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Genetic association analysis of rs662799 el

(—1131A>G) polymorphism of APOA5 gene
with morphometric and physio-metric traits
using multiplex PCR
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Abstract

Background The apolipoprotein A5 (APOA5) gene, significantly expressed in liver, has been involved in regulation
of triglyceride metabolism, plasma lipid levels, serum adipokine levels and cardiovascular traits. A single-nucleotide
polymorphism rs662799 (— 1131A>G), 2 Kb upstream in the promoter region of this gene, causes decrease in the
concentration of the product coded by this gene; hence, it may be responsible for impairments in normal function
of the gene, ultimately leading to disease condition. Keeping in view the importance of APOA5 gene, the aim of the
present study was to examine the association of genetic variant rs662799 of APOA5 gene with two quantitative traits
simultaneously, viz. body mass index and blood pressure.

Results The study involved a population of 246 subjects from North Indian region. Measurements of morphometric
and physio-metric parameters were recorded using standard measures. Genotyping of APOA5 gene polymorphism
(rs662799) using Tetra-primer amplification refractory mutation system PCR was performed. Statistical analyses

were carried out using MS-Excel and SigmaPlot, and significance level was setup as p <0.05. The allelic distribution
of rs662799 polymorphism in this population was 77% for major allele (A) and 23% for minor allele (G). Significant
association of rs662799 with increased body mass index and blood pressure was observed, with the presence of allele
G. Under recessive genetic model, rs662799 polymorphism conferred a 17.71-fold risk of elevated body mass index
(OR=17.71,p<0.001, Cl (95%) = 4.05-77.46), and for increase in blood pressure, 3.79- and 3.83-fold risk of systolic
blood pressure and diastolic blood pressure (OR=3.792, p =0.023, Cl (95%) =1.25-11.509 and OR=3.83, p=0.012,
Cl(95%) =1.375-10.68, respectively) was observed. Under dominant genetic model, it showed a 3.060-fold risk of
increase in body mass index (OR=3.060, p <0.001, Cl (95%) = 1.78-5.25).

Conclusions G allele of rs662799 of APOA5 gene showed significant susceptible association with BMI and BP. This
study may be helpful for clinicians and researchers to investigate the diagnostic and prognostic value of the gene in
question.
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of four exons and three introns is translated into 366
amino acids long apolipoprotein A5 (APOAS5) in liver
exclusively and released in blood. It is associated with
chylomicron, high-density lipoprotein (HDL), very low-
density lipoprotein (VLDL), but not with low-density
lipoprotein (LDL) [4]. Additionally, apolipoprotein plays
the role of an activator of enzyme lipoprotein lipase and
aids the clearance of TG from the circulation [5]. Differ-
ent processes are involved in the mechanism of APOA5
affecting the metabolism of TGs; in particular, lipopro-
tein lipase causes this protein to decrease the production
of VLDL triglycerides and enhance their hydrolysis [6].
The APOAS gene has reportedly been linked in several
studies to the development of the increased risk of meta-
bolic syndrome [7-9] cardiovascular events [10], hyper-
triglyceridemia [11] and hyperchylomicronemia [12].

Among all reported variants in APOAS gene, the
rs662799 polymorphism (—1131A>G, promoter) has
been extensively explored due to its association with
higher levels of TG, total cholesterol, LDL cholesterol,
lower levels of HDL cholesterol [4, 13, 14]. The HapMap
database indicates that APOAS rs662799 (A > G) has eth-
nic variations. The minor allele frequency in Japanese
(HapMap-CHYJ) populations is 28.9%, substantially higher
than 26.7% as seen in Chinese population (HapMap-
CHB), being 13.3% in people of African origin (HapMap-
YRI) and lowest (1.7%) in European (HapMap-CEU)
populations (HapMap-JPT) [9]. This genetic variant of
the APOAS gene has been designated to be a functional-
tag SNV (single-nucleotide variant) [4, 15] and involved
in lipid profile and metabolic syndrome [16]. The G allele
of 15662799 deteriorates ribosomal translation efficiency
which causes decrease in APOA5 concentrations and
consequently decreases lipoprotein lipase activity [17,
18].

Obesity is an intricate disorder concerning an exces-
sive amount of body fat that upsurges the risk of health
complications. Recent studies have often looked at single
nucleotide polymorphism (SNP) variations within well-
known genes, since there has been growing interest in
the association between genes associated with obesity;
among them one of the genes is APOAS [19]. Despite its
modest concentration in the plasma, it acts as a major
determining factor of the metabolism and plasma level of
TG, by reducing hepatic VLDL secretion and increasing
its metabolism. Furthermore, the APOAS5 gene variations
in people of different ethnic groups affect plasma concen-
tration of TG as well as the prevalence of obesity or meta-
bolic syndrome [20]. Consistently, reduced plasma levels
of APOAS5 were discovered in obese individuals and were
negatively linked with body mass index (BMI) in humans
[21, 22], suggesting that lowered plasma levels of APOA5
may be coupled with the pathogenesis of obesity.
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Hypertension, the complicated multifactorial condi-
tion results due to the interplay of genetic make-up and
environmental factors. Genetic linkage analyses and
candidate gene association studies have suggested that a
number of loci and genes contribute to the tendency to
hypertension; however, the genes that really confer vul-
nerability to this condition have not yet been discovered
with certainty. There are ample of reports regarding the
association of SNPs of APOAS5 gene with cardiovascular
disease, including carotid atherosclerosis [23], stroke [24]
and coronary artery disease [3, 25, 26]. Hypertriglyceri-
demia is a major risk factor for both type 2 diabetes mel-
litus (T2DM) and cardiovascular disease. A significant
association between the APOA5—1131A/G polymor-
phism and the T2DM risk was found suggesting the G
allele was independent risk factor for the progression of
T2DM [27]. In Japanese population, the polymorphisms
of APOAS have been found to be implicated in blood
pressure (BP) regulation and hypertension [28]. Several
studies have reported the association of APOAS— 1131
A > G polymorphism to significantly higher systolic blood
pressure (SBP), diastolic blood pressure (DBP), lipid lev-
els and plasma TG among carriers of the — 1131G allele,
which has been linked to an increased risk of coronary
heart disease (CHD) and coronary artery disease (CAD)
[29-31]. Experimental data indicate that persistent
hypertriglyceridemia causes endothelial dysfunction,
linked to a reduced capacity to respond to vasodilator
stimulation and a subsequent drop in nitric oxide avail-
ability, both of which might contribute to elevated BP
[30, 32].

A recent study suggests the role of rs662799 polymor-
phism of APOAS gene in increasing the TG level as well
as HDL, cholesterol and myocardial infarction [33]. Con-
templating the association of this polymorphism with
metabolic syndromes and cardiovascular events, it is log-
ically plausible to hypothesize a link for the rs662799 pol-
ymorphism with morphometric and physio metric traits
also. So, in the present study, we aimed to systematically
investigate the association of the rs662799 polymorphism
with body mass index (BMI) and blood pressure (BP) in
North Indian population.

Methods

Study subjects and data collection:

The current study was carried out in two cities of Uttar
Pradesh (North central zone of India), i.e., Aligarh (north-
West district) and Ambedkar Nagar (northeast district).
For this purpose, the survey was conducted from the
month of August 2021-November 2021 and a total of 246
healthy subjects between the ages of 6 and 78 years were
included. Those subjects were not recruited for the study,
who were diseased or were not willing to participate. The
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parameters recorded from each participant were: mor-
phometric data including height and weight, physio-met-
ric data including systolic blood pressure (SBP), diastolic
blood pressure (DBP) and pulse rate (PR).

To the nearest 0.1 kg and 0.5 cm, height and weight
measurements, respectively, were acquired from sub-
jects who were barefoot and wearing light clothes, by
using standardized techniques. The body mass index
(BMI) was calculated as per the weight (in kg) and height
(in m?). Blood pressure (SBP and DBP) in mmHg and
PR (bpm) were measured three times by using “Omron
8712 Automatic Blood Pressure Monitor” after at least
5-10 min of rest period, and average of 3 readings was
employed in the analysis. Pulse pressure (PP in mmHg)
and mean arterial pressure (MAP in mmHg) were com-
puted using the formulae, PP = (SBP — DBP) and
MAP = DBP + £ (SBP — DBP), respectively.

Sample collection and DNA isolation:

Blood sample (3 ml) was taken from all the subjects by
venepuncture from the median cubital vein using a
syringe and collected in EDTA (ethylenediaminetet-
raacetic acid disodium salt)-coated vacutainers. DNA
isolation was carried out for the samples using CTAB
extraction method [34] and isolated DNA was main-
tained at — 20 °C until further experimentation.

Primer designing and genotyping of rs662799
polymorphism (- 1131A>G):

The tetra-primer Amplification Refractory Mutation
System-Polymerase Chain Reaction (ARMS-PCR) prim-
ers were designed using online software "OligoCalc." The
primers were arranged in the following order:

OF (Outer Forward); 5* GCTTCACTACAGGTTCCG
CAG3'.

OR (Outer Reverse); 5’GCCGTGGTTTTATGTGGC
AGC3.

IF (Inner Forward); 5’ CAGGAACTGGAGCGAAAG
TG3'.

IR (Inner Reverse); 5’GCTTTTCCTCATGGGGCA
AATCTT3'.

Primer pairs of OR and OF produce an amplicon of 512
base pairs, while IF-OR and OF-IR produce 355 and 194
base pair amplicons, respectively.

Genotyping was carried out using BIO-RAD T100
Thermal Cycler. Reaction mixture of 10 ul was pre-
pared, having 1 pl of genomic DNA, 5 pl of master
mix, 0.25 ul of each primer and final volume was made
10 pl by adding nuclease-free water (NFW), in a 200-
ul PCR tube. The standardized PCR conditions for
APOA5—1131A>G included 1 cycle of initial denatur-
ation at 95 °C for 5 min followed by 34 cycles of dena-
turation at 95 °C for 35 s, annealing at 58.4 °C for 40 s,
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extension at 72 °C for 35 s and final extension at 72 °C
for 5 min. The amplified products were electrophoresed
using 2% agarose gel (Fig. 1). Three different genotypes
were determined among the participants for APOAS5
gene rs662799 polymorphism, i.e.,, AA (homozygous for
allele A), AG (heterozygous for allele A and G) and GG
(homozygous for allele G).

Statistical analysis

SigmaPlot 11.0 and Microsoft Excel 2019 were used
to complete the statistical analyses. Allelic and geno-
typic frequency was computed by counting the num-
ber of alleles; Hardy—Weinberg equilibrium (HWE) was
assessed using Chi-square test for determining the differ-
ences in genotype and allele frequencies between groups.
To determine the population’s divergence from HWE,
the group was manually tested for the chi-square HWE.
Quantitative data were presented as mean =+ stand-
ard deviation (SD), and differences were tested using
Student’s t-test and One-way ANOVA. Additionally,
Mann—Whitney Rank Sum test, all pairwise Dunn’s test,
Bonferroni t-test and Kruskal-Wallis one-way analysis
of variance on ranks were applied wherever appropri-
ate. Qualitative data were presented as frequency and
percentage, and the Chi-square test was used to com-
pare the groups. Co-dominant, recessive, dominant,

Lane 1

Ladder 100bp (1500-100bp)

Negative control without DNA sample

Lane 2

Lane 3 Positive control (512bp band)
Lane 4 GG homozygous
Lane 5 AG heterozygous
Lane 6 AA homozygous

Fig. 1 Representative photograph (gel image) of Tetra primer-ARMS
PCR for the detection of rs662799 polymorphism of APOA5 gene.
Presence of 355-bp band confirms the presence of allele G, while
194-bp band denotes the presence of allele A, Lane 2 and 3 showing
negative and positive controls, Lane 4 showing individual with

GG homozygous (512- and 355-bp band), Lane 5 showing AG
heterozygous individual (512-, 355- and 194-bp band) and Lane 6
showing AA homozygous individual (512- and 194-bp band)
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over-dominant and additive models of inheritance were
used to estimate odds ratios (ORs), with 95% confidence
intervals (CI) across the groups for individuals carry-
ing the mutant alleles [35]. Statistical significance was
defined as standard 5% level (p <0.05).

All the participants were divided into two groups
based on the features that were noted for further analy-
ses. The normal range of BMI was considered 18.5-
22.9 kg/m? [36, 37], so individuals were categorized into
“Increased BMI (IBMI)” and “Normal BMI (NBMI)” hav-
ing BMI>22.9 and BMI <22.9, respectively. Participants
having SBP (120 mmHg) and DBP (80 mmHg) normal or
below (deemed normal) and above the normal readings
were grouped into “Normal SBP or normal DBP (NSBP
or NDBP)” and “Increased SBP or increased DBP (ISBP
or IDBP),” respectively. Therefore, to find out the associa-
tion of polymorphism rs662799 with the traits in ques-
tion, we merged two categories to obtain better results.

Results

Characteristics of the studied population:

Table 1 displays the demographic details, anthropo-
metric measurements and physio-metric parameters of
the population studied. The current study involved 246
healthy people from North Indian areas in total, com-
prising approximately 56% of males and 44% of females
(Table 1). The participants had a mean age of 30.37 years
(standard deviation: 12.72), with statistically no signifi-
cant difference in mean ages between males and females.
The distribution of genotypes (AA, AG, and GG) in the
population under study did not significantly differ by
gender (p=0.839). Among morphometric parameters,
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significantly higher (p<0.001) values of height (cm) in
males were observed than females, but non-significant
differences between two genders were found in case of
weight (Kg); however, BMI (Kg/m?) values were signifi-
cantly higher in case of females than males (p=0.003).
The physio-metric traits recorded during the survey like-
wise revealed significant differences among SBP, DBP
and MAP with p=0.013, 0.036 and 0.007, respectively,
but PR and PP showed non-significant differences among
gender (Table 1).

Genotypic and allelic frequency of rs662799

polymorphism in APOA5 gene

Genotyping results of the individuals by Tetra-primer
ARMS-PCR revealed that 63.82% of the population
surveyed had AA genotype, 26.83% with AG genotype
and only 9.35% with GG genotype (Additional file 1:
Table S1). The genotypic and allelic frequencies were cal-
culated by gene counting and shown in Additional file 1:
Table S1. The allelic frequency for allele A ie., f,, was
found 0.77 (major allele) and (fg)) was 0.23 (minor allele)
for allele G. Chi-squared HWE analysis for the APOAS
gene revealed significant difference (p <0.001), suggesting
that the studied population deviate from HWE Hardy—
Weinberg Equilibrium meaning the population was not
in equilibrium for rs662799 polymorphism of APOAS
gene (Additional file 1: Table S2).

APOAS5 gene polymorphism rs662799 (— 1131A>G)

and body mass index

After applying Kruskal-Wallis one way ANOVA on
height (Cm) of different genotype categories, it revealed

Table 1 Comparison of descriptive statistics of demographic, anthropometric and physio-metric variables between male and female

subjects.

Characteristics Male Female Total P-value

Number of subjects 138 108 246

Age (Years) 30.55+£ 1246 30.13+£13.09 30371272 0.598
Genotype AA (n) 90 67 157

Genotype AG (n) 35 31 66

Genotype GG (n) 13 10 23 0.839
Height (Cm) 163.89+11.54 157.224+10.79 160.96+11.68 <0.001*
Weight (Kg) 60.17£12.68 5880+ 11.75 59.57+£12.27 0.485

BMI (Kg/mz) 22244392 2365£3.90 22.86+£3.96 0.003*
SBP (mmHg) 125.664+12.04 122.13413.09 1241141261 0.013*
DBP (mmHg) 82.99+7.59 80.93+8.92 82.08+825 0.036*
PR (bpm) 83.78+£11.32 84.16£12.86 83.94+11.99 0.696
PP (mmHg) 4267 +£9.52 41.194+10.07 42.0249.78 0.309
MAP (mmHg) 97.2248.16 94.66£9.35 96.09+£8.78 0.007*

Data presented as mean = standard deviation, * statistically significant at p <0.05, Chi-square test and Student'’s t-test followed by Mann-Whitney Rank Sum test
were applied between male and female. n =number, Cm = centimeter, Kg = kilogram, m = meter, BMl = body mass index, SBP (mmHg) = systolic blood pressure
(millimeters of mercury), DBP = diastolic blood pressure, PR = pulse rate, PP = pulse pressure, MAP = mean arterial pressure.
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no significant association among the groups (p=0.817)
(Fig. 2a), but Dunn’s method showed significant dif-
ference (p<0.001) observed for weight among differ-
ent genotype categories (Fig. 2b). One-way ANOVA
followed by Bonferroni t-test on BMI values revealed a
statistically significant difference among different groups
(p<0.001) (Fig. 2¢). Further analysis of two BMI catego-
ries (IBMI and NBMI) with respect to genotypes showed

(2023) 24:19
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susceptible significant association of rs662799 polymor-
phism with IBMI in recessive (OR=17.711, p<0.001, CI
(95%) =4.05-77.46) and dominant (OR = 3.060, p <0.001,
CI (95%)=1.78-5.25) models of inheritance, while
other models revealed protective association (Table 2).
IBMI category showed higher frequency (35.57%) of
minor allele G as compared to NBMI (13.38%) with p
value<0.001 (Table 2). Other inheritance models might
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Fig. 2 Results of ANOVA among different genotypes for anthropometric traits a no significant difference (p=0.817) were observed in case of
height among the genotypes AA, AG and GG b and ¢ showing statistically significant differences among AA-GG and AG-GG, for weight (p <0.001)
and body mass index (BMI) (p <0.001) values of the participants (*p < 0.05)

Table 2 Genotypic distribution, Odds ratio analysis and allele frequency of the rs662799 APOA5 gene polymorphism under
co-dominant, recessive, dominant, over-dominant and additive models in individuals with increased BMI (IBMI) and normal BMI (NBMI)

Genotype/allele IBMI NBMI X P-value OR Cl (95%)
(n=104) (n=142)
No % No %
Co-dominant model
AA® 51 49,04 106 74.64
AG 32 30.76 34 23.94 4430 0.035 0511 0.28-0.92
GG 21 20.20 2 1.40 26.521 <0.001* 0.046 0.02-0.21
Recessive model
GG 21 20.20 2 140
AA+AG 83 79.80 140 98.60 22.824 <0.001% 17.711 4.05-77.46
Dominant model
GG+ AG 53 50.96 36 2536
AA 51 49.04 106 74.64 15.96 <0.001* 3.060 1.78-5.25
Over-dominant model
AG 32 30.76 34 2394
AA+GG 72 69.24 108 76.06 1.098 0.295 1412 0.80-2.49
Additive model
A 134 64.43 246 86.62
G 74 3557 38 13.38 32394 <0.001% 0.280 0.179-0.436

® Reference, *significant value, No.=number, OR=odds ratio, Cl = confidence interval
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be disregarded since they did not generate satisfactory
results.

APOA5 gene polymorphism rs662799 (-1131A> G)

and Blood Pressure:

One-way ANOVA followed by all pairwise Dunn’s
test revealed statistically significant differences in SBP
(»p=0.004), DBP (»p=0.03) and MAP (p=0.006) among
different genotypes (AA, AG and GG) (Fig. 3a, b, e).
Kruskal-Wallis one-way analysis of variance on ranks
showed that PR (p=0.431) and PP (p =0.051) values had
non-significant differences among the groups (Fig. 3c
and d). Further statistical analysis conducted to test the
association of increased SBP and DBP with polymor-
phism rs662799 in individuals with different genotypes.
Among the genetic models tested for significance, reces-
sive model of inheritance in SBP (OR=3.792, p=0.023,
CI (95%)=1.25-11.509) and DBP (OR=3.83, p=0.012,
CI (95%)=1.375-10.68) showed significant association
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of G allele with increase in their values (Tables 3 and 4).
The ISBP (25.17%) and IDBP (29.36%) showed higher
frequency of minor allele (G) as compared with NSBP
and NDBP (Tables 3 and 4). Among three genotypes,
although MAP showed significant difference with
p=0.006 (Fig. 3e) among genotypes, further association
analysis of rs662799 with change in MAP values, i.e., nei-
ther with IMAP nor NMADP, revealed significant result
under any of the inheritance models. However, the allelic
frequency of minor allele was found higher in case of
IMAP (25.87%) as compared to NMAP (18.45%) (Addi-
tional file 1: Table S3).

Discussion

The APOAS rs662799 polymorphism has been widely
implicated to affect the TG level and cardiovascular
risks, resulting into the high BMI. The increased BMI
is an indicator, frequently used to characterize obesity
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Fig. 3 Box plots deciphering the results of ANOVA among genotypes (AA, AG and GG) for physio-metric traits, a, b and e denotes the statistically
significant difference between AA and GG genotype, for systolic blood pressure (SBP) (p =0.004), diastolic blood pressure (DBP) (p=0.03) and mean
arterial pressure (MAP) (p =0.006), respectively, while ¢ and d representing non-significant results among genotypes for pulse rate (PR) (p =0.431)
and pulse pressure (PP) (p=0.051), respectively, for the study participants (*p <0.05)
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Table 3 Genotypic distribution, Odds ratio analysis and allele frequency of the rs662799 APOA5 gene polymorphism under
co-dominant, recessive, dominant, over-dominant and additive models in individuals with increased SBP (ISBP) and normal SBP (NSBP)

Genotype/allele ISBP NSBP x2 P-value OR Cl(95%)
(n=143) (n=103)
No % No %

Co-dominant model

AA® 90 62.94 67 65.05

AG 34 23.77 32 31.07 0422 0516 1.264 0.710-2.251
GG 19 13.29 4 3.88 4363 0.037* 0.283 0.092-0.87
Recessive model

GG 19 13.29 4 3.88

AA+AG 124 86.71 99 96.12 5.186 0.023* 3792 1.25-11.509
Dominant model

GG+ AG 53 37.06 36 34.95

AA 90 62.94 67 65.05 0.0422 0.837 0912 0.538-1.548
Over-dominant model

AG 34 2377 32 31.07

AA+GG 109 76.23 71 68.93 1272 0.259 0.692 0.392-1.22
Additive model

A 214 74.83 166 80.58

G 72 2517 40 19.42 1.942 0.163 0.716 0.463-1.108

® Reference, *significant value, No.=number, OR = odds ratio, Cl = confidence interval

Table 4 Genotypic distribution, Odds ratio analysis and allele frequency of the rs662799 APOA5 gene polymorphism under
co-dominant, recessive, dominant, over-dominant and additive models in individuals with increased DBP (IDBP) and normal DBP
(NDBP)

Genotype/allele IDBP NDBP X P-value OR Cl (95%)
(n=126) (n=120)
No % No %

Co-dominant model

AA® 70 55.56 87 72.50

AG 38 30.16 28 2333 2.64 0.104 0.593 0.332-1.06
GG 18 14.28 5 4.17 7.806 0.005% 0.223 0.079-0.632
Recessive model

GG 18 14.28 5 417

AA+AG 108 85.72 115 95.83 6.28 0.012% 3.83 1.375-10.68
Dominant model

GG+ AG 56 44.44 33 27.50

AA 70 55.56 87 7250 6.93 0.008* 0474 0.278-0.808
Over-dominant model

AG 38 30.16 28 2333

AA+GG 88 69.84 92 76.67 1.132 0.287 142 0.803-2.506
Additive model

A 178 70.64 202 84.17

G 74 29.36 38 15.83 2.044 <0.001% 0453 0.29-0.703

® Reference, *significant value, No.=number, OR=odds ratio, Cl = confidence interval
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and to estimate adiposity; in that way, it is allied with
a succession of health issues which are always grouped
collectively as metabolic syndrome, including type 2
diabetes, dyslipidemia and fatty liver disease, although
genetic evidence of effect of rs662799 on BMI and
hypertension has been inconsistent. In the present
study, we observed that there was an association of
APOAS rs662799 (—1131A>@G) with BMI, SBP and
DBP. Our genotypic data showed that the allelic fre-
quency of minor allele (G) was 23% and major allele (A)
was 77% (Additional file 1: Table S1); however, different
frequencies of minor allele ranging 29.1% in Japanese,
26.7% in Chinese, and 1.7% in European population had
been published [9], similarly for south Asian and global
population (dbSNP, 1000Genome).

Table 1 depicts significant differences in height and
BMI among males and females in our study, similar
results from previous study have shown that height in
males tends to be higher as compared to females, while
BMI was found to be higher in females than males
[38], although there is mixed research suggesting gen-
der-based differences might be due to the influence of
environment and other genes or may be due to sex hor-
mones [39]. Moreover, difference in blood pressure is
due to protective nature of some biological and behav-
ioral factors against hypertension in females. These fac-
tors include sex hormones, chromosomal differences
and other biological sex differences [40]. Our findings
related to physio-metric traits also showed significantly
higher blood pressure (SBP, DBP, MAP) in male partic-
ipants compared to females (Table 1) as suggested by
the findings from North India and other populations
worldwide [38, 41-43].

Numerous studies have suggested the association
r$662799 polymorphism of APOA5 gene in CHD, car-
diovascular disease risk, metabolic syndrome, dyslipi-
demia, severity of CHD, cardiovascular traits, serum
adipokine levels and TG [4, 9, 16, 29, 44-46]. Nor-
mally, the APOAS gene is known to regulate the TG
level, which results in maintaining BMI, but variation
(rs662799, A-1131G) in promoter region of APOAS is
responsible for reduced expression, which fails the gene
to regulate the TG level, causing increased TG and,
consequently, higher BMI or obesity [33, 46, 47]. In our
study, we found a significant (p <0.001) increase in BMI
(17.71-folds) among the individuals with GG genotype
as compared to AG and AA genotype, under recessive
model of inheritance; dominant model also showed
significant odds ratio of 3.06 with CI (95%) 1.78-5.25
at p<0.001(Table 2). In contrast with the studies [20,
48], our study suggested that the higher frequency of
minor allele (35.57%) among IBMI individuals has the
involvement of the allele in progression of obesity or
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significant increase in BMI, as reported previously [8,
49, 50].

Evidence suggests that SNP rs662799 of APOAS5 gene
is meticulously related with alterations of BP, serum lipid
parameters, increased risk of myocardial infarction and
cardiovascular risk as well as hypertension [30, 33, 49].
From our investigation, a significant association of the
SNP rs662799 (A-1131G) was found with increased SBP
(3.79-fold, p=0.023) and it also increased DBP (3.83-
fold, p=0.012) among G allele carriers as compared to
A allele, under recessive model of inheritance; similar
results also reported by previous research [30]. The fre-
quency of allele G was found higher in individuals having
ISBP (25.17%) and IDBP (29.36%), compared to the indi-
viduals with NSBP and NDBP; this could be explained
by the fact that G allele carriers of rs662799 of APOAS
gene cause alterations in cardiovascular events and con-
sequently lead to hypertension [16]. Significant difference
among the genotypes was also observed in case of MAP
values (Fig. 3e), but association analysis from our data for
rs662799 SNP of APOAS5 gene with IMAP and NMAP
individuals did not show significant results under any of
the inheritance models, although previous report [30]
suggested a strong positive association of —1131 A>G
polymorphism with arterial hypertension (AHT). How-
ever, further research is needed to endorse our findings
regarding the association of APOAS gene rs662799 poly-
morphism and quantitative traits.

Conclusions

To the best of our knowledge, this study is the first to
examine the association of polymorphism rs662799 of
APOAS gene with morphometric and physio-metric
traits together, among North Indian population. Our data
show markedly higher BMI, systolic and diastolic blood
pressure in subjects with the —1131G allele. Hence, we
suggest that the presence of minor allele G could be an
early genetic marker for the identification of increased
risk of obesity and cardiovascular complications. The
findings of our study offer the chance to clarify the asso-
ciations between the rs662799 polymorphism, BMI and
BP. Clinical guideline will be eventually used for this
knowledge to enhance the development of dietary ther-
apies for people with obesity and heart disease. Exer-
cise and nutritional treatments are two ways of lifestyle
changes that should be part of weight management for
those who are overweight or obese. For larger sample
sizes in independent replication, investigations are neces-
sary to provide further insight in the function of the gene
under investigation in this research.
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