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Doença crônica não transmissível (DCNT) definida por níveis 
pressóricos, em que os benefícios do tratamento (não 

medicamentoso e/ ou medicamentoso) superam os riscos. Trata-se 
de uma condição multifatorial, que depende de fatores genéticos/ 

epigenéticos, ambientais e sociais.
PAS > 140 e PAD > 90 mmHg

HIPERTENSÃO

Diretriz Brasileira de Hipertensão Arterial, Dezembro de 2020: DSBHA, 2020.
Arq Bras Cardiol. 2021; 116(3):516-658 DSBHA, 2020.



HIPERTENSÃO ARTERIAL
É uma doença assintomática, multigênica, de etiologia 

múltipla, de fisiopatogenia multifatorial, que causa 
lesão dos chamados órgãos-alvo.
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Figure 1. Main target organs of arterial hypertension.

3. Arterial Hypertension and Endothelial Alterations
AH is the most important risk factor for CV diseases [22]. In fact, vascular alterations

(such as endothelial dysfunction) are a pathophysiological response mechanism to the
development of organ damage, and they should be taken into account for the global CV risk
assessment. The endothelium plays a pivotal role, and it consists of 1.2 billion cells, with a
weight exceeding 1.5 kg and an area of 400 m2 [23]. It forms a thin cellular lamina in direct
contact with the bloodstream, representing the innermost layer of the vessel wall. The most
important functions performed by endothelium are the modulation of the inflammation,
the regulation of the vasomotor tone, the promotion and inhibition of cell proliferation and
the modulation of the coagulative cascade [24–26]. The main physiological mediator of
endothelium is NO, but it displays also other important functions at the level of the central
nervous and immune systems. Endothelial cells produce NO through the enzyme NO-
synthase (NOS), which transforms L-arginine amino acid into citrulline [27]. The activity
of NOS is stimulated by numerous mediators, such as bradykinin and acetylcholine, or by
mechanical forces, mainly “shear stress” [27]. NO is a volatile gas that has few seconds
half-life and that, spreading towards the vessel wall smooth muscle cells, causes the release
of cyclic guanosine-monophosphate (cGMP) with the consequent reduction of intracellular
calcium [28].

The term “endothelial dysfunction” identifies a pathophysiological condition char-
acterized by anatomically intact endothelial cells, but when stimulated, instead of solely
determining the production of NO, activates in parallel the production of ROS, which
causes the degradation of NO [29]. Although the endothelial dysfunction is mainly caused
by increased destruction of NO, it may also depend on its reduced production due to
L-arginine substrate deficiency, or by vasoconstriction induced by factors derived from
cyclooxygenase [23].

The endothelial damage is instead represented by the destruction of endothelial cells,
where the regeneration of these cells is difficult to achieve [30]. The BP increase causes
an enhancement in the production of superoxide and a decrease in the bioavailability of
NO [31]. There is also another mechanism involving the renin–angiotensin–aldosterone
system (RAAS). The angiotensin conversion enzyme (ACE) acts on the endothelium by
converting angiotensin I to angiotensin II, an endocrine vasoactive peptide. The latter is
an active protein able to induce vasoconstriction through the calcium-dependent myosin
phosphorylation with the contraction of arterial smooth cells, inducing an enhancement
of BP levels. Moreover, angiotensin II stimulates in the kidneys the sodium reabsorption
which, in turn, induces water retention. Angiotensin II promotes also the production of
endothelin, a class of proteins with paracrine/vasoconstrictive action, causing an increase
in blood pressure [32,33]. Endothelin is synthetized in the endothelial cells through two dif-
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Qual o papel real da dieta na hipertensão?

Diminuir a quantidade diária de sal pode 
melhorar a saúde do seu coração?



Diretrizes
Diretrizes Brasileiras de Hipertensão Arterial – 2020
Barroso et al.
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Tabela 1.1 – Prevalência de hipertensão arterial e intervalo de confiança 95% de acordo com três critérios utilizados 

HA autorreferida 
(Vigitel)

PA medida ≥ 140/90 mmHg 
(PNS, 2013)

PA medida ≥ 140/90 mmHg e/ou uso 
de medicação anti-hipertensiva  

(PNS, 2013)

Total 21,4% (20,8-22,0) 22,8% (22,1-23,4) 32,3% (31,7-33,0)

Sexo masculino 18,3 (17,5-19,1) 25,8(24,8-26,7) 33,0 (32,1-34,0)

Sexo feminino 24,2 (23,4-24,9) 20,0 (19,3-20,8) 31,7 (30,9-32,5)

HA: hipertensão arterial; PA: pressão arterial. Fonte: Nilson et al. 2020.29

Figura 1.2 – Percentual de óbitos por hipertensão arterial, infarto agudo do miocárdio, acidente vascular encefálico e insuficiência renal crônica (Brasil, 2000). 
Fonte: Adaptado de Datasus/MS/SVS/CGIAE 2017.23
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Figura 1.3 – Prevalência populacional de hipertensão arterial segundo diferentes critérios diagnósticos, em adultos com 18 anos de idade ou superior, ambos os sexos, 
por faixa etária (Brasil, 2013). 
Fonte: Nilson et al., 2020.29
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Fig. Prevalência populacional de hipertensão arterial segundo 
diferentes critérios diagnósticos, em adultos com 18 anos de 
idade ou superior, ambos os sexos, por faixa eta ́ria (Brasil, 
2013). Fonte: Nilson et al., 2020.29 

Fig. Percentual de óbitos por hipertensa ̃o arterial, 
infarto agudo do mioca ́rdio, acidente vascular 
encefa ́lico e insuficiência renal crônica (Brasil, 
2000). Fonte: Adaptado de Datasus/MS/SVS/CGIAE 
2017.
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FATORES DE RISCO
- Idade (prevalência aumenta com a idade);

- Sexo (ambos os sexos, a frequência de HA aumenta com a idade, alcançando 61,5% e 68,0% na 
faixa eta ́ria de 65 anos ou mais, em homens e mulheres respectivamente);

- Etnia (Vigitel 2019 mostraram que, em nosso país na ̃o houve uma diferença significativa entre 
negros e brancos no que diz respeito a ̀ prevalência de HA (24,9% versus 24,2%);

- Excesso de peso e obesidade  e apneia obstrutiva do sono (AOS);
- Sedentarismo (dados do vigitel 2019 – 52% das mulheres  e 23% dos homens);
- Fatores socioeconômicos (menor escolaridade, habitação inadequada e baixa renda);

- Ingestão de sódio e potássio (Ingesta ̃o me ́dia de sal no Brasil e ́ de 9,3 g/dia (9,63 g/dia para 
homens e 9,08 g/dia para mulheres), enquanto a de pota ́ssio e ́ de 2,7 g/dia para homens e 2,1 
g/dia para mulheres);

- Ingestão de álcool (maior prevalência na ingestão de 6 ou mais doses ao dia);

- Genética (estudos de polimorfismos genéticos – sem identificação de um padrão/ justificados 
pela miscigenação) indicativo de 30 a 50%.

Arq Bras Cardiol. 2021; 116(3):516-658
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as situações de R/E contribuem com uma modulação mais 
suave de situações da vida cotidiana e trazem benefícios no 
controle da PA.77

1.6. Estratégias para a Implementação de Medidas 
Preventivas

As mudanças no estilo de vida (MEV) são de difícil 
implementação, e a sociedade como um todo deve participar 
deste esforço. São importantes programas contínuos de educação 
em saúde dirigidos a alunos de escolas profissionalizantes; alunos 
de primeiro e segundo graus; equipes de instituições; empresas; 
e comunidade. As ações de conscientização são estratégias 
importantes, por meio de mídia; campanhas temáticas periódicas 

(Dias Municipal, Estadual e/ou Nacional de Prevenção e Combate 
à HA – lei federal 10.439 de 30/04/2002, Semana da HA, May 
Measurement Month da International Society of Hypertension 
etc.); e ações adicionais: incorporação das ações de prevenção, 
detecção e controle da HA nos programas de atenção primária 
à saúde, incluindo crianças e adolescentes e, particularmente, 
programas de saúde escolar; implementação de programas 
de assistência multiprofissional; fortalecimento de normas 
governamentais para reduzir o conteúdo de sódio e gorduras 
saturadas dos alimentos industrializados; aperfeiçoamento 
na rotulagem do conteúdo nutricional dos alimentos; e 
monitorização das ações de prevenção e controle da HA e seus 
resultados por meio de eficientes indicadores de saúde.3-6

Mensagens principais

Os números que definem a hipertensão arterial são arbitrários, mas se caracterizam como valores em que os benefícios do tratamento (não medicamentoso e/ou 
medicamentoso) superam os riscos.

A HA é uma condição multifatorial (genética, meio ambiente, hábitos de vida e fatores socioeconômicos).

A HA é um dos principais fatores de risco para doenças cardiovasculares e renais.

A HA tem alta prevalência, é de fácil diagnóstico e possui tratamento adequado, mas é de difícil controle pela baixa adesão.

A prevenção da HA é custo-efetiva e o melhor caminho para a diminuição da morbimortalidade cardiovascular. 

Figura 1.1 – Carey et al. 2008.6 

Determinantes genéticos/epigenéticos, ambientais e sociais interagem para elevar a PA em hipertensos e na população em geral. ↑aumentado; ↓diminuído.  
Fonte: Carey et al. 2008.6
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Fig. Carey et al. 2008. Determinantes gene ́ticos/epigene ́ticos, ambientais e sociais interagem para 
elevar a PA em hipertensos e na populaça ̃o em geral. ↑aumentado; ↓diminuído. Fonte: Carey et al. 
2008.



Prevenção Primária

- Controle do Peso (GR: I; NE: A);

- Dieta Saudável – Padrão DASH (GR: I; NE: A);

- Ingestão de So ́dio (GR: I; NE: A) e Potássio (GR: I; NE: A);

- Atividade Fi ́sica (GR: I; NE: A);

- Álcool (GR: IIA; NE: B);

- Fatores Psicossociais (GR: IIb; NE: B);

- Suplementos Alimentares (GR: I a III; NE: A e B);

- Tabagismo (GR: I; NE: A);

- Espiritualidade (conjunto de valores morais, emocionais, de comportamento e atitudes com relaça ̃o 
ao mundo) (GR: I; NE: B)

Arq Bras Cardiol. 2021; 116(3):516-658
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Quadro 1.1 – Principais intervenções que previnem hipertensão arterial
Modalidade Intervenção NF Dose Diferença de PAS obtida

Controle do Peso Peso/gordura corpórea Alcançar peso ideal. Esperada diminuição de 1mmHg por 
cada quilo de peso perdido - 2/3 mmHg

Dieta saudável Dieta tipo DASH Dieta rica em frutas, vegetais, grãos e baixo teor de gordura. 
Redução de gordura saturada e trans - 3 mmHg

Redução da ingestão de 
sódio Sódio na dieta Ideal < 2 g ou 

pelo menos redução de 1,0 g/dia - 2/3 mmHg

Aumento da ingestão de 
potássio Potássio na dieta 3,5 a 5,0 g/dia 

em dieta rica em potássio - 2 mmHg

Atividade física

Aeróbia 150 min/semana -5/7 mmHg

De resistência dinâmica 8 a 10 exercícios para os principais grupos musculares, 1 a 3 
séries, 50 a 80% de 1 RM

De resistência isométrica
Exercício de handgrip (preensão de mão) unilateral  ou 1 
perna, 4 séries,  2 min de contração isométrica, 30% da 

contração voluntária máximo (CVM), 2-3 min de pausa entre 
as séries

-4/5 mmHg

Ingestão de álcool Consumo de álcool
Para quem usa álcool 
Homens ≤ 2 drinques 
Mulheres ≤ 1 drinque

-4/5 mmHg

NF: não farmacológica; PAS: pressão arterial sistólica; RM: repetição máxima; mmHg: milímetros de mercúrio. Fonte: Adaptado de Carey et al., 2018.6
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Quadro  - Principais intervenço ̃es que previnem hipertensa ̃o arterial. 



TRATAMENTO

  Compreende dois tipos de abordagem

 % Medicamentoso => uso de drogas anti-
hipertensivas

 % Não medicamentoso => mudanças de estilo de 
vida que favoreçam a ß da pressão arterial.

Arq Bras Cardiol. 2021; 116(3):516-658



Tratamento não medicamentoso da HA

- controle ponderal;

- medidas nutricionais;

- prática de atividades físicas

- cessação do tabagismo

- controle de estresse, entre outros.

Arq Bras Cardiol. 2021; 116(3):516-658



Tratamento não medicamentoso da HA

Peso corporal

- O aumento de peso está diretamente relacionado ao 
aumento da PA tanto em adultos quanto em crianças;

- O aumento da gordura visceral também é considerado um 
fator de risco para HA;

- Incluir parâmetros de avaliação da adiposidade central 
(Circunferência abdominal <90 cm H e < 80 cm M)

(GR: I; NE: A)
Arq Bras Cardiol. 2021; 116(3):516-658



Tratamento não medicamentoso da HA

Aspectos nutricionais

1- Padrão alimentar

O sucesso do tratamento da HA com medidas 
nutricionais depende da adoção de um plano 

alimentar saudável e sustentável;

Radicalização não combina com adesão

Valorização do dieta DASH (Dietary Approaches to 
Stop Hypertension).

Arq Bras Cardiol. 2021; 116(3):516-658
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DASH (Dietary Approachs to Stop Hypertension)

- Prioriza o consumo de frutas, hortaliças e laticínios com 
baixo teor de gordura;
- Inclui a ingestão de cereais integrais, frango, peixe e frutas 
oleaginosas;
- Preconiza a redução da ingestão de carne vermelha, doces e 
bebidas com açúcar.
- Rica em potássio, cálcio, magnésio e fibras, e contém 
quantidades reduzidas de colesterol, gordura total e 
saturada. - A adoção desse padrão alimentar reduz a PA.

(GR: I; NE: A).

Obs.: A dieta do Mediterrâneo??? : (GR: IIa; NE: B). 

Tratamento não medicamentoso da HA

DSBHA, 2016.





Effect of the DASH diet on systolic blood pressure in randomized 
controlled trials among adults: by hypertension status.

Nutrition, Metabolism & Cardiovascular Diseases (2014) 24, 1253e1261
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FIGURE 2 BP-lowering effect of the DASH diet in adults with and without hypertension: total analysis for SBP and DBP outcomes and
sensitivity analyses, according to clinical and methodological characteristics of the selected trials. Difference in means of attained SBP and
DBP difference in trials investigating the effect of the DASH diet compared with a control diet. From left to right, the columns indicate the
type of analysis, the number of trials analyzed, the number of subjects per randomized arm in each separate analysis for both BP
outcomes, the heterogeneity in each analysis for each outcome, the difference in means and 95% CIs for each outcome under the
appropriate model based on heterogeneity (the minus sign indicates a lower BP value in the first group), and the forest plots of the
difference in means and 95% CIs (black = SBP reduction and gray = DBP reduction). BP, blood pressure; DASH, Dietary Approaches to Stop
Hypertension; DBP, diastolic blood pressure; ITT, intention-to-treat; RCT, randomized controlled trial; SBP, systolic blood pressure.

observed SBP and DBP reductions between the 2 randomized
arms were not di!erent between the hypertensive and the
nonhypertensive subgroups (P = 0.96 and P = 0.70 for SBP
and DBP reduction, respectively) and heterogeneity was of
the same extent in both hypertensive and nonhypertensive
populations for BP outcomes. In trials or subgroups of
trials conducted in hypertensive patients without underlying
antihypertensive treatment (n = 8) (19–21, 28, 34, 35, 46,
48), the extent of the mean SBP and DBP reduction was
by absolute means higher than that observed for the entire
group of hypertensive patients (by 2.0 mm Hg and 0.8 mm

Hg, respectively). In comparison with trials conducted
in hypertensive patients with underlying antihypertensive
treatment (n = 7) (26, 31–33, 39, 40, 44), the result pointed
in the same direction, but it did not reach signi"cance
regarding both SBP and DBP reduction (P = 0.07 and
P = 0.23, respectively). Strati"cation of trials by a baseline
SBP threshold of ≥140 mm Hg (n = 8) (22, 28, 29, 31, 33, 34,
44, 48) compared with <140 mm Hg (n = 22) (19–21, 23–27,
30, 32, 35–43, 45–47) was not accompanied by a di!erential
DASH-diet e!ect on SBP and DBP di!erence (P = 0.70 and
P = 0.56, respectively) (Figure 3). Whenever trials were
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Fig. Efeito redutor da PA da dieta DASH em adultos com e sem hipertensão em diferentes 
condições e tratamentos.



Tratamento não medicamentoso da HA

Aspectos nutricionais

2- Redução do consumo de sódio

(> consumo > PA, porém o impacto do consumo de 
sódio na saúde CV controvérsio)

Recomendação: Restringir o consumo diário de sódio 
para 2,0 g, ou seja, 5 g de cloreto de sódio 

(consumo médio brasileiro é 11,4 g / dia)

(GR: I; NE: A)
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Motivos da restrição do Sódio

intake was altered and the participants’ diet (27,28).
This concurs with epidemiological studies (6) and
experiments in chimpanzees (29). These findings
suggest that while reducing salt to the World Health
Organization–recommended intake of 5 g/day will
bring health gains, a further reduction to 3 g/day will
be more beneficial. The U.K. National Institute for
Health and Care Excellence has recommended 3 g/day
as the long-term population salt intake target (30). In
the United States, 4 g/day has been recommended for
>50% of the population including blacks, individuals
>50 years old, and those with hypertension, diabetes,
or chronic kidney disease (CKD) (31).

PHYSIOLOGICAL MECHANISMS. Multiple mecha-
nisms relate dietary salt intake to BP, and many are
yet to be elucidated (32). The primacy of the kidney-
fluid volume system has been demonstrated, most
notably in kidney cross-transplantation experi-
ments (33,34).

Excess salt intake suppresses the RAAS, which in
turn reduces sodium reabsorption and thereby facil-
itates its excretion (35). The RAAS relies on the

kidney, whose function deteriorates with age. So-
dium balance is then maintained by raising the frac-
tional excretion of sodium, which is done by
increasing plasma atrial natriuretic peptide and
raising BP (36). As the kidney’s functional deteriora-
tion and structural changes progress, the RAAS is
increasingly impaired, leading to sodium and water
retention (37) and increased vasculature resistance
(38). As a result, smaller increases in salt intake
induce greater rises in BP.

Plasma sodium also plays an important role in
influencing BP through extracellular fluid volume.
Changes in salt intake cause parallel changes in
plasma sodium in both individuals who are normo-
tensive and those who are hypertensive (39,40). A
rise in plasma sodium is immediately buffered by the
increased osmolality in the extracellular space, which
moves fluid from the intracellular to the extracellular
compartment. The small increase in plasma sodium
also stimulates the thirst center, leading to water
intake and secretion of arginine vasopressin, result-
ing in water retention (41). These mechanisms restore
plasma sodium to its previous level, but also increase

CENTRAL ILLUSTRATION Salt and Health

He, F.J. et al. J Am Coll Cardiol. 2020;75(6):632–47.

Biological pathways whereby excess salt intake leads to organ damage and chronic diseases. GBD ¼ Global Burden of Disease; RAAS ¼ renin-angiotensin-aldosterone
system; TMAO ¼ trimethylamine N-oxide.
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pete for resources to establish their niche and ensure survival.
The gut microbiota is composed of several core phyla predom-
inated by Bacteroidetes and Firmicutes, whereas Actinobacte-
ria, Proteobacteria, and Verrucomicrobia are present in lower
abundance (28). The gut microbiota interacts with multiple
organ systems and mediates numerous physiological functions.
In the gut, bacteria metabolize dietary fiber into various me-
tabolites, such as short-chain fatty acids (SCFA) that would
otherwise not be available to the host. Furthermore, gut bac-
teria stimulate GI tissue and immune system development.
This particular relation between bacterial and host cells is
symbiotic or mutualistic, as the host provides necessary re-
sources for bacterial species to establish their niche, such as
space, nutrients, and favorable environmental conditions (16).
A complex immune system mechanism regulates the interac-
tion between host and bacteria, monitoring bacterial abundance
and diversity. The core microbiota is shared mostly among
individuals but differs slightly from person to person. These
differences in composition depend on a number of factors, such
as genetics (66), dietary patterns (15), and geographical region
(46). The gut microbiota is also highly dynamic and suscepti-
ble to transient changes resulting from antibiotic use or dietary
alterations (16).

Research over the past two decades has focused on exam-
ining the role gut microbiota has in various infectious, auto-
immune, and metabolic diseases, such as Clostridium difficile
infection, inflammatory bowel disease (IBD), and obesity (16,
66). More recently, studies in rodents verified that changes in
the gut microbiota composition take part in the onset of HTN
(1, 17, 39), whereas research in humans remains scarce with
only a few conducted studies. This review paper will discuss
the current literature investigating the gut microbiota and HTN
as well as the impact of sodium intake on gut microbiota.

GUT MICROBIAL AND HOST INTERACTIONS IN
HYPERTENSION

It has become clear that HTN is associated with disruption in
gut microbial composition (gut dysbiosis) (1, 17, 65, 72) and
that bacterial metabolites play a role in blood pressure (BP)
regulation. Observational data shows that hypertensive rodents
(1, 17, 39, 47, 72) and humans (34, 39, 72) demonstrate gut
dysbiosis compared with their normotensive counterparts, as
seen by reduced microbial abundance, richness, and diversity

and clear taxonomical distinction. Consequences of gut dys-
biosis on intestinal milieu are detrimental, as dysbiosis re-
shapes intestinal mucosa in rodent models by thinning it and
making it more permeable to pathogens, leading to persistent
low-grade inflammation (2). Several bacterial taxa were ob-
served to be different between hypertensive and normotensive
groups in both animal and human studies (Table 1). Interest-
ingly, a majority of taxa of which relative abundance is
associated with BP (either HTN or normal BP) in rodents are
of the order of Clostridiales (1, 8, 17, 72) and in humans of
Clostridiales and Bacteroidales (34, 39). Furthermore, Kim et
al. (34) demonstrated that Ruminococcus torques, Eubacterium
siraeum, and Alistipes finegoldii can cause intestinal inflam-
mation and are associated with high BP in contrast to Bacte-
roides thetaiotaomicron which has anti-inflammatory proper-
ties and is associated with lower BP. As the field progresses,
data from future studies will allow for a precise outlining and
targeting of crucial taxa associated with HTN.

Research in rodents demonstrates that gut microbiota takes
part in the pathogenesis of HTN. Fecal microbiota transplant
(FMT) from hypertensive patients to germ-free mice results in
increased systolic and diastolic BP and reduced bacterial di-
versity (39). Even more captivating is that FMT from hyper-
tensive rats elevates systolic BP in normotensive rats (1, 65),
whereas the reverse attenuates systolic BP in hypertensive rats
(65). In addition to ameliorating BP in hypertensive rats, FMT
from normotensive rats improved vascular relaxation, likely
due to reduced oxidative stress and inflammation in the vas-
culature (65). In particular, NADPH oxidase, which produces
the superoxide anion, and T helper-17 (TH-17) cells that
produce proinflammatory interleukin (IL)-17 were outlined as
essential for FMT-induced BP increase and vascular impair-
ment (65). These findings demonstrate immense malleability of
the gut microbiota in both healthy and dysbiotic states and
delineate mechanisms through which the gut microbiota may
affect the cardiovascular system.

Another common model for investigating microbial influ-
ence on BP is the angiotensin II (ANG II)-induced hyperten-
sive rodent. Germ-free mice infused with ANG II have lower
BP, lower levels of reactive oxygen species in the vasculature,
and a reduced transcription factor for circulating IL-17 synthe-
sis compared with conventionally (i.e., microbiota intact)
raised mice infused with ANG II (32). Conventionally raised

Fig. 1. Interactions between dietary sodium,
hypertension, and the gut microbiota. High
dietary sodium consumption may contribute
to gut dysbiosis, as it alters gut microbial
composition, richness, and diversity. High
dietary sodium also induces inflammation
through increased production of inflamma-
tory cytokines that can directly increase
blood pressure (BP). Potential mechanism of
BP increase via the gut microbiota is through
G protein-coupled (Gpr) and olfactory (Olfr)
receptors in the vasculature or through an
inflammatory response. Gper, G protein-
coupled estrogen receptor; IL, interleukin.

H1174 SODIUM, HYPERTENSION, AND THE GUT MICROBIOTA

AJP-Heart Circ Physiol • doi:10.1152/ajpheart.00312.2019 • www.ajpheart.org
Downloaded from journals.physiology.org/journal/ajpheart at CAPES-USP (200.144.238.218) on June 14, 2021.

Fig. Interações entre o sódio da dieta, hipertensão e a microbiota intestinal. O alto consumo de sódio na 
dieta pode contribuir para a disbiose intestinal e induz inflamação por meio do aumento da produção de 
citocinas inflamatórias que podem aumentar diretamente a pressão arterial (PA).

Am J Physiol Heart Circ Physiol 317: H1173–H1182, 2019. 
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Figure 1. Absolute and Proportional Cardiometabolic Disease Mortality Associated With 
Suboptimal Dietary Habits Among US Men and Women in 2012
The bars represent the estimated absolute number (top panel) and percentage (bottom panel) 
of cardiometabolic deaths related to 10 dietary factors compared with optimal intakes. The 
dietary factors are listed in rank order of total mortality in men and women combined. Error 
bars indicate 95% uncertainty intervals. CHD indicates coronary heart disease; CVD, 
cardiovascular disease; PUFA, polyunsaturated fat.
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Figure 1. Absolute and Proportional Cardiometabolic Disease Mortality Associated With 
Suboptimal Dietary Habits Among US Men and Women in 2012
The bars represent the estimated absolute number (top panel) and percentage (bottom panel) 
of cardiometabolic deaths related to 10 dietary factors compared with optimal intakes. The 
dietary factors are listed in rank order of total mortality in men and women combined. Error 
bars indicate 95% uncertainty intervals. CHD indicates coronary heart disease; CVD, 
cardiovascular disease; PUFA, polyunsaturated fat.
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Fig. Absolute and Proportional Cardiometabolic Disease Mortality Associated With 
Suboptimal Dietary Habits Among US Men and Women in 2012.
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Figure 3. Change in Proportional Cardiometabolic Disease Mortality in the United States 
Between 2002 and 2012
The bars represent the estimated relative changes in percentage of cardiometabolic deaths 
associated with 10 dietary factors between 2002 and 2012 compared with optimal intakes. 
These percentage changes correspond to (2012mortality−2002mortality)/2002mortality × 100. 
Error bars indicate 95% uncertainty intervals.
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Setting aside the problematic trials, the only
interventional evidence we are left with on CVD is the
long-term follow-up of participants who previously
took part in salt-reduction trials (74,75). Pooling their
results showed that salt reduction has a significant
beneficial effect, with a 2.5 g/day reduction being
associated with a 20% reduction in CVD events
(Figure 5) (54,74,76–80). These findings provide
further evidence in favor of salt reduction as a pre-
ventive public health measure against CVD.

OTHER HARMFUL EFFECTS OF SALT

ON HEALTH

There is clear evidence that a high salt intake is
associated with many other health conditions
including kidney disease, renal stones, osteoporosis,
stomach cancer, and obesity (5). There is also
emerging evidence for an association with dementia
(81).

KIDNEY DISEASE. Many risk factors for CKD pro-
gression have been linked to salt intake, such as BP,
proteinuria, oxidative stress, and endothelial
dysfunction (82). The relationship between salt
intake and urinary albumin excretion is direct and
dose-dependent (83). Randomized trials demon-
strated that modest reductions in salt intake signifi-
cantly reduced 24-h urinary albumin and protein
excretion in individuals with hypertension (84,85),
diabetes (86), and CKD (87). The antiproteinuric ef-
fects of angiotensin-converting enzyme inhibitor or
angiotensin receptor blocker were attenuated or
abolished when salt intake was increased in patients
with proteinuria or diabetes (88,89). There are also
studies showing that a lower salt intake could slow
down CKD progression (90).

STOMACH CANCER. Stomach cancer has been linked
to salt intake (91) and the consumption of highly
salted foods (92). Salt intake is closely associated with
Helicobacter pylori infection, a risk factor for stomach
cancer (93,94).

RENAL STONES AND OSTEOPOROSIS. A high salt
intake increases the risk of renal stones by increasing
urinary calcium excretion, as calcium is the major
component of most urinary stones (95). An increase in
salt intake leads to a negative calcium balance, which
stimulates compensatory mechanisms to increase
intestinal calcium absorption and, at the same time,
also mobilize calcium from the bone. Cohort studies
have shown that the loss of hip bone density in post-
menopausal women was related to baseline salt
intake and this association was as strong as that
related to calcium intake (96).

OVERWEIGHT AND OBESITY. High salt intake is
associated with an increased risk of overweight and
obesity through increasing sugar-sweetened beverage
consumption (97,98). There is also evidence sug-
gesting a direct link between salt intake and over-
weight and/or obesity, independent of total calorie or
sugar-sweetened beverage consumption (99). Animal
experiments indicated that salt intake may have a
direct effect on body fat metabolism (100). Innovative
work on long-term sodium homeostasis suggests

FIGURE 4 Salt, BP, and CVD in England 2003 to 2011
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energy-intense mechanisms whereby high salt intake
could lead to muscle mass catabolism, which would
only be preventable by increasing food (and thus
calorie) intake (101,102).

BRAIN DISEASES AND DISORDERS. A few studies in
both animals and humans have suggested a link be-
tween high salt intake and cognitive impairment and
Alzheimer disease, either through the effect of salt on
BP, or through some BP-independent mechanisms
(81,103–105). It has also been reported in randomized
trials that lowering dietary salt intake reduced the
risk of headache (106,107).

MECHANISMS FOR THE HARMFUL EFFECTS

OF SALT ON CARDIOVASCULAR AND

OTHER ORGANS

Salt damages target organs mainly via raised BP, but
also via hormonal and inflammatory mechanisms, as
well as more novel pathways, such as the immune
response and the gut microbiome. All pathways are
interconnected, but are discussed here separately for
clarity.

DAMAGE VIA RAISED BP. The pressure load that
comes with raised BP causes damage to multiple or-
gans and tissues. In the vasculature, this leads to
endothelial dysfunction, generalized atherosclerosis,
arteriosclerotic stenosis, as well as to the remodeling
of small and large arteries and aortic aneurysm. In the
heart, this leads to left ventricular hypertrophy, atrial
fibrillation, coronary microangiopathy, coronary

heart disease, and heart failure. In the brain, raised
BP increases the risk of acute hypertensive encepha-
lopathy, stroke, intracerebral hemorrhage, lacunar
infarction, focal or diffuse white matter lesions, and
vascular dementia. In the kidney, it leads to albu-
minuria, proteinuria, reduced glomerular filtration
rate, chronic renal insufficiency, and renal fail-
ure (108,109).

DAMAGE VIA THE HORMONAL SYSTEM. High aldo-
sterone levels could mediate the effect of salt on left
ventricular hypertrophy. Studies have shown an as-
sociation between left ventricular hypertrophy and
urinary excretion of sodium and aldosterone, as well
as plasma aldosterone, in patients with hypertension
or primary aldosteronism and in the general popula-
tion (110–114). The hypothesis of an interplay be-
tween salt and aldosterone is supported by robust
evidence from animal studies (115,116). Aldosterone
affects the redox potential of different cell types, and
exposure to high concentrations of salt amplifies this
effect (117). Changes in the intracellular redox state
leads to the activation of mineralocorticoid receptors,
on which the salt-aldosterone interplay may depend
(118). Ultimately, this results in an increased pro-
duction of reactive oxygen species that causes
cellular and tissue injury (119).

DAMAGE VIA INFLAMMATION AND OXIDATIVE

STRESS. The role of inflammatory mechanisms in
mediating the damage of salt on the kidney (120,121)
and the endothelium (122,123) is increasingly
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necrosis factor (TNF)-alpha, interleukin (IL)-1B and IL-6, chemokine (monocytes chemoattractant
protein-1 and IL-8), as well as enhanced expression of adhesion molecules. Moderate sodium restriction
(up to 2.8 g/d) was associated with reduced values of neurohormonal (B-type natriuretic peptide
(BNP), aldosterone, plasma renin activity) and cytokine levels (TNF-alpha, IL-6) and increased levels of
anti-inflammatory cytokine (IL-10) over 12 months of follow up compared to low sodium restriction
(up to 1.8 g/d) [28]. A recent review of the e↵ects of low dietary sodium intake in patients with HF
revealed that 2.6–3 g/d of dietary sodium restriction is e↵ective for decreased BNP, renin, and aldosterone
plasma levels [29]. Similarly, low sodium intake in the DASH diet is associated with low systolic
and diastolic blood pressure, arterial sti↵ness, and markers of oxidative stress including urinary
F2-isiprostane levels in HFpEF patients [30]. Adherence to the DASH diet was shown to be associated
with improvement in arterial compliance, improved exercise capacity, and quality of life in patients
with stage C HF [31].
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Figure 1. Potential mechanisms linking dietary sodium restriction to better heart failure outcomes
DBP—diastolic blood pressure, PCWP—pulmonary capillary wedge pressure, SBP—systolic blood
pressure. Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure; PCWP, pulmonary
capillary wedge pressure.

4. Low Sodium Intake and Worsening of HF

4.1. Evidence Against Low Sodium Intake in HF

In a randomized clinical trial, Aliti et al. studied the e↵ect of the intervention of <2 g/d of
salt intake in patients admitted with acute decompensated HFrEF with EF  45% on HF clinical
congestion score compared to a control group with >2 g/d of salt intake [32]. On 30 days follow-up,
there were no di↵erences between the groups in the number of hospital readmissions and length
of stay, though the patients in the intervention group had significantly more congestion than the
control group (p = 0.02) [32]. Similarly, Velloso et al. did not see any significant di↵erence in time
needed for resolution of HF symptoms in adult patients admitted to the hospital with acute illness
due to underlying chronic HF between the intervention group with <2 g/d salt intake and the control
group with more than 2 g/d salt intake [33]. In a large Italian study in patients admitted with HF,
patients assigned to low sodium intake (1.84 g/d) compared to moderate sodium intake (2.76 g/d),
had reduced diuresis, more HF readmissions, poorer renal function, and a trend towards increased
mortality [34]. Subjects in this study did not receive optimal neurohormonal blockade and received
strict fluid restriction of 1 L/d and had high diuretic doses (up to 100 to 1000 mg of furosemide) without
adjustment of clinical status. A recent pilot study done to see the e↵ects of three-months of 1.5 g versus
3.0 g daily sodium intake in patients with HFrEF showed that both dietary interventions reduced
urinary sodium without adverse quality of life improvements [35].

In animal models, sodium restriction in early stages of HF was seen to be associated with early
aldosterone activation compared to normal or excess sodium intake [36]. These findings suggest
that sodium restriction in early stages of HF should be avoided to prevent neuroendocrine disease
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progression. The data on sodium and fluid restriction in HFpEF patients are limited. A randomized
clinical trial to see the e↵ect of a diet with sodium and fluid restriction compared to an unrestricted
diet in patients admitted with acute decompensated HFpEF showed that aggressive sodium and fluid
restriction does not decrease readmission and mortality rate, and that it impairs the patient’s food
intake without any significant neurohormonal e↵ect [37]. A recent systematic review by Mahtani et al.
in 2018 including nine randomized control trials that enrolled a total of 479 patients from a total of
2655 retrieved references, revealed no robust high-quality evidence of the e↵ects of sodium restriction
in patients with HF [38]. There was a trend in improvement of HF functional class symptoms in
outpatient studies with reduced sodium intake, but no e↵ects were observed on all-cause mortality,
hospitalization, or length of stay [38]. Similarly, a recent randomized trial of 44 patients hospitalized
for acute decompensated HF showed that a normal sodium diet (7 g/d), when compared to a low
sodium diet (3 g/d) is associated with similar degrees of decongestion with lower neurohormonal
activation during acute HF treatment [39].

4.2. Potential Mechanism for Adverse Impact of Low Sodium Intake in HF

Figure 2 shows the potential mechanism for decompensated HF with low sodium intake. In short,
HF is characterized by activation of the sympathetic system and renin–angiotensin–aldosterone system
(RAAS) activation due to decreased renal perfusion leading to sodium and water reabsorption from
renal tubules [40,41]. A sodium-restricted diet in HF patients has been shown to be associated with
activation of antidiuretic and anti-natriuretic systems [42]. A recent Cochrane review of 185 clinical
studies randomizing persons to low- vs. high-sodium diet revealed that in plasma or serum,
there was a statistically significant increase in renin, aldosterone, noradrenaline, adrenaline, cholesterol,
and triglyceride levels in groups with low sodium intake as compared to groups with high sodium
intake [43]. These increases in hormones can lead to further development of congestive symptoms.
Vascular congestion in HF activates pro-oxidant and pro-inflammatory genes in endothelial cells,
which contributes to cardiorenal dysfunction [44–46]. Reduced sodium intake can lower blood pressure,
which in turn can increase the heart rate and thereby negate the e↵ects of beta-blockers. This was
shown in a recent meta-analysis of 63 studies, although the e↵ect was marginal with a heart rate
increase of as little as 2.4% [47]. Reverse causation could also explain the observed association of lower
sodium intake and outcomes. Higher-risk individuals with HF might consume less sodium due to
their underlying illness but still have higher risks of adverse events.Int. J. Mol. Sci. 2020, 21, x FOR PEER REVIEW 5 of 13 
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in the contractility index [53–55]. 

6. Sodium Intake and Ambulatory Heart Failure 

Low-sodium diet recommendations not only apply to hospitalized patients but also to 

ambulatory patients to prevent acute worsening of symptoms. However, the evidence behind these 

Low sodium intake 
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volume loss 
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Retention of H2O and Na by renal tubules 
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Angiotensin II 

Aldosterone 
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Sympathetic 
activity 

Activates prooxidant and proinflammatory gene in endothelial cells and 
leads to cardiorenal syndrome 

Figure 2. Potential mechanisms whereby dietary sodium restriction may worsen heart failure.
Abbreviations: Na, sodium; RAAS, renin–angiotensin–aldosterone system.

Pathogenic Mechanisms for Beneficial Effect of 
Low Sodium Intake in Management of HF.

Potential Mechanism for Adverse Impact of 
Low Sodium Intake in HF.
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Existe alternativas ou estratégias dietéticas 
para melhorarmos este quadro?



- Maior preferência dos Hipertensos pelo alimento com maior quantidade de sal;
- Orégano deslocou a preferência a alimentos menos salgados em normo e hipertensos;

- Possibilidade de uma medida auxiliar para a prevenção e tratamento não farmacológico.

Hiper.
Normo

s/ Ore
C/ ore

s/ Ore
C/ ore

Normotensos
Hipertensos

Hipert. Preferência 
pelo pão mais salgado

Orégano deslocou a 
preferência com < 

teores de sal

Orégano deslocou a 
preferência c/ < teores de 

sal
> Preferência s/ orégano 

p/ os  > teores de sal
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Tratamento não medicamentoso da HA

Aspectos nutricionais

3- Ingestão de Potássio

- Dietas altas em sódio são baixas em potássio;

- Atenção na adequação de ingestão de potássio.

(GR: I; NE: A). 

Arq Bras Cardiol. 2021; 116(3):516-658



Tratamento não medicamentoso da HA
Aspectos nutricionais

4- Laticínios e vitamina D

- Existem evidências que a ingestão de laticínios, em especial os 
com baixo teor de gordura, efeito hipotensor modesto (GR: IIb; 

NE: B).

- O leite contém vários componentes como cálcio, potássio e 
peptídeos bioativos que podem diminuir a PA.

(GR: IIb; NE: B).

- Alguns estudos, baixos níveis séricos de vit D se associaram com  
incidência de HAS. Entretanto, em estudos com suplementação 
dessa vitamina, os resultados são controversos (GR: IIb; NE: A). 

Arq Bras Cardiol. 2021; 116(3):516-658



Tratamento não medicamentoso da HA

Aspectos nutricionais

5- Suplementos e Substitutos

- Uso de multivitaminas e multiminerais foi capaz de reduzir 
a PA em indivi ́duos com doenças crônicas (GR: IIa, NE: B);

- Suplementação de cálcio exerce efeito discreto na 
prevenção da hipertensão (GR: IIa; NE: B);

- Utilização de substitutos de cloreto sódio (potássio e  
sulfato de magnésio) (GR: IIa; NE: B).

Arq Bras Cardiol. 2021; 116(3):516-658



Tratamento não medicamentoso da HA

Aspectos nutricionais

6- Chocolate e Produtos com cacau

- Consumo de produtos com cacau está associado a redução 
PAS e PAD (GR: IIa; NE: A)

- Considerar a contribuição calórica na dieta.

Arq Bras Cardiol. 2021; 116(3):516-658



Tratamento não medicamentoso da HA
Aspectos nutricionais

7- Café e Produtos com Cafeína

- O café, apesar de rico em cafeína, substância com efeito 
pressor agudo, possui polifenóis que podem favorecer a 

redução da PA.

- Estudos recentes sugerem que o consumo de café em 
doses habituais não está associado com maior incidência de 

HA nem com elevação da PA.

- Recomenda-se que o consumo não exceda quantidades 
baixas a moderadas.

(GR: IIa; NE: B). Arq Bras Cardiol. 2021; 116(3):516-658



Tratamento não medicamentoso da HA

Aspectos nutricionais

8- Consumo de Bebidas Alcoólicas

- O consumo abusivo habitual de álcool eleva a PA de forma 
linear e o consumo excessivo associa-se com aumento na 

incidência de HA.

- A ingestão não deve ultrapassar 30g de álcool/dia. 

- Este limiar deve ser reduzidos a metade para homens com 
baixo peso e mulheres/indivíduos com sobrepeso e/ou 

triglicerídeos elevados .

(GR: IIa; NE: B). Arq Bras Cardiol. 2021; 116(3):516-658



Tratamento não medicamentoso da HA

Atividade física/exercício físico 

- Atividade física refere-se a qualquer movimento 
corporal que aumente o gasto energético (andar na rua, 
subir escada, fazer trabalhos físicos domésticos, fazer 

práticas físicas de lazer);

- O termo exercício físico refere-se à atividade física 
realizada de forma estruturada, organizada e com 

objetivo específico. 

Arq Bras Cardiol. 2021; 116(3):516-658



Tratamento não medicamentoso da HA

Atividade física/exercício físico 

A prática regular de atividade física pode ser benéfica 
tanto na prevenção quanto no tratamento da HA, 

reduzindo ainda a morbimortalidade CV. 
(GR: I; NE: A);

Indivíduos com PA descompensada (acima de 160/105 
mmHg) deve sessar de treinamento ou diminuir a 

intensidade (GR: IIa, NE: C)

Arq Bras Cardiol. 2021; 116(3):516-658



Tratamento não medicamentoso da HA

Atividade física/exercício físico 

Evidências da atividade física e do exercício físico na 
redução da PA 

Arq Bras Cardiol. 2021; 116(3):516-658



Tratamento não medicamentoso da HA

Cessação do tabagismo
O tabagismo aumenta o risco para mais de 25 doenças, incluindo a 

DCV (GR: I, NE: A);

No entanto, não há evidências da cessação do tabagismo sobre o 
controle da HA.

Respiração lenta
Redução da frequência respiratória para menos de 6 a 10 

respirações/ minuto durante 15-20 minutos/dia para promover 
redução na PA casual (GR: IIa; NE: A).

Controle do estresse
Importância das psicoterapias comportamentais e das práticas 

de técnicas de meditação, biofeedback e relaxamento 
(GR: IIb; NE: B). Arq Bras Cardiol. 2021; 116(3):516-658



Tratamento não medicamentoso da HA

Espiritualidade e Religiosidade

- A espiritualidade esta ́ associada aos aspectos físicos, psicológicos e 
sociais, o que possibilita a visa ̃o integral do ser humano, colocando-o 

no centro da atença ̃o e do tratamento;

- Conjunto de valores morais, mentais e emocionais que norteiam 
pensamentos, comportamentos e atitudes; 

- Estudos sugerem efeitos benéficos no controle da PA associando a 
maior frequência religiosa a redução da PAD, mas não à PAS (GR: IIa, 

NE: B).

Arq Bras Cardiol. 2021; 116(3):516-658



Tratamento não medicamentoso da HA

Aspectos nutricionais

Fibras
As fibras solúveis são representadas pelo farelo de aveia, 

pectina (frutas) e pelas gomas (aveia, cevada e leguminosas: 
feijão, grão-de-bico, lentilha e ervilha), e as insolúveis pela 
celulose (trigo), hemicelulose (grãos) e lignina (hortaliças).

A ingestão de fibras promove discreta diminuição da PA, 
destacando-se o beta glucano proveniente da aveia e da 

cevada.

(GR: IIb; NE: B).

Arq Bras Cardiol. 2021; 116(3):516-658DSBHA, 2016.



Tratamento não medicamentoso da HA

Aspectos nutricionais

Ácidos Graxos Insaturados

Os AG  ômega-3 provenientes dos óleos de peixe 
(eicosapentaenoico – EPA e docosaexaenoico - DHA) estão 

associados com redução modesta da PA.

Estudos recentes indicam que a ingestão ≥ 2g/dia de EPA+DHA 
reduz a PA e que doses menores (1 a 2 g/dia) reduzem apenas 

a PAS.
(GR: IIa; NE: B). 

O consumo de ácidos graxos monoinsaturados também tem 
sido associado à redução da PA.

(GR: IIb; NE: B). 

DSBHA, 2016. Arq Bras Cardiol. 2021; 116(3):516-658



Tratamento não medicamentoso da HA

Aspectos nutricionais

Oleaginosas

- O consumo de oleaginosas auxilia no controle de vários 
FRCV, mas poucos estudos relacionam esse consumo com a 

diminuição da PA.

-Uma meta-análise concluiu que o consumo de diferentes 
tipos de castanha foi eficiente em diminuir a PA.

(GR: IIb; NE: B). 

DSBHA, 2016. Arq Bras Cardiol. 2021; 116(3):516-658



Tratamento não medicamentoso da HA

Aspectos nutricionais

Alho

O alho possui inúmeros componentes bioativos, como a 
alicina (encontrada no alho cru) e a s-alil-cisteína 

(encontrada no alho processado).

Discreta diminuição da PA tem sido relatada com a 
suplementação de várias formas do alho. 

(GR: IIb; NE: B). 

DSBHA, 2016.

Arq Bras Cardiol. 2021; 116(3):516-658



Resumindo o efeito das modificações no peso corporal e 
na ingestão alimentar e seus efeitos sobre a PA.

DSBHA, 2016.
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Qual o papel real da dieta na hipertensão?

Diminuir a quantidade diária de sal pode 
melhorar a saúde do seu coração?



Muito obrigado
Prof Dr Anderson Marliere Navarro


