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Hypertension increases the risks of end-organ
injury, maternal/fetal vulnerability, and total mor-
tality. Throughout the world, it kills about 7.5
million people every year. During 1975-2015,
the number of adults with hypertension increased
from 594 million to more than 1.1 billion, mostly
due to the increase in the low-income and middle-
income countries (NCD Risk Factor Collaboration
2016, Lancet 15 Nov, 2016).

Blood pressure, even the so-called resting
blood pressure, is inherently variable depending
on innumerable factors. Doctors and nurses must
follow the appropriate methods and procedures
for measuring blood pressure. Blood pressure
measured in the clinic, at home, or by ambulatory
blood pressure monitoring yields different values
that need careful interpretations.
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At first sight, management of hypertension is
fairly straightforward. In reality, this can some-
times be frustrating both for the doctors and for
the patients. Many patients with hypertension
remain undiagnosed for years; many others are
wrongly diagnosed and unnecessarily treated for
decades. Many people receiving tablets for
hypertension are not adequately treated due to
poor compliance, side effects of medicines, or
inappropriate choice of medicines by the
physicians. Compliance of patients must be
assessed and improved by keeping treatment
regimens simple, by involving the patients in
the decision-making process, and above all with-
out blaming the patients for poor compliance.

When it comes to target blood pressure, one
size does not fit all. It seems the goals need to be
personalized depending on many factors like the
risks of cardiovascular diseases, albuminuria,
age, sex, diabetes, orthostatism, and gestational
age. For instance, blood pressure reduction in the
elderly hypertensive patients reduces morbidity
and mortality but needs to be done carefully
taking into consideration the increased sensitiv-
ity of this group of patients to side effects.
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About 10% of hypertensive patients have
resistant hypertension. About 20% of these
patients have primary hyperaldosteronism.
Others may have renal artery stenosis, obstruc-
tive sleep apnea syndrome, chronic kidney dis-
ease, Liddle syndrome, pheochromocytoma and
paraganglioma, and glucocorticoid excess. Eval-
uate hypertension due to suspected primary min-
eralocorticoid excess states using some
algorithm that includes functional, imaging, and
genetic tests, in consultation with the
endocrinologists. Treat the conditions depending
on the diagnosis; for instance, treat Liddle syn-
drome with amiloride. Investigate for rare
conditions like  pheochromocytomas and
paragangliomas, when clinically suspected. You
need to be familiar with the perioperative, opera-
tive, and postoperative management of these
patients. When you suspect an endocrine hyper-
tension, do the preliminary tests, and then if your
clinical suspicion is supported by the tests, refer
the patient to an endocrinologist.

Management of hypertension in some patient
groups merits special considerations. These
include elderly patients with hypertension,
hypertension in pregnancy, transplant patients
with hypertension, and hypertension in patient
on hemodialysis.

In pregnancy, you need to distinguish between
chronic hypertension, chronic hypertension with
superimposed preeclampsia, gestational hyper-
tension, and preeclampsia/eclampsia. It is impor-
tant to discontinue medicines with known fetal
adverse effects, e.g., angiotensin-converting
enzyme inhibitors, angiotensin receptor blockers,
mineralocorticoid receptor blockers, and statins
before conception. The exact blood pressure
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target for treatment of chronic hypertension in
pregnancy is not known, but it has been shown
that less tight control of chronic hypertension in
pregnancy does not result in poorer maternal or
fetal outcome. Use drugs like labetalol, nifedi-
pine, thiazide diuretics, and clonidine that are
safe in pregnancy.

Extensive basic researches are revealing
fascinating pathophysiological mechanisms of
hypertension and are identifying potential molec-
ular targets for developing new drugs. These
include the toll-like receptors and damage-
associated molecular patterns (DAMPs), asym-
metric dimethylarginine (ADMA), interleukin-
17a, interleukin-6, interferon-y, endothelin-1
receptors, and aminopeptidase A that converts
angiotensin II to angiotensin III, to name only a
few. Metabolomic, lipidomic, pharmacome-
tabolomic, candidate gene polymorphism, and
genome-wide association (GWAS) studies are
being used to obtain insights into the pathophys-
iological processes leading to hypertension.

It is important to keep up to date, but it is
becoming increasingly difficult, even for the
experts. Hypertension: From Basic Research to
Clinical Practiceincludes a wide range of articles
on selected issues that are important for the
beginners as well as the experts engaged in
research and clinical practice in the field of
hypertension.

Reference

NCD Risk Factor Collaboration (NCD-RisC). Worldwide
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Introduction

In 1988, Peter Sterling and Joseph Eyre (1988)
physiological
literally means
through change” to describe the behavior of

Abstract

Variability is a normative property of blood pressure necessary for sur-
vival which likely contributes to morbidity and mortality through
allostatic load. Because of its allostatic and adaptive properties blood
pressure responses to peculiar situations like the visit to the clinic can
lead to the misdiagnosis of hypertension. Cuff methods of blood pressure
measurement can also create blood pressure variation when there really is
none. There are also physiological differences between populations
related to their evolutionary history that likely further affect the extent
of population differences in 24-h blood pressure variability. Quantifying
the sources and extent of blood pressure variability can be done using
natural experimental models and through the evaluation of ecological
momentary data. It is very likely that the results of population studies of
blood pressure variability and morbidity and mortality risk are inconclu-
sive because the parameters used to assess blood pressure variability do
not reflect the actual nature of blood pressure allostasis.

Keywords
Blood pressure variability « Allostasis « Allostatic load

dynamic physiological functions. The idea is
that variation in physiological parameters occurs
as a means of adaptation, so that there is a nexus
of between external conditions and the body’s abil-
ity to meet the demands imposed by them which
is all regulated by the brain. Thus, there is no
“dynamic steady state” or setpoint in these
functions meaning that they do not maintain

concept
“stability
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homeostasis, but rather there is a multitude of
stable states that occur as responses to
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continuously changing environmental demands.
In introducing this concept, Sterling and Eyre
used blood pressure as an exemplar, because of
its inherent variability. In fact, variation is what
gives blood pressure its adaptive value (James
1991, 2013), and is perhaps its single most
important normative property, since without it
human beings would not survive (James 2013).

The inherent variability in blood pressure was
first recognized by Stephen Hales in his
pioneering experiments in the horse that were
reported in 1733, in which he endeavored to
evaluate the nature of the arterial pulse using a
cannula inserted into the crural artery (O’Rourke
1990; Pickering 1991). The oscillations he
observed in the blood pulses where such that he
concluded that any instantaneous measure of the
blood pressure would never be exactly the same
over the lifetime of the animal (Parati
et al. 1992). Through the nineteenth century
anecdotal evidence regarding blood pressure var-
iation in humans accumulated, and in 1897 Riva-
Rocci in his description of sphygmomanometry
reported that the actual procedure of making a
blood pressure measurement could induce an
increase in pressure so large as to affect the
process of obtaining valid data (Parati
et al. 1992). Seen from the perspective of
allostasis, what this observation meant is that
the mere occluding of the artery is enough of a
stressor to initiate a physiological response
which will change blood pressure.

Nikolai Korotkoff, a field surgeon during the
Russo-Japanese war discovered the auscultatory
technique of blood pressure measurement using
the sphygommanometric method of Riva-Rocci
and a stethoscope, reporting on the sounds that
bear his name to the Imperial Military Medical
Academy in St. Petersburg, Russia in 1905
(Paskalev et al. 2005). Since the sounds could
be coupled to the cuff pressure registered on the
mercury column of the sphygmomanometer,
numeric values could be assigned to both the
blood pulse maxima and minima (systole and
diastole) based upon the appearance and disap-
pearance of sound. With this important insight,
blood pressure level, as well as variation over
time could be quantified.

G.D. James

Through the first half of the twentieth century,
a variety of observations regarding blood pres-
sure variation using auscultatory and intra-
arterial techniques both outside and inside the
clinic were made. First, numerous laboratory
studies demonstrated that typically occurring
variation in physiological habitus and the envi-
ronment such as postural change, respiration,
exercise, and external temperature all profoundly
affected the variability of blood pressure
(e.g. James 1991; Pickering 1991; Rowell
1986). There were also studies indicating that
there was substantial variability in “resting
blood pressure” by venue and over time. One of
particular note was the report by Ayman and
Goldshine (1940) who trained hypertensive
patients or their family members in how to take
blood pressures at home. They found that these
measurements differed from clinic
measurements by as much as 70/36 mmHg, a
difference which persisted over 6 months. Other
studies around that time suggested that the emo-
tional or psychological state of the person could
affect the reliability of resting ausculted blood
pressure measurements (e.g. Levy et al. 1944;
Rogers and Palmer 1944), and there were also
data to suggest that variation in a person’s pres-
sure could be influenced by the familiarity
between the patient and the person taking the
pressure (Shapiro et al. 1954) as well as the
gender of the person taking the pressure
(Comstock 1957). During this time, the variation
in resting blood pressure in and out of the office
that was related to the patient’s response to the
procedure or circumstances (which from an
allostatic perspective is an adaptive adjustment
to the perceived stressfulness of the situation)
was seen medically as something that con-
founded accurate clinical assessment and thus
needed to be minimalized.

In the 1960s there was an increasing number
of studies examining blood pressure variability
outside the laboratory and clinic. These studies
emerged with the technical development of the
Remler® ambulatory blood pressure recorder
which required that subjects manually inflate
the cuff (see Hinman et al. 1962; Kain
et al. 1964; Sokolow et al. 1966), and with the
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development of intra-arterial devices that
measured pressure continuously (Richardson
et al. 1964). A classic study by Bevan
et al. (1969) employing an intra-arterial device
provided data that showed just how variable
blood pressure could be over the course of a
typical day. This case study and others like it
unambiguously showed that blood pressure
levels were tied directly to what someone was
feeling and doing as well as the circumstances.
These data clearly indicated that blood pressure
did not maintain a homeostatic “steady state” but
rather allostatically changed to meet the demands
of the circumstance.

As ambulatory blood pressure monitoring
technology improved from the 1970’ through
the 2000s, the effects of various typical behaviors
on blood pressures were evaluated, first using
intra-arterial devices and later using automatic
ambulatory blood pressure monitors that
employed either auscultatory or oscillometric
technology (James 2013; Pickering 1991).
These studies, often undertaken by non-medical
researchers, were designed to quantify the
amount of intraindividual blood pressure varia-
tion over the course of a day associated with
psychological, sociological, and environmental
sources using data from larger scale population
samples. Their purpose was to evaluate how the
things that people do, think and experience as
part of their lifestyle relate to the development
of sustained high blood pressure and subsequent
cardiovascular pathology (James 2013). The
upshot of the results of these studies is that the
extent of out of office blood pressure variation
and its relation to pathology may not only be
determined by both the mix and psychological
appraisal of the activities and relationships that
are experienced by a subject during the course of
a day, but also by the duration and frequency of
the experience of these factors over a lifetime
(James 2007, 2013).

Over the past decade, there has been interest
in evaluating the morbidity and mortality risk of
circadian, diurnal or nocturnal blood pressure
variation and the question has been raised as to
whether variability should be treated (Asayama
et al. 2015; Flores 2013; Palatini et al. 2014;
Parati et al. 2015). The purpose of this brief

overview is to critically examine blood pressure
variability and variation both within and outside
the office, separating its adaptive function from
possible pathology using the perspective of the
allostasis paradigm.

2 Are There Multiple Intrinsic
Biological Rhythms That
Contribute to Blood Pressure
Variability?

From an allostatic perspective, all the measurable
variation in blood pressure is related to beat-to-
beat changes in the actions of the heart which in
turn, are triggered by the actions of the brain
(Sterling 2004). There are factors that acutely
(very short time frame) influence the pulse
wave of blood as it is ejected from the heart,
such as respiration (Pickering 1991). Other than
the acute metabolically interactive processes that
are related to the maintenance of life (e.g. the
need for tissue oxygen exchange and the release
of carbon dioxide and other metabolic
byproducts through exhaling), all other blood
pressure variation occurs to adapt people to
their circumstance, largely through the effects
of numerous humoral and hormonal inputs that
are regulated by the brain’s response to external
and internal stimuli (Sterling 2004).

Circadian blood pressure variation, most nota-
bly that related to the biobehavioral changes
from waking to sleep reflect adaptive responses
to habitual activity and postural variation
associated with everyday life processes and
sleep (James 2013; James et al. 2015). Other
potential rhythms such as seasonal variation
(Parati et al. 1992; Pickering 1991) likely arise
from beat to beat adjustments to ambient temper-
ature (transitions from heat to cold) and the vari-
ous seasonal behavioral and social changes that
are tied to culturally relevant seasonal traditions
(James 1991, 2013; James and Baker 1995;
James et al. 1990Db).

Since blood pressure change is an adaptive
process, changes in seated clinic auscultatory
blood pressures over longer time frames such as
monthly or yearly, must reflect either (1) changed
social or psychological conditions experienced



by the patient that are influencing the patients
perceptions of the circumstance in the clinic;
(2) changes in the underlying cardiovascular
structure so that the system that is generating
the pressure is itself changed or changing; or
(3) perhaps both (Gerin and James 2010; Jhalani
et al. 2005; Kleinert et al. 1984; Pickering 1991).

There is also a difference in evaluating blood
pressure variability from invasive beat-to-beat
assessments (based on continuous intraarterial
or plethysmographic —measurements) and
non-invasive techniques, where a cuff occlusion
method is employed and systolic and diastolic
pressures are determined over a 20-30 s time
frame using the appearance and disappearance
of audible sound, high frequency signal
components, or by examining a reflective wave-
form generated inside the blood pressure cuff
(Pickering and Blank 1995) (see Fig. 1). In
evaluating beat to beat pulse tracings, the
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diastolic (nadir) and systolic (zenith) pressures
of the pulse are directly connected and influence
one another whereas auscultatory or
oscillometric systolic and diastolic pressures
are estimates not tied to a particular pulse.
Beat-to  beat  systolic and  diastolic
measurements will change in tandem with
externally driven stimuli, however, the time it
takes for the bladder-cuff assembly to deflate
and re-establish blood flow is long enough to
miss the effects of hormonal inputs as they hap-
pen, so that the factors affecting systolic pres-
sure may be different than those affecting
diastolic pressure (Blank et al. 1995). This dif-
ference will give a false impression of the
amplitude of the blood pulse, possibly creating
variation where there really is none. This varia-
tion is an artifact of the measurement technique.

In addition to the time frame issue that affects
the variation of pulse pressure, added variability

Cuff
pressure

Systolic
pressure

Systolic pressure

Diastolic pressure

Fig. 1 Differences between the recorded systolic and
diastolic pressures from intraarterial or plethysmographic
measurements (depicted in the circular insert) and a cuff

measured pressure where systolic and diastolic pressure
are tied to the Korotkoff phase I and phase V sounds
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can be created using cuff-based measurement
methods by simply changing the position of the
cuff relative to the heart when cuff deflation
occurs (Pickering 1991; James et al. 2015). For
example, blood pressure during sleep can appear
to be quite variable, but that variation may be due
to simple factors such as changes in sleep posi-
tion, so that depending upon whether the pressure
is taken while a subject is on their left or right
side, or on their back or stomach, it can appear
to change by 15 mmHg or more (James
et al. 2015). Cuff position could also increase
waking pressure variation during an ambulatory
monitoring as well, also depending upon the
position of the arm during cuff deflation
(Pickering 1991).

So, are there different types of blood pressure
variability that need to be considered clinically?
It seems unlikely, because if blood pressure
change is adaptive, meaning it changes to meet
the circumstance, then all blood pressure
variability must be beat-to-beat and what gives
the impression of shorter and longer term varia-
tion patterns is the general patterning of life
experiences, momentary reactions, and the

intermittency of clinic or ambulatory
measurements.
3 White Coat Hypertension,

Masked Hypertension
and the Life Experience
of Visiting the Clinic

Seen from the perspective of the patient, going to
the doctor is an event! The environment of the
clinic, office, or hospital is uniquely different
from every other place that the patient goes.
Allostatically, a blood pressure taken during the
event (being in the clinic) will reflect the
patient’s adaptive response to it. As Riva-Rocci
noted (see above), arterial occlusion is enough of
a stimulus to initiate an increase in blood pres-
sure, but because the taking of a blood pressure is
also an entirely unique social interaction involv-
ing a physician, nurse, or other medical profes-
sional and the patient, there will also be effects
related to the perceptions of the patient
connected to that interaction. Even if the pressure

is taken by an automatic device with no one
present, that situation still requires an adaptive
response from the patient. When the blood pres-
sure response to this peculiar environment
exceeds the average response to all other daily
environments, the patient is said to exhibit a
white coat effect, but if that effect leads to
ausculted blood pressure measurements that
exceed 140/90 (hypertension Rubicon) the
patient is diagnosed with white coat hyperten-
sion. Whether blood pressure responds with an
acute heightened response in the clinic may
largely depend on prior patient experiences with
the setting and prior relationships with the people
within it.

That a blood pressure measurement can be
profoundly influenced by the perceptions of the
patient was dramatically demonstrated by
Mancia and colleagues (1987) in their classic
study in which blood pressure readings were
continuously taken intra-arterially on one arm
while a nurse or physician took an ausculted
blood pressure from the other. The intra-arterial
measurements showed that relative to the pres-
sure prior to the ausculted measurement interac-
tion with the physician, there was an increase of
some 23/18 mmHg when the physician took the
ausculted pressure. Further, the increase in pres-
sure by the physician was about twice the effect
seen when a nurse took the pressure.

What did the patient perceive that lead to the
increase in pressure? A more recent study by
Jhalani et al. (2005) provides some answers.
They examined the acute effects of anxiety and
expectancy on clinic measured pressures and
found that when assessed as a specific office
related effect, anxiety had a substantial influence
on increasing pressure in the office. In their
study, they measured anxiety before, during,
and after blood pressure was measured. They
also showed that there is an effect related to the
patients’ expectations about what their blood
pressure measurement will be. Their findings
suggest that prior experience can trigger anxiety
regarding this peculiar environment and the
relationships within it, so that the blood pressure
response is elevated. These psychological factors
will lead to a diagnosis of hypertension if the
ausculted numbers exceed 140/90.



Masked hypertension is defined by the precise
opposite effect seen with white coat hyperten-
sion. Specifically in these patients, adaptation to
the peculiar clinical environment requires less of
aresponse than an average of the responses to all
other events outside the clinic. Rather than being
made anxious, they may be calmed by the setting
and interpersonal interactions. Interestingly,
masked hypertension is seen not so much a
relaxed adaptation as it is an absence of high
risk behaviors which elevate pressure outside
the clinic such as alcohol consumption, smoking,
or contraceptive use (see Longo et al. 2005 for
example).

Studies have been done which have evaluated
the morbidity and mortality risk associated with
the diagnosed conditions of white coat and
masked hypertension which are defined from
the average blood pressure in the clinic and the
average blood pressure response to all other
conditions during the day (e.g. everything not in
the clinic). Pierdomenico and Cuccurullo (2011)
did a metaanalysis comparing the risk for cardiac
and cerebral events among patients who were
diagnosed as normotensive, white coat hyperten-
sive, masked hypertensive and essential hyper-
tensive based on the out of clinic-inside clinic
blood pressure difference and found that white
coat and normotensive patients had similar risk
as did the masked hypertensives and essential
hypertensives. This kind of finding suggests that
inside clinic-outside clinic variation may not be
important to cardiovascular health, and that in
fact, the determination of who really has hyper-
tension should be made from average pressure
experienced across many different situations and
not from the peculiar setting of the clinic or
office.

4 Ambulatory Blood Pressure
Variability as a Risk Factor

Given that blood pressure is a response to ambi-
ent conditions, it would stand to reason that an
evaluation of the relationship between its circa-
dian variation and morbidity or mortality would
necessarily involve assessing the appropriateness
of the pressure responses to the various external
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and internal conditions that drive the continuous
changes (see Zanstra and Johnston 2011 for
example). However, virtually every study that
examines blood pressure variation as a risk factor
for cardiac or cerebral events ignores the
dynamic interplay between blood pressure and
the specific environmental demands an individ-
ual confronts during daily life. Instead, studies of
blood pressure variation and vascular risk focus
on the event predictability of some measure of
the statistical dispersion or cumulative
differences of the sample of blood pressures
taken with a non-invasive ambulatory blood
pressure monitor over the course of one 24-h
period (a day) or the average waking-sleep
blood pressure transitions (either “dipping”-the
difference between average waking pressure and
average sleep pressure, or the “morning surge”-
the difference between various pressures prior to
and just after morning awakening), (see for
example Asayama et al. 2015; Hansen
et al. 2010; Palatini et al. 2014; Parati
et al. 2015; Taylor et al. 2015). These measures
are examined only with regard to a possible lin-
ear relationship; that is, the studies only address
the question of whether risk is related to being
too low or too high on the various parameter
scales. The inconsistent results from these stud-
ies, where some suggest variability is an impor-
tant risk factor and others find little or no effect
has spurred a controversy as to whether blood
pressure variation should be a target for treat-
ment (e.g. Asayama et al. 2015). Before this
type of issue can be addressed, it is useful to
examine what each indicator of the variability,
or variation in these risk related studies is mea-
suring. Are the indexes and parameters that are
employed in these studies suitable and meaning-
ful indicators of blood pressure variability?
Standard deviations (SD) or coefficients of
variation (CV) are measures of the dispersion
around a mean of a variable that is normally
distributed. These are calculated from presum-
ably random samples of a population of
measurements. However, if the distribution of
the overall population is not normal and the sam-
pling is unrepresentative and small, these
measures will be biased, inaccurate, and uninfor-
mative (Cochran 1977). Given that 100,000 or
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more systolic and diastolic pressures are
generated over a 24-h period, and non-invasive
ambulatory monitors sample perhaps 50 of those
(5/100ths of 1 % of all those generated) which
vary with time and conditions in a systematic
way (pressures change to adapt the person to
continuously changing circumstances) what is
the value of the SD or CV of that sample in
predicting risk? Parati et al. (1992) some
25 years ago noted that these kinds of measures
don’t tell you anything about how single values,
as collected, are distributed around the mean. Do
the pressures spread out or is there perhaps a
bimodal shape? Many odd distributions could
provide the same calculated SD or CV. These
measures do not provide any information about
the pattern and extent of individual pressure
responses, and because as noted above, what
needs to be evaluated in an assessment of how
variability affects pathology is the appropriate-
ness of the variation, they really are unsuitable
variability indicators for examining morbidity
and mortality risk.

Furthermore, the SD and CV as indicators of
24-h blood pressure variation are poorly repro-
ducible over 24-h (see for example, James
et al. 1990a; and the review by Asayama
et al. 2015). In our study, we compared 24-h
variability in normotensive and hypertensive
patients over 2 weeks. Figure 3 shows the timing
and spacing of each measurement on each day
for both groups of subjects. Note how different
the days are. This disparity is actually typical
when comparing daily non-invasive ambulatory
monitoring data. What we found is that people
did different things on different days, and while
there were enough pressures to provide a
reasonably stable average over time, the varying
mix of conditions and times when pressures were
taken, were poorly matched day to day. This
mismatch profoundly affected the distribution
of the pressures around the mean, rendering the
distributionally tied measures of variation (SD,
CV) irreproducible (James et al. 1990a).

The “average real variability” (ARV24) has
also been used as an indicator of blood pressure
variability and is defined as the mean of the
absolute differences of consecutive
non-invasive ambulatory measurements. The

effects of this parameter on the predictability of
events are small or inconclusive (e.g. Asayama
et al. 2015; Hansen et al. 2010). Bearing in mind
that each of the sequential blood pressures taken
by non-invasive ambulatory monitors are a
response to the ambient condition in which they
are taken, the ARV24 can go up or down
depending upon what the person confronts and
is doing during the day. What this quantity really
represents is a summary score of the differences
between peak blood pressure responses to some
indeterminate number of sequential unknown
stressors. Ultimately, the magnitude of this
parameter depends solely upon the variability of
the environments experienced and the behavior/
emotional responses of the patient (James 1991,
2013). Thus, a patient who is monitored on a day
where they are inactive, remain at home and are
emotionally stable will have low ARV24,
whereas one that performs multiple varying
tasks, transitions through many daily
microenvironments (goes to work, out to dinner,
etc.) and experiences an array of emotions will
have a high ARV24. Since the blood pressure
changes are adaptive and are a normative
response to the tribulations of everyday life, it
is not clear from the studies that have used this
parameter why high (or low) values of ARV24
would be indicative of pathology or health.

The other variation measures used in risk
studies are “dipping” and the “morning surge.”
These are measures of blood pressure change
between the state of waking and the state of
sleep. Conceptually, dipping refers to the blood
pressure transition from waking to sleep, whereas
the morning surge refers to the transition from
sleep to waking. Operationally, there is no con-
sistent definition for either measure across stud-
ies, although with dipping, a Rubicon of 10 %
decline, particularly for systolic pressure seems
to be the popular demarcation line for normalcy
and pathology, although there is no definitive
reason why this value is the clinically relevant
cut-point (Asayama et al. 2015; Flores 2013;
Taylor et al. 2015). Again, seeing blood pressure
as an adaptive response, the waking average that
is used to determine dipping is based on a mean
of values that are tied to the conditions experi-
enced on the day of study. So depending upon
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whether a person had a difficult day or an easy
day, the waking average could be higher or
lower. There are ample data showing that exces-
sive psychological stress during the day can also
carry over and increase sleep pressure (see James
et al. 1989 for example), so non-dipping may
occur on a given night simply because it was a
stressful waking day. Another problem with the
concept of dipping is that it assumes that all
people experience just the two distinctive periods
(waking and sleep) over the day, so that
“waking” and “sleep” happen during the day
and night. This presumption is demonstrably
false as there are plentiful data showing that
waking-sleep patterns can change with age and
that this affects the circadian patterns of adaptive
blood pressure responses in ways that confound
the determination of dippers and non-dippers
(see Ice et al. 2003). Likewise, whatever pres-
sure(s) chosen to define the post- awakening
point and the low pre-awakening point in defin-
ing the morning surge are also adaptive
responses to the conditions when they are
measured, so that its relative magnitude may be
related to any number of factors affecting both
sets of measurements. And, as previously noted,
there are also other issues with “sleep” pressures
taken by a cuff occlusion method that have to do
with the position of the cuff relative to the heart
that will influence the level and variability of
“sleep” blood pressures (James et al. 2015).

It is not surprising that waking-sleep transi-
tion measures are often found to have poor repro-
ducibility as well as differential effects in
different populations (Asayama et al. 2015;
Taylor et al. 2015). Patterns of behavior, stress,
and sleep quality vary from day to day, and all
these are factors that may be influenced by the
cultural background and occupation of the
patient (James 2007). While there may be theo-
retical reasons to believe that the variability in
blood pressure associated with wakefulness and
sleep ought to have health implications, the
operationalization of the concepts using
non-invasive ambulatory measurements are inad-
equate because they don’t embrace the adaptive
nature of blood pressure which makes it impossi-
ble to define what normative transitions ought to
be. Without a clear definition of normalcy, there
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is no way to coherently use these measures for
treatment purposes (Flores 2013).

So, after evaluating the nature of the
parameters that have been employed to assess
the morbidity and mortality risk of blood pres-
sure variability in large international and com-
munity based populations, it appears that none of
them are meaningful indicators of what is or is
not appropriate variability, and therefore can’t
really address the question of whether blood
pressure variability ought to be treated.

5 Ambulatory Blood Pressure
Variation: How Do You
Measure It?

To understand why blood pressure varies during
the day, you need to have information regarding
the ambient conditions when measurements are
made. If blood pressure is responding to these
conditions during everyday life, you need to be
able to show that as they change, so does blood
pressure.

Several means have been used to classify the
conditions of ambulatory blood pressure
measurements. While direct observation of
subjects wearing the monitor has been used
(e.g. Ice et al. 2003), for most studies of blood
pressure variation, subjects have self-reported
the ambient conditions of each blood pressure
measurement in a diary, which have taken on a
variety of forms, from pencil and paper to hand
held computers as has been discussed (see James
2007, 2013). Most behavioral studies of blood
pressure variation have not been conducted with
a focus toward allostasis, or even understanding
cardiovascular adaptation. Rather, studies have
simply defined the sources of diurnal blood pres-
sure variation, or evaluated whether people with
specific characteristics differ in their responses to
similar lifestyle related stimuli (Gerin and James
2010; James 2013).

Studies designed to evaluate what affects
blood pressure variation and by how much have
generally taken two forms. As has been noted
(James 2007, 2013), the first approach is one
where each blood pressure measurement is
assessed with regard to simultaneously recorded
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circumstances reported in a diary (often called
ecological momentary data) using inferential sta-
tistical models (see for example Brondolo
et al. 1999; Gump et al. 2001; James
et al. 1986; Kamarck et al. 2002; Kamarck
etal. 1998; Schwartz et al. 1994). In this analysis,
the sources of blood pressure variation are
separated based on the reported diary entries
(such as the posture of the subject, the location
of the subject, etc.). The proportion of variation
associated with each is quantified, as is the num-
ber of mmHg the alternative levels of each (such
as posture-standing, sitting, reclining) contribute
to either increasing or decreasing the values of
individual blood pressure measurements. In
evaluating blood pressure variation this way,
the choice of diary reporting alternatives is criti-
cal. The potential sources of variation chosen to
have reported in the diary and how they get
recorded will dictate how the variation in blood
pressure gets analyzed (James 2007, 2013).
Analysis of ecological momentary blood pres-
sure data has been undertaken using raw
(e.g. Brondolo et al. 1999; Kamarck et al. 2003;
Schwartz et al. 1994) and standardized
e.g. (Brown et al. 1998; Ice et al. 2003; James
et al. 1986) data. The estimated effect sizes from
different studies using these approaches vary
considerably, due in part to the fact that there is
no consensus as to what ought to be the standard
value against which sources of variation should
be measured, but also because of the demo-
graphic and cultural diversity of the groups stud-
ied (James 2007, 2013).

The second form employs what might
be termed a “natural experiment” which has
been discussed at length elsewhere (see James
1991, 2007, 2013). However in brief, natural
experiments are studies in which there are a
priori design elements that define predictable
dynamically changing behaviors or situations
that occur during a typical day (James 2013).
This kind of study is done by anthropologists
and human population biologists, and it is an
approach that has its roots in psychological and
psychophysiological paradigms in which blood
pressure reactivity to various stressful tasks are
evaluated in the laboratory, (see for example,
Pickering and Gerin 1990; Linden et al. 2003;

Kamarck et al. 2003). In these laboratory
experiments, a baseline condition is established
and then the subject undertakes a series of
predefined tasks that will elicit a response. The
difference between the baseline measurements
and those during the tasks define the magnitude
of blood pressure reactivity (James 2013).
Because they are conducted in a laboratory,
there are controls in the experiment such that
specific effects can be isolated, measurements
can be taken in a systematic way, and all the
participants experience the same protocol. Con-
trol groups can also be included in the experi-
ment. Moving this experimental paradigm to a
“natural” setting (e.g. into real life and outside
the laboratory) requires modification because no
true baseline can be established. But, a “natural
experiment” can be designed where blood pres-
sure changes can be evaluated as people move
from situation to situation (such as their work and
home situations) during the course of their every-
day lives. For example, a person who lives in a
suburb and commutes to an urban workplace
every day likely has a structured, urban work
environment where economic related activities
occur, where social interactions take place with
non-relative co-workers, and where a specific
occupational hierarchy dictates the nature of
social relationships (James 2013). The
characteristics of this situation diverge sharply
with that of the suburban home, where domestic
tasks and leisure activity happen in a social con-
text where interactions are with relatives and
neighbors (James 2013). The variation in blood
pressure required to adapt to these relatively pre-
dictable situations can be assessed by comparing
the average blood pressure while in them with
that during overnight sleep, or more specifically,
while the person is quietly recumbent in a dark
room acting as a pseudo-baseline.

In assessing blood pressure variability, it is
important to realize that the blood pressure distri-
butional parameters that come from an array of
measurements will be related since they are deter-
mined from a single vascular system that has
specific structural and functional properties. That
is, the mean and variance of the population of
pressures measured over the course of 24-h on
the same person will be related. This is called



12

G.D. James

heteroscadasticity and it is well known (Pickering
1991). Thus, people with lower 24 h average
blood pressure will tend to have a narrower
range of blood pressures diurnally than those
with higher average pressures. Pickering (1991)
has noted that this heteroscadasticity is probably
related to underlying arterial structural differences
such as stiffness and/or other functional factors
such as differences in vasoactive hormone recep-
tor density or sensitivity (see for example, van
Berge-Landry and James (2008).

Over the past 30 years numerous studies have
been conducted that have identified various psy-
chological, social and behavioral parameters that
are associated with increased ambulatory blood
pressure variation. These effects have been
summarized in a number of reviews (see for
example, Gerin and James 2010; James 2007,
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Fig. 2 The amount of diurnal blood pressure variation
associated with variation in posture (sitting, standing),
situation (work, home, and elsewhere) and reported emo-
tional state (happy, angry, anxious) on daily blood pres-
sure (Data from James et al. 1988). The variation is

2013; Zanstra and Johnston 2011). In brief,
mood variation, postural variation, situational
variation, and activity variation all contribute
significantly to diurnal blood pressure variation.
These effects are further modified by seasonal
(temperature) effects, dietary effects
(e.g. sodium intake), alcohol consumption,
smoking, specific social interactions (such as
with spouses) and among employed people, the
appraisal of job strain (Gerin and James 2010;
James 2013; Zanstra and Johnston 2011). Any
given effect can be small, but a blood pressure
measurement is a response to all that are relevant
when the measurement occurs, so that the impact
of each of the factors is additive and can lead to
substantial circadian blood pressure variation.
An example of how this variation is additive is
shown in Fig. 2.
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In the example, note that the size of the
estimated blood pressure adjustments associated
with the mix of ecological momentary factors
varies considerably. A closer examination of the
effects shows that they are more or less additive
with regard to blood pressure variation. Each set
of factor alternatives defines a momentary state
typically experienced by a person. From the fig-
ure it is easy to see that the allostatic change in
blood pressure from one state to another can be
substantial. Because a change in habitus from
sitting to standing, or a mood change from
happy to angry could happen almost instantly, it
is clear that the process of allostasis, as reflected
in blood pressure variation, is also instantaneous.

6 The Effects of Human
Evolution on Blood Pressure
Variation

As has been previously discussed (James 1991,
2010, 2013; James and Baker 1995), there has
been physiological evolution in our species,
some of which has been driven by climate and
diet, so that there are various population or ethnic
group physiological differences that can affect
how an individual’s blood pressure varies
(James and Baker 1995; Young et al. 2005;
James 2010, 2013). The influences of these
genetic differences are the result of natural selec-
tion and are reflected in populational variation in
blood pressure responses to environmental
stressors such as prolonged cold temperature
and dietary salt.

Current evolutionary evidence suggests that
all modern human populations are descended
from tropical “heat adapted” ancestors in Africa,
somewhere between 100,000 and 200,000 years
ago (Smith 2010), and it is also true that modern
sub-Saharan African populations retain that heat
adapted physiology, or more precisely a physiol-
ogy adapted to a mostly hot, wet environment
(Hanna and Brown 1979; James 2010, 2013;
Young et al. 2005). However, many present day
populations currently live in and have survived in
temperate and freezing climates for millennia.
When cold or freezing conditions are
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experienced in the unprotected human, there is
a sympathetically driven constriction of periph-
eral arteries, particularly in the hands and feet
that is designed to conserve body heat, which, if
left unchecked, will lead to significant tissue
damage in theses appendages (e.g. frostbite)
(James and Baker 1995). To combat the tissue
damage, ancestral human populations who
migrated out of Africa over the past
100,000 years or so to ecosystems characterized
by temperate and cold climates evolved a periph-
eral cold induced vasodilatory (CIVD) response
through natural selection (Steegmann 1975).
CIVD is a periodic release of the arterial con-
striction which suffuses the cold peripheral
tissues with blood, rewarming them so that they
are protected from frostbite for a time (James and
Baker 1995). However, what this also means is
that populations who did not migrate to these
colder ecosystems (those remaining in Africa)
did not develop this form of cold adaptation
since such a response was unnecessary in tropical
climates (James and Baker 1995). Numerous
studies have found that African-American
populations (whose migration to colder climate
environments is very recent evolutionarily) show
a generally more intense vasoconstrictive
response to peripheral cold stress, with either
inadequate or no CIVD (James and Baker 1995;
Steegmann 1975). The increased cold pressor
response among African-Americans is most
often noted in studies of hand emersion in freez-
ing water, however, research has also shown that
cold to the face also elicits the accentuated pres-
sor response among  African-Americans
(Anderson et al. 1988; Treiber et al. 1990) and
that African-Americans may further exhibit
heightened myocardial and vasoconstrictive
reactivity during passive exposure to ambient
temperatures from 8 to 10 °C (Kelsey
et al. 2000). What these findings mean is that
the typical outside exposure of the face during
the cold of winter is probably sufficient to elicit
the enhanced pressor and vasoconstrictive
responses among African-Americans.

Why this is significant from the perspective of
blood pressure variation is that the sympatheti-
cally driven peripheral vasoconstriction that is
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induced by cold stress increases blood pressure
(Pickering and Gerin 1990). It is thus possible
that African Americans living in the temperate
and freezing climates of North America or
Europe experience chronic cold stress through
the winter months, potentially experiencing
more chronic vasoconstriction due the their
enhanced cold pressor response and inadequate
CIVD which in turn will increase the overall
variability of their circadian pressure relative to
other population groups (James 2013; James and
Baker 1995). This possibility is supported by
studies which suggest that sympathetic hormone
receptors among African-Americans may be
more sensitive than those of FEuropean-
Americans (Mills et al. 1995), and that the diur-
nal variation in blood pressure of African-
Americans is more accentuated than that of
European-Americans in relation to diurnal
changes in catecholamines (Van Berge-Landry
et al. 2008).

There are also two salient aspects of heat
adapted physiology, or more precisely a physiol-
ogy adapted to the mostly hot, wet environment
in which Homo sapiens evolved: the ability to
(1) profusely sweat and (2) retain salt (sodium).
The latter is important because salt availability is
limited in tropical ecosystems (James 2010;
James and Baker 1995; Young et al. 2005). A
geographic cline from the equator to the poles of
“heat adapted” allelic variants from 5 functional
genetic sites that affect salt retention and blood
vessel tone has been reported by Young
et al. (2005). Specifically, in their study, DNA
samples from 53 geographically dispersed
populations from the equator to the poles suggest
that native populations living within 10° of the
equator (hot, salt poor environments) have an
average 74 % “heat adapted” allelic variants,
while populations within 10° of the arctic (cold,
salt rich environments) have only 43 % ‘“heat
adapted” variants. Based on this distribution,
the authors hypothesized that the frequency of
“heat adapted” alleles declined as our African
ancestors colonized ecosystems that were cooler
and salt rich and then rose again among groups
that migrated from those areas back to more salt
poor tropical climates (Young et al. 2005; James

2010, 2013). They further argued that since the
“heat adapted” alleles facilitate salt retention and
excessive dietary salt intake can contribute to the
development of hypertension, populations with
an increased numbers of “heat adapted” alleles
are more susceptible to hypertension, particularly
if they have migrated in more recent times to
cooler salt rich ecosystems or who have had salt
substantially increased in their diets (Young
et al. 2005). It has been suggested that these
genetic findings may partially explain the higher
prevalence of hypertension and cardiovascular
morbidity in African-American populations, at
least as it may relate to variation of salt in the
diet (James 2010, 2013). What this also means,
however, is that blood pressure variation related
to salt intake may be different depending upon
the evolutionary history of the population being
evaluated.

To summarize, evolutionarily developed
differences in peripheral cold responses and salt
and fluid retention likely affect allostatic blood
pressure responses. However, in a broader con-
text, what these studies suggest is that the extent
to which blood pressure may vary, or move to
presumptively adaptive states in response to
challenges may depend upon how natural selec-
tion has shaped an individual’s physiology. That
is, the same set of conditions may lead to
completely different blood pressure responses
due to the fact that their physiologies differ as a
consequence of natural selective processes that
occurred in their ancestral populations. These
underlying physiological differences should
thus be considered when evaluating allostatic
blood pressure variation in studies that examine
ethnically diverse groups.

7 Rethinking Blood Pressure
Variability and Morbidity
and Mortality Risk

In a more recent discussion, Sterling (2004)
contrasted the basis of allostasis with that of
homeostasis, which defines physiological pro-
cesses in terms of maintaining a stable internal
environment. That is, in the homeostatic
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paradigm, the purpose of physiological regula-
tion is to restrict internal parameters to specific
“setpoints” so that substantial variation or devia-
tion from that value is seen as pathology,
indicating some mechanism is “broken” and
needs correcting. In many ways, the current med-
ical evaluation of blood pressure in this manner
dramatically affects how blood pressure
variability and morbidity/mortality risk studies
are carried out. Essentially, studies are designed
to assess the impact of too much or too little
variability, so that if the amount is extreme, it
must mean that that there is underlying pathology
in the pressure maintenance feedback loops. I
think it is not an unreasonable observation these
studies have not provided the kind of results that
would be clinically helpful. In fact, some
researchers have concluded from the results that
blood pressure variability is simply not an impor-
tant clinical issue (see Asayama et al. 2015).
However, if blood pressure is treated as some-
thing that is normatively variable as would be the
case in the allostasis paradigm, then the relation-
ship between blood variability and pathology
takes on a completely different dimension. In
1998, McEwen (1998) introduced the term
“allostatic load” to describe the long term patho-
logical effects of systems that undergo allostasis,
or adaptation through change. “Allostatic load”
can be defined as the wear and tear that the body
experiences due to repeated cycles of allostasis
as well as the inefficient turning on or shutting
off of the regulatory responses. Morbidity and
mortality can ensue from the effects of four
types of allostatic load. The first type is the
“repeated hits” to the system that result from
long term normative continuous changes from
minimal to maximal values. The second type is
a lack of adaptation or habituation, where an
accentuated initial response to acute stressors
that should attenuate over time does not. The
third type would emerge from prolonged
accentuated responses where a maximal response
is attained but then never attenuates after the
stressor is removed and the fourth type would
result from an inadequate response to stressors
where substantial changes would be the appro-
priate adaptation, but instead there is minimal
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response. While these types are described as
separate possibilities, any or all types of
allostatic load might contribute to physiological
decline of an individual’s cardiovascular system
over time. Thus, following the principles of
allostatic load, the variability of blood pressure
that would contribute to morbidity and mortality
is an intrinsic inevitable property of the cardio-
vascular system, but inappropriate variability in
the form of lack of habituation, and prolonged
excessive or prolonged inadequate responses to
typical daily conditions and stressors could
accelerate the pathological process. Thus,
variability might not be something that you
would treat, but it would be a marker indicating
there is something else wrong. Appropriate
variability to daily life events could be defined
from studies of the sources of variability (see
above). What one might then look for clinically
is change in the extent of variability associated
with events over time, and if there is change, find
out what caused the change and if possible,
treat it.

8 Conclusions

Variability is a normative property of blood pres-
sure necessary for survival which likely
contributes to morbidity and mortality through
allostatic load. Because of its allostatic and adap-
tive properties blood pressure responses to pecu-
liar situations like a visit to the clinic can lead to
the misdiagnosis of hypertension. Cuff methods
of blood pressure measurement can also create
blood pressure variation when none exists. There
are also physiological differences between
populations related to their evolutionary history
that likely further affect the extent of population
differences in 24-h blood pressure variability.
Quantifying the sources and extent of blood pres-
sure variability can be done using natural experi-
mental models and through the evaluation of
ecological momentary data. Finally it is very
likely that the results of population studies of
blood pressure variability and morbidity and
mortality risk are inconclusive because the
parameters used to assess blood pressure
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variability do not reflect the actual nature of
blood pressure allostasis.
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Abstract

Hypertension is the most common disease affecting humans and imparts a
significant cardiovascular and renal risk to patients. Extensive research
over the past few decades has enhanced our understanding of the underly-
ing mechanisms in hypertension. However, in most instances, the cause of
hypertension in a given patient continues to remain elusive. Nevertheless,
achieving aggressive blood pressure goals significantly reduces cardio-
vascular morbidity and mortality, as demonstrated in the recently
concluded SPRINT trial. Since a large proportion of patients still fail to
achieve blood pressure goals, knowledge of novel pathophysiologic
mechanisms and mechanism based treatment strategies is crucial. The
following chapter will review the novel pathophysiological mechanisms
in hypertension, with a focus on role of immunity, inflammation and
vascular endothelial homeostasis. The therapeutic implications of these
mechanisms will be discussed where applicable.

Keywords
Hypertension ¢ Pathophysiology « Immune system ¢ Neuro-inflammation ¢

Bone marrow ¢ RAAS <« AT, receptor ¢ Angiotensin- (1-7) -«
Mineralocorticoid receptor « VEGF « ADMA

1 Introduction

Hypertensive cardiovascular disease represents
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high blood pressure. Our understanding of the com-
plex processes that lead to essential hypertension
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has significantly increased over the past few
decades. Established pathophysiological
mechanisms in essential hypertension include:
heightened sympathetic nervous system activity
(SNS), alterations in the renin-angiotensin-
aldosterone (RAAS) system, excess of sodium-
retaining hormones and vasoconstrictors and
lack of vasodilators (such as prostacyclin, nitric
oxide (NO), and natriuretic peptides), disturbances
in the kallikrein—kinin system, abnormalities of
resistance vessels and renal microvasculature,
and increased vascular growth factor activity
(James et al. 2014; Takamura et al. 1999; Davies
2008).

Despite numerous advancements in our
understanding of the pathophysiological
mechanisms and in treatment strategies however,
hypertension continues to remain the most com-
mon disease in humans. Novel pathophysiologic
mechanisms and mechanism based treatment
strategies need to be urgently explored to
improve blood pressure control and cardiovascu-
lar outcomes in hypertensive patients. The fol-
lowing review summarizes some the key patho-
physiological mechanisms in hypertension that
have been recently described. Novel insights
into the role of the immune system, neuro-
inflammation and bone marrow in hypertension
will be first discussed. Next, recent evidence
describing the vasculo-protective effect of the
RAAS pathway and the vaso-deleterious effect of
the mineralocorticoid receptor will be addressed.
Alterations in vascular homeostasis and nitric
oxide pathways through vascular endothelial
growth factor (VEGF) inhibitors and asymmetric
dimethylarginine (ADMA) will be considered last
(Kandavar et al. 2011; Calhoun et al. 2000).
“Finally, the effect of vascular endothelial growth
factor (VEGF) inhibitors and asymmetric
dimethylarginine (ADMA) on vascular homeosta-
sis and nitric oxide pathways will be considered.”

2 Immune System

Initial evidence for the contribution of the
immune system (IS) to hypertension came from
studies that demonstrated that immunosuppres-
sion lowered blood pressure in rats with partial
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renal infarction (White and Grollman 1964). In
later studies, Olsen noted that mononuclear cells
in rats adhered to and infiltrated damaged endo-
thelium in response to angiotensin (Ang)-II infu-
sion (Olsen 1970). Furthermore, athymic mice
displayed blunted hypertensive responses and
subsequent treatment with anti-thymocyte
serum and cyclophosphamide reduced blood
pressure (Olsen 1970; Bendich et al. 1981).
Altered antibody production was also noted in
the spontaneously hypertensive rat (Dzielak
1991; Takeichi et al. 1988; Takeichi and Boone
1976; Purcell et al. 1993). After these early stud-
ies in the 1980s, the link between the IS and
hypertension remained unexplored for more
than two decades. However, with the advent of
new molecular tools and genetically engineered
animal models, the field of immunology has
grown tremendously, offering investigators
greater insight into the role of the immune cells,
cytokines and cell trafficking in hypertension.

2.1 T-Cell
Knock-out mice lacking recombinant activating
genes (RAG) 1 or 2 develop a diminished
response to Ang-II or DOCA salt challenge
(Guzik et al. 2007). Hypertension was associated
with perivascular adipose tissue and adventitial
aggregation of effector type T-cells in RAG1 ™/~
mice. Hypertensive response was restored with an
adoptive T-cell transfer into RAG1~/~ mice.
Blunted hypertensive response to stress and
recovery following T-cell transfer was further
noted in RAG1 ™/~ mice (Guzik et al. 2007).
Severe combined immunodeficiency in mice
prevents development of hypertension (Crowley
et al. 2010). Reduced hypertension was similarly
observed in Dahl-sensitive rats with RAG1 gene
knockout (Mattson et al. 2013). Adoptive trans-
fer of regulatory T lymphocyte (Tregs) that sup-
press innate and adaptive immune responses
prevented Ang II-induced blood pressure eleva-
tion, vascular stiffness and inflammation
(Barhoumi et al. 2011; Muller et al. 2002).
Vasculo-protective effects of Tregs have been
further demonstrated in aldosterone-induced vas-
cular dysfunction and hypertension (Kasal et al.
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2012). Mycophenolate mofetil, a T cell
suppressing agent improved blood pressure and
renal inflammation in several animal models
(Bravo et al. 2007; Franco et al. 2007; Herrera
et al. 2006). In a small study of hypertensive
patients with rheumatoid arthritis and psoriasis,
Mycophenolate reduced blood pressure (Herrera
et al. 2006).

2.2 Innate Immunity

Macrophage colony stimulating factor knockout
mice, deficient in macrophages and monocytes,
exhibit minimal response to Ang-II infusion and
unaltered endothelium dependent vasodilation
(De Ciuceis et al. 2005). This animal model,
known as the osteoporosis spontaneous mutation
mice, are further resistant to DOCA-salt hyper-
tension (Ko et al. 2007). Increased aortic
monocytes/macrophages and inflammation (as
inferred by vascular cell adhesion molecule-1,
cyclooxygenase 2, and inducible nitric oxide
synthase mRNA) develops in response to
Ang-II. Using lysozyme M-targeting of the diph-
theria toxin receptor to delete monocytes,
Wenzel et al. preempted the vascular alterations
and hypertension caused by Ang-II (Wenzel et al.
2011). Transferring monocytes to these mice
restored hypertension in these mice.

23 Cytokines

Hypertension causes infiltration of effector T
cells and monocytes/macrophages in the
perivascular regions of both large arteries and
arterioles and the kidneys (Olsen 1970; Guzik
et al. 2007; Wenzel et al. 2011). Potent cytokines
locally released by these cells cause deleterious
effects on the vasculature and renal function: this
contributes to sustained hypertension and end
organ damage. The role of important cytokines
in hypertension, namely: interleukin-17A
(IL-17A), interleukin 6 (IL-6), and Interferon-y
(IFN- vy) are discussed below:
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Interleukin 17 Production of IL-17A is
increased in hypertensive patients and mice
exposed to Ang-II (Madhur et al. 2010). Minimal
hypertensive response and endothelial dysfunction
in response to Ang-II was reported in IL-17A
deficient mice. Increase in vascular superoxide
production and infiltration with T cells was signif-
icantly reduced in IL-17A deficient mice. Elevated
blood pressure in mice given IL-17A infusion is
attributed to conformational changes in endothe-
lial nitric oxide synthase (eNOS) and the resultant
decrease in nitric oxide (NO) (Fleming et al. 2001;
Piazza et al. 2014). Recently, Amador et al. found
that treatment with spironolactone reversed the
increase in circulating Ty 17 cells and normalized
IL-17A mRNA in the heart and kidney of rats with
DOCA-salt hypertension (Amador et al. 2014).
Antibody against IL-17A reduced blood pressure
and collagen-1 levels in the heart and kidney
(Amador et al. 2014). Further, collagen deposits
and aortic stiffening were absent in IL-17A—/—
mice in contrast to the marked collagen deposits
and aortic stiffening in Ang-II and DOCA-salt—
induced hypertension (Wu et al. 2014).

Interleukin 6 1L-6 is produced by various cells of
the IS and has been found to contribute to hyper-
tension. Higher levels of IL-6 seen in hypertensive
patients are reversed by Ang-II-receptor blockade
(Vazquez-Oliva et al. 2005). Treatment with
spironolactone blocks angiotensin II mediated
increase in IL-6 levels (Luther et al. 2006). Mice
deficient in IL-6 have minimal increase in blood
pressure in response to a high salt diet and
angiotensin-1II (Lee et al. 2006). Activity of epithe-
lial sodium channel is enhanced by IL6 in cultured
collecting duct cells (Li et al. 2010). Apart from
these direct effects, IL-6 transforms regulatory
CDA4+T cells to IL-17 producing phenotype, fur-
ther contributing to hypertension.

Interferon-y IFN- y promotes angiotensinogen
expression in both hepatocytes and renal proxi-
mal tubular cells (Jain et al. 2006; Satou et al.
2012). Angiotensinogen is further converted into
Ang-I and Ang-II (Kobori et al. 2007). Locally
produced Ang-II acts through various sodium ion
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transporters to increase sodium uptake and vol-
ume in the proximal and distal tubules. Kamat el
al recently demonstrated perturbations in sodium
transporters in IFN-y deficient mice, thereby pro-
moting natriuresis and sodium reabsorption
(Kamat et al. 2015). Thus, in addition to modifying
RAAS systems locally IFN-y alters expression of
renal sodium transporters thereby impacting the
sodium and water balance.

Novel Mechanisms of T Cell
Activation
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Role of Isoketals Recent studies have revealed
new mechanisms of T cell activation in hyperten-
sion, a phenomenon that was unexplained despite
the large body of evidence supporting a role of the
IS in hypertension (Kirabo et al. 2014).
Upregulation of NADPH oxidase in dendritic
cells promotes production of reactive oxygen spe-
cies. Oxidation of arachidonic acid leads to forma-
tion of y-ketoaldehydes or isoketals. Protein lysines
and isoketals combine in dendritic cells to make
immunogenic proteins that are then presented to T
cells resulting in T cell activation and proliferation
(Miyashita et al. 2014). Further, isoketals indepen-
dently promote cytokine production in dendritic
cells and T cells. Isoketal scavenger 2 hydroxyben-
zylamine halts dendritic cells from producing
cytokines and T cell activation. Additionally, a
blunted hypertensive response was noted in mice
receiving dendritic cells from donors treated with
2 hydroxybenylamine (Kirabo et al. 2014;
McMaster et al. 2015).

Toll-Like Receptors and Damage Associated
Molecular Patterns Ubiquitously expressed in
the immune cells and the cardiovascular system,
toll-like receptors (TLRs) recognize and initiate
inflammatory responses to dangerous molecules
(Frantz et al. 2007; Matzinger 2002). Aside from
pathogens, endogenous molecules produced fol-
lowing cellular injury or death (damage-
associated molecular patterns (DAMPs)) also
activate TLRs (Theodora Szasz 2013). Recent
investigations have highlighted the inflammatory
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properties of mitochondrial DNA as a result of
TLR activation (Oka et al. 2012; Zhang et al.
2010). TLRs promote vascular dysfunction,
low-grade inflammation and release of pro-
inflammatory cytokines, all contributing to hyper-
tension (Bomfim et al. 2012; Liang et al. 2013; De
Batista et al. 2014; Singh and Abboud 2014). Initial
innate IS TLRs response to DAMPs may thus be a
necessary precursor of the adaptive IS activation
observed in hypertension (McCarthy et al. 2014).
Low complexity of TLR signaling pathway and
availability of specific inhibitors may lead to the
development of novel anti-hypertensive drugs.

3 Neuro-Inflammation

The association between hypertension and
inflammation in the brain is evident from studies
in animal models of hypertension demonstrating
elevated levels of cytokines such leukotriene-B,
nuclear factor-kb, TNF-a, IL-1f, and IL-6 in the
brain (Waki et al. 2013; Santisteban et al. 2015;
Cardinale et al. 2012; Song et al. 2014). Angio-
tensin converting enzyme (ACE) and Ang-II
upregulate neuronal inflammatory pathways
(Marc and Llorens-Cortes 2011; Agarwal et al.
2013; Shi et al. 2014). Exposure of cardiore-
gulatory forebrain structures to TNF-a, IL-1f
heightens SNS activity and blood pressure
while anti-inflammatory drugs pentoxyphylline
and minocycline attenuate the development of
hypertension (Xue et al. 2016; Wei et al. 2015;
Sriramula et al. 2013).

Innate IS activation through microglial cells
also promotes SNS activity, peripheral inflam-
mation and hypertension (Masson et al. 2015;
Shi et al. 2010). Under normal conditions,
microglial cells act to promote immune homeo-
stasis within the brain environment. Upon acti-
vation of microglia through pathological insults
or alterations in homeostasis, there is an induc-
tion of centrally produced proinflammatory
cytokines,  thereby  contributing
inflammation, and consequently, hypertension
(Agarwal et al. 2013; de Kloet et al. 2015). Inhi-
bition of microglial activation attenuates SNS

neuro-
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activity, peripheral inflammation and hyperten-
sion (Santisteban et al. 2015; Shi et al. 2014).

4 Bone Marrow

The impact of peripheral and
inflammation in hypertension has been described
thus far. The relationship between the IS and the
brain in hypertension was, however, poorly
understood until recent investigations revealed a
critical role of the bone marrow in regulating
peripheral and neuro-inflammation in hyperten-
sion (Santisteban et al. 2015). As a site of inflam-
matory cell generation and convergence of CNS
and IS, the BM was suggested as an ideal link
between inflammatory system and hypertension.
Indeed, the BM of spontaneously hypertensive
rat had increased levels of inflammatory cells
and cytokines, as well as migration of these
cells into the hypothalamic paraventriuclar nucleus
(Santisteban et al. 2015). Minocycline, through its
anti-inflammatory effects, prevented both periph-
eral and neuro-inflammation, thereby attenuating
hypertension (Santisteban et al. 2015).

neuro-

SNS Effect on BM Hematopoietic stem and pro-
genitor (HSPC) stem cell homeostasis is
regulated by SNS via adrenergic nerve fibers
that richly innervate the bone marrow. Central
sympathetic outflow stimulates HSPC mobiliza-
tion and release into circulation (Hanoun et al.
2015; Méndez-Ferrer et al. 2008). Multiple
mechanisms contribute to this upregulation of
HSPCs from the BM by sympathetic stimulation,
including granulocyte-colony stimulating factor
induced osteoblast suppression, modulation of the
Wnt-B — catenin pathway, and substance
P-mediated nociceptive signaling (Katayama
et al. 2006; Spiegel et al. 2007; Amadesi et al.
2012). Ang-II increases HSPC proliferation in
BM and inflammatory monocyte production in
the spleen (Kim et al. 2016). Conversely, disrup-
tion of sympathetic tone impairs HSPC mobili-
zation (Lucas et al. 2012).

SNS Effect on the Immune System Autonomic
regulation of the IS seems to play an important
role in hypertension (Scheiermann et al. 2013;

25

Ganta 2005). Chronic Ang-induced hypertension
animal models express inflammatory monocytes
in BM, spleen and peripheral blood, contributing
to hypertension (Santisteban et al. 2015; Swirski
et al. 2009). Independent of the SNS effect on the
BM, norepinephrine induces memory T cell pro-
duction of cytokines in the vasculature and the
kidneys (Marvar et al. 2010; Slota et al. 2015;
Trott et al. 2014). Norepinephrine increases
recruitment of immune cells from BM, while
acetylcholine opposes this effect (Zubcevic
et al. 2014). Lastly, renal denervation inhibits
IS activation and preempts renal inflammation
in Ang-II induced hypertension (Xiao et al.
2015).

Thus, a positive feedback loop is established,
whereby neuro-inflammation contributes to
sympathoexcitation, which then promotes activa-
tion of the IS and stem/progenitor cells in BM. In
turn, this can exacerbate central inflammation
generating a vicious proinflammatory cycle
(Fig. 1) (Young and Davisson 2015). Extravasation
of proinflammatory precursors from the BM to
hypothalamic paraventricular nucleus causing
neuro-inflammation in Ang-Il-induced hyper-
tension has been demonstrated (Santisteban et al.
2015; Spiegel et al. 2007). Mechanisms of extrav-
asation of BM cells into the brain are currently
unknown.

5 Vasculo-Protective RAAS
Pathways

RAAS blockade generates alternate metabolites
of Ang that can exert an anti-hypertensive effect.
Vasculo-protective RAS pathways include
Angiotensinase A-Ang III-Ang II type 2 (AT,)
receptor pathway and ACE 2-Ang-(1-7)-Mas
receptor pathway (Te Riet et al. 2015).

5.1 AT, Receptor Pathway

Upregulation of AT, receptors counteracts the
vaso-deleterious effects of angiotensin (AT))
type 1 receptor. Mice deficient in AT, receptor
exhibit increased blood pressure and baroreflex
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Fig. 1 Role of Immune system activation, brain and bone
marrow in hypertension. Immune system activation via T
cells, macrophages and various cytokines results in cen-
tral and peripheral inflammation in the vasculature and
kidney contributing to hypertension. Neuro-inflammation

sensitivity, and decreased pressure-natriuresis
and AT, receptor expression (Gross et al. 2004;
Tanaka et al. 1999; Gembardt et al. 2008).
Overexpression of AT, receptor reverses these
effects (Tsutsumi et al. 1999). Four AT, agonist
molecules are currently being developed for clini-
cal use in hypertension namely: peptidergic
agonists f-Tyrd-Ang II, p-Ile5-Ang II and LP2-3
and the non-peptide agonist Compound 21 (C21).
AT, receptor mediated aortic vasodilation was
reported in mice treated with peptidergic agonists
(Jones et al. 2011; Wagenaar et al. 2013). Interest-
ingly, vasodilatory effects of AT, receptor are
appreciated most on a background of partial AT,
receptor blockade (Esch et al. 2009; Seva Pessoa
et al. 2012). Indeed, simultaneous administration of
f-Ile5-Ang II and candesartan lowered BP in spon-
taneously hypertensive rat (Jones et al. 2011).

5.2 ACE2-Ang-(1-7)-Mas Receptor

Pathway

Angiotensin converting enzyme 2 (ACE 2) acts
on angiotensin II to produce angiotensin

from hypertensive stimuli promotes sympathetic nervous
system (SNS) activity causing hypertension. SNS activity
in bone marrow increases recruitment and release of
hematopoietic stem cell progenitors (HSPC) and
cytokines, furthering the pro-inflammatory state

(Ang)-(1-7) (Santos et al. 2003). Interaction of
Ang-(1-7) and Mas receptor oppose AT, recep-
tor functions. Further, Ang-(1-7) bind to AT,
receptors and even AT receptors at high doses.
Several cardiovascular benefits have been
attributed to Ang-(1-7), however its role in
hypertension at present is unclear (Te Riet et al.
2015). Ang (1-7) has weak vasodilatory effects
and has not uniformly exhibited anti-hypertensive
effects in animal models (Seva Pessoa et al. 2012;
Durik et al. 2012).

Nevertheless, therapeutic options utilizing the
vasoprotective effects of Ang-(1-7) have been
explored. Cyclodextrin-encapsulated Ang-(1-7),
non-peptide drug AVE0091 and peptide drug
CGEN&856S have shown BP-lowering effects in
hypertensive animals (Seva Pessoa et al. 2012;
Ferreira et al. 2010).

Anti-hypertensive effects of ACE 2 have also
been questioned. Overexpression of ACE 2 does
lower blood pressure, however, its ability of
degrade Ang-II could also account for anti-
hypertensive effect (Gurley et al. 2006). Hypo-
tension due to ACE 2 agonists Diminazine and
XNT was recently shown to be independent of
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ACE2-Ang-(1-7)-Mas pathway further weakening
the evidence in support of its role in the pathogen-
esis of hypertension (Haber et al. 2014).

5.3 Alamandine

Alamandine, a recently discovered hormone of
RAS, shares similar biological structure and
activity to that of Ang-(1-7) including promotion
of vasodilation and anti-hypertensive effects.
ACE 2 hydrolyzation of Ang A and decarboxyl-
ation of Ang-(1-7) have both been shown to
produce this endogenous peptide within the
body (Villela et al. 2014). Lautner et al.
demonstrated that alamandine interacts with its
own specific MrgD receptor (Mas-related G-pro-
tein coupled receptor, member D) (Lautner et al.
2013). Oral administration of alamandine as a
HP-B Cyclodextrin inclusion compound pro-
duced long term anti-hypertensive effect in spon-
taneously hypertensive rats (Lautner et al. 2013).
Moreover, microinjections of almandine into the
medullary brain demonstrated cardiovascular
effects similar to that of Ang-(1-7), indicating a
possible central role of BP control by alamandine
(Villela et al. 2014; Mendoza-Torres et al. 2015).
Further studies are required to delineate the role
Alamandine plays in the RAAS, and as a anti-
hypertensive agent.

5.4 Angiotensin lll Inhibitors

Angiotensin III is a recognized AT, receptor
agonist in the kidney and vasculature (Kemp
et al. 2012). However, in the brain, it is believed
to be the preferred AT, receptor agonist and
therefore can cause hypertension (Wright et al.
2003). Aminopeptidase A inhibitors that act
preferentially in the CNS to block Ang II con-
version to Ang III are being developed. An
orally administered prodrug (RB150), that
converts to an aminopeptidase A inhibitor EC33
in the brain, exhibited antihypertensive effects in
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animal models. RB 150 is currently being
evaluated in a phase Ib clinical study (Gao et al.
2014).

6 Aldosterone Mineralocorticoid
Receptor Pathway

Aldosterone hormone activation of mineralocor-
ticoid receptors (MR), a member of the steroid
receptor family, is known to promote vascular
cell oxidative stress, inflammation, proliferation,
migration and extracellular matrix production
(McCurley and Jaffe 2012; Lother and Hein
2016). Vaso-deleterious effects caused by MR
activation include: vasoconstriction, atheroscle-
rosis, and vascular remodeling and fibrosis
(Lother and Hein 2016; Udelson et al. 2010).
Nishiyama et al. demonstrated in animal models
that mineralocorticoid-induced hypertension is
associated with increased vascular oxidative
stress and ROS production (McCurley and Jaffe
2012; Nishiyama and Abe 2004; Iglarz et al.
2004). Subsequently, MR antagonism showed a
decrease in NADPH-oxidase activity, resulting
in less ROS production, and thus lower BP
(Keidar et al. 2003; Sanz-Rosa et al. 2005).
Activation of MR in the vascular bed is also
associated with increased expression of
proinflammatory factors including ICAM1, mono-
cyte chemoattractant protein (MCP-1), cytokines,
placental growth factor (PGF), COX-2 and tran-
scription factor NF-kB (McCurley and Jaffe 2012;
Rocha et al. 2002). Aortas from patients with
atherosclerosis demonstrated a decrease in PGF
and connective tissue growth factor when treated
with spironolactone (a MR antagonist) (Jaffe et al.
2010; Newfell et al. 2011). Furthermore, the con-
trolled Prevention and Treatment of Hypertension
With Algorithm-Based Therapy (PATHWAY)-2-
clinical trial showed a decrease in blood pressure
by 8.7 mmHg with spironolactone treatment in
patients with resistant hypertension (Lother and
Hein 2016; MacDonald et al. 2015). Such findings
support the role of MR-activation induced
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inflammation as a contributing factor to hyperten-
sion. However, further trials exploring the use of
MR antagonists as anti-hypertensive agents are
required to confirm these results.

7 VEGF Inhibitors

Anti-angiogenesis therapy targeting vascular
endothelial growth factor (VEGF) and its
receptors as treatment for anti-tumor growth has
long been associated with adverse side effects of
hypertension and renal toxicity manifesting as
proteinuria and renal function impairment
(Lankhorst et al. 2016; van den Meiracker and
Danser 2016). Physiologically, VEGF mediates
vasodilation through increased nitric oxide
(NO) production by upregulating the NOS gene
expression and increased endothelial NOS phos-
phorylation (Hood et al. 1998; Shen et al. 1999).
The subsequent decrease in NO availability fol-
lowing VEGF inhibition contributes to the path-
ogenesis of hypertension during anti-
angiogenesis therapy (van den Meiracker and
Danser 2016; Facemire et al. 2009). Recent
investigations of the role of the Endothelin
(ET) system, specifically Endothelin-1, suggest
this system as a more significant contributor to
the rise in BP compared to NO deprivation. A
rise in ET-1 is noted with administration of
sunitinib, a receptor tyrosine kinase (RTK) inhib-
itor that targets VEGF receptors (Kappers et al.
2010). Endothelin-1 (ET-1) interacts with G-
protein-coupled membrane bound ET, and ETp
receptors on vascular smooth muscle to mediate
vasoconstriction. Furthermore, ET, receptor
antagonism prevented anti-angiogenic induced
hypertension in mice (Li et al. 2012). Currently,
there is no established guideline for reversing
hypertension induced by VEGF-targeted
therapies (Hayman et al. 2012).

8 Asymmetric Dimethylarginine

Asymmetric dimethyarginine (ADMA) is a natu-
rally occurring amino acid synthesized when
arginine residues in proteins undergo methyla-
tion by arginine methyltransferases (PRMTs)
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(Vallance and Leiper 2004; Vallance et al.
1992). An additional by-product of this interaction
is NS-monomethyl- L-arginine (L-NMMA), a
methylarginine similar to ADMA in its biological
activity. Following hydrolysis of methylated
proteins ADMA and L-NMMA are released in
the cytosol. ADMA is found in various tissues,
circulates in plasma and is excreted in urine
(Vallance and Leiper 2004). In addition to renal
clearance, ADMA is extensively metabolized by
dimethylarginine dimethyl aminohydrolases
(DDAHSs) resulting in conversion to citrulline
(Achan et al. 2003).

Both ADMA and L-NMMA competitively
inhibit all three isoforms NOS, thereby causing
vasoconstriction, impaired endothelium-
mediated vasodilatation, increased endothelial
adhesiveness, and hypertension (Vallance et al.
1992; Achan et al. 2003; Hasegawa et al. 2007,
Kielstein et al. 2004; Barba et al. 2000; Boger
et al. 2000). Targeted deletion of DDAH gene
and use of specific inhibitors of DDAH lead to
accumulation of ADMA, a reduction in NO sig-
naling and subsequent vascular dysfunction,
increased systemic vascular resistance and
blood pressure (Leiper et al. 2007). Transgenic
mice overexpressing DDAH demonstrated
reduced ADMA levels and increased cardiac
NO levels. However, transgenic mice showed
no changes in systemic BP compared to wild
type controls under normal conditions
(Hasegawa et al. 2007). Two-week treatment
with angiotensin II increased ADMA levels, car-
diac oxidative stress and vascular injury while
DDAH overexpression attenuated these changes
(Hasegawa et al. 2007). Conversely, Jacobi et al.
reported no increase in ADMA levels following
4-week Ang II infusion (Jacobi et al. 2008).
Overexpression of DDAH however attenuated
ang-II medicated end organ damage (Jacobi
et al. 2008).

Small clinical studies have noted an associa-
tion between hypertension and increased ADMA
levels (Surdacki et al. 1999; Perticone et al.
2005). Larger scale clinical studies have however
not corroborated these findings (Meinitzer et al.
2007; Schnabel et al. 2005). Trials evaluating the
effect of antihypertensive agents on ADMA
levels have yielded conflicting results. Some
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investigators reported significant reductions in
ADMA levels following treatment with RAS,
(Chen et al. 2002; Delles et al. 2002; Ito et al.
2002; Napoli et al. 2004; Aslam et al. 2006)
while others have failed to confirm these findings
(Fliser et al. 2005; Warnholtz et al. 2007).
Differences in study design, treatment regimens,
methods of determining ADMA levels may
account for the discrepant findings of the afore-
mentioned studies.

ADMA has been shown to have a negative
correlation with endothelial-dependent vasodila-
tion (EDV) and a positive correlation with
carotid artery intima-media thickness (IMT) in
hypertensive patients with administration of
salbutamol and nitroglycerine (Serg et al.
2011). Cakar and colleagues evaluated arterial
stiffness markers for endothelial dysfunction
and found that ADMA levels significantly
correlated with augmentation index (Aix) and
CRP levels. However, there was no correlation
between PWYV and central aortic pressure (CAP)
and ADMA (Cakar et al. 2015). Similarly, the
PREVENCION study showed that ADMA and
NMMA did not predict carotid-femoral PWV,
blood pressure or hemodynamic abnormalities
(Chirinos et al. 2008). Therefore, while it is
very clear that ADMA plays a role in endothelial
dysfunction and can cause significant changes in
vascular flow, it still remains to be seen whether
ADMA directly play a role in hypertension.

Therapeutic approaches specifically targeting
ADMA pathways have been studied. Increased
L-citrulline supplementation overcame ADMA
inhibition, resulting in improved NO production
in porcine hearts (Xuan et al. 2015). The effects
of L-arginine on endothelial function, blood
pressure, and ADMA levels in patients with
hypertension (NCT02392767) and in patients
with preeclampsia are currently being evaluated
(NCT00275158).

9 Conclusion

The recently concluded SPRINT trial has
suggested that achieving aggressive blood pres-
sure targets reduces cardiovascular morbidity
and mortality. This will require more aggressive
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and complex treatment regimens, in most cases
with multi-drug protocols. In order to achieve
better blood pressure control, it is imperative to
understand the mechanisms that lead to increased
blood pressure. Knowledge of the causative
mechanisms will allow informed selection of
agents and combinations that are additive and
even synergistic. Such an approach will in turn
allow the fashioning “personalized” treatment
regimens that will maximally benefit each patient
individually.
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Abstract

Treating arterial hypertension (HT) remains a hard task. The hypertensive
patient is often a subject with several comorbidities and metabolic
abnormalities. Clinicians everyday have to choose the right drug for the
single patient among the different classes of antihypertensives. Apart from
lowering blood pressure, a main therapeutic target should be that of
counteracting all the possible pathophysiological mechanisms involved
in HT itself and in existing/potential comorbidities. All the ancillary
positive and negative effects of the administered drugs should be consid-
ered: in particular, since hypertensive patients are often glucose intoler-
ant/diabetic, carrier of serum lipids disorder, have already developed
atherosclerotic diseases and endothelial dysfunction, they should not be
treated with drugs negatively interfering with these conditions but with
molecules that, if possible, improve them. The main pathophysiological
mechanisms and correlates of therapeutic pharmacological interventions
in essential HT are reviewed here.
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Even if official guidelines are regularly issued by
several societies and organizations, treating HT
remains a hard task. Clinicians have to choose
the right drug for the individual patient trying
to stay within the guidelines and considering at
the same time the comorbidities and the patho-
physiological mechanisms at the base of HT in
that specific case (Fragasso et al. 2012). Recently
the situation has become more complex owing to
the fact that, after a long period, multiple
guidelines, scientific statements and consensus
documents have been published: although they
are endorsed by highly regarded organizations,
they follow different processes for development,
transparency, objectives and several central
recommendations (Ripley and Baumert 2016).
The discordance among different guidelines and
documents has led to more uncertainty than clar-
ity, being source of intense debate. There are,
among the others, differences in the drugs
recommended for initial treatment strategies: in
particular, some guidelines (e.g. those by the
European Society of Cardiology, ESC (Mancia
et al. 2013)), differently from the others, consider
all the pharmacological classes suitable for
the initiation of antihypertensive treatment and
indicate that preference should be given to some
agents only in specific conditions (e.g. concomi-
tant heart failure -HF-, coronary artery disease
-CAD-). It should be considered that significant
ancillary effects of different drug classes may be
important from a pathophysiological point of
view but these additional effects are usually not
taken into account by institutional guidelines,
since these are mostly focused on the demonstra-
tion of hard endpoints reduction. Moreover, it
should be noted that the hypertensive patient is
often a subject with concomitant cardiovascular
conditions (e.g. dyslipidemia, diabetes...) and
comorbidities that require special attention to
define the best therapy.

In this chapter, the main antihypertensive
pharmacological interventions will be described
in the light of the common pathophysiological
mechanisms at the base of HT; additional posi-
tive and negative effects of the administered
drugs will also be addressed to provide an over-
view of the elements that should be considered
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trying to define the proper therapy in each indi-
vidual patient.

2 Brief Review of the
Mechanisms of Arterial
Hypertension

A more detailed description of the pathophysio-
logical alterations at the base of HT is far from
the aim of this chapter; here we review the prin-
cipal elements necessary to initiate pharma-
cological interventions. Blood pressure is the
product of cardiac output and peripheral vascular
resistance: despite this simple physiological def-
inition, its level is determined by many physio-
logical systems that are connected by complex
interactions.

HT is generally classified as primary (essen-
tial) or secondary. HT is defined secondary when
a clear cause (such as a renal or endocrine disor-
der) can be identified. On the contrary, essential
HT, that represents the majority of cases, can be
described as multifactorial in origin: basically
there are multiple interactions between genetic
and environmental factors that influence blood
pressure through several mechanisms, that are
known only in part. The main pathophysiological
elements described are an increased adrenergic
tone, an over-activation of the renin/angiotensin/
aldosterone system (RAAS) and renal-adrenal
mechanisms (with differences in patients with
low and high renin HT) with sodium retention
(Laragh and Sealey 1991; Brunner et al. 1973).
Fundamentally, essential HT can be described as
a primitive defect in renal excretion of sodium
and/or an excessive rise of vascular tone that
cannot be ascribed to single mechanisms but
that has to be considered as the result of many
factors affecting catecholamine and sodium
homeostasis (Mendlowitz et al. 1964). The dif-
ferent factors involved can influence each other:
in particular, the overactive sympathetic nervous
system further activates the RAAS system and
influences the ability of the kidneys to excrete
sodium (favoring also water retention and blood
volume elevation) (Mancia et al. 2006). Simi-
larly, the peripheral vascular resistances are
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increased because of altered autonomic regula-
tion, increased RAAS activity level, as well as
structural alterations of arterial vessels. Resis-
tance arteries might have an important role in
the development of HT and its complications
(Bohlen 1986): recent studies have shown that
the media-lumen ratio of small arteries has a
prognostic value for cardiovascular events in
hypertensive patients (Park and Schiffrin 2001).
Moreover, altered vascular integrity determines
endothelial dysfunction: impaired endothelium-
dependent vasorelaxation has been observed in
patients with essential HT (Panza et al. 1993) and
in several animal models. It is clearly established
that endothelial dysfunction is an important prog-
nostic factor for the development of atheroscle-
rosis and cardiovascular events (Modena et al.
2002). Antihypertensive drugs trying to favor-
ably affect outcomes in HT should be able to
counteract the multiple known mechanisms that
sustain increased blood pressure, to possibly
induce vascular structural reverse remodeling
and to exert a positive effect on impaired endo-
thelial dysfunction.

Several other derived and/or correlated factors
can also be present and contribute to the patho-
genesis and morbidity associated with essential
HT: among them, insulin resistance, lipid metab-
olism abnormalities and, in general, metabolic
syndrome. These also represent part of the basic
factors involved in the risk for the development
of CAD and, in general, have a great prognostic
weight; therefore, when treating the hypertensive
patient, their control is a major target. Moreover,
it should never be forgotten that, usually, clinical
practice has to face subjects with a complex
health status due to many different comorbidities
(not only cardiovascular or metabolic).

3 Diuretics

The increase in blood volume is an important
pathophysiological element present in many
forms of HT, which in turn increases cardiac
output by the Frank-Starling relationship. For
this reason, diuretics, which enhance the removal
of sodium and water by the kidneys and thereby

decrease blood volume, can exert a clear anti-
hypertensive effect, as shown in many studies. It
should be noted, on the other hand, that the exact
mechanism for reduction of blood pressure by
diuretics is not yet completely understood: extra-
cellular volume reduction is first observed,
followed by decrease of vascular resistance
(Bennett et al. 1977; Freis 1983). To explain
this latter mechanism it has been hypothesized
that diuretics may have an independent direct
effect on vascular smooth muscle, but this has
not been confirmed by substantial data. It has
also been proposed that the persistent small
reduction in body sodium might decrease the
interstitial fluid volume and that a reduced
smooth muscle cell sodium concentration could
secondarily reduce intracellular calcium concen-
tration, modifying cells reactivity to contractile
stimuli (Insel and Motulsky 1984). On the other
side, it should be considered that diuretics cause
a reactive increase in sympathetic and RAAS
activity, following their initial effect, resulting
in opposed vasoconstriction and reduced sodium
loss and enhancing side metabolic effects of
these agents (Grassi et al. 2003; Burnier and
Brunner 1992).

Among diuretics, thiazides are the most com-
monly used agents for HT treatment. Thiazides
act inhibiting the sodium-chloride transporter in
the distal part of the nephron and they are partic-
ularly different from the loop diuretics not only
because of the site of action but also for their
longer duration of action: a prolonged natriuretic
effect better counteracts sodium retention and
this is a crucial aspect to achieve some persistent
volume depletion.

Thiazide diuretics have been the mainstay of
antihypertensive treatment for almost 40 years,
since the first Joint National Committee (JNC)
report in the late seventies; in JNC 7 (2003) they
were still suggested as the initial therapy in
most patients with HT (Chobanian et al. 2003).
Diuretics have also been confirmed as a first-
line choice in the last European Society of
Cardiology (ESC) HT guidelines (Mancia et al.
2013), INC 8 (James et al. 2014) and in
the statement by the American Society of
Hypertension and the International Society of
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Hypertension (ASH/ISH) (Weber et al. 2014),
where they are particularly recommended in
older adults and in black patients. Recently,
some molecules have been distinguished from
hydrochlorothiazide (HCTZ) and standard
thiazides: among these thiazide-like agents,
chlorthalidone and indapamide, in particular,
are preferred to conventional diuretics by NICE
guidelines (National Institute for Health and
Clinical Excellence, http://www.nice.org.uk/
guidance/cg127). This point has been a matter
of great debate: even if the evidence about clini-
cal outcomes benefits seems stronger for the
thiazide-like diuretics, the latest ESC guidelines
underlined that a real recommendation can not be
given in favor of a specific drug from the avail-
able data, especially when considering the lack
of randomized head-to-head comparisons
(Mancia et al. 2013).

The main data supporting the use of diuretics
in HT come from the ALLHAT (Antihyperten-
sive and Lipid-Lowering Treatment to Prevent
Heart Attack Trial) (Davis et al. 1996), the
SHEP (Systolic Hypertension in the Elderly Pro-
gram) (Kostis et al. 2005) and the HYVET
(Hypertension in the Very Elderly Trial) studies
(Beckett et al. 2008). The ALLHAT, in particu-
lar, was a randomized, double-blind trial
designed to determine whether treatment with
amlodipine (a calcium channel blocker, CCB),
lisinopril (an ACE-inhibitor, ACE-I) or an alpha-
adrenergic blocker (doxazosin) reduced the inci-
dence of fatal CAD and nonfatal myocardial
infarction more than chlorthalidone in high-risk
hypertensive patients; secondary end-points were
all-cause mortality and major cardiovascular
events, including congestive heart failure (HF).
Results showed no significant differences in pri-
mary outcome between the drugs; however, there
were differences in secondary outcomes (not in
mortality): compared with chlorthalidone,
new-onset HF occurred more frequently in
patients randomized to the other pharmacologi-
cal strategies (ALLHAT Collaborative Research
Group 2000; ALLHAT  Officers and
Coordinators for the ALLHAT Collaborative
Research Group 2002). Certainly, these results
and the real value of the ALLHAT study have
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been widely debated, receiving several criticisms
(Messerli 2001; Weber 2003). Among the others,
it should be noted that diuretic therapy was with-
drawn in several patients at the time of enroll-
ment (>90 % of patients were on anti-
hypertensive therapy before entering the study):
many of them had a history of previous
myocardial infarction or hypertensive cardiomy-
opathy and withdrawal of diuretics in such
patients could have increased the risk of devel-
oping HF. Moreover, even if data from the initial
major outcome trials showed that thiazides glob-
ally improved prognosis in hypertensive patients,
subsequent studies showed that their association
with an ACE-I was less effective in reducing
cardiovascular events than the association of the
same ACE-I with a CCB (Jamerson et al. 2008):
these data should be taken into account, even
though coming from one isolated trial that
needs further replication.

Apart from all the possible considerations
about outcomes data, a main point to take into
account is that thiazides may potentially cause
several vascular and metabolic abnormalities that
negatively influence the global cardiovascular
risk. Since thiazides inhibit the reabsorption of
sodium in the early distal tubule, more sodium
reaches the most distal part of the nephron and
stimulates the exchange with potassium by
aldosterone-sensitive transporters (that are par-
ticularly active in the presence of an activated
RAAS): for this reason, hypokalemia can be
precipitated (Zillich et al. 2006; Shafi et al.
2008), enhancing the risk of arrhythmias. The
incidence of hypokalemia can be reduced by the
use of low doses of diuretic and by the combina-
tion with potassium-retaining agents
(e.g. ACE-I). Similar observations have been
done also for hypomagnesemia, even if usual
doses of diuretics rarely cause magnesium defi-
ciency (Wilcox 1999). Studies have shown that
thiazides decrease urate excretion, with the risk
of increasing blood uric acid, possibly causing
gout in predisposed subjects (for which only low
doses should be used) (Reungjui et al. 2008;
Franse et al. 2000). Calcium retention might
also happen and produce hypercalcemia: this
can have a positive effect in older adults,
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reducing the risk of fractures due to osteoporosis
(LaCroix et al. 1990), but can be harmful in
hyper-parathyroid patients.

Additional important side effects of diuretics
involve lipid and glucose metabolism. Data com-
ing from several trials show that thiazides cause
changes in blood lipids: total and low-density
lipoprotein (LDL) cholesterol and triglycerides
seem to increase in relation to diuretic dose
(Kasiske et al. 1995); moreover, even if total
cholesterol level does not change, the ratio of
apolipoprotein B to A might rise and high-
density lipoprotein (HDL) cholesterol could be
reduced (Lindholm et al. 2003). From a practical
point of view, it is advisable to monitor blood
lipids during diuretic therapy and to recommend
a low-fat diet. Among the others, indapamide
seems to have no/small effects on lipid profile
(Ames 1996).

Impaired insulin-sensitivity and the risk of
new onset diabetes are other recognized critical
points of thiazides (Ferrari et al. 1991; Eriksson
et al. 2008; Gupta et al. 2008). In the ALLHAT
trial the thiazide-treated group compared with
the other treatment groups showed a significant
increase in incidence of diabetes; this increment
apparently was not associated to increased
mortality (Whelton et al. 2005). Similar results
were found in the SHEP trial, comparing
chlorthalidone with placebo (Kostis et al. 2005).
For this reason, some Authors have suggested
that thiazides as initial therapy for hypertension
might achieve superior cardiovascular disease
outcomes in older hypertensive patients even
with the metabolic syndrome, as compared with
treatment with CCBs and ACE-Is (ALLHAT
Officers and Coordinators for the ALLHAT Col-
laborative Research Group 2002), and that the
effects on glucose homeostasis may depend only
from the use of higher doses (ALLHAT Collabo-
rative Research Group 2000). It should be con-
sidered, however, that the follow-up of these
trials was conducted for a limited period of time
while HT is usually diagnosed in middle-aged
patients and, therefore, the course of the disease
(and therapy) may last for 25-30 years: it can be
surmised that a relatively short study period
might not be enough to determine with adequate

predictive value the outcomes for a disease of
longer duration, when the secondary effects of
therapies on cardiovascular risk factors could
become manifest. The issue of long-term
consequences of thiazides appears even more
important when considering that HT and meta-
bolic syndrome are rampant and increasing num-
bers of adolescents are developing obesity and
HT. Hyperuricemia and hypokalemia may also
contribute to the exacerbation of the metabolic
syndrome in response to thiazides, creating a
vicious circle (Burnier and Brunner 1992). In
any case, the potential diabetogenic effect of
diuretics is still a matter of great debate and
further research is needed (Carter et al. 2008).
In addition to these problematic aspects, it has
been observed that thiazides do not reduce vas-
cular oxidative stress and do not improve endo-
thelial dysfunction (Zhou et al. 2008).

In the light of all the facts presented, it seems
that diuretics have no pleiotropic vasoprotective
effects beyond lowering blood pressure. Further-
more, when administered in animal model in
combination with an ACE-I, thiazides were
shown to abolish the anti-atherosclerotic effect
of the latter; it is unknown whether this also
applies to humans (Fonseca et al. 2003). It should
be noted that many side and metabolic effects
are dose dependent: in fact, since it has been
shown that lower doses of diuretics achieve a
blood pressure reduction similar to the higher
ones, the use of low-dose thiazide is an important
point to reduce potential metabolic problems
associated to this therapy.

It can be reasonably affirmed that, even if
thiazides are still indicated as a possible first-
line choice by most HT guidelines, several
reservations and concerns exist in prescribing
them as a first-line antihypertensive drug over
the other agents, particularly in high-risk
patients. Furthermore, quality of life (QOL) is
an important issue when choosing drug therapies,
especially considering that many hypertensive
patients are asymptomatic and it would be
unpleasant to create symptoms due to drug pre-
scription: from this point of view diuretics have
been consistently associated with low QOL,
making their systematic prescription less
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attractive than other approaches. Some data sug-
gest that erectile dysfunction might be observed
more commonly with thiazides than with other
antihypertensive; this can be an important factor
negatively influencing the QOL (Wassertheil-
Smoller et al. 1992). Figure 1 summarizes the
effects of diuretics on the principal mechanisms
and correlates of HT.

Loop diuretics have less space in HT, unless
they are administered for other indications
(e.g. HF) in combination with other drugs.
Thiazides become ineffective when renal func-
tion is severely impaired: even if this point has
been recently questioned by a pilot study (Dussol
et al. 2012), in this case thiazides could be
replaced by loop diuretics.

Potassium-sparing diuretics have to be com-
bined with another diuretic (e.g. amiloride with
HCTZ) to exert an effective antihypertensive
effect and this combination could be useful
also to prevent diuretic-induced hypokalemia.
Although they have never been tested in large
studies (promising results come from small
randomized trials, apart from HF trials) (Roush
et al. 2016; Pitt et al. 1999), aldosterone receptor
antagonists can be used as third/fourth line drugs
in treating patients with resistant hypertension
(Mancia et al. 2013; Dahal et al. 2015): this
may be because aldosterone excess can contrib-
ute to resistant hypertension and some cases of
primary aldosteronism might be undetected.

4 Beta-Blocking Agents
Present HT guidelines are not concordant on the

role of beta-blockers (BBs). JNC 8 no longer
recommends BBs for initial antihypertensive

positive effect, Bidirectional flat arrow neutral effect,
Quantity of upward/downward arrows: 1 mild, 2 moder-
ate, 3 great effect)

therapy (James et al. 2014); this confirms the
previous JNC 7, that at the same time listed
some compelling indications for the use of BBs
in hypertensive patients with other cardiovascu-
lar diseases (e.g. HF or previous myocardial
infarction) (Chobanian et al. 2003). Similarly,
the NICE guidelines state that BBs are not a
preferred initial treatment; exceptions are consid-
ered for patients intolerant to ACE-Is and angio-
tensin II receptors (ARBs), women of child-
bearing potential and people with evidence of
increased sympathetic drive: apart from these
conditions, BBs are relegated to fourth- or even
fifth-line choices (National Institute for Health
and Clinical Excellence, http://www.nice.org.
uk/guidance/cg127). On the contrary, ESC
guidelines do not exclude BBs as one of the
options for fist-line antihypertensive pharmaco-
logical strategy (Mancia et al. 2013); similarly to
JNC 7, European guidelines reported some
suggested indications for the use of BBs and the
other antihypertensive agents in specific
conditions (see Table 1).

The beta-adrenergic signaling system acts
through different receptors (Brodde et al. 2006).
In brief, it should be taken into account that
beta;-adrenoreceptors are situated on the cardiac
sarcolemma and their stimulation increases heart
rate, the rate and force of myocardial contraction,
the reuptake of cytosolic calcium (lusitropic
effect) and the rate of conduction. Beta,-
receptors, on the other hand, are mainly located
on bronchial and vascular smooth muscle cells,
where they mediate the dilating effect of epi-
nephrine; there is a significant proportion of
beta,-receptors also in the myocardium that
might have additional inhibitory action
modulating the level of adrenergic activation.
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Table 1 Drugs to be preferred in specific conditions

Condition Drug
Asymptomatic organ
damage
Renal dysfunction ACE inhibitor, ARB
Clinical CV event
Previous myocardial
infarction
Angina pectoris
Heart failure

BB, ACE inhibitor, ARB

BB, CCB

Diuretic, BB, ACE inhibitor,
ARB, mineralocorticoid
receptor antagonist

Atrial fibrillation,
ventricular rate
control

BB, non-dihydropyridine

CCB

Peripheral artery ACE inhibitor, CCB
disease

Other

Metabolic syndrome ACE inhibitor, ARB, CCB

ACE inhibitor, ARB

Adapted from ESC guidelines

ACE angiotensin-converting enzyme, ARB angiotensin
receptor blocker, BB beta-blocker, CCB calcium channel
blocker, CV cardiovascular

Diabetes mellitus

Betaz-receptors are a more recently recognized
type of beta-receptor that have been found in
many tissues: even if their specific role remains
to be fully elucidated, they appear to be involved,
among the others, in the control of thermogenesis
and urinary bladder relaxation (Balligand 2013).
A main cardiovascular effect of betas-receptors
seems to be the endothelium-dependent
vasorelaxation by production of nitric oxide.
Moreover, even if further research is needed,
there are some evidences that these receptors
may have a cardioprotective role in myocardial
hypertrophy and HF, counteracting the known
adverse effects of beta; and beta, overactivation
and modulating left ventricular relaxation and
inotropism (Balligand 2013).

BBs have several antihypertensive
mechanisms: along with their chronotropic and
inotropic negative effects that reduce cardiac
output, they exert central adrenergic inhibition
and decrease the renal release of renin (nega-
tively influencing also the activity of RAAS).
At the beginning, these mechanisms do not lead
to a significant fall in blood pressure, since there

is a reflex increase in peripheral vascular resis-
tance with tendency to normotension: alfa-
adrenergic vasoconstriction, in particular, is not
properly counteracted by the vasodilator compo-
nent of epinephrine because of the vascular beta,
blockade (Vatner and Hintze 1983). A later
action of BBs on prejunctional receptors of the
sympathetic terminal neurons inhibits the release
of norepinephrine, possibly explaining the
subsequent reduction of peripheral resistance
and late antihypertensive effect. BBs retaining a
vasodilatory property (see ensuing paragraph)
determine an early decrease in vascular resis-
tance and blood pressure. Additionally, like
most other antihypertensive agents, beta-
blockers probably also lower blood pressure
through interference with a not yet identified
vasoconstrictor mechanism (Man in’t Veld et al.
1988). Apparently, no significant effect on
circulating blood volume is exerted (Weidmann
et al. 1976). In relation to RAAS activation, BBs
have been shown to yield either a neutral
(Balansard et al. 1977; Fagard et al. 1976) or a
mildly inhibitory effect (Ishizaki et al. 1983;
Pitkdjarvi et al. 1979), with apparently no rela-
tion with blood pressure fall.

According to  their  pharmacological
characteristics, different subclasses of BBs can
be distinguished. The first-generation molecules
(e.g. propranolol) are non-selective agents,
blocking beta; and beta, receptors. They have
been superseded by cardioselective blockers
(such as atenolol, metoprolol, bisoprolol): the
greater Bl than P2 affinity is dose dependent
and is less with higher doses. A third generation
class of BBs is represented by agents with
vasodilatory activity that depends by two main
mechanisms: direct vasodilation mediated by the
release of nitric oxide (as for nebivolol and
carvedilol) (Chen et al. 2013) and additional
alfa-blockade (as for labetalol and carvedilol).
Some BBs (pindolol and acebutolol) have an
intrinsic sympathomimetic activity, stimulating
smooth muscle cells to relax. As described fur-
ther in the text, vasodilating agents carry a better
metabolic profile that might represent an added
value in treating hypertensive patients.
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As stated above, even if BBs have been com-
monly used as first-line treatment for HT, at
present they have been downgraded in most
guidelines since several evidences have
questioned their efficacy in preventing death
and cardiovascular outcomes. A first meta-
analysis by Messerli et al. found that BBs were
ineffective in preventing CAD, cardiovascular
and all-cause mortality in comparison with
diuretics in patients older than 60 years (Messerli
et al. 1998). Another systematic review by
Calberg et al., including 9 randomized clinical
trials, showed that atenolol had a blood pressure-
lowering effect similar to that of other antihyper-
tensive drugs, but cardiovascular mortality and
stroke were higher with atenolol (Messerli et al.
1998): these results were confirmed also by two
subsequent larger meta-analysis evidencing that
BBs are no better than any other antihypertensive
at preventing heart attacks and are less effective
at preventing strokes (Lindholm et al. 2005;
Bradley et al. 2006). A more recent Cochrane
meta-analysis, updating a previous one, was
performed on 13 randomized controlled trials
and reported that patients treated with BBs
showed higher total mortality and more cardio-
vascular events than CCBs (not diuretics and
RAAS blockers) and higher incidence of stroke
than CCBs and RAAS inhibitors; the different
classes of agents were found similar for CAD
(Wiysonge et al. 2007). It should be underlined
that in the majority of the studies included in the
meta-analysis atenolol was the most used BB,
therefore any extrapolation to other BBs should
be done with caution: in particular, as addressed
in the ensuing text, some limitations of the old
BBs seem not to be shared by third-generation
molecules (Ram 2010). Moreover, the Authors
acknowledged the low quality of the available
evidence. The main arguments supporting the
fact that ESC guidelines did not exclude BBs
from the first-line pharmacological options are
similar to these observations: in general, it has
been recognized that evidence against their use
appeared to be mixed and globally not strong
enough (Mancia et al. 2013). In fact, differently
from the analysis presented above, another large
meta-analysis on 147 trials showed that all
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classes of antihypertensive drugs had a similar
effect in reducing myocardial infarction and
stroke for a given reduction in blood pressure
and, in particular, BBs were highly effective in
preventing cardiovascular events in patients with
recent myocardial infarction and HF (Law et al.
2009). Moreover, incidence of cardiovascular
outcomes was found to be similar for BBs and
other drugs in the revision of trials realized by the
Blood Pressure Lowering Treatment Trialists’
Collaboration, giving the message that reducing
blood pressure is what apparently really counts
(Czernichow et al. 2011). Nevertheless, as a con-
sequence of all observations, several authorities
consider that at present even if it would be incor-
rect to affirm that BBs have no effect in patients
with primary HT, probably their effect should be
considered suboptimal (Lindholm et al. 2005).
BBs appear to be less effective than RAAS
blockers and CCBs also in delaying or reverting
hypertensive organ damage (e.g. left ventricular
hypertrophy, arterial remodeling..). In any case,
the importance of sympathetic nervous system
activation in the pathogenesis of HT and the
utility of BBs in certain compelling indications
for cardiovascular diseases indicate that these
drugs still have an important role for many
hypertensive patients.

Several reasons have been considered to
explain the relative lower efficacy of BBs found
in some studies. One possible mechanism
has been suggested by the Conduit Artery
Function Evaluation (CAFE) study (a substudy
of the Anglo-Scandinavian Cardiac Outcomes
-ASCOT- Trial): treatment with BBs resulted in
reduced brachial blood pressure with a lesser
reduction of central (aortic) and pulse pressure
in comparison to the other agents (Williams
et al. 2006). Indeed, it has been shown that dis-
tinct antihypertensive drugs produce different
blood pressure effects peripherally vs centrally
(Morgan et al. 2004) and that changes in periph-
eral artery pressure do not accurately reflect
changes in central pressure following different
drug interventions. In particular, it seems that
the effect of BBs on central aortic pressure is
overestimated by brachially-measured blood
pressure whereas the effects of ACE-i and
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CCBs are underestimated. Moreover, from a
hemodynamic point of view, it was shown that
BBs increased blood pressure variability and this
correlated with trends in stroke risk (Rothwell
et al. 2010).

Additional observations suggest that most
traditional BBs produce several deleterious
metabolic and vascular effects, which could
negatively affect the prognosis of hypertensive
patients (Ram 2010; Fragasso et al. 2009). As
stated above, BBs may induce peripheral vaso-
constriction that not only can be particularly
detrimental in the context of atherosclerosis but
is also one of the determinants of insulin resis-
tance, a pathologic condition directly correlated
with the severity of HT (Taddei et al. 2001;
Ferrannini et al. 1987; Schiffrin and Deng
1996). The loss of insulin sensitivity is also
associated with endothelial dysfunction, a patho-
physiological factor present in many patients
with HT that has a relevant prognostic weight.
BBs have been shown to impair vasodilation,
to induce endothelial dysfunction (that can con-
tribute to vasoconstriction) and to deteriorate
glucose homeostasis in hypertensive patients
(Lithell 1991): atenolol has been found to
increase the risk of new-onset diabetes in
predisposed patients (Gupta et al. 2008), particu-
larly when used in combination with diuretics.
Additionally, old generations BBs have also been
consistently shown to favor the increase of body
weight, because of the inhibition of lipolysis in
adipose tissue, and to adversely affect lipid
metabolism, with tendency to an increase in
plasma triglyceride and lowering of HDL choles-
terol (Eliasson et al. 1981). In general, it could be
stated that old generation BBs yield a metabolic
profile not dissimilar from diuretics. Attention
should be paid to diabetic patients not only for
the possible metabolic side effects but also for
the risk of masking the symptoms of hypoglyce-
mia. Along with all these issues, BBs may affect
QOL also by causing insomnia, depression (due
to low arousal of central nervous system), erec-
tile dysfunction and easy fatigability (which can
limit significantly the ability to perform
exercise).

As previously outlined, BBs may yield differ-
ential metabolic and vascular effects among dif-
ferent molecules. In particular, in more recent
years, the development of the third-generation
vasodilatory BBs has determined a reassessment
of the ancillary metabolic effects of this class of
drugs and some of the past reservations may
apply less or not at all to the new agents
(Kalinowski et al. 2003). ESC guidelines have
also underlined the potential ameliorating effects
of new generations BBs and this fact was another
valid reason to keep BBs among first-line treat-
ment options (Mancia et al. 2013).

Carvedilol, compared to metoprolol, was
shown not to negatively affect glycemic control
and to improve some components of the meta-
bolic syndrome in hypertensive patients with
diabetes (Bakris et al. 2004a). Similar results
were obtained with nebivolol, that was superior
in terms of insulin sensitivity and fibrynolitic
balance (reducing plasminogen activator
inhibitor-1 antigen concentrations) (Ayers et al.
2012); a reduction of oxidative stress was also
observed (Kaiser et al. 2006; Celik et al. 2006;
Rizos et al. 2003). The glucose-neutral effect of
nebivolol has been observed even when added to
diuretics. Accordingly, new BBs have been seen
to reduce vasoconstriction and endothelial dys-
function (Mason et al. 2005; Pasini et al. 2008).
It has also been proven that nebivolol reduces
central aortic pressure and induces regression of
left ventricular hypertrophy to a greater extent
than metoprolol (Kampus et al. 2011). Vasodila-
tion may be important not only for blood pressure
reduction, but also for better tolerability;
nebivolol has been shown to improve QOL
(Van Bortel et al. 2008; Kendall 1989). In any
case, apart from these pathophysiological
observations, it should be noted that at present
there are no strong outcome data to support the
use of third-generation BBs as antihypertensives,
even if both carvedilol and nebivolol have shown
good results in HF (Mancia et al. 2013). General
main contraindications to BBs are bronchospasm
(in particular BBs are not safe in patients with
asthma), sinus/atrio-ventricular node dysfunc-
tion, active peripheral vascular disease (also con-
sidering the Raynaud phenomenon) and coronary
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Fig. 2 Main pharmacological effects of beta-blockers on
the single pathophysiological factors (RAAS Renin Angio-
tensin Aldosterone System, Red/green arrow negative/

vasospasm. Figure 2 synthesizes the effects of
traditional and new generation BBs on principal
factors involved in the pathogenesis, mainte-
nance and induction of complications in essential
HT.

5 Calcium Channel Blockers

CCBs have gained a great role among the
treatments for HT and are recommended as a
first-line option by all the guidelines, in particu-
lar for older and black patients (Mancia et al.
2013; National Institute for Health and Clinical
Excellence, http://www.nice.org.uk/guidance/
cgl27). This class of agents comprises two
main subclasses, dihydropyridines (DHPs,
e.g. nifedipine and amlodipine) and nondihydro-
pyridines (Non-DHPs, verapamil and diltiazem),
extensively studied in hypertensive patients
(Nathan et al. 2005). The pharmacological prop-
erty shared by all the CCBs is the selective inhi-
bition of L-type calcium channel, whose main
role is to allow the entrance of calcium ions
required for initiation of contraction via
calcium-induced calcium release from the sarco-
plasmic reticulum. This channel is present in
vascular smooth muscle cells and in the myocar-
dium: distinction between DHPs and Non-DHPs
depends on the different molecular binding site
(Opie 1996). DHPs show a greater vascular
selectivity (with modest direct cardiac effects),

positive effect, Bidirectional flat arrow neutral effect,
Quantity of upward/downward arrows: 1 mild, 2 moder-
ate, 3 great effect)

while Non-DHPs act also on the atrioventricular
and sinoatrial node (with negative chronotropic
effect and conduction delay) and have significant
negative inotropic effect, more evident in
patients with already altered myocardial func-
tion. The main anti-hypertensive mechanism of
CCBs is arteriolar dilation due to blockade of
vascular calcium channels (Braunwald 1982).
A certain diuretic effect is also observed (partic-
ularly with short-acting DHPs as nifedipine):
DHPs may increase glomerular filtration rate
and renal plasma flow by antagonizing the
intrarenal effects of angiotensin II and/or norepi-
nephrine with vasodilatation of renal afferent
arterioles, thereby resulting in increased natriure-
sis and diuresis (Loutzenhiser and Epstein 1985;
Chellingsworth et al. 1990; Madeddu et al.
1987). The initial diuretic and natriuretic effects
of most calcium channel blockers probably
persist with long-term usage (Kaplan 1989;
Epstein and De Micheli 1992) but the natriuresis
resulting from nifedipine may be transient
(Ene et al. 1985). In any case, CCBs acts inde-
pendently of sodium intake.

The reduction in blood pressure achieved
by CCBs stimulates a reflex activation of
counter-regulatory mechanisms, with increased
sympathetic activity and stimulation of RAAS:
these systems determine tachycardia, increased
myocardial contractility and tendency to
increased systemic vascular resistance. The
reflex release of norepinephrine is particularly
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stimulated by DHPs (Hamada et al. 1998),
whereas verapamil tends to decrease plasma
catecholamines levels (Bonadue et al. 1997;
Kailasam et al. 1995; Vaage-Nilsen and
Rasmussen 1998), yielding a sympatholytic
effect. Moreover, verapamil and diltiazem con-
trol reflex tachycardia through their action on
sinoatrial node and by reducing the influence of
sinoaortic baroreceptors on heart rate, facilitating
the reflex vagal control on the cardiac pacemaker
by the afferent cardiopulmonary vagal receptors
(Staszewska-Woolley 1987) and attenuating the
sympathetic and parasympathetic components of
the baroreceptor reflex (Giudicelli et al. 1984).

CCBs of both subclasses appear to be effec-
tive antihypertensive agents and most clinical
trial data showed that they compare well with
other drugs (Nathan et al. 2005); moreover,
some meta-analysis have suggested that CCBs
determine a better protection against stroke
(Law et al. 2009; Blood Pressure Lowering
Treatment  Trialists’ Collaboration  2005;
Verdecchia et al. 2005), although the reason is
not fully understood. Potential harmful effects of
CCBs have been previously reported (Psaty et al.
1997; Furberg et al. 1995). Observational studies
and systematic overviews led to the suspect of an
increased risk for cardiovascular events with
some agents of this therapeutic class. In particu-
lar, short-acting nifedipine may precipitate
myocardial ischemia as a consequence of the
acute adrenergic reflex stimulation and sudden
blood pressure fall: this pathophysiological
mechanism might be enhanced in presence of
CAD, with special hazard in high-risk patients
in the immediate post-myocardial infarction
period or in those with unstable angina (Marwick
1996; Turnbull 2003; Opie et al. 1995). The
possibility of a “coronary steal” phenomenon
has been considered too. Initial data suggested
also pro-arthythmic and pro-hemorrhagic
effects.

At present, only long-acting CCBs are
recommended for HT and several long-term
studies have shown their safety and efficacy.
Data from the ASCOT-Blood Pressure Lowering
Arm (ASCOT-BPLA) trial showed that
amlodipine (with possible addition of ACE-I as

required) reduced major cardiovascular events
and diabetes development compared to
atenolol-based strategy (Dalhof et al. 2005).
Moreover, the more recent Avoiding Cardiovas-
cular Events in Combination Therapy in Patients
Living with Systolic Hypertension (ACCOM-
PLISH) trial, a large morbidity and mortality
study comparing the effects of two different anti-
hypertensive combination strategies on major
fatal and nonfatal cardiovascular events, was
stopped earlier because treatment with the
ACE-I benazepril plus amlodipine was more
effective than treatment with the ACE-I and
diuretic (Jamerson et al. 2008). The trend to
increased HF in patients treated with CCBs com-
pared to ACE-I and BBs remains an important
debated issue. This observation has been found in
several trials and confirmed in a recent system-
atic review (Shibata et al. 2010): certainly, these
findings should be considered in accordance with
the important role of BBs and ACE-i in
established HF treatment and with the superior
results of CCBs-ACE-i combination in hyperten-
sive patients. It should be also considered that, as
reported as a criticism for the ALLHAT trial, the
results against CCBs might be due to the design
of the trials, with withdrawal of previous
therapies in compensated patients (Mancia et al.
2013; Zanchetti 2012). Nevertheless, the reflex
sympathetic activation stimulated by DHPs
might indeed yield a negative role in HF patients
(Muiesan et al. 1986).

As already recognized when interpreting the
results of the ASCOT-BPLA trial, the effects of
CCBs might not be entirely explained only by the
better control of blood pressure. A first point to
underline is that CCBs have also been shown to
interact with endothelial function. The lack of
functional calcium channels on endothelial cells
suggests that CCBs might modify the function of
mediators specifically released by the endothe-
lium: it has been observed that some CCBs pro-
mote the release of nitric oxide (Salomone et al.
1995; 1996). Furthermore, nitric oxide and
endothelin, initially identified as specific
products of endothelium, are also produced by
other cells: this production may be altered by
some CCBs and not necessarily related to



48

calcium channel blockade (Godfraind and
Salomone 1996). Some experimental data sug-
gest data CCBs might modify the expression of
the endothelin gene (Huang et al. 1993). More-
over, it has been shown that amlodipine, nifedi-
pine and lacidipine (two DHPs) determined a
lower progression of carotid atherosclerosis
than BBs. (Zanchetti et al. 2002) In the end,
CCBs have no effects on potassium, glucose,
uric acid and lipid metabolism: this metabolic-
neutral profile and the beneficial effects on endo-
thelial function could explain, at least in part, the
lower incidence of new metabolic syndrome and
diabetes observed in patients treated with CCBs
in comparison to other agents (particularly BBs
and diuretics). CCBs have shown also a greater
effectiveness in reducing left ventricular hyper-
trophy (Fagard et al. 2009).

A final important point to consider is the role
of CCBs in relation to progression of renal dys-
function and their use in patients with chronic
kidney disease. CCBs determine no impairment
of renal function. Moreover, the ALLHAT trial
showed that renal function was better preserved
in patients treated with amlodipine (ALLHAT
Officers and Coordinators for the ALLHAT Col-
laborative Research Group 2002). On the other
hand, the value of CCBs in patients with protein-
uria and elevated creatinine is uncertain (Kloke
et al. 1998), with a differential renoprotective
effect between DHPs and Non-DHPs. In people
with proteinuric renal disease, progressive
increases in proteinuria and a more rapid decline
in kidney function were noted in patients treated
with DHPs in comparison to those treated with
ACE-I or ARB (Lewis et al. 2001; Wright et al.
2002). In contrast, several small long-term clini-
cal studies using Non-DHPs have demonstrated
reductions in proteinuria and slower declines in
glomerular filtration rate but not reduced pro-
gression towards end-stage renal disease (Bakris
et al. 1996; 1998; 2004b; Smith et al. 1998). In
agreement with these observations, the Kidney
Disease Outcomes Quality Initiative Blood Pres-
sure guidelines recognized that Non-DHPs alone
or in combination with an ACE-I or an ARB are
preferable in hypertensive patients with protein-
uria of >300 mg/dl, as well as in those with
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impaired kidney function (Kidney Disease
Outcomes Quality Initiative (K/DOQI) 2004).
In general, if DHPs are used in hypertensive
patients with chronic kidney disease, it is consid-
ered prudent to add CCBs after ACE-I or ARB,
to achieve a balanced dilation of the afferent and
efferent renal arterioles avoiding excessive glo-
merular pressure and flow.

In terms of main side effects, DHPs are more
problematic, since peripheral edema (especially
ankle edema) and flushing may be a problem for
some patients (Papavassiliou et al. 2001; Weir
2003). Conversely, Non-DHPs appear better
tolerated, at least when compared to old genera-
tion BBs (Fletcher et al. 1989), even though
constipation may represent a relevant problem
in a significant proportion of patients treated
with verapamil, particularly in the elderly.
Major contraindications to DHPs are represented
by severe aortic stenosis or obstructive hypertro-
phic cardiomyopathy (to avoid excess pressure
gradient). Left ventricular systolic dysfunction
is a contraindication to CCBs. Non-DHPs should
not be used in known sinoatrial or atrioven-
tricular nodal disease, in almost all cases of
ventricular tachycardia and in patients with
pre-excitation. The use of Non-DHPs with con-
comitant BBs therapy is discouraged, since car-
diac effects might be harmfully enhanced. On the
contrary, CCBs may be useful in patients with
stable and vasospastic angina, Raynaud phenom-
enon (to obtain peripheral vasodilation) or supra-
ventricular tachy-arrhythmias (to control heart
rate with Non-DHPs). Figure 3 synthesizes the
effects of DHPs and Non-DHPs on principal
factors involved in the pathogenesis, mainte-
nance and induction of complications in essential
hypertension.

6 RAAS Blockers: ACE-Inhibitors
and Angiotensin Receptor
Blockers

RAAS plays a central role in the control of blood
pressure as well as global cardiovascular and
renal function and certainly its deregulation is a
major pathophysiological factor involved in HT
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blockers on the single pathophysiological factors (RAAS
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and in the pathogenesis of many other cardio-
vascular and renal diseases: it is clear that
RAAS should be a main pharmacological target
(Castro-Chaves et al. 2010). Renin controls the
first and rate-limiting step of the RAAS, deter-
mining the conversion of angiotensinogen to
angiotensin-I and representing an interesting
point to reduce the activity of the whole system.
A direct renin blocker (aliskiren) has been
recently introduced (Azizi et al. 2006): despite
several theoretical attractive features and initial
enthusiasm, its development for clinical use
has been limited and some clinical trials have
been stopped for adverse events (see ensuing
paragraph), underlining the need for further
research. On the contrary, over the years, impor-
tant results have been obtained with ACE-Is
and ARBs. The angiotensin-converting enzyme
(ACE) realizes the central conversion of
angiotensin-I to angiotensin-II, the metabolite
that activates angiotensin receptors. ACE-Is,
therefore, reduce the complex and diffuse effects
of angiotensin-II and RAAS, lowering arteriolar
resistance and increasing venous capacity, finally
increasing cardiac output. Moreover, renal vas-
cular resistance is lowered (with specific relaxa-
tion of the efferent arterioles) and aldosterone
release decreased, enhancing diuresis and natri-
uresis with concomitant reduction of blood
volume (Sanchez et al. 1985; Atlas et al. 1979).
ACE is found mainly in the vascular endothelium
of the lungs, even if present in all vascular beds,

arrow negative/positive effect, Bidirectional flat arrow
neutral effect, Quantity of upward/downward arrows:
I mild, 2 moderate, 3 great effect)

and is a relatively nonspecific enzyme. Bradyki-
nin and other tachykinins are further substrates of
ACE and thus the inhibition of conversion results
in accumulation of these molecules: even if they
cause some of the most frequent side effects of
this class of drugs, it has been suggested that
decreased degradation of bradykinin might also
play a role in ACE-Is induced vasodilation
(Remme 1997; Su et al. 2000). In the long term
competitive inhibition of ACE could result in a
reactive increase in renin and angiotensin I
levels, possibly reducing the effect of ACE-Is.
Moreover, it should be noted that angiotensin-II
is partially generated through non-ACE
pathways, that are unaffected by ACE-Is (Dzau
1989). For these reasons, to overcome some
problems of ACE-Is and to achieve a more
intense RAAS blockade, ARBs have been devel-
oped: these molecules act selectively blocking
the major angiotensin-Il receptor subtype
(AT-1) (Burnier and Brunner 2000). The main
antihypertensive mechanisms are similar to those
of ACE-Is.

Consistently with the central pathogenic
role of RAAS, ACE-Is have been found to be
beneficial for treating HF (The SOLVD
Investigators 1991), achieving effective secondary
prevention in CAD and slowing the progression
toward end-stage renal disease (Hannedouche
et al. 1994). ACE-Is are a main first-line option
for HT treatment, particularly for younger
patients, those with high-renin HT (more than a
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third of all hypertensive patients) and chronic
kidney disease patients. ACE-I should also be
preferentially used in hypertensive patients with
diabetes, HF or CAD (particularly post-
infarction) (Mancia et al. 2013). Meta-analysis
of outcome trials in hypertensive patients have
shown that ACE-Is are effective in reducing
events (particularly HF and heart attacks) and
mortality (Blood Pressure Lowering Treatment
Trialists’ Collaboration 2007), even if apparently
less protective against stroke in comparison with
diuretics with or without BBs and with CCBs.
The HOPE (Heart Outcomes Prevention Evalua-
tion) trial found that the use of ramipril provided
substantial additional cardiovascular protection
in high-risk patients (HOPE (Heart Outcomes
Prevention Evaluation) Study Investigators
2000). This result was reproduced by the
EUROPA (Efficacy of perindopril in reduction
of cardiovascular events among patients with
stable coronary artery disease) trial in patients
with known CAD, where a significant reduction
in myocardial infarction was observed compared
to placebo (Fox and EURopean trial On reduc-
tion of cardiac events with Perindopril in stable
coronary Artery disease Investigators 2003). On
the other hand, the perindopril protection against
recurrent stroke study (PROGRESS), enrolling
patients with a previous stroke or transient ische-
mic attack, found that only the subgroup receiv-
ing both perindopril and indapamide had reduced
stroke recurrence: it has therefore been suggested
that in that context the association of ACE-i and
diuretic may be more effective in reducing blood
pressure and, therefore, events (PROGRESS
Collaborative Group 2001). However, the most
recent ACCOMPLISH trial, as state above,
showed that ACE-I plus amlodipine was more
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effective than treatment with the ACE-I and
diuretic in reducing morbidity and mortality
(Jamerson et al. 2008). It has been suggested by
the results of several studies that ACE-Is have
beneficial effects that are at least partially inde-
pendent from the blood pressure-lowering action.
They yield no effects on total cholesterol, LDL
cholesterol and triglycerides, while some
evidences suggest that HDL fraction is increased
(Sasaki and Arakawa 1989). Moreover,
improved insulin sensitivity (Paolisso et al.
1992) and reduced diabetes incidence have also
been observed after ACE-I therapy (Andraws
and Brown 2007). This better metabolic profile
might be associated also to endothelial function
improvement (De Gennaro et al. 2005) and
reduced sympathetic activity induced by
ACE-Is (Imai et al. 1982). Last but not least,
they have been found to inhibit cardiac and vas-
cular remodeling associated with chronic cardio-
vascular diseases (Abdulla et al. 2007). Figure 4
summarizes the effects of ACE-Is on the princi-
pal mechanisms and correlates of HT.

ACE-Is are generally well tolerated and
improve QOL (Croog et al. 1986), provided that
their administration does not cause cough, the
most frequent side effect (due to bradykinin
metabolites accumulation). Angioedema is the
most severe, but rare, side effect (Israeli and
Hall 1992). Additionally they may induce
hyperkalemia and contribute to renal function
deterioration, especially in patients with an
already impaired renal function. Nevertheless,
since early mild worsening of renal function in
the setting of ACE-Is initiation appears to repre-
sent a benign event that is not associated with a
loss of benefit from continued therapy, ACE-Is
administration should not be discontinued and is

ANGIOTENSIN CONVERTING ENZYME INHIBITORS

Blood  Vasoconstriction Endothelial Sympathetic RAAS Metabolic Quality
volume function activity activation  abnormalities  of life
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Fig. 4 Main pharmacological effects of angiotensin
converting enzyme inhibitors on the single pathophysio-
logical factors (RAAS Renin Angiotensin Aldosterone

System, Red/green arrow negative/positive effect, Bidi-
rectional flat arrow neutral effect, Quantity of upward/
downward arrows: I mild, 2 moderate, 3 great effect)
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advised also in these conditions (Testani et al.
2011). ACE-Is are contraindicated in patients
with bilateral renal artery stenosis and during
pregnancy.

ARBs have been tested in large outcome
trials, proving their role as antihypertensive
agents. A major systematic review comparing
ACE-Is and ARBs reported similar blood pres-
sure control and outcomes (Matchar et al.
2008a): even if there is evidence for better toler-
ability, at present no superiority of ARBs have
been proven concerning hard endpoints. ACE-Is
remain a preferred choice for many physicians
because of the lower cost and long-term experi-
ence with their use, reserving ARBs for ACE-Is
intolerant patients. ARBs are also approved for
chronic kidney disease (particularly diabetic
nephropathy) (Kidney Disease Outcomes Qual-
ity Initiative (K/DOQI) 2004) and as an alterna-
tive to ACE-Is in HF (McMurray et al. 2012).
Moreover, the two classes of drugs share similar
contraindications. Similarly to ACE-Is, ARBs
have a beneficial effect on endothelial function,
probably because of their antioxidant effect
(Huang et al. 2007; Flammer et al. 2007), and a
good metabolic profile (Kintscher et al. 2007;
Vitale et al. 2005; Aksnes et al. 2007). In general,
ARBs are well tolerated (Weber et al. 2003): in
particular, the occurrence of cough is signifi-
cantly lower (Matchar et al. 2008b). It should
be noted that some data have suggested a possi-
ble association between ARBs and cancer
(Sipahi et al. 2010): a subsequent large meta-
analysis found no evidence of increased cancer
incidence (Pfeffer 2013). Another controversy
regarded the possible increase of myocardial
infarction (Strauss et al. 2006), but also in this
case a more comprehensive analysis of available

green arrow negative/positive effect, Bidirectional flat
arrow neutral effect, Quantity of wupward/downward
arrows: 1 mild, 2 moderate, 3 great effect)

data dismissed initial doubts (Bangalore et al.
2011). Figure 5 summarizes the effects of
ARBs on the principal mechanisms and
correlates of HT.

The combination of an ACE-I and an ARB
has been proposed in the hope that more com-
plete blockade of the RAAS would lead to better
blood-pressure control and potentially major
nephron-protective and cardio-protective effects.
However, data from the ONTARGET study
shattered the idea of dual RAAS blockade not
only for hypertension but also for nephron-
protection, since the combination produced simi-
lar cardiovascular outcomes but increased hypo-
tension and renal dysfunction (Yusuf et al. 2008).
Figure 5 synthesizes the effects of ARBs on
principal factors involved in the pathogenesis,
maintenance and induction of complications in
essential hypertension.

7 Other Drugs

In this chapter, the most used antihypertensive
drugs have been discussed extensively. Some
additional classes are represented by alphal-
blockers, direct vasodilators, centrally active
agents and the direct renin inhibitor (aliskiren).
Regarding alphal-blockers (e.g. prazosin,
doxazosin), ESC and NICE guidelines are
non-committal: there is neither indication nor
refusal but they are mentioned as a possible
add-on option for resistant HT. Certainly the
disappointing results of the ALLHAT trial had
an important role in limiting the use of alphal-
blockers, since the group treated with doxazosin
showed a higher incidence of HF. However, as
discussed above in detail, several limitations of
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that study should be considered when
interpreting its findings: in particular, the
confounding effect of prior treatment drugs
should be taken into account, since the replace-
ment of diuretic with the study drug might have
precipitated HF in previously compensated, but
predisposed, patients. At the same time, positive
evidences came from other trials: among the
others, the Treatment of Mild Hypertension
(TOMH) study showed that doxazosin reduced
blood pressure as much as the other first-line
agents with good QOL (Study et al. 1993) and
the ASCOT trial reported an impressive reduc-
tion of blood pressure with the addition of
doxazosin as a third line drug in patients who
had not responded to their initial treatments
(amlodipine plus perindopril or atenolol plus thi-
azide) (Chang et al. 2006). Alphal-blockers have
an interesting metabolic profile: it has been
observed a decrease in total and LDL cholesterol
with HDL increase and a reduced or neutral
effect on plasma glucose with improved insulin
sensitivity (Kabra 2014). Moreover, the amelio-
ration of endothelial function and the reduction
in arterial stiffness have been described. Overall,
according to their pharmacological profile,
alphal-blockers may be an option in particular
for those patients with metabolic syndrome or in
males with benign prostatic hyperplasia
(in whom symptomatic relief is provided)
(McConnell et al. 2003); the positive effect on
impotence described might be desirable for
younger patients (Grimm et al. 1997). Drowsi-
ness and postural hypotension, with the risk of
syncope, are possible main side effects, which
can rise some concerns of safety, even if their
incidence have been reduced by new controlled
release formulations (or with multiple-step dose
titration of normal preparations) (Nerurkar and
Ved 2014). In general, QOL is good and these
drugs combine well with other antihypertensives.
Combined  alphal and  alpha2-blockers
(e.g. phentolamine) are used only for pheocro-
mocytoma. As said above, some BBs (e.g.
carvedilol and labetalol) have limited alpha-
blocking activity; labetalol maintain a place for
acute intravenous use in hypertensive crises.
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Direct vasodilators (hydralazine and minoxi-
dil) and central adrenergic inhibitors
(e.g. reserpine, methyldopa and clonidine) have
a limited role at present; methyldopa is the best
validated antihypertensive for pregnancy HT.

Aliskiren, the first direct renin inhibitor,
appeared as a very promising new approach to
block the RAAS at its activation step but some
initial disappointing results heavily
compromised its introduction as antihypertensive
agent. The ALiskiren Trial in Type 2 Diabetes
Using Cardio-renal End-points (ALTITUDE)
showed no real benefit on top of other RAAS
blockers in these patients at high risk of cardio-
vascular and renal events and was stopped
because of the higher incidence of adverse
events, renal complications, hyperkalemia and
hypotension in the treatment arm (Parving et al.
2012). Other evidences, in any case, suggest that
when used as monotherapy, aliskiren could lower
blood pressure with an efficacy comparable with
other RAS blockers (Jordan et al. 2007),
providing dose-dependent and sustained 24-h
efficacy, which is enhanced by concomitant
diuretic (Oh et al. 2007). The ACCELERATE
was a small study assessing in hypertensive
patients the effects of treatment with aliskiren
compared to amlodipine and their combination;
similar blood pressure reduction was found with
single agents and a larger fall when drugs were
combined (Brown et al. 2011). A larger trial, A
Randomized Controlled Trial of Aliskiren in the
Prevention of Major Cardiovascular Events in
Elderly People (APOLLO), evaluating aliskiren
alone or in combination with a thiazide or a CCB,
has been prematurely interrupted by the sponsor
in agreement with Health Authorities for feasi-
bility reasons, despite no evidence of harm in the
aliskiren-treated group (Teo et al. 2014).

8 Conclusions

Current guidelines do not recommend treatment
strategies on the basis of the mechanisms of
elevated blood pressure in individual patients
because clinical trial data supporting such an
approach are limited. However, we think that
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better approaches to individualizing antihyper-
tensive therapy to achieve optimal clinical
outcomes and optimal patient adherence are
needed. Anti-hypertensive therapy should take
into account those factors most likely involved
in the single patient and all possible pathogenic
components should be considered. Since the
main goal of any anti-hypertensive therapy is
the correction of blood pressure levels that, in
the majority of cases, requires multiple therapies,
combinations of drugs differently regulating spe-
cific pathophysiological mechanisms should be
preferred. This approach should also be applied
in the present fashionable trend of single pill
associated drugs. In fact, apart from lowering
blood pressure, the main therapeutic target in
treating arterial hypertension should be that of
counteracting all the possible pathophysiological
mechanisms involved in hypertension itself and
in existing/potential co-morbidities. All the
ancillary positive and negative effects of the
administered drugs should not be dismissed.
Hypertensive patients are often glucose intoler-
ant/diabetic, carrier of serum lipids disorder,
have already developed atherosclerotic diseases
and therefore should be treated with drugs not
interfering with these conditions and, if possible,
rather improving them. A simple scheme which
comprises the following factors commonly con-
sidered at work in hypertension, alone or in
combination, should be: increased blood volume,
increased RAAS activity, increased sympathetic
activity, endothelial dysfunction, glucose and
lipid metabolism abnormalities. These parameters
are not always evaluated directly, but can be
evinced by taking into account simple factors
such as body mass index, heart rate, presence of
arrhythmias, presence of atherosclerosis in spe-
cific vascular districts, routine blood testing,
somatic symptoms of hyperarousal. Last but
not least, quality of life is also of great impor-
tance in the choice of treatment. As summarized
in the present chapter, from a pathophysiologi-
cal point of view, ACE-Is and ARBs should at
present be considered as the most appropriate
drugs for the treatment of arterial hypertension
and its correlates, especially in the high-risk
patient.
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Abstract

Excessive dietary salt (sodium chloride) intake is associated with an
increased risk for hypertension, which in turn is especially a major risk
factor for stroke and other cardiovascular pathologies, but also kidney
diseases. Besides, high salt intake or preference for salty food is discussed
to be positive associated with stomach cancer, and according to recent
studies probably also obesity risk. On the other hand a reduction of dietary
salt intake leads to a considerable reduction in blood pressure, especially in
hypertensive patients but to a lesser extent also in normotensives as several
meta-analyses of interventional studies have shown. Various mechanisms
for salt-dependent hypertension have been put forward including volume
expansion, modified renal functions and disorders in sodium balance,
impaired reaction of the renin-angiotensin-aldosterone-system and the
associated receptors, central stimulation of the activity of the sympathetic
nervous system, and possibly also inflammatory processes.

Not every person reacts to changes in dietary salt intake with alterations
in blood pressure, dividing people in salt sensitive and insensitive groups.
It is estimated that about 50-60 % of hypertensives are salt sensitive. In
addition to genetic polymorphisms, salt sensitivity is increased in aging, in
black people, and in persons with metabolic syndrome or obesity. However,
although mechanisms of salt-dependent hypertensive effects are increas-
ingly known, more research on measurement, storage and kinetics of
sodium, on physiological properties, and genetic determinants of salt sensi-
tivity are necessary to harden the basis for salt reduction recommendations.
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Currently estimated dietary intake of salt is about 9-12 g per day in
most countries of the world. These amounts are significantly above the
WHO recommended level of less than 5 g salt per day. According to
recent research results a moderate reduction of daily salt intake from
current intakes to 5—6 g can reduce morbidity rates. Potential risks of
salt reduction, like suboptimal iodine supply, are limited and manageable.
Concomitant to salt reduction, potassium intake by higher intake of fruits
and vegetables should be optimised, since several studies have provided
evidence that potassium rich diets or interventions with potassium can
lower blood pressure, especially in hypertensives.

In addition to dietary assessment the gold standard for measuring salt
intake is the analysis of sodium excretion in the 24 h urine. Spot urine
samples are appropriate alternatives for monitoring sodium intake. A
weakness of dietary evaluations is that the salt content of many foods is
not precisely known and information in nutrient databases are limited. A
certain limitation of the urine assessment is that dietary sources
contributing to salt intake cannot be identified.

Salt reduction strategies include nutritional education, improving envi-
ronmental conditions (by product reformulation and optimization of com-
munal catering) up to mandatory nutrition labeling and regulated nutrition/
health claims, as well as legislated changes in the form of taxation.

Regarding dietary interventions for the reduction of blood pressure the
Dietary Approaches to Stop Hypertension (DASH) diet can be
recommended. In addition, body weight should be normalized in over-
weight and obese people (BMI less than 25 kg/m?), salt intake should not
exceed 5 g/day according to WHO recommendations (<2 g sodium/day),
no more than 1.5 g sodium/d in blacks, middle- and older-aged persons,
and individuals with hypertension, diabetes, or chronic kidney disease,
intake of potassium (~4.7 g/day) should be increased and alcohol con-
sumption limited. In addition, regular physical activity (endurance,
dynamic resistance, and isometric resistance training) is very important.

Keywords

Physiology of sodium chloride « Renin-angiotensin-aldosterone system ¢
Hypertension ¢ Cardiovascular diseases ¢ Salt sensitivity « Mechanisms of
salt induced hypertension « Salt intake » Assessment of salt intake ¢ Salt
intake recommendations ¢ Salt reduction strategies

Debates on whether current salt intake is too high the WHO and member nations are stimulated to
for health reasons are ongoing for years. To take take action too (WHO and FAO Expert Consul-
on the worldwide non-communicable disease tation 2003; WHO 2012, 2014). Convincing sci-
challenge the recommendation for dietary salt entific and medical evidence which associates
reduction is one of the top priority actions of excessive sodium intake to high blood pressure
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and secondary consequences such as cardiovas-
cular disease (CVD), stroke, and cardiac-related
mortality supports these efforts (Aburto et al.
2013a). Nevertheless, concerns have been raised
that a low sodium intake may adversely affect
health by influencing blood lipids and insulin
resistance (Nakandakare et al. 2008). This is in
conflict with numerous recommendations and
strategies of scientific institutions and profes-
sional health associations which have faced
sodium reduction in the population to reduce
these hazards.

This critical review summarizes the nutritional
physiology of sodium chloride and the effect of
salt intake on hypertension and other diseases.
Putative mechanisms, determinants of salt sensi-
tivity and the role of potassium in hypertension
will be discussed separately. Furthermore poten-
tial dangers of a low salt diet and strategies for a
reduction of salt intake will also be addressed in
separate chapters.

1 Physiology of Sodium Chloride

Sodium chloride (NaCl, or common salt) is an
ionic compound required to perform a variety of
essential functions. Sodium is the major cation
and chloride the major anion in the extracellular
fluid. The concentration of Na™ in the extracellu-
lar fluid is regulated at about 135-145 mmol/L;
the distribution of C1~ follows this of Na* with an
extracellular concentration of about 110 mmol/L.
Therefore, Na* and CI~ are mainly responsible
for the osmolarity of the extracellular fluid and
constitute the most important electrolytes in the
regulation of body fluids (Elmadfa and
Leitzmann 2015; Gibney et al. 2009).

The intestinal tract absorbs nearly all dietary
sodium, and the kidneys retain more than 90 % of
the filtered Na*. As a consequence of excessive
excretion of sodium by extreme vomiting, diar-
rhea, or sweating blood sodium concentrations
can drop and cause hyponatremia (serum sodium
concentrations less than 135 mmol/l). Without
treatment hyponatremia can lead to osmosis with
the central nervous being especially vulnerable.
Headache, confusion, or in the worst coma could

be the consequence. Many diseases such as those
of the kidneys, cancer, and heart disease can be
associated with low blood sodium levels. On the
contrary, especially dehydration and also more
seldom rapid intake of large quantities of sodium
canresult in hypernatremia leading to neurological
symptoms (Stipanuk and Caudill 2006).

Besides its importance with respect to the
regulation of the water and fluid balance, sodium
is vital for the excitation of muscle and nerve
cells and is also partly involved in the control of
the acid-base balance. Moreover, sodium helps to
release digestive secretions and controls the
absorption of some nutrients, such as amino
acids, glucose, galactose, and water.

The renin-angiotensin-aldosterone system
(RAAS), plays a key role in the regulation of
sodium balance and blood pressure. Under nor-
mal physiological conditions a low salt diet
stimulates RAAS by an increased release of
renin from the juxtaglomerular cells of the
kidneys which leads to an increase of angiotensin
I stimulating angiotensin converting enzyme
(ACE) in the lungs and release of angiotensin
II. Angiotensin II is a potent vasoconstrictor
and it stimulates aldosterone secretion from the
adrenal cortex resulting in especially late tubular
Na® and water reabsorption with increases in
blood volume and blood pressure. In response
to a high salt diet the RAAS is suppressed to
some extent (Majid et al. 2015; Rassler 2010).

2 Dietary Requirements
of Sodium Chloride

In terms of “how much” it should be noted that
the human body contains about 0.15 % by weight
sodium and chloride, respectively. This means
that total body sodium as well as chloride have
been considered at 60 mmol (1.38 g)/kg body
weight or about 100 g for a 70 kg human.

For balance in the body the amount consumed
must be equal to the amount lost. By estimation
of obligatory losses in urine and faeces (1 mmol/
day), and sweat (2-4 mmol/day) a minimum
requirement of 1 mmol (23 mg) per 100 kcal or
24 mmol (550 mg) sodium per day was
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calculated for healthy adults. When sweating
heavily sodium loss is more than 0.5 g and
required intake increases. Accordingly, under
normal living conditions and physical activity
an intake of 5 g salt per day is considered to be
sufficient. Highest sodium retention of 1.2 mmol/
day was shown in newborn due to their rapid
growth during the first 4 month of life. During
pregnancy and lactation there is an additional
need of sodium of 3 and 6 mmol/day, respec-
tively. People with large losses, like patients with
cystic fibrosis, require substitution (Deutsche

Gesellschaft fiir Ernéhrung (DGE),
Osterreichische  Gesellschaft fiir Ernédhrung,
Schweizerische Gesellschaft fiir Erndhrung

(SGE) (Hrsg.) 2015).

The human body tolerates a large range of
sodium intake being considerably different
between cultures (0.2 g/day in Yanomami
Indians (Brazil) up to 10.3 g/day in northern
parts of Japan). Maximum adaptation of sodium
urine excretion permits an intake of 0.18 g
(about 8 mmol) per day with a minimum loss of
sweat. However it is uncertain that a diet with
such low sodium content can meet the need of
other nutrients (Institute of Medicine 2005).

3 Assessment of Salt Intake

The most common methods used to measure
sodium intake are 24-h dietary recall, food fre-
quency questionnaire (FFQ), or food record with
their advantages and limitations. Although die-
tary sodium intake is very complex, useful
informations can be obtained by these methods
when measurement errors like underreporting or
underestimation of amounts during a 24 h dietary
recall or limited food selection of a FFQ are
considered.

However, in a previous study Kersting
et al. for example showed that urinary sodium
excretion was 1.4-1.7 times higher than the
sodium intake estimated by dietary records
(3-day food diary). This implies that sodium
intake assessed by dietary reports may be
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underreported by an average of 2941 %
(Kersting et al. 2006).

A major challenge of dietary assessment is
that sodium intake is highly correlated with
total energy intake whereby underreporting of
food intake leads to underestimation of sodium
intake. In addition, sodium content in recipes is
highly variable as well as salt used in home
cooking and at the table. A FFQ is a less reliable
estimate of intake but provides good information
of sources of sodium intake which is essential for
public health interventions. Nevertheless, dietary
assessment also enables recognition of
relationships between sodium intake and supply
with other nutrients or dietary pattern associated
with specific diseases (McLean 2014).

In addition to dietary assessment, urine
sodium excretion is measured as an indicator of
salt intake. As more than 90 % of consumed
sodium is absorbed and excreted in the urine
(Holbrook et al. 1984), 24-h urine sodium excre-
tion has been considered as the gold standard to
assess dietary sodium intake. In hot climates and
among highly physically active people the losses
through sweat and faeces can be higher than
10 % which have been estimated under normal
conditions. A correlation of 0.75 between sodium
intake measured by a nutrition survey and 24-h
urine sodium excretion over a 9-day collection
were calculated by Luft and colleagues (Luft
et al. 1982). To minimize errors caused by
under-/overcollection of urine samples 24-h
urine creatinine excretion can be assessed.
Under physiological conditions, 24-h urine cre-
atinine excretion is influenced only to a minor
extent by kidney function itself, but correlates
mainly with muscle mass and dietary meat inges-
tion. To assess completeness of urine collection
para-aminobenzoic acid tables can be used.
However there are limitations like decreased
excretion with increasing age or interaction
with other medications (McLean 2014).

Alternatively spot urine samples can be col-
lected and evaluated. This requires correction for
urine tonicity, which is accomplished by referring
to urine creatinine (Kawasaki et al. 1993; Tanaka
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et al. 2002; Toft et al. 2014). Because creatinine
excretion depends on proportion of muscle mass,
which is lower in women, older people, and
individuals with lower body weight formula to
correct creatinine excretion were developed. By
adjusting for estimated creatinine excretion the
correlation of spot urine sodium-to-creatinine
ratio with 24-h urine sodium can be improved
(Rhee et al. 2014). Actually several formulae
have been developed but no single formula has
been accepted for international use. This is chal-
lenging because validity of estimates is different
between women and men as well as in different
ethnic groups (McLean 2014).

Spot urine samples have greater intra-
individual variability of sodium concentrations
than 24 h samples and therefore are a poor pre-
dictor of individual sodium intake but an appro-
priate tool for monitoring. Huang et al. (2016)
confirm in their systematic review and meta-
analysis that estimates of mean population salt
intake determined from spot urine samples were
comparable to estimates based upon 24-h urine
collection with a sensitivity of 97 % and speci-
ficity of 100 % for the 5 g/day WHO threshold
(Huang et al. 2016). These results support that
estimates of NaCl intake evaluated by spot urine
samples can be used to make decisions on salt
reduction programmes and evaluation of
strategies. Nonetheless, the authors recognised
an overestimation of intake by the equations at
lower levels of intake and an underestimation at
higher salt intake levels. Therefore, the collec-
tion of 24-h wurine in a subsample is

recommended.
Measuring sodium excretion in urine
underestimates dietary salt intake due to

unrecognised loss in sweat which is approxi-
mately 400 mg/day (equivalent to ~ 1 g NaCl)
(Maughan and Leiper 1995). This amount of
sodium is almost equal to the intake of sodium
from natural food sources (400-500 mg/day) and
therefore compensates losses by sweat whereby
urine sodium excretion reflects actual salt intake
quite well (Mattes 1990).

While a limitation of the urine assessment is
that dietary sources contributing to salt intake
cannot be identified, a weakness of the dietary
evaluations is that the salt content of many foods

is not precisely known and information in nutri-
ent databases are limited.

4 Recommendations for Salt
Intake

Dietary sodium is consumed mainly as salt: NaCl
= Na (g) x 2.54

1 mmol sodium corresponds to 23.0 mg,
1 mmol chloride to 35.5 mg;

1 g NaCl consists of ~ 17 mmol sodium
and chloride each.

The Word Health Organization (WHO)
recommends a maximum salt intake of 5 g/day,
equivalent of one teaspoon (WHO 2012). Due to
the suggested potential to prevent and control
non-communicable diseases the WHO has
recommended reduction of salt intake in the
extent of 30 % by 2025 (WHO 2013a). For chil-
dren younger than 9 month no salt should be
added to food. For children aged 18 months to
3 years, salt intake should be no more than 2 g
per day (WHO 2012; WHO 2016). Based on the
WHO recommendation the European Society of
Hypertension/European Society of Cardiology
(ESH/ESC) guidelines also propose to reduce
dietary salt intake to 5 g/day for the management
of hypertension (Mancia et al. 2013).

The Dietary Reference Intake (DRI) recom-
mendation for sodium intake is less than 2.3 g/
day (~6 g NaCl/day; UL = maximum level of
daily nutrient intake) for healthy adults. The
Adequate Intake (AI) is defined as an amount to
obtain a nutritionally adequate diet and to meet
the needs for sweat losses which result from
recommended levels of physical activity (Insti-
tute of Medicine 2013). As most people consume
far too much sodium this recommendation is set
at an upper limit. Special population groups
including hypertension patients should limit
sodium consumption to 1.5 g/day. Thus, the
American Heart Association advice to eat no
more than 1.5 g of sodium per day for optimal
heart health (American Heart Association 2016).
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Table 1 Sodium intake recommendations

Al (g/day) (DRI UL (g/day) (DRI
Life stage 2004) 2004)
Infants:
0—6 month 0.12 Not determinable
7-12 month | 0.37
Children:
1-3 year 1.0 1.5
4-8 year 1.2 1.9
Adults:
9— 1.5 2.3
> 70 year
Pregnancy 1.5 2.3
Lactation 1.5 2.3
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Estimate value for min. intake (g/day) (DGE et al.
2015)

Infants:

0— < 4 month: 0.1
4— < 12 month: 0.18
Children:

1- < 4 year: 0.3

4— < 7 year: 0.41
7- < 10 year: 0.46
10— < 13 year: 0.51
13— < 15 year: 0.55
Adolescents/Adults:
0.55

Deutsche Gesellschaft fiir Erndhrung (DGE) et al. (2015), Institute of Medicine (2005)

The estimate value for minimum intake
according to DACH reference values is about
550 mg/day for adolescents and adults (Deutsche
Gesellschaft fiir Erndhrung (DGE) et al. 2015)
(Table 1).

Similar to the recommendations in USA, the
Scientific Committee on Food established as
acceptable range of sodium intakes for adults
25-150 mmol/day (0.6-3.5 g/day) (SCF 1993).
The Reference Nutrient Intake in UK is
70 mmol/day (1.6 g/day) (Dietary reference
values for food energy and nutrients for the
United Kingdom 1991). The current sodium
intake across Europe is much higher than the
amounts required for normal function. For the
reason that increased sodium intake is associated
with high blood pressure, which in turn could
result in cardiovascular and renal diseases, salt
reduction is highly recommended.

5 Salt Intake and Hypertension

According to the WHO hypertension is the num-
ber one risk factor for mortality worldwide
(WHO 2009). Furthermore hypertension is the
primary contributor to DALYS (Disability-
Adjusted Life Years) in the world (Lim
et al. 2012) and a major risk factor for cardiovas-
cular diseases, heart failure, kidney disease

including nephrosclerosis, and retinopathy. Sev-
eral factors are associated with a high blood
pressure, such as  especially  genetic
predispositions, but also age, overweight and
obesity, low physical activity, and chronic stress
(Dorner et al. 2013). In addition, there is con-
vincing evidence that the diet, in front salt
(sodium chloride) intake, has significant effects
on the blood pressure (Dorner et al. 2013; Appel
et al. 2006). The fact that sodium plays a promi-
nent role in managing blood pressure has been
well established for long now (Ekmekcioglu
et al. 2013). Many trials have been published,
showing that a reduction of sodium intake is
associated with a reduction in systolic and dia-
stolic blood pressure, especially in hypertensive
but also in normotensive persons (He and
MacGregor 2002).

Already in 1904 Ambard und Beaujard
published a study showing the blood pressure
rising effects of salt (Ambard and Beaujard
1904). More than 40 years later Dr. Walter
Kempner impressively presented that an extreme
salt deficient rice diet could lower the blood
pressure of patients with severe hypertension
for an average of 47 mmHg systolic and
21 mmHg diastolic (Kempner 1948). These
remarkable effects are comparable with an inten-
sive, modern antihypertensive drug therapy.
However only approx. 60 % of Dr. Kempners
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hypertensive patients reacted on salt reduction
with noteable lowering of blood pressure. These
patients are known as salt sensitive. This is
described below (Dorner et al. 2013; Luft
et al. 1979).

In the last decades the effects of salt on human
blood pressure was investigated in several epide-
miological and interventional studies. In one of
the most famous and global, the Intersalt study,
which included 32 countries and 52 different
populations, it was shown that a 100 mmol
higher urinary sodium excretion was associated
with an average 6 or 3 mmHg higher systolic
blood pressure (with or without adjustment for
body mass index) (Elliott et al. 1996). Further-
more in a high British sample of more than
23 000 persons in the age of 45-79 years those
with the lowest salt intake showed an average
7.2/3.0 mmHg (systolic/diastolic) lower blood
pressure compared to the group with the highest
intake. (Khaw et al. 2004).

Several interventional studies looked at the
effect of salt reduction on blood pressure in
hypertensive and normotensive individuals.
Most of the studies lasted 2-8 weeks and the
daily salt reduction was in the range of
4.3-9.3 g/day. This resulted in a reduction of
blood pressure in the range of 3.9-5.9/
1.9-3.8 mmHg (systolic/diastolic) in
hypertensives and 1.2-2.4/0.3—1.1 mmHg (sys-
tolic/diastolic) in normotensives as a half a dozen
meta-analyses have calculated (Fig. 1) (Aburto
et al. 2013a; He and MacGregor 2002; Kotchen
et al. 2013; Midgley et al. 1996; Cutler
et al. 1997; Graudal et al. 1998; He et al. 2013).

In a recent meta-analysis, by including
103 studies, Mozaffarian and coworkers found a
strong evidence for a linear dose-response effect
with each reduction of sodium intake by 2.3 g/
day (equivalent to approx. 5.8 g salt) being
associated with a reduction of 3.82 mmHg sys-
tolic blood pressure (Mozaffarian et al. 2014).

Also the blood pressure of children is benefi-
cially affected by salt reduction. In a large study
in 650 children, a reduction in salt intake of
15-20 % through changes in food purchasing
and in preparation practices in the schools’
kitchens resulted in a significant fall in blood

pressure after 6 months (Ellison et al. 1989),
and in a meta-analysis by He and MacGregor of
controlled trials it was concluded that an average
reduction in salt intake by 42 % in children is
associated with immediate decreases in blood
pressure and, if continued, may prevent the
subsequent rise in blood pressure with age
(He and MacGregor 2006).

In addition to adverse effects on blood pres-
sure a high salt consumption also may lead to
other adverse outcomes on the cardiovascular
system, such as endothelial dysfunction, and ven-
tricular hypertrophy (Baldo et al. 2015; Du
Cailar et al. 1992; Todd et al. 2010; Oberleithner
et al. 2007). For example the acute intake of salt
impairs the flow-mediated dilation of the bra-
chial artery in healthy individuals (Dickinson
et al. 2011). Importantly, excess salt intake also
impairs endothelium-dependent dilation in salt
resistant humans (DuPont et al. 2013).

Regarding cardiovascular risk recent meta-
analyses calculated a reduced risk in cardiovas-
cular events of approximately 10-20 % for a
lower vs. higher salt intake (He and MacGregor
2011; Strazzullo et al. 2009).

5.1 Mechanisms of Salt-Dependent

Hypertension

Arterial blood pressure is dependent on the car-
diac output (heart rate x stroke volume) and
total peripheral vascular resistance. Short and
long term mechanisms are involved in the regu-
lation of blood pressure by influencing these two
variables (Porth 2009). In the short-term arterial
and cardiopulmonary baroreflexes regulate mean
arterial blood pressure by mainly modulating the
activity of the autonomic nervous system. On the
longer term especially endocrine mechanisms, in
front the RAAS and vasopressin are involved in
the regulation of blood pressure with the kidneys
playing an important role.

Studies from Guyton from the early 60s
showed that sodium loading lead to extracellular
volume expansion and volume loaded hyperten-
sion in the context of induced renal dysfunction
in dogs (Farquhar et al. 2015). This was in
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Fig. 1

(a) Effect of a salt reduction on the blood pressure of hypertensive patients. (b) Effect of a salt reduction on the

blood pressure of normotensive persons. Average values are given for salt and blood pressure reduction

accordance with clinical studies in patients with
chronic kidney disease (Koomans et al. 1982).
Also according to Guyton, a rise in blood pres-
sure above the pressure natriuresis equilibrium
point, leads to an increase in sodium and water
excretion, in turn lowering the blood pressure
towards the previous levels (Guyton 1990;
Luzardo et al. 2015). In salt sensitive individuals,
the pressure natriuresis relationship is shifted to
the right, meaning that higher blood pressure

levels are necessary to increase renal sodium
excretion and to maintain sodium balance
(Guyton et al. 1972).

As mentioned before mean blood pressure is
primarily dependent on (stroke) volume and
peripheral vascular resistance. So salt induced
increases in extracellular volume, and related to
this stroke volume, would especially exert blood
pressure raising effects if peripheral resistance
does not decline compensatory (Schmidlin
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et al. 2007). Therefore, an unchanged or
increased peripheral resistance, in association
with a salt-induced increase in cardiac output,
would result in a salt-dependent blood pressure
response, as shown in African Americans
(Schmidlin et al. 2007).

Also an impaired reaction of the RAAS
during a sodium manipulation may be linked
to a salt sensitive blood pressure response.
In this regard it is assumed that angiotensin II
type 1 receptors may be involved in sodium-
induced increases in blood pressure (Crowley
et al. 2005). These are found in systemic as
well as renal vasculature, and also in the central
nervous system, where they are important for
blood pressure and/or fluid volume regulation.
In this regard high salt intake increases several
components of the central RAAS, such as angio-
tensin II and aldosterone, in addition to the AT1
receptor, renin and ACE expression (Baldo
et al. 2015; Huang et al. 2006). For example
mice lacking renal angiotensin II type
1 receptors become salt sensitive (Mangrum
et al. 2002). Furthermore the ChineseGenSalt
studies identified angiotensin II type 1 gene
variants as predictive of salt sensitivity
(Gu et al. 2010).

In addition to the RAAS also modulation of
the autonomic nervous system may be involved
in salt sensitive hypertension. For example it is
suggested that in rodents a salt induced central
stimulation of the activity of the sympathetic
nervous system leads to a rise in blood pressure
(Farquhar et al. 2015; Brooks et al. 2005; Stocker
et al. 2010). In humans for example, salt-
sensitive individuals react with a higher increase
in heart rate to mental stress compared to salt-
resistant controls (Buchholz et al. 2003). A stim-
ulatory effect of sodium on angiotensin II may
also increase sympathetic outflow (Guild
et al. 2012). Furthermore sodium induced tempo-
rary increases in osmolality may also affect sym-
pathetic outflow (Farquhar et al. 2006). On the
other hand also an acute, drastic lowering of
sodium intake may activate the sympathetic ner-
vous system in humans (Anderson et al. 1989).
This can be explained as a stress reaction to acute
salt (and volume) depletion.

The kidneys have a prominent role in salt
dependent hypertension. Several experimental
findings in genetically hypertensive rat strains
provided evidence that renal mechanisms and
disorders in sodium balance are involved in salt
sensitive hypertension (Majid et al. 2015). Fur-
ther evidence to the critical role of the kidneys in
the development of hypertension stems from
monogenic forms of human hypertension with
abnormalities in tubular sodium transport leading
to increased sodium reabsorption (Lifton
et al. 2001; Shimkets et al. 1994).

Furthermore relating to animal studies it is
suggested that and glucocorticoid-
inducible kinase (SGK), a downstream mediator
of mineralocorticoid receptors (MRs) that
activates the epithelial sodium channel in renal
tubules, may be involved in the adaptation to salt
and the pathogenesis of hypertension (Luzardo
et al. 2015; Farjah et al. 2003). In Dahl salt-
sensitive hypertensive rats for example, sodium
intake upregulates the expression of SGKI,
suggesting that MRs are activated in an
aldosterone-independent manner (Farjah
et al. 2003). Furthermore, an impairment of
renal sodium excretion could be also due to
renal inflammation, as suggested in experimental
models (Rodriguez-Iturbe et al. 2012).

serum-

5.2 Salt Sensitivity

The blood pressure response to changes in
sodium intake varies considerably among
individuals. Whereas some persons can eat high
amounts of salt without any or marginal effects
on their blood pressure, others would react with a
significant rise in blood pressure as a conse-
quence of a sodium-rich diet indicating that the
response to changes in blood pressure by dietary
sodium is variable dividing the people in salt-
sensitive and insensitive groups (Kawasaki
et al. 1978; Luft et al. 1991). Weinberger
et al. defined salt sensitivity if at least a 10 %
increase in mean arterial pressure is found after a
high salt vs. low salt challenge. Persons having
smaller increases were defined as salt-resistant
(Weinberger 1996). However, in general there
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is no clear consensus on the definition of salt
sensitivity in clinical practice (Luzardo et al.
2015; Rodriguez-Iturbe and Vaziri 2007).

In the literature approx. 50 % of hypertensives
are estimated to be salt sensitive (Felder
et al. 2013). In particular genetic polymorphisms
have been linked to salt sensitivity, hypertension
and cardiovascular disease (Trudu et al. 2013).
Possible candidate genes include especially those
that increase or decrease the expression of proteins
which are involved in renal sodium transport
(Armando et al. 2015). In addition to hypertensives
and genetic polymorphisms salt sensitivity is espe-
cially also increased in aging (Weinberger and
Fineberg 1991), in black people (Jenni and Suter
2011), and in persons with metabolic syndrome or
obesity (Chen et al. 2009; Fujita 2014).

What is also important is that salt sensitivity
in normotensive adults predicts future hyperten-
sion (Weinberger and Fineberg 1991; Sullivan
1991). Furthermore salt sensitivity has been
associated with increased mortality in normal
and hypertensive persons (Weinberger 2002).

6 High Salt Intake and Other
Diseases

In addition to cardiovascular diseases a high dietary
salt intake was also shown to be associated with an
increased risk for gastric cancer and kidney disease.
Furthermore in the last years there is accumulating
evidence for a link between high dietary salt intake
and risk for overweight and obesity.

6.1 Stomach Cancer

A recent meta-analysis of prospective cohort
studies showed that dietary salt intake is directly
associated with risk of gastric cancer, with pro-
gressively increasing risk across consumption
levels (D’Elia et al. 2012). Furthermore 24 % of
stomach cancer cases in the UK in 2010 were
suggested to be attributed to high salt consump-
tion (Parkin 2011). Various mechanisms, includ-
ing an increased gastric H. pylori colonization,
mutations, or exposure to carcinogens such as
N-nitroso compounds from certain salty foods,
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are hypothesized to be involved in a higher gastric
cancer risk by high dietary salt intake
(Ge et al. 2012). According to the International
Systematic Literature Review (2015) of the
World Cancer Research Fund there were not
enough data to conduct dose-response meta-anal-
ysis. The review did not observe a significant
association comparing the highest versus lowest
salt intake (measured by food frequency ques-
tionnaire) as well as comparing the highest versus
lowest added salt intake. Nonetheless a signifi-
cant positive association was observed for stom-
ach cancer and with salted food intake and
comparing preference for salty food versus no
preference (Norat et al. 2015).

6.2 Renal Disease

Epidemiological studies reported an association
between dietary salt intake and urinary albumin
excretion, independent of blood pressure
(du Cailar et al. 2002). In this regard it is known
that urinary albumin levels are a risk factor for the
development and progression of kidney disease
and are also strong predictors for cardiovascular
risk (Cerasola et al. 2010). In an interventional
study in three ethnic groups, a reduction in salt
intake of about 3.2 g per day over 6 weeks lead to
significant reductions in blood pressure and uri-
nary albumin excretion (He et al. 2009). Further-
more it was demonstrated that reduced salt intake
may lower the risk of estimated glomerular filtra-
tion rate decline (Lin et al. 2010).

6.3 Obesity

Dietary salt induces hyperosmolar thirst in the
hypothalamus leading to higher water intake and
renal water excretion (Cowley et al. 1983). Many
people, especially children and adolescents, pre-
fer caloric, sugar-sweetened beverages (SSBs)
instead of tap water or low energy drinks (Duffey
et al. 2012). In a cross-sectional study in young
British children and adolescents it was
demonstrated that 31 % of total fluid intake
were by SSBs (He et al. 2008) and a difference
of 1 g/day in salt intake was associated with a
difference of 100 and 27 g/day in total fluid and
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SSBs consumption, respectively. Other studies
also found a positive association between urinary
sodium excretion/dietary salt intake and bever-
age consumption (Alexy et al. 2012; Grimes
et al. 2013).

In a recent paper by Ma et al. in a collective
of 458 British children and 785 adults it was
demonstrated that salt intake was higher in over-
weight and obese individuals (Ma et al. 2015).
A 1-g/day increase in salt intake was associated
with an increase in the risk of obesity by 28 %
(CI 95 %:1.12-1.45) in children and 26 %
(CI 95 %: 1.16-1.37) in adults after adjusting
for various factors. The results were independent
from energy intake suggesting that other
mechanisms such as higher consumption of
sugar-sweetened soft drinks might have played a
role. An experimental study for example showed
that high dietary sodium intake in rats leads to
higher plasma leptin concentrations and exces-
sive accumulation of white adipose fat compared
with the rats with lower salt intake (Fonseca-
Alaniz et al. 2007).

Also human studies in healthy adolescents sug-
gest a positive association between dietary salt
intake and subcutaneous abdominal adipose tis-
sue, independent of energy intake (Zhu
et al. 2014). Future studies will gain more insight
into the mechanisms between dietary salt intake
and obesity.

In summary, the negative effects of a high
sodium/salt intake are not only restricted to the
cardiovascular and renal systems, but may also
adversely affect our metabolism and energy intake.
However, it should also be mentioned that regard-
ing nutrition not only a low dietary intake of salt,
but also a higher consumption of potassium-rich
fruit and vegetables, as important components of a
healthy diet, has preventive effects on chronic
diseases  including  hypertension  (Boeing
et al. 2012). For example, several publications in
the last years provided a high degree of evidence
that a Dietary Approaches to Stop Hypertension
(DASH)-style diet, which is based on fruits and
vegetables with low-fat dairy products and low in
saturated and total fat, exerts blood pressure lower-
ing and cardioprotective effects (Dorner et al. 2013;
Appel et al. 1997; Salehi-Abargouei et al. 2013).

7 Potassium and Hypertension

The association between potassium and blood
pressure was already put forward for the first
time in 1928 by W.L. Addison (Bulpitt 1981).
Ever since then, many trials suggested or showed
the blood pressure lowering effects of potassium.
These were summarized and analysed in a hand-
ful of meta-analyses (Cappuccio and MacGregor
1991; Whelton et al. 1997; Dickinson et al. 2006;
Aburto et al. 2013b; Geleijnse et al. 2003). All of
these provided evidence that potassium rich diets
or interventions with potassium can lower blood
pressure, especially in hypertensives. In the most
recent meta-analysis by Aburto et al. (Aburto
et al. 2013b) it was for example shown that a
higher potassium intake in the range of
90-120 mmol/day reduced blood pressure and
was associated with a lower risk of stroke inci-
dence. However, dietary amounts above
120 mmol/day seem to be not associated with
additional beneficial effects. In addition, in com-
bination with a recommended sodium intake of
less than 2 g/day (about 5 g/day salt), sodium/
potassium ratios with positive health effects can
be obtained according to the authors. Further-
more, it was concluded that potassium may be
more effective in reducing blood pressure at
higher levels of sodium intake, consistent with
previous findings (Whelton et al. 1997). The
largest benefit was analysed when sodium intake
was more than 4 g/day. However, potassium is
also beneficial at lower intake values of sodium
(Aburto et al. 2013b). In this regard, a recent
meta-analysis found that potassium has relevant
blood pressure reducing effects in hypertensive
patients with salt-rich diets (van Bommel and
Cleophas 2012). The effects were in the magni-
tude of —9.5 mmHg (95 % CI: —10.8 to —8.1)
for systolic and —6.4 mmHg for diastolic blood
pressure values (95 % CI: —7.3 to —5.6).
Patients with reduced salt intake showed little
effects from potassium treatment. Concomitantly
to these results in the recent PURE study, a
prospective cohort study of 102 216 participants
from 18 countries with average cardiovascular
risk, it was shown that a high salt intake was
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more strongly associated with increased blood
pressure in individuals with lower potassium
excretion (Mente et al. 2014).

Finally, the advantages of dietary potassium
on blood pressure may be strongest in salt-
sensitive individuals (Dietary Guidelines Advi-
sory Committee 2010). Therefore it is reasonable
and important to not only recommend salt reduc-
tion but also to increase potassium intake (Aaron
and Sanders 2013).

Potassium might exert blood pressure lower-
ing effects through many pathways (reviewed in
(Ekmekcioglu et al. 2016)). These include
(1) stimulation of natriuresis, (2) improvement
of endothelial function and NO release, (3) stim-
ulation of the sodium/potassium pump and
plasma membrane potassium channels leading
to endothelial hyperpolarization and decrease in
cytosolic smooth muscle calcium, and
(4) decrease in the activity of the sympathetic
nervous system with vascular smooth muscle
relaxation.

Some authors also suggest an antioxidant
effect of dietary potassium  (Ishimitsu
et al. 1996). Carotid artery rings from rabbits
fed a low potassium diet for example showed
an approximately 100 % higher formation of
superoxide anions, enhanced norepinephrine
contraction, and suppressed acetylcholine relax-
ation (Yang et al. 1998). In addition, dietary
potassium supplementation suppressed ROS
overproduction in injured arteries of salt-loaded
Dahl S rats (Kido et al. 2008).

8 Potential Dangers
of a Low-Salt Diet

A considerable restriction of sodium in the diet may
bear some potential dangers (Burnier et al. 2015).
One of these is iodine insufficiency, which is com-
mon in Alpine countries such as Austria (Burnier
et al. 2015). The iodization of salt is an important
and cost efficient strategy to combat iodine defi-
ciency and related to this hypothyroidism in the
general population. Reducing salt intake in the pop-
ulation may worsen the iodine status of especially
people with suboptimal or marginal iodine intake.

P. Rust and C. Ekmekcioglu

Different scenarios could estimate the dietary
supply of iodine in case of salt reduction. For the
Netherlands for example it was estimated that up to
10 % of the population would have an insufficient
iodine supply when the dietary salt intake would
be reduced by 50 % (Vandevijvere 2012; Verkaik-
Kloosterman et al. 2010). A strategy to overcome
this problem could be to increase the iodine
content of salt.

Furthermore a low salt diet could increase the
risk of volume depletion and hypotension in
patients with acute dehydration or diarrhoea.
Also, in elderly people, reducing salt in the diet
could lead to altered food taste, which in turn my
increase the risk of low energy intake and mal-
nutrition (Zeanandin et al. 2012).

Although the benefits of salt reduction on
blood pressure and human health is overwhelm-
ing there are also few studies showing an
inverse or J-shaped association meaning that
not only a high but also a low dietary salt intake
might be associated with adverse health
outcomes, especially on the cardiovascular sys-
tem (Van Horn 2015).

For example the results of the ONTARGET
and TRANSCEND trials in 28,880 people at high
cardiovascular risk showed a J-shaped associa-
tion with an increased risk for cardiovascular
mortality in those consuming <3 g or >7 g
sodium (approximately < 7.5 salt or 17.5 g
salt) per day (O’Donnell et al. 2011). A similar
association was shown in the PURE study with
low (<3 g/day) or high (>7 g/day) sodium
intakes being associated with higher risk of
death or major vascular events (O’Donnell
et al. 2014). A J-shaped relationship for
all-cause or cardiovascular mortality was also
shown in patients with type 1 and 2 diabetes
mellitus, respectively (Thomas et al. 2011;
Saulnier et al. 2014). An inverse association
was reported in the Flemish Study on Genes,
Environment and Health Outcomes and the
European Project on Genes in Hypertension
with an increased risk for cardiovascular disease
(CVD) mortality in the lowest tertile of sodium
intake (Stolarz-Skrzypek et al. 2011).

Since there are few indications that a low salt
diet seems to be also, at least in part, associated
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with an increased incidence of cardiovascular
events and mortality, the important 2 questions
are: what are the reasons for these negative
outcomes and what are the suggested
mechanisms? Is this due to the low sodium/salt
intake per se or to one or more additional factors
that might affect patients’ survival? Another
question might be whether the low salt intake in
the patients is a consequence or a cause of their
disease. This limiting issue is defined as reverse
causality meaning that compromised patients
may consume less sodium, because of medical
advice or an illness-related reduction in food
consumption (Cobb et al. 2014). It may also be
relevant that some of the studies showing
J-shaped or inverse associations included sick
persons or were based on secondary analyses of
studies not primarily intended to test these
relationships.

One further major drawback in these studies
are suboptimal methods in the assessment of
sodium intake including food frequency
questionnaires, or spot or overnight urine collec-
tion (Cobb et al. 2014).

9 Strategies for Reduction of Salt
Intake

For millions of years, dietary salt intake was very
low (0.1-1 g/day). Main source of NaCl was meat
containing about 1.2 g/kg (Ha 2014; MacGregor
and de Wardener 1998). Until the invention of the
refrigerator great amounts of salt were used for
cooking and preserving foods whereby around
the nineteenth century salt intake reached a peak
comparable to amounts of about 9—12 g/day, sig-
nificantly above recommended levels (Brown
etal. 2009). A comparison of world salt consump-
tion observed highest consumption in Asian peo-
ple, followed by Europeans, people in Middle
East and North Africa, USA/Canada,
Australia/New Zealand, Latin America and the
Caribbean, Oceania, and Sub Saharan Africa
(Powles et al. 2013).

Within the “WHO Global Strategy on Diet,
Physical Activity and Health” an action plan to
control and prevent non-communicable diseases

has been established. A primary goal is the
reduction of salt (WHO 2013a). Since now

most FEuropeans consume salt above the
recommended level of less than 5 g/day (<2 g
sodium/day).

Studies found that in industrial countries only
5-10 % of sodium intake comes from food natu-
rally rich in sodium bicarbonate, sodium gluta-
mate, and sodium citrate like smoked meat,
processed foods, and canned vegetables.
75-80 % of daily sodium consumption comes
from processed food like bread, cereals and bak-
ery products, meat and meat products, cheese and
dairy products, fish products, ready-to-eat meals,
and salty snacks, 10—15 % from table salt added
during cooking or at the table (European Com-
mission 2012), while in developing countries salt
used for seasoning is much more important. For
example in China and Japan soy sauce
contributes significantly to salt intake. World-
wide, the sodium content of processed foods
plays a more important role compared to that of
natural foods.

Many studies detected a wide range of sodium
content within various food categories. Also salt
content of products of global brands varied in
different countries. This may be due to tradi-
tional diet habits and taste preferences of differ-
ent population groups. Certain individuals such
as men, adolescents, and people with lower
socioeconomic status consume greater amounts
of salt, supposing that these population groups
consume more meat, high-sodium processed and
packaged foods than other consumer groups.

Opportunities for supporting the reduction of
salt intake to moderate levels are manifold and
varied. They reach from nutritional education,
improving environmental conditions (make the
healthier choices the easier choices) up to man-
datory nutrition labeling and regulated nutrition/
health claims, as well as legislated changes in the
form of taxation. Current knowledge makes the
importance  of combining reformulation
approaches, improvement of the quality of com-
munal catering, and education to raise awareness
evident.

Ekmekcioglu et al. established a simple model
of how salt intake can be reduced in the
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population. This model emphasises the need for a
holistic approach in the improvement of optimal
salt intake (Fig. 2) (Ekmekcioglu et al. 2013).

9.1 Association Between Knowledge
on Salt and Salt-Related Dietary

Practices

Gathering and exploiting knowledge about the
awareness of the people on the relationship
between salt consumption and health or disease
risk, about levels of uptake, and drivers of salt
intake, provide the basis for improving the cur-
rent situation.

Therefore, Newson et al. evaluated self-rated
and calculated salt intake, sources of salt con-
sumption, concern in salt reduction, knowledge
about salt intake recommendations, and impor-
tance of salt reduction in health issues in eight
countries (Germany, Austria, United States of
America, Hungary, India, China, Brazil, and
South Africa) by a comprehensive web-based
questionnaire. Mean salt intake calculated from
data of the FFQ was 9.5 g per day, ranging from
7 to 13 g/day. On average 83 % of salt intake was
derived from In-Home-Foods and 17 % came
from Out-of the House-Consumption. While
people perceive that salt added during cooking
is the main source of intake, calculated data
recognised processed food as a primary source.
There was also a misperception of personal
intake. One third of participants were not inter-
ested in salt reduction and only 13 % of all
participants could correctly identify the salt
intake recommendations (Newson et al. 2013).
Although, numerous studies showed that
consumers were able to identify the health risks
associated with high salt intake, their knowledge
of recommendations, and of foods that contribute
most salt to their diet is poor. Therefore, findings
support the importance of information, of
increasing awareness, and motivation, as well
as reformulation of food stuff (Newson
et al. 2013).

Most important for behavioural changes
according to the health belief model (Janz and
Becker 1984) is motivation which can be
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achieved by increasing awareness, information,
and therefore self-efficacy (Ekmekcioglu
et al. 2013).

Individuals affected by diseases like hyperten-
sion become aware of the importance of
behavioural changes and are more motivated to
change dietary habits compared to healthy peo-
ple. Nakano and colleagues for example showed
that regular 20-min educational sessions with
nutritionists can be effective in lowering urinary
sodium excretion, ambulatory BP monitoring
(ABPM), and clinic BP in hypertensive patients
(Nakano et al. 2016). This study is probably the
first that demonstrates the effectiveness of patient
education for hypertension management.
Participants who didn’t reach the goal of 6 g/
day tended to have higher BMI and therefore
had a higher salt intake because of their higher
food consumption. The effect of potassium can
be excluded because urinary excretions were the
same in the intervention and control groups. Due
to the short duration of the study (12 weeks)
patients didn’t lose weight, which might have
an impact on blood pressure. Limitations might
be the small sample size of 51 participants in the
education group and 44 in the control group, the
Hawthorne effect and different medications
(Nakano et al. 2016).

9.2 Reduction of Salt Intake by

Reformulation

Part of the strategies to reduce salt consumption
is cooperating with food companies to reduce the
amount of salt in processed foods and improving
consumers’ awareness of the impact of salt on
human health.

This can be achieved through limiting salt by
food reformulation. Since the WHO launched the
“Global Strategy on Diet, Physical Activity and
Health” to limit the levels of salt in foods, many
companies have reformulated their products and
reduced salt content by 1040 % in many food
categories including bread, breakfast cereals,
processed meat, cheese, soups and sauces,
ready-to-eat meals as well as snacks.
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Fig. 2 A simple model of how dietary salt intake can be
reduced in population (The figure is taken from
Ekmekcioglu et al. (Ekmekcioglu et al. 2013). With

Sodium is responsible for the taste of a food
by enhancing other aromatic ingredients and
suppressing bitterness (Dotsch et al. 2009).
Therefore, salt content in food stuff increases
acceptance. But the human salt taste receptors
can adapt to low salt concentrations (Blais
et al. 1986) which makes a small, stepwise

kind permission from S. Karger AG, Medical and Scien-
tific Publishers, 4009 Basel, Switzerland)

reduction of sodium content without reduced
product acceptance possible, which in turn
means that a cooperation of all manufacturers is
required.

Beside the stepwise approach, salt reduction
strategies include an increased use of spices
and taste enhancers (Wilson and Incles 2012).
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To ensure food safety and preservation in some
cases addition of antimicrobial agents is neces-
sary. Replacement of NaCl by KCl by 30-40 %
has been made in meat and dairy products with-
out any adverse effects on microorganism growth
(Harper and Getty 2012). Even though, potas-
sium chloride has similar antimicrobial effects
and technological function, its application is lim-
ited because of its metallic and bitter off-taste
(Buttriss 2013).

Salt reduction in bread and bakery products
can be achieved by a stepwise sodium reduction
of 5% per week until 25 %, substitution of
sodium chloride by potassium chloride (up to
10 %), and use of organic acids such as acetic
and lactic acid. Replacement of NaCl up to 50 %
by other salts/salt mixtures (potassium or magne-
sium chloride, potassium lactate, sodium
diacetate), use of phosphates to promote water
binding capacity of the proteins, and use of flake
salt in dry-cured meat products are strategies
used in reformulation of meat and meat products.
Salt reduction in cheese is more difficult to man-
age than in bread and most meat products
because salt controls the ripening process.
Despite 3040 % sodium reduction, taste and
acceptance of ready-to-eat meals can be
improved by the use of salt substitutes like potas-
sium chloride and natural flavour enhancers
(e.g. yeast extract or natural aroma sources such
as garlic and herbs like oregano, rosemary). The
composition of snacks can be optimised by the
use of smaller salt particles which induce an
increased initial perception of saltiness, as well
as the use of spices (Kloss et al. 2015).

As protected designation of origin (PDO)
products such as Parmesan, Prosciutto di Parma,
Feta, and Camembert de Normandie must be pro-
duced according to traditional methods reducing
salt content by reformulation is limited within
these food stuffs (Wilson and Incles 2012).

In the meantime, impressive success stories
can be reported on collaborations with food
companies to reduce salt content followed by a
decrease in blood pressure and in mortality rate
related to heart disease and stroke (Ekmekcioglu
et al. 2013). Thus, reformulation has along with
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Table 2 Nutrition claims to salt/sodium content

Equivalent salt

Nutrition claim Sodium content | content

(per 100 g or (per 100 g or

100 ml) 100 ml)
No added 0.12 g 030 g
sodium/salt
Sodium-free/ 0.005 g 0.01¢g
salt-free
Very low 0.04 g 0.10 g
sodium/salt
Low sodium/salt |0.12 g 030 ¢g

Commission Regulation (EU) No 1047 (2012)

other approaches such as healthier food choice
editing, portion size control, as well as clear and
comprehensible information provision, potential
to increase the opportunities of healthier choices
to improve public health. However, reformula-
tion alone doesn’t have the impact to provide a
complete solution to the challenge of improving
eating patterns and nutrient supply.

9.3 Reduction of Salt Intake by Legal

Provision

Taxation of “unhealthy” high sodium food is
discussed controversy. By introducing a tax for
salty snacks (salt content of more than 1 g/100 g;
for condiments >5 g/100 g) in Hungary in 2011
(0.8 €/kg salt) sales of salty snacks decreased by
26 %. Food prices influence food consumption
on the one hand (Duffey et al. 2010), and changes
consumer behaviour on the other hand by
increased awareness of negative health effects.

Referring to salt/sodium content there are four
nutrition claims (Table 2).

“A claim stating that sodium/salt has not been
added to a food and any claim likely to have the
same meaning for the consumer may only be
made where the product does not contain any
added sodium/salt or any other ingredient
containing added sodium/salt and the product
contains no more than 0.12 g sodium, or the
equivalent value for salt, per 100 g or 100 ml.

A claim that a food is sodium-free or salt-free,
and any claim likely to have the same meaning
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for the consumer, may only be made where the
product contains no more than 0.005 g of sodium,
or the equivalent value for salt, per 100 g or per
100 ml.

A claim that a food is very low in sodium/salt,
and any claim likely to have the same meaning
for the consumer, may only be made where the
product contains no more than 0.04 g of sodium,
or the equivalent value for salt, per 100 g or per
100 ml. This claim shall not be used for natural
mineral waters and other waters.

A claim that a food is low in sodium/salt, and
any claim likely to have the same meaning for
the consumer, may only be made where the prod-
uct contains no more than 0.12 g of sodium, or
the equivalent value for salt, per 100 g or per
100 ml. For waters, other than natural mineral
waters falling within the scope of Directive
80/777/EEC, this value should not exceed 2 mg
of sodium per 100 ml.” (Commission Regulation
(EU) No 1047 (2012)).

There is one authorized health claim for foods
with low or reduced sodium: “Reducing con-
sumption of sodium contributes to the mainte-
nance of normal blood pressure” in the European
Union (EFSA 2011).

Different labeling confuses consumers
because most of them are not aware that salt
content is 2.54 times higher than sodium concen-
tration. Therefore, the European Parliament and
the Council determined in 2011 by The Regula-
tion (EU) No 1169/2011 on the provision of food
information to consumers that the term salt
instead of sodium must be used on food labels
(Regulation (EU) No 1169/2011 (2011)). In
Finland warning labels must be used for products
with high salt content, in the United Kingdom,
there is a voluntary traffic light label and as front-
of-package labeling the guideline daily amount
(GDA) system is used (WHO 2013b). Food
labeling is most effective in promoting buyers
awareness and can help consumer make the
healthier choice. Additionally this motivates
food companies to reduce salt in their products.

Webster et al. evaluated global salt reduction
initiatives and recognized that 59 countries from
83 cooperate with food industry to reduce salt.
Most of the countries established voluntary

targets while South Africa and Argentina had
mandatory targets for many food products, and
six European countries (Belgium, Bulgaria,
Greece, Hungary, the Netherlands and Portugal)
had mandatory targets for bread amongst others.
Salt reductions in bread ranged from 6 % in
Belgium to 38 % in Chile. For other products,
reductions between 5 % (cornflakes, USA) and
81 % (frozen peas, USA) have been observed
(Webster et al. 2014). Because consumer’s
knowledge on salt content in food is limited
these partnerships are very important for public
health concern.

The EATWELL research project (www.
eatwellproject.eu) (Interventions to Promote
Healthy Eating Habits: Evaluation and
Recommendations) conducted between 2009
and 2013 evaluated the effectiveness of healthy
eating interventions in EU Member States. Main
topics were policies supporting informed choice
(nutrition education, labelling), and changing the
market environment (taxes, food reformulation,
regulation of school and workplace meals). A
common recommendation is to gather more and
better evidence (Traill et al. 2013).

10 Practical Recommendations

for Moderate Salt Intake

Well known dietary patterns for treatment of ele-
vated blood pressure are the Dietary Approaches
to Stop Hypertension (DASH) diet and the
OmniHeart diet. The DASH diet is rich in fruits,
vegetables, low-fat dairy products, contains poul-
try, fish, and nuts, whereas only small amounts of
red meat, sweets, and sugar-containing beverages
are consumed. Macronutrient composition is
about 58 % carbohydrate, 15 % protein, and
27 % fat; sodium intake less than 2.3 g/day. Com-
pared to a typical American diet DASH is reduced
in saturated fat and total fat, modestly increased in
protein (Sacks et al. 2001).

Because the types of macronutrients (carbo-
hydrate, protein, or unsaturated fat) replacing
saturated fat has been discussed controversial,
slight variations of DASH have been evaluated
within the Optimal Macronutrient Intake Trial to
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Prevent Heart Disease (OmniHeart). The
OmniHeart diet is a carbohydrate-rich diet
which allows partially substituting carbohydrate
with protein or unsaturated fat, similar to a
Mediterranean-style diet. This offers more flexi-
bility and makes it easier to eat a heart-healthy
diet (Swain et al. 2008).

Generally, a DASH eating plan consists of
7-8 servings grains and grain products; 4-5
servings vegetables and fruits, each; 2-3 servings
low-fat dairy products; 2 or less servings lean
meats, poultry, and fish; 2-3 servings fats and
oils per day, and 4-5 servings of nuts, seeds, dry
beans, and peas; 5 or less servings sweets per
week (U.S. Department of Health and Human
Services 2003).

Along with the recommendations of the DASH
diet, body weight should be reduced in overweight
and obese people (BMI less than 25 kg/m?), salt
intake not exceed 5 g/day (<2.3 g sodium/day, no
more than 1.5 giday in blacks, middle- and older-
aged persons, and individuals with hypertension,
diabetes, or chronic kidney disease), intake of
potassium (~4.7 g/day) should be increased and
alcohol consumption limited to max. 10 g/day for
female and 20 g/day for male (Appel, on Behalf
of the American Society of Hypertension Writing
Group 2009).

Yokoyama et al. described an association
between vegetarian diets and lower blood pres-
sure in their meta-analysis including 7 controlled
trials and 32 observational studies. It remains to
be clarified which type of vegetarian diet is most
effective (Yokoyama et al. 2014).

Additionally, regular physical activity can
lower blood pressure. There is evidence that
150 min physical activity per week may support
antihypertensive medication. The American Col-
lege of Sports Medicine recommends primarily
endurance physical activity supplemented by
resistance exercise in moderate-intensity (40—<
60 % of VO,R) for at least 30 min daily
(Pescatello et al. 2004). A Systematic Review
and Meta-analysis done by Cornelissen and
Smart concluded that endurance, dynamic resis-
tance, and isometric resistance training lower
SBP and DBP, whereas combined training
lowers only DBP. Isometric resistance training
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is suggested for the largest SBP reductions
(Cornelissen and Smart 2013).

The burden of hypertension raises with
increasing prevalence of obesity. Therefore,
weight reduction and control is very important
in prevention and therapy of hypertension. A
meta-analysis of 25 RCTs showed blood pressure
reduction of ~1 mm Hg for each kilogram of
body weight loss (Neter et al. 2003).

Salt reduction is difficult to achieve because
in industrialised countries ~80 % of salt intake
comes from industrial produced foods.

Average amount of salt consumed per daily
food intake is about:

+ 1 g from basic unprocessed foods (vegetables,
potatoes, grain, milk, meat)

* 2-3 g from bread and bakery products

e 3-5 g from sausages, ham, cured meat
products, cheese, fish sauce

e 4-5 g from industrially processed products
like preserves/fish products and home-made
dishes

e 1-2 g from salt added at the table

Therefore avoid adding salt at the table, and
season with herbs and spices. Always read the
food label and reduce consumption of ready-to-
eat meals with high amounts of salt.

11 Conclusion

The positive relationship between salt and blood
pressure is known since more than 100 years.
Accumulating evidence especially began in the
1940s where severe arterial hypertension has
been cured by drastic lowering of salt intake by
the Kempner rice and fruit diet. In the 1950s
Lewis K. Dahl observed a blood pressure lower-
ing effect by a low-salt diet in rats with salt-
sensitive hypertension. Most of the subsequent
studies showed beneficial effects of a low salt
diet on blood pressure. However, also some neg-
ative papers were published, which failed to find
a relationship between salt and blood pressure.
While selection of study participants (more salt
sensitive people like elderly or people with
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hypertension) can increase likelihood of the pos-
itive association between salt intake and blood
pressure, dietary and other lifestyle factors like
intake of potassium (from fruit and vegetable
sources), physical activity level, as well as alco-
hol consumption have also to be considered
(Drueke 2016).

A few studies also suggested that a low salt
diet may have detrimental health outcomes, espe-
cially regarding cardiovascular diseases and
mortality. (O’Donnell et al. 2014; Graudal
et al. 2014). A recent study by Mente at al. for
example observed an association between low
sodium intake and increased risk of cardiovascu-
lar events and mortality in both hypertensive and
normotensive individuals (Mente et al. 2016).

More reliable randomised controlled trials, as
well as research on measurement, storage and
kinetics of sodium, on physiological properties,
and genetic determinants of salt sensitivity are
necessary to explain these negative outcomes of
a low salt diet. However, according to the current
overwhelming state of knowledge people with
hypertension and high sodium intake should be
advised to lower their salt intake.
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Abstract

Blood pressure measurement has a long history and a crucial role in
clinical medicine. Manual measurement using a mercury sphygmoma-
nometer and a stethoscope remains the Gold Standard. However, this
technique is technically demanding and commonly leads to faulty
values. Automatic devices have helped to improve and simplify the
technical aspects, but a standardised procedure of obtaining comparable
measurements remains problematic and may therefore limit their validity
in clinical practice. This underlines the importance of less error-prone
measurement methods such as ambulatory or home blood pressure
measurements and automated office blood pressure measurements.
These techniques may help to uncover patients with otherwise
unrecognised or overestimated arterial hypertension. Additionally these
techniques may yield a better prognostic value.
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1 The History of Blood Pressure
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The history of blood pressure (BP) measurement
was reviewed in detail by Eoin O’Brien and
Desmond Fitzgerald [1]. The following
summarises the main points:
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1.1 Direct Measurement of Systolic

Blood Pressure

As long as 4000 years ago, Chinese Emperor
Huang-Ti was aware of the changing
characteristics of the pulse and realised, that peo-
ple who eat too much salt had hard pulses and
tended to suffer strokes. However, it took until
the first half of the eighteenth century for
Stephen Hales to undertake his famous experi-
ment demonstrating that blood rose to a height of
8 ft and 3 in. in a glass tube positioned in the
carotid artery of a horse [1].

1.2 Indirect Measurement of Blood

Pressure

Indirect measurement of BP was made possible
by sphygmographs, which were first invented
by Karl Vierordt in 1855. Sphygmographs
applied pressure to the radial artery, while an
oscillating metal tip recorded the pulse wave on
a strip of smoked paper driven by a clockwork
motor [1].

In 1880 Samuel Siegfried Ritter von Basch
developed a device he called the sphygmoma-
nometer, which consisted of a rubber pelotte or
bulb filled with water with a thin membrane on
one side, which was pressed to the radial artery
while the pulse was palpated. Water was pressed
out into the closed arm of the manometer. The
point of disappearance of the pulse was taken as
systolic pressure [1].

Later, water-filled cuffs were applied instead
of the pelotte, which applied pressure to the
entire arm. Kymographs and oscillometers were
added, and the size of the devices was reduced,
bringing these devices into clinical medicine.
Harvey Cushing was the first to advocate putting
BP in the bedside chart [1].

Nicolai Sergeivich Korotkoff described what
is today called Korotkoff sounds in 1905. The
next advancement was an occluding arm cuff
developed by Scipione Riva Rocci. The pressure
was recorded by a mercury manometer [1].

A.S. Vischer and T. Burkard

As early as 1918, focus was set on parameters
like patient anxiety, posture of the patient, arm
level and the number of measurements needed to
be recorded for an accurate diagnosis — factors,
which did not lose importance over time [1].

1.3 Ambulatory Measurement

of Blood Pressure

In 1904 the basic idea for ambulatory blood
pressure measurement (ABPM) was born as
Theodore Janeway drew attention to the
variability of BP and its response to stressors
such as surgery, tobacco and anxiety
[1]. 60 years later, Sir George Pickering was the
first to show the constant fall of BP during sleep
and the fluctuation of BP over 24 h [2]. The first
intra-arterial ABPM was performed in 1966
[3]. The first truly portable non-invasive ABPM
device was described by Hinman et al. in 1962
[4]. The device weighed 5.5 lbs (2.5 kg) and had
to be manually inflated. To overcome the pitfalls
of intermittent measurements, the first servo-
plethysmomanometer based on the vascular
unloading principle using a light source and pho-
tocell in a finger cuff was developed in the
1970s [1].

2 Definition and Classification
of Hypertension

There is a continuous relationship between BP
and vascular mortality above 115 mmHg systolic
blood pressure (sBP), obscuring a clear distinc-
tion between normotension and hypertension
solely based on sBP and diastolic BP (dBP)
values [5]. Additionally, sBP and dBP are nor-
mally distributed in the general population
[6]. However, cut-off BP values are necessary
to simplify the diagnostic approach and to facili-
tate the decision about treatment. The widely
accepted office BP measurement (OBPM)
cut-off values and the corresponding World
Health Organization (WHO) classification of
hypertension are depicted in Table 1 [7]. These
cut-off values are based on the evidence of a
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meta-analysis from 1994 showing that above
these BP values patients benefit from antihyper-
tensive therapy [8].

Data on a classification of hypertension based
on ABPM and home blood pressure
measurements (HBPM) are scarce and there is
no widely accepted classification beyond the
cut-off values for the diagnosis of hypertension,
which are provided in Table 2. The National
Institute for Health Care Excellence (NICE)
guidelines for the management of hypertension
advocate a classification based on mean daytime
ABPM or HBPM values, derived from a study

Table 1 Classification of hypertension according to
office blood pressure values (mmHg) [7]

Systolic Diastolic
Category BP BP
Optimal <120 and <80
Normal 120-129 and/or 80-84
High normal 130-139 and/or 85-89
Grade 140-159 and/or 90-99
1 hypertension
Grade 160-179 and/or 100-109
2 hypertension
Grade >180 and/or >110
3 hypertension
Isolated systolic >140 and <90
hypertension

Table 2 Cut-off values for office, ambulatory and home
blood pressure measurements (mmHg)

Modality  Systolic BP | Diastolic BP
OBPM 140 190
ABPM: 24 h-mean | 130 180
ABPM: Awake 1135 185
ABPM: Sleep 1120 170
HBPM 1135 |85

Modified after [7]

which directly compared directly OBPM and
ABPM measurements in 8529  patients
[9, 10]. This may have the limitation that the
corresponding stages of the measurement types
may not reflect the same cardiovascular risk
because of different blood pressure patterns
(e.g. white coat hypertension) and different prog-
nostic values of the measurement techniques.
Both will later be discussed in detail.

By NICE, stage 1 hypertension is suggested as
OBPM >140/90 mmHg and daytime ABPM/
HBPM >135/85 mmHg and stage 2 as OBPM
> 160/100 mmHg and daytime ABPM/HBPM
> 150/95 mmHg [9, 10]. There is no equivalent
for stage 3 hypertension proposed [10].

2.1 White Coat Hypertension

White coat hypertension (WCH) is defined as a
BP pattern where OBP values are elevated at
repeated visits, but within normal limits out of
the office, either on ABPM or HBPM (Table 3
and Fig. 1) [7]. The prevalence of WCH has been
described in about 5-65 % of patients with
newly diagnosed hypertension [11, 12]. There is
an ongoing debate on whether patients with
WCH have the same long-term cardiovascular
risk as truly normotensive subjects, underlining
the importance of its detection [7].

2.2 Masked Hypertension

Masked hypertension is defined as normal BP in
the office, with elevated BP values out of the
medical environment, shown by ABPM or
HBPM (Table 3 and Fig. 1). The phenomenon

Table 3 Definition of white-coat hypertension and masked hypertension

White-coat hypertension

Treated or untreated patients with office BP > 140/
90 mmHg AND

24-h ABPM < 130/80 mmHg AND
Awake ABPM < 135/85 mmHg AND
Sleep measurement < 120/70 mmHg OR
Home BP < 135/85 mmHg

Modified after [37]

Masked hypertension

Treated or untreated patients with office BP < 140/
90 mmHg AND

24-h ABPM > 130/80 mmHg AND/OR
Awake ABPM > 135/85 mmHg AND/OR
Sleep measurement > 120/70 mmHg OR
Home BP > 135/85 mmHg
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Fig. 1 Definition of
different blood pressure
(BP) patters when
combining in-office and
out-of-office BP
measurements (Modified
after [13])

Office BP
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140/90 mmHg =

of masked hypertension has been described in
up to 37 % of patients with arterial hypertension
under an intensified therapy [13]. Masked hyper-
tension is frequently associated with other
risk factors such as asymptomatic organ damage
and increased risk of diabetes and sustained
hypertension [7]. The cardiovascular risk seems
to be as high as in patients with sustained
hypertension [14].

3 Office Blood Pressure
Measurement

As common practice over decades and until
today, OBPM is measured using a brachial
pressure cuff and auscultation of the brachial
artery to identify the appearance and disappear-
ance of Korotkoff sounds. Over the last
years, automated BP measurement devices
have reached the market and are now
widely accepted in guidelines and used in out-
patient clinics, hospitals and by people at home
[7, 10].

White coat Uncontrolled
hypertension hypertension
(I-:Igggrct)!ﬁgion/ i
Normal BP hypertension
1
130/80 mmHg Mean 24h ambulatory BP
3.1 Manual Blood Pressure

Measurement Technique

In order to receive comparable results, the envi-
ronment should be standardised as much as pos-
sible [10]. The technique is accurately described
in the National Institute for Health Care Excel-
lence (NICE) and European Society of Hyperten-
sion (ESH) guidelines [10] and summarised in
the following:

The patient should be rested and relaxed in a
seated position for at least 3-5 min and rested
before beginning BP measurements [7, 10]. The
arm is out-stretched, in line with the mid-sternum
and supported [10]. Further requirements for the
environment are shown in Table 4. An appropri-
ately sized cuff (as indicated by markings, see
also the paragraph on Cuffs) is wrapped around
the upper arm and connected to a manometer
[10]. While palpating the brachial pulse, the
cuff is rapidly inflated to 20 mmHg above the
point where the brachial pulse disappears
[10]. This pressure should be noted, as it is the
approximate systolic pressure [10]. The cuff
should then be re-inflated to 20 mmHg above
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Table 4 Principles of office and home blood pressure
measurement

Conditions for blood pressure measurements

5 min rest, 30 min without smoking/caffeine

Seated, back supported, arm outstretched, resting on the
table

Correct cuff bladder placement

Immobile, legs uncrossed, not talking, relaxing
Repeated readings at 1-2 min intervals

Results written down (if device without memory)

Modified after [10, 32]

this point [10]. The stethoscope should be placed
over the brachial artery ensuring complete skin
contact without clothing in between [10]. Then,
the cuff is slowly deflated at 2-3 mmHg per
second listening for the Korotkoff sounds
[10]. The first sound appearing with the brachial
pulse (phase I Korotkoff sound) is the systolic
pressure [10]. At this point, the pulse pressure
wave overcomes the obstruction caused by the
cuff with its maximal pressure [10]. Intermediate
sounds follow as the cuff pressure drops, with
muffling and then complete disappearance of
sounds (phase V Korotkoff sounds) indicating
the diastolic pressure [10]. At this point the resid-
ual diastolic arterial pressure is sufficient to over-
come the pressure caused by the cuff, leading to a
normal arterial diameter without systolic blood
flow murmurs [10]. The cuff is then quickly
deflated completely [7, 10]. At least two BP
measurements should be taken in the sitting posi-
tion, spaced 1-2 min apart, adding more
measurements if the first two are quite different
(in daily practice more than 2-5 mmHg differ-
ence) and the average of the measurements
should be used [7]. More measurements are
recommended in patients with arrhythmia
(i.e. atrial fibrillation) [7]. In case of elevated
OBPM, the diagnosis of hypertension should be
confirmed in a second visit, usually 1-4 weeks
after the initial investigation or preferably with
the use of ABPM [10, 15, 16].

In case of a significant (>10 mmHg) and
consistent systolic BP difference between the
arms, the arm with the higher BP values should
be used [7]. A BP difference of >10 mmHg may

Table 5 Recommended cuff sizes [20]

Arm circumference ‘ Cuff size ‘ Cuff measurement
22-26 cm  Small adult | 12 x 22 cm
27-34 cm Adult 16 x 30 cm
35-44 cm ‘ Large adult ‘ 16 x 36 cm
45-52 cm | Adult thigh | 16 x 42 cm

help to identify patients in need of further vascu-
lar assessment, whereas a BP difference of > 15
mmHg may be an indicator of peripheral vascu-
lar disease, pre-existing cerebrovascular disease,
increased cardiovascular mortality and increased
all-cause mortality [17].

3.2 Conditions and Environment

BP is maintained through a combination of
mechanical, neuronal and endocrine self-
regulating systems in the body [10]. There is a
considerable variability of BP due to respiration,
emotion, exercise, meals, tobacco, alcohol, tem-
perature, bladder distension, etc. [18]. Addition-
ally, BP is influenced by age, race, and circadian
variation [18]. Therefore attention should be paid
to these circumstances.

3.3 Cuffs

A cuff is an inelastic cloth that encircles the
arm and encloses an inflatable rubber bladder
[18]. Present-day cuffs consist of an inflatable
cloth-enclosed bladder which encircles the arm
and is secured by Velcro or by tucking in the
tapering end [10]. The width of the bladder is
recommended to be about 40 %, and its length
80 % of the arm circumference [10]. Both cuffs
that are too narrow and cuffs that are too short
will lead to falsely high BP measurements
[19]. A bladder which is too large will lead to
an underestimation of BP [18]. Recommended
cuff sizes are stated in Table 5 [20]. Arm cuffs
are preferred, as cuffs fitting on the finger or
wrist are often inaccurate and should therefore
not be recommended [15].



90

3.4 Devices

There is a range of manual and automatic BP
measurement devices available. For clinical
decision making devices need to be validated
according to standardised protocols and their
accuracy should be checked on a regular basis
through calibration in a technical laboratory
[7, 21]. A list of currently recommended devices
can be found online [22].

3.4.1 Mercury Sphygmomanometers
Mercury sphygmomanometers have traditionally
been used to measure BP [10]. They are reliable
and provide the reference standard for indirect BP
measurement [10]. However, there are significant
safety and economic concerns about the toxic
effects of mercury [10]. Therefore, in most
European countries, mercury sphygmomanometers
are no longer available — but still are used as refer-
ence devices for the validation of automated mea-
surement devices e.g. in the international protocol
for the validation of BP measuring devices by the
ESH [7, 23, 24].

Non-mercury devices working with a similar
system are available and provide a suitable alter-
native to mercury devices when manual measure-
ment is required [10].

3.4.2 Aneroid Sphygmomanometers
Aneroid sphygmomanometers measure pressure
through a lever and bellows system [10]. In gen-
eral, they are less accurate than mercury
sphygmomanometers and their alternatives,
especially over time [10].

3.4.3 Automated Blood Pressure
Measurement Devices

Auscultatory or oscillometric automated devices

are now commonly used in hospitals and primary

care [7, 10]. Certified devices are listed on the

webpage of the Dabl Educational Trust [22].

3.4.4 Comparison of Auscultatory

and Oscillometric Techniques
Automated devices are easy to use and less error-
prone. Techniques using manual devices are
more complex and time consuming. Failure to

A.S. Vischer and T. Burkard

accurately identify the Korotkoff sounds, ten-
dency of physicians to round readings up or
down and observer prejudice are common
mistakes with manual readings [10].

Mercury manometer technique tend to result
in higher BP values than oscillometric devices
[25]. This may be due to the fact that
oscillometric devices calculate BP from
oscillations based on “maximum buckling” of
the brachial artery under the cuff, which is nearly
equal to the mean arterial pressure. Systolic and
diastolic BP values are thus calculated from this
mean by device-specific algorithms, rather than
directly measured [26]. Therefore it is crucial for
clinical decision making to use automated
devices which are validated according to a
standardised protocol [24]. With thus validated
devices the abovementioned effects are clinically
not significant.

3.5 Advantages

OBPM has been the cornerstone of hypertension
diagnosis and management for over 100 years
and is the basis for most studies on hypertension
[27]. Even the most recent BP outcome studies
like the SPRINT trial and the HOPE-3 trial rely
on OBPM with specific measurement procedures
in each study [28, 29]. Elevated OBPM predicts
cardiovascular events (Fig. 2) [30]. Automated
OBPM means to take the mean of multiple BP
readings recorded with a fully automated device
with the patient resting quietly, alone, in the
office or clinic, which was reported to deliver
results closer to ABPM [31].

3.6 Disadvantages

A single office BP reading does not represent a
patient’s true BP [32]. Errors may be due to
patients’ alerting reaction to the measurement
procedure and setting (i.e. white coat effect).
With OBPM there is a lack of relevant informa-
tion on BP during usual daytime activities and
during sleep [32].
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Fig.2 Adjusted 5-year risk of cardiovascular death in the
study cohort of 5292 patients for OBPM and ABPM.
Multiple Cox regression was used to calculate the relative
risk with adjustment for baseline characteristics including

Diastolic BP (mmHg)

gender, age, presence of diabetes mellitus, history of
cardiovascular events, and smoking status (Reprinted
with permission from [42])

Table 6 Common mistakes during routine in-hospital BP measurements and their possible influence

Error

Single measurement

Arm not at heart level

Conversation during measurement
Simultaneous ear temperature measurement
Simultaneous pulse-oximetry

Supine, semi-recumbent

Wrong cuff size

Legs crossed
Modified after [20, 34]

3.7 Caveats

There is a high variability with a mean difference
of approximately +20 mmHg sBP between
OBPM measurements of primary care physicians
and specifically trained research assistants, even
after short training [33]. Possible pitfalls in daily
practice may be faulty position such as legs
crossed, back or arm unsupported, talking during
the measurement or insufficient number of
readings [33]. The influence of different pitfalls
is summarised in Table 6.

Frequency %

96
69
41
58
82
39
36
15

Variation in mmHg

Mean + 8 mmHg

Ca 1.6 mmHg/cm difference

Up 20 % increase sBP/dBP
Unknown

Unknown

Ca 8 mmHg sBP

Overestimated BP (10-50 mmHg)
Mean + 2-8 mmHg sBP

In routine in-patient BP measurements,
e.g. during nurse-rounds, a variety of procedural
errors occur in a very high percentage, affecting
the accuracy of BP measurements [34]. These
mistakes include utilising non-validated devices,
obtaining only a single BP reading, lack of rest
prior to the reading, inadequate patient position
(arm not at heart level, back not supported, legs
crossed, semi-recumbent or supine patient posi-
tion), misplacement of the cuff or use of an
inadequate cuff and finally, conversations with
the patient during the reading (see also
Table 6) [34].
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4 Home Blood Pressure
Measurement

4.1 Technique

To guide clinical decisions by HBPM

measurements should be taken in a standarised
manner as defined by the European Society of
Hypertension guidelines for blood pressure mon-
itoring at home [32]. Principles of correct HBPM
are summarised in Table 4 and are largely similar
to the previously described OBPM procedure.
Frequent measurements produce average
values which are more reproducible and reliable
than OBPM [10]. Usually, the average of BP
measurements over several days, e.g. morning
and evening values of 5-7 days, can be helpful
in the guidance of treatment decisions
[15]. Recommendations on the number and fre-
quency of measurements are collected in Table 7.

4.2 Devices

For HPBM, oscillometric devices which measure
the BP on the upper arm are most commonly
used; there are — in theory — devices for measure-
ment on the wrist or the finger [10]. However,
finger and wrist cuff devices are generally not
recommended [32]. Electronic devices are most
commonly used, as they are simpler to use and
probably more reliable than a sphygmomanome-
ter [15]. An updated list of validated devices is
provided by the Dabl Educational Trust
website [22].

Table 7 Number of measurements in home blood pres-
sure monitoring

Number and frequency of blood pressure measurements
Mean of 5-7 days of measurements

Two measurements for each session,

Morning and evening sessions per day (before drug
intake and before eating)

First day of each monitoring period may be discarded
Long-term follow-up: one to two measurements per week
may be considered

Modified after [10, 32]
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43 Advantages

The presence of a doctor can increase intra-
arterially measured BP by 25 mmHg [35],
therefore methods which do not include another
person are of interest. With HBPM, a large
number of measurements during the day and
also over several days, weeks or months are
possible [32]. The effect of treatment can be
assessed at different times of the day and over
extended periods [32]. Values attained from
HBPM have a good reproducibility [32]. Elevated
home BP values have been shown to predict
cardiovascular morbidity and cardiovascular,
non-cardiovascular and all-cause mortality
[30]. The predictive value is thereby stronger
compared to OBPM [36]. The costs remain
relatively low [32]. Patients get involved in
their hypertension management, which may
improve both the patients’ compliance to
treatment and hence their hypertension control
[32]. Today, most devices store BP wvalues
digitally, which can be printed or directly

transmitted in order to prevent reporting
bias [32].
4.4 Disadvantages

HBPM has many advantages, but also some
disadvantages, such as the need of patient
training, the possibility of inaccurate devices
used by the patients, measurement errors
(e.g. due to arrhythmias), limited reliability of
BP values reported by patients (i.e. reporting
bias), and induction of anxiety, resulting in
excessive monitoring [32]. Occasionally,
patients may change their treatment on the
basis of causal home measurements without a
doctor’s guidance [32]. There is still an uncer-
tainty about normality thresholds and thera-
peutic targets [32]. However, the main
disadvantage is that night recordings are not
possible and hence a lack of prognostic infor-
mation through night-time values and dipping
pattern [32].
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5 Ambulatory Blood Pressure
Measurement
5.1 Technique

For ABPM, patients are provided with an ABPM
device, which measures BP during 24-72 h at
predefined time intervals. Detailed guidelines for
the use of ABPM were published by the
European Society of Hypertension and the
National Institute for Health and Care Excellence
[11, 31, 37, 38]. Patients should be instructed
about manual deflation, missed readings, and
machine location [10]. They should also gain a
basic understanding of how the device works
[10]. An appropriately sized cuff is obligatory
(see Cuffs) [10]. If one arm gives a higher
reading at baseline, then this arm should be
used subsequently [10], however in general the
non-dominant arm will lead to as little interfer-
ence with daily activities as possible
[37]. Patients should be asked to write diary
records of activities and sleeping times
[10]. Sleeping times can also be estimated by
using fixed-narrow time intervals in which the
retiring and rising periods are eliminated and
only a daytime period from 0900 to 2100 h and
night-time period from 0100 to 0600 h is
recorded [37]. By this definition, variations of
time spent in bed depending on age or culture
can be reduced, however information on the
white-coat window, the early phase of night
sleep, when dipping can be most evident, as
well as the morning surge of BP, which may be
associated with cardiovascular events, are
reduced as well [37]. Therefore, this definition
is usually reserved for research purposes [37]. In
countries, where a daytime siesta is common
practice, a record of sleeping times both during
day and night is important and ABPM software
should be able to adjust for this, as otherwise
nocturnal BP dipping may be
underestimated [37].

Blood pressure is measured automatically at
repeated intervals (usually every 20 min at
day-time and every 30 min at night) over 24 h,
while patients continue their daily routines

[10]. Patients should engage in normal activities,
but should refrain from strenuous exercise and, at
the time of cuff inflation, stop moving and
talking and keep the arm still at heart level [7].

5.2 Devices
ABPM monitors include a cuff and bladder
connected to electronic sensors which detect
changes in cuff pressure and allow BP to be
measured oscillometrically [10]. Systolic and
diastolic pressure readings are deduced from the
shape of these oscillometric pressure changes
using a specific algorithm [10]. The cuff is
inflated by a battery powered compressor [10].
Devices differing in size, weight, noise level,
data manipulation and costs are available
[10]. They should be validated and internation-
ally recommended [10, 22].

5.3 Advantages

In order to overcome the previously mentioned
problems of OBPM, techniques for obtaining
automated ambulatory BP profiles over 24 h or
more have been developed [37]. In comparison to
OBPM, a larger number of readings can be col-
lected during an ABPM [37]. Through this, a
profile of BP behaviour during the patient’s
daily activities can be provided [37]. BP can
not only be influenced by the presence of a doctor
[35], but also by emotion, exercise, temperature
[39] and even by certain actions like car driving
[40], or sexual activity [41]. ABPM have been
shown to be prognostically superior to office BP
readings (Fig. 2) [30, 42]. Especially night-time
BP appears to be the best predictor of adverse
outcome, independently of either clinic or ambu-
latory awake measurements [42, 43]. Also,
ABPM may uncover a masked hypertension,
with the need for more aggressive therapy
(Table 3 and Fig. 1) [13]. ABPM has a great
potential to reduce misdiagnosis of arterial
hypertension, as it may detect white coat hyper-
tension and should therefore be recommended
before the start of antihypertensive drugs
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[10, 16]. The use of ABPM for diagnosing arte-
rial hypertension in patients with elevated OBPM
is time- and cost-effective and is implemented in
current guidelines [10, 16, 44].

5.4 Disadvantages

The main disadvantage of ABPM is its limited
availability [37, 38]. Also, it may cause discom-
fort to the patient, particularly at night [37,
38]. Patients may therefore be reluctant to use
it, specifically for repeat measurements [37, 38].

There may be a limited reproducibility, par-
ticularly when the procedure is not standardised
[37]. However changes in ABPM appear to
depend mostly on changes in body weight and
reaction to medical environment [45].

Generally oscillometric devices are used,
which may lead to erroneous readings in some
individuals, especially in those with cardiac
arrhythmias [37, 38].

6 The Future: Newer Techniques
New devices are placed on the marked on a

regular basis. Validated and hence recommended
devices can be found online [22]. A selection of

recently studied devices is subsequently
described.
6.1 Arterial Pressure Waveform

Measurement of the arterial pressure waveform
was made possible with a device called Finapres
(FINger Arterial PRESsure) and was introduced
in the 1980s [46]. The Finapres, which
reconstructs a brachial BP waveform from a fin-
ger BP waveform, was initially found to correlate
with intra-atrial measurements after one supine
return to flow calibration, correcting the
waveform-estimated finger pressure with a cali-
bration through an upper-arm oscillometric cuff
[47]. However, later it was suggested that
although the Finapres fulfilled the accuracy
requirements for the mean BP and diastolic BP,
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the Finapres systolic BP measurements did not
fulfil the criteria of the Association for the
Advancement of Medical Instrumentation
[48]. The improved apparatus, the Finometer,
compensates for the distortion of the pressure
waveform along the arm artery [49]. As a cali-
bration, it measures the brachial BP in a tradi-
tional way and then corrects the finger pressure
accordingly [49]. Additionally, the Finometer
corrects for the hydrostatic height of the finger
in respect to the heart level and has upgraded
filtering software [49]. Dabl Educational Trust,
however, does currently not recommend its used
due to incomplete validation [22].

6.2 Pulse-Transit Time

Measurement

An alternative technique to estimate beat-to-beat
BP is the so-called pulse-transit time measure-
ment (PTT) technique. With this technique, a
beat-to-beat determination of the PTT on the
basis of a finger photo-plethysmography and a
three-channel electrocardiogram is done. PTT is
the time-interval between the R-wave on the
ECG and the arrival of the corresponding pulse-
wave at the finger-plethysmograph. When a spe-
cific PTT is calibrated to the systolic and dia-
stolic values of a single standard BP
measurement, changes of PTT can be translated
into changes of BP values by the application of a
stretch strain model and specific algorithms
[50]. One commercially available device is the
Somnotouch-NIBP  (Somnomedics = GmbH,
Randersacker, Germany), which implements the
technique in a watch, which is connected to the
finger-plethysmograph and the three channel
ECG leads. With the appropriate software an
ABPM can be combined with a 24-h-ECG and
a nocturnal pulse oximetry. The Somnotouch-
NIBP was validated for clinical use according
to the European Society of Hypertension proto-
col and the signal was stable under short-term
conditions [51]. The validity of the 24-h BP
values derived by the PTT device compared to
conventional ABPM values needs to be
determined.
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Abstract

Blood pressure self-measurement has been used extensively as part of
several clinical processes including in the home monitoring setting for
mitigating white coat effect and gaining more detailed insights into the
blood pressure variability of patients over time. Self-measurement of BP
is also being used as part of telemonitoring and telemedicine processes, as
well as in the waiting rooms and self-measurement rooms of general
practice clinics, specialized hospital department’s outpatient clinics, and
in other types of care facilitates and institutions.

The aim of this review is to provide an overview of where, when, and
how blood pressure self-measurement is being used, which official clini-
cal guidelines and procedures are available for its implementation, as well
as the opportunities and challenges that are related to its use.
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medication, as well as for patients in high risk
groups, including diabetics, kidney disease
patients, and pregnant women suffering from

Blood pressure measurements are important in the
diagnosis and monitoring of patients suffering
from hypertension or receiving BP lowering
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pre-eclampsia (Campbell and McKay 1999;
Pickering 1991; Pierdomenico et al. 2009). Hyper-
tension is estimated to be affecting a quarter of the
world’s adult population with a prevalence as high
as 50 % for senior citizens (Wagner et al. 2012a;
Santamore et al. 2008).
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BP measurements are primarily performed in
the clinical or in the home setting. In the clinical
setting the BP measurements performed by
healthcare staff, including medical doctors and
trained nurses is called Office BP measurement
(OBPM).

OBPM is considered to be the cornerstone of
hypertension diagnosis with most evidence on
the clinical importance of hypertension and
benefits of treatment coming from studies using
this technique (Parati et al. 2008). However,
OBPM has important limitations, including the
inability of OBPM to collect information on BP
during usual daytime activities and during sleep,
also known as the true blood pressure of the
patient (Pickering 1996). Other limitations of
OBPM include measurement bias originating
from the clinical measurement context and
conditions under which the measurement is
performed, including the anxiety some patients
feel during this process, also known as the white
coat effect, which we shall discuss in more detail
later (Parati et al. 2008).

Another alternative method for clinical use is
called automated office blood pressure (AOBP).
It is based on an automated BP device, where the
cuff is mounted by a healthcare professional,
after which a series of measurements automati-
cally is taken by the device with 1-2 min interval
(Leung et al. 2016).

As an alternative to OBPM, measurements in
the home setting have proven successful for
obtaining valid measurements (Pickering
et al. 2008; AbuDagga et al. 2010). Measure
ments in the home setting may be done using
either ambulatory blood pressure devices
(ABPM) which are typically worn by the patient
for a single 24-h diagnostic period and provides a
long range of samples typically at 15-30 min
intervals, or automatic home blood pressure
devices used for obtaining point measurements
typically spanning several days, mornings and
afternoons. Both ambulatory and home devices
have proven their ability to provide reliable
measurements, while home BP devices are
more cost effective, less obtrusive and easier to
use for the patient than ambulatory BP devices
(Pickering et al. 2005a).
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Blood pressure self-measurement can also be
performed by patients in outpatient clinics and
other clinical settings, e.g. in waiting rooms or
special self-measurement rooms, as an alterna-
tive or supplement to home measurements, using
the same BP device types and following the same
techniques as in the home setting (Wagner
et al. 2012a). In recent years, a range of addi-
tional BP devices targeting the clinical self-
measurement context has been validated for
clinical use.

In the clinic, measurements are either
performed by healthcare professionals or as part
of a self-measurement procedure handled by the
patient themselves. The main motivation for
introducing self-measurements relates to a phe-
nomenon known as the white coat effect. Here
patients are showing higher blood pressure
readings at the clinic than at home, possibly due
to the anxiety some people experience during a
visit to the clinic or due to the presence of
healthcare staff. This is estimated to affect as
many as 20 % of all patients (Pickering
et al. 2008; AbuDagga et al. 2010). White coat
effect is also frequently used as one of the main
arguments for home BP monitoring (Parati
et al. 2010). Other incentives for increased use
of self-measurement in the clinic include a higher
number of samples, e.g. several blood pressures
readings as opposed to a single point measure-
ment, as well as reduced strain on healthcare
personnel.

2 Home Blood Pressure
Monitoring

Self-monitoring of blood pressure by patients at
home, also known as self-measured blood pres-
sure (SMBP) monitoring, or home blood pressure
monitoring (HBPM), is being increasingly used
in many countries. SMBP and HBPM have been
well received by hypertensive patients and other
patient groups that require monitoring of their
BP, such as kidney disease patients, diabetics,
and pregnant women with BP related
complications (Abdoh et al. 2003). HBPM has
been shown to predict health outcomes better
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than office BP measurements (Bobrie et al. 2004;
Asayama et al. 2004), and has been found to
lower BP compared with usual care (Uhlig
et al. 2013).

HBPM is usually performed using a validated
blood pressure measurement device using either
manual log book entries (paper and pen) or by
utilizing the automatic memory of most modern
BP devices (Parati et al. 2008). As an alternative,
HBPM may also be done as part of a telemedicine
or telemonitoring system setup (Parati
et al. 2010). Here, the blood pressure device is
usually part of a connected system that is able to
automatically record data and relay these to the
healthcare professionals, e.g. through the use of a
secure web based system (Santamore et al. 2008).

Hypertension guidelines provided by the
European Society of Hypertension (ESH) and
the American Heart Association (AHA) have
endorsed the use of HBPM in clinical practice
as a useful supplement or alternative to conven-
tional office measurements, especially in patients
suspected of possible white coat effect (Parati
et al. 2010; Pickering et al. 2005b).

The use of HBPM holds several advantages
over conventional office blood pressure
(BP) measurement: (1) it provides multiple
measurements of BP over time allowing health
professionals better insights into the causes and
progression of elevated BP (Parati et al. 2010);
(2) HPBM measurements are made in the usual
environment of each individual, usually the
home settings, away from the clinical setting, a
setting known to cause white coat -effect
(Pickering 1996); (3) HBPM is more closely
related to hypertension-induced target organ
damage and predicts the risk of cardiovascular
events better than conventional OBPM office
measurements (Bobrie et al. 2004; Asayama
et al. 2004; O’Brien et al. 2003); (4) HBPM can
detect the white-coat and masked hypertension
phenomena, and it shares most of the above
features with 24-h ambulatory BP monitoring
(ABPM) (Parati et al. 2010).

Compared with ABPM, HBPM provides
measurements over a much longer period, is
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more cost efficient, more widely available,
more convenient for patients particularly for
repeated measurements, and has been shown to
improve patients’ adherence to treatment and
hypertension control rates (Pickering
et al. 2008, 2010; Parati et al. 2010; ). Further-
more, HBPM can in theory be continued indefi-
nitely, allowing the patient to self-monitor BP
progression over time. However, unlike ABPM,
HBPM does not allow for the monitoring of BP
during sleep, leisure activities or at work, and
does not support the quantification of short-term
BP variability, e.g. in 15-30 min intervals.

One of the major shortcomings of HBSM is
the design of the BP devices, most of which are
based on designs targeting healthcare
professionals (Wagner et al. 2012b). Thus, most
HBSM devices validated for clinical use does not
ensure that patients are adhering to the measure-
ment regiment they have been provided with by
their healthcare professional (Parati et al. 2010).
This includes not being able to verify the time of
day to take their measurements and the number
of measurements to take, wusually 2-3
measurements each morning and 2-3 each after-
noon/evening depending on the provider
guidelines, as well as a lack of meeting the
guidelines for use of self-measurement in general
(Pickering et al. 2005b).

HBPM may be perceived by healthcare
professionals and patients to be more time con-
suming than OBPM, requiring the patient to be
instructed in proper use, registering the equip-
ment for lending, and testing and calibrating the
equipment after use (Pickering et al. 2008). Fur-
thermore, in case of manual paper based BP
schemas or logbooks, the individual
measurements needs to be checked for consis-
tency, average values must be calculated and
entered into the patient record, or alternatively,
data needs to be entered into a decision support
system (e.g. an electronic patient record system),
for  automatic calculations (Santamore
et al. 2008). All of these mandatory activities
are also error-prone and may result in low quality
data sets (Wagner et al. 2012b).
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3 Self-Monitoring vs. Self-
Measurements

We need to distinguish between self-monitoring
of BP in the home setting and time limited self-
measurement of BP (BPSM). Self-monitoring is
usually used to describe a series of self-
measurements over time, usually in the home
setting where it is called HBPM, whereas
BPSM self-measurement often is constituted as
a single point of measurement, or a series of
single point measurements, e.g. performed in
the clinic’s waiting room (Wagner et al. 2012b).
As such, BPSM can be viewed as being situated
somewhere between the OBPM and HBPM
methods with characteristics from both, and
should thus be treated and studied in its own
right. Thus, some of the challenges associated
with OBPM could still apply to BPSM, including
bias stemming from the anxiety of attending a
clinical setting, something usually associated
with the white coat effect phenomenon. How-
ever, as with HBPM, the reliability of BPSM
measurements depends on the ability and will-
ingness of the individual patient to comply with
the provided guidelines (Wagner et al. 2012b).
As we shall discus later in further detail, this is
one of the major shortcomings of HBPM and
BPSM when using state of the art equipment
and methods.

4 Blood Pressure Self-
Measurement in the Clinic

As an alternative to both OBPM and HBPM,
some clinics provide the possibility of letting
their patients self-measure their BP before con-
sultation relying on patients performing BPSM in
the clinic waiting room or similar. It has not yet
been investigated whether this mitigates the
white coat effect to the same extent as HBPM
and ABPM. While the patient is still in the clinic,
the patient is no longer in the same room as the
healthcare professional, which could possibly
help mitigate the white coat effect of some
patients. This has not yet been studied in
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sufficient detail, and the mere presence of the
patient in a clinical setting could cause similar
symptoms of anxiety as with white coat hyper-
tension, resulting in increased BP measurements.
However, like with HBPM the BPSM process in
the clinic requires the patient to follow the same
range of recommendations as in HBPM in order
to be valid and even though careful instructions
and training are provided, BPSM may still be
associated with problems.

Current state-of-the-art BP devices used in the
HBPM and BPSM setups are not capable of sens-
ing incorrect usage (Wagner et al. 2012a). There-
fore, the ability of the patients to adhere to the
instructions and related BPSM recommendations
is very important. Only measurements following
the recommendations are considered reliable
(Campbell and McKay 1999; Pickering 1991;
Pierdomenico et al. 2009). Thus, non-adherent
patient behavior could lead to potential
misdiagnoses and possibly result in inappropriate
medication (Pickering et al. 2008; AbuDagga
et al. 2010).

5 HBPM and BPSM in Clinical
Practice

There are important prerequisites for the optimal
application of HBPM and BPSM in clinical prac-
tice. HBPM and BPSM should be performed by
patients who have been trained under medical
supervision, and trained nurses and/or
pharmacists can have an important part in the
implementation of HBPM and BPSM in daily
practice and in the diffusion of correct
recommendations. Training should include infor-
mation regarding hypertension, natural occurring
and context induced BP variability, proper
conditions and procedures to follow for self-
monitoring, advice on equipment choice based
on validation status (clinical or home use), tech-
nical features, price and individual experience,
and its proper use and interpretation of results
(Parati et al. 2010).

The HBPM and BPSM techniques, when
applied using automated electronic devices, is
not particularly complex and can easily be
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explained to most patient groups during a single
training session. This could be combined with
subsequent periodic verification of correct moni-
toring performance during office visits or visits
by home nurses. Recent studies indicate that
even well-trained patients are not following the
recommended procedure over time, indicating
the need for continuous control measures
(Wagner et al. 2013a).

Also, in some patients, in particular elderly
with motor or cognitive impairment as well as in
young children, the support of a trained nurse, a
friend or a relative, may be needed (Parati
et al. 2010). Telephonic or video link assistance
for patients having doubts or problems with cor-
rect HBPM performance could also prove to be
useful. A standardized BP logbook structured
according to the required monitoring schedule is
useful for ensuring the accuracy of data reporting
and for improving adherence to measurements
schedule (Parati et al. 2010). Manufacturers can
facilitate reliable HBPM and BPSM by providing
devices with a range of cuffs for varying arm sizes
and capable of automatically calculating average
BP, and even for the detection of incorrect behav-
ior during measurements. The provision of tele-
medicine or telemonitoring facilities may be of
further advantage to some groups, particularly
chronic patient groups.

6 Guidelines on Self-
Measurement

A range of guidelines on the self-measurement
procedure to follow for HBPM and BPSM, as
well as the conditions under which they should
be performed exist. Care should be taken to fol-
low these recommendations, as the level of com-
pliance can greatly affect the measured BP
levels. These set of recommendations differs
between organizations such as the AHA and the
ESH (see Table 1).

Healthcare professionals should also be aware
of any national or local guidelines to follow, as
well, as even the smallest deviations in protocol
could result in differences in the resulting mea-
surement levels.
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Table 1 Comparison of ESH and AHA guidelines on
HBPM procedure and schedule

ESH guidelines

Measurement procedure
and schedule:

Seven-day home
measurements (minimum
of 3 days). At initial
assessment, when
assessing treatment
effects, and in the
long-term follow-up
before each clinic/office
visit. Take two readings
morning (before drug
intake if treated) and two
readings evening (before
eating). Readings should
be 1-2 min apart.
Long-term follow-up: less
frequent measurements
(for example, once or
twice per week) could be
regularly performed aimed
at reinforcing compliance,
although isolated readings
should never be used for
diagnostic purposes.
Overuse of the method and
self-modification of
treatment should be
avoided.

6.1

AHA guidelines

Measurement procedure
and schedule:

Take multiple readings.
Each time you measure,
take two or three readings
one minute apart and
record all the results.
Measure at the same time
daily. It is important to
take the readings at the
same time each day, such
as morning and evening, or
as your healthcare
professional recommends.
Accurately record all your
results. Keep a record of
all of your readings,
including the date and time
taken. Share your blood
pressure records with your
healthcare team. Some
monitors have built-in
memory to store your
readings; if yours does,
take it with you to your
appointments. Some
monitors may also allow
you to upload your
readings to a secure

web site.

Monitoring Schedule

Most guidelines suggest that for the initial

evaluation of blood pressure levels, including
for the diagnosis of hypertension, as well as for
the assessment of the effects of antihypertensive
treatment including changes in drug or dose,
HBPM should be performed daily during at least
3 days before the appointment at the clinic (Parati
et al. 2010; Pickering et al. 2005b). Duplicate
measurements should be obtained in the morning
before drug intake, and in the evening before
eating. Measurements of the first monitoring day
are usually higher and unstable and are excluded.
Well-treated hypertensive patients may also
perform regular home BP measurements as a
long-term follow-up, e.g. once per week, with
the additional aim to reinforce their treatment
compliance levels, but the diagnostic value of
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such long-term measurements is not well-
established (Parati et al. 2010).

6.2 Measurement

Recommendations

Common to all guidelines, it is recommended that
the cuff should be wrapped around the arm with
its inflatable bladder centered on the arm with the
lower edge of the cuff approximately 2-3 cm
above the bend of the elbow. The bladder should
always be positioned at the heart level. Also, the
measurement should be performed in a quiet
room and the patient should remain seated com-
fortably, not moving during measurements, with
the arm resting on a table or other support. Also,
the patient should not talk during measurements,
and refrain from talking in the minutes before the
measurement is taken if feasible.

Please note the subtle differences between
ESH and AHA guidelines, where AHA requires
the upper arm to be supported at heart level,
while ESH only requires the cuff to be placed at
heart level. In a recent study by O’brien
et al. from 2003, it was found that the forearm
also should be at the level of the heart as denoted
by the mid-sternal level. Dependency of the arm
below heart level leads to an overestimation of
systolic and diastolic pressures and raising the
arm above heart level leads to underestimation.
According to O’brien et al. the magnitude of this
error can be as great as 10 mmHg for systolic and
diastolic readings, underlining that the source of
arm position errors are especially important for
the sitting and standing positions. Furthermore,
there is evidence that even with a patient in the
supine position, an error of up to 5 mmHg for
diastolic pressure may occur if the arm is not
supported at heart level (O’Brien et al. 2003).

BP measurement results should be reported in
a paper schema or logbook format immediately
after each measurement according to both ESH
and AHA guidelines (Parati et al. 2010;
Pickering et al. 2005b). Alternatively, memory
equipped devices can store the readings with
time and date for each measurement. BP devices
designed for telemedicine and telemonitoring
purposes are also capable of sending data to a
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Table 2 Comparison of ESH and AHA guidelines on

HBPM recommendations

ESH guidelines

Measurement
recommendations:

At least 5-min rest, 30 min
without smoking, meal,
caffeine intake or physical
exercise. Seated position in
a quiet room, back
supported, arm supported
(for example, resting on
the table). Subject
immobile, legs uncrossed,
not talking and relaxed.
Correct cuff bladder
placement at heart level.
Results immediately
reported in a specific
logbook or stored in device
memory.

AHA guidelines

Measurement
recommendations:

Make sure the cuff fits.
Measure around your
upper arm and choose a
monitor that comes with
the correct size cuff. Be
still, do not smoke, drink
caffeinated beverages or
exercise within the 30 min
before measuring your
blood pressure.

Sit correctly. Sit with your
back straight and
supported (on a dining
chair, for example, rather
than a sofa). Your feet
should be flat on the floor;

do not cross your legs.
Your arm should be
supported on a flat surface
(such as a table) with the
upper arm at heart level.
Make sure the middle of
the cuff is placed directly
above the eye of the elbow.
Check your monitor’s
instructions for an
illustration or have your
healthcare provider show
you how.

computer or tablet device, and even to an online
record system, such as the OpenTele telemedi-
cine system (Wagner 2015). Such systems can
distinguish data originating from different device
users, removing such bias. Sometimes devices
are used to measure BP in other family members
and it is important to ensure that these are not
erroneously included into a patient BP measure-
ment data set (Parati et al. 2010). Finally, in the
rare case of a significant and consistent BP dif-
ference between arms, defined as more than
10 mmHg, the physician should advise the
patient to use the arm with the highest BP values
for HBPM and BPSM purposes (Pickering
et al. 2005b).

As may be seen in the comparison of ESH vs
AHA guidelines in Tables 1 and 2, there are
several differences in measurement procedure
and schedule as well as measurement
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recommendations. For instance, the ESH high-
light the need to take the measurements before
drug intake (in the morning) and before eating
(in the evening). Guidelines from other
organizations differ even more, including
guidelines from the British Hypertension Society
that recommends two measurements be taken in
the seated position with 1 min apart in the morn-
ing and evening for 4-7 days, ensuring a relaxed,
temperate setting, with the patient quiet and
seated, and their arm outstretched and supported.
No other indications are provided, e.g. on rest
time before the first measurement (NICE 2011).

6.3 Interpretation of HBPM

The average of a series of measurements taken
following the chosen set of guidelines should be
used for the clinical decisions based on HBPM
and BPSM readings. Casual, isolated home

Table 3 Comparison of ESH and AHA guidelines on
interpretation of measurements

ESH guidelines

Interpretation of
measurements:

Average BP from several
monitoring days should be
considered. BP values
measured on the first
monitoring day should be
discarded.. Mean home
systolic BP greater than or
equal to 135 mmHg and/or
diastolic

BP greater than or equal to
85 mmHg should be
considered as elevated.
Systolic and diastolic
home BP less than 130 and
less than 80 mmHg,
respectively, should be
considered normal in most
subjects. In high-risk
subjects home BP targets
should probably be lower.

AHA guidelines

Interpretation of
measurements:

Optimal blood pressure is
less than 120/80 mmHg
(systolic pressure should
be less than 120 mmHg
and diastolic pressure
should be less than

80 mmHg). Consult your
healthcare professional if
you get several high
readings. A single high
reading of blood pressure
is not an immediate cause
for alarm. However, if you
get a high reading, take
your blood pressure
several more times and
consult your healthcare
professional to make sure
you (or your monitor) do
not have a problem. When
blood pressure reaches a
systolic (top number) of
180 or higher OR diastolic
(bottom number) of 110 or
higher, emergency medical
treatment is required.
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measurements can be very misleading and should
not by themselves constitute the basis for clinical
decisions. The users should be informed that BP
may vary between measurements and be
instructed not to be alarmed by lone standing
high or low BP measurements. Optimal blood
pressure is defined as systolic pressure less than
120 mmHg and diastolic pressure less than
80 mmHg. Average systolic home BP greater
than or equaling 135 mm Hg and/or diastolic
greater than or equaling 85 mm Hg indicates
elevated BP. The levels of ‘normal’ and ‘optimal’
home BP are still under investigation, provision-
ally suggested values being below 130 mmHg
systolic and below 80 mmHg diastolic for normal
home BP (Parati et al. 2010) (Table 3).

7 Challenges of HBPM and BPSM

7.1 Patients Ability to Report Self-
Measured BP Data
There are several well-known challenges

associated with both BPSM in general and
HBPSM in particular, including failure to
correctly report self-measured data, as well as
failure to comply with one or more
recommendations as described in the guidelines
provided by the healthcare professional. A recent
study by Wagner et. al. of 113 chronic kidney
disease patients self-measuring in the outpatient
clinic, in a special purpose self-measurement
room, found that over a third of the participants
failed to self-report accurately, either omitting,
doubling, rounding, or even fabricating one or
more parameters in one or more of their
measurements. This represents a challenge to
the validity of the data being self-reported by
patients (Wagner et al. 2013a). These findings
are in line with previous work in the area study-
ing HBPM (Johnson et al. 1999; Mengden
et al. 1998; Myers 1998). In these studies patients
were equipped with home BP devices, but where
not informed that the devices were capable of
storing the measurements automatically in
device memory. This was done in order to inves-
tigate the participant’s ability to correctly self-
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report measurements. After a period of self-
monitoring and filling out of the paper records,
these records were compared with BP device
memory values. In total, more than half the
patients had either omitted or fabricated readings
indicating unacceptable levels of reporting bias,
in line with previous work (Wagner et al. 2013a).
In a later study on HBPM using a telemedicine
web-based system and a home BP device,
161 patients’ ability to accurately report self-
measured BP data was investigated (Santamore
et al. 2008). The study compared the self-
reported data from the web, being manually
input by the patients after each measurement,
with the data stored in the memory of the
devices. The authors found that around 16 % of
the reported data deviated from the actual data
stored in the device memory, which is signifi-
cantly less reporting error compared with previ-
ous work (Johnson et al. 1999; Mengden
et al. 1998; Myers 1998). Also, the study found
the average reporting error to be below 4 mmHg,
and thus not of major importance to the prognos-
tic value for diagnostic or monitoring purposes
(Santamore et al. 2008). The lower error rate
reported in this study could be due to
participants entering data into a web solution
rather than keeping a paper logbook. This
implies that the participants were aware of tech-
nology being involved and thus presumably less
likely to be tempted to misreport. Also, as we
cannot expect all patient types to be able to
utilize a web solution for self-reporting of
data, it could indicate that the Santamore study
included a population with higher competencies
than was the case in the four related studies. Of
the five presented studies, only the first
investigated adherence to the recommendations,
such as rest time before measurement, talking,
and noise levels, the other four focusing solely
on the patients’ ability to correctly and accu-
rately self-report BPSM data. These findings
provides us with an indication of the challenges
related to relying on HBPM and BPSM obtained
in the unsupervised setting with regard to
patients’ ability to accurately report self-
measured data, but not on their ability to self-
measure reliably.
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In conclusion, self-reported data should not be
trusted to be accurate with currently available
technology. Either the use of device memory or
telemonitoring and telemedicine solutions should
be used to overcome reporting-bias.

7.2 Patient Adherence

to the Recommendations

A recent study of kidney disease patients who
were trained to self-measure their BP at regular
intervals at special purpose self-measurement
room at an outpatient clinic found that only 8 %
of patients adhered to the required rest time
before taking the first measurement (Wagner
et al. 2013a). Rest time is considered one of the
most central requirements for patients to comply
with in order to provide a valid rested BP
reading, and failing to rest at least 5 min could
cause unacceptable bias to the measurement if
not properly adhered to (Pickering 1991;
Pickering et al. 2008). The study found that less
than half of all measurements, including the sec-
ond and third measurement, where performed
after the required 5 min rest time. Furthermore,
when analysing the overall ability of participants
to adhere to the recommendations: “no talking”,
“legs not crossed”, “back supported”, and being
in a “quiet setting”, the study found that none of
the participants followed all of the five
recommendations, while most participants did
avoid talking during measurements (Wagner
et al. 2013a). Not complying with just a single
of these HBPM recommendations has been
shown to potentially create significant bias to
the measurement, in effect rendering the data
unusable or even harmful (Campbell and
McKay 1999; Pickering 1991; Campbell
et al. 1990). As no single participant were able
to follow all of the five measured
recommendations, and only a minority adhered
to four out of five, and less than half adhered to
two out of five, this indicates a serious challenge
associated with the BPSM method.

In a related study, 81 pregnant diabetic
women were observed self-measuring BP while
preparing for their weekly or bi-weekly medical
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consultation in the waiting room of the outpatient
clinic.c. The study found that the pregnant
diabetics predominantly did not adhere to given
instructions when performing BPSM in the
waiting room (Wagner et al. 2013b).

In conclusion, these two chronic patient
groups, both of which being well trained in
BPSM guidelines and techniques, failed to fol-
low their training.

Likewise, in a recent study of healthy preg-
nant women’s ability to perform BPSM as part of
a screening process for pre-eclampsia, where an
interactive system provided partial guidance,
including on rest time, time between
measurements, and number of measurements
(a total of three measurements), the authors
found that most participants (85 %) performed
exactly the three required BP measurements
when guided throughout the process by an inter-
active video screen (Sandager et al. 2013). The
remaining performed either four (12 %) or five
measurements (3 %) respectively, the system
allowing for additional measurements (Sandager
et al. 2013). There were also three incidents of
“premature measurements” typically taken
within 15-60 s after the patient was first seated.
However, these three patients eventually man-
aged to wait a further 5 min before taking the
next measurement, achieving three valid
measurements in the end. The ability to recover
from the erroneous process is likely due to the
context-aware adherence aid which would subse-
quently inform the patient of the insufficient rest
time and instruct her to redo the measurement
when a premature measurement was detected.
Also, one patient had actually rested sufficiently
before starting the measurement process, but
continued to take an additional two
measurements after the system had indicated
the successful receipt of the required three
measurements. The authors also observed ade-
quate patient adherence to the recommendations
with regard to rest time in general where 96 %
complied (Pickering et al. 2010). Compared with
the non-guided results of 8 % compliance
reported by the authors in (Wagner
et al. 2013a), this indicates the relevance for
proper interactive guidance. Also, refraining
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from talking during measurements was adhered
to by 98 % of patients, without interactive guid-
ance, which is in line with previous results. How-
ever, the recommendation on keeping legs not
crossed was only adhered to in 85 % of
measurements, while back supported was only
adhered to by 44 % of the patients. Common to
the recommendations “legs not crossed” and
“back supported”, was that no interactive feed-
back was provided during the BPSM process.
Inadequate  patient adherence to these
recommendations could cause critical bias and
erroneously increased BP levels (Pickering
et al. 2010).

These results indicate that patients primarily
comply to recommendations when they are
actively guided. Using instructions and passive
adherence aids did not seem to be sufficient for
ensuring reliable measurements. Thus, it should
be considered whether interactive aware adher-
ence aids should be introduced to verify and aid
during the BPSM and HBPM processes (Wagner
et al. 2013c¢).

Within the field of telemedicine, several state-
of-the-art platforms exists that features BP mea-
surement and automatic data collection in order
to avoid reporting errors. This includes the Intel
Health Guide (IHG), which has been used in
several telemedicine studies (Intel 2011;
Takahashi et al. 2012). The IHG allows the
patient to take the recommended three successive
measurements, after which it automatically
calculates the average values and reports the
data to the healthcare provider, thus enforcing
correct reporting procedure eliminating the risk
of reporting bias. The THG also features the
capability of enforcing a one minute wait
between the three  measurements  as
recommended in most guidelines. However, the
system does not have any context-aware sensors,
and cannot check whether the patient has
remained silent and still during measurements,
or observed the proper rest time. It does feature a
range of interactive questionnaires, allowing the
user to self-report whether he or she has rested
sufficiently, been drinking coffee, or smoking
cigarettes. Similar systems include the Tunstall
Mymedic (Tunstall 2011), and the Bosch Health



106

Buddy (Koff et al. 2009), which both features
automatic collection of BP data and interactive
questionnaires, thus avoiding reporting errors,
but still relying on self-reporting for relevant
context. However, none of these three systems
supports the detection of patients not following
the recommendations during BPSM and HBPM.

8 Conclusion

HBPM and BPSM are valuable tools in the daily
management of hypertension. However, due to
the lack of medical supervision during the mea-
surement process, care should be taken to care-
fully instruct patients of the risks associated
with it.
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Abstract

Clinicians should take initiatives to establish ambulatory blood pressure
monitoring (ABPM) services in their own practice, or to ensure that they
have access to such services elsewhere. Whenever possible, ABPM
should be performed in suitable cases, where it is likely to deliver clini-
cally useful information for making a correct diagnosis, or for tailoring the
anti-hypertensive treatment regimen for each individual patient. ABPM is
clinically useful, among others, for identifying people with “masked
normotension”, “masked hypertension”, “sleep-time hypertension”, and
“reduced decline of sleep-time blood pressure”. This review briefly
outlines the rationales for the use of ABPM, interpretations of the
ABPM-derived parameters, and the advantages of ABPM in decision
making in the management of hypertension.
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1 Introduction

A fundamental property of blood pressure (BP) is
its variability, which is essential for adaptation to
numerous  changes in the  prevailing
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circumstances. Thus, blood pressures measured
at the doctors’ offices or clinics are the results of
the adaptive responses to, for example, the
anxieties and expectations of the patients in
those special situations and environments.
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These BPs do not represent the BPs measured
outside the clinic at various time points during
the days and the nights. In this respect, ambula-
tory blood pressure monitoring (ABPM) over a
24-h or 48-h period provides more representative
information than BP measurements in the office.
However, ABPM is expensive, technically more
difficult, not available in many of the developing
countries, and not widely available even in many
centers in the developed countries.

If available, clinicians should use ABPM gen-
erously for the diagnosis of, and the follow up of
the treatment of hypertension (O’Brien 2016).
The technique should be made available more
widely both in the primary care centers as well
as in the hospital clinics. If the ABPM services
do not exist, then the clinicians should take
initiatives, and influence the decision makers to
make the technique available to the patients at
affordable costs.

In this review, I shall address some selected
issues for a better understanding of the rationale,
and the utility of ABPM, in an attempt to per-
suade clinicians to use the technique more liber-
ally in their practices. I shall also touch upon
some practical issues, which may help clinicians
feel comfortable in wusing the technique,
interpreting the results, and making treatment
decisions more correctly. For more comprehen-
sive information on ABPM, clinicians may read
some recent reviews and guidelines (O’Brien
et al. 2013; Parati et al. 2014; Hermida et al.
2013a).

2 When Should Clinicians Use
ABPM?

Even when freely available, use of ABPM for all
patients will not be cost effective. Physicians
need to make decisions about the use of ABPM
in individual cases based on sound clinical judg-
ment and experience, even in the absence of
convincing evidence, or clear guidelines. In prin-
ciple, it should be used to identify eventual
discrepancies between the office blood pressure
measurement (OBPM) and the ABPM. ABPM
should be performed, in selected cases,
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preferably for two consecutive 24 h periods, for
confirming the diagnosis of different forms of
hypertension, for evaluating the severity of the
condition during a 24-h period, for diagnosing
sleep-time hypertension, for identifying the dip-
ping patterns, episodes of hypertension or hypo-
tension, and for identifying the patients with
autonomic failures (O’Brien et al. 2013). In the
following paragraphs, I shall briefly describe
some of these conditions.

1. “Masked normotension” (more often called
“isolated office-hypertension” or “white-coat
hypertension™):

Some patients, who are not on any anti-
hypertensive medicines, have high blood pres-
sure (BP) on repeated measurements (usually
day time awake BP) at the doctors’ office
(OBPM). If ABPM is not available, most doctors
will label these patients as hypertensive patients,
and they will do so rightly in about 80 % of the
cases. However, they will be wrong in about
20 % of the cases, who actually have normal
BP (as evidenced from ABPM), but are wrongly
diagnosed as hypertensive patients and treated
unnecessarily by antihypertensive medicines,
often for the rest of their lives. This is a serious
problem for the patients and is expensive for the
society, and it must be avoided.

Men who have high office BP (>140/90) but
whose mean 24-h BP is normal (i.e. <130/
80 mmHg), do not have hypertension, and should
not be treated with antihypertensive drugs
(O’Brien et al. 2013). These people have
“masked normotension” (also called “white-
coat hypertension”, or “isolated office- hyperten-
sion”), and identification of these people by
ABPM is important. They cannot be identified
by home blood pressure monitoring (HBPM),
which cannot measure sleep-time BP, an impor-
tant marker of cardiovascular disease (CVD)
risk. These people should be followed up by
ABPM within two years, if they do not have an
increased risk for CVD (e.g. diabetes, chronic
kidney disease, or past CVD), or within one
year, if they have an increased CVD risk.
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In the USA, the Centers for Medicare and
Medicaid Services approves reimbursement for
the use of ABPM for identification of people with
“masked normotension”. Early use of ABPM for
the diagnosis of “masked normotension” is
recommended, among others, by the Canadian
Hypertension Education Program (CHEF), UK
National Institute for Health and Clinical Excel-
lence (NICE), the European Society of Hyper-
tension, and the International Society for
Chronobiology (O’Brien et al. 2013; Hermida
et al. 2013a; Gelfer et al. 2015; Krause et al.
2011). U.S. Preventive Services Task Force
(USPSTF) concludes that ABPM is the reference
standard for confirming elevated office BP
results to avoid misdiagnosis and overtreatment
of persons with isolated office-hypertension
(Piper et al. 2015). ABPM before starting treat-
ment of hypertension is cost-effective (Lovibond
et al. 2011).

It should be noted that if office BP is >180/
110, doctors need to start treatment without
waiting for ABPM. First-time ABPM should
not be done for patients who are on <2 anti-
hypertensive medicines. If they are on >3 anti-
hypertensive medicines then they should be
tested by ABPM to confirm if they have true
resistant hypertension (see below).

2. “Masked hypertension”:

Many people, who are not on any anti-
hypertensive medicines, have normal office BP
measured on repeated occasions. It is important
for clinicians to keep in mind that about 10 % of
these people may have hypertension, despite nor-
mal office BP (“masked hypertension”). In some
cases “masked hypertension” is due to sleep-time
hypertension. “Masked hypertension” is com-
mon and is associated with increased risk for
CVD events (Hermida et al. 2012; Booth et al.
2016). If the diagnosis of hypertension is missed
in people with “masked hypertension”, they will
remain untreated with increased risk for CVD.
For the diagnosis of “masked hypertension”,
clinicians should use ABPM whenever they sus-
pect the condition.

3. “Sleep-time hypertension” and “dipping” or
“rising” patterns of BP:

Sleep-time hypertension and the “dipping” or
“rising” patterns of BP during sleep-time can be
identified only by using 24-h ABPM (preferably
on two consecutive days). It should be noted that
for defining the wake-time BP and the sleep time
BP, it is common and convenient to use arbitrary
fixed clock hours, for example, wake-time BP
defined as BP measured during 09:00-21:00,
and sleep-time BP defined as those during
01:00-06:00. However, presentation of ABPM
results in terms of clock hours can be misleading.
For accurately measuring the average wake-time
and sleep-time BPs, people undergoing ABPM
must note down in a diary the times of retiring to
the bed at night, and the times of awakening in
the morning, and the ABPM results must be
presented in terms of “hours from bedtime”
(Hermida et al. 2013a).

Some people have normal office BP, and nor-
mal ABPM-derived mean wake-time BP, but
high ABPM-derived mean sleep-time BP. The
latter is an independent, and a better predictor
of CVD morbidity and mortality compared to the
office BP or ABPM-derived mean wake-time BP,
or mean 24 h BP (Hermida et al. 2016). Sleep-
time relative systolic BP (SBP) decline has addi-
tional prognostic value. Sleep time relative SBP
decline or “dipping” is calculated as 100 x (mean
wake-time SBP — mean sleep-time SBP)/mean
wake-time SBP. Sleep-time relative SBP decline
is a continuous variable but it is conventional to
divide people into four groups based on the
decline: people who have >10 % decline in
sleep-time SBP compared to the wake-time
SBP are called “dippers”; those who have
<10 % decline are called “non-dippers”; those
who have >20 % decline are called “extreme
dippers”; and those who have <0 % decline are
called “risers”. It should be noted that in shift-
workers, the circadian rhythm of BP is reversed.
They have peak BP at about 10:00-11:00
(Sternberg et al. 1995).

The frequency of sleep-time hypertension,
“non-dipping”, “reduced-dipping” or “riser”
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patterns of BP is high (as high as 65-81 %) in the
elderly people, type 2 diabetes, chronic kidney
disease, obstructive sleep apnea and other sleep
disorders, resistant hypertension, obesity and
pregnancy (Hermida et al. 2016; Mojon et al.
2013; Ayala et al. 2013). Moreover, about 20 %
“normotensive” people are “non-dippers”, and
thus have increased CVD risk. ABPM should
be performed when sleep-time hypertension,
“reduced dipping”, “non-dipping” or “rising”
patterns of sleep-time BP are suspected. Identifi-
cation of sleep-time hypertension and the “non-
dippers” is clinically useful, since some of these
patients can be treated by administering some of
the antihypertensive medicines, in full dose, at
the bed-time (not traditional BID regimen)
(Hermida et al. 2016).

4. Resistant hypertension:

Hypertension that is not controlled by lifestyle
changes and therapeutic doses of >3 antihyper-
tensive medicines (including a diuretic, unless
contraindicated) is called resistant hypertension.
Thus, all patients who need >4 medicines for
control of BP have resistant hypertension. Diag-
nosis of resistant hypertension based on OBPM
can often be wrong because of the well-known
“white-coat effect”. In one large study, 37.5 % of
the “resistant hypertension” patients diagnosed
by OBPM had “white-coat resistant hyperten-
sion”, and 62.5 % had true resistant hypertension,
as verified by ABPM (de la Sierra et al. 2011).
ABPM is essential for a correct diagnosis of
resistant hypertension (Lazaridis et al. 2015). It
is also useful for guiding the treatment of hyper-
tension in these patients. When any treatment of
these patients is modified in any way, the results
of such modifications should be evaluated by
repeating ABPM within the ensuing three
months.

5. Evaluation of the treatment of hypertension:

ABPM is useful for choosing the optimal
treatment regimen for any individual hyperten-
sive patient, and to monitor if the treatment has
resulted in the desired BP goals. Follow up of
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patients by repeated ABPM can allow changes of
treatments, reduction of multidrug treatment or
even total withdrawal of anti-hypertensive
medicines and improved BP control (Grin et al.
1993; Staessen et al. 1997).

Some patients who are on the treatment by
antihypertensive medicines have high BP
measured at the office, but have normal or
lower BP measured by ABPM. Some patients
have normal wake-time BP, but high sleep-time
BP. Some patients have reduced decline of sleep-
time BP. Some patients develop symptoms sug-
gestive of hypotension during the treatment with
anti-hypertensive medicines. Ideally, antihyper-
tensive medicines should reduce BP in a homo-
geneous and smooth manner throughout the day
and the night. In reality, many long-acting
BP-lowering medicines do not reduce BP homo-
geneously over an entire 24-h period. Thus, long-
acting BP-lowering medicines taken once only in
the morning may not reduce sleep-time BP or
may not induce adequate decline of the sleep-
time BP. If some BP lowering medicines are
taken at the bed-time, it can reduce the sleep-
time hypertension, and restore the normal dip-
ping pattern in some patients (Hermida et al.
2013b).

6. ABPM in pregnancy

For ABPM in pregnancy, doctors should use
only those ABPM devices that have been
validated for use in pregnancy. ABPM is clini-
cally useful in early pregnancy to distinguish the
women who have true hypertension from those
who have “masked normotension” or “white-
coat hypertension”. In one study about 50 % of
the women, who were diagnosed for the first time
by OBPM to have hypertension, had actually
“masked normotension” or “white-coat hyper-
tension” as confirmed by ABPM (Brown et al.
2005). There is no conclusive evidence that
ABPM can predict pre-eclampsia. In gestational
hypertension and pre-eclampsia, the frequency of
sleep-time hypertension is high, but these
patients also have wake-time hypertension
(Brown et al. 2001).
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Normally, BP in pregnant women is lower
than that in non-pregnant women. In normal
pregnancy BP successively decreases up to the
middle of pregnancy and then successively
increases up to the delivery. BP ranges and the
upper normal values for 24 h BP and sleep-time
BP (defined as mean + 2 standard deviation), in
different weeks of pregnancy have been reported
by several groups and one such set of values are
given below (O’Brien et al. 2013; Higgins 2001):

9-17 weeks: 24 h BP: 101/60-118/71. Upper
normal value for 24 h BP: 121/73. Sleep-
time BP: 93/50-109/64. Upper normal value
for Sleep-time BP: 110/64.

18-22 weeks: 24 h BP: 96/56-127/78. Upper
normal value for 24 h BP: 126/76. Sleep-
time BP: 88/46-120/68. Upper normal value
for sleep-time BP: 114/66.

26-30 weeks: 24 h BP: 97/56-133/84. Upper
normal value for 24 h BP: 128/78. Sleep-
time BP: 87/46-125/76. Upper normal value
of Sleep-time BP: 117/68.

3140 weeks: 24 h BP: 103/57-136/85. Upper
normal value for 24 h BP: 131/82. Sleep-
time BP: 85/46-131/77. Upper normal value
for sleep-time BP: 123/72.

ABPM is also useful than OBPM for
diagnosing sustained hypertension during late
post-partum period in women who had gesta-
tional hypertension or pre-eclampsia during
pregnancy (Mangos et al. 2012).

3 Reference Values for ABPM

Reference values for ambulatory BPs are lower
than those for office BP. Based on the CVD
outcome, the following diagnostic threshold
values have been recommended for ambulatory
BPs (Hermida et al. 2013a). For adult men,
mean wake-time BP: 135/85 mmHg, and mean
sleep-time BP: 120/70 mmHg (Kikuya et al.
2007). For adult women, mean wake-time BP:
125/80 mmHg, mean sleep-time BP:
110/65 mmHg (Hermida et al. 2013c). For high
risk patients (e.g. those with diabetes, chronic
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kidney disease, previous CVD events) of both
sexes, mean wake-time BP: 120/75 mmHg, and
mean sleep-time BP: 105/60 mmHg (Hermida
et al. 2013a).

4 Performing ABPM
and Interpreting the Results

Doctors working in the primary care centers or in
hospital clinics should take initiatives to estab-
lish their own ABPM services, if those do not
already exist. Price of ABPM device with soft-
ware in 2016 is around 2500 USD. Alternatively,
doctors should know where to refer their patients
to for ABPM. Doctors and nurses responsible for
ABPM services and analysis of the results must
receive appropriate training, and keep them-
selves updated.

Many automated ABPM devices that measure
blood pressure by oscillometric method are avail-
able. These devices do not measure the SBP and
the DBP directly; rather they measure the mean
arterial BP and then deduce the SBP and DBP
from the oscillometric pressure changes by using
algorithms that are often kept secret and are spe-
cific to the respective devices. For this reason, it is
important to use devices that have been indepen-
dently validated by internationally accepted
protocols, for their accuracy, for use in different
patient groups (e.g. in the elderly, in pregnancy).
For a list of recommended ABPM devices check
this website: http://www.dableducational.org/
sphygmomanometers/devices_3_abpm.html. The
devices should be recalibrated yearly by
companies that meet the ISO 9001 standards.
The batteries should be checked regularly. The
software must be able to generate a standardized
report, including the raw BP and heart-rate data,
blood pressure plots, software generated mean
wake-time and sleep-time BP, and sleep-time BP
decline (dipping in %) (Omboni et al. 2015).

At the outset, it is necessary to assess
whether the patient is able to understand and
follow the instructions, and cooperate during
the ABPM process. Patients must receive a
number of clear verbal and written instructions.
On the day of the monitoring, they will carry on
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their normal activities as much as possible, but
they must avoid physical exercise and activities
that may interfere with the recording of repre-
sentative BP values (e.g. driving and day-time
sleeping). The ABPM devices give a beep sound
a few seconds before starting the inflation of the
cuff. At the time of the inflation, the person will
stand still or sit down, without talking, with the
arm relaxed at the heart level. At night, the beep
sound must be shut off, but the monitor must
stay on, and it can be placed on the patient”
s side. If the device is removed for short periods,
for example, for a shower, it should be switched
off. They must maintain a diary where they note
down the times of retirement to the bed at night,
waking in the morning, meals, taking
medicines, and other events. They must know
how to switch off the device, when needed, and
exactly when and where they should return the
device.

Measure the arm circumference, and BP in
both arms, and apply a blood pressure cuff of
appropriate size to the dominant arm. If there is
>10 mmHg difference in BP between the arms
then use the arm with higher BP for ABPM. The
patient should not be able to see the BP values
displayed on the device during the monitoring.
Program the ABPM device to measure BP at
15-60 min intervals (often at 20—30 min intervals
during the wake-time, and at 60 min interval
during the sleep-time). It should be noted that,
the reproducibility of the BP patterns depends
more on the duration of monitoring (preferably
for 24 h on two consecutive days) than on the
sampling rate (Hermida et al. 2013d).

At the time of interpreting the ABPM results,
it is first of all essential to check if the monitoring
has been done satisfactorily (Omboni et al.
2015). If ABPM records >70 % of the scheduled
measurements, >20 valid measurements during
the wake-time and >7 measurements during the
sleep-time, than it can be accepted as a satisfac-
tory monitoring (Parati et al. 2014). The moni-
toring cannot be accepted as entirely satisfactory
if data are lacking for more than two, consecutive
hourly intervals, if the patient sleeps during the
night for less than 6 h or more than 12 h, or if the
measurements were done during exercise,
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driving, excessive movement, or during unusual
emotional stress (Hermida et al. 2013a). Look at
the BP traces for episodes of high or low BPs. A
report of analysis of the ABPM should include
the dates of the performance of the monitoring,
comments on the quality of the recording, mean
24 h BP, mean wake-time BP, mean sleep-time
BP, and degree of “dipping” in percent.

5 Difficulties of ABPM

The main problem with ABPM is that it is either
not widely available or not used by doctors even
when it is readily available. OBPM is faster,
cheaper and more convenient to most doctors.
Some patients may find ABPM inconvenient
especially during the sleep-time and especially
if ABPM has to be done repeatedly. Some people
do not tolerate ABPM at all and others fail to
follow the instructions despite clear instructions,
making good quality monitoring difficult. It may
be difficult to perform ABPM in some very obese
people and results can be wrong if cuffs of appro-
priate size are not used. In atrial fibrillation
ABPM is less accurate in measuring the diastolic
BP but ABPM is not contraindicated in this
condition.

6 Concluding Remarks

Numerous researches over past three decades
have established ABPM as an evidence-based
and cost-effective gold-standard for the diagno-
sis and treatment of hypertension. Use of ABPM
can reduce misdiagnosis, and unnecessary treat-
ment, and lead to better control of BP. Clinicians
should use ABPM whenever possible and take
initiatives to establish ABPM services where
those do not exist.

Acknowledgement Financial support was obtained from
Karolinska Institutet, Stockholm, Uppsala County Coun-
cil, and Uppsala University Hospital.

Conlflict of Interest None



Ambulatory Blood Pressure Monitoring in the Diagnosis and Treatment of Hypertension

References

Ayala DE, Moya A, Crespo JJ, Castineira C, Dominguez-
Sardina M, Gomara S et al (2013) Circadian pattern of
ambulatory blood pressure in hypertensive patients
with and without type 2 diabetes. Chronobiol Int 30
(1-2):99-115

Booth JN III, Diaz KM, Seals SR, Sims M, Ravenell J,
Muntner P et al (2016) Masked hypertension and
cardiovascular disease events in a prospective cohort
of blacks: the Jackson heart study. Hypertension 68
(2):501-510

Brown MA, Davis GK, McHugh L (2001) The prevalence
and clinical significance of nocturnal hypertension in
pregnancy. J Hypertens 19(8):1437-1444

Brown MA, Mangos G, Davis G, Homer C (2005) The
natural history of white coat hypertension during preg-
nancy. BJOG 112(5):601-606

de la Sierra A, Segura J, Banegas JR, Gorostidi M, de la
Cruz JJ, Armario P et al (2011) Clinical features of
8295 patients with resistant hypertension classified on
the basis of ambulatory blood pressure monitoring.
Hypertension 57(5):898-902

Gelfer M, Dawes M, Kaczorowski J, Padwal R, Cloutier L
(2015) Diagnosing hypertension: evidence supporting
the 2015 recommendations of the Canadian Hyperten-
sion Education Program. Can Fam Physician 61
(11):957-961

Grin JM, McCabe EJ, White WB (1993) Management of
hypertension after ambulatory blood pressure moni-
toring. Ann Intern Med 118(11):833-837

Hermida RC, Ayala DE, Mojon A, Fernandez JR (2012)
Sleep-time blood pressure and the prognostic value of
isolated-office and masked hypertension. Am J
Hypertens 25(3):297-305

Hermida RC, Smolensky MH, Ayala DE, Portaluppi F
(2013a) 2013 ambulatory blood pressure monitoring
recommendations for the diagnosis of adult hyperten-
sion, assessment of cardiovascular and other
hypertension-associated risk, and attainment of thera-
peutic goals. Chronobiol Int 30(3):355-410

Hermida RC, Rios MT, Crespo JJ, Moya A, Dominguez-
Sardina M, Otero A et al (2013b) Treatment-time
regimen of hypertension medications significantly
affects ambulatory blood pressure and clinical
characteristics of patients with resistant hypertension.
Chronobiol Int 30(1-2):192-206

Hermida RC, Ayala DE, Mojon A, Fontao MJ, Chayan L,
Fernandez JR (2013c) Differences between men and
women in ambulatory blood pressure thresholds for
diagnosis of hypertension based on cardiovascular
outcomes. Chronobiol Int 30(1-2):221-232

Hermida RC, Ayala DE, Fontao MJ, Mojon A, Fernandez
JR (2013d) Ambulatory blood pressure monitoring:
importance of sampling rate and duration—48 versus
24 hours—on the accurate assessment of cardiovascular
risk. Chronobiol Int 30(1-2):55-67

115

Hermida RC, Ayala DE, Smolensky MH, Fernandez JR,
Mojon A, Portaluppi F (2016) Sleep-time blood pres-
sure: unique sensitive prognostic marker of vascular
risk and therapeutic target for prevention. Sleep Med
Rev 14

Higgins JR, de Swiet M (2001) Blood-pressure measure-
ment and classification in pregnancy. Lancet 357
(9250):131-135

Kikuya M, Hansen TW, Thijs L, Bjorklund-Bodegard K,
Kuznetsova T, Ohkubo T et al (2007) Diagnostic
thresholds for ambulatory blood pressure monitoring
based on 10-year cardiovascular risk. Blood Press
Monit 12(6):393-395

Krause T, Lovibond K, Caulfield M, McCormack T,
Williams B (2011) Management of hypertension:
summary of NICE guidance. BMJ 343:d4891

Lazaridis AA, Sarafidis PA, Ruilope LM (2015) Ambula-
tory blood pressure monitoring in the diagnosis, prog-
nosis, and management of resistant hypertension: still
a matter of our resistance? Curr Hypertens Rep 17
(10):78

Lovibond K, Jowett S, Barton P, Caulfield M,
Heneghan C, Hobbs FD et al (2011) Cost-
effectiveness of options for the diagnosis of high
blood pressure in primary care: a modelling study.
Lancet 378(9798):1219-1230

Mangos GJ, Spaan JJ, Pirabhahar S, Brown MA (2012)
Markers of cardiovascular disease risk after hyperten-
sion in pregnancy. J Hypertens 30(2):351-358

Mojon A, Ayala DE, Pineiro L, Otero A, Crespo JJ, Moya
A et al (2013) Comparison of ambulatory blood pres-
sure parameters of hypertensive patients with and
without chronic kidney disease. Chronobiol Int 30
(1-2):145-158

O’Brien E (2016) Why is it that we continue to deny
patients ambulatory blood pressure monitoring?
Hypertension 67(3):484-487

O’Brien E, Parati G, Stergiou G, Asmar R, Beilin L, Bilo
G et al (2013) European society of hypertension posi-
tion paper on ambulatory blood pressure monitoring. J
Hypertens 31(9):1731-1768

Omboni S, Palatini P, Parati G (2015) Standards for
ambulatory blood pressure monitoring clinical
reporting in daily practice: recommendations from
the Italian Society of Hypertension. Blood Press
Monit 5

Parati G, Stergiou G, O’Brien E, Asmar R, Beilin L, Bilo
G et al (2014) European Society of Hypertension
practice guidelines for ambulatory blood pressure
monitoring. J Hypertens 32(7):1359-1366

Piper MA, Evans CV, Burda BU, Margolis KL,
O’Connor E, Whitlock EP (2015) Diagnostic and pre-
dictive accuracy of blood pressure screening methods
with consideration of rescreening intervals: a system-
atic review for the U.S. Preventive Services Task
Force. Ann Intern Med 162(3):192-204



116 M.S. Islam

Staessen JA, Byttebier G, Buntinx F, Celis H, O’Brien Hypertension Investigators. JAMA 278
ET, Fagard R (1997) Antihypertensive treatment (13):1065-1072
based on conventional or ambulatory blood pressure  Sternberg H, Rosenthal T, Shamiss A, Green M (1995)
measurement. A randomized controlled trial. Ambu- Altered circadian rhythm of blood pressure in shift

latory Blood Pressure Monitoring and Treatment of workers. J Hum Hypertens 9(5):349-353



Adv Exp Med Biol - Advances in Internal Medicine (2017) 2: 117-127

DOI 10.1007/5584_2016_97

(© Springer International Publishing AG 2016
Published online: 9 October 2016

F. Jarraya (D<)

Faical Jarraya

Abstract

Hypertension remains the most important risk factor for cardiovascular
disease. If antihypertensive drugs choice is well guided today, blood
pressure (BP) target still a subject of controversies. Residual risk is matter
of debate and the lower- the better dogma is come back again regarding to
data reported from recent trials. The J curve, reason for European Society
of Hypertension Guidelines reappraisal in 2009, is criticized by recent
data. The one goal (<140/90 mmHg) fit 90 mmg 90 mmHg) fit all should
be adapted as a personalized goal guided by evidence generated by
randomized controlled trials. Target controversy is back because of the
results of ACCORD and SPRINT trials challenging the common systolic
BP target less 140 mmHg to less than 120 mmHg. The first was performed
in diabetic patients and the second in patients at high cardiovascular risk;
elderly aged of 75 years and above, or patients with chronic kidney disease,
or with pre-existing subclinical or clinical cardiovascular disease or a
Framingham 10-year cardiovascular disease risk score of 15 % or above,
however non diabetic. If the first trial was negative, SPRINT reports a huge
reduction of the composite primary outcome, which included myocardial
infarction, other acute coronary syndromes, stroke, heart failure or death
from cardiovascular causes by 25 %, and the risk of death from all causes
by 27 %, when target systolic BP is lower than 120 mmHg compared to
lower than 140 mmHg. However, BP was measured by automated office
BP technique which correlates more with home BP measurement than
auscultatory office BP measurement. Also, only significant less heart
failure in the intensive arm was driving the difference in mortality favoring
the intensive arm in SPRINT. The greater use of diuretics may have
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demasked latent heart failure in hypertensive patients with rather high
cardiovascular risk.

More convincing data suggest that BP should be diagnosed early and
treatment should be started at BP level of 140 mmHg and above, based on
an office BP measurement, confirmed by an out-of-office BP measure-
ment. Target systolic BP should be less than 140 mmHg if BP is measured
by classic auscultatory method, less than 120 mmHg in high risk patients
if BP is measured by automated office BP measurement. These targets are
relevant in elderly patients if no orthostatic hypotension occurred, patients
with non proteinuric chronic kidney disease (¢GFR < 60 ml/mn/1.73 m?)
and patients with cardiovascular disease or a Framingham score more than
15 %. However attention should be taken on diastolic BP if lower than
70 mmHg because of an increasing risk of ischemic heart event and on
renal function since acute renal failure is more frequently reported at these
low targets.

In diabetic patients, SBP target should be less than 140 mmHg
according to ACCORD trial. However, for patients with protein-creati-
nine ratio >500 mg/g (albumin-creatinine ratio > 300 mg/g), with or
without diabetes, lower SBP target should be proposed for renal protection
aiming SBP < 130 mmHg as recommended by KDIGO guidelines.

In patients at low or intermediate risk, without cardiovascular disease,
SBP should start to be treated when SBP is above 140 mmHg, and when
treated, target BP should be less than 140 mmHg as reported by HOPE-3 trial.

Keywords
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and 10.4 million deaths in 2013 with a 49.1 %
progression and 208.1 million DALYs

Cardiovascular diseases are a worldwide leading
cause of mortality and morbidity, even in most
developing countries, as Tunisia, where cardio-
vascular mortality is the leader, accounting for
about 29 % causes of deaths (Hajem and Hsairi
2013). Hypertension remains the most important
risk factor. According to the recently published
global, regional and national comparative risk
assessment of 79 behavioral, environmental and
occupational, and metabolic risks or clusters of
risks in 188 countries, (GBD 2013 Risk Factors
Collaborators 2015), high systolic blood pressure
(BP) accounted for 6.9 million deaths in 1990

(disability-adjusted life-years) in 2013. This
data contrast with the emergence of many treat-
ment choices for hypertension in the last three
decades, reflecting the magnitude of this clinical
problem and highlighting that the treatment of
hypertension remains difficult.

If BP was measured since eighteenth century
by Stephen Hales (Lewis 1994), we have to wait
for the contribution of the Framingham Heart
Study to recognize that high BP is an eminent
cardiovascular risk factor (Kannel et al. 1961).
The Veterans Administration Cooperative Study
on Antihypertensive Agents was the first study
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demonstrating in 1967 the benefit of BP reduc-
tion ([no authors listed] 1967). It included men
with diastolic BP (DBP) of 115-129 mmHg. The
treatment, including hydrochlorothiazide, reser-
pine and hydralazine hydrochloride, caused a
remarkable average BP reduction of systolic/dia-
stolic (SBP/DBP) by 43/30 mmHg in the active
treatment arm. This reduction resulted in a reduc-
tion of cardiovascular events after only 11 months
follow-up, with 21 fatal or morbid events in
placebo arm as opposed to one event in the active
treatment arm. The study was therefore stopped
prematurely. The second larger Veterans Admin-
istration Cooperative Study conducted in patients
with milder hypertension (HTN) confirmed the
effect of BP control on stroke and congestive
heart failure occurrence ([no authors listed]
1970). From then on, several questions were
raised: what is the definition of HTN? at which
level of BP should one start to treat? and down to
which level should BP be reduced to obtain the
highest protective effect?

2 Definition of Hypertension

The best definition of HTN at a personnel point
of view was given by G. Rose (1980); indeed,
hypertension is the level of arterial BP at which
the benefits of intervention exceed those of inac-
tion. However, it is difficult to translate this defi-
nition to the daily practice, there is a need for a
numerical definition. Earlier in 1980s and early
1990s the definition of HTN was BP > 160/
95 mmHg, up to 1993 where the definition of
HTN was reduced to a level equal or above
140/90 mmHg. This definition still adopted now-
adays by all guidelines.

The definition of HTN relates an attributable
risk to a BP level. In most populations and age
groups, there is a linearly relationship between
systolic blood pressure (SBP) and risk of cardio-
vascular mortality, cardiovascular events and
strokes. Among patients younger than 65 years,
there is a progressive increase in the risk of
stroke and coronary artery disease with a parallel
increase in SBP. Increasing risk is, however, not
equivalent for DBP. For the population of
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65 years old and above, the risk continues to
increase with the increase of SBP, however, a
reversal occurs with the DBP where the risk of
cardiovascular events increases with the rise of
DBP but also with the fall of it, showing a J curve
(Neaton and Wentworth 1992).

The Multiple Risk Factor Intervention Trial
(MRFIT) assessed the combined influence of BP,
serum cholesterol level, and cigarette smoking
on death from coronary heart disease (CHD) for
316,099 men screened in whom 6327 deaths
from CHD have been identified after an average
follow-up of 12 years. Strong graded
relationships between SBP above 110 mmHg,
and DBP above 70 mmHg and mortality due to
CHD were evident. SBP was a stronger predictor
than DBP; however, the greater risk was
attributed to the highest SBP (>160 mmHg)
and the lowest DBP (<70 mmHg) highlighting
the pulse pressure as a powerful actor in this
coronary artery disease related death risk
(Neaton and Wentworth 1992). The definition
of HTN based on DBP in the 1960s was therefore
not justified. However all current guidelines
define HTN without focusing on the non linearity
of the risk attributed to DBP with a fixed SBP
level.

In Joint National Committee 7 guidelines
(Chobanian et al. 2003) and ESH 2007 guidelines
(ESH-ESC Task Force on the Management of
Arterial Hypertension 2007) was introduced the
terms of Pre-Hypertension (BP 120-139/
80-89 mmHg) and High-normal BP
(BP 130-139/85-90 mmHg) respectively. In
fact, a stepwise increase in cardiovascular event
rates was noted in persons with higher baseline
blood-pressure categories.

The Framingham Heart Study investigated
6859 subjects, 35-64 years of age, free from
cardiovascular disease and HTN (Vasan
et al. 2001). As compared with optimal BP
(<120/80 mmHg), high-normal BP (130-139/
85-89 mmHg) was associated with a risk-factor—
adjusted hazard ratio for cardiovascular disease
of 2.5 95 % CI, 1.6-4.1) in women and 1.6
95 % CI, 1.1-2.2) in men. However, the
10-year cumulative incidence of cardiovascular
disease was lower in younger individuals; 4 %



120

for women and 8 % for men; than in older
subjects (those from 65 to 90 years old), the
incidence was 18 % for women and 25 %
for men.

These data should make HTN definition
change to 130/85 mmHg or even lower, however;
there is a need for data showing that reduction of
BP from 130 to less than 120 mmHg for SBP will
induce a reduction of cardiovascular events.
Also, the definition of HTN takes in account the
economic challenge of BP reduction from 140/90
to 130/85 mmHg; even if controlling BP with
medication is unquestionably one of the most
cost-effective methods of reducing premature
cardiovascular morbidity and mortality (Elliott
2003). This evidence has many limits since BP
reduction by treatment should reduce the risk of
development of renal, cerebral and cardiovascu-
lar diseases to validate starting treatment at the
level of which risk is increased.

3 Impact of Blood Pressure
Control

An increasing number of trials have provided
evidence that antihypertensive therapy to attain
BP control provides a relative cardiovascular
protection. The best evidence was shown by
trials reporting BP reduction with antihyperten-
sive treatment compared to placebo or no antihy-
pertensive treatment. The last on date was
HYVET trial including 3845 patients aged
80 or older who were randomized to active
treatments or placebo without antihypertensive
medications (Beckett et al. 2008).

According to the intention-to-treat analysis
and as compared to the baseline value 173.0/
90.8 mmHg, SBP/DBP values obtained while
the patient was seated had fallen by a mean of
14.5 £ 18.5/6.8 + 10.5 mmHg in the placebo
group and by 29.5 + 15.4/12.9 £ 9.5 mmHg in
the active-treatment group at 2 years. This reduc-
tion of SBP/DBP by active treatment was
associated with a 30 % reduction in the rate of
fatal or nonfatal stroke (p: 0.06), a 39 % reduc-
tion in the rate of death from stroke (p: 0.05), a
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21 % reduction in the rate of death from any
cause (p: 0.02), a 23 % reduction in the rate of
death from cardiovascular causes (p: 0.06), and a
64 % reduction in the rate of heart failure
(p < 0.001).

A meta-analysis including 11 randomized
controlled trials and 67,475 individuals com-
pared antihypertensive therapy with placebo
and aimed to investigate whether the benefits of
BP-lowering drugs are proportional to baseline
cardiovascular risk. Patients were risk stratified
according to their estimated 5-year risk of having
a major cardiovascular event. Lowering BP
provides similar relative protection at all levels
of baseline cardiovascular risk, but progressively
greater absolute risk reductions were obtained
when baseline risk increases, yielding to a possi-
ble benefit for more intense BP reduction in high
risk patients (Blood Pressure Lowering Treat-
ment Trialists’ Collaboration 2014).

More recently, Thomopoulos et al. (2014)
reported a meta-analysis on the effects at differ-
ent baseline and achieved blood pressure levels
on cardiovascular disease. Results of this meta-
analysis favor BP-lowering treatment even in
grade 1 hypertension at low-to-moderate risk,
and lowering SBP/DBP to less than
140/990 mmHg.  Achieving less than
130/80 mmHg appears safe, but only adds further
significant reduction in stroke and all-cause
death. Is it important to achieve earlier BP target
on the occurrence of cardiovascular outcomes?.
A response strand was generated by the VALUE
Trial. This study (Julius et al. 2004) compared
the effect on cardiovascular morbidity and mor-
tality of a calcium channel blocker based strategy
versus an angiotensin II receptor blocker based
strategy in a high cardiovascular risk population.
An unexpected equivalence between the two
strategies was reported. The result was
explained, in part, by a significantly better earlier
BP control achieved in the amlodipine group. In
fact, after the first month of treatment, SBP is on
average 4 mmHg lower, DBP by 2.1 mmHg
lower (p <0.0001). A respective difference of
2 and 1.6 mmHg persists after the sixth month
until the end of the study (p <0.001).
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It is so clearly proved that control of BP
results in saving lives and reducing cardiovascu-
lar death and events. The debate becomes down
to which level BP should be dropped?

4 Is the Lower the Better? - The
Dogma of J Curve

Observational studies show a direct linear rela-
tionship between SBP/DBP values as low as
115-110 and 75-70 mmH respectively, and car-
diovascular events, without evidence within this
range of a J curve phenomenon. The Prospective
Studies Collaboration (Lewington et al. 2002)
performed a meta-analysis including one million
adults from 61 prospective trials. Authors
reported that within each decade of age at
death, the proportional difference in the risk of
vascular death associated with a given absolute
difference in usual BP is about the same down to
at least 115 mmHg usual SBP and 75 mmHg
usual DBP, below which there is little evidence.

At ages 40-69 years, each difference of
20 mm Hg usual SBP is associated with more
than a twofold difference in the stroke death rate,
and with twofold differences in the death rates
from ischemic heart disease and from other vas-
cular causes.

So, evidence that achieving lower BP targets
by treatment may enhance protection in hyper-
tensive patients at higher risk, yielded ESH/ESC
task force (for the management of arterial hyper-
tension- 2007guidelines) to suggest that target
BP should be at least <130/80 mmHg in
diabetics and in high or very high risk patients,
such as those with associated clinical conditions
(stroke, myocardial infarction, renal dysfunction,
proteinuria) (ESH-ESC Task Force on the Man-
agement of Arterial Hypertension 2007).

The evidence available on the BP targets of
antihypertensive treatment has been reviewed by
Zanchetti et al. (2009). In uncomplicated hyper-
tensive patients, SBP reduced to less than
140 mmHg with active treatment was associated
with a difference in outcome. This evidence
supports the recommendation of guidelines to

reduce SBP to less than 140 mmHg in the general
population of patients with grade 1 or 2 hyperten-
sion and low or moderate total cardiovascular
risk. However, for the elderly hypertensive
patients, these authors reported no trial evidence
in support of the guidelines recommendation to
adopt the less than 140 mmHg SBP target in this
population suggesting a target SBP of less than
150 mmHg.

When considering diabetic patients, lower BP
goal less than 130/80 mmHg is also not
supported by incontrovertible trial evidence.
Even if HOT (Hansson et al. 1998) and Syst-
Eur (Tuomilehto et al. 1999) trials, reported a
greater absolute reduction of cardiovascular
outcomes for a small BP difference in diabetic
but not in nondiabetic hypertensive patients,
these data were not confirmed by ACCORD
trial (ACCORD Study Group 2010). This land-
mark trial in diabetic population tested a strict BP
control (SBP less than 120 mmHg) compared to a
standard target (SBP less than 140 mmHg) on the
primary  composite outcome (nonfatal
myocardial infarction, nonfatal stroke, or death
from cardiovascular causes). The only benefit
reported was significant fewer strokes, but
counterbalanced by a significant high level of
serious adverse events as hypotension and fall
of eGFR to less than 30 ml/mn/1.73 m?.

STENO-2 trial showed a significant reduction
of microvascular complications 8 years and all
cardiovascular events 13 years after study start
with an intense treatment strategy including a
BP < 130/80 mmHg versus less strict strategy
with a standard BP goal of 130-139 mmHg in
type 2 diabetic patients with microalbuminuria
(Gaede et al. 2003, 2008). However, the positive
results attributed to the intense strategy cannot be
directly attributed to a strict BP target, since the
two groups were not comparable elsewhere. This
study however, highlights the importance of a
combined optimal strategy to reduce cardiovas-
cular and microvascular events in type
2 diabetes.

Out of cardiovascular prevention, there are
solid data regarding the benefits of a SBP target
less than 130 mmHg when considering diabetic



122

patients with proteinuria aiming to reduce renal
events (end stage renal disease). The meta analy-
sis of Bakris et al. (2000) considering type 2 dia-
betic patients with proteinuria reported less
estimated glomerular filtration rate loss (eGFR)
when BP is under 130/85 than at 140/90 mmHg.
In type 2 diabetic patients without proteinuria,
however, no evidence was reported by ACCORD
trial (ACCORD study Group 2010).

The Kidney Disease Improving Global Out-
come KDIGO clinical practice guideline for the
management of BP in chronic kidney disease
outlined the strict target of BP < 130/80 mmHg
only in patients with abnormal albumin excretion
rate, meaning those with microalbuminuria or A2
category as defined by urine albumin-creatinine
ratio more than 30 mg/g or A3 category (severely
increased) as defined by urine albumin-creatinine
ratio above 300 mg/g or Protein-creatinine ratio
above 500 mg/g, with or without diabetes (Kid-
ney Disease: Improving GlobalOutcomes
(KDIGO) Blood Pressure Work Group 2012).
However, since microalbuminuria is also a
marker of vascular damage, defining target BP
based on the presence of microalbuminuria
should consider the presence of subclinical coro-
nary heart disease (Jarraya et al. 2013).

In diabetic patients with coronary heart disease,
as for those without diabetes, no evidence have
been reported for a better cardiovascular outcome
with a tight control of BP (<130 mmHg) versus
usual control (130-139 mmHg). However, patients
with uncontrolled HTN develop more cardiovascu-
lar events. In the 6400 type 2 diabetes patients with
coronary artery disease of the INVEST trial,
patients who achieved SBP of 130-140 mmHg
had better outcome than those with value
>140 mmHg. However, there is no additional
benefit observed in the group achieving target
SBP <130 mmHg (Cooper-DeHoff et al. 2010).

Moreover, this INVEST trial reported evidence
of J curve, not for stroke, but for coronary events
with a nadir DBP of 70 mmHg, compromising
coronary blood flow at diastolic phase, in patients
with already narrowing coronary arteries by ather-
oma reducing blood flow (Messerli et al. 2006).

The irbesartan Diabetic Nephropathy Trial
(IDNT) included diabetic patients with
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proteinuric diabetic nephroipathy. The primary
end point included doubling of serum creatinine,
development of end stage renal disease or death.
It was significantly reduced by an ARB,
irbesartan than a calcium channel blocker,
amlodipine, although BP was similarly reduced
(Lewis et al. 2001). Investigating independent
and additive impact of BP control on renal
outcomes in the IDNT trial, Pohl et al reported
a linear relationship between SBP and develop-
ment of renal endpoint (end stage renal disease or
doubling of serum creatinine), without a nadir
down to less than 121 mmHg. However, for the
same patients, reduction of SBP was associated
with an increase in the relative risk of death when
SBP <121 mmHg, showing a J curve (Pohl
et al. 2005).

In general, the benefits of increasingly inten-
sive therapy must be weighed against the poten-
tially increased incidence of serious side effects
associated with such a regimen, as the acute
reduction of eGFR reported in ACCORD trial
with a significantly more hypotension in the
intensive BP lowering arm. (ACCORD Study
Group et al. 2010).

As far as goals of treatment are concerned, the
2009 ESH guidelines update document
recommends that SBP pressure should be
lowered below 140 mmHg (and DBP below
90 mmHg) in all hypertensive patients,
irrespective of their grade of risk (Mancia
et al. 2009). On the basis of the results of clinical
studies, it is advisable to lower BP to values
within the range 130-139 mmHg for systolic
and 80-85 mmHg for diastolic as recommended
by the French Society of Hypertention (SFHTA)
in their 2013 guidelines on hypertension (Blacher
et al. 2013). Thus, it appears by this reappraisal,
that the concept of lower BP goals, to be pursued
in diabetics or very high risk patients, is no
longer recommended because there is no evi-
dence from trials of a greater benefit, nor can
the procedure be regarded as easily achievable
in current clinical practice.

The update document of guideline underlines
the so-called “J-curve phenomenon” related to an
increase rather than a reduction in the incidence
of coronary events when BP values are below
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120-125 for systolic and 70-75 for diastolic. It
suggests not to lower blood pressure values too
much, particularly in patients with a history of a
previous coronary event. This recommendation
was confirmed and adopted in the 2013
ESH/ESC guidelines (Task Force for the Man-
agement of Arterial Hypertension of the
European Society of Hypertension and the
European Society of Cardiology 2013).

5 SPRINT Guided Goal of BP
on Treatment: The Lower
the Better Finally Approved?

After the failing of ACCORD (ACCORD Study
Group 2010) to validate low BP target for dia-
betic patients, the Systolic Blood Pressure Inter-
vention Trial (SPRINT) aimed to challenge the
SBP target less than 120 mmHg versus usual
SBP target less than 140 mmHg in patients
with a high cardiovascular risk (SPRINT
Research Group et al. 2015). This study
excludes diabetic patients already tested in
ACCORD trial, patients with polycystic kidney
disease investigated in the HALT Progression of
Polycystic Kidney Disease Study (Schrier
et al. 2014), patients with excessive proteinuria
>1 g/24 h already investigated in MDRD trial
and REIN trial (Peterson et al. 1995;
Ruggenenti et al. 2005) and patients who
already developed a stroke investigated in the
Secondary Prevention of Small Sub-cortical
Strokes SPS3 trial (The SPS3 Study Group
2013) and also tested in the ESH-CHL-SHOT
trial (Zanchetti et al. 2016).

SPRINT (SPRINT Research Group et al. 2015)
is the largest study that tested how maintaining
SBP at a lower level than currently recommended
will impact mortality, cardiovascular and kidney
diseases. It enrolled 9361 participants aged
50 years and older in about 100 medical centers
and clinical practices throughout the USA and
Puerto Rico from 2009 to 2013.

The study population included 2636 elderly
aged of 75 years and above, 2646 patients with
chronic kidney disease as defined by an eGFR
rate < 60 ml/min/1.73 m? and 1877 patients with
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pre-existing subclinical or clinical cardiovascu-
lar disease or a Framingham 10-year cardiovas-
cular disease risk score of 15 % or above. This
study included also about 35 % female 29.9 %
black and 10.5 % Hispanic.

The study participants were randomly
allocated into two groups. The standard treat-
ment group received an average of 1.8 BP
medications to achieve a target of less than
140 mmHg; the intensive treatment group
received an average of 2.8 BP medications to
achieve a target of less than 120 mmHg.

SPRINT results were awaited for 2018, but
the significant preliminary results were
announced on September 11, 2015 (National
Heart, Lung, and Blood Institute 2015). The
intensive intervention, that achieves a target
SBP of 120 mmHg, reduced the rate of the com-
posite primary outcome, which included
myocardial infarction, other acute coronary
syndromes, stroke, heart failure or death from
cardiovascular causes by 25 %, and the risk of
death from all causes by 27 %, compared to the
target SBP of less than 140 mmHg.

Results were largely mediated and
commented by medical journals (Kjeldsen
et al. 2016a; Taler 2016; Cohen and Townsend
2016; Nilsson 2016) but also media such as
New York Times (2015) that headed “lower
blood pressure guidelines could be lifesaving”.

These results were supported by the
conclusions of two meta-analyses. The first
pooled data from SPRINT and ACCORD trials
and showed that the primary endpoint still in
favor of BP reduction <120/80 mmHg
(Perkovic and Rodgers 2015). The meta-
analysis by Xie et al. (2016) included
randomized controlled trials with at least
6 months’ follow-up that randomly assigned
participants to more intensive versus less inten-
sive BP-lowering treatment, with different BP
targets or different BP changes from baseline. It
showed that after randomization, patients in the
more intensive BP-lowering treatment group
had mean BP levels of 133/76 mm Hg, com-
pared with 140/81 mm Hg in the less intensive
treatment group. Intensive BP lowering treat-
ment achieved relative risk reductions for
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major cardiovascular events (14 % [95 % CI
4-22]), myocardial infarction (13 % [0-24]),
stroke (22 % [10-32]), albuminuria (10 %
[3-16]), and retinopathy progression (19 %
[0-34]), but without effects on heart failure
(15 % [—11 to 34]), cardiovascular death (9 %
[—11 to 26]), total mortality (9 % [—3 to 19]), or
end-stage kidney disease (10 % [—6 to 23]).
Severe hypotension was more frequent in the
more intensive treatment regimen (RR 2.68
[1.21-5.89], p = 0.015), but the absolute excess
was small (0.3 % vs 0.1 % per person-year for
the duration of follow-up).

Furthermore, recent analyses of BP targets in
two large outcome trials, VALUE (Kjeldsen
et al. 2016b) and ONTARGET (Verdecchia
et al. 2015), have refuted the concept of increase
of cardiovascular events when BP is lower than
we usually accept during treatment of HTN.
However, the major benefit is achieved with BP
control less than 140/90 mmHg, while there is
only some limited additional stroke protection
with  consistent BP control less than
130/80 mmHg (Mancia et al. 2016).

The SPRINT trial failed to show significant
reduction in stroke, acute coronary syndrome or
myocardial infarction that composed the primary
outcome, unlike heart failure which was signifi-
cantly reduced by 43 % (p 0.002). Less heart
failure in the intensive arm was driving the dif-
ference in mortality favoring the intensive arm in
SPRINT. Patients included in intensive arm were
up-titrated in BP medication and received one
more antihypertensive drug frequently a diuretic.
A thiazide-type diuretic was prescribed for 54.9
versus 33.3 % and aldosterone antagonists for
8.7 versus 4 % patients, respectively in the
intense and the usual arm. The greater use of
diuretics may have demasked latent heart failure
in hypertensive patients with rather high cardio-
vascular risk (Thoma et al. 2016).

The earlier stop of SPRINT trial than origi-
nally planned by the director of the National
Heart, Lung and Blood Institute (NHLBI) based
on the recommendation of the Data Safety Mon-
itoring Board, makes interpretation of secondary
outcomes results difficult since underpowered
for that.
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However, the way of BP measurement should
be considered when interpreting SPRINT results.
In fact, BPs in SPRINT were measured with
patients seated in a quiet room without talking
and taken as an average of three measurements
with an automated device that was preset to wait
5 min before measurements without the observer
being present. This technique called automated
office BP measurement is known to reduce the
“white coat” effect. It correlates tightly with the
average daytime BP measured by ambulatory
blood pressure monitoring, and up to 20 mmHg
lower than conventional auscultatory SBP
measured at the office (Myers et al. 2012).

Positive results reported by SPRINT should
also be balanced by the harmful of this strategy.
The number needed to harm in the trial is impor-
tant, 100 for hypotension, 167 for syncope,
125 for electrolyte abnormalities and 62 for
acute kidney injury (respectively +1 %, +0.6,
+0.8 % and +1.6 absolute risk increase). Just a
reminder of the number needed to treat to reach
the primary outcome is 61 and the absolute risk
reduction is —1.6 % (Thoma et al. 2016).

SPRINT included patients with SBP starting
from 130 mmHg. That seems to validate crucial
definition of high BP since the normal high BP or
pre-hypertension are terms introduced in
guidelines but does not already justify starting
antihypertensive treatment. As reported at the
baseline characteristics of the study participants,
only 9.2 and 9.6 % respectively from intensive
and standard treatment groups were not using
antihypertensive agents. That means others
patients are currently using antihypertensive
treatments and their BP are controlled at
130 mmHg and above. So we can’t validate to
start treating patients at high risk from the latter
cut off. In the same rationale, the Heart
Outcomes Prevention Evaluation (HOPE)-3
Trial randomly assigned 12,705 participants at
intermediate risk who did not have cardiovascu-
lar disease to receive either candesartan at a dose
of 16 mg per day plus hydrochlorothiazide at a
dose of 12.5 mg per day or placebo (Lonn
et al. 2016). The mean BP of the participants at
baseline was 138.1/81.9 mmHg; the decrease in
BP was 6.0/3.0 mmHg greater in the active-
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treatment group than in the placebo group.
This study doesn’t report any benefice on com-
posite primary (death from cardiovascular
causes, nonfatal myocardial infarction, or non-
fatal stroke) nor secondary outcomes
(resuscitated cardiac arrest, heart failure, and
revascularization) after a median follow-up
of 5.6 years. However, with the sub-group anal-
ysis, patients with upper third of SBP > 143.5
mmHg who were in the active-treatment group
had significantly lower rates of the first and sec-
ond primary outcomes than those in the placebo
group. The pre-hypertension should not be
treated, even if the cardiovascular risk is higher
than at normal BP.

6 In Summary, Which BP Goal
for Which Patient?

BP should be diagnosed early and treatment
should be started at BP level of 140 mmHg and
above, based on an office BP measurement, con-
firmed by an out-of-office BP measurement. Tar-
get SBP should be less than 140 mmHg if BP is
measured by classic auscultatory method, less
than 120 mmHg in high risk patients if BP is
measured by automated office BP measurement.
These targets are relevant in elderly patients if no
orthostatic hypotension occurred, patients with
non proteinuric chronic kidney disease (eGFR
< 60 ml/mn/1.73 m?) and patients with cardio-
vascular disease or a Framingham score more
than 15 %. However attention should be taken
on DBP if lower than 70 mmHg because of an
increasing risk of ischemic heart event and on
renal function since acute renal failure is more
frequently reported at these low targets.

In diabetic patients, SBP target should be less
than 140 mmHg according to ACCORD trial.
However, for patients with albumin-creatinine
ratio > 300mg/g or Protein-creatinine ratio
> 500mg/g, with or without diabetes, lower
SBP target should be proposed for renal protec-
tion aiming SBP < 130 mmHg as recommended
by KDIGO guidelines.

In patients at low or intermediate risk, without
cardiovascular disease, SBP should start to be
treated when SBP is above 140 mmHg, and
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when treated, target BP should be less than
140 mmHg as reported by HOPE-3 trial.
Finally, superiority of ambulatory over office
BP measurement in predicting mortality and car-
diovascular events should be promoted when
treating hypertension (Dolan et al. 2005; Sega
et al. 2005). Validated target BP are SBP less
than 135 mmHg for home BP measurement and
130, 135 and 120 mmHg for respectively 24 h,
daytime and nighttime period (Task Force for the
Management of Arterial Hypertension of the
European Society of Hypertension and the
European Society of Cardiology 2013).
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Abstract

The lack of adherence to treatment in hypertension affects approximately
30 % of patients. The elderly, those with several co-morbidities, social
isolation, low incomes or depressive symptoms are the most vulnerable to
this problem. There is no ideal method to quantify the adherence to the
treatment. Indirect methods are recommended in clinical practice. Any
intervention strategy should not blame the patient and try a collaborative
approach. It is recommended to involve the patient in decision-making.
The clinical interview style must be patient-centered including motiva-
tional techniques. The improvement strategies that showed greater effec-
tiveness in the compliance of hypertension treatment were: treatment
simplification, appointment reminders systems, blood pressure self-
monitoring, organizational improvements and nurse and pharmacists
care. The combination of different interventions are recommended against
isolated interventions.
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1 Introduction

High blood pressure (hypertension) is a chronic
disease. Several measures, such as habits of life,
diet and medication, are required for its control.
It is widely known that the greater efficacy of
nowadays available treatments does not corre-
spond with an increase in the number of con-
trolled patients. So, it is important to measure
compliance and study which factors might influ-
ence it. Approximately 50 % of patients with a
hypertension prescription will stop it during the
first year and only 50-66 % of the remaining
patients will keep with the treatment prescribed.
As aresult, only 25-34 % of patients with hyper-
tension will have a good control of their blood
pressure (BP) figures (Morris et al. 2006). The
lack of adherence to treatment is a common
phenomenon, especially in chronic conditions.
According to data from the World Health Orga-
nization (WHO), adherence to long-term treat-
ment of chronic diseases in developed countries
is around 50 %, with rates even lower in devel-
oping countries. Therefore, non-compliance