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Abstract

Hypertension (HTN) is the risk factor that most contributes to mortality rates in the world, fol-
lowed by physical inactivity and obesity. Despite the influence of genetic factors on the genesis of
HTN, blood pressure levels are strongly influenced by environmental factors such as physical in-
activity and overweight, characterizing it as a polygenic disease. Genetic components and envi-
ronmental factors such as physical exercise may modulate the phenotype of individuals predis-
posed to medical conditions such as HTN, independently of modifiable factors such as increased
levels of adiposity; however, studies have shown that polymorphic forms detected in genes in-
volved in the mechanisms of blood pressure regulation and also related to body fat modulation
may interact with physical activity levels and HTN. The aim of this article is to review the interac-
tions between polymorphisms in ADRB2, ADRB3, BDKRB2 and MTNR1B genes, physical activity and
blood pressure.
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1. Introduction
Hypertension (HTN) is the leading modifiable risk factor for mortality worldwide [1], accounting for more than
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40% of the deaths caused by cardiovascular diseases (CVDs), renal diseases and type 2 diabetes mellitus [2]. It
is estimated that 29% of world population, or 1.56 billion people, will have HTN by 2025, with approximately
three-fourths of them living in developing countries [3]. In Brazil, the surveillance of Protective and Risk Fac-
tors for Chronic Diseases by Telephone Survey (VIGITEL) [4], conducted on a probability sample of telephone
households drawn from telephone directories of the capitals in the country, and involving 52,929 individuals,
showed a prevalence of HTN about 26% (95% CI 23.2 - 28.0) (22.9% of men [95% CI 19.3% - 26.6%] and 27.8%
of women [95% CI 24.7% - 30.9%)]).

Physical inactivity, considered the fourth leading risk factor for global mortality [1], caused an estimated 5.3
million premature deaths in the world in 2008, representing approximately 9% (95% CI 5.1% - 12.5%) of global
mortality rates [5]. According to VIGITEL, nearly 50% of Brazilian population does not reach the recommended
amount of physical activity, especially women (57.4%). The survey classified as insufficiently active those indi-
viduals who had not done any leisure time physical activity in the preceding three months, did not do moderate
or vigorous activity for work, transportation (walking or cycling for at least 10 minutes) or household chores [4].

Obesity is one of the main modifiable risk factors that contributes to the global burden of disease and inde-
pendently associates with cardiovascular mortality and general mortality (fifth major cause) rates [1] [6]. By
2030, the number of overweight (body mass index, BMI > 25 kg/m?) and obese (BMI > 30 kg/m?) adults in the
world is projected to be 2.16 billion and 1.12 billion respectively [7]. In Brazil, approximately 51% of individu-
als are overweight, and 17.5% obese [4].

HTN and obesity are considered polygenic diseases, and in the last years different genetic approaches have
been studied regarding interactions with environment factors (such as physical activity). In studies on associa-
tions of candidate genes, gene selection is based on physiopathological mechanisms and biological implications
of certain genes in a disease. Genome-wide association studies (GWAS), also known as whole-genome associa-
tion studies are considered a state of the art tool for genetic screening and identification of genetic variants asso-
ciated with a condition. In contrast to researches on new candidate genes, in which a restricted number of chro-
mosomal regions are simultaneously studied, GWAS investigate the complete genome, and the approach is
therefore said to be non-candidate-driven. Additionally, GWAS focus on associations between a polymorphism
(SNP), rather than a gene, and a disease. Thus, the aim of this article is to review the interactions between SNPs
in ADRB2, ADRB3, BDKRB2 and MTNR1B genes (related to obesity and body fat modulation), physical activity
and blood pressure/HTN.

2. Pathophysiology of HTN

The control of blood pressure is complex and involves hemodynamic, neural, and hormonal mechanisms. Ar-
terial pressure is determined by cardiac output (CO) and systemic vascular resistance (SVR), and increases in
both CO and SVR may lead to HTN. The autonomic nervous system (ANS) plays a central role in pressure con-
trol: stimulation of the sympathetic nervous system (SNS) can cause vasoconstriction or vasodilation, and mal-
function of the ANS may increase CO and SVR via a- and S-adrenergic receptors [8] [9].

There is increasing evidence that the physiological response to a sodium load is the most important mechan-
ism involved in the genesis of HTN. Studies involving acculturated and unacculturated populations (who use
and do not use salt in their diet respectively) have shown an increase in blood pressure with age in acculturated
tribes, while in unacculturated tribes, the blood pressure remained relatively constant throughout adult life [10].
However, the influence of salt consumption on blood pressure levels may be influenced by genetic factors, since
only a part of the population have increased blood pressure in response to high salt intake [11].

The renin-angiotensin system is the most important endocrine system involved in the control of blood pres-
sure. Renin converts angiotensinogen into angiotensin I, which is converted to angiotensin Il (potent vasocon-
strictor) by the enzyme angiotensin-converting enzyme (ACE) in several tissues. In addition to the circulating
renin-angiotensin system, locally-expressed renin-angiotensin systems in the kidney, liver, heart and arterial tree,
acting in a paracrine manner, may be involved in the control of arterial pressure [8] [9]. The brain renin-angi-
otensin system modulates melatonin and angiotensin synthesis in the pineal gland, and may affect both blood
pressure levels as well as its circadian rhythm [12].

In addition, reduced activity of the kallikrein-kinin system has a significant role in the development of HTN.
Kallikrein is the main precursor of bradykinin and kallidin (vasodilator kinins), which are degraded by kininases,
especially kininase Il (or ACE). Therefore, increased levels of ACE may result in increased synthesis of angi-
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otensin Il and deactivation of bradykinin [8] [9].

Obesity is commonly associated with hormonal, renal, hemodynamic and neuroendocrine dysfunctions in-
volved in the etiopathogeny of HTN. Fat deposition (mainly visceral fat) resulting from an imbalance between
energy intake and energy expenditure may affect numerous mechanisms, including insulin resistance, sodium
retention and increased activity of SNS [13]. The negative effects of visceral fat deposition on cardiometabolic
parameters are more pronounced among women than men [14]. The renin-angiotensin-aldosterone system is al-
so altered and may play a role in the development of obesity. A component of this system, angiotensinogen,
contributes to adipocyte differentiation (adipogenesis) and is positively associated with fat mass, adipose tissue
metabolism and leptin plasma levels [15], and hence influences mechanisms involved in the regulation of energy
expenditure and food intake.

Figure 1 summarizes the main mechanisms involved in the genesis of HTN.

3. Genetics, HTN and Physical Activity

Mutations of specific genes are associated with elevated blood pressure and development of HTN. However,
more frequent, common genetic changes are more likely to be involved in the genesis of HTN individually, and
the accurate determination of the relative contribution of these genes to the increase of blood pressure is partic-
ularly difficult. HTN is twice more common in individuals with one or two hypertensive relatives. Epidemio-
logical studies involving families and twins have suggested that genetic factors account for 30% - 50% of the
variation of arterial pressure among populations [8] [16]. The familial aggregation of HTN is partly due to the
lifestyle shared by family members living in the same household, especially physical activity and eating patterns.
Therefore, HTN is a polygenic, hereditary disease (or multifactorial), caused by the interaction of multiple en-
vironmental factors with variations in genes generally located in different chromosomes [17].

Additionally, similarly to what has been described for eating behavior and appetite, genetic factors may also
exert an influence on physical activity patterns [18]. Studies using animal models indicate that mechanisms of
the central nervous system (CNS) act on the regulation of daily physical activity [19], and clinical studies sug-
gest that genetic factors account for 30% - 78% of the variability in daily level of physical activity reported in
epidemiological studies [20] [21]. However, although the genetic contribution on levels of physical activity is
evident, no loci with robust associations have been described so far.

Besides, the role of physical inactivity and consequent reduction of metabolic rates on the increase in body fat
deposition [18] has been questioned, since longitudinal studies have shown that basal levels of physical activity
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Figure 1. Schematic illustration about pathophysiology of HTN. Adaptad from Francischetti, E.A et al. [13].
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do not predict adiposity; on the contrary, increased adiposity is associated with reduced physical activity over
time [22] [23]. It is estimated that genetic factors account for 40% - 70% of variation in adiposity in humans [24]
and, interestingly, changes in lifestyle, especially those related to eating and physical activity habits, may affect
susceptible genes and greatly contribute to the development of obesity in predisposing individuals and popula-
tions [25] [26].

4. Beta-Adrenergic Receptors: ADRB2 and ADRB3 Genes

The adrenergic receptors (or adrenoceptors) belong to the class of G protein-coupled receptors, and are activated
by endogenous catecholamines, especially epinephrine and norepinephrine. Beta-2 adrenergic receptors are
predominant in smooth muscles and their activation lead to relaxation of gastrointestinal smooth muscle, lipoly-
sis in adipose tissue, increased renin secretion from kidney, and dilation of arteries in skeletal muscle [27]. The
receptors also mediate bronchodilation and ventricular function, having a direct impact on pulmonary and car-
diovascular responses to physical exercise [28]. Beta-3 adrenergic receptors mediate metabolic effects, espe-
cially lipolysis in adipose tissue and thermogenesis [29].

Beta-2 and beta-3 adrenergic receptors are encoded by ADRB2 (adrenoceptor beta 2, surface) and ADRB3
(adrenoceptor beta 3) genes, located on chromosomes 5 and 8 respectively. Different polymorphic forms in
ADRB?2 detected by GWAS have been associated with nocturnal asthma, type 2 diabetes mellitus (T2DM), ob-
esity [30], and decrease in mean arterial pressure at rest, during, and after physical activity [31]. Individuals with
genetic alterations in ADRB3 have lower energy expenditure and basal metabolic rate as compared with those
without genetic alterations [32].

The most studied polymorphisms in ADRB2 and ADRB3 genes are rs1042713 (Argl6Gly) and rs1042714
(GIn27Glu) in the former, and rs4994 (Trp64Arg) and rs4998 (G > C) in the latter. However, studies investigat-
ing interactions between SNPs and gender, physical activity, food intake, adiposity and blood pressure are
scarce and inconsistent, making interpretation and generalization of results difficult.

A meta-analysis of 18 observational studies showed that GIn27Glu was associated with 16% increased obesi-
ty risk (OR: 1.16, 95% CI: 1.04 - 1.30), whereas no association was found between Arg16Gly and obesity. In
addition, neither GIn27Glu nor Argl6Gly was significantly associated with obesity following stratification of
the population by gender [30].

A study conducted on 132 (111 women) severely obese subjects in Brazil, individuals carrying Glu27 allele
had 4.7 greater risk of HTN compared to non-carriers [33]. Obese, postmenopausal women, homozygous for
Glu27 had increased body fat mass and decreased lean mass measured by bioelectrical impedance analysis [34].
In addition, obese women, carriers of the Glu27 allele, had increased respiratory quotient (determined by indi-
rect calorimetry) and decreased fatty acid oxidation during and after aerobic exercise sessions, suggesting an in-
teraction between body adiposity, energy expenditure and physical exercise [35].

Significant interactions between Arg16Gly SNP and vigorous physical activity on visceral and subcutaneous
abdominal adipose tissue were found among American adolescents. Homozygous for the Gly16 allele benefited
less from the effect of physical activity on reduction of fat deposits [36]. A study conducted on Spanish children
and adolescents, homozygous for Glu27 (GIn27Glu), showed increased risk for obesity (OR 4.84, 95% CI 1.37 -
17.10) and a significant interaction between hours of TV watching and the Glu27 allele among girls. Watching
TV more than 12.5 hours a week increased the obesity risk (OR 6.05, 95% CI 1.31 - 27.71) [37]. In a Japanese
population, no significant interaction was found between the presence of Arg64 allele of Trp64Arg in the
ADRB3 gene, levels of physical activity and percentage of body fat (detected by bioelectrical impedance) [38].

In a study investigating the effect of Argl6Gly, GIn27Glu and Trp64Arg polymorphisms on weight loss
among adult obese (n = 109) women in Brazil, a seven-week dietary and physical activity intervention did not
result in significant differences in weight loss between polymorphisms carriers and non-carriers [39]. Interes-
tingly, the presence of the Arg64 allele in the ADRB3 gene was associated with lower BMI and high density li-
poprotein cholesterol levels in individuals with T2DM in Brazil [40], and the Arg64 allele was negatively asso-
ciated with HTN in a population of approximately 1800 in China [41]. Results from the DiOGenes (Diet, Obes-
ity and Genes) study on European populations revealed that the presence of G allele of rs4998 in the ADRB3
gene enhanced the effect of waist circumference reduction of high-protein diets [42].

5. Bradykinin Receptor B2: BDKRBZ Gene

The hormone bradykinin, discovered by Brazilian physiologists, is an inflammatory mediator with vasodilation
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activity, contributing to prostaglandin and nitric oxide formation. Bradykinin exerts its effects via two receptor
subtypes, the B1 receptor and the B2 receptor. B2 receptor is encoded by the BDKRB2 (bradykinin receptor B2)
gene located on chromosome 14, and expressed predominantly in smooth muscle. Bradykinin may also stimu-
late proinflammatory interleukins, e.g. IL-6 and IL-8, in adipose tissue through its action on receptors expressed
by adipocytes [43]. Bradykinin is also involved in glucose uptake by skeletal muscle and adipocytes, and the
metabolite des-Arg9-bradykinin, which has a high affinity for the B1 receptor, regulates leptin sensitivity in hy-
pothalamus and modulates energy balance [44].

Changes in BDKRB2 gene expression may also modulate the vascular response to physical activity, which
would in part explain the individual variability of the beneficial effect of exercise on cardiometabolic outcomes.
Alteration or deletion of alleles is positively associated with metabolic efficacy and performance during exercise
[45] [46]. On the other hand, polymorphic changes of the BDKRB2 gene would be strongly associated with
blood pressure variations in specific populations [47].

In spontaneously hypertensive rats, an overexpression of bradykinin B1 and B2 receptors is found in the hy-
pothalamus [48], and such changes in receptor expression in the hypothalamus are associated with cardiovascu-
lar dysfunctions in obese, leptin knockout (ob/ob) rats. Yet, in obese ob/ob mice, B2 receptor activity is also de-
tected in the white adipose tissue, which is the main site of neuroendocrine regulation of energy metabolism,
along with the hypothamalus [49]. These findings suggest a connection between the kallikrein-kinin system and
obesity, and the involvement of kinin receptors in the etiopathogeny of metabolic syndrome. Animal models al-
so suggest that kallikrein gene expression (bradykinin precursor) in the kidney is regulated by dietary sodium
chloride [50].

Associations between rs1799722 (—58T/C) and rs11847625 (C > G) polymorphisms in the BDKRB2 gene,
blood pressure and adiposity have been reported in some populations, especially among Orientals. In addition,
the SNP +9/-9 in the BDKRB2 gene has been widely investigated in elite athletes. For instance, in 71 Brazilian
athletes undergoing 16 weeks of aerobic training, increased ACE activity was observed in individuals homo-
zygous for the —9 allele, although the genotype did not significantly affect blood pressure levels [51].

A meta-analysis of 11 studies (including more than 3,800 individuals) showed that the risk of HTN is in-
creased by 24% (OR 1.24, 95% CI 1.05 - 1.46) by the presence of the -58C allele in the BDKRB2 gene, espe-
cially in Asian populations [47]. The interaction between -58T/C and rs220721 polymorphisms in the MAS1
gene (also involved in the renin-angiotensin system) increased the risk for obesity by 82% in a Chinese cohort of
adults [52].

The interaction between genetics and sodium sensitivity was evaluated in more than 1900 Chinese subjects
who received a 7-day low-sodium diet (3 g/day) followed by a 7-day high-sodium diet (18 g/day). The presence
of the rare C allele in the rs11847625 was associated with attenuated systolic blood pressure and mean arterial
pressure decreases in response to the low-sodium intervention (z = —3.798) [53]. Interestingly, in the same study
group, an interaction between rs945039 and BDKRB2 polymorphisms, blood pressure levels and physical activ-
ity level was observed. Also, among physically inactive individuals, the presence of the rare allele was asso-
ciated with lower diastolic blood pressure, and no significant differences in genotype were found in physically
active individuals [54].

6. Melatonin Receptors: MTNR1B Gene

Melatonin (N-acetyl-5-methoxy tryptamine), a hormone synthesized from the amino acid tryptophan and se-
creted by the pineal gland, is involved in the regulation of several organic functions, such as sleep and circadian
rhythms, anti-inflammatory and antioxidant activities, energy metabolism, with emphasis on modulation of daily
energy expenditure and body mass [55]. The main biological effects of melatonin are mediated by MT1 and
MT?2 receptors, which are members of a subfamily of G protein-coupled receptors, and identified in tissues re-
lated to the cardiovascular system, metabolic control and energy expenditure [56]. Administration of melatonin
(5 mg/day) for 60 days significantly decreased systolic arterial pressure (=12.3 + 1.2 mmHg) and diastolic ar-
terial pressure (—6.7 + 1.4 mmHg) in individuals with metabolic syndrome [57], supporting the participation of
melatonin in blood pressure modulation in CNS.

The MTNR1B (melatonin receptor 1B) gene encodes the MT1 melatonin receptor, which inhibits insulin se-
cretion through its effect on cyclic guanosine monophosphate (cGMP) formation. Plasma glucose levels are sig-
nificantly lower in MTNR1B knockout animals, and a meta-analysis involving 23 studies (172,963 subjects)
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suggested a positive association between the presence of polymorphisms in MTNR1B gene and T2DM in Cau-
casians [G allele: OR = 1.09, 95% CI 1.06 - 1.13, P(Z) < 10°; dominant model: OR = 1.16, 95% CI 1.07 - 1.25,
P(Z) < 10°°; recessive model: OR = 1.19, 95% CI 1.10 - 1.28, P(Z) < 10°] [58] (insulin resistance and T2DM
are risk factors for HTN).

In addition, GWAS have identified associations between rs10830962 (G > C) and rs10830963 (G > C)
poly-morphisms in the MTNR1B gene, blood pressure values and adiposity. Results from these studies, however,
are still scarce, and available data regarding interactions with energy expenditure, diet and physical activity are
limited.

The presence of G alleles in the rs10830962 and rs10830963 SNPs was independently associated with higher
mean arterial pressure among individuals with coronary arterial disease and HTN [59]. On the other hand, no
interaction between these polymorphisms, arterial pressure and HTN was found in elderly Oriental people in a
population-based study [60].

In the LOGIC-trial (Long-term effects of a lifestyle intervention in obesity and genetic influence in children),
adolescents and children participating in the study followed a weight-loss program consisting of reduction in
energy intake (by 500 kcal/day), physical activity (11 h/week) and behavioral therapy. In the beginning of the
study, the G allele of the rs10830963 SNP was associated with higher BMI values. However, no interaction be-
tween genotype, weight loss measures and anthropometric parameters was found after 6 weeks of intervention
[61]. In the Preventing Overweight Using Novel Dietary Strategies (POUNDS LOST) trial, 722 overweight and
obese adult subjects were assigned to one of four diets (two high-protein diets and two high-fat diets). The pres-
ence of the G allele of rs10830963 significantly associated with increased respiratory quotient measured by in-
direct calorimetry after two years. Additionally, an interaction between genotype, changes in the respiratory qu-
otient and fat intake was found, suggesting a long-term genetic modulation of energy expenditure, which may be
affected by dietary fat (the G allele significantly associated with increased respiratory quotient in low-fat diets as
compared with high-fat diets). The effect of physical activity was not evaluated in this study [62].

7. Conclusion

Polymorphism in ADRB2, ADRB3, BDKRB2 and MTNR1B genes seems to interact with physical activity and
blood pressure by different mechanisms, mainly by modulating energy expenditure and body fat storage (Figure
2). However, most of the studies that have identified interactions between polymorphic forms of these genes,
HTN/obesity phenotypes and physical activity were conducted among specific populations, and some findings

ADRB2 gene
Obesity MTNR1B gene
- T BMI
- —— i
ADRB3 gene BDKRB2 gene
| energy expenditure Obesity
| basal metabolic rate Tmetabolic efficacy
v

Body fat modulation
Figure 2. Possible role of ADRB2, ADRB3, BDKRB2 and MTNR1B genes in the body fat

modulation.
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are based on results obtained from animal models. Thus, results must be interpreted with caution and more stu-
dies among different ethnic groups should be conducted in order to replicate them.
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