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Preface

Understanding the aspects related to crosstalk in complex biological processes in 
different organisms, such as plants, microorganisms, animals, and humans, is of 
utmost importance. This provides the information needed to achieve biological 
advancements. This book highlights the advances made in this field, which cover 
crosstalk in different biological processes. Current research trends, research direc-
tions, and challenges are also addressed. This book will provoke the interest of 
various readers, researchers, and scientists, who will find this information useful 
for the advancement of their research on biological processes in living organisms.

The book’s five chapters present an introduction to the crosstalk platform in 
understanding the biological processes in different living organisms. They 
also discuss the crossroad between obesity and cancer disease. Furthermore, 
they review the main mechanisms linking oral and cardiovascular disorders, 
the pathologies that could be linked, and the possibilities for prophylactic and 
therapeutic interventions.

The book editor would like to thank Ms. Romina Skomersic and Mr. Gordan Tot, 
Publishing Process Managers, for their wholehearted cooperation in the publication 
of this book.

Mohamed Ahmed El-Esawi, PhD
Sainsbury Laboratory,

University of Cambridge,
Cambridge, United Kingdom

Botany Department, Faculty of Science,
Tanta University,

Egypt
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Chapter 1

Introductory Chapter: Crosstalk 
Approach for a Deeper 
Understanding of the Biological 
Processes
Mohamed A. El-Esawi

1. Introduction

Molecular signaling has been widely studied in the recent years in order to inves-
tigate the different biological processes in living organisms. Information provided 
by this approach has been utilized to unravel the various functions of different mol-
ecules or organs in cells, which in turn facilitate the understanding of the molecular 
mechanisms underlying the physiological and biochemical processes in these 
organisms. Therefore, nowadays it is much easier to understand how the biological 
processes are regulated and controlled inside the organism cells. Understanding the 
crosstalk and molecular signaling pathways could also help to understand the gene 
regulatory networking. In plants, studying the signaling processes and crosstalk 
at the physiological, biochemical, and molecular levels would definitely help to 
improve the plant growth, development, survival, and productivity as well as to 
adapt plant crops to the challenging environmental conditions including abiotic and 
biotic stresses [1–5]. Furthermore, in animals and human, revealing the crosstalk in 
the biological processes leads to understanding how diseases can be controlled and 
treated. Therefore, more studies should discuss this matter at the different levels 
within living organisms. Such kind of information will definitely help to develop 
different advanced strategies to understand and control the cellular biological 
processes at different levels.

2. Crosstalk in biological processes

Several earlier studies have reported the crosstalk approach in understanding 
biological processes in different living organisms. For example, in plants, El-Esawi 
et al. [1] revealed that Trp triad substitution mutants at W400F and W324F posi-
tions can be photoreduced in whole cell extracts, albeit with reduced efficiency. 
The flavin signaling state (FADH°) has been shown to be stabilized in an in vivo 
context. These results confirmed that in vivo modulation by metabolites in the cel-
lular environment could has a key role in cryptochrome signaling and is discussed 
with regard to the possible impacts on the conformation of the C-terminal domain 
to create the biologically active conformational state. Furthermore, El-Esawi 
et al. [2] addressed that the blue-light induced biosynthesis of reactive oxygen 
species may contribute to the signaling mechanism of Arabidopsis cryptochrome. 
El-Esawi et al. [3] also addressed the processes of micropropagation technology 
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and its applications in crop improvement. Nonzygotic embryogenesis and somatic 
hybridization processes have been explained and assisted in plant development and 
crop improvement [4, 5]. Moreover, studying the physiological, biochemical, and 
molecular processes in plants helped to understand the plant development and to 
develop improved crop varieties tolerant to different environmental stresses [5–15]. 
In addition, earlier studies reported the importance of crosstalk in understanding 
the biological processes in other living organisms such as animals and humans. 
These approaches and processes could be discussed for further understanding and 
improvement.
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Chapter 2

Crossroad between Obesity and 
Cancer: A Defective Signaling 
Function of Heavily Lipid-Laden 
Adipocytes
Zsuzsanna Suba

Abstract

Obesity and its comorbidities exhibit a gender-related dimorphism. Obese males 
tend to accrue more visceral fat leading to abdominal adiposity, which shows a strong 
correlation with serious obesity-associated comorbidities, cardiovascular diseases 
and cancers. In contrast, obese females accumulate excessive fatty tissue predomi-
nantly subcutaneously enjoying strong protection from the obesity-related diseases. 
The health advantage of obese women as compared with obese men may be attrib-
uted to their higher estrogen production and an increased transactivation of estrogen 
receptors (ERs). The recently clarified intracrine, paracrine, and endocrine functions 
of adipose tissue illuminate that concentrations of estrogens and the suitable expres-
sion and activity of ERs strongly define all regulatory functions in both men and 
women. All well-known cancer risk factors are in correlation with defects of estrogen 
signaling in partnership with glucose intolerance as estrogen regulates all steps of 
glucose uptake. In central obesity, increased secretions of cytokines and growth 
factors are not causal factors of developing insulin resistance, and unrestrained cell 
proliferation, but rather, they are compensatory processes so as to increase estrogen 
synthesis and ER transactivation. In conclusion, a causal therapy against obesity and 
obesity-related diseases aims to improve estrogen signaling in both men and women.

Keywords: obesity, insulin resistance, estrogen signaling, cancer risk, cardiovascular 
disease, estrogen receptor, IGF-1, low-grade inflammation, inflammatory cytokines

1. Introduction

Gender-related differences in the risk for obesity-associated serious diseases, such 
as type 2 diabetes, cardiovascular lesions, and cancers, are well established [1, 2].

Fat deposition exhibits a strong sexual dimorphism defined by genetic factors 
[3]. Among healthy lean people, women have a higher body fat content than men. In 
obesity, males tend to accrue excessive visceral fat leading to abdominal adiposity, 
which shows a strong correlation with serious obesity-associated comorbidities. In 
contrast, obese females accumulate excessive fat deposition predominantly subcu-
taneously in the gluteofemoral region, gaining protection from the obesity-related 
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diseases. However, after menopause, excessive fat depositions in obese women show 
a shift to favor the visceral depot in a male-like manner, resulting in an increased 
risk for obesity and associated comorbidities [4]. Considering the gender and age-
related differences in the epidemiology of obesity and obesity-associated diseases, 
an imbalance of sexual hormone signaling emerges as a crucial player in the dys-
regulation of adipose tissue in obese patients [5].

Both clinical and experimental results suggest that obesity, particularly a 
visceral accumulation of fatty tissue, leads to insulin resistance, which is a defect of 
insulin-assisted cellular glucose uptake [6]. Dysregulation of glucose uptake may 
induce serious disorders in the gene regulation of cellular metabolism, growth, dif-
ferentiation, and mitotic activity as glucose is the most important fuel of genomic 
machinery in mammalian cells [7].

Insulin resistance was the first one among revealed cancer risk factors detrimen-
tally affecting cellular signaling functions [8]. Later on, defective estrogen signaling 
emerged as a second cancer risk factor, which directly deteriorates the functions of 
genomic machinery [9]. In the meantime, a central role of sexual steroid synthesis 
and estrogen signaling emerged as the chief regulator of all extragonadal tissues 
including adipose tissue [10]. Finally, a fundamental role of estrogen signaling in 
the regulation of both somatic and reproductive functions of mammalian cells was 
exposed [11].

The recently clarified intracrine, paracrine, and endocrine functions of adipose 
tissue illuminate that concentrations of estrogens, and the appropriate expression 
and activity of their receptors, strongly define the regulatory functions of central 
adipose tissue in both men and women [12]. Decreased estrogen signaling induces 
central obesity through an increased lipogenesis and insulin resistance of abdomi-
nal adipocytes. The excessive lipid storage strongly inhibits the signaling crosstalk 
between adipose cells and visceral organs, including intestine, liver, pancreas, 
kidneys and cardiovascular system. The disturbed inter-tissue crosstalk may cause 
defects in both metabolic and mitotic activities of parenchymal and stromal cells of 
different organs and induces serious, life-threatening diseases.

Understanding the pivotal regulatory roles of healthy abdominal fatty tissue 
in signal transduction may appropriately answer the question: how can abundant 
visceral fat deposition lead to serious, life-threatening diseases, such as cardiovas-
cular lesions and malignancies in different organs?

2.  Weak estrogen signaling in men and postmenopausal women 
provokes an increased prevalence of abdominal obesity and  
glucose intolerance

In obese patients, an excessive fat deposition in the intra-abdominal adipose 
depot is strongly associated with an increased risk for type 2 diabetes, cardio-
vascular diseases, and cancers developing at different sites [13]. Gender-related 
dimorphism of adipocyte behavior and fatty tissue accumulation suggests that 
health advantages of obese women as compared with obese men may be attributed 
to stronger estrogen signaling and an increased activation of estrogen-regulated 
genes [14].

In obese men, an excessive abdominal fatty tissue deposition is characteristic. 
Male-like abdominal obesity is strongly associated with different stages of insulin 
resistance and an increased risk for obesity-associated comorbidities including 
cancer [3].

Among obese premenopausal women with regular ovulatory cycles, a female-
type gluteofemoral deposition of adipose tissue may be associated with the 
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maintenance of healthy insulin sensitivity, whereas they have no increased risk for 
either cardiovascular or neoplastic diseases [15]. Abdominal adipocytes of healthy 
women exhibit higher insulin sensitivity as compared with those of men [16]. In 
contrast, in premenopausal obese women with anovulatory infertility or disorders 
of menstrual cycles, a male-like abdominal obesity and deepening insulin resistance 
may develop in correlation with the defect of estrogen signaling [17].

In women, menopause is a physiological model revealing how decreased estrogen 
level may induce adiposity and its comorbidities. In obese, postmenopausal women, 
an increased inclination to a male-like central obesity and associated insulin resis-
tance may be experienced [4, 5]. Increased prevalence of abdominal obesity and 
obesity-related diseases in postmenopausal women strongly suggests that decreased 
estrogen signaling may have pivotal roles in the dysregulation of lipid metabolism, 
glucose tolerance, and cell proliferation [18, 19]. In contrast, hormone replacement 
therapy after menopause reduces the accumulation of visceral adipose tissue and 
improves insulin sensitivity via an activation of estrogen-regulated genes [20].

Inherited serious mutations on estrogen receptor alpha gene (ESR1) or aroma-
tase coding CYP19 gene may result in extreme defects of estrogen signaling and 
lead to insulin-resistant states and premature cardiovascular diseases in both male 
and female cases [21–23].

In rodents, estrogen withdrawal via ovariectomy consistently increases adipos-
ity-associated body weight and glucose intolerance, while estrogen treatment results 
in weight loss and a restoration of insulin sensitivity [24, 25]. Aromatase knock-out 
(ArKO) transgenic mice with inactivated aromatase enzyme are unable to synthe-
size estrogen and exhibit increasing obesity and insulin resistance with associated 
compensatory hyperinsulinemia in males and females [26]. ER-alpha knock-out 
(ERαKO) male and female mice similarly exhibit metabolic syndrome-like pheno-
types, including obesity, glucose intolerance, hyper-insulinemia, and decreased 
energy expenditure [27].

In ovariectomized obese mice, inoculated T47D tumor cells exhibited an intense 
proliferation, while estrogen supplementation suppressed the survival of inoculated 
tumor cells [28]. Ovariectomized female mice were fed diets to induce obesity and 
were inoculated with mouse mammary cancer cells. Estrogen substitution triggered 
a loss of body fat, improved insulin sensitivity, and suppressed the proliferation of 
inoculated tumors [29].

In conclusion, either estrogen deficiency or estrogen receptor (ER) resistance 
may have a crucial role in the dysregulation of both lipid storage and glucose uptake 
in adipocytes resulting in obesity and type 2 diabetes as clinical manifestations. 
Estrogen substitution seems to be a good strategy against obesity and associated 
chronic diseases including cancer.

3.  Obesity-associated failure of estrogen signaling is a stronger cancer 
risk for males having low baseline estrogen levels

Systematic review and meta-analysis of literary data help to assess the associa-
tions between obesity and cancer risk in males and females [30]. Among men, obe-
sity disproportionately increases the prevalence of cancers developing at different 
sites. These observations strongly suggest that the health advantage in obese women 
may be attributed to their estrogen predominance supplying defense against failures 
in DNA replication [31].

In epidemiologic studies, a male predominance was experienced in esophageal 
adenocarcinoma incidence [32]. In a clinical study, oral cancer showed a conspicuous 
male predominance, while from 50 to 52 years of age, oral cancer incidence among 
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diseases. However, after menopause, excessive fat depositions in obese women show 
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maintenance of healthy insulin sensitivity, whereas they have no increased risk for 
either cardiovascular or neoplastic diseases [15]. Abdominal adipocytes of healthy 
women exhibit higher insulin sensitivity as compared with those of men [16]. In 
contrast, in premenopausal obese women with anovulatory infertility or disorders 
of menstrual cycles, a male-like abdominal obesity and deepening insulin resistance 
may develop in correlation with the defect of estrogen signaling [17].

In women, menopause is a physiological model revealing how decreased estrogen 
level may induce adiposity and its comorbidities. In obese, postmenopausal women, 
an increased inclination to a male-like central obesity and associated insulin resis-
tance may be experienced [4, 5]. Increased prevalence of abdominal obesity and 
obesity-related diseases in postmenopausal women strongly suggests that decreased 
estrogen signaling may have pivotal roles in the dysregulation of lipid metabolism, 
glucose tolerance, and cell proliferation [18, 19]. In contrast, hormone replacement 
therapy after menopause reduces the accumulation of visceral adipose tissue and 
improves insulin sensitivity via an activation of estrogen-regulated genes [20].

Inherited serious mutations on estrogen receptor alpha gene (ESR1) or aroma-
tase coding CYP19 gene may result in extreme defects of estrogen signaling and 
lead to insulin-resistant states and premature cardiovascular diseases in both male 
and female cases [21–23].

In rodents, estrogen withdrawal via ovariectomy consistently increases adipos-
ity-associated body weight and glucose intolerance, while estrogen treatment results 
in weight loss and a restoration of insulin sensitivity [24, 25]. Aromatase knock-out 
(ArKO) transgenic mice with inactivated aromatase enzyme are unable to synthe-
size estrogen and exhibit increasing obesity and insulin resistance with associated 
compensatory hyperinsulinemia in males and females [26]. ER-alpha knock-out 
(ERαKO) male and female mice similarly exhibit metabolic syndrome-like pheno-
types, including obesity, glucose intolerance, hyper-insulinemia, and decreased 
energy expenditure [27].

In ovariectomized obese mice, inoculated T47D tumor cells exhibited an intense 
proliferation, while estrogen supplementation suppressed the survival of inoculated 
tumor cells [28]. Ovariectomized female mice were fed diets to induce obesity and 
were inoculated with mouse mammary cancer cells. Estrogen substitution triggered 
a loss of body fat, improved insulin sensitivity, and suppressed the proliferation of 
inoculated tumors [29].

In conclusion, either estrogen deficiency or estrogen receptor (ER) resistance 
may have a crucial role in the dysregulation of both lipid storage and glucose uptake 
in adipocytes resulting in obesity and type 2 diabetes as clinical manifestations. 
Estrogen substitution seems to be a good strategy against obesity and associated 
chronic diseases including cancer.

3.  Obesity-associated failure of estrogen signaling is a stronger cancer 
risk for males having low baseline estrogen levels

Systematic review and meta-analysis of literary data help to assess the associa-
tions between obesity and cancer risk in males and females [30]. Among men, obe-
sity disproportionately increases the prevalence of cancers developing at different 
sites. These observations strongly suggest that the health advantage in obese women 
may be attributed to their estrogen predominance supplying defense against failures 
in DNA replication [31].

In epidemiologic studies, a male predominance was experienced in esophageal 
adenocarcinoma incidence [32]. In a clinical study, oral cancer showed a conspicuous 
male predominance, while from 50 to 52 years of age, oral cancer incidence among 



Understanding the Molecular Crosstalk in Biological Processes

8

postmenopausal women showed a slow and, later, a steep increase in correlation with 
the loss of estrogen exposure [33]. Results of meta-analyses do indicate that the asso-
ciation between obesity and an increased risk for gastric cancer is stronger in men than 
in women and the correlation significantly increases with increasing BMI among men 
[34]. Colorectal cancer shows a high prevalence among men, while women are rela-
tively protected against this tumor [35]. Furthermore, hormone replacement therapy 
provides an additive protective effect against colon tumors in postmenopausal 
women. Obesity increases the risk for colorectal cancer in both men and women; 
while in males, associations between excessive adiposity and colon cancer risk seem 
to be much stronger [30]. Obesity and related metabolic disorders are high risk fac-
tors for primary liver cancer [36]. The associations are stronger in men, especially in 
patients with underlying liver disease, such as HCV infection or cirrhosis.

Unexpectedly, the risk for kidney cancer is higher in obese women than in men 
with increasing BMI [37]. Overweight and obese patients were found to have 
elevated risks of renal cell cancer in a dose-response manner, with an estimated 24% 
increase for men and a 34% increase for women by every 5 kg/m2 increase in body 
mass index (BMI) [30]. Conversely, data from the National Cancer Database during 
a 10-year period were analyzed and a ratio of 1.65 of renal cell carcinoma risk for 
males compared to females was established disregarding the impacts of differences in 
BMI. Nevertheless, the mean age of kidney cancer cases was greater in females (64.3) 
than in males (60.9) (p < 0.001) [38]. In obese women, a long-lasting postmenopausal 
decrease in estrogen synthesis may be an additional risk for kidney cancer, provoking 
an inverse gender-related disparity for kidney cancer in an aged population.

Breast cancer in women is the most frequently diagnosed malignant tumor, while 
in men, it is an extremely rare disease, accounting for less than 1% of all breast 
cancer cases [39]. Since high estrogen levels are mistakenly regarded as fuels for 
breast cancer growth, the strong protection of males against breast cancer may 
be deceivingly attributed to their physiologically lower estrogen levels. The causal 
factors of male breast cancer are quite similar to those of female breast malignan-
cies—obesity, type 2 diabetes and male infertility [39], which are strongly associ-
ated with insulin resistance and deficient estrogen signaling. Healthy female breasts 
exhibit high estrogen demand attributed to their physiologic cycling activity, and 
they are highly vulnerable even to slightly defective estrogen signaling. In contrast, 
in resting male breasts, very serious defects of estrogen signaling may be regarded 
as dangerous regulatory disorders leading to an increased risk for cancer [31].

Obesity equivocally increases the incidence of breast cancer among males, pre-
sumably through similar mechanisms as in case of females [40]. However, among 
women, an apparently ambiguous interaction can be observed between obesity and 
breast cancer risk depending on the menopausal status of patients [41]. In young 
women before menopause, obesity is erroneously regarded to exhibit a protective 
effect against breast cancer. Conversely, in postmenopausal older cases, there is a 
strong direct correlation between adiposity and mammary cancer risk. Obesity is 
associated with dysmetabolism and endangers the healthy equilibrium of sexual 
hormone production. In reality, among premenopausal women, obesity-associated 
insulin resistance is moderate, being counteracted by their maintained or increased 
circulating estrogen levels [15, 42]. In conclusion, it is not obesity but rather the still 
suitable estrogen level that may be protective against breast cancer in young women. 
Obese postmenopausal women, who had never used hormone replacement therapy 
(HRT), exhibit fairly high breast cancer risk in association with their continuously 
decreasing estrogen levels [43]. In contrast, obese postmenopausal women using 
hormone replacement therapy (HRT) show a significantly reduced breast cancer 
risk attributed to the protective effect of estrogen substitution [44, 45].
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The higher risk for obesity-associated cancer among men and postmenopausal 
women as compared with premenopausal cases suggests that the weaker the 
estrogen signaling in abdominal adipocytes, the stronger is the defect of DNA repair 
leading to an increased risk for cancer [15, 42].

4.  Central adipose tissue is a hub in the signaling network that controls 
and regulates visceral organs via an inter-tissue crosstalk

Adipose tissue stores excess calories in the form of lipid. In addition, adipose 
tissue is an endocrine organ regulating the functional activity of both adjacent and 
remote organs [46].

Adipose tissue is principally deposited in two locations. Centrally positioned fatty 
tissue within the trunk and abdomen closely surrounds the visceral organs, while 
the subcutaneously positioned adipose tissue covers the skeletal muscles [2]. The close 
vicinity between central fatty tissue and internal organs suggests that adipocyte sig-
naling in this region may regulate vital functions affecting the health of whole body, 
while subcutaneous adipocytes primarily confer their messages to skeletal muscles 
and skin. Differences in fatty tissue locations strongly suggest that in pathological 
situations included obesity, the dysregulation of central adipocytes is a much higher 
health risk as compared with that of their peripheral counterparts.

In healthy nonobese people, abdominal adipose tissue provides a strong mechan-
ical support for all internal organs [2]. Visceral fat is largely located in the omental 
and mesenteric adipose tissue in the vicinity of stomach, intestines, liver, and 
pancreas. Adipose tissue deposition is also characteristic within the visceral pericar-
dium surrounding the myocardium and coronary arteries. Kidneys and the attached 
adrenal glands are embedded into an abundant fatty tissue capsule. Central adipose 
tissue is a crucial fat store providing standby energy for physiologic functions and 
even for the functional activation of visceral organs among various circumstances.

On the other hand, central adipose tissue is a complex and highly active endo-
crine organ exerting essential regulatory functions through autocrine, paracrine, 
and endocrine mechanisms [47]. In addition to the mass of adipocytes, adipose 
tissue contains a connective tissue matrix comprising fibrocytes, nerves, vessels, 
and immune cells functioning as an integrated unit.

The receptor systems of adipocytes, fibrocytes, and immune cells collect numer-
ous afferent signals arriving from adjacent or remote organs and the central nervous 
system, while they respond through the secretion of signaling molecules, such as 
steroid hormones, adipokines, growth factors, and cytokines.

5.  Circulating and locally synthesized estrogen hormones regulate the 
functional activity of adipose tissue

Sex steroids, particularly estrogens, play a pivotal role in the regulation of 
all tissues in the body [10]. Estrogen-activated ERs are central regulators of the 
metabolic status, growth, differentiation, and proliferation of cells in mammalians. 
Estrogen-regulated genes control signaling functions of the whole body via a bal-
anced activation of ERs through liganded and unliganded pathways [48]. Estrogens 
are the regulators of crosstalks between adipose tissue and adjacent visceral organs 
via an appropriate expression of signaling molecules in both males and females.

Physiological cellular mechanisms require not only suitable estrogen concentra-
tions but also appropriate expression and activity of ERs in the targeted tissues. 
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The presence of both isomers, ER-alpha and ER-beta, was confirmed in adipocytes 
deriving from both subcutaneous and intra-abdominal adipose tissue, suggesting 
that adipose tissue function is strongly defined by suitable estrogen signaling [49]. 
Lower prevalence of visceral adiposity in women than in men arises from the high 
expression and activity of ERs in female abdominal adipocytes being capable of 
downregulating both adipogenesis and lipid storage [50].

The gonads, ovary, and testis are the primary sites of estrogen synthesis in mam-
mals. Extragonadal estrogen synthesis in adipose tissue was first published in 1974, 
based on the unexpected observation that androgens were converted to estrogens 
by aromatase enzyme in adipose tissue [51]. From that time onward, estrogen 
synthesis and the expression of estrogen receptors have been revealed in several 
organs [52]. All tissues expressing estrogen receptors are considered to be targets of 
estrogenic regulation.

Adipose tissue is considered to be a major source of estrogen synthesis among 
extragonadal sites in both women and men, and it increasingly contributes to the 
circulating estrogen concentration with aging [12]. In adipose tissue, C19 steroids 
are essential precursors of estrogen synthesis and the locally synthesized CYP19 
aromatase enzyme is able to convert C19 steroids to estrogens [53]. The prerequisite 
of estrogen synthesis is the local expression of aromatase enzyme, which strongly 
defines the local estrogen production. In extra-gonadal tissues, the expression 
level of aromatase enzyme shows strong parallelism with the intensity of estrogen 
synthesis. Extragonadal sites included adipose tissue are unable to synthesize C19 
steroids; hence, their estrogen synthesis is limited by the precursor supply from 
external sources [53].

Estrogens synthesized in adipose tissue are thought to act locally, in an autocrine 
manner, while they may have sufficient concentration in the adjacent organs too so 
as to induce ER activation in a paracrine manner. The systemic, endocrine effects of 
locally synthesized estrogens are limited [54]. Appropriate local estrogen concen-
tration may exert its biological activity via activation of ERs, which are members of 
the nuclear receptor superfamily.

Increased estrogen concentrations upregulate estrogen signaling through a DNA 
stabilizer circuit and lead to a higher expression of ERs, genome stabilizer proteins, 
and aromatase enzyme [11, 55]. In contrast, estrogen deficiency or a defect of ER 
activation causes dysregulation in adipocytes and leads to a derangement of their 
signaling functions.

The noteworthy volume of central adipose tissue and the remarkable estrogen 
synthesis of adipocytes may support the fact that estrogen signaling has a crucial 
role in controlling and orchestrating the signaling network of both adjacent organs 
and the whole body.

6.  Estrogen-regulated genes orchestrate the physiological functions of 
adipose tissue and visceral organs

Estrogen-activated ERs are the chief regulators of somatic and reproductive cel-
lular functions suggesting that a defect in estrogen signaling may produce dysregu-
lation and leads to serious diseases [48]. Current literary data support that activated 
ERs in adipocytes protect against fat deposition, insulin resistance, inflammation, 
and fibrosis of adipose tissue [Davis]. Moreover, body fat mass deposition is defined 
by the level of estrogen signaling in both men and women [56]. Healthy, insulin-
sensitive adipose tissue regulates the glucose homeostasis and balanced lipolysis/
lipogenesis of adjacent tissues, included liver, skeletal muscles, and further organs 
via a tissue crosstalk [57].
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6.1 Adipose tissue

Estradiol-induced activation of ER-alpha upregulates all steps of cellular glucose 
uptake increasing the insulin sensitivity of adipocytes [58]. In mature adipocytes, 
estradiol treatment enhances insulin-assisted glucose uptake through liganded and 
unliganded activations of ER-alpha. Estradiol is capable of stimulating an increased 
tyrosine phosphorylation of insulin receptor substrate-1 [59]. In vitro, estradiol 
activates adenosine monophosphate-activated protein kinase (AMPK) and protein 
kinase B (AKT) inducing unliganded ER signaling even in the absence of insulin 
[60]. In human adipocytes, GLUT-4 abundance shows high correlation with insulin 
responsiveness. In 3T3-L1 adipocytes, estradiol treatment facilitated glucose uptake 
via an increased expression and intracellular translocation of glucose transporters 
(GLUTs) [61].

In obesity, GLUT-4 content showed a 40% decrease in adipocyte membranes, 
while in estrogen-deficient adipocytes deriving from either lean or obese PCOS 
cases, a 36% decrease of GLUT-4 content was experienced [62]. In animal experi-
ments, female, ovariectomized high-fat-fed mice exhibited obesity, and decreased 
levels of glucose transporter 4 (GLUT4) and ER-alpha protein were found in their 
abundant visceral fatty tissue coupled with increasing insulin resistance [63].

In women, a higher ER expression in abdominal adipocytes may be associated 
with higher insulin sensitivity of fatty tissue and a lower susceptibility to inflam-
mation and fibrosis compared to men [56]. Estrogen receptor α gene expression 
levels are reduced in the adipose tissue of obese women compared to those found in 
normal weight females [64].

The identification of a mesenteric estrogen-dependent adipose gene (MEDA-4) 
revealed that estrogen signaling may selectively regulate mesenteric adipocytes in a 
depot-specific manner [65]. In ovariectomized female mice, an increased MEDA-4 
expression in mesenteric adipose tissue was capable of increasing adipose tissue 
expansion, while estradiol substitution reduced MEDA-4 expression and normal-
ized the balance of lipolysis and lipogenesis in central adipocytes.

In conclusion, estrogen-regulated genes play crucial roles in both lipogenic con-
trol and glucose uptake of adipocytes. In contrast, estrogen deficiency-associated 
insulin resistance and lipogenesis further deteriorate estrogen signaling and strongly 
decrease the expression of estrogen-regulated genes via a vicious circle [66].

6.2 Liver

In the liver, estrogen-regulated genes control the synthesis of various proteins. 
Estrogen signaling regulates lipoprotein synthesis, lipogenesis, and lipolysis in hepa-
tocytes. Estradiol controls the synthesis of blood clotting factors, including factors 
II, VII, IX, X, and plasminogen [67]. Estrogen regulates glucose uptake and glucose 
homeostasis in hepatocytes, improving insulin sensitivity [68]. In the pathologic 
conditions of the liver, estradiol treatment exerts anti-inflammatory and antineo-
plastic impacts through ER-alpha and, predominantly, ER-beta activation [69]. 
In contrast, a longer duration of estrogen deficiency increases the risk of hepatic 
fibrosis among postmenopausal women with nonalcoholic fatty liver disease [70]. 
In female mice, estrogen treatment prevents the development of insulin resistance 
and low-grade inflammation in adipose tissue [71, 72]. Recent literary data strongly 
confirm that estrogen hormone protects against the development and progression of 
hepatocellular carcinoma (HCC) [73]. Estrogen treatment also mediates antitumor 
effects in intrahepatic cholangiocarcinoma cases via a balance of ER-alpha and 
ER-beta-regulated pathways [74]. Bilateral oophorectomy in premenopausal women 
increases the risk of hepatocellular carcinoma via estrogen withdrawal [75].
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6.3 Pancreas

In pancreatic islands, the estradiol activation of ER-alpha regulates β cell 
proliferation during pancreatic development [76]. Estradiol activates the expres-
sion of insulin gene and increases insulin synthesis in the β cells [77, 78]. Estradiol 
activation of ERs inhibits apoptotic death of β cells in case of inflammatory 
insult [77]. Estradiol promotes β cell recovery after pancreatic injury [80]. In 
rodent models of type 2 diabetes, estrogen treatment reduced lipid synthesis and 
prevented β cell failure in pancreatic islets [79]. Correlations between parity and 
pancreatic cancer risk were studied in a meta-analysis of epidemiologic studies 
and the findings suggest that higher parity is associated with a decreased risk of 
pancreatic cancer [80].

6.4 Gut

Local estrogen synthesis and ER expression in the gut are important players in 
intestinal homeostasis. Estrogen signaling regulates the integrity and function of 
intestinal epithelium controls intestinal epithelial barriers and reduces intestinal 
permeability [81]. Estrogen signal provides protection against duodenal ulcer, 
inflammatory bowel disease, and colon cancer in both animal experiments and 
clinical studies [82]. Overexpression of ER-beta in healthy human colon coupled 
with its reduced expression in colon cancer suggests that the activation of ERs, 
particularly ER-beta, might be particularly involved in the estrogen-mediated 
protection against colon tumors [35].

The microbes that colonize the human gut (microbiome) may play contributory 
roles in health and disease. Intestinal microbiome participates in polysaccharide 
breakdown, nutrient absorption, inflammatory responses, and bile acid metabolism 
[83]. Gut microbiome is one of the principal regulators of circulating estrogen 
levels [84]. Microbes in the gut regulate estrogen levels through secretion of 
β-glucuronidase, an enzyme that converts conjugated estrogens into their biologi-
cally active forms. Lower microbial density or a dysbiosis of gut microbiome leads 
to a decrease in estrogen deconjugation and results in a reduction of both luminal 
and circulating free estrogen levels.

The low level of luminal estrogens induces gut diseases included inflammation 
and cancer, while an associated decrease in circulating estrogens may contribute to 
the development of systemic diseases including obesity and type 2 diabetes.

In medical practice, a fecal microbiome transplant (FMT) from healthy 
individuals to ill obese patients seems to be a promising way to improve the gut 
microbiome and for the treatment of obesity and associated metabolic syndrome 
[85]. Presumably, FMT may provide estrogen hormones and estrogen receptors for 
recipient patients, which beneficially restore intestinal estrogen signaling besides 
the re-colonization of microbes capable of increasing free estrogen levels.

In conclusion, alterations in the density and composition of gut microbiome 
deteriorate the metabolic profile of omental and mesenteric adipose tissues via 
deficient estrogen signaling and lead to the development of abdominal obesity and 
metabolic syndrome.

6.5 Kidney

Estrogens have nephroprotective effects. The most important actions of estrogen 
hormones are represented by the protective effects attenuating glomerulosclerosis 
and tubulointerstitial fibrosis. Estrogens exert favorable effects on renal osteodys-
trophy via an improvement of phosphorus-calcium transport equilibrium in renal 
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tubules [86]. Recently, a meta-analytic study supported that oral contraceptive use 
may reduce the risk of kidney cancer in women, especially for long-term users [87].

6.6 Cardiovascular system

Premenopausal women have a much lower incidence and prevalence of cardio-
vascular diseases (CVDs) compared to men of the same age [88]. This sex difference 
in favor of women suddenly disappears after menopause, suggesting that reduced 
levels of ovarian hormones constitute a major risk factor for the development of 
CVD in postmenopausal women.

In central obesity, the associated insulin resistance results in a compensatory 
high insulin and IGF-1 synthesis stimulating ovarian androgen production at the 
expense of reduced estrogen synthesis [89]. Hyperinsulinemia promotes adrenal 
androgen synthesis as well by means of an increased adrenal sensitivity to adreno-
corticotropin [90, 91]. Excessive androgen synthesis would provide precursors for 
an increased estrogen production; however, in insulin-resistant patients, gonads 
exhibit a decreased capacity to convert androgen to estrogen attributed to a reduc-
tion of aromatase enzyme activity [92].

Estrogens are cardioprotective hormones having crucial role in the maintenance 
of physiologic serum lipid levels. Postmenopausal hormone replacement therapy 
may reduce the risk of cardiovascular diseases via lowering total cholesterol, LDL 
cholesterol, and triglyceride levels [93]. Estrogens show antihypertensive activity 
as well. It is capable of downregulating the components of the renin-angiotensin 
system (RAS) [94]. Estradiol inhibits the excessive synthesis of vasoconstrictor 
endothelin and improves endothelial dysfunction [95]. In animal experiments, 
estrogen receptor-alpha mediated the protective effects of estrogen in response to 
vascular injury [96].

The risk of mortality for ischemic heart disease is highly increased in patients 
with left-sided breast cancer as they receive a higher dose of radiation therapy 
affecting the heart than patients with right-sided tumors [97]. This correlation may 
be explained by the destructive effect of radiation on the estrogen-synthesizing 
epicardial fatpad.

7.  Secretory functions of abdominal adipose tissue in healthy lean and 
obese patients

Abdominal adipose tissue has crucial physiological secretory functions [47]. 
Sex steroids, adipokines, cytokines, and growth factors are important signaling 
molecules in adipose tissue and their well-regulated activation ensures the health of 
the whole body.

In central obesity, extreme fat accumulation and a concomitant insulin resis-
tance of abdominal adipose tissue deteriorate all regulatory functions of adipocytes. 
Dysregulation of adipocyte signaling induces an alarm reaction in all adjacent 
visceral organs and they inform adipocyte ERs about their functional difficulties via 
signaling molecules. ERs in adipocytes recognize the emergency situation and may 
initiate the restoration of ER signaling through increased estrogen synthesis and 
enhanced liganded and unliganded activations of ERs [98].

7.1 Sexual steroids

In adipose tissue, suitable estrogen signaling regulates the expression of 
numerous genes and the harmonized synthesis of signaling molecules [67].  
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In adipocytes, androgen hormones are precursors for the local estrogen synthesis 
of aromatase enzyme.

7.2 Adipokines

Leptin regulates the energy balance in the hypothalamus exerting anorexino-
genic and lipolytic effects. Estrogen treatment increases the expression of leptin 
receptors amplifying the leptin-sensitivity of various cells [99]. In aromatase 
knock-out (ARKO) mice, visceral adiposity develops and three times higher 
levels of circulating leptin were found as compared with control animals [100]. 
Adiponectin is involved in various inflammatory reactions, modulations of 
endothelial functions, and is protective against insulin resistance. Oophorectomy 
increases adiponectin levels in adult mice, while it may be reversed by estradiol 
substitution [101]. Resistin level increases in parallel with obesity, which may be a 
compensatory reaction instead of being a causal factor. In subcutaneous adipocytes, 
an estradiol benzoate injection decreases resistin levels [102].

7.3 Pro-inflammatory cytokines and low-grade inflammation

Pro-inflammatory cytokines are regulatory proteins having great role in the 
maintenance of genomic stability. In obese patients, strong inflammatory reactions 
and abundantly expressed signaling molecules occurring in voluminous fatty tissue 
are mistakenly considered as being causal factors of genomic dysregulation, insulin 
resistance and its comorbidities [6, 103].

Low-grade inflammation in abundant adipose tissue may be characterized by 
increased levels of inflammatory cytokines and macrophage and T-cell infiltration 
[104]. Inflammatory cytokines, including tumor necrosis factor alpha (TNF-α) and 
interleukin-6 (IL-6), may have not only local effects on adipose tissue but also exert 
systemic effects on several organs [105]. In adipose tissue, inflammatory cytokines 
have an important role in the upregulation of estrogen synthesis. Increased pro-
inflammatory cytokine level generates an increased expression and activation of 
aromatase enzyme resulting in higher estrogen concentrations [106].

In ovariectomized mice on high-fat diet, estradiol treatment improved insulin 
sensitivity and glucose uptake in both adipose tissue and liver and at the same time, 
decreased the expression of inflammatory cytokines, included TNFα [71]. It was 
recently found that elevated levels of pro-inflammatory cytokines augment energy 
expenditure and counteract obesity from animal to human, justifying that pro-
inflammatory cytokines have beneficial effects against obesity and obesity-related 
metabolic disorders [107].

In conclusion, in obesity, deficient estrogen signaling leads to dysregulation of 
abdominal adipocytes and induces a low-grade inflammatory reaction, while estrogen 
treatment improves adipocyte signaling function and exerts anti-inflammatory effect.

7.4 Insulin-IGF system

The insulin-like growth factor (IGF) system is involved in regulation and 
control of physiologic growth and differentiation. Insulin and insulin-like growth 
factor receptors act as ligand-specific amplitude modulators regulating genes on a 
common pathway [108]. In obesity, there was a nonlinear relationship of insulin-
like growth factor (IGF)-I and IGF-I/IGF-binding protein-3 ratio with indices of 
adiposity and plasma insulin concentrations [109].

Crosstalks between signaling pathways of ERs and growth factor receptors 
(IGF-1R, EGFR, VGFR) are well known in both health and disease [110, 111]. 
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Among physiological circumstances, estrogen-activated ERs are capable of either 
stimulating or silencing cell growth and proliferation, while in tumor cells, an 
upregulation of ERs is not a proliferative stimulus, but rather, it is an initiator of 
self-directed death [11].

The IGF system comprises insulin, insulin receptor (IR), IGF-1, IGF-2, 
each with its receptor (IGF-1R, IGF-2R) as well as the IGF-binding proteins 
(IGFBPs). Proteins of the IGF system are ubiquitously expressed at different sites 
included adipose tissue [13]. In the early phases of insulin resistance, an increased 
IGF-1 level mediates increased insulin synthesis resulting in a compensatory 
hyperinsulinemia.

Estrogens regulate both insulin-like growth factor 1 (IGF-1) synthesis and the 
expression of its receptor (IGF-1R) in adipocytes. In turn, an increased synthesis of 
IGF-1 and its receptor upregulates the AKT and MAPK pathways of growth factor 
signaling, providing a possibility for an increased unliganded activation of ERs [112]. 
In an estrogen-deficient milieu, unliganded activation of ERs via IGF-1 receptor sig-
naling pathway exhibits a fundamental role in genome-wide expressions of estrogen-
regulated genes [48]. In conclusion, in obesity and insulin resistance, an increased 
expression and activity of IGF-1 receptors may be a compensatory action against the 
dysregulation of adipocytes providing a possibility for the restoration of ER signaling.

7.5 Interaction between adipocytes and immune cells

Adipocytes are in signaling crosstalk with immune cells in both healthy and 
obese adipose tissue. In lean adipose tissue, IL-4 secreted by eosinophil granulocytes 
and regulatory T (Treg) cells activate M2 type macrophages, which express arginase 
and anti-inflammatory cytokines such as IL-10. In contrast, in obese adipose tissue, 
the number of pro-inflammatory immune cells is increased coupled with a decrease 
in that of anti-inflammatory immune cells [104]. In abundant adipose tissue, neu-
trophil granulocytes are early responders to inflammatory injuries stimulating both 
M1 type macrophage infiltration and pro-inflammatory cytokine secretion.

In animal experiments, estrogens are capable of improving metabolic disorders 
and, at the same time, they exert anti-inflammatory effects [72]. In female mice, 
estrogen protects from adipocyte hypertrophy and prevents adipose tissue oxidative 
stress and inflammation. Furthermore, estrogen treatment protected female mice 
against developing liver steatosis and from becoming insulin resistant.

In conclusion, in obesity, the experienced low-grade inflammation and the increased 
synthesis of cytokines and growth factors are not causal factors of insulin resistance 
and cancer development, but rather, they are compensatory efforts so as to restore ER 
signaling. Estrogen administration seems to be a causal therapy for obesity-related 
pathologic changes, as the upregulation of ER signaling protects from insulin resistance 
and decreases inflammatory reactions. Estrogen treatment would provide quite new 
ways for the prevention and cure of obesity and obesity-related inflammation.

8. Estrogen is protective against cancer

The apparently paradoxical effects of estrogens on both the prevention and 
promotion of cancers have been debated for over 120 years. However, the phar-
maceutical development of endocrine disruptor antiestrogens could not provide 
appropriate advances in the field of anticancer fight [113].

The blockade of either estrogen-induced (liganded) or unliganded activation of 
ERs provoked a strong compensatory upregulation on the unaffected domain, while 
the unbalanced ER activation resulted in modest or even adverse tumor responses 



Understanding the Molecular Crosstalk in Biological Processes

14

In adipocytes, androgen hormones are precursors for the local estrogen synthesis 
of aromatase enzyme.

7.2 Adipokines

Leptin regulates the energy balance in the hypothalamus exerting anorexino-
genic and lipolytic effects. Estrogen treatment increases the expression of leptin 
receptors amplifying the leptin-sensitivity of various cells [99]. In aromatase 
knock-out (ARKO) mice, visceral adiposity develops and three times higher 
levels of circulating leptin were found as compared with control animals [100]. 
Adiponectin is involved in various inflammatory reactions, modulations of 
endothelial functions, and is protective against insulin resistance. Oophorectomy 
increases adiponectin levels in adult mice, while it may be reversed by estradiol 
substitution [101]. Resistin level increases in parallel with obesity, which may be a 
compensatory reaction instead of being a causal factor. In subcutaneous adipocytes, 
an estradiol benzoate injection decreases resistin levels [102].

7.3 Pro-inflammatory cytokines and low-grade inflammation

Pro-inflammatory cytokines are regulatory proteins having great role in the 
maintenance of genomic stability. In obese patients, strong inflammatory reactions 
and abundantly expressed signaling molecules occurring in voluminous fatty tissue 
are mistakenly considered as being causal factors of genomic dysregulation, insulin 
resistance and its comorbidities [6, 103].

Low-grade inflammation in abundant adipose tissue may be characterized by 
increased levels of inflammatory cytokines and macrophage and T-cell infiltration 
[104]. Inflammatory cytokines, including tumor necrosis factor alpha (TNF-α) and 
interleukin-6 (IL-6), may have not only local effects on adipose tissue but also exert 
systemic effects on several organs [105]. In adipose tissue, inflammatory cytokines 
have an important role in the upregulation of estrogen synthesis. Increased pro-
inflammatory cytokine level generates an increased expression and activation of 
aromatase enzyme resulting in higher estrogen concentrations [106].

In ovariectomized mice on high-fat diet, estradiol treatment improved insulin 
sensitivity and glucose uptake in both adipose tissue and liver and at the same time, 
decreased the expression of inflammatory cytokines, included TNFα [71]. It was 
recently found that elevated levels of pro-inflammatory cytokines augment energy 
expenditure and counteract obesity from animal to human, justifying that pro-
inflammatory cytokines have beneficial effects against obesity and obesity-related 
metabolic disorders [107].

In conclusion, in obesity, deficient estrogen signaling leads to dysregulation of 
abdominal adipocytes and induces a low-grade inflammatory reaction, while estrogen 
treatment improves adipocyte signaling function and exerts anti-inflammatory effect.

7.4 Insulin-IGF system

The insulin-like growth factor (IGF) system is involved in regulation and 
control of physiologic growth and differentiation. Insulin and insulin-like growth 
factor receptors act as ligand-specific amplitude modulators regulating genes on a 
common pathway [108]. In obesity, there was a nonlinear relationship of insulin-
like growth factor (IGF)-I and IGF-I/IGF-binding protein-3 ratio with indices of 
adiposity and plasma insulin concentrations [109].

Crosstalks between signaling pathways of ERs and growth factor receptors 
(IGF-1R, EGFR, VGFR) are well known in both health and disease [110, 111]. 

15

Crossroad between Obesity and Cancer: A Defective Signaling Function of Heavily Lipid-Laden…
DOI: http://dx.doi.org/10.5772/intechopen.85995

Among physiological circumstances, estrogen-activated ERs are capable of either 
stimulating or silencing cell growth and proliferation, while in tumor cells, an 
upregulation of ERs is not a proliferative stimulus, but rather, it is an initiator of 
self-directed death [11].

The IGF system comprises insulin, insulin receptor (IR), IGF-1, IGF-2, 
each with its receptor (IGF-1R, IGF-2R) as well as the IGF-binding proteins 
(IGFBPs). Proteins of the IGF system are ubiquitously expressed at different sites 
included adipose tissue [13]. In the early phases of insulin resistance, an increased 
IGF-1 level mediates increased insulin synthesis resulting in a compensatory 
hyperinsulinemia.

Estrogens regulate both insulin-like growth factor 1 (IGF-1) synthesis and the 
expression of its receptor (IGF-1R) in adipocytes. In turn, an increased synthesis of 
IGF-1 and its receptor upregulates the AKT and MAPK pathways of growth factor 
signaling, providing a possibility for an increased unliganded activation of ERs [112]. 
In an estrogen-deficient milieu, unliganded activation of ERs via IGF-1 receptor sig-
naling pathway exhibits a fundamental role in genome-wide expressions of estrogen-
regulated genes [48]. In conclusion, in obesity and insulin resistance, an increased 
expression and activity of IGF-1 receptors may be a compensatory action against the 
dysregulation of adipocytes providing a possibility for the restoration of ER signaling.

7.5 Interaction between adipocytes and immune cells

Adipocytes are in signaling crosstalk with immune cells in both healthy and 
obese adipose tissue. In lean adipose tissue, IL-4 secreted by eosinophil granulocytes 
and regulatory T (Treg) cells activate M2 type macrophages, which express arginase 
and anti-inflammatory cytokines such as IL-10. In contrast, in obese adipose tissue, 
the number of pro-inflammatory immune cells is increased coupled with a decrease 
in that of anti-inflammatory immune cells [104]. In abundant adipose tissue, neu-
trophil granulocytes are early responders to inflammatory injuries stimulating both 
M1 type macrophage infiltration and pro-inflammatory cytokine secretion.

In animal experiments, estrogens are capable of improving metabolic disorders 
and, at the same time, they exert anti-inflammatory effects [72]. In female mice, 
estrogen protects from adipocyte hypertrophy and prevents adipose tissue oxidative 
stress and inflammation. Furthermore, estrogen treatment protected female mice 
against developing liver steatosis and from becoming insulin resistant.

In conclusion, in obesity, the experienced low-grade inflammation and the increased 
synthesis of cytokines and growth factors are not causal factors of insulin resistance 
and cancer development, but rather, they are compensatory efforts so as to restore ER 
signaling. Estrogen administration seems to be a causal therapy for obesity-related 
pathologic changes, as the upregulation of ER signaling protects from insulin resistance 
and decreases inflammatory reactions. Estrogen treatment would provide quite new 
ways for the prevention and cure of obesity and obesity-related inflammation.

8. Estrogen is protective against cancer

The apparently paradoxical effects of estrogens on both the prevention and 
promotion of cancers have been debated for over 120 years. However, the phar-
maceutical development of endocrine disruptor antiestrogens could not provide 
appropriate advances in the field of anticancer fight [113].

The blockade of either estrogen-induced (liganded) or unliganded activation of 
ERs provoked a strong compensatory upregulation on the unaffected domain, while 
the unbalanced ER activation resulted in modest or even adverse tumor responses 



Understanding the Molecular Crosstalk in Biological Processes

16

and severe toxic symptoms [114]. In contrast, natural estrogens are capable of 
restoring DNA surveillance even in tumor cells leading to a self-directed death 
through a balanced liganded and unliganded transactivation of ERs, whereas they 
may not provoke genomic instability even in sky-high concentrations [115].

9. Conclusion

Changing concepts concerning the etiology of obesity and obesity-related 
diseases provide certain new strategies against these diseases.

Since estrogen-activated ERs are the chief regulators of the genomic machinery, 
a weakening or failure of ER signaling attributed to either genetic or environmental 
factors induces abundant compensatory actions for the restoration of appropriate 
estrogen signaling. When the restorative processes may compensate the regulatory 
failures, patients seem to be healthy. In contrast, when the compensatory reactions 
are insufficient, a deepening regulatory disorder develops and serious diseases may 
appear as clinical manifestations.

The causal factor of obesity is deficient estrogen signaling in both men and 
women; however, there is no direct correlation between obesity and cancer risk. 
All environmental and genetic cancer risk factors, included smoking, sedentary 
lifestyle, fat-rich diet, light deficiency, anovulatory infertility, and BRCA mutation 
strongly deteriorate estrogen signaling; however, they may or may not be associated 
with the development of obesity.

In certain cases, the weakness of estrogen regulation may induce abdominal fat 
deposition, and at the same time, the deepening insulin resistance of adipose tissue 
leads to further irreversible defects in expressions of estrogen-regulated genes. In 
obese patients, metabolic syndrome and type 2 diabetes are well-known risk factors 
for the two life-threatening disease groups of humans: cardiovascular lesions and 
malignancies, while the defect of estrogen signaling frequently remains unknown in 
the background.

In another group of patients, estrogen deficiency or ER resistance develops with-
out obesity. Defective estrogen signaling exhibits a strong direct correlation with 
insulin resistance as estrogen regulates all steps of cellular glucose uptake in the 
whole body. Moreover, the deeper the defect of estrogen surveillance, the stronger is 
the risk for serious chronic diseases included type 2 diabetes, cardiovascular lesions, 
and cancers. The strong correlation is well known between anovulatory infertility 
and an increased cancer risk for female organs, while these associations are quite 
independent of obesity.

In patients showing central obesity, the increased cytokine secretion and the 
associated low-grade inflammation in their adipose tissue are not causal factors of 
the development of insulin resistance, but rather, they are compensatory actions 
for the activation of aromatase synthesis. Similarly, in abundant adipose tissue, the 
increased synthesis of growth factors included IGF-1 and the abundant expression 
of growth factor receptors are not efforts for initiating an unrestrained cell prolif-
eration, but rather they provide unliganded pathways for increased ER activation so 
as to strengthen estrogen signaling.

In nonobese patients, deficient estrogen signaling is associated with high risk for 
premature arteriosclerotic complications and cancer development. In these cases, 
inflammatory reactions at several sites represent compensatory actions against 
estrogen deficiency via an activation of aromatase enzyme. Moreover, in patients 
with clinically diagnosed infertility, PCOS, or BRCA mutation, the increased serum 
estrogen levels are compensatory efforts against ER resistance instead of a harmful 
induction of pathologic cell proliferation. Patients with ER resistance may exhibit 
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an increased cancer risk in spite of hyperestrogenism, when the compensatory 
increased estrogen level is not sufficient for the breakthrough of ER blockade.

In conclusion, in obese patients, the causal therapy is the improvement of 
estrogen signaling in both men and women via estrogen substitution, changes in 
lifestyle, or use of natural products upregulating the genomic machinery. These 
therapies are equally protective against weight gain, metabolic disorders, inflam-
matory reactions, and obesity-related diseases including cancer. In obesity, medi-
caments working against the reparative, compensatory processes in the adipose 
tissue may induce strong counteractions via feedback mechanisms; however, the 
therapeutic results are transitory, ambiguous, and even dangerous.
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Chapter 3

Oral Health and Cardiovascular 
Disorders
Ioana Mozos and Dana Stoian

Abstract

Several studies reported the cross talk between oral health and cardiovascular 
disorders. The aim of the present chapter is to review the main mechanisms link-
ing oral and cardiovascular disorders, the main pathologies which could be linked, 
and possibilities for prophylactic and therapeutic interventions. Periodontitis was 
associated with cardiovascular risk, and the links between the two entities are 
represented by bacteria and their toxins released into the blood, causing endo-
thelial dysfunction and providing a proatherogenic and prothrombotic effect and 
an inflammatory and immune reaction. The mentioned mechanisms explain the 
reported associations of periodontitis with stroke, coronary heart disease, and 
peripheral vascular disease. Periodontitis was also associated with diabetes mellitus 
and impaired lipid metabolism. Not all studies confirmed the association between 
periodontitis and coronary artery disease or stroke. Tooth loss, the most important 
consequence of periodontitis, has been also associated with cardiovascular disease. 
Dental and pulpal caries were also found to be independent risk factors for athero-
sclerosis, while restorations were inversely related to an atherosclerotic burden. 
Sucrose is involved in both cariogenesis and atherosclerosis. Fluorides prevent 
aortic calcifications and enamel demineralization and inhibit bacterial metabolism 
but are cardiotoxic. Heightening awareness of good dental hygiene can improve 
cardiovascular health.

Keywords: periodontitis, periodontal bacteria, dental caries, tooth loss, 
sucrose, fluorides, cardiovascular risk, inflammation, dyslipidemia, 
abdominal aorta aneurysm

1. Introduction

Cardiovascular disorders are the main mortality causes worldwide. The 
most common substrate is atherosclerosis, with several risk factors, a latent 
evolution, and possible sudden, unexpected fatal outcomes. Oral diseases, the 
most common chronic diseases, are important public health problems consider-
ing their prevalence, their impact on health and quality of life, and therapy 
expenses [1].

Several links have been reported between cardiovascular and oral disorders. 
The present chapter aims to review and emphasize the main mechanisms linking 
oral and cardiovascular disorders, the main pathologies which could be linked, and 
possibilities for prophylactic and therapeutic interventions.
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2. Periodontitis (PD)

Periodontitis, the chronic inflammatory disease irreversibly affecting the sup-
porting structures of the teeth, occurs due to periodontopathogen bacteria and sub-
gingival plaque [2, 3]. Periodontitis was associated with an impaired cardiovascular 
health, endothelial dysfunction, and atherosclerosis [2, 4]. Several epidemiological 
studies, review articles, and meta-analysis confirmed a positive association between 
periodontitis and cardiovascular disorders [5–8].

2.1 Periodontal bacteria

Different species of periodontal bacteria cause periodontitis, including 
Porphyromonas gingivalis, Aggregatibacter actinomycetemcomitans, and Prevotella 
intermedia [9]. A synergistic, physiologically compatible, and dysbiotic microbial 
community, including keystone pathogens such as Porphyromonas gingivalis, 
impairs and manipulates the defense mechanisms of the host (delaying recruit-
ment or destroying neutrophils, degradation of antibodies and complement) 
and increases the virulence of the entire microbial community [10]. Bacteremia 
is caused by chewing, tooth brushing, dental flossing, or invasive dental maneu-
vers, such as tooth extraction or periodontal treatment [11, 12]. The intensity 
of bacteremia depends on the severity of periodontitis [8]. The oral cavity and 
periodontal pockets represent reservoirs of gram-negative and anaerobic bacteria, 
able to interact with the cardiovascular tissue [11]. Porphyromonas gingivalis and 
Prevotella intermedia generate antibodies, which can also cause tissue injury [13]. 
Antibodies against Porphyromonas gingivalis cross-react with heat shock pro-
teins expressed by endothelial cells, contributing to detrimental cardiovascular 
consequences [14]. Molecular mimicry between human and bacterial heat shock 
proteins enables also atherogenesis [3]. Periodontal pathogens and their noxious 
products are released into the systemic circulation through the ulcerated sulcu-
lar epithelium of the gingiva, and they can induce insulin resistance, systemic 
inflammation, are involved in all stages of atherogenesis, and explain, probably, 
the perio-systemic link through the released inflammatory mediators [15, 16]. 
Dissemination through the blood of alive periodontal pathogens is possible also 
through immune cells [3].

Porphyromonas gingivalis can invade aortic endothelial cells, due to their 
fimbriae, and fimbrillin peptides can induce the expression of interleukin 8 and 
monocyte chemotactic protein [17]. Porphyromonas gingivalis multiply inside the 
endothelial cells and activate Toll-like receptor 2, resulting in release of pro-inflam-
matory cytokines [8]. Porphyromonas gingivalis-infected endothelial cells have also a 
higher expression of adhesion molecules, which exert a proatherogenic effect [17]. 
Bacteria and their virulence factors directly stimulate white blood cells, fibroblasts, 
mast, and dendritic and endothelial cells, causing an inflammatory reaction and 
expression of metalloproteinases [14, 18]. Oral bacteria such as Porphyromonas 
gingivalis, Aggregatibacter actinomycetemcomitans, and Prevotella intermedia and oral 
bacteria DNA and RNA have also been identified in atheroma, and they are able 
to activate monocytes, which transform into macrophages and foam cells [8, 14, 
18, 19]. Plaque rupture is caused by endothelial cell apoptosis and extracellular 
matrix degradation due to periodontal pathogens [8].

Toxins of periodontal pathogens, such as proteases (gingipain), adhesins, and 
lectins, regulate the bacterial biofilm; can also impair the immune response of the 
host, by degradation of interleukins; and enable atherosclerotic plaque formation by 
increasing proliferation of vascular smooth muscle cells and platelet aggregation [3].
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Probiotics might represent a solution, preventing dental caries and reducing 
episodes of streptococcal pharyngeal infection, pocket depth, and plaque index 
[14]. Several cardiovascular benefits have been also described for probiotics, such as 
lowering blood pressure and circulating lipids [20].

2.2 Inflammatory reaction linking periodontitis and cardiovascular disorders

Periodontitis is a source of inflammatory mediators, such as TNF alpha and 
interleukin 1 and 6 [2]. Inflammatory markers may be produced locally in the oral 
cavity and released into the bloodstream or are the result of bacteremia [14].

Atherosclerosis is a high inflammatory state, and inflammatory mediators can 
cause endothelial dysfunction, a proatherogenic and prothrombotic effect, and are 
involved in the development and evolution of the atherosclerotic plaque [18, 21]. 
The same inflammatory markers are involved in both atherosclerosis and periodon-
titis [21]. Periodontitis impairs endothelial function and is also associated with 
oxidative stress [13].

2.3 Periodontitis, cardiovascular risk, and disorders

Periodontitis was associated with several cardiovascular risk factors, 
especially hypertension, diabetes mellitus, dyslipidemia, and smoking [21]. 
Smoking is a risk factor for both cardiovascular disorders and oral health. It is 
known to impair periodontal tissue perfusion, inflammatory reaction, fibroblast 
function, and tissue healing, causing also endothelial dysfunction [2]. Several 
cardiovascular disorders were associated with periodontitis, such as stroke, 
coronary heart disease, peripheral vascular disease, arrhythmias, and aorta 
aneurysm [11, 13, 22].

A link between periodontitis and abdominal aorta aneurysm has been dem-
onstrated [11, 23]. Periodontal pathogens or their by-products may be involved in 
systemic and local mechanisms associated with the development and evolution of 
abdominal aorta aneurysm (AAA), suggesting an infective theory of AAA patho-
genesis. [23–26]. There is, probably, a translocation of periodontal pathogens from 
subgingival microbiota to the bloodstream and then to the aortic wall, where they 
might contribute to the weakening of the aortic wall or secondary colonize AAAs. 
[9, 23, 27]. Suzuki et al. reported deeper pocket depth and more severe bleeding on 
probing in abdominal aorta aneurysm patients compared to the non-AAA patients 
[9] (Table 1).

Periodontopathic bacteria were detected in aortic walls of patients with AAA 
[28]. Porphyromonas gingivalis worsened AAA development through toll-like recep-
tor signaling and matrix metalloproteinases (MMPs) [28]. Pharmacological inacti-
vation of MMPs prevented the development of AAA [29]. Several other periodontal 
pathogens were also involved in the pathogenesis of AAA, such as Treponema 
denticola and Campylobacter rectus [11].

The impaired blood flow through vessels affected by atherosclerosis may 
affect also the gums and explain the association of coronary heart disease or 
peripheral arterial disease with periodontitis [30]. A poor periodontal state 
with increased inflammatory markers (C-reactive protein and TNF alpha) 
was reported in a study including 25 patients with peripheral arterial disease 
[22]. Kure et al. described a mutual inflammatory pathway in patients with 
both periodontitis and peripheral arterial disease, including local and systemic 
mechanisms [22]. The association of oral health-myocardial infarction was 
explained by common factors, such as low socioeconomic status, smoking, 
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diabetes mellitus, insulin resistance, nutrition, and aging. Persons who care for 
dental health pay also special attention to lifestyle.

Periodontitis was also associated with myocardial hypertrophy [12]. Ventricular 
remodeling after myocardial infarction and pressure overload myocardial hypertro-
phy were aggravated by Aggregatibacter actinomycetemcomitans [12, 31]. Periodontal 
pathogens increase the level of MMPs, especially MMP-2, which are responsible for 
gingival extracellular matrix destruction [12]. MMPs are also released into the blood 
and are responsible for occurrence of myocardial inflammation, pressure overload 
myocardial hypertrophy, myocardial interstitial, and perivascular fibrosis, causing 
systolic and diastolic dysfunction [12].

Significant associations were also reported between periodontitis and cardiac 
arrhythmia. Periodontitis, as a chronic inflammatory disorder, was an independent 
predictor of arrhythmic events and major adverse cardiac events in patients with 
atrial fibrillation (AF) according to a study including 227 patients with AF [13]. The 
link periodontitis-atrial fibrillation is explained by the inflammatory infiltration of 
atrial cardiomyocytes causing hypertrophy, oxidative stress, and the cardiac tissue 
damage induced by antibodies generated in response to Porphyromonas gingivalis and 
Prevotella intermedia [13, 32]. The control of periodontitis may improve inflamma-
tion and may prevent embolic events and recurrence of arrhythmia [13]. Chen et al. 
also reported an increased risk of atrial fibrillation or flutter in patients with peri-
odontitis, according to a study including the nationwide database of the Taiwanese 
population (393,745 patients with periodontitis and 393,745 non-PD individuals) 
[33]. However, the association PD-atrial fibrillation or flutter was not significant in 
patients with hyperthyroidism, a disorder with a significant role in triggering those 
arrhythmias [33]. Other arrhythmias, such as atrial tachycardia, atrial and ventricu-
lar premature contractions, and ventricular tachycardia, were also more common 
in patients with periodontitis [13]. Periodontitis may influence tachyarrhythmia 
progression [34]. Porphyromonas gingivalis and Prevotella intermedia were especially 
detected in saliva from tachyarrhythmia patients (compared to bradyarrhythmia 
subjects), and they may be involved in myocardial remodeling [34].

2.4 Periodontitis and dyslipidemia

Several researchers considered the potential relationship between periodontitis 
and lipid metabolism [35]. According to a meta-analysis including 19 studies, with 
nonsmoking subjects, with chronic periodontitis, not taking any lipid lowering 
drugs, periodontitis was significantly associated with low HDL and high LDL and 
triglyceride levels [35]. The link between periodontitis and low HDL could be peri-
odontal infection and inflammation [36]. Certain bacteria can also increase VLDL 
and small dense LDL levels and induce selective proteolysis of apoprotein B-100, 
supporting the role of lipoproteins in linking periodontitis and atherosclerosis [3].

Not all studies confirmed the link between lipid metabolism disorders and 
periodontal health. Sridhar et al. reported no association between periodontal 
health, assessed using the gingival index, oral hygiene index, periodontal disease 
index scores and attachment loss, and serum lipids (total cholesterol, LDL, HDL, 
and triglycerides) in patients with or without coronary heart disease [37] (Table 1). 
Another study, including 1297 nondiabetic subjects, who had never smoked and 
were under 50 years, a subpopulation of the Health 2000 Health Examination 
Survey, revealed a significant association of high serum triglycerides and low HDL 
with periodontal infection only among obese patients [38]. TNF alpha may increase 
triglycerides by impairing lipoprotein lipase activity [18].

Proprotein convertase subtilisin/kexin type 9 (PCSK9) plays a critical role 
in regulation of circulating LDL cholesterol concentrations and seems to be 
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diabetes mellitus, insulin resistance, nutrition, and aging. Persons who care for 
dental health pay also special attention to lifestyle.

Periodontitis was also associated with myocardial hypertrophy [12]. Ventricular 
remodeling after myocardial infarction and pressure overload myocardial hypertro-
phy were aggravated by Aggregatibacter actinomycetemcomitans [12, 31]. Periodontal 
pathogens increase the level of MMPs, especially MMP-2, which are responsible for 
gingival extracellular matrix destruction [12]. MMPs are also released into the blood 
and are responsible for occurrence of myocardial inflammation, pressure overload 
myocardial hypertrophy, myocardial interstitial, and perivascular fibrosis, causing 
systolic and diastolic dysfunction [12].

Significant associations were also reported between periodontitis and cardiac 
arrhythmia. Periodontitis, as a chronic inflammatory disorder, was an independent 
predictor of arrhythmic events and major adverse cardiac events in patients with 
atrial fibrillation (AF) according to a study including 227 patients with AF [13]. The 
link periodontitis-atrial fibrillation is explained by the inflammatory infiltration of 
atrial cardiomyocytes causing hypertrophy, oxidative stress, and the cardiac tissue 
damage induced by antibodies generated in response to Porphyromonas gingivalis and 
Prevotella intermedia [13, 32]. The control of periodontitis may improve inflamma-
tion and may prevent embolic events and recurrence of arrhythmia [13]. Chen et al. 
also reported an increased risk of atrial fibrillation or flutter in patients with peri-
odontitis, according to a study including the nationwide database of the Taiwanese 
population (393,745 patients with periodontitis and 393,745 non-PD individuals) 
[33]. However, the association PD-atrial fibrillation or flutter was not significant in 
patients with hyperthyroidism, a disorder with a significant role in triggering those 
arrhythmias [33]. Other arrhythmias, such as atrial tachycardia, atrial and ventricu-
lar premature contractions, and ventricular tachycardia, were also more common 
in patients with periodontitis [13]. Periodontitis may influence tachyarrhythmia 
progression [34]. Porphyromonas gingivalis and Prevotella intermedia were especially 
detected in saliva from tachyarrhythmia patients (compared to bradyarrhythmia 
subjects), and they may be involved in myocardial remodeling [34].

2.4 Periodontitis and dyslipidemia

Several researchers considered the potential relationship between periodontitis 
and lipid metabolism [35]. According to a meta-analysis including 19 studies, with 
nonsmoking subjects, with chronic periodontitis, not taking any lipid lowering 
drugs, periodontitis was significantly associated with low HDL and high LDL and 
triglyceride levels [35]. The link between periodontitis and low HDL could be peri-
odontal infection and inflammation [36]. Certain bacteria can also increase VLDL 
and small dense LDL levels and induce selective proteolysis of apoprotein B-100, 
supporting the role of lipoproteins in linking periodontitis and atherosclerosis [3].

Not all studies confirmed the link between lipid metabolism disorders and 
periodontal health. Sridhar et al. reported no association between periodontal 
health, assessed using the gingival index, oral hygiene index, periodontal disease 
index scores and attachment loss, and serum lipids (total cholesterol, LDL, HDL, 
and triglycerides) in patients with or without coronary heart disease [37] (Table 1). 
Another study, including 1297 nondiabetic subjects, who had never smoked and 
were under 50 years, a subpopulation of the Health 2000 Health Examination 
Survey, revealed a significant association of high serum triglycerides and low HDL 
with periodontal infection only among obese patients [38]. TNF alpha may increase 
triglycerides by impairing lipoprotein lipase activity [18].

Proprotein convertase subtilisin/kexin type 9 (PCSK9) plays a critical role 
in regulation of circulating LDL cholesterol concentrations and seems to be 
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Study participants Results Conclusions Reference

108 male subjects with and 
without periodontal disease

The concentrations of PCSK9 
(proprotein convertase 
subtilisin/kexin type 9) 
were increased in subjects 
with periodontal disease 
(determined as a probing 
depth of ≥4 mm in at least 
one site) compared with 
healthy subjects

PCSK9 could be 
a biomarker for 
diagnosing chronic 
periodontitis and 
may evaluate the risk 
for periodontitis to 
cause atherosclerotic 
vascular disease

Tabeta et al. 
[40]

40 periodontitis patients and 
30 control subjects

PCSK9 concentrations 
in periodontitis patients 
were significantly higher 
than in control subjects. 
No correlations were 
found between PCSK9 
concentrations and lipid 
profiles

Periodontal infection 
upregulates PCSK9 
production

Miyazawa 
et al. [39]

120 subjects, with 30 
subjects in each group: 
healthy group (A), chronic 
periodontitis group (B), 
coronary heart disease 
(CHD + periodontitis group) 
(C), and CHD − periodontitis 
group (D)

No significant difference with 
respect to the lipid profile 
levels (total cholesterol, 
HDL, LDL, triglycerides) 
was noticed between the four 
groups

Periodontal disease 
did not cause any 
change in the lipid 
profile in systemically 
healthy or in CHD 
patients

Sridhar 
et al. [37]

1297 dentate, nondiabetic 
subjects, nonsmokers, aged 
under 50 years

No consistent association 
was found between serum 
lipid levels (HDL, LDL, 
and triglycerides) and 
periodontal infection among 
normoweight subjects but 
an association of high serum 
triglycerides and low HDL 
with periodontal infection 
among obese subjects

Lipid levels were 
associated with 
periodontal infection 
only in obese subjects 
with a high serum 
triglyceride level 
and/or a low HDL-
cholesterol level

Saxlin et al. 
[38]

Table 2. 
Studies linking lipid metabolism and periodontitis.

upregulated in patients with periodontitis, according to a study including 40 
periodontitis patients with Porphyromonas gingivalis antibodies [39] (Table 2). In 
Japanese male subjects, the concentrations of serum proprotein convertase subtili-
sin/kexin type 9 (PCSK9) correlated with periodontal parameters according to a 
study including 108 male subjects [40] (Table 2).

A bidirectional relationship periodontitis-dyslipidemia was suggested, consid-
ering that periodontal inflammation impairs lipid metabolism and dyslipidemia 
increases the susceptibility for periodontitis due to the associated inflammatory 
reaction [3].

2.5 Periodontitis and hypertension

Periodontitis was associated with poor blood pressure control, especially in 
elderly patients; a good periodontal health enabled improvement of systolic blood 
pressure through antihypertensive therapy [41, 42]. Severity of periodontitis has 
also been associated with increased systolic blood pressure [43]. The number of 
periodontal pockets was significantly related to hypertension in a study including 
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3352 patients with self-reported history of hypertension and myocardial infarc-
tion [44]. Intensive periodontal treatment, including the use of a locally delivered 
antimicrobial, reduced systemic inflammatory markers and systolic blood pressure 
and improved lipid profiles and cardiovascular risk in 40 patients with severe 
periodontitis, in a 6-month trial [43].

2.6 Periodontitis and diabetes mellitus

There is a risk factor reciprocity and symbiotic relationship between diabetes 
mellitus and periodontitis. Diabetes causes glycation of proteins; increases col-
lagenase activity; impairs the function of neutrophils, lymphocytes, monocytes, 
and inflammatory response; causes periodontal vascular changes due to micro- 
and macroangiopathy and bone loss; and delays wound healing [2]. Periodontitis 
is a source of inflammatory mediators, released into the bloodstream and increas-
ing insulin resistance [2]. Several common pathological pathways have been also 
described for diabetes mellitus and periodontitis, such as immune mechanisms, 
genetic component, as well as an improper response to environmental factors [2].

2.7 Periodontitis and aging

The population of periodontal bacteria increases with age [45]. Age is also a 
nonmodifiable cardiovascular risk factor. Several authors reported an increased 
arterial stiffness in patients with periodontitis [46–48]. Arterial stiffness indicates 
the impaired elastic vessel wall properties, is related to atherosclerosis and arterio-
sclerosis, and is considered a predictor of cardiovascular events [49].

2.8 Tooth loss

In adults, the most important causes of tooth loss are dental caries and, in 
patients older than 40 years, periodontitis. In patients with periodontitis, chronic 
inflammation is responsible for the destruction of the periodontal ligament and 
the resorption of the alveolar bone, enabling tooth loss [3]. Tooth loss, a marker of 
poor oral health, influences nutrient intake and food choices, with reduced intake 
of vegetables and dietary fibers, as well as socializing, and psychosocial risk factors, 
including social isolation, which are associated with a worse prognosis in cardiovas-
cular disorders [50]. A healthy diet, rich in fruits and vegetables, is a cornerstone 
of cardiovascular disease prevention [4, 51]. Tooth loss is also associated with age, 
which is a cardiovascular risk factor. Observational studies linked tooth loss with 
coronary heart disease, heart failure, stroke, peripheral vascular disease, and 
cardiovascular mortality [30, 52]. The link tooth loss-cardiovascular disorders 
is explained by oral bacteria, especially Streptococcus sanguis and Actinobacillus 
actinomycetemcomitans, which contribute to a systemic inflammation with higher 
levels of C-reactive protein, endothelial dysfunction, atherosclerosis progression, 
and plaque instability [50]. On the other hand, a positive relationship was reported 
between tooth loss and all-cause mortality in persons who lost more than 10 teeth, 
but not for circulatory mortality, according to a meta-analysis including 18 prospec-
tive studies [50]. It must be mentioned that tooth extractions are not always disease 
related, because they may provide space for a full denture [30].

2.9 Periodontal interventions and cardiovascular outcomes

Periodontal interventions reduced cardiovascular risk, systemic inflamma-
tion, dyslipidemia, blood pressure, and endothelial dysfunction and may prevent 
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Study participants Results Conclusions Reference

108 male subjects with and 
without periodontal disease

The concentrations of PCSK9 
(proprotein convertase 
subtilisin/kexin type 9) 
were increased in subjects 
with periodontal disease 
(determined as a probing 
depth of ≥4 mm in at least 
one site) compared with 
healthy subjects

PCSK9 could be 
a biomarker for 
diagnosing chronic 
periodontitis and 
may evaluate the risk 
for periodontitis to 
cause atherosclerotic 
vascular disease

Tabeta et al. 
[40]

40 periodontitis patients and 
30 control subjects

PCSK9 concentrations 
in periodontitis patients 
were significantly higher 
than in control subjects. 
No correlations were 
found between PCSK9 
concentrations and lipid 
profiles

Periodontal infection 
upregulates PCSK9 
production

Miyazawa 
et al. [39]

120 subjects, with 30 
subjects in each group: 
healthy group (A), chronic 
periodontitis group (B), 
coronary heart disease 
(CHD + periodontitis group) 
(C), and CHD − periodontitis 
group (D)

No significant difference with 
respect to the lipid profile 
levels (total cholesterol, 
HDL, LDL, triglycerides) 
was noticed between the four 
groups

Periodontal disease 
did not cause any 
change in the lipid 
profile in systemically 
healthy or in CHD 
patients

Sridhar 
et al. [37]

1297 dentate, nondiabetic 
subjects, nonsmokers, aged 
under 50 years

No consistent association 
was found between serum 
lipid levels (HDL, LDL, 
and triglycerides) and 
periodontal infection among 
normoweight subjects but 
an association of high serum 
triglycerides and low HDL 
with periodontal infection 
among obese subjects

Lipid levels were 
associated with 
periodontal infection 
only in obese subjects 
with a high serum 
triglyceride level 
and/or a low HDL-
cholesterol level

Saxlin et al. 
[38]

Table 2. 
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upregulated in patients with periodontitis, according to a study including 40 
periodontitis patients with Porphyromonas gingivalis antibodies [39] (Table 2). In 
Japanese male subjects, the concentrations of serum proprotein convertase subtili-
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3352 patients with self-reported history of hypertension and myocardial infarc-
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antimicrobial, reduced systemic inflammatory markers and systolic blood pressure 
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poor oral health, influences nutrient intake and food choices, with reduced intake 
of vegetables and dietary fibers, as well as socializing, and psychosocial risk factors, 
including social isolation, which are associated with a worse prognosis in cardiovas-
cular disorders [50]. A healthy diet, rich in fruits and vegetables, is a cornerstone 
of cardiovascular disease prevention [4, 51]. Tooth loss is also associated with age, 
which is a cardiovascular risk factor. Observational studies linked tooth loss with 
coronary heart disease, heart failure, stroke, peripheral vascular disease, and 
cardiovascular mortality [30, 52]. The link tooth loss-cardiovascular disorders 
is explained by oral bacteria, especially Streptococcus sanguis and Actinobacillus 
actinomycetemcomitans, which contribute to a systemic inflammation with higher 
levels of C-reactive protein, endothelial dysfunction, atherosclerosis progression, 
and plaque instability [50]. On the other hand, a positive relationship was reported 
between tooth loss and all-cause mortality in persons who lost more than 10 teeth, 
but not for circulatory mortality, according to a meta-analysis including 18 prospec-
tive studies [50]. It must be mentioned that tooth extractions are not always disease 
related, because they may provide space for a full denture [30].

2.9 Periodontal interventions and cardiovascular outcomes

Periodontal interventions reduced cardiovascular risk, systemic inflamma-
tion, dyslipidemia, blood pressure, and endothelial dysfunction and may prevent 
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embolic events and recurrence of arrhythmia [13, 43, 53]. Plaque removal in 
patients with stable coronary artery disease and periodontitis leads to lower levels 
of CRP, IL-6, and IL-8 [54]. Dental scaling (no more than twice per year) was asso-
ciated with a lower risk of atrial fibrillation or flutter, probably due to its protective 
effect on PD [33]. Despite the association between periodontitis and atherosclerotic 
cardiovascular disease, periodontal interventions do not improve cardiovascular 
outcomes [30, 54]. Poor oral health can be considered as a risk marker for cardio-
vascular disorders, a biomarker of the severity of atherosclerosis [30].

3. Dental caries and lesions of endodontic origin

Dental caries and chronic apical periodontitis are different stages of the same 
inflammatory condition, and the focal infection theory has gained again attention 
[18, 21].

Streptococcus mutans, the bacteria commonly associated with dental caries, was 
identified also in the atherosclerotic plaque, suggesting a proatherogenic potential 
of dental caries, and may also cause bacterial endocarditis [21, 55]. It takes less 
than 1 minute after an oral intervention for the oral bacteria to reach the heart or 
the peripheral capillaries [21]. Normally, microorganisms are eliminated within 
minutes, but in patients with valvular heart disease, bacteremia may cause infective 
endocarditis [18].

A positive association between apical periodontitis and cardiovascular disease 
was also demonstrated [56]. Apical periodontitis, the inflammatory injury around 
the apex of a tooth due to gram-negative bacteria, may also cause systemic effects 
due to cytokines (interleukin 1 beta, interleukins 2, 6, 8, and 17, TNF alpha), reac-
tive oxygen species, and matrix metalloproteinase, similar to chronic periodontitis 
[18, 21]. Interleukin 1 (IL-1) level, the predominant form of interleukin found in 
endodontic injuries, is involved in the formation, growth, and destabilization of the 
atherosclerotic plaque [18]. Interleukin 6 (IL-6) was associated with formation and 
activation of osteoclasts and also with unstable angina, left ventricular dysfunction, 
diabetes mellitus and its complications, hypertension, and obesity [18]. Interleukin 
8 is associated with irreversible pulpitis and osteolysis in apical abscesses but also 
with angiogenesis and plaque formation [18]. TNF alpha was related to osteoclast 
activation and bone resorption, production of Il-6 and C-reactive protein, expres-
sion of cell adhesion molecules, smooth muscle cell proliferation, and lipid metabo-
lism [18]. Interleukin 17 regulates matrix metalloproteinases, responsible for tissue 
destruction, and is involved in expression of genes encoding pro-inflammatory 
cytokines, endothelial damage, and cell apoptosis [18].

Periapical disease was associated with hypertension and stroke [57, 58]. 
Comparing aspects of periapical lesion formation in hypertensive and normotensive 
conditions using hypertensive and wild-type control mice, no differences were 
noticed in periapical lesion size and cytokines expressions, but hypertensive rats 
showed an elevated number of osteoclasts, responsible for bone destruction [59]. 
The link between bone destruction and hypertension is angiotensin II, able to 
upregulate RANKL expression in osteoblasts [59].

4. Sucrose

Sucrose enables cariogenesis in the presence of Streptococcus mutans. Dale et al. 
demonstrated an increased risk of congenital heart defects (patent ductus arterio-
sus, valvular pulmonary stenosis, ventricular septal defect, atrial septal defect) 
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in offsprings of women after intake of sucrose-sweetened soft beverages during 
pregnancy [60].

Sucrose can also influence cardiovascular risk factors, especially overweight 
and obesity, diabetes mellitus, and blood lipids. The cardiovascular risk associated 
with a high sucrose intake is due to fructose-induced increase in blood triglycerides 
by stimulation of de novo lipogenesis and impairment of postprandial lipoprotein 
clearance [61]. The literature search did not provide a strong association between 
sucrose intake and LDL or HDL cholesterol level [61]. Only one study reported 
increase of LDL cholesterol and apoprotein B due to fructose consumption [62]. 
Daily fructose intake increasing blood triglycerides is of 50–60 g daily or above [61].

Intake of sweetened beverages, important contributors to free sugar intake and 
source of hidden calories, was associated with hypertension and impaired fasting 
glycemia in a study including 1158 young healthy participants [63]. Development 
of hypertension due to sucrose intake was related to slight insulin resistance with 
impaired nitric oxide synthase action, elevated lipoperoxidation, and decreased 
nonenzymatic antioxidant capacity and sirtuin 3 [64].

5. Fluorides

Fluorides enable synthesis of calcium fluoroapatite, which promotes remin-
eralization of the enamel subjected to cariogenic factors and inhibits bacterial 
metabolism [2]. On the other hand, it has been demonstrated that fluoride 
induces damage to cardiomyocytes, due to Ca2+ metabolic disorder, and an 
abnormal expression of cardiac troponin T and I [65]. Fluoride can enter the cells; 
in excessive amounts it can cause serious damage to the cytoskeleton, nuclear 
condensation, myocardial fiber breakage, calcium overload, and mitochondrial 
dissolution, which impairs ATP production [65, 66]. The mentioned changes 
could explain myocardial ischemia, myocardial infarction, and heart failure 
associated with high fluoride intake, involving increased oxidative stress, apop-
tosis, and necrosis [67]. Fluoride in drinking water is nephrotoxic according to a 
study performed in rats with experimental chronic kidney disease, increasing the 
incipient aortic calcifications [68].

6. Biomarkers linking cardiovascular and oral disorders

Several serum biomarkers related especially to the peripheral inflammatory and 
immune response and oxidative stress link chronic periodontitis to atherosclerotic 
cardiovascular disease [13, 40]. The gingival index was associated with fibrinogen 
and white blood cell counts in periodontal patients and controls, adjusted for age, 
smoking, and socioeconomic status [69]. C-reactive protein (CRP) is a marker of 
both low-grade inflammations associated with periodontitis and apical lesions of 
endodontic origin and a risk indicator of cardiovascular events [13, 21, 70]. Apical 
lesions of endodontic origin were associated with the most promising biomarker of 
subclinical atherosclerosis: high-sensitivity C-reactive protein [70, 71].

Besides CRP, elevated cytokines were also associated with atrial fibrillation in 
patients with periodontitis [13]. IgA antibodies to periodontal pathogens were also 
revealed in patients with periodontitis [13].

Brain natriuretic peptides, released from ventricular cardiomyocytes in response 
to pressure and volume overload, were also increased in patients with periodon-
titis, related to severity of the disorder [3]. Ischemia-modified albumin, a marker 
of myocardial ischemia and end product of oxidative stress, was increased in 
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cardiovascular disease, periodontal interventions do not improve cardiovascular 
outcomes [30, 54]. Poor oral health can be considered as a risk marker for cardio-
vascular disorders, a biomarker of the severity of atherosclerosis [30].

3. Dental caries and lesions of endodontic origin

Dental caries and chronic apical periodontitis are different stages of the same 
inflammatory condition, and the focal infection theory has gained again attention 
[18, 21].

Streptococcus mutans, the bacteria commonly associated with dental caries, was 
identified also in the atherosclerotic plaque, suggesting a proatherogenic potential 
of dental caries, and may also cause bacterial endocarditis [21, 55]. It takes less 
than 1 minute after an oral intervention for the oral bacteria to reach the heart or 
the peripheral capillaries [21]. Normally, microorganisms are eliminated within 
minutes, but in patients with valvular heart disease, bacteremia may cause infective 
endocarditis [18].

A positive association between apical periodontitis and cardiovascular disease 
was also demonstrated [56]. Apical periodontitis, the inflammatory injury around 
the apex of a tooth due to gram-negative bacteria, may also cause systemic effects 
due to cytokines (interleukin 1 beta, interleukins 2, 6, 8, and 17, TNF alpha), reac-
tive oxygen species, and matrix metalloproteinase, similar to chronic periodontitis 
[18, 21]. Interleukin 1 (IL-1) level, the predominant form of interleukin found in 
endodontic injuries, is involved in the formation, growth, and destabilization of the 
atherosclerotic plaque [18]. Interleukin 6 (IL-6) was associated with formation and 
activation of osteoclasts and also with unstable angina, left ventricular dysfunction, 
diabetes mellitus and its complications, hypertension, and obesity [18]. Interleukin 
8 is associated with irreversible pulpitis and osteolysis in apical abscesses but also 
with angiogenesis and plaque formation [18]. TNF alpha was related to osteoclast 
activation and bone resorption, production of Il-6 and C-reactive protein, expres-
sion of cell adhesion molecules, smooth muscle cell proliferation, and lipid metabo-
lism [18]. Interleukin 17 regulates matrix metalloproteinases, responsible for tissue 
destruction, and is involved in expression of genes encoding pro-inflammatory 
cytokines, endothelial damage, and cell apoptosis [18].

Periapical disease was associated with hypertension and stroke [57, 58]. 
Comparing aspects of periapical lesion formation in hypertensive and normotensive 
conditions using hypertensive and wild-type control mice, no differences were 
noticed in periapical lesion size and cytokines expressions, but hypertensive rats 
showed an elevated number of osteoclasts, responsible for bone destruction [59]. 
The link between bone destruction and hypertension is angiotensin II, able to 
upregulate RANKL expression in osteoblasts [59].

4. Sucrose

Sucrose enables cariogenesis in the presence of Streptococcus mutans. Dale et al. 
demonstrated an increased risk of congenital heart defects (patent ductus arterio-
sus, valvular pulmonary stenosis, ventricular septal defect, atrial septal defect) 
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in offsprings of women after intake of sucrose-sweetened soft beverages during 
pregnancy [60].

Sucrose can also influence cardiovascular risk factors, especially overweight 
and obesity, diabetes mellitus, and blood lipids. The cardiovascular risk associated 
with a high sucrose intake is due to fructose-induced increase in blood triglycerides 
by stimulation of de novo lipogenesis and impairment of postprandial lipoprotein 
clearance [61]. The literature search did not provide a strong association between 
sucrose intake and LDL or HDL cholesterol level [61]. Only one study reported 
increase of LDL cholesterol and apoprotein B due to fructose consumption [62]. 
Daily fructose intake increasing blood triglycerides is of 50–60 g daily or above [61].

Intake of sweetened beverages, important contributors to free sugar intake and 
source of hidden calories, was associated with hypertension and impaired fasting 
glycemia in a study including 1158 young healthy participants [63]. Development 
of hypertension due to sucrose intake was related to slight insulin resistance with 
impaired nitric oxide synthase action, elevated lipoperoxidation, and decreased 
nonenzymatic antioxidant capacity and sirtuin 3 [64].

5. Fluorides

Fluorides enable synthesis of calcium fluoroapatite, which promotes remin-
eralization of the enamel subjected to cariogenic factors and inhibits bacterial 
metabolism [2]. On the other hand, it has been demonstrated that fluoride 
induces damage to cardiomyocytes, due to Ca2+ metabolic disorder, and an 
abnormal expression of cardiac troponin T and I [65]. Fluoride can enter the cells; 
in excessive amounts it can cause serious damage to the cytoskeleton, nuclear 
condensation, myocardial fiber breakage, calcium overload, and mitochondrial 
dissolution, which impairs ATP production [65, 66]. The mentioned changes 
could explain myocardial ischemia, myocardial infarction, and heart failure 
associated with high fluoride intake, involving increased oxidative stress, apop-
tosis, and necrosis [67]. Fluoride in drinking water is nephrotoxic according to a 
study performed in rats with experimental chronic kidney disease, increasing the 
incipient aortic calcifications [68].

6. Biomarkers linking cardiovascular and oral disorders

Several serum biomarkers related especially to the peripheral inflammatory and 
immune response and oxidative stress link chronic periodontitis to atherosclerotic 
cardiovascular disease [13, 40]. The gingival index was associated with fibrinogen 
and white blood cell counts in periodontal patients and controls, adjusted for age, 
smoking, and socioeconomic status [69]. C-reactive protein (CRP) is a marker of 
both low-grade inflammations associated with periodontitis and apical lesions of 
endodontic origin and a risk indicator of cardiovascular events [13, 21, 70]. Apical 
lesions of endodontic origin were associated with the most promising biomarker of 
subclinical atherosclerosis: high-sensitivity C-reactive protein [70, 71].

Besides CRP, elevated cytokines were also associated with atrial fibrillation in 
patients with periodontitis [13]. IgA antibodies to periodontal pathogens were also 
revealed in patients with periodontitis [13].

Brain natriuretic peptides, released from ventricular cardiomyocytes in response 
to pressure and volume overload, were also increased in patients with periodon-
titis, related to severity of the disorder [3]. Ischemia-modified albumin, a marker 
of myocardial ischemia and end product of oxidative stress, was increased in 
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patients with chronic periodontitis compared to periodontally healthy controls and 
decreased after nonsurgical periodontal therapy [72].

Matrix metalloproteinases, markers of plaque vulnerability, and subclinical 
atherosclerosis were also associated with periodontitis [12, 73].

7. Conclusions

It is important to recognize the importance of oral health, especially of chronic 
oral infections, for cardiovascular health and quality of life, considering that oral 
disorders are diagnosed easier and earlier than cardiovascular diseases. Several 
links were found between oral and cardiovascular disorders, including common 
risk factors, microbiological, clinical, inflammatory, and molecular markers. Oral 
bacteria, such as Streptococcus mutans, Porphyromonas gingivalis, Aggregatibacter 
actinomycetemcomitans, and Prevotella intermedia, may represent links between oral 
and cardiovascular disorders.

Both dentists and cardiologists, as well as other medical health-care providers, 
must extend their roles, considering the cross talk between oral and cardiovas-
cular disorders. Markers of oral health enable screening of several cardiovascular 
disorders.
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Abstract

The prevalence of obesity and its related diseases are increasing worldwide. 
This phenomenon has been observed not only in adults but also in adolescents and 
children. Numerous scientific studies have revealed a direct correlation between 
the increase in blood pressure and weight gain. In fact, visceral fat can contribute 
to the rise in blood pressure because it is associated with an increased production of 
inflammatory cytokines (such as interleukin-1-β, tumor necrosis factor-α and inter-
leukin-6) and inflammatory factors (such as C-reactive protein), inducing endothe-
lial dysfunction and consequently arterial hypertension (AH). Insulin resistance, 
which develops in obese individuals, may represent an additional risk factor in the 
onset of AH. Postprandial hyperglycemia is not able to inhibit lipolysis, inducing 
a greater release of free fatty acids causing metabolic abnormalities, oxidative 
stress and vascular dysfunction. In this chapter, we will examine the mechanisms 
that correlate obesity to hypertension, such as the involvement of the sympathetic 
nervous system, metabolic and renal alterations. Finally, the pharmacological and 
nutritional treatment of obesity-related hypertension will be described.

Keywords: obesity, metabolic syndrome, renin-angiotensin system,  
obesity-hypertension link, anti-obesity drugs

1. Introduction

The World Health Organization (WHO) defines obesity as the clinical condition 
in which a subject presents a body mass index (BMI) ≥ 30 kg/m2. This condition 
can be further classified in three stages: stage 1 BMI 30-34.99 kg/m2, stage 2 BMI 
35–39.99 kg/m2 and stage 3 BMI ≥ 40 kg/m2 [1].

Obesity and being overweight (BMI ≥ 25 kg/m2) [2] have become in recent years 
a substantial health burden due to their growing prevalence.

In the USA, the prevalence of obesity in adults has increased by 39.6% from 2015 
to 2016, and it is forecasted to reach the astounding number of 2.1 billion people by 
2030 [3]. In China, the percentage of obese men and women in 2013 was, respectively, 
of 3.8 and 5.8%, while in Japan it was of 4.5 and 3.3%. In Eastern Europe during 2013, 
the percentage of obese adult subjects did not differ much from that in the USA: 
21% of the adult population resulted obese, with equal gender distribution [2]. In 
Germany, a recent study has highlighted that 35.4% of the adult population was over-
weight and the 21.3% was obese, in Italy 34.9% was overweight and 12.3% obese [4].

All epidemiologic studies conducted till date have confirmed that the global preva-
lence of obesity is constantly rising [5]. Therefore, it is becoming a sanitary emergency, 
both in terms of human resources and economically. In fact, it is worthy to consider 
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that excess of adipose tissue is associated with an increase in cardiovascular (CV) risk 
and with the precocious insurgence of CV diseases [6]. It has been underlined that 
obesity is characterized by an augmented activation both the sympathetic nervous 
system (SNS) [7], and of renin-angiotensin-aldosterone system (RAAS), which play 
a fundamental role in the physiopathology of AH [8]. It is estimated that about 75% 
of hypertension incidence is directly correlated to the contextual presence of obesity, 
characterizing the form of obesity-related hypertension [9, 10].

2. Physiopathological mechanisms of obesity-related hypertension

The association between body weight and arterial pressure was made for the first 
time during the 1960s, in the Framingham Heart Study [11]. However, the nature 
of such correlation remained unknown until the latter half of the 1980s, when a 
series of studies highlighted the possible mechanisms, which correlated these two 
clinical entities [12–14]. Such studies took inspiration from the clinical observation 
made by Vague [15], who observed that metabolic and CV complications linked 
to obesity were more frequent in subjects with a phenotype of “android” obesity 
(most fat localized in the upper part of the body) that with those with a “gynoid” 
phenotype (most fat localized in the inferior part of the body). Successively, during 
the 1980s, other population studies have been conducted which utilized the waist/
hip ratio as a quantitative index of the visceral fat, demonstrating that a higher 
ratio was correlated with a significant increase of CV risk [12–14]. Further studies 
shed light on the presence of insulin resistance in the android phenotype [16, 17]. 
Furthermore, the possible association between insulin resistance and the presence 
of AH was evaluated in both obese and non-obese subjects, constructing the basis 
for the comprehension of the physiopathological mechanisms of obesity-related 
hypertension [18, 19].

The accumulation of excess adipose tissue triggers a cascade of events, which 
induce a rise in blood pressure values in both children and adults [20, 21]. The phys-
iopathological mechanism at the basis of the insurgence of hypertension is complex, 
and encompasses the following: activation of the SNS through the action of hyper-
leptinemia and hyperinsulinemia, vascular damage caused by a chronic low-grade 
inflammatory state, endothelial dysfunction, oxidative stress and finally vasocon-
striction coupled with fluid retention modulated by the RAAS activation [22–24].

2.1 Increased SNS activity

In the condition of obesity-related hypertension, hyperactivation of the SNS 
can be observed [25]. In such mechanism, total body fat distribution plays a pivotal 
role, as microneurography studies have demonstrated that the grade of SNS activity 
is greater in subjects who present visceral fat distribution [26, 27]. Moreover, it has 
been shown that there is a direct correlation between SNS activation and the waist/
hip ratio [28].

Numerous studies have demonstrated that obesity induces the alteration of the 
arterial baroreceptor control of sympathetic activity, which involves inhibitory and 
excitatory components [25].

Commonly, with obesity, a reduction of the parasympathetic tone can be 
observed with an increase of sympathetic activity with a reduction of heart rate 
variability [29, 30]. On the contrary, with weight loss, the parasympathetic tone and 
the heart rate variability increase.

Obesity is also associated to tissue SNS activation, at the levels of the heart, 
kidney and musculoskeletal tissue [31, 32]. Specifically, obese subjects present an 
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increase of sympathetic renal nervous tissue activity, diagnosed by an increased 
concentration of renal norepinephrine [33]. Moreover, obese subjects with normal 
blood pressure have a suppressed cardiac SNS activity, while obese subjects with AH 
have an increase in cardiac SNS activity [33]. Consequently, it is hypothesized that 
the development of obesity-related hypertension plays a fundamental role in aug-
menting renal and cardiac sympathetic activity. In order to confirm such hypothesis, 
it is worth noting that renal denervation induces a reduction of blood pressure values 
and an increased sodium excretion in a canine model fed with a high fat diet [34].

Other mechanisms that would seem to be involved in the regulation of the 
activation of the SNS, determining other direct effects on CV homeostasis are 
hormonal, metabolic, inflammatory and endothelial factors. The possible rela-
tion between insulin and arterial blood pressure was initially quite controversial, 
however, recent studies have highlighted a possible role for such hormone in the 
physiopathological mechanism of obesity-related hypertension [35]. Since insu-
lin stimulates the SNS, and obese subjects have an increase in SNS activity, it is 
hypothesized that the stimulation of the SNS is also mediated by insulin [36]. Such 
hypothesis would also explain the physiopathological mechanism at the basis of 
the elevated blood pressure values that are recorded in central obesity. This would 
also seem to be supported by some studies that have shown a concomitant reduc-
tion of arterial blood pressure and SNS activity in obese subjects who underwent 
insulin level reduction thanks to a low calorie diet [37]. Moreover, chronic hyper-
insulinemia needs to be also correlated to an arterial dysfunction, which favors a 
mechanism of vasoconstriction. Insulin can exert a direct action on the kidney, 
by stimulating sodium reabsorption and consequently inducing sodium retention 
via direct interaction with renal tubules [38]. Therefore, obesity-induced hyperin-
sulinemia seems to contribute to the increase in arterial blood pressure values by 
acting on sodium retention, and the expansion of extracellular volume.

Another factor involved in SNS stimulation is leptin. This adipokine is produced 
by adipocytes, and its plasmatic concentration is directly correlated to the amount 
of fat mass of the subject [39]. Leptin induces appetite suppression and stimulates 
the SNS [40]. With regards to leptin concentration, gender variation has been 
observed: female individuals present higher hormonal levels and a greater receptor 
expression (ObR) compared to male subjects [41]. A possible explanation for such 
phenomenon has highlighted that subcutaneous adipose tissue, predominating 
in the female gender, produces a greater quantity of leptin compared to visceral 
adipose tissue [42].

Studies conducted on animal models have demonstrated that leptin infusion 
induces an increase in blood pressure values and SNS hyperactivation [43, 44].

From recent studies, it has emerged that leptin-mediated SNS stimulation could 
be seen as a mechanism to stabilize bodily weight and restore energetic equilib-
rium in obese patients, increasing energetic expenditure by stimulating brown fat 
thermogenesis [45].

2.2 Increased RAAS activity

Numerous studies have highlighted that urinary and plasmatic concentration 
of aldosterone is increased in obese subjects compared to normal weight subjects 
[46]. In particular, its plasmatic concentration results directly correlated with the 
quantity of visceral adipose tissue [47]. Various authors have shown how adipose 
tissue releases adipokines, which stimulate the adrenal glands to produce aldoste-
rone, independently from the plasmatic activity of renin [48–50]. Therefore, RAAS 
activation is directly involved in the development of obesity-related hypertension. 
Obese subjects, especially if they present a substantial visceral fat quota, often have 
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increased plasmatic renin activity, together with an enhancement in angiotensin 
converting enzyme (ACE), a greater concentration of aldosterone, angiotensinogen 
and angiotensin II [51]. In obese patients, RAAS activation is determined by a num-
ber of factors, some of which are constituted by physical renal compression induced 
by an increment in visceral fat, SNS hyperactivation and local activation of RAAS in 
the adipose tissue [52]. Adipose tissue, other than containing all RAAS components, 
is able to produce angiotensin II [53]. Even if in obese subjects the principal bulk of 
angiotensinogen continues to be produced by the liver (as in healthy subjects), it has 
been demonstrated that in obese patients, there is an increase of angiotensinogen 
produced by the adipose tissue [54]. To support this finding, an interesting study 
conducted on adipocyte-angiotensinogen deficient mice (AgtaP2) has demonstrated 
that a fat-rich diet induces blood pressure increase in wild type rats, but causes no 
pressure increase in AgtaP2 rats, even if both groups present an equal increase in 
weight and fat mass [55]. Moreover, it is worth to point out that RAAS of adipose 
tissue not only produces angiotensin II, through ACE enzymatic activity, but also 
uses a less common mechanism that relies on the enzymatic activity of cathepsins 
and chymases [56].

To prove the hypothesis that RAAS activity has a significant role in the patho-
genesis of obesity-related hypertension; a study has been conducted on obese 
subjects who have undergone bariatric surgery, which demonstrated a significant 
reduction in RAAS activity due to considerable weight loss [57].

A fundamental role in obesity-related hypertension is also carried out by aldo-
sterone, as obese subjects present elevated levels of this hormone [58, 59], and since 
weight loss is not only associated with reduced plasmatic renin activity but also with 
aldosterone, independently from sodium intake. As a final analysis, weight loss also 
induces a beneficial effect on blood pressure values [58].

Aldosterone increase has also been observed in obese adolescents [59] and obese 
menopausal women [60]. Moreover, one should consider that the highest levels of 
plasmatic renin activity, aldosterone and ACE have been highlighted in subjects 
with visceral obesity but not in subjects with peripheral obesity [61]. Goodfriend 
et al. have confirmed that in subject affected by visceral obesity, adipose tissue is 
involved in the excess production of aldosterone, through the action of aldosterone 
releasing factors [62].

2.3  Changes in kidney function and hemodynamic in obesity-related 
hypertension

Obese subjects present an elevated risk to develop chronic kidney disease [63]. 
During obesity, an expansion of extracellular volume and an increase in blood flow 
in many tissues that leads to increased cardiac output, can be observed [64]. The 
latter, increases in a consistent manner with weight gain, and part of such increase 
is closely correlated to the blood flow needed to supply the excess of adipose tissue. 
Such blood flow increase is appreciable not only at the adipose tissue level, but also 
in other organs and tissues such as the heart, the kidney, the gastro-intestinal appa-
ratus and the muscle [21, 65]. Excess blood flow, which can be observed at the level 
of other organs, is caused by the hypertrophy that such organs undergo because of 
obesity; it is secondary to increased metabolic demand and to the greater work load 
present in this pathological condition [66]. Renally, this translates into glomerular 
hyperfiltration that can be encountered in the initial phases of the pathology, 
which will successively progress in chronic kidney disease with reduced glomerular 
filtration [67]. During the initial stages of obesity, there is an augmented sodium 
tubular reabsorption with a consequent increase in sodium retention. In order to 
compensate such mechanism, the kidney undergoes vasodilation with subsequent 
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hyperfiltration and increased filtration of water and electrolytes. However, this 
compensatory mechanism is incomplete and induces an extracellular volume 
expansion with an increase in blood pressure values. Therefore, obesity induces an 
increase sodium tubular reabsorption in the kidney via different mechanisms such 
as neural, hormonal and reno-vascular. The first involving the SNS, the second 
insulin and aldosterone, and the third angiotensin II [68]. During obesity, even with 
the expansion of extracellular volume, renin secretion by the kidneys still occurs. 
This is due to the action exerted by fat accumulated in the renal medulla and in the 
peri-renal adipose tissue [10, 69].

2.4 Inflammation and obesity-related hypertension

In obese subjects, adipose tissue dysfunction can be observed. It is characterized 
by a reduction in protective factor concentration such as adiponectin, nitric oxide 
and prostaglandins, and an increased release of pro-inflammatory adipokines such 
as resistin, leptin and visfatin, with subsequent development of low-grade inflam-
mation. Cumulatively, this induces a metabolic and vascular dysfunction in the 
obese subjects [70, 71].

In pathologic conditions, adipocytes produce both inflammatory cytokines and 
extracellular matrix proteins, favoring the infiltration of immune cells in the adipose 
tissue and consequent inflammation [72]. In turn, the same infiltrative immune cells 
activate and release cytokines that can directly influence the adipocyte function or 
induce the secretion of pro-inflammatory adipokines. These effects are also evident 
at the level of the perivascular adipose tissue, particularly when adjacent to athero-
sclerotic or dysfunctional vessels in hypertensive subjects. In fact, in AH, perivas-
cular adipose tissue inflammation can be observed. This kind of inflammation, is 
in turn involved in the dysfunction of vessels [73], favoring vasoconstriction and 
inhibiting endothelium-dependent vasodilation [72]. Such functional changes will 
have correspondent morphological changes: perivascular adipose tissue becomes 
pro-inflammatory, dedifferentiated and metabolically active. This tissue will pro-
duce a greater number of chemokines, such as RANTES, involved in the activation 
of monocyte/macrophages and CD8+ T cells. Moreover, an increase in sympathetic 
innervation can be observed at the level of the perivascular adipose tissue, which is 
also involved in the mechanism of obesity-related hypertension [74].

Hypertensive subjects present at the perivascular adipose level an increment 
in T lymphocytes, antigen-presenting cells and factors involved in endothelial 
dysfunction. These factors explain the persistent relationship between hyperten-
sion and the atherosclerotic process [75]. During AH, one can observe in the 
perivascular adipose tissue an increase in both CD4 and CD8 and the expression of 
pro-inflammatory cytokines (TNF-α and INF-γ) [73, 76]. The pro-inflammatory 
cytokines modulate smooth muscle cell contraction, their migration and prolifera-
tion [77]. However, it is also worth considering that leptin is structurally similar 
to IL-6, IL-12 and IL-15 and is capable to induce leukocyte activation, chemotaxis, 
free radical production and the expression of endothelial adhesion molecules at the 
level of vascular smooth vessel cells. Moreover, pro-inflammatory cytokines (IL-17A 
and TNF-α) induce in the adipose tissue an increased production of leptin and resis-
tin, which in turn cause an augmented expression of VCAM-1 and ICAM-1, causing 
vascular dysfunction and oxidative stress [78].
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The first study, which highlighted the presence of fluctuations in arterial blood 
pressure in course of complete or partial OSA, was conducted in 1972 [79]. OSA is 
characterized by a series of events that induce the collapse of the superior airways 
during sleep with consequent intermittent hypoxia, hypercapnia, negative intratho-
racic pressure and increased activation of the SNS [80, 81]. Therefore, the intermit-
tent hypoxia observed during OSA (which also activates the SNS) contributes to the 
development of obesity-related hypertension [82]. OSA-induced SNS activation is 
caused by a dual mechanism: on one hand from the stimulation of peripheral che-
moreceptors, and on the other by the formation of ROS that contribute to systemic 
inflammation and endothelial dysfunction [83].

During hypoxia, it has been demonstrated that endothelin, which has a vaso-
constrictor action is released [84], with the improvement of oxygenation instead, 
there is a decreased production of endothelin and consequent vasodilation. Phillips 
et al. have suggested that the cyclical alterations of endothelin production in OSA 
patients can contribute to the insurgence of AH [85]. Such clinical observations 
have been confirmed on OSA murine models [86]. Moreover, OSA patients present 
a higher incidence of non-dipping of nocturnal systolic pressure, indicator of an 
increased adrenergic tone [87].

3. Therapeutic approaches to the obesity-related hypertension

According to the 8th report of the Joint National Committee (JNC8), normal 
blood pressure systolic values are inferior to 130 mmHg and normal diastolic values 
are inferior to 80 mmHg [88].

In order to have reliable measurements, ESC/ESH recommends to perform 
three of them in an ambulatories setting, with intervals of 1 or 2 min between each 
reading. Moreover, it is advised to perform additional measurements, if the first one 
differ more than 10 mmHg between one another. The blood pressure value that will 
be given by an average of the last two readings [89].

Even if the definition and the categorization of AH have varied over time, there 
is a consensus that is persistent. The therapeutic target is fixed around values equal 
or inferior to 130/80 mmHg [89, 90].

The therapeutic approach of obesity-related hypertension is based on a pharma-
cological therapy (anti-hypertensive and anti-obesity pharmaceuticals) associated 
to a nutritional/compartmental intervention (Figure 1). A healthy lifestyle is a valid 
support to pharmacological therapy and allows the correction of certain deleteri-
ous habits such as physical activity, hypercaloric diet, sodium-rich diet and alcohol 
abuse.

3.1 Anti-hypertensive drugs

3.1.1 RAAS inhibitors

Numerous studies have suggested diuretics is RAAS antagonists are particularly 
effective in obese subjects [91, 92]. In fact, as previously described, since angio-
tensin is overexpressed in obesity and given its role in the development of obesity-
related hypertension, ACE-inhibitors and angiotensin II receptor blockers (ARBs) 
are considered a valid therapeutic approach in such patients.

Moreover, when comparing ACE-inhibitors and ARBs to β-blockers and thiazide 
diuretics, it is apparent that RAAS antagonists are seldom associated to new cases of 
diabetes and induce less insulin resistance [93, 94]. Furthermore, ACE-inhibitors and 
ARBs do not appear correlated with weight gain, and carry out a nephroprotective 
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action in diabetic patients, which is a frequent comorbidity in obese subjects. These 
pharmaceuticals also induce a 30% reduction of left ventricular hypertrophy, which 
has a high prevalence in subjects affected by obesity-related hypertension [95, 96].

In support of the above statements, a study conducted on 6083 hypertensive 
subjects (65–84 years of age) with an average BMI of 27.4 kg/m2, has highlighted 
that starting the anti-hypertensive treatment with ACE-inhibitors will lead to a 
better outcome compared to an intervention with diuretics, independently of the 
improvement in blood pressure values [97].

3.1.2 Diuretics and β-blockers

Even if treatment with thiazide diuretics is frequently recommended in patients 
with AH [98], it must be kept in consideration that they present some dose-corre-
lated collateral effects such as insulin resistance, hyperuricemia and dyslipidemia. 
Moreover, in obese patients who have a predisposition for type 2 diabetes mellitus 
and metabolic syndrome, this kind of pharmaceutical approach is harmful and 
should be avoided [8].

To demonstrate this, an interesting open label, randomized study conducted on 
CV disease free and non-diabetic, hypertensive patients had shown that the adverse 
metabolic effects related to the treatment with thiazide diuretics and β-blockers 
were more frequent in subjects with abdominal obesity. Such adverse metabolic 
effects manifested after only 9 weeks from the start of the treatment [99].

Therefore, according to guidelines such pharmaceuticals, should be used with 
caution in patients who are at risk of developing metabolic syndrome or altered 
fasting glucose, in order to avoid the insurgence of diabetes and other long-term 
complications [100, 101].

It is recommended to use a low dose of thiazides in case of need, in association 
with a careful monitoring of the lipid and glycemic profile. β-Blockers, in addition 
to inducing insulin resistance, are associated to body weight gain, because they 
are thought to reduce thermogenesis induced by diet and velocity of fat oxidation 
[102, 103]. In obese patients, the use of β-blockers should be limited to subjects with 
a precise CV indication (namely, cardiac insufficiency and previous myocardial 
infarction).

Figure 1. 
Therapeutic approach of obesity-related hypertension.
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3.1.3 Other antihypertensive drugs

Calcium antagonists are antihypertensive drugs that induce diuresis and natri-
uresis, without exerting any effect on glucose and lipid metabolism.

They are constituted by two subclasses, such as non-dihydropyridines and dihy-
dropyridines, with notably different pharmacological effects. The first are normally 
used for the treatment of cardiac arrhythmia and seem to have an anti-proteinuric 
effect, similar to that induced by ACE inhibitors [104–107], and seem to slow down 
the progression of diabetic nephropathy [108].

On the other hand, dihydropyridines seem to heighten albuminuria, a factor cor-
related to an increased CV risk [109]. Such increase seems to be caused by a dilation 
of the preglomerular afferent arteriole with a consequent increase of intraglomeru-
lar pressure [110].

An analysis by Avoiding Cardiovascular Events through Combination Therapy 
in Patients Living with Systolic Hypertension (ACCOMPLISH) has evaluated which 
type of anti-hypertensive treatment could have an impact on the CV outcome of 
patient based on their body surface area (evaluated thanks to their BMI). It has 
been highlighted that, while thiazide treatment induces minor CV protection in 
normal subjects compared to obese ones, patients treated with calcium antagonist 
(amlodipine) did not present differences in CV protection according to their 
BMI. Therefore, calcium antagonists appear better at exerting CV protecting action 
on hypertensive non-obese subjects [111].

Another clinical study has showed important differences on the CV mortality of 
patients treated with calcium antagonists, β-blockers or sartans, highlighting that 
patients treated with amlodipine were majorly protected from CV events and had 
a reduced risk of developing diabetes compared to those treated with β-blockers 
(atenolol) [112]. This study did not examine the impact induced by the body surface 
area on CV protection. Therefore, calcium antagonists emerge as a pharmaceutical 
alternative in the treatment of obesity-related hypertension with potential benefits 
[113], even if more clinical randomized trials are required to fully understand their 
beneficial effects [114, 115].

A retrospective observational study conducted in southern Italy, has examined 
what type of pharmaceuticals are used for the treatment of obesity-related hyperten-
sion in a clinical practice. It has highlighted that the clinicians do not differentiate 
between pharmaceuticals to use in relationship to the grade of obesity or the presence 
of metabolic syndrome. Moreover, it has been observed that antihypertensive phar-
maceuticals, which cause negative effects on weight and metabolic profile, are still 
largely used in subjects at risk [116]. Such study underlines the necessity to conduct 
clinical randomized trials on a large population of patients affected by obesity-related 
hypertension, in order to standardize pharmacological antihypertensive therapy based 
on obesity severity, CV protection and limitation of metabolic complications.

3.2 Anti-obesity drugs

Lifestyle changes perform a key role in the treatment of obesity-related hyper-
tension. According to the Obesity Education Initiative Working Group guidelines, 
anti-obesity drugs should represent a support strategy in the treatment of subjects 
with BMI ≥30 kg/m2 without associated comorbidities, and in subjects with 
BMI ≥ 27 kg/m2 with comorbidities [117]. Drugs used in the treatment for obesity 
can be divided into the following categories: (1) inhibitors of nutrient absorption 
(orlistat and acarbose); (2) appetite suppressors (phentermine and lorcaserin); (3) 
drugs used in the treatment for diabetes that determine weight loss (metformin and 
incretin therapy: GLP1 agonists and DPP-4 inhibitors) [8, 113].
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3.2.1 Inhibitors of nutrient absorption

Orlistat is a gastrointestinal lipase inhibitor that causes a consequent reduction 
in absorption of dietary fat. Its use in clinical practice is limited by gastrointestinal 
adverse effects, which occur especially if patients have a high fat diet [118]. A study 
aimed at evaluating orlistat and sibutramine (serotonin and norepinephrine re-
uptake inhibitor acting as an appetite suppressor, removed from the market in 2010 
because of associated increased CV risk) [119] has highlighted the same level of 
efficacy in reducing BMI, body weight and waist circumference. Moreover, orlistat-
treated subjects presented a significant reduction in blood pressure values, while 
they remained stable in sibutramine-treated subjects [120].

In order to reduce gastrointestinal adverse effects related to orlistat ingestion, a 
half dose pill (60 mg) has been produced that is still able to reduce fat absorption of 
25% [121, 122].

A study has evaluated as secondary outcome, long-term effects related to orlistat 
treatment, demonstrating that about two-third of the weight loss was maintained 
over a 2 years compared to the placebo-treated group. The pharmaceutical interven-
tion was combined during the first year with a hypocaloric diet, and during the 
second year with a weight maintaining diet. Moreover, patients treated with orlistat 
full dose (120 mg), presented after 2 years an improvement in systolic pressure 
values [123].

Acarbose is an oral antidiabetic. It inhibits intestinal alpha-glucosidase and 
pancreatic alpha-amylase. By inhibiting these enzymes, such drug impedes the 
digestion and absorption of complex sugars. It has been highlighted that acarbose 
induces a modest reduction in body weight [124]. A study performed on 110 obese 
subjects with BMI between 32 and 38 kg/m2, who underwent a hypocaloric diet for 
10–16 weeks and substantial weight loss, has highlighted that acarbose treatment 
does not induce significant effects on the stabilization of weight loss [125], confirm-
ing the modest effect of the drugs in body weight reduction.

3.2.2 Appetite suppressors

Appetite control represents a cardinal step in the treatment of obesity. Studies 
finalized to evaluate appetite control have demonstrated the existence of an 
endogenous system, which is able to stimulate, through orexigenic substances, 
and inhibit, through anorexigenic substances, food intake [126, 127]. Leptin and 
serotonin are two endogenous ligands which act contemporaneously inhibiting 
the hypothalamic feeding center, and stimulating the satiety center [128]. An 
important appetite suppressor to cite is fenfluramine, which was successively 
removed from the market because of its severe collateral effects. It acted on 
serotonin release at the level of the hypothalamus and induced significant weight 
loss [129].

In 2012, the Food Drug Administration (FDA) has approved the use of lorcaserin 
for the treatment of obesity [130]. This drug is a serotonin 2C receptor agonist (5-HT2c), 
and appears to be efficacious in co-adjuvating weight loss in obese and overweight 
subjects in association with a hypocaloric diet and increased physical activity [131].

Lorcaserin, being selective for 5-HT2c receptors, represents a more efficacious 
and safe drug, compared to other non-selective serotoninergic appetite suppressor 
drugs because it does not induce CV collateral effects [132].

Another drug belonging to the class of the appetite suppressors is phentermine, 
an adrenergic agonist that, thanks to the central nervous system and SNS activa-
tion, is capable to determine reduced food intake and increase basal metabolism 
[133]. The FDA approves phentermine use to treat obesity for a period no greater 



Understanding the Molecular Crosstalk in Biological Processes

50

3.1.3 Other antihypertensive drugs

Calcium antagonists are antihypertensive drugs that induce diuresis and natri-
uresis, without exerting any effect on glucose and lipid metabolism.

They are constituted by two subclasses, such as non-dihydropyridines and dihy-
dropyridines, with notably different pharmacological effects. The first are normally 
used for the treatment of cardiac arrhythmia and seem to have an anti-proteinuric 
effect, similar to that induced by ACE inhibitors [104–107], and seem to slow down 
the progression of diabetic nephropathy [108].

On the other hand, dihydropyridines seem to heighten albuminuria, a factor cor-
related to an increased CV risk [109]. Such increase seems to be caused by a dilation 
of the preglomerular afferent arteriole with a consequent increase of intraglomeru-
lar pressure [110].

An analysis by Avoiding Cardiovascular Events through Combination Therapy 
in Patients Living with Systolic Hypertension (ACCOMPLISH) has evaluated which 
type of anti-hypertensive treatment could have an impact on the CV outcome of 
patient based on their body surface area (evaluated thanks to their BMI). It has 
been highlighted that, while thiazide treatment induces minor CV protection in 
normal subjects compared to obese ones, patients treated with calcium antagonist 
(amlodipine) did not present differences in CV protection according to their 
BMI. Therefore, calcium antagonists appear better at exerting CV protecting action 
on hypertensive non-obese subjects [111].

Another clinical study has showed important differences on the CV mortality of 
patients treated with calcium antagonists, β-blockers or sartans, highlighting that 
patients treated with amlodipine were majorly protected from CV events and had 
a reduced risk of developing diabetes compared to those treated with β-blockers 
(atenolol) [112]. This study did not examine the impact induced by the body surface 
area on CV protection. Therefore, calcium antagonists emerge as a pharmaceutical 
alternative in the treatment of obesity-related hypertension with potential benefits 
[113], even if more clinical randomized trials are required to fully understand their 
beneficial effects [114, 115].

A retrospective observational study conducted in southern Italy, has examined 
what type of pharmaceuticals are used for the treatment of obesity-related hyperten-
sion in a clinical practice. It has highlighted that the clinicians do not differentiate 
between pharmaceuticals to use in relationship to the grade of obesity or the presence 
of metabolic syndrome. Moreover, it has been observed that antihypertensive phar-
maceuticals, which cause negative effects on weight and metabolic profile, are still 
largely used in subjects at risk [116]. Such study underlines the necessity to conduct 
clinical randomized trials on a large population of patients affected by obesity-related 
hypertension, in order to standardize pharmacological antihypertensive therapy based 
on obesity severity, CV protection and limitation of metabolic complications.

3.2 Anti-obesity drugs

Lifestyle changes perform a key role in the treatment of obesity-related hyper-
tension. According to the Obesity Education Initiative Working Group guidelines, 
anti-obesity drugs should represent a support strategy in the treatment of subjects 
with BMI ≥30 kg/m2 without associated comorbidities, and in subjects with 
BMI ≥ 27 kg/m2 with comorbidities [117]. Drugs used in the treatment for obesity 
can be divided into the following categories: (1) inhibitors of nutrient absorption 
(orlistat and acarbose); (2) appetite suppressors (phentermine and lorcaserin); (3) 
drugs used in the treatment for diabetes that determine weight loss (metformin and 
incretin therapy: GLP1 agonists and DPP-4 inhibitors) [8, 113].

51

The “Weight” of Obesity on Arterial Hypertension
DOI: http://dx.doi.org/10.5772/intechopen.87774

3.2.1 Inhibitors of nutrient absorption

Orlistat is a gastrointestinal lipase inhibitor that causes a consequent reduction 
in absorption of dietary fat. Its use in clinical practice is limited by gastrointestinal 
adverse effects, which occur especially if patients have a high fat diet [118]. A study 
aimed at evaluating orlistat and sibutramine (serotonin and norepinephrine re-
uptake inhibitor acting as an appetite suppressor, removed from the market in 2010 
because of associated increased CV risk) [119] has highlighted the same level of 
efficacy in reducing BMI, body weight and waist circumference. Moreover, orlistat-
treated subjects presented a significant reduction in blood pressure values, while 
they remained stable in sibutramine-treated subjects [120].

In order to reduce gastrointestinal adverse effects related to orlistat ingestion, a 
half dose pill (60 mg) has been produced that is still able to reduce fat absorption of 
25% [121, 122].

A study has evaluated as secondary outcome, long-term effects related to orlistat 
treatment, demonstrating that about two-third of the weight loss was maintained 
over a 2 years compared to the placebo-treated group. The pharmaceutical interven-
tion was combined during the first year with a hypocaloric diet, and during the 
second year with a weight maintaining diet. Moreover, patients treated with orlistat 
full dose (120 mg), presented after 2 years an improvement in systolic pressure 
values [123].

Acarbose is an oral antidiabetic. It inhibits intestinal alpha-glucosidase and 
pancreatic alpha-amylase. By inhibiting these enzymes, such drug impedes the 
digestion and absorption of complex sugars. It has been highlighted that acarbose 
induces a modest reduction in body weight [124]. A study performed on 110 obese 
subjects with BMI between 32 and 38 kg/m2, who underwent a hypocaloric diet for 
10–16 weeks and substantial weight loss, has highlighted that acarbose treatment 
does not induce significant effects on the stabilization of weight loss [125], confirm-
ing the modest effect of the drugs in body weight reduction.

3.2.2 Appetite suppressors

Appetite control represents a cardinal step in the treatment of obesity. Studies 
finalized to evaluate appetite control have demonstrated the existence of an 
endogenous system, which is able to stimulate, through orexigenic substances, 
and inhibit, through anorexigenic substances, food intake [126, 127]. Leptin and 
serotonin are two endogenous ligands which act contemporaneously inhibiting 
the hypothalamic feeding center, and stimulating the satiety center [128]. An 
important appetite suppressor to cite is fenfluramine, which was successively 
removed from the market because of its severe collateral effects. It acted on 
serotonin release at the level of the hypothalamus and induced significant weight 
loss [129].

In 2012, the Food Drug Administration (FDA) has approved the use of lorcaserin 
for the treatment of obesity [130]. This drug is a serotonin 2C receptor agonist (5-HT2c), 
and appears to be efficacious in co-adjuvating weight loss in obese and overweight 
subjects in association with a hypocaloric diet and increased physical activity [131].

Lorcaserin, being selective for 5-HT2c receptors, represents a more efficacious 
and safe drug, compared to other non-selective serotoninergic appetite suppressor 
drugs because it does not induce CV collateral effects [132].

Another drug belonging to the class of the appetite suppressors is phentermine, 
an adrenergic agonist that, thanks to the central nervous system and SNS activa-
tion, is capable to determine reduced food intake and increase basal metabolism 
[133]. The FDA approves phentermine use to treat obesity for a period no greater 
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than 3 months. Since it causes an increase in the release of norepinephrine, it could 
lead to an increase in blood pressure values and cardiac frequency [134].

3.2.3 Drugs used in the treatment for diabetes that determine weight loss

Drugs used for the treatment of diabetes commonly determine weight loss and 
reduced fat accumulation. For overweight and obese subjects suffering of diabetes, 
the FDA has approved the use of hypoglycemic drugs, which are associated to 
weight loss and blood pressure reduction. Even if the effect is modest, it is however 
to be considered beneficial given the weight gain that is frequently associated with 
insulin and insulin secretagogue analogs.

Metformin is an oral hypoglycemic drug, used in type II diabetes treatment, that 
is capable of inducing modest weight loss as a consequence of a reduced hepatic 
production and intestinal absorption of glucose, and through the improvement of 
insulin sensitivity [135]. Such drug, as demonstrated by the Diabetes Prevention 
Program trial [136], is efficacious in reducing body weight in a follow-up period 
of 2.8 years in overweight diabetic subjects. However, metformin does not appear 
useful in reducing blood pressure, as was demonstrated in a series of clinical trials 
in which lifestyle modification resulted notably more efficacious in the control of 
blood pressure compared to this type drug [137].

Incretins are intestinal hormones secreted by enteroendocrine cells in the circu-
latory stream, few minutes after feeding. They regulate the quantity of post-feeding 
insulin secretion. There are two endogenous incretins such as glucose-dependent 
insulinotropic peptide (GIP) and glucagon-like peptide 1 (GLP-1); both are rapidly 
metabolized an enzyme called dipeptidyl peptidase-4 (DPP-4). These hormones, 
increasing insulin release by β pancreatic cells and inhibiting glucagon release, play 
an important role in glucose homeostasis. GLP-1 is the most abundant, but cannot 
be used for therapeutic scopes given its rapid degradation by DPP-4.

In 2005, exenatide was released, an injectable GLP-1 agonist, which mimics 
endogenous GLP-1 but has a prolonged action. Exenatide increases glucose-depen-
dent insulin secretion, suppresses glucagon secretion and slows down gastric filling. 
Therefore, it is hypothesized that exenatide could have a role in the treatment for 
obesity, since it induced a sense of satiety and reduced food intake.

DPP-4 inhibitors (sitagliptin, saxagliptin and linagliptin) are pharmaceuticals 
which increase endogenous plasmatic levels of active incretins, prolonging their 
action [138]. Moreover, they also reduce the degradation of many vasoactive 
peptides. Studies on animal models of ischemia/reperfusion have demonstrated a 
positive effect of DPP-4 inhibitors. Endogenous GLP-1 exerts protective effects on 
the myocardium and has a vasodilatory action [139]. A study that compared differ-
ent pharmaceutical therapies to tackle type II diabetes mellitus, such as exenatide 
and sitagliptin, has demonstrated that incretin treatment was associated with 
superior weight loss compared to the insulin-treated group. Weight loss was associ-
ated to a statistically significant systolic and diastolic blood pressure reduction in all 
the treated groups [140].

4. Life style management

The most common consequences related to obesity are the insurgence of essen-
tial AH, diabetes mellitus, chronic kidney disease, metabolic diseases, etc. [5, 141, 
142]. Even if antihypertensive drugs are of primary importance in the treatment of 
AH, they should always be associated with healthy eating habits, adequate levels of 
physical activity and a correct lifestyle [143].
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For this reason, it would be advised that hypertensive-obese patients follow 
nutritional counseling in order to evaluate their food habits and levels of physical 
activity [144]. In fact, incorrect food habits, scarce levels of physical activity and 
psychological factors such as depression can contribute to weight gain [145].

Nutritional intervention finalized to achieving weight loss in hypertensive-obese 
patients, should be personalized. Different types of diet exist, for example, strongly 
hypocaloric diet, balanced slightly hypocaloric diet, low-sodium diet, hypolipidic 
diet, hypoglucidic diet and hyperproteic diet. In whichever case, the common result 
should be weight loss and reduction of abdominal fat [146].

In recent years, a type of nutritional intervention that has had notable success 
(thanks to numerous clinical trials) is the “dietary approaches to stop hypertension” 
(DASH) diet. The DASH diet was formulated for the first time by the National 
Institute of Health (NIH) in the 1990s, and was object of many research studies 
[147]. It promoted the ingestion of vegetable proteins, fibers, fresh vegetables, 
fruits, extra-virgin olive oil and dried fruits, while suggesting a reduction in animal 
fats, simple sugars and processed meat. Trials have demonstrated how reduced salt 
consumption potentiated beneficial effects linked to DASH diet, inducing a reduc-
tion in systemic arterial pressure in all patients.

Progressive reduction in energy expenditure associated to increased caloric 
intake translates into weight gain, which finally amounts to obesity [120].

For this reason lifestyle, and specifically physical activity, has a role of primary 
importance in the maintenance of a healthy status both in primary and secondary 
prevention [148]. Numerous studies suggest that physical activity has a beneficial 
effect in subjects affected by AH, to the point of being compared to pharmaceuti-
cal intervention [149, 150]. Thanks to recent technologies, it has been possible to 
develop network meta-analysis (NMA) models able to compare the efficacy of 
physical activity and pharmacotherapy alone.

A meta-analysis by Naci and Ioannidis [150] has highlighted how physical activ-
ity alone elicits similar results to pharmacological therapy in terms of reduction of 
mortality in hypertensive patients. Such reduction has been studied in patients with 
coronary heart disease, post-infarct rehabilitation, cardiac insufficiency and in the 
prevention of diabetes. A recent study by Dempsey et al. [151] has compared seven 
continuative hours of inactivity to 3 min of light physical activity every 30 min (6 min 
of physical activity per hour). Such light physical activity, significantly reduced 
systolic and diastolic arterial blood pressure values, and reduced hematic norepi-
nephrine values.

Thus, it is evident that physical activity plays a pivotal role in the insurgence and 
management of AH. The challenge for the future will be to identify, using NMAs, 
different types of physical activity and pharmaceuticals that can be administered in 
a personalized manner based on the subject’s unique characteristics.

Substantial medical literature has tried to identify the mechanisms relating body 
weight control and cigarette smoke [152].

Even if, an increase in body weight was highlighted following smoking cessation 
(due to an increase in caloric intake because of the lack of smoking), many studies 
have also stated that this is a transitory condition [153]. In fact, it has been demon-
strated that the weight gain straight after smoking cessation, normalizes in about 6 
months with the re-establishment of the normal energetic intake [154].

Alcohol consumption has been a part of food culture since antiquity. Even if 
there are potential beneficial effects that reside in compounds present in alcoholic 
beverages, like in red wine, red wine, they have a caloric intake of 7.1 kcal/g of 
alcohol, therefore not recommended in obese subjects [155]. For this reason, alcohol 
intake should be controlled and modest, and in order to attain its beneficial poten-
tial the quality should also be considered [156].
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5. Conclusions

Obesity-related hypertension represents a public health problem, especially 
as hypertensive-obese subjects has notably enhanced and precocious CV-related 
morbidity and mortality compared to the general population. It is therefore use-
ful to act as promptly as possible, by intervening with strategies to contrast the 
insurgence excessive weight gain, obesity and their relative comorbidities such 
as obesity-related hypertension. It would be optimal to carry out an educational 
scheme aim at adolescents, in order to educate the population to undertake a 
correct lifestyle, which will contrast the insurgence of problems cited above later 
in life. A correct lifestyle is characterized by the combination of constant levels of 
physical activity and a balanced diet, taking as models the DASH Diet and/or the 
Mediterranean one. Once a subject develops obesity and hypertension, a pharma-
ceutical approach (to control systemic arterial blood pressure and obesity) should 
be flanked to the dietary intervention.
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Predictors of Resistance 
Hypertension and Achievement 
of Target Blood Pressure Levels 
in Patients with Resistant 
Hypertension
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Abstract

Uncontrolled arterial pressure is associated with a fourfold increase in the risk of 
developing cardiovascular events compared to patients with hypertension who have 
reached the target blood pressure level. The aim of this study is to evaluate the charac-
teristics of patients with resistant arterial hypertension undergoing inpatient treatment 
at the Department of Symptomatic Hypertension and assess the prevalence of true 
resistant hypertension in a cohort of patients who take 3 and more antihypertensive 
agents, the clinical predictors of resistant hypertension. The study included 1146 
patients with resistant AH who received 3 or more antihypertensive drugs with the level 
of office blood pressure at admission ≥140/90 mm Hg. Patients were followed by the 
next examinations: body height and body measurements, office blood pressure, echo-
cardiography, sleep apnea determination, blood biochemical analysis, determination of 
levels of TTH, T3, T4, blood renin, blood aldosterone, metanephrine urine, and cortisol. 
Our data showed that 31% of patients who received 3 or more antihypertensive drugs 
had true resistant hypertension. Fixed combinations were taken by 71.9% of patients. 
We have found which factors were significantly associated with the treatment regimen 
with ≥3 or 4 drugs. Also we have demonstrated predictors for blood pressure reduction.

Keywords: resistant hypertension, pharmacology, predictors of resistance 
hypertension, target blood pressure, anti-hypertensive drugs

1. Background

The prevalence of resistant hypertension is very different according to dif-
ferent studies. In an analysis of National Health and Nutrition Examination 
Survey (NHANES) participants being treated for hypertension, only 53% were 
controlled to 140/90 mm Hg [1]. In Framingham Heart Study participants, only 
48% of treated patients were controlled to 140/90 mm Hg, and less than 40% of 
elderly participants (75 years of age) were at a goal blood pressure [2]. Among 
higher-risk populations and, in particular, with application of the lower goal blood 
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Our data showed that 31% of patients who received 3 or more antihypertensive drugs 
had true resistant hypertension. Fixed combinations were taken by 71.9% of patients. 
We have found which factors were significantly associated with the treatment regimen 
with ≥3 or 4 drugs. Also we have demonstrated predictors for blood pressure reduction.
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1. Background

The prevalence of resistant hypertension is very different according to dif-
ferent studies. In an analysis of National Health and Nutrition Examination 
Survey (NHANES) participants being treated for hypertension, only 53% were 
controlled to 140/90 mm Hg [1]. In Framingham Heart Study participants, only 
48% of treated patients were controlled to 140/90 mm Hg, and less than 40% of 
elderly participants (75 years of age) were at a goal blood pressure [2]. Among 
higher-risk populations and, in particular, with application of the lower goal blood 
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pressures recommended in the Seventh Report of the Joint National Committee on 
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7) 
for patients with diabetes mellitus or chronic kidney disease (CKD), the propor-
tion of uncontrolled patients is even higher. Of NHANES participants with chronic 
kidney disease, only 37% were controlled to 130/80 mm Hg3, and only 25% of 
participants with diabetes were controlled to 130/85 mm Hg [1, 3].

An estimated 10–30% of hypertensive patients are resistant to treatment defined as 
uncontrolled blood pressure (BP) with the use of ≥3 medications, including a diuretic 
[4–10]. A large number of studies have demonstrated that patients with resistant 
hypertension compared with patients with controlled hypertension have significantly 
a higher rate of target organ damage; increased cardiovascular risk, including coro-
nary heart disease, chronic kidney disease, congestive heart failure, and stroke; and a 
significantly poorer prognosis than those of nonresistant hypertensive patients [3, 11].

Poor medical adherence, poor blood pressure measuring technique, and white-
coat effect are relevant challenges to figuring out the real burden of resistant 
hypertension [11].

Previous studies have shown that obesity is associated with resistant AH [12]. 
In addition, other studies have shown that diabetes is associated with a resistant 
hypertension [13, 14]. Studies show that resistant AH is associated with an increase 
in age, female gender, Negroid race, the presence of diabetes mellitus, obesity, 
chronic kidney disease, and left ventricular hypertrophy [1, 10, 15–19]. For early 
detection of resistant AH, aggressive therapy can reduce both cardiovascular mor-
bidity and mortality. However, the exact prevalence of resistant AH is not known 
precisely because of its variety of definitions and diversity of study sites [20, 21].

Increased blood pressure is one of the most important risk factors for stroke [4, 6, 
22], and uncontrolled hypertension increases this risk [1, 23]. The prevalence of hyper-
tension in Asian countries is almost the same as in most developed countries; many 
Asian patients have uncontrolled hypertension compared with developed countries 
[24]. For example, in developed countries, blood pressure monitoring is about 52–60%, 
but in Malaysia, for example, this figure is 26% [2, 11, 24–26]. In Ukraine, blood pres-
sure control in the urban population is 14% and in rural populations 8% [27, 28].

In the current study, we have assessed the prevalence of true resistant hyper-
tension in a cohort of patients who take 3 and more antihypertensive agents, the 
clinical predictors of resistant hypertension.

2. Material and methods

The study included 1146 patients with resistant AH who received 3 or more 
antihypertensive drugs who were hospitalized in 2011–2015 at the Department of 
Symptomatic Hypertension at the Institute of Cardiology of Ukraine, Kyiv. The 
level of office blood pressure when admitted to the office when receiving 3 or more 
AH drugs was ≥140/90 mm Hg. The average systolic blood pressure (SBP)/diastolic 
blood pressure (DBP) was 174,60 ± 0,64/100,50 ± 0,38 mm Hg.

Inclusion criteria. The inclusion criteria are as follows: (1) men and women aged 
between 18 and 80 years old and (2) patients treated with 3 and more antihyperten-
sive drugs. The diagnosis of RH was made after treatment with three antihyperten-
sive drug classes at maximum tolerated doses for at least 6 months. The study did 
not include patients with acute myocardial infarction or cerebrovascular accidents 
less than 3 months, acute renal failure, decompensated liver disease (level of AST, 
ALT above 3 times upper limit of normal), pregnancy, or lactation.

Anthropometric measurements. Weight and height, measured by anthropomet-
ric scales, will be used to calculate the body mass index (BMI) using the formula 
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Parameters Value

Men, n (%) 423 (36,91%)

Women, n (%) 723 (63,09%)

Height, m 1,7 ± 0,01

Weight, kg 87,7 ± 0,61

Age, years 57,9 ± 0,37

BMI, kg/m2 31,0 ± 0,19

Office SBP mm Hg at hospitalization 174,6 ± 0,64

Office DBP mm Hg at hospitalization 100,5 ± 0,38

Office SBP mm Hg on discharge from hospital 131,3 ± 0,40

Office DBP mm Hg on discharge from hospital 80,1 ± 0,65

Index of apnea-hypopnea, events /h, (n = 75) 18,8 ± 2,11

AO, sm 3,4 ± 0,05

LA, sm 3,9 ± 0,06

Left ventricle end-systolic dimension, sm 3,5 ± 0,08

Left ventricle end-diastolic dimension, sm 5,5 ± 0,13

Left ventricle end-systolic volume, mL 48,3 ± 0,68

Left ventricle end-diastolic volume, mL 126,3 ± 1,17

Inter ventricular septum thickness, sm 1,2 ± 0,01

Left ventricle posterior wall thickness, sm 1,1 ± 0,01

EF, % 60,6 ± 0,23

Left ventricular mass index, g/m2 138,2 ± 1,43

K, mmol/l 5,1 ± 0,49

Na, mmol/l 144,0 ± 0,30

Bilirubin, μmol/l 14,1 ± 0,21

Creatinine, μmol/l 87,2 ± 0,58

CKD-EPI, ml/min/1.73 m2 82,7 ± 0,96

ALT, U/l 47,5 ± 3,39

AST, U/l 27,1 ± 0,71

Fasting glucose, mmol/l 6,0 ± 0,08

Uric acid, mmol/l (n = 850) 336,2 ± 3,62

Triiodothyronine (Т3), microU/l (n = 94) 4,6 ± 1,16

Thyroxin (Т4), microU/l (n = 111) 3,2 ± 0,67

Thyroid hormone (ТТН), microU/l (n = 231) 2,2 ± 0,15

Metanephrine urine, microG/24 h (n = 95) 124,5 ± 7,10

Renin, ng/l (n = 89) 155,2 ± 79,73

Aldosterone, ng/l (n = 118) 29,4 ± 2,90

Аldosterone-renin ratio, c.u. (n = 75) 3,3 ± 0,68

Cortisol, ng/l (n = 21) 108,0 ± 30,73

Total cholesterol, mmol/l 5,5 ± 0,04

Triglycerides, mmol/l 1,6 ± 0,04

HDL cholesterol, mmol/l 1,3 ± 0,02

LDL cholesterol, mmol/l 3,3 ± 0,07

VLDL cholesterol, mmol/l 0,7 ± 0,02

ІA (index of atherogenicity), c.u. 3,3 ± 0,07

Table 1. 
Clinical and demographic characteristics of the examined patients (n = 1146).
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BMI = weight (kg)/height squared (m2). BMIs of 18.5–26.9 kg/m2 are considered 
eutrophic values, while individuals with BMIs of 27.0–29.9 kg/m2 are overweight 
and ≥30 kg/m2 are obese.

All patients will undergo electrocardiography, echocardiography, and office-
measured SBP and DBP; an oscillometric device will be used to calculate the average 
of the three measurements. Biochemical and imaging tests. Blood samples will be 
drawn from all patients at the first visits after fasting for 12 h to measure serum 
total cholesterol, high-density lipoprotein cholesterol (HDLc), low-density lipopro-
tein cholesterol (LDLc), very low-density lipoprotein cholesterol (VLDLc), triglyc-
erides (TG), glucose, creatinine, sodium, and potassium; blood renin, aldosterone 
and aldosterone/renin ratio, metanephrines in urine, blood cortisol level, T3, T4, 
and TTH were determined in some patients. CKD-EPI was calculated. If needed, CT 
with intravenous contrast renal arteries and adrenal glands (for exclusion, second-
ary hypertension) and sleep apnea determination were performed on some patients 
(Table 1).

Statistical processing of the results was performed on a personal computer after 
creating databases in Microsoft Excel systems. The mean of the patients examined 
was determined using the analysis package in Microsoft Excel. All other statistical 
calculations were performed using SPSS 21.0. ANOVA to calculate the following 
parameters: the arithmetic mean value, M; the SD from the arithmetic mean value 
of m; and coefficient of reliability, p. The difference was considered reliable at a 
value of p < 0.05. The reliability of the difference between the groups was deter-
mined by the independent t-test for the mean. Correlation analysis was performed 
after determining the character of the distribution for Spearman.

3. Results

We examined 1146 patients who received 3 or more antihypertensive drugs. The 
mean age was 57,9 ± 0,37 years. The average body weight is 87,7 ± 0,61 kg. The aver-
age body mass index was 31,0 ± 0,19 kg/m2. Average baseline office SBP and DBP 
were 174,6 ± 0,64 and 100,5 ± 0,38 mm Hg accordingly.

Most of the patients received 3 antihypertensive drugs: 51.4%. 48.6% of the 
patients take four to six drugs. Most of them take four drugs, 37.1%, 9.1% five drugs, 
and 2.4% six drugs.

The frequency of appointment of different classes of antihypertensive agents in 
the examined patients is presented in Table 2. In the structure of the appointments 
of antihypertensive drugs (AHD), ACE inhibitors were prescribed more often, 
65.5%; calcium antagonists, 69.9%; and diuretics (loop, thiazide, and thiazide 
like), 91,8%. Beta-blockers were taken by 75.6% of patients and blockers to AT II 
receptor, 33.5%. Aldosterone receptor blockers were taken by 12.8% of patients and 
central activity drugs, 18.6%. Statins were taken by 63.8% of patients. Among those 
receiving combined therapy, most (71.9%) take fixed combinations. Attention was 
given to the low frequency of aldosterone receptor blockers received (12.8%), which 
was due to the fact that the study was conducted predominantly until the year 2015, 
when there was scientific evidence of the need for their use as the fourth drug.

For further analysis, we divided our patients according to the amount of drugs 
that they received. Although 3 or more antihypertensive drugs are used in the 
determination of resistant hypertension, we divided our patients into two groups: 
the first, those who took 3 drugs, and the second, those who took 4 or more drugs. 
A comparison of demographic characteristics and blood pressure levels in these 
groups is presented in Table 3.
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As can be seen from the table, the groups did not differ by age and sex on 
average, but patients taking ≥4 drugs had significantly higher body mass and BMI 
than the group of patients taking 3 drugs. They also had significantly higher levels 
of office BP, both when they arrived in the hospital and on discharge. It should be 
noted that in both groups the value of the apnea-hypopnea index was high but did 
not differ from each other.

According to laboratory tests, patients taking ≥4 drugs had significantly 
higher blood glucose levels—(6.20 ± 0.09) mmol—than patients taking 3 drugs, 
(5.90 ± 0.14) mmol (p < 0.05), and a higher level of renin plasma ((218.30 ± 15.73) 
vs. (31.10 ± 5.91) ng/l, (p < 0.05)). Renin-aldosterone ratio was almost twice as high 

Antihypertensive class %

Angiotensin-converting enzyme inhibitors 65,5

Angiotensinogen receptor blockers 33,5

Calcium channel blockers 69,9

Diuretics (thiazide, loops, thiazide like) 91,8

β-Blockers 75,6

Mineralocorticoid receptor antagonists 12,8

Central-acting agonists 18,6

α-Blockers 2,6

Fixed combination 71,9

Аcetylsalicylic acid 68,3

Statins 63,8

Table 2. 
Frequency of appointment of antihypertensive drugs of different classes among patients with resistant arterial 
hypertension (n = 1146).

Parameters Value P

3 drugs (n = 591) ≥4 drugs (n = 555)

Men/women, n (%) 231 (39,0)/360 (60,8) 192 (34,6)/363 (65,4) NS

Age, years 57,2 ± 0,54 58,7 ± 0,48 NS

Height, m 1,7 ± 0,01 1,7 ± 0,01 NS

Weight, kg 85,9 ± 0,85 89,3 ± 0,86 0,004

BMI, kg/m2 30,2 ± 0,26 31,6 ± 0,27 <0,001

Office SBP mm Hg at hospitalization 170,4 ± 0,79 179,0 ± 1,00 <0,001

Office DBP mm Hg at hospitalization 98,4 ± 0,48 102,6 ± 0,58 <0,001

Office SBP mm Hg on discharge from 
hospital

129,3 ± 0,52 133,5 ± 0,59 <0,001

Office DBP mm Hg on discharge from 
hospital

78,5 ± 0,33 81,8 ± 1,29 0,013

Index of apnea-hypopnea, events/h* 18,7 ± 3,07 18,9 ± 2,90 NS
*The somnography was performed in 31 patients in the first group and in 44 patients in the second group.

Table 3. 
Characteristics of patients, depending on the number of prescribed antihypertensive drugs (n = 1146).
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(3.90 ± 0.95 vs. 2.20 ± 0.65 U/d), although it did not differ significantly between 
patient groups.

Analyzing the differences between patients in both groups in the main clinical 
states, we found that in patients receiving 4 or more drugs, significantly more 
obesity (45.6 vs. 34.0%), more often secondary hypertension (5.4 against 2.5%) 
due to stenosis of the renal arteries (1.6 vs. 0.2%), and hyperaldosteronism (2.3 
vs. 0.2%) were observed; type II diabetes mellitus was more frequent (24.7 vs. 
9, 5%); pathology of the thyroid gland (12.6 vs. 8.4%) due to hypothyroidism 
(4.1 vs. 1.5%) and chronic kidney disease were more common (5.0 vs. 1.5%); and 
chronic pyelonephritis (18.9 vs. 14.0%), ischemic heart disease (IHD) (47.0 vs. 
37.2%) with angina pectoris III (7.7 vs. 3.4%), and heart failure (15.0 vs. 9.3%) 
were observed.

In analyzing the degree of decrease in blood pressure, we found that, in general, 
the reduction of office blood pressure among patients receiving 3 or more drugs 
was for SBP (43,47 ± 0,65) mm Hg and for DBP (20,33 ± 0.74) mm Hg, p < 0.001 for 
both values.

The analysis of the degree of reduction of blood pressure, depending on the 
amount of drugs, showed that DBP between patients taking 3 and 4 or more drugs 
did not differ significantly, 19.88 versus 20.81 mm Hg, respectively, and office SBP 
significantly lowered in patients taking 4 or more drugs at 45.78 mm Hg vs. group 
taking 3 drugs—41.3 mm Hg, p < 0.001.

Among all patients (n = 1146), 355 (31%) did not reach the target blood pressure 
level. Patients who did not achieve targeted SBP (31%) had significantly higher 
blood pressure when inpatient. They had a significantly higher blood cortisol 

SBP on discharge DBP on discharge

Age β = −0,089 Р < 0,001 β = −0,196 Р < 0,001

Gender β = 0,125 Р < 0,001 β = 0,130 Р < 0,001

Weight β = 0,106 Р = 0,004 β = 0,127 Р < 0,001

BMI β = −0,202 Р = 0,010

Arterial hypertension β = 0,205 Р = 0,001 β = 0,117 Р < 0,001

Arterial hypertension II β = 0,108 Р = 0,001 β = 0,133 Р < 0,001

Arterial hypertension III β = −0,259 Р = 0,023 β = −0,106 Р = 0,001

Secondary arterial hypertension β = −0,096 Р = 0,006 β = −0,114 Р < 0,001

Vasorenal arterial hypertension β = −0,082 Р = 0,011 β = −0,101 Р = 0,002

Hyperaldosteronism β = −0,103 Р = 0,022 β = −0,071 Р = 0,027

Pituitary adenoma β = −0,089 Р = 0,006

Heart failure β = 0,146 Р < 0,001

Heart failure II β = −0,079 Р = 0,014 β = −0,103 Р = 0,002

Adrenal pathology β = −0,065 Р = 0,043 β = −0,070 Р = 0,029

Т4 β = −0,230 Р = 0,020 β = −0,219 Р = 0,027

Interventricular septum thickness β = 0,214 Р = 0,027 β = 0,154 Р < 0,001

HD cholesterol β = −0,230 Р = 0,001 β = −0,198 Р = 0,003

Calcium channel blockers β = −0,140 Р < 0,001 β = −0,080 Р = 0,013

Central-acting agonists β = −0,214 Р < 0,001 β = −0,137 Р < 0,001

Mineralocorticoid receptor antagonists β = −0,101 Р = 0,002 β = −0,096 Р = 0,005

Аcetylsalicylic acid β = 0,169 Р < 0,001 β = 0,197 Р < 0,001

Table 4. 
Factors influencing the reduction of blood pressure on discharge from the hospital (n = 1146).
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level (155.0 ± 44.0 vs. 35.9 ± 20.8 ng/l) and the highest left ventricular mass index 
(147.5 ± 3.46 vs. 135.3 ± 1.74 g/m2), and obesity (42.9 vs. 37.5%), kidney abnormality 
(2.7 vs. 0.8%), obliterative lower extremity atherosclerosis (2.0 vs. 0.2%), struc-
tural alterations in the adrenal gland (3.0 vs. 1.2%), nephropathy (1.3 vs. 0.2%), 
and higher heart failure (HF in the 16.9 vs. 8.5%) were more common.

When we performed a regression analysis, we found that the decrease in office 
systolic and diastolic blood pressure depended on age, sex, and body weight. Thus, 
office SBP/DBP was worse in men; patients with a younger age; patients with 
greater body mass, with hypertension III degree, and with secondary hypertension, 
especially with hyperaldosteronism and vasorenal hypertension, adrenal pathology, 
heart failure, lower T4 hormone levels, more low levels of HDL cholesterol, and a 
larger thickness of interventricular septum thickness; and patients receiving less 
calcium antagonists, centrally acting drugs, and aldosterone antagonists. Data are 
presented in Table 4.

Table 5 presents the results of a regression analysis for the detection of predic-
tors of resistance hypertension in patients receiving 3 or more antihypertensive 
drugs. The predictors for blood pressure reduction were male sex, left ventricular 
mass index, interventricular septum thickness, left ventricle posterior wall thick-
ness, hypothyroidism, the presence of chronic kidney disease, CKD-EPI level, blood 
creatinine levels, the presence of heart failure, the presence of secondary hyperten-
sion, hyperaldosteronism, pituitary adenoma, and vasorenal hypertension.

Variables Predictors of failure to reach the target BP

Gender β = 0,119 Р < 0,001

Left ventricular mass index β = 0,139 Р = 0,001

Inter ventricular septum thickness β = 0,169 Р = 0,002

Left ventricle posterior wall thickness β = 0,147 Р < 0,001

Arterial hypertension β = 0,085 Р = 0,009

Arterial hypertension II β = 0,090 Р = 0,005

Arterial hypertension III β = 0,077 Р = 0,018

Secondary arterial hypertension β = 0,075 Р = 0,020

Vasorenal arterial hypertension β = 0,107 Р = 0,001

Hyperaldosteronism β = 0,064 Р = 0,049

Pituitary adenoma β = 0,068 Р = 0,036

Pathology of the thyroid gland β = 0,102 Р = 0,002

Hypothyroidism β = 0,069 Р = 0,031

Mixed goiter β = 0,072 Р = 0,024

Heart failure II β = 0,125 Р < 0,001

Chronic kidney disease β = 0,076 Р = 0,018

Creatinine β = 0,108 Р = 0,028

CKD-EPI β = 0,135 Р = 0,025

Office SBP mm Hg at hospitalization β = 0,368 Р < 0,001

Office DBP mm Hg at hospitalization β = 0,238 Р < 0,001

Calcium channel blockers β = −0,116 Р = 0,001

Central-acting agonists β = −0,146 Р < 0,001

Fixed combinations β = 0,098 Р = 0,003

Аcetylsalicylic acid β = 0,103 Р = 0,002

Table 5. 
Predictors of resistance hypertension in patients receiving 3 or more antihypertensive drugs (n = 1146).
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4. Discussion

Our data showed that in patients who received 3 or more antihypertensive drugs 
in 31%, the goal blood pressure (<140/90 mm Hg) was not reached, meaning it was 
true resistant hypertension. This is possible somewhat more than in other studies, 
but we have a specialized department, which is directed precisely by patients who 
failed to reach the target levels of blood pressure at the outpatient stage.

Among our patients with resistant arterial hypertension, 3 antihypertensive 
drugs were received by 51.4% of patients, 4 antihypertensive drugs were taken by 
37.1% of patients, 5 antihypertensive drugs were taken by 9.1% of patients, and 6 
antihypertensive drugs were taken by 2.4% of patients.

In our study ACE inhibitors were more often prescribed in 65.5% of patients, 
calcium antagonists in 69.9% of patients, and diuretics in 91.8% of patients. Beta-
adrenergic blockers were administered to 75.5% of patients, receptor blockers to AT 
II to 33.5% of patients, and aldosterone receptor blockers to 12.8% of patients. Fixed 
combinations were taken by 71.9% of patients.

In our study patients who did not achieve targeted SBP (31%) had significantly 
higher blood pressure when inpatient. They had a significantly higher blood cortisol 
level (155.0 ± 44.0 vs. 35.9 ± 20.8 ng/l) and the highest left ventricular mass index 
(147.5 ± 3.46 vs. 135.3 ± 1.74 g/m2), and obesity (42.9 vs. 37.5%), kidney abnormality 
(2.7 vs. 0.8%), obliterative lower extremity atherosclerosis (2.0 vs. 0.2%), struc-
tural alterations in the adrenal gland (3.0 vs. 1.2%), nephropathy (1.3 vs. 0.2%), 
and more often heart failure (16.9 vs. 8.5%) were more common.

In our study, patients taking ≥4 drugs had significantly higher blood glucose 
levels—(6.20 ± 0.09) mmol/l—than patients taking 3 drugs, (5.90 ± 0.14) mmol/l 
(p < 0.05), and the highest level of renin plasma ((218.30 ± 15.73) vs. (31.10 ± 5.91) 
ng/l (p < 0.05)). Renin-aldosterone ratio was almost twice as high (3.90 ± 0.95 vs. 
2.20 ± 0.65 U/d), although it did not differ significantly between patient groups.

Yook Chin Chia and Siew Mooi Ching studied the prevalence and predictors 
of resistance to hypertension in Southeast Asia [24]. The prevalence of resistant 
hypertension in the primary examination in their study was 8.8%. Their data also 
show that patients with chronic kidney disease were 2.9-fold more likely to develop 
resistant AH than in patients without CKD. This is consistent with the findings in 
other studies [25, 29]. In our study, CKD-EPI and CKD were predictors of resistance 
hypertension.

The authors explain this by the fact that in patients with CKD, there is increased 
sensitivity to salt, resulting in a delay in sodium and fluid, which leads to more 
complex control of blood pressure [24]. Patients in the Yook Chin Chia study were 
aged 66.9 years. In our study, patients were more younger, 57,9 ± 0,37. Resistant 
hypertension in Yook Chin Chia study was negatively related to age, which the 
authors explain with the effect of survival of patients who were treated compared 
with those patients who already had complications from uncontrolled hypertension. 
In our study, office SBP/DBP was worse in younger age patients.

Many studies have shown that most patients with hypertension need 2 or more 
drugs to achieve the target blood pressure [2, 30–34]. The average number of 
AH drugs used in their study was 2. They also showed poor monitoring of blood 
pressure among those taking only 2 drugs; even in those who received 3 drugs, the 
level of blood pressure control was less than 50%. However, in general, the use of 
diuretics in their study was low.

Holmqvist et al. studied the adherence to treatment in patients with resistance to 
hypertension, which controlled or did not control blood pressure and what factors 
contributed to nonadherence to treatment. 5846 patients received treatment with 
3 or more AH drugs for 2 years [26]. Patients who achieved target blood pressure 
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levels were older in age and among them those with diabetes were fewer. Initially, 
patients had an adherence above 80%. During the first year of treatment, the adher-
ence decreased by 11%, regardless of whether it was controlled or not controlled. 
The highest adherence was observed only in patients with diabetes mellitus and 
hypertension, in which the authors explain the structuring of the treatment of such 
a patient.

Resistant hypertension is associated with significant adverse effects, includ-
ing an increased risk of cardiovascular events and death as well as a decrease in 
the quality of life [22, 24]. The exact mechanisms underlying the development of 
resistant hypertension remain unclear, although several mechanisms were proposed 
[8, 9, 35, 36]. An increase in fluid content and an increase in the level of aldosterone 
play a crucial role in the development of resistance hypertension, whereas enhanced 
activation of the sympathoadrenal system significantly contributes to refractory 
hypertension [14, 20, 34].

In conclusion, the predictors for blood pressure reduction were male sex, left 
ventricular mass index, interventricular septum thickness, left ventricle posterior 
wall thickness, the presence of chronic kidney disease, CKD-EPI level, blood 
creatinine levels, and the presence of heart failure.
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