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Abstract

Hypertension is the most common health concern 
worldwide and one of the most major risk factors for cardio-
vascular disorders, stroke, myocardial infarction and renal 
disease, affecting up to 20-30 % of the general population. 
Also, hypertension is a complex and multifactorial illness 
with genetic, environmental, inflammatory and demograph-
ic factors. Increased oxidative stress and pro-inflammatory 
cytokines and reduced anti-inflammatory cytokines and 
antioxidant enzymes system characterize the hypertensive 
patients. Chronic inflammation induces endothelial dys-
function via elevated Ros generation through pro-inflamma-
tory cytokines. Increased serum levels of pro-inflammatory 
cytokines such as leptin, IL-1β, IL-6, IL-17, and TNFα have 
been associated with either decreased anti-inflammatory 
cytokine as IL-10 or Il-37 in hypertensive patients. Consider-
ing that inflammation plays a critical part in the progression 
of hypertension and its subsequent end-organ damage, hy-
pertensive patients could benefit as a new therapeutic op-
tion from immunosuppressive therapies. This chapter aims 
to explore the role of several factors on the pathophysiology 
of hypertension, focusing mainly on oxidative stress and cy-
tokines. 

Introduction

Hypertension is a serious public health problem along with 
its high prevalence worldwide [1]. However, the definitions were 
proposed by the Joint National Committee [2] and WHO are two 
popular definitions that are being used. According to WHO [3], 
hypertension was defined as Systolic Blood Pressure (SBP) equal 
to or above 140 mmHg and/ or diastolic blood pressure (DBP) 
equal to or above 90 mmHg. Joint National Committee7 (JNC7) 
defined normal BP as a SBP < 120 mmHg and DBP < 80mmHg. 
The grey area falling between SBP of 120-139 mmHg and DBP 
of 80-89 mmHg is defined as “prehypertension” [3]. While pre-
hypertension is not in itself a medical condition, prehyperten-
sive subjects are at higher risk for developing hypertension [4]. 
While most hypertension patients remain asymptomatic, some 
people with hypertension suffer headaches, lightheadedness, 
impaired vision, or diminished episode [5].

Globally, the number of patients with hypertension increased 
from 594 million in 1975 to 1.13 billion in 2015. In addition, the 
expected number of adults with hypertension will rise to 1.56 
billion in 2025 [6]. The complication of hypertension is respon-
sible for at least 45% of the deaths from cardiovascular disease 

and 51% of the deaths from stroke [7]. Systemic low-grade 
inflammation can be defined as a 2- to 3-fold increase in plasma 
levels of cytokines and acute phase proteins [8]. Moreover, hy-
pertensive patients have higher plasma concentrations of pro-
inflammatory cytokines. Recently, Sproston and Ashworth [9] 
demonstrated that the higher plasma IL-6, IL-1, and TNF-a level 
in hypertensive patients as compared to normotensive patients 
[10]. This chapter aims to discuss the role of inflammatory 
mechanisms on the pathophysiology of hypertension.

Types of hypertension 

Hypertension can be classified as primary (or essential) hy-
pertension and secondary hypertension accounting for 95% and 
5% of hypertensive patients, respectively [11].

 Primary (essential) hypertension 

Primary hypertension has no known etiology which can be 
clearly identified. Primary hypertension differs from second-
ary because elevation of the blood pressure occurs secondary 
to another known cause [12]. While primary hypertension is 
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unrecognizable cause, several studies have shown many risk 
factors for primary hypertension, such as age, family history, 
obesity, alcohol consumption and smoking [13]. Hypertension 
results from a dynamic gene- and environmental-factor rela-
tionship. Many familiar genetic variants have been identified, 
with small effects on blood pressure [14]. Several environments 
affects blood pressure; excessive consumption of salt raises 
blood pressure in individuals who are sensitive to salt; lack of 
exercise, obesity and depression [15] may play a role in particu-
lar circumstances. The possible role of other factors such as caf-
feine consumption and vitamin-D deficiency is less clear [16]. It 
is also thought that insulin resistance, common in obesity and 
a component of metabolic syndrome, correlates with hyperten-
sion [17]. 

Secondary hypertension 

Many known cause results from secondary hypertension. This 
cause may be particular pathophysiology or disorder leading to 
hypertension or the creation of blood pressure may be due to 
the intake of certain foods or drugs [12]. Secondary causes of 
hypertension include renal parenchymal disease, Cushing ‘s 
syndrome, primary hyperaldosteronism, renovascular disease, 
aorta coarctation, pheochromocytoma, hyperthyroidism, and 
hyperparathyroidism. Alcohol- and oral contraceptive-induced 
hypertension and hypothyroidism are often included in this 
group [18]. Also, in adults and older patients, atherosclerotic 
renal artery stenosis, renal failure, and hypothyroidism are 
common causes [19]. Many causes of secondary hypertension 
include apnea during pregnancy and other prescription medi-
cation, herbal treatments and illicit drugs such as cocaine and 
methamphetamine [20]. 

Pathophysiology of hypertension

Although the etiology of essential hypertension is unknown, 
it usually begins in the fifth or sixth decade of life, is most often 
linked to increased salt intake and obesity, and has a close rela-
tionship to family history, underlining the possibility of genetic 
predisposition for the disease. The general symptom in the sce-
narios is the derangement of multiple mechanisms involved in 
regulating blood pressure and as such the mechanisms involved 
in the development of the disorder were the sympathetic ner-
vous system, the renin angiotensin aldosterone system, the en-
dothelial function plus sodium and water retention [21].

Both environmental and genetic factors play a key role in 
increasing Blood Pressure (BP) values. Hypertension is graded 
as a complex and multifactorial diseases after these factors 
are involved [22]. The majority of hypertensive patients have 
adaptable cardiovascular risk factors such as diabetes, over-
weight, smoking habits, sedentary lifestyle and salt ingestion. It 
is reconsidered to modify these factors to maintain a controlled 
blood pressure [23]. Obesity, insulin resistance, oxidative stress, 
compassion for exercise, endothelial dysfunction, increased 
inflammatory mediators, activated renin-angiotensin and ob-
structive sleep apnea have been proposed as potential causes 
for the development of hypertension [24].

Cardiac output and peripheral resistance

Maintaining normal blood pressure depends on the balance 
between the cardiac output and vascular peripheral resistance. 
Most patients with hypertension have normal heart perfor-
mance but increased peripheral resistance [25]. In addition, 
large arteries or capillaries and small arterioles which contain 
smooth muscle cells decide the peripheral resistance. Contrac-

tion of smooth muscle cells is thought to be associated with 
a rise in intracellular calcium concentration which may explain 
the vasodilatory effect of drugs blocking the calcium channels. 
Prolonged smooth muscle constriction is thought to cause 
structural changes with thickening of the arteriolar vessel walls 
potentially mediated by angiotensin, leading to an irreversible 
increase in peripheral resistance [21].

Autonomic nervous system

Sympathetic activation of the nervous system can cause both 
constriction of the arteries and dilation of the arteries. The au-
tonomic nervous system, therefore, plays an important role in 
responding to stress and physical activity in maintaining normal 
blood pressure and mediating short-term changes in blood pres-
sure [26]. A major player in the development of hypertension 
influencing blood pressure through two mechanisms, namely 
the efferent and afferent mechanisms, is the renal sympathetic 
nervous system. The efferent pathway carries signals from the 
nervous system to the kidney leading to (1) Increases renin re-
lease thereby activating the Renin-Angiotensin-Aldosterone 
System (RAAS), and (2) Increasing sodium and water retention, 
resulting in increased circulating volumes and (3) therefore, in-
creased blood pressures [27].

Genetic factors

While separate genes and genetic factors have been linked 
to the development of critical hypertension, multiple genes are 
most likely contributing to a specific individual’s development 
of the disorder. Even so, in subjects of one or two hypertensive 
parents, hypertension is around twice as severe, and several 
epidemiological studies indicate that hereditary factors account 
for around 30 percent of the variability in blood pressure in dif-
ferent populations. This figure can be derived from comparisons 
of parents with their monozygotic and dizygotic twin children, 
as well as their other children, and with adopted children [21].

Renin-angiotensin-system

Biochemical, physiological and behavioral studies have indi-
cated that the Renin Angiotensin System (RAS) is primarily in-
volved in producing hypertension via two tissue and circulating 
mechanisms [28]. The tissue RAS was in a state of excessively 
constant blood contact. Angiotensinogen, angiotensin AngI and 
AngII are developed locally and are also affected by the cells 
during which the AngII receptors are overexpressed [29]. An-
giotensinogen production is a cause and effect of adipocyte hy-
pertrophy and ends by the action of AngII in elevating force per 
unit area. In obese hypertensive, elevated rates and abnormally 
distributed free fatty acids were identified, during which they 
increased vascular α-adrenergic sensitivity and consequently 
increased α-adrenergic tone [30].

Mechanisms of obesity-induced hypertension 

Indeed, epidemiological studies suggest that 65-75% of the 
risk for hypertension is attributed to excess weight [31]. The 
endocrinology of adipose tissue is a novel and most promising 
field of obesity and hypertension research which links these 
two pathological conditions. Adipose tissue is now a prolific or-
gan that secretes many immunomodulators and bioactive mol-
ecules [32]. Based on the concept of infinite feedback gain, the 
arterial-pressure regulation system of diuresis and natriuresis 
tends to be moved towards higher levels of blood pressure in 
obese individuals [33]. Extracellular-fluid volume is expanded 
and the kidney-fluid apparatus is resettled to a hypertensive 
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level, consistent with a model of hypertension because of vol-
ume overload. Production of the plasma renin, angiotensino-
gen, angiotensin II and aldosterone shows substantial increases 
during obesity. Insulin resistance and inflammation can pro-
mote changed vascular function profile and hypertension as a 
consequence. Leptin and other neuropeptides are possible links 
between obesity and the development of hypertension [30].

Endothelial dysfunction

Endothelial dysfunction is one of the most possible inflam-
matory mechanisms which can promote hypertension [34]. The 
key underlying cause for endothelial hypertension dysfunction 
is the decline in Nitric Oxide (NO) supply as a consequence of 
elevated oxidative stress in these patients. Inhibition of the 
Nitric Oxide Synthase (eNOS) originating from endothelium is 
known as a possible etiological factor in blood pressure initia-
tion. Moreover, eNOS is contributed to excessive vascular oxida-
tive stress and vascular inflammation. Recently, the Endothelial 
Progenitor Cells (EPC’s) have been implicated in the mainte-
nance of arterial stiffness [25,35]. It is commonly manifested as 
vasodilatation dependent on endothelium due to an imbalance 
between vasoconstrictors and vasodilators [36]. Dinh et al. [8] 
mentioned that the inflammation can alter the rates of synthe-
sis and degradation of vasoconstrictors and vasodilators includ-
ing NO, and impaired NO bioactivity is associated with hyper-
tension. For example, both CRP and TNF have been shown to 
attenuate NO development by destabilizing eNOS mRNA, which 
decreases the expression of NOS proteins and inhibiting TNF re-
store endothelial-dependent vasodilation in humans.

Inflammation in hypertension and metabolic syndrome

The inflammatory marker with the greatest correlation with 
hypertension is known to be the C-Reactive Protein (CRP). 
Through several clinical trials, it has been shown that hyperten-
sive patients have generally raised levels of plasma CRP [37]. 
The higher baseline CRP levels are associated with a higher risk 
of developing overt hypertension [38]. The concept that sys-
temic low-grade inflammation may precede hypertension. 

Oxidative stress and hypertension

Antioxidant/oxidant balance is an important physiological 
regulator in the pathogenesis of hypertension. Endothelial dys-
function is a cause of hypertension partially mediated by oxi-
dative stress, in addition antioxidants provide defense against 
vascular oxidative stress through neutralization of free radicals 
and protecting NO from inactivation [39]. The antioxidant ad-
ministration enhances brachial artery flow-mediated dilation, 
decreases arterial stiffness, and alters markers of oxidative 
stress, including decreasing plasma lipid hydroperoxides [40]. 
Notably, Abdilla et al. [41] reported that humans with essential 
hypertension have reduced SOD activity, thus proofed that in-
dividuals with hypertension exhibit increased oxidative stress. 
Hypertensive with other components of metabolic syndrome 
demonstrated elevated oxidative stress and exposed antioxi-
dant capacities [42].

Reactive Oxygen Species (ROS) is a major cause of endothe-
lial dysfunction, where decline in NO bioavailability via the di-
rect chemical reaction of superoxide with NO, resulting in the 
formation of peroxynitrite and leads to final endothelial dys-
function [43]. Excessive ROS levels stimulate cellular damage 
by interacting with DNA, lipids, and protein resulting in further 
vascular impairment in either structure or function. Regarding 
other immune cells such as T cells, macrophages, and neutro-

phils express NADPH oxidase subunits and produce ROS; results 
in lower superoxide production and hypertension in response 
to Ang-II [44]

Clinically, the oxidative/antioxidant status was assessed by 
measuring oxidized/reduced glutathione, ROS-induced prod-
ucts of lipid peroxidation (malonaldehyde, MDA), genomic and 
mitochondrial DNA damage, plasma activity of SOD and Catalase 
(CAT) and activity of GSH-Px in hemolysed erythrocytes. These 
parameters were evaluated in hypertensive patients, some of 
them having criteria for Mets, and in normotensives [45]. The 
oxidative stress and the reduction in activity of antioxidant en-
zymes observed in hypertensive were not affected by the pres-
ence of additional components of the metabolic disorder [46].

Cytokines and hypertension

Hypertension is considered a chronic inflammation state 
[47]. The hypertensive patients are characterized by increase 
of pro-inflammatory cytokines secretion such as IL-1β, IL-6, 
IL-8, IL-17, IL-23, leptin and TNF-α [10]. Inflammation stimu-
lates endothelial dysfunction and atherosclerosis development 
through Reactive Oxygen Species (ROS) [48] which promotes 
pro-inflammatory cytokine production, increasing IL-6 expres-
sion resulting in decreasing Nitric Oxide (NO) production [47]. In 
hypertensive patients, TNF-α is remarkably increased and may 
play an important role in the pathogenesis and the develop-
ment of hypertensive. The increased angiotensin II in hyperten-
sion increase transcription and synthesis of pro-inflammatory 
cytokines such as TNF-α, which in turn activate the synthesis of 
angiotensinogen, whereby lead to the overexpression at down-
stream of angiotensin that finally contracts the vascular and fa-
cilitates hyperplasia [49]. 

Leptin with hypertension

Leptin was thought to be related to cardiovascular risk fac-
tors and increased as metabolic disorders increased risk [50]. 
Some studies have shown that the concentration of serum lep-
tin increases with the increasing levels of body fat especially 
subcutaneous fat [51]. Also, several studies found that leptin 
levels increased with an increase in the number of metabolic 
disorders [52]. Besides this, Patel et al. observed that leptin can 
be a significant link in the pathogenesis of hypertension and 
heart disease caused by obesity and metabolic disorder [53].

It is now well accepted that leptin can trigger the sympathetic 
nervous system through both local peripheral actions and cen-
trally mediated hypothalamus effects [54]. However, acute sys-
temic administration of leptin was associated with peripheral 
activation without elevation of the sympathetic nervous system 
in MAP [55]. The lack of impact of leptin on arterial blood pres-
sure in normal subjects may therefore reflect a balanced action 
of vasodilatation primarily mediated by NO and vasoconstric-
tion primarily mediated by the sympathetic nervous system, 
resulting in a neutral hemodynamic action. [56].

Interleukin (IL-1 β) with hypertension

Resistant hypertension individuals have higher levels of in-
flammatory cytokines (Such as IL-1β) as well as increased ar-
terial stiffness and detectable IL-1β levels are associated with 
arterial stiffness which means that inflammation plays a pos-
sible role in the pathophysiology of resistant hypertension [57]. 
The positive correlation found between IL-1β and the blood 
pressure may be due to IL-1β directly triggered contractile re-
sponses and enhanced those to the α1-adrenoceptor agonist, 
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phenylephrine [58]. Together with the IL-1β-mediated impair-
ment of endothelium-dependent vasodilatation, such increases 
in contractile activity could conceivably contribute to increased 
total peripheral vascular resistance, which is a major determi-
nant of blood pressure [59] and levels of IL-1Ra were found to 
be elevated in patients with essential hypertension compared 
with normotensive individuals [60], and this might be indicative 
of a compensatory response to offset elevated concentrations 
of IL-1β [59].

Interleukin (IL-6) with hypertension

Several cytokines (e.g., TNFα, [interferon gamma], IL-1β, and 
IL-6) are expected to cause acute and chronic inflammatory 
thrombo-inflammatory responses, with IL-6 being considered a 
cardiovascular disease clinical biomarker [61]. IL-6, IL-6R, and 
T-cell–dependent IL-6 signaling in Ang II–induced thrombo-in-
flammation, which may provide new therapeutic possibilities 
for drug discovery programs for the management of hyperten-
sion [62]. Moreover, Chamarthi et al [63] revealed the relation 
between hypertension and inflammation and provided human 
data supporting previous animal studies evidence that IL-6 plays 
a role in hypertension mediated by ANGII. Particularly, com-
pared with rates in a liberal sodium diet, neither IL-6 nor CRP 
were higher with a low salt diet triggering the RAS, suggesting 
that a low sodium diet is not inflammatory despite increased 
RAS activity

Interferon gamma with hypertension

An essential mechanism by which IFN-ÿ may promote hy-
pertension is its ability to induce angiotensinogen expression 
in both hepatocytes and the proximal tubular cells of the renal 
[64]. While angiotensinogen is not considered a rate limit for 
the systemic production of angiotensin II, its role in angiotensin 
II tubular development appears more important [65]. This an-
giotensin II promotes reabsorption of sodium and volume in 
both proximal and distal nephron. This is mediated by actions 
on the apical sodium hydrogen exchanger 3, basolateral Na / 
HCO3 co-transport, and Na-K ATPase in the proximal tubule. 
Thus, it is conceivable that infiltration of T cells releasing IFN-π 
could modulate local angiotensinogen production, increase so-
dium reabsorption and worsen hypertension in a feed-forward 
fashion [64].

Interleukin 17 with hypertension

Many studies have established a subset of T cells in cardio-
vascular disease that are distinguished by the development of 
IL-17 (Th17 cells) [66]. Recent evidence also supports IL-17 ‘s 
function in cardiovascular illness and hypertension [67]. In turn, 
IL-17 induces IL-1, IL-6, and TNF- secretion, also associated with 
atherosclerosis and hypertension [68]. In order to assist these 
results, IL-17A inhibition regulated the penetration of inflam-
matory aortic walls into mice. Synthesis of IL-17 in the aortic 
media is also induced by infusion of Ang II in mice and humans 
[69]. Although IL-17A is associated with Ang II hypertension, re-
nal dysfunction and renal sodium transporter modulators, stud-
ies indicate that IL-17A or IL-17RA receptor subunit antibodies 
could be a novel adjunct hypertension therapy [10]. 

IL-10 with hypertension 

IL-10 is a multifunctional and active anti-inflammatory cy-
tokine. IL-10’s primary function is to restrict and remove in-
flammatory responses by inhibiting a wide range of immune 
parameters [70]. It was shown that IL-10 improves endotheli-

um-dependent relaxation by inhibiting NADPH oxidase activity 
in Ang II-hypertensive rats, improving their blood pressure [71]. 
However, the direct interplay between IL-10 and VSMC contrac-
tility during hypertension remains an unexplored area. Lima et 
al [72] Show a strong IL-10 effect on smooth, moist muscle cells. 
We showed that the absence of endogenous IL-10 when infused 
with Ang II resulted in increased vascular constriction; whereas 
exogenous IL-10 infusion prevented this effect, suggesting that 
IL-10 is capable of controlling vascular smooth muscle contrac-
tion and partially preventing Ang II actions. 

IL-37 with hypertension 

IL-37 has important anti-inflammatory, immune deviatory, 
immunosuppressive, anticancer and metabo-regulatory effects. 
IL-37 dramatically reduces the release of cytokines in mac-
rophages and dendritic cells (DCs). The IL-37 binding to its recep-
tor activates Signal Transducers and Activators of Transcription 
3 (STAT-3) and inhibits nuclear factor-kB (NF-kB) signals [73]. In 
addition, IL-37 has an important role in keeping plaque stability 
in fibrous caps in atherosclerosis and reduces the inflammation 
associated with atherosclerosis [74]. The protective role of IL-
37 in hypertension has not been clearly investigated. Therefore, 
further studies are needed to fully investigative the therapeutic 
potential of IL-37 [75]. Furthermore, genetic variants in inflam-
matory cytokine genes may have the ability to alter the regu-
lation of transcript synthesis or function and a change in the 
role or the quantity of a specific cytokine which may lead to the 
initiation or inhibition of the inflammatory process (Yan et al., 
2015) [76] and immune-mediated therapies targeting cytokines 
or resident adipose tissue macrophages in obese individuals 
could be useful as therapeutic options [77].

Conclusion

The available evidence reinforces the claim that both oxida-
tive and cytokine stress could play a vital role in the hyperten-
sion pathway. Salt intake, obesity and insulin resistance, the 
renin-angiotensin system, and the sympathetic nervous system 
are among the factors which have now been physiologically rel-
evant. Certain factors have been studied over the past few years 
including genetics, endothelial dysfunction, low birth weight 
and gestational feeding, and neurovascular abnormalities. Ad-
ditional researches are necessary in order to clarify the associa-
tion of immune cytokines with the nervous system, kidney, and 
vasculature and how it could be disturbed to provide therapeu-
tic benefit. Also, further work is required to determine whether 
drugs that target hypertensive-linked pro-inflammatory cytok-
ines, such as monoclonal antibodies, may become a new thera-
peutic choice in hypertension treatments.

References

1. Abebe SM, Berhane Y, Worku A, Getachew A. Prevalence and 
associated factors of hypertension: A crossectional commu-
nity based study in northwest ethiopia. PloS one. 2015; 10: 
e0125210. 

2. Joint National Committee. Basis for Reclassification of Blood 
Pressure. The Seventh Report of the Joint National Committee 
on Prevention, Detection, Evaluation, and Treatment of High 
Blood Pressure. National High Blood Pressure Education Pro-
gram. 2004; Report No.: 04-5230

3. World Health Organization. A Global Brief on Hypertension: Si-
lent Killer, Global Public Health Crisis. Genava: World Health Or-
ganization. 2013.



5An eBook on Vascular Diseases

MedDocs eBooks

4. Erem C, Hacihasanoglu A, Kocak M, Deger O, Topbas M. Preva-
lence of prehypertension and hypertension and associated risk 
factors among Turkish adults: Trabzon hypertension study. J 
Public Health. 2009; 31: 47-58.

5. Singh MV, Cicha MZ, Kumar S, Meyerholz DK, Irani K, et al. Ab-
normal CD161+ immune cells and retinoic acid receptor-related 
orphan receptor γt-mediate enhanced IL-17F expression in the 
setting of genetic hypertension. J Allergy Clin Immunol. 2017; 
140: 809-821. 

6. World Health Organization. Global status report on noncommu-
nicable diseases 2010. 

7. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, et al. “A com-
parative risk assessment of burden of disease and injury attrib-
utable to 67 risk factors and risk factor clusters in 21 regions, 
1990-2010: A systematic analysis for the Global Burden of Dis-
ease Study 2010. The Lancet. 2010; 380: 2224-2260.

8. Dinh QN, Drummond GR, Sobey CG, Chrissobolis S. Roles of in-
flammation, oxidative stress, and vascular dysfunction in hyper-
tension. Biomed Res Int. 2014; 2014: 406960.

9. Sproston NR, Ashworth JJ. Role of C-Reactive Protein at Sites of 
Inflammation and Infection. Front Immunol. 2018; 9: 754.

10. Tanase DM, Gosav EM, Radu S, Ouatu A, Rezus C, et al. Arterial 
Hypertension and Interleukins: Potential Therapeutic Target or 
Future Diagnostic Marker? Int J Hypertens. 2019; 2019: 3159283.

11. Weber MA, Schiffrin EL, White WB, Mann S, Lindholm LH, et al. 
Clinical practice guidelines for the management of hypertension 
in the community: A statement by the American Society of Hy-
pertension and the International Society of Hypertension. J Clin 
Hypertens. 2014; 16: 14-26. 

12. Eckman M, Kirk K. Pathophysiology: Made incredibly easy (5th 
ed.).Philadelphia: Wolters Kluwer Health. 2013.

13. Chataut J, Adhikari RK, Sinha NP. The prevalence of and risk fac-
tors for hypertension in adults living in central development re-
gion of Nepal. Kathmandu Univ Med J (KUMJ). 2011; 9: 13-18.

14. Russo A, Di Gaetano C, Cugliari G, Matullo G. Advances in the 
Genetics of Hypertension: The Effect of Rare Variants. Int J Mol 
Sci. 2018; 19: 688. 

15. Le C, Zhankun S, Jun D, Keying Z. The economic burden of hyper-
tension in rural south-west China. Trop Med. Int Health. 2012; 
17: 1544-1551. 

16. Mesas AE1, Leon-Muñoz LM, Rodriguez-Artalejo F, Lopez-Garcia 
E. The effect of coffee on blood pressure and cardiovascular dis-
ease in hypertensive individuals: A systematic review and meta-
analysis. Am J Clin Nutr. 2011; 94: 1113-1126

17. Sorof J, Daniels S. Obesity hypertension in children: A problem 
of epidemic proportions. Hypertens. 2002; 40: 441-447.

18. Akpunonu BE, Mulrow PJ, Hoffman EA. Secondary hypertension: 
Evaluation and treatment [published correction appears in Dis 
Mon 1997; 43: 62]. Dis Mon. 1996; 42: 609-722.

19. Charles L, Triscott J, Dobbs B. Secondary Hypertension: Discover-
ing the Underlying Cause. Am Fam Physician. 2017; 96: 453-461.

20. St. Clair. Mayo Clinic Health Information. Secondary hyperten-
sion. 2019.

21. Beevers G, Lip GY, O’Brien E. ABC of hypertension: The 
pathophysiology of hypertension. BMJ. 2001; 322: 912-916. 

22. Mariana B, Pereira P. Prevalence of hypertension in the adult 
population in the municipality of Fundão. Portuguese Journal of 
Hypertension and Cardiovascular Risk. 2014; 41: 8-17.

23. Selem SS, Castro MA, César CL, Marchioni DM, Fisberg RM. Va-
lidity of self-reported hypertension is inversely associated with 
education in Brazilians. Arq Bras Cardiol. 2013; 100: 52-59. 

24. Yanai H, Tomono Y, Ito K, Furutani N, Yoshida H, et al. The un-
derlying mechanisms for development of hypertension in the 
metabolic syndrome. Nutr J. 2008; 7: 10.

25. Delacroix S, Chokka RG, Worthley SG. “Hypertension: Pathophys-
iology and treatment.” J Neurol Neurophysiol. 2014; 5.

26. Sheng Y, Zhu L. The crosstalk between autonomic nervous sys-
tem and blood vessels. Int J Physiol Pathophysiol Pharmacol. 
2018; 10: 17-28. 

27. Sata Y, Kawada T, Shimizu S, Kamiya A, Akiyama T, et al. Predomi-
nant role of neural arc in sympathetic baroreflex resetting of 
spontaneously hypertensive rats. Circ J. 2015; 79: 592-599. 

28. Nehme A, Zouein FA, Zayeri ZD, Zibara K. An Update on the Tis-
sue Renin Angiotensin System and Its Role in Physiology and Pa-
thology. J Cardiovasc Dev Dis. 2019; 6: 14. 

29. Roman RJ, Fan F, Zhuo JL. Intrarenal Renin-Angiotensin System: 
Locally Synthesized or Taken up Via Endocytosis?. Hypertens. 
2016; 67: 831-833.

30. Hall JE, de Carmo JM, da Silva AA, Wang Z, Hall ME. Obesity-
induced hypertension: Interaction of neurohumoral and renal 
mechanisms. Circ Res. 2015; 116: 991-1006.

31. Poorolajal J, Hooshmand E, Bahrami M, Ameri P. How much ex-
cess weight loss can reduce the risk of hypertension? J Public 
Health (Oxf). 2017; 39: e95-e102. 

32. Hajer GR, van Haeften TW, Visseren FL. Adipose tissue dysfunc-
tion in obesity, diabetes, and vascular diseases. Diabetes, and 
vascular diseases. Eur Heart J. 2008; 29: 2959-2971.

33. Kotsis V1, Stabouli S, Papakatsika S, Rizos Z, Parati G. Mecha-
nisms of obesity-induced hypertension. Hypertens Res. 2010; 
33: 386-393.

34. Puddu P, Puddu GM, Zaca F, Muscari A. Endothelial dysfunction 
in hypertension. Acta Cardiologica. 2000; 55: 221-232.

35. Förstermann U. Nitric oxide and oxidative stress in vascular dis-
ease. Pflugers Arch. 2010; 459: 923-939. 

36. Gimbrone MA Jr, García-Cardeña G. Endothelial Cell Dysfunction 
and the Pathobiology of Atherosclerosis. Circ Res. 2016; 118: 
620-636.

37. Gupta S, Gupta VK, Gupta R, Arora S, Gupta V. Relationship of 
high-sensitive C-reactive protein with cardiovascular risk fac-
tors, clinical presentation and angiographic profile in patients 
with acute coronary syndrome: An Indian perspective. Indian 
Heart J. 2013; 65: 359-365. 

38. Hage FG. C-reactive protein and hypertension. J Hum Hypertens. 
2014; 28: 410-415.

39. Birben E, Sahiner UM, Sackesen C, Erzurum S, Kalayci O. Oxidative 
stress and antioxidant defense. World Allergy Organ J. 2012; 5: 9-19.

40. Donato AJ, Machin DR, Lesniewski LA. Mechanisms of Dysfunc-
tion in the Aging Vasculature and Role in Age-Related Disease. 
Circ Res. 2018; 123: 825-848.

41. Abdilla N, Tormo MC, Fabia MJ, Chaves FJ, Saez G, et al. Impact 
of the components of metabolic syndrome on oxidative stress 
and enzymatic antioxidant activity in essential hypertension. J 
Hum Hypertens. 2007; 21: 68-75. 

42. Baradaran A, Nasri H, Rafieian-Kopaei M. Oxidative stress and 
hypertension: Possibility of hypertension therapy with antioxi-



6An eBook on Vascular Diseases

MedDocs eBooks

dants. J Res Med Sci. 2014; 19: 358-367. 

43. Matsubara K, Higaki T, Matsubara Y, Nawa A. Nitric oxide and 
reactive oxygen species in the pathogenesis of preeclampsia. Int 
J Mol Sci. 2015; 16: 4600-4614.

44. Nguyen GT, Green ER, Mecsas J. Neutrophils to the ROScue: 
Mechanisms of NADPH Oxidase Activation and Bacterial Resis-
tance. Front Cell Infect Microbiol. 2017; 7: 373.

45. Marrocco I, Altieri F, Peluso I. Measurement and Clinical Signifi-
cance of Biomarkers of Oxidative Stress in Humans. Oxid Med 
Cell Longev. 2017; 2017: 6501046.

46. Mocan M, Vesa Ş, Suciu Ş, Blaga SN. Systemic markers of oxida-
tive stress in relation to metabolic syndrome components. Clujul 
Med. 2013; 86: 227-234.

47. Harrison DG, Marvar PJ, Titze JM. Vascular inflammatory cells in 
hypertension. Front Physiol. 2012; 3: 128. 

48. Agita A1, Alsagaff MT. Inflammation, Immunity, and Hyperten-
sion. Acta Med Indones. 2017; 49: 158-165. 

49. Skurk T, Alberti-Huber C, Herder C, Hauner H. Relationship be-
tween adipocyte size and adipokine expression and secretion. J 
Clin Endocrinol Metab. 2007; 92: 1023-1033.

50. Yun JE, Kimm H, Jo J, Jee SH. Serum leptin is associated with 
metabolic syndrome in obese and nonobese Korean popula-
tions. Metabolism. 2010; 59: 424-429.

51. Minocci A, Savia G, Lucantoni R, Berselli ME, Tagliaferri M, et al. 
Leptin plasma concentrations are dependent on body fat distri-
bution in obese patients. Int J Obes. 2000; 24: 1139-1144.

52. Ukkola O, Kesaniemi YA. Leptin and high-sensitivity C-reactive 
protein and their interaction in the metabolic syndrome in mid-
dle-aged subjects. Metabolism. 2007; 56: 1221-1227.

53. Patel SB1, Reams GP, Spear RM, Freeman RH, Villarreal D. Lep-
tin: Linking obesity, the metabolic syndrome, and cardiovascular 
disease. Curr Hypertens Rep. 2008; 10: 131-137.

54. Mark AL, Agassandian K, Morgan DA, Liu X, Cassell MD, et al. Lep-
tin signaling in the nucleus tractus solitarii increases sympathet-
ic nerve activity to the kidney. Hypertension. 2009; 53: 375-380.

55. Lembo G, Vecchione C, Fratta L, Marino G, Trimarco V, et al. 
Leptin induces directs vasodilation through distinct endothelial 
mechanisms. Diabetes 2000; 49: 293-297.

56. Brook RD, Bard RL, Bodary PF, Eitzman DT, Rajagopalan S, et al. 
Blood Pressure and Vascular Effects of Leptin in Humans. Metab 
Syndr Relat Disord. 2007; 5: 270-274.

57. Barbaro NR, Fontana V, Modolo R, De Faria AP, Sabbatini AR. 
Fonseca FH Increased arterial stiffness in resistant hypertension 
is associated with inflammatory biomarkers. Blood Press. 2015; 
24: 7-13. 

58. Dorrance AM. Interleukin 1-beta (IL-1beta) enhances contrac-
tile responses in endothelium-denuded aorta from hyperten-
sive, but not normotensive, rats. Vascul Pharmacol. 2007; 47: 
160-165. 

59. Krishnan SM, Sobey CG, Latz E, Mansell A, Drummond GR. IL-1β 
and IL-18: Inflammatory markers or mediators of hypertension?. 
Br J Pharmacol. 2014; 171: 5589-5602.

60. Peeters AC, Netea MG, Janssen MC, Kullberg BJ, Van der Meer 
JW, et al. Pro-inflammatory cytokines in patients with essential 
hypertension. Eur J Clin Invest. 2001; 31: 31-36.

61. Sun J, Axelsson J, Machowska A, Heimbürger O, Bárány P, et 
al. Biomarkers of cardiovascular disease and mortality risk in 

patients with advanced CKD. Clin J Am Soc Nephrol. 2016; 11: 
1163-1172.

62. Senchenkova EY, Russell J, Yildirim A, Granger DN, Gavins FNE. Nov-
el Role of T Cells and IL-6 (Interleukin-6) in Angiotensin II-Induced 
Microvascular Dysfunction. Hypertension. 2019; 73: 829-838.

63. Chamarthi B, Williams GH, Ricchiuti V, Srikumar N, Hopkins PN, 
et al. Inflammation and hypertension: The interplay of interleu-
kin-6, dietary sodium, and the renin-angiotensin system in hu-
mans. Am J Hypertens. 2011; 24:1143-1148. 

64. Satou R, Miyata K, Gonzalez-Villalobos RA, Ingelfinger JR, Navar 
LG, et al. Interferon-γ biphasically regulates angiotensinogen ex-
pression via a JAK-STAT pathway and suppressor of cytokine sig-
naling 1 (SOCS1) in renal proximal tubular cells. FASEB J. 2012; 
26: 1821-1830. 

65. Kobori H, Nangaku M, Navar LG, Nishiyama A. The intrarenal 
renin-angiotensin system: From physiology to the pathobiology 
of hypertension and kidney disease. Pharmacol. Rev. 2007; 59: 
251-287.

66. Monin L, Gaffen SL. Interleukin 17 Family Cytokines: Signaling 
Mechanisms, Biological Activities, and Therapeutic Implications. 
Cold Spring Harb Perspect Biol. 2018; 10: a028522.

67. Eid RE, Rao DA, Zhou J, Lo SF, Ranjbaran H, et al. Interleukin-17 
and interferon-gamma are produced concomitantly by human 
coronary artery-infiltrating T cells and act synergistically on vas-
cular smooth muscle cells. Circulation. 2009; 119: 1424-1432. 

68. Allam G, Abdel-Moneim A, Gaber AM. The pleiotropic role of 
interleukin-17 in atherosclerosis. Biomed Pharmacother. 2018; 
106: 1412-1418.

69. Meena S, Madhur Heinrich E, Louise A. Interleukin 17 promotes 
angiotensin II–induced hypertension and vascular dysfunction. 
Hypertension. 2010; 55: 500-507.

70. Iyer SS, Cheng G. Role of interleukin 10 transcriptional regula-
tion in inflammation and autoimmune disease. Crit Rev Immu-
nol. 2012; 32: 23-63.

71. Kassan M, Galan M, Partyka M, Trebak M, Matrougui K. Inter-
leukin-10 released by CD4(+)CD25(+) natural regulatory T cells 
improves microvascular endothelial function through inhibition 
of NADPH oxidase activity in hypertensive mice. Arterioscler 
Thromb Vasc Biol. 2011; 31: 2534-2542.

72. Lima VV, Zemse SM, Chiao CW, Bomfim GF, Tostes RC, et al. In-
terleukin-10 limits increased blood pressure and vascular RhoA/
Rho-kinase signaling in angiotensin II-infused mice. Life Sci. 
2016; 145: 137-143.

73. Wang L, Quan Y, Yue Y, Heng X, Che F. Interleukin-37: A crucial 
cytokine with multiple roles in disease and potentially clinical 
therapy. Oncol Lett. 2018; 15: 4711-4719.

74. Liu J, Lin J, He S, Wu C, Wang B, et al. Transgenic Over expres-
sion of IL-37 Protects Against Atherosclerosis and Strengthens 
Plaque Stability. Cell Physiol Biochem. 2018; 45: 1034-1050.

75. Zhuang X, Wu B, Li J, Shi H, Jin B, et al. The emerging role of 
interleukin-37 in cardiovascular diseases. Immun Inflamm Dis. 
2017; 5: 373-379.

76. Yan N, Meng S, Song RH, Qin Q, Wang X, et al. Polymorphism of 
IL37 gene as a protective factor for autoimmune thyroid disease. 
J Mol Endocrinol. 2015; 55: 209-218.

77. Zafar U, Khaliq S, Ahmad HU, Lone KP. Serum profile of cy-
tokines and their genetic variants in metabolic syndrome and 
healthy subjects: A comparative study. Biosci Rep. 2019; 39: 
BSR20181202. 


