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Abstract: Background: Arterial hypertension (AH) is implicated in vascular health and contributes significantly to
cardiovascular morbidity and mortality. In addition to the contribution of usual risk factors for AH, elucidating the
influence of genetic factors is a promising area of investigation. Therefore, we evaluated the association between AH
and cardiovascular risk factors (CVRFs) and genetic polymorphisms in communities in Southeast Brazil. Methods:
A total of 515 adults aged 18-91 years, who were cross-sectionally assessed between 2015-2016, were included.
Demographic, clinical, behavioral, anthropometric characteristics, and laboratory parameters and 12 single nucleo-
tide polymorphisms in seven candidate genes involved in cardiovascular risk (RARRES2, AGT, NOS3, GNB3, APOE,
APOB, APOC3, LDLR, and PPARG) were evaluated, with AH as the outcome. Sex, age, and laboratory parameters
were considered the main confounding factors. Results: There was a significant association between age >60 years
(odds ratio [OR] =6.74), alcohol dependence (OR=3.84), smoking (OR=1.74), overweight (OR=1.74), high plasma tri-
glyceride (TG) levels (OR=1.98) and low high-density lipoprotein (HDL-c) (OR=6.22), diabetes (OR=3.68), and insulin
resistance (OR=2.40) and AH. A significant association was observed between rs4721 in RARRES2 and AH. The T
allele in homozygosis was a potent chance modifier for AH. The highest chance gradients for AH were characterized
by the presence of the TT genotype and DMT2 (OR=9.70), high TG (OR=6.26), low HDL-c (OR=8.20), and age more
than 60 years (OR=9.96). Conclusion: The interaction of the T allele of the rs4721 polymorphism in RARRES2 with
CVRFs may predispose carriers to a higher cardiovascular risk.
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Introduction [3]. Globally, the prevalence of AH is highest in
Africa and the Americas, reaching 46% and
35%, respectively [4]. The number of adults
with AH increased from 594 million in 1975 to

1.13 billionin 2015. This increase was observed

Arterial hypertension (AH) is an important risk
factor for cardiovascular disease (CVD) and is
characterized by a pathological multifactorial

clinical condition in which there is a sustained
increase in systolic blood pressure (SBP) great-
er than or equal to 140 mmHg and/or diastolic
blood pressure (DBP) greater than or equal to
90 mmHg [1, 2]. This condition negatively
impacts vascular health and is an essential
predictor of cardiovascular morbidity and
mortality.

In 2010, AH caused 9.4 million premature
deaths worldwide, contributing to a global bur-
den of 7% of disability-adjusted life years (DALY)

to mainly occur in low- and middle-income coun-
tries [4]. In Brazil, AH affects 32.5% (36 million)
of adults and more than 60% of elderly people,
contributing directly or indirectly to 50% of
deaths from CVD [2].

In addition to the classical physiological mecha-
nisms, genetic factors may also be responsible
for regulating blood pressure and predisposi-
tion to AH and have been a promising area of
investigation [5-7]. Notably, AH is influenced by
age, sex, ethnicity, overweight, physical inactiv-
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- - explored a possible associa-
Universe (2015/2016): Adult population (> 18 years) of Lavras Novas (LN), .
[ Chapada (CH) and Santo Antonio do Salto (SAS) (n= 1509) (534 families) tion between AH and the usual
CVRFs and genetic polymor-
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phisms in two rural popula-
tions of Ouro Preto/Minas
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Collection of clinical, behavioral, sociodemographic and anthropometric data.

Gerais, Brazil.

Materials and methods

TYPE OF LOSS
Blood collection (n = 147) LN/CH: 107; SAS: 40

Study design and study area

The present work adopted a

[ Part 2 of the Cross-sectional study (final sample n = 515) (304 families)

Blood collection for laboratory parameters and molecular biology.

cross-sectional design (April
’ 2015 to January 2016) to eval-

¥

Extraction of genomic DNA (n= 515) ]

d
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Panel of 12
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Figure 1. Sampling pro-
cess and analysis stag-

es of the present study.
SNP: single nucleotide
polymorphisms.

Analysis of association between
classic and genetic
cardiovascular risk factors with
arterial hypertension

ity, excessive salt, alcohol intake, and socioeco-
nomic factors [2].

Ouro Pretois located in the southeastern region
of Brazil, in the Iron Quadrangle region; the pop-
ulation is formed by the miscegenation of
Caucasians, blacks, and indigenous people
around the gold mining activity (dating XVIII
century). The first studies based on the urban
population indicated a high prevalence of AH
(37.7%), as well as a high prevalence of over-
weight and obesity in adults (30.0% and 11.9%,
respectively) [8] and children and adolescents
(8.7% and 6.2%, respectively) [9], indicating
that this population requires attention.

Recently, the adult population of Ouro Preto
was the focus of epidemiological studies that
pointed to the persistently high prevalence of
cardiovascular risk factors (CVRFs) [10, 11],
such as AH, overweight, obesity, dyslipidemia,
and the influence of new biochemical and
genetic factors on the development of these
risk factors [11]. Given that AH is a major car-
diovascular risk factor, the present study

41

uate two rural populations of
Ouro Preto, Brazil. The areas
included were the districts of
Lavras Novas, its subdistrict
Chapada, and Santo Antoénio
do Salto.

Inclusion/exclusion criteria

The study included adults (>18
years old) of both sexes who
had lived for at least five years
in these regions. Participants,
who did not complete the inter-
view, did not attend the blood
draw or refused/withdrew, and
did not sign the consent form,
were excluded from the study.

Sampling process, final sample, and homoge-
neity in relation to losses

The sample was defined based on the following
criteria: universe of 1509 subjects, confidence
level and expected error (95% and 5%, respec-
tively), expected frequency of the outcome (AH)
in Ouro Preto (38%), and expected losses (10%).
The calculated sample size comprehend 600
individuals. The factors used to balance the
sampling were: sex and age group. These fac-
tors were stratified in each household, and all
eligible residents were invited to participate in
the study.

Figure 1 presents the sampling and analysis
stages of the present study. The losses of the
sample showed no difference between sexes
but were higher in young men (18-39 years).

Blood pressure was measured in the refusers
and compared with the participants to control
for possible selection bias. There was no signifi-
cant difference between the refusal group
[SBP: 133.1 mmHg (+16.0) and DBP: 83.8
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mmHg (£12.6)] and the participants [SBP:
130.8 mmHg (£22.7) and DBP: 79.6 mmHg
(#14.6)] (P=0.558).

Exposure, outcome, and confounding factors

Demographic, clinical, behavioral, anthropo-
metric characteristics, and laboratory parame-
ters and 12 polymorphisms (single nucleotide
polymorphisms-SNPs) linked to cardiovascular
risk phenotypes were evaluated as exposures.
The AH was the outcome assessed. Sex, age,
and laboratory parameters were considered as
the main confounding factors.

Data collection

The participants included in the study answered
a semi-structured questionnaire to obtain
sociodemographic data, such as sex, age,
income, marital status, education, self-report-
ed skin color, behavior (smoking and alcohol
consumption), and medication use.

Smoking: Smoking was categorized into three
groups: never smokers, smokers, and ex-smok-
ers. Non-smokers were characterized by never
having smoked or had smoked less than 100
cigarettes during their lifetime. Ex-smokers
were those who smoked at least 100 cigarettes
during their lifetime but quit smoking more than
six months ago. Smoker was defined as the per-
son who had smoked 100 or more cigarettes in
her lifetime and still smoked at the time of the
study [12]. For the bivariate analysis, the ex-
smoker and non-smoker groups were grouped.

Alcohol consumption: Alcohol dependency was
defined using the CAGE questionnaire (Cut-
down, Annoyed, Guilty, Eye-opener) [13].

Blood pressure: Arterial blood pressure was
measured following instructions described in
the Brazilian Society of Cardiology protocol [2].
For measurement, the participant was at rest in
a sitting position with the arm supported. Three
measurements were carried out using an auto-
matic digital blood pressure monitor, HEM-
705CP® (Omron Healthcare, USA). The interval
between measurements was 1-2 min. The low-
est of three measures was recorded [2].
Hypertensive individuals were defined as fol-
lows: individuals with a casual blood pressure
measurement of >140/90 mmHg and were
already taking antihypertensive medication [2].
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In situations where SBP and DBP were in differ-
ent groups, the higher value was adopted to
classify blood pressure.

Anthropometric measurements: The anthropo-
metric measurements included weight, height,
and waist circumference (WC). Body weight was
measured on a TANITA® portable scale (maxi-
mum capacity of 150 kg and accuracy of 0.1
kg). Participants were instructed to remain
barefoot and wear as little clothing as possible.
Height was measured using a portable stadi-
ometer (Charder, Taiwan). The participant was
instructed to stand barefoot with her or his
back to the vertical rod, feet together, arms
bending along the body, head erect, eyes fixed
forward, and back of the head touching the rod.
The body mass index (BMI) was defined as the
weight in kilograms divided by the height square
in meters, and was classified as normal (BMI
<25 kg/m?), overweight (BMI 25-29.9 kg/m3),
and obese (BMI =30 kg/m?) [14]. WC was mea-
sured using a simple inelastic tape. The partici-
pants were in an upright position with a relaxed
abdomen, arms extended laterally along the
body, feet slightly apart, and weight equally dis-
tributed between the two lower limbs. The cut-
off point was established by the World Health
Organization (WHO); 94 c¢cm for men and 80 cm
for women [15].

Laboratory parameters

Lipid profile: Total cholesterol, high-density lipo-
protein (HDL-c) and serum triglyceride (TG)
alevels were determined by the enzymatic-colo-
rimetric method (Invitro diagnostic/Human,
Brazil), in the Chemwell R6® Automatic Analyzer
(Awareness Technology, USA). The low-density
lipoprotein (LDL-C) and very-low-density lipo-
protein (VLDL-c) fractions were calculated using
the Friedewald (1972) formula [16] (consider-
ing a TG levels of <400 mg/dL). Dyslipidemias
were classified according to reference values
for ten-hour fasting: low HDL-c (men <40 mg/dL
and women <50 mg/dL) alone or in association
with an increase in LDL-c or TG, isolated hyper-
cholesterolemia (LDL-c 2160 mg/dL), isolated
hypertriglyceridemia (TG =150 mg/dL), mixed
hyperlipidemia (LDL-c 2160 mg/dL and TG
>150 mg/dL) [17]. The classification of dyslipid-
emia also considered cholesterol levels 2190
mg/dL.
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Fasting blood glucose: Fasting blood glucose
was measured by a colorimetric enzymatic
(Invitro diagnosis/Human, Brazil) in a Chemwell
R6® Automatic Analyzer (Awareness Techno-
logy, USA). Serum glucose levels <100 mg/dL
were considered normal; 100-125 mg/dL,
altered; and =126 mg/dL, elevated [18]. The
use of oral hypoglycemic medication or insulin
with or without fasting blood glucose >126
mg/dL was defined as diabetes. Pre-diabetic
individuals (100-125.9 mg/dL) who were not
using hypoglycemic drugs were not considered
diabetic.

Fasting insulinemia: Fasting insulin levels were
determined by indirect chemiluminescence
using an automated Access 2 Immunoassay
System® (Beckman Coulter, USA). Insulin resis-
tance (IR) was defined according to the homeo-
static insulin resistance index assessment
model (HOMA-IR): fasting insulin (plU/mL) x
fasting glucose (mmol/L)/22.5 [19]. The cutoff
for adults was 2.71 [20].

Chemerin adipokine: The adipokine chemerin
was evaluated by enzyme-linked immunosor-
bent assay (ELISA) (Abcam Kit, Chemwell R6®
Automated Analyzer, Awareness Technology,
USA). Serum chemerin levels were categorized
into quartiles for the bivariate analyses, and
the median (160 ng/mL) was used as the cutoff
point.

Molecular assays

Extraction of genomic DNA: Genomic DNA
was extracted from whole blood collected in
ethylenediaminetetraacetic acid (EDTA) using
the Wizard® genomic DNA purification kit
(Promega®, USA).

Genetic markers of cardiovascular risk: The
selection criteria for a panel of 12 polymor-
phisms involved a literature review to survey
the SNPs with the highest frequency of positive
association with the CVRFs addressed in the
present study [AH, obesity, dyslipidemia, type 2
diabetes mellitus (T2DM), and IR]. Those that
were presented in at least five previous studies
were selected, at least one of which was a
genome-wide association study (GWAS) and in
ethnic groups similar to the study population,
and the possibility of the presence of some rare
alleles in studies of African and European popu-
lations (main ancestors in the formation of the
Brazilian population) was checked.
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The SNPs selected were (1) associated with AH:
rs699 in the AGT gene [21], rs1799983 in the
NOS3 gene [21], and rs5443 in the GNB3 gene
[21]; (2) associated with dyslipidemia: rs429-
358 and rs7412 in the APOE gene [22], rs693
inthe APOB gene [23], rs4520 [24], and rs5128
[25] in the APOC3 gene, rs5925 in the LDLR
gene [26]; and (3) associated with obesity, IR,
and T2DM: rs1801282 in the PPARG gene [27],
rs4721,and rs17173608 in the RARRES2 gene
[28].

Two SNPs (rs429358 and rs7412) in the APOE
gene characterized a haplotype. The method of
SNPs evaluation was described elsewhere [11].

The technique for allelic discrimination real-
time PCR (qPCR) using specific primers and
probes for each SNP (TagMan® Minor Groove
Binder-MGB, TagMan® System; 7500 Fast Real-
Time PCR Systems, Applied Biosystems, USA).
Amplifications proceeded as described: initial
denaturation at 95°C for 10 min, 40 cycles at
95°C for 15 s, and final extension at 60°C for 1
min. Reagents and DNA sample volumes were
10 pL mix (TagMan Universal PCR Master Mix,
20x Primer Mix, and water) plus 1 uL DNA (+1-
20 ng/uL).

Statistical analysis

The data were processed and analyzed using
the SPSS software version 22 (IBM, USA). The
genotype and allele frequencies of 12 SNPs
were evaluated and tested for Hardy-Weinberg
equilibrium, and those in disequilibrium were
excluded. Proportion comparisons of categori-
cal variables between the hypertensive and
normotensive group, such as the distribution of
the 12 SNP panel genotypes, were performed
using Pearson’s chi-square test. One-way anal-
ysis of variance (ANOVA) was performed for
continuous variables after testing for normal
distribution using the Shapiro-Wilk test. Binary
logistic regression analysis was performed to
adjust the estimates of association by con-
founders. The odds ratio (OR) was calculated to
identify the genetic markers and other risk fac-
tors significantly (P<0.05) and independently
associated with AH.

Ethical aspects

This study was approved by the local Human
Research Ethics Committee (Federal University
of Ouro Preto, Nos. 125017/2015 and 516-
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66115.5.0000.5150). All participants signed
an informed consent form after being informed
about the research objectives and risks.

Results
Demographic characteristics

329 participants were women (63.9%, mean
age 49.2+17.3) and 186, men (36.1%, mean
age 49.81416.4). The age range was 18-91
years. Twenty participants (3.9%) lived in
Chapada, 189 (36.7%) in Lavras Novas, and
306 (59.4%) in Santo Antbnio do Salto.

Comparisons of the sociodemographic and
behavioral characteristics of the study popula-
tion between the hypertensive and normoten-
sive groups are shown in Table 1. As expected,
AH was more likely to develop with advancing
age and was more likely to affect those who
were illiterate, married or divorced/widowers,
and smokers. An average income was more
predisposing to AH than an income below the
minimum wage. Sex and self-reported skin
color showed no differences between groups.

Anthropometric, laboratory parameters, and
clinical characteristics

Anthropometric and clinical characteristics,
and laboratory parameters distribution by nor-
motensive and hypertensive patients are
shown in Table 2. In the study population, we
observed that CVRFs, such as overweight,
increased waist circumference, dyslipidemia,
DMT2, and IR, were also associated with AH.

Genetics characteristics

The 12 SNPs were tested for Hardy-Weinberg
equilibrium; three were out of balance (LDLR/
rs5925 P=0.002; APOC3/rs5128 P=0.002;
APOC3/rs4520 P=0.037) and were removed
from the analyses. Table 3 presents the analy-
ses of the allelic and genotypic frequencies of
the nine genetic markers of the SNPs in Hardy-
Weinberg equilibrium in the AH group (hyper-
tensive and normotensive individuals). There
was a difference only between the ancestral
homozygous genotype, GG, and the TT variant
of rs4721 polymorphism in relation to AH,
where the presence of the TT allele increased
the chance of having AH by 92%.

Factors associated with AH after adjustment
for confounders

Anthropometric and body composition data
were adjusted by the multivariate analysis for
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laboratory parameters, sociodemographic, be-
havioral, and genetic variables. Table 4 pres-
ents the variables that remained significantly
associated with AH after adjustment.

Based on the laboratory parameters and DMT2
variable that were obtained in the adjusted
model presented above (Table 4). An analysis
of chance modification for AH was performed
by taking the absence or the presence of
changes in these variables, together with each
genotype of the rs4721 polymorphism, like
strata of exposure, where the homozygous GG
was considered a reference group (Table 5). In
general, we observed that the variables evalu-
ated presented a chance gradient for AH, with
the most excellent chances of having AH, indi-
cated by the concomitant presence of the
homozygous TT genotype and the altered
variable.

In Table 5, it is observed that individuals with
variables that changed in the presence of the
TT genotype had a significant chance of having
AH; among them, there was a concomitant
presence of T2DM and the TT genotype, where
individuals with this trait had a 9.7 times great-
er chance of AH than non-diabetic individuals
with the GG genotype. Another remarkable find-
ing was that, in relation to the reference group,
the chance of AH was more than 8- and 6-fold
higher for the TT homozygotes in those with
altered HDL-c and TG, respectively.

Discussion

The present study evaluated the association of
AH with sociodemographic variables and the
presence of CVRFs and genetic polymorphisms
in populations from rural areas of Ouro Preto,
Minas Gerais, in Southeast Brazil. After adjust-
ment, there was a significant association
between age over 60 years, alcohol depen-
dence, smoking, overweight, high plasma TG
levels, low HDL-c, DMT2, and IR with AH, which
aligns with the findings presented in the litera-
ture [4, 29].

Interestingly, after adjustment, a significant
association was observed among the genetic
polymorphisms evaluated between the rs4721
polymorphism in the RARRES2 gene and AH.
Further, the presence of the T allele in homozy-
gosis was an important chance modifier for AH.
The highest chance gradient for AH was indi-
cated by the concomitant presence of DMT2
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Table 1. Sociodemographic and behavioral characteristics, by groups of hypertensive and normoten-
sive individuals, in the study population

. Hypertension .
Variables OR (95% ClI) P
No (n=294) Yes (n=221) Total (n=515)

Age group
18-34 years 133 (45.2) 19 (8.6) 152 (29.5) 1.0 -
35-59 years 124 (42.2) 99 (44.8) 223 (43.3) 5.58 (3.22-9.67) <0.0001
>60 years 37 (12.6) 103 (46.6) 140 (27.2)  19.49 (10.6-35.7) <0.0001
Sex
Female 186 (63.3) 143 (64.7) 329 (63.9) 1.0
Male 108 (36.7) 78 (35.3) 186 (36.1) 0.93 (0.65-1.35) 0.736
Schooling
Literate 280 (95.6) 192 (86.9) 472 (91.8) 1.0
llliterate 13 (4.4) 29 (13.1) 42 (8.2) 3.25(1.64-6.41) <0.0001
Missing data™ 1 - 1
Marital status
Not married 96 (32.8) 40 (18.1) 136 (26.5) 1.0
Married or SU 177 (60.4) 137 (62.0) 314 (61.1) 1.85 (1.21-2.85) 0.0045
Others' 20 (6.8) 44 (19.9) 64 (12.5) 5.28 (2.77-10.1) <0.0001
Missing data™ 1 - 1
Income
>4 MS 31(11.1) 36 (17.1) 67 (13.6) 1.0
2-3 MS 166 (59.3) 108 (51.2) 274 (55.8) 0.56 (0.32-0.96) 0.033
<1 MS 83 (29.6) 67 (31.8) 150 (30.5) 0.69 (0.38-1.23) 0.217
Missing data™ 14 10 24
Self-reported skin color
White + yellow 36 (12.3) 26 (11.9) 62 (12.2) 1.0
Black + brown 256 (87.7) 192 (88.1) 448 (87.8) 1.03 (0.60-1.77) 0.891
Missing data™ 2 3 5
Smoking#
No 207 (71.1) 118 (54.1) 325 (63.9) 1.0
Yes 84 (28.9) 100 (45.9) 184 (36.1) 2.08 (1.44-3.02) <0.0001
Missing data™ 3 3 6
Alcohol drinking$
Low risk/none Alcohol drinking 268 (93.4) 190 (88.4) 458 (91.2) 1.0
Alcohol dependence 19 (6.6) 25 (11.6) 44 (8.8) 1.85 (0.99-3.46) 0.050
Missing data™ 7 6 13

Data are reported as numbers and percentages. “P<0.05, Pearson’s chi-square test. “*Missing data were excluded from the
analysis; SU: stable union; MS: minimum salary; Cl: confidence interval; OR: odds ratio; fseparated/divorced or widowed; *self-
reported lifetime and/or current smoking; Saccording to the CAGE (Cut-down, Annoyed, Guilty, Eye-opener) questionnaire.

Table 2. Anthropometric and laboratory parameters, by groups of hypertensive and normotensive
individuals, in the study population

. Hypertension R
Variables OR (95% Cl) P
No (n=294) Yes (n=221) Total (n=515)

BMI (kg/m?)
<25 145 (49.5) 82 (37.4) 227 (44.3) 1.0 0.007
>25 148 (50.5) 137 (62.6) 285 (55.7) 1.63 (1.14-2.34)
Missing data™ 1 2 3
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WC* (cm)
Normal
CR
Missing data™
TG (mg/dL)
<150
>150
TC (mg/dL)
<190
>190
LDL-c (mg/dL)
<130
>130
HDL-c (mg/dL)
>40 (M)
>50 (F)
<40 (M)
<50 (F)
nHDL-c (mg/dL)
<160
>160
Dyslipidemia
No
Yes
FG (mg/dL)
<100
100-125
>125
FI (uLU/mL)
<p75
>p75
HOMA-IR
<2.71
>2.71
DMT2
No
Yes
QM (ng/mL)
<160
>160
Missing data™

Classical and genetic factors and hypertension

146 (50.2)
145 (49.8)

243 (82.7)

51 (17.3)

161 (54.8)
133 (45.2)

243 (82.7)
51 (17.3)

277 (94.2)

17 (5.8)

249 (84.7)

45 (15.3)

137 (46.6)
157 (53.4)

164 (55.8)
121 (41.2)
9(3.0)

237 (80.6)
57 (19.4)

269 (91.5)
25 (8.5)

284 (96.6)
10 (3.4)

151 (52.0)
140 (48.0)
3

77 (35.5)
140 (64.5)
4

141 (63.8)
80 (36.2)

104 (47.1)
117 (52.9)

171 (77.4)
50 (22.6)

186 (84.2)

35 (15.8)

168 (76.0)

53 (24.0)

52 (23.5)
169 (76.5)

80 (36.2)
110 (49.8)
31 (14.0)

150 (67.9)
71(32.1)

171 (77.4)
50 (22.6)

182 (82.4)
39 (17.6)

104 (47.9)
113 (52.1)
4

223 (43.9)
285 (56.1)

384 (74.6)

131 (25.4)

265 (51.5)
250 (48.5)

414 (80.4)
101 (19.6)

463 (89.9)

52 (10.1)

417 (81.0)

98 (19.0)

189 (36.7)
326 (63.3)

244 (47.4)
231 (44.9)
40 (7.7)

387 (75.1)
128 (24.9)

440 (85.4)
75 (14.6)

466 (90.5)
49 (9.5)

255 (5
253 (4
7

)

0.2
9.8)

1.0
1.83 (1.27-2.62)

1.0

2.70 (1.80-4.10)

1.0
1.36 (0.96-1.93)

1.0
1.39 (0.90-2.15)

1.0

3.06 (1.66-5.63)

1.0

1.74 (1.12-2.71)

1.0
2.83 (1.92-4.17)

1.0
1.86 (1.28-2.70)
7.06 (3.20-15.5)

1.0
1.96 (1.31-2.95)

1.0
3.14 (1.87-5.27)

1.0
6.46 (3.16-13.2)

1.0
1.17 (0.82-1.66)

0.001

<0.0001

0.083

0.135

<0.0001

0.013

<0.0001

0.0009

<0.0001

0.001

<0.0001

<0.0001

0.377

Data are reported as numbers and percentages. “‘P<0.05, Pearson’s chi-squared test. “*Missing data were excluded from the
analysis; BMI: body mass index; WC: waist circumference; CR: cardiovascular risk; TG: triglyceride; TC: total cholesterol; LDL-c:
low-density lipoprotein; HDL-c: high-density lipoprotein; FG: fasting glycemia; Fl: fasting insulinemia; HOMA-IR: homeostatic
model assessment of insulin resistance; DMT2: type 2 diabetes mellitus; QM: chemerin; F: female; M: male; *according to
WHO, 2008; CI: Confidence interval; OR: Odds ratio.

and the TT genotype. TT homozygous individu-
als presented two other high-chance gradients
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of note that attracted attention with altered TG
and HDL-c levels.
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Table 3. Genotype frequency of polymorphisms and allele frequency of the APOE haplotype
(rs429358+rs7412), by groups of hypertensive and normotensive individuals, in the study population

Hypertension
Gene/rs ID/Genotypes’ P OR (95% Cl) P~
No (n=294) Yes (n=221) Total (n=515)

PPARG/rs1801282

cC 289 (98.3) 213(96.4) 502 (97.5) 1.0

CG 5(1.7) 8 (3.6) 13 (2.5) 2.17 (0.70-6.72) 0.169

GG - - - -
RARRES2/rs4721

GG 71(24.1) 40 (18.1) 111 (21.6) 1.0

GT 151 (51.4) 103 (46.6) 254 (49.3) 1.21 (0.76-1.92) 0.416

T 72 (24.5) 78 (35.3) 150 (29.1) 1.92 (1.20-3.20) 0.010
RARRES2/rs17173608

T 208 (70.7) 161 (72.9) 369 (71.7) 1.0

GT 75 (25.6) 52 (23.5) 127 (24.7) 0.89 (0.59-1.34) 0.597

GG 11 (3.7) 8 (3.6) 19 (3.6) 0.93 (0.36-2.39) 0.895
NOS3/rs1799983

GG 157 (53.4) 110 (49.8) 267 (51.8) 1.0

GT 114 (38.8) 97 (43.9) 211 (41.0) 1.21 (0.84-1.74) 0.297

T 23(7.8) 14 (6.3) 37 (7.2) 0.86 (0.42-1.76) 0.696
GNB3/rs5443

cC 35 (11.9) 28 (12.7) 63 (12.2) 1.0

CT 137 (46.6) 118 (53.4) 255 (49.5) 1.07 (0.61-1.87) 0.794

T 122 (41.5) 75 (33.9) 197 (38.3) 0.76 (0.43-1.36) 0.368
APOB/rs693

GG 170 (57.8) 136 (61.5) 306 (59.4) 1.0

AG 97 (33.0) 75 (33.9) 172 (33.4) 0.96 (0.66-1.40) 0.859

AA 27 (9.2) 10 (4.5) 37 (7.2) 0.46 (0.21-0.98) 0.042
Alleles APOE/rs429358+rs7412

€2 3(1.0) 1(0.5) 4(0.8) 1.0

€3 226 (76.9) 166 (75.1) 392 (76.1) 1.07 (0.58-1.96) 0.813

e4 65 (22.1) 54 (24.4) 119 (23.1) 0.44 (0.04-4.29) 0.471
Genotype APOE/rs429358+rs7412

E2/2 3(1.0) 1(0.5) 4 (0.8) 1.0

E2/3 17 (5.8) 20 (9.0) 37 (7.2) 3.52(0.33-37.14) 0.270

E2/4 209 (71.1) 146 (66.1) 355 (68.9) 2.09 (0.21-20.34) 0.514

E3/3 9 (3.1) 1(0.5) 10 (1.9) 0.33 (0.01-7.13) 0.468

E3/4 51 (17.3) 50 (22.6) 101 (19.6) 2.94 (0.29-29.2) 0.336

E4/4 5(1.7) 3(1.4) 8 (1.6) 1.8 (0.12-26.19) 0.665
AGT/rs699

GG 128 (43.5) 104 (47.1) 232 (45.0) 1.0

AG 139 (47.3) 91 (41.2) 230 (44.7) 0.80 (0.55-1.16) 0.253

AA 27 (9.2) 26 (11.8) 53 (10.3) 1.18 (0.65-2.15) 0.577

Data are reported as numbers and percentages; "P<0.05, Pearson’s chi-squared test; 'The ancestral allele in homozygosis was
taken as the reference group with the exception of the APOE haplotype rs429358 and rs7412, where the reference was the €2
allele; Cl: confidence interval; OR: odds ratio.

Regarding age, elderly individuals and TT homo- having AH (OR =9.96; 95% Cl: 3.83-25.9;
zygotes also had one of the highest chances of P<0.0001, data not shown in the table), which
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Table 4. Cardiovascular risk factors independently associated with arterial hypertension in the study

population
Variable Crude OR (95% Cl) P Adjusted OR™ (95% Cl) P
Age group

>60 years 6.06 (3.92-9.36) <0.0001 6.74 (4.06-11.20) <0.0001
Alcohol consumption

Dependence 1.85 (0.99-3.46) 0.050 3.84 (1.86-7.92) <0.0001
Smoking

Smoker 2.08 (1.44-3.02) <0.0001 1.74 (1.11-2.72) 0.014
BMI

>25 kg/m? 1.63 (1.14-2.34) 0.007 1.74 (1.10-2.75) 0.017
HDL-c

<40 mg/dL (M) 5.65 (1.86-17.2) 0.001 6.22 (1.54-25.2) 0.010

<50 mg/dL (F)
TG

>150 mg/dL 2.70 (1.80-4.10) <0.0001 1.98 (1.21-3.26) 0.007
DMT2

Yes 6.46 (3.16-13.2) <0.0001 3.68 (1.63-8.30) 0.002
HOMA-IR

>2.71 3.14 (1.87-5.27) <0.0001 2.40 (1.24-4.65) 0.009
rs4721f

GT 1.21 (0.76-1.92) 0.416 1.20 (0.70-2.00) 0.531

T 1.92 (1.20-3.20) 0.010 2.00 (1.11-3.70) 0.022

“P<0.05, adjusted by sex, age, HOMA-IR, TG, and HDL-c by binary logistic regression; Thomozygous genotype for the ancestral
allele (GG): reference group; Cl: confidence interval; OR: odds ratio; BMI: body mass index; HDL-c: high-density lipoprotein; F: fe-
male; M: male; TG: triglyceride; DMT2: type 2 diabetes mellitus; HOMA-IR: homeostatic model for assessing insulin resistance.

Table 5. Adjusted bivariate risk association for rs4721 polymorphism genotypes, laboratory param-
eters, and diabetes with arterial hypertension in the study population

GN HDLcft OR (95% Cl) P~ TG* OR (95% ClI) P~ DMT28 OR (95% Cl) P*
GG  Normal 1.0 Normal 1.0 Normal 1.0

GT  Normal 1.16(0.66-2.04) 0.599 Normal 1.46(0.78-2.75) 0.235 Normal 1.21(0.68-2.14) 0.499
TT  Normal 1.86(0.99-3.49) 0.052 Normal 1.94(0.96-3.91) 0.063 Normal 1.98(1.06-3.71) 0.032
GG Altered 2.66(0.50-14.0) 0.247 Altered 3.07 (1.05-8.92) 0.039  Altered 4.92(1.05-22.8) 0.042
GT  Altered 2.92(0.93-9.21) 0.066 Altered 1.79(0.81-3.96) 0.147  Altered 3.31(0.99-11.1) 0.052
TT  Altered 8.20(2.19-30.6) 0.002 Altered 6.26(2.31-16.9) <0.0001 Altered 9.70(1.73-54.2) 0.010

“P<0.05, binary logistic regression adjusted for age group, alcohol consumption, smoking, BMI, TG, DMT2, and HOMA-IR; GN: genotype; Cl: con-
fidence interval; OR: odds ratio; HDL-c: high-density lipoprotein; TG: triglyceride; DMT2: type 2 diabetes mellitus. freference group (Normal) >40
mg/dL in men and 250 mg/dL in women; risk group (Altered) <40 mg/dL in men and <50 mg/dL; *reference group (Normal) <150 mg/dL; risk

group (Altered) >150 mg/dL; Snondiabetic reference group (Normal); diabetic (Altered) risk group.

may indicate that the detection of children and
young people with a TT genetic profile may
prove to be an important tool for detecting
groups that are susceptible to AH and require
more attention.

As rs4721 polymorphism has an allele frequen-
cy that varies between populations, the T vari-
ant allele (62%) of this polymorphism is more
frequent than the ancestral G allele in
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Europeans, which is in agreement with a study
conducted in Germany (63%) [30]. However, for
African populations, the frequency of the vari-
ant T allele was slightly higher at 76% (https://
www.ncbi.nim.nih.gov/snp/rs4721, accessed
May 2021). In the present study, the frequency
of the T allele was higher (53.8%), which was
lower than that in the European and African
populations. Among the hypertensives in the
present study, the GT (46.6%) and TT (35.3%)
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genotypes showed high frequencies, which is in
agreement with data from another survey in
southeastern Brazil, where the same geno-
types (GT: 54.5% and TT: 25.7%) showed high
frequencies in patients with hypertension [31].
In the same study, the T allele was also the
most frequent (53%), which draws attention to
the higher risk that it can confer to the develop-
ment of AH.

The rs4721 polymorphism (formerly known as
rs10278590) is a common variant located on
chromosome 7 in the 3’ untranslated region (3’
UTR) of the RARRES2 gene. This genetic varia-
tion is an attractive target, as it is still poorly
understood, and is proposed to affect only
gene expression and not the function of the
gene product, as it is located within non-coding
regions [30]. To date, few studies on cardiovas-
cular risk have evaluated this polymorphism as
a target; however, its association with the
development of visceral fat in non-obese indi-
viduals is consistent [28, 30]. Despite little evi-
dence, it is plausible to consider that it may be
involved in the genesis of other cardiovascular
outcomes through mechanisms linked to vis-
ceral adiposities, such as DMT2 and dyslipid-
emia, which justifies the need to conduct more
studies in the future.

Few studies have reported a relationship be-
tween AH and rs4721 polymorphism. However,
it has already been associated with SBP in a
population in Brazil [31]. Further, when the
sample was stratified by BMI, only obese indi-
viduals continued to show this relationship, in
which carriers of the T allele showed the high-
est blood pressure levels. Mussing et al. (2009)
[30] did not observe an association with sys-
tolic and diastolic blood pressure, even after
adequate adjustment, in either the additive or
the dominant models. In the present study, this
association persisted even after adjusting BMI,
which encouraged further investigation to
understand whether obesity is a confounding
factor in this relationship.

It is relevant to suggest a direct path that joins
the rs4721 polymorphism with AH, taking into
account the association mentioned above of
this genetic polymorphism with the develop-
ment of visceral fat in non-obese individuals
[30]. The relationship between increased vis-
ceral adipose tissue and AH has been well doc-
umented since the Framingham study [32] and
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supported by data showing that a simple 10%
reduction in body weight, without other types of
intervention, can reduce or even normalize
blood pressure in obese people [33]. In a
recent review, Leggio et al. (2017) [29] identi-
fied the main mechanisms accepted over the
years that explain the relationship between adi-
pose tissue and AH: (1) activation of the sympa-
thetic nervous system; (2) hyperinsulinemia; (3)
altered adipokine secretion, inflammatory and
endocannabinoid markers; (4) changes in renal
function, sodium excretion, pressure related to
natriuresis, and salt sensitivity; and (5) super
stimulation of the renin-angiotensin-aldoste-
rone system.

Given the aspects presented, the influence of
the rs4721 polymorphism on visceral adiposity
can be an important predisposing factor for
cardiovascular risk, and the interaction of its T
allele with other risk phenotypes may be an
example of a genetic factor modifying the effect
of usual risk factors for AH and deserves to be
the focus of future studies to deepen the knowl-
edge about the functionality of this polymor-
phism, mainly in mixed populations. In addition,
it is crucial that future studies also consider the
interaction of environmental and behavioral
aspects, such as physical activity and diet, with
this genetic factor.

The strength of the present study is in the eval-
uation of classical and emerging CVRFs in a
population in the southeast region of Brazil,
never previously studied, while obtaining a rep-
resentative sample. However, this study has
limitations. One, is the small sample size, which
may have limited some results concerning
genetic polymorphisms, requiring more studies
with larger samples to confirm these possible
associations. Other, is the low adherence of the
young adult male population (18 to 39 years
old) to the study, which may have limited the
external validity (inference capacity) for this
specific group.

Acknowledgements

The authors would like to thank the staff of
the Epidemiology Laboratory of the Federal
University of Ouro Preto (UFOP) and the support
received from the UFOP, especially from the
transportation sector. This study also received
financial support from the National Council for
Scientific and Technological Development

Int J Mol Epidemiol Genet 2021;12(3):40-51



Classical and genetic factors and hypertension

(CNPg-306467/2018-6) and the Minas Gerais
State Research Support Foundation (FAPEMIG-
APQ-02643-15 and FAPEMIG-PPM-00112-18).
In addition, a postgraduate scholarship, doc-
toral and post-doctoral level, was granted by
the Coordination for the Improvement of Higher
Education Personnel (CAPES). We would like to
thank Editage for English language editing.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Aline Priscila
Batista, Laboratory of Epidemiology, Room 203,
School of Medicine, Federal University of Ouro Preto,
Campus Morro do Cruzeiro, Ouro Preto 35400-000,
Minas Gerais, Brazil. Tel: +55-31-3559-1004; Fax:
+55-31-3559-1001; E-mail: alinepriop@ufop.edu.br

References

[1] James PA, Oparil S, Carter BL, Cushman WC,
Dennison-Himmelfarb C, Handler J, Lackland
DT, LeFevre ML, MacKenzie TD, Ogedegbe O,
Smith SC Jr, Svetkey LP, Taler SJ, Townsend
RR, Wright JT Jr, Narva AS and Ortiz E. Evi-
dence-based guideline for the management of
high blood pressure in adults: report from the
panel members appointed to the Eighth Joint
National Committee (JNC 8). JAMA 2014; 311:
507-20.

[2] Malachias MVB, Gomes MAM, Nobre F, Alessi
A, Feitosa AD and Coelho EB. 7th Brazilian
guideline of arterial hypertension: chapter
2-diagnosis and classification. Arq Bras Cardiol
2016; 107: 7-13.

[3] GBD 2017 Disease and Injury Incidence and
Prevalence Collaborators. Global, regional,
and national incidence, prevalence, and years
lived with disability for 354 diseases and inju-
ries for 195 countries and territories, 1990-
2017: a systematic analysis for the global bur-
den of disease study 2017. Lancet 2018; 392:
1789-1858.

[4] NCD Risk Factor Collaboration (NCD-RisC).
Worldwide trends in blood pressure from 1975
to 2015: a pooled analysis of 1479 population-
based measurement studies with 19.1 million
participants. Lancet 2017; 389: 37-55.

[5] Thanassoulis G and Vasan RS. Genetic cardio-
vascular risk prediction: will we get there? Cir-
culation 2010; 122: 2323-34.

[6] Kathiresan S and Srivastava D. Genetics of hu-
man cardiovascular disease. Cell 2012; 148:
1242-57.

[7] van der Harst P and Verweij N. Identification of
64 novel genetic loci provides an expanded

50

(8]

(11]

(12]

(13]

(14]

[17]

view on the genetic architecture of coronary
artery disease. Circ Res 2018; 122: 433-443.
de Freitas SN, Caiaffa WT, César CC, Faria VA,
do Nascimento RM and Machado-Coelho GL.
Nutritional risk in the urban population of Ouro
Preto, southeastern region of Brazil: the Ouro
Preto heart study. Arq Bras Cardiol 2007; 88:
191-9.

Candido AP, Benedetto R, Castro AP, Carmo JS,
Nicolato RL, Nascimento-Neto RM, Freitas RN,
Freitas SN, Caiaffa WT and Machado-Coelho
GL. Cardiovascular risk factors in children and
adolescents living in an urban area of south-
east of Brazil: Ouro Preto study. Eur J Pediatr
2009; 168: 1373-82.

Batista AP, Ambrosim TV, do Nascimento-Neto
RM, Pimenta FAP, Freitas SND, Lauria MW and
Machado-Coelho GL. Hypovitaminosis D is as-
sociated with visceral adiposity, high levels of
low-density lipoprotein and triglycerides in al-
ternating shift workers. J Endocrinol Metab
2016; 6: 80-89.

Batista AP, Barbosa KF, Masioli CZ, Queiroz
EM, Marinho CC, Candido APC and Machado-
Coelho GLL. High levels of chemerin associat-
ed with variants in NOS3 and APOB genes in
rural populations of Ouro Preto, Minas Gerais,
Brazil. Braz J Med Biol Res 2020; 53: €9113.
Instituto Nacional de Cancer (INCA). Aborda-
gem e Tratamento do Fumante - Consenso
2001. INCA; 2001. Available at: https://www.
inca.gov.br/publicacoes/livros/abordagem-e-
tratamento-do-fumante-consenso  (Accessed
May 10, 2021).

Mayfield D, Mcleod G and Hall P. The CAGE
questionnaire: validation of a new alcoholism
screening instrument. Am J Psychiatry 1974;
131: 1121-23.

WHO. Obesity: Preventing and Managing the
Global Epidemic . Evidence World Health Orga-
nization; 2000. Available at: https://www.who.
int/nutrition/publications/obesity/WHO_
TRS_894/en/ (Accessed May 10, 2021).
WHO. Waist circumference and waist-hip
ratio: report of a WHO expert consultation.
World Health Organization; 2011. Available
at: https://www.who.int/publications/i/item/
9789241501491 (Accessed May 10, 2021).
Friedewald WT, Levy Rl and Fredrickson DS.
Estimation of the concentration of low-density
lipoprotein cholesterol in plasma, without use
of the preparative ultracentrifuge. Clin Chem
1972; 18: 499-502.

Faludi AA, Izar MCO, Saraiva JFK, Chacra APM,
Bianco HT, Afiune A Neto, Bertolami A, Pereira
AC, Lottenberg AM, Sposito AC, Chagas ACP,
Casella A Filho, Simao AF, Alencar AC Filho,
Caramelli B, Magalhaes CC, Negrao CE, Fer-
reira CEDS, Scherr C, Feio CMA, Kovacs C,
Araljo DB, Magnoni D, Calderaro D, Gualandro

Int J Mol Epidemiol Genet 2021;12(3):40-51



(18]

[19]

[20]

[21]

[22]

[23]

[24]

51

Classical and genetic factors and hypertension

DM, Mello EP Junior, Alexandre ERG, Sato El,
Moriguchi EH, Rached FH, Santos FCD, Cese-
na FHY, Fonseca FAH, Fonseca HARD, Xavier
HT, Mota ICP, Giuliano ICB, Issa JS, Diament J,
Pesquero JB, Santos JED, Faria JR Neto, Melo
JX Filho, Kato JT, Torres KP, Bertolami MC,
Assad MHV, Miname MH, Scartezini M, Forti
NA, Coelho OR, Maranhao RC, Santos RDD Fil-
ho, Alves RJ, Cassani RL, Betti RTB, Carvalho T,
Martinez TLDR, Giraldez VZR and Salgado W
Filho. Atualizagao da diretriz brasileira de dis-
lipidemias e prevencao da aterosclerose-2017.
Arq Bras Cardiol 2017; 109 Supl 1: 1-76.

Cho NH, Shaw JE, Karuranga S, Huang Y, da
Rocha Fernandes JD, Ohlrogge AW and Malan-
da B. IDF diabetes atlas: global estimates of
diabetes prevalence for 2017 and projections
for 2045. Diabetes Res Clin Pract 2018; 138:
271-81.

Matthews DR, Hosker JP, Rudenski AS, Naylor
BA, Treacher DF and Turner RC. Homeostasis
model assessment: insulin resistance and
B-cell function from fasting plasma glucose
and insulin concentrations in man. Diabetolo-
gia 1985; 28: 412-9.

Geloneze B, Vasques AC, Stabe CF, Pareja JC,
Rosado LE, Queiroz EC and Tambascia MA;
BRAMS Investigators. HOMA1-IR and HOMA2-
IR indexes in identifying insulin resistance and
metabolic syndrome: Brazilian metabolic syn-
drome study (BRAMS). Arq Bras Endocrinol
Metab 2009; 53: 281-7.

Kimura L, Angeli CB, Auricchio MT, Fernandes
GR, Pereira AC, Vicente JP, Pereira TV and Mi-
groni-Netto RC. Multilocus family-based asso-
ciation analysis of seven candidate polymor-
phisms with essential hypertension in an
African-derived semi-isolated Brazilian popula-
tion. Int J Hypertens 2012; 2012: 859219.
Mendes-Lana A, Pena GG, Freitas SN, Lima AA,
Nicolato RL and Nascimento-Neto RM, Macha-
do-Coelho GL and Freitas RN. Apolipoprotein E
polymorphism in Brazilian dyslipidemic indi-
viduals: Ouro Preto study. Braz J Med Biol Res
2007; 40: 49-56.

Deo RC, Reich D, Tandon A, Akylbekova E, Pat-
terson N, Waliszewska A, Kathiresan S, Sar-
pong D, Taylor HA Jr and Wilson JG. Genetic
differences between the determinants of lipid
profile phenotypes in African and European
Americans: the Jackson heart study. PLoS
Genet 2009; 5: €1000342.

Dorfmeister B, Cooper JA, Stephens JW, Ire-
land H, Hurel SJ, Humphries SE and Talmud PJ.
The effect of APOA5 and APOC3 variants on
lipid parameters in European Whites, Indian
Asians and Afro-Caribbeans with type 2 diabe-
tes. Biochim Biophys Acta 2007; 1772: 355-
63.

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

Song Y, Zhu L, Richa M, Li, Yang Y and Li S. As-
sociations of the APOC3 rs5128 polymorphism
with plasma APOC3 and lipid levels: a meta-
analysis. Lipids Health Dis 2015; 14: 32.

van Zyl T, Jerling JC, Conradie KR and Feskens
EJ. Common and rare single nucleotide poly-
morphisms in the LDLR gene are present in a
black South African population and associate
with low-density lipoprotein cholesterol levels.
J Hum Genet 2014; 59: 88-94.

Passaro A, Dalla NE, Marcello C, Di Vece
F, Morieri ML, Sanz JM, Bosi C, Fellin R
and Zuliani G. PPARy Prol2Ala and ACE ID
polymorphisms are associated with BMI and
fat distribution, but not metabolic syndrome.
Cardiovasc Diabetol 2011; 10: 112.

Leiherer A, Muendlein A, Kinz E, Vonbank A,
Rein P, Fraunberger P, Malin C, Saely CH and
Drexel H. High plasma chemerin is associated
with renal dysfunction and predictive for car-
diovascular events-insights from phenotype
and genotype characterization. Vascul Phar-
macol 2016; 77: 60-8.

Leggio M, Lombardi M, Caldarone E, Severi P,
D’emidio S, Armeni M, Bravi V, Bendini MG and
Mazza A. The relationship between obesity and
hypertension: an updated comprehensive
overview on vicious twins. Hypertens Res
2017; 40: 947-963.

Mussig K, Staiger H, Machicao F, Thamer C,
Machann J, Schick F, Claussen CD, Stefan N,
Fritsche A and Haring HU. RARRES2, encoding
the novel adipokine chemerin, is a genetic de-
terminant of disproportionate regional body fat
distribution: a comparative magnetic reso-
nance imaging study. Metabolism 2009; 58:
519-24.

da Fonseca ACP, Ochioni AC, Martins RDS,
Zembrzuski VM, Campos Junior M, Ramos VG,
Carneiro JRI, Nogueira Neto JF, Cabello PH and
Cabello GMK. Adiponectin, retinoic acid recep-
tor responder 2, and peroxisome proliferator-
activated receptor-y coativator-1 genes and
the risk for obesity. Dis Markers 2017; 2017:
5289120.

Garrison RJ, Kannel WB, Stokes J 3rd and Cas-
telli WP. Incidence and precursors of hyperten-
sion in young adults: the Framingham offspring
study. Prev Med 1987; 16: 235-51.

Hall JE, do Carmo JM, da Silva AA, Wang Z and
Hall ME. Obesity-induced hypertension: inter-
action of neurohumoral and renal mecha-
nisms. Circ Res 2015; 116: 991-1006.

Int J Mol Epidemiol Genet 2021;12(3):40-51



