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Background & objectives: Asian Indians have been shown to have a high prevalence of metabolic
syndrome (MetS), related to insulin resistance and possibly genetic factors. The aim of this study was
to determine the genetic patterns associated with MetS in Asian Indians living in Durban, South Africa.

Methods: Nine hundred and ninety nine participants from the Phoenix Lifestyle Project underwent
clinical, biochemical and genetic assessment. MetS was diagnosed according to the harmonized
definition. The apolipoprotein AS Q139X lipoprotein lipase (LPL) Hinf I, human paraoxonase 1 (PONI)
192Arg/Gln, cholesteryl ester transfer protein (CETP) TaqlB, adiponectin 45T>G and leptin (LEP)
25CAG were genotyped by real-time polymerase chain reaction in participants with and without MetS.
Univariate-unadjusted and multivariate-adjusted relations were conducted for all analyses.

Results: The prevalence of MetS was high (49.0%). More females had MetS than males (51.0 vs 42.8%).
There was no significant difference in the distribution of genotypes between participants with MetS and
those without. Males with the MetS who had the adiponectin TG genotype and human paraoxonase 1 AA
genotype were more likely to have reduced high-density lipoprotein cholesterol (HDL-C) (P=0.001) and
higher systolic blood pressure (P=0.018), respectively.

Interpretation & conclusions: About half of the Asian Indians living in Phoenix had MetS. No association
between the polymorphisms studied and the risk for MetS was observed. The adiponectin TG genotype
may be associated with reduced HDL-C and the human paraoxonase 1 AA genotype with hypertension
in males. This suggested that lifestyle factors were the major determinant for MetS in this ethnic group
and the genetic risk might be related to its component risk factors than to MetS as an entity.
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Insulin resistance (IR) and obesity contribute to the
development of risk factor clustering in the metabolic
syndrome (MetS). Several investigators have examined
the prevalence of MetS across different ethnic groups.
Certain ethnic groups such as Asian Indians have
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been found to be more predisposed to developing the
MetS'2. In addition to IR and obesity, early evidence
from twin and familial aggregation studies® has
suggested a genetic contribution to the pathogenesis of
the MetS. Genome-wide scans have identified various
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chromosomal regions with suggestive linkage to the
MetS*. To date, varying associations have been reported
between single-nucleotide polymorphism(s) (SNPs) of
certain genes and the MetS°. A genetic predisposition
might explain the increased susceptibility to
cardiovascular disease in South African Indians®. This
study was undertaken to evaluate SNPs in selected
candidate genes associated with lipid and carbohydrate
metabolism in Asian Indians living in Durban,
South Africa.

Material & Methods

All participants from the Phoenix Lifestyle Project
(PLP) (Ethical reference: BE336/05) who consented
to genetic screening were included in this study. The
study design, the randomization process and the risk
factor profile of this sample have been previously
published’. Briefly, the PLP was a cross-sectional study
(conducted from January 2007 to December 2008) of
1428 South African Indians (aged 15 to 64 yr) living
in the cadastral area of Phoenix, Durban, South Africa.
Participants for the PLP were selected randomly from
the previous population census, and using the Kish
method, one participant from each home was selected’.

Where written consent to participate was obtained,
and before the test days, specially trained fieldworkers
interviewed participants and all demographic data (sex,
age, education and income level, including physical
activity, diet, smoking habits, alcohol consumption,
history of diabetes mellitus, hypertension) and
cardiovascular risk factors were recorded in the STEPS
instrument for non-communicable disease (NCD) risk
factors, a modified version 1.4%. The genetic study
protocol was reviewed by the Biomedical Research
Ethics Committee, University of Kwa-Zulu Natal,
South Africa (Ethical reference: BE232/010).

Study population: A total of 999 South African
Indians (mean age: 45.4£13.1 yr), comprising 749
females (mean age: 46.0=12.3 yr) and 250 males
(43.4£15.2 yr), who consented to genetic screening
were enrolled in this study. Anthropometric,
physiological and biochemical parameters were
recorded in the STEPS instrument for NCD risk factors
(version 1.4)%. The clinical evaluation was conducted
at the Lifestyle Centre, Inkosi Albert Luthuli Central
Hospital, Durban, South Africa. Anthropometric
measurements included waist circumference, weight
and height (as per the WHO criteria)®. Blood pressure
(BP) readings were recorded at two-minute intervals
(average of three readings was recorded). Systemic

hypertension was diagnosed if individuals reported
hypertension and/or had readings >140 and >90
mmHg and/or on antihypertensive therapy. After
an overnight fast, venous blood (20 ml) was drawn
for measuring serum lipid [total triglyceride, high-
density lipoprotein cholesterol (HDL-C) and total
cholesterol], serum insulin and plasma glucose levels.
Plasma insulin was measured by immunoassay, and
glucose oxidase method was used to measure fasting
plasma glucose’. Blood samples (20 ml) for the genetic
analysis (Roche, South Africa) were collected in
ethylenediaminetetraacetic acid tubes (EDTA).

The diagnosis of the MetS was in accordance with
the harmonized definition using the ethnic-specific
cut-offs for waist circumference in Asian participants’.
Participants with the MetS have >3 of 5 metabolic risk
factors, viz. (i) central obesity: waist circumference
>90 cm in males or >80 cm in females; (i7) triglycerides:
>150 mg/dl; (iii) HDL-C: <40 mg/dl in males or
<50 mg/dl in females; (iv) BP: >130/85 mmHg;
and (v) fasting blood glucose: >100 mg/dl.

DNA extraction: Genomic DNA was extracted from
whole blood using the MagNA Pure Instrument and
a MagNA Pure LC Total Nucleic Acid Isolation Kit
according to the manufacturer’s instructions (Roche,
South Africa). Briefly, 200 pl of whole blood was
transferred to the sample cartridge and loaded onto
the MagNA Pure LC workstation together with the
necessary disposables and kit reagents. The MagNA
Pure LC (Roche, South Africa) used magnetic bead
technology and automatically performed the isolation
and purification steps, binding of DNA, washing steps
and elution of the nucleic acid. DNA concentrations
were then determined using the NanoDrop 1000
analyzer (Thermo Scientific, USA) and samples were
standardized to 5 ng/ul.

Selection and genotyping of polymorphisms: Six
SNPs related to lipid metabolism (apolipoprotein
Q139X - rs121917821), IR [cholesterol ester transfer
protein TaqlB - rs708272; lipoprotein lipase (LPL)
Hinf'I - rs328; paraoxonase 1 192Arg/Gln - rs662] and
obesity (leptin 25CAG - rs104894023; adiponectin
45T>G -1s2241766) were selected. Gene SNPs chosen
were relevant to lipid metabolism and the risk for the
MetS. The SNP database (dnSNP) at NCBI (http://
www.ncbi.nlm.nih.gov/snp) was used. The selection
of selected SNPs was based on the following: (i) In a
study of 200 participants with an allelic frequency of
<0.25 per cent, the apolipoprotein A5 (APOAS) Q139X
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showed significant associations with dyslipidaemia'®.
Asian Indians in South Africa have been shown
to have a high prevalence of dyslipidaemia®. We
predicted that the APOAS5 Q139X SNP may be related
to an increased risk of dyslipidaemia and thereby the
MetS. (i) The LPL (lipoprotein lipase) Hinfl SNP
has been linked with increased lipolytic activity and
dyslipidaemia''. Since the allelic frequency for the
LPL Hinfl varied amongst different ethnicities'*!* and
this SNP had been examined in South African Indians
with myocardial infarction (MI)®, we hypothesized
that this SNP might be related to an increased risk of
the MetS in Asian Indians. (iii) The high prevalence
of an atherogenic lipid profile and diabetes amongst
Asian Indians'® suggested a possible genetic risk
for the MetS. We selected the PONI (paraxonase 1)
SNPs since the 192Arg allele has been shown to be
associated with paraoxonase 1 activity and varying
affinity for HDL". (iv) Since it has been shown that
Asian Indians with MI have low HDL-C levels®, we
selected the CETP (cholesteryl ester transfer protein)
Taq1B SNP for study which has revealed associations
with high CETP activity and reduced HDL-C levels'®.
(v) In Asian individuals, the ADP (adiponectin) +45T
allele has been found to be associated with IR'7, which
is known to be the driving factor for the MetS. We,
therefore, investigated whether the +45T>G SNP was
associated with the MetS in our sample. (vi) In keeping
with other studies on Asian Indians'8, our previous
study showed that obesity was a driving factor for the
MetS in our sample’. We selected the leptin (LEP)
25CAG SNP since it has been shown to be associated
with obesity!’.
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Genotyping

Genotyping of the selected SNPs was carried out
using polymerase chain reaction (PCR) (probe-specific)
on the LightCycler 480 (Roche, South Africa).
Amplification of the genomic DNA was obtained using
a 13 pl volume, which contained PCR grade water
(Roche), genotyping master mix (Roche), forward and
reverse primers, forward and reverse probes (Roche),
MgCl, (where necessary) and 5 pl genomic DNA
template. Primer and probe [designed by Roche, South
Africa, using the LC Probe Design Software 2.0. using
a reference sequence for each of the selected genes
from OMIM (https://www.omim.org)] sequences are
shown in Table I.

PCR occurred by denaturation at 95°C for 10 sec,
annealing at 55°C for 10 sec and extension/elongation
at 72°C for 10 sec. On completion of the amplification,
a melting curve step occurred by cooling and reheating
the PCR mix at 45°C and 95°C, respectively. Final
cooling occurred for each PCR mix at 40°C for 30 sec.
The integrity of the PCR products was checked in five
per cent of randomly selected samples by standard
techniques using the Illustra GFX PCR DNA and gel
band purification kit (GE Healthcare, Illinois, USA).
Purified PCR products were run on a 1.5 per cent agarose
gel and visualized using GelVue UV Transilluminator
(SynGene, London, UK). To confirm the PCR findings,
sequencing was performed on five per cent of the samples
using the Sanger method by standard techniques.

Power calculation: A minimum f of 0.1 was detected
with a sample size of 999 participants with 5 per cent

Table I. Primer and probe sequences for studied gene polymorphisms

Gene SNPs Primer sequence (5’ - 3°) Probe sequence (5’ - 3)
Apolipoprotein ~ F: AgCCCTACATggCAgAg P1: LC640-CCTACTCCATCAgATCCATCgTgTAgg-PH
A5 Q139X R: TgggCCTTggTgTCTTC P2: TCCTgCACgCgCAgggC-FL
CETP TaqlB F: TggTgAgAAggTCCTAC P1: CCCAgAATCACTgggeTTCAAGTT-FL

R: CCAAATATACACCAACCTCCTAAT  P2: LC640-ggTTCAgATCTgAgCCAggTTAgggg-PH
Lipoprotein F: TTCTgTTCTAgggAgAAAgTgT P1:LC640-ATTCAgAgACTTgTCATggCATTTCACAAATACCg-PH
lipase Hinf I R: CATgAAgCTgCCTCCCTTA P2: AATgCTCACCAgCCTCACTTC-FL
Paraoxonase F: TATTgTTgCTgTgggACCT P1: LC640-CCCAAATACATCTCCCAggATCgTAAgTA-PH
1 192Arg/GIn R: ACATACTTgCCATCggg P2: CTTggACTATAgTAgACAACATACgACCACgCTA-FL
Leptin 25 F: TTGTGGCTTTGGCCCTA P1: LC640-TTGGTGTCATCTTGGACTTTCTGGA-PH
CAG R: GCTGGCTGCAGTTCTAC P2: GATCCTGGTGACAATTGTCTTGATGAGGG-FL
Adiponectin F: gCTgggAgCTgTTCTAC P1: LC640-ggTTTCCTggTCATgCCg-PH
45T>G R: gCCATCTCTgCCATCAC P2: AggACTCCgggCCCTTgAgTC-FL
SNPs, single-nucleotide polymorphisms; F, forward primers; R, reverse primers; P1, probe 1; P2, probe 2; CETP, cholesteryl ester
transfer protein
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significance and 90 per cent power. When HWE holds,
x> has a Chi-square distribution with 1 df. When
HWE does not hold, y* has a non-central Chi-square
distribution with non-centrality parameter nf’.. The
cut-off for significance at the 5 per cent level of
Chi-square with 1 df was 3.84. Thus, P value was
<0.05 if a test statistic greater than 3.84 was observed.
To be at least 90 per cent sure of rejecting HWE, when
HWE was false, the non-centrality parameter should be
at least 10.51.

Statistical analysis: Data were analyzed using the Stata
13.0 (StataCorp LP, USA). The frequencies for the
studied SNPs were calculated by gene counting, and
the Pearson Chi-square (y*) test was used to identify
departure from Hardy-Weinberg equilibrium (HWE).
The Pearson y? test was also used to test associations
between independent categorical variables and MetS.
If an expected cell count contained fewer than five
observations, then the Fisher’s exact test was employed.
Difference by means of MetS components and SNPs
was assessed using one-way analysis of variance
(ANOVA). If the data were not normal, then the
Kruskal-Wallis test was used. Adjustment for multiple
testing was performed using the Bonferroni correction
(calculated using “qqvalue” ado in Stata 13.0).
Bivariate and multivariable ordered logistic regression
analyses were performed to assess the association of
various MetS parameters with the observed genotypes
among MetS versus non-MetS individuals.

Results

There was a high prevalence of MetS (49.0%) with
a slightly higher prevalence in females (n=382/749,
51.0%) than males (n=107/250, 42.8%). The most
frequent risk factor components in participants with

the MetS were increased waist circumference (95.0%)
and elevated triglycerides (71.1%). Increased waist
circumference was also present in 61.7 per cent of
individuals without MetS (Table II). The prevalence of
increased triglyceride was 5.5-fold and fasting blood
glucose 7.4-fold in those with MetS.

The genotype distributions of the six SNPs
were in HWE, except the LPL Hinf I which deviated
from HWE (Table III). Comparison of genotype and
allele distribution revealed that none of the studied
SNPs were significantly associated with the MetS
(Table IV). The risk factor components of the MetS for
all participants were compared with the genotypes of
the six SNPs (Table V). In addition, the MetS risk factor
components were compared with the genotype/allele of
the six SNPs in males and in females to look for gender
associations (Table VI). The 45T>G SNP of adiponectin
was associated with reduced HDL-C levels in male
participants with the MetS (P=0.001). These findings
remain significant on adjusted analysis. The 192 Arg/GIn
SNP of human paraoxonase 1 was associated with
elevated systolic BP in male participants with the MetS
(P=0.018) (Table VI), but this significance fell away
on adjusted analysis. No genotype/gender associations
were observed in females. Similarly, no associations
between the MetS risk factors with genotypes amongst
MetS participants were observed (Table VII).

Discussion

In this study of Asian Indians, no genetic
predisposition to the MetS was observed for the
selected SNPs. While studies performed in South
Asians have shown positive associations between the
FABP2A1a54Thr®, APOCIII T-455C and APOCIII
C-482T2', APOA1 T655C, APOA1 T756C and APOA1
T1001C SNPs?? and the MetS, only a few studies have

Table II. Prevalence of the metabolic components in individuals with and without metabolic syndrome (MetS)

Variables No MetS (n=483) MetS (n=516) OR CI P
n (%) n (%)

Harmonized (2011)
WC >80 cm (females); 90 cm (males) 298 (61.7) 490 (95.0) 11.700 7.572-18.076 <0.001
Systolic blood pressure >130 mmHg 115 (23.8) 335 (64.9) 5.922 4.491-7.810 <0.001
Diastolic blood pressure >85 mmHg 82 (17.0) 270 (52.3) 5.367 4.001-7.200 <0.001
Fasting blood glucose >100 mg/dl 30 (6.2) 238 (46.1) 12.927 8.596-19.441 <0.001
Triglycerides >150 mg/dl 63 (13.0) 367 (71.1) 16.421 11.851-22.752 <0.001
HDL-C<50 mg/dl (females); <40 mg/dl (males) 106 (21.9) 344 (66.7) 7.113 5.361-9.437 <0.001
The main drivers for the MetS were increased levels of serum triglyceride, fasting blood glucose and waist circumference.
WC, waist circumference; OR, odds ratio; CI, confidence interval, HDL-C, high-density lipoprotein cholesterol
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Table III. Genotype and allele frequencies
SNP Genotype Allele Hardy-Weinberg
frequencies, n (%) frequencies (%) p- pt
APOA5 Q139X CC: 999 (100) C: 100 - -
TT: 0 (0) T:0
CT: 0 (0)
LPL Hinfl CC: 772 (77.3) C: 86 0.001" 0.023"
GG: 53 (5.3) G: 14
CG: 174 (17.4)
PONI 192 Arg/Gln AA: 541 (54.2) A: 74 0.150 0.968
GG: 58 (5.8) G: 26
AG: 400 (40.0)
CETP Taq1B GG: 311 (31.1) G: 54 0.050 0.901
AA:223(22.3) A: 46
GA: 465 (46.6)
ADP 45T>G TT: 745 (74.5) T: 86 0.890 0.993
GG: 18 (1.8) G: 14
TG: 236 (23.6)
LEP 25CAG AA:991(99.2) A:99.6 0.900 0.993
GG: 0 (0) G:04
AG: 8 (0.8)
x*: P*, unadjusted and P*, adjusted; "Bonferroni adjusted values showed deviation from HWE for the LPL Hinfl SNP (P<0.05);
-, N0 mutation in sample.
APOAS, apolipoprotein AS; LPL, lipoprotein lipase; PONI, human paraoxonase 1; ADP, adiponectin; LEP, leptin; CETP, cholesteryl
ester transfer protein; HWE, Hardy-Weinberg equilibrium; SNP, single nucleotide polymorphism

been performed in Asian Indians. Studies that have
examined that the IRS-1 G-972R, PPAR-GammaP12A,
PPAR-Gamma KCNIJIIE23K, TNF-Alpha-308G/A%,
PPAR-Gamma CIA and PPAR-Gamma UCP1%* have
failed to show any association with the MetS.

Associations have been described between the
selected candidate gene SNPs and IR. For example,
carriers of the CETP TaqlB in Spanish® and the
adiponectin 45T>G (+45T allele) in Taiwanese have
been associated with IR?. This is probable since IR is
the driving factor for the development of the MetS.

Our study was adequately powered to detect
differences in genotype frequencies. It should be noted
that studies showing positive associations between the
SNPs we studied and the MetS have been performed
on <100 study samples compared to ours. For example,
the APOAS Q139X SNP was evaluated in nine White
participants'’, the LPL Hinfl in 99 Caucasians?’ and
the leptin 25CAG in 30 Thai participants'. Tt is also
possible that population stratification could have been
a confounding factor, leading to false-positive findings
in studies with small samples.

A low prevalence of the MetS has been described
in Singapore Indians (20.9% of males and 15.5% of

females)® and in Indians from Mauritius (10.6% in
males and 14.7% in females)®. Our findings were in
keeping with high prevalence described in European
Asian Indians (46.0% of males and 38.0% of females)**
and in Canadian Indians (41.6%)*" and support the
report of a 60 per cent prevalence of the MetS in a
sample of South African Indians with MI°, indicating a
high cardiovascular risk in this community.

We considered other possibilities to explain the
negative findings in our study. It was unlikely that
our sample was skewed since all but LPL Hinfl were
in HWE. The deviation for the LPL Hinfl in our study
could be explained by one or more assumptions. For
example, population stratification and non-random
mating may be possible. Finally, genotyping errors, i.e.
‘null alleles’ being present resulting in false observation
ofhomozygotes, could account for deviation from HWE.
Furthermore, sequencing was performed in five per cent
of samples to ensure the accuracy of our findings.

In our sample, females had a higher prevalence of
the MetS compared to males. Although we had fewer
males in our study, our finding could be true since the
female gender predisposition was also shown in one
other South African study®. In contrast, Chow et a/l*?
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Table IV. Genotype/allele frequencies in individuals with and without metabolic syndrome (MetS)
SNP Genotype” MetS, n (%) No MetS, n (%) 2 P}
APOAS5 Q139X n (%)" 489 (48.9) 510 (51.1) - -
CC 489 (100) 510 (100)
TT 0 0
CT 0 0
C-allele 978 (100) 1020 (100)
T-allele 0 0
LPL Hinfl n (%) 489 (48.9) 510 (51.1) 0.59 0.99
CC 372 (48.2) 400 (51.8)
GG 29 (54.7) 24 (45.3)
CG 88 (50.6) 86 (49.4)
C-allele 832 (48.4) 886 (51.6)
G-allele 146 (52.1) 134 (47.9)
PONI 192 Arg/Gln n (%) 489 (48.9) 510 (51.1) 0.54 0.99
AA 273 (50.5) 268 (49.5)
GG 26 (44.8) 32(55.2)
AG 190 (47.5) 210 (52.5)
A-allele 736 (49.7) 746 (50.3)
G-allele 242 (46.9) 274 (53.1)
CETP Taq1B n (%) 489 (48.9) 510 (51.1) 0.76 0.99
GG 151 (48.6) 160 (51.4)
AA 114 (51.1) 109 (48.9)
GA 224 (48.2) 241 (51.8)
G-allele 526 (48.4) 561 (51.6)
A-allele 452 (49.6) 459 (50.4)
ADP 45T>G n (%)" 489 (48.9) 510 (51.1) 0.17 0.97
TT 364 (48.9) 381 (51.1)
GG 5(27.8) 13 (72.2)
TG 120 (50.8) 116 (49.2)
T-allele 848 (49.1) 878 (50.9)
G-allele 130 (47.8) 142 (52.2)
LEP 25CAG n (%)’ 489 (48.9) 510 (51.1) 0.52 0.99
AA 486 (49.0) 505 (51.0)
GG 0 0
AG 3(37.5) 5(62.5)
A-allele 975 (49.0) 1015 (51.0)
G-allele 3 (37.5) 5(62.5)
x*: P*, Both unadjusted and P*, Bonferroni adjusted; *, No mutation in sample.
None of the studied SNPs increased the risk for the MetS. 4POAS5, apolipoprotein AS; LPL, lipoprotein lipase; PONI, human
paraoxonase 1; ADP, adiponectin; LEP, leptin; CETP, cholesteryl ester transfer protein; SNP, single nucleotide polymorphism

in Southern India showed that males were at a greater MetS, environmental changes and sedentary lifestyles
risk for the MetS than females (26.9 vs 18.4%). While could also have contributed to the cardiometabolic risk
these gender differences could be due to the different factor profiles and the observed gender differences in

gender ethnic-specific cut-offs in the criteria for the prevalence of the MetS.
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Table V. Association between gene polymorphisms and metabolic components
Gene Metabolic components Mean+SD 2= P}
polymorphism WTH genotype MH genotype HET genotype
PONI Waist circumference (cm) 95.8+15.0 96.2+14.3 95.1+15.9 0.770 0.993
192Arg/Gln Systolic pressure (mmHg) 128.7424.3 126.7+21.0 128.8+23.4 0.810 0.993
Diastolic pressure (mmHg) 81.3+12.9 79.6+10.8 79.8+12.2 0.160 0.968
Blood glucose (mg/dl) 111.7452.3 122.5+57.7 111.7£77.5 0.430 0.993
Triglycerides (mg/dl) 159.4+106.3 150.6+70.9 159.4+106.3 0.590 0.993
HDL-C (mg/dl) 58.0£131.5 50.3£11.6 50.3423.2 0.400 0.993
CETP TaqlB Waist circumference (cm) 95.5+15.2 95.2+14.2 95.7+£15.9 0.910 0.996
Systolic pressure (mmHg) 129.0+£24.2 129.4+23.2 128.0+£23.7 0.720 0.993
Diastolic pressure (mmHg) 81.1£13.1 81.9+12.2 79.7+12.2 0.080 0.968
Blood glucose (mg/dl) 109.9£50.5 120.7+100.9 108.1+46.8 0.060" 0.917
Triglycerides (mg/dl) 150.6+88.6 168.3+124.0 159.4+106.3 0.210 0.968
HDL-C (mg/dl) 50.3£19.3 69.6+197.2 50.3+27.1 0.070 0.946
ADP 45T>G Waist circumference (cm) 95.3£15.8 92.1£11.7 96.4+13.8 0.410 0.993
Systolic pressure (mmHg) 129.3423.6 121.7419.4 126.9424.4 0.180 0.968
Diastolic pressure (mmHg) 80.9+12.4 76.3+10.1 80.2+13.0 0.250 0.993
Blood glucose (mg/dl) 111.7468.5 97.3+23 4 113.5+52.3 0.600 0.993
Triglycerides (mg/dl) 159.4+106.3 124.0£79.7 168.3+106.3 0.320 0.993
HDL-C (mg/dl) 54.1427.1 46.4+11.6 61.9+201.1 0.320 0.993
LEP25CAG Waist circumference (cm) 95.5+15.3 - 102.8+10.8 0.180 0.968
Systolic pressure (mmHg) 128.6+23.7 - 126.6+27.3 0.810 0.993
Diastolic pressure (mmHg) 80.6+12.6 - 80.4+6.8 0.960 0.997
Blood glucose (mg/dl) 111.7+64.9 - 106.3£25.2 0.780 0.993
Triglycerides (mg/dl) 159.4+106.3 - 124.0£35.4 0.310 0.993
HDL-C (mg/dl) 54.1496.7 - 50.3£11.6 0.870 0.993
*ANOVA unadjusted P; *Bonferroni adjusted P value; The Pearson y* or Fishers exact test was employed given the categorical nature
of the variables; -, No mutant homozygotes.
The P values are calculated within the MetS only group and also only within non-MetS group. On unadjusted analysis LPL
Hinfl GG and CETP TaqlB AA were marginally associated with elevated diastolic blood pressure and blood glucose levels
respectively (P=0.06). No associations were demonstrated on the adjusted analysis. Because the APOA45 Q139X was monomorphic
and the LPL Hinf 1 did not follow HWE, these were excluded from the analysis. APOAS5, apolipoprotein AS5; LPL, lipoprotein
lipase; PONI, human paraoxonase 1; CETP, cholesteryl ester transfer protein; ADP, adiponectin; LEP, leptin; WTH, wild type
homozygotes; MH, mutant homozygotes; HET, heterozygotes; HDL-C, high-density lipoprotein cholesterol; SD, standard deviation;
ANOVA, analysis of variance; MetS, metabolic syndrome

Central obesity (waist circumference) (95.0%)

Although there was no association with the

and hypertriglyceridaemia (71.1%) were found to
occur more frequently in our participants. This has
been attributed to the effects of high blood glucose on
lipid metabolism, resulting in hypertriglyceridaemia
and obesity. The high prevalence of increased
triglyceride and fasting blood glucose with the
MetS suggests that risk factor clustering in our
participants may be related more to obesity
and diabetes than to a genetic predisposition to
the MetS.

selected gene SNPs with the MetS, certain genotypes
were associated with specific risk factor components of
the MetS. Males diagnosed with MetS with the human
paraoxonase 1 192Arg/Gln (AA genotype) were more
inclined to have elevated systolic BP. It has been
postulated that participants with this genotype who have
hypertension may possibly have increased oxidative
stress that alters the functioning of paraoxonase®,
leading to endothelial dysfunction and predisposition
to the MetS. More studies in this population are



[Downloaded free from http://www.ijmr.org.in on Sunday, June 6, 2021, IP: 194.80.229.244]

176 INDIAN J MED RES, AUGUST 2018

Table VI. Genotype associations in males with metabolic syndrome (MetS)

SNP Metabolic risk factors MetS
Mean+SD P~ Pi
Wild-type homozygote =~ Mutant homozygote = Heterozygote
PONI Waist circumference (cm) 97.0£9.3 102.4+13.6 101.0+10.1 0.097 0.980
192Arg/Gln gysiolic pressure (mmHg) 143.8+19.8 124.0+37.3 133.1422.1  0.018°  0.860
Diastolic pressure (mmHg) 88.5£12.5 78.8£17.3 86.2+11.1 0.197 0.980
Blood glucose (mg/dl) 120.7+46.8 147.7+61.3 126.1+50.5 0.440 0.993
Triglycerides (mg/dl) 230.3+124.0 203.7+53.1 239.1497.4 0.774 0.993
HDL-C (mg/dl) 38.7+7.7 42.5+7.7 38.7+7.7 0.266 0.993
CETP Waist circumference (cm) 101.1£9.2 95.1+£9.6 99.5+10.2 0.067 0.980
TaqlB Systolic pressure (mmHg) 140.4+28.4 135.0+19.0 139.3£19.8  0.638  0.993
Diastolic pressure (mmHg) 87.8£12.6 87.4£10.5 86.5+13.0 0.898 0.993
Blood glucose (mg/dl) 118.9+55.9 138.7452.3 118.9443.2 0.241 0.993
Triglycerides (mg/dl) 221.4+88.6 256.9+115.1 230.3+124.0 0.480 0.993
HDL-C (mg/dl) 38.7+7.7 42.5+11.6 38.7+7.7 0.103 0.980
ADP Waist circumference (cm) 99.4£9.6 - 96.9+11.2 0.301 0.993
45T>G Systolic pressure (mmHg) 140.2421.8 - 132.4423.8  0.144  0.980
Diastolic pressure (mmHg) 87.0+12.1 - 87.6+13.2 0.817 0.993
Blood glucose (mg/dl) 124.3+52.3 - 120.7+39.6 0.694 0.993
Triglycerides (mg/dl) 230.3+115.1 - 248.0+88.6 0.652 0.993
HDL-C (mg/dl) 38.7+7.7 - 42.547.7 0.001"  0.001"
LEP Waist circumference (cm) 98.9+9.9 - - - -
25CAG Systolic pressure (mmHg) 138.6+22.3 - - - -
Diastolic pressure (mmHg) 87.1£12.2 - - - -
Blood glucose (mg/dl) 124.3+48.6 - - - -
Triglycerides (mg/dl) 239.1+115.1 - - - -
HDL-C (mg/dl) 38.7+7.7 - - - -

*ANOVA unadjusted P; ‘Bonferroni adjusted P value. Two P values are presented (one unadjusted for multiple testing and one
adjusted for multiple testing) based on comparison of mean values within the MetS group and separately for within non-MetS group.
The PONI 192Arg/Gln AA and the ADP 45T>G TT was associated with elevated systolic blood pressure and reduced HDL-C levels,
respectively. Because the APOAS5 Q139X was monomorphic and the LPL Hinf 1 did not follow HWE, both were excluded from

the analysis. APOAS5, apolipoprotein AS5; LPL, lipoprotein lipase; PON1, paraoxonase 1; CETP, cholesteryl ester transfer protein;
ADP, adiponectin; LEP, leptin; ANOVA, analysis of variance; HDL-C, high-density lipoprotein cholesterol

required to further examine the association of this SNP
with MetS.

The adiponectin 45T>G SNP has been shown to
be positively associated with the MetS in 151 Uygur
Asians**. Although no such association was found in
our study, it was observed that males diagnosed with
MetS with the adiponectin 45T>G were more inclined
to have reduced HDL-C levels. Larger studies are
required to confirm whether the adiponectin 45T>G
confers a greater risk for dyslipidaemia in male
participants, in this way predisposing them to the
MetS.

There are several limitations of this study that need
to be considered. First, the discrepancies in associations
between the SNPs and the MetS may possibly be related
to the sample studied which comprised a larger number
of females. This investigation used cross-sectional
data, which provided information on a once-off basis
and were limited by the lack of a longitudinal analysis
which could contribute immensely to the understanding
of the MetS and its association with genetic factors in
Asian Indians. Second, the study examined specific
SNPs related to lipid metabolism and to obesity; we did
not genotype other SNPs known to be associated with
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Table VII. Prevalence of metabolic components with gene single nucleotide polymorphism(s) among metabolic syndrome
participants
Gene SNP MetS P
metabolic risk factors harmonized OR 95% CI
PONI 192Arg/Gln
WC >80 cm (females); 90 cm (males) 1.005 0.990-1.019 0.341
Systolic blood pressure >130 mmHg 0.996 0.987-1.006
Diastolic blood pressure >85 mmHg 0.992 0.974-1.010
Fasting blood glucose >100 mg/dl 1.031 0.988-1.076
Triglycerides >150 mg/dl 0.965 0.830-1.122
HDL-C <50 mg/dl (females); <40 mg/dl (males) 0.796 0.535-1.183
Age 1.010 0.992-1.027
Gender 1.047 0.672-1.630
CETP TaqlB
WC >80 cm (females); 90 cm (males) 1.005 0.992-1.019 0.352
Systolic blood pressure >130 mmHg 1.001 0.992-1.010
Diastolic blood pressure >85 mmHg 1.001 0.984-1.018
Fasting blood glucose >100 mg/dl 0.974 0.932-1.018
Triglycerides >150 mg/dl 0.924 0.808-1.057
HDL-C<50 mg/dl (females); <40 mg/dl (males) 0.926 0.756-1.133
Age 1.003 0.987-1.020
Gender 0.908 0.602-1.369
ADP 45T>G
WC >80 cm (females); 90 cm (males) 1.003 0.986-1.019 0.466
Systolic blood pressure >130 mmHg 1.007 0.996-1.018
Diastolic blood pressure >85 mmHg 0.994 0.973-1.015
Fasting blood glucose >100 mg/dl 1.014 0.962-1.070
Triglycerides >150 mg/dl 1.010 0.856-1.191
HDL-C<50 mg/dl (females); <40 mg/dl (males) 0.972 0.923-1.023
Age 0.982 0.961-1.002
Gender 1.427 0.839-2.428
LEP 25CAG
WC >80 cm (females); 90 cm (males) 1.030 0.972-1.092 0.396
Systolic blood pressure >130 mmHg 1.045 0.976-1.119
Diastolic blood pressure >85 mmHg 0.972 0.850-1.112
Fasting blood glucose >100 mg/dl 0.930 0.594-1.456
Triglycerides >150 mg/dl 0.429 0.084-2.186
HDL-C<50 mg/dl (females); <40 mg/dl (males) 1.030 0.613-1.735
Age 1.135 0.990-1.302
Gender 1.990 0-0
No associations between the MetS risk factors with genotypes among MetS participants were observed. Because the APOAS5 Q139X was
monomorphic and the LPL Hinf 1 did not follow HWE, both were excluded from the analysis. APOAS5, apolipoprotein A5; LPL, lipoprotein
lipase; PONI, human paraoxonase 1; GENO, genotype; CETP, cholesteryl ester transfer protein; 4ADP, adiponectin; LEP, leptin;
SNP, single nucleotide polymorphism; MetS, metabolic syndrome; WC, waist circumference; OR, odds ratio; CI, confidence interval;
Age/gender included as confounders
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lipid metabolism (such as FABP2 Ala54Thr*; APOAI
T655C, T756C, T1001C??), but the selected SNPs were
chosen on the basis of previous studies*!*!"!°. Because
of the high prevalence of diabetes in this sample, SNPs
in genes associated with MetS that affect glucose
metabolism such as TCF7L2* and PPAR-Gamma*-*
are likely to yield more positive associations with the
MetS. Third, there was a lack of haplotype analysis in
this study and replicating these findings and testing for
haplotypes associated with the risk for the MetS might
prove valuable. The sample size for interaction-type
analysis between the single locus did not reveal any
significant findings which may be partially explained
by the genotype/allele frequencies of the participants
studied.

In conclusion, our study showed a high prevalence
of the MetS in the studied population, however,
no genetic predisposition to the MetS based on the
studied SNPs was demonstrated. This suggests that the
absolute genetic risk for the MetS is probably small and
possibly lies in the component risk factors of the MetS.
In view of the association with risk factor components,
the adiponectin 45T>G and the human paraoxonase 1
192Arg/GIn SNPs in male participants may predispose
to dyslipidaemia and hypertension, respectively. Future
studies addressing gene-environmental influences are
more likely to identify predisposition to the MetS.
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