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Abstract. 

Background and aims: Apoliprotein B (ApoB) has been associated with 

hypercholesterolemia and ischemic coronary disease. This study was aimed 

to determine the effect of two APOB gene variants in the risk of developing 

early-onset coronary artery disease (EO-CAD) in a Spanish population. The 

association of these polymorphisms with hypercholesterolemia was also 

analysed. 

Methods and results: The study involved a total of 889 healthy population 

controls (397 male) and 790 EO-CAD cases (636 male; EO-CAD was defined 

as male <60 years and women <65 years). All the patients had at least one 

vessel with angiography documented atherosclerotic lesion. Patients and 

controls were genotyped for the APOB variants rs1801701 A/G (p.R3638Q) 

and rs1367117 C/T (p.T98I). Allele and genotype frequencies were compared 

between the groups (patients vs. controls, hyper- vs. normo-cholesterolemia) 

by logistic regression. 

The rs1801701 was significantly associated with EO-CAD in male (OR=1.44, 

95%CI=1.05-1.99) and female (OR=2.22, 95%CI=1.58-3.14). This SNP was 

significantly associated with hypercholesterolemia in female, with a trend in 

male. The association with EO-CAD was independent of 

hypercholesterolemia (multiple logistic regression) 

Conclusion: A common APOB polymorphism (rs1801701) was an 

independent risk factor for EO-CAD in our population. The risk-effect was 

more significant in female than in male.  
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1. Introduction. 

Coronary artery disease (CAD) is mainly caused by the development of atherosclerotic lesions in 

coronary vessels. In addition to classical acquired risk factors (smoking, hypertension, 

hypercholesterolaemia, diabetes), an inherited predisposition contributes to the development of 

atherosclerosis and CAD (1,2). Most of the CAD occurs in individuals >65 years, but approximately 

10-15% are early-onset cases (EO-CAD; men <60 years, women <65 years). Due to its greater 

heritability, EO-CAD is of particular interest to uncover the gene variants associated with coronary 

atherosclerotic events (3).  Apoliporotein B gene (APOB) variants have been linked to the blood 

levels of total cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C), as well as to the 

risk of suffering heart and brain ischaemic events (4-6). Rare pathogenic APOB variants are found 

in families with hypercholesterolaemia, while common APOB polymorphisms have been associated 

with a higher risk for increased TC and LDL-C in the general population (7). Our aim was to 

determine the association of two common APOB missense variants in relation to the risk of 

developing hypercholesterolemia and EO-CAD in a Spanish population. 

 

 

 

2. Methods. 

The study involved a total of 889 healthy population controls and 790 EO-CAD cases. They were 

recruited for a case-control research to characterize the genetic variation that contributes to CAD in 

the population of Asturias (a Northern Spain region, total population 1 million) (8, 9). Early-onset 

CAD was defined according to the WHO MONICA (Multinational Monitoring of trends and 

determinants in Cardiovascular disease) in male <60 years and women <65 years (10).  

The patients underwent coronary angiography that confirmed the presence of at least one 

atherosclerotic coronary vessel (defined as a luminal narrowing >70%). All the patient´s information 

was obtained from their clinical records. Controls were eligible residents and blood bank donors, 

and the only inclusion criteria was the absence of previous coronary or brain ischaemic episodes. 

This information was obtained during an interview by a qualified physician who explained the study 

objectives. All the patients and controls were Caucasian and gave their informed consent to 

participate in the study, approved by the Ethical Committee of Hospital Central Asturias.  

Individuals with a clinical history of diabetes mellitus or who had a fasting blood glucose level >125 

mg/dL (7.0 mmol/L) were classified as type 2 diabetics (T2DM). Hypertensives were those 

receiving antihypertensive drugs or showing a systolic or diastolic blood pressure >140 or >90 mm 
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Hg, respectively. Individuals treated with lipid-lowering drugs or showing Cholesterol>220 mg/dL 

or LDL-C >150 mg/dL were considered as hypercholesterolaemics.  

The salting-out method was used to obtain the DNA from blood leukocytes (11). We designated a 

PCR-RFLP procedure for genotyping two single-nucleotide polymorphisms (SNPs) in the APOB 

gene that were previously associated with the blood lipid profile in other studies: APOB-rs1801701 

A/G (p.R3638Q) and APOB-rs1367117 C/T (p.T98I). The information about these variants 

(flanking sequence, population frequencies) was obtained from the Ensembl web site 

(www.ensembl.org). The two SNPs were genotyped by polymerase chain reaction (PCR) 

amplification of genomic DNA with specific primer-pairs followed by digestion with a restriction 

enzyme and electrophoresis size-fractioning (RFLP) of the corresponding fragment-alleles (Suppl. 

figure).  As a quality control of the PCR-RFLP we confirmed the genotype of several individuals 

by Sanger sequencing of PCR fragments.  

All the participant´s anthropometric, analytical and genetic values were collected in an Excel file. 

These values (anonymized for the identification of participants) are available upon request to the 

corresponding author. We confirmed that the genotype frequencies for each polymorphism did not 

deviate from the Hardy–Weinberg equilibrium (http://www.oege.org/software/hwe-mr-calc.shtml). 

The statistical analysis was performed with the R-software (http://www.r-project.org). We used a 

multivariate logistic regression analysis (linear generalized model, LGM) including the genetic 

variants, smoking, diabetes, hypertension, and hypercholesterolemia to determine the association of 

these variables with the risk for EO-CAD in male and female.  

 

 

3.  Results. 

Table 1 summarizes  the main anthropometric and analytic values in male and female  CAD-patients 

and healthy controls. Smoking was the strongest predictor for EO-CAD in our population. There 

was  a significantly higher frequency of hypercholesterolemia and hypertension among the patients. 

Type 2 diabetes was associated with CAD in the female. For the two APOB SNPs the observed 

genotype frequencies did not deviate from the expected under the Hardy-Weinberg equilibrium. 

Moreover, allele frequencies in our controls were close to the reported in Europeans (suppl. figure). 

The rs1801701 A frequency was significantly increased in the male and female patients compared 

to controls. Allele-A carriers (AA+AG) were significantly associated with EO-CAD in male 

(OR=1.44, 95%CI=1.05-1.99) and female (OR=2.22, 95%CI=1.58-3.14) (table 1).  The rs1367117 

T-allele frequency was non-significantly increased in the patients. 

http://www.ensembl.org/
http://www.oege.org/software/hwe-mr-calc.shtml
http://www.r-project.org/


5 

 

 

An adjusted multiple logistic regression (LGM; including hypercholesterolemia, type 2 diabetes, 

hypertension, smoking, and the genotypes as covariables) was performed to obtain the 

corresponding Odds Ratios after adjusting for each variable. Carriers of rs1801701 A remained 

significantly associated with EO-CAD in male and female (Table 2).  Thus, in our population the 

APOB p.3638Gln variant was an independent risk factor for developing early-onset CAD.  

The association of the two APOB SNPs with hypercholesterolemia in patients and controls showed 

that rs1801701 A-carriers were significantly more frequent in the hypercholesterolemics in the two 

groups (figure 1). According to the sex, the frequency was higher in all the hypercholesterolic 

patients and controls, but only significant in the female controls (suppl. table). 

 

 

4. Discussion.  

The main finding of our study was a significant association between the APOB rs1801701 SNP and 

EO-CAD.  (p.R3638Q). This SNP was associated with ischemic stroke in a meta-analysis 

(OR=1.72-2.13) (12). The pro-atherogenic effect of this (and other) APOB variants might be 

explained by increased cholesterol and LDL-cholesterol in blood of the risk-allele carriers (5, 13). 

In the large scale Copenhagen City Heart Study the rare 3638Gln variant was associated with higher 

atherogenic lipids (14). We also found a significant association of this variant with 

hypercholesterolemia in our patients and controls. This could explain the higher risk of EO-CAD 

among Gln carriers, but the association remained significant after correcting by 

hypercholesterolaemia in male and female (table 2). This suggested that the APOB variant might 

have a proatherogenic effect beyond the increased risk of higher TC and LDL-C.  Several large-

scale studies showed that Apo-B would have a greater predictive value than LDL-C for adverse 

events in CAD  (15, 16). ApoB levels strongly correlated with atherosclerotic lesion length and 

plaque-size (16). The Multi-Ethnic Study of Atherosclerosis (MESA) reported a discordant effect 

of apoB levels relative to  LDL-C in the risk of developing subclinical atherosclerotic measured by 

coronary artery calcium (CAC). This effect was observed after adjustment for metabolic syndrome 

components (17). 

The APOB rs1367117 C/T (p.T98I) minor allele was associated with significant higher mean 

cholesterol levels in a cohort from Netherlands (18). This allele was increased in our 

hypercolesterolemics but the difference was non-significant (suppl. table). In our population  this 

SNP was not significantly associated with the risk of developing EO-CAD. 
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This study has several limitations. It was based on a limited sample size, particularly in the female 

cohort. This was due to the low frequency of female with EO-CAD, that hampered the recruitment 

of large sample sizes by a single center. In spite of this limitation, the post hoc power calculation 

for rs1801701 and EO-CAD was 99.8% in the female group compared to 56% among the male. We 

did not perform coronary angiography in healthy controls and we could thus not exclude the 

presence of atherosclerotic vessels in some of them. The non-inclusion of controls with subclinical 

atherosclerosis would likely result in higher association values for the APOB variants and EO-CAD.    

In conclusion, we report a significant association between the APOB rs1801701 SNP and early-

onset CAD. The association was independent of the classical risk factors, including 

hypercholesterolemia, suggesting that ApoB might increase the risk of developing premature CAD  

through a mechanism beyond higher blood levels of proatherogenic lipid.  
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Table 1. Summary of the analytical and genetic values in male and female controls and EO-

CAD patients. AV: adjusting variable. 

 

 MALE  FEMALE  

 Controls 

397 

Patients 

636 

 

p-value 

Controls 

492 

Patients 

154 

 

p-value 

Mean age 52.26±9.08 49.74±7.40 AV 54.29±7.32 58.44±5.48 AV 

Age range 50-81 26-60 AV 50-81 47-65 AV 

Diabetics 94 (24%) 139 (22%) 0.496 141 (29%) 66 (43%) <0.001 

Hypertension 114 (29%) 258 (41%) <0.001 171 (35%) 91 (59%) <0.001 

Hypercolest 117 (30%) 244 (38%) 0.004 189 (38%) 83 (54%) <0.001 

Smokers 119 (30%) 475 (35%) <0.001 97 (20%) 87 (56%) <0.001 

       

rs1801701 A/G 

Arg3638Gln 

      

AA 3 (1%) 12 (2%)  

0.049 

8 (2%) 4 (3%)  

<0.001 AG 52 (13%) 106 (17%) 86 (17%) 55 (36%) 

GG 342 (86%) 518 (81%) 398 (81%) 95 (62%) 

               AA+AG OR=1.42, 95%CI=1.01-2.02 OR=2.63, 95%CI=1.77-3.90 

MAF, A 0.07 0.10 0.03 0.10 0.20 <0.001 

 OR=1.44, 95%CI=1.05-1.99 OR=2.22, 95%CI=1.58-3.14 

rs1367117 T/C 

Thr98Ile 

 

TT 

 

 

36 (9%) 

 

 

62 (10%) 

 

 

0.434 

 

 

41 (8%) 

 

 

15 (10%) 

 

 

 

0.278 TC 148 (37%) 259 (41%) 220 (45%) 78 (51%) 

CC 213 (54%) 315 (49%) 231 (47%) 61 (39%) 

MAF, T 0.28 0.30 0.24 0.31 0.35 0.15 

 OR=1.12, 95%CI=0.92-1.37 0R=1.22, 95%CI=0.93-1.59 
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Table 2. Odds Ratios (OR) and 95% confidence intervals for EO-CAD after multiple logistic 

regression, patients vs. controls in male and female.  

 

 

 MALE, OR (95%CI) FEMALE, OR (95%CI) 

DIABETES 1.64 (0.67-122) 1.87 (1.28-2.71) 

HYPERTENSION 1.69 (1.30-2.22) 2.71 (1.88-3.94) 

HYPERCHOLESTEROLEMIA 1.49 (1.14-1.95) 1.87 (1.30-2.71) 

SMOKING 6.89 (5.23-9.14) 5.29 (3.59-7.82) 

rs1801701 A-carriers 

AA+AG 

1.42 (1.01-2.02) 2.63 (1.77-3.90) 
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Figure 1.  Minor allele frequency of the rs1801701 (3638 Gln) in the 

hypercholesterolemic (HC) and normocholesterolemic (NC) EO-CAD patients and 

healthy controls. 
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Suppl table.  

 

rs1801701 A/G, p.Arg3638Gln 

 MALE  FEMALE  

 CTRL,  397 PATS,  635  CTRL, 492 PATS, 154  

 HC 

117 

NC 

280 

HC 

244 

NC 

392 

 HC 

189 

NC 

303 

HC 

83 

NC 

71 

 

           

AA 2  

(2) 

1  

(1) 

8  

(4) 

4 

 (1) 

 4  

(2) 

4 

 (2) 

2 

 (3) 

2 

 (3) 

 

AG 17 

(15) 

35 

(13) 

45 

(18) 

61 

(16) 

 43 

(23) 

43 

(14) 

35 

(42) 

20 

(28) 

 

GG 98 

(83) 

244 

(87) 

191 

(78) 

327 

(83) 

 142 

(75) 

256 

(84) 

46 

(55) 

49 

(69) 

 

AA+AG 

p-value 

OR 

95%CI 

 

0.37 

OR=1.31 

0.72-2.40 

 

0.10 

1.40 

0.93-2.09 

  

0.01 

1.74 

1.11-2.74 

 

0.08 

1.79 

0.92-3.98 

 

 

rs1367117 T/C, p.Thr98Ile 

 

 MALE  FEMALE  

 CTRL,  397 PATS,  635  CTRL, 492 PATS, 154  

 HC 

117 

NC 

280 

HC 

244 

NC 

392 

 HC 

189 

NC 

303 

HC 

83 

NC 

71 

 

           

CC 145 

(47) 

299  

(51) 

118  

(48) 

197 

 (50) 

 79  

(42) 

152 

 (50) 

34 

 (41) 

27 

 (38) 

 

CT 134 

(44) 

234 

(40) 

96 

(39) 

163 

(42) 

 95 

(50) 

125 

(41) 

44 

(53) 

34 

(48) 

 

TT 27 

(9) 

50 

(9) 

30 

(12) 

31  

(8) 

 15 

(8) 

26 

(9) 

5 

 (6) 

10 

(14) 

 

TT+CT 

p-value 

OR 

95%CI 

 

0.27 

1.17 

0.89-1.54 

 

0.62 

1.08 

0.79-1.49 

  

0.07 

1.40 

0.97-2.02 

 

0.71 

0.88 

0.46-1.69 
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Suppl. Figure. PCR-RFLP. 
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Suppl. Figure.  
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Suppl. Figure.  

 


