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Abstract

Hypertension is a significant risk factor for heart disease, stroke and other cardiovascular diseases and an
estimated 970 million people worldwide suffer from the disease resulting in significant morbidity, mortality and
financial burden globally. Despite significant advances in pharmaceutical treatment only 53% achieve targeted blood
pressure goals largely due to poor patient compliance compelling a structured and flexible yet, individually tailored
approach for treatment of HTN.1, 2This review addresses the pathophysiology, diagnosis and current management
for the disease.
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Introduction
Hypertension (HTN), defined as systolic blood pressure (SBP) >

140 mmHg or diastolic blood pressure (DBP) > 90 mmHg, is a major
growing health problem across the globe [1-5]. It is the most common
risk factor for cardiovascular disease and affects nearly two-thirds of
adults aged 60 years or older [1,2]. It is estimated that uncontrolled
HTN is responsible for 7.5 million deaths per year worldwide [6] and
in USA alone accounts for over 47 billion dollars spent in health care
services, medications and absent workforce [7]. Despite various
advances in the field it is projected that 1.56 billion people will suffer
from HTN by 2025.3 Various randomized controlled trials have
demonstrated that even slight blood pressure decreases such as
10mmHg reduces patients risk of death due to cardiovascular disease
by 25% and, similarly decreases risk of stroke related mortality by 40%,
[8] demonstrating the pressing need for novel therapies in the
treatment of this pathology.

Our initial understanding of central aortic pressure and therefore
“blood pressure” dates back to 1733 when Stephen Hales directly
measured intra-arterial pressure in a horse [9]. Subsequently, it took
almost a century to develop sphygmomanometric devices that could
potentially measure blood pressure noninvasively and these devices
were introduced into clinical practice in the late 1800s and early 1900s
[10]. Although the variability of blood pressure in response to various
physical/emotional stimuli and sleep/wake periods gained attention
even in the 1940’s [11] it’s significance became more evident towards
the end of the 20th century when mercury manometers were replaced
with electronic devices making blood pressure measurements safe and
accessible. As early as 1906, insurance companies in the United States
were the first to conduct initial studies identifying the risks associated
with high blood pressure [12] and in the 1920’s several studies not
only concurred with their findings but further identified that HTN is
often associated with comorbidities such as insulin resistance [13] and
central obesity [14].

Figure 1: Systems involved in the development and maintenance of
hypertension

Pathophysiology
HTN can be classified as primary (or essential) HTN and secondary

HTN accounting for 95% and 5% of hypertensive patients respectively
[15]. Although the aetiology of essential HTN is unknown, it typically
begins in the fifth or sixth decade of life, is often associated with
increased salt intake and obesity and has a strong relationship with
family history, underscoring the possibility of genetic predisposition
for the disease [16]. Conversely identifiable causes such as renal artery
stenosis, chronic kidney disease, sleep apnoea and adrenal diseases
accompany secondary HTN [15]. The common phenomenon in both
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scenarios is the derangement of multiple mechanisms involved in the
maintenance of normal blood pressures and as such, the sympathetic
nervous system, renin-angiotensin-aldosterone system, endothelial
function plus sodium and water retention have been extensively
studied to ascertain mechanisms involved in the development of the
disease[17,18] Figure 1.

Cardiac output and peripheral vascular resistance (PVR):
Cardiac output and PVR are two important factors that maintain

normal blood pressures and it has been suggested that increased
cardiac output resulting from sympathetic dysfunction is the trigger
for the development of HTN and increases in PVR is essentially the
physiologic response to accommodate change in pressure and
maintain homeostasis [17-19].

Sympathetic nervous system:
Over the last decade the role of SNS in the development and

maintenance of blood pressure has been studied exhaustively and it
has been identified that sympathetic stimulation of the heart,
peripheral vasculature, and kidneys, resulting in increased cardiac
output, increased vascular resistance, plus fluid retention is important
in the development and maintenance of this disease [20]. As evidenced
in the Coronary Artery Risk Development in Young Adults (CARDIA)
study, sympathetic overdrive is often accompanied by low
parasympathetic tone, which further exacerbates the condition [21].
Additionally, several studies have demonstrated evidence of
sympathetic over activity by documenting increases in norepinephrine
spill over in patients with HTN confirming that sympathetic over
activity is a core component in the pathophysiology of this disease.
The renal sympathetic nervous system is a major player in the
development and maintenance of HTN affecting blood pressure via
two pathways, namely, the efferent and afferent pathways. The efferent
pathway carries signals from the SNS to the kidney and increases renin
release thereby activating the RAAS system and increasing sodium and
water retention, all resulting in increased circulating volumes and
therefore increased blood pressures. In addition to the aforementioned
processes the efferent pathway also decreases renal blood flow and to
increase perfusion the kidney triggers the afferent pathway that carries
impulses to the SNS exacerbating sympathetic over activity and
thereby maintaining the high blood pressures.

Renin-angiotensin-aldosterone system (RAAS):
The RAAS system plays a major role in orchestrating the

maintenance of normal blood pressures and is activated by dual
mechanisms, stimulation of the SNS and glomerular under perfusion
[22-24]. These stimuli trigger the release of renin from the
juxtaglomerular apparatus which converts angiotensinogen to inactive
angiotensin I, the latter is further cleaved by endothelium bound
angiotensin converting enzyme (ACE) into angiotensin II, the active
component of this cascade and a potent vasoconstrictor [22-27].
Although this conversion of angiotensin I to angiotensin II was
initially believed to occur primarily in the lungs, it has since been
established that the process occurs practically in all tissues. In response
to decreased salt intake RAAS also triggers the release of aldosterone
from the adrenal glands that increases salt reabsorption coupled with
water retention resulting in further increase of blood pressure [22-28].
Under these circumstances one would expect that patients with HTN
would invariably have high circulating levels of renin and angiotensin
II, however, studies have demonstrated that plasma renin activity is

increased in 15 percent patients, normal in 60 percent patients, and
reduced in approximately 25 percent patients [29]. This can be
reconciled by growing evidence for the presence of local renin systems
regulating regional blood flow that might play an essential part in the
pathophysiology of HTN [30-32].

Endothelial dysfunction:
Whether endothelial dysfunction is a cause or an effect of

hypertension is debatable, nonetheless there is substantial evidence
linking endothelial dysfunction with hypertension [33-36]. In fact,
there is evidence of a positive association between the degree of
endothelial dysfunction and the severity of hypertension [37]. The
major underlying mechanism for endothelial dysfunction seen in HTN
is the decrease in the availability of nitric oxide (NO), a consequence
of increased oxidative stress in these patients. To this, extent although
effective antihypertensive therapy restores impaired nitric oxide
production, endothelium dependent vasorelaxation continues to be
altered suggesting an irreversible course once HTN is established. This
evidence as well as studies demonstrating that inhibition of
endothelium-derived nitric oxide synthase (eNOS) results in
hypertension in humans, insinuates endothelial dysfunction as a
potential aetiological factor in the initiation of HTN [38]. On the other
hand the Multiethnic Study of Atherosclerosis (MESA) showed that
impaired flow-mediated dilation (FMD) was not a significant
independent predictor of the future development of hypertension [39]
and Juonala et al (2006) demonstrated an association of higher blood
pressures in adolescence with endothelial dysfunction in adulthood
[40]. In addition to NO other vasorelaxing factors such as arachidonic
acid metabolites, reactive oxygen species (ROS), vasoactive peptides
and microparticles of endothelial origin play important roles in
maintenance of vascular tone. Emerging data suggests that these
factors contribute to excessive vascular oxidative stress and vascular
inflammation resulting in endothelial dysfunction [41,42]. In the
recent years endothelial progenitor cells (EPC’s) that develop to form
mature endothelial cells has been implicated in the maintenance of
arterial stiffness and as such are now considered as determinants of
endothelial function [43,44]. Thus endothelial dysfunction is
multifactorial and a myriad of alterations in the vascular milieu lead to
structural and functional changes within the arteries and therapies
targeting key pathways involved in the process have shown to decrease
vascular remodeling, improve vascular function and therefore
attenuate overall cardiovascular risk.

Whilst due to its relevance endothelial function was initially
measured in the coronary arteries invasively using acetylcholine or
other pharmacologic flow manipulation, current methodologies
include venous plethysmography, digital pulse tonometery, laser
Doppler flowmetry and the most common high-resolution ultrasound
[45]. These methods have not only made early identification of
endothelial dysfunction possible and but has also broadened the
horizon of FMD in determining efficacy of treatment and assessing
prognosis in patients with HTN and other cardiovascular diseases.

Vasoactive substances:
Endothelin, a potent vasoconstrictor is one of the major substances

involved in maintaining vascular tone. Identified by Hickey et al in
1985, it is secreted by endothelial cells and exerts its affects in a
paracrine or autocrine manner on vascular smooth muscle cells and
counteracts the relaxing activity of NO [46,47]. Studies have
demonstrated that both in animals and humans infusion of
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endothelin-1 (ET-1) results in increased blood pressures [48] and
blocking the system using antagonists reverts the phenomenon [49].
However, plasma levels of ET-1 are normal in patients with essential
hypertension [50] suggesting that activity of this system might not play
a role in all types of HTN but rather in specific disease states such as
salt-sensitive HTN and renal HTN. Large clinical trials aimed at
determining both the importance of endothelin in the development
and maintenance of HTN and, ascertaining necessity of treatments
targeted towards maintenance of this system are warranted.

Bradykinin a vasodilatory peptide with autocrine and paracrine
function has long had an indirect association with HTN since apart
from its direct vasodilatory affects, bradykinin stimulates release of
other vasoactive substances like prostaglandins. This peptide from the
kinin-kallikrein system is shown to reduce blood pressures by
vasodilation as well as enhanced natriuresis and diuresis both achieved
via increased renal blood flow mediated by NO and prostaglandin
release [51-53]. Although vastly overlooked due to side effects of
coughing and angioedema the hypotensive effects of ACE inhibitors is
due to increased bradykinin levels owing to its reduced degradation
[54,55] therefore therapies targeted directly at bradykinin system are
likely in the not so distant future.

Atrial natriuretic peptide (ANP) belongs to a family of structurally
and functionally related peptide hormones with cardio-renal
functions. ANP mediates its functions via membrane-bound
guanylatecyclase linked receptor (NPR-A), which further activates
intracellular cGMP mediated processes. Released from the atria in
response to atrial distention stemming from hemodynamic overload,
ANP causes natriuresis and diuresis resulting in modest reductions in
blood pressures with concomitant decreases in plasma renin and
aldosterone. Thus, the natriuretic peptide system by decreasing
peripheral vascular resistance balances the activity of the SNS and the
RAAS system in maintaining blood pressures [56,57].

Diagnosis and patient evaluation
Measurement of blood pressures can be done either manually using

a sphygmomanometer or an automated electronic device (both office
and home) or when feasible ambulatory blood pressure monitoring is
utilized. The latter two are preferred since they are reproducible and
rule out observer bias. Readings are measured in both arms using arm
cuffs for accuracy. The use of finger cuffs is strongly discouraged due
to lack of reproducibility. Blood pressure measurements are taken on
an empty bladder with the patient well positioned, legs resting on the
ground and arms resting comfortably on a table. An average of two
readings taken approximately 5 minutes apart is taken at two visits to
determine blood pressure. In older patients postural hypertension is
also assessed. In addition to blood work and electrocardiography, it is
important to consider all previous cardiovascular events, risk factors
plus other medical and medication history (stroke, transient ischemic
attacks, coronary artery disease, heart failure, chronic kidney disease,
peripheral artery disease, diabetes and sleep apnea) to determine an
appropriate treatment plan.

Treatments of hypertension

Overall goals of treating HTN:
Although reducing blood pressure is pivotal in treating patients

with HTN, it is equally important to efficiently manage other
cardiovascular risk factors such as lipid disorders, diabetes/glucose

intolerance, obesity and smoking. The classification for hypertension
as per the ASH and ESH/ESC guidelines is given in Table 1. The
treatment goal in hypertensive patients is a reduction of SBP to
<140mmHg and DBP to <90mmHg. Previously in patients with
diabetes, chronic kidney disease and coronary artery disease the
targeted blood pressures were <130/80 mmHg, however, due to lack of
corroborating evidence of improvements with these parameters blood
pressures of <140/90 mmHg is widely used except in chronic kidney
disease patients with albuminuria, where experts still recommend
blood pressures <130/80mmHg [4,5,58-61]. Another exception to the
rule is patients aged 80 years or older where blood pressures <150/90
mmHg is acceptable since recent studies have demonstrated that
achieving SBP < 150 mmHg in the this group decreased cardiovascular
events and stroke [4,16,62]. ASH and ESH/ESC current guidelines for
treatment goals in various categories and disease states are given in
Table 2.

Category ASH* 2013

General > 60 y <150/90

General < 60y <140/90

Diabetes <140/90

CKD <140/90

Category ESH/ESC** 2013

General nonelderly <140/90

General elderly <80y <150/90

General > 80 y <150/90

Diabetes <140/85

CKD no proteinuria <140/90

CKD with proteinuria <130/90

Table1: Classification of office blood pressures (mmHg) as per ASH
and ESH/ESC guidelines;ASH: American Society of Hypertension; **
ESH/ESC: European Society of Hypertension/European Society of
Cardiology#SBP: Systolic Blood Pressure, ##DBP: Diastolic Blood
Pressure

Category ASH* 2013

 SBP# DBP##

Normal <120 <80

Prehypertension 120-139 80-89

Stage 1 Hypertension 140-159 90-99

Stage 2 Hypertension >160 >100

Category ESH/ESC** 2013

 SBP# DBP##

Normal 120-129 80-84

High Normal 130-139 85-89

Grade 1 Hypertension 140-159 90-99
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Grade 2 Hypertension 160-179 100-109

Grade 3 Hypertension >180 >110

Table 2: Treatment goals of hypertension; *ASH: American Society of
Hypertension** ESH/ESC: European Society of Hypertension/
European Society of Cardiology#CKD: Chronic Kidney disease

Non-pharmacologic treatment of HTN:
The importance of lifestyle changes like weight reduction, dietary

salt reduction, regular aerobic exercise, smoking cessation and

reduction in alcohol consumption cannot be stressed enough and has
to be complemented along with drug therapy in all patients with HTN.
The benefits of these changes are apparent in various studies revealing
reductions in systolic blood pressures Table 3. In fact, in
prehypertensive patients with SBP between 120-139 mmHg and DBP
between 80-89 mmHg merely making lifestyle changes would delay
and possibly halt progression to HTN. Similarly, even in patients with
stage I HTN (SBP between 140 to 159 mmHg and DBP between 90-99
mmHg) life style changes for 6-12 months might preclude the
necessity for drug therapies and should be encouraged in the absence
of cardiovascular and renal risk factors [63].

Modification Approximate SBP# reduction

Weight: maintenance of normal body weight as defined by BMI of 18.5–24.9
kg/m2

5–20 mmHg/10kg reduction in weight[90,91]

Sodium consumption: reduction of dietary sodium to less than 100 mmol per day
(2.4 g sodium or 6 g sodium chloride).

2–8 mmHg [92,93]

Physical activity: maintenance of healthy physical activity by including regular
aerobic activity at least 30mins/day most days of the week

4–9 mmHg[94,95]

Healthy diet: consumption of recommended servings of fruits and vegetables
along with reduced saturated and total fat content in diet

8–14 mmHg[92,93]

Alcohol consumption: reduction of alcohol intake to less than 2 drinks in men and
less than 1 drink in women

2–4 mmHg[96]

Smoking: Abstinence from smoking for a one week period in habitual smoker 3–5 mmHg[97]

Table 3: Effects of life style modifications in management of hypertension

Pharmacological treatments for HTN:
Choices of drugs for HTN are influenced by age, comorbidities,

ethnicity, pregnancy and other parameters necessitating individual
specific treatment regimens therefore only major drug classes are
discussed in this review.

ACE inhibitors have a dual mode of action. They prevent the
formation of angiotensin II, the active vasoconstrictor of RAAS and
they decrease the metabolism of the vasodilator bradykinin increasing
its availability. These drugs are mostly well tolerated except for the
occasional cases of non-dose dependent side effects of cough and
angioedema seen sporadically in patients of Asian and African descent.
Although these drugs can be used as monotherapy or in combination
with calcium channel blockers (CCB) and diuretics the former is more
beneficial in Caucasians possibly since the RAAS is less pronounced in
the black population. Several studies have identified the benefits of
these drugs in clinical outcomes in patients with heart failure, chronic
kidney disease, left ventricular systolic dysfunction and post
myocardial infarction [64-69].

Angiotensin receptor blockers (ARB’s), similar to ACE inhibitors
target the RAAS by blocking AT1 receptor responsible for downstream
effects of angiotensin II. Owing to similar mechanisms of action,
patients on these drugs share the same benefits as with ACE inhibitors
mentioned earlier and as an added advantage these drugs do not cause
the undesired cough [70]. Potentially ACE inhibitors and ARB can be
used together for more complete blockade of the RAAS if BP control is
not achieved, although often other classes of agents will be considered
for combination use first (i.e. thiazide diuretics).

Calcium channel blockers (CCB’s) work by binding to the L
channels of vascular smooth muscle cells and disrupting influx of
calcium into muscle cell preventing contraction of smooth muscle cells
and cardiac myocytes. Dihydropyridine CCB’s decrease blood
pressures mainly via direct vasodilation and decreasing systemic
vascular resistance but nondihydropyridines function by decreasing
both heart rate and force of myocardial contraction. There is
significant evidence demonstrating that CCB’s improve all-cause
mortality plus reduce risk of stroke in patients with HTN [71].
Caution should be exercised when administering these drugs in
combination with β–blockers and in patients with heart failure since
non-dihydropyridines are not the treatment of choice in these groups.
Overall CCB’s in conjunction with ACE inhibitors or ARB’s are
important tools in achieving significant drops in blood pressures in
patients with HTN.

Diuretics function by increasing renal sodium and water excretion.
It has been well documented that diuretics improve cardiovascular
outcomes and reduce risk of stroke [64,65,72,73]. Heart failure is a
long term complication of HTN and studies have demonstrated that
use of spironolactone decreases risk of morbidity and mortality in
hypertensive patients with heart failure [74]. Albeit thiazide diuretics
are favored in clinical practice, use of loop diuretics in association with
potassium sparing diuretics reduces the risk of hypokalemia and
hypomagnesaemia both conditions known to thwart diuretic therapy.
Finally, even small doses diuretics potentiate blood pressure lowering
capacity of most antihypertensive drug regimes. However, studies have
shown an increased risk of type II diabetes mellitus in patients taking
thiazide diuretics. They aren’t contraindicated in patients with pre-
existing type II diabetes mellitus, but in at risk patients, greater
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attention to lifestyle changes to reduce this risk should be considered
[75-77].

Beta-blockers are the drug of choice when treating hypertensive
patients with a history of myocardial infarction and heart failure.
These drugs reduce cardiac output and decrease renal renin secretion,
thus initial worsening of heart failure should be anticipated when
commencing therapy in the presence of heart failure. Beta-blockers are
known to alter glucose metabolism and mask hypoglycemia
necessitating caution when used in patients at risk for diabetes. Patient
compliance is a challenge with beta-blocker therapy due to its
association with depression, fatigue and sexual dysfunction therefore
patient education is warranted.

Aldosterone Antagonists and in particular spironolactone
(belonging to the mineralocorticoid receptor antagonist family)
deserves special mention due to its utility when used in combination
with ACE inhibitors, ARB’s, CCB’s, and diuretics especially in patients
with heart failure. However, it’s use as an anti-hypertensive has been
shown to be excellent in those patients that can tolerate it’s use
[74,78,79]. Common problems with it’s use include gynaecomastia,
and electrolyte disturbances such as hyperkalaemia and deteriorating
renal function. The later two are more common in patients in whom
renal function is already compromised, and in patients already on
ACE inhibitors or ARBs [80-84].

Alpha-blocker use in treatment of HTN continues to evolve since
its inception over a decade ago. This drug that inhibits vascular
sympathetic tone by blocking postganglionic α1-receptors is usually
used as add-on medication in patients with uncontrolled HTN or in
those who have poor tolerance to other first line medications. Owing
to its two main side effects, namely first dose-syncope and vasovagal
syncope, a measure of caution should be practiced during initiation of
such therapy. Coupling of alpha-blockers with a diuretic can increase
efficiency of therapy particularly since it could potentially offset
adverse glucose and lipid imbalances caused by diuretic therapy. The
drug is especially useful when treating HTN in older male patients
with benign prostrate hypertrophy.

Other drugs in the armamentarium against HTN include direct
vasodilators and centrally acting adrenergic inhibitors however, their
use in practice has diminished since their side effects outweigh benefits
and are now utilised as add-on therapy in specific patient groups.
Direct renin inhibitors, which target a different part of RAAS
compared to ACE inhibitors and ARB’s, is another option as add-on
or monotherapy in patients intolerant to first line antihypertensive
therapies [85]. However, further studies assessing the utility of the
latter group is imperative considering the ambiguity of treatment
efficacy and the potential side effects in specific patient subgroups
[86-89]. Other potential targets such as endothelin receptor
antagonists and vasopeptidase inhibitors have been studied but no role
has yet been identified for these therapies [90].

Resistant hypertension (rHTN) and treatment options
Resistant hypertension is defined as blood pressure that remains

above 140/90mmHg despite treatment with at least three
antihypertensive drugs including a diuretic at optimal doses and, an
estimated 10-20% of general hypertensive population suffers from this
disorder [91]. Based on a US study cardiovascular risks in patients
with rHTN is increased by 50% when compared to patients with
controlled HTN [92]. Since sympathetic over activity underlies the
pathophysiology of HTN and subsequently rHTN, surgical renal

sympathetic denervation had been shown to be a treatment options
many years ago in these patients [93]. The emergence of more recent
catheter based techniques for this purpose have shown exciting
promise with the Symplicity and EnligHTN trials (among others)
using variations in renal denervation catheters. These studies
confirmed the safety of the procedure and showed significant
decreases in blood pressures post procedure [94-98]. The recent
Symplicity HTN III trial however, failed to show any significant
difference in BP between the renal denervation and sham control
groups at 6 months, and has raised concerns about the genuine
efficacy of this treatment. However, there seem reasonable issues with
the adequacy of the denervation procedure with the first generation
catheter technology, and so future randomized control trials with next
generation multi-electrode systems are awaited.

Conclusion
Alterations in the sympathetic nervous system and the renin-

angiotensin-aldosterone system are key factors in the development
and maintenance of hypertension. Changes in vascular tone and renal
sodium excretion are a direct effect of this imbalance and these
changes are often accompanied by alterations in baroreflexes and
autoregulation, both set in place for homeostasis of blood pressure.
Therefore all treatment strategies for hypertension are directed at
restoring the activity of the SNS and RAAS. Although pharmaceutical
therapy of HTN is quintessential, life style interventions are equally
important in conquering this preventable and easily diagnosed
pathology.
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