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Summary
Hypertension is an important accelerator of the
atherosclerotic process. Detection in childhood may
be important although longitudinal data are lacking of
the prognosis of blood pressure measurement in child-
hood through adult life. The blood pressure of children
should be measured.

In populations where salt intake is high, values for
blood pressure increase with age. Populations who
eat small quantities of salt are relatively free from
hypertension. There is an epidemiological argument
for limiting salt intake in children.

There are few data to indicate the level of blood
pressure in children which should be treated. Children's
blood pressures are labile and elevated levels are sus-
tained only in a small minority. In these secondary
causes, advice should be sought. In subjects with
extreme persistent hypertension drug therapy should
be considered; in subjects with values of blood pres-
sure not so extremely raised surveillance should be
maintained to prevent the development of sustained
hypertension.

Introduction
The high frequency of hypertension in adults, its

predictive and causative relationship to stroke,
coronary heart disease and renal disease, and the
improvement in morbidity and mortality affected
by drug therapy for hypertension documented by
the Veterans Administration Study Group (1970),
has resulted in a consideration of the significance of
blood pressure measurement in children by a Task
Force on Blood Pressure Control in Children
(1977).

In early childhood, blood-pressure levels are much
lower than those that are predictive of future disease
in adults. Few children whose blood pressures were

measured in early childhood have been followed
longitudinally to late adult life to see the relationship
of early childhood blood pressure levels to the adult
onset of coronary heart disease or stroke. There is
also no information that relates to the efficacy of

lowering children's blood pressure levels. Thus, the
predictive significance of children's blood pressure
measurements at present must be extrapolated from
information that is less direct.
Some features that relate to children's blood

pressure levels will now be reviewed. Also, a clinical
strategy will be presented that may be used by
physicians when dealing with individual children.

Measurement of blood pressure
Blood pressure can be measured with relative ease

in children over 3 years of age and should be re-
corded as part of a routine physical examination.
The child may be in a seated or recumbent position
depending on the normal reference tables to be used.
The blood pressure should be measured by means
of a blood pressure cuff whose bladder width covers
at least two-thirds of the upper arm and is suffi-
ciently long to encompass most of the circumference
of the arm without overlapping, as suggested by
Kirkendall et al. (1967). The first, fourth and fifth
Korotkoff sounds should be recorded. In children,
frequently the Korotkoff sounds can be heard when
the pressure in the cuff is completely deflated. For
this reason, the fourth Korotkoff sound is suggested
as a better index of diastolic pressure in children.
The relationship of the Korotkoff vascular sounds to
intravascular pressures has been studied by Moss
and Adams (1968) and Holland and Humerfelt
(1964). There is a high correlation between systolic
pressures and a lower relationship with diastolic
pressures. Despite their less-than-perfect relation-
ships, pressures measured by the usual clinical
techniques have wide application and in adults
have predictive value for future coronary heart
disease, stroke and renal disease.

Systolic blood pressure can be accurately measured
in infants with a Doppler device. Hernandez, Gold-
ring and Hartman (1970) have shown good corre-
lation between pressures obtained intra-arterially and
those recorded by the Doppler method. Hernandez,
Meyer and Goldring (1975) have indicated that this
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FIG. 1. Selected centiles of seated blood pressures in (a) boys and (b) girls obtained from pooled data obtained in 11 614
children aged 2 to 18 years from Miami (Florida), Muscatine (Iowa) and Rochester (Minnesota). (From the Report of the
Task Force on Blood Pressure Control in Children (1977) reproduced by kind permission of the editor of Pediatrics). As
with height and weight centile charts, these charts are not meant to be used for single diagnostic evaluations, but as a con-
venient way to chart blood pressures in a single child over time.

is a reproducible and reliable method of blood-
pressure measurement in infants. This instrument,
because of its ease of use, should be available where
infants and young children require careful obser-
vation such as operating rooms, recovery rooms,

newborn nurseries, and intensive care areas.

Normal values of blood pressure
Normal values of seated blood pressure in relation

to age and sex have been established in children in
Rochester (Minnesota), Miami (Florida) and Musca-
tine (Iowa) and are shown in the report of the Task
Force on Blood Pressure Control in Children
(1977). Seated blood pressures of children in
Muscatine (Iowa) have also been described by Lauer
et al. (1975) and in Bogalusa (Louisiana) by Voors
et al. (1976). Londe and Goldring (1968) have
established normal supine values for children 3-15
years of age. All these cross-sectional surveys have
shown a continuous rise in blood pressure with age
from eally school age with an acceleration of this
rise during the adolescent years. Fig. 1 shows seated
blood pressure centiles obtained from children

ages 2-17 years. It was suggested by the Task Force
on Blood Pressure Control in Children (1977) that
all children older than 3 years of age should have
their blood pressures measured and plotted on such
grids as part of their normal continuing health
care.

Need for repeated blood pressure measurements
Serial determinations of blood pressure are neces-

sary in order to document persistent elevations of
blood pressure. After screening over 300 high
school students, Kilcoyne, Richter and Alsup
(1974) found that the overall prevalence of systolic
hypertension (>140 mmHg) fell from 5-4 to 1 2%
and diastolic hypertension (>90 mmHg) fell from
7-8 to 2-4% on repeat screening. In Muscatine
(Iowa), Rames et al. (1977), after screening 6600
predominantly white school children, identified
13% of this population as having systolic and/or
diastolic blood pressures > the 95th centile or
>140/90 mmHg. After repeated examinations of
these subjects, less than 1% maintained pressures at
these levels. Fixed hypertension in the school-age
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population is thus not a common finding, and the
need for taking several blood pressure readings over

a period of time before considering a child to have an
elevated blood pressure is most important.

Tracking of blood pressure

An important epidemiological consideration is
whether or not blood pressures taken in childhood
are predictive of blood pressure levels in adulthood.
If this were so then future hypertensives could be
identified in childhood.

In the Evans County (Georgia) study by Heyden
et al. (1969), 11¼ of 435 adolescents were found to
be hypertensive (> 140 mmHg systolic and/or
>90 mmHg diastolic) in 1961. Seven years later,
thirty of this group were re-evaluated. Sustained
hypertension developed in five, and six had sustained
hypertension with vascular complications. Two of
the black females in this group died from cerebral
haemorrhage, both verified at post-mortem.

Zinner et al. (1974) followed 609 children 6-18
years of age over a 4-year period. Of eighty-eight
children with initial systolic pressures greater than
1 standard deviation unit above the mean, 65¼ had
positive scores at follow-up and 70¼o of children
with initial systolic scores less than 1 standard
deviation unit below the mean had negative scores
at follow-up. These data suggest that stratification
of blood pressure within peer groups begins and is
detectable in childhood.
Buck (1973) followed children from ages 5 to 12

years and found those whose systolic and diastolic
blood pressures were greater than the 90th centile
at the age of 5 years showed a statistically significant
elevation of both systolic and diastolic pressures at
12 years of age when compared to age-matched
controls.
Over a 5-year period in Muscatine (Iowa), 1953

children have had their blood pressures measured
on three occasions. The overall correlation coefficient
for systolic blood pressure from the first to the
second reading was 0'36 and from the first to the
third reading, 0-36. The correlation coefficient for
diastolic blood pressure from the first to the second
reading was 0-17 and from the first to the third
reading was 0-21. These observations by Clarke et al.
(1976) show that although there is a relationship
between the blood pressures obtained in early child-
hood and those obtained 5 years later, there is
marked variability in blood pressure such that it is
difficult to predict who will be a future hypertensive.
They indicate the need for repeated measurements of
children's blood pressures to establish those that
have consistent elevations of blood pressure.

In the Thousand Aviator study of Oberman et al.
(1967), young men with an entry mean age of 24
years were followed-up for 24 years. Of those men

whose systolic blood pressure was in the upper
quintile at the age of 24 years, 40%¼ remained at that
level over the ensuing 24 years. Thus, in young
adults, prediction of future blood pressures may be
better than in childhood.

Familial aggregation of blood pressure
Observations have shown that hypertension may

occur in several members of a family. Ayman
(1972) reported elevated blood pressure in 28% of
children in families with one hypertensive parent
and 41% of children with two hypertensive parents
as well as in 65% of adult siblings of hypertensive
patients. Miall et al. (1962, 1967) showed that there
is a familial resemblance of blood pressure in adults
and their first degree relatives. In a study of 350
siblings of 178 patients with severe hypertension,
Platt (1963) found a greater incidence ofhypertension
in the siblings as compared to the general population.
Johnson, Epstein and Kjelsberg (1965) in a study of
children in Tecumseh (Michigan), found distinct
resemblances in the values between parent's and
children's blood pressures over the entire distribution
of blood pressure. The correlation coefficient be-
tween parents and chldren, although significant,
was of a low order. Between siblings they found a
similar low correlation.

Zinner, Levy and Kass (1971) found a clustering
of blood pressures of children 2-14 years of age
with the blood pressures of their siblings and of their
mothers. The correlation coefficients for systolic
blood pressure of sib-sib and mother-child were
0-34 and 0-16 respectively. The clustering effect was
measurable at all levels of blood pressure. In the
Evans County Prevalence study by Heyden et al.
(1969) similarities for first degree relatives, as
measured by correlation coefficients, are of the same
order of magnitude in blacks and whites and of the
same order of magnitude as reported in other
populations. A similar degree of familial aggre-
gation between a child and his siblings and parents
was shown to exist as early as 2 months of age by
Klein et al. (1975).
The degree of these relationships suggest that

blood pressure is affected by environmental or
genetic factors but the low order of relationship is
not strong enough to allow the identification of
hypertensive families by the examination of one
family member.

Electrolytes and hypertension
Epidemiological studies in Polynesia, Micronesia,

Africa and South America by Oliver, Cohen and
Neel (1975), Kohlstaedt et al. (1958), Dahl and Love
(1954, 1957), and Truswell et al. (1973) have suggested
that populations who eat small quantities of salt
are relatively free of hypertension. Analysis of the
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diets among such groups by Dahl (1958) showed a
daily intake of not more than 5 g of salt with some
eating less than 1 g.

In South American Indians who excrete <2 mg
of sodium over 24 hr, none had a systolic pressure
greater than 120 mmHg as found by Oliver et al.
(1975) while in the Northern Japanese farmers who
excrete > 10 g of sodium/24 hr, 84%0 had systolic
pressures > 140 mmHg as reported by Tahahosi,
Sashi and Takeda (1957). In their salt-feeding
experiments in rats, Meneely and Dahl (1961) found
there was an 8-month difference between median
duration of survival in the high salt rats and the
controls. If one were to translate this figure to man,
this would be equivalent to a difference in the median
duration of life of about 24 years. When potassium
chloride was added to the diet there were no changes
in the hypertensigenic action of the extra sodium
chloride but there was an improvement in survival.
The median duration of life was increased by 7
months and yet throughout life the blood pressure
persisted at intermediate levels, just as in animals
who received no extra potassium chloride. Thus,
there is an indication that, among animals and
humans consuming large amounts of salt, hyper-
tension is common.
Lauer et al. (1976) studied the salt preferences and

taste threshold for salt in children, 33 whose mean
blood pressures were < the 5th centile, 33 whose
pressures were between the 47-5 and 52-5 centiles,
and 33 whose pressures were > the 95th centile.
There were no significant differences in preference
and threshold between the three groups. These data
suggest that if salt intake is a determining factor in
the level of children's blood pressures, it is not
related to their preference or ability to taste salt.
The question of whether children with higher pres-
sures consume more salt for reasons unrelated to
preference or threshold, is as yet unsettled.

Interestingly, Oliver et al. (1975) found that in the
adolescent years, some populations who consume
a low salt diet fail to show a further rise in pressures
while populations with salt freely available show
increasing pressures with age. Populations who
move from a low salt environment to a high salt
environment show an increase of blood pressure with
age similar to those populations who have always
lived with easy access to salt. These observations
suggest that the chronic intake of salt in amounts
well in excess of requirements may play a primary
role in the pathogensis of hypertension in man. Since
salt appetite is unrelated to salt requirements and
is perhaps a learnt phenomenon, one wonders if
salt should be restricted from infancy in an effort to
decrease the incidence of hypertension inyoung adult-
hood. It may be easier to restrict salt intake in the
young rather than reverse salt appetite at a later age.

A working definition of hypertension
Because blood pressure levels in childhood have

not been studied for their predictive value in adult
life, hypertension is most difficult to define. In child-
hood, systolic or diastolic blood pressures greater
than the 95th centile on three or more occasions
several months apart have been suggested by the
Task Force on Blood Pressure Control in Children
(1977) as a definition for clinical action. If the blood
pressure continues to remain elevated to these levels,
the patient should be evaluated to exclude secondary
causes of hypertension. In a study of school children
at Muscatine (Iowa), Rames et al. (1978) noted that
the causes of secondary hypertension frequently
could be detected early in a screening process. Initial
examinations of these children revealed obesity,
urinary symptoms, use of oral contraceptives, and
coarctation of the aorta. Only 0 6%. had secondary
hypertension; 0-3%. were obese with hypertension
and 0 2%. were lean with no identifiable causes for
hypertension.

Treatment
There are few data which allow judgment about

the level of blood pressure that should be treated in
children. It is clear that children's blood pressures
are extremely labile and elevated pressures will not
be persistent in the majority of cases. Only patients
with elevated blood pressures documented by
multiple observations over a period of time should
be considered for therapy and then only after causes
for secondary hypertension have been eliminated.
For subjects withunexplained hypertension, factors

that should be influenced by changes in life style
include salt intake, obesity and cigarette smoking.
Although there is suggestive evidence that excess
sodium intake may play a primary role in the
genesis of hypertension, available evidence does not
warrant general recommendations regarding dietary
habits in the population at large. However, individ-
uals with persistent hypertension might benefit by
salt restriction to less than 5 g/day.
Drug therapy itself is not without potential hazards.

While serious adverse pharmacological effects have
not been described at present, there has never been
an adequate evaluation of children receiving anti-
hypertensive agents for prolonged periods.
The Task Force on Blood Pressure Control in

Children (1977) has recommended that only subjects
with extreme persistent hypertension (diastolic
pressures > 90 mmHg between 3 and 12 years of age
or >110 mmHg for children over 12 years of age)
should be considered for drug therapy after thorough
examination. Subjects with blood pressures less than
these levels but with values persistently greater than
the 95th centile for age should be maintained under
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surveillance because of the concern that they may
develop higher blood pressures as they mature.
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