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ABSTRACT 

Objective: Our work aimed to study the relationship between LPL variants D9N, G188A, 

N291S, and 93 T/G genes and CAD in Saudi patients.  

Materials and Methods: We recruited 253 CAD patients, who underwent diagnostic 

coronary angiography, and 207 control subjects. Several biochemical and behavioral 

markers were obtained, and different genotypes of LPL variants, D9N, G188E, N291S, 

and 93 T/G, were detected using The PCR-RFLP method.  

Results: The current study found D9N genotypes, AA, AG, and GG in 71.14%, 23.72%, 

and 5.14% in CAD patients, respectively. the AA, AG, and GG control genotypes were 

found in 81.64%, 16.43%, and 1.93%, respectively. The OR of the D9N AA versus AG 

genotype with a 95% CI was determined to be 1.65 (1.04–2.65), (p = 0.035). The OR of 

the D9N AA versus AG + GG genotype with a 95% CI was 1.80 (1.16–2.81), (p = 0.009). 

A strong relation of the D9N AA was observed with CAD. For the G188E, N291S, 93T/G 

variants insignificant were observed in both CAD and control groups. 

Conclusion: This study revealed the D9N variant has an association with CAD; however, 

no relation was detected between CAD and G188E, N291S, and 93T/G variants in the 

Saudi patients.  
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Research Article 

Received 29-11-2021  

Accepted 14-12-2021  

Available Online: 16-12-2021 

Published 30-12-2021 

Distributed under 

Creative Commons CC-BY-NC 4.0 

OPEN ACCESS 

 

INTRODUCTION 

Lipoprotein lipase (LPL) is an essential glycoprotein enzyme that plays a role in lipid 

metabolism (1). The LPL activity is an essential step in the clearance of triglyceride-rich 

lipoproteins. The clearance of lipoprotein is enhanced by binding LPL with chylomicrons 

and transported to the liver via LDL receptor-related protein (2, 3). The essential function 

of LPL in adipose tissue, muscle, and macrophages release the free fatty acids by the 

hydrolysis of triacylglycerol of chylomicrons and very low-density protein. (4, 5). It has 

been observed that the prevalence of atherosclerosis has increased all over the world 

associated with the complications of cardiovascular diseases. (6). Cardiovascular diseases 

(CAD) and their complications are knowing one of the major causes of death worldwide 

(7). Any disturbance in the level of LPL or its activity leads to diminish the level of high-

density lipoprotein cholesterol (HDL-C) and elevated triacylglycerol level, which are risk 

factors that develop the coronary artery disease (8, 9). In an early atherogenic process, 

LPL expression in macrophages and other cells in vascular walls is associated with 

atherosclerosis (10). Genome-wide association studies have identified some loci linked to 

plasma lipid traits associated with altered LPL gene expression (11). A previous study 

described that a polymorphism of the LPL gene is linked with plasma lipid concentrations 

and clinical conditions in different populations (12). Furthermore, many studies have 

reported that the LPL gene variants are found in coding and non-coding regions (13-15). 

Moreover, it has been found that 80% of LPL gene variants occur in coding regions, while 

20% are found in non-coding regions (16, 17). The length of the LPL gene is 30 Kb on 

chromosome 8p22 containing 10 exons encoding a 448 amino acid long protein. Several 

studies reported more than particular 100 mutations and polymorphisms in simple 

nucleotides of the LPL gene (18, 19). Several genetic LPL mutations and metabolic 

disturbances that alter the lipid and lipoprotein metabolism have been reported as CAD 

risk factors. (20).  

 

 

MSD 
Medical Science and Discovery 

ISSN: 2148-6832 

https://medscidiscovery.com


 

Daoud                                                                                                http://dx.doi.org/10.36472/msd.v8i12.636 

709 
Medical Science and Discovery, 2021; 8(12):708-715 

In addition to these mutations, four variants identified in the 

LPL gene impair the catalytic function of LPL, namely 

Asp9Asn (D9N, rs1801177, G280A) in exon 2, G188E 

(G188A) in exon 5, and Asn291Ser (N291S, rs268, A1127G) 

in exon 6 within the gene coding region, and 93 T/G in LPL 

promoter (21-24). From the transcription start site at position 

93 a single nucleotide transition from T to G (93 T/G) was 

identified; (rs1800590, T93G) (24). The homozygous form of 

Asn291Ser, Gly188Glu, and Asp9Asn mutations are 

associated with familial chylomicronemia. In some 

population groups, the percentage of heterozygous mutations 

is (3–7%) (19). In the subjects with combined hyperlipidemia, 

the frequency of Asp9Asn mutations carriers was found to be 

approximately 4–9.8 %, while it was 3% in healthy subjects 

(21). In a rare mutation Gly188Glu, the glutamic acid (Glu) 

substituted to glycine (Gly), at position 188 in the mature 

enzyme and characterized with high triacylglycerol and low 

HDL-c plasma levels (25). This substitution represents 22% 

of the mutant alleles in a cohort of 56 affected subjects that 

appear to be a common cause of LPL deficiency (26). In 

hypertriglyceridemia women (16 mmol/L) the Asn291Ser 

mutation was associated with the high levels of plasma 

triacylglycerol (27). In CAD Saudi patients, the assessment of 

four LPL variants (Asp9Asn (D9N, rs1801177, G280A), 

Gly188Glu (G188A), Asn291Ser (N291S, rs268, A1127G) 

has not clear. So, this study evaluates the relation between 

four LPL gene variants and CAD in Saudi patients. 

MATERIAL and METHODS 

Subjects 

Subjects were selected from Cardiology Department, King 

Khalid University Hospital at King Saud University (KSU) in 

Riyadh, Kingdom of Saudi Arabia (KSA). They were 

composed of 253 CAD (137 males and 116 females, mean 

age 61.73 ± 8.34 years) and 207 participants were healthy 

control (118 males and 89 females, mean age 58.27 ± 8.46 

years). The CAD of the patients was assessed by cardiologists 

through the review of angiograms. The study was reviewed 

and approved by the ethics committee, College of Medicine, 

King Saud University, Riyadh, Saudi Arabia.  The subjects 

who participate in this study Sign their written informed 

consent. 

Blood Sampling and Biochemical Analysis. 

Peripheral blood samples were collected after a 10–12 h fast 

into 2 tubes containing EDTA one of the tubes was 

centrifuged at 2000 rpm for 10 minutes. The separated plasma 

was collected in plain polystyrene tubes and used in 

measuring plasma glucose and lipid profile concentrations by 

using a Bayer Opera analyzer [Bayer Diagnostics, Munich, 

Germany]. Glucose, cholesterol, and triacylglycerol kits were 

purchased from Biotrol, Earth City, USA while HDL-C kit 

was purchased from Randox Laboratories Ltd., London, UK. 

The LDL-C levels were calculated (Friedewald formula). The 

other blood sample tube was used in DNA extraction. 

DNA extraction 

DNA was isolated from the blood sample using the QIAamp 

DNA blood Kit from QIAGEN (Germany) according to the 

manufacturer’s instructions. The DNA purity and 

concentration were determined by a Nanodrop 

spectrophotometer. 

Genotyping and variant analysis  

By using the polymerase chain reaction - restriction fragment 

length polymorphism (PCR-RFLP) method the D9N 

(Asp9Asn), G188E (Gly188Glu), N291S (Asn291Ser), and 

93 T/G (T93G) variants were determined from genomic 

DNA. The primers were designated based on previous 

publications (21, 23, 28). 3 μL (150 ng), of DNA sample, was 

added to 12.5 μL master mix (2× Promega), 2 μL each of both 

forward and reverse primers, and 5.5 μL distilled water (final 

volume of 25 μ).  

In the thermal cycler instrument (My Cycler, Bio-Rad) the 

PCR temperature was adjusted as follows: One cycle of the 

first denaturation (94 
0
C for 5 minutes), 40 cycles of the 

second denaturation, annealing, and extension (94 ℃ for 20 

seconds, 60 ℃ for 30 seconds, and 72 ℃ for 30 seconds, 

respectively) followed by one cycle of final extension (72 ℃ 

for 5 min).  

For the product analysis, the 10 μL of PCR products were 

digested with 10 units (1 μL) of appropriate restriction 

endonuclease enzymes (New England BioLabs) in addition 

to10× buffer solution (2 μL). The mixture (20 μL final 

volume) was placed in a water bath at 65 °C for two hours for 

D9N variant and at 37 °C overnight for G188E, N291S, and 

93 T/G variants.  

The digested products alongside the 100-bp DNA Ladder 

(Thermo Fisher Scientific Inc.) were visualized by using UV 

light after separating on 3% agarose gel. The Oligonucleotide 

primers for DNA amplification of the studied LPL gene 

variants, the restriction enzymes, and fragments were 

described in Table 1.  

Statistical analysis 

The data were statistically analyzed using the SPSS version 

24.0 (SPSS, Inc, Chicago, IL, USA). The data were 

summarized by the mean ± standard deviation (SD) and 

compared with a t-test. The enumeration data were 

summarized as the number (%) and compared through the 

chi-square test (χ2 test). Following, the allelic and genotypic 

frequencies calculated from the observed genotypic counts 

were evaluated, and the Hardy-Weinberg equilibrium 

expectations were estimated. A similar method was applied to 

study the associations between the allelic and genotypic 

frequencies. The relations were determined as odds ratios 

(ORs) and 95% confidence intervals (CIs). An odds ratio for 

genotype distributions χ2 analysis was performed. CAD is the 

odds of the allelic carriage in the diseased (CAD) group 

divided by the odds in the control group. 

RESULTS 

Baseline Characteristics of CAD and Control groups. 

Table 2 shows the baseline biochemical features of the study 

population [253 CAD patients and 207 control subjects]. The 

CAD and control subjects' mean age was 61.73±8.34 and 

58.27±8.46 years, respectively. The plasma level of fasting 

blood sugar (FBS), total cholesterol (TC), triglycerides (TG), 

and low-density lipoprotein-cholesterol (LDL-c) were 

significantly increased in the CAD group compared to the 

control group (P=0.000 for each). There was no significant 

change in the high-density lipoprotein cholesterol (HDL-c) 

level between the two groups (p =0.07). 
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Clinical risk factors in CAD and Control groups 

Table 3 shows some of the clinical risk factors established for 

CAD such as diabetes, dyslipidemia, hypertension, and 

smoking. There were significant changes in the previous risk 

factors percent between CAD and control group. Using the χ2 

test, diabetes mellitus (p < 0.0001, OR = 55.16, 95% CI: 

31.03- 98.07), dyslipidemia (p < 0.0001, OR = 8.97, 95% CI: 

5.68 - 14.20), hypertension (p < 0.0001, OR = 20.12, 95% CI: 

12.31-32.90), and smoking (p = 0.0001, OR = 2.58, 95% CI: 

1.63-4.08) were determined to be independent risk factors of 

CAD. 

Genotype and allele frequencies for the four SNPs in the 

LPL variants in CAD and Control groups 

The genotype frequencies for D9N (Asp9Asn) (alleles 

described as A and G), G188E (Gly188Glu) (alleles described 

as G and A), N291S (Asn291Ser) (alleles described as A and 

G), and 93 T/G (T93G) (alleles described as T and G) 

lipoprotein lipase variants in CAD and control groups are 

represented in Table 4. According to the Hardy-Weinberg 

equilibrium model, the frequencies of the LPL polymorphism 

genotypes were distributed in the CAD group as the 

following: the AA D9N genotype in 180 patients (71.14%), 

60 (23.72%) represents AG genotype, whereas 13 patients 

(5.14%) carried GG genotype. In the control group, AA 

genotype was identified in 169 subjects (81.64%), whereas 34 

(16.43%) and 4 subjects (1.93%) carried the AG and GG 

genotypes, respectively. A significant change in genotype 

distribution of the D9N variant was detected between the 

CAD and control groups (χ2 = 7.78, p = 0. 0.02). For G188E, 

the frequency of GG genotype in the control subject was 

slightly higher than CAD patients, the GG genotype was 

recognized in 247 CAD groups (97.63%), however, 6 

(2.37%) patients carried the GA. In the control group, the GG 

genotype was recognized in 206 subjects (99.5%), while only 

1 (0.5%) carried the GA genotype. The AA genotype was 

absent in both CAD and control groups. No significant 

change in genotype distribution of the G188E variant was 

observed between both CAD and control groups (χ2 = 2.71, p 

= 0. 0.09). For N291S, the frequency of AA genotype in the 

CAD group was slightly lower in the control group, AA 

genotype was identified in 250 CAD patients (98.81%), 

whereas 2 (1.19%) patients carried the AG.  

 

 

 

 

 

 

 

 

 

 

 

 

In the control group, the AA genotype was observed in 205 

subjects (99.0%), however, 2 persons (1.0%) carried the AG 

genotype. No significant change in the genotype distribution 

of N291S variant was identified between CAD and control 

groups (χ2 = 0.82, p = 0. 0.051).  

For the 93 T/G genotypes, 228 (90.10 %) CAD patients 

carried TT genotype, whereas 24 patients (9.50%) carried the 

TG genotype and 1 patient (0.40%) carried GG genotype. In 

the control group (n = 207), the TT genotype was identified 

in179 persons (86.4%) while, 26 healthy subjects (12.6%) 

carried the TG genotype and 2 subjects (1.0%) carried GG 

genotype.  

For 93 T/G variant, No significant deviations in genotype 

frequencies between the two groups (X2 = 1.73 and p = 0.42). 

Table 5 shows the significant alterations in the A and G 

alleles distribution of D9N genotype observed between both 

CAD and control groups (p = 0.003; OR = 1.81 and 95% Cl = 

1.22-2.69). No significant changes in the G and A allele 

distribution of G188E, A and G allele distribution of N291S, 

and T and G allele distribution of 93 T/G genotype were 

detected between the CAD and the control groups (= p 0.139, 

0.822, and 0.185 respectively). 

CAD odds ratio associations with D9N, G188E, N291S, 

and 93 T/G genotypes  

The odds ratios of the D9N (Asp9Asn) genotype AA vs. AG 

and AA vs. AG + GG genotypes (95% CI) were 1.65 (1.26- 

4.78), and 1.80 (1.16-2.81). Our results showed a significant 

association with CAD disease (p = 0.035 and 0.009, 

respectively). The odds ratios of the G188E (Gly188Glu) 

genotype GG vs. GA (95% CI) and N291S (Asn291Ser) 

genotypes AA vs. AG (95% CI) were 5.0 (0.59-41.90) and 

1.23 (0.20-7.43), respectively, which shows insignificant 

association with CAD disease (p =0.137 and 0.821, 

respectively).  

The odds ratio 93 T/G (T93G) genotypes TT vs. TG, TT vs. 

GG, TG vs. GG, TT vs. TG + GG and TT + TG vs. GG (95% 

CI) were 0.72 (0.40-1.31), 0.39 (0.04- 4.36), 0.54 (0.05- 

6.36), 0.70 (0.39-1.24) and 0.41 (0.04-4.52), respectively, 

represent no significant association between previous 

genotypes and CAD (p = 0.283, 0.447, 0.626, 0.224, and 

0.464, respectively) (Table 6). 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Oligonucleotide primers for PCR amplification of the four studied polymorphisms of the LPL gene, digestion 

enzymes, and resulting fragments. 

Primers Enzymes Resulting fragments 

D9N (Asp9Asn) polymorphism (21). 

5′-CTC CAG TTA ACC TCA TAT CC-3′  

5′-CAC CAC CCC AAT CCA CTC-3′ 

2U TaqI (New England 

Biolabs Inc., UK) 

A allele: 179 bp and 52 bp 

G allele: 179 bp and 58 bp 

G188E (Gly188Glu) polymorphism) (28). 

5′-GAG CAG TGA CAT GCG AAT GT-3′ 

5′-CTC CAA GTC CTC TCT CTG CA-3′ 

2U AvaII (New England 

Biolabs Inc., UK) 

G allele: 131 bp, 88 bp and 86 bp 

A allele: 219 pb and 86 bp 

 

N291S (Asn291Ser) polymorphism (23). 

5′-GCC GAG ATA CAA TCT TGG TG-3′  

5′-CTG CTT CTT TTG GCT CTG ACT GTA-3′ 

2U RsaI (New England 

Biolabs Inc., UK) 

A allele: not cleaved 

G allele: 215 bp and 23 bp 

93 T/G (T93G) polymorphism (28). 

5′-GCT GAT CCA TCT TGC CAA TGT TA-3′  

5′-CCG CGG TTT GGC GCT GAG CAA GT-3′ 

2U ApaI (New England 

Biolabs Inc., UK) 

T allele: 338 bp and 286 bp 

G allele: 286 bp, 195 bp and 143 bp 
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Table 2: Baseline Characteristics of CAD patients and controls. 

Characteristic Subjects 

p-value CAD 

n=253 

Control 

n=207 

Age, year 

Mean±SD 

 

61.73±8.34 

 

58.27±8.46 

 

0.000 

Gender 

Male, % 

Female, % 

 

137 (54.2%) 

116 (45.8%) 

 

118 (57.0%) 

89 (43.0 %) 

 

0.54 

FBS, mmol/L 

Mean±SD 

 

8.90±3.58 

 

4.53±0.70 

 

0.000 

TC, mmol/L 

Mean±SD 

 

4.26±1.06 

 

3.83±0.59 

 

0.000 

TG, mmol/L 

Mean±SD 

 

1.78±1.03 

 

1.10±0.28 

 

0.000 

HDL-C, mmol/L 

Mean±SD 

 

1.16±0.90 

 

1.27±0.39 

 

0.07 

LDL-C, mmol/L 

Mean±SD 

 

2.45±0.85 

 

1.66±0.64 

 

0.000 
Data represent the mean ± SDs for all quantitative traits. Student’s t-test and the X2test were used to compare the values of CAD patients and control 

subjects. FBS: fasting blood glucose, TC: total cholesterol, TG: triglyceride, HDL-c: high density lipoprotein cholesterol, LDL-c: low-density lipoprotein 

cholesterol. 

 

Table 3: Clinical risk factors in the CAD patients and control subjects 

Parameter 

Subjects 

OR 95% CI p-value CAD  

n=253 

Control  

n=207 

Diabetes 

Diabetics 

Nondiabetics 

 

218 (86.2%) 

35 (13.8%) 

 

21 (10.1%) 

186 (89.9%) 

 

55.16 

 

(31.03– 98.07) 

 

< 0.0001 

Dyslipidemia 

Positive 

Negative 

 

155 (61.30%) 

98 (38.70%) 

 

31 (15.0%) 

176 (85.0%) 

 

8.97 

 

(5.68–14.20) 

 

< 0.0001 

Hypertension 

Hypertensive 

Normotensive 

 

192 (75.90%) 

61 (24.10%) 

 

28 (13.5%) 

179 (86.5%) 

 

20.12 

 

(12.31–32.90) 

 

< 0.0001 

Smoking 

Smoker 

Nonsmoker 

 

81 (32.0%) 

172 (68.0%) 

 

32 (15.5%) 

175 (84.5%) 

 

2.58 

 

(1.63–4.08) 

 

0.0001 

CAD, coronary artery disease; OR, odds ratio; CI, confidence interval 

 

Table 4: Genotype distributions for the four SNPs in the LPL polymorphisms in CAD Patients and control subjects 

Genotype 
Subjects  

χ2 p-value 
CAD, n (%) Control, n (%) 

D9N (Asp9Asn)  

AA 

AG 

GG 

 

180 (71.14%) 

60 (23.72%) 

13 (5.14%) 

 

169(81.64%) 

34 (16.43%) 

4 (1.93%) 

 

7.78 

 

0.02 

G188E (Gly188Glu)  

GG 

GA 

AA 

 

247 (97.63%) 

6 (2.37%) 

 

206 (99.5%) 

1 (0.5%) 

 

 

2.71 

 

0.09 

N291S (Asn291Ser)  

AA 

AG 

GG 

 

250 (98.81%) 

3 (1.19%) 

- 

 

205 (99.0%) 

2 (1.0%) 

- 

 

0.051 

 

0.82 

93 T/G (T93G) 

TT 

TG 

GG 

  

228 (90.10%) 

24 (9.50%) 

1(0.40%) 

 

179 (86.4%) 

26 (12.6%) 

2 (1.0%) 

 

1.73 

 

0.42 
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DISCUSSION 

LPL is a vital enzyme play an important role in lipoprotein 

metabolism that describes the lipid and lipoprotein 

abnormalities encountered in CAD. Various codon 

polymorphisms of the LPL gene have been designated, and 

some of them play a role in the pathogenesis of CAD (29). 

Therefore, in our study, we have evaluated the effect of LPL 

gene variations and determined the genetic frequencies in 

CAD and control groups in the Saudi population. CAD 

patients had significantly higher concentrations of fasting 

blood sugar (FBS), and TC, TG, and LDL-C (p = 0.000 for 

each) in comparison to the control subjects. There was an 

insignificant change in the HDL-C concentration between the 

CAD and control groups. Our results were consistent with 

those of other studies, which reported that CAD male patients 

had significantly higher concentrations of TC, TG, and LDL-

C and low concentrations of HDL-C in comparison to the 

control subjects (20, 30, 31). The major clinical risk factors 

listed as (diabetes, dyslipidemia, hypertension, and smoking) 

in the CAD and control groups. There were significant 

differences between the CAD and the control groups 

concerning diabetes mellitus, dyslipidemia, hypertension, and 

smoking. Using the χ2 test, diabetes mellitus, dyslipidemia, 

hypertension, and smoking were found to be independent risk 

factors of CAD. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A significant effect of smoking and the D9N allele increases 

the risk of CAD when compared with D9N non-smokers (32). 

Dyslipidemia is stimulated through the interaction of N291S 

or D9N mutations with factors, such as pregnancy, obesity, or 

diabetes (33-35). The patients with CHD had significantly 

lower HDL-C and higher TG than the control group, whereas 

no difference was observed in LDL-C in both groups (32). 

The genotypic frequencies of D9N (Asp9Asn), G188E 

(Gly188Glu), N291S (Asn291Ser), and 93 T/G (T93G) LPL 

polymorphisms in CAD patients and control subjects. The 

distributions of the genotypes were according to the Hardy-

Weinberg equilibrium, as expected. The significant 

differences in the A and G allelic distribution of the D9N 

genotype were observed between the CAD and the control 

groups (p = 0.003; OR = 1.81 and 95% Cl = 1.22–2.69). No 

significant differences in the G and A allele distribution of 

G188E, A and G allele distribution of N291S, and T and G 

allele distribution of 93 T/G genotype were observed between 

the CAD and the control groups. Various studies have 

reported that the N291S heterozygous carriers had an increase 

in plasma TG and a decrease in HDL-C (21, 23, 34). 

However, other studies have been reported in which no 

association was observed (34-39).  

Table 5: LPL allelic frequencies in CAD patients and control subjects 

Gene Allele CAD, n (%) Control, n (%) OR (95% CI) p-value 

D9N (Asp9Asn)  

 

A 

G 

420 (83.0%) 

86 (17.0%) 

372 (89.86%) 

42 (10.14%) 

1.81 (1.22–2.69) 0.003 

G188E (Gly188Glu)  

 

G 

A 

500 (98.81%) 

6 (1.19%) 

413 (99.76%) 

1 (0.24%) 

4.96 (0.59–41.33) 0.139 

N291S (Asn291Ser)  

 

A 

G 

503 (99.41%) 

3 (0.59%) 

412 (99.52%) 

2 (0.48%) 

1.23 (0.20–7.38) 0.822 

93 T/G (T93G) 

 

T 

G 

480 (94.86%) 

26 (5.14%) 

384 (92.75%) 

30 (7.25%) 

0.69 (0.40–1.19) 0.185 

Differences in the allelic frequencies between coronary artery disease (CAD) patients and control subjects were compared using Pearson’s X2 test and 

without adjusting other covariates. Odds ratios with 95% confidence interval (95% CI) are presented 

 

Table 6: CAD odds ratio associations with D9N, G188E, N291S, and 93 T/G genotypes in the LPL polymorphisms in CAD 

Patients and Control subjects 

Genotype OR 95%CI P value 

D9N (Asp9Asn) genotypes 

AA vs. AG 

AA vs. GG 

AG vs. GG 

AA vs. AG + GG 

AA + AG vs. GG 

 

G188E (Gly188Glu) genotypes 

GG vs. GA 

 

N291S (Asn291Ser) genotypes 

AA vs. AG 

 

93 T/G (T93G) genotypes 

TT vs. TG 

TT vs. GG 

TG vs. GG  

TT vs. TG + GG 

TT + TG vs. GG 

 

1.65 

3.05 

1.84 

1.80 

2.75 

 

 

5.00 

 

 

1.23 

 

 

0.72 

0.39 

0.54 

0.70 

0.41 

 

(1.04–2.65) 

(0.98–9.54) 

(0.55–6.10) 

(1.16–2.81) 

(0.88–8.56) 

 

 

(0.59–41.90) 

 

 

(0.20–7.43) 

 

 

(0.40–1.31) 

(0.04–4.36) 

(0.05–6.36) 

(0.39–1.24) 

(0.04–4.52) 

 

0.035* 

0.055 

0.317 

0.009* 

0.081 

 

 

0.137 

 

 

0.821 

 

 

0.283 

0.447 

0.626 

0.224 

0.464 
CI, confidence interval 
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Van Bockxmeer et al. (2001) found a high frequency of the 

LPL allele in young CHD (38). The T93G, D9N, and 291S 

have frequencies less than 3%, with the E allele of the G188E 

variant having a frequency of only 0.03% (40). The higher 

frequencies of the 291S allele were observed in Chinese 

Canadians (41), French Canadians (42), and Italian (43). The 

D9N allele was associated with an odds ratio of 1.9 (1.2–3.0) 

for CHD in male subjects in Copenhagen city (44). In a meta-

analysis, the frequency of D9N allele in CHD and MI 

Caucasians was found to be two-fold higher than the normal 

subjects (45). In a previous study, the D9N genotype showed 

a significant association with CAD, and a similar result was 

observed for coronary stenosis. The odds ratios of the D9N 

(Asp9Asn) genotype AA versus AG and AA versus AG + GG 

genotypes (95% CI) were 1.65 (1.26–4.78), and 1.80 (1.16 p 

< 2.81). These results demonstrate a significant association 

with CAD disease (p = 0.035 and 0.009, respectively. There 

was no significant association with CAD disease. (p = 0.283, 

0.447, 0.626, 0.224, and 0.464, respectively) (Table 6). The 

OR was observed to be 0.89 (95 % CI: 0.81 –0.98) for 

carriers of the T allele which seems to be protective against 

CAD. However, the ORs for carriers of -93G, 188E, and 

291S were found to be 1.22 (95 % CI: 0.98–1.52), 2.80 (95 % 

CI: 0.88–8.87) and 1.07 (95 % CI: 0.96–1.20), respectively 

40. The D9N alleles are associated with 20% higher 

triglyceride and 0.08 mmol/L lower HDL cholesterol, which 

are well-known established risk factors for CAD. The 

frequencies of LPL N291S and D9N polymorphisms in 

Australian Caucasians were found to be 1–7% and 17–22%, 

respectively, similar to those reported from Europe and 

Scandinavia (45). Many studies have found no difference in 

the frequency of LPL N291S polymorphism between control 

and CHD subjects (46, 47). A previous study has concluded 

that the subjects with LPL N291S polymorphism had no risk 

of CAD, while subjects with D9N had a significant increase 

in the risk of CAD (32). The D9N mutation would decrease 

the activity and concentration of LPL and cause higher 

plasma triglyceride levels and lower HDL-C levels which 

would result in the formation of intermediate-density 

lipoprotein and chylomicrons remnants, and the development 

of the CAD. Therefore, the D9N mutation could decrease the 

concentrations of HDL by retarding the LPL activity, 

accelerating the cholesterol deposition, and promoting the 

atherosclerosis process, and eventually increased the coronary 

disease risk (48).  

CONCLUSION 

In the current study, an association between the D9N variant 

and CAD was observed, however, no association was 

observed between the G188E, N291S, 93T/G variants, and 

CAD. The genetic and environmental features may affect the 

pathogenesis of CAD, and the LPL variants have a strong role 

in the development of CAD. Further studies on LPL gene 

variants are necessary for patients with CAD to explore the 

effects. 

Author Contributions: MSD: Concept, Data collection 

and/or processing, Analysis and/or interpretation, Literature 

review, MSD: Writing, Revisions 

Financial & competing interest's disclosure: The authors 

have no relevant affiliations or financial involvement with 

any organisation or entity with a financial interest in or 

financial conflict with the subject matter or materials 

discussed in the manuscript. This includes employment, 

consultancies, honoraria, stock ownership or options, expert 

testimony, grants or patents received or pending, or royalties. 

Conflict of interest: The author declared no potential 

conflicts of interest with respect to the research, authorship, 

and/or publication of this article. This research did not receive 

and specific grant from funding agencies in the public, 

commercial, or not-for-profit sectors. 

Ethical approval: The study was conducted according to the 

guidelines of the Declaration of Helsinki and approved by 

Local Ethical Committee.  

REFERENCES 

1. Chen QH, Razzaghi FY, Demirci, Kamboh MI. Functional significance 

of lipoprotein lipase HindIII.  Atherosclerosis. 2008;200:102–108.  

 
2. Eckel RH. Lipoprotein lipase: a multifunctional enzyme relevant to 

common metabolic diseases. New England Journal of medicine. 

1989;320:1060–1068. 
 

3. Anderson JL, King GJ, Bair TL, Elmer SP, Muhlestein JB, Habashi J, 

et al. Association of lipoprotein lipase gene polymorphisms with 
coronary artery disease. Journal of the American College of Cardiology. 

1999;33:1013–1020. 

 
4. Goldberg IJ. Lipoprotein lipase and lipolysis: central roles in 

lipoprotein metabolism and atherogenisis. Journal of Lipid 

Research.1996;37:693–707.  
 

5. Olivecrona G, Olivecrona T. Triglyceride lipases and atherosclerosis. 

Current Opinion in Lipidology.1995;6:291–305. 
 

6. Helkin A, Stein JJ, Lin S, Siddiqui S, Maier KG, Gahtan V, et al. 

Dyslipidemia Part 1-Review of Lipid Metabolism and Vascular Cell 
Physiology.  Vascular and Endovascular Surgery. 2016;50:107–118.  

 

7. Lopez Murray CJ, Lopez AD. Mortality by cause for eight regions of 
the world: Global Burden of Disease Study. Lancet. 1997;349:1269–

1276.  

 
8. Kussi T, Ehnholm C, Viikari J, Harkonen R, Vartiainen E,  Puska P, et 

al. Postheparin plasma lipoprotein and hepatic lipase are determinants 

of hypoalphalipoproteinemia and hyperalphalipoproteinemia. Journal of 
Lipid Research. 1989;30:1117–1126.   

 

9. Patsch JR, Prasad S, Gotto AM, Patsh W. High-density lipoprotein2- 
relationship of the plasma levels of this lipoprotein species to its 

composition, to the magnitude of postprandial lipemia, and to the 
activities of lipoprotein lipase and hepatic lipase. Journal of Clinical 

Investigation. 1987;80:341–347. 

 
10. Goodarzi MO, Guo X, Taylor KD, Quiñones MJ, Saad MF, Yang H, et 

al. Lipoprotein lipase is a gene for insulin resistance in Mexican 

Americans. Diabetes. 2004;53:214–220. 
 

11. Bauer RC, Khetarpal SA, Hand NJ, Rader DJ. Therapeutic targets of 

triglyceride metabolism as informed by human genetics. Trends in 
Molecular Medicine. 2016;22:328–340.  

 

12. Keavney B, Palmer A, Parish S, Clark S, Youngman L, Danesh J, et al. 
Lipid-related genes and myocardial infarction in 4685 cases and 3460 

controls: discrepancies between genotype, blood lipid concentrations, 

and coronary disease risk. International Journal of Epidemiology. 
2004;33:1002–1013. 

 

13. Thorn J, Chamberlain JC, Alcolado JC, Oka K, Chan L, Stocks J, et al. 
Lipoprotein and hepatic lipase gene variants in coronary 

atherosclerosis.  Atherosclerosis. 1990;85:55–60.  

 
 

 



 

Daoud                                                                                                http://dx.doi.org/10.36472/msd.v8i12.636 

714 
Medical Science and Discovery, 2021; 8(12):708-715 

14. Peacock RE, Hamstenb A, Nilsson-Ehle P, Humphries SE. Associations 

between lipoprotein lipase gene polymorphisms and plasma correlations 

of lipids, lipoproteins and lipase activities in young myocardial 
infarction survivors and age-matched healthy individuals from Sweden. 

Atherosclerosis. 1992;97:171–185. 

 
15. Wang XL, McCredie RM, Wilcken DE. Common DNA polymorphisms 

at the lipoprotein lipase gene: Association with severity of coronary 

artery disease and diabetes. Circulation. 1996;93:1339–1345.  
 

16. Murthy V, Julien P, Gagne C. Molecular pathobiology of the human 

lipoprotein lipase gene. Pharmacology & Therapeutics. 1996;70:101–
135.  

 

17. Lalouel JM, Wilson DE, Iverius PH. Lipoprotein Lipase and hepatic 
triglyceride lipase: molecular and genetic aspects. Current Opinion in 

Lipidology. 1992;3:86–95.  

 
18. Abdel Hamid MM, Ahmed S, Salah A, Tyrab EM, Yahia LM, Elbashir 

EA, et al. Associa¬tion of lipoprotein lipase gene with coronary heart 

disease in Sudanese population. Journal of Epidemiology and Global 
Health. 2015;5:405–407. 

 

19. Petrescu-Dănilă, E, Voicu PM, Ionescu CR. Mutagenic aspects of the 
lipoprotein lipase gene. Revista medico-chirurgicala a Societatii de 

Medici si Naturalisti din Iasi. 110: 173–177.  
 

20. Agirbasli M, Sumerkan MC, Eren F, Agirbasli D. The S447X variant of 

lipoprotein lipase gene is inversely associated with severity of coronary 
artery disease. Heart Vessels. 2006;26:457–463.  

 

21. Mailly F, Tugrul Y, Reymer PWA, Bruin T, Seed M, Groenemeyer A,et 
al. A common variant in the gene for lipoprotein lipase (Asp9→Asn): 

functional implications and prevalence in normal and hyperlipidemic 

subjects. Arteriosclerosis, Thrombosis, and Vascular Biology. 
1995;15:468–478.  

 

22. Emi M, Wilson DE, Iverius PH, Wu L, Hata A, Hegele R, et al. 
Missense mutation (Gly → Glu 188) of human lipoprotein lipase 

imparting functional deficiency. Journal of Biological Chemistry. 

1990;10:5910–5916.  
 

23. Reymer PWA, Gagné E, Groenemeyer BE, Zhang H, Forsyth I, Jansen 

JC,et al. A lipoprotein lipase mutation (Asn291Ser) is associated with 
reduced HDL cholesterol levels in premature atherosclerosis. Nature 

Genetics. 1995;10:28–34. 

 
24. Yang Y, Ruiz-Narvaez E, Niu T, Xu X, Campos H. Genetic variants of 

the lipoprotein lipase gene and myocardial infarction in the Central 

Valley of Costa Rica. Journal of Lipid Research. 2004;45:2106–2109. 
 

25. Nordestgaard BG, Abildgaard S, Wittrup HH, Steffensen R, Jensen G, 

Tybjrg-Hansen A. Heterozygous lipoprotein lipase deficiency: 
Frequency in the general population, effect on plasma lipid levels, and 

risk of ischemic heart disease. Circulation. 1997;96:1737–1744. 

 
26. Monsalve V, Henderson H, Roederer G, Julien P, Deeb S, Kastelein JJ, 

et al. A missense mutation at codon 188 of the human lipoprotein lipase 

gene is a frequent cause of lipoprotein lipase deficiency in persons of 
different ancestries. Journal of Clinical Investigation. 1990;86:728-34.  

 

27. Kastelein JJ, Ordovas JM, Wittekoek ME, Pimstone SN, Wilson W, 
Gagne SE, et al. Two common mutations (D9N, N291S) in lipoprotein 

lipase: A cumulative analysis of their influence on plasma lipids and 

lipoproteins in men and women. Clinical Genetics. 1999;56:297–305. 
 

28. Rebhi L, Kchok K, Omezzine A, Kacem S, Rejeb J, Ben HadjMbarek I, 

et al. Six lipoprotein lipase gene polymorphisms, lipid profile and 
coronary stenosis in a Tunisian population. Molecular Biology Reports. 

2012;39:9893–9901. 

 
29. Razzaghi H, Day BW, McClure RJ, Kamboh MI. Structure-function 

analysis of D9N and N291S mutations in human lipoprotein lipase 

using molecular modelling. Journal of Molecular Graphics and 
Modelling. 2001;19:487–494. 

 

 

30. Fallah S, Seifi M, Firoozrai M, Ghohari L, Samadirad B. Effect of 

apolipoprotein E genotypes on incidence and development of coronary 

stenosis in Iranian patients with coronary artery disease. Journal of 
Clinical Laboratory Analysis. 2011;25:43–46. 

 

31. Dias A, Amália F, Claudia G, Maria D, Rafaela F, Rosemery N,et al. 
Severity of angiographic coronary obstruction and the apolipoprotein E 

polymorphism in acute coronary syndromes. Arquivos Brasileiros de 

Cardiologia. 2009;93:221–230. 
 

32. Talmud PJ, Bujac Sr, Hall S, Miller GJ, Humphries SE. Substitution of 

asparagines for aspartic acid at residue 9 (D9N) of lipoprotein lipase 
markedly augments risk of ischemic heart disease in male’s smokers. 

Atherosclerosis. 2000;149:75–81. 

 
33. Fisher RM, Humphries SE, Talmud PJ. Common variation in the 

lipoprotein lipase gene: effects on plasma lipids and risk of 

atherosclerosis. Atherosclerosis. 1997;135:145–159. 
 

34. Syvanne M, Antikainen M, Ehnholm S, Tenkanen H, Lahdenpera S, 

Ehnholm C, et al. Heterozygosity for Asn291→Ser mutation in the 
lipoprotein lipase gene in two Finnish pedigrees: effect of 

hyperinsulinemia on the expression of hypertriglyceridemia. Journal of 

Lipid Research. 1996;37:727–738. 
 

35. Brummer DD, Evans D, Berg H, Greten U, Beisiegel WA, Mann WA. 
Expression of type III hyperlipoproteinemia in patients homozygous for 

apolipoprotein E-2 is modulated by lipoprotein lipase and postprandial 

hyperinsulinemia. Journal of Molecular Medicine. 1998;76:355–364. 
 

36. Rios DL, Vargas AF, Ewald GM, Torres MR, Zago AJ, Callegari-

Jacques SM, et al. Common variants in the lipoprotein lipase gene in 
Brazil: association with lipids and angiographically assessed coronary 

atherosclerosis. Clinical Chemistry and Laboratory Medicine. 

2003;41:1351–1356. 
 

37. Brousseau ME, AL Goldkamp D, Collins S, Demissi AC, Connolly LA, 

Cupples LA, et al. Polymorphisms in the gene encoding lipoprotein 
lipase in men with low HDL-C and coronary heart disease: The 

Veterans Affairs HDL Intervention Trial. Journal of Lipid Research. 

2004;45:1885–1891. 
 

38. van Bockxmeer FMQ, Liu C, Mamotte V, Burke RT. Lipoprotein lipase 

D9N, N291S and S447X polymorphisms: their influence on premature 
coronary heart disease and plasma lipids. Atherosclerosis. 

2001;157:123–129. 

 
39. Ferencak GD, Pasalic B, Grskovic S, Cheng B, Fijal M, Sesto JS, et al. 

Lipoprotein lipase gene polymorphisms in Croatian patients with 

coronary artery disease. Clinical Chemistry and Laboratory Medicine. 
2003;41:541–546. 

 

40. Sagoo GS, Tatt I, Salanti G, Butterworth AS, Sarwar N, Maarle Mv, et 
al. Seven lipoprotein lipase gene polymorphisms, lipid fractions, and 

coronary disease: a HuGE association review and meta-analysis. 

American Journal of Epidemiology. 2008;168:1233–1246. 
 

41. McGladdery SH, Pimstone SN, Clee SM, Bowden JF, Hayden MR, 

Frohlich JJ. Common mutations in the lipoprotein lipase gene (LPL): 
effects on HDL-cholesterol levels in a Chinese Canadian population. 

Atherosclerosis. 2001;156:401–407. 

 
42. Minich A, Kessling A, Roy M, Giry C, Delangavant G, Lavigne J, et al. 

Prevalence of alleles encoding defective lipoprotein lipase in 

hypertriglyceridemic patients of French Canadian descent. Journal of 
Lipid Research. 1995;36:117–124. 

 

43. Arca M, Campagna F, Montali A, Barilla F, Mangicri E, Tanzilli G, et 
al. The common mutations in the lipoprotein lipase gene in Italy: effects 

on plasma lipids and angiographically assessed coronary 

atherosclerosis. Clinical Genetics. 2000;58:369–374. 
 

44. Wittrup HH, Tybjærg-Hansen A, Steffensen R, Deeb SS, Brunzell JD, 

Jensen G, et al. Mutations in the lipoprotein lipase gene associated with 
ischemic heart disease in men - The Copenhagen City Heart Study. 

Arteriosclerosis Thrombosis and Vascular Biology. 1999;6:1535-1540. 

 



 

Daoud                                                                                                http://dx.doi.org/10.36472/msd.v8i12.636 

715 
Medical Science and Discovery, 2021; 8(12):708-715 

45. Wittrup HH, Tybjaerg-Hansen A, Nordestgaard BG. Lipoprotein lipase 

mutations, plasma lipids and lipoproteins, and risk of ischemic heart 

disease. A meta-analysis. Circulation. 1999;99:2901–2907. 
 

46. Jemaa R1, Fumeron F, Poirier O, Lecerf L, Evans A, Arveiler D, et al. 

Lipoprotein lipase gene polymorphisms: associations with myocardial 
infarction and lipoprotein levels, the ECTIM study. Etude Cas Témoin 

sur l'Infarctus du Myocarde. Journal of Lipid Research. 1995;36:2141-

2146. 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

47. Funke H, Assmann G. The low down on lipoprotein lipase. Nature 

Genetics. 1995;10:6-7. 

 
48. Jin F, Zhou H. The association of the D9N and N291S polymorphisms 

in LPL gene with coronary disease: a meta-analysis. International 

Journal of Clinical and Experimental Medicine. 2017;10(12):15896-
15904. 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

Copyright © 2021 The Author(s); This is an open-access article distributed under the terms of the Creative Commons Attribution License 

(http://creativecommons.org/licenses/by/4.0), (CC BY NC) which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly cited. International Journal of Medical Science and Discovery.  


