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CHAPTER I
INTRODUCTION

Estimateé of hypertension in adults cluster around
23 million affected people. Once diastolic hypertension
(greater than 90 mm Hg) has appeared, the average duration
of life is about 20 years (Wolf, 1973). Therefore, it is
desirable that blood pressure readings in excess of normal
be recognized as early as possible in order that treatment
may be instituted.

More literature is available on hypertension in
adolescents than on blood pressure distribution in
adolescents. However, in order to identify hypertension
in adolescents,‘normotension needs to be defined. To date
there is a lack of research, and, therefore, a lack of
agreement on normal systolic and/or normal diastolic blood
pressure readings in this age group.

There is a need for a replicable random study in
various geographical areas by various researchers to
define normotension in adolescents. These studies will
have to account for the age, sex, and race of the adolescents

involved as well as the apparent health status.
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Statement of Problem

The problem of this study was to define blood

pressure distribution in a sample population of adolescents.

Purpose
The purpose of this study was to determine the mean
distribution of blood pressures in adolescents by (1) age,

(2) race, and (3) sex.

Background and Significance

Hypertension affects between 10 end 20 percent of the
adult population (Swartz & Leitch, 1975). The incidence
of hypertension in adolescents is reported as low as 0.9
percent and as high as 36 percent. (Kilcoyne, 1975). Such
wide variations of reporting are due to several factors
such as size of population, geography, and discrepancies
between age, sex, race, and measure of presence of obesity.
Perhaps the major reason for such wide variations is the
fact that generally accepted blood pressure norms have not
been established for adolescents. Some authorities state
that normal adult levels of blood pressure are reached
around the time of puberty (Haggerty, Maroney & Nadas,
1956; Barness, 1972; Ziai, 1969). Chinn stated that there
is a "significant gain in svstolic pressure with the onset

of puberty" (1974, p. 18l) and quoted the Haggerty et al.,
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table of normal pressures. Wolf (1973) stated that the
average blood pressures of adolescents are 114 mm Hg
systolic and 70 mm Hg diasﬁolic in females, and 116 mm Hg
systolic and 72 mm Hg diastolic in males. No age is given
for these averages. Other authors stated that blood pressure
increases from infancy through adolescence (Kilcoyne, 1975;
Marlow, 1973; Vaughan & McKay, 1975).

Hypertension is found in adolescents more freguently
than previously assumed (Bennet, 1974). Since hypertension
in adolescents usually is not symptomatic (Swartz & Leitch,
1975), the need for having the child's and the adolescent's
blood pressure measured becomes apparent (Kotchen et al.,
1974). Health professionals must agree c¢n the normal range
of blood pressure in order to determine whether a disease-
state exists. If, in fact, the blood pressure does increase
through adolescence, rather than reach adult levels around
puberty, then defining hypertension as 140 mm Hg systolic
and 90 mm Hg diastoclic (Heyden et al., 1969; Kilcoyne,
Richter & Alsup, 1974; Londe, Boirgorgnie & Robson, 1971;
Wolfe, 1973) is too high and would miss many adolescents. If
adolescents do attain adult levels of blood pressure around
the time of puberty, then the definition of 140 mm Hg
systolic and 90 mm Hg diastolic would reflect accurately

hypertensive levels. Haggerty et al., (1956) alluded to the
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fact that a persistent blood pressure of 130 mm Hg systolic,
and 90 diastolic is the upper range of normal. Several
authors defined hypertension simply as diastolic greater
than or equal to 90 mm Hg without regard to age group
(Bennett 1974; Korobkin, Perloff & Palubinskcas, 1976).
Two studies defined hypertension in adolescents as above the
90 and 95 percentile of average blood pressure réading for
age (Lone, Boirgorgnie & Robson, 1971; Vaughan & McKay,
1975). BHow these authors determined blood pressure
percentile for age is not clear.

While about 90 percent of adult hypertension is
considered to be essential, children and adolescents often
do have a recognizable underlyiﬁg cause. Most commonly
these causes will be diseases of renal, neurclogical,
cardiovascular, or endocrine origin (Haygerty et al., 1956;
Vaughan & McKay, 1975; Ziai, 1969). However, lLoggie et al.,
(1975) found abnormalities in only 5 of 74 hypertensive
children. Surprisingly, Loyggie's study showed that 30 to
35 percent of hypertensive children and adolescents become
normotensive in adulthood even without medical intervention.
For those who do remain hypertensive, the risks of
congestive heart failure, renal failuré,‘malignant hyper-
tension, stroke, and myocardial infarct are greatly

increased (Wolfe, 1973).
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This study was done to investigate the distribution
of blood pressures by age, race, sex, and presence or
absence of obesity as determined by skin--fold thickness
over the triceps muscle. It is anticipated that this study
will augment the research which has been conducted in this

darea.

Definition of Terms
For the purpose of this study, the following
definitions are given.

1. Adolescents--subjects; male and female, from

age 15 through 17 years.

2. Adolescent hypertension--blood pressure

reading of systolic greater than or equal to 140 mm Hg and/or
diastolic greater than or equal to 90 mm Hg (Heyden et al.,

1969; Kilcoyne et al., 1976, Liberman et al., 1974).

3. Essential hypertension--hypertension with

no recognizable underlying cause.

4. Malignant hypertension--hypertension which

quickly worsens and may end in death.

5. Obesity--excessive fat content of the body.
This is determined by the measurement with calipers of
the skin-fold thickness over the triceps muscle which is

then compared to Rowland's table (1970) (see table 1).
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TABLE 1

THE CUTOFF POINT FOR OBESITY BY AGE

Triceps Skinfold Thickness
Initial Level of Obesity
Age (Years) Male (mm) Female (mm)

14 ‘ ,, 17 23

15 16 24

16 15 25

17 14 26

18 15 27

19 15 27

Source: Rowland, 1970, p. 184.

6. Korotkoff sounds--those five phases of sounds

which come audible over the brachial artery during blood
pressure measurement:

Phase I: That period marked by the first
appearance of faint, clear tapping sounds which
gradually increase in intensity.

Phase II: The period during which a murmur
or swishing quality is heard.

Phase III: The period during which sounds are
crisper and increase in intensity.

Phase IV: The period marked by the distinct,
abrupt muffling of sound so that a soft, blowing
quality is heard.

Phase V: The point at which sounds disappear
(Kirkendall et al., 1967, p. 13).
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7. Systolic blood pressure--the reading of the

blood pressure at the time that the first sound is heard
or the first Kortokoff sound.

8. Diastolic blood pressure--the reading of the

blood pressure at the time that the last sound is heard or

the fifth Korotkoff sound.

Limitations

This study was limited by the following
1. The adolescents came from one urban population
group.

2. The racial distribution of population in this

particular geographical area was primarily white and black.

Delimitations

The delimitations for this study included

1. All subiects having a history of renal,
cardiovascular, neurologic, or endocrine disease were
eliminated from the study as these diseases commonly are
the cause of hypertension in the child and adolescent age
groups (Ziai, 1969).

2. Only those subjects 15 through 17 years of

age were included.
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Assumptions

For the purpose of this paper the following
assumptions were made:

1. Hypertension occurs in adolescents,

2. Somehypertension in adults has its origin in

childhood and adolescence,

Sunmary

Hypertension is a serious probiem whose roots may
reach back into adolescence and childhood. The variables
of normotension through these years of growth and development
are poorly defined. Strict delineation cf blood pressure
in young people studied by age, race, and sex is of
significance if these factors do cause it to vary from the

adult norm.



CHAPTER II
REVIEW OF LITERATURE

"The systemic arterial pressure is the driving
pressure of the capillary circulation through the body"
(Dollery, 1971, p. 9). ’ﬁlood pressure is defined more
precisely by Guyton as:*

the force exerted by the blood against any unit

of the vessel wall. When one says that the

pressure in a vessel is 50 mm Hg, this means that

the force exerted would be sufficient to push a

standard column of mercury up to a level of

50 mm (1971, p. 209).
There are a great number of variables which affect the blood
pressure from the purely physical standpoint, such as the
caliber of the blood vessel or the distance of the blood
vessel from the prime pump, to the psychological and
emotional state of the individual (Guyton,1971).

If only one measurement of each subject's blood
pressure is made, the examiner will have very little
idea of its precision. 1In mény population studies the
variance of single readings of blood pressure have been
attributed entirely to differences between individuals,
without consideration of the possibility that an important
component might arise from variability within individual

subjects (Armitage & Rose, 1966). Figure 1 from the work

9
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of Armitage and Rose (1966), gives a general picture of the
scatter of casual blood pressures in individuals. The mean
pressures for all subjects were 111.5 mm (systolic), 65.4
mm (diastolic, phase 4), and 62.3 mm (diastolic, phase 5)
(Armitage and Rose, 1966).
Smirk (1¢273) discussed factors which elevate blood
pressure above the basal ievel, such as "physical, emotional,
and metabolic stimuli. . . . Many of these are environmental
but emotional stimuli may also be endogenous" (pp. 18-19).
In a large study done by the Department of Health,
Education, and Welfare on the blood pressure of adults by
age and sex, a sample of 7,710 people had a series of three
blood pressures taken in a uniform manner with an attempt
to achieve a fairly basal level. This study:
. . . shows a tendency for systolic blood
pressure to rise with age over the age range of
18-79 years,; while diastolic blood pressures rise
until age 45-54 years for men and age 55-64 for
women, after which they decline. At younger ages
blood pressures are higher for men than for
women; at older ages this is reversed (U.S.
National Center, 1964, p. 6).

These findings are illustrated by table 2 and figure 2.

Since it is imperative that the blood pressure be
measured as accurately as possible and with reasonable ease
for both the subject and the examiner, an indirect method

of taking blood pressure using the sphygmomanometer is the

more prectical.



TABLE 2

MEAN BLOOD PRESSURE IN ADULTS, BY AGE AND SEX:

UNITED STATES, 1960-1962
Systolic ‘Diastolic
Both Both
Age Sexes Men Women Sexes ! Men Women
Mean blood pressure in mm hg

All ages--18-79 years 130.9 132.1 129.9 78.7 79.4 78.1
18-24 years 116.4 121.7 111.8 70.4 71.6 69.4
25-34 years 119.9 124.7 115.6 74.6 76.4 72.9
35-44 years 125.6 128.6 122.8 79.3 80.7 78.0
45-54 years 133.8 133.8 133.8 82.6 83.2 82.0
55-64 years 143.6 140.3 146.6 84.0 83.1 84.9
65-74 years 154.8 148.0 160.2 82.5 81.0 83.7

155.5 154.3 156.6 79.4 79.4 79.3

75-79 years

Source: U.S. National Center, 1964, p. 6.

¢t
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Fig. 2. Blood pressure in adults, by age and
sex: United States.

Source: U.S. National Center, 1964, p. 6.

Factors that contribute to inaccurate blood
pressure readings include defective apparatus,
faulty technique, clinician error, and failure to
consider the client in total perspective (Lancour,
1976, p. 773).
In a study done by LaBarthe, Hawkins, and Reminton,
several indirect reading devices were evaluated on the

basis of ". . . suitability in clinical screening, effective-

ness in continuous blood pressure monitoring, and the -
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measurement capability in extreme clinical states such as
shock" (1973, p. 552). This evaluation suggested that the
test instruments were reliable over periods of continuous
use. There had to be close agreement between measurements,
and there had to be close approximations to the readings
with the standard mercury sphygmomanometer. The study
concluded that none of the other instruments tested were
an adequate replacement for the mercury shygmomanometer
(LaBarthe et al., 1973). Corns (1976), in her discussion on
maintenance of blood pressure eguipment, validated the
aneroid manometer as being as accurate as the mercury
manometer subject to appropriate calibration and servicing.
Moss (1968) noted that improper technique is a

cause of error in measurement of blood pressure. A cuff
of appropriate width is necessary. He recommended that
the subject be either recumbent or in a sitting position
with the arm in a relaxed position at the level of the
fourth intercostal space. Cuff selection is particularly
important:

The cuff should be made of a nondistensible

material, so that as far as possible an even

pressure is exerted throughout the cuff . . . .

A recently devised cuff is held in place simply

by mating surfaces of a special interlocking
fabric (American, 1967, p. 10).



15
The bladder of the cuff must encircle the arm. If the
bladder does not completely encircle the arm, a bias may
be introduced which could influence the outcome of a
study. The width of the bladder must be 20 percent greater
than the diameter of the upper arm (Voors, 1973). Others
stated that the width of the bladder of the cuff must
cover approximately two-thirds of the length of the upper
arm (Marlow,l§73; Silver et al;,l969). Alexander and Brown
(1974) stated that the bladder of the cuff must not exceed
two-thirds or be less than one-half the length of the
upper arm.

The American Heart Association stated that, "the
stethoscope should be of a standard variety and in good
condition”" (1967, p. 11). Also, "the stethoscope should
not touch clothing or the pressure cuff" (1567, p. 13).

Moss (1968) offered several explanations for the
induced vascular sounds in auscultatory syphgmomanometry.
He suggested that these include sudden vessel wall
expansion, the "water hammer phenomenon," the "preanacrotic
phenomenon," the Bernoulli effect and blood flow turbulence
(p. 60). He explained this further in discussing some of
the earlier research.

In 1905, Karotkoff postulated that as the pressure

in the cuff is reduced;'the pulsations force apart the
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relaxed wall of the collapsed distal artery. The sudden
abrupt stretching of the arterial wall is believed to
cause the sound. 1In 1916, Erlanger proposed the water
hammar hypothesis. Vessel wall vibration produces the
sound because of the impact of a large volume of blood
proximal to the cuff with the sluggish blood column distal
to the cuff. 1In 1920, Erlanger suggested that the
preanacrotic waves exert sudden shocks on the vascular
wall and produce the sounds. A negative pressure wave
appears with decompression of the blood vessel just before
the anacrotic limb of the arterial pulse.

The Bernoulli effect hypothesis suggested that the
vessel collapses intermittently and produces intermittent
vascular wall vibration. In 1956, Lange and associates
postulated that rapid changes in vessel diameter cause
changes in vélocity profile and a turbulent flow pattern
is produced (Moss,1968).

The American Heart Association (1967) (Moss, 1968;
Smirk, 1973), and the cited authors who discussed blood
pressure technique recognized certain well defined sounds
called Karotkoff sounds. Karotkoff recommended that the
onset of the first sound phase be accepted as the index of

systolic pressure and that the end of the fifth phase, the
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complete disappearance of vascular sound, be considered
the index of diastolic pressure. There is general agreement
on the first point but the second point is controversial.

In 1915, a committee functioning under the auspices
of the American Heart Association decided that the
disappearance of sound is a better index of diastolic
pressure. The lével of muffling of sound shoﬁld be accepted
only when the vascular sounds persist to zero. These
recommendations were roundly criticized even as "a major
setback to medical science" (Moss, 1968, p. 60). The
recommendations of the American Heart Association indicated
that blood pressures are based mainly upon observations
reported by Stele in 1942. This investigation was somewhét
limited in that measurements were compared in 41 adults
but could be evaluated in only 25. Subjects ranged in age
from 22 to 86 years and were not screened for hypertension,
arteriosclerosis, or other cardiovascular disease. It is
thought that muffling is a little more accurate than
cessation of sound, but the estimation of diastolic pressure
in children based on either sound is not extremely reliable
(Moss, 1968) .

The American Heart Association (1967) recommended
the following technique for taking blood pressure. The

blood pressure is recorded in both arms after the patient
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has been in a quiet room at a comfortable temperature and
he has had no exertion, no exposure to cold, no eating,
and no smoking for one-half hour before the measurement
and there is no postural change for five minutes before the
recording. The deflated cuff is applied with the lower
margin 25 mm above the antecubital space. The bladder
of the cuff is located over the inner aspect of the arm.
The stethoscope is then applied tc the antecubital space
over the previously palpated brachial artery. The
diaphragm of the stethoscope is applied firmly but with
minimal pressure and with no space between the skin and the
diaphragm.

When the stethoscope is in place, the sphygmomano-
meter pressure is raised about 30 mm of Hg above the point
at which the radial pulse disappears. The pressure is
then released at a rafe of 2 or 3 mm of Hg per second.

The pressures are read as the various pertinent Karotkoff
sounds become audible. The standard positioning of the
forearm at the horizontal levei of the fourth intercostal
space at the sternum is recommended for blood pressure
measurement in the sitting and upright position because
random vertical arm displacement causes a consistent increase

in the blood pressure as the arm is lowered (American Heart

Association, 1967) .
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The systolic pressure is measured by the point at
which the initial tapping sound is heard for at least two
consecutive beats (Phase I). The fourth phase is
presently regarded as the best index of diastolic presgsure
and this occurs at the onset of the muffling of sound. The
fifth phase occurs when the sounds become inaudible. In
the event of a difference between the readings of the
fourth and fifth phases, both should be recorded (American
Heart Association, 1967).

In defining hypertension Guyton stated:

Hyéertension is high arterial pressure. This
subject is extremely important because about

12 percent of all persons die as a direct result
of hypertension and about 20 percent of all
people can expect to have high blood pressure at
some time during their lives (1971, p. 304).

It is imperative that the hypertensive individual
be located as early as possible in order that treatment may
be started to avoid the predicted morbidity and mortality
of the natural history of hypertensive disease (Guyton,
1971) . |

In a Task Force II report, presented by the National
High Blood Pressure Education Program (1973), it was noted
that only about half of the pecple in this country who have

high blood pressure are ever found and only half of these

are treated and only half of the treated are treated
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adequately. The report also noted that people under 45
years are much less apt to be treated in spite of the
serious morbidity in that age group. The study outlined
and identified some of the reasons that so few people
receive adequate care. These are (1) blood pressure
examinations are not routine, particularly in the young
patient; (2) blood pressure may be taken, but it is not
recognized as being an abnormal blood pressure; (3) the
patient is not informed of an elevated blood pressure;
(4) patient denial; and (5) a failure to examine certain
population groups--young people and high risk black males
(National High Blood Pressure, 1973).

For a long time controversy has existed about
treating hypertension partially because of the lack of
controlled studies. Some have felt that reduction of
elevated blood pressure might even be harmful because of
reduced cerebral and coronary flow and because of drug
side effects (National High Blood Pressure, 1973).

In four screening surveys of adults aged 18 to 79
years, involving approximately 110,000 people using
essentially the same measuring techniques, the systolic
blood pressure increased with age, but for most of the
age span, the rate of increase was greater with increasing

age (see figures 3 and 4). With diastolic blood pressure,
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the rate of increase was less with increasing age. After
ages 64 for men and 74 for wonen, the diastolic blood
pressure decreased. It is possible that these surveyé
underestimate the tendency of bldod pressure to increase
as the hypertensive patient survives to an older age

(Uu.s. National Center, 1964).
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When all renal, endocrine, and central nervous
system disorders are eliminated there are a great number
of people left who still have high blood pressure. Their
disease is called essential hypertension (Peart,6 1975).

Peart (1975) stated that while hypertension with
no recognizable cause is often callied essential or
idiopathic hypertension, there are genetic factors which
contribute to the disease and, contributing to an even
greater extent, are the envirormental factors. Separated
twins have developed severe and malignant hypertension at
the same age.

The familial tendencies have been demonstrated by
Mendlowitz (1973) when he established that if two parents
have essential hypertension two out of three of their
children will develop it. If one parent has the disease,
one out of three of the children will have it.

Hennekins et al., (1976) found a significant corre-
lation of blood pressufe levels among siblings over the age
of 15 years and have extended the study to include children
age 2 to 14 years where they again found aggregations of
similar blood pressure levels. Their findings indicated
that there may well be genetic determinants to the

tendency toward sibling aggregation of blood pressure and,

therefore, hypertension.
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Characteristics of blood pressure in the adolescent
age group have been reported. These include a higher blood
pressure in adults, in the black race, in males (particularly
systole), in the okese, and in an inner-city school in one
study (de Castro et al., 1976). Lower blood pressures tend
to occur in children and adolescents, in the white race,
in females, in athletes and the nonobese, and in those
children enrolled in a private school (de Castro, 1976;
Kilcoyne, 1975; Voors, 1975). However, it must always be
borne in mind that individual children differ from each
other (Marlow, 1973).

The various authors who do give tables with
normotensive ranges for adolescents are not entirely in
agreement. Wasserman and Slobody (1974) and Marlow (1974)
(see table 3) each use tables beginning at birth.

Wasserman and Slobody (1974) group the 10-15-year-olds and
end with the "over 15 years" subjects (see table 3).

Marlow's (1974) table studied only adolescent male
children and only in four-year increments (see table 4).
Silver, Kempe, and Bruyn (1969) presented a table which
includes a range of readings. This table is given in yearly
increments up to and including 16 years of age at which point
the blood pressure approaches standard adult readings (see

table 5).
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TABLE 3

HEART AND RESPIRATORY RATES AND BLOOD

PRESSURE IN NORMAL CHILDREN

Respiratory
Heart Rate, Rate, Systolic Blood
Age per Minute per Minute Pressure, mm Hg
Birth 140 40 60-80
6 months 110 30 90
1 year 100 28 90
3-4 years 95 25 100
5-10 years 90 24 100-110
10-15 years 85 20 110
Over 15 years 75-80 16-18 110-120
Source: Wasserman & Slobody, 1974, p. 9.
TABLE 4
AVERAGE NORMAL BLOOD PRESSURE
READINGS FOR CHILDREN
Age Systolic Diastolic
Birth 40 N
1 month 80 —~—
¥ years 85 60
8 years 95 62
12 years 108 67
16 years (boys) 118 75
20 years (boys) 120 75

Source:

Marlow, 1974,

p- 72.
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TABLE 5

RANGE OF NORMAL BLOOD PRESSURE
AT DIFFERENT AGES

Age Mean Systolic Mean Diastolic
(Years) (mm hg) (mm Hg)
5 94 * 14 55 + 9
6 100 + 15 56 + 8
7 102 + 15 56 + 8
8 105 + 16 57 £ 9
9 107 £ 16 57 + 9
10 109 * 16 58 * 10
11 111 + 17 59 + 10
12 113 + 18 59 # 10
13 115 = 19 60 + 10
14 118 + 19 61 * 10
15 121 + 19 61 + 10
16 121 + 19 61 £ 10

Source: Silver, Kempe & Bruyn, 1969, p. 205.

Haggerty, et al. (1956) are quoted frequently in
relation to adolescent blood pressure readings. The authors
presented variability identified as "two standard
deviations." They gave yearly increments through the
13-14 age group. Using their identified standard deviations,
this age child approaches accepted adult readings (see
table 6).

Moss (1968) presented the most comprehensive table
of readings although the sample sizes for some age groups

are small. Moss' tables are divided as to sex. They
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TABLE 6

NORMAL BLOOD PRESSURE FOR VARIOUS AGES

Mean Systolic Mean Diastolic

Ages + 2 S.D. * 2 S.D.
Newborn 80 * 16 46 * 16
6 months-1 year 89 + 29 60 + 10
1 year 96 + 30 66 * 25
2 years 99 + 25 64 = 25
3 years 100 = 25 67 * 23
4 years 99 + 20 65 = 20
5-6 years 94 + 14 55 * 9
6-7 years 100 = 15 56 + 8
8-9 years 105 = 16 57 + 9
9-10 years 107 + 16 57 £+ 9
10-11 years 111 + 17 58 10
11-12 years 113 + 18 59 + 10
12-13 years 115 + 19 59 £ 10
13-14 years 118 + 19 60 + 10

Source: Haggerty et al., 1956, p. 135.

identify the readings as means plus or minus two standard
deviations. The table covers adolescents through 18.5 in
yearly ranges (see tables 7 and 8).

The five previous tables all indicate that the
children have reached adult levels of normotensive blood
pressure at the age the table cuts off whether that be
age 15, 20, 14, or 19 years. Their year-to-year comparisons
of blood pressures do not correspond. The standard devia-
tions of tables 7 and 8 put the subjects into the adult

hypertensive range.



TABLE 7

RELATIONSHIP OF AUSCULTATORY BLOOD PRESSURE

(mm Hg) TO AGE IN FEMALES

Adjusted Systolic Diastolic Diastolic
Age (Years) Number + Mean 1 Mean -2 Mean
2.50 3 98.0 + 9.2 60.0 + 11.1 26.7 + 23.2
2.50-3.49 5 93.6 + 5.4 63.6 * 12.9 38.8 + 22.7
3.50-4.49 17 99.3 + 8.4 66.0 + 9.8 46.6 + 14.9
4,.50-5.49 10 99.2 * 5.9 62.2 = 8.9 39.0 +* 16.4
5.50-6.49 16 103.5 = 5.6 63.5 + 8.9 37.2 = 20.6
6.50-7.49 9 108.0 =+ 7.0 73.1 + 8.8 50.9 =+ 17.1
7.50-8.49 14 105.1 + 8.9 68.7 + 10.6 42.9 + 28.5
8.50-6.49 42 108.0 = 9.1 68.0 + 16.2 53.5 + 23.5
9.50-10.49 49 108.3 + 7.0 71.3 + 8.7 60.5 = 11.0
10.50-11.49 51 114.0 + 11.2 67.1 + 16.4 56.5 + 22.1
11.50-12.49 45 117.1 + 10.9 67.0 = 15.0 55.4 + 15.9
12.50-13.49 19 IT2.0 * 7.2 65.5 = 9.0 4T.4 £ 25.3
13.50-14.4¢9 7 108.9 + 14.1 63.7 = 12.4 52.9 * 23.2
14.50-15.49 5 104.8 = 7.2 75.2 = 8.6 67.6 * 11.3
15.50-16.49 9 106.9 + 10.2 72.9 £ 10.6 61.8 * 19.2
16.50-17.49 2 106.0 + 19.8 60.0 + 14.1 51.0 = 21.2
17.50-18.49 2 96.0 = 11.3 68.0 + 11.3 66.0 + 14.1
305

Source:

Moss and Adams, 1968, p. 64.

8¢



- TABLE 8

RELATIONSHIP OF AUSCULTATORY BLOOD PRESSURE

(mm Hg) TO AGE IN MALES

Adjusted Systolic Diastolic Diastolic
Age (Years) Number * Mean 1 Mean 2 Mean
2.50-3.49 7 97.4 +* 8.8 65.1 =+ 9.0 43.7 * 20.0
3.50-4.49 10 100.2 * 10.0 57.4 = 23.0 37.0 + 22.1
4.50-5.49 20 102.3 + 6.1 61.3 = 10.1 41.3 * 18.5
5.50-6.49 22 106.1 + 7.1 68.2 * 9.8 49.0 + 14.8
6.50-7.49 12 106.2 + 6.4 70.2 £ 7.7 50.3 + 15.2
7.50-8.49 26 108.2 # 10.5 68.0 = 7.2 47.0 + 11.8
8.50-9.49 31 108.0 * 9.3 65.7 + 8.1 48.1 * 16.2
9.50-10.49 30 107.8 + 9.2 69.1 = 10.2 55.0 * 16.2
10.50-11.49 76 108.7 = 13.0 64.7 £ 16.7 48.2 = 22.9
11.50-12.49 189 108.3 £ 11.5 67.9 * 15.0 49.0 + 22.7
12.50-13.49 166 112.0 + 8.8 67.5 = 15.9 47 .5 +* 23.5
13.50-14.49 69 112.2 * 10.7 70.4 = 14.4 51.C0 £ 24.0
14.50-15.49 27 109.9 = 7.7 69.0 = 9.5 48.2 + 22.9
15.50-16.49 18 110.8 +* 11.5 75.2 + 9.5 59.2 = 21.2
16.50-17.49 10 115.7 £ 9.4 79.2 = 11.9 62.4 + 14.3
17.50-18.49 2 125.0 = 7.1 82.0 * 17.0 67.0 = 4.2
715
Source:

Moss and Adams, 1968, p. 65.

6c
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Two authors indicated percentiles of blood pressure
in the children and adolescent age groups. Vaughn and
McKay (1975) presented these percentiles up to age 15
years (see figures 5 and 6). Loggie and Rauh (1975)
indicated these percentiles up to 18 years of age (see
figure 7). This type of analysis is different from the
former in that it places a child in a percentile relationship
to his age mates rather than at a more or less exact number.

Kotchen et al., (1974) did a study on the relation-
ships between blood pressure, race, weight, and
socioeconomic background in an urban adolescent population.
This included approximately 800 students. They found that
when differences due to obesity were adjusted, blacks had
higher blood pressures than whites, and inner-city blacks
had higher blood pressures than blacks attending middle-
class, integrated schools. In this study more than 10
percent of black males, 1 percent of black females, and
no white males or females had a systolic blood pressure
greater than or equal to 140 mm Hg. These high systolic
readings were found in black males at all weight levels.
The study found, also, that in both blacks and white in
either school environment, those with a higher body weight

had a higher blood pressure (Kotchen et al.,6 1974).
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Fig. 7. Selected percentiles of systolic and
diastolic blood pressure from ages 6 to 18. (There is
no significant difference between males and females.)

Source: Loggie & Rauh, 1975, p. 1376.
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The Bogalusa heart study evaluated blood pressure
in 3,500 children in relation to height, weight, maturation,
triceps skinfold thickness, serum lipids, and hemoglobin.
This study identified a significant racial difference in
blood pressure. However, it was thought that this was due
to instrument variability. In this study the blood
pressures were low compared to the other reported data and
black children had significantly higher blood pressures
than white children. This difference was largest in the
children whose blood pressures fell in the upper 5 percent
of the readings. The large blood pressure difference started
before age 10 years. These authors also determined that
body size raised blood pressure, as did external maturation
and hemoglobin level (Voors et al., 1976).

Since hypertension is rarely symptomatic, it is
easy to overlook, and it is especially easy to overlook
in a child when often the blood pressure is not taken as
part of a routine physical. Swartz and Leitch (1975)
studied 496 subjects who were age 15 to 19 years. They
studied the subjects by age, sex, ethnic origin, obesity,
and familial tendency toward hypertension. Figure 8
illustrates the mean systolic and diastolic blood pressure

by age and sex and table 9 expresses the blood pressures
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TABLE 9

MEAN VALUES OF BLOOD PRESSURES FOR MALES
AND FEMALES AGE 15 TO 19 YEARS OLD

Males
Age 15 Age 16 |. Age 17 Age 18 Age 19
Svstolic M 117.86 | 120.18 | 117.92 | 123.71 | 126.00
ystolic llean +13.90 ! +14.55| +15.17 | + 9.98 | +19.32
. - 72.45 71.59 73.68 75.65 72.50
Diastolic M
tastoiic Mean - 'g.97 | + 8.59| £10.39 | +10.60 | + 9.85
N=53| N=88| N=74| N=234| N=4
Females
Age 15 Age 16 Age 17 Age 18 Age 19
, 112.19 | 113.161 112.42 | 111.36 | 112.00
Systolic Mean +10.67 | *12.69! +11.93 | +14.49 | +10.58
72.62 71.70 71.70 69.36 74.67
+9.23 | + 9.514 * 9.43 | #11.18 | *+ 5.03
N=42 | N=79] N=91 | N=28| N = 3
N = 243
Source: Swartz & Leitch, 1975, p. 79.

with mean standard deviation for the 15-through 19-year-olds.
This study showed a significant difference between systolic
blood pressure by race with the highest blood pressure being

"the white race, and systolic blood pressure by obesity with
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higher blood pressure in the obese. It was also found in
this population that there was a 10 percent prevalence of
elevated blood pressure values equal to or exceeding 140
mm Hg systolic and 90 mm Hg diastolic.

Loggie and Rauh (1975) presented a table compiling
several studies on the incidence of hypertension in
adolescents and adults. It will be noted that there is
some difference of opinion in the definition of hypertension
among the various authors. Also, it will be noted that the
authors are using standard adult criteria for their
definition of hypertension (see table 10).

In 1975 Londe et al., investigated the relationship
of blood pressure to sexual maturity in 229 boys and 189
girls aged 10 to 14 years. These authors found no
significant correlation between the systolic and diastolic
blood pressures and the level of FSH (follicle stimulating
hormone) and LH (luteinizing hormone). They also found no
correlation betwesen the development of secondary sex
characteristics and blood pressure.

Greenfield et al., (1976) and Pazdral et al., (1976)
noted that blood pressure is infrequently recorded in
children and, if it is recorded, it is done often with an
inappropriately sized cuff. Greenfield et al., (1976)

presented ‘a table from Mitchell et al. illustrating the



TABLE 10

INCIDENCE OF HYPERTENSION IN ADOLESCENTS AND YOUNG ADULTS

Position
Age of Definitionof in Which
Author, Country Subjects Number Hypertension BP Was Incidence of
(State if USA) (Years) Screened Race (mm Hg) Measured Hypertensicn
Masland et al. 12-21 1795 Not stated 140/90 Not stated| 1l.4%
Us (maryvland) 1956
Boe et al. 15-19 3833 Caucasian 150-160/90-95|Sitting Males 3.01%
Norway 1957 Females 1.04%
Heyden et al. 15-25 435 186 Black Average of 3 [Sitting 11.5%
US (Georgia) 1961 readings:
systolic > 1401
Diastolic > 90
Wilber et al. 15-25 799 All Black Systolic > 160 [Sitting rirst reading:
US (Georxgia) 1972 Diastolic > 95 Systolic 1.0%
Diastolic 1.5%
Avg.of 3 readings:
Systolic 0.4%
biastolic 1.4%
Kotchen, J., et al. 17-20 797 +584 Black Systolic > 140 |Sitting Black males 10%
US (wWashington, (mean 18.9) +213 White Black females 1%
D.C.) 1973 Whites--None
Kilcoyne et al. 14-1¢ First screen: 2193 Black ISystolic 2140 |Sitting Systolic £.4%
US (New York) 3537 124 white Diastolic 2 90 Diastolic 7.8%
1974 1220 Latin
Rescreen of
"hypertensives" Systolic 2140 |Sitting Systolic 1.2%
215 of 277 from pDiastolic 290 'Diastolic 2.4%
1st screen
Lauer et al. 14-18 1301 4829 subjects Bystolic 2 140 |[Sitting Systolic .8.9%
US (Iowa) 1975 6-18 yrs. Piastolic2 90 Diastolic 12.2%

screened once.
96.4% White
0.6% Black

2.8% Spanish-

American

0.1% Oriental

Indian

0.1% American -

Both systolic and
diastolic 4.4%

Source:

Loggie and Rauh,1975, pp. 1374-1375.

8¢
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percentile values for blood pressure by age. They make
recommendations for the definition of hypertension in

children 6 months to 15 years (see table 1l1l).

TABLE 11

PERCENTILE VALUES FOR BLOOD PRESSURE BY AGE

Systolic Pressure Diastolic Pressu;;“
Age 50% 95% 50% 95%
0 to 6 months 80 110 45 60
3 years 95 112 64 80
5 years 97 115 65 84
10 years 110 130 70 92
15 years 116 138 70 95

Source: Mitchell et al., cited in Greenfield
et al., 1976, p. 771.

Pazdral et al., (1976) presented surveys of patients’
at three pediatric teaching hospitals. The authors
suggested some operational guidelines for upper levels of
blood pressure for children by sex and age (see table 12)
which again illustrates the variability of standards used
to define hypertension in children.

In a study on Screening for hypertension in a high
school population done by Silverbexrg et al., (1975),

15,594 students ages 15 to 20 years had their blood pressures
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TABLE 12

OPERATIONAL GUIDELINES FOR UPPER LIMITS
OF NORMAL BLOOD PRESSURE

Sex, Blood Pressure (mm Hg)
Age in Years Systolic . Diastolic
Male and Female
0-3 ) £110 £65
3-7 : =120 =70
7-10 <130 <75
Male
10-15 £140 =80
Female
10-13 £140 <80
Female
13-15 £140 =85

Source: Pazdral et al., 1976, p. 2321.

measured. This study used the standard of 150 mm Hg for
systolic and/or 95 mm Hg for diastolic blood pressure as a
definition for hypertension and referred 2.2 percent of the
students for further studies. Again this demonstrated the
lack of standardization for norms for hypertension in
adolescents and the rather startling incidence of hypertension
even by these standards.

Since obesity has influence on blood pressure and
most of the previously cited authors considered this of

importance, table 13 illustrates obesity standards based on



TABLE 13

TABLE OF OBESITY STANDARDS (CAUCASIAN NORTH AMERICANS)

41

Initial Level cof Triceps Skinfold
Age Thickness Indicating Obesity
(Years) Males (mm) Females (mm)
5 12 14
6 12 15
7 13 16
8 14 17
) 15 18
10 16 20
11 17 21
12 18 22
13 18 23
14 17 23
15 16 24
16 15 25
17 14 26
18 15 27
19 15 27
20 16 28
21 17 28
22 18 28
23 18 28
24 19 28
25 20 29
26 20 29
27 21 29
28 22 29
29 22 29
30-50 23 30

triceps skinfold thickness.

These standards are presented

in Gallagher et al., (1976) and are taken from studies done

by Selzer and Mayer (1965).
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At this time it is recognized that there is not a
widely accepted definition of juvenile normotension
(Korokbin et al., 1976). In fact, there is not even
agreement as to whether blood pressure increases progres-
sively to adult levels through adolescence. Thus, it would
seem that this area needs to be studied and these studies
replicated until definitions of normotension can be

agreed upon.



CHAPTER IIT
PROCEDURE FOR COLLECTION AND TREATMENT OF DATA

Setting
The setting of this study was the only public high
school serving a southern, urban community of approximately
50,000 people. The community is relatively non-
industralized. Its economy is based upon a military

installation, a seafood industry, and tourist trade.

Population

The population of the study consisted of 217
adolescents at the high school who were aged 15, 16, and 17
years. The entire academic section of the student body was
given permission forms to be taken home and signed by
parent or guardian. The sample population of 217  students
are those who returned the signed permission form and were
present on the day of data collection. The average daily
attendance during the time of data collection was 1,656
students. The 217 students represented 13.1 percent of the
total population.

In table 14 the sex distribution of 125 female

students and 90 male students is displayed. In the total

43
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TABLE 14

DISTRIBUTION BY SEX OF PARTICIPANTS
IN BLOOD PRESSURE STUDY

Female Male
Number of Participants 125 90
Percentage of Participants 58.14 41.86

school population there were 821 females and 835 males.
The 125 female students represent 15.2 percent of the total
female student population. The 90 male students represent
10.8 percent of the total male student population. The
discrepancy between the numbers of students in the daily
average attendance versus the numbers of students in
subgroups is accounted for by students of other races who
were eliminated from this study.

Table 15 illustrates that 29 of the students in
the study were black, 182 of them were white, and 2 were of
another race. Because these two represented two different
races, they were eliminated. The 29 black students repre-
sented 11.3 percent of the total black student population.
The 182 white students represented 13.0 percent of the
total white student population. In the county in which the
high school is located, the population is 17.9 percent black,

according to the 1970 census.
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TABLE 15

DISTRIBUTION BY RACE OF PARTICIPANTS

Race Number of Participants Percentage of Participants
Black 29 13.62
White 182 85.45
Other 2 0.94

Table 16 displays the distribution of study
participants by age, sex, and race. It may be noted that
the largest representation of students was the 15-year-old
white female and the smallest representationwas the l6-year-
old black male. The total of white male student
participants was 70. The total population of white males
was 703. The 70 students represented 10.0 percent of the
total white male population. The total black participants
was 7. The total black male population was 132. The
7 students represented 5.3 percent of the total black male
population. The total of white female participants was 703.
The 98 students represented 14.1 percent of the total white
female population. The total black female participants was
18. The total population of black females was 125. The

18 students represented 14.4 percent of the total black
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population. The age distribution of this school population

is not available.

TABLE 16

DISTRIBUTION BY AGE, SEX, AND RACE OF PARTICIPANTS

Age in Years
15 16 17
Race and Sex |Number|Percent |Number} Percent |Number| Percent
White, Male 28 14.5 25 13.0 17 3.6
Black, Male 3 1.2 1 0.5 3 1.2
White, Female 41 21.2 33 7.1 24 12.4
Black, Female 4 2.1 6 3.1 8 3.6
Tool

The data flow sheet giving blank spaces for the
pertinent information to be filled in by the student and
by the principle investigator is presented in appendix B.

The permission slips (appendix A) and the data flow
sheets were given corresponding numbers. A note was made
on the slip to indicate whether a female student was
menstruating at the time of data collection. There was a
prepared note on the bottom of the data flow sheet to be
returned to the student's parent or guardian if the

student's systolic blood pressure was greater than or equal
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to 140 mm Hg and/or diastolic blood pressure was greater

than or equal to 90 mm Hg.

Data Collection

A meeting was held between the assistant principal
of the school and the school nurse. The arrangement was
made that the assistant principal would distribute the
permission slips to the fifth-period teachers. These
teachers distributed the permission slips to the students
during the week prior to the arrival of the principal
investigator. The students were instructed to have the
permission slips filled out and signed by the parent(s)
or guardian and returned as early as possible to the
fifth-period teacher. On the arrival of the principal
investigator to the classroom, the fifth-period teacher
distributed the signed permission slips to the respective
students. The student aide then distributed the data flow
sheets to those students who had appropriately completed
the signed permission slips. At that time the student aide
gave the permission slips and data flow sheets corresponding
numbers. The student aide instructed each student to fill
out the sex, age in years and months, and race on the data
flow sheet. The student aide then measured and recorded

the triceps skinfold in millimeters.
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The principal investigator then approached each
student, checked that student's data flow sheet for complete-
ness and correctness. The principal investigator took each
subject's blood pressure first in the left and then in the
right arm according to the American Heart Association's
standard technique discussed previously. The first, fourth,
and fifth Karotkoff sounds were recorded where all those
were audible in the appropriate blanks on the data flow
sheet. The fifth sound was recorded as the diastolic.

The student aide was trained to assist the principal
investigator. The aide was a grade eleven high school
student who was instructed carefully in the collection of
this data and was trained to use the skin caliper accurately.
She was under the direct observation cf the principal
investigator throughout the data collection.

The instruments used for this procedure were a new
Tycos aneroid syphgmomanometer which had been previously
calibrated accurately by the manufacturer. Cuff sizes were
varied as indicated by the length and diameter of the
subject's arm. The auscultatory instrument used was the
Sprague~Rappaport, fitted with the adult diaphragm.

If the blood pressure was found to be elevated
according to adult standards, the indicated section at the

bottom of the permission slip was filled out accordingly
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and given to the student to take home. The recordings were
kept confidential between the principal investigator and
the individual student.
The data collection period extended from October,
1976, to December 14, 1976. Approximately 19 visits for

data collection were made by the principal investigator.

Treatment of the Data

The data were analyzed and basic tabulations were
done to bring the data into agreement with the delimitations
of the study. The two students of another race were
eliminated. The data were then sent to a computer department
where it was subjected to intensive statistical analysis.

The derived statistics were then tabulated and graphed
by the principal investigator and are presented and

analyzed in Chapter IV.

Summary
This chapter has reviewed the geographic setting,
the involved population, and the precise techniques and
instrumentation used on the appropriately and carefully
selected students. The techniques of analysis are
indicated. The following chapter presents the analysis of

the acquired data.



CHAPTER IV

ANALYSIS OF THE DATA

This study presented data accumulated on 217
adolescents who were aged 15, 16, and 17 years. The study
also attempted to correlate obesity with blood pressure.
However, there was such a small number of obese students
(15 out of 200) that further development of this facet
was statistically invalid.

Table 17 illustrates the mean, standard deviation,
and range of systolic and diastolic klood pressures in the
female students comparing those who are and those who are
not menstruating. The diastolic means have a very small
difference, the systolic slightly larger. However, there
is not a significant difference in these two groups.

In graph 1 mean blood pressures are plotted
according to age and right arm versus left arm. The average
systolic readings for 15-year-olds in the right arm were
102.5 mm Hg and in the left arm were 100.3 mm Hg. In the
l6-year-old these readings were 104.2 mm Hg in the right
arm and 101.2 mm Hg in the left arm. 1In the 17-year-old
the readings were 108.9 mm Hg in the right arm and 105.3

mm Hg in the left arm. The average diastolic readings for

50
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TABLE 17
THE MEAN, STANDARD DEVIATION, AND RANGE OF SYSTOLIC

AND DIASTOLIC BLOOD PRESSURES IN THE RIGHT ARM OF
FEMALL STUDENTS WHO ARE NOT MENSTRUATING

Menstruating Yes No

Number of Females 29 96
Systolic Mean 104.3 100.9
Blood Standard Deviation 11.2 10.65
Pressure Range 80-~124 80-128
Diastolic Mean 63.4 63.0
Blood Standard Deviation 9.46 8.69
Pressure Range 42-84 38-84

N = 125,

the 15-year-o0ld in the right arm were 63.1 mm Hg and in the
left arm were 63.3 mm Hg. In the l6-year-old these readings
were 64.0 mm Hg, and 63.7 mm Hg in the right arm. In the
l7-year-old these readings were 64.7 mm Hg in the right arm
and 65.9 mm Hg in the left arm. Since four of the six
readings, including all systolic readings, were higher in
the right arm than in the left arm, the blood pressures
taken in the right arm were used for this study.

Mean, standard deviation, and range of systolic and
diastolic blcod pressures in the right arm by age are shown

in table 18. There is a progressive rise both in systolic
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Graph 1. Mean distribution of systolic and diastolic
blood pressures in right arms and left arms according to age.
and in diastolic blood pressure from 15 years through 17
years of age. The systolic increase is greater than the

diastolic. Nevertheless, both do rise progressively.
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TABLE 18
THE MEAN, STANDARD DEVIATION, AND RANGE OF SYSTOLIC

AND DIASTOLIC BLOOD PRESSURES IN THE
RIGHT ARM, BY AGE

Age in Years . 15 16 17

Number of Subjects 77 66 54
Systolic Mean 102.5 104.2 108.9
Blood Standard Deviation 12.26 13.60 12.07
Pressure Range 80-136 82-142 80-128
Diastolic Mean 63.1 64.0 64.7
Blood Standard Deviation 8.56 9.79 9.84
Pressure Range 46-86 42-84 38-84

N = 197.

This is further illustrated in table 19, which is an
analysis of the mean, standard deviation, and range of
systolic and diastolic blood pressures in the right arm of
white males by age. The systolic blood pressure readings
are highest in the 17-year-old white males. Diastolic blood
pressures are highest in 17-year-old black males. This may
be explained by the small number of subjects (n = 17).

Table 20 illustrates the mean, standard deviation,
and range of systolic and diastolic blood pressures in the
right arm of black males by age. There are only seven
subjects in this group, a number too small to be statistically

valid.
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TABLE 19

THE MEAN, STANDARD DEVIATION, AND RANGE OF SYSTOLIC

AND DIASTOLIC BLOOD PRESSURES IN THE

RIGHT ARM OF WHITE MALES BY AGE

Age in Years 15 16 17

Number of Subjects 28 25 17
Systolic lMean 106.5 109.8 116.0
Blood Standard Deviation 13.55 17.11 8.86
Pressure Range 82-136 82-142 98-128
Diastolic Mean 64.1 66.4 62.7
Blood Standard Deviation 8.87 10.00 10.56
Pressure Range 48-86 52-84

N 70.
TABLE 20
THE MEAN, STANDARD DEVIATION, AND RANGE OF SYSTOLIC
AND DIASTOLIC BLOOD PRESSURES IN THE

RIGHT ARM OF BLACK MALES BY AGE

Age in Years 15 l6 17

Number of Subjects 3 1 3
Systolic Mean 104.7 120.0 108.0
Blood Standard Deviation 15.01 * 14.22
Pressure Range 90-120 * 96-124
Diastolic Mean 58.0 60.0 72.0
Blood Standard Deviation 4.00 * 3.46
Pressure Range 54-62 * 68-74

N 7.

*These values cannot be
only one student.

calcualted on the basis of



Table 21 illustrates the mean,
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standard deviation,

and range of systolic and diastolic blood pressure in the

right arm of white females by age.

In this group the blood

pressure changed very little as the ages of the subjects

increased.
TABLE 21
THE MEAN, STANDARD DEVIATION, AND RANGE OF SYSTOLIC
AND DIASTOLIC BLOOD PRESSURES IN THE
RIGHT ARM OF WHITE FEMALES BY AGE
Age in Years 15 16 17
Number of Subjects 41 33 24
Systolic Mean 99.1 99.9 103.8
Blood Standard Deviation 11.02 9.50 11.84
Pressures Range 80-122 86-122 80-126
Diastolic Mean 62.6 62.3 63.6
Blood Standard Deviation 8.2 9.75 10.32
Pressure Range 46-84 42-78 38-80
N 98.

Table 22 illustrates the mean,

standard deviation,

and range of systclic and diastolic blood pressure in the

right arm of black females by age.

Again there is a small

number of subjects and the statistical significance is

questionable.

Graph 2 displays the mean distribution of systolic

and diastolic blood pressure in black and white females by
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TABLE 22
THE MEAN, STANDARD DEVIATION, AND RANGE OF SYSTQLIC

AND DIASTOLIC BLOOD PRESSURES IN THE
RIGHT ARM OF BLACK FEMALES BY AGE

Age in Years 15 16 17

Number of Subjects 4 6 8
Systolic Mean 106.5 123.3 108.5
Blood Standard Deviation 7.55 8.82 11.94
Pressure "Range 98-116 94-112 92-128
Diastolic Mean 60.5 63.3 67.5
Blood Standard Deviation 8.54 10.33 7.31
Pressure Range 48-66 56-84 60-84

N = 18.

age. It will be noted that the black females' systolic
blood pressures are slightly higher than the white females
and the diastolic blood pressures in both groups are
remarkably similar.

Graph 3 displays the progressive rise of the
systolic blood pressure in the white male by age. Diastolic
blood pressure in this group remained approximately level.

The data accumulated demonstrates a small but
progressive rise in the blood pressure in all of these age
groups. The mean standard deviations are not as large as
most other quoted studies. Again statistics indicate that
the blacks have higher blood pressures when matched by age

and sex. The following chapter will discuss these findings.
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Graph 2. Mean distribution of systolic and

diastolic blood pressure in right arms in the white male
according to age.



58

160
150
140
130
120
110

Blood 100

Pressure 90
in mm of
Mercury 80

70
60
50
40
30
20

10

15 16 17
Age in Years

Note: The number of black males (total of seven)
is insufficient to use in this graph.

Graph 3. Mean distribution of systolic and
diastolic blood pressure in right arms in the white male
according to age.



CHAPTER V

SUMMARY, IMPLICATIONS, AND RECOMMENDATIONS

Summary

Hypertension is a very serious health problem in the
United States today. Diastolic hypertension reduces life
span on an average of 20 years. The incidence of stroke,
myocardial infarct, and cerebrovascular accidents are
greater in the hypertensive than in the normotensive
individual. Because hypertension in adults may have its
roots in childhood and adolescence, it is desirable to have
well-documented norms in these age groups. It has been
stated previously that essential hypertension is funda-
mentally hereditary. Hennekins et al. (1976) pointed out
that there is a tendency to sibling aggregation toward
hypertension.

The literature presents varying standards of blood
pressure in adolescence and several of the accepted
standards are extrapolated from small groups. Several of
the tables end at age 15 years, assuming normal adult blood
pressures are attained by this age. Several of the
standards do not separate the subjects by sex. Some of the

standards ignore race and obesity while other literature
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stated that both race and obesity affect blood pressure
levels. The adult blood pressure studies by age and sex
are also questionable in that they do not take into
consideration, statistically, those hypertensives who have
expired from their disease. This may explain the drop in
blood pressure in the 60- and 70-year-old age groups which
may not be real but rather an indication of the mortality
related to this disease.

The data collected here is from a small number of
adolescents representing two races, black and white.
The data were collected under carefully controlled ceonditions

and from apparently healthy adolescents.

The data indicate that males do have higher average
blood pressures than females and that blacks do have higher
average blood pressures than whites. Menstruation apparently
does not affect blood pressure. Both the systolic and
diastolic blood pressures tend to rise progressively with
age through the age groups studied. The average readings
and the average standard deviations are not as great as
the studies reviewed in the literature.

There is a decrease in the diastolic blood pressure
of the right arm of the 17-year-old as compared to the

diastolic blood pressure of the l6-year-old. This occurs in
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white males in the 17-year-old group and in the white
females in the l6-year-old group. This is an area which
needs further validation by a study of larger numbers
involving just these two subgroups. These studies indicated
that these adolescents had not reached defined normal
adult blood pressure readings at the time their blood
pressures were taken.

The study indicated that further statistical data
must be accumulated in order to establish accurate norms of
blood pressure in these age groups, since adolescents
apparently do not have normal blood pressure by adult
standards. It has been demonstrated that even in
adolescence the blacks tend to have higher blood pressure
readings. Male adolescents have higher blood pressure

readings than female adolescents.

Implications

This study has raised the question of the effects of
hereditary, race, sex, sexual maturity, obesity, and age on
blood pressure. It suggested that adult levels of blood
pressure are not reached even by the late adolescence
(by 17 years of age). Blacks and/or males have higher

blood pressure readings than white and/or females.
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Recommendations

Further studies of blood pressure in adolescents
should be considered. Notes should be taken of cultural
differences. Studies should be carried out in other
regions. This study was unable to document blood pressures
in significant number of obese adolescents. Studies of
obese adolescents should be carried out carefully. The
effects of sexual maturity on blood pressure levels should
be studied. Blood pressures in adolescents may be corre-
lated with serum lipid levels. The drop in the diastolic
blood pressure in the 17-year-old white male and the
l6-year-old white female should be investigated more
specifically. Blood pressure studies on adolescent black
males specifically should be done carefully since this is
a high risk group that is difficult to contact medically.

With genetic pedigree and accurately established
norms throughout childhood and adolescence, it should be
possible to identify the hypertensive early and to control

his disease adequately.
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LETTER OF INTRODUCTION

Dear Parent,

I am a registered nurse who teaches nursing at
the Jefferson Davis Campus. I am also doing graduate
nursing study at Texas Woman's University.

In an effort to determine what is normal blood
pressure in teen-agers, I am conducting a study. I will
be taking the blood pressure of teen-agers in your child's
high school. Also, I will be measuring the skinfold
thickness on the upper inside of the arm to find out if
your child is overweight. I am asking your permission to
study your child in this way. Please read the consent
form below and, if you are willing, please sign it. If
you have any questions, please contact me evenings at
374-1914.

Thank you very much,

Patricia B. Howorth, R.N.
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CONSENT FORM

I, , hereby grant permission

to Patricia B. Howorth, R.N. to take the blood pressure of

my childn, , in each arm and to measure

the skinfold thickness of the upper arm. I understand that
all information will be"treated confidentially and that

my child's name will not be used in any way. I also under-
stand that if my child's blood pressure is elevated, I will

be notified.

Date Signed

Witness
: Relation to child

I would be most grateful if you will check either
yes or no, as indicated, to the questions below.

Has your child ever had anything wrong with his/her:
Yes  No

Kidneys

Heart

Blood

Other serious illness
If yes, please specify.
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INFORMATION SHEET

Blood Pressure L.A. / /
1st 4th 5th
R.A. / /
1st 4th 5th
Sex
Male Female
Age
Years Months
Race
Black White Other (Specify)
Triceps skinfold mm
Obesity
~ Yes No

Notification of blood pressure sent to parent or legal
guardian.

Yes No

Your child, r has a blood

pressure of __(ma) and (RA). This is
considered to be above normal. I would suggest that your
child's doctor be consulted.

Thank you.
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PERKINETON CAMMUS NiackaOom COunlky CAMEUR R varriaadm DAVIE CAMPUS B 0EORAEL COUNTY OCCUPATIONAL TRAINING CaNTRR

ississiPeE]
= CULE COAST Jur\zxcm COoOLLEGE
\?;{/ \JEF—:FERSON DAVIS CAMPULGS

September 7, 1976

Dr. Olon .Rey

City of Biloxi Cily
F. 0. Box 1¢8
Biloxi, MS 36533

Schcols

Dear Dr. Reay:

X &n an instructor in the Associate Decree Nursing Progra=n on the
Jeffersocn Tevis Canzus. I er 2lso a grzduvate student at Texes Worzan's
University, Dalles Canpus, in Yaternsel-Chilé Heelth lursirnc. I heave
conpleted my course worz end have ny Thesis left 1o do. The topic of

=y <hesis is: "Blocd rressure Distridbulion among Adolescenis bY rGE,
Rece, Scx, end Absence or Presence of Cbesity". This topic isy presently
under-researclhed.

I en writing to ask jcur percission to cozme into Biloxi Eigh School fer
the purpose oI zZeasurirg blocd pressures, and tricers skin-7old thick-
ness as en indication of obesity. Zach student mecasured will have per-
mission froc parent or legal guardian prior to measurcments.

I would te rost greteful for your eerly reply &s I am reiurning to Dallas
to defend the Provocc2)l on Sepienber 27%h and the signed peraissions are
& part of the prevaration.
Thank youw very nuch.
Sincerely.
Petricia B. Howorth, JInstructor
2
Jefferscan Luvis Cempus

Gulfport, XS 292501

cc: Dr. G. Carnon
Ha. Julia Lougirno

encs: 4



'y g
r
X
POBEINETON CAMPUG RLACKEDN COUNTY CAMPFUS Rl UareEno0m DAVIE SAMFUS ]l OCVOROINCOUMNMYY OCCURATIOMAL TERAIMMNGE SRYa®

© 70

r ,
WNZEESISHSISTE=]I=}

L_S?Ef CLILE COAST JURNIOR COLLEGE
\%/’«g/ JEFFERSON DAVIS CAMPUS

September 7, 1976

Dr. G.
Biloxz
Fatbher =
Biloxi; S 39530

Deer Dr. Cennon:

Y sam an instructor in Libe Associate Degree liursing Progrerm on tte
Jefferson Deavis Cezrpus. T en &lso a greduste student ai Texes
Woman's TUniversity, Iellas Caczpus, in Materrnzl-Chilé Zealth Yursing.

I have co=plcted =y cource worx erd neve =y Tnesis left to do. Thne

1

topic of -y tiesis is: "Zlood Pressure Distribution zz-ong fdolesceris
By Lge, Race, Sex, end ibsence or FPresence ol Obesity". This topic 1is,

presently, uader-rescsarcacd.

Y ap wrilting tc 2sk your permiscicz to coze into Biloxi HiIgh School
for the purczoce of nmeasuring blood pressures, and triceps skzip-fold
thic¥ness’'zs en irndicatics of obesiiy. Zech student zZeasured will

have persission from perent or lezzl guardian pricr to xeasurensnis.

or your eerly reply as I sn reiuraning to
roposal oz Scpiember Z7th &nrnd the signred
the preparation.

X would be rost grateful [
Dallas to trnz defenc the. *
permissions are e part cf
Thank you very nuch.
Sincerely,

Patriciae B. Yowvorth, Instructor

Jefferson Davis Campus
Gulfport, MS 33501

ecc: Dr. Olon Ray
¥e. Julie Longino

enc: L
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M ISSISSIPPI

Ell eulr coAST JUMIOR COLLESE
ii;/) JEFFERSON DAVIS CANVIRPUS

7

September 7, 1976

Ms. Julia Longino, R.N.
P. 0. Box 168
Biloxi, M3 39533

Dear Ms. longino:

X an an Instructor in the Associate Degree Nursing Yrogram on the Jefferson
Davis Campus. I am 2lso a graduate student at Texas woman's University,
Dellas Canpus, in Maternal-Child Eealth Nursing. I have completed m= course
work and have rv Thesis left to do., The topic of my thesis is: "Blood
Pressure Distribution zrong Adolescents by aAge, Race, Sex, and Absence or
_Presence of OUvesity." This topic is, presently under-researched.

I have chtained pernission from Dr. Olan Rav and Dr. G. Cannon to do re-

«- Search study a*% Filoxd Eigh Schecol. Since you are the school nurse I would
be most grateful for your assistance in this endeavor. I will be takins all
blood pressure in order to eliminate the variables, and measuring the skin
fold thickness. It will be necessary to notify parents or legal‘guardians
if I find elevated blood pressurss. Probably the majority of, if not all,
the measurements will be done on wednesday afternoons as this best fits 1y

class schedule.

Y look forward to working with you with many thanks.

Sincerely,

Patricia B. Howorth

cc: Dr. O. Ray
Dr. G. Cannon

enc: L
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BILORI TURICIPAL SEPARATE SCHOOL DISTRICT

P. O. BOX 168 BILOXI!, NISSISSIPPI 39533
TELEPHONE 374-1810 SUPERINTENDENT - OLON E. RAY

September 14, 1976

Ms. Patricia Howorth, Instructor
Jefferson Davis Campus
Gulfport, MS 39501

Decar Ms. Howorth:

The Biloxi Public Schools are happy to cooperate with your thesis
study ""Blood Pressure Distribution Among Adolescents by Age, Race,
Sex and Absence or Presence of Obesity' after permission from parents
or guardians is obtained for Biloxi High School students.

We understand that student involvement will consist of (1) questions,
(2) blood pressure measurement and (3) triceps skin-fold thickness
measurement.

/uperintendent
LD )
Dr. George Cannon, Principal
SN J/ Cf
il .. 91 S gere

VJulia'T. Longino, B.S., R.N.
. Coordinator Health Services
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TEXAS UCMAN'S GUIVIRSITY
COLLEGE OF URSING
DLNTON, TL:IAS

N 75 '
DALLAS CEITTER HOUSTO.! CEJTER
.1810 Invood Road o 1130 !i.N. Ancderson Blvd.
Dallas, Texas liouston, Texas 77025

AGLIICY PPLRISSICH TOR CONDUCTING STUDY®

Ti'L Biloxi Municipal Sepvarate School District

—

GRA;:TSTO Patric.ia B. Howorth

a student enrolled in a progran of nursing leading to a ifaster's Degree at
Texas 'oman's University, the privilege of its facilities in order to study the
folloving problen:

Blood Pressuvre Distribution in Apparently Healthy Adolescents

The conditions nutually agreed upon are as follous:
1. The agency (may) (nay not) be identified in the final revort.

2. The names of consultative or adninistrative personnel in the
agency (may) (may not) be identified in the final rerort,
. it .

3. The apency (vvants) (does not want) a conference with the stu-
dent vhen the report is completed. .

4. The acency is (vildinp) (unuwilling) to allow the compléted
report to be circulated through interlibrary loan.

5. Other:

vate. 10— 15 9L 7 D>

Sienaturz of Apency rersonnel

Crn. Geonge D. Conncn

: — | tf
e AUl O sl m e T M e
Sipnature of student .fienature of Iaculty Advisor

*T111 out and sign three coples to be distributed as follows: Oripinal - Student;

first copy — agency; second copy -=— T.'.U. Collepe of ilursinw,

Gi1Is - 110
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