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Hypertension is a significant risk factor for cardiovascular and cerebrovascular diseases (CVDs) and is the 
leading cause of premature death worldwide
The estimated prevalence of hypertension in the global adult population was 31.1% (1.39 billion) in 2010 
and is still on the rising 



• Multifactorial and highly complex

• complex interaction between a genetic background, a large
number of environmental factors and the aging process.

• Alterations of the RAAS, central and peripheral autonomic
cardiac and vascular regulation, the endothelin system and
other systems controlling vascular function, including nitric
oxide and natriuretic peptides

Essential HTN Secondary  HTN

Product of cardiac output and total peripheral vascular resistance (the hallmark 
hemodynamic abnormality)



• More than 70 years research
• More than 1000 genetic factors being identified
• New environmental factors (e.g. air pollution and

noise)
• Pressogenic effects (increased sodium sensitivity) of

gut microbial dysbiosis
• The immune system is likely to play a pathophysiologic

role, primarily mediated by inflammation
• Essential hypertension progresses from

occasional to established hypertension



2023 ESH Guidelines for 
the management of 
arterial hypertension,

Mosaic theory 



Two factors that affect BP 
directly

vasodilation capacity volume of intravascular fluid

• Affected by vascular
elasticity, caliber, and
reactivity

• reflects the buffering
capacity of vessels
against pressure shocks

• Poorer the
vasodilatation capacity,
higher the BP

• Regulated by the
body’s intake and
elimination of fluid

• Increase in the
amount of
intravascular fluid
can directly result in
an increase in BP



Arterial stiffness

Arterial stiffness

• Reduction in elasticity and
distensibility of arteries

• pulse wave velocity (PWV): the
degree of stiffness in large
arteries

• An increase in PWV indicates
severe arterial stiffness and
impaired in arterial dilatation
capacity

Essential HTN (ISH)



Arterial stiffness 

Functional arterial stiffness 
mainly related to the contractile 

function of vascular smooth 
muscle cells (VSMCs) 

Structural arterial stiffness 

associated with age, 
hyperlipidemia, diabetes 

mellitus. elastin disruption, 
collagen deposition, and altered 
extracellular matrix composition 

• Unlike functional arterial stiffness, there is no effective treatment for structural arterial stiffness yet
• The phenotypic transition of VSMCs directly affects the structural arterial stiffness.
• Six phenotypes of VSMCs : contractile phenotype is rich in a-smooth muscle actin (a-SMA) and has the

strongest contractile function.
• Switch from contractile to other phenotypes (such as macrophage-like phenotype), the contractile function of

the cells decreases significantly



CCBs

sodium 
nitroprusside, 

nitrates

a key target in regulating the 
conversion of contractile 

VSMCs to other phenotypes

nitric oxide-sensitive guanylate cyclase (NOsGC)-





Water-sodium retention and salt-sensitive

Water-sodium 
retention is a 
key cause of 

abnormal 
increases in 
intravascular 
fluid volume 
(both kidney 

dysfunction and 
Essential HTN)

Salt sensitive HTN

Salt resistant HTN 

Multiple factors may contribute to the development of salt-sensitive hypertension, 
including age, obesity, genetic background, and maternal conditions during fetal life



Potassium Switch theory



Intestinal flora is closely associated with salt sensitive hypertension

Increased 
corticosterone 
levels in serum 
and intestine



• The role of intestinal flora in human was
extremely complex

• The intestinal flora is not only involved in salt
sensitivity, it also participate in other underlying
mechanisms of hypertension including RAAS,
vascular endothelium, and renal dysfunction

• Intestinal flora also has the potential to be an
independent mechanism of essential
hypertension.



Dietary sodium reduction
(Excessive sodium intake: an 
increase in circulating fluid) 

Dietary potassium 
supplementation (potassium 
intake has a diuretic effect)

increased risk of 
cardiovascular 

disease

+

Salt substitution reduces sodium chloride and increases potassium chloride,
thus exerting its antihypertension effects:
• sodium chloride and potassium chloride
• magnesium sulfate in addition to sodium chloride and potassium chloride
both types of salt substitution not only lower BP but also reduce
cardiovascular events in patients





• Both circulating RAAS and tissue RAAS (cardiac RAAS, vascular RAAS,
intra-renal RAAS, brain RAAS and adipose tissue RAAS) have been
involved in the pathogenesis of essential hypertension and related target
organ damage

• RAAS including angiotensinogen, renin, angiotensin converting enzyme,
angiotensins with various subtypes (Ang I, Ang II, Ang III, Ang IV, Ang 1-7),
aldosterone and aldosterone receptors

• ACEi, ARBs, Angiotensin receptor-neprilysin inhibitor (ARNI), MRAs
• Hypertension vaccines (since 30 years ago):
• Renin vaccines are the first vaccines developed, causing autoimmune

diseases
• other vaccines targeting Ang I, Ang II, AT1R: lowered BP without

significant side effects: CYT006-AngQb, an Ang II Vaccine, clinical phase II
• non-RAAS-targeted vaccine, short peptide ADR004 (cgiteeagy), α1D-

adrenoceptor (α1D-AR), lowered BP, target organ protection



Sympathetic dysregulation

• An important cause of essential hypertension
• Increased cardiac output, increased systemic vascular tone, and

elevated plasma catecholamine levels
• Patients with hypertension: greater muscle sympathetic nerve

activity (MSNA) and lower baroreflex response
• MSNA plays a significant role in determining total peripheral

resistance and vasoconstrictive function by controlling skeletal
muscle

• Sympathetic hypertension varies widely among individuals
:associated with circadian patterns and mental status





• The manifestations of BP changes in sympathetic hypertension (all
be associated with autonomic dysregulation): morning hypertension,
nocturnal hypertension, sleep apnea–related hypertension,
orthostatic hypertension, resistant hypertension

• Sympathetic overdrive: promotes hypertension-related target organ
damage, such as left ventricular hypertrophy and dysfunction,
congestive heart failure, renal insufficiency

• Exercise is an important way of controlling sympathetic
hypertension: high-intensity interval training can reduce BP by
reducing MSNA

• Renal denervation (RDN), Abrogation of renal sensory afferent
nerves: a potential treatment for resistant hypertension caused by
sympathetic dysregulation.



Genetics

• More than 500 loci involved in the regulation of BP by GWAS, taking the
total number of BP genetic loci to over 1,000.

• single nucleotide polymorphism (SNPs) provide a potential pathogenic
mechanism for essential hypertension

• In a recent study: multiple SNP analyzed as a polygenic risk score (PRS)
was predictive of early-onset hypertension in a progressive fashion, those
with the highest of 2.5% of PRS had an almost 3-fold risk of developing
hypertension, whereas a low PRS was protective

• Proper use of SNPs may provide potential ways to diagnose and
treatment of hypertension.





Epigenetics 

• Genetics alone is not sufficient to explain the variability in
BP

• Potential contribution of epigenetic mechanisms in
essential hypertension.

• Genome-wide DNA methylation has been associated with
susceptibility to hypertension in human.

• RNA methylation may also contribute to essential
hypertension

• Other epigenetic modifications, including post-
translational histone modifications, non-coding RNA



N6-adenosine methylation (m6A): a promising new molecular target in hypertension and 
cardiovascular diseases. Hypertension Research https://doi.org/10.1038/s41440-019-0338-z



Interactions between the pathogenesis of 
hypertension

• Mosaic Theory: explain the pathogenesis of hypertension, in
which hypertension is considered as a response to different
combinations of traits and stressors.

• In addition to vascular function, salt intake, sympathetic
activation, genetics, microbiome, and renal mechanisms, the
new Mosaic Theory also highlights inflammation and
oxidative stress



Circ Res. 2021 April 02; 128(7): 847–863. doi:10.1161/CIRCRESAHA.121.318082. 





Oxidative 
stress 

Inflammation

Immune cell 
activation 

•Characterized by
excessive production of
reactive oxygen species
and an altered
oxidation–reduction
(redox) state

Generation of reactive oxygen
species is influenced by Ang II,
endothelin-1 (ET-1), aldosterone
and salt (sodium)



• Immunoinflammation is promoted by genetic
susceptibility, neurohumoral activation, salt
influences, and gut microbiome

• Inflammation and the dysregulated immune system
are closely linked to each other and that
immunoinflammation is involved in hypertension

• Oxidative stress and increased generation of reactive
oxygen species represent the common molecular
basis linking immunoinflammation to hypertension,



Circ Res. 2021 April 02; 128(7): 847–863.doi:10.1161/CIRCRESAHA.121.318082. 



Toll like receptor and 
innate immunity 

Int. J. Mol. Sci. 2021, 22, 3451. 
https://doi.org/10.3390/ijms22073451







Circ Res. 2021 April 02; 128(7): 847–863. doi:10.1161/CIRCRESAHA.121.318082. 



Circulating biomarkers

• Biomarkers for patient classification, risk stratification and monitoring of
response to therapy is an important integral component of diseases
diagnosis and treatment

• Several novel measurable circulating biomarkers have been identified
• Pentraxin 3 (PTX3) induced endothelial dysfunction and increased blood

pressure
• Compared with normotensive subjects, hypertensive patients have higher

plasma levels of PTX3 and its mediators P-selectin and matrix
metalloproteinase-1 (MMP1, regulated by PTX3)

• Combination of PTX3, P-selectin and MMP-1 may be a novel biomarker for
predicting the onset of vascular dysfunction in hypertensive patients



Sortilin, a member of the vacuolar protein sorting 10 (VPS10P) family of receptors:
positively correlated with vascular and metabolic disorders
Sortilin: endothelial dysfunction of mesenteric arteries through NADPH oxidase 2
(NOX2) isoform activation
plasmacid sphingomyelinase (ASMase) or sphingosine kinase 1 activity and plasma
levels of sortilin increased in hypertensive subjects, especially in those with
uncontrolled blood pressure and resistant hypertension
Some other biomarkers: Sphingosine-1-phosphate, bactericidal/permeability-
increasing fold-containing family B member 4 (BPIFB4), klotho, exosomal microRNAs
(such as miR-130a, miR-195.), and SUV420H1
These markers have the potential to classify essential hypertension due to
biomarkers’ specificity: PTX3 or Sortilin is related to vascular dysfunction, SUV420H1
is identified as a potential biomarker for the early diagnosis of salt-sensitive
hypertension
provide guidance for targeted treatment of hypertension



Targeting the ASMase/S1P pathway protects from sortilin-evoked vascular damage in 
hypertension, Reference information: J Clin Invest. 2022;132(3):e146343. 
https://doi.org/10.1172/JCI146343



Am J Physiol Heart Circ Physiol 320: H1486–H1497, 2021. First 
published February 12, 2021; doi:10.1152/ajpheart.00888.2020









• To the original theory (70 years ago), modern research
has added not only new mechanisms but also, strong
evidence for the existence of reciprocal influences
between different CV control systems, as a result of
which alteration of one system may favor or reinforce
alterations of the other systems and vice versa

• Combination of mechanistically different drugs lowers
BP much more effectively than monotherapy

• Provide possibility to targeted therapy


