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        Introduction 

 The diagnosis of hypertension accounts for 
58–65 million hypertensive adults in the United 
States alone and is also the most common diag-
nosis for outpatient physician visits and prescrip-
tion drugs [ 1 ,  2 ]. Primary HTN is believed to 
have its antecedents during childhood. Studies 
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  Abstract 

   Primary hypertension in children is not as common as in adults; recent 
studies suggest a prevalence of 3–4 % in the pediatric population. However, 
more recent reports have highlighted an increasing prevalence of HTN and 
prehypertension, likely due to childhood obesity. Given the global burden 
of hypertension, identifi cation and management of primary HTN is benefi -
cial to the individual child and has important implications for society as 
well, particularly since tracking studies have established that adult pri-
mary HTN has its antecedents during childhood. Studies are limited on the 
pathophysiology of primary HTN in children; however, evidence suggests 
that the proposed multifactorial and complex genetic, environmental, and 
biological interactions involved in the development of hypertension in 
adults provide a basis to understand HTN in children as well. Primary 
HTN in young children is a diagnosis of exclusion, and selective workup 
is needed to rule out any underlying secondary causes; however, in adoles-
cents, primary hypertension is much more common than secondary hyper-
tension. Early identifi cation and management of elevated BP in the 
pediatric population is important to decrease the risks for end-organ injury 
in both the pediatric and adult population.  
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have shown that the relationship between arterial 
pressure and mortality is quantitative; the higher 
the pressure, the worse the prognosis [ 3 ]. 
Therefore, it is important that those providing 
care to children approach the issue of HTN both 
as a societal challenge and as a disease affecting 
discrete individuals.  

    Prevalence 

 Primary hypertension is prevalent in 29–31 % of 
the adult US population and nearly 44 % of the 
adults in Europe [ 4 ]. It is diffi cult to estimate the 
worldwide prevalence of pediatric HTN due to 
regional differences in defi nition and normative 
values used to diagnose hypertension. In the 
United States, recent screening studies and sur-
vey data have given an estimated prevalence of 
3–4 % [ 5 – 8 ] in the pediatric population. 

 More recent reports have highlighted the 
effects of childhood obesity on the prevalence of 
HTN and prehypertension in children and adoles-
cents [ 8 ,  9 ]. The frequency of hypertension 
appears to increase as the severity of obesity 
increases. The effects of obesity on childhood 
hypertension are highlighted in publications of 
case series of children referred to tertiary centers, 
in whom up to 91 % are now found to have pri-
mary HTN [ 9 ,  10 ].  

    Incidence 

 Data on the incidence of HTN in children are 
scarce. The analysis of the National Childhood 
Blood Pressure database (BP recorded at 2- and 
4-year intervals) has shown an incidence rate of 
7 % per year in adolescents with prehyperten-
sion. However, the diagnosis of hypertension was 
based on single BP readings, which is not consis-
tent with current guidelines. 

 More recent data from Redwine et al. in 
nearly 1,000 adolescents [ 11 ] has reported an 
incidence rate of 0.7 % per year for hypertension 
diagnosed according to recommended guide-
lines. In adolescents who were prehypertensive 
at the initial screening, the rate was 1.1 % per 

year as compared to a rate of 0.3 % per year in 
adolescents who were normotensive at the initial 
screening. The highest risk for progression at 
6.6 % per year was seen in adolescents with ele-
vated BP at all three visits. As highlighted in a 
recent review [ 12 ], these fi ndings could potentially 
translate into nearly half a million hypertensive 
adolescents after 5 years.  

    Predictors of Primary Hypertension 

  BP tracking  refers to the stability of repeated BP 
measurements over a period of time; thus, if 
tracking is present, children with elevated BP are 
more likely to become hypertensive as adults. 
Increased strength of tracking is reported in the 
presence of a family history of HTN, increased 
body weight, or increased left ventricular mass 
[ 13 – 16 ]. This is indicative of the interaction 
between the genetic and environmental factors 
infl uencing BP. The Muscatine Study, for exam-
ple, has demonstrated that primary HTN in 
young adults has much of its origin during the 
childhood years [ 17 ]. Although the strength of 
the tracking phenomenon has been questioned 
[ 18 ], tracking studies are important as they 
underscore the need for early identifi cation and 
treatment of elevated BP, given the current global 
scenario of increased cardiovascular disease-
associated morbidity along with the worldwide 
increase in childhood and adult obesity. An anal-
ysis from the Fels Longitudinal Study [ 19 ] 
(non-Hispanic whites only) has reported that the 
earliest differences in systolic BP occurred at 5 
years of age in boys and 8 years of age in girls. 
The BP cutoffs (boys < 102/65 girls < 92/62 at 5 
years, boys < 104/64 girls < 102/64 at 14 years, 
boys < 115/67 girls < 104/64 at 18 years) as 
developed by the random effects model in the 
analysis are lower than the 50th percentile and 
therefore not considered high risk per the cur-
rent Fourth Task Force Report recommenda-
tions [ 20 ]. Systolic and not diastolic BP above 
the cutoff values as reported in the study was 
associated with increased risk for developing 
hypertension with or without the metabolic syn-
drome [ 19 ].  
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    Defi nitions and Techniques 

 Criteria for making a diagnosis of primary HTN 
are summarized in Table  20.1 . As per the current 
recommendations, BP readings of more than 95th 
percentile for sex, age, and height on three sepa-
rate occasions are required for diagnosing HTN. 
The most widely used nomograms for BP in chil-
dren are those provided in the Fourth Task Force 
Report on Blood Pressure in Children and 
Adolescents [ 20 ].

   According to the recommendations of the 
Fourth Task Force Report, pediatric HTN is now 
categorized into pre-HTN (SBP or DBP between 
the 90th and 95th percentile or greater than 
120/80 in adolescents), stage 1 HTN (SBP or 
DBP ≥95th percentile up to the 99th percentile 
plus 5 mmHg), and stage 2 HTN    (SBP or DBP 
>99th percentile plus 5 mmHg). Children and 
adolescents with primary hypertension may pres-
ent with either stage 1 or stage 2 HTN [ 10 ,  21 ] 

 Primary HTN in children is often associated 
with a family history of HTN or other cardiovas-
cular disease. Other comorbid conditions associ-
ated with primary HTN in children, which increase 

the risk for cardiovascular disease, include abnor-
mal lipid profi le, glucose intolerance, and sleep 
abnormalities. 

 Some researchers have questioned the validity 
of the current defi nition of HTN in children [ 4 ]. 
HTN is defi ned by a statistical cut point in the 
continuum of BP nomograms derived from differ-
ent epidemiologic studies using a rigorous study 
protocol [ 5 ,  20 ,  22 ]. The defi nition of HTN is con-
current with an increased risk of recognizable 
morbidity and mortality that becomes increas-
ingly prevalent as BP increases. A pragmatic defi -
nition of HTN would be the level of systolic BP 
and/or diastolic BP above which recognizable 
morbidity (such as stroke, heart failure, or chronic 
renal failure) occurs. As of this writing, there are 
no data that adequately defi ne this in children. 
This is in contrast to adults, where in outcomes 
data in terms of increased cardiovascular morbid-
ity or mortality is used to defi ne normal versus 
elevated BP. 

 As reviewed by Collins et al. [ 4 ] the recommen-
dation of using three BP readings to diagnose HTN 
may in fact underdiagnose HTN in children. 
Currently there is no data to demonstrate that 2 BP 
readings are better or inferior in identifying hyper-
tensive children. The same review [ 4 ] also high-
lights the limitations of using the statistical 
defi nition of HTN for minority ethnic groups, such 
as African Americans, who may have a higher 
prevalence of HTN and associated end-organ dam-
age. The use of Gaussian distribution curves would 
diagnose HTN at much higher levels in these 
groups and possibly delay indicated interventions 
[ 4 ]. However as reviewed by Flynn et al. [ 23 ] the 
fundamental question that remains unanswered is 
what BP is nonphysiological and whether this rep-
resents an absolute value or a percentile cutoff. 

 The importance of obtaining accurate BP read-
ings in diagnosing hypertension has been empha-
sized repeatedly by consensus organizations [ 20 ,  22 ]. 
There are many confounding factors in BP mea-
surement in children, including cuff size, the 
number of measurements, type of instruments 
used, patient position (supine or sitting), and the 
choice of sound [Korotkoff (K) 4 vs. K 5] used for 
defi ning diastolic BP [ 20 ]. Many of these issues 
are discussed in detail in Chap.   9    . 

   Table 20.1    Criteria to use in diagnosing primary HTN in 
children   

  Primary criteria  
 �  An average of 2–3 readings of systolic BP and/or 

diastolic BP exceeding the 95th percentile for age, 
gender, and height repeated three times over a 
2–3-month period 

 �  Ambulatory blood pressure measurements over a 
24-h period that exceed the 95th percentile for 
age-matched controls and/or a failure to fi nd a 
nocturnal dip 

 � Unable to identify a known secondary cause of HTN 
  Supportive criteria  
 � Stage 1 HTN on presentation 
 �  Children obese on presentation (BMI > 95th 

percentile) 
 � Family history of HTN 
 �  Idiopathic HTN associated with high, normal, or 

low PRA 
 � Abnormal response to mental stress 
 �  Evidence of end-organ effect; funduscopic 

changes, cardiac enlargement by electrocardio-
gram and/or echocardiogram (suggestive of 
long-standing HTN) 
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 Ambulatory blood pressure monitoring 
(ABPM) has been used increasingly to diagnose 
HTN, defi ne diurnal BP variability in normal and 
hypertensive populations (including children) 
[ 24 ], and to evaluate therapy. ABPM overcomes 
many of the measurement issues associated with 
offi ce BP measurement, is essential for diagnos-
ing white-coat HTN, and may sometimes help to 
distinguish primary versus secondary HTN in 
children [ 25 ]. ABPM is discussed in depth in 
Chap.   11    .  

    BP Homeostasis and 
Pathophysiology of Hypertension 

 The wide variety of factors involved in regulating 
blood pressure are discussed in detail in an earlier 
section of this text and have been reviewed in 
detail elsewhere [ 26 ,  27 ]. A brief overview of the 
factors determining BP is presented here, however, 
as it is necessary to understand the steps involved 
in the generation and persistence of primary HTN 
(Table  20.2 ). Due to paucity of pediatric studies, 
most of the discussions below are based on adults 
and animal studies. However evidence from track-
ing studies suggests that the proposed multifactorial 
and complex genetic, environmental, and biological 
interactions involved in development of hyperten-
sion in adults would provide a basis to understand 
HTN in children as well.

   HTN occurs when the sum of cardiac output 
(CO) and total peripheral resistance (TPR) 
increases. The factors involved in increasing BP 
during the generation and maintenance of pri-
mary HTN are often different. In one form, the 
increase in CO during its early stages has been 

attributed to a hyperkinetic circulation characterized 
by increased heart rate (HR), cardiac index and 
forearm blood fl ow secondary to increased sym-
pathetic tone, and cardiac contractility [ 28 ,  29 ]. 
Fixed persistent primary HTN is characterized 
by an increase in TPR and a return to a normal 
CO. In the second form, early HTN is character-
ized by increased left ventricular (LV) mass, as 
also reported in normotensive offspring of 
hypertensive parents. These observations raise 
the possibility that repeated neural stimulation 
and upregulation of cardiac receptors may be 
the primary event in the onset of primary HTN 
[ 30 ]. The observed changes, from that of an 
increased to normal CO, and an increased TPR 
over time enable a constant blood fl ow to organs 
in experimental animals and humans. The pres-
ence of functional versus irreversible structural 
changes explains response to therapy and the 
potential reversibility of the hypertensive process 
aggravated by obesity, stress, and/or excessive 
salt intake. 

 Kidneys maintain intravascular volume by 
regulating sodium and water excretion and subse-
quently are the primary infl uence on the long-term 
control of BP. The two main renal mechanisms 
involved are  pressure natriuresis  (volume) and 
the  renin-angiotensin-aldosterone system  ( RAAS ) 
(vasoconstriction). Each mechanism, in turn, is 
infl uenced by multiple other factors which may 
increase or decrease the relative contribution of 
volume and/or vasoconstrictor components of 
BP.  Pressure natriuresis  is the increased urinary 
excretion of salt and water in response to elevated 
arterial pressure to maintain BP by regulating body 
volume. Despite the wide variations in sodium 
intake, the kidneys through a tightly regulated 
balance of glomerular fi ltration and tubular secre-
tion/absorption are able to maintain a constant 
BP. RAAS infl uences both elements of the BP 
formula. Renin is secreted by the juxtaglomerular 
cells of the kidney in response to physiological 
and nonphysiological reduction in BP, renal blood 
fl ow, and sodium chloride load at macula densa. 
ANG II is the effector arm of the RAAS and it 
increases vascular contractility and thereby 
peripheral resistance by binding to AT1 receptors 
present on the vascular smooth muscle. ANG II 

   Table 20.2    The basic blood pressure formula and its 
physiologic transformation to HTN   

 1. Pressure equals fl ow times resistance 
 2. BP = volume times resistance 
 3. BP = CO times total peripheral resistance 
 4. BP = fl ow (preload + contractility) x resistance 

(arteriolar functional contraction + vessel anatomical 
changes), for example, BP = fl ow x resistance 

 5. HTN = a net increase in CO and/or increased 
peripheral resistance 
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binding within the adrenal gland leads to increased 
aldosterone production, sodium retention by the 
kidney, and volume expansion. The AT2 recep-
tor, which is not involved in the vascular/smooth 
muscle contraction, is known to play a role in cell 
differentiation and hypertrophy. The central role 
of the RAAS in hypertension has recently been 
reviewed elsewhere [ 31 ]. 

 Genetic renal defects linked with  abnormal 
sodium homeostasis  in primary HTN include 
increased efferent arteriolar tone leading to 
increased sodium reabsorption, congenital reduc-
tion in the number of nephrons and fi ltering sur-
face [ 32 ], nephron heterogeneity [ 33 ], and 
non-modulation that involves abnormal adrenal 
and renal responses to angiotensin (ANG) II infu-
sions [ 34 ]. Single-gene disorders that affect renal 
sodium handling are discussed in more detail in 
Chap.   6    . 

 Recent research in animal models has high-
lighted the role of medullary circulation in pres-
sure natriuresis and pathogenesis of hypertension 
[ 35 ]. Increased medullary blood fl ow is associ-
ated with increase in vasa recta capillary pressure, 
loss of osmotic gradient, and thus increased natri-
uresis. Blunting of the pressure natriuresis due to 
alteration of the balance between medullary vaso-
dilators (nitric oxide, endothelin) and medullary 
vasoconstrictors (vasopressin and angiotensin II) 
has been linked to HTN [ 35 ]. 

  Nephron heterogeneity  [ 33 ] has also been pro-
posed as an underlying mechanism for blunted 
natriuresis in hypertensive patients. The hetero-
geneity is attributed to a smaller group of isch-
emic nephrons with markedly increased renin 
secretion leading to angiotensin II-mediated arte-
riolar constriction and vascular remodeling. This 
is supported by reports of focal afferent arteriolar 
narrowing (common) along with juxtaglomerular 
cell hyperplasia associated with increased renin 
secretion in patients with primary hypertension. 

  Eutrophic vascular remodeling  [ 36 ] is the 
pathologic alteration of the precapillary resis-
tance vessels characterized by a reduction in the 
vessel lumen associated with increase in media to 
lumen ratio without in the vessel-media cross 
section. This vascular remodeling is increasingly 
identifi ed as the predominant change in 

hypertensive patients and attributed to multiple 
factors such as increased (a) myogenic tone of 
the vessel wall, (b) matrix deposition, and (c) 
growth towards the vessel lumen with apoptosis 
in the periphery and altered smooth muscle motil-
ity of the vessel wall [ 36 ,  37 ]. RAAS through 
ANG II appears to be signifi cantly involved in 
the vascular remodeling as evidenced by animal 
studies and human studies reporting improve-
ment in small arterial function with ACE/ARB 
and not other antihypertensives [ 27 ,  36 ,  37 ]. 

 Laragh et al. have proposed that patients with 
primary HTN can be divided into three groups: 
normo-, hyper-, and hyporeninemic based on 
 renin profi ling , for example, the comparison of 
plasma renin activity (PRA) to sodium excretion 
[ 27 ,  38 ]. This group concluded that high-renin 
primary HTN patients are at greater risk for vaso-
occlusive events such as stroke, infarction, and 
renal failure, while those with low-renin primary 
HTN are volume overexpanded and less likely to 
experience the aforementioned end-organ dam-
age. Moreover, they suggest that drug therapy 
should be targeted at the underlying primary 
pathophysiology, and renin inhibitors and diuret-
ics be, respectively, used to treat patients with 
high- and low-renin primary HTN. Limited stud-
ies in children have included renin profi ling and 
the incidence of low-renin HTN is estimated at 
19 % [ 39 ]. There is currently no long-term data 
on the outcome of hypertensive children, who 
were renin profi led at diagnosis. Studies have also 
shown that PRA is higher in those with high uric 
acid levels and inversely related to fractional 
excretion of uric acid in hypertensive patients [ 40 ]. 
This suggests the presence of altered glomerulotu-
bular balance in hypertensive patients. Feig et al. 
have recently reported that hyperuricemia (uric 
acid >5.5 mg/dl) is more commonly associated 
with primary HTN compared to secondary or 
white-coat HTN [ 41 ]. 

  Sympathetic nervous system (SNS) activity  
can function as an initiator and as a secondary 
contributing factor for elevated BP. Stress and/or 
a primary catecholamine regulation defect in the 
brain may directly cause vascular vasoconstric-
tion. SNS stimuli from the vasomotor center acti-
vate efferent pathways causing norepinephrine 
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release at peripheral nerve endings, which in turn 
stimulate adrenergic receptors. Circulating epi-
nephrine derived from the adrenal medulla can 
stimulate norepinephrine release through stimu-
lation of presynaptic β-2 receptors. Excessive cir-
culating catecholamines increase the BP response 
to a sodium load. Baroreceptor refl ex arc dys-
function occurs in some patients with primary 
HTN. Usually, elevated BP leads to refl ex lower-
ing of the BP by reducing sympathetic outfl ow 
from vasomotor centers and increasing vagal tone. 
The responsiveness of this system resets itself to a 
higher level with BP elevations and plays a role in 
the persistence of HTN. Impaired circulatory 
homeostasis and vascular reactivity in hyperten-
sive patients in comparison to normotensives as 
indicated by increased BP, tachycardia, and fl ush-
ing in response to noxious stimuli provide evi-
dence for SNS overactivity. Although  dopamine  is 
a modulator of systemic BP, with additional 
actions on fl uid and sodium intake, no mutations 
have linked patients’ primary HTN or genetic 
HTN in animal models to the D1 receptor. 

  Perinatal infl uences:  Critical development period 
theory proposes developmental stages which are 
more sensitive to certain environmental factors 
and thus lead to propagation of certain genetic 
information. As reviewed by Kunes et al. [ 42 ], 
these changes are not detected immediately but 
after a certain delay (“late consequences of early 
alterations”). Barker’s hypothesis and subsequent 
studies provide support for the intrauterine period 
being a critical period for development of primary 
HTN (discussed in detail in Chap.   7    ) [ 43 ,  44 ]. 

 Barker fi rst proposed that HTN in adult life is 
associated with retarded fetal growth and this rela-
tionship becomes stronger as the patient ages [ 43 , 
 45 ]. Postulated mechanisms include insulin resis-
tance, exposure of a malnourished fetus to mater-
nal glucocorticoids that alter subsequent steroid 
sensitivity, as well as the metabolism of placenta 
cortisol [ 46 ], and the presence of a reduced number 
of glomeruli. The net result is a reduced number of 
glomeruli (as much as 25 % in experimental ani-
mals), a decreased glomerular surface area, and a 
reduction in glomerular fi ltration rate (GFR) per 
nephron [ 47 ]. The impaired nephron function 

eventually leads to HTN. A similar outcome has 
been reported with the blockage of the RAS with 
losartan after birth. Studies in rats have shown that 
young rats are at higher risk for salt-sensitive 
hypertension compared to older rats, hypertensive 
response to salt is more marked at young age, and 
antihypertensive therapy is effective and may 
have preventive effect on hypertension when 
started earlier. The identifi cation of similar criti-
cal periods in humans could have signifi cant 
effects on hypertension research [ 42 ]. 

  Genetics:  At least 25–30 candidate genes have 
been suggested as contributors to the hypertensive 
process by affecting critical factors involved in the 
vasoconstriction and/or volume elements of the 
BP formula (Table  20.3 ). Due to its central role in 
BP regulation, gene polymorphisms of the RAAS 
system have been frequently evaluated in hyperten-
sive patient cohorts. Current evidence links genes 
controlling plasma angiotensinogen (AGT) with 
risk for HTN, while no conclusive association is 
reported with the ACE gene polymorphisms 
[ 48 ,  49 ]. Angiotensinogen M235T genotype has 
been associated with increase in angiotensinogen 
levels and increased risk for hypertension [ 49 ]. 
The theory of impaired genetic homeostasis postu-
lates [ 50 ] that the mismatch between genes 
involved in the regulation of BP and the accultur-
ated changes in our society accounts for the recent 
increase in documented HTN. Synchronicity, a 
process by which growth spurts are associated with 
increases in BP, may be accelerated in genetically 
prone hypertensive individuals [ 51 ]. Allometric 
dysfunction, a process by which somatic and renal 
growths fail to match each other, might lead to 
HTN if environmental factors enable excessive 
non-genetically determined growth to occur [ 52 ]. 
The failure of renal vascular remodeling to occur 
during fetal and postnatal life might alter the 
expected decreases in the activity of RAS and/or 
sodium regulatory mechanisms. Premature telo-
mere shortening, a process associated with normal 
aging, may lead to HTN [ 53 ]. Finally, perturbation 
in neural development of the sympathetic nervous 
system and/or cardiac β1-receptors may predis-
pose newborns to develop a hyperkinetic circulation 
and, therefore, HTN [ 54 ].
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       Risk Factors Involved in Childhood 
Primary HTN 

    Age and Gender 

 Children have lower BP levels in comparison to 
adults, but the levels progressively increase with 
age, with a linear rise from 1 to 13 years. This 

increase is related more to body size than age. 
Primary HTN is the most common cause of HTN 
in older children especially in the postpubertal 
group. The prevalence of HTN and pre-HTN is 
greater in boys than girls [ 55 ]. Also, in girls BP 
rises rapidly between 6 and 11 years as compared 
to 12–17 years, while the opposite is seen in boys 
[ 56 ]. The male preponderance of high BP persists 

    Table 20.3    HTN and gene studies   

  Genome-wide association study (GWAS)  
 Strengths – hypothesis-free studies, lead to discovery of new genes 
 Weaknesses – large sample size is needed to detect meaningful association, higher study costs, need for stricter 
quality control, and handling of large databases 
  Linkage reported in most of the chromosomes, however there is little current clinical application  
 � WTCC [ 86 ], Saxena R [ 87 ], Levy D [ 88 ], Kato N [ 89 ], Sabatti C [ 90 ] – no signifi cant genome-wide association 
 � Global BPGen study [ 91 ] – 8 regions with genome- wide signifi cance in chromosomes 
 �  CHARGE study[ 92 ] – signifi cant genome-wide associations between 13 SNPs with SBP, 20 SNPs with DBP 

and 10 SNPs with HTN 
  Genome search meta-analysis (GSMA) – meta-analysis of the GWAS  
 � Levy D [ 82 ]  Global BPGen and CHARGE meta-analysis 8 SNPs on chromosomes; 12 (ATP2B1), 10 

(CYP17A1), 11 (PLEKH7), 12 (SH2B3), 10 (CACNB2), 15 (CSK-ULK3), 12 (TBX3-TBX5), 
3 (ULK4) with signifi cant association with SBP/DBP/HTN 
 SNP ATP2B 12q 21–23 associated with signifi cant association with SBP/HTN 

 � Wu X [ 93 ]  No locus achieving signifi cant linkages; suggestive linkage at 2p14 and 3p14.1 

 � Koivukoski [ 94 ]  Signifi cant association with DBP and HT at 2p12-q22.1, 3p14.1-q12.3 

 � Liu [ 95 ]  No genome-wide signifi cant linkage to HTN 

  Candidate gene analysis  
 Strengths – known pathophysiological processes associated with HTN are studied at genetic level, and animal data 
is available on these genes, compared to GWAS that are low cost 
 Weaknesses – HTN is polygenic and individual genetic contribution to HTN phenotype may be small, cannot 
evaluate gene/environment interaction, and have less chance for identifying newer genetic pathways linked to HTN 
 �  G-protein system [ 96 ] – G-protein β3-subunit (GNB3) gene C825T polymorphism, G-protein receptor kinase 4 

(GRK4) gene, Gαs subunit (GNAS) gene 
 � α-Adducin gene (ADD1) gene, Gly460TRP polymorphism[ 97 ] 
 � Polymorphisms of CYBA gene encoding p22 phos subunit of the NADPH oxidase system[ 98 ] 
 �  Renal sodium transporters[ 99 ]; SCNN1B gene encoding β-subunit of ENaC transporter β-ENaC  G589s 

polymorphism, SLC9A3 gene encoding NHE 3 exchanger in proximal tubule 
 �  RAAS genes[ 100 ,  101 ]: (1) AGT gene for angiotensinogen M235T, A-6G, A-20C polymorphisms, (2) ACE   

deletion/insertion (D/I) polymorphism intron 16 and ACE 2 gene, (3) type 1 angiotensinogen II receptor gene 
(AT1R), (4) CYP11B2 aldosterone synthase gene C344T polymorphism 

 �  Genes linked with changes in vascular tone [ 102 ];  a drenergic receptors ; (1) α1a gene 347 Cys polymorphism, 
(2) α2a gene Dral polymorphism, (3) α2b gene Glu 301–303 deletion variant, (4) α2c insertion/deletion 
polymorphism  nitric oxide (NO)   endothelial NO synthase gene on chromosome7 G849T polymorphism 

 �   Adenosine monophosphate deaminase (AMP ) AMP-1 (AMPD 1) gene polymorphism  endothelin  1 gene 
polymorphisms and G-protein polymorphisms 

 � Mitochondrial gene mutations[ 99 ,  103 ]; mitochondrial NADH dehydrogenase 3 gene A10398G mutation 
  Large-scale candidate gene studies  
 � Sober S [ 104 ], Padmanabhan S [ 105 ], Tomaszweski M [ 106 ] – no signifi cant association with BP candidate genes 
 �  Johnson T [ 107 ] replicated SNP for angiotensin locus AGT and ATP2B1 locus of other studies and reported 

other novel loci 
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till 50 years of age, when BP levels in women 
again exceed men’s [ 56 ].  

    Race and Ethnicity 

 The prevalence of primary HTN is clearly infl u-
enced by race and ethnicity [ 57 ]. Native 
Americans have the same or higher rate of pri-
mary HTN as Hispanics who have the same or 
lower BP than Caucasians. The prevalence of 
HTN in blacks is twice that of whites, has an ear-
lier onset, and is associated with more end-organ 
damage. These differences are most likely quanti-
tative [ 58 ] for the characteristics of the hyperten-
sive process are similar in blacks and whites 
when corrected for age, cardiovascular and renal 
damage, and level of BP [ 59 ]. Blacks have higher 
sleep and less dipping in their nighttime ABPM 
values than age-matched whites [ 60 ]. Blacks expe-
rience a greater degree of renal global, segmental, 
and interstitial sclerosis than whites at an earlier 
age, despite having similar BP and degrees of 
proteinuria [ 61 ,  62 ].  

    Genetics and Family History 

 Up to 40 % of HTN is attributable to genetic 
factors indicating increased risk for hyperten-
sion in genetically related individuals [ 63 ]. 
However, it is important to note that the interac-
tion between genes and a permissive environ-
ment is essential for the development of elevated 
BP. Genome- wide association study (GWAS) 
has identifi ed the association between common/
new genetic variants and BP/HTN. The novel 
insight into disease pathology from these associ-
ations has not translated to clinical utility. Such 
differences may refl ect environmental factors, the 
infl uence of other genes, evolutionary diversion 
(race and ethnicity), and study design and/or 
technical issues (Table  20.3 ). In the future, indi-
vidual genetic information will help in early 
identifi cation of high-risk groups for targeted 
preventive measures and pharmacotherapy based 
on individual disease pathways with low risk for 
adverse effects.  

    Obesity 

 Obesity, which is found in 35–50 % of hypertensive 
adolescents, is one of the most important factors 
involved in both the generation and persistence of 
childhood primary HTN [ 9 ]. Prevalence studies, 
including tracking studies of weight change and 
BP in young adults [ 64 ], have reported an increase 
in childhood obesity and HTN in obese subjects. 
The relationship between elevated BP and weight 
begins in early childhood and has been reported 
to occur as early as 5 years [ 65 ]. The Muscatine 
Study showed that changes in ponderosity over 
11 years correlated directly with BP changes 
[ 17 ]. Obesity is associated with the “metabolic 
syndrome,” which is characterized by insulin 
resistance, an atherogenic dyslipidemia, activa-
tion of the sympathetic nervous system, and an 
increased tendency for thrombosis (see Chap. 
  19    ). Other suggested mechanisms of obesity-
related HTN include hyperinsulinemia, hyperp-
roinsulinemia, renal sodium retention, increased 
sympathetic activity [ 29 ], increased plasma vol-
ume, increased levels of dehydroepiandros-
terone [ 66 ], and increased CO. Increased plasma 
aldosterone activity in obese adolescents corre-
lates with increases in their mean BP; the BP 
level falls when weight loss occurs [ 67 ]. Obesity 
hypertension is discussed in more detail in 
Chap.   17    .  

    Salt Intake 

 It is estimated that since the Paleolithic period, 
the average sodium intake in the human diet has 
increased almost fi vefold to approx 3,400 mg/d, a 
level suffi ciently high enough to enable high-BP 
expression in salt-sensitive individuals [ 68 ]. 
Also, epidemiologic studies have shown that BP 
levels are higher in societies with high salt intake 
with higher BP associated with sodium intake 
above 100 meq/day [ 69 ]. He et al. [ 70 ] have 
reported a nearly 50 % increase in salt intake 
between the ages of 4 and 18 years. The study 
also reports signifi cant association between salt 
intake and systolic BP which is independent of 
age, sex, body mass index, and dietary potassium. 
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Experimental studies (Table  20.4 ) have shown 
that the amount and time of introduction of 
sodium in the diet of newborn rats infl uences the 
onset and persistence of HTN. In human neo-
nates, the ingestion of lower sodium (4 meq/L) 
containing formula after birth was associated 
with a 2.1-mm/Hg lower BP after 6 months [ 71 ]. 
Even though this difference did not persist a few 
years later, it is still possible that a life-long effect 
may be seen.

   Approximately 25–50 % of the adult popula-
tion is considered to be salt sensitive and exhibits 
increased BP fl uctuation in association with 
slight increase in salt intake. Besides increasing 
with age, salt sensitivity has been reported in 
African Americans, obese, metabolic syndrome, 
and chronic kidney disease patient cohorts. 
Dietary sodium restriction is a recommendation 
in all guidelines (national and international) as a 
component of non-pharmacologic treatment for 
hypertension. In hypertensive children, the issue 
of salt restriction has not been fully evaluated in 
context of their requirements for growth and 
development.  

    White-Coat HTN (WCH) 

 WCH or isolated offi ce HTN is defi ned as offi ce 
BP readings ≥95th percentile but with normal 
values outside the clinical setting. The estimated 
prevalence of WCH is around 35 % in children 
being evaluated for persistently elevated casual 
BP and 44 % in children with a family history of 
primary HTN [ 72 ]. The prevalence of white-coat 
HTN is higher when the offi ce values reveal 
borderline or mild HTN and much lower with 
moderate or severe HTN [ 73 ]. Similar to adults, a 
retrospective study in children has shown that 
WCH is possibly a prehypertensive condition with 
increased left ventricular mass and progression to 
sustained HTN [ 74 ]. Increased urinary excretion of 
cortisol and endothelin in adolescents with WCH 
identifi es a group with distinct metabolic abnor-
malities [ 75 ]. Since urinary endothelin is derived 
from the kidney, these fi ndings support a dysregu-
lation of renal function. It is possible that WCH in 
children represents two populations: one that is 
destined to develop primary HTN (prehyperten-
sive) [ 76 ] and one that will remain normotensive 
outside clinical setting.  

    Exercise 

 Exercise provides a number of benefi ts: increased 
caloric expenditure, appetite suppression, and 
improved exercise tolerance. Serum cholesterol 
and triglyceride levels inversely relate to the level 
of exercise. Ekelund et al. [ 77 ] in their study of 
nearly 21,000 children reported improvement in 
cardiometabolic risk factors (waist circumfer-
ence, fasting insulin, fasting triglycerides and 
HDL cholesterol, and resting systolic blood pres-
sure) in association with moderate to vigorous 
physical activity. The improvement in risk factors 
was regardless of sex and age and also indepen-
dent of the amount of sedentary activity. WHO’s 
latest guidelines recommend 60 min of at least 
moderate intensity physical activity in addition to 
activities of daily living [ 78 ]. Andersen et al. in 
their review of published literature of physical 
activity and cardiovascular risk factors in children 
have proposed that physical activity/intervention 

   Table 20.4    Role of sodium in primary HTN   

 Experimental evidence 
 �  High salt intake increases renal vascular vasocon-

striction, catecholamine release, and NaK ATPase 
inhibitor ouabain, which in turn leads to increase in 
intracellular calcium and sodium 

 �  In salt-sensitive patients with essential HTN, BP 
varies directly with changes in sodium intake 

 �  Decrease in salt intake in people with borderline 
high BP may prevent the onset of HTN 

 �  The time and quantity of sodium administration 
to rats genetically predisposed to HTN determine 
the onset and level of BP 

 �  Similar mother and offspring BP response to 
sodium restriction supports a genetic predisposi-
tion to salt sensitivity 

 Epidemiologic evidence 
 �  Signifi cant correlations between salt intake and BP 

have been demonstrated in large population studies 
 �  Primitive isolated societies with naturally 

ingesting low-sodium diets do not develop HTN, 
nor does BP rise with age 

 �  Primitive isolated societies increase their BP 
after being exposed to environments where 
excess sodium is ingested 
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of at least 30-min duration, 3 times/week, and 
intensity suffi cient to improve aerobic fi tness is 
suffi cient to decrease BP in hypertensive children 
[ 78 ]. Gopinath et al. [ 79 ] have recently reported 
that different sedentary behaviors have a different 
effect on BP. According to their fi ndings, each 
hour per day spent in watching TV or playing 
video games was associated with increase in 
diastolic BP, while similar time spent in reading 
was associated with decrease in systolic and dia-
stolic BP. The BP response of hypertensive adoles-
cents to exercise is similar to that of normotensive 
adolescents, but starts and fi nishes at higher levels 
[ 80 ]. In adolescents, peak SBP >210 mmHg, and a 
rise in DBP with dynamic exercise, is occasionally 
used to determine the need for antihypertensive 
drug therapy [ 81 ].  

    Lipids and Cigarette Smoking 

 Prolonged elevation of cholesterol is strongly 
associated with an increased risk of coronary 
artery disease. Evaluations of the coronary arter-
ies and aorta of 35 children and young adults 
dying from noncoronary artery disease events 
revealed fatty aortic streaks in 61 %, coronary 
artery fi brous streaks and/or plaques in 85 %, and 
raised plaques in 25 % [ 82 ]. The extent of 
involvement correlated directly with total choles-
terol and low-density lipoprotein (LDL) and, 
inversely, with the ratio of HDL to LDL choles-
terol. Obesity is the most common cause of hyper-
triglyceridemia, often associated with a low HDL 
in adolescents. It is well known that inherited 
disorders of lipid metabolism increase the risk of 
early cardiovascular disease. 

 Harmful effects of smoke exposure, active or 
passive, on the cardiovascular status have been 
shown in adults [ 83 ]. Chronic smoking itself does 
not increase BP; it is associated with increased 
cholesterol levels and lower levels of high-density 
lipoprotein (HDL), which increase the risk of 
atherogenesis. Simonetti et al. [ 84 ] have reported 
that environmental nicotine exposure as a conse-
quence of parental smoking is associated with 
increased BP in children as young as 4–5 years of 
age. The study also reported a synergistic role 

wherein proportionately progressive increase in 
BP was noticed in cumulative association with 
other risk factors such as parental hypertension 
and obesity.  

    Stress 

 Stress of all types can increase BP. When com-
pared to those with normal BP levels, greater 
increases in sympathetic nervous system and car-
diovascular activity occur in offspring of hyper-
tensive parents and in hypertensive individuals. 
Poverty, sociocultural factors, racial issues, and 
migration are also known to increase BP. Both 
SBP and DBP can be correlated with chronic hos-
tility, nervousness, and the demanding perception 
of environment in adolescents [ 72 ]. Type A behav-
ior is associated with increases in SBP, but not 
DBP [ 73 ]. Three models of psychosocial stress 
that might explain the genesis of primary HTN are 
the Defense Defeat Model, Demand Control, and 
Lifestyle Incongruity Index [ 74 ]. These models 
deal with issues such as fi ght fl ight, control, 
aggression, depression, subordination, the rela-
tionship between psychologic demands factored 
by the available latitude of decision- making, and 
differences between occupational and social class 
and achievement versus accomplishment.   

    Conclusions 

 The increasing diagnosis of primary hyperten-
sion in children represents an important shift in 
our understanding of pediatric hypertension. 
Primary hypertension in children is a diagnosis 
of exclusion and children need selective evalua-
tion for any underlying secondary cause. Elevated 
BP in children is associated with end-organ 
effects (for a detailed discussion, see Chap.   29    ). 
Studies have reported increased prevalence of left 
ventricular hypertrophy, vascular changes, micro-
albuminuria, and impaired cognitive function in 
children with elevated BP [ 4 ,  85 ]. Early identifi -
cation and management of elevated BP in the 
pediatric population is important to decrease the 
risks for end-organ injury.     

G. Kapur and T.K. Mattoo

http://dx.doi.org/10.1007/978-1-62703-490-6_29


305

   References 

    1.    Egan BM, Zhao Y, Axon RN. US trends in preva-
lence, awareness, treatment, and control of hyperten-
sion, 1988–2008. JAMA. 2010;303(20):2043–50.  

    2.    Wolf-Maier K, Cooper RS, Banegas JR, Giampaoli 
S, Hense HW, Joffres M, et al. Hypertension preva-
lence and blood pressure levels in 6 European coun-
tries, Canada, and the United States. JAMA. 2003;
289(18):2363–9.  

    3.    Pickering GW. Hypertension: defi nitions, natural 
histories and consequences. In: Laragh JH, editor. 
Hypertension manual: mechanisms, methods, man-
agement. New York: Yorke Medical Books; 1974. 
p. 3–10.  

         4.    Collins 2nd RT, Alpert BS. Pre-hypertension and 
hypertension in pediatrics: don’t let the statistics 
hide the pathology. J Pediatr. 2009;155(2):165–9.  

     5.    Falkner B. Hypertension in children and adolescents: 
epidemiology and natural history. Pediatr Nephrol. 
2010;25(7):1219–24.  

   6.    Hansen ML, Gunn PW, Kaelber DC. Underdiagnosis 
of hypertension in children and adolescents. JAMA. 
2007;298(8):874–9.  

   7.    McNiece KL, Poffenbarger TS, Turner JL, Franco KD, 
Sorof JM, Portman RJ. Prevalence of hypertension and 
pre-hypertension among adolescents. J Pediatr. 2007;
150(6):640–4. 4 e1.  

     8.    Din-Dzietham R, Liu Y, Bielo MV, Shamsa F. High 
blood pressure trends in children and adolescents in 
national surveys, 1963 to 2002. Circulation. 2007;
116(13):1488–96.  

      9.    Flynn JT. The changing face of pediatric hypertension 
in the era of the childhood obesity epidemic. Pediatr 
Nephrol. 2012. doi:  10.1007/s00467-012-2344-0    .  

     10.    Kapur G, Ahmed M, Pan C, Mitsnefes M, Chiang M, 
Mattoo TK. Secondary hypertension in overweight 
and stage 1 hypertensive children: a Midwest 
Pediatric Nephrology Consortium report. J Clin 
Hypertens (Greenwich). 2010;12(1):34–9.  

    11.    Redwine KM, Acosta AA, Poffenbarger T, Portman 
RJ, Samuels J. Development of hypertension in ado-
lescents with pre-hypertension. J Pediatr. 2012;
160(1):98–103.  

    12.    Redwine KM, Falkner B. Progression of prehyper-
tension to hypertension in adolescents. Curr 
Hypertens Rep. 2012;14(6):619–25.  

    13.    Beckett LA, Rosner B, Roche AF, Guo S. Serial 
changes in blood pressure from adolescence into 
adulthood. Am J Epidemiol. 1992;135(10):1166–77.  

   14.    Katz SH, Hediger ML, Schall JI, Bowers EJ, Barker 
WF, Aurand S, et al. Blood pressure, growth and 
maturation from childhood through adolescence. 
Mixed longitudinal analyses of the Philadelphia 
Blood Pressure Project. Hypertension. 1980;
2(4 Pt 2):55–69.  

   15.    Shear CL, Burke GL, Freedman DS, Berenson GS. 
Value of childhood blood pressure measurements and 
family history in predicting future blood pressure 

status: results from 8 years of follow-up in the 
Bogalusa Heart study. Pediatrics. 1986;77(6):862–9.  

    16.    Chen X, Wang Y. Tracking of blood pressure from 
childhood to adulthood: a systematic review and 
meta-regression analysis. Circulation. 2008;117(25):
3171–80.  

     17.    Lauer RM, Clarke WR. Childhood risk factors for 
high adult blood pressure: the Muscatine Study. 
Pediatrics. 1989;84(4):633–41.  

    18.    Toschke AM, Kohl L, Mansmann U, von Kries R. 
Meta-analysis of blood pressure tracking from child-
hood to adulthood and implications for the design of 
intervention trials. Acta Paediatr. 2010;99(1):24–9.  

     19.    Sun SS, Grave GD, Siervogel RM, Pickoff AA, 
Arslanian SS, Daniels SR. Systolic blood pressure in 
childhood predicts hypertension and metabolic syn-
drome later in life. Pediatrics. 2007;119(2):237–46.  

        20.   The fourth report on the diagnosis, evaluation, and 
treatment of high blood pressure in children and ado-
lescents. Pediatrics. 2004;114(2 Suppl 4th Report):
555–76.  

    21.    Baracco R, Kapur G, Mattoo T, Jain A, Valentini R, 
Ahmed M, et al. Prediction of primary vs secondary 
hypertension in children. J Clin Hypertens 
(Greenwich). 2012;14(5):316–21.  

     22.   Report of the Second Task Force on Blood Pressure 
Control in Children – 1987. Task force on blood 
pressure control in children. National Heart, Lung, 
and Blood Institute, Bethesda, Maryland. Pediatrics. 
1987;79(1):1–25.  

    23.    Flynn JT, Falkner BE. Should the current approach 
to the evaluation and treatment of high blood pres-
sure in children be changed? J Pediatr. 2009;155(2):
157–8.  

    24.    Sorof JM, Portman RJ. Ambulatory blood pressure 
monitoring in the pediatric patient. J Pediatr. 
2000;136(5):578–86.  

    25.    Flynn JT, Urbina EM. Pediatric ambulatory blood 
pressure monitoring – indications and interpreta-
tions. J Clin Hypertens (Greenwich). 2012;14:
372–82.  

    26.    Yamaguchi I, Flynn JT. Pathophysiology of hyper-
tension. In: Avner E, Harmon W, Niaudet P, 
Yoshikawa N, editors. Pediatric nephrology. 6th ed. 
Philadelphia: Lippincott Williams and Wilkins; 
2009. p. 1485–518.  

      27.    Kaplan NM. Primary hypertension: pathogenesis. 
In: Kaplan NM, Victor RG, editors. Kaplan’s clinical 
hypertension. 10th ed. Philadelphia: Lippincott- 
Williams and Wilkins; 2009. p. 42–107.  

    28.    Julius S, Krause L, Schork NJ, Mejia AD, Jones KA, 
van de Ven C, et al. Hyperkinetic borderline hyper-
tension in Tecumseh, Michigan. J Hypertens. 1991;
9(1):77–84.  

     29.    Sorof JM, Poffenbarger T, Franco K, Bernard L, 
Portman RJ. Isolated systolic hypertension, obesity, 
and hyperkinetic hemodynamic states in children. 
J Pediatr. 2002;140(6):660–6.  

    30.    Korner PI, Bobik A, Angus JJ. Are cardiac and vascu-
lar “amplifi ers” both necessary for the development 

20 Primary Hypertension in Children

http://dx.doi.org/10.1007/s00467-012-2344-0


306

of hypertension? Kidney Int Suppl. 1992;37:
S38–44.  

    31.    Simoes ESAC, Flynn JT. The renin-angiotensin- 
aldosterone system in 2011: role in hypertension and 
chronic kidney disease. Pediatr Nephrol. 2012;
27(10):1835–45.  

    32.    Brenner BM, Garcia DL, Anderson S. Glomeruli 
and blood pressure. Less of one, more the other? Am 
J Hypertens. 1988;1(4 Pt 1):335–47.  

     33.    Sealey JE, Blumenfeld JD, Bell GM, Pecker MS, 
Sommers SC, Laragh JH. On the renal basis for 
essential hypertension: nephron heterogeneity with 
discordant renin secretion and sodium excretion 
causing a hypertensive vasoconstriction-volume 
relationship. J Hypertens. 1988;6(10):763–77.  

    34.    Hollenberg NK, Adams DF, Solomon H, Chenitz 
WR, Burger BM, Abrams HL, et al. Renal vascular 
tone in essential and secondary hypertension: hemo-
dynamic and angiographic responses to vasodilators. 
Medicine (Baltimore). 1975;54(1):29–44.  

     35.    Mattson DL. Importance of the renal medullary cir-
culation in the control of sodium excretion and blood 
pressure. Am J Physiol Regul Integr Comp Physiol. 
2003;284(1):R13–27.  

      36.    Schiffrin EL, Touyz RM. From bedside to bench to 
bedside: role of renin-angiotensin-aldosterone sys-
tem in remodeling of resistance arteries in hyperten-
sion. Am J Physiol Heart Circ Physiol. 2004;287(2):
H435–46.  

     37.    Intengan HD, Schiffrin EL. Vascular remodeling in 
hypertension: roles of apoptosis, infl ammation, and 
fi brosis. Hypertension. 2001;38(3 Pt 2):581–7.  

    38.    Brunner HR, Laragh JH, Baer L, Newton MA, 
Goodwin FT, Krakoff LR, et al. Essential hyperten-
sion: renin and aldosterone, heart attack and stroke. 
N Engl J Med. 1972;286(9):441–9.  

    39.    Kilcoyne MM. Adolescent hypertension. II. 
Characteristics and response to treatment. 
Circulation. 1974;50(5):1014–9.  

    40.    Prebis JW, Gruskin AB, Polinsky MS, Baluarte HJ. 
Uric acid in childhood essential hypertension. 
J Pediatr. 1981;98(5):702–7.  

    41.    Feig DI, Johnson RJ. Hyperuricemia in childhood 
primary hypertension. Hypertension. 2003;42(3):
247–52.  

     42.    Kunes J, Kadlecova M, Vaneckova I, Zicha J. Critical 
developmental periods in the pathogenesis of hyper-
tension. Physiol Res Acad Sci Bohemoslo. 2012;61 
Suppl 1:S9–17.  

     43.    Barker DJ. The fetal origins of adult hypertension. 
J Hypertens Suppl. 1992;10(7):S39–44.  

    44.    Seckl JR. Glucocorticoids, feto-placental 11 beta- 
hydroxysteroid dehydrogenase type 2, and the early 
life origins of adult disease. Steroids. 1997;62(1):
89–94.  

    45.    Brenner BM, Chertow GM. Congenital oligone-
phropathy and the etiology of adult hypertension and 
progressive renal injury. Am J Kidney Dis. 
1994;23(2):171–5.  

    46.    Benediktsson R, Lindsay RS, Noble J, Seckl JR, 
Edwards CR. Glucocorticoid exposure in utero: new 

model for adult hypertension. Lancet. 1993;
341(8841):339–41. Epub 1993/02/06.  

    47.    Woods LL. Fetal origins of adult hypertension: a 
renal mechanism? Curr Opin Nephrol Hypertens. 
2000;9(4):419–25.  

    48.    Harrap SB, Tzourio C, Cambien F, Poirier O, Raoux 
S, Chalmers J, et al. The ACE gene I/D polymor-
phism is not associated with the blood pressure and 
cardiovascular benefi ts of ACE inhibition. 
Hypertension. 2003;42(3):297–303.  

     49.    Sethi AA, Nordestgaard BG, Tybjaerg-Hansen A. 
Angiotensinogen gene polymorphism, plasma 
angiotensinogen, and risk of hypertension and isch-
emic heart disease: a meta-analysis. Arterioscler 
Thromb Vasc Biol. 2003;23(7):1269–75.  

    50.    Neel JV, Weder AB, Julius S. Type II diabetes, 
essential hypertension, and obesity as “syndromes of 
impaired genetic homeostasis”: the “thrifty geno-
type” hypothesis enters the 21st century. Perspect 
Biol Med. 1998;42(1):44–74.  

    51.    Akahoshi M, Soda M, Carter RL, Nakashima E, 
Shimaoka K, Seto S, et al. Correlation between 
systolic blood pressure and physical development in 
adolescence. Am J Epidemiol. 1996;144(1):51–8.  

    52.    Weder AB, Schork NJ. Adaptation, allometry, and 
hypertension. Hypertension. 1994;24(2):145–56.  

    53.    Aviv A, Aviv H. Refl ections on telomeres, growth, 
aging, and essential hypertension. Hypertension. 
1997;29(5):1067–72.  

    54.    Julius S, Quadir H, Gajendragadhkar S. Hyperkinetic 
state: a precursor of hypertension? A longitudinal 
study of borderline hypertension. In: Gross F, Strasser 
T, editors. Mild hypertension: natural history and 
management. London: Pittman; 1979. p. 116–26.  

    55.    Dasgupta K, O’Loughlin J, Chen S, Karp I, Paradis 
G, Tremblay J, et al. Emergence of sex differences in 
prevalence of high systolic blood pressure: analysis 
of a longitudinal adolescent cohort. Circulation. 
2006;114(24):2663–70.  

     56.      Bender J, Bonilla-Felix MA, Portman RJ. 
Epidemiology of hypertension. In: Avner E, Harmon 
WE, Niaudet P, editors. Pediatric nephrology. 
Philadelphia: Lippincott Williams and Wilkins; 
2004, p. 1125–52.  

    57.    Cornoni-Huntley J, LaCroix AZ, Havlik RJ. Race 
and sex differentials in the impact of hypertension in 
the United States. The National Health and Nutrition 
Examination Survey I Epidemiologic Follow-up 
Study. Arch Intern Med. 1989;149(4):780–8.  

    58.    Flack JM, Peters R, Mehra VC, Nasser SA. 
Hypertension in special populations. Cardiol Clin. 
2002;20(2):303–19. vii.  

    59.    Flack JM, Gardin JM, Yunis C, Liu K. Static and 
pulsatile blood pressure correlates of left ventricular 
structure and function in black and white young 
adults: the CARDIA study. Am Heart J. 1999;138(5 
Pt 1):856–64.  

    60.    Harshfi eld GA, Alpert BS, Pulliam DA, Somes GW, 
Wilson DK. Ambulatory blood pressure recordings 
in children and adolescents. Pediatrics. 1994;
94(2 Pt 1):180–4.  

G. Kapur and T.K. Mattoo



307

    61.    Marcantoni C, Ma LJ, Federspiel C, Fogo AB. 
Hypertensive nephrosclerosis in African Americans 
versus Caucasians. Kidney Int. 2002;62(1):172–80.  

    62.    Cruickshank JK, Jackson SH, Beevers DG, Bannan 
LT, Beevers M, Stewart VL. Similarity of blood 
pressure in blacks, whites and Asians in England: 
the Birmingham Factory Study. J Hypertens. 
1985;3(4):365–71.  

    63.    Mongeau JG, Biron P, Sing CF. The infl uence of genet-
ics and household environment upon the variability of 
normal blood pressure: the Montreal Adoption Survey. 
Clin Exp Hypertens. 1986;8(4–5):653–60.  

    64.    Khoury P, Morrison JA, Mellies MJ, Glueck CJ. 
Weight change since age 18 years in 30- to 55-year- 
old whites and blacks. Associations with lipid 
 values, lipoprotein levels, and blood pressure. 
JAMA. 1983;250(23):3179–87.  

    65.    Gutin B, Basch C, Shea S, Contento I, DeLozier M, 
Rips J, et al. Blood pressure, fi tness, and fatness in 5- 
and 6-year-old children. JAMA. 1990;264(9):1123–7.  

    66.    Katz SH, Hediger ML, Zemel BS, Parks JS. Blood 
pressure, body fat, and dehydroepiandrosterone sul-
fate variation in adolescence. Hypertension. 
1986;8(4):277–84.  

    67.    Rocchini AP, Katch VL, Grekin R, Moorehead C, 
Anderson J. Role for aldosterone in blood pressure 
regulation of obese adolescents. Am J Cardiol. 
1986;57(8):613–8.  

    68.    Eaton SB, Konner M, Shostak M. Stone agers in the 
fast lane: chronic degenerative diseases in evolution-
ary perspective. Am J Med. 1988;84(4):739–49.  

    69.    Elliott P, Stamler J, Nichols R, Dyer AR, Stamler R, 
Kesteloot H, et al. Intersalt revisited: further analy-
ses of 24 hour sodium excretion and blood pressure 
within and across populations. Intersalt cooperative 
research group. BMJ. 1996;312(7041):1249–53.  

    70.    He FJ, Marrero NM, Macgregor GA. Salt and blood 
pressure in children and adolescents. J Hum 
Hypertens. 2008;22(1):4–11.  

    71.    Hofman A, Hazebroek A, Valkenburg HA. A ran-
domized trial of sodium intake and blood pressure in 
newborn infants. JAMA. 1983;250(3):370–3.  

     72.    Hornsby JL, Mongan PF, Taylor AT, Treiber FA. 
‘White coat’ hypertension in children. J Fam Pract. 
1991;33(6):617–23.  

     73.    Sorof JM, Poffenbarger T, Franco K, Portman R. 
Evaluation of white coat hypertension in children: 
importance of the defi nitions of normal ambulatory 
blood pressure and the severity of casual hyperten-
sion. Am J Hypertens. 2001;14(9 Pt 1):855–60.  

     74.    Kavey RE, Kveselis DA, Atallah N, Smith FC. 
White coat hypertension in childhood: evidence for 
end-organ effect. J Pediatr. 2007;150(5):491–7.  

    75.    Vaindirlis I, Peppa-Patrikiou M, Dracopoulou M, 
Manoli I, Voutetakis A, Dacou-Voutetakis C. “White 
coat hypertension” in adolescents: increased values 
of urinary cortisol and endothelin. J Pediatr. 
2000;136(3):359–64.  

    76.    Matthews KA, Woodall KL, Allen MT. 
Cardiovascular reactivity to stress predicts future 

blood pressure status. Hypertension. 1993;22(4):
479–85.  

    77.    Ekelund U, Luan J, Sherar LB, Esliger DW, Griew P, 
Cooper A. Moderate to vigorous physical activity 
and sedentary time and cardiometabolic risk factors 
in children and adolescents. JAMA. 
2012;307(7):704–12.  

     78.    Andersen LB, Riddoch C, Kriemler S, Hills AP. 
Physical activity and cardiovascular risk factors in 
children. Br J Sports Med. 2011;45(11):871–6.  

    79.    Gopinath B, Baur LA, Hardy LL, Kifl ey A, Rose 
KA, Wong TY, et al. Relationship between a range of 
sedentary behaviours and blood pressure during 
early adolescence. J Hum Hypertens. 2012;26(6):
350–6.  

    80.    Wilson SL, Gaffney FA, Laird WP, Fixler DE. 
Body size, composition, and fi tness in adolescents 
with elevated blood pressures. Hypertension. 1985;
7(3 Pt 1):417–22.  

    81.    Jung FF, Ingelfi nger JR. Hypertension in childhood 
and adolescence. Pediatr Rev. 1993;14(5):169–79.  

     82.    Berenson GS, Mcmann CA, Voors AW. Cardiovascular 
risk factors in children: the early natural history of ath-
erosclerosis and essential hypertension. New York: 
Oxford University Press; 1980.  

    83.    Barnoya J, Glantz SA. Cardiovascular effects of sec-
ondhand smoke: nearly as large as smoking. 
Circulation. 2005;111(20):2684–98.  

    84.    Simonetti GD, Schwertz R, Klett M, Hoffmann GF, 
Schaefer F, Wuhl E. Determinants of blood pressure 
in preschool children: the role of parental smoking. 
Circulation. 2011;123(3):292–8.  

    85.       Kupferman JC, Lande MB, Adams HR, Pavlakis 
SG. Primary hypertension and neurocognitive and 
executive functioning in school-age children. Pediatr 
Nephrol. 2013;28(3):401–8.  

    86.       Wellcome trust case control consortium. Genome- 
wide association study of 14,000 cases of seven 
common diseases and 3,000 shared controls. 
Nature. 2007;447(7145):661–78.   http://www.ncbi.
nlm.nih.gov/pubmed/17554300    .  

    87.    Saxena R, Voight BF, Lyssenko V, Burtt NP, de 
Bakker PI, Chen H, et al. Genome-wide associa-
tion analysis identifies loci for type 2 diabetes 
and triglyceride levels. Science. 2007;316(5829):
1331–6.  

    88.    Levy D, Larson MG, Benjamin EJ, Newton-Cheh C, 
Wang TJ, Hwang SJ, et al. Framingham Heart Study 
100 K project: genome-wide associations for blood 
pressure and arterial stiffness. BMC Med Genet. 
2007;8 Suppl 1:S3.  

    89.    Kato N, Miyata T, Tabara Y, Katsuya T, Yanai K, 
Hanada H, et al. High-density association study and 
nomination of susceptibility genes for hypertension 
in the Japanese national project. Hum Mol Genet. 
2008;17(4):617–27.  

    90.    Sabatti C, Service SK, Hartikainen AL, Pouta A, 
Ripatti S, Brodsky J, et al. Genome-wide association 
analysis of metabolic traits in a birth cohort from a 
founder population. Nat Genet. 2009;41(1):35–46.  

20 Primary Hypertension in Children

http://www.ncbi.nlm.nih.gov/pubmed/17554300
http://www.ncbi.nlm.nih.gov/pubmed/17554300


308

    91.    Newton-Cheh C, Johnson T, Gateva V, Tobin MD, 
Bochud M, Coin L, et al. Genome-wide association 
study identifi es eight loci associated with blood 
pressure. Nat Genet. 2009;41(6):666–76.  

    92.    Levy D, Ehret GB, Rice K, Verwoert GC, Launer LJ, 
Dehghan A, et al. Genome-wide association study of 
blood pressure and hypertension. Nat Genet. 
2009;41(6):677–87.  

    93.    Wu X, Kan D, Province M, Quertermous T, Rao DC, 
Chang C, et al. An updated meta-analysis of genome 
scans for hypertension and blood pressure in the 
NHLBI Family Blood Pressure Program (FBPP). 
Am J Hypertens. 2006;19(1):122–7.  

    94.    Koivukoski L, Fisher SA, Kanninen T, Lewis CM, 
von Wowern F, Hunt S, et al. Meta-analysis of 
genome-wide scans for hypertension and blood pres-
sure in Caucasians shows evidence of susceptibility 
regions on chromosomes 2 and 3. Hum Mol Genet. 
2004;13(19):2325–32.  

    95.    Liu W, Zhao W, Chase GA. Genome scan meta-
analysis for hypertension. Am J Hypertens. 2004;
17(12 Pt 1):1100–6.  

    96.    Zhu H, Wang X, Lu Y, Poola J, Momin Z, Harshfi eld 
GA, et al. Update on G-protein polymorphisms in 
hypertension. Curr Hypertens Rep. 2006;8(1):23–9.  

    97.    Manunta P, Bianchi G. Pharmacogenomics and 
pharmacogenetics of hypertension: update and per-
spectives–the adducin paradigm. J Am Soc Nephrol. 
2006;17(4 Suppl 2):S30–5.  

    98.    San Jose G, Fortuno A, Beloqui O, Diez J, Zalba G. 
NADPH oxidase CYBA polymorphisms, oxidative 
stress and cardiovascular diseases. Clin Sci (Lond). 
2008;114(3):173–82.  

     99.    Gong M, Hubner N. Molecular genetics of human 
hypertension. Clin Sci (Lond). 2006;110(3):315–26.  

    100.    Pereira TV, Nunes AC, Rudnicki M, Yamada Y, 
Pereira AC, Krieger JE. Meta-analysis of the asso-
ciation of 4 angiotensinogen polymorphisms with 
essential hypertension: a role beyond M235T? 
Hypertension. 2008;51(3):778–83.  

    101.    Rudnicki M, Mayer G. Signifi cance of genetic 
polymorphisms of the renin-angiotensin-aldoste-
rone system in cardiovascular and renal disease. 
Pharmacogenomics. 2009;10(3):463–76.  

    102.    Sheppard R. Vascular tone and the genomics of 
hypertension. Heart Fail Clin. 2010;6(1):45–53.  

    103.    Watson Jr B, Khan MA, Desmond RA, Bergman 
S. Mitochondrial DNA mutations in black 
Americans with hypertension-associated end-
stage renal disease. Am J Kidney Dis. 2001;38(3):
529–36.  

    104.    Sober S, Org E, Kepp K, Juhanson P, Eyheramendy 
S, Gieger C, et al. Targeting 160 candidate genes for 
blood pressure regulation with a genome-wide geno-
typing array. PLoS One. 2009;4(6):e6034.  

    105.    Padmanabhan S, Menni C, Lee WK, Laing S, 
Brambilla P, Sega R, et al. The effects of sex and 
method of blood pressure measurement on genetic 
associations with blood pressure in the PAMELA 
study. J Hypertens. 2010;28(3):465–77.  

    106.    Tomaszewski M, Debiec R, Braund PS, Nelson 
CP, Hardwick R, Christofidou P, et al. Genetic 
architecture of ambulatory blood pressure in the 
general population: insights from cardiovascular 
gene- centric array. Hypertension. 2010;56(6):
1069–76.  

    107.    Johnson T, Gaunt TR, Newhouse SJ, Padmanabhan 
S, Tomaszewski M, Kumari M, et al. Blood pressure 
loci identifi ed with a gene-centric array. Am J Hum 
Genet. 2011;89(6):688–700.    

G. Kapur and T.K. Mattoo


	20: Primary Hypertension in Children
	Introduction
	 Prevalence
	 Incidence
	 Predictors of Primary Hypertension
	 Definitions and Techniques
	 BP Homeostasis and Pathophysiology of Hypertension
	 Risk Factors Involved in Childhood Primary HTN
	Age and Gender
	 Race and Ethnicity
	 Genetics and Family History
	 Obesity
	 Salt Intake
	 White-Coat HTN (WCH)
	 Exercise
	 Lipids and Cigarette Smoking
	 Stress

	 Conclusions
	References


