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ABSTRACT

The main cause of obesity is an imbalance in consumption and caloric intake. Obesity is described
as an excessive and abnormal accumulation of more than 20 percent of body fat in an individual's
average body weight. The average body weight refers to an “individual's maximum healthy weight,”
which is determined primarily by their height, age, and muscular growth. Obesity, however, is
diagnosed by calculating the BMI which is a measure of individual's body weight and height.
Additionally, according to the National Institutes of Health, a person with a maximum limit of BMI of
30 kg/m® is declared obese. Moreover, despite World Health Organization concerns, the
prevalence of obesity is increasing among children and adults worldwide. Excessive overweight
continues to the most underestimated public health problems on a global scale, including the fact
that obesity is linked with an increased risk of sickness, disability, and death. Cardiovascular
disorders, especially diabetes and hypertension have become a leading cause of death globally
and these are the primary illnesses linked with obesity. However, the mechanisms behind obesity-
related hypertension and other metabolic disorders remain little understood. In this present review,
we discussed the correlation between cardiovascular disease and obesity, focusing on the
biological processes underlying the relationship between hypertension and obesity.
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1. INTRODUCTION

Obesity has been defined “as a weight that is
20% greater than the average weight,” that
correlates to the mortality rate for individuals of a
particular age, height, and gender [1]. Obesity
guidelines and recommendations have
introduced the BMI scale, which is measured by
“multiplying an individual's weight by 703 and
dividing by twice their height in inches”.
Currently, BMI is now used to diagnose the level
of obesity or overweight [2-13]. Therefore, an
individual with a BMI of “25.9-29 is considered
an overweight person,” while a person BMI of
“greater than 30 is considered to be obese” [14].
In 2005, World Health Organization declared 1.6
billion people over the age of 15 an overweight
individual [15].

Moreover, approximately 20 million children of
less than five years old and 400 million adults
were classified as overweight. WHO defined
‘'globesity’ as a “global phenomenon of obesity
that is now on the rise.” The condition is crucial
because obesity-related diseases are becoming
common, especially cardiovascular diseases,
which are currently the leading cause of mortality
worldwide [16].

Studies showed that obesity can cause several
severe health complications, including type Il
diabetes mellitus, hyperlipidemia, hypertension,
an elevated risk of cardiovascular disease,
unexplained heart failure, miscarriage, and a
rising prevalence of bowel, prostate, breast, and
endometrial cancer [17]. Although the connection
between hypertension and obesity among
children and adults is well-known, the process by
which obesity induces hypertension is still being
investigated [18].

Sodium retention with an upsurge in renal
reabsorption, the sympathetic nervous system
activation, renin-angiotensin system and the
amount of intravascular and intra-abdominal fat,
are all thought to play a role in the pathogenesis
of obesity-related hypertension. Obesity-related
hypertension is a medical condition in which
blood pressure is consistently at or over 140/90
mmHg far from the normal level which is 120/90
mmHg [19].

The current study investigated the processes by
which obesity may trigger elevated arterial blood
pressure, as well as how obesity management

may be used as a preventive strategy to treat
hypertension.

2. OBESITY AND HYPERTENSION

Obesity is associated with multiple etiologies
which include ethnicity, socioeconomic wellbeing,
and lifestyle [20]. Obesity results when caloric
intake is more than its expenditure [21]. The
exact cause of obesity is unknown, but it arises
from the combination of several factors such as
the genetic makeup of an individual which
regulates appetite and body metabolism [22].
Excessive weight only occurs when there is an
excess of calories available to the tissues.

The total amount of fat in one's diet may have a
large effect on weight than the total number of
calories. Fat calories are instantly stored in
adipocytes, which leads to obesity as their
number increases by multiplication [23]. Fatty
diets also raise cholesterol levels in the blood
[24].

Carbohydrates and alcohol raise blood
triglycerides levels, which is another etiological
factor for atherosclerosis. Fat accumulation in
vessels in form of plaques leads to narrowing
and obstruction of vessel wall which leads to
organ ischemia and eventually death [25]. High
fat diet raises norepinephrine in the blood leading
to activation of alpha and beta receptors which
ultimately leads to hypertension [26]. Fat cells,
particularly of the abdomen, release a large
amount of signaling factors that ultimately affect
end organs, for example, Ileading to
glomerulopathy [27].

Free-fatty acids have a direct action on ion
channels of smooth muscles' cell membrane,
and activate phosphorylation of calcium-
independent isoenzyme of Protein Kinase C.
Pro-inflammatory cytokines reduce the formation
of nitric oxide by endothelial cellswhich leads to
increased vascular resistance and hence to
hypertension (Bolsani-Lopse et al., 2015).

Angiotensinogen derived from adipocytes leads
to the formation of Ang | and Ang Il which results
in increased vascular resistance (due to direct
action of Ang Il on vessels), and ultimately it
leads to sodium and water retention through
aldosterone production by the adrenal cortex
[28]. Hypertensive patients also have increased
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sodium in urine due to pressure natriuresis effect
owing to fluid overload [29].

Free- fatty acids also increase alpha-adrenergic
sensitivity leading to vasoconstriction. Another
mechanism of hypertension also includes
inhibitory action of free fatty acids on Sodium
Potassium ATPase pumps, which raises resting
smooth muscle tone and overall resistance [28].

3. MECHANISM OF PATHOPHYSIOLOGY
OF HTN AND OBESITY

Various factors play role in development of
hypertension which include genetic, dietary, and
environmental factors. Changes in function of
adipocytes in obese people lead to SANS and
RAAS dysfunction leading to alterations in the
body handling of fluids. Kidneys also respond
differently in obesity by increasing production of
angiotensin Il. Studies also suggest that uric acid
may also influence hypertension by deteriorating
functions of blood vessels and kidneys (Fig. 1).
DNA methylation and histone modifications are
some of the epigenetic changes which play role
in development of hypertension in obese people
[30] (Table 1).

3.1 Vascular Injury

One of the earliest manifestations in obesity
related vascular dysfunction is arterial stiffness
and endothelial injury. Arterial stiffness results
from alterations in extracellular matrix and
dysfunctions of smooth muscles in blood vessels.
Other studies also suggest that vascular stiffness
due to endothelial injury is highly associated with
insulin resistance. In hypertensive rats, altered
vascular response to insulin in observed [31].
Due to insulin resistance, there are changes in
signaling mechanisms in blood vessels which
leads to decreased production of NO, so the
relaxation is impaired. Further, there is
enhancement of ET-1 pathway which leads to
vascular contraction. In obese people, there is
alterations in the secretions of signaling
molecules and hormones such as leptin,
adiponectin, tumor necrosis factor and IL-6 which
contribute to hypertension. Adiponectin has main
role in insulin resistance [37].

3.2 Renal Injury

Renal dysfunction also causes hypertension in
obese individuals. Due to increase in tubular
reabsorption of sodium, the blood pressure curve
is shifted to the higher levels. Also there is

hyperinsulinemia and abnormal Renin-
Angiotensin- Aldosterone System and
sympathetic nervous system activation which
leads to enhanced sodium reabsorption.
Proinflammatory immune cells and increased
oxidative  stress causes tubulointerstitial
inflammation which contributes to chronic renal
disease [32].

3.3 SNS Over Activation

In obese individuals there is aberrant activation
of sympathetic nervous system in various organs
including muscles, heart and kidneys and
baroreceptor dysfunction leading to
hypertension. Dysfunctional adipocytes cause
increased leptin secretion which also enhances
sympathetic nervous system activity [19].
Changes in STAT3 (signal transducer and
activator of transcription) signaling in arcuate
nucleus may also lead to obesity. Obesity,
obstructive sleep apnea (OSA) and hypertension
are closely related to each other. In OSA, there is
hyperactivity of sympathetic nervous system
which leads to increased vascular resistance and
is a major factor leading to hypertension in obese
individuals. Treatment with continuous positive
airway pressure (CPAP) is the mainstay therapy
in obese individuals with OSA [31].

3.4 RAAS

Ang Il directly regulates endothelial and renal
function. There is also modulation in ET-1
signaling. Increased aldosterone levels are also
present in obese individuals which is responsible
for hypertension. Aldosterone enhances activity
of NADPH which increases oxidative stress in
body and decreases Nitrous Oxide (NO) pool.
Spironolactone can be used to decrease blood
pressure in there individuals owing to its
mechanism being aldosterone antagonist, but
insulin resistance does not change (Kang et al.,
2013).

3.5

Immune and

Mechanisms

Inflammatory

Studies suggest that there is imbalance and
aberration in adaptive and innate immune system
in obese individuals which directly affects various
organs of body including kidney, CNS, and
perivascular tissue contributing of hypertension.
Studies indicated that pro-inflammatory cytokines
such as tumor necrosis factor (TNF) and IL-6,
released by macrophages leads to insulin
resistance by changing activity of IRS and
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contribute to impaired insulin  signaling.
Evidences suggest that T-cells dysfunction and
dysregulation is involves in pro-inflammatory
responses which are involves in hypertension
[33]. These responses cause infiltration of
macrophages into vascular and adipose tissues.
On the other hand, T regulatory cells decrease

inflammation and have anti- inflammatory effect
by promoting formation of M2 macrophages.
Furthermore, in patients with Type 2 DM,
imbalance in T-cells ratio (i-e, decrease levels of
T regulatory cells and increased levels of TH17
cells) adds to the vascular dysfunction leading to
HTN [38].

Table 1. Factors affecting the pathophysiology of obesity and HTN

Sr.No. Factor Reasons Affect References
1. Vascular  Alterations in extracellular matrix, Insulin Resistance, [31]
Injury Dysfunctions of smooth muscles, Decreased production of
Alterations in the secretions of NO,
signaling molecules and hormones  Hypertension
(leptin, adiponectin, tumor necrosis
factor and IL-6)
2. Renal Hyperinsulinemia, Increase in tubular [32]
Injury Abnormal Renin- Angiotensin- reabsorption of sodium,
Aldosterone System and Tubulointerstitial
sympathetic nervous system inflammation,
activation, Chronic renal diseases
Proinflammatory immune cells and
increased oxidative stress
3. SNS Aberrant activation of sympathetic = Enhanced sympathetic [31]
Over nervous system, Increased leptin nervous system
activatio  secretion, acctivity,
n Changes in STAT3 Obesity, Obstructive
sleep apnea(OSA) and
Hypertension
4. RAAS Increased aldosterone levels, Increases oxidative (Kang et al.,
Enhanced activity of NADPH stress, 2013)
Decreases Nitrous
Oxide (NO)
Hypertension
5. Immune Release of pro-inflammatory Vascular dysfunction [33]
and cytokines (TNF, IL-6), leading to HTN,
Inflamma  T-cells dysfunction and Insulin resistance,
tory dysregulation Pro-inflammatory
Factor responses
6. Incretins  DPP-4 increased production in T Hypertension [34]
and DDP  cells and kidneys,
Decrease accumulation of M1
macrophages and increase
amount of M2 macrophages in fat
tissue/vascular atherosclerotic
lesions.
7. Estrogen Decreased estrogen level, Hypertension [35]
Increased BMI
8. Nutrition  Diets rich in fructose contributing Hypertension [36]
al to more lipid production,
Factors Increased lipid and cholesterol in
blood,
High salt intake
9. Intestinal Changes in gut flora leads to Serious metabolic [36]
microbes changes in IR, T2DM, and HTN disorders
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3.6 Incretins and DPP

Human gut produces some hormones including
“Glucagon like peptide (GLP-1) and Glucose
dependent insulinotropic peptide” which enhance
glucose mediated release of insulin and
contribute to glucose-insulin homeostasis. DPP-4
is largely produced in T cells and kidneys, and
can decrease accumulation of M1 macrophages
and increase amount of M2 macrophages in fat
tissues or vascular atherosclerotic lesions. So,
studies suggest that inhibition of DPP-4 can be
used to treat immune related hypertension on
obese individuals [34].

3.7 Estrogen

In premenopausal women, estrogens decrease
risk of cardiovascular diseases but this effect is
lost in premenopausal women who have DM and
BMI > 25. Estrogen also modulates Ang I
signaling by decreasing AT1R expression. There
are two aspects of the severity of this
combination. It is associated with high mortality
and morbidity which results from their
consequences including, heart failure, cardiac
death, kidney disease and stroke. Also,
Increased BMI causes hypertension which is
difficult to be treated even with multiple

medications and invasive measures need to be
taken to treat such hypertension e.g.,
sympathetic denervation of kidney [35].

3.8 Nutritional Factors

Diets rich in fructose contribute more to lipid
production than other carbohydrates and
increase lipids and cholesterol in blood. High
fructose corn syrup (HFCS) is a classic example.
Fructose also raises uric acid levels. This
ultimately leads to hypertension. High salt intake
is one of the main contributors to hypertension.
Studies on salt intake and hypertension suggests
that after removing salt from diet, hypertension
resolves too much extent. Beet root juice can
also help in controlling blood pressure [36].

3.9 Intestinal Microbes’ Relation with
Hypertension and Obesity

Several studies suggested that changes in gut
flora can lead to serious metabolic disorders and
hence IR, T2DM, and HTN.LPS
(lipopolysaccharides) derived from gut microbes
regulate various hormones in fat tissue that
change body’'s response to glucose and
inflammation [36].
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Fig. 1. Schematic representation of pathophysiology of HTN and obesity
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4. MANAGEMENT OF OBESITY-RELATED
HYPERTENSION

Various antihypertensive agents such as
diuretics, beta-blockers, RAAS blockers and
calcium channel blockers can be used to treat
hypertension but they are associated with
significant  side  effects  which  include
hyperglycemia, hyperlipidemia, hyperuricemia,
sexual dysfunction etc. That is why, it is advised
to cope with obesity which is the main cause of
hypertension [39]. Low calorie diet with a total of
500-1500 calories and 500-1200 calories for men
and women respectively is suggested for this
purpose. Diet should include restricted salt intake
and lower amount of cholesterol and saturated
fatty acids along with increased number of fish,
raw vegetables, lean meats, fruits, whole grain.
Moderate and constant exercise and adequate
night sleep is also advised to counter obesity.
The main objective is to increase lean body mass
as compared to fat mass [40].

4.1 TREATMENT

The main approach to treat hypertension caused
by obesity is weight loss because weight loss
causes reversal of the pathophysiological
mechanism of hypertension in obesity. Weight
loss is first tried by non-pharmacological means
such as lifestyle modifications. If weight loss is
not possible or it does not lead to required
decrease in blood pressure then
pharmacotherapy is adopted. Metabolic surgery
can also be done to control BP in obese patients
[41].

4.1.1 Lifestyle modification

Lifestyle modification such as “caloric restriction
and increased physical activity” is the mainstay
of treatment of obesity. Low calorie diet with a
total of 500-1500 calories and 500-1200 calories
for men and women respectively is suggested for
this purpose. Diet should include restricted salt
intake and lower amount of cholesterol and
saturated fatty acids along with increased
amount of fish, raw vegetables, lean meats,
fruits, whole grain. Moderate and constant
exercise and adequate night sleep is also
advised to counter obesity [42]. The main
objective is to increase lean body mass as
compared to fat mass. It also includes cessation
of smoking and alcohol consumption. Many
patients try to adopt these lifestyle modifications
but the rate of drop-out from this modification is
high unfortunately. This drop-out cannot be

solely attributed to loss of motivation, but
changes in counter-regulatory hormones which
maintain the weight at a specific range can also
exist and lead to failure of lifestyle modification
[43].

4.1.2 Pharmacological therapy for
hypertension in obesity

Obese people are at increased risk of treatment-
resistant hypertension. Most hypertension
guidelines and recommendations do not address
specific antihypertensive agents for obese
people, however there aresome
recommendations for optimal choice of anti-
hypertensive agents. There is a strong evidence
for considering “ACEls and ARBs as first-line
because of the role of RAAS in pathogenesis of
obesity-related hypertension.” Studies showed
that these drugs have potential benefit of
increasing insulin sensitivity in patients of
diabetes mellitus [44]. As SNS activation has
also been observed in hypertensive obese
individuals, beta-blockers can also be used for
hypertension but they are associated with
decreased insulin sensitivity and weight gain.
That is why these drugs should be limited in
patients with comorbid post-myocardial infarction
or heart failure. In addition, carvedilol and
nebivolol are associated with decreased risk of
weight gain and less metabolic side effects as
compared to older beta-blockers. Studies
indicated that these calcium channel blockers are
used as second line treatment with ACEIs/ARBs
[45].

4.1.3 Effect of metabolic (bariatric) Surgery in
the treatment of obesity-related
hypertension

Bariatric surgery is one of the latest and
advanced gastrointestinal procedures globally.
Different types of bariatric surgery include:

“Sleeve  Gastrectomy, Roux-en-Y  Gastric
Bypass, Duodenal Jejunal Bypass with Sleeve
Gastrectomy, Duodenal Switch, Revisional
Surgery, Laproscopic  Adjustable  Gastric

Banding.”

In one study, it is estimated that >680,000
metabolic procedures were done in 2016
according to obesity and metabolic disorders
survey. Bariatric surgery has become the most
useful and successful strategy for attaining a
pronounced and durable weight loss in obese
patients according to the pooled analyses of
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many randomized control trials and observational
studies [19].

There is also evidence that bariatric surgery is
also helpful in treating type 2 diabetes mellitus.
Many individuals who have undergone these
procedures achieved complete remission of
diabetes  mellitus  with  blood glucose
level below diagnostic criteria of diabetes mellitus
in the absence of other pharmacological
therapies. Inclusion of bariatric surgery in
treatment algorithms for T2DM proposed by
“International Diabetes Organization” represents
success of bariatric surgery in treating T2DM
[46].

5. CONCLUSION

Conclusively, obesity is considered a major risk
factor for hypertension, type-2 diabetes and other
problems such as kidney disease due to its
increasingly tubular reabsorption that impairs the
pressure natriuresis and ultimately causes
expansion of volume through the activation of
RAS and SNS. In addition, obesity also causes

cardiovascular complications via  several
mechanisms including inflammation,
hypertension, hyperglycemia, atherosclerosis,

and dyslipidemia, these disorders co-exist
especially in the presence of “excess visceral fat”
in order to cause metabolic syndrome, in
consequence, and it causes disturbances in fat
metabolism via lipid accumulation. For the
treatment purpose, pharmacological treatment
and lifestyle modifications are recommended by
the medical community, consumption of fruits
and vegetables, animal proteins, less sugar and
fat, fiber, omega-3 fatty acids, vitamins, and
proper exercise is considered vital approach to
combat obesity related hypertension.
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