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BACKGROUND
The aim was to determine the proportions and correlates of essential
hypertension among children in a tertiary pediatric hypertension clinic.

METHODS
We evaluated 423 consecutive children and collected demographic
and clinical history by retrospective chart review.

RESULTS

We identified 275 (65%) hypertensive children (blood pressure >95th
percentile per the “Fourth Report on the Diagnosis, Evaluation, and
Treatment of High Blood Pressure in Children and Adolescents”) from
423 children referred to the clinic for history of elevated blood pres-
sure. The remainder of the patients had normotension (11%), white
coat hypertension (11%), prehypertension (10%), and pending diag-
nosis (3%). Among the 275 hypertensive children, 43% (n = 119;
boys = 56%; median age = 12 years; range = 3-17 years) had essen-
tial hypertension and 57% (n = 156; boys = 66%; median age = 9 years;

Essential or primary hypertension is generally considered a
disease ofadulthood, with a prevalence of 30%,' and although
it is thought to be less common in children, it has its begin-
nings in childhood.?* Blood pressure (BP) tracks with age,
and values in childhood have been found to be significant
predictors of future BP rank.® By the time the diagnosis of
essential hypertension is made in adulthood, considerable
damage may have already occurred to the arterial system,
heart, and other organs as a result of long-standing high BP,
the changes of which are already evident in childhood.*”

range = 0.08-19 years) had secondary hypertension. When compared
with those with secondary hypertension, those with essential hyper-
tension had a significantly older age at diagnosis (P = 0.0002), stronger
family history of hypertension (94% vs. 68%; P < 0.0001), and lower prev-
alence of preterm birth (20% vs. 46%; P < 0.001). There was a bimodal
distribution of age of diagnosis in those with secondary hypertension.

CONCLUSIONS

The phenotype of essential hypertension can present as early as 3 years
of age and is the predominant form of hypertension in children after
age of 6 years. Among children with hypertension, those with essential
hypertension present at an older age, have a stronger family history of
hypertension, and have lower prevalence of preterm birth.
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Therefore, early recognition of such a prevalent and critical
healthcare issue can be significant in reducing the associated
morbidity and mortality.

Essential hypertension is the most frequent type of hyper-
tension in adults (95%) and is diagnosed when there is
sustained elevation of BP greater than 140/90 mm Hg and
when no etiology can be determined for the hypertension.®
However, the diagnosis of hypertension in children is more
complicated than in adults and thus remains frequently
underdiagnosed. A number of variables must be considered
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in children before one can label them “hypertensive.”® The
BP norms during childhood are influenced by the height,
age, and sex of the child; hence a single threshold simi-
lar to adults (i.e., 140/90mm Hg) for labeling a child with
hypertension does not exist.>! The BP measurements in
children in the ambulatory clinic can be inaccurate; there-
fore it is imperative that the measurements are performed
in accordance to a protocol® and repeated several times!!-1?
before referral for further evaluation of hypertension. The
BP cuff must correspond to the size of the child,” which can
vary widely. In addition, the child should be calm and rested
before the BP measurements are taken, making the diagnosis
even more difficult in early childhood and especially in cry-
ing infants.'"* Therefore, it is not surprising to find that the
BP is not routinely measured in children in various health-
care settings, even though the current recommendations are
to monitor BP in all children after 3 years of age.” Even in
settings where BP is monitored in children, an abnormal BP
for that child can go unrecognized.'>

Since the first reported occurrence of childhood-onset
essential hypertension in 1971,' an increasing number of
children are being diagnosed with it.!"”-2¢ The prevalence
of hypertension (primary and secondary) in screened chil-
dren is reported between 4.5%*>*” and 13%?® In the pedi-
atric population, where secondary causes for hypertension
are more prevalent than in adults, the prevalence of essential
hypertension remains unknown. The secondary causes of
hypertension in childhood are from myriad causes, includ-
ing congenital defects of the kidney, heart, and other organs,
and need to be evaluated in each child systematically.’

We evaluated children from a metropolitan pediatric
hypertension clinic with a large multiethnic referral popula-
tion and a screened population of more than 20,000 children
from the regional school district. The aim of this study was
to evaluate etiological factors identified leading to hyper-
tension in a tertiary pediatric hypertension clinic and then
determine the proportion of essential hypertension among
these children.

METHODS
Institutional approval

The protocol (HSC-MS-07-0050) was approved by the
institutional Committee for the Protection of Human
Subjects or the Institutional Review Board at the University
of Texas Health Science Center and Children’s Memorial
Hermann Hospital, Texas Medical Center.

Patient population

We selected all children ages 0-19 years in our large, uni-
versity-based, pediatric general and multispecialty ambula-
tory clinic populations with the diagnosis of hypertension
(International Classification of Diseases, Ninth Revision (ICD
9) code 401.9). From the dataset, we excluded those patients
that were not evaluated at the Pediatric Hypertension Clinic,
a tertiary clinic established in 1998 at the University of Texas
Medical School, Texas Medical Center. This clinic is a spe-
cialty clinic in pediatric nephrology, and any child identified
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with hypertension is referred to this clinic. We used an elec-
tronic medical record system to conduct a retrospective chart
review of all consecutive children referred to our Pediatric
Hypertension Clinic between 1 August 2005 and 31 August
2011. The patients with the diagnosis of hypertension (ICD
9 code 401.9) were identified through an electronic data-
base of the entire pediatric multispecialty and primary care
ambulatory population, which included children from all of
the clinics, including general pediatric, renal, and cardiology
clinics. A total of 423 consecutive patients with ICD code
401.9 were identified who were further evaluated at the ter-
tiary Pediatric Hypertension Clinic for history of elevated BP
measurements. One child with the diagnosis of hypertension
(ICD code 401.9) at a general pediatric clinic and not evalu-
ated at our Pediatric Hypertension Clinic was excluded.
Children evaluated in the Pediatric Hypertension Clinic
consisted of a (i) referral study population and (ii) a recruited
study population. Patients in the referral study population
were referred to the clinic after detection of elevated BP from
both ambulatory setting at primary care physicians and inpa-
tient setting, including neonatal intensive care unit and the
general pediatric floor. As a policy, most of the clinics in the
university are encouraged to refer their patients with an ele-
vated BP to this clinic. Patients in the recruited study popu-
lation comprised a small proportion of patients in our clinic
and were identified by systematic school-based screening for
hypertension in students aged 11-18 years in Houston-area
public schools. Parents were notified in advance by letter sent
from each school regarding the screening program. Forms
were provided for parents to sign and return if they did not
wish their child to participate. At each screening, 3 seated
BP measurements were made at least 1 minute apart using
oscillometric monitors. Students found to have an average
BP greater than the sex, age, and height percentile-specific
95th percentile per the Fourth Report® underwent a second
set of BP measurements 1-2 weeks later. Students found to
have BP greater the 95th percentile at the second screening
underwent a third set of BP measurements an additional
1-2 weeks later. Students with elevated BP on all 3 occasions
were considered to be hypertensive. Families of hyperten-
sive children were informed of the persistent BP elevation
and invited for a clinic-based evaluation, either to our clinic
or with their primary care physician. Patients in our clinic
recruited by these 2 methods (i.e., school screening and
referral as described above) have been shown to be similar
upon our analysis and reported in a prior publication.?

BP protocol

BP was measured by a standard protocol on all children
as follows in the clinic: Clinic hypertensive status was con-
firmed in all subjects at the first visit to the hypertension
clinic by averaging the last 3 of 4 BP measurements per-
formed by oscillometric method and confirmed by manual
auscultation with a mercury sphygmomanometer by trained
personnel using methodology recommended by the Fourth
Report.’ Hypertension was diagnosed when 3 separate
measurements of systolic and/or diastolic BP >95th percen-
tile for postconceptual age, adjusted for height, age, and sex
per the Fourth Report,” were documented in the medical
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record. All children who were aged >5 years of age, except
those admitted with a hypertensive emergency, underwent
ambulatory BP monitoring (ABPM) using Spacelabs oscil-
lometric monitors (Spacelabs, Redmond, WA). The children,
along with their families, were instructed on avoidance of
caffeinated beverages or supplements; any medications,
herbals, or over-the-counter products; smoking, and alcohol
for 24 hours before and during the ambulatory BP monitor-
ing. While on ambulatory BP monitoring, the BP was auto-
matically measured every 20 minutes for 24 hours. Subjects
with 24-hour systolic BP or diastolic BP greater than the
pediatric 95th percentile or BP load (percentage of BP values
exceeding the 95th percentile for the 24-hour period) greater
than 25% were considered to have ambulatory hyperten-
sion.’® Both BP and BP load were used to define the severity
of ambulatory hypertension. Specifically, more severe ambu-
latory hypertension was defined as mean systolic or diastolic
BP greater than the 95th percentile and BP load greater than
50%. Children with clinic hypertension but a 24-hour sys-
tolic BP and diastolic BP less than the pediatric 95th per-
centile and BP load less than 25% were considered to have
white coat hypertension. Children with clinic hypertension
and a 24-hour systolic BP and diastolic BP less than the pedi-
atric 95th percentile but a BP load greater than 25% were
considered to have ambulatory prehypertension. Children
without clinic hypertension but a 24-hour systolic BP or
diastolic BP greater than the pediatric 95th percentile and
BP load greater than 25% were considered to have masked
hypertension. Children with history of elevated BP before
referral that had normal BP measurements in the hyperten-
sion clinic and a 24-hour systolic BP and diastolic BP less
than the pediatric 95th percentile and BP load less than 25%
were considered to have normotension.

Once hypertension was confirmed, all children underwent
further evaluation for secondary hypertension per recom-
mendations by the Fourth Working Group.? Prematurity was

Total
n= 423

defined as gestational age less than 37 weeks. Criteria for the
diagnosis of essential hypertension were (i) clinic BP elevation
greater the 95th percentile on 3 previous occasions, (ii) posi-
tive 24-hour ambulatory BP monitoring (except in those who
with history of hypertensive emergency requiring admission
or those who were aged <5 years), (iii) absence of secondary
causes of hypertension, and (iv) no concurrent medication
with the potential to raise BP (e.g., steroids, central stimulants).
The diagnosis of secondary hypertension was made by exten-
sive evaluation per recommendations by the Fourth Working
Group,’ including a urinary evaluation, blood tests, renal ultra-
sound, and echocardiogram in all children; renal magnetic
resonance imaging for evaluation for renal artery stenosis in
all those with stage II hypertension or resistant hypertension;
sleep study for those with obesity and/or symptoms, and so on.

Statistical analysis

Data from the medical records were abstracted and tabu-
lated. Continuous variables were compared between groups
using parametric (¢ tests, analysis of variance with post
hoc Tukey) and nonparametric (Mann-Whitney, Kruskal-
Wallis) tests depending on the distribution of the variable.
x> tests were used to compare categorical variables across
groups. Kernel density curves were drawn to graphically
depict the distribution of age of diagnosis of hypertension.
All analyses were performed in STATA version 10 (STATA
Corp, College Station, TX). Statistical significance was
assumed at a type I error rate of 0.05.

RESULTS

A total of 423 consecutive patients were identified who
were evaluated at the tertiary Pediatric Hypertension Clinic
for history of elevated BP measurements (Figure 1). Of

| , | | , 1
. White Coat . . . . .
Normotension Hypertension Prehypertension Hypertension Diagnosis Pending
() 0, () 0
48 (11%) 45 (11%) 44 (10%) 275 (65%) 11 (3%)
Essential
119 (43%)
Secondary
156 (57%)

Figure 1. Children evaluated at the tertiary pediatric hypertension clinic for elevated blood pressure.
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the 423 study-eligible children (Figure 1), 65% were diag-
nosed with hypertension (boys = 62%, girls = 38%; mean
age = 10 years, SD = 5.4 years), of whom 37% had a second-
ary cause for their hypertension (secondary hypertension)
and 28% had no known cause identified (essential hyper-
tension). There were those labeled with diagnosis pend-
ing (3%) who were lost to follow-up from our clinic with
an incomplete evaluation and thus a pending diagnosis for
hypertension at the time of the study. Certain demographic
characteristics of the patients with hypertension (n = 275;
65%) are presented in Table 1.

Among those diagnosed with hypertension, we determined
the proportion of children with essential hypertension to be
43% (boys = 56 %; mean age = 11.7+3.7 years) and the pro-
portion with secondary hypertension to be 57% (boys = 66%;
mean age 8.7+6.1 years). The differences for a number of
parameters between those with essential vs. secondary hyper-
tension were evaluated (Table 1). A higher proportion of black
children had essential hypertension in comparison with non-
Hispanic white children (43% vs. 18%; P = 0.01). Although
essential hypertension was seen at a younger age in black chil-
dren in comparison with the other race groups (Figure 2a),
this difference did not reach statistical significance (P = 0.16).

Based on the medical records, various causative factors
for hypertension were identified for each child and tabulated
based on the age of diagnosis (Tables 2 and 3). The most com-
mon cause in each age group was also tabulated (Table 4). The
race distribution among the children with secondary hyper-
tension was similar to that of children with essential hyperten-
sion (Figure 2b). The age distribution observed for essential
hypertension (Figures 2b and 3) differed from the distribution
for secondary hypertension (Figures 2b and 3), with a bimodal
pattern of age of diagnosis seen in secondary hypertension. The
etiologies for secondary hypertension in each subgroup were
as follows: autoimmune (systemic lupus erythematosus, juve-
nile ankylosing spondylitis, antineutrophil cytoplasmic anti-
bodies-associated vasculitis), cardiovascular (coarctation of
aorta), endocrine (hypothyroidism, hyperthyroidism, adrenal

neuroblastoma), gastrointestinal (gastroschisis), hematological
(sickle cell disease), medication related (steroids, central stim-
ulants, adrenocorticotropic hormone), neurological (atrioven-
tricular malformation, severe intraventricular hemorrhage,
hydrocephalus, brain tumor, neural tube defect, Arnold Chiari
malformation), renal (hydronephrosis, nephrotic syndrome,
glomerulonephritis, nephropathy, renal dysplasia, renal artery
stenosis), respiratory (bronchopulmonary dysplasia, chronic
lung disease), and sleep disordered breathing related (obstruc-
tive sleep apnea, mixed central with obstructive sleep apnea,
narcolepsy). The following syndromes were seen in association
with hypertension: Williams’s syndrome, Turner’s syndrome,
and Leigh’s syndrome.

DISCUSSION

Childhood-onset essential hypertension was diagnosed
in 43% (56% in boys, 44% in girls; 25% in Non-Hispanic
whites, 31% in Hispanics, 36% in blacks, 3% in Asians, and
5% in others) of children in our tertiary ambulatory clinic.
Previous studies have reported the proportion of essential
hypertension in a pediatric ambulatory care setting in the
United States at 16% in the1980s,%> 23% in the 1990s,%® and
48% in 2002.>* A more recent study in 2011 from Brazil
reported that 15% of children in a pediatric ambulatory
referral center had essential hypertension.®! It is important
to note that nearly a quarter of the children (24%) referred
to our clinic (those who were identified as having prehyper-
tension (10%), white coat hypertension (11%), or diagnosis
pending (3%)) have the potential to develop essential hyper-
tension in the future.

In the general pediatric population, the prevalence of
essential hypertension is unknown. However, various screen-
ing studies primarily in adolescents have identified a preva-
lence of any hypertension (essential or secondary) between
3.2% and 13.8%.2>%2 The National Health and Nutrition
Examination Survey 1999-2000 showed a prevalence of ele-
vated BP near 8% among youth aged 12-19 years, but their

Table 1. Clinical data on hypertensive children in a tertiary pediatric hypertension clinic

Clinical data All Essential Secondary P value
No. (%) 275 119 (43) 156 (57)
Age at diagnosis, y, median (range) 11 (0.08-19) 12 (3-17) 9 (0.08-19) 0.0002
Male sex, no. (%) 170 (62) 67 (56) 103 (66) 0.10
Ethnicity, no. (%)

Black 100 (36) 51 (43) 49 (31) 0.12

Non-Hispanic white 70 (25) 22 (18) 48 (31)

Hispanic 85 (31) 39 (33) 46 (29)

Asian 7 (3) 2(2) 5(3)

Others 8 (3) 4 (3) 4 (3)

Unknown 5(2) 1(1) 4 (3)
Family history of hypertension, no. (%)? 209 (79) 108 (94) 101 (68) <0.0001
Prematurity <37 weeks, no. (%) 69 (35) 17 (20) 52 (46) <0.001

aData unknown or missing for 12 patients.
bData unknown or missing for 75 patients.
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Figure 2. Race distribution curves. (a) Children with essential hypertension. (b) Children with secondary hypertension. NHW, non-Hispanic white.

Table 2. Causes of secondary hypertension in a tertiary pediatric hypertension clinic

Causes Total no. (%) Age at diagnosis, y, median (range) Male sex, no. (%)

Autoimmune 3(1) 10.5 (9-17) 2 (67)

Cardiac 4(3) 4.5 (1-11) 3(75)

Endocrine 9 (6) 13 (6-17) 2 (22)

Gastrointestinal 2(1) 0.5 (0.17-0.75) 2 (100)

Hematological 1(1) 8 1(100)

Medications 21 (13) 13 (0.08-18) 16 (76)

Neurological 19 (12) 10 (0.25-18) 14 (74)

Renal 53 (34) 10 (0.08-19) 33 (62)

Respiratory 32 (20) 1(0.01-17) 20 (63)

Sleep disordered breathing 12 (8) 14 (4-17) 10 (83)
definition of hypertension included the prehypertensive clinic. This finding should caution us from labeling teenag-
patients as well.>* A more recent multicenter study in 2006 ers with essential hypertension without further evaluation
found the prevalence of hypertension was 13.8%.32 We deter- for the etiology in the screening studies.
mined that secondary form of hypertension was diagnosed The phenotype of childhood-onset essential hypertension
in 51% of the teenagers in the ambulatory hypertension can present as early as 3 years of age, as demonstrated in our

American Journal of Hypertension 28(1) January 2015 77



Gupta-Malhotra et al.

Table 3. Causes of hypertension in a tertiary pediatric hypertension clinic by age

Preschool, 1-5y, no. (%)

Preteen, 6-12 y, no. (%) Teen 13-19 y, no. (%)

Causes Infancy, <1y, no. (%)
No. of patients 23
Essential 0 (0)
Secondary 23 (100)
Autoimmune 0 (0)
Cardiac 0 (0)
Endocrine 0 (0)
Gastrointestinal 2(9)
Hematological 0 (0)
Medications 2(9)
Neurological 2(9)
Renal 3(13)
Respiratory 14 (60)
Sleep disordered breathing 0(0)

41 99 112
8 (20) 56 (57) 55 (49)
33 (80) 43 (43) 57 (51)
0 (0) 2 (5) 1(2)
3(9) 1(2) 0 (0)
0 (0) 4 (9) 5 (9)
0 (0) 0 (0) 0 (0)
0 (0) 1(2) 0 (0)
3(9) 4(9) 12 (21)
3(9) 7 (16) 7(12)
11 (34) 17 (39) 22 (39)
12 (36) 4 (9) 2(3)

1(3) 3(12) 8 (14)

Table 4. Most common causes of hypertension in a tertiary
pediatric hypertension clinic by age

Age groups Most common etiology of hypertension

Infancy, <1y Respiratory (61%)
Renal (13%)
Medication (9%)
Respiratory (29%)
Renal (27%)
Essential (19%)
Essential (57%)
Renal (27%)
Neurological (7%)
Essential (49%)
Renal (20%)
Medication (11%)

Preschool, 1-5y

Preteen, 6-12y

Teen, 13-19y

study of well-characterized, multiethnic, hypertensive chil-
dren. After age 6 years, essential hypertension was the pre-
dominant etiology for hypertension in children in our patient
population. Similar to other studies among children,**31-3 we
found that the majority were diagnosed with essential hyper-
tension after the age of 13 years (66%). In our tertiary ambula-
tory referral center population, the mean age at presentation
was 11.7+3.7 years, similar to that reported by other studies
from the United States?* (13.3+3.9 years; earliest age at pres-
entation reported as 1.1 years) and Brazil®' (13.07 +5.67 years;
earliest age at presentation reported as 2 years).

Similar to adults with essential hypertension, male sex was
found to predominate in children with essential hyperten-
sion. We found 56% of male children with essential hyper-
tension, which is higher than the 42.43% reported in the
study from Brazil’! Similar to adult-onset essential hyper-
tension,® essential hypertension was highest among black
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children. There was no significant difference between any
of the other races and non-Hispanic whites or between the
other races and blacks but this could be because of a small
sample size and lack of statistical power.

Among the children with essential hypertension, we
found 20% with preterm birth of less than 37 weeks of gesta-
tion. To our knowledge, this has never been reported previ-
ously in the literature. However, there has been a focus on
birth size and fetal origins of hypertension,*-* with higher
BP in adulthood observed in relationship to smaller size at
birth. This emphasizes the importance of determining pre-
maturity among this population.

We found that children with essential hypertension,
in comparison with those with secondary hypertension,
presented at an older age, had a stronger family history of
hypertension, and had a lower prevalence of preterm birth.
Secondary hypertension is the predominant form of hyper-
tension in infants and preschool children. Our patient popu-
lation included children with neonatal hypertension who
have perinatal risk factors (especially in preterm children)
and secondary causes such as renal disease and so on for
their hypertension, which require treatment.* Although
overall (Table 4) renal causes predominated as an etiology
of secondary hypertension, we also had several younger
children (aged <5 years) with predominantly respiratory
causes of hypertension, a finding quite different from previ-
ous reports in children, where renal diseases predominated.
With an increase in preterm birth, the etiology for hyperten-
sion among younger children in our study included those due
to bronchopulmonary dysplasia that probably also included
other perinatal risk factors for hypertension. Furthermore,
we determined a bimodal pattern for diagnosis of secondary
hypertension in children, which could be explained as fol-
lows: the first peak at a younger age due to congenital mal-
formations and perinatal risk factors from prematurity; the
second peak at an older age due to acquired diseases such as
sleep disordered breathing and medications such as central
stimulants for attention deficit disorder.
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Figure 3. Age of diagnosis distribution curve of children with essential hypertension in comparison with those with secondary hypertension.

The limitations of this study included those of a retrospec-
tive, observational study design. Certain stratified analyses
performed for this study were also limited in power by the
small sample size in the stratified groups. Because our study
involved retrospective chart review, we were not able to con-
duct a detailed study of the hypertensive patients and hence
did not report their anthropometric, clinical, and BP char-
acteristics or the contributors to the disease, the comorbid
conditions, or the management of the disease. Although we
had both referred and screened children in our hyperten-
sion clinic, our tertiary ambulatory clinic population ascer-
tained from an electronic database is not representative of a
general pediatric population, making prevalence estimates
for such a population virtually impossible from our data.
Unfortunately, unlike adults, in pediatrics the diagnosis code
for essential hypertension is seldom used, and hence we do
not have access to this data from national databases to deter-
mine the prevalence of essential hypertension in childhood.
Furthermore, because our clinic is a referral clinic, the data
may be subject to classification bias, although we evaluated
the details from all investigations in each child to confirm
the etiology of hypertension. Hypertension is a missed diag-
nosis in many instances; thus the children with hypertension
from cardiac, renal, rheumatologic or other subspecialty
clinic may be underrepresented in our patient population
because they may have not have been labeled with hyperten-
sion and/or referred to the tertiary hypertension care clinic
for their hypertension.

The phenotype of childhood-onset essential hyperten-
sion can present as early as 3 years of age, involving 43%
of the ambulatory pediatric hypertension clinic patients,
with preponderance in male sex and black ethnicity. After
6 years of age, essential hypertension is the predominant
etiology for hypertension in children. Children with essen-
tial hypertension, in comparison with those with secondary
hypertension, present at an older age, have a stronger fam-
ily history of hypertension, and have lower prevalence of
preterm birth.
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