.2
HbA1c (%)
5.6±0.6
7.8±1.2
Fasting Glucose (mgs/dl)
88.6±6.8
122±4.8
Serum Creatinine (mgs/dl)
0.9±0.08
1.12±0.3
Table 1: Various Parameters with mean±SD Values of
Controls and cases (in both groups) of diabetes mellitus

246.8±14.2
282.4±16.8
30±3.6
160±10.2
56.6±12.2
9.4±0.4
138.2±5.6
1.24±0.2
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Bar Diagram 1: Mean Values of Lipid
Profile In Controls And Cases
,

Fig. 1: Distribution of Controls
and Division of Cases
The diabetic patients with CAD are of more than six years duration compared to that of cases
without CAD indicating that CAD is prevalent in diabetic population of longer duration (> 6 years).
Apo A-1 levels are found to be lower in type 2 DM patients than those obtained in healthy
individuals (P value < 0.001). It is significantly decreased (Table-2).
Variable

Mean (mgs/dl)

SD

SEM p-Value

APO A-1 in Cases with CAD

90.28

6.14

1.6

<0.001

APO A-1 in cases without CAD

118.64

8.82

1.92

<0.001

APO A, - Controls

140.28

8.52

1.56

-

Table 2: Mean, SD, SEM and p Values of APO-A1 in patients
of type 2 DM, with and without CAD
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Pearson correlation coefficient (r) values were calculated for apoA-1 levels with HDL-c and
triglycerides. In the present study, positive correlation was found with serum HDL-c and negative
correlation with serum triglycerides. (Bar Diagram -2).

Bar Diagram-2: Mean Values of Apoa-1 in
Controls and Cases with & without CAD
DISCUSSION: As per the results obtained, it is found that patients with type 2 diabetes mellitus have
decreased apo A-1 levels compared to controls. The apo A-1 levels further decreased in patients with
CAD, when compared to patients without CAD. ApoA-1 levels had been 90.28±6.14 Vs 140.28±8.52 in
cases of CAD and controls, respectively (P Value < 0.001).
It is also found that lipid profile is altered significantly in type-2 diabetic patients compared to
controls. HDL cholesterol levels were significantly decreased in Type-2 diabetic patients with CAD
compared to patients without CAD. Serum triglyceride levels are also found to be significantly
elevated in both the groups of diabetics, compared to controls.
The study of Dean and owens9 showed a similar lowering of apo A-1 levels in diabetics. Also,
Huang etal,10 in their study had observed a decrease in apo A-1 levels in diabetics with CAD. These
findings had been correlated with the present study, indicating that apo A-1 might impart a
protective effect from atherosclerosis.11 The possible mechanism for decreased apo-A1 in patients
with type 2 DM, could be due to reduced gene expression as evident by animal models of diabetes and
in cell cultures treated with high concentration of glucose. Or, it could be due to increased fractional
catabolic rate of apo A-1 and HDL cholesterol as evidenced by the study of HDL kinetics by infusing
leucine in patients with type 2 DM.12 In cases of diabetics with CAD, genetic factors related to apo-A1-cIII-AIV gene cluster may play a role, probably through modification of their plasma lipid pattern.
And, a recent report suggests that apo A-1 mRNA is regulated by endogenously expressed antisense
RNA.13 Several reports, however, indicate that apo A-1 levels are positively associated with increased
risk of macro vascular disease and may represent an independent risk factor for CAD.14 Also,
decreased apo A-1/HDL absolute production rate could also be the cause for incidence of CAD.15 Apo
A-1 mediated cholesterol efflux16 may involve the binding of apo A-1 to the plasma membrane via its
C-terminus and may require cellular ATP binding cassette transporter activity.17 Therefore, it seems
that determining the number of HDL particles present in plasma or serum by measuring the
concentration of apo A-1 discriminates better between patients with and without CAD than
quantitating the concentration of cholsterol in these particles. Thus, apoA-1 determinations prove
useful in cases of diabetics with CAD.18,19
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In patients with type 2 diabetics, a form of dyslipidemia, that is, atherogenic profile consisting
of elevated intermediate density lipoproteins, triglycerides, low density lipoproteins, very low
density lipoproteins and decreased HDL 20 is often observed in cases of diabetics with CAD. A study 21
showed that severity of CAD is positively related to the number of triglyceride rich particles in serum
which is consistent with raised triglyceride levels in the present study. Increased triglyceride
concentration was associated with a reduced HDL/apo A-1 ratio suggesting that a relatively modest
increase in triglycerides may rapidly alter the relative cholesterol content of HDL and thereby apo A.22,23 Mutation in apolipoprotein A-1 with a single amino acid replacement may form dimeric
complexes and this may restrict HDL size and cause HDL deficiency.24
In the present study, higher values for HbA1c are obtained in case of poor metabolic control
and persistent hypoglycemia and this might have contributed to complications such as CAD in
diabetic cases.
CONCLUSIONS: The present study showed raised triglycerides levels and lowered HDL cholesterol
levels in case of patients with type 2 DM, either with or without CAD, compared to control subjects.
Fasting glucose and glycosylated hemoglobin (HbA1c) values are statistically higher in patients with
type 2 DM with CAD-suggesting poor metabolic control in diabetic population. Serum apo A-1 showed
correlation with poor metabolic control, low HDL–c and high serum triglycerides in the present
study. Therefore, apart from fasting lipid profile, measurement of apo A-1 could be used as a
biomarker for prediction of cardiovascular disease, especially in patients with type 2 diabetes
mellitus.
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