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Genetic variants on chromosome 19 (rs439401 and rs4420638)
are associated with obesity and high blood pressure
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Metabolic syndrome (MetS) represents a combination of at least three primary metabolic abnormalities from among
obesity, hyperglycemia, dyslipidemia, and high blood pressure, once combined, they increase significantly the cardio-
vascular risk. The APOE gene is considered as a genetic risk factor for cardiovascular diseases, it has been linked to MetS
or its traits in several populations. Our study aimed to analyze the association of three APOE gene polymorphisms with
MetS risk and its components in a general population sample, and to highlight the potential influence of these polymor-
phisms on individual susceptibility to MetS. We performed this work using a population-based, cross-sectional study of
a representative sample of 787 individuals (378 men and 409 women, aged between 30 and 64 years) recruited in the
city of Oran, Algeria (the ISOR Study); the subjects were genotyped for four polymorphisms, rs7412, rs429358, rs4420638
and rs439401, located in the APOE gene, using the KASPar technology. rs439401 showed a significant association with
hypertension (HBP). The T allele confers a high risk of hypertension with an odds ratio (OR) of 1.46 (95 % Cl [1.12-1.9],
p=0.006).rs4420638 was significantly associated with obesity in the general population. The G allele provides protection
against obesity, the resulting OR is 0.48 (95 % CI [0.29-0.81], p = 0.004). Although APOE variants were not associated with
the risk of MetS, the APOE polymorphism alleles were associated with some of the metabolic parameters in Algerian
subjects. The relation of APOE rs439401 alleles with a HBP is likely to be indicative of a state of stress of the population.
Key words: genetics; high blood pressure; diabetes; metabolic syndrome; obesity; Algerian population.
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CBSI3b reHeTUYEeCKNX BapmaHTOB r$439401 u rs4420638
B XpoMocoMe 19 ¢ OKrpeHneM 1 apTepmajabHO r’mrepTed3nen
V JKUTenen Amkupa
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MeTabonunueckuii cuHapom (MetS) npeactaBnaeT cob6oii KOMOMHALMIO MO MEHbLUEN Mepe TPeX OCHOBHbIX MOKa3aTenen,
aCCOLMUPOBAHHBIX C HapyLUeHeM 0OMeHa BeLeCTB: OXKNPEHNSA, TUNePrINKeMUN, SUCUMMAEMUN 11 BbICOKOTO apTepu-
anbHoro AasneHus. Jlloboe nx coyeTaHre 3HaUMTENIbHO YBENNUMBAET PUCK Pa3BUTUA cepaeUHO-COCYANCTbIX 3aboneBa-
HUi. TeH APOE cunTaeTcs reHeTnyeckM GakTopoM puUcKa pa3BrTMA cepheyHO-COCYANCTbIX 3a601eBaHNil, B HEKOTOPbIX
nonynAunAX OH CBA3aH C METAabONNYECKNM CUHOPOMOM UK €ro NpusHakamu. Hactosuee nccnegosaHme HanpasieHo
Ha aHanu3 accoumaumm Tpex nonmopdusmos reHa APOE ¢ puckom pa3BuTna MeTabonmyeckoro CMHAPOMa 1 ero KOMno-
HEHTOB B 06LLUel NONyNALMK, @ TaKXKe Ha BbIABIEHNE BO3MOXHOTO BAVNAHMWA STUX NONUMOPPU3MOB Ha UHAVNBUAYaNbHYO
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CBA3b reHeTUYeCKNX BapmnaHToB rs439401 n rs4420638
B XpOMOcoMe 19 C oXXnpeHnem 1 apTepranbHON runepTeH3nen

BOCMPMUMYMBOCTb K MeTabonmueckomy crHpomy. B pamkax npoekTta ISOR 6bi10 npoBefeHO MonynsALYOHHOe nepe-
KpecTHoe uccnefoBaHme penpe3eHTaTMBHOM BbIOOPKN 13 787 fobpoBosnbLeB (378 My»KuvH 1 409 eHLMH B BO3pacTe
ot 30 fo 64 neT), NpoxuBatolwrx B ropofe OpaHe (Amxup). O6cnepyemble 6biv reHOTUNMPOBAHbI MO YeTbipem Nonu-
mopousmam (rs7412, rs429358, rs4420638 1 rs439401), pacnonoxkeHHbim B reHe APOE, ¢ Cnonb3oBaHNEM TEXHONOMN
KASPar. Monumopdnsm rs439401 nokasan JOCTOBEPHYIO CBA3b C MOBbILEHHbIM apTepuranbHbIM faBneHnem. Annenb T
06yCIOBVBAET BbICOKUI PUCK Pa3BUTUA MMNEPTEH3NM C OTHOWeHMeM waHcoB (OR) pasHbiM 1.46 (95 % ClI [1.12-1.9],
p = 0.006). Monumopdusm rs4420638 LOCTOBEPHO KOPPENUPOBas C OXMpeHeM B obLeln nonynaumu. Hannune an-
nena G npenAaTcTByeT pa3Butuio oxknpeHns (OR = 0.48; 95 % CI [0.29-0,81], p = 0.004). XoTA cBA3N MeXay BapuaHTamu
reHa APOE 1 puckom pa3ButuAa meTabonmyeckoro CMHAPOMa He BbIAB/IEHO, OAHAKO HaliieHa Koppenauma Mmexay no-
NUMOPPHBIMY annensamMmn 3Toro reHa 1 pPAJOM nokKasaTtenell obMeHa BellecTs y 06cnefoBaHHbIX anxmpues. CBA3b Mo-
numopdursma rs439401 B annenax reHa APOE ¢ rmnepTeH3nell MOXeT yKa3blBaTb Ha COCTOAHME CTpecca y HaceNleHuA.
KnioueBble crioBa: reHeTUKa; BbICOKOE apTepuanbHoe fAaBneHue; AnabeT; MeTabonmyeckuini CUHAPOM; OXUPEHUE;

aJlXnpCKaa nonynayns.

Introduction

The concept of the Metabolic Syndrome (MetS) emerged
following the increase of the risk factors associated to car-
diovascular diseases and diabetes (Reaven, 1988; Grundy et
al., 2004). MetS represents a combination of at least three
primary metabolic abnormalities among obesity, hyperglyce-
mia, dyslipidemia, and high blood pressure, once combined,
they increases significantly the cardiovascular risk (Kahn et
al., 2005; Wilson et al., 2005; Hillier et al., 2006; Gami et al.,
2007; Meigs et al., 2007).

In Algeria, the health network improvement led to a progres-
sive aging of the population which allows for the emergence of
abnormalities associated with aging and MetS. The TAHINA
study (Epidemiological Transition And Health Impact in
North Africa) conducted in 2005 showed a high prevalence
of hypertension (24.9 %) and diabetes (12.2 %) in the Alge-
rian population. Overweight has become a real public health
problem, especially among women, 66.5 % are overweight
and 30.1 % are obese. Cardiovascular disease and diabetes
accounted for 26.1 and 4.4 % of deaths, respectively, in 2002
(Ministere de la Santé, 2007).

There have been at least six different published definitions
for MetS, the most used is that of the National Cholesterol
Education Program Adult Treatment Panel II1 (NCEP ATP III)
(Balkau et al., 2007). The prevalence of MetS differs accord-
ing to several parameters: definition, country, sex, age, and
even according to the region in the same country. In Algeria, a
recent study shows that the prevalence of metabolic syndrome
was 20 % in the Oran population, it was higher in women than
men (25.9 vs 13.7 %) (Houti et al., 2016).

Metabolic syndrome is a multifactorial disease that im-
plicates both environmental and genetic factors (Chuang,
2008). Given the importance of APOE in the metabolism of
lipoproteins; indeed, APOE gene was identified as genetic
determinants of plasma lipid and lipoprotein concentrations
in Caucasian and North African populations (Wilson et al.,
1994; Boulenouar et al., 2013). We aimed to analyze the as-
sociation of the APOE gene polymorphisms with MetS risk
and its components in a general population sample from the
city of Oran in Algeria, and to highlight the potential influence
of these polymorphisms on individual susceptibility to MetS.

Material and methods

Ethical considerations. This study was granted ethics ap-
proval by the Algerian National Agency for the Development
of Health Research (ATRSS exANDRS). All participants
provided informed consent prior to enrolment.

Abbreviations

ANDRS - Agence Nationale De Recherche en Santé

APOE - Apolipoprotein E

ATRSS - Agence Thématique de Recherche en Science
de la Santé

BMI - Body mass index

DBP - Diastolic blood pressure

DNA - Deoxyribonucleic acid

d.f. - Degree of freedom

HDL - High-density lipoprotein

ISOR - InSulino-résistance a ORan

LDL - Low-density lipoprotein

MetS — Metabolic Syndrome

SBP — Systolic blood pressure

SNP - Single nucleotide polymorphism

T2D -Type 2 Diabetes

Study population. Participants were recruited during the
ISOR (InSulino-résistance a ORan) study, a population-based,
cross-sectional study of a representative sample of 787 in-
dividuals (378 men and 409 women, aged between 30 and
64 years) recruited in the city of Oran, Algeria, from 2007 to
2009 (Boulenouar et al., 2013).

Data collection. Data were collected using a preconceived
questionnaire on socioeconomic information, physical activi-
ty (the level of physical activity was defined in quartiles as
“none”, “low”, “medium” and “high” after summing exer-
cise scores for sporting activities, walking, housework and
physical activity at work), tobacco use and alcohol intake,
past medical history and family history, current medications,
as well as anthropomorphic characteristics including height,
weight, waist circumference, hip circumference, and blood
pressure. Height and weight were measured while the subject
was barefoot and lightly dressed. The BMI was calculated ac-
cording to the Quetelet equation. Systolic and diastolic blood
pressure values (SBP and DBP, respectively) were measured
on the right arm with the subject in the sitting position, using
a standard mercury sphygmomanometer. Measurements were
made before and after completion of the questionnaire, with
an interval of at least 10 minutes. The mean value of the blood
pressure readings was considered for analysis. Regarding
tobacco use, participants were categorized as either smokers
(i.e. individuals reporting at least one cigarette per day) or
non-smoker. After a 12h overnight fast, blood was collected
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aseptically via venipuncture in an EDTA tube for DNA extrac-

tion and subsequent molecular analysis, and in a heparin tube

for biochemistry tests.

Metabolic syndrome diagnosis criteria. In this study, we
have adopted the definition of metabolic syndrome accord-
ing to the criteria of the NCEP ATP III (National Cholesterol
Education Program Adult Treatment Panel I1I) (Alberti et al.,
2005), the metabolic syndrome is diagnosed when a subject
has three or more of the following risk factors:

e Abdominal obesity: waist circumference > 102/88 cm
(Men/Women);

o Triglyceride level > 1.50 g/1 (1.69 mmol/l);

e HDL-cholestérol <0.40/0.50 g/1 (1.04/1.29 mmol/l) (Men/
Women);

¢ Blood pressure > 130/85 mmHg;

e Fasting glucose > 1.10 g/l (6.1 mmol/l).

Type 2 diabetes diagnosis criteria. The definition adopted
in this study is that of the American Diabetes Association
(ADA) (Gavin, 1998):

1. Fasting plasma glucose > 1.26 g/l (7 mmol/l) twice after
8 hours of fasting.

2. Occasional blood glucose >2 g/1 (11.1 mmol/l) in the pres-
ence of symptoms of hyperglycemia (polyuria, polydipsia,
unexplained weight loss).

3. Diabetics declared under treatment including oral antidia-
betic and/or insulin.

High blood pressure diagnosis criteria. Hypertension
(HBP) has been defined according to WHO criteria (Chal-
mers et al., 1999): mean systolic blood pressure greater than
140 mmHg and/or mean diastolic blood pressure greater than
90 mmHg and/or self-reported current treatment for hyper-
tension with antihypertensive drugs.

Obesity diagnosis criteria. The body mass index (BMI)
is calculated according to the Quetelet equation. A subject
is considered obese if he has a BMI greater than or equal to
30 kg/m?.

Biochemistry and molecular testing. A multichannel ana-
lyzer and dedicated kits (Humastar®, HUMAN Diagnostics,
Wiesbaden, Germany) were used for the colorimetric, enzy-
matic measurement of cholesterol (kit: monotest cholesterol
with cholesterol esterase, cholesterol oxidase and peroxidase),
triglycerides (kit: peridochrom triglyceride with glycerol
phosphate oxidase and peroxidase) and glucose (kit: glucose,
glucose oxidase and peroxidase). Plasma LDL-cholesterol
levels were calculated according to the Friedewald equation.
High-density lipoprotein cholesterol levels were measured
after sodium phosphotungstate/magnesium chloride precipi-
tation of chylomicrons and VLDL and LDL-cholesterol and
then centrifugation. Plasma insulin levels were measured using
amicroparticle enzyme immune assay running on an AXSYM
analyzer (Abbott Laboratories, Abbott Park, Illinois, USA).

Genomic DNA was extracted from white blood cells by
using the Stratagene® kit (Agilent Technologies, Les Ulis,
France), according to the manufacturer’s protocol. Three
genetic polymorphisms were characterized in this study,
the Epsilon polymorphism defined by defined by the rs7412
and rs429358 single nucleotide polymorphisms (SNPs), the
rs439401 and the rs4420638, genotyping was performed by
using KASPar technology (KBioscience, Hoddesdon, UK).
The genotyping success rates ranged from 93 to 96 %.
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Statistical analyses were performed with SAS 9.1 software
(SAS Institute Inc., Cary, NC, USA). The Hardy—Weinberg
equilibrium was tested using a 2 test with one degree of free-
dom (d.f.). Some of the biochemical traits (Fasting Glucose
levels, Triglycerides and Insulin levels) were not normally
distributed, we therefore log-transformed these parameters
to obtain normal data distributions. Intergroup comparisons
of means were performed with a general linear model, mul-
tivariate logistic regression analyses were used to calculate
the odds ratios for MetS, Type 2 Diabetes (T2D), High Blood
pressure (HBP) and obesity (Obes).The confounding variables
were age, gender, smoking status and physical activity. After
Bonferroni correction, only associations with an uncorrected
p value below 0.017 were considered to be statistically sig-
nificant.

Results

Characteristics of study subjects. The main anthropometric,
biochemical and clinical characteristics have been measured,
the baseline characteristics of the ISOR population study were
described elsewhere (Houti et al., 2016).

Genotype and allele distributions. The allele and genotype
distributions of the APOE polymorphisms were described in
Table 1. There was no evidence of significant deviation from
Hardy—Weinberg equilibrium in any distributions.

Prevalence of the metabolic syndrome and the main
cardiometabolic risk factors. These data concerning the
Oran population are presented in Table 2.

Diabetes mellitus (T2D) was diagnosed in 80 participants
(10.6 %). The distribution of prevalence by sex shows no
significant difference (p = 0.39), it was 11.6 % for men and
9.7 % for women.

The prevalence of obesity in the general population is
21.2 %. It affects more women (32.5 %) than men (9 %), with
a significant difference in the prevalence distribution between
men and women (p < 0.0001).

The prevalence of the metabolic syndrome in the Oran
population is 20 %, the distribution of this pathology is also
significantly different between the two sexes (p < 0.0001).
Indeed, it affects more women (25.9 %) than men (13.7 %).

Hypertension affects 20.3 % of the study population. HBP
is present in 21.2 % of men and 19.6 % of women, the preva-
lence distribution in men and women shows no significant
difference (p = 0.58).

APOE epsilon polymorphism and cardiometabolic risk.
No significant association was reported between genotypes of
APOE epsilon polymorphism and the studied cardiovascular
risk factors (T2D, Obesity, HBP and MetS status), the p values
ranged from 0.04 to 0.92 (Table 3).

Polymorphism rs439401 and cardio-metabolic risk. In
the ISOR study, rs439401 showed a significant association
with hypertension (HBP). The T allele confers a high risk
of hypertension with an odds ratio (OR) of 1.46 (95 % CI
[1.12—-1.9], p=0.006). No associations with T2D, obesity and
MetS were detected in the ISOR study (see Table 3).

Polymorphism rs4420638 and cardio-metabolic risk. Lo-
gistic regression analysis showed that the rs4420638 polymor-
phism was significantly associated with obesity in the general
population. The G allele provides protection against obesity,
the resulting OR is 0.48 (95 % CI [0.29-0.79], p = 0.004)
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Table 1. Genotype and allele frequencies (see Table 3). No effects of rs4420638 polymorphism on T2D,
of epsilon polymorphism, rs439401 and rs4420638 MetS, and HBP were detected in the ISOR study.
in case and control groups The associations described for rs439401 and rs4420638
Parameter MetS Non MetS remained significant even after adjusting for the APOE epsilon
polymorphism.
Discussion

To our knowledge, this is the first study that evaluates the as-
sociation of APOE gene polymorphisms (epsilon, rs439401
and rs4420638), with the risk of MetS and the main cardio-
metabolic risk factors, within the Algerian population.

We found no association between the three polymorphisms
ofthe APOEF gene and the metabolic syndrome in the Algerian
population. However, some components of the metabolic
syndrome considered as a cardiometabolic risk factors were
significantly associated with APOE gene polymorphisms.

The logistic regression results showed that the €2 allele
increases the risk of obesity by 88 % in the ISOR study. Simi-
lar results were observed in a study among the population of
Croatia’s Roma minority (Zeljko et al., 2011).

It is possible that gene-nutrition interactions are responsible
for the observed association between the €2 allele and obesity.
Indeed, changes in eating habits during the last decade would
be responsible for increasing the prevalence of obesity, inter-
acting with the €2 allele (Boer et al., 1997; Talmud, 2007).

The polymorphisms rs439401 and rs4420638 have been
associated in some of GWAS-type studies with changes in
plasma lipid concentrations (Kathiresan et al., 2008; Aulchen-
ko et al., 2009; Teslovich et al., 2010), but few studies have
investigated the impact of these polymorphisms on metabolic
and cardiovascular traits.

Our results on the Oran population, report for the first time,
that the T allele of the rs439401 polymorphism increases the
risk of arterial hypertension (OR 1.46, 95 % CI [1.12-1.90],
p = 0.006). No similar results were reported. In the litera-
ture, the T allele of 15439401 is significantly associated with
changes in BMI, insulin concentration, waist circumference,
and triglyceride concentration. The TT genotype is positively
associated with an increase in the values of these parameters
only in psychologically stressed individuals (Kring et al.,
2010). Our results are perhaps indicative of a state of stress of
the population, resulting from the changes made in the Alge-
Note: H-W, Hardy-Weinberg equilibrium. rian population during the last two decades, particularly with

Table 2. Prevalence of the metabolic syndrome and its components in the ISOR population

Parameter All (n=787) Men (n =378) Women (n = 409) p
n%n ........................ %n% ......................
Abdomma|ad|pos|ty2333o1 ................... 45 ....................... 1 21 .................... 1 33 .................... 463<ooo1 ..............
nghtnglycendes ........................... 1 03 ..................... 1 3362 ....................... 1 6741 ....................... 1 02063 ..................
LOWHDL_Ch0|eSterO|342 .................... 44299266243504<0001 ..............
nghfastmgglucose ...................... 1 612033323773 ....................... 1 32047 ..................
T2Dgo ....................... 1 06 ................... 42 ....................... 1 163397039 ..................
ObeSIty ............................................ 1 672123490 ...................... 1 33325<0001 ..............
Mets ................................................ 1 5520051 ....................... 1 37 .................... 1 04259<0001 ..............
HBp .................................................. 1 502038021280 ....................... 1 96058 ..................

Note: T2D, Type 2 Diabetes; MetS, Metabolic Syndrome; HBP, High Blood Pressure.
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the security crisis in the country. These hypotheses require
investigations on a larger sample and in which, the stress level
must be measured accurately.

The G allele of rs4420638 seems to confer a protective ef-
fect against obesity (OR 0.48, 95 % CI [0.29-0.79], p=0.004),
no study was interested in measuring association between
rs4420638 polymorphism and obesity previously. No asso-
ciation was reported for the rs4420638 with MetS, T2D and
HBP similar results were observed in Tunisian population
(Elougj et al., 2016).

The fact that rs4420638 has low linkage disequilibrium
with the epsilon polymorphism in our population gives it
an advantage over European populations, where these two
polymorphisms are in strong linkage disequilibrium (Boule-
nouar etal., 2013). Thus, the study of the impact of rs4420638
would be independent of the effect of epsilon polymorphism,
which makes our population very interesting from a genetic
point of view for association analyzes involving rs4420638
polymorphism.

Conclusion

Although APOE variants were not associated with the risk
of MetS, the APOE polymorphism alleles were associated
with some of the metabolic parameters in Algerian subjects.
The relation of 4POF 15439401 alleles with a HBP seems
been perhaps indicative of a state of stress of the population.
These hypotheses require in the future investigations on a
larger sample and in which, the stress level must be measured
accurately.

The interaction gene-nutrition must be investigated, in the
future; indeed, Algerian population known many changes in
eating habits during the last decade, which would be respon-
sible for increasing prevalence of obesity in our population
and which can influence the effect of APOE polymorphism
on the studied parameters.
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