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ABSTRACT

High blood pressure (HBP) is a strong, independent and etiologically relevant risk factor for cardiovascular 
and therefore, the leading cause of preventable deaths worldwide. Hypertension has high medical and social 
costs. Due to its many associated complications, the use of medical services create high costs with medications 
which represent almost half of the estimated direct expenses. Free distribution of more than 15 medications 
for HyPERtension and DIAbetes (HIPERDIA program) clearly shows the important role of drugs in the Brazilian 
Government’s effort to tackle these two diseases. Notwithstanding, the prevalence of HBP is rising in parallel 
with other NCDs. It is known that HBP results from environmental and genetic factors, and interactions among 
them. Our ancestors were often faced with survival stresses, including famine, water and sodium deprivation. As 
results of natural selection, the survival pressures drove our evolution to shape a thrifty genotype, which favored/
promoted energy-saving and sodium/water preservation. However, with the switch to a sodium- and energy-rich 
diets and sedentary lifestyle, the thrifty genotype and ancient frugal alleles, are no longer advantageous, and may 
be maladaptive to disease phenotype, resulting in hypertension, obesity and insulin resistance syndrome. Low-
grade chronic infl ammation and oxidative stress would be the underlying mechanisms for these diseases. HBP 
is often associated with unhealthy lifestyles such as consumption of high fat and/or high-salt diets and physical 
inactivity. Therefore, alternatively to medicine drugs, lifestyle and behavioral modifi cations are stressed for the 
prevention, treatment, and control of hypertension. A lifestyle modifi cation program (LSM) involving dietary 
counseling and regularly supervised physical activity (“Move for Health”) has been used for decades, in our 
group, for NCDs primary care. Retrospective (2006-2016) data from 1317 subjects have shown the top quartile 
of blood pressure(142.2/88.5mmHg) differing from the lower quartile (120.6/69.2mmHg) by being older, with 
lower schooling, lower income and, lower physical activity and aerobic capacity. Additionally, the P75 showed 
higher intake of CHO, saturated fat and sodium along with lower-diet quality score with a more processed foods. 
They showed higher body fatness and prevalence of metabolic syndrome along with higher pro-infl ammatory 
and peroxidative activities and insulin resistance. In this free-demand sample, the HBP rate was 51.2% for SBP 
and 42.7% for DBP. The rate of undiagnosed HBP was 9.8% and only 1/3 of medicated patients were controlled 
for HBP. After 10 weeks of LSM the HBP normalization achieved 17.8% for SBP and 9.3% for DBP with a net 
effectiveness of 8.5% and 2.4%, respectively. The reduction of HBP by LSM was followed by increased aerobic 
conditioning and reduced intake of processed foods along with decreased values of BMI, abdominal fatness, 
insulin resistance, pro-infl ammatory and peroxydative activities. Importantly, once applied nationwide this LSM 
would save HBP medication for 3.1 million of hypertensives at an economic saving costs of US$ 1.47 billion a 
year!
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HUMAN HYPERTENSION
 Importance and epidemiology 

In 2000, 26.4% of the adult world population (972 million) had hypertension, 
deϐined as BP ≥140/90 mmHg or current use of antihypertensive medication, and 
29.2% were projected to be hypertensive by 2025 [1]. High blood pressure (BP) is a 
strong, consistent, continuous, independent, and etiologically relevant risk factor for 
cardiovascular and therefore, the leading cause of preventable deaths worldwide [2,3].

The prevalence of hypertension increases with age, with the estimated lifetime risk 
for elderly subjects reaching 90% [4]. No evidence of a BP threshold exists therefore, 
the risk of cardiovascular disease increases progressively throughout the range of BP, 
including the pre-hypertensive range [5]. It has been estimated that almost a third of 
BP-related deaths from coronary heart disease occur in individuals with BP in the non-
hypertensive range [6]. 

Hypertension has become a growing public health concern, particularly in 
developing countries, with an estimated prevalence of 37.3%, in comparison with 
22.9% in industrialized nations [7]. Projections are that by the year of 2025, 75.0% 
(or 1.17 billion people) of the people with hypertension in the world will be living 
in emerging nations [8]. Studies estimate about one-third of the population in Latin 
America is affected by Blood Hypertension. Baseline ϐindings (2014) from ELSA-Brasil 
show a frequency of 35.8% high blood pressure [9]. 

 Social and economic impacts

Hypertension has high medical and social costs, primary due to its many associated 
complications which lead to more severe cardiovascular disease, mortality, morbidity, 
incapacity and the use of medical services worldwide, factors that create high costs 
[10]. Treatment of blood hypertension (BP) and its associated complications among 
North Americans had an estimate cost of U$ 37.2 billion (in 2003), with medications 
representing 47.8% of the estimated direct total expenses for health care in the US, an 
increase of 14% over the previous year (2002) [11].

In Brazil, the cost of medication spent with either one (US$ 87.10), two (US$ 
159.00) or three (US$ 194.00) drugs averaged US$ 39.50/month for each diagnosed 
hypertensive subject [12]. Moreover, the estimated direct cost of Hypertension 
treatment in this country is 1.46 times higher in public than the private system. 
Together they represented 0.08% of the GDP (in 2005), or 1.11% of overall health care 
costs [13].

 Primary care by the brazilian public health system

The Brazilian Public Health System is free and universal that intends to provide 
health care free of charge to its whole population. Since 1990 it has been organized by 
the Uniϐied Health System (SUS-Sistema Unico de Saude) while the free distribution 
of medicines began in 1971. Free distribution of more than 15 medications for 
HyPERtension and DIAbetes (HIPERDIA program) clearly shows the important role of 
drugs in the Brazilian Government’s effort to tackle these two diseases. 

The governmental fueling of pharmaceutical-care expansion speeded up mostly 
in this century with the creation of programs aiming at increasing access to low-
cost essential medications (“Farmacia Popular”-Popular Pharmacy Program) as a 
partnership between the federal government and states/municipalities. Later on, this 
strategy was expanded to include private pharmacies and drug stores, named “Aqui 
tem Farmacia Popular” (Popular Pharmacy is Available Here) began subsidizing 90% 
of the reference price of 24 medicines, including those for hypertension and diabetes. 
In 2011, the government launched another program called “Saúde não tem preço” 
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(Health has no price) to expand even more the access to medicines for diabetes and 
hypertension. In this program, the pharmacies and drug stores linked to the Popular 
Pharmacy network (more than 17,500) started to offer free medicines for the treatment 
of hypertension and diabetes.

Effectiveness Of HIPERDIA Program

Data sources on HiperDia Program are controlled mostly by the Ministry of Health 
and the available data are fragmentary and often outdated. When looking at the 
effectiveness scale it is unquestionable that prevalence of diabetes and hypertension 
are rising in parallel with that of excess weight as main NCDs burden in Brazil. In fact, 
from 2006 to 2010, according to VIGITEL, the self-reported prevalence of diabetes 
increased 5.3% in 2006 to 6.3% in 2010, leading to an approximate 20% increase. 
Hypertension is estimated to present a 60% increase by the year 2025. Thus seems that 
besides onerous, the SUS care of HyPERtension and DIAbetes has been demonstrated 
not quite effective.

Because drug therapy has been largely unsuccessful in halting and reversing the 
hypertension epidemic, it may be argued that more emphasis must be placed on novel 
approaches to enhance current primary prevention guidelines. Overall, it is known 
the prevalence of hypertension is rising in parallel with that of other NCDs and these 
increases are associated with unfavorable changes seen in our environment [14].

THE EPIGENETICS 
The thriftiness of body fl uid conservation

Our ancestors were often faced with survival stresses, including famine, infection, 
trauma and physical stress [15]. With the hot and humid climate, like in eastern 
Africa, effective heat dissipation is essential in hot environments and is achieved most 
efϐiciently through evaporative heat loss [16]. However, sweating due to the hot climate 
and excessive labor activities can lead to a large loss in the amount of salt and water, 
and eventually lead to hypovolemia, a threat to human survival. In addition, human 
and nonhuman primates living in ancient times had very low salt intake available. Low 
salt intake and large salt losses due to sweating had created robust salt appetite and 
renal sodium conservation, which were essential to survival [17]. 

Water loss and sodium deprivation due to insufϐicient sodium intake or excess 
sodium loss may activate rennin-angiotensin-aldosterone system, sympathetic nerve 
or neuroendocrine system to preserve sodium. The accumulation of sodium in tissue 
is accompanied by a commensurate retention of water to maintain the isotonicity of 
body ϐluids [17]. And, consequently, maintaining blood pressure [18].

Moreover, by facing infection, trauma and physical stress [15], there was an 
activation of the innate and adaptive immune system and, the acute inϐlammatory 
episode may cause water loss. To cope with the injury responses, a coordination of 
neuroendocrine, energy storage, water economy and immune systems are adapted. In 
fact, immune system plays the role in the regulation of sodium and water homeostasis 
[19,20]. Immune cells, such as mononuclear phagocyte system and macrophages, are 
responsible for interstitial hypertonic sodium retention, resulting from high salt diet 
intake, and stimulate lymph-capillary network formation. Notably, neoformed vessels 
(angiogenesis) in skin may serve as an extra sodium and water storage to buffer extra- 
cellular volume expansion and maintenance of blood pressure homeostasis. Moreover, 
inϐlammatory cytokines released from activated immune cells inhibits insulin signaling 
pathway; as a result, plasma levels of glucose are elevated to provide energy sources 
to maintain the function of vital organs (heart, brain and immune cells) and combat 
for the infection [21,22]. Additionally, to its metabolic effects, insulin induces vaso-
relaxation and regulates sodium homeostasis by enhancing sodium reabsorption in 
the kidney, thereby, contributing to the regulation of blood pressure [17,23].
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The increased blood pressure by insulin resistance may contribute to increased 
blood perfusion to the brain during starvation and infection, and to the fetus during 
pregnancy [24].Therefore, negative regulation of insulin signaling could be viewed 
as a physiologic ‘adaptive mechanism” that is activated in certain conditions such as 
fasting, inϐlammation, stress and pregnancy [17,23].

It is well accepted that evolution by natural selection is a central organizing concept 
in biology and natural selection shapes organisms in functioning within a particular set 
of environmental conditions [25].

For millions of years, living creatures from lower-level organisms to human 
beings have been faced with stresses. Because organisms adapt to the totality of their 
environment, or ecological niche, it is hypothetically possible that natural selection 
favors organisms harboring the genotype for a metabolic system [17]. 

Since regulation of energy storage and the preservation of body ϐluids are critical for 
organism’s ϐight against famine, infection and physical stress, it has been hypothesized 
that genes responsible for energy regulation and sodium preservation have been 
positively selected [26]. 

Hence, as results of natural selection, the survival pressures drove our evolution to 
shape a thrifty genotype, which favored/promoted energy-saving and sodium/water 
preservation [26]. 

The notion of thrifty genotype was initially proposed in which certain genotypes 
were selected into the human genome because of their selective advantage over the 
less thrifty genes. A thrifty genotype was originally deϐined as “being exceptionally 
efϐicient in the intake and/or utilization of food” [27].

Furthermore, the thrifty gene hypothesis postulates that under conditions of 
suboptimal in utero nutrition, the fetus must adapt to its environment to ensure 
survival of the organism, through a “sparing” of vital organs such as the brain at the 
expense of organs such as pancreas, kidney and skeletal muscle [28].

Therefore, thrifty phenotype represents a short-term (in-utero) adaptive response 
(preserving vital organs at the expense of less essential traits) to poor energy 
availability [29].

However, for doing it so, it was proposed that metabolic programming occurs to 
promote nutrient storage to provide a survival advantage in conditions of poor post 
natal nutrition [28].

Consequently, these adaptations can lead to the postnatal development of 
abnormalities such as obesity, glucose intolerance, hypertension and, metabolic 
syndrome in conditions of adequate nutrition or overnutrition [30-32].

The linkage dietary transition and hypertension

During the Paleolithic-neolithic interval (more than 2-million year), culminating in 
the emergence of today’s sole Homo species, our ancestors lived as hunter-gatherers, 
eating wild animal-source foods (lean meats, internal organs, bone marrow, but no 
dairy) and uncultivated plant-source foods (mostly fruits, non-grain, vegetables, nuts, 
but no legumes) [33].

The contemporary western diet differs from paleolithic- type diets not only as a 
consequence of the agricultural and husbandry revolutions, but also as a consequence 
of the industrial revolution and, more recently, the fast food revolution. These 
revolutions have introduced foods that were absent or negligible in the paleolithic 
diet: reϐined cereal grains and their products, nonhuman mammalian milk and its 
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products, energy-dense nutrient-poor foods (reϐined carbohydrates of wide variety, 
readily available and inexpensive; separated fats and oils of wide variety also) and 
legumes [34]. Other recognized dietary consequences of the three ‘revolutions’ include 
a reduction in the consumption of lean animal-source protein and a great increase in 
the consumption of sodium chloride and a decrease in potassium salts of organic acids 
[35,36].

It has been argued that a discordance between our contemporary diets and the 
paleolithic-type diets to which evolutionary forces adapted our core metabolism and 
physiology over a period of millions of years of hominin evolution contributes in a 
major or critical way to the pathogenesis of the so-called diseases of civilization [34].

Hence, evidence suggests that genetic susceptibility to hypertension is ancestral. 
The evolution of hypertension susceptibility has been hypothesized to begin in 
Africa and, with the switch to a sedentary lifestyle and sodium- and energy-rich diets 
(current obesogenic environment), the thrifty genotype and ancient frugal alleles, are 
no longer advantageous, and may be maladaptive to disease phenotype, resulting in 
hypertension, obesity and insulin resistance syndrome. 

At least two genes: angiotensinogen (AGT) and the epithelial sodium channel 
γ subunit (ENaCγ), are involved in the regulation of sodium and blood pressure 
homeostasis [37]. However, this natural selection of thrifty genotype, which was a 
physiological adaptive mechanism for human survival, on the current environment, 
is maladaptive to disease phenotype [15,17,38,24]. Hypertension comes out as a 
mismatch between our ancestral genome with the current western lifestyle. Salt-
sensitive hypertension sodium-conserving (thrifty) genotype may be maladaptive to 
the modern environment of sodium abundance [26].

Thus, as humans evolve, the thrifty genotype for high cytokine responder 
(eradication of injury), mild insulin resistance (protection against starvation), or 
sodium preservation (maintenance of body ϐluid), which favored our ancestors, 
aiding them in the survival of critical conditions, may be positively selected, which 
may be maladaptive to our current, modern lifestyle, resulting in insulin resistance, 
hypertension, type II diabetes and cardiovascular diseases [24,29].

The linkage obesity and infl ammation

Our ancestors (primitive humans) had to undertake considerable physical activity 
to gain food and had to adapt to prolonged period of famine, which favored fat 
storage, a trail inherited by modern man [39]. Nevertheless, in our modern lifestyle, 
characterized by energy-rich Western diet, sedentary life and high psychosocial stress, 
favors positive energy balance [30].

In the long term, this positive energy balance creates the need for surplus fat storage 
[40]. When the capacity for safe lipid storage in adipose tissue is exceeded lipids 
overϐlow to non-adipose tissue, increasing the risk for chronic systemic low grade 
inϐlammation [15,41]. Additionally, excess nutrient intake can induce oxidative stress 
in the adipose tissue. Oxidative stress conversely exerts signiϐicant effects on adipose 
tissue biology and can lead to dysregulation of adipocyte function, which manifests as 
inhibited adipocyte differentiation, enhanced immune cell inϐiltration into adipocytes 
and increased inϐlammatory cytokine secretion [42,43].

Obesity-induced inϐlammation is associated with increased adipose tissue 
macrophage (ATM) inϐiltration [44,45]. Similar to a pathogenic response to an invading 
bacterium, excess nutrients found in the obese adipose microenvironment can lead 
to the pro-inϐlammatory activation and phenotypic switch (from M2 resident to M1 
inϐlammatory macrophage) of macrophage [46].
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A feature of obesity-associated ATM inϐiltration is the linkage of the induction 
of a chronic inϐlammation in White Adipose Tissue (WAT) [44]. Excess WAT is an 
overactive endocrine organ secreting an array of inϐlammatory adipokines, such as 
tumor necrosis factor (TNFα), monocyte attractant protein 1(MCP-1) and interleukin 
6 (IL-6) [46].

The linkage infl ammation and insulin resistance

The inϐlammatory cytokines can not only induce a chronic inϐlammatory process 
in adipocyte tissue, but also be released into circulatory blood, inhibiting insulin 
signaling; resulting in global insulin resistance [47]. The mechanisms impairing the 
biological effects of insulin could involve either serine/threonine kinase activation 
or an interaction between suppressor of cytokine signaling (SOCS) proteins and the 
insulin receptor. This could prevent its interaction with the insulin receptor beta 
subunit and the insulin signalizing pathway. In obesity the serine/threonine inhibitory 
phosphorylation by the fatty acids, pro-inϐlammatory cytokines and reactive oxygen 
species are mediated through speciϐic intracellular signaling pathways involving C-Jun 
NH2 Terminal Kinase (JNK), Activating Protein-1 (AP- 1), nuclear factor kappa beta 
(NF-kB) and IkB kinase (IKK) signaling molecules [48].

Hence, chronic inϐlammation in obesity plays a critical role in pathogenesis of 
insulin resistance [47]. As obesity, insulin resistance and hypertension are considered 
to be Western diseases [49].

The linkage insulin resistance and hypertension

In human evolutionary history, insulin resistance may be an essential part of normal 
homeostasis to facilitate redirection of nutrients to pivotal organs and a physiological 
adaptive mechanism to promote our ancestor’s survival in times of critical conditions. 
[38,15]. However, clinical and epidemiologic evidences demonstrate a close linkage 
between insulin resistance and hypertension. About 50% of hypertensive individuals 
have hyperinsulinemia or glucose intolerance, whereas up to 80% of patients with 
type 2 diabetes have hypertension [50]. The coexistence of insulin resistance and 
hypertension results in a substantial increase in the risk of developing cardiovascular 
disease and type II diabetes [24,29].

Hypertension is associated with increased systemic and vascular inϐlammatory 
responses and oxidative stress, which may contribute to vascular dysfunction and, 
insulin has complex vascular actions that appear as either vascular protective or 
deleterious effects. In physiological condition insulin stimulates endothelial NO 
production to exert a vasorelaxation and anti-inϐlammatory effect. Whereas, in the 
state of insulin resistance, the insulin- stimulated NO pathway is selectively impaired 
and the compensatory hyperinsulinemia may activate MAPK pathway, resulting in 
enhancement of vasoconstriction, pro- inϐlammation, increased sodium and water 
retention and the elevation of blood pressure [51]. Hence, vascular deleterious effects 
of insulin resistance include induction of vasoconstriction and pro-inϐlammatory 
activity. Insulin can be both inϐlammatory and anti-inϐlammatory [52]. Underlying 
the mechanisms is complex and may involve a low grade chronic inϐlammation and 
oxidative stress [42]. 

Some hormones that mediate water retention such as angiotensin II and aldosterone 
are also endowed with pro-inϐlammatory effects, and has an important role in the 
pathogenesis of hypertensive and metabolic diseases. Insulin increases sodium 
reabsorption in the kidney and promotes sympathetic nerve activity [17]. Hypertensive 
patients with salt sensitivity are more insulin resistant than those with salt-resistance. 
Furthermore, high salt diet impairs insulin sensitivity only in hypertensive patients 
with salt- sensitivity but not in those with salt-resistance, suggesting that there is a 
pathogenetic link among hypertension, salt- sensitivity and insulin resistance.
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The metabolic syndrome

As our civilization evolved, a sedentary lifestyle and sodium- and energy-rich diet, 
the thrifty genotype is no longer advantageous, and may be maladaptive to disease 
phenotype [17]. In fact, the same mechanism may be inappropriately activated on a 
chronic basis on the current obesogenic environment, leading to abdominal adiposity, 
insulin resistance and hypertension which are the components of metabolic syndrome 
and often coexist [50]. Hence, the metabolic syndrome is not a single disease, but a 
complex cluster of symptoms that include a large waist circumference, hypertension, 
hyperglycemia and dyslipidemia [40].

Since patients with metabolic syndrome are commonly afϐlicted with cardiovascular 
morbidities, the metabolic syndrome and cardiovascular diseases share common 
pathways including increased oxidative stress, defective glucose and lipid metabolism, 
low-grade inϐlammation, hypercoagulability and endothelial damage. Some 
investigators have proposed to use the “circulatory syndrome” to reϐine the metabolic 
syndrome concept through the addition of markers of cardiovascular diseases such as 
renal impairment, micro-albuminuria, arterial stiffness and left ventricular dysfunction 
[32].

NON-DRUG CARE 

Elevated BP results from environmental factors, genetic factors, and interactions 
among these factors [53]. It has become clear that most, if not all, typically Western 
chronic diseases ϐind their primary causes in unhealthy lifestyles and that systemic low 
-grade inϐlammation is a common denominator. The epigenetics studies point out the 
prevalence of hypertension as perpetrated by lifestyle factors, such as consumption of 
high fat and/or high-salt diets and physical inactivity. Hence, alternatively to medicine 
drugs, lifestyle and behavioral modiϐications are stressed for the prevention, treatment, 
and control of hypertension. These include weight loss, moderation of alcohol intake, 
a diet with increased fresh fruits and vegetables, reduced saturated fat, reduced salt-
intake and, increased physical activity [5,54].

Physical exercises

Physical inactivity and overweight are common characteristics in Western societies 
and therefore, lifestyle interventions in the form of physical exercises and nutritional 
education (dietary advice) have been recommended by the American College of Sports 
Medicine (ACSM) since 2000 and accepted by almost all NCD-related Societies. In 
November of 2007 ACSM launched the “Exercise is Medicine” (EIM) initiative but, only 
in April 2011, the Brazilian government launched the Health Gym Program created in 
order to promote physical activity and provide free-of-charge spaces and support for 
living a healthy lifestyle. 

Interventions with physical exercises

Two meta-analyses have demonstrated the beneϐicial effects of exercise on blood 
pressure. The ϐirst analysis showed that walking reduced resting systolic and diastolic 
blood pressure in adults by an average of 3 mmHg. In the second, in 54 randomized 
clinical trials, aerobic exercise reduced systolic blood pressure an average of 4 mmHg 
and diastolic blood pressure 2 mmHg, irrespective of changes in body weight. Thus, 
increasing the amount of low- to moderate-intensity physical activity to 30-45 minutes 
most days of the week is an important adjunct to other lifestyle strategies [55,56].

For lowering blood pressure guidelines recommend predominantly aerobic 
exercises such as walking, jogging and cycling. However a body of research is emerging 
that show resistance training may also beneϐicially affect metabolic health [57-59]. An 
exercise frequency of 3 days per week has been considered to be the minimal frequency 



The lifestyle modifi cation effectiveness in reducing Hypertension in a Brazilian Community: From the epigenetic basis of Ancestral Survival 
to the Contemporary Lifestyle and Public Health Initiatives

Published: May 12, 2017 17/31

for BP reduction and exercising more times at a low intensity may be more effective 
than more intense training performed less than 3 times per week in order to reduce 
blood pressure [60].

Mechanisms of lowering blood hypertension by physical exercise

Exercise has the most potent effect on endothelium-dependent vasodilatation and, 
the endothelium -derived nitric oxide (eNO) is thought to be necessary to maintain 
an adequate vascular response to increased blood-ϐlow demands during exercise. 
Shear stress is an important component of exercise, and it affects vascular NO 
concentration, and increases the velocity of the endothelial high-afϐinity/low-capacity 
transport system for L-arginine [61]. This ensures substrate availability, as the rate-
limiting step of eNOS, which generates ROS in the absence of L-arginine [62]. Muscular 
contraction dependent [Ca++] also modulates eNOS activity but shear stress lead to 
eNOS phosphorylation on serine residues independent from increases in [Ca++] [63]. 
However, it has long been enigmatic how exercise training that increases total oxygen 
uptake and in turn, the production of ROS, can improve endothelial- derived NO, 
considering that it increases also the expression of ecSOD, in vascular smooth muscle 
cells? [64,65].

It was demonstrated that exercise training really increases both eNOS and ecSOD 
expression hence, alternating the premature breakdown of NO by ROS [62]. Thus, 
exercise training may correct endothelium-dependent vasodilatation by a variety of 
mechanisms. First, shear stress augments the expression of nitric oxide synthase in 
endothelial cells. Second, shear stress induces up-regulation of the cytosolic copper-
and-zinc containing superoxide dismutase, a free-radical scavenger. The inactivation 
of nitric oxide by a vascular superoxide or other reactive oxygen species may thereby 
be attenuated. Third, shear-stress-mediated suppression of angiotensin-converting 
enzyme may inϐluence endothelium- dependent relaxation by affecting local 
concentration of bradykinin by keeping it active [66].

DIET

The contemporary American diet ϐigures centrally in the pathogenesis of numerous 
chronic ‘diseases of civilization’ and, a substantial body of evidence strongly supports 
the concept that multiple dietary factors affect blood pressure (BP). In fact, of the 
environmental factors that affect BP (diet, physical inactivity, toxins, and psychosocial 
factors), dietary factors have a prominent, and likely predominant, role in BP 
homeostasis. Healthful lifestyle is a critical component of hypertension reduction 
strategies, and diet is the lifestyle factor with the strongest effects on BP. 

In non-hypertensive individuals, including those with pre-hypertension, dietary 
changes that lower BP have the potential to prevent hypertension and more broadly to 
reduce BP and thereby lower the risk of BP-related clinical complications. Furthermore, 
in uncomplicated stage I hypertension, dietary changes serve as initial treatment 
before drug therapy. Among hypertensive individuals who are already on drug therapy, 
dietary changes, particularly a reduced salt intake, can further lower BP and facilitate 
medication step-down. In general, the extent of BP reduction from dietary therapies 
is greater in hypertensive than in non-hypertensive individuals. Established dietary 
modiϐications that effectively lower BP are weight loss, reduced sodium and increased 
potassium intake, reduction in excessive alcohol consumption, and vegetarian and 
dietary approaches to stop hypertension (DASH)-type dietary patterns [67,68].

The original Dietary Approaches to Stop Hypertension (DASH) trial demonstrated 
that a diet that emphasizes fruits, vegetables, and low-fat dairy products, that includes 
whole grains, poultry, ϐish, and nuts, that contains only small amounts of red meat, 
sweets, and sugar-containing beverages, and that contains decreased amounts of total 
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and saturated fat and cholesterol lowers blood pressure substantially both in people 
with hypertension and those without hypertension, as compared with a typical diet in 
the United States [69].

The original DASH diet combined increased intake of fruits, vegetables, and low-fat 
dairy products with a relatively low intake of total and saturated fat, and a subsequent 
version incorporated sodium restriction to further enhance BP reduction [69,70].

Furtheron, the Omni Heart feeding study documented that in the setting of a healthy 
diet similar to the DASH diet, partial substitution of carbohydrate with either protein 
(about half from plant sources) or monounsaturated fat lowers BP [71]. The traditional 
Mediterranean diet (MedDiet), a plant- based dietary pattern high in MUFA because 
of the customary use of olive oil, shares many constituents with DASH-type diets, 
especially with the high-MUFA Omni-Heart diet. Increased adherence to the MedDiet 
was associated with reduced BP in EPIC (Greek) and SUN (Spain) studies [72,73].

The paleolithic-type diet showed similar BP effects to the DASH low-sodium diet, 
and better lipid proϐiles than the Omni- Heart diets (high-carbohydrate from fruits and 
vegetables; high-protein from animal-source foods; high- unsaturated fats) [70,71,].

A distinction between Paleolithic nutrition and other diets (including low 
carbohydrate ones) that may contribute to its health beneϐits is the fact that it 
exclusively comprises non- processed foods. Food-processing procedures often entail 
the addition of salt. Compared with their usual diet, a short-term consumption of a 
paleolithic type diet improves BP and glucose tolerance, decreases insulin secretion, 
increases insulin sensitivity and improves lipid proϐiles without weight loss in healthy 
sedentary humans. 

Many other diet regimens have been also reported to have beneϐits on BP. Several 
of them (for example, vegetarian and vegan diets) differ in many respects compared 
with paleolithic-type diets [36]. Several aspects of a vegetarian lifestyle might lower 
BP, including non-dietary factors (eg, physical activity), established dietary risk factors 
(eg, reduced weight, increased potassium, and low-to-moderate alcohol intake), and 
other aspects of vegetarian diets (eg, high ϐiber, no meat) [53].

Modulators of dietary effects

Genetics - A rapidly increasing body of evidence indicates that genetic factors affect 
BP levels and the BP response to dietary changes. Most of the available evidence has 
focused on genetic factors that inϐluence the BP response to salt intake. Most of these 
genotypes inϐluence the renin-angiotensin- aldosterone axis or renal salt handling 
[53]. Six genes associated with higher BP and another 8 genes associated with lower 
BP have been identiϐied [74]. It is noteworthy that each of these genes regulates renal 
sodium chloride handling; mutations that increase net sodium chloride reabsorption 
raise BP, whereas mutations that reduce sodium chloride reabsorption lower BP [24]. 

Aging - Because of the age-related rise in BP that is particularly prominent in 
middle-aged and older people and because of their high prevalence of BP-related 
cardiovascular disease, dietary strategies should be especially beneϐicial as adults age 
[24]. Older people can make and sustain dietary changes, speciϐically weight loss and 
dietary sodium reduction, over the long term and, secondly, greater BP reductions 
from dietary interventions occur as individuals get older. [75-79].

Racial-On average, blacks have higher BP and are at greater risk of BP-related 
complications than non-blacks [80-82]. However, as documented, blacks as compared 
with non-blacks achieve greater BP reduction from several non-pharmacological 
therapies, speciϐically sodium reduction, increased potassium intake, and the DASH 
diet [53]. The potential beneϐits of these dietary approaches are ampliϐied because 
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survey data indicate that blacks consume high levels of sodium while their potassium 
intake is less than that of non-blacks [83].

Combining lifestyle interventions

The effects of lifestyle modiϐications are dose and time dependent and therefore 
can be greater for some individuals than others and, most encouraging are the trials 
implementing multiple lifestyle modiϐications and showing that combining lifestyle 
interventions can lower blood pressure more effectively than single approaches [84.]. 

Two trials evaluated the efϐicacy of implementing simultaneously multiple lifestyle 
modiϐications: sodium reduction, weight loss, the DASH diet, and regular physical 
activity [85,86]. The Diet, Exercise, and Weight Loss Intervention Trial randomized 
hypertensive participants to a lifestyle change or control group. At the end of the 
9-week intervention, net reductions in 24-hour ambulatory systolic and diastolic blood 
pressure were 9.5 and 5.3 mmHg, respectively, and changes in daytime systolic and 
diastolic blood pressure were 12.1 and 6.6 mmHg, respectively[86]. In the PREMIER 
trial of hypertensive adults, multicomponent, behavioral interventions or multiple 
behavioral interventions plus DASH were compared to an “advice only” control group. 
In the multiple behavioral interventions plus DASH group, the mean net reduction 
in systolic blood pressure was 11.1 mmHg, and in diastolic blood pressure it was 6.4 
mmHg. Both studies concluded that in people with hypertension, a comprehensive 
lifestyle intervention program can substantially lower blood pressure and reduce 
cardiovascular disease risk [86].

Thus, modest weight reduction, the DASH eating plan, sodium reduction, physical 
activity, and moderation in alcohol intake are effective in lowering blood pressure and 
preventing hypertension. However, combining these lifestyle interventions is more 
effective than single approaches. 

Other lifestyle factors-potassium supplementation also can help control or prevent 
hypertension; dietary ϐiber, calcium, magnesium, and ϐish oil intakes, have been studied 
but have uncertain efϐicacy [84].

Effectiveness of non-drug care 

The potential beneϐits of dietary changes are substantial for BP care either 
preventive or therapeutics irrespectively to gene polymorphism, racial or aging 
disparities. In participants with hypertension, the combined effects on blood pressure 
of a low sodium intake and the DASH diet were equal to or greater than those of single-
drug therapy. It is estimated that a population-wide reduction in blood pressure 
comparable to that seen with the reduced sodium DASH diet would result in a decrease 
of 17% in the prevalence of hypertension, a 6% reduction in the risk of coronary heart 
disease, and a 15% reduction in stroke and transient ischemic attacks [87].

In the Canadian Community Health Survey, reducing dietary sodium additives 
might decrease the hypertension prevalence by 30%, resulting in one million fewer 
hypertensive patients in Canada, and almost double the treatment and control rate. 
Physician visits and laboratory costs would decrease by 6.5%, and 23% fewer treated 
hypertensive patients would require medications for control of blood pressure. Direct 
cost savings related to fewer physician visits, laboratory tests and lower medication 
use are estimated to be approximately $430 million per year [88].

A COMMUNITY-BASED EXPERIENCE 
The CeMENutri’s longitudinal study

The program called “Move for Health” is an ongoing epidemiology study conducted, 
since 1991, by professionals linked to the Metabolism Exercise and Nutrition Center 
(CeMENutri) at UNESP Medical School (Botucatu city, Sao Paulo state, Brazil). As a 
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community based project it includes adult (>35 yrs old) participants from both genders 
that come to the clinic for preventive health examination and further interventions 
involving nutrition reeducation, supervised physical exercise and other lifestyle 
factors associated with increasing risk for chronic diseases. They come to the clinic 
spontaneously or by either a friend or doctor indication looking for preventive health 
examination with further non-medicated interventions. 

Upon registration and accomplishing ethical requirements the subjects are 
submitted to multi professional assessments for clinical, anthropometric, dietary, 
physical activity, blood analysis, ϐitness (aerobic, strength and ϐlexibility), and 
postural. From these baseline assessments the participants are able to choose follow-
up interventions involving supervised exercises combined with weekly counseled (or 
supervised) dietary interventions(LSM program). The physical exercise protocol is 
composed by daily sessions of 100 min, 3-5x/wk, including 20min warm up/ stretching, 
30 min walking (60- 80% VO2max), 40min strength in academy (3x 8-12 rep, 60-70% 
1RM) and 10min stretching and cool down. The follow-up assessments occur every 
10 weeks. The assessments as well as physical exercises and dietary interventions are 
conducted by graduate students holding institutional fellowships linked to CeMENutri. 
The program is opened for beginners three times a year and is free of charge for the 
ϐirst 10 weeks.

 Hypertension trial

An initial medical screening is carried out to exclude those individuals with 
severe hypertension, diabetes mellitus, cardiopulmonary, renal, hepatic, and severe 
orthopedic diseases. Resting blood pressure (BP) is measured using a digital automatic 
oscillometric device (Omron, USA). As published earlier, these measurements were 
superimposed to parallel measurements taken with a standard mercury manometer 
in the initial screening period and, there were no signiϐicant intra-and inter-device 
reading deviation [48].

Cross-sectional data 

Data from 1317 subjects enrolled during the period of 2006 to 2016 showed that 
top quartile of SBP(>_ 142.2mmHg) differed from the lower quartile(<_ 120.6mmHg) 
by variables related to demographic, socioeconomic, nutritional, physical 
activity and ϐitness, antropometric and blood chemistry aspects (Tables 1 and 3). 
Similarly,P75(<_88.5mmHg) differed from P25(<_69.2mmHg) for DBP (Tables 2 and 
4).

Demographic and socioeconomic

Tables 1 and 2 show the top quartile of SBP and DBP, respectively, as older 
presenting lower schooling, lower income and similarly in gender, than the lower 
quartile. Oftenly, aging is referred as causing fator for blood hypertension [24]. 
whereas the socieconomic characteristics of lower schooling and low income might be 
peculiar to our sample. The effect of family-income status might be minimized because 
in Brazil, the medication for hypertension is free of charge. 

Dietetic

The dietetic data presented in table 3 and 4 show that top quartile of SBP and 
DBP, respectively, are similar in energy intake but higher in the amount of CHO and 
saturated fat than the lower quartile. Additionally, the top quartile presented a lower 
quality diet (HEI), similar in ϐiber, calcium and potassium but higher in sodium. The 
characteristics of ingesting a more processed food by the higher SBP subjects was 
identiϐied by their higher ratios of CHO/Fiber (sugar intake), sodium/potassium and 
saturated fat/MUFA. Higher DBP lacked to present the higher saturated fat/MUFA 
ratio (Table 4). As referred earlier, dietary quality is a strong determinant of blood 
hypertension [53].
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Adult females and males, with essential arterial hypertension showed lower 
calcium intake than sex and age matched normotensive controls [89]. Further on, we 
had published that dietary variety with ≥ 8 food items showed a protective effect for 
alterations in systolic blood pressure whereas it was found a positive relationship 
between diastolic blood pressure and sugar and cholesterol intake. On the other 
hand, there was a negative relationship of diastolic pressure with the intakes of ϐiber, 
portions of oil and fats and diet quality [90]. Overall, the present data showed higher 
blood pressure associated with a dietary characteristics of high “processed pattern” 
(high sodium, low potassium and calcium, high sugar, low ϐiber). 

Physical activity and fi tness

Tables 3 and 4 show the top quartile of BP presenting lower physical activity 
and aerobic capacity in the treadmill test. Sedentary behavior is one cause of blood 
hypertension in adults and, lower aerobic conditioning is a major consequence of 
low-regular physical activity. Besides presenting similar BMI the extremes quartiles 
of BP differed in the body fat content (Tables 3 and 4). The top quartile had higher fat 

Table 1: Demographic and socioeconomic distribution of the two extreme quartiles of Systolic Blood Pressure.
Systolic Blood Pressure (mmHg)

< p25 >  p75
<120.60 >  142.20

Parameters n=296 n=298 p
Age-md(min-max) 52.00(34.00-84.00) 60.00(35.00-79.00) 0.04

Gender
Female (n/%) 221 (48.7) 233 (51.3) 0.81

Male (n/%) 75 (53.6) 65 (46.4) 0.79
Schooling

Uncompleted Elementary Grade (n/%) 1 (7.2) 13 (92.8) 0.01
Completed Elementary Grade (n/%) 52 (32.5) 108 (67.5) 0.04

Completed High School (n/%) 150 (58.6) 106 (41.4) 0.16
Completed College (n/%) 93 (56.7) 71 (43.3) 0.59

Family Income (minimum wage)
<2 (n/%) 9 (32.1) 19 (67.9) 0.38

2 to 5 (n/%) 39 (22.1) 137 (77.9) 0.04
5 to 10 (n/%) 141 (62.4) 85 (37.6) 0.43

>10 (n/%) 107 (65.2) 57 (34.8) 0.03
md: median. p=0.05.

Table 2: Demographic and socioeconomic distribution of the two extreme quartiles of Diastolic Blood Pressure.
Diastolic Blood Pressure (mmHg)

< p25 > p75
< 69.20 > 88.50

Parameters n=297 n=295 p

Age-md(min-max) 52.10(34.00-76.00) 57.60(35.00-
79.00) 0.07

Gender
Female (n/%) 213 (48.7) 224 (51.3) 0.83

Male (n/%) 84 (54.2) 71 (45.8) 0.67
Schooling

Uncompleted Elementary Grade 
(n/%) 6 (24.0) 19 (76.0) 0.001

Completed Elementary Grade (n/%) 49 (26.4) 137 (73.6) 0.004
Completed High School (n/%) 127 (55.9) 100 (44.1) 0.71

Completed College (n/%) 115 (74.7) 39 (25.3) 0.002
Family Income (minimum wage)

<2 (n/%) 14 (40.0) 21 (60.0) 0.38
2 to 5 (n/%) 57 (28.3) 144 (71.7) 0.04

5 to 10 (n/%) 96 (53.0) 85 (47.0) 0.43
>10 (n/%) 130 (70.3) 55 (29.7) 0.03

md: median. p=0.05.
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Table 3: Food intake, dietary quality, anthropometric, physical fi tness, biochemistry and clinical data for the 
opposite Systolic Blood Pressure quartiles.

Systolic Blood Pressure (mmHg)

<p25 >p75

<120.60 mmHg >142.20 mmHg

Parameters Median (Min-Max) n Median (Min-Max) n p

TEI (kcal/day) 1507.95 (637.50-
3913.40) 285 1787.50 (701.90-

4660.60) 287 0.03

CHO (g) 189.50 (76.20-
476.10) 285 223.90 (76.25-

747.70) 287 0.04

CHO (%) 50.70 (23.00-
70.80) 285 59.85 (35.90-

71.05) 287 0.04

Total lipid (g) 47.70 (13.00-
205.40) 285 59.25 (15.55-

134.85) 287 0.04

Saturated fat 
(g) 11.30 (2.30-

38.25) 285 16.00 (3.50-
30.15) 287 0.04

HEI (score) 81.85 (35.40-
110.0) 285 75.50 (27.20-

95.40) 287 0.03

Sodium (mg/
day) 960.10 (21.70-

2005.05) 255 1385.40 (150.20-
3255.00) 247 0.009

Potassium 
(mg/day) 1793.45 (73.50-

4663.02) 255 1446.00 (8.90-
3037.70) 247 0.03

Calcium (mg/
day) 556.25 (10.51-

3552.53) 255 403.70 (14.95-
3137.80) 247 0.04

CHO/fi ber 11.75 (2.55-
33.20) 285 16.90 (3.35-

91.40) 287 0.03

Saturated fat/
MUFA 0.91 (0.48-

1.70) 285 1.35 (0.79-
2.10) 287 0.02

Sodium/
Potassium 0.65 (0.10-

1.85) 255 1.21 (0.39-
2.79) 247 0.01

Physical 
activity(min/
wk)

730.20 (0.0-
6740.10) 296 430.10 (0.0-

3360.30) 298 0.02

VO2max 

(mL�kg�minˉ¹)
34.10 (30.10-

55.80) 100 29.50 (25.35-
37.50) 109 0.008

Tte (s) 102.20 (101.20-
103.25) 100 100.10 (99.16-

101.34) 109 0.02

Body fat (%) 30.25 (14.77-
53.58) 293 34.50 (21.09-

51.72) 296 0.04

WC (cm) 92.30 (66.03-
144.00) 296 99.00 (71.10-

159.00) 298 0.04

ASD (cm) 20.90 (14.90-
27.50) 296 23.00 (17.90-

36.20) 298 0.02

Medicated 
(n/%) 95 (33.0) - 296 193 (67.0) - 298 0.02

Non-
medicated 
(n/%)

201 (65.7) - 296 105 (34.3) - 298 0.04

MetS (n/%) 86 (29.3) - 296 207 (70.7) - 298 0.008

Without MetS 
(n/%) 210 (69.7) - 296 91 (30.3) - 298 0.007

hs-CRP (mg/
dL) 0.37 (0.01-

1.85) 253 0.50 (0.02-
3.07) 266 0.03

HOMA-IR 1.80 (0.05-
21.79) 241 4.75 (0.17-

15.63) 238 0.04

MDA (μmol/L) 0.83 (0.07-
1.88) 207 0.94 (0.16-

1.96) 211 0.03

F Score 5.20 (-7.0-15.0) 296 7.50 (-4.0-18.0) 298 0.035

CAD Risk (%) 8.00 (1.0-37.0) 296 8.90 (5.0-53.0) 298 -
TEI: total energy intake; CHO: carbohydrate; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid; 
HEI: Healthy Eating Index.
VO2max: maximum oxygen consumption; Tte: time to exhaustion. BMI: Body Mass Index; WC: waist circumference. 
ASD: abdominal sagittal diameter.
MetS: Metabolic Syndrome; hs-CRP: high sensitivity C-reactive protein; HOMA-IR: Homeostatic Model Assessment 
Insulin Resistance; MDA: malondialdehyde.

F Score: Framingham Score; CAD: coronary artery disease. p=0.05. 



The lifestyle modifi cation effectiveness in reducing Hypertension in a Brazilian Community: From the epigenetic basis of Ancestral Survival 
to the Contemporary Lifestyle and Public Health Initiatives

Published: May 12, 2017 23/31

Table 4: Food intake, dietary quality, anthropometric, physical fi tness, biochemistry and clinical data for the Diastolic 
Blood Pressure opposite quartiles.

Diastolic Blood Pressure (mmHg)

<p25 >p75

<69.20 >88.50

Parameters Median (Min-Max) n Median (Min-Max) n p

CHO (g) 187.80 (76.20-348.46) 285 218.05 (84.40-747.70) 287 0.04

Saturated fat (g) 12.40 (2.50-34.65) 285 19.10 (2.90-31.15) 287 0.03

HEI (score) 80.70 (28.70-110.0) 285 77.50 (27.20-100.20) 287 0.04

Sodium (mg/day) 933.00 (222.80-2885.76) 255 1317.20 (125.00-4299.90) 247 0.01

CHO/fi ber 11.75 (2.90-72.64) 285 17.35 (3.35-85.30) 287 0.02

Sodium/Potassium 0.58 (0.17-1.27) 255 1.12 (0.35-2.20) 247 0.01

Physical activity(min/wk) 640.0 (0.0-6020.90) 297 410.0 (0.0-5170.00) 295 0.04

Tte (s) 102.50 (101.69-103.31) 101 101.20 (100.40-101.90) 107 0.04

VO2max (mL∙kg∙minˉ¹) 34.55 (30.10-57.10) 101 29.50 (25.35-39.80) 107 0.01

WC (cm) 93.40 (68.00-131.05) 297 99.00 (73.72-152.04) 295 0.04

ASD (cm) 21.20 (14.90-25.70) 297 22.80 (18.50-36.20) 295 0.04

Medicated (n/%) 95 (34.8) - 297 178 (65.2) - 295 0.03

Non-medicated (n/%) 202 (63.3) - 297 117 (36.7) - 295 0.04

MetS (n/%) 77 (28.0) - 297 198 (72.0) - 295 0.006

without MetS (n/%) 220 (69.4) - 297 97 (30.6) - 295 0.005

hs-CRP (mg/dL) 0.31 (0.01-1.25) 242 0.40 (0.02-2.25) 259 0.05

HOMA-IR 2.10 (0.09-14.95) 234 4.40 (0.03-16.77) 246 0.05

MDA (μmol/L) 0.78 (0.7-1.69) 201 0.91 (0.13-1.96) 204 0.03

F Score 5.10 (-10.-14.0) 297 7.10 (-6.0-17.0) 295 0.036

CAD Risk (%) 7.90 (1.0-34.0) 297 8.30 (3.0-53.0) 295 -
TEI: total energy intake; CHO: carbohydrate; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid; 
HEI: Healthy Eating Index.
VO2max: maximum oxygen consumption; Tte: time to exhaustion. BMI: Body Mass Index; WC: waist circumference. 
ASD: abdominal sagittal diameter.
MetS: Metabolic Syndrome; hs-CRP: high sensitivity C-reactive protein; HOMA-IR: Homeostatic Model Assessment 
Insulin Resistance; MDA: malondialdehyde.
F Score: Framingham Score; CAD: coronary artery disease. p=0.05. 

Table 5: Baseline (M0) and 10wk intervention (M1) data from adult individuals participant of a Lifestyle Change 
protocol with supervised physical exercise and dietary counseling.

  M0   M1    

 Parameters n n p

BMI (kg/m²) 30.85 ± 6.10 453 29.05 ± 5.20 453 0.045

WC (cm) 100.35 ± 14.40 453 97.15 ± 14.00 453 0.035

ASD (cm) 22.30 ± 3.60 453 20.70 ± 2.50 453 0.03

SBP (mmHg) 133.10 ± 15.75 453 122.15 ± 11.80 453 0.01

DBP (mmHg) 83.80 ± 9.65 453 77.55 ± 12.50 453 0.03

Time to exhaustion (s) 100.30 ± 0.80 453 101.65 ± 0.70 453 0.042

hs-CRP (mg/dL) 0.57 ± 0.53 453 0.35 ± 0.34 453 0.009

HOMA-IR 4.60 ± 4.45 453 3.05 ± 3.00 453 0.040

MDA (μmol/L) 0.71 ± 0.57 394 0.55 ± 0.50 394 0.03

CHO/fi ber 16.60 ± 8.55 453 12.30 ± 6.95 453 0.041

SAFA/PUFA 0.98 ± 0.55 453 0.85 ± 0.40 453 0.045

Sodium (mg/day) 1437.00 ± 820.30 453 1202.40 ± 764.80 453 0.041

Potassium (mg/day) 1708.20 ± 645.10 453 1933.50 ± 710.25 453 0.044

Sodium/Potassium 0.86 ± 0.70 453 0.65 ± 0.50 453 0.03

F Score 6.90(-10.0-18.0) 453 5.05(-6.0-14.0) 453 0.039

CAD Risk (%) 8.25(1.0-53.0) 453 7.70(1.0-38.0) 453 0.17
Mean±SD or Md (min-max). BMI: Body Mass Index; WC: waist circumference; SBP: systolic blood pressure; DBP: 
diastolic blood pressure. 
VO2max: maximum oxygen consumption; hs-CRP: high-sensitivity C-reactive protein; MDA: malondialdehyde.
HOMA-IR: Homeostasis Model Assessment Insulin Resistance. TEI: total energy intake; CHO: carbohydrate.
SAFA: saturated fatty acid; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid. ASD: abdominal 
sagittal diameter.
 LSM: lifestyle modifi cation program. M0: basal; M1: after 10-wks LSM. F Score: Framingham Score; CAD: coronary 
artery disease. p = 0.05.
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composition either in the whole body (% body fat) as well as in the abdominal (WC and 
ASD). The higher % body fat was presented only by SBP (Table 3).

Anthropometric and clinical-biochemistry

The similarity of BMI along with the TEI, irrespectively to the BP quartile reϐlect the 
bad nutritional condition of the whole sample. The presence or absence of metabolic 
syndrome did not affected the distribution of subjects in the top or lower quartile of 
BP (Tables 3 and 4). However, the top quartile of SBP was characterized by higher pro-
inϐlammatory activity (levels of hs-CRP), insulin resistance (HOMA-IR) and systemic 
peroxidation (MDA levels). DBP differed from SBP by both quartiles presenting similar 
values of HOMA-IR and hs-CRP (Tables 3 and 4).

The Framingham score used to estimate the coronary artery disease (CAD) risk 
over the next 10 years, was signiϐicantly higher in P75 comparatively to P25, in both 
SBP and DBP. However, the calculated risk to develop CAD varied only by 0.9% (SBP) 
and 4% (DBP), between the two quartiles (Tables 3 and 4).

Medication and clinical effi ciency

The rate of undiagnosed patients for BH was 9.8% and, as expected, the top quartile 
presented higher proportion of medicated/non-medicated hypertensive patients (3/1) 
for both SBP and DBP (Tables 3 and 4). The worldwide proportion between individuals 
with controlled and no controlled blood pressure is described by the literature as 
1:2 [91]. Our proportion of medicated-controlled: medicated-non controlled BH was 
2.47:1.

Our medical Institution conducts free of charge a speciϐic program to attend all 
registered hypertensive subjects providing anti-hypertensive drugs. Thereby, it is 
hard to understand why 9.8% of the hypertensive patients were unawared of their 
abnormality (undiagnosed BP). Moreover, even more difϐicult it is to understand 
how 2/3 of the medicated subjects still presented BH levels. Hence, it seems though, 
that anti-hypertensive drugs were not working reasonably and their users were not 
satisϐied enough with this situation. Therefore, one might speculate the existence of 
an ongoing cultural resistance to the usual drug treatment and, an arising attention for 
alternative non-drug procedures. Based on this, the LSM intervention would be one of 
these alternatives. The medicated non-controlled patients would be those interested 
in the LSM alternative. In addition, the medicated non-controlled patients referred 
themself as being in excellent or good state of health (92%) showing moderate status 
of physical activity (53%) with 85.1% full ϐiling the WHO’s recommendations for being 
active individual. 

Mostly of the medicated non-controlled patients were from the low- income range 
(less than US$ 1,500 a month) and though probably under the Brazilian rules for free of 
charge medications. Excluding the economical reasons, the two other important points 
would be their self-perception of being in an excellent/good health status, meaning” 
I’m feeling good so I’m cured so I don’t need medication anymore” and/or they were 
younger (60% under 60 yrs) and physically active and (56.8%) able for weekly 
moderate- activities. In the later instance, the patients probably realized the beneϐicial 
effects of being healthy without medicines (and their unpleasant side effects) and 
looked for the lifestyle modiϐication alternative such as our LSM program. 

LONGITUDINAL DATA 
Prevalence of Clinical Hypertension

At baseline, the prevalence of systolic hypertension (>_140mmHG) in this free-
demand sample was 51.2% and, 42.7% for diastolic (>_90mmHg). Studies estimate 
about one-third of the population in Latin America is affected by Blood Hypertension 
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(Kearney et al. 2004). In Brazil, the estimated prevalence for the past three decades 
(according to the JNC criteria) was 31.0% (Picon-14). In 2005, 28.5% (33.6 million) of 
the Brazilian population over age 18 were considered hypertensive [92]. Three years 
before the distribution of hypertensive patients by the Brazilian guidelines varied 
from 53.3% stage 1 to 35.7% stage 2 and 11% stage 3. Baseline ϐindings (2014) from 
ELSA-Brasil show a frequency of 35.8% high blood pressure [9]. Our data was obtained 
from subjects in spontaneous demand and therefore not representative of the general 
population. The free demand would probably explain why our higher prevalence, 
comparatively to the general population.

Clinical Effectiveness of Lifestyle-Change Protocol

Individuals were considered hypertensive when their systolic blood pressure (SBP) 
readings were persistently greater than or equal to 140 mmHg and/or their diastolic 
blood pressure (DBP) readings were greater than or equal to 90 mmHg, according to at 
least two different readings over one or more weeks under standard conditions [10].

Ten weeks of LSM reduced the higher SBP(>_ 140mmHg) from 51.2% at baseline 
to 33.4%. The high DBP(>_ 90mmHg) reduction was from 42.7% to 33.4%. Hence, 
the found 10wk-LSM effectiveness in normalizing hypertension was 17.8% for SBP 
and 9.3% for DBP. However, during the intervencion 9.3% of SBP normotensives 
became hypertensive as well as 6.9% of DBP. Therefore, for the whole sample the net 
effectiveness of LSM was 8.5% for normalizing SBP and, 5.2% for DBP. 

The reduction of BP with LSM was followed by increasing the treadmill lenght 
and decreased intake of processed-food markers as well as a decreasing in BMI 
and abdominal fatness (WC and ASD ). The slimed body was probably the cause 
for reducting of pro-inϐlammatory,(hs-CRP) insulin resistance(HOMA-IR) and 
lipoperoxidation(MDA) activities seen with LSM(Table 5). Besides reducing 
signiϐicantly the Framingham score, the LSM impacted slightly on DAC risk by a 0.45% 
reduction (Table 5). Contributed to this negligible reduction of DAC risk by LSM, the 
fact our population had already a low risk (<10%), at baseline [93].

The decreased intake of processed-food markers was determinant for hypertensive 
responders to our LSM. In participants with hypertension, the combined effects of a 
low sodium intake and the DASH diet were equal to or greater than those of single-
drug therapy. It is estimated that a population-wide reduction in blood pressure 
comparable to that seen with the reduced sodium DASH diet would result in a decrease 
of 17% in the prevalence of hypertension [87]. In the Canadian Community Health 
Survey, reducing dietary sodium additives may decrease the hypertension prevalence 
by 30% [88].

Economic Effectiveness of Lifestyle-Change Protocol 

In late august of 2015 the Brazilian population was estimated as 204 million and, 
according to the 2010 distribution, 75.9% were between 15 to 64 years of age and 
7.4% over 65 years old (IBGE). Hence, one might consider half of the actual whole 
population as adult and, considered 35.8% of those over 35 yrs old as hypertensives 
[9], we would have 36.5 million Brazilian adults under BP treatment. 

In Brazil, the cost of medication spent with either one (US$ 87.10), two (US$ 
159.00) or three (US$ 194.00) drugs averaging US$ 39.50/month for each diagnosed 
hypertensive subject [12]. Figuring out the drug spending of US$ 474 a year for each 
patient we will end up to the yearly sum of US $ 17.3 billion spent with anti-hypertensive 
medications! Moreover, we found rates of medicated-non controlled hypertensives as 
65.2% and 67% for diastolic and systolic BP, respectively. If applied nationwide, these 
rates would mean a wasting of more than US$ 14 billion spent with medications that 
are not working properly!
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The effectiveness of our 10wk-LSM in normalizing SBP hypertension was 17.8% 
which discounting 9.3% of the normotensives that became hypertensive we come to 
the net effectiveness of our LSM as 8.5% for normalizing SBP. If applied nationwide this 
LSM would save BP medication for 3.1 million of hypertensives at an year economic 
costs of US$ 1.47 billion! Our early publication involving only hypertensive non-
medicated men in a 8-month long LSM came to the estimated economic costs of US$ 
14.2 billion a year [10]. Therefore, our LSM drug-saving might be time dependent. The 
professional cost(with fellowships) of our LSM program is estimated at US$ 900/mo. 
without considering indirect costs of laboratory tests and physical plant (gymnasium) 
use and conservation. Thus by saving the current drug-expending costs with BP, the 
alternative BP treatment given by the presented LSM could be settled down in mostly 
of the more than 5,555 Brazilian cities, mainly those provided by public medical 
schools either by public or private health systems. 

CONCLUSION

Hypertension (HBP) has high medical and social costs with medications representing 
almost half of the estimated direct expenses and are free distributed by the Brazilian 
government. Notwithstanding this, the prevalence of HBP is rising in parallel with 
other NCDs. Hence, because drug therapy has been largely unsuccessful in halting 
and reversing the hypertension epidemic, it may be argued that more emphasis must 
be placed on novel approaches to enhance current primary prevention guidelines. 
HBP results from environmental and genetic factors, and interactions among them. 
Epigeneticaly HBP results from the mismatch of our ancestral thrifty genotype 
which favored/promoted energy-saving and sodium/water preservation, with a 
contemporary sodium- and energy-rich diets and sedentary lifestyle environment. 
Therefore, alternatively to medicine drugs, lifestyle and behavioral modiϐications 
are stressed for the prevention, treatment, and control of hypertension. A lifestyle 
modiϐication program (LSM) involving dietary counseling and regularly supervised 
physical activity (“Move for Health”-LSM) is used in our group for decades for NCDs 
primary care. Ten weeks of LSM effectively reduced HBP to normal in 8.5% of systolic 
and 5.2% of diastolic HBP. In 8-mo. LSM the achieved effectiveness was 38%. Once 
applied nationwide this LSM ϐigures would save HBP medications for 3.1 million of 
hypertensives at an economic costs of US$ 1.47 billion a year! 
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