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a b s t r a c t

Objective: Dyslipidaemia is considered a metabolic abnormality andan important risk factor that leads to
atherogenic cardiovascular diseases. Cigarette smoking is associated with dyslipidaemia. This study
aimed to demonstrate whether lipoprotein lipase enzyme (LPL) and Apolipoprotein CII (APOCII) gene
polymorphisms can be considered as independent genetic risk factors for dyslipidaemia among smokers
with various smoking durations.
Methods: A total of 185 males (90 smokers and 95 non-smokers)were included in this study, Lipid
profiles were measured and DNA was isolated. The LPL-Hind III and APO CII-Ava II polymorphisms were
determined using the polymerase reaction-restriction fragment length polymorphisms (RFLP) technique.
Results: For the LPL-Hind IIIpolymorphism HþHþ genotype group, the triglycerides TG and very-low-
density lipoprotein cholesterol VLDL-C concentrations were significantly higher and the high-density
lipoprotein cholesterol HDL-C concentration was significantly lower than those of the HeH- genotype.
ForAPO CII-Ava II polymorphisms, compared with those of the A2A2 genotype group, the total choles-
terol TC, TG, low-density lipoprotein cholesterol LDL-C and VLDL-C concentrations were significantly
increased in the A1A2 genotype group, while the HDL-C concentration was significantly decreased.
Conclusions: The study revealed that the HþHþ or H þ H-genotype of the LPL-Hind III polymorphism and
the A1A1or A1A2 genotype of the APOCII-Ava II polymorphism were at higher risk of developing dysli-
pidaemia compared to the HeH- genotype of the LPL-Hind III polymorphism and A2A2 genotype of the
APOCII-Ava II polymorphism.
© 2021 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Atherogenic dyslipidaemia is characterized by increases in the
serum levels of TC, TG, LDL-C, VLDL-C and a decrease in the serum
level of HDL-C.1 LPL is a multifunctional enzyme and plays a vital
role in lipid metabolism; it is responsible for hydrolysing TG into
lipoprotein molecules that circulate in the bloodstream. This is
considered a limiting step in the elimination process for lipopro-
teins, as it is for exogenous chylomicrons (CMs) and endogenous
VLDL.2 The lipolysis process is completed by the lipoprotein lipase
system. The main constituents of this system are the LPL enzyme
rbala, Iraq.
Samawi).

blished by Elsevier B.V. This is an
itself and the essential activator, APOCII, which is present on the
substrate lipoproteins.3 The human LPL gene is located on chro-
mosome 8p22, spans approximately 35 kb of DNA and consists of
10 exons and 9 introns. Human APOCII consists of a 79-residue
protein that is synthesized in the intestine and liver and then
secreted as a surface component of VLDL-C, CMs, and HDL-C.4

ApoCII plays an essential role in plasma lipid metabolism by
acting as an important activator of LPL.5 The human APOCII gene
was located within the human APOE-APO -APOCII gene cluster on
Chromosome 19 at the long arm (19q13.2).6 The Hind III poly-
morphism of the LPL gene and AvaII polymorphism of the APO-CII
gene are the most common polymorphisms. In this study, possible
associations of LPL-Hind III and APOCII-Ava II polymorphism with
Atherogenic parameters have been investigated in smokers with
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varying smoking duration, and a group of non-smokers healthy
males. Numerous studies establish that there was a relationship
between genetic variation of different populations and athero-
sclerotic cardiovascular diseases especially coronary artery disease
which was responsible for a large percentage of death every year in
several countries and it has been well known that cigarette smok-
ing was the classical risk factor for coronary artery disease.7,8
2. Methods

2.1. Subjects and study design

A caseecontrol study including a total of 185 apparently healthy
Iraqi males (90 smokers and 95 non-smokers) was conducted at the
College of Medicine/Babylon University. The Ethical Committee of
the Medical College-University of Babylon approved this study. The
purpose and method of the study were explained to the partici-
pants before beginning, and verbal consent for participation was
obtained.Information was reported using a questionnaire for every
individual by face-to-face interviews, including information about
their smoking status, exercise, family history of lipid abnormalities,
drug therapy and alcohol consumption. The study subjects were
matched for age and body mass index. The inclusion criteria for the
selection of the study subjects included apparently healthy control
males who had never smoked and male smokers who smoked at
least twenty cigarettes each day for at least eleven years, In-
dividuals who smoked intermittently were not included, the
amount and duration of smoking were measured. Individuals with
a family history of lipid abnormalities were not included. Subjects
who took medications such as lipid-lowering therapies or who had
disorders that led to abnormalities in the lipid profile, such as renal
disorder, diabetes, hypertension, and endocrine disorders, were
excluded.
2.2. Measurements of plasma lipids

Analyses of the lipid profiles were performed on the study
population 185 after fasting for at least 12 h before the collection of
blood samples by venepuncture. Conventional enzymatic-
colourimetric (Biolabo/France) methods were used to determine
the serum concentrations of TG, TC and HDL-C. VLDL-C was
calculated by dividing the TG by 2.2 (units mmol/L), estimated
VLDL-C can be used along with quantitation of HDL-C and TC using
the Friedewald equation to calculate LDL-C.9

LDL-C (mmol/l) ¼ TC- HDL-C - (TG)/2.2 …. 10
2.3. DNA extraction

Genomic DNA was isolated from fresh or frozen whole blood
cells in EDTA tubes using the Geneaid DNA purification kit and
achieved according to the method recommended by the
manufacturing company Geneaid (Geneaid/USA). Nano photom-
eter (IMPLEN NP 80) was used to measure the quality and quantity
of the genomic DNA, then stored in the �20 �C for further usage.
2.4. Gene polymorphism analyses

The LPL-HindIII and APO CII-Ava II polymorphisms were deter-
mined using (RFLP) technique.
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2.4.1. Determination of the LPL gene polymorphisms
The LPL-Hind III polymorphism was studied by using a forward

primer of 50-TGA AGC TCA AAT GGA AGA GT-30, and reverse primer
of 50-TAC AAG CAA ATG ACT AAA-3'; The PCR condition was as
follows: initial denaturation at 94 �C for 2 min was followed by 40
cycles of (94 �C for 15 s, 50 �C for 30 s and 72 �C for 1 min) with a
final extension at 72 �C for 2 min. Digestion of PCR products was
achieved by HindIII: Promega, MadisonWI, USA restriction enzyme
and the resulting fragments were resolved by electrophoresis. The
Hind III site produces 600-bp, 170-bp fragments after digestion, the
Polymorphic allele displaying the restriction site referred with Hþ
allele while the allele without the site with H-.11

2.4.2. Determination of APOCII gene polymorphisms
For the determination of APO CII-Ava II polymorphisms, a

nucleotide substitution from T to C at position 3548 in intron 3 was
investigated by using a forward primer of 50- CTG CAT CCAGGA CCC
AGA AGT TC -30, and a reverse primer of 50- CCT TGA GTC CTC AGA
AAA GCA G-3'; The PCR condition was as follows: initial denatur-
ation at 94 �C for 2 minwas followed by 35 cycles of (94 �C for 30 s,
60 �C for 30 s and 72 �C for 1 min) with a final extension at 72 �C for
3 min. Digestion of PCR products was achieved by AvaII: Bio Labs
Inc. New ENGLAND restriction enzyme. In the case of the naturally
occurring AvaII restriction site, 361-bp and a169-bpwere produced.
The polymorphic allele displaying the restriction site referred with
A2 allele while the allele without the site referred with A1.12

2.5. Statistical analysis

Calculated data are presented as the mean ± standard deviation,
and the differences in the parameters within smokers and non-
smokers were evaluated by Post Hoc Tukey test. Body mass index
was measured as weight (kg)/height (m2). A p-value < 0.05 was
considered to be statistically significant. Allelic and genotype fre-
quencies were measured using the direct gene counting method.
Enumeration data are presented as the number (%) and compared
with the chi-square test (c2). For all genotypes, the chi-square test
was used to test the HardyeWeinberg equilibrium, the population
is in a state of HardyeWeinberg equilibrium. The odds ratio (OR)
and the associated 95% confidence interval (CI) were used to
determine the association between the genotypes of smokers and
non-smokers, while Post Hoc Tukey test was performed to compare
the mean lipid levels among different genotypes in the entire study
population.

3. Results

3.1. Characteristics of the study subject

A comparison of lipid profile parameters between the 90
smokers and 95 non-smokers males is shown in Table 1. After
adjustment for the potential matching criteria of age 42.76 ± 8.22
years and BMI 26.5 ± 2.3 kg/m2, smokers were classified into three
groups according to smoking duration 11e15 years, 16e20 years
and more than 20 years. The mean concentration of fasting blood
high-density lipoprotein cholesterol significantly and progressively
decreased with increasing smoking duration, while triglycerides,
total cholesterol, low-density lipoprotein cholesterol and very-low-
density lipoprotein cholesterol concentrations significantly and
progressively increased with increasing smoking duration. In
addition, the mean plasma concentrations of TC, TG, LDL-C and
VLDL-C were significantly higher in the smoker groups than in the
non-smoker control group, while the HDL-C concentration was
significantly lower in the smoker groups than in the non-smoker
control group Table 1.



Table 1
Comparison of lipid profiles within different smoker groups and the non-smoker.

Pairwise comparisons TG
mmol/l
Mean ± SD

TC
mmol/l
Mean ± SD

HDL-C mmol/l
Mean ± SD

LDL-C mmol/l
Mean ± SD

VLDL-C mmol/l
Mean ± SD

Non-smokers:11-15y 1.23 ± 0.44
1.64 ± 0.22
P ¼ 0.1508

4.05 ± 0.67
4.08 ± 0.66
P ¼ 0.10619

0.87 ± 0.14
0.73 ± 0.15
*P ¼ 0.04922

2.6 ± 0.59
2.6 ± 0.48
P ¼ 0.84647

0.22 ± 0.07
0.32 ± 0.04
P ¼ 0.98390

Non-smokers:16-20y 1.23 ± 0.44
1.81 ± 0.21
*P ¼ 0.00001

4.05 ± 0.67
4.53 ± 0.57
P ¼ 0.85909

0.87 ± 0.14
0.65 ± 0.07
*P ¼ 0.00004

2.6 ± 0.59
3.07 ± 0.45
*P ¼ 0.00064

0.22 ± 0.07
0.35 ± 0.04
P ¼ 0.19796

Non-smokers: >20y 1.23 ± 0.44
2.08 ± 0.22
*P ¼ 0.00000

4.05 ± 0.67
4.79 ± 0.67
*P ¼ 0.01591

0.87 ± 0.14
0.61 ± 0.09
*P ¼ 0.00000

2.6 ± 0.59
3.2 ± 0.39
*P ¼ 0.00000

0.22 ± 0.07
0.41 ± 0.06
*P ¼ 0.00001

11-15y:16-20y 1.64 ± 0.22
1.81 ± 0.21
*P ¼ 0.02228

4.08 ± 0.66
4.53 ± 0.57
*P ¼ 0.01304

0.87 ± 0.14
0.65 ± 0.07
P ¼ 0.17211

2.6 ± 0.48
3.07 ± 0.45
*P ¼ 0.01079

0.32 ± 0.04
0.35 ± 0.04
P ¼ 0.09196

11-15y:>20y 1.64 ± 0.22
2.08 ± 0.22
*P ¼ 0.00000

4.08 ± 0.66
4.79 ± 0.67
*P ¼ 0.0000

0.87 ± 0.14
0.61 ± 0.09
*P ¼ 0.02989

2.6 ± 0.48
3.2 ± 0.39
*P ¼ 0.00001

0.32 ± 0.04
0.41 ± 0.06
*P ¼ 0.00000

16-20y:>20y 1.81 ± 0.21
2.08 ± 0.22
*P ¼ 0.00905

4.53 ± 0.57
4.79 ± 0.67
P ¼ 0.12300

0.65 ± 0.07
0.61 ± 0.09
P ¼ 0.88470

3.07 ± 0.45
3.2 ± 0.39
P ¼ 0.27836

0.35 ± 0.04
0.41 ± 0.06
*P ¼ 0.01854

Abbreviations: *P < 0.05; indicates a significant result, SD ¼ standard deviation, y ¼ years, TC ¼ total cholesterol, TG ¼ triglyceride, HDL-C ¼ high-density lipoprotein
cholesterol, LDL-C ¼ low-density lipoprotein cholesterol, VLDL-C very low-density lipoprotein cholesterol, *P obtained by Post Hoc Tukey for the comparison withindifferent
smoker groups and the non-smoker.

Table 3
Distribution of LPL and Apo CII genotypes compared between smokers and non-
smokers associated with possession of the Hind III and AvaII polymorphism for
statistical significance.

genotypes Smoking d duration Odds ratio 95% CI p-value

LPL
HþH� vs HeH-11-15 years

1.020 0.454e2.288 0.961

HþHþ vs HeH- 1.445 0.771e2.709 0.250
HþHþ and HþH� vs HeH- 1.312 0.726e2.370 0.367
HþH� vs HeH-16-20 years 2.000 0.940e4.252 0.071
HþHþ vs HeH- 1.303 0.678e2.502 0.426
HþHþ and HþH� vs HeH- 1.520 0.833e2.774 0.171
HþH� vs HeH-> 20 years 2.700 1.229e5.929 0.013*
HþHþ vs HeH- 2.045 1.035e4.039 0.039*
HþHþ and HþH� vs HeH- 2.250 1.189e4.257 0.012*
APOCII
A1A2 vs A2A2 11e15 years 1.314 0.618e2.791 0.477
A1A1 vsA2A2 1.273 0.570e2.844 0.554
A1A1 and A1A2vs A2A2 1.297 0.638e2.639 0.471
A1A2 vs A2A2 16e20 years 2.234 0.953e5.236 0.064
A1A1 vs A2A2 2.625 1.083e6.360 0.032*
A1A1 and A1A2vs A2A2 2.392 1.062e5.385 0.035*
A1A2 vs A2A2 > 20 years 8.936 2.513e31.774 0.0007*

R.I. Al-Samawi and M.F. Smaism Indian Heart Journal 74 (2022) 45e50
3.2. Genotype distribution and allele frequencies

3.2.1. Genotype distribution and allele frequencies of the LPL-Hind
III polymorphism

For LPL gene polymorphism, the HþHþ genotype refers to ho-
mozygotes who carry two alleles for the presence of the restriction
site, the H þ H- genotype refers to heterozygotes who carry an
allele for the presence and absence of the site, and the HeH- ge-
notype refers to homozygotes who carry two alleles for the absence
of the site. The genotype distribution and allele frequency are
shown in Table 2. The study showed that compared with the HeH-
genotype groups, the HþHþ genotype group had significantly
higher TG and VLDL-C concentrations and a significantly lower
HDL-C concentration, as shown in Table 4. Analysis of the distri-
bution of Hind III polymorphism demonstrated that smokers had
higher HþHþ and H þ H- frequencies compared to the non-
smoker's group and lower HeH- frequency compared to the non-
smoker's group Table 3. Subjects with HþHþ genotype were at
higher risk of developing dyslipidaemia compared to the HeH-
genotype.
A1A1 vs A2A2 8.093 2.208e29.668 0.001*
A1A1 and A1A2vs A2A2 8.594 2.473e29.869 0.0007*
3.2.2. Genotype distribution and allele frequencies of the Apo CII-
Ava II polymorphism

A subject homozygous for the absence of the Ava II restriction
site will exhibit the A1A1 genotype, while the A2A2 genotype in-
dicates homozygosity for the presence of a naturally occurring Ava
II restriction site. In the presence of both alleles, the A1A2 hetero-
zygote genotype will be present. The genotypes distribution of
APOCII and allele frequency are summarized in Table 2, the
Table 2
Distribution of genotypes and allele frequencies of the LPL- Hind III and Apo CII- AvaII ge

Study groups Genotypes, n (%) Allele frequency

Smokers n ¼ 90
Smoking duration

H þ Hþ H þ H- HeH-

11e15 years n ¼ 30 16.0 (53.3) 5.0 (16.7%) 9.0 (3
16e20 years n ¼ 30 13.0 (43.3) 9.0 (30%) 8.0 (2
>20 years n ¼ 30 15.0 (50%) 9.0 (30%) 6.0 (2
Non-smokers n ¼ 95 42 (44.2%) 19 (20%) 34 (3
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distribution of APOCII genotypes exhibits that the smoker groups
had higher A1A1 and A1A2 genotype frequencies compared to the
non-smoker's group and lower A2A2 genotype frequency
compared to the non-smoker's group Table 3. In this study,
compared with the A2A2 genotype group, the A1A1 genotype
ne polymorphism among smokers and non-smokers.

Total Allelic frequencies

A1A1 A1A2 A2A2 Hþ H- A1 A2

0%) 10.0 (33.3%)15.0 (50%)5.0 (16.7%)0.62 0.380.580.42
6.7%) 12.0 (40%)15.0 (50%)3.0 (10%)0.58 0.420.65.0.35
0%) 11.0 (36.7%)18.0 (60%)1.0 (3.3%)0.65 0.350.670.33
5.8%) 30 (31.6%)45 (47.3%)20 (21.1%)0.54 0.460.550.45



Table 4
Comparison of lipid profiles between the different LPL and APOCII genotypes among the study population.

Pairwise comparisons
of Genotypes

TG
mmol/l
Mean ± SD

HDL-C
mmol/l
Mean ± SD

VLDL-C mmol/l
Mean ± SD

TC
mmol/l
Mean ± SD

LDL-C
mmol/l
Mean ± SD

LPL- Hind III
H þ Hþ: H þ H-

1.60 ± 0.51
1.46 ± 0.40
P ¼ 0.52339

0.70 ± 0.11
0.73 ± 0.17
P ¼ 0.64889

0.32 ± 0.08
0.30 ± 0.07
P ¼ 0.31327

H þ Hþ: HeH- 1.60 ± 0.51
1.41 ± 0.41
*P ¼ 0.03816

0.70 ± 0.11
0.77 ± 0.18
*P ¼ 0.03465

0.32 ± 0.08
0.28 ± 0.08
*P ¼ 0.00656

H þ H-: HeH- 1.46 ± 0.40
1.41 ± 0.41
P ¼ 0.35198

0.7 3 ± 0.17
0.77 ± 0.18
P ¼ 0.23997

0.30 ± 0.07
0.28 ± 0.08
P ¼ 0.23599

APOCII-Ava II
A1A1: A1A2

1.52 ± 0.51
1.63 ± 0.46
P ¼ 0.50016

0.70 ± 0.13
0.74 ± 0.16
P ¼ 0.48488

0.30 ± 0.10
0.32 ± 0.08
P ¼ 0.44384

4.49 ± 0.90
4.35 ± 0.70
P ¼ 0.98889

2.87 ± 0.59
2.82 ± 0.55
P ¼ 0.89848

A1A1: A2A2 1.52 ± 0.51
1.36 ± 0.46
P ¼ 0.23640

0.70 ± 0.13
0.84 ± 0.22
*P ¼ 0.00019

0.30 ± 0.10
0.27 ± 0.10
P ¼ 0.30221

4.49 ± 0.90
4.06 ± 0.66
*P ¼ 0.04269

2.87 ± 0.59
2.52 ± 0.47
*P ¼ 0.00778

A1A2:A2A2 1.63 ± 0.46
1.36 ± 0.46
*P ¼ 0.01778

0.74 ± 0.16
0.84 ± 0.22
*P ¼ 0.01025

0.32 ± 0.08
0.27 ± 0.10
*P ¼ 0.02063

4.35 ± 0.70
4.06 ± 0.66
*P ¼ 0.02950

2.82 ± 0.55
2.52 ± 0.47
*P ¼ 0.02773

Abbreviations: *P < 0.05; indicates a significant result, SD ¼ standard deviation, TC ¼ total cholesterol, TG ¼ triglyceride, HDL-C ¼ high-density lipoprotein cholesterol, LDL-
C ¼ low-density lipoprotein cholesterol, VLDL-C very low-density lipoprotein cholesterol, Probability values obtained by Post Hoc Tukey for the comparison withindifferent
LPL and APOC II genotypes among the study population.
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group had significantly higher TCand LDL-C concentrations and
significantly lower HDL-C concentration, whereas A1A2 genotype
group had significantly higher TG, VLDL, TC and LDL-C concentra-
tions and significantly lower HDL-C concentration Table 4. In-
dividuals with A1A1 or A1A2 genotype were at higher risk of
developing dyslipidaemia compared to the A2A2 genotype.
4. Discussion

In the present study, we have analyzed the polymorphisms of
LPL and APO CII genes together with several lipid levels in Iraqi
smokers and non-smokers males. Nicotine have been identified as
one of the potential elements contributing to atherogenesis.13

Among male smokers, a longer duration of smoking increases the
level of nicotine, followed by the elevation of hypothalamus pitu-
itary adrenal axis hormones. This contributes to the pharmaco-
logical action of nicotine, which involves sympathetic nervous
stimulation and secretion of catecholamine and cortisol. These
hormones stimulate the release of adenyl cyclase in adipose tissue,
leading to enhanced lipolysis of the stored TG as well as the release
of free fatty acids into plasma.14 These free fatty acids are conse-
quently taken up by the liver and lead to an increase in the hepatic
synthesis of TG. This endogenous TG is then secreted from the liver
in the form of VLDL molecules; thus, the TG and VLDL-C levels of
smokers consequently increase. As TG levels in the serum increase,
the probability of exchange with cholesterol esters from HDL-C
through cholesteryl ester transfer protein also increases.15 The
resulting cholesterol esters -poor HDL and TG-rich HDL molecules
are less stable and prone to disintegration, leading to a decrease in
the HDL-C concentration in the plasma. This explains the associa-
tion between the increase in TG and VLDL-C and the decrease in the
HDL-C concentration among smokers. In addition, LDL-C molecules
derived from VLDL-C are also increased. As the concentration of
HDL-C in the plasma decreases, activation of the reverse cholesterol
transport pathway also decreases, and for this reason, the deposi-
tion of cholesterol increases in the peripheral tissue; dyslipidaemia
then arises from the elevation of serum TG, LDL-C and VLDL-C and
the decrease in the levels of HDL-C, resulting in atherosclerotic
lesions in the vascular endothelium.16 Repeated activation of this
pathway, particularly in smokers with a long duration of smoking,
48
leads to an increased risk of atherosclerotic cardiovascular disease,
in concurrence with a large body of research demonstrating this
effect in various populations, and might also be the reason for
smoking-related atherosclerosis, coronary heart disease, and
stroke.17,18

LPL gene polymorphisms have been largely distributed in
humans andmany researches demonstrated the effects of LPL-Hind
III polymorphism on plasma lipids levels.19e21 The relationships
between LPL genotypes and the presence of risk factors (dyslipi-
daemia and smoking) have also been established.22 The present
study demonstrated the associations between the LPL-Hind III
polymorphism and the lipid parameters of smokers. TG and VLDL-C
concentrations were higher in the HþHþ genotype group and a
lower HDL-C concentration compared to the H þ H- and HeH-
genotype groups Table 4. These effects of the LPL-Hind III poly-
morphism on the lipid parameters are consistent with the vital role
of LPL in lipid metabolism, which is responsible for hydrolysing TG
into lipoprotein molecules and modulates plasma HDL-C concen-
tration. In several studies, the HþHþ genotype of LPL-Hind III was
associated with an increased risk of atherosclerotic heart dis-
eases.23,24 However, in another study, Ahmadi et al. (2015) 25 found
no association between LPL-Hind III polymorphism and coronary
artery disease.

In the present study, we find H- allele frequency in the smoker
groups was lower than that in the non-smokers’ group. The Hind III
polymorphism in intron 8 is of special importance due to its strong
association with lipid metabolism and its common occurrence,
several mechanisms may affect the function of LPL: 1) The Hind III
polymorphism is considered a genetic indication of a functional
mutation, which either may increase the activity of the LPL enzyme
or, if found in the gene promoter region, may lead to the enhanced
expression.26 2) The Hind III polymorphism may affect the splicing
site, which affects the function of LPL. Furthermore, there may be
another functional mutation in linkage disequilibriumwith Hind III
in the LPL gene; Other studies have shown that other mutations Ser
447 stop on the exon 9 of LPL gene and the Pvu II locus in intron 6 of
LPL gene were correlated to lipid levels.27,28

The effect of the LPL-Hind III polymorphism on the lipid pa-
rameters has not demonstrated the same consistency across pop-
ulations. In our study, an association has been found between the
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Hind III polymorphism of LPL and lipids levels among the study
population Table 4. However, the association of LPL-Hind III poly-
morphism and lipid levels has been noticed in some populations
but not in others.29 For example, Shakhtshneider et al. (2014)30

reported an association between HþHþ genotype of LPL-Hind III
polymorphism and high TG level in the Caucasian population of
West Siberia whereas Al-Jafari et al. (2012)31 observed no signifi-
cant differences in the serum lipid levels with H þ Hþ,H þ H-and
HeH- genotypes of LPL-Hind III polymorphism in Saudi Population.
Interestingly, Long et al. (2005)32 found an association between
LPL-Hind III polymorphism and changes of HDL subclasses distri-
bution in Chinese population, these differences among populations
may be explained by geneeenvironmental interaction.

Apolipoprotein CII plays an essential role in the metabolism of
lipid by acting as an obligatory activator of the LPL enzyme. The
allele frequencies of Apo CII- Ava II gene polymorphism 0.55 for A1
and 0.45 for A2 are close to the pattern observed in Tunisians.33

Comparative analyses between APOCII genotypes have shown
important observations, concerning the analyses of plasma lipid
levels, the significantly low level of HDL-C and the significant high
levels of TC, TG, LDL-C and VLDL-C shown by individuals with
A1A1or A1A2 genotype Table 4. Apo CII- Ava II polymorphism was
associated with triglyceride and cholesterol levels in the healthy
Korean population.34 In our study, the genotypes of Apo CII- Ava II
polymorphism were observed to be associated with lower triglyc-
eride and cholesterol levels than the genotypes in a Korean pop-
ulation.On the other hand, Bahri et al. (2008) noted no association
between Apo CII- Ava II gene polymorphism and CAD.33 It was
suggested that APOCII binds with the LPL enzyme and it induces
conformational changes in the lipoprotein lipase enzyme or alters
its orientation at the interface of the lipid water site, consequently
to this variation, the LPL enzyme may convert to a more efficient in
considering with binding of a single molecule of the substrate as
well as in the release of the product of lipolysis free fatty acids and
it may affect the structural organization of the lipids in a way that
enhances the availability of substrate molecules to the active site of
the LPL enzyme.35 The examination of the behaviour of APOCII on
the TG droplets surface demonstrates that APOCII controls the ac-
tivity of LPL enzymes depending on the surface properties of TG
that make them need APOCII for the process of lipolysis.36 It was
observed that the rare allele H- of the LPL-Hind III polymorphism
and the rare allele A2 of the APOCII-Ava II polymorphism exhibit a
protective role by improving lipid parameters based on their as-
sociation with a decrease in the serum levels of atherogenic pa-
rameters TC, TG, LDL-C and VLDL-C and an increase in the serum
level of the anti-atherogenic parameter HDL-C. These effects were
clearly demonstrated among the non-smokers. On the other hand,
the common allele Hþ of the LPL-Hind III polymorphism and the
common allele A1 of the APOCII-Ava II polymorphism is related to
pro-atherogenic parameters that lead to dyslipidaemia.
5. Conclusion

The study shows a significant association between smoking and
dyslipidaemia; different smoking durations might codetermine the
risk of dyslipidaemia. The present study indicated that there is a
significant association between the LPL, APOCII genotypes and lipid
profiles among the study population; furthermore, it revealed that
the HeH- genotype of the LPL-Hind III polymorphism and the A2A2
genotype of the APOCII-Ava II polymorphism may have protective
actions against dyslipidaemia. Therefore, the correlation between
Hind III, Ava II polymorphisms and smoking areworthy of exploring
on a large scale and in different races in future studies.
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