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Abstract

Background: ATP-binding cassette transporter A1 (ABCA1) plays a key role in lipoprotein metabolism. This metabolism is perturbated in 
type 2 diabetes, and was associated with coronary artery disease (CAD). Thus, we aim to study the association between ABCA1 polymorphism 
and diabetes and the possibility to develop coronary artery disease in those patients. 

Methods: One hundred twenty-three type 2 diabetic patients were compared to 49 healthy subjects. Lipid parameters were measured using 
enzymatic ways. Genotypic polymorphism was studied using RFLP-PCR. Results: The GG genotype is more frequent in diabetic patients and 
was associated with increased risk of diabetes (41.7% vs 27.1 % in diabetic and healthy subjects respectively; OR=1.92 [0.91-3.93], p=0.052). 
However, no association of the polymorphism and CAD was shown in type diabetic group. This genotype is also associated with higher cholesterol 
and LDL cholesterol concentrations in all diabetics, with higher apo B level only in diabetics without CAD, and with lower level of apo A1 in 
diabetics with CAD. Furthermore, the decreased level of HDL cholesterol in type 2 diabetics with CAD compared to those without CAD was shown 
only in GG genotype.

Conclusion: Our results suggest that ABCA1(G1051A) polymorphism can be considered as risk factor for type 2 diabetes but not as risk 
factor for CAD in this group.
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Introduction
The interaction between diabetes and lipid perturbation 

is controversial. First, lipid perturbation could be a risk factor 
for diabetes. The relevant interaction between glucose and lipid 
metabolism [1], also the positive relationship between statin 
therapy and diabetes risk [2] reinforced the idea. Second, lipid 
perturbation could be the result of diabetes because of defects 
in insulin action and hyperglycemia [3]. The main feature of 
lipid profile in type 2 diabetes is hypertriglyceridemia, low HDL 
cholesterol and small and dense LDL which was associated with 
increased cardiovascular disease incidence [4]. In fact, in type 2 
diabetes the reverse cholesterol transport is perturbated. 

 
In reverse cholesterol transport, the excess cholesterol present 
in peripheral tissues including the cells of the arterial wall is 
returned to the liver for elimination through the biliary system. 
ATP-binding cassette transporter A1 (ABCA1) plays a key role in 
this way [5]. This protein transports cholesterol, phospholipids 
and other lipophilic molecules across the cell membrane, where 
they are removed by apolipoproteins from HDL [6]. ABCA1 is 
involved in the assembly of free cholesterol with apolipoprotein 
AI, thus playing an important role in the biogenesis of HDL 
particles. Various mutations and SNPs affecting the ABCA1 gene 
have been identified as the molecular basis of Tangier disease and 
familial hypoalphalipoproteinemia, characterized by deficient 
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cholesterol efflux and reduced plasma HDL-C, than an increased 
risk of atherosclerosis [7]. ABCA1 is thus a good candidate for 
the study of dysfunctions of lipid metabolism and cardiovascular 
risk. In addition, many variants of ABCA1 have been associated 
with clinical and biochemical phenotypes, including changes in 
plasma HDL levels [8,9]. 

The single nucleotide polymorphism R219K has been 
associated with protection against coronary heart disease. This 
protective effect appears to be related to an increase in HDL-C 
[10,11], but these results have not been replicated in all studies 
[12] due to ethnic and environmental differences. In this context, 
to clarify the effect of ABCA1 on the Tunisian population, we 
evaluated the impact of this polymorphism on lipid parameters 
and its potential association with diabetes and coronary artery 
disease.

Patients and Methods
Patients

One hundred twenty-three unrelated patients were recruited 
from the cardiology and internal medicine departments of 
University Hospitals in Monastir. All clinical, anthropometric 
and coronarographic information was compiled for each patient 
included in the study. They were divided into two groups: Group 
1 (DC) (n = 72): Type 2 diabetic patients with coronary artery 
disease (CAD) and Group 2 (D) (n=51): subjects with type 2 
diabetes without coronary artery disease. Diabetes was defined 
according to the criteria of the American Diabetes Association 
[13]. The coronary heart problem was defined by a previous 
expectation of stable angina, or a myocardial infarction with 
or without an ST segment. The coronary problem is confirmed 
by coronography. Healthy group (T): 49 control subjects were 
recruited from Orthopedic Department of University Monastir 
Hospital. They are healthy without a history of cardiovascular 
disease. Written or verbal informed consent were obtained 
from all patients and controls before the study in 2010. All 
written informed consent was not possible because the majority 
of eligible subjects in our study were illiterate. All subjects 
(healthy, diabetic patients with and without CAD) examined 
with medical treatment to disrupt lipid metabolism, renal or 
hepatic impairment, and thyroid problems were excluded from 
this study.

Methods
Blood samples are taken from subjects who have fasted for 

12 hours. These samples are then brought to the laboratory 
where they are centrifuged for 10min at a speed of 3000rpm at 
4 °C. Serum was used for determination of lipid profile, and the 
base for DNA extraction.

Lipid profile
The lipid profile was determined, as it was previously 

described [14]. Triglyceride and total cholesterol were measured 
by enzymatic method. HDL cholesterol was determined after 
precipitation of apo B containing lipoproteins. LDL cholesterol 
was calculated using Friedewald formula. The apolipoproteins 
ApoA1 and ApoB were measured by nephelometry.

ATP-binding cassette transporter A1 (ABCA1) 
polymorphism [R219K (G1051A, rs2230806)] 

The ABCA1 gene polymorphism was performed as it was 
described by Tuoya et al. [15] according to the following steps: 
i) Extraction of genomic DNA from blood. ii) Amplification 
of interest sequences by PCR using 5’-GTA TTT TTG CAA GGC 
TAC CAG TTA CAT TTG ACA A-3’ (forward) and 5’-GAT TGG CTT 
CAG GAT GTC CAT GTT GGA A-3’ (reverse) as primers according 
to the following program: initial denaturation at 96°C for 10 
min, followed by 35 cycles (Denaturation at 96 °C for 30sec, 
hybridization at 60.5 °C for 45sec and extension at 72 °C for 
30sec) and a last extension at 72 °C for 5min. iii) Enzymatic 
digestion using EcoNI restriction enzyme and agarose gel 
electrophoresis.

Statistics
Statistical analyzes were performed using SPSS software 

version 11.0 (SPSS Chicago IL, USA). Quantitative variables are 
expressed as either their means and standard deviations or 
their medians and variance ranges. The qualitative variables 
were expressed by their percentages relative to the numbers. 
The frequency distribution between the groups was performed 
by the chi-square test. The odds ratio (OR) was calculated with 
a 95% confidence interval. The variances comparison test 
(ANOVA) was used to compare different groups. The significance 
of the different tests is defined for a value of p <0.05. 

Table 1: Clinical and Biochemical Characteristics of Different Groups (Control, Diabetic Patients and Diabetic Patients with Coronary Artery 
Disease (CAD)).	

Control N = 49 Type 2 Diabètes N = 51 Type 2 Diabetes with CAD N = 72 P (ANOVA)

Sex (M/F) 18/31 (36,7%) / (63,3%) 21/30 (41,2%) / (58,8%) 51/21 (70,8%) / (29,2) ** <0,001

Age (years) 49,53±6,596 51,27±6,155 56,08±7,071*▫ <0,001

Menopause (%) 7 (25%) 17 (58,6%) • 17 (85%) **▫ <0,001

Menopause duration (years) 3,71±2,21 6,32±4,15 12,81±8,47*▫ 0,002

BMI (Kg /m2) 28,31 [18,75 - 31,17] 27,52 [24,85- 31,69] 28 ,94 [26,23 ; -31,36] ▫▫ 0,38

Dyslipidemia (%) 4 (8,2%) 15 (29 ,4%) • 22 (32,8%) *▫ 0,006

ssHTA (%) 2 (4,2%) 8 (16%) • 27 (39,7%) **▫ <0,001

Duration of diabètes (years) Newly discovered 8,02±5,68 6,47±5,59 0,32
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Duration of Dyslipidemia 
(years) Newly discovered 2 [1 - 5] 1 [0 - 4] 0,86

Duration of HTA (years) 8,5 [2,5 - 10] 3 [0 - 13,75] 0,81

Smoking (%) 34 (69,4%) 40 (78,4%) 53 (73,6%) 0,588

Glucose (mmol /l) 5,29±0,53 10,46±3,19•• 11,16±3,59**▫▫ <0,001

Proteinuria (g/24h) 0 0,001 [0 -0,09] • 0,02 [0,001- 0,14] * 0,12

Creatinemia (mmol/l) 90 [80 -98,75] 87,75 [79 -96,5] [87 -114] **▫▫ <0,001

Significant Difference Between D and DC ٭p<0.05 ٭٭ p<0.01
Significant Difference Between T et D •p<0.05 •• p<0.01
Significant Difference Between T et DC ▫p<0.05 ▫▫p<0.01

Results
Anthropometric, clinical and biological characteristics 
of the studied groups 

The clinical and biochemical characteristics of the subjects 
participating in our study are summarized in Table 1. The 
coronary diabetic (DC) subjects have a mean age greater than 
that of the controls (T) and diabetics (D), in addition, the majority 
of coronary diabetic subjects are male. Also, it is emphasized 
that DC are more obese than controls. In addition, we note that 
the percentage of menopausal women is significantly higher in 

patients (> 58.6%) and the most important menopausal duration 
is found in women with coronary heart disease. Moreover, the 
clinical examination revealed the risk factors (hypertension 
and dyslipidemia) significantly more present in the patients 
compared to the controls.

Biological parameters tell us more about the complication 
of diabetes. In fact, the comparison between diabetics with and 
without CAD disease showed that there is a significant elevation 
in coronary diabetics in terms of proteinemia and a very 
significant level of serum creatinemia.

Table 2: Lipid Profile Variations in Patients Compared to Healthy Subjects.	

Control Type 2 Diabètes Type 2 Diabètes with CAD P (ANOVA)

Cholesterol (mmol /l) 4,81±1,09 5,11±0,95 5,04±1,06 0,32

HDLcholesterol (mmol/l) 0,88±0,24 0,8±0,23• 0,71±0,22▫ 0,07

LDLcholesterol (mmol/l) 3,23± 1,01 3,34±0,82 3,3±0,84 0,82

Apo B (g/l) 1,01±0,26 1,06±0,27 1,03±0,22 0,62

Apo A1 (g /l) 1,36[1,25 -1,5] 1,35[1,17 ; -1,51] 1,30[1,09 - 1,46] 0,15

Triglycerides (mmol/l) 1,24[0,95 -1,71] 1,67[1,29 -2,76] • 1,9[1,53 - 2,60] ▫▫* <0,001
Significant Difference Between D and DC *p<0.05
Significant Difference Between T et D •p<0.05
Significant Difference Between T et DC ▫p<0.05 ▫▫p<0.01

Lipid, lipoprotein and apolipoprotein characteristics 
of the three studied groups

By comparing the concentration of lipids, lipoprotein and 
apolipoprotein in different groups (controls, diabetics and 
diabetics with CAD), a variation of some parameters was noted 
(Table 2). TG concentration differed significantly between the 
3 groups, with significant elevation in D and DC compared to 
T and between diabetic patients with and without CAD. HDL 
cholesterol concentration is significantly lower in diabetics and 
diabetics with CAD compared to healthy subjects. However, the 

difference of HDL cholesterol concentration between diabetic 
patients with and without CAD was not significant. 

Genotypic and allelic frequencies of ABCA1 
polymorphism in different groups

The G1051A polymorphism is in Hardy-Weinberg equilibrium 
in the studied groups. The genotypic and allelic frequencies of 
the polymorphism are shown in Table 3. The GG genotype seems 
to be more frequent in diabetic patients compared to control 
group, however, no significant difference was shown between 
the different groups. 

Table 3: Genotypic and Allelic Frequencies of ABCA1 Polymorphism in Different Groups.

Control (n=49) Diabetics (n=51) Diabetics with CAD (n=72)

Genotypic Frequency

GG 13 (26,5%) 30 (41,18%) 29 (40,2%)

GA 35 (71 ,5%) 21 (58,82%) 40 (55,6%)

AA 1 (2%) 0 (0%) 3 (4,2%)

Allelic Frequency
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G 62,2% 70,5% 68%

A 39,8% 29,5% 32%

Association of G1051A polymorphism with diabetes 
and CAD

The calculation of the odds ratio (OR) of each genotype 
between the controls and the patients makes it possible to 
determine a potential association of the polymorphism with 
the diabetes. As the frequency of the AA genotype is very low in 
our studied population (only 4 subjects with this genotype out 
of 172 subjects), the genotype AA was eliminated. Our results 
highlighted a significant association of GA and GG genotypes 
with diabetes (Table 4). 
Table 4: Association of ABCA1 Gene Polymorphism (G1051A) with 
Diabetes.

Genotype Control 
(n=48) Patients (120) OR IC p

GA 35 (72,9%) 70 (58,3%) 0,52 [0,25-
1,08] 0,062

GG 13 (27,1%) 50 (41 ,7%) 1,92 [0,91-
3,93] 0,052

The GA genotype was found to be a protective factor against 
diabetes (OR <1 and p-value close to significant value). While the 
GG genotype appeared as a predisposing factor to diabetes (OR> 
1 and the value of p very close to the significant value) (Table 
4). However, there is no association between G/A genotypes and 
CAD (Table 5).

Table 5: Association of ABCA1 Gene Polymorphism (G1051A) with 
Coronary Artery Disease.

Génotype Diabetics (51)
Diabetics 
with CAD 

(69)
OR IC p

AG 30 (58,82%) 40 (58%) 0,96 [0,42-
1,8] 0,854

GG 21 (41,18%) 29 (42%) 1,03 [0,46-
1,9] 1

Association of G1051A polymorphism with lipid 
profile

To study the effect of G1051A polymorphism on lipid 
profile, we compare lipid parameter concentration between 
GG and GA polymorphism in diabetics with and without CAD 
separately (Table 6). The results showed increased cholesterol 
and cholesterol LDL concentrations in GG genotype group. Also, 
apo B concentration increased in GG genotype only in diabetics 
without CAD and apo A concentration increased in GA genotype 
only in diabetics with CAD (Table 6).

Discussion
The ABCA1 (ATP Binding Cassette subfamily A member 

1) or also called CERP (Cholesterol Efflux Regulating Protein) 
was discovered as lipid carrier in 1999, it plays a key role in 
cholesterol efflux, the first step of reverse cholesterol transport 

[11]. Many polymorphisms in ABCA1 gene have been described 
and were shown to be or not associated with lipid parameters 
especially HDL cholesterol [9]. The G1051A polymorphism 
is located in exon 7 of the gene. It causes a change in protein 
sequence (arginine to lysine in residue 219) in the extracellular 
domain. It was well studied in many populations with different 
results in genotype frequencies and its association with lipid 
profile and disease (Table 7). The studied diseases are known 
to be associated with lipid profile perturbations (diabetes, CAD, 
Alzheimer…). The difference in results could be explained by 
environmental changes between the studied population such 
as smoking, life style, food, other genetic variants…In fact, the 
relationship between genes implicated in lipid metabolism and 
diabetes and CAD was investigated in many previous studies 
[24-26]. Such studies aim to better understand, prevent and 
manage diabetes.

In our study, the allele and genotype distributions were 
almost similar in healthy subjects, diabetic patients without CAD 
and diabetic patients with CAD and the most frequent allele was 
G allele. However, when we compare healthy subjects with all 
diabetic patients, the results showed that GG genotype is more 
frequent in diabetic patients and was associated with increased 
risk of diabetes. But, no association of the polymorphism and 
CAD was shown. 

The analysis of our results showed a significantly higher 
concentration of total cholesterol, LDL cholesterol and ApoB in 
diabetics with the GG genotype compared to those with the GA 
genotype. We can therefore think that the disturbances of lipid 
metabolism in diabetics were accentuated by the presence of the 
GG genotype. In this context, calculating the odds ratio of each 
genotype between controls and patients, found the GG genotype 
as a predisposing factor to diabetes, and the GA genotype as a 
protective factor against this disease. These results allowed 
us to assume that the G allele of the G1051A polymorphism 
predisposes diabetes. In fact, in β cells, the cholesterol 
transporter, ABCA1, is involved in cholesterol hemostasis and 
also in the secretion of insulin [27]. It is likely that this allele 
gives a weak interaction between ABCA1 and ApoA1, which 
decreases cholesterol efflux. Alteration of cholesterol levels in 
plasma and Langerhans islets contributes to island dysfunction 
and subsequent disruption of insulin secretion [27]. In type 2 
diabetic patients with CAD, GG genotype is associated with higher 
concentration of total cholesterol and LDL cholesterol and lower 
level of apo A1compared to GA genotype. Furthermore, the 
decreased level of HDL cholesterol in type 2 diabetics with CAD 
compared to those without CAD was shown only in GG genotype. 
However, there was no association between genotypes and CAD. 
The lack of association may be due to methodological factors 
such as the sample size, which is in our case relatively small, or 
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the difference in the sex ratio between the groups, which is very 
significant (p <0.001).

Conclusion
The G1051A polymorphism of ABCA1 gene was associated 

with diabetes predisposition. The GG genotype genotype was 
associated with lipid perturbation. However, no association 
of this polymorphism and CAD in type 2 diabetes was shown. 
Further studies are needed to explore the effect of lipids in such 
associations.
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Table 6: Association of ABCA1 Gene Polymorphism (G1051A) with Coronary Artery Disease.

Diabetics without CAD (51) p Diabetics with CAD (69)
q

GG (21) GA (30) GG (29) GA (30)

Sex (M/F) 8(38,1%) / 
13(61,9%)

13(43,3%) / 
17(56,7%) 0,77 24(82,8%) / 

5(17,2%)
24(60%) 

/16(40%) 0,06

Age (years) 51,76±6,09 50,93±6,280 0,64 56 ,14±6,901 56,05±7,264 0,95

BMI (kg/m2) 28,5 [24,33-32,05] 27,2 [25,22-31,73] 0,81 27,7 [25,3-30,4] 29,67 [27,63-
32,05] 0,87

Cholesterol 
(mmol/l) 5,38±1,10 4,92±0,79 0,06 5,06±0,18 4,61±1,06 0,02

HDL cholesterol 
(mmol/l) 0,9±0,24 0,81±0,24 0,16 0,76±0,23 0,81±0,15 0,83

LDL cholesterol 
(mmol/l) 3,60±0,73 3,17±0,84 0,06 3,51±0,82 3,04±0,83 0 ,06

Apo B (g/l) 1,16±0,28 0,99±0,24 0,03 0,96±0,17 1,06±0,25 0,24

ApoA1 (g/l) 1,43 [1,24-1,63] 1,3 [1,1-1,48] 0,14 1,18 [0,93-1,39] 1,36 [1,18-1,51] 0,02

Triglycerides 
(mmol/l) 1,42 [1,26-2,51] 1,74 [1,38-2,76] 0,32 1,72 [1,43-2,50] 2,08 [1,55-2,77] 0,29

p: Difference between GG et GA Genotypes in Diabetics without CAD;
q: Difference between GG et GA Genotypes in Diabetics with CAD.

Table 7: Association between G1051A Polymorphism with Lipid Profile and Many Diseases in Different Populations.

Population Association with Lipid Profile Studied Diseases References

China No association No association with lacunar infarction combined with 
arteriosclerosis [16]

Association with HDL cholesterol - [8]

Iranian No association Association with CAD and its severity [17]

Hungary - Association with Alzheimer’s disease [18]

China Association with apo AI No association with type 2 diabetes mellitus related mild 
cognitive impairment [19]

Saudi Arabia - Association with CAD [20]

Malaysian No association Association with type 2 diabetes [21]

Egyptian - Association with premature CAD [22]

Asian - Association with type 2 diabetes [23]
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