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Foreword

This book aims to give information on several pathophysiological and clinical
aspects related to the concept of prehypertension. Although the definition of prehy-
pertension in guidelines may be somewhat different, a large amount of clinical and
epidemiological data indicates that individuals, not taking antihypertensive treat-
ment, with systolic/diastolic blood pressure slightly below 140/90 mmHg, are at
increased risk for sustained hypertension and cardiovascular diseases. The book
will provide an up-to-date overview on epidemiological studies supporting the high
risk for developing not only hypertension but also organ damage. Information is
given on the relation between prehypertension and structural and functional changes
in the heart as well as in the large and small arteries, with evidence of increased left
ventricular mass, arteriosclerotic changes, and remodeling of small arteries, thus
leading to increased cardiovascular and renal events risk. Prehypertensive subjects
often present also additional cardiovascular risk factors. The evidence from recent
studies supports the rationale for treating prehypertensives not only with lifestyle
modification but also with antihypertensive medications, especially those with high
normal blood pressure and high—very high cardiovascular risk. The book will be of
great use to all researchers and practitioners interested in the prevention and treat-
ment of hypertension, which represents a fundamental step in the reduction of the
large cardiovascular disease burden worldwide.

Enrico Agabiti Rosei
Department of Internal Medicine
University of Brescia

Brescia, Italy



Preface

Prehypertension is identified as the blood pressure range from 120/80 to 139/89 mmHg,
although its definition has frequently changed over the years with the changing subdi-
vision of the blood pressure spectrum from the lowest to the highest values. The impor-
tance of prehypertension for research as well as for public health has long been
appreciated for a variety of important reasons. First, within this blood pressure range
lays a large fraction of the population. Second, compared to lower blood pressure val-
ues, prehypertensive individuals more frequently exhibit also overweight or obesity,
glucose intolerance, and dyslipidemias, which make prehypertension an extremely fre-
quent, if not a regular, component of the metabolic syndrome. Third, this clustering of
risk factors makes the cardiovascular risk of prehypertension substantially higher than
that of individuals with optimal blood pressure values, the risk being made, in many
cases, greater by the presence of incipient or even more advanced asymptomatic dam-
age of the heart, the kidney, and the large and small arteries. Finally, prehypertension
owes its name to the high probability of a progression of the blood pressure values to a
frank hypertensive condition, a phenomenon so frequent as to allow, from the middle
age on, most prehypertensives to predict for themselves a hypertensive future. All this
makes this condition important for investigating the factors that initially cause the car-
diovascular alterations as well as the specific and interactive hemodynamic and meta-
bolic mechanisms participating in the dynamic process that leads to the progressive
elevation of blood pressure and organ damage. It is also an especially good setting to
test lifestyle or drug-based strategies to effectively prevent this process, with benefits
potentially much greater than those offered by later interventions, when the damage is
established and likely to be at least in part irreversible.

This book provides a series of chapters on the most recent pathophysiological,
epidemiological, diagnostic, and therapeutic research in the prehypertension area,
written by a number of well-known experts. We hope this will be of interest to both
clinicians and investigators, the former to update their information on the status of
evidence-based prevention and treatment strategies in this cardiovascular area and
the latter for even more clearly focusing on the gaps in knowledge and device means
to fill them by appropriate investigations.

Tel Aviv, Israel Reuven Zimlichman
Ann Arbor, MI, USA Stevo Julius
Milan, Italy Giuseppe Mancia
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High-Normal Blood Pressure in Children
and Adolescents

Mieczystaw Litwin, Janusz Feber, and Zbigniew Kutaga

1.1 Introduction

Elevated blood pressure (BP) is regarded as the most important, but reversible risk
factor for the development of cardiovascular (CV) disease. Epidemiological studies
based on data from prospective decade-long observations of cohorts of adults pro-
vided strong evidence that systolic blood pressure (SBP) above 140 mmHg signifi-
cantly increased the risk of CV disease and CV events such as stroke, coronary heart
disease, heart failure and chronic kidney disease (CKD). However, the chosen
threshold of SBP of 140 mmHg may be artificial, as there is a linear relationship
between SBP and CV disease, i.e. the risk of CV disease is increased even at BP
levels lower than 140 mmHg. In fact, subjects with SBP above 120 mmHg but still
below 140 mmHg had a higher probability of developing arterial hypertension than
those with an SBP below 120 mmHg. Although the problems related to CV risk and
BP within the high-normal/prehypertensive range is quite well described regarding
adults, only recent paediatric studies shed some light on the risk of high-normal/
prehypertensive BP in children and adolescents. The aim of this review is to discuss
the significant impact of even a mild increase of BP within the high-normal range
concerning the development of CV disease and other hypertensive-related compli-
cations in children and adolescents.

M. Litwin (><)

Department of Nephrology and Arterial Hypertension,
The Children’s Memorial Health Institute, Warsaw, Poland
e-mail: M.Litwin@IPCZD.PL

J. Feber
Department of Pediatric Nephrology, The Children’s Hospital of Eastern Ontario,
Ottawa, ON, Canada

Z. Kutaga
Department of Public Health, The Children’s Memorial Health Institute, Warsaw, Poland
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1.2  Idea of Prehypertension

The association between systolic and diastolic BP and the development of CV dis-
ease and CV events in adults is continuous and graded. This concept is based on
10 years of observational data, which has shown that adults with high-normal BP
had significantly greater cumulative incidence of CV events and CV disease than
those with normal and optimal BP values. This cumulative incidence of CV disease
increased with age and was particularly high among older subjects [1]. As already
noted in earlier reports from the Framingham study, adults with BP in a high-normal
range had a characteristic intermediary phenotype when compared to those with
normal and optimal BP, namely a steady increase in body mass index (BMI), serum
cholesterol and age, from an optimal to a high-normal BP range [1]. Further reports
also showed that adults with high-normal BP suffer from autonomic dysfunction,
visceral obesity and higher uric acid and metabolic abnormalities, typical of meta-
bolic syndrome (MS) [2].

Thus, the threshold of 140/90 mmHg defining arterial hypertension in adults
means that the CV risk is significantly greater for those with BP above 140/90, as
compared to those with BP below this threshold. However, young adults with BP
values in the high-normal range of 130-139/85-89 mmHg also had a greater inci-
dence of arterial hypertension than their peers with lower/normal BP values. These
findings indicate that high-normal BP status is an early and transitory stage of
hypertensive disease, before the development of sustained arterial hypertension.
The idea of a progressive increase of BP from normal through high-normal to
hypertensive values is similar to the contemporary view of development of type 2
diabetes from a prediabetic state to fully blown diabetes. As the process of transition
from pre-disease to disease state is potentially reversible, the detection and/or treat-
ment of high-normal BP in the early stages may prevent CV complications at a later
stage. This notion has led to the concept of “prehypertension” and its use in the
classification of BP status in adults [3], implying that prehypertension should be
treated as the first stage of hypertension. While this may apply for adults, the situa-
tion in children is more complicated due to different BP classifications (based on
percentiles or Z-scores rather than absolute BP values) and relatively few longitudi-
nal population data on CV risk associated with BP levels [4].

1.3  Classification of Blood Pressure Status in Children
and Adolescents: Definition of High-Normal Blood
Pressure/Prehypertension in Children and Adolescents

In contrast to classification of BP status in adults, the definition of arterial hyperten-
sion in children and adolescents is not based on the estimation of risk of CV events
but rather on statistical distribution of BP values in general population. Thus, the
definition of arterial hypertension in children is based on BP percentiles or Z-scores
and not absolute blood pressure values. The currently used BP threshold defining
arterial hypertension is the systolic and/or diastolic BP equal to or higher than the
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95th percentile for age, sex and height [5]. The need for using BP percentile values
rather than absolute BP values for children and adolescents is based on the BP
changing with the development of the child. In adolescents, the situation is even
more complicated as younger adolescents would fall within the child category with
BP assessments recorded in percentiles, whereas older adolescents (>16 years of
age) may be considered as adults with BP measured in absolute values and criteria
adopted by adult hypertension guidelines.

Although CV events and CV disease is rare in childhood, it is clear that elevated
BP in childhood and adolescence evolves into arterial hypertension in adulthood.
Thus, in 2004, the 4th Task Force Report adopted the JNC VII classification of BP
status into paediatric guidelines [6]. According to the 4th Task Force Report, opti-
mal blood pressure has been defined as blood pressure below the 90th percentile for
age, sex and height and/or below 120/80 mmHg. The BP values between the 90th
and 95th percentile, or above 120/80 mmHg but below the 95th percentile, have
been classified as prehypertension. However, this classification, both for adults and
children has not been fully accepted in the European Union because the term “pre-
hypertension” implies a pre-disease state and suggests the need for treatment. Thus,
the European Society of Hypertension (ESH) in its first paediatric guidelines on
diagnosis and treatment of arterial hypertension in children and adolescents pro-
posed to use the term high-normal blood pressure for blood pressure values regarded
as prehypertensive in the US classification system [7]. While the use of BP percen-
tiles and the 95th percentile as the upper limit of normal have been widely accepted
for diagnosis and management of hypertension in younger children, adolescents
from 16 years of age present a challenge when using BP percentiles for the defini-
tion of arterial hypertension and high-normal BP/prehypertension. Some boys aged
16-18 years could not be diagnosed as hypertensive despite having systolic BP
values above the adult threshold value of 140 mmHg, because the values of the 95th
percentile for systolic BP are much higher than 140 mmHg. On the contrary, in girls
aged 16-18 years the 95th percentile values for systolic BP may be in the range of
132-135 mmHg, which means that they would be considered hypertensive by the
paediatric definition based on percentiles but they would be normotensive or prehy-
pertensive based on the adult definition of absolute BP values (<140/90). Similar
problems have been encountered in children with prehypertensive/high-normal BP,
as the 90th percentile increases with age and may reach the threshold of 120 mmHg
at 13 years of age in some adolescents. These problems have led to a new classifica-
tion of BP in children and adolescents as proposed by the ESH in 2016 [8]. In this
new classification, adolescents aged 16 years and older have their BP status catego-
rized according to the classification for adults, i.e. based on absolute BP values.
Moreover, the definition of BP categories proposed by ESH differs from the original
classification by the 4th Task Force Report. ESH defines normal BP as BP below the
90th percentile for children less than 16 years of age and below 130/85 mmHg in
adolescents aged 16 years and older. Similarly, in children aged 16 and below, the
high-normal BP has been defined as BP equal or higher than the 90th and lower than
the 95th percentile, whereas in children 16—18 years of age the definition is based
on absolute BP values between 130/85 and 139/89 mmHg. Thus, in contrast to the
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US classification, the BP threshold of 120/80 mmHg for a prehypertensive range
has not been adopted by the ESH. Importantly, in both US and EU classifications,
the diagnosis of high-normal BP/prehypertension may be based on blood pressure
values measured on one occasion, which may complicate the assessment of the
prevalence of high-normal BP/prehypertension.

In addition to classification based on office BP measurements, prehypertension
is also included in the classification of BP based on 24 h ambulatory blood pressure
measurements (ABPM). According to paediatric ABPM classification, prehyperten-
sion is diagnosed when mean systolic and/or diastolic BP is below 95th percentile
but BP load (percentile of BP readings above 95th percentile) is above 25% and
below 50% [9].

1.4  Prevalence of High-Normal BP and Hypertension
in Children and Adolescents

The real prevalence of high-normal BP/prehypertension in children and adolescents
is difficult to assess due to several reasons. First, the definitions of prehypertension/
high-normal BP differ between US and Europe as discussed above [6, 8]. Second,
the intrinsic variability in repeated BP measurements (even in one clinic setting) and
inconsistency in interpretation of the repeated BP measurements (some authors
record the first reading only, some prefer the second BP reading, some calculate the
average of the second and third readings, etc.) result in a significant heterogeneity
within published reports on prehypertension/high-normal BP. Third, the diagnosis
of high-normal BP/prehypertension depends on the number of clinic visits. When
the definition of prehypertension was based on BP measurements during only one
visit (average of three BP readings), the prevalence of prehypertension and hyper-
tension was 9.4% and 9.5%, respectively [10]. However, after three screenings
(clinic visits) the prevalence of prehypertension increased to 15.7% and the preva-
lence of arterial hypertension decreased to 3.2% [10]. These findings indicate that a
large amount of adolescents labelled as hypertensive after their first BP screening
become prehypertensive on subsequent visits. Similar findings of a decreasing prev-
alence of elevated BP in high-normal BP/prehypertensive range, was found with
repeated measurements [11]. It was found that the prevalence of high-normal BP/
prehypertension in 9-year-old children was 12.6% when BP was measured during
one visit, but decreased to 9% when BP was measured during three visits. However,
the prevalence of high-normal BP/prehypertension increased with age; the preva-
lence of high-normal BP/prehypertension in 11-year-old children was 14.4% based
on one BP measurement and 12.4% when BP was measured over three visits.

In a Polish nationwide study (OLAF) on 21, 414 randomly selected students
aged 3-18 years the BP was assessed and documented as the mean of the second
and third measurements during one visit. We found that the prevalence of high-
normal BP (according to the ESH definition) ranged from 10.8% to 19.7% in boys
and from 8.3% to 14.4% in girls aged 11 to 18 years, respectively. The prevalence
of high-normal BP did not differ between sexes until 14 years of age, but started to
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rise during a growth spurt, especially in boys (Figs. 1.1 and 1.2). As shown in
Figs. 1.1 and 1.2, the prevalence of high-normal/prehypertension depends on the
definition. When the definition based on the 4th Task Force Report guidelines was
applied, the prevalence of high-normal blood pressure/prehypertension increased to
49.7% and 25.9%, in boys and girls, respectively. These age- and sex-related differ-
ences in the prevalence of prehypertension/high-normal BP have also been reported
in other ethnic groups [12]. The prevalence of prehypertension/high-normal BP is

60

frequency (%)

7 8 9 10 11 12 13 14 15 16 17 18
age (years)

M high-normal (EU) B prehypertension (US)

Fig. 1.1 Prevalence of high-normal BP (ESH definition) and prehypertension (4th Task Report
definition) in sample of boys (n=8321). OLAF Study, Poland
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age (years)

M high-normal (EU) B prehypertension (US)

Fig. 1.2 Prevalence of high-normal BP (ESH definition) and prehypertension (4th Task Report
definition) in sample of girls (n=9107). OLAF Study, Poland
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related to ethnicity and socioeconomic status and these determinants are the same
as in arterial hypertension cases. In a study from the USA it was found that prehy-
pertension was more common among African Americans and Hispanic adolescents
than among White adolescents [10].

The other potential confounder in the assessment of high-normal BP prevalence
is the method of BP measurement used. According to guidelines, the diagnosis of
high-normal BP/prehypertension is based on office BP measurements. However,
many patients who are referred with office hypertension undergo ABPM and are
ultimately diagnosed with ambulatory prehypertension; this may lead to an under-
estimation of the true prevalence, as reported data on the prevalence of high-normal
BP/prehypertension are usually based on office BP measurements only.

All these factors contribute to a significant variation in the prevalence ranging
from 2.9% to 31%. However, regardless of the exact point prevalence estimate, it
seems that the prevalence of high-normal BP/prehypertension increases over time
as suggested by recent publications reporting a higher prevalence compared to ear-
lier reports [13].

1.5 Intermediate Clinical and Laboratory Phenotype
of High-Normal BP/Prehypertension in Children

The intermediate phenotype of high-normal BP/prehypertensive children in terms
of anthropometrical parameters and metabolic abnormalities is in the middle
between normotensive children and children with primary hypertension (PH). The
main finding in children and adolescents with high-normal BP/prehypertension is
obesity and visceral obesity expressed as increased waist circumference [14, 15].
Children and adolescents with high-normal BP/prehypertension present similar
metabolic abnormalities as the children with PH, namely insulin resistance which is
otherwise typical of MS. However these abnormalities are of a lower magnitude in
comparison with children with PH. Similar to children with PH, children with high-
normal BP/prehypertension have higher serum uric acid levels than normotensive
children. It was shown that in pre-pubertal children, the risk of high-normal BP/
prehypertension increased by 50% for each 1 mg/dL increase of serum uric acid
concentration [16]. These metabolic abnormalities are associated with faster bio-
logical development, one of the main biological alterations seen across BP strata
from normotension to PH in adolescents. In an analysis of data from NHANES II
and III, Lauer et al. found that the level at which BP was tracked during childhood
was related to growth, obesity and the degree of maturation acquired (expressed as
bone age, number of permanent teeth, waist circumference). Children whose BP
rose or fell in relation to their peers had body growth and maturation characteristics
(bone age, number of permanent teeth, waist circumference) similar to those who
maintained their rank order high or low, respectively [17]. In a study of adolescent
boys referred to the hypertension clinic due to elevated BP, the difference between
bone age and chronological age significantly increased from normotension through
prehypertension, through stage 1 and stage 2 hypertension [18]. These findings
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indicate that an intermediate phenotype of adolescents with high-normal BP/prehy-
pertension is similar to PH and also includes the basic alterations of the processes
of biological development indicating a faster biological maturation associated with
elevated BP values already in the prehypertensive range.

1.6  Evolution of High-Normal Blood Pressure/
Prehypertension in Childhood

High-normal BP/prehypertension exhibits a tracking phenomenon, i.e. children
with high-normal BP/prehypertension would more likely continue to have high-
normal BP/prehypertension in adulthood [19, 20]. In adults, as many as 26% of
patients with prehypertension progressed to hypertension and those patients had a
2.95 times higher risk of CV disease than those who remained at a normal BP or
prehypertensive state [21]. It was shown that a significant number of children with
high-normal BP/prehypertension progressed to PH later in life and had a worsening
in cardiovascular outcome by midlife (i.e. 38 years of age) [22]. The overall inci-
dence of arterial hypertension in the general population of adolescents (10-19 years)
is estimated to be 0.5-0.8%. Redwine et al. found that the rate of progression from
normotension to hypertension, confirmed by three measurements on three indepen-
dent visits, was 0.4%/year; yet among adolescents who were prehypertensive it was
1.1%/year [23, 24]. In those who had either a systolic or diastolic BP above the 95th
percentile during their first measurement session and who had a BP which later
normalized, (<90th percentile or 120/80 mmHg), the incidence rate was 1.4%/year,
i.e. the same as among adults with optimal BP.

The recent report from Bogalusa Heart Study on 2732 adults aged 20-51 years
who were followed from childhood showed a prevalence of arterial hypertension of
23.5% [25]. However, those who became hypertensive had their BP in the prehyper-
tensive range as children and adolescents. Similar findings were reported in a longi-
tudinal representative birth cohort study from New Zealand, where SBP was
reported at ages 7, 11, 18, 26, 32 and 38 years [22]. It was found that at an age of
38 years, adults who became hypertensive had significantly higher SBP trajectory
starting already during their 7th year of age and their SBP values were in a prehy-
pertensive range during childhood and adolescence up to mid-adulthood. These
subjects also had the steepest rise of systolic BP during adolescence, attaining
hypertensive values in early adulthood.

All these studies suggest that high-normal BP/prehypertension detected in child-
hood will most likely stay high-normal or increase to hypertensive levels later on in
life at a much faster rate than among subjects with optimal BP. On the other hand,
PH in adulthood develops from high-normal BP/prehypertension in adolescence. In
some of these studies, adolescents ultimately labelled as high-normal BP/prehyper-
tensives were originally diagnosed as hypertensive and then lowered their BP to a
prehypertensive range. In fact, in aforementioned studies BP classification was not
confirmed by ABPM; thus a portion of prehypertensive subjects suffer from white-
coat hypertension [26]. Moreover, high-normal BP and prehypertension include a
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rather wide BP range (19/9 mmHg in US classification and 9/5 mmHg in ESH clas-
sification) and there are no data comparing risk of CV disease between those who
were labelled as prehypertensive according to the 4th Task Force definition and
those who were diagnosed as high-normal BP according to the ESH paediatric
guidelines. Nevertheless, the risk of developing PH in adulthood by prehypertensive
children concerns all patients in a prehypertensive range, but those who had higher
BP values will develop PH faster than those who had a lower range of prehyperten-
sive values [22]. The above-mentioned findings indicate that PH has its origin in
childhood; the crucial period determining future BP trajectory and risk of develop-
ment of PH is puberty and the pubertal growth spurt.

1.7  High-Normal Blood Pressure/Prehypertension
in Childhood and Risk of Hypertensive Target Organ
Damage

Elevated BP leads to adaptive changes of the CV system which, when elevated BP
is sustained and accompanied by immuno-metabolic abnormalities, eventually
leads to hypertensive target organ damage (TOD). Although there are only few
reports on early subclinical TOD in adolescents with high-normal BP/prehyperten-
sion, it is now clear that there is a continuous increase in the risk of hypertensive
TOD across all spectrums of BP values. These early subclinical changes include an
increase of left ventricular mass index (LVMi), increased carotid intima-media
thickness (cIMT), increased stiffness of large arteries expressed as pulse wave
velocity (PWYV), endothelial dysfunction assessed as flow mediated dilation (FMD)
and early remodelling of small capillaries.

It was found that LVMi of prehypertensive adolescents was greater than in nor-
motensive peers and did not differ significantly in comparison with hypertensive
adolescents [27] and was of an intermediate nature between normotensive and
hypertensive children [28]. Similarly, in a population study including 526 children
aged 6-15 years, it was found that increasing BP and the presence of prehyperten-
sion (defined as BP in the 90-95th percentile) and arterial hypertension (but not
obesity) were associated with concentric cardiac remodelling [15]. Heart rate, a
clinical surrogate of the sympathetic drive, also increased within the BP category
from normotension through prehypertension to hypertension. There is also evidence
that arterial wall remodelling starts in prehypertensive youths. Although it was
reported that prehypertensive adolescents had numerically increased cIMT in com-
parison with normotensive peers, significant differences were found in the carotid
bulb and the internal carotid artery [28]. However, these alterations were modified
by metabolic abnormalities which accompanied elevated BP.

Increased cIMT in prehypertensive adolescents is accompanied by increased
stiffness of the arterial tree. It was reported that carotid-femoral, carotid radial and
carotid-dorsal PWV were all significantly increased in prehypertensive adoles-
cents when compared with normotensives [28, 29]. It was also found that PWV of
prehypertensive youths was intermediate between normotensive and hypertensive
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subjects [28]. High-normal BP/prehypertension also exerts its effects on the level
of microcirculation. Prehypertensive youths present with early remodelling of
retinal arterial vessels which are expressed as central retinal arteriolar equiva-
lents, representing an average arteriolar diameter and are similar to those found in
hypertensive adolescents and different from normotensive controls [30]. In sum-
mary, high-normal BP/prehypertension is associated with significant adaptive
changes in the whole CV system, including the left ventricle, remodelled arterial
and arteriolar walls and increased arterial stiffness. These changes are intermedi-
ate between those found in normotensive and hypertensive children. The above-
described early alterations of CV structure and function were modified by
metabolic abnormalities and obesity. This is yet further evidence suggesting that
high-normal BP/prehypertension is not an isolated hemodynamic alteration but
rather a neuro-immuno-metabolic disease with hemodynamic consequences and
signs of early vascular ageing [31, 32].

1.8  Risk of High-Normal BP/Prehypertension
in Adolescence and Target Organ Damage
and Cardiovascular Disease in Adulthood

At present it is evident from large longitudinal population studies, where elevated
BP was defined as higher than the 90th percentile or 120/80 mmHg, that high-
normal BP/prehypertension in adolescence is related not only to adaptive changes
detected in adolescence but also to the risk of development of hypertensive TOD
and CV disease in adulthood. The data was obtained from four studies (The
Muscatine Study, Bogalusa Heart Study, Young Finns Study and CDAH Study) in
which BP was measured on a minimum of four occasions in adolescent subjects
(11.9-14.6 years of age) followed for a mean of 23 years. Individuals with persis-
tently elevated BP (>90th percentile or >120/80 mmHg) had significantly
increased cIMT in comparison with those who had optimal BP [33]. However, the
risk of increased cIMT in early adulthood was lower if the subjects had elevated
BP during adolescence which resolved by adulthood. Liang et al. also showed that
the risk of development of PH and hypertensive arterial remodelling (increase of
cIMT and carotid-femoral PWV) in early adulthood (mean age 34.5 years) was
already increased in those adolescents who had a BP above the 80th percentile
and below the 95th percentile, thus below the lower threshold of the prehyperten-
sive range [34].

1.9 How to Manage High-Normal Blood Pressure
in Children and Adolescents

According to guidelines, high-normal BP should be treated with non-pharmacological
measures [8]. The exception is that in children with diabetes mellitus (DM) or
CKD, pharmacological therapy should also be instituted [35]. The basis of
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non-pharmacological therapy is directed to main risk factors of PH and CV disease,
i.e. obesity, associated metabolic abnormalities and physical inactivity. Thus, non-
pharmacological treatment is based on lifestyle changes with dietary advice and
moderate to intensive physical activity of at least 60—90 min daily. Although the
efficacy of physical aerobic exercise in young adults with prehypertension has been
questioned recently, detailed analysis shows that it is quite effective when applied
and accepted by individuals [36]. Recent meta-analysis of efficacy during physical
exercise in young adults (mean age 42.2 years) with prehypertension, defined as BP
above 120/80 mmHg and below 140/90 mmHg, revealed that after 3—6 months after
starting the intervention, systolic and diastolic BP decreased on average by —4.4
and 4.1 mmHg, respectively, but after 12 months this effect was lost. However,
analysis of factors associated with the loss of hypotensive effects of physical exer-
cise revealed that it was due to an increasing rate of patient non-compliance. Thus,
the main reason of low efficacy of physical exercise in young adults was the loss of
interest and a return to their previous sedentary lifestyle. Interestingly, BP reduction
was greater when physical exercise was of vigorous intensity, when it was super-
vised and when it was associated with significant weight loss. One of the most
important factors associated with long-term success of this type of therapy was due
to frequency and duration of contact with health care professionals. These findings
underscore the fact that similarly to the pharmacological therapy, non-compliance is
the main reason for the lack of effect of non-pharmacological therapy. The other
conclusion is that young patients with high-normal BP/prehypertension are by defi-
nition less physically active and therefore organized/supervised programmes of
moderate to vigorous physical activity would be more effective than self-directed
low intensity activities. Such conclusions are supported by the results acquired dur-
ing treatment in adolescents with PH. Twelve months of pharmacological and non-
pharmacological treatment, based on angiotensin convertase inhibitors (ACEi) or
angiotensin receptor blockers (ARB) and physical exercise in 86 adolescents with
PH, caused normalization of BP in 70% of patients, a decrease in the prevalence of
metabolic syndrome by 50%, normalization of markers of oxidative stress, along
with the regression of left ventricular hypertrophy and subclinical arterial injury.
However, the main determinant of TOD regression was not due to a decrease of BP
but rather a decrease of waist circumference and amount of visceral fat, assessed by
magnetic resonance [37].

There are only a few paediatric studies analysing the effects of non-
pharmacological treatment in children with high-normal BP/prehypertension.
Most of them have included children with obesity who had elevated BP and who
underwent programmes of dietary and physical activity treatment. Fapour-
Lambert et al. reported results from a 3-month randomized controlled trial on the
effects of physical activity treatment in pre-pubertal obese children with elevated
BP (high-normal BP/prehypertension and hypertension) [38]. The study showed
that moderate intensity training over a 3-month period (60 min three times weekly)
led to significant improvements in endothelial function measured as FMD and
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nitroglycerin-mediated dilation, along with a decrease in BP and arterial stiffness.
These changes were associated with a decrease in body fat and visceral fat. A
subgroup of patients was followed for 2 years in whom beneficial effects of physi-
cal training on BP were sustained, especially in the children who decreased their
body mass index [39]. Importantly, it occurred that the increased physical activity
was maintained beyond the end of the 3 month intervention. This observation sug-
gests that lifestyle changes may be implemented with greater success in paediatric
patients than in adults.

Although the role of dietary advice and dietary modifications has been well
established, it seems that the effects of physical activity on BP and arterial function
continue to be more significant. Woo et al. analysed the effects of diet along with
diet plus exercise on arterial properties of obese children of a mean age of 10 years
(9-12 years) [40]. He found that although both interventions led to a significant
decrease of waist-to-hip ratio and the improvement of FMD within 6 weeks, these
changes were of a greater magnitude when diet was combined with training.
Importantly, these beneficial changes were even more evident after 1 year in the
children who continued their dietary and physical activity programmes, yet
decreased in those who resigned from the programme.

In conclusion, non-pharmacological interventions based on dietary modifica-
tions and physical activity of moderate to vigorous intensity not only lead to nor-
malization of BP but also exert beneficial effects on arterial structure and function
by normalizing metabolic abnormalities.

1.10 High-Normal Blood Pressure/Prehypertension
in Children with Chronic Kidney Disease and Diabetic
Children

In contrast to the general population, children with CKD and those with DM, a BP
in the high-normal/prehypertensive range is regarded as an indication for treatment
and should be treated pharmacologically. In CKD, the reason for pharmacological
treatment of high-normal BP/prehypertension is not only early prevention of CV
disease, but also renoprotection based on ACEi or ARBs. The goal of BP lowering
therapy depends on proteinuria; in children with proteinuria greater than 0.5 g/day,
BP should be lowered below 50 pc of the 24 h mean arterial BP. In the absence of
significant proteinuria, the BP should be lowered below 90 pc of the 24 h mean arte-
rial BP and preferably below 75 pc [31, 32, 35].

As in CKD, the aim of antihypertensive treatment in diabetic children is both
early prevention of diabetic kidney disease and CV protection. In general, BP in
diabetic children should be kept below 90 pc for age, sex and height. In both dia-
betic children and children with CKD, a more aggressive therapy is indicated along
with close monitoring of BP by home BP measurements and repeated ABPM
measurements.
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1.11  Summary and Perspectives

There is strong evidence that high-normal BP/prehypertension in childhood and
adolescence tracks to adulthood, leads to early development of PH and represents a
risk factor for CV disease in the fourth decade of life. The adaptive changes of the
CV system associated with high-normal BP/prehypertension develop in childhood
and are accompanied by neuro-immuno-metabolic abnormalities typical of PH and
MS. Normalization of high-normal BP/prehypertension lowers the risk of develop-
ment of hypertensive TOD and CV disease in adulthood. Interventions based on
lifestyle changes with dietary advice and increased physical activity are more effi-
cient when started early and include all family members, but long-term prospective
studies are lacking in prehypertensive children. On the contrary, the close associa-
tion between increased arterial stiffness in adulthood and BP in the range of prehy-
pertensive values in childhood suggests that the threshold of abnormal BP should be
lowered to the 90th percentile [41]. Consequently, adolescents with high-normal
BP/prehypertension may benefit from a wider diagnostic workup with an assess-
ment of TOD and metabolic CV risk factors, combined with antihypertensive
treatment.
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The blood pressure measurements became an important clinical tool only a century
ago, when Riva Rocci and Korotkoff demonstrated how to use sphygmomanometers
to measure the blood pressure in clinical practice. During this relatively short period
there was a substantial variation in the definitions of normal and pathologic blood
pressure levels [1, 2]. The impact of this variability on the management or treatment
of prehypertension and hypertension will be discussed later. At this point it is appro-
priate to underscore that already in ancient times, by evaluating the pulse, medical
practitioners were capable to assess patient’s cardiovascular health. Ancient records,
as far back as 2600 BC, reported that acupuncture, venesection [3], and bleeding by
leeches were the sole means of treating what was called “hard pulse disease.” The
Ashurbanipal Library at Nineveh (669-626 BC) contains details on the use of the
latter two procedures [4]. Remarkable work was done by the Yellow Emperor of
China (Chou You-J, 2600 BC), Wang (280 BC), and the Roman Cornelius Celsus
[5]. Galen (131-201 AD) [6], Erisitrates, and Hippocrates [5] all recommended
venesection. Sorovas of Ephesus in 120 AD recommended cupping the spine to
draw out animal spirits [4]. Thanks to two students of medical history [3, 4] we can
presently wonder about the wisdom of our ancient colleagues. As early as 2600 BC
the Yellow Emperor explained that “In order to examine whether Ying or Yang
prevail one must distinguish a gentle pulse from hard and bounding pulse. The
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hearth influences the force and fills the pulse with blood.” Furthermore, he stated
that “If too much salt is used in food, the pulse hardens.” He also understood the
relationship between hypertension and congestive heart failure by stating that “when
the pulse is abundant but tense and hard like a cord, there are dropsical spellings
(edema).” Ancient doctors also understood the relationship between excessive food
intake and negative health outcomes. Physical exercise as well as decrease in eating
were routinely recommended. The Arabic text Al-Azkhora stated that “ Nothing is
more harmful to an aging person than to have a clever cook and a beautiful
concubine.”

Since the early nineteens, in the modern era of blood pressure measurement,
when the use of sphygmomanometers became ubiquitous, the cutoff levels for nor-
malcy became a moving target and remained such, up till present times. In the late
1950s, when thiazide diuretics were introduced, hypertension was defined as blood
pressure levels greater than 180/100 mmHg. However, during the succeeding
decades, based on the results of blood pressure lowering trials, the cutoff decreased
considerably [7, 8].

In parallel with studies reporting results of antihypertensive treatment, epidemio-
logic investigations uniformly confirmed that elevation of blood pressure is a strong
predictor of cardiovascular morbidity and mortality. However, the interpretation of
these findings varied. In fact, the management of hypertension is a classic example
of how, facing the same data, people may come to opposing conclusions. All
branches of science must develop a nomenclature for the observed data.
Unfortunately, in prehypertension and hypertension the semantics of some terms is
confusing. A good example is the term “hypertonie essential” coined by Frank in
1925 [9]. It is not quite clear why Frank chose the term “essential” but it can mean
two different things. Essential may mean “absolutely necessary, extremely impor-
tant” but in medicine it also means “disease with not known cause, idiopathic.” One
would think that such a semantic issue would not cause a problem, but the fact is
that a group of physicians believed that the increased blood pressure is an appropri-
ate response to secure the perfusion of tissues in people with increased peripheral
resistance. They predicted that lowering the blood pressure would have catastrophic
consequences.

In the 1950s, the development of the first ganglionic blockers sharpened the dis-
pute about the benefit of blood pressure reduction. Mainly pioneering and progres-
sive physicians dared to treat their patients with ganglion blockers despite the
serious side effects. While discussing the cost-effectiveness of treating severe
hypertension, Pickering reported in 1961 that the five-year survival rate in malig-
nant hypertension was zero. But already in 1958, Dustan reported a survival rate of
33% in patients treated with malignant hypertension [10]. The debate regarding the
cost-effectiveness of treating hypertension continued. Nonetheless, the publication
of the US Veteran study in 1967 reported dramatic improvement in survival in the
subgroup of patients with diastolic blood pressure of about 110 mmHg [11]. By this
point, treatment of hypertension was fully justified and the focus shifted to popula-
tions with milder forms of hypertension. In parallel, since the goal of treatment was
to normalize the blood pressure, it was important to define normalcy.
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The term “normal” has numerous connotations, ranging from a statistical defini-
tion based on variables in healthy people to meanings such as “most common” and
“most desirable” [12]. Furthermore, the term “normal” is problematic because it
determines that what is not “normal” is “abnormal” [13]. A meta-analysis of epide-
miological cohort published in 2002 showed an association of a blood pressure
reading of 115/75 mmHg with a minimal risk of cardiovascular mortality, and thus
concluded that this constitutes an optimal blood pressure level [14]. However, this
mean value did not provide information about the risk in individual subjects.
Definitions of normal and abnormal blood pressure are further complicated by the
fact that blood pressure, on a population level, is a continuous variable with a
Gaussian distribution, i.e., without any clear point that would denote abnormality
because the relationship between systolic and diastolic blood pressure and cardio-
vascular risk is continuous. In a large study that reviewed data of about one million
individuals, mortality from cardiovascular disease increased exponentially from
blood pressure levels as low as 115/75 mmHg, with an approximate doubling of the
risk for every 20/10 mmHg increase above that level [14, 15].

Over time, various terms have been used to classify the degrees of hypertension
such as mild, moderate, and severe hypertension; and systolic, diastolic, and systo-
diastolic hypertension. On the lower end of classification numerous terms were used
to define the group of subjects whose blood pressure was slightly elevated above
normal but not yet in the hypertension range. There was substantial research interest
in this group but the nomenclature varied. The terms “borderline hypertension,”
“high-normal blood pressure,” and “borderline blood pressure elevation” were most
frequently used. In this millennium, in 2003, the American seventh report of the
Joint National Committee on Hypertension revitalized the term “prehypertension”
[8] and defined it as a blood pressure range of 120—-139/80-89 mmHg. Nonetheless,
this definition was controversial and many physicians felt that a large number of
healthy individuals would be labeled as having as a medical diagnosis. This, in turn,
might create anxiety and indicate pharmaceutical treatment in the absence of evi-
dence that lowering blood pressure from this range is beneficial. Previously, in
1984, the Joint National Committee on the Detection, Evaluation and Treatment of
High Blood Pressure introduced the concept of high-normal blood pressure (blood
pressure in the 130-139/85-89 mmHg range), due to the concern that a moderate
blood pressure elevation which was previously considered normal, could increase
the risk of premature cardiovascular morbidity and mortality and lead to the devel-
opment of established hypertension much more frequently than the lower blood
pressure range of normal or optimal blood pressure [16]. Nevertheless, the purpose
of this action was only to promote awareness in order to stimulate lifestyle modifi-
cation and the document did not discuss whether and when should pharmacologic
blood pressure lowering be considered.

It is well known that if patients are not receiving antihypertensive treatment their
blood pressure will increase. The increase is exponential and with passage of time
the rise becomes more and more rapid. Just as the size of skeletal muscles grows in
response to repetitive increases of exercise, the smooth muscles in the resistance
vessels (arterioles) also respond to repetitive bouts of higher blood pressure by
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decrease of their lumen. This in turn increases the vascular resistance and blood
pressure [17].

The fact that untreated blood pressure elevation increases exponentially [14] pro-
vided the rationale for the TROPHY (Trial of Preventing Hypertension) study. This
trial [18] recruited 772 patients with blood pressure of 130—139 and/or 85-89 mmHg
and followed them over a period of 4 years. One group was randomized to 4 years
of placebo treatment and the other group was treated with the angiotensin receptor
blocker candesartan for 2 years. After 2 years, patients in the candesartan group
were switched to placebo. The hypothesis was that 2 years of previous treatment
would prevent or postpone the development of stage 1 hypertension during the
2 years of placebo observation. Following are the results of the study: (1) Treatment
with candesartan was safe. Rates of adverse events during the 2 years of treatment
were similar in both groups. (2) During the 4 years of observation nearly two-thirds
of the placebo group developed stage 1 hypertension. Thus, marginal blood pressure
elevation at baseline forecasts future hypertension and “prehypertension” is the
appropriate term for patients whose baseline blood pressure is in the 130-139 and
or 85-89 mmHg range. (3) The risk of new onset hypertension in the previously
actively treated group was suppressed. Whereas the difference was statistically sig-
nificant, the actual difference was modest. The overall conclusion of the study was
that pharmacological treatment of prehypertension is feasible but the findings were
not sufficiently robust to mandate treatment.

The PHARAO study also showed that blood pressure lowering in prehyperten-
sion is safe using the angiotensin-converting enzyme inhibitor ramipril [19].

Whether subjects with a high-normal blood pressure need medical treatment had
of course to be ultimately tested by trials in which the goal was prevention of car-
diovascular events. Little evidence of this kind has ever been made available, how-
ever, for two reasons. First, because in the high-normal blood pressure range
cardiovascular risk is lower than in hypertensive patients these trials had to be larger
or based on longer follow-up than usual trials, thereby representing a difficult
research option. Second, trials showing (mostly by subgroup analysis) that reducing
blood pressure from a high-normal range was accompanied by a reduction of car-
diovascular events had made use of patients already under antihypertensive treat-
ment, and thus most likely with an original frank blood pressure elevation, this
being the case also for the meta-analyses of the available studies. The response in
the media to the possibility of expanding treatment to this large subject category
was also unsupportive and accusations like “disease mongering” were campaigned
in the press.

In the above context, two recent important trials are ACCORD [20] and SPRINT
[21] that aimed to determine the optimal target blood pressure to reduce morbidity
and mortality, in type 2 diabetic and nondiabetic patients, respectively. Although the
interpretation of their results has raised some controversy. These trials have scored
in favor of blood pressure targets lower than the traditional ones (<140/90 mmHg)
because patients randomized to an on-treatment systolic blood pressure <120 mmHg
(achieved value slightly >120 mmHg) showed a reduction of cardiovascular out-
comes compared to patients randomized to <140 mmHg (achieved value about
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135 mmHg), an incremental benefit that in SPRINT extended to all-cause mortality
as well. These findings influenced the guidelines issued in November 2017 by the
American College of Cardiology (ACC) and the American Heart Association
(AHA) recommend the blood pressure target for treatment to be <130 mmHg sys-
tolic value in virtually all hypertensive individuals. The American guidelines rec-
ommended to lower the blood pressure range at which physicians should initiate
antihypertensive drug treatment because in both trials initial systolic blood pressure
was <140 mmHg, thereby falling in the high-normal blood pressure range. This is
not immune from criticism, because as for the abovementioned data in both
ACCORD and SPRINT patients received antihypertensive treatment at baseline. In
the meantime, new data suggested that in untreated subjects with high-normal blood
pressure blood pressure lowering does not reduce cardiovascular events. However,
the exception is in patients who have a history of cardiovascular events and are
therefore at very high risk. Presently the high-normal blood pressure range is con-
sidered to be a condition in which active blood pressure lowering treatment is indi-
cated, albeit only when background risk is elevated. This progress along the line
formerly traced by the TROPHY study which championed years ago the idea that
treatment might benefit subjects even before the state of established hypertension.

Extension of active antihypertensive treatment to the high-normal blood pressure
range has prompted the ACC/AHA guidelines to modify the classification of hyper-
tension stages, stage 1 being now the former prehypertension [22]. The implementa-
tion of the recently proposed definition for hypertension will classify nearly half
(46%) of the adult US population as hypertensive. The new guidelines do not neces-
sarily mean that half the adult population in the USA and in other developed coun-
tries should receive medical treatment. Rather, the focus is on individuals with a
suboptimal blood pressure, in an effort to convince them to make lifestyle changes
and to reduce their cardiovascular risk. Nonetheless, the number of persons that will
be treated with pharmacologic agents will increase and this will include patients
who were not pharmacologically treated before.

Due to the changing definition of hypertension over the course of decades, it was
only natural that the definition of prehypertension would change too. For many
years, the notion was widely accepted that “the higher the blood pressure, the higher
the morbidity and mortality.” Diagnosing and treating persons in the higher blood
pressure group has been recognized as the main goal, due to their propensity to
faster and more severe end-organ damage. However, the fact that the total number
of persons with prehypertension outnumbers those with overt hypertension has been
underestimated. Moreover, therapeutic options in the early 1900s were very limited,
and entailed severe side effects. Treatment with medications such as ganglion block-
ers was known not to be simple, due to the multiple side effects that impaired qual-
ity of life. Thus, the cost-effectiveness of the treatment was justified mainly for high
risk patients.

Surprisingly, during this period, most of the information about blood pressure on
the population level, and associated risks of morbidity and mortality, was accumu-
lated by insurance companies and these data were evaluated by physicians and
medical statisticians employed by these companies. The insurance viewpoint of an
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impairment differs from the clinical viewpoint, yet they do not contradict one
another. Clinical studies and insurance medicine benefited greatly from each other,
and this was true in the early 1900s as it is today. The difference between the
approaches is that insurance medicine deals mainly with data of large groups, while
clinical medicine focuses on individuals. However, to benefit individuals, clinical
medicine needs information about morbidity and mortality in large populations
[23]. Life insurance companies mainly study mortality, but also morbidity. Clearly,
all people die eventually, but insurance companies determine the longevity of sub-
groups of populations and correlate them with various medical conditions. Clinical
medicine deals more with quality of life, while insurance medicine deals with finan-
cial aspects of prognosis. Insurance companies deserve credit for most of the early
knowledge that was available to clinicians regarding blood pressure levels and risk.
We note that in the past, not all physicians had equipment for blood pressure mea-
surement, nor knowledge of correctly measuring blood pressure.

To fully understand historical attitudes, we will briefly review the development
of blood pressure measuring and the difficulties encountered in determining prehy-
pertensive and hypertensive levels.

Sodium restriction was advocated after the role of sodium in hypertension was
demonstrated in 1904, and the rice diet of Kempner was popularized in the early
1940s. Sodium thiocyanate was the first chemical substance to be used in the treat-
ment of hypertension, by Treupel and Edinger in 1900, and later by Hines at the
Mayo clinic; it was potentially toxic, side effects were many, and it subsequently
became unpopular.

In 1978 the WHO defined hypertension as blood pressure levels above
160/95 mmHg, and normotension as levels less than 140/90 mmHg. Blood pressure
levels between these two cutoff values were defined as borderline hypertension [23].

Many experts have defined borderline hypertension as intermittent blood pres-
sure levels above 150 mmHg systolic or 90 mmHg diastolic pressure [24]. The
Ann Arbor group previously defined borderline hypertension as at least one dia-
stolic measurement below 90 mmHg diastolic among five blood pressure mea-
surements [25]. Since arterial pressure increases with age, these definitions have
their limitations. Thus, many investigators have defined target blood pressure
ranges according to age groups. Such definition disregards the presence or absence
of end-organ damage. In addition, transient elevations in blood pressure have
raised debate as to whether these are sufficient to classify a person with borderline
hypertension. Moreover, different terminologies have been used, such as the term
“labile hypertension,” which implies increased blood pressure variability.
Furthermore, several studies have demonstrated a lack of correlation between the
absolute level of blood pressure and its variability. Blood pressure has been shown
to fluctuate in normotensive individuals also. Considering the above, it is not sur-
prising that excessive variability of blood pressure has never been established as
a feature of borderline hypertension [25]. The five highest and five lowest blood
pressure measurements during a 24 h recording were shown not to correlate to
cardiovascular morbidity, while average blood pressure levels carry with them
important predictive power [26].
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The term prehypertension signifies a condition that most always leads to hyper-
tension. Thus, this diagnosis indicates increased risk of cardiovascular morbidity
and mortality. Patients should be informed of their condition, and encouraged to
make every effort to change their destiny, by adopting measures that will lower
blood pressure and protect them from developing hypertension.

Over the years, the definition of hypertension has changed quite frequently and
the definition of prehypertension has changed accordingly. The recent AHA 2017
definition actually added the 130-140/80-90 mmHg range, which was previously
classified as prehypertension, to the hypertensive range, with the diagnostic and
therapeutic implications of such [22]. Defining the limits of prehypertension and
hypertension is problematic since there is no dispute that arterial pressure is a con-
tinuous variable and when converted to a logarithmic scale is Gaussian in shape.

The most recent definition of the AHA will likely be disputed by many, and prob-
ably by the upcoming guidelines of the European Society of Hypertension, which
are currently being finalized. Nonetheless, as mentioned, the courageous definition
of the ACC/AHA is not new. In 1930, this was the definition stated by Dr. Lewellys
S. Barker of Johns Hopkins University [16]. Dr. Barker stated that “In adults, sys-
tolic blood pressure about 140 mm in the male and above 130 in the female, when
it is more than transitory from physical exertion or emotional excitement, is looked
upon as a pathological increase.”

Since blood pressure measuring was deemed compulsory in all insurance policies,
huge amounts of data about blood pressure levels and outcomes have accumulated.
The average blood pressure of all adults of all ages has been found in life insurance
examinations to be 127 mm systolic and 83.5 mm diastolic [16]. From outcome insur-
ance information, the lowest mortality was shown in persons with levels somewhat
lower than the average. Sir Thomas Lewis stated in 1933 that in healthy individuals, a
blood pressure level below average is an asset, from the standpoint of longevity. Due
to the very high relevance of blood pressure level to predicting morbidity and mortal-
ity, insurance companies established tables of mean blood pressure measurements
according to age groups and their correlation to health and survival outcomes.

The increase in average blood pressure with age is well known, as is the correla-
tion of average blood pressure at various age groups with life expectancy. However,
based on insurance company data, if blood pressure remains stable for 20, or even
15 years, then at age 60 years, our prospect for a longer life will be correspondingly
increased [16].

Blood pressure reduction was not always considered beneficial. The body build
and blood pressure study, performed by the US Society of Actuaries in 1939, showed
that among persons with diastolic blood pressure of 88-92 mmHg, mortality was
100% above the average risk for the population. Thus, they concluded that blood
pressure lowering may be advantageous [27]. However, during those years (the
early 1940s) the prevailing concept of essential hypertension was that blood pres-
sure elevation was essential to perfusion of various organs. An increase in blood
pressure was considered a compensatory reflex regulation to preserve tissue perfu-
sion. Thus, interfering with this reflex was considered as impairing tissue perfusion
and to be potentially deleterious [28].
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The use of ganglion blockers caused several problems. A search was under-
taken for patients with stable, severe hypertension for treatment. Treatment of
severe hypertension with those “toxic” drugs was limited to patients with “true”
hypertension. Patients with labile hypertension were not considered for this treat-
ment because they did not have “established” hypertension [29]. They were
assumed to have excessive blood pressure variability, a statement that was never
proven. In 1945, Levy et al. showed that transient hypertension predicts future
established hypertension with end-organ damage and the development of cardio-
vascular events [29].

Another problematic matter regarding the treatment of hypertension during the
middle of the last century was the idea that patients with labile hypertension were
only “nervous” and that tachycardia is a good marker for their nervousness. It is
evident today, as it was in the past, that prehypertension and tachycardia are strong
predictors of negative outcomes and that they are present in a large proportion of the
population.

In recent years three major studies evaluated the benefit of treating patients with
blood pressure in the prehypertensive range. The TROPHY trial [18] was designed
to investigate whether pharmacologic treatment of prehypertension prevents or
postpones stage 1 hypertension. Individuals with systolic blood pressure of 130—
159 and diastolic blood pressure of 85-90 mmHg were randomized to 2-year treat-
ment with candesartan or a placebo, followed by 2 years of treatment of a placebo
to both groups. When participants reached hypertension, antihypertensive treatment
was initiated. After 4 years, hypertension occurred less in the treatment group.
Treatment during 2 of the 4 follow-up years resulted in a lower incidence of hyper-
tension [18, 30].

The ACCORD study aimed to determine the target range of blood pressure. A
total of 4753 diabetic patients were randomized to two groups. One group was
treated with standard therapy that targeted systolic pressure to levels of 140 mmHg
and below, while in the second group, blood pressure levels were targeted to less
than 120 mmHg. The mean follow-up period in both groups was 4.7 years. The find-
ings of the study showed that for patients with type 2 diabetes at high risk for car-
diovascular events, targeting a systolic blood pressure of less than 120 mmHg
compared to less than 140 mmHg did not reduce the rate of the composite outcome
of fatal and nonfatal cardiovascular events [20].

The SPRINT study [21] also aimed to identify the most appropriate target range
of systolic blood pressure to reduce cardiovascular morbidity and mortality, albeit
in a larger sample (9361 persons) than the ACCORD study, and among persons
without diabetes [21]. The results showed that among persons with systolic blood
pressure of 130 mmHg or higher, and with elevated cardiovascular risk but without
diabetes, targeting a systolic blood pressure of less than 120 mmHg, compared with
less than 140 mmHg, yielded lower rates of fatal and nonfatal major cardiovascular
events and death from any cause, although significantly higher rates of some adverse
events were observed in the intensive treatment groups [21].

In summary: About 100 years ago, elevated blood pressure was considered a
natural compensatory phenomenon that preserved tissue perfusion. However,
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clinical evidence and research subsequently proved otherwise: elevated blood pres-
sure has become recognized as a cardiovascular risk factor, and treatment of hyper-
tension has been shown to reduce cardiovascular morbidity and mortality.

Several erroneous concepts have hindered the understanding of the development
of hypertension and its progression through the stage of prehypertension. Only after
many years did physicians finally recognize the importance of tachycardia, which
had been interpreted as a sign of “nervousness.” The importance of this marker,
which implies sympathetic activation that leads to the development of hypertension,
was ignored. Another wrong concept was the notion of “labile” versus “established”
hypertension, which led to the idea that hypertension is due to overreaction to stress
and that repeated episodes of elevated blood pressure are markers of the future
development of established hypertension.

Since cardiovascular risk is greater in patients with severe hypertension than
prehypertension, during a time period in which only limited therapeutic options
were available, and such options were associated with substantial side effects, it was
only natural that the main effort of “salvage of end organs” from hypertension
focused on patients with severe and established hypertension. However, with the
emergence of effective medications with minimal side effects, addressing prehyper-
tension is recognized as important and feasible, for the prevention of future cardio-
vascular disease.
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Parental History of Hypertension 3
as the Determinant of Cardiovascular
Function

Katarzyna Stolarz-Skrzypek and Danuta Czarnecka

Parents’ health influences the overall, including cardiovascular, health of their off-
spring, and the effect of a genetic basis and positive family history exists in the
development of cardiometabolic risk in children [1]. Offspring usually imitate the
unhealthy lifestyle habits of their parents, such as an unbalanced diet, smoking, and
physical inactivity, and such shared family habits can also lead to an increased risk
for cardiometabolic diseases.

Determination of blood pressure in related and unrelated individuals in a
Tecumseh community and calculation of heritability have suggested that genetic
components and shared household environment contribute to familial aggregation
of blood pressure elevation [2]. Blood pressure correlation between parents and
biological offspring (r = 0.32 for systolic and » = 0.37 for diastolic blood pressure)
was significantly closer than that between parents and adopted offspring (r = 0.09
and r = 0.10, respectively, for systolic and diastolic blood pressure) [3].

In the European Project on Genes in Hypertension (EPOGH) the investiga-
tors reported high heritability of various other cardiovascular phenotypes,
including left ventricular mass [4], left ventricular diastolic function [5], and
vascular properties [6].

In the recent years, the number of evidence has been accumulated that the unfa-
vorable change in the cardiovascular structure and function precede the develop-
ment of hypertension among the offspring of hypertensive parents.
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3.1 Blood Pressure

Associations of parental hypertension with blood pressure elevation in offspring
have been indicated by number of cross-sectional studies.

Subjects with a family history of parental hypertension are reported to have a
slightly higher office blood pressure in the prehypertensive stage [7].

In an early study by Parati et al., normotensive subjects with both parents hyper-
tensive were characterized by a significant although mild increase in their blood
pressure values recorded either at rest and in ambulatory conditions over the 24 h,
including night sleep, as compared to normotensive subjects with one parent hyper-
tensive or normotensive subjects with no parental hypertension [8].

In a cross-sectional sample of 217 men and 196 women, selected from the gen-
eral Caucasian population of Rochester, Minnesota, in the multivariate analyses,
paternal but not maternal history of hypertension contributed to the probability of
having hypertension in men. Neither paternal nor maternal history of hypertension
made a statistically significant contribution to the probability of having hyperten-
sion in women [9].

Overwhelming evidence has been recently provided by the longitudinal studies.

In a study by Burke et al., by the time offspring were aged 9 years, systolic blood
pressure was significantly higher in sons and daughters of hypertensive fathers than
it was in sons and daughters of normotensive fathers. When they were aged 18 years,
paternal hypertension predicted blood pressures in men and women independently
of their weight at birth, fitness, alcohol consumption and weight for height for age.
Systolic blood pressures increased more rapidly (by 0.6 mmHg/year) in men with
hypertensive fathers [10].

Van den Elzen et al. examined the relationship between natural history of blood
pressure in children aged 5-19 years and level of blood pressure in their parents.
Cardiovascular risk factors were measured annually from 1975 through 2002.
Repeated blood pressure measurements were studied as a function of tertiles of
age-adjusted blood pressure measured in their parents at baseline. They found that
systolic blood pressure was consistently higher by 2.7 mmHg from the age of
5 years to the age of 40 years in subjects with parents in the highest tertile of sys-
tolic blood pressure, whereas such a parallel shift was not observed for diastolic
blood pressure [11].

Wang et al. recruited university students, but they used only data from white men
in their analysis. The blood pressure—age relationship within the age range of
20-80 years was shifted upward by ~2 mmHg in subjects with a parental history of
hypertension compared with that in subjects without a parental history [12].

The effects of parental hypertension on longitudinal trends of blood pressure
were examined in 2607 subjects (1095 men and 1512 women) who participated in
the Tanno-Sobetsu Study from 1977 to 2006. In both men and women with and
without parental hypertension, systolic blood pressure increased from the third to
eighth decades of life, whereas diastolic blood pressure followed biphasic (inverted
U shape) time course during that period. However, the relationships between the
parameters and age were significantly shifted upward (by 5.3 mm Hg in systolic
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blood pressure, 2.8 mmHg in diastolic blood pressure) in the group with parental
hypertension compared with those in the group without parental hypertension. Both
paternal and maternal histories of hypertension were determinants of systolic blood
pressure and diastolic blood pressure, and there was no significant interaction
between the sides of parental history [13].

3.2 Heart and Vessels

Available evidence is relatively small with regard to morphological and functional
changes in the left ventricle in subjects with positive family history of
hypertension.

In the Strong Heart Study there was shown a significantly higher thickness of
intraventricular septum and left ventricular mass in adolescents and young adults
with normal and high normal blood pressure compared to individuals with optimal
blood pressure [14].

In the case—control study of normotensive men with positive family history of
hypertension and their counterparts without such family history, parental hyperten-
sion was independently associated with higher left ventricular relative wall thick-
ness, an early index of concentric remodeling [15].

Furthermore, Grandi et al. showed that normotensive young adults with high
genetic risk for hypertension (two parents hypertensive) have higher blood pres-
sure and thicker and overactive left ventricle as compared to subjects with normo-
tensive parents. Handgrip stimulated left ventricular function in offspring of
normotensives, but not the already hyperkinetic left ventricle of offspring of
hypertensive parents [16].

Moreover, in the Hypertension Genetic Epidemiologic Network (HyperGEN) it
was shown that in this large, population-based cohort of nonhypertensive offspring
of hypertensive parents, ethnic differences in hemodynamic and echocardiographic
profiles exist. Nonhypertensive African American offspring had more abnormalities
in left ventricular function than their white counterparts. The authors postulated that
these abnormalities may be a precursor of the observed earlier appearance of cardio-
vascular disease in African Americans compared with whites [17].

In the study by Zizek et al., in normotensive individuals with family history of
hypertension, left ventricular morphological and functional changes were found.
Offspring of hypertensive families had higher left ventricular mass index and worse
left ventricular diastolic function than control subjects (lower E/A ratio, lower E(m)
and E(m)/A(m) ratio). Moreover, it was demonstrated that an increase in left ven-
tricular mass and alterations in left ventricular diastolic function are related to endo-
thelial dysfunction [18].

Among individuals recruited for the Bergen Blood Pressure Study, offspring of
hypertensive families had lower transmitral early/late peak flow velocities and
higher transmitral late peak flow velocities than offspring of normotensive families,
but the differences between groups became inconsistent after adjustment for con-
founding variables (including left ventricular structural parameters). On the other
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hand, the family history of hypertension was consistently associated with increased
transmitral early peak flow velocity and increased transmitral acceleration and
deceleration slopes, a pattern suggesting increased left ventricular stiffness [19].

Increased carotid intima-media thickness is considered as an early and valuable
cardiovascular risk marker. However, information about the impact of the family
burden of hypertension on the remodeling of large vessels in young healthy people
are limited.

In the study by Cuomo et al., carried out in 29 participants with parental history
of hypertension, higher values of carotid intima-media thickness were found com-
pared to offspring of normotensive parents, also after accounting for blood pressure,
body mass index, smoking, lipid levels, apolipoproteins, and lipoprotein (a) [20].

In offspring aged 14-30 years, central augmentation index assessed with
SphygmoCor device was significantly higher in subjects with at least one hyperten-
sive parent, after adjusting for sex, age, body mass index, heart rate, smoking ciga-
rettes, total serum cholesterol, and C-reactive protein [21].

Augmentation index, but not brachial pulse wave velocity, was reported as sig-
nificantly higher in middle-aged offspring of hypertensive parents compared with
control subjects [22].

Rajzer et al. in a group of 70 young adults with normal blood pressure after
accounting for confounding factors did not find any difference in carotid-femoral
pulse wave velocity in relation to family history of hypertension [23].

In a case—control study of 67 normotensive children whose parents had a diagno-
sis of essential hypertension and 39 normotensive children with no parental history
of hypertension, carotid intima-media thickness were significantly different in the
study group compared with the control group among all age groups. Aortic systolic
and diastolic diameters were larger in normotensive children of hypertensive par-
ents compared with the control group [24].

In the EPOGH cohort, normotensive offspring who had at least one hypertensive
parent as compared to normotensive offspring of two normotensive parents had
higher central augmentation index and pulse wave velocity. However, complex
adjustment including mean arterial pressure and age removed the differences
between the offspring in the measures of arterial stiffness [6].

In a sample of 1564 nonhypertensive Framingham Heart Study third-generation
cohort participants (mean age: 38 years; 55% women) whose parents were enrolled
in the Framingham Offspring Study, parental hypertension was associated with
greater offspring mean arterial pressure and with greater forward pressure wave
amplitude. Carotid-femoral pulse wave velocity and augmentation index displayed
similar dose-dependent relations with parental hypertension in sex-, age-, and
height-adjusted models, but associations were attenuated on further adjustment.
Offspring with at least one parent in the upper quartile of augmentation index and
carotid-femoral pulse wave velocity had significantly higher values themselves.
These observations are consistent with higher vascular stiffness at an early stage in
the pathogenesis of hypertension [25].

Gopinath et al. showed that a positive parental history of hypertension in healthy
prepubertal girls, but not boys, is associated with narrower retinal arteriolar vessels,
likely conveying a predisposition to develop hypertension later in life [26].
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3.3  Biochemical Disturbances and Life Style

Accumulating epidemiological studies have shown that healthy offspring of hyper-
tensive patients exhibit some metabolic disturbances such as hyperinsulinemia,
insulin resistance, lipid disorders, elevated plasma leptin levels, and reduced insulin
receptor number, features that may be predictors of future cardiovascular events.

A Japanese study showed that a maternal history of hypertension was signifi-
cantly associated with the risk of overweight in children [27].

Normotensive adolescent offspring with hypertensive parents were found to have
significantly higher serum insulin levels, which indicates that insulin resistance pre-
cedes the onset of clinical hypertension in persons genetically predisposed to hyper-
tension [28].

Over 10 years of follow-up of 557 young, nonobese Japanese men who were
normotensive at entry, development of hyperinsulinemia was more pronounced in
the subjects with a positive family history of hypertension [29].

Furuhashi et al. observed that plasma level of adiponectin, a biomarker correlat-
ing with insulin sensitivity, was lower in young men with a parental history of
hypertension [30].

Moreover, it was demonstrated that number of insulin receptors is reduced in the
erythrocytes of healthy offspring of hypertensive patients in comparison to the off-
spring of healthy normotensive subjects [31].

Papadopoulos et al. showed that insulin and resistin plasma levels were signifi-
cantly higher, while adiponectin levels were significantly lower in 18 years old
healthy offspring of patients with essential hypertension-positive family history
[32].

A recent study in 554 Korean adolescents aged 13—19 years showed that a paren-
tal history of hypertension indicates a greater risk for elevated alanine transaminase
(ALT) in teenagers, suggestive of nonalcoholic fatty liver disease (NAFLD) [33].

In the long-term observation of the Bogalusa Heart Study, the offspring of hyper-
tensive parents displayed overweight regardless of age, higher levels of blood pres-
sure after age 10 years, and elevations of triglycerides and VLDL cholesterol after
age 24 years irrespective of weight [34].

Some groups also reported elevated total serum cholesterol [35] and higher
serum glucose [36] in offspring of hypertensive as compared to offspring of normo-
tensive parents.

In the Odense Schoolchild Study, children aged 8—10 years with a parental his-
tory of hypertension displayed a significant decrease in physical fitness and a sig-
nificant increase in obesity and systolic and diastolic blood pressure compared with
the rest of the population. After controlling for differences in body size and physical
fitness, they also showed significantly higher levels of systolic and diastolic blood
pressure [37].

Shook et al. studied fitness and incident hypertension in 6278 participants who
were given a preventative medical examination. Thirty-three percent reported a par-
ent with hypertension, and there were 1545 cases of incident hypertension after a
mean of 4.7 years. Individuals with both a low level of fitness and a parent with
hypertension exhibited a 70% higher risk for developing hypertension compared
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with high-fit individuals with no parental history. However, individuals with a high
level of fitness and a parent with hypertension only experienced a 16% higher risk
of developing hypertension compared with fit individuals with no parental history.
This significantly lower risk of developing hypertension when progressing from
low- to high-fit groups among those with a parental history of hypertension has
important clinical implications [38].

3.4 Cardiovascular Regulation

To investigate whether parental hypertension affects children’s cardiovascular reac-
tivity over time, a longitudinal study of 315 students was conducted in the public
schools of Obion County, Tennessee. The CVR task was a series of video games
(taking approximately 10 min to play) given to the same students in their third-,
fourth-, fifth-, seventh-, and eighth-grade years. Cardiovascular reactivity was
defined as the change in blood pressure or heart rate between before playing and
while playing the video game. Increased cardiovascular reactivity was observed in
children with parental hypertension compared with children without parental hyper-
tension but was statistically significant only for systolic blood pressure after adjust-
ment for covariates [39].

Among 220 healthy men and women, aged 22-50 years, who completed two
24 h ambulatory blood pressure monitoring sessions, women with two hypertensive
parents and elevated norepinephrine levels had higher systolic and diastolic blood
pressure during waking and sleep periods. In men the combination of two hyperten-
sive parents and high norepinephrine was related only to diastolic blood pressure
during waking [40].

In a case—control study, Pitzalis et al. noticed a shorter resting RR interval and a
blunted autonomic modulation of heart rate among offspring of hypertensive par-
ents [41]. In line with this case—control study, in a population-based family study we
found among subjects with a positive family history of hypertension a shorter RR
interval and a diminished regulation of autonomic balance upon standing [42].

3.5 Impact of Hypertensive Disorders of Pregnancy

An accumulating body of evidence suggests that offspring of mothers with pre-
eclampsia have higher blood pressure during childhood and young adulthood com-
pared with offspring of women without preeclampsia.

In the data for mother-offspring pairs from a United Kingdom prospective birth
cohort (the Avon Longitudinal Study of Parents and Children), systolic and diastolic
blood pressures were higher in offspring of mothers with gestational hypertension
(mean difference, 2.06 mmHg) and preeclampsia (1.12 mmHg) compared with off-
spring of mothers without hypertensive disorders of pregnancy, adjusting for poten-
tial confounders (age, sex, maternal age at delivery, household social class,
prepregnancy body mass index, parity, and smoking in pregnancy) [43].
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Also in a subsample of 2608 mother-offspring pairs followed for 21 years from
an original cohort of 7223 singleton infants whose mothers gave birth in Brisbane,
Australia, between 1981 and 1983, unadjusted regression analysis showed that off-
spring of women who experienced hypertensive disorder of pregnancy have
3.46 mmHg greater systolic and 3.02 mmHg greater diastolic blood pressure at
21 years. This association remained consistent after adjusting for potential con-
founding and mediating factors including offspring gender, age, percentile birth
weight for gestation, placenta weight and body mass index at 21 year, maternal age,
education, racial origin, and smoking during pregnancy and their prepregnancy
body mass index [44].

Adolescent offspring exposed to maternal preeclampsia have greater relative
wall thickness and reduced left ventricular end-diastolic volume, which could be
early signs of concentric remodeling and affect future cardiac function as well as
risk of cardiovascular disease [45].

According to the recent meta-analysis, maternal hypertensive disorders do
appear to be associated with adverse changes in cardiovascular risk in adult off-
spring, including raised body mass index, overweight and obesity and higher blood
pressure. These findings are consistent with those from studies of offspring child-
hood and early adulthood. This supports the hypothesis that the offspring of women
with hypertensive disorders in pregnancy have a risk of clinical cardiometabolic
events later in life, including hypertension and stroke [46].

Conclusion

Evaluating the history of parental hypertension could be helpful in predicting
offspring with a higher risk of developing cardiometabolic diseases, even in the
preclinical stage. The collection of parental history of hypertension should also
include the information concerning hypertensive disorders of pregnancy in the
mother.

Offspring of hypertensive parents are characterized by elevated blood pres-
sure, alterations in cardiac and arterial structure and function, and biochemical
disturbances, even before the development of sustained hypertension. Therefore,
preventive measures of and early intervention for cardiometabolic risk in indi-
viduals with parental hypertension should be reinforced, with particular attention
towards offspring of both hypertensive parents.
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4.1 Introduction

The concept of “predisease” was first used over a century ago, when a “precan-
cerous” state was described for several tumors, delineating the process from
normal tissue morphology to neoplastic development [1-3]. The aim of the
“predisease” term was mainly to identify malignancies at an earlier asymptom-
atic stage in an effort to attenuate the progression to overt disease through spe-
cific intervention.

The term “prehypertension” was first used by Robinson and Brucer in 1939
[4]. In a landmark study of 10,883 men and women living in Chicago, they evalu-
ated a range of normal blood pressure (BP) and drew attention to a “danger zone”
of BP at 120-139/80-89 mmHg. Participants with BP within this “danger zone”
were designated as prehypertensive, stating that: “... there is a difference in the
daily changing tensions of the vascular system in the healthy and in the prehyper-
tensive person” and “... about 40% of the adult population is prehypertensive or
hypertensive” [4].

The term prehypertension did not gain wide recognition and was almost forgot-
ten for many decades until the Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation and Treatment of High Blood Pressure (JNC-7)
re-introduced the term at 2003 [5]. According to the JNC-7 report: “... prehyperten-
sion is not a disease category. Rather it is a designation chosen to identify individu-
als at high risk of developing hypertension, so that both patients and clinicians are
alerted to this risk and encouraged to intervene and prevent or delay the disease
from developing” [5]. Prehypertension is defined as systolic BP (SBP) values
between 120 and 139 mmHg and/or diastolic BP (DBP) values between 80 and
89 mmHg. Prehypertension can be further categorized in stage I and stage II prehy-
pertension (120-129 and/or 80-84 mmHg and 130-139 and/or 85-89 mmHg,
respectively).

The relationship between BP and future cardiovascular (CV) events is continu-
ous and graded [6]. Therefore, using a dichotomous approach (hypertension—
normotension) or a trichotomous approach (hypertension—prehypertension—
normotension) is arbitrary and can only be justified as the effort to draw the line for
individuals who will benefit from an intervention. In order to use the “prehyperten-
sion” term as a clinically meaningful description of a group of individuals, three
major requirements need to be fulfilled: (a) the risk of developing hypertension
should be markedly higher in people with prehypertension compared with those
without prehypertension, (b) the risk of future CV events should be substantially
greater in prehypertensive compared with normotensive individuals, and (c) effec-
tive intervention (e.g., lifestyle modification or pharmacological therapy) should
substantially reduce the detrimental consequences of prehypertension (the progres-
sion from prehypertension to hypertension and future CV events), with the benefits
of intervention exceeding its harms.

This review aims to address and critically discuss the first two aspects: the pro-
gression from prehypertension to hypertension and the risk for future CV events
conferred by prehypertension.



4 Prehypertension, the Risk of Hypertension and Events 39

4.2  Progression from Prehypertension to Hypertension

Hypertension is a progressive disease with constant BP elevation over time, mainly
due to structural and functional alterations of the vasculature [7]. The Framingham
study offered significant information on the residual lifetime risk for developing
hypertension in middle-aged individuals. Among 1298 participants aged
55-65 years, the residual lifetime risk for incident hypertension was 90% for both
male and female participants, and for both 55- and 65-year-old participants at base-
line [8]. In other words, almost all of us will develop hypertension if we live long
enough. The real question is whether all individuals with normal BP are at the same
risk to develop hypertension or patients with higher BP values (prehypertension) are
at increased risk for incident hypertension compared with lower BP (optimal BP).
The landmark study by Robinson and Brucer was the first to report the impact of
prehypertension on incident hypertension stating that “... men with moderately
high systolic pressures (120-140 mmHg) at any age, but especially in the younger
group, are probably the ones who will have hypertension years later,” and that pre-
hypertension “... is an almost infallible sign of incipient hypertension” [4]. The risk
of progression from prehypertension to hypertension has been addressed in several
studies. Relevant data comes from large longitudinal cohorts in various populations
or the placebo arm of randomized studies.

The first longitudinal study that specifically addressed the progression from pre-
hypertension to hypertension was the Framingham study [9]. A total of 5209 men
and women were followed for 26 years. The proportion of males who developed
hypertension during the 26-year follow-up period was 70.6% in men with high-
normal BP vs. only 33.2% in men with normal BP [relative risk (RR): 2.11; 95%
confidence interval (CI): 1.81-2.50]. Similar differences were observed in females:
77.7% of women with high-normal BP developed hypertension compared with only
41.9% of women with normal BP (RR: 1.90; 95% CI: 1.60-2.30). Moreover, the
age-adjusted RR for incident hypertension in participants with high-normal BP was
3.36 for males and 3.37 for females. It has to be acknowledged, however, that the
definitions of hypertension, prehypertension, and optimal BP were different than
the ones currently used. In particular, hypertension diagnosis was based on DBP
alone (>90 mmHg), prehypertension was defined as DBP 80-89 mmHg and SBP
<140 mmHg, and normotension was defined as BP <140/85 mmHg. Therefore, the
findings of the study are representative of stage II prehypertension compared with
lower BP (stage I prehypertension and optimal BP).

An updated report of the Framingham study about a decade later overcame the
definition problems [10]. Overall, 9845 individuals aged 35-94 years were eligible
for analysis of a 4-year follow-up period. In total, progression to hypertension was
twice as frequent in older than in younger participants (35 vs. 16%, respectively). In
younger participants (35—64 years), progression to hypertension occurred in 37.4%
of participants with stage II prehypertension (95% CI: 33.3—41.5%), 17.6% of par-
ticipants with stage I prehypertension (95% CI: 15.2-20.3%), and 5.3% of partici-
pants with optimal BP (95% CI: 4.4-6.3%). The corresponding 4-year rates of
progression to hypertension in older participants (65-94 years) were 49.5% (95%
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CI: 42.6-56.4%), 25.5% (95% CI: 20.4-31.4%), and 16% (12-20.9%). Compared
with optimal BP, the odds ratios for stage II and stage I prehypertension were 11.6
(95% CI: 9.6-14) and 4.1 (95% CI: 3.4-4.9), respectively, in younger participants,
and 5.5 (95% CI: 3.4-4.9) and 2.0 (95% CI: 1.4-2.7), respectively, in older partici-
pants. The proportions of younger participants with stage II prehypertension who
progressed to hypertension at 1, 2, and 3 years were 11.0, 20.8, and 29.6%, while
the corresponding rates for participants with stage I prehypertension were 4.7, 9.2,
and 13.5%, and for participants with optimal BP were 1.3, 2.7, and 4%. For older
participants, the corresponding rates for stage II prehypertension were 15.7, 28.9,
and 40.1%, for stage I prehypertension were 7.1, 13.7, and 19.8%, and for optimal
BP were 4.3, 8.3, and 12.2%.

Another study included 2048 participants in two British Health and Lifestyle
Surveys (HALS 1 and HALS 2) conducted 7 years apart [11]. Compared with par-
ticipants with optimal BP, participants with stage I prehypertension had a twofold
higher risk of developing hypertension (RR: 2.0; 95% CI: 1.6-2.6), while partici-
pants with stage II prehypertension had an almost threefold higher risk for incident
hypertension (RR: 2.9; 95% CI: 2.3-3.7). Binomial regression analysis revealed
that the greater RR for progression to hypertension was observed in younger patients
(3544 years of age at baseline) with stage II prehypertension (RR: 4.4; 95% CI:
3.0-6.3), and the lower RR was observed in older patients (65-74 years of age) with
stage I prehypertension (RR: 1.4; 95% CI: 0.7-2.8).

A prospective cohort of 18,865 non-hypertensive individuals (African-
Americans: 30.4% and Caucasians 69.6%) aged 18-85 years provides information
about the impact of black race on the progression of prehypertension to hyperten-
sion [12]. Over a 7-year follow-up period, 63.8% of study participants developed
hypertension. Compared with participants with optimal SBP, participants with stage
I prehypertension were at an increased risk to develop hypertension [adjusted haz-
ard ratio (HR): 1.50; 95% CI: 1.42—1.58], which was further increased in partici-
pants with stage II prehypertension (adjusted HR: 1.75; 95% CI: 1.67-1.84). The
corresponding HRs for DBP were 1.18 (95% CI: 1.13-1.24) for stage I and 1.21
(95% CI: 1.15-1.28) for stage II prehypertension, respectively. Compared with
Caucasian participants, African-Americans were at an increased risk for incident
hypertension (adjusted HR: 1.35; 95% CI: 1.30-1.40). Of note, the median conver-
sion time (when half of participants developed hypertension) was 1 year shorter for
African-Americans than Caucasians (626 vs. 991 days; p < 0.001).

Two prospective cohorts provide relevant information for Chinese individuals.
A population-based sample of 10,525 non-hypertensive Chinese over 40 years of
age was followed for a mean of 8.2 years [13]. Overall, 28.9% of male and 26.9%
of female participants developed hypertension. The conversion rates were 37.6
and 36.6% for prehypertensive men and women compared with 20.3 and 18.9%
for normotensive men and women, respectively. Compared with participants with
normal BP, participants with prehypertension were at a significantly higher risk
for incident hypertension with a RR of 1.70 for men (95% CI: 1.53—1.88) and 1.64
for women (95% CI: 1.46—-1.83) [13]. Another population-based sample of 24,052
rural non-hypertensive Chinese over 35 years of age was followed for a median of
28 months [14]. Overall, hypertension developed in 32.4% of participants with
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stage II prehypertension, 25.2% with stage I prehypertension, and 21.2% with
optimal BP. Compared with participants with optimal BP, participants with stage
I prehypertension were at an increased risk for incident hypertension (adjusted
HR: 1.16; 95% CI: 1.08-1.24) and the risk was further increased in participants
with stage II prehypertension (adjusted HR: 1.28; 95% CI: 1.20-1.36). Further
analyses of this cohort identified predictors of progression (age, Mongolian eth-
nicity, obesity, lifestyle habits) [15] and revealed a higher incidence of conversion
in men than in women (12.75 vs. 10.04 for 100 person-years, respectively) [16]
and a similarity of progression predictors between prehypertensive and normoten-
sive individuals [17].

In a cohort of more than 12,000 non-hypertensive Japanese workers aged
20-64 years that were followed from 1999 to 2008, hypertension developed in
36.5% of study participants [18]. The rates of incident hypertension increased with
age, from 23.1% in participants aged 35-49 years to 50.6% in participants over
50 years of age. Compared with participants with optimal BP, participants with
stage I and stage II prehypertension had a significantly increased risk for incident
hypertension in all age groups (20-34, 35-49, and 50-64 years). The HRs were
from 2.6 to 3.4 for stage I prehypertension and from 5.0 to 9.6 for stage II prehyper-
tension in the 3 age groups in males, and from 2.7 to 3.7 for stage I prehypertension
and from 5.1 to 10 for stage II prehypertension in the 3 age groups in females.

Two studies in the USA addressed the progression to hypertension specifically in
women and men [19, 20]. The Women’s Health Study included 39,322 healthy
women older than 45 years of age who were followed for a median of 10.2 years
[19]. Overall, 30.1% of study participants developed hypertension. The incidence of
conversion to hypertension was substantially higher in participants with stage II
prehypertension than in participants with stage I prehypertension or optimal BP
(114.7 vs. 41.8 vs. 16.0 age-adjusted incidence per 1000 person-years, respectively).
With stage II prehypertension as the reference group, the multivariable-adjusted
HRs for stage I prehypertension and optimal BP were 0.42 (95% CI: 0.40-0.44) and
0.17 (95% CI: 0.16-0.18), respectively. Another study evaluated 2303 male Veterans
for a median follow-up period of 7.8 years [20]. The incidence rate of progression
from prehypertension to hypertension was 34.4 per 1000 person-years. This study
provides important information about the impact of prehypertension type on pro-
gression risk. The rate of incident hypertension was significantly higher in systolic-
diastolic prehypertension (40.7%) than in participants with either isolated systolic
prehypertension (32.3%) or isolated diastolic prehypertension (24.3%), and the dif-
ference was significant (p < 0.01 for all comparisons). Additional important infor-
mation is the impact of exercise capacity on progression rates. The RR for incident
hypertension was progressively higher as exercise capacity decreased, and the asso-
ciation was significant across fitness categories (p < 0.001 for high compared with
low fit individuals).

The progression rate from prehypertension to hypertension was also assessed in
young adulthood. A retrospective analysis of more than 1000 adolescents in Houston
revealed a progression rate of 1.1% per year during a mean follow-up period of
21 years in participants with prehypertension compared with a progression rate of
0.3% per year in adolescents with optimal BP [21].
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Six prospective, randomized, placebo-controlled trials evaluated the impact of
lifestyle modification [22—24] and antihypertensive therapy [25-27] on the risk of
incident hypertension in individuals with prehypertension.

The Primary Prevention of Hypertension (PPH) trial randomly assigned 201
individuals with prehypertension in nutritional-hygienic intervention or usual care
for 5 years [23]. Progression from prehypertension to hypertension was observed in
19.2% of participants in the control group compared with 8.8% of participants in the
intervention group, for an odds ratio of 2.4 (90% CI: 1.2-4.8). Of note, hypertension
occurred earlier in participants assigned to the control group than those assigned to
the intervention group.

In the Hypertension Prevention Trial (HPT) 841 individuals with prehyperten-
sion were randomly assigned to a control treatment group (no dietary counselling)
or to 1 of 4 intervention groups (reduced calories, reduced sodium, reduced calories
and sodium, or reduced sodium and increased potassium) [24]. Progression from
prehypertension to hypertension occurred in 38.7% of participants in the control
group during the 3-year follow-up period of the study, while the nutritional inter-
vention was not associated with significant reduction in conversion rates.

The Trial of Hypertension Prevention (TOHP) phase Il compared the effects of
weight reduction, sodium restriction, and their combination with usual care in 2382
overweight participants with prehypertension [22]. Overall, 44.4% of study partici-
pants developed hypertension at the end of the 4-year follow-up period of the study
in the usual care group, while the corresponding transition proportions in the 3
intervention groups were 37.6-38.5% and the RRs for incident hypertension were
0.85-0.87 (p = 0.02-0.06) in the three intervention groups. The proportions of inci-
dent hypertension in the usual care group at 6, 18, and 36 months during the study
follow-up were 7.3, 21.1, and 39.2%, respectively.

The Trial of Preventing Hypertension (TROPHY) examined whether early treat-
ment of hypertension with an angiotensin receptor blocker prevents or delays the
development of subsequent incident hypertension compared with placebo in indi-
viduals with prehypertension [25]. A total of 809 participants were randomized to
candesartan or placebo for 2 years, followed by 2 years of placebo for all study
participants. Overall, 40.4% developed hypertension at the year-2 visit in the pla-
cebo group, and this proportion increased to 63% at the year-4 visit in the same
group. The corresponding proportions of incident hypertension in the intervention
group were 13.6 and 53.2%, indicating a 66% risk reduction with candesartan at
2 years (RR: 0.34; 95% CI: 0.25-0.44), which was later attenuated to 16% (RR:
0.84; 95% CI: 0.75-0.95) when placebo was administered in the intervention group
replacing candesartan. The median time to incident hypertension was 2.2 years in
the placebo group and significantly longer (3.3 years) with candesartan. RR reduc-
tion with active therapy compared with placebo was evident throughout all pre-
specified subgroups (by age, gender, body weight, body mass index, and race).

The Prevention of Hypertension with the ACE-inhibitor Ramipril in patients
with high-normal blood pressure (PHARAO) study assessed whether treatment of
stage II prehypertension with ramipril can prevent or delay the progression to
manifest office hypertension compared with placebo [26]. A total of 1008
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participants with stage II prehypertension were randomly assigned to ramipril or
placebo for 3 years. Overall, 42.9% of participants in the placebo group developed
hypertension compared with 30.7% of participants in the ramipril group during
the 3-year follow-up period, and the RR reduction was 34.4% (HR: 0.656; 95%
CI: 0.533-0.807). A positive correlation of incident hypertension with SBP was
identified in multivariate analysis (for each 1 mmHg increment, the risk increased
by 5%).

The Prevention of Hypertension in Patients with Prehypertension (PREVER-
Prevention) study evaluated the efficacy and safety of a low-dose diuretic for the
prevention of hypertension and end-organ damage [27]. A total of 730 individuals
with prehypertension were randomly assigned to chlorthalidone/amiloride or pla-
cebo for a follow-up period of 18 months. The incidence of hypertension was sig-
nificantly lower in participants allocated to diuretics compared with participants
allocated to placebo (HR: 0.56, 95% CI: 0.38-0.82). The cumulative incidence of
progression from prehypertension to hypertension during the 18-month follow-up
period of the study was 19.5% with placebo and 11.7% with low-dose diuretics.
Moreover, benefits with active therapy were observed for left ventricular mass
(assessed by electrocardiography), while new-onset diabetes mellitus was not dif-
ferent between the two groups (5.5% with active therapy vs. 3.3% with placebo,
p=0.18).

4.2.1 The Progression Process

Several factors along with baseline demographic characteristics have been associ-
ated with the development of prehypertension: uric acid [28-30], dietary salt intake
[31], arterial stiffness [32], autonomic imbalance [33, 34], obesity [35], hemoglobin
levels [36], and subclinical inflammation [37]. In addition, several factors (along
with baseline demographic characteristics) have been associated with the progres-
sion of prehypertension to hypertension: visceral abdominal fat [38], sympathetic
overactivity [39], sympathovagal imbalance [34], endothelial dysfunction [40],
impairment of coronary flow reserve [41, 42], and metabolic syndrome [41].

Target organ damage might contribute to future CV events in addition to ele-
vated BP in individuals with prehypertension compared with individuals with
optimal BP. Prehypertension has been associated with several types of target
organ damage: metabolic syndrome [28, 43, 44], increased left ventricular mass
and left ventricular hypertrophy [44—47], left ventricular diastolic dysfunction
[44, 47-50], coronary artery calcification [51, 52], increased minimum coronary
resistance [42], arterial stiffness [32], increased arterial intima-media thickness
[53, 54], retinal vascular alterations [55], microalbuminuria [56-58], hemorheo-
logical abnormalities [59], increased tissue plasminogen activator [60], carotid
atherosclerosis [61], poor cognitive performance [62], subclinical inflammation
[37, 63], increased low density lipoprotein (LDL) oxidation in vivo [64], increased
serum complement [65], excessive sympathetic response [66], and abnormalities
in endothelial progenitor cells [67].
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In a recent cohort of almost 12,500 Japanese individuals for a median period of
11.8 years, the impact of progression from prehypertension to hypertension on the
risk of future CV events was evaluated. Prehypertensive individuals who developed
hypertension during the follow-up period had almost a 2-times higher risk of CV
disease (adjusted HR: 2.95; 95% CI: 1.05-8.33) compared with individuals who
remained prehypertensive during the follow-up period [68].

4.2.2 Attenuation or Delay of Progression

Lifestyle modification has been shown to exert beneficial effects in individuals with
prehypertension and is currently recommended for the management of prehyperten-
sion [6, 69]. Accumulating data indicate that regular physical exercise and espe-
cially aerobic exercise reduces BP, attenuates sympathetic activity, improves arterial
stiffness, and should be an essential part of the therapeutic plan for the management
of individuals with prehypertension [70-73]. Healthy diet has been also shown to be
beneficial in prehypertension [74, 75]. However, long-term maintenance to healthy
lifestyle represents the Achilles’ heel of lifestyle modification [5, 69]. In a recent
meta-analysis, the short-term (3—6 months) benefits of exercise on BP were almost
abolished after the first year of initiating an exercise program [76]. Recently, a
mobile phone-based intervention was evaluated in 637 individuals with prehyper-
tension in Latin America [77]. However, a small reduction in body weight and an
improvement in some dietary habits were not associated with a significant BP
reduction with the intervention compared with usual care [77].

The impact of ideal health behaviors was recently evaluated in a cohort of more
than 30,000 Chinese individuals with prehypertension [78]. In total, incident hyper-
tension was observed in 47.1% of study participants during a mean follow-up period
of 52.2 months. It was found that hypertension was inversely associated with ideal
health behaviors and developed in 78.6, 71.1, 63.1, 56.1, and 61.6% of prehyperten-
sive participants carrying <1, 2, 3, 4, or >5 ideal health behaviors (nonsmoking,
regular physical activity, healthy diet, salt restriction) or ideal health factors (total
cholesterol <200 mg/dL, blood glucose <100 mg/dL, BP <120/80 mmHg).
Compared with participants with one or none ideal health behaviors or factors, the
risk ratios for incident hypertension in participants with 2, 3, 4, and >5 ideal healthy
behaviors or factors were 0.83 (95% CI: 0.79-0.88), 0.71 (95% CI: 0.67-0.75), 0.60
(95% CI: 0.57-0.64), and 0.58 (95% CI: 0.52-0.64), respectively.

Antihypertensive therapy has been evaluated in the aforementioned randomized
studies and was shown to delay the progression of prehypertension to hypertension
[25-27]. In addition, a meta-analysis of 16 studies with >70,000 participants with
prehypertension showed that the stroke risk was significantly reduced (by 22%)
with antihypertensive therapy compared with placebo (RR: 0.78; 95% CI: 0.71-
0.86) [79]. Moreover, 169 individuals with prehypertension need to be treated with
an antihypertensive drug for 4.3 years to prevent one stroke, indicating a relatively
high number needed to treat in prehypertension [79]. Collectively, the pharmaco-
logical therapy of prehypertension remains a topic of lively discussion and debate
[80-83].
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4.3  Prehypertension and CV Morbidity

Many longitudinal prospective cohort studies have evaluated the association of pre-
hypertension with CV morbidity and mortality. During the last decade, six meta-
analyses sought to report the association of prehypertension with myocardial
infarction, stroke, and CV events in total [84—89].

The association of prehypertension with stroke as a separate outcome was
assessed in two meta-analyses [84, 85]. The meta-analysis by Lee et al. included
data from 12 cohorts with >500,000 participants [84]. Prehypertension was associ-
ated with a significantly increased risk for stroke, with a RR of 1.55 (95% CI: 1.35—
1.79). A marked heterogeneity of stroke risk was observed within the
prehypertension group according to BP. The RR for stroke was not significantly
elevated with stage I prehypertension (RR: 1.22; 95% CI: 0.95-1.57), while the
respective risk was significantly increased with stage II prehypertension (RR: 1.79;
95% CI: 1.49-2.16). The meta-analysis by Huang et al. was larger and included data
from 19 cohorts with >750,000 participants [85]. Compared with individuals with
optimal BP, participants with prehypertension had a substantially elevated risk for
stroke (RR: 1.66; 95% CI: 1.51-1.81). Similar to the previous meta-analysis, stroke
risk was dependent on baseline BP and increased with increasing levels. In particu-
lar, the relative stroke risk was 1.44 for participants with stage I prehypertension
(95% CI: 1.27-1.63), while the respective risk for stage II prehypertension was 1.95
(95% CI: 1.73-2.21).

The association of prehypertension with coronary heart disease (CHD) as a sepa-
rate outcome was assessed in two meta-analyses [86, 87]. The meta-analysis by Shen
et al. pooled data from 18 prospective cohorts with almost 900,000 participants [86].
Overall, prehypertension was associated with a substantially increased risk for CHD
(RR: 1.36; 95% CI: 1.22—1.53). This association was significantly affected by prehy-
pertension staging. Stage I prehypertension was not associated with significantly
increased risk for CHD (RR: 1.16; 95% CI: 0.96—1.42). In contrast, stage II prehyper-
tension was associated with a significantly elevated risk for CHD (RR: 1.53; 95% CI:
1.19-1.97). The meta-analysis by Huang et al. pooled data from 17 prospective
cohorts with almost 600,000 participants and evaluated whether racial differences
exist regarding the association of prehypertension with CHD [87]. Overall, when par-
ticipants with prehypertension were compared with participants with optimal BP, the
risk for CHD was significantly increased (RR: 1.43; 95% CI: 1.26-1.63). Moreover,
it was found that significant differences in RR for CHD exist for different races. In
particular, Western participants were at significantly higher risk for CHD than Asian
participants, and the RRs were 1.70 (95% CI: 1.49—1.94) for Western participants and
1.25 (95% CI: 1.12-1.38) for Asian participants (ratio of RRs: 1.36; 95% CI: 1.15—
1.61). This meta-analysis provides another very important piece of information, since
the population-attributable risk estimation indicates that 24.1% of CHD in Western
participants may be attributed to prehypertension, while only 8.4% of CHD in Asian
participants may be attributed to prehypertension [to 73].

Two meta-analyses evaluated the risk for CV events as a whole as well as stroke
and myocardial infarction separately [88, 89]. The meta-analysis by Huang et al.
included data from 18 prospective cohorts with >450,000 participants [88]. Overall,
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participants with prehypertension were at significantly higher risk for CV events
when compared with participants with optimal BP (RR: 1.55; 95% CI: 1.41-1.71).
The respective RRs for CHD and stroke were 1.50 (95% CI: 1.30-1.74) and 1.71
(95% CI: 1.55-1.89). Once again, the RR depended on prehypertension staging.
Compared with optimal BP, stage I prehypertension was associated with a signifi-
cantly increased risk for CV events (RR: 1.46; 95% CI: 1.32-1.62) and the risk was
further elevated in stage II prehypertension (RR: 1.80; 95% CI: 1.41-2.31). The
meta-analysis by Guo et al. pooled data from 29 cohorts with >1 million partici-
pants [89]. Overall, prehypertension was associated with a significantly elevated
risk for CV events (RR: 1.44; 95% CI: 1.35-1.53) compared with optimal BP. The
respective RRs for stroke and myocardial infarction were 1.73 (95% CI: 1.61-1.85)
and 1.79 (95% CI: 1.45-2.22) for participants with prehypertension compared with
participants with optimal BP. Similarly to other meta-analyses, the RR was strongly
affected by prehypertension staging. Stage I prehypertension was associated with a
significantly elevated risk for CV events (RR: 1.24; 95% CI: 1.10-1.39), and the
risk was further elevated in stage II prehypertension (RR: 1.56; 95% CI: 1.36—1.78).
Likewise, the RRs for stroke and myocardial infarction were 1.35 (95% CI: 1.10-
1.66) and 1.43 (95% CI: 1.10-1.86), respectively, in stage I prehypertension and
were further elevated to 1.95 (95% CI: 1.69-2.24) and 1.99 (95% CI: 1.59-2.50),
respectively, in stage II prehypertension.

4.4 Prehypertension and Chronic Kidney Disease (CKD)

Three recent meta-analyses have addressed the association of prehypertension with
end-stage renal disease [90], CKD [91], and decreased estimated glomerular filtra-
tion rate (eGFR) in the general population [92].

The first meta-analysis included data from one million individuals who partici-
pated in six prospective cohort studies [90]. Individuals with prehypertension were
at significantly higher risk for end-stage renal disease (RR: 1.59; 95% CI: 1.39—
1.91) when compared with individuals with optimal BP. Moreover, a graded asso-
ciation with end-stage renal disease was observed with increasing BP within the
prehypertension range. In particular, stage I prehypertension was associated with
significantly increased risk for end-stage renal disease compared with optimal BP
(RR: 1.44; 95% CI: 1.19-1.74), and the risk was further increased among individu-
als with stage II prehypertension (RR:2.02; 95% CI: 1.70-2.40).

The second meta-analysis included >250,000 individuals who participated in
seven cohort studies, mainly conducted in the Far East [91]. Prehypertension was
associated with an increased risk for CKD compared with optimal BP (pooled RR:
1.28; 95% CI: 1.13—1.44). This association between prehypertension and future
development of CKD was gender- and ethnic-dependent. In particular, the associa-
tion was evident in females (pooled RR: 1.29; 95% CI: 1.01-1.63) but not in males.
Similarly, the association was evident in Far East participants (pooled RR: 1.37;
95% CI: 1.18-1.59) but not in European and Middle-East individuals.
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In the third meta-analysis data from 16 cohorts with >315,000 participants were
pooled and analyzed [92]. Renal function deterioration was observed in 6.6% of
participants during a mean follow-up period of 6.5 years. Prehypertension was asso-
ciated with a significantly increased risk for renal function deterioration defined as
a decline in eGFR (RR: 1.19; 95% CI: 1.07-1.33), while the respective RR for
hypertensive individuals was 1.76 (95% CI: 1.58-1.97). Moreover, it was found that
an increase of SBP and DBP by 10 mmHg was associated with a greater RR for
renal function deterioration, which was 1.08 for prehypertension (95% CI: 1.04—
1.11) and 1.12 for hypertension (1.04-1.20). Further analysis identified older age as
the only significant contributor for renal function deterioration.

A recent very large study from Israel provides further credence on the associa-
tion between prehypertension and CKD. The study included 2.19 million healthy
asymptomatic adolescents 16—19 years old evaluated for military service and fol-
lowed for a median of 16.8 years [93]. Prehypertension (defined either as BP
between the 90th and 95th percentile or BP between 120 and 139 mmHg for SBP
and/or 80-89 mmHg for DBP) was associated with a 32% increased risk for future
end-stage renal disease (HR: 1.32; 95% CI: 1.11-1.58) compared with adolescents
with optimal BP, which was not substantially lower than the respective risk of
hypertensive adolescents (HR: 1.44; 95% CI: 1.17-1.79).

A recent study of almost 100,000 individuals aged 80—89 years in Japan unveiled
a significant association between prehypertension and glomerular hyperfiltration
[94]. The prevalence of glomerular hyperfiltration increased with increasing stages
of prehypertension. In particular, when individuals with optimal BP were used as
the reference group, those with stage 1 prehypertension had an odds ratio of 1.10
(95% CI: 1.00-1.20), and those with stage 2 prehypertension had an odds ratio of
1.33 (95% CI: 1.21-1.47). Glomerular hyperfiltration is mainly driven by increased
intraglomerular pressure in subjects with elevated BP [95] and is considered an
early alteration of renal function [96]. Long-term glomerular hyperfiltration con-
tributes to CKD [97, 98] through progressive glomerular sclerosis [99]. Glomerular
hyperfiltration is associated with a faster decline of glomerular filtration rate and
thus renal function [100], while the prevention of glomerular hyperfiltration is asso-
ciated with less glomerular injury [101]. Therefore, the timely recognition of prehy-
pertensive individuals with glomerular hyperfiltration can identify those at increased
risk for CKD who might benefit from early intervention.

4,5 Prehypertension and CV and All-Cause Mortality

The landmark study by Robinson and Brucer was the first to report the impact of
prehypertension on mortality risk: “... the mortality of any random group of 1000
persons with pressures over 120 systolic and 80 diastolic is higher than that of simi-
lar group with pressures under these levels” [4]. Several longitudinal studies have
evaluated the association of prehypertension with CV and/or all-cause mortality,
and three relevant meta-analyses are available [102—104].
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The meta-analysis by Wang et al. pooled data from 13 prospective cohort studies
involving almost 400,000 participants [102]. Prehypertension was associated with
an increased risk for CV mortality (pooled RR: 1.17; 95% CI: 1.07-1.27) when
compared with optimal BP. Prehypertension staging significantly affected the asso-
ciation between prehypertension and CV mortality. There was a trend towards
increased CV mortality in stage I prehypertension that failed marginally to reach
statistical significance (RR: 1.18; 95% CI: 0.98-1.42), while the respective risk was
significantly elevated in stage II prehypertension (RR: 1.33; 95% CI: 1.13-1.58). In
contrast, no association between prehypertension and all-cause mortality was found.
The overall RR conferred by prehypertension was 1.01 (95% CI: 0.95-1.08).
Similarly, neither stage I nor stage II prehypertension were associated with elevated
all-cause mortality risk (RR: 0.99; 95% CI: 0.88-1.13, and RR: 1.02; 95% CI: 0.97—
1,08, respectively).

In the meta-analysis of Guo et al. data from >870,000 individuals participating
in 13 prospective cohorts were pooled and analyzed [103]. Prehypertension was
associated with an elevated risk for CV mortality (RR: 1.32; 95% CI: 1.16-1.50).
The same was evident for stage II prehypertension (RR: 1.26; 95% CI: 1.13-1.41)
but not for stage I prehypertension (RR: 1.10; 95% CI: 0.92-1.30). Prehypertension
was not associated with all-cause mortality in this meta-analysis as well. The rela-
tive all-cause mortality risk was 1.03 (95% CI: 0.91-1.15) for the prehypertension
group as a whole, 0.91 (95% CI: 0.81-1.02) for stage I prehypertension, and 1.00
(95% CI: 0.95-1.06) for stage II prehypertension.

The larger meta-analysis was performed by Huang et al. and pooled data from 20
prospective cohorts with >1.1 million participants [104]. Prehypertension signifi-
cantly increased the risk for CHD and stroke mortality (RR: 1.12; 95% CI: 1.02—
1.23, and RR: 1.41; 95% CI: 1.28-1.56, respectively). Likewise, prehypertension
was associated with a significantly elevated risk for CV mortality (RR: 1.28; 95%
CI: 1.16-1.40). This association was evident for stage II prehypertension (RR: 1.28;
95% CI: 1.16-1.41) but not for stage I prehypertension (RR: 1.08; 95% CI: 0.98—
1.18). Finally, prehypertension was not associated with all-cause mortality after
adjustments for all covariates (RR: 1.03; 95% CI: 0.97-1.10), and the same applied
for both stage I and II prehypertension.

4.6 Critical Evaluation

Collectively, available evidence demonstrates that individuals with prehypertension
have a two- to threefold increased risk for incident hypertension compared with
individuals with optimal BP. The conversion rates from prehypertension to hyper-
tension vary significantly among the studies, and the variation may be attributed to
several factors, such as the duration of the study, baseline BP, age, race, body mass
index, physical fitness, and comorbidities. In particular, regarding the duration of
follow-up period, it is obvious that the longer the duration of the study, the higher
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the proportion of participants who will develop hypertension. In addition, the higher
the baseline BP, the greater the proportion of participants who will develop hyper-
tension, with >50% increased risk for incident hypertension among individuals with
stage II compared with stage I prehypertension. Moreover, African-Americans are
more likely to progress from prehypertension to hypertension more rapidly than
Caucasians with prehypertension. Furthermore, the higher the body mass index and
the older the age, the greater the risk for incident hypertension in prehypertensive
individuals. In addition, impaired physical fitness as expressed with limited exercise
capacity is associated with increased risk for developing hypertension. Finally,
comorbidities such as diabetes mellitus [73] and CKD significantly increase the risk
of prehypertensive individuals to develop hypertension.

Overall, available data indicates that prehypertension is associated with a sig-
nificantly increased risk for CHD, stroke, total CV disease, and CV mortality, but
not with all-cause mortality (maybe due to the relatively short follow-up period of
several studies). The elevated CV risk strongly depends on prehypertension stag-
ing; individuals with stage II prehypertension are at a significantly greater risk for
CV morbidity and mortality than individuals with stage I prehypertension. In
addition, the impact of prehypertension is greater when fatal and nonfatal CV
events are combined compared with the evaluation of fatal CV events alone. In
addition, CV events are more likely to occur in prehypertensive individuals who
develop hypertension compared with individuals who remain prehypertensive.
Moreover, the earlier the progression from prehypertension to hypertension is, the
higher the risk for CV events. It has to be acknowledged that all meta-analyses
addressing the association of prehypertension with CV outcomes report signifi-
cantly elevated RRs in prehypertensive compared with normotensive individuals,
without reporting (in most cases) however the absolute morbidity and mortality
risks, limiting the ability to estimate the number of patients needed to treat over a
certain period for the prevention of one event. In general, the absolute risk of pre-
hypertensive individuals is rather low, unless prehypertension is associated with
overt CV disease or clustering multiple CV risk factors, or significant target organ
damage.

Given, however the high prevalence of prehypertension in the general population
(it is estimated that 40 million individuals have stage I and 30 million individuals
have stage II prehypertension in the US), and the frequent coexistence of CV risk
factors, target organ damage, or overt CV disease, it becomes obvious that prehy-
pertension is a major public health problem that requires immediate attention and
management. Pharmacological therapy is a matter of hot debate and is not likely to
gain implementation in the near future. In contrast, lifestyle modification is strongly
recommended by all guidelines for the management of individuals with prehyper-
tension in the effort to prevent or delay the progression of prehypertension to hyper-
tension. Therefore, primary care physicians should intensity efforts for the
widespread implementation and maintenance of healthy measures to limit the detri-
mental consequences of prehypertension.
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Conclusions

Prehypertension is placed between normotension and hypertension. Accumulating
evidence proved that prehypertension is a precursor of hypertension in a high
proportion of individuals. The progression rates are higher in individuals with
stage II prehypertension, obesity, and other comorbidities. Of major clinical
importance, prehypertension is associated with increased risk for CHD, stroke,
CKD, and CV but not all-cause mortality. The detrimental consequences of pre-
hypertension, especially stage II prehypertension, justify its utility in real life
clinical practice and should attract the attention of practicing physicians to
appropriately manage prehypertensive individuals.
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5.1 Definitions of Prehypertension

The USA Joint National Committee Guidelines (JNC7) on hypertension which
were published in 2003 [1] combined the two categories: normal blood pressure
(BP) and high-normal BP, and thus introduced prehypertension as a new category of
BP including individuals with systolic BP 120-139 mmHg or diastolic BP
80-89 mmHg.

However, the European societies ESH/ESC published committee guidelines in
2007 [2] rejected this terminology and the joining of these two BP categories. Their
argument was that even in the Framingham study the risk of developing hyperten-
sion was higher in subjects with high-normal BP (130-139/85-89 mmHg range)
than in patients with normal BP (120-129/80-84 mmHg), therefore there is little
reason to combine both groups.

Additionally, considering the ominous significance of the term hypertension,
they presumed “prehypertension” may create anxiety and fear in many subjects.

Accordingly, the Framingham study results demonstrated a relatively rapid pro-
gression to hypertension in individuals with high-normal BP, in which the incidence
of hypertension was 37.3% and 49.5% for the 30- to 64-year and >65-year groups,
respectively. Whereas a relatively lower risk of developing hypertension was evi-
dent among those with normal BP, which progressed over 4 years to hypertensive
levels in 17.6% of individuals between 30 and 64 years of age and in 25.5% of those
>65 years of age [3].
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Over the years the term prehypertension has been again divided into stage 1 pre-
hypertension which correlates to the previous normal BP while BP in the upper
range (130-139/85-89 mmHg) is referred to as stage 2 prehypertension. This divi-
sion is significant since individuals with BP in the upper-range of prehypertension
were shown to be at twice the risk of developing hypertension than individuals with
lower BP values [3].

Hypertension is a major modifiable risk factor for cardiovascular morbidity and
mortality. Guidelines recommended lowering BP to below 140/90 mmHg in the
general population and below 130/80 mmHg in diabetic patients [1, 2]. Thus, even
individuals with prehypertension, with BP below the conventional threshold for
intervention with antihypertensive drugs, still have an increased risk of cardiovascu-
lar disease (CVD). A well-designed meta-analysis showed that particularly those in
the upper-range prehypertension (130/80 to 139/89 mmHg) have an increased risk
of developing coronary heart disease (CHD) [4]. Moreover, Vasan et al. showed that
among the Framingham Heart Study’s participants, for individuals with BP in the
upper-range of prehypertension, the risk for CVD was 2.5- and 1.6-fold higher
among women and men, respectively, than in those with optimal BP (<120/80 mmHg)
[5]. Furthermore, a recent meta-analysis of prospective cohort studies indicated that
prehypertension was a predictor for cardiovascular events, suggesting subjects in
the general population with prehypertension had a 55% and 17% increased risk of
CVD and cardiovascular mortality [6]. Nonetheless, the vast majority, especially
with stage 1 hypertension have a low absolute risk for CVD, which further ques-
tions the benefit of pharmacological treatment [7].

Therefore, all efforts are currently aimed at detection of at-risk individuals with
prehypertension and means for preventing their progression to clinical hyperten-
sion. Risk scores have been developed for predicting the development of hyperten-
sion. The Strong Heart Study, a 12 year longitudinal study, showed baseline systolic
BP, diabetes, and increased left ventricular mass were predictive for progression to
hypertension in 38% of the 2629 prehypertensive participants [8].

In a recent longitudinal study among 569 healthy individuals, the cumulative
6-year incidence of progression from normotension to prehypertension was 33.5%.
The strongest significant predictors of prehypertension were early dysregulation of
glucose metabolism and weight gain [9].

Because of these rates of progression, annual or biannual monitoring of BP in
prehypertensive individuals has been suggested [9].

5.2  Strategies for Prevention of Hypertension
5.2.1 Nonpharmacological Approaches

To manage or reduce the risk of developing hypertension and to lower cardiovascu-
lar risk the established recommendations are termed “Health-promoting Lifestyle
Modifications.” These include weight loss, dietary recommendations, and increased
physical activity.



5 Prehypertension and the Cardiometabolic Syndrome 59

The final weight loss goal for individuals who are overweight or obese is to
maintain a normal body weight (BMI, 18.5-24.9) [1]. The Trials of Hypertension
Prevention assessed the efficacy of nonpharmacological interventions (weight loss,
sodium restriction, and both interventions together) in a multicenter randomized
study including 2383 adults with upper-range prehypertension (130/80 to
139/89 mmHg) and BMI representing 110-165% of desirable body weight. Results
showed the interventions were effective already in the short term; at 6-months fol-
low-up BP decreased by 3.7/2.7 mmHg, 2.9/1.6 mmHg, and 4.0/2.8 mmHg in the
weight loss, sodium restriction, and combined groups, respectively. Moreover, dur-
ing the 4-year follow-up, 44% of the usual-care group that was prehypertensive at
baseline progressed to hypertension while the three intervention groups showed a
significantly reduced relative risk (0.78-0.82) of incident hypertension [10].

The PREMIER 6-month trial assessed the effects of multiple lifestyle interven-
tions based on established recommendations alone and with the addition of the
Dietary Approaches to Stop Hypertension (DASH) eating plan, which entails con-
suming a diet rich in fruits, vegetables, and low-fat dairy products with a reduced
content of saturated and total fat. The study included 810 overweight/obese partici-
pants average age 50 years, with prehypertension to stage-1 hypertension. Results
show that optimal BP control was achieved in 30-35% of the participants in both
intervention groups. Further analysis of these results suggests that especially indi-
viduals with the metabolic syndrome may benefit in reduced BP levels by adopting
the DASH diet [11].

Physical activity recommendations include engaging in a regular routine of aero-
bic physical activity, such as brisk walking (at least 30 min per day, most days of the
week) [1]. An assessment of the benefits of physical activity by a submaximal tread-
mill exercise test showed the increased aerobic fitness among the PREMIER partici-
pants was associated with a reduced prevalence of the metabolic syndrome [12].
Physical fitness has also shown to have a protective effect on progression to hyper-
tension. A graded exercise test conducted in 2303 middle-aged older men with pre-
hypertension showed that within a median of 7.8 years low-fit individuals had a 66%
increased risk for developing hypertension compared to high-fit individuals [13].
Another study included 43 prehypertensive young adults who were randomized to 2
exercise training groups (resistance and endurance training) and a control group. The
results show both types of exercise training showed effective in reducing BP and
peripheral arterial stiffness and in improving resistance artery endothelial function
and oxidant/ antioxidant balance in the young prehypertensive participants [14, 15].

Overall studies show engaging in intensive lifestyle interventions can achieve a
20% reduced relative risk of incident hypertension [16].

5.2.2 Pharmacological Approaches
Angiotensin II has been recognized to play a deleterious role in the early course of

the atherosclerotic process, thus highlighting the utility in blocking the renin-
angiotensin system in patients with hypertension and/or type 2 diabetes with
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antihypertensive drugs as angiotensin-receptor blockers (ARB) and angiotensin
converting enzyme inhibitors (ACEi) [17].

Prevalence rates of prehypertension in adults worldwide are 25-50%.
Pharmacological treatment with a single antihypertensive medication can achieve
a 34-66% reduced relative risk of progression to incident hypertension [16].
Moreover, early pharmacologic treatment in subjects with high-normal BP with
concomitant comorbidities (diabetes, a cluster of cardiovascular risk factors, tar-
get organ damage, and metabolic syndrome) has shown beneficial for adequate
BP control, which will further contribute to the prevention of cardiovascular com-
plications [18].

The PHARAO trial assessed whether progression to hypertension in prehyper-
tensive individuals can be prevented with pharmacological treatment with ACEi.
Participants with BP in the upper range of prehypertension (BP 130-139 and/or
85-89 mmHg) were randomly assigned to 3 years of treatment with Ramipril (505)
or placebo (503). The results showed 43% of the group receiving placebo developed
hypertension in 3 years. While participants receiving ACEi treatment achieved a
34% reduced relative risk of incident hypertension over 3 years compared with pla-
cebo [19].

The TRial Of Preventing HYpertension (TROPHY) aimed at investigating
whether pharmacological treatment of prehypertension with ARB prevents or post-
pones progression to clinical hypertension. Participants with BP in the upper range
of prehypertension (BP 130-139 and/or 85-89 mmHg) were randomly assigned to
2 years of treatment with candesartan (409) or placebo (400), followed by 2 years
of placebo for all. The TROPHY study results show 63% of prehypertensive indi-
viduals aged 30—65 years receiving a placebo developed hypertension within 4 years
and >40% after only 2 years [20]. An additional analysis following the new guide-
line definitions using 2 successive visits showing BP in the upper range of prehyper-
tension, after only 2 years 52% progressed to hypertension in the placebo group
[21]. Moreover, participants on ARB medication achieved a 66% reduced risk of
incident hypertension at 2 years compared with placebo, and 16% at 4 years (2 years
after discontinuation of medication) [20].

The long-term effects of pharmacologic antihypertension therapy, specifically
the impact of Health-related quality of life (HRQL—which evaluates the subjective
patient experience using both physical and mental components), were assessed
among the TROPY participants. The results showed the participants had a relatively
high baseline HRQL which was maintained throughout the 2-year treatment period
and the 4-year study period [22].

5.3  Early Detection of Prehypertension: Weight, Metabolic
Syndrome, and Reduced eGFR

Early detection is aimed at risk stratification of a subset of individuals with prehy-
pertension who are at highest risk of progression to clinical hypertension.
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Prehypertension has been associated with the metabolic syndrome. The meta-
bolic syndrome encompasses conditions characterized by various combinations of
abnormalities in glucose metabolism, lipid metabolism, and blood pressure [2].
Indeed previous studies have found that not only is the metabolic syndrome associ-
ated with prehypertension, it may even precede the elevation in BP. This trend has
been established worldwide. For example, a study conducted in China including
1176 urban adults aged 40-70 years found a high prevalence of the metabolic syn-
drome (evident in lipid metabolism abnormalities) significantly associated with pre-
hypertension detected among these individuals [23].

Accordingly, many studies assessed the utility of early detection of components
of the metabolic syndrome, such as weight gain and obesity, lipid metabolism
abnormalities as elevated triglycerides, elevated LDL cholesterol, and low levels of
HDL cholesterol; dysregulation of glucose metabolism, as insulin resistance and
diabetes; and signs of subclinical organ damage as reduced estimated glomerular
filtration rate (¢GFR) and microalbuminuria and indeed found these associated to
prehypertension.

A large study in Japan including 205,382 older adults aged 40-74 years found
renal hyperfiltration, the sign of early stage renal damage, detected by reduced
eGFR was associated with prehypertension and prediabetes in this large population
cohort [24]. A registry study conducted in Spain including 19,041 adults showed
prehypertension was associated to markers of insulin resistance assessed by the
prevalence of the metabolic syndrome [25]. Similarly, two studies conducted in
Taiwan and India found clinical characteristics of insulin resistance syndrome
among nondiabetic individuals with prehypertension [26, 27]. While contradictory
results regarding the association between prehypertension and insulin resistance
were presented in a study conducted in Italy among 1384 healthy adults aged
30-60 years [28].

5.4 The Cardiovascular Metabolic Syndrome

The interplay between a number of risk factors leading to CVD including insulin
resistance-diabetes, obesity, endothelial dysfunction, and prehypertension has been
termed the cardiovascular metabolic syndrome [29, 30].

The Strong Heart Study included 2629 normotensive participants followed for
12 years. Compared to nondiabetic normotensive participants, the risk for develop-
ing incident CVD was 1.8-fold and 2.9-fold higher in participants with prehyperten-
sion or diabetes, respectively, with a 3.7-fold increased risk for those with both
prehypertension and diabetes [31].

A prospective study included 2376 elderly Koreans, aged >60 years with a
median follow-up for 7.6 years. The results showed that hypertensive subjects had a
significantly increased risk for CVD mortality. Moreover, compared to normoten-
sive individuals, those with both hypertension and low levels of HDL cholesterol
had a twofold higher risk of all-cause mortality [32].
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The Coronary Artery Risk Development in Young Adults (CARDIA) Study
included 3560 participants age 18-30 followed for 20 years. The results show pre-
hypertension developed in 18% of the cohort before 35 years and was associated
with coronary atherosclerosis which is a strong predictor for CHD later in life [33].

Additionally, endothelial dysfunction was found to play a vital role in the pro-
gression of atherosclerosis. Diehl et al. employed a unique protocol to assess acute
endothelial release of tissue type plasminogen activator (t-PA) in response to brady-
kinin. Their main finding was a considerably lower (—35%) release of t-PA in pre-
hypertensive men compared with normotensive men [34]. These findings confirm
previous work by Hrafnkelsdottir et al. who demonstrated impaired t-PA release in
hypertension, by showing that the onset of endothelial fibrinolytic dysfunction with
elevated BP manifests in the prehypertensive state [35].

The endothelial consequences of prehypertension are considerable and cannot be
overlooked. Along with findings of poor endothelial fibrinolytic capacity, prehyper-
tension is also characterized by reduced nitric oxide-mediated endothelium-
dependent vasodilation, increased endothelin-1 vasoconstriction, increased arterial
stiffness, and reduced endothelial repair [36].

Evidence has shown that large artery stiffening is one of the most important
pathophysiological determinants of isolated systolic hypertension. Moreover,
assessments of arterial stiffness have shown to have a predictive value for all-cause
mortality and CV morbidity, in patients with essential hypertension [2].

Several prospective studies have identified increased arterial stiffness in prehy-
pertensive subjects as a risk factor for progression to hypertension. While long-term
prehypertension may accelerate age-related increase of the arterial stiffness [37].
Suggesting that this vicious cycle towards development of hypertension may be
further aggravated by additional CV risk factors as dysregulation of glucose metab-
olism and aging [38].

Prehypertension and left ventricular dysfunction were found significantly related
to vascular inflammation and aortic stiffness, suggesting that an increased inflam-
matory process is involved in the pathophysiological mechanism of early cardiac
and vascular alterations [39].

5.5 Pathophysiological Markers to Detect Risk
for Prehypertension

Evidence suggests that inflammation may precede the elevation in BP contributing
to the risk for incident hypertension. Using various inflammatory markers, a number
of studies have found evidence that insulin resistance is associated with inflamma-
tion [29]. The ATTICA study, a cross-sectional population-based survey of 1514
men and 1528 women, revealed an association between prehypertension and inflam-
matory markers (C-reactive protein (CRP), white blood cells (WBC), tumor necro-
sis factor-alpha (TNFa), amyloid-a and homocysteine) [40]. Additionally, a new
analysis of the WBC counts in participants in the TROPHY trial revealed a
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significant independent association of WBC counts with baseline BMI and triglyc-
erides showing further evidence that obesity and insulin resistance are associated
with inflammation [41].

More recent research has focused on early detection of additional pathophysio-
logical markers as serum complement ¢3 and serum uric acid that may precede the
development of prehypertension and prediabetes. Evidence suggests that circulating
serum complement c3 might serve as a signal for an immune process that may lead
to the development of impaired glucose tolerance [42]. Two recent studies by the
same group of investigators found evidence indicating that elevated serum c3 levels
were significantly related to an increased risk of developing prediabetes [43], and
prehypertension [44], in an adult population in China, thus suggesting the use of c3
as a biomarker in high-risk individuals to improve primary prevention of these
disorders.

A link has been established between highly elevated levels of serum uric acid
(hyperuricemia) and CVD. Insight into the pathogenic mechanism of this associa-
tion has been demonstrated in animal studies. Rat studies have shown that hyperuri-
cemia induced both hypertension as well as endothelial dysfunction which may lead
to CVD [45].

Therefore, early detection of elevated SUA levels may provide as a biomarker in
individuals at risk of developing prehypertension. A prospective study conducted in
Italy included 1156 young to middle-age participants with a median of 11.4 years
follow-up. The results showed participants with highly elevated SUA levels had a
31% increased risk of hypertension compared to those with low levels of
SUA. Although SUA was an independent predictor of hypertension they also found
that physical activity may counteract the pathophysiological mechanisms involved
in the association between hyperuricemia and future hypertension [46]. While a
study conducted in Brazil among 3412 individuals aged 35—74 years found elevated
SUA levels were associated with prehypertension only among men [47].

A study among 4817 adults in Singapore found higher SUA levels were associ-
ated with prehypertension detected among the study cohort [48]. This association
was further confirmed by a meta-analysis including 21,832 prehypertensive indi-
viduals which determined a positive association between elevated SUA levels and
the risk of prehypertension in the general population [49].

Conclusions
Hypertension is a major modifiable risk factor for cardiovascular morbidity and
mortality.

Nonpharmacological treatment interventions with lifestyle modifications
(i.e., weight loss, increased physical activity, adopting the DASH diet) are rec-
ommended for all patients with prehypertension as these approaches were shown
to effectively reduce the risk of CV events. Pharmacological antihypertensive
treatment for prehypertensive individuals at increased risk of CV events due to
concomitant comorbidities (obesity, diabetes, CV risk factors, target organ dam-
age, and metabolic syndrome) has shown beneficial for adequate BP control, in



64

T. Rosenthal

numerous clinical trials. Risk-stratified, patient-centered approach to the treat-
ment of prehypertension allows an informed, safe, and effective balance of life-
style and medication interventions to prevent incident hypertension and CVD.

The utility of early detection of various pathophysiological markers (inflam-
matory markers, endothelial dysfunction, increased arterial stiffness, elevated
levels of serum complement c3 and SUA) has shown beneficial for individuals at
high risk for developing the cardiovascular metabolic syndrome to improve pri-
mary prevention of prehypertension and prediabetes.
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6.1 Definition of Prehypertension

Prehypertension is a term used to describe a condition of increased blood pressure
(BP) which falls short of a formal definition of hypertension yet confers an increased
risk of progression to hypertension and/or cardiovascular disease. The word itself
has been first introduced in 2003, when Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure issued its seventh
report (JNC-7) [1]. The report set the threshold for a normal blood pressure reading
lower than ever before, at 120/80 millimeters of mercury (mmHg), and it also estab-
lished a new diagnostic category of “prehypertension” for those with BPs ranging
from 120-139 mmHg systolic and/or 80—89 mmHg diastolic. Prehypertension
emerged from the fusion of two categories employed by the JNC-6: high-normal BP
(130-139/85-89 mmHg) and normal BP (120-129/80-84 mmHg). The decision to
establish this new BP category was based on a number of factors. Framingham
Heart Study investigators had reported the lifetime risk of hypertension to be
approximately 90 percent in individuals whose BP was normal at age 55 years [2].
Furthermore, a meta-analysis of 61 prospective studies had shown that mortality
from ischemic heart disease and stroke in individuals aged 40-89 years increases in
a log-linear relationship with BP, from levels as low as 115 mmHg systolic and
75 mmHg diastolic [3]. In addition, a WHO report had indicated that about 62% of
cerebrovascular disease and 49% of ischemic heart disease were attributable to sub-
optimal blood pressure (systolic blood pressure >115 mmHg) globally [4]. However,
the 2003 European Society of Hypertension-European Society of Cardiology (ESH/
ESC) guidelines [5] as well as the 2003 World Health Organization/International
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Society of Hypertension (WHO/ISH) Statement on management of hypertension
[6] did not share JNC-7’s view. The point of objection was the inhomogeneity
within the prehypertension category in terms of cardiovascular risk. Individuals
with BP 130-139/85-89 mmHg were more likely to progress to hypertensive values
and to develop cardiovascular disease when compared to those with BP
120-129/80-84 mmHg.

The JNC-7 guidelines made clear that prehypertension was not a disease cate-
gory and that people labeled prehypertensive should not be treated with drugs.
Rather, it was a new designation intended to identify those individuals in whom
early intervention by adoption of healthy lifestyle modifications could reduce BP,
decrease the rate of progression to clinical hypertension with age, or to prevent
hypertension entirely. Although lifestyle modifications have been shown to reduce
BP and retard the development of manifest hypertension [7-9], people are reluctant
to adopt healthy behaviors [10]. Even a past heart attack does not seem to encourage
patients sufficient enough to adopt healthy lifestyle modifications. In PURE study
[11], we found that the prevalence of healthy lifestyle behaviors among patients
with a CHD or stroke event from countries with varying income levels was less than
5%. Another source of concern for prehypertension was that dealing with large
numbers of prehypertensive individuals might place excessive burdens on physi-
cians who already are having difficulty managing hypertensive patients.

Recently, several national and international guidelines for the management of
hypertension have been published [12—-17]. When these guidelines are reviewed and
compared with respect to BP classification, significant discrepancies have been
noted in nomenclature (Table 6.1). There appears to be three different approaches
for classifying BP when it is in the range of 120-139/80-89 mmHg. First one is to
call them all “prehypertensive” as suggested by JNC-7 and ASH/ISH [12] guide-
lines. Second one is to call them “normal” if it is 120-129/ 80-84 mmHg, and
“high-normal” if it is 130-139/85-89 mmHg. European [13], Canadian [14],
Australian [15], and Japanese [16] guidelines use this approach. The third and final
approach is to ignore them, or call them all “normal” as it is in the British NICE

Table 6.1 Blood pressure classifications in various hypertension guidelines for values of
<140/90 mmHg

Guidelines Classifications ~ Systolic BP (mmHg) Diastolic BP (mmHg)
JNC-7, 2003 Prehypertension 120-139 80-89

ASH/ISH, 2013 Normal <120 <80

ESH/ESC, 2013 Optimal <120 <80

JSH, 2014 Normal 120-129 80-84

NHFA, 2016 High-normal 130-139 80-84

CHEP, 2017

NICE, 2011 (Updated in 2016) Normal <140 <90

ASH/ISH American Society of Hypertension/International Society of Hypertension, CHEP
Canadian Hypertension Education Program, ESH/ESC European Society of Hypertension/
European Society of Cardiology, JNC-7 Seventh Joint National Committee, JSH Japanese Society
of Hypertension, NHFA National Heart Foundation of Australia, NICE National Institute for
Clinical Excellence
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guidelines [17]. Accordingly, if you have a blood pressure of 130/80 mmHg, it will
be named as “prehypertension” in USA, “high-normal” in Europe, and “normal” in
England. Guidelines like INC, ESH/ESC, and NICE, are recognized by many phy-
sicians from different countries who do not have their own national guidelines. It
should be noted that these physicians feel confused and unmotivated because of the
disagreements between credible guidelines on major topics [18]. We wish develop-
ers of these guidelines would cooperate and make a consensus paper regarding these
issues.

Currently, little is known about how often physicians use the prehypertension
classification when treating patients, and how patients recall and respond to this
information. Researchers from School of Medicine, University of North Carolina,
conducted a trial [19] aiming to estimate how often patients with prehypertension
are being told about it by their primary care physicians. Participants were asked to
indicate whether a doctor or other health care provider had ever told them they had
“prehypertension” (Yes/ No); a subsample of patients with measured BP in the pre-
hypertension range was asked the same question. Of 1008 non-hypertensive patients,
1.9% indicated being told they had prehypertension. Among a subsample of 102
patients with measured BP in the prehypertension range, 2.0% indicated being told
they had prehypertension. This data may suggest physicians are reluctant to tell
patients they have prehypertension and do not talk about lifestyle modification. One
other explanation is that, clinicians counsel patients about lifestyle modifications
that will reduce their chances of developing hypertension without labeling them
with prehypertension. There, actually, is a claim that being labeled prehypertensive
may have unintended negative consequences that could limit the potential benefits
of early identification of elevated BP. Increases in work absenteeism [20], higher
levels of physical symptoms [21], and lower health-related quality of life [22] have
been reported among patients who are aware of their hypertension status compared
with those who are hypertensive but unaware of the diagnosis. Negative outcomes
are not explained by BP elevation itself or by drug treatment, suggesting that psy-
chological effects of being labeled likely play a significant role. Viera et al. [23],
examined whether the label of prehypertension exerts a negative effect on patients’
perceived health and whether it motivates people to adopt lifestyle recommenda-
tions to prevent hypertension. They randomized 97 newly diagnosed prehyperten-
sive adults to either a labeling message or a generic (no label) message. Those in the
“label” group received a standardized message delivered by a trained research assis-
tant. The participant was told that he/she had prehypertension; that was followed by
a description of various lifestyle recommendations. Within the message the term
“prehypertension” was mentioned several times. Those in the “no label” group
received a very similar standardized message about lifestyle modifications without
any mention of prehypertension. At 3 months there were no differences in reports of
changing eating habits, cutting down on salt, reducing alcohol intake, or exercising
to try to prevent hypertension. Perception of health parameters was also not differ-
ent at the end of the follow-up. Being labeled as prehypertensive seems to exert
neither harmful nor helpful effects. In a similar study, Spruill et al. [24] evaluated
the effects of labeling individuals with prehypertension on BP and health-related
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quality of life. They randomly assigned 100 patients to either a “Labeled” group in
which they were informed of their prehypertension, or an “Unlabeled” group in
which they were not informed. Subjects underwent office BP measurement, 24 h
ambulatory BP monitoring and completed self-report questionnaires at baseline and
3 months. Their findings suggest that labeling patients with prehypertension does
not have negative effects on BP or quality of life, at least in the short term. Thus, few
studies with limited number patients suggest that prehypertension labeling may not
be harmful to patients. It is also not particularly helpful. Studies are needed to deter-
mine approaches to communicate with prehypertensive patients that will increase
the likelihood of lifestyle change and lead to improved health outcomes.

6.2 Diagnosis of Prehypertension

Blood pressure screening is sine qua non for the early diagnosis of hypertension.
However, the diagnosis process is much more complex than it looks. Consider a
patient with an office BP of >140/90 mmHg. Is this patient hypertensive? Indeed,
confirmation of the initial BP by subsequent measurement(s) is needed before a
patient can be diagnosed as hypertensive. According to the INC-7, and the ESH/
ESC guidelines, BP classification should be based on the average of at least two
properly measured, seated BP readings on each of at least two office visits. However,
according to the CHEDP, five visits with average BPs of >140 and/or >90 mmHg is
needed to label a patient as hypertensive. On the other hand, NICE asks physicians
to perform ambulatory BP monitoring to confirm the diagnosis of hypertension. If a
person is unable to tolerate ambulatory BP monitoring, home BP monitoring of at
least 4 days is recommended as a suitable alternative to confirm the diagnosis of
hypertension. Indeed, out-of-office BP measurement currently remains the “gold
standard” for screening, diagnosis, and management of hypertension. It is crucial
for the diagnosis of white-coat effect and masked hypertension. Actual guidelines
have proposed that levels of the self-measured BP at home of 135 mmHg systolic or
85 mmHg diastolic or higher and/or 24 h ambulatory BP of 130 mmHg systolic or
80 mmHg diastolic or higher indicate hypertension. However, out-of-office thresh-
olds for prehypertension and/or high-normal BP has not been identified in any of the
existing guidelines. This may cause confusion in daily practice. For example, if a
patient has an average office BP of 130/80 mmHg, you may call it prehypertension.
What if the average home BP of the same patient is 115/75 mmHg? Does he/she
really have prehypertension? Or should we call it “white-coat prehypertension”
(i.e., prehypertension at office and normotension at home). As another example,
what if the office BP is 110/70 mmHg, while the home BP is 130/80 mmHg? Should
we call it “masked prehypertension”? (i.e., normotension at office and prehyperten-
sion at home). Recently, Niiranen et al. [25] conducted a trial to determine an
outcome-driven reference frame for home BP measurement based on individual
participant data that includes all existing population cohorts with fatal and nonfatal
outcomes available for analysis. They measured home and clinic BP in 6470 partici-
pants, and calculated the home BP levels that yielded 10-year absolute risks of
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cardiovascular, cerebrovascular, or cardiac events similar to those associated with
stages 1 (120-129/80-84) and 2 (130-139/85-89) prehypertension on clinic BP
measurement. The rounded thresholds amounted to 120/75 and 125/80 mmHg,
respectively. Head et al. [26] evaluated 8575 patients to derive ambulatory BP
equivalents to clinic BP thresholds for diagnosis of different stages of hypertension.
Their analysis has shown that the closer the patient’s BP is to normal levels, the
closer is the agreement between daytime ambulatory and clinic BP. On the other
hand, the higher the BP, the greater the difference between ambulatory and clinic
BP. The daytime systolic/diastolic ambulatory BP equivalent to the lower limit of
grade 1 or mild hypertension (140/90) was estimated to be 4/3 mmHg lower (136/87)
than clinic values; the estimate for grade 2 hypertension (160/100) was 8/4 mmHg
lower (152/96) and for grade 3 hypertension (180/100) was 12/6 mmHg lower
(168/105). Based on this data, systolic/diastolic ambulatory BP equivalent to the
lower limit of prehypertension can be expected to be similar or slightly lower than
that of the office value of 120/80 mmHg. More data are needed to identify home and
ambulatory BP thresholds for prehypertension.

6.3 Epidemiology of Prehypertension
6.3.1 Prevalence

Numerous epidemiologic studies from different countries have documented the
prevalence of prehypertension. Data from the 2011 and 2012 National Health and
Nutrition Examination Survey (NHANES III) suggested that the prevalence of pre-
hypertension among adults in the United States was approximately 28% [27].
Reported prevalence of prehypertension for some other countries were as follows:
China 36.4% [28], Japan 33% [29], India 33.2% [30], UK 43.9% [31], Canada
27.2% [31], Netherlands 32.8% [32] sub-Saharan Africa 29.8%, [33], Brazil 36.1%
[34], Belarus 34.3% [35], and Iran 47.3% [36]. Variations in the BP measurement
methodology, age range of study participants, exclusion of individuals with hyper-
tension in some cohorts and the standard population chosen for age adjustment
made direct comparisons of the studies difficult. In a systematic review and meta-
analysis of 20 cross-sectional and 6 longitudinal studies, the overall prevalence of
prehypertension was 36% [37]. In accordance, PURE (Prospective Urban and Rural
Epidemiological) study [38], assessing 153,996 individuals in 17 countries, found
the prevalence of prehypertension as 36.8% (unpublished data). It turns out that a
huge number of people in any given population are actually people with
prehypertension.

Recently, data on the temporal changes in the prevalence of prehypertension and
hypertension have also been published. A systematic analysis of population-based
studies from 90 countries showed that the prevalence of hypertension decreased by
2.6% in high-income countries but increased by 7.7% in low- and middle-income
countries from 2000 to 2010 [39]. It has been suggested that aging and urbanization
with accompanying unhealthy lifestyle may play a role in the epidemic of
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hypertension in low- and middle-income countries. Evaluation of two cross-sec-
tional surveys conducted with participants aged >60 years in the same district in
Beijing, China, and using the same methods in both 2001 and 2010 showed that the
prevalence of prehypertension decreased, whereas the prevalence of hypertension
increased with increasing age [40]. This finding was consistent with previous stud-
ies [41]. The explanation was that by this age most of the people with prehyperten-
sion would have already developed full-blown hypertension. On the other hand,
according to the National Health and Nutrition Examination Surveys between 1999
and 2012, the percentage of US adults with prehypertension decreased from 31.2 to
28.2% without any increase in the rate of hypertension [27].

6.3.2 Distribution of Prehypertension by Age,
Sex, and Race or Ethnicity

According to the WHO Global Health Observatory reports 2015 (last updated
2017.01.11) [42] the global estimates of age standardized (+18 years old) preva-
lence of hypertension was 24.1% in men and 20.1% in women while age standard-
ized mean systolic BP was 127.0 and 122.3 mmHg, respectively. Hypertension
was more common in males than females in nearly all countries for which data
were available, with few exceptions (i.e., Ireland, Tajikistan, and Turkey) where
the prevalence was the same in both sexes. Like hypertension, prehypertension
has been found to be more prevalent among men than among women [43]. Gender
differences in the distribution of prehypertension and hypertension seem to vary
from culture to culture, which implies an interaction between social and biologi-
cal mechanisms. The prevalence of prehypertension increases with age in both
genders, except for those >60 years of age because of a higher prevalence of
hypertension [44].

In terms of race/ethnic variables, multiethnic comparison studies on prevalence
have produced contradictory evidence. Reasons for Geographic and Racial
Differences in Stroke (REGARDS) study (n = 5553 individuals with prehyperten-
sion) [45] found that the prevalence of prehypertension was higher in African-
American participants across all age and gender strata. In line with them, The
Bogalusa Heart Study [46] indicated that prehypertension prevalence was higher
among black compared to white participants. In the Women’s Health Initiative study
[47], however, prehypertension was present in 39.5%, 32.1%, 42.6%, 38.7%, and
40.3% of white, black, Hispanic, American Indian, and Asian women, respectively
(P = 0.0001 across ethnic groups). The Multi-Ethnic Study of Atherosclerosis
(MESA) study [48] investigated the age-specific incidence of hypertension by eth-
nicity for 3146 participants. After adjustment for age, sex, and study site, the inci-
dence rate ratio for hypertension was increased for blacks age 45-74 years compared
with whites. Hispanic participants also had a higher incidence of hypertension com-
pared with whites; however, hypertension incidence did not differ for Chinese and
white participants. On the other hand, NHANES III found no difference in the



6 Prehypertension: Definition and Epidemiology 73

prevalence between Non-Hispanic whites, Non-Hispanic blacks, Mexican
Americans, or others [49]. Recent study from China [50], a multi-ethnic country,
where minorities have their specific dietary habits and lifestyles, which could influ-
ence their blood pressure status, demonstrated that prevalence of prehypertension
was statistically different between ethnicities. A study from Europe [32] demon-
strated that the prevalence of prehypertension did not differ between the ethnic
groups in men African Surinamese and Hindustani Surinamese women, however,
had a higher prevalence of prehypertension than White Dutch women.

6.3.3 Incidence

Much less is known about the incidence of newly developed prehypertension than
about its prevalence. In a Middle East population-based cohort, during a median
follow-up of 9.2 years about half of the individuals who were normotensive at
baseline had progressed to prehypertension [51]. Progression was more promi-
nent among men. In a subpopulation of Women’s Health Initiative, 3 years inci-
dence of prehypertension was 27.3% among Hispanic women [52]. Very recently,
Hardy et al. [53] studied age, racial/ethnic, and sex-specific annual net transition
probabilities between categories of BP using three NHANES cross-sectional sam-
ples. From ages 8 to 30 years, annual net transition probabilities from normal BP
to prehypertension among male individuals were more than two times the net
transition probabilities of their female counterparts. The largest net transition
probabilities for ages 8—30 years occurred in African American young men, while
Mexican American young women aged 8-30 years experienced the lowest normal
to prehypertension transition. After age 40 years, normal BP to prehypertension
net transition probabilities stabilized or decreased for men, whereas increased
rapidly for women. Mexican American women exhibited the largest normal to
prehypertension net transition probabilities after age 60 years. Authors suggest
that primordial prevention beginning in childhood and into early adulthood is
necessary to preempt the development of prehypertension as well as associated
racial/ethnic and sex disparities.

6.3.4 Associated Risk Factors

Like hypertension, prehypertension tends to cluster with other cardiovascular risk
factors such as dyslipidemia, obesity, and diabetes mellitus [54, 55]. It has been
shown that almost 90% of individuals with prehypertension have at least one other
traditional cardiovascular risk factor [56]. Association with inflammation [57],
microalbuminuria [58], income status, education level, diet [28, 59, 60], and living
in an urban or rural area [60] also have been reported with contradictory results.
Prehypertension and associated metabolic risk factors will be discussed in detail
elsewhere in this book.
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Prehypertension, Statistics and Health 7
Burden

Andrzej Januszewicz and Aleksander Prejbisz

7.1 Introduction

The decision to establish prehypertension, the new blood pressure category, was
based on the number of factors and highlighted the relevance of the observational
studies in adults between 40 and 80 years of age. They indicated that the risk of
cardiovascular disease [CVD] increased progressively beginning from levels as low
as 115/75 mmHg upward with doubling of the incidence of both coronary heart
disease [CHD] and stroke for every 20/10 mmHg increment of systolic and diastolic
BP[1, 2].

As indicated by several studies since the population continues to age in most
countries worldwide and BP increases with age, clinical practice focused on hyper-
tension care becomes more relevant. Therefore designation of prehypertension was
established to focus attention on the segment of the population representing higher-
than-normal CVD risk and whom therapeutic approaches to prevent or delay the
onset of hypertension would be of value [3-5].

Since release of the Seventh Joint National Committee on the Prevention,
Detection, Evaluation and Treatment of Hypertension [JNC-7] report in 2003, new
data provided a compelling argument for using the concept of prehypertension and
focusing attention on the range of systolic blood pressure of 120-139 mmHg and
diastolic BP between 80 and 89 mmHg as having clinical and public health signifi-
cance [6].

Many reports and articles has been published on prehypertension over the past
decade and new data have been provided on the prevalence, the rate of progression
to hypertension, association with other cardiovascular risk factors and its relation-
ship to the development of cardiovascular disease. It has been clearly documented
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that blood pressure in the prehypertension range is carrying higher rates of incident
hypertension and cardiovascular events than optimal BP < 120/<80 mmHg [1-6].

The prehypertensive category has been stratified into stage 1 prehypertension
with blood pressure 120-129/80-84 mmHg and stage 2 prehypertension reflecting
blood pressure 130-139/85 to 89 mmHg. Of note, most individuals with stage 2
prehypertension have 1 or more concomitant conditions associated with increased
cardiovascular risk and this term may better reflect the risk of progression to hyper-
tension and cardiovascular disease than stage 1 prehypertension. However the
stage 1 prehypertension with BP in the range of 120 to 129/80 to 84 mmHg is also
associated with increased risk but approximately half of that stage 2 prehyperten-
sion [6, 7].

Stage 2 prehypertension progresses to hypertension at a rate of about 8-14%
annually, which is twofold to threefold higher than blood pressure <120/80 mmHg.
Adults with stage 2 prehypertension are also suffering from CVD approximately
twice as likely as adults with optimal BP. From 2005 to 2006, approximately 3 of 8
adults in the United States had BP in the stage 1 prehypertensive range of 120 to
139/80 to 89 mmHg and roughly 1 in 8 adults had BP in the range of 130 to 139/85
to 89 mmHg referred as stage 2 prehypertension [1, 6, 7].

Of note, the designation of prehypertension by JNC-7 had raised concerns since
this category increased the number of individuals targeted for BP modification by
millions in the United States. More importantly, the prehypertensive subgroup rep-
resents a heterogenous cohort of individuals with varying risk profiles for cardiovas-
cular disease.

7.2  Prevalence of Prehypertension

7.2.1 Prevalence of Prehypertension
in Population-Based Studies

The prevalence of prehypertension and its associated risk factors has been investi-
gated worldwide indicating that prehypertension is a common condition across age,
sex, ethnicity, and geographical boundaries in countries with both developed and
developing economies. Of note the estimates of prehypertension prevalence are
based on office or clinic blood pressure measurements and do not include out-of-
office values [6].

Prevalence estimates in population-based samples range from 22 to 38% with
only few studies reporting higher prevalence than 50% (Table 7.1). This indicates
that data about the prevalence of prehypertension in populations worldwide are not
consistent and depend on age, geographical region, and population studied [1-7].

Cross-sectional analysis of national representative data collected from 4805
adults 18 years and older surveyed in the 1999-2000 National Health and Nutrition
Examination Survey [NHANES] estimated the prevalence of prehypertension in the
United States based on JNC-7 guidelines [8].
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As evaluated from 1999 to 2000 the prevalence of prehypertension in the United
States was approximately 70 million in the age group >20 years and was more com-
mon in men [42 million] than in women [28 million], in younger and middle-age
than older adults and in Hispanic than African-American individuals [8].

One of the important findings of the NHANES 1999-2000 survey was to show
that abdominal obesity is associated with increased risk of prehypertension in
American men and women. In this study, abdominal obesity was associated with
increased risk of prehypertension in whites, blacks, and Hispanics being indepen-
dent of age, blood glucose, total cholesterol, exercise, and current smoking [9].

The survey indicated that proportions of risk of prehypertension explained by
abdominal obesity were 15.2%, 22%, and 25.8% in white, black, and Hispanic men,
respectively. The analogous values in women were 38.8%, 58.6%, and 32.5%
clearly demonstrating that prehypertension could have been avoided if abdominal
obesity was absent in both men and women of the three ethnic groups [9].

These data further indicated gender differences in the response of abdominal
obesity for prehypertension. Approximately 7% of the differences in the risk of
developing prehypertension between white and black men and between white and
Hispanic men may be attributable to differences in rates of abdominal obesity.
The analogous values for women were approximately 39.7% and 16.5%, respec-
tively [9].

In conclusion, despite having lower rates of abdominal obesity than their coun-
terparts, black men, Hispanic men, and Hispanic women had high population attrib-
utable risks. This may indicate that other factors than abdominal obesity may have
explained power for racial differences in prehypertension in these groups.

Another report from the National Health and Nutrition Examination Survey
[NHANES] conducted in 2005 to 2006 showed that approximately 37% of US
adults had prehypertension. The number of adults with prehypertension was esti-
mated to be approximately 83 million based on extrapolations from NHANES
2005-2006 [7].

Among this group, roughly 3 of 8 US adults, or approximately 31 million, have
stage 2 prehypertension. The NHANES 2005-2006 report showed that prehyperten-
sion is associated not only with concomitant cardiovascular risk factors but also
with several adverse health outcomes including new-onset diabetes and hyperten-
sion, cognitive impairment and increased number of CVD events [7].

Also data on the temporal changes in the prevalence of prehypertension and car-
diovascular risk factors were analyzed from 30,958 US adults >20 years of age who
participated in the National Health and Nutrition Examination Surveys between
[NHANES] 1999 and 2012 [10].

The recent study showed that during this time period, the prevalence of prehyper-
tension has decreased modestly since 1999-2000. However the prevalence of sev-
eral risk factors for cardiovascular disease and incident hypertension increased
among US adults with prehypertension, including prediabetes, diabetes mellitus,
overweight, and obesity. There was also nonstatistically decrease in prevalence of
adhering to the Dietary Approaches to Stop Hypertension eating pattern [10].
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Of note the prospective cohort analysis among 8960 middle-aged adults in the
Atherosclerosis Risk in Communities [ARIC] study showed that prehypertension
levels of BP were clearly associated with the significant increase in incident cardio-
vascular disease. The effect of prehypertension was particularly pronounced among
blacks, individuals with diabetes mellitus, elevated BMI and relatively low LDL
cholesterol levels. These findings may provide compelling evidence for screening
and early detection in vulnerable groups [2].

The population-based study included 4272 Mexican adult men and women aged
20-65 years representing northern, middle, and southern parts of Mexico. The
results of the study showed the prevalence of prehypertension in 37.5% of Mexican
adults [11].

Several studies estimated the prevalence of prehypertension in China in different
geographical regions and populations, including urban and urban cohorts.

The prevalence of prehypertension was estimated in a representative sample of
25,196 adults aged 18—74 years in northeast of China. The Control hypertension and
Other Risk Factors to Prevent Stroke with Nutrition Education in Urban Area of
Northeast China [CHPSNE] Study was a cross-sectional study on hypertension and
stroke risk factors among urban residents of northeast China years selected from
2009 to 2010 [12].

Overall, 40.5% of urban Chinese adults had prehypertension with the prevalence
of 47.7% and 33.6% in men and women, respectively, and is associated with many
risk factors [12].

In another China National Hypertension Survey prospective cohort study includ-
ing 169,871 Chinese adults aged 40 years and older data on blood pressure were
obtained at baseline examination in 1991 and from follow-up examination con-
ducted in 1999-2000. A multistage random cluster sampling design was used to
select a representative sample of the general Chinese population from 17 provinces
in the mainland China [13].

The results from China National Hypertension Survey Epidemiology Follow-up
Study showed that the prevalence of prehypertension was 34.5% and was signifi-
cantly associated with an increased relative risk of cardiovascular disease [13].

Another population-based, cross-sectional survey of the Chinese Physiological
Constant and Health Condition [CPCHC] was conducted between 2008 and 2010
with the aim to estimate the prevalence of prehypertension coexisting with predia-
betes. Representative samples of the general population were selected from two
urban and two rural areas provinces in mainland China [14].

The study showed that the prevalence of coexisting prehypertension and predia-
betes was 11%, was higher in men [14.2%] than in women [8.4%], increased with
age and body mass index and was the lowest among Mongolian-Chinese [14].

Three cross-sectional surveys were conducted in Shandong province in the rural
population of eastern China. The sample population included 8359, 18,922, and
20,167 subjects included in 1991, 2002, and 2007, respectively [15].

The study documented that among the Chinese rural population, the prevalence
of prehypertension increased significantly from 1991 to 2002 and remained high
from 2002 until 2007. After adjustment for age and sex the prevalence of
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prehypertension over the period of 16 years increased from 33.8% in 1991 to 54.6%
in 2007. In each survey, the prevalence of prehypertension tended to decline with
increasing age in both men and women [15].

In 2007, a cross-sectional population survey of CRF’s was carried out among
19,003 adults aged 18-76 years in suburban Beijing indicating that the prevalence
of prehypertension was 35.7% [38.2% in men and 31.8% in women]. Overall,
85.3%, 49.8%, and 17.8% of men with prehypertension had one or more, two or
more, and three or more CV risk factors, respectively [16].

The prevalence of prehypertension was also evaluated in the other Asian coun-
tries. The Jichi Medical School Cohort Study enrolled 11,000 community dwelling
persons aged 18-90 years from general Japanese population and then followed for
the average of 10.7 years. Participants aged 65 years and older constituted 22.8% of
the sample [17].

In this study of a large sample of the Japanese general population the prevalence
of prehypertension was 32.3% and was associated with an increased 10-year risk of
cardiovascular disease [17].

The Korean National Health and Nutrition Examination Survey [KNHNES], a
cross-sectional nationally representative survey conducted in 2001 collected mea-
sured blood pressure data and determined the prevalence of prehypertension in
association with the risk factors in the Korean population [18].

Data from a comprehensive questionnaire together with a physical examination
and blood sample were obtained and analyzed from 6074 Korean adults aged
>20 years. The estimated age-adjusted prevalence of prehypertension was 31.6%
[41.9% in men and 25.9% in women]. The KNHNES study indicated that male sex,
aging, and obesity were predictors of prehypertension. Interestingly, a decreasing
prevalence of prehypertension with age was found in this study [18].

The Nutrition and Health Survey in Taiwan [NAHSIT], a cross-sectional survey
of 1039 men and 1186 women aged 18-96 years showed the overall prevalence of
prehypertension of 34% in Taiwanese adults and was greater in men than in women.
Multivariable logistic regression revealed that age and BMI were the determinants
of prehypertensive status in men while age, waist circumference, and triglycerides
were the determinants in women [19, 20].

Few studies showed a relatively high prevalence of prehypertension in geograph-
ically different populations. Between 1991 and 1999, a large population-based
sample of 36,424 Israel Defense Forces young healthy employees underwent peri-
odic medical evaluation in Israel. Prehypertension was observed in 48.9% of the
subjects and was 50.6% among men and 35.9% among women. The prevalence of
prehypertension remained constant across age groups among men but increased
with age among women [21].

Multivariate logistic regression analysis showed that male gender was the most
powerful predictor of prehypertension and BMI was the strongest modifiable pre-
dictor of prehypertension among men and women.

Another study determined the prevalence of prehypertension in Africa in two eth-
nic groups of 782 individuals representing Sokoto State of northwestern Nigeria. The
prevalence rate of prehypertension was 58.7% [men 59.2%, women 58.2%] [22].
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The study showed that as compared to hypertension, prehypertension had earlier
onset [second versus third decade] and peak [fourth versus fifth decade] of life.
Obesity, abnormalities of glucose metabolism, and insulin resistance were the major
factors associated with prehypertension.

A nationwide cross-sectional survey of 69,722 adults aged 25-65 years was con-
ducted in Iran from 2004 to 2005 with the objective to estimate the prevalence of
prehypertension. It was also found that the estimated prevalence of prehypertension
was 59.6% in men and 44.5% in women [23].

Prehypertension tended to increase with age and was more common in overweight
and obese men and women and was also associated with the higher prevalence of
additional cardiovascular risk factors which result in a high-risk profile [23].

Although the ethnicity most likely plays a role in the pathogenesis of prehyper-
tension, the current studies about the prevalence of prehypertension do not support
the hypothesis that difference could be attributable to ethnicity per se.

These results do not indicate an ethnical pattern and for instance the prevalence
of prehypertension in selected Chinese populations is similar to the prevalence
found in the Mexican population. In addition, the prevalence of prehypertension in
the United States [31%] is similar to the prevalence of Korea [31.6%] and Japan
[32%]. The variability of prehypertension prevalence emphasizes that in addition
to ethnicity, other risk factors play an important role in the development of prehy-
pertension [1-6].

Of note, cross-sectional studies conducted to establish the associated risk factors
for developing prehypertension demonstrated that aging, sex, low educational level,
smoking, alcohol consumption, BMI, diabetes, elevated plasma glucose, triglycer-
ides, cholesterol levels, and low HDL-c levels were significantly associated with
prehypertension [1-8].

7.2.2 Prevalence of Prehypertension in Selected Populations

Prehypertension prevalence in selected population studies is generally similar to the
findings in population-based studies, after accounting for differences in age, sex,
and inclusion or exclusion of patients with hypertension.

Studies that excluded subjects with hypertension reported a higher prevalence of
prehypertension in comparison to those that included individuals with hypertension
from the same countries. The prevalence of prehypertension was >30% in all studies
including individuals with a mean BMI in the overweight range.

The prevalence of prehypertension in individuals with and without diabetes was
estimated in the Strong Heart Study including 2629 participants free from hyperten-
sion and cardiovascular disease at baseline examination. They were followed for
12 years to observe the prevalence of incident cardiovascular disease [24].

The results from the Strong Heart Study showed that the prevalence of prehyper-
tension was high in nondiabetic [48.2%] and even higher [59.4%] in diabetic non-
hypertensive American Indians. Prehypertension was related to an increased
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subsequent cardiovascular event rate in both diabetic and nondiabetic participants,
but this increase was greater in individuals with diabetes [24].

The prevalence of prehypertension in white and nonwhite postmenopausal
women was determined in the Women’s Health Initiative [WHI], a large cohort of
60, 785 participants that included black, Hispanic, and Asian women. The preva-
lence of prehypertension was 39% among WHI study participants at baseline [25].

Prehypertension was identified in 39.9%, 32.1%, 42.6%, 38.7%, and 40.3% of
white, black, Hispanic, American Indian, and Asian women, respectively. The dis-
tribution of blood pressure categories differed among ethnic groups.

It was found that age, body mass index, and prevalence of diabetes mellitus and
hypercholesterolemia increased across the BP categories, whereas current smoking
was more prevalent among normotensive women compared with those with prehy-
pertension and hypertension [25].

The differences in cardiovascular event rates between women with prehyper-
tension and hypertension in WHI study were seen and when compared with refer-
ent normotensive women, the hazard ratio for the composite cardiovascular
outcome was 1.66 for women with prehypertension and 2.89 for those with hyper-
tension [25].

Another study Reasons for Geographic And Racial Differences in Stroke
[REGARDS] recruited approximately equal representation of white and black par-
ticipants of total population of 30,239 aged 45 years and older [26].

The REGARDS study showed that the overall prevalence of prehypertension
was 17%—however after excluding subjects with hypertension it was 51%.

It was observed that the prevalence of prehypertension was higher by age and
black race and a higher prevalence of prehypertension was observed in obese indi-
viduals, self-reported heart disease and those with elevated hsCRP, diabetes and
microalbuminuria compared to those without these factors. Heavy alcohol con-
sumption in white participants was associated with increased odds of prehyperten-
sion and was even greater in black participants [26].

7.2.3 Prevalence of Prehypertension Based on Meta-Analyses

The prevalence and risk factors for prehypertension were investigated in the meta-
analysis which included 20 cross-sectional and 6 longitudinal studies with a total
sample of 250,741 individuals of age range from 35 to 60 years. Most of the studies
were conducted in East Asia [27].

The results indicated that pooled prevalence of prehypertension was 36% and
was higher among males than that among females [40% vs. 33%]. After removing
non-East Asian countries it has been found that pooled prevalence of prehyperten-
sion in 11 studies from China, Japan, and Korea was 35% and was similar to the
overall pooled prevalence [27].

In another meta-analysis of incident cardiovascular disease in 18 prospective
studies, estimates of prehypertension prevalence ranged from 25.2 to 46.0% [28].
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Of the 18 studies 11 were from Asia [3 from China, 6 from Japan and 2 from
Iran], 5 were from the United States and 1 each was from Turkey and Germany. The
proportion of Asians was 79.6%. The sample size ranged from 1702 to 158, 666 and
the follow-up duration ranged from 2.7 years to 31 years. All studies adjusted ade-
quately for potential confounders—at least five of six factors—including age, sex,
diabetes mellitus, BMI cholesterol, and smoking [28].

The results of this meta-analysis showed that the estimates for prehypertension
ranged from 32.6 to 41.1% for the five US studies, from 25.2 to 46.0% for the five
Japanese studies, and from 30.0 to 35.3% for the three Chinese studies [28].

7.3  Risk of Incident Hypertension

Individuals with prehypertension are carrying a twofold to threefold higher risk of
developing hypertension than those who are normotensive. Several factors related to
study design 