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SYMBOLS

Data not available

Category not applicable

Quantity zero

Quantity more than 0 but less than 0.05

Figure does not meet standards of
reliability or precision




BLOOD PRESSURE LEVELS OF CHILDREN 6-11 YEARS:
RELATIONSHIP TO AGE, SEX, RACE, AND
SOCIOECONOMIC STATUS

Noel S. Weiss, M.D., Dr. P.H.; Peter V. V. Hamill, M.D., M.P.H.; and Terence Drizdz

INTRODUCTION

This report presents the distribution of blood
pressure levels of U.S. children aged 6-11 years
by age, sex, and race. Data were obtained in
Cycle II of the Health Examination Survey
(HES), which is one of the major programs of
the National Center for Health Statistics (NCHS)
concerned with assessing the health status of the
U.S. population. The program consists of a series
of surveys in which information is obtained on a
probability sample of the U.S. population
through examination, interview, measurement,
and testing.

In Cycle II of the HES, a representative sam-
ple of all noninstitutionalized children 6-11
years of age in the United States was obtained.
From July 1963 through December 1965, the
survey staff examined 7,119 children, 96 per-

2Assistant Professor of Epidemiology and International
Health, School of Public Health and Community Medicine, Uni-
versity of Washington, Seattle, Washington; Dr. Hamill is Medical
Adviser, Children and Youth Programs, Division of Health Exam-
ination Statistics; Mr, Drizd is Analytical Statistician, Division of
Health Examination Statistics.

cent of the original sample of 7,417. A descrip-
tion of the sampling process, program operation,
and response rates has been published previ-
ously.! The standardized examination, given
during a single visit, was primarily concerned
with assessing health factors related to growth
and development. Additionally, measurements
of visual and auditory acuity were made, and
evidence of the presence of congenital abnormal-
ities, ear-nose-throat conditions, heart disease,
and neuromusculoskeletal abnormalities was
sought.

BLOOD PRESSURE MEASUREMENT

The measurement of blood pressure was part
of a general cardiovascular examination that, in
addition to a medical history, included a pedia-
trician’s examination, an electrocardiogram, a

chest X-ray, and an exercise-tolerance test.
Blood pressure was measured indirectly with

the use of a standard clinical sphygomomanom-
eter, the instrument employed in all physicians’
offices and in most surveys of blood pressure. This
method is completely accepted by the children
being examined, and it provides results compa-
rable with clinical experience. The disadvantage



of indirect blood pressure measurement is that
the readings obtained in this way may differ
from “true” values—i.e., from those obtained by
direct (intra-arterial) measurement. The direct
and indirect methods of measurement agree
closely for systolic pressure if the blood pressure
cuff size is appropriate to the examinee’s height
and arm girth.? For diastolic pressure, however,
the agreement is not as good. In the HES, dia-
stolic pressure was defined as the complete ces-
sation of sounds. If the sounds failed to disap-
pear, the pressure at which muffling occurred
was used. The use of this criterion tends to un-
derestimate intra-arterial diastolic blood pres-
sure. The criterion not employed in the Survey
of the muffling of sounds alone introduces ap-
proximately the same amount of bias in the op-
posite direction.?

Two measurements were obtained, one at the
beginning of the physical examination and one
after the electrocardiogram. During each one,
the child was lying down. The four nurses who
measured blood pressure observed the following
guidelines:

1. The cuff should be at least 20 percent
wider than the diameter of the arm or
cover approximately two-thirds of the
arm. (An adult 13-cm. cuff and a pediatric
9.5-cm. cuff were provided.)

2. The examiner should be at eye level with
the manometer.

3. The meniscus should be checked weekly
for zero calibration.

4. While measuring, the rate of fall should be
approximately 2-3 mm. Hg per heartbeat.

5. Readings are to be made to the nearest 2
‘mm. Hg.

On the average, the first blood pressure meas-

urement on an examinee was higher than the

second (see appendix). Unless otherwise speci-
fied, the blood pressure values presented in this
report are the average of the two measurements.
Blood pressure readings were somewhat affected
by the time of day and by the nurse who ob-
tained the reading. These sources of bias are also
discussed in the appendix.

DEFINITION OF OTHER VARIABLES
I

Age

The child’s age was determined from the birth
certificate in 95 percent of the cases and from
the statement of a parent in the remainder.
When used subsequently in this report, the term
“age” will refer to the child’s age at his last
birthday..

Race

Three racial groups were defined: white
(86.69 percent), Negro (18.87 percent), and
other (0.45 percent). All three groups are in-
cluded in references to all races, but separate
data are presented for white and Negro children
only.

Family Income and Parental Education

Annual family income and parental education
were reported by one of the child’s parents in a
household interview before the examination; de-
tails of the interview have been described previ-
ously.! Annual family income is defined as the
combined earnings of all members of the child’s
household, and parental education, as the high-
est grade level attained by either of the parents
or guardian(s).

FINDINGS ON BLOOD PRESSURE
LEVELS

Age

Systolic blood pressure among the children in-
creased regularly by about 1.4 mm. Hg for each
year of age (figure 1, table 1), from a median
level of 105.5 mm. Hg at age 6 to 113.0 mm. Hg
at age 11. This increase was present for both
boys and girls and for both white and Negro
children. Other percentiles rose with age approx-
imately the same amount as did the median (fig-
ure 2, table 1). In contrast, diastolic blood pres-
sure increased only about 0.3 mm. Hg per year
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Figure 1. Median systolic and diastolic biood pressure of U.S.
children 6-11 years of age by age.

of age and quite irregularly (figure 1, table 2).
The median diastolic pressure was 66.1 mm. Hg
for 6-year-olds; it rose to only 68.4 mm. Hg for
10-year-olds and fell to 67.2 mm. Hg for 11-
year-olds. The pattern was similar for both sex
and race groups (figure 3, table 2).

Sex

In general, the blood pressure of girls in the
age group 6-11 years was higher than that of
boys. For systolic pressure (figure 4, table 1),
the boys’ median exceeded the girls’ only at age
6, and after age 8 the girls’ excess increased
steadily to a maximum difference of 2.6 mm. Hg
at age 11. Diastolic blood pressure was higher

for girls at ages 7-10, but higher for boys at ages
6 and 11 (figure 5, table 2). The shape of the
distributions of both systolic and diastolic pres-
sure was nearly symmetrical for boys and girls
(figures 2 and 38)—that for systolic skewed
slightly toward higher values and that for dia-
stolic skewed slightly toward lower values.

Race

The median systolic blood pressure of white
children was lower than that of Negro children
at age 6, about the same at ages 7 and 8, and
greater at ages 9-11 (figure 6, table 1). Except at
age 6, though, the differences were small, no
greater than 1.5 mm. Hg. The median diastolic
pressure of Negro children was higher than that
of white children at each age (figure 7, table 2).
The difference was about 2 mm. Hg at ages 6
and 11 and less at intermediate ages. Because the
nurse who measured the blood pressure of a high
percentage of Negro children also tended to
measure diastolic pressure lower than the other
three nurses, the true diastolic pressure differ-
ences between the races may be slightly larger
than the ones shown here (see appendix). The
blood pressure distributions for both white and
Negro children were approximately symmetrical
(figures 2 and 3).

Figures 8 and 9 show the relationship of
blood pressure to age for each of the four race-
sex groups. In general, white girls had the high-
est median systolic pressure, Negro boys the
lowest. For most ages, the median diastolic pres-
sure of girls of each race was higher than that of
boys of the corresponding race, while the me-
dian diastolic pressure of Negro children of each
sex was higher than that of white children of the
corresponding sex.

Socioeconomic Status

There was no relationship of a child’s systolic
or diastolic blood pressure to his family’s annual
income (table 3). Systolic blood pressure tended
to decrease with increasing parental education
(table 4), but in neither white nor Negro chil-
dren was this trend steady or of great magni-
tude. The largest difference, 1.8 mm. Hg, was
that between the lowest and highest education
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Figure 2. Percentile distribution of systolic blood pressure of U.S. children by age, sex, and race.
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Figure 5, Median diastolic blood pressure of U.S, children by
age and sex.

groups among white .children. This inverse rela-
tionship with parental education was also true
for diastolic pressure in white children, with a
difference of 2.2 mm. Hg between the lowest
and highest education groups. In Negro children,
there was no appreciable variation of diastolic
pressure with parental education.
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COMPARISON OF BLOOD PRESSURE
LEVEL FINDINGS

Children and Adults

An adult’s blood pressure is an important pre-
dictor of his health. Not only can death result
from hypertensive disease per se, but blood pres-
sure elevation is associated with arteriosclerosis
in coronary, cerebral, and peripheral vessels.3-5
There is increasing evidence that this association
may be a causal one.® Age, sex, and race are all
related to adult blood pressure levels.? 8 Thus, it
is of interest to study blood pressure in children

Figure 9. Median diastolic blood pressure of U.S. children by
age, race, and sex.

and teenagers in an attempt to find out when
these age, sex, and race differences become man-
ifest, which in turn might suggest reasons for
their occurrence.

As is well known, the blood pressure of chil-
dren is lower than that of adults. Table A com-
pares the mean systolic and diastolic blood pres-
sures of children aged 6-11 years examined
during 1963-65 with those of the 1960-62 HES
sample of adults. The children’s systolic and dia-
stolic pressures are lower than those of the age
group 18-24 years, the age group of the adults
with the lowest blood pressure levels. Within the
6-11-year age group itself, there is a consistent
increase in blood pressure with increasing age,
with the exception of diastolic pressure among
11-year-olds. This increase in blood pressure
levels with age may result partially from differ-
ences in arm girth, since arm girth increases with
age among children and arm girth is smaller in
children than it is in adults. The blood pressure
increase may be caused by one or more normal
processes of maturation, e.g., hormonal changes.
Finally, as is probably true for adults, the age



Table A. Mean blood pressure in children aged 6-11 years and
adults aged 18-74 vears: United States, 1963-65 (children)
and 1960-62 {adults)

Mean blood pressure
Age
Systolic | Diastolic

Children mm. Hg
B-11years ........c.iiiviunen. 109.9 66.6

Adults
1824 years . . . o v e i e e 116.4 70.4
25-34years . . .. e e e 119.9 74.6
3544 Years . . .o i e e, 125.6 79.3
A5-BAYEAIS . . vttt i e e e 133.8 826
BBBAYears . . .. e e 143.6 84.0
B5-74vyears .. ... 154.8 82.5

increase may be a result of increased peripheral
resistance in sclerotic arteries caused by wear
and tear over the passage of time. A subsequent
report in this series, in an attempt to distinguish
between some of these factors, will consider
more closely the relationship of blood pressure
with arm girth, body mass, skeletal age, and
chronological age.

The distributions of both systolic and dia-
stolic blood pressure in adults become progres-
sively more skewed to the right with increasing
age. The blood pressure distributions for ages
6-11 years are consistent with this trend, being
skewed even less than those of young adults, and
are indeed almost symmetrical (figure 10). There
was, however, a slight skew to the left (lower
values) for the diastolic blood pressure distri-
bution among the children, best seen in figure 3.
This is probably due to the presence of children
whose arterial sounds never disappeared, and in
whom “muffling” of the sounds was heard only
at a low pressure.

It has been claimed by some that the skewing
to the right of the adult blood pressure distri-
bution represents the superimposition of two
distributions, one for normal persons and an-
other for those who are pathologically hyper-
tensive.? If this hypothesis is accurate (and it is
by no means universally accepted!®), there
would seem to be but a very few children aged

6-11 years who fall into the second, abnormal
distribution. o

As determined in the 1960-62 survey of
adults (Cycle I of the HES), the blood pres-
sure level of men is greater than that of women
until ages 50-60 years. After these ages the
blood pressure level of women is greater.”
Among those aged 6-11 vyears, however,

girls’ blood pressure is generally higher than
boys, particularly for systolic pressure. In all
likelihood, during puberty the blood pressure of
boys increases faster than that of girls and ex-
ceeds it by the time they reach adulthood. An
unlikely alternative is that some characteristic of
this particular birth cohort of girls may predis-
pose them to higher blood pressure than that of
boys, and the difference between them will per-
sist through life. The correct choice between
these two hypotheses could be made by blood
pressure measurements at subsequent points in
time among representatives of this birth cohort.
To a limited extent, such measurements have al-
ready been made: a sample of teenagers from
the older half of this same birth cohort was ex-
amined during 1966-70 as part of Cycle III of
the HES. These results will be published in a
subsequent report.

As with the sexes, the relationship between
the blood pressure levels of whites and Negroes
is somewhat different in children than in
adults. Among the adults measured by the HES,
for all age and sex groups other than men aged
18-24 years, both systolic and diastolic pressure
were higher in Negroes than in whites.® Among
children aged 6-11 years, although the diastolic
blood pressure at each age was higher in Ne-
groes, there was no consistent difference in
systolic pressure. The white-Negro difference in
systolic pressure that was seen at individual
years of age was not large and could be ex-
plained by sampling variability (for standard er-
rors, see tables 1 and 2). At least for diastolic
blood pressure, however, the data presented here
provide a basis for the conclusion that the differ-
ence between whites and Negroes begins early
in life.

Cycle I of the HES found that adults with
little education had a greater prevalence of hy-
pertension than expected; the relationship of in-
come level to hypertension was unclear.!! In
children, blood pressure tended to be inversely
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ation was weak and probably of no importance.



HES Examinees and Children in Other Studies

Data from four studies of blood pressure in
childhood have been selected for comparison
with those presented here. Only one study, that
reported by Johnson et al.12 on the children of
Tecumseh, Michigan, chose subjects that were
representative of a well-defined population
group, and none had the demographic breadth
of the HES sample. Nonetheless, in each of the
four studies blood pressure was measured in a
standardized manner, and in each one a suffi-
cient number of children were examined so that

the sample estimates were reasonably stable. A
summary of these and other design character-
istics is presented in table B.

Theoretically, a comparison of a number of
studies of children can demonstrate how a par-
ticular characteristic, e.g., height or blood type,
is related to the place or the point in time in
which they live. However, because the measure-
ment of blood pressure is so readily affected by
the examiner, the equipment, and the conditions
of examination, the presence of small differ-
ences in the absolute levels of blood pressure
observed in the various studies is probably of
little significance. But, as can be seen in figures
11-13, some between-study differences were

quite large. For systolic pressure, the means ob-
served by Faber and James!3 and by Graham et
al.l% for 6-year-old children were, respectively,
12 and 6 mm. Hg lower than those observed by
the HES. In 11-year-old children the differences
between studies were smaller, due to the fact
that the increase in systolic pressure with age
was less in the HES than in these other studies.
Overall, the HES figures were considerably more
in agreement with the more recent data of
Johnson et al.1 2 and Londe.1? Since these latter
studies and the HES took place at a later time,
there possibly has been an increase in the sys-
tolic blood pressure levels among U.S. children
over the past 50 years. However, because the
samples of children drawn by each of the studies
were so dissimilar, and because of the sources of
measurement variation mentioned previously,
such a conclusion cannot be made with much
confidence. A subsequent report will explore in
more detail the possibility of a secular trend in
blood pressure levels of children.

The diastolic blood pressure levels observed in
the various studies differed little (figures 12,
13), with the exception of those of Graham et
al.l* That study used disappearance of sounds
as the criterion for diastolic pressure, as did all
others except one (table B). Even with the use

Table B. Design characteristics of HES and four other selected studies of blood pressure in children

Author

Examinees Method of

Time of study

measurement

Source

Number (6-11 years)

Faber and James (ref, 13)

Before 1920

School children,
California

Graham et al, (ref. 14) 1926-40 School children,
Minnesota
Johnson et al. (ref. 12) 1960 Children of
Tecumseh, Mich.
Londe (ref, 15) Not stated Healthy children seen
(published in physician’s office
in 1966) and clinic, St. Louis
Health Examination Survey, 1963-65 U.S. population sample

Cycle Il

570

3,500

(9,901 measurements)

1,325

824

7,119

Two examiners, child
sitting, diastolic=
muffling

One examiner, child
sitting, diastolic=
disappearance

49 examiners, child
sitting, diastolic=
disappearance

One examiner, child
supine, diastolic=
disappearance

Four examiners, child
supine, diastolic=
disappearance

10
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Figure 11, Mean systolic blood pressure of children by age and sex: Four prior studies.

of the same criterion, however, diastolic pressure
is particularly susceptible to observer variability;
therefore, probably no further meaning should
be attached to the difference between that study
and the others.

No matter what ambiguities exist in inter-
preting differences in absolute levels, it is none-
theless valid to compare the relationships be-
tween blood pressure distributions among
groups of children, e.g., age or race groups, that
are observed within each of the studies, to see
how these relationships vary or how widely they
can be generalized. Figure 11 shows that in all
four previous studies systolic blood pressure in-
creased in a nearly linear way with age. Diastolic
blood pressure increased with age as well (figure
12), though compared to systolic pressure it in-

creased neither as much nor as regularly. These
findings are quite similar to those of the HES.
Three of the four studies provided mean
blood pressure values by sex as well as by age.
At age 6, systolic pressure in boys was found to
be greater than or equal to that in girls; at ages
7-11, the girls’ systolic pressure tended to be
higher (figure 11). For diastolic pressure, Faber
and James!3 found girls’ levels to be higher, the
difference between the sexes increasing with age
(figure 12). Londel® observed the girls’ diastolic
pressure to be higher than boys, except at age
10. Among the children of Tecumseh, Michigan,
Johnson et al.12 found no consistent difference.
Again, the HES data are reasonably in accord
with these earlier findings: systolic pressure was
higher for girls after age 6 and particularly at

1
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Figure 12. Mean diastolic blood pressure of chiidren by age and sex: Four prior studies,

ages 9-11, while diastolic pressure was generally
higher for girls, but not uniformly so.

- None of these four studies, nor any others
encountered, had sufficiently large numbers of
Negro children to allow comparisons with the
racial differences presented in this report.

SUMMARY

This report presents national estimates of
blood pressure levels of children aged 6-11 years,
based on findings of the Health Examination
Survey of 1963-65.

In the HES, a nationwide probability sample
of 7,417 children was selected to represent the
approximately 24 million noninstitutionalized
children 6-11 years of age in the United States.

12

Of those selected, 7,119 children (96 percent)
were examined. ]

Two measurements were obtained on each
child with .the use of a sphygmomanometer. A
standard set of procedures was followed by each
of the four nurses responsible for the
measurements.

The children’s blood pressure levels were
found to be lower than those of adults examined
in the HES of 1960-62. Among the children,
systolic blood pressure was higher in each suc-
cessive age group, while diastolic blood pressure
showed a less striking and more irregular
increase.

Differences between the blood pressure levels
of boys and girls were small. After age 6, girls
generally had a higher systolic pressure, the
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Figure 13. Comparison of mean systolic and diastolic blood pressure of children in HES and four selected studies by age and sex.

largest difference of 2.6 mm. Hg occurring at
ages 10-11. Diastolic pressure tended to be
higher in girls as well, but the sex differences
were neither as large nor as consistent across
each year of age as those for systolic pressure.
Negro children had consistently higher levels of
diastolic pressure than did white children, the
largest difference being about 2 mm. Hg. For
systolic pressure there was little difference be-
tween races.

The children’s blood pressure showed a weak

inverse relationship to parental education and no
relationship to annual family income.

The relationship of blood pressure to age and
sex observed in the HES data is quite similar to
that observed in earlier studies of blood pressure
of children in the United States. Though there is
a discrepancy between the absolute blood pres-
sure levels obtained in the HES and in studies
conducted several decades ago, the levels in the
Survey are. in close agreement with those ob-

tained in more recent studies. s
1
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Table 1. Systolic bload pressure of children by race, sex, and age at last birthday: Selected percentiles, standard error of the median,
sample sizes, and mean, United States, 1963-65

Percentile _
Race, sex, and age S50th n N X
5th 10th 25th 50th 75th 90th 95th
All races mm. Hg

Both sexes, 6-11 years . . 96.6 99.3 | 1039 | 1094 | 115.2| 121.2| 1254 030 | 7,119 | 23,784 | 109.9
Byears . .. .... .. . . 92.8 9531 1001 | 1055 | 111.1| 1169 | 119.7 541 1,111 4,008 | 105.9
7vyears .. ... i 956 984 1 1023 | 1073 | 1122 1185 | 1215 A3 1 1,241 4,084 | 108.0
Bvears . . ....... ... 97.0 995 | 104.0( 109.1| 114.2] 119.8| 1240 B1101,231 3,986 | 109.5
gvyears . ... ...t 986 | 1009 | 1053 | 1102 116.1| 121.1| 1253 46 1 1,184 3,957 | 1109
10years .. .......cvvu.. 99.1 1 101.8{ 105.8{ 111.1{ 117.7 | 1228 | 126.3 23 | 1,160 3867 111.9
Tlvears . ............... 1006 | 1026 { 107.2 ] 113.0| 1194 | 1256 | 130.1 44 1 1,192 3,792 | 113.7

Boys, 6-11years . ..... 96.5 993 103.8¢ 1089} 1144 120.1 | 123.8 032} 3632 | 12,081 | 1094
Byears . ........... ... 924 956 | 1003 | 105.7 | 111.0| 1156 | 119.8 .84 575 2,082 | 106.0
Tyears . o ... e 95.7 98.2 | 1023 107.1 | 1119 1180 121.2 .52 632 2,074 | 107.8
8years . ..... ..., 97.4 99.9 | 104.2 | 109.1 | 114.0] 119.0| 1228 34 618 2,026 | 1094
Oyears . . . ..., 98.9 | 1009 | 1049 | 1093 | 1152 1208 | 124.6 49 603 2,012 | 1103
10vyears . ............... 986 | 101.0( 105.0 | 1102 | 1163 | 121.2( 124.3 .29 576 1,963 | 110.8
Tlyears . ........cc..... 99.5 | 102.1{ 106.7 | 1120 | 1173 1226 | 126.9 .50 628 1,924 | 1124

Girls, 6-11years ...... 96.6 993 | 1041 1098 | 116.1 | 1223 | 126.8 0.31 | 3,487 | 11,703 | 1105
Byvears . . ... .. el 933 95.1 999 | 1052 | 111.1| 116.3 | 1194 52 536 2,016 | 105.8
Tvears .. ..., 954 986 | 1025 107.7 { 1128 119.0{ 121.9 53 609 2,010 | 108.2
8years . . ... ..., 96.7 988 | 1036 ] 109.2 1 1143} 1204} 1255 40 613 1,960 | 109.6
Ovyears . . ..., 98.1 1 1009 | 1059 | 1109 | 1168 122.0| 126.9 .55 581 1,945 | 1115
T0years . . ........cuu... 100.2 | 1028 107.1 | 111.9 | 1188 | 1243 | 1283 A1 584 1,904 | 113.1
Tyears ............ ... {1011} 103.0} 1083 1146 | 1214 | 128.1 | 1318 62 564 1,868 | 115.1

White

Both sexes, 6-11 years . . 96.6 98.3 | 1038 | 1094 | 1164 | 1213} 1256 030 | 6,100 { 20,403 | 108.9
Byears . .. ....convuenn. 924 95.2 299 | 105.1{ 1109 1153 | 119.1 47 950 3,509 | 105.6
7years ... ... 955 986 ; 1023 | 1073 | 1123 | 118.7 | 121.8 .38 | 1,063 3,497 | 108.0
Syears . . ... ..., 97.0 99.6 | 104.0} 109.1 | 114.2( 1199 1241 31| 1,035 3413 | 1096
Oyears . .. ... 98.8 | 100.9 | 1053 | 1106 | 116.3}| 121.3 | 1256 53 | 1,019 3,393 | 111.0
T0vears .. .............. 99.2 | 1018} 1059 | 1112 | 1178 | 123.0} 126.4 .30 | 1,014 3,324 | 1121
Tlvyears . . ... .iiieeun. 100.7 | 1026 | 1074 | 113.1 | 1194 | 125.7  130.2 49 [ 1,019 3,267 | 113.8

Boys, 6-11vyears ...... 96.6 99.2 | 103.8 | 1089 | 1146 | 120.2 | 123.9 0.30 | 3,153 | 10,391 | 109.4
Gyears . .. ..., 92,2 95.3 9991 105.2 | 1108 | 115.1 | 1183 .65 489 1,787 | 1055
Tyears . ... 95.4 983§ 1023 | 107.2 | 1120 | 11811 1214 46 551 1,781 | 107.8
Byears . ., ...t 97.1 | 100.0 | 1043 { 109.0 | 114.0 (| 1193 | 123.0 .36 537 1,738 | 108.5
Oyears . . .......iieunnn. 99.1 | 1009 | 1048 { 1096 | 1156 | 1208 | 124.1 65 525 1,730 | 1104
T0years .. ..., 98.7 | 1009 | 105.0 | 1105 | 116.3 | 1216 | 124.7 .38 509 1,692 | 1109
Tiyears .. .............. 99,9 | 100.2 ] 106.9 | 112.1 } 1176 | 1229} 127.0 .62 542 1662 | 112.6

_ NOTE: S50th = standard error of the median, n = sample size, N = estimated number of children in population in thousands,
X = mean.
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Table 1. Systolic blood pressure of children by race, sex, and age at last birthday: Selected percentiles, standard error of the median,
sample sizes, and mean, United States, 1963-65—Con.

Percentile
Race, sex, and age S50th n N X
Sth 10th 25th 50th 75th 90th 95th
White—Con. mm. Hg

Girls, 6-11vyears ...... 96.6 994 | 104.1] 1098 | 116.2 | 1225 | 127.0 037 | 2047 | 10,012 | 1106
BVYEaIS . vt e e 92.9 951 1000 1051 | 111.0 | 116.3]| 119.2 48 461 1,722 | 105.7
Fyears ... ... 95.8 98.7 | 1025 1076 | 1129 ]| 119.0| 122.1 .53 512 1,716 | 108.2
8years ... ......ciceunan- 96.6 99.1] 1036 | 1093 | 1145 | 1203 | 1253 .53 498 1674 | 109.7
Oyears . .. ......cucvunns 982 | 101.0| 106.0] 1111 | 1169 | 1228 1276 .65 494 1663 | 111.7
T10Vears ., ...coveeeeenans 1004 | 1029 | 107.2] 1122 | 118.0 | 1246 | 1287 .54 505 1632} 1133
Tlyears ... ..civvviunnnn 101.1 ] 103.0 | 1085| 1146 | 1216 | 1283 | 131.8 .63 477 1,605 | 115.2

Negro

Both sexes, 6-11 years .. 96.3 989 | 104.1( 1093 | 1144 | 1208 | 1246 0.78 987 3,272 | 109.8
BYears . ... i i 93.9 96.0 | 1024 | 108.7 | 112.0 | 1188 | 1227 1.59 156 570 | 107.8
Fvyears .. ...t ene e 95.3 98.0 | 1026 107.7 | 1118 | 117.7 | 120.8 1.46 172 570 | 107.8
Byears .. ... it i i 96.7 989 | 1034 109.1 | 1139 | 119.1] 124.0 1.08 192 560 | 109.2
gyears . . ... iieiiaaan 975 | 1008 | 1056 | 109.1 | 114.1 | 1203 | 124.2 92 158 534 | 110.1
T0vears . ........ouunn. 97.1 | 1016 | 1053 110.1 | 116.7 | 1213 | 1244 .83 142 530 | 110.9
T1years .. ..cvvieerennns 983 | 1020 106.7 | 1128 | 119.7 | 125.2 | 130.0 .98 167 507 | 113.3

Boys, 6-11years ...... 96.3 996 | 1040 109.0 | 1139 | 119.8| 123.0 1.02 464 1,642 | 1095
Gyears..........c.0... 93.7 9681} 103.1| 109.0 | 1122 | 119.1 | 1233 1.36 84 289 | 108.8
TYears .. .vvininnnennann 96.6 98.1 | 1026 | 106.7 | 1113 | 116.8 | 1193 1.75 79 286 | 107.4
Byears.........00cuanen 98.9 988 | 1036 | 109.7 | 1139 | 116.9 | 121.2 1.18 78 279 | 109.2
Oyears .. ...uviaeraanann 97.0 | 1012 | 1053 | 108.2 | 1124 | 1208 | 126.0 1.10 74 269 | 1099
10vyears . .......ccvcenn 96.2 | 1018 | 1046 | 1096 | 1166 | 120.7 | 1213 1.11 65 264 | 110.1
Tlyears . ........covuen.. 96.3 | 1002 ( 1053 | 1111 | 1163 | 121.8 ] 1257 1.59 83 255 | 1115

Girls, 6-11 years ...... 96.3 983 | 1044 109.7 | 1152 | 121.7 | 125.7 0.71 523 1,629 | 1101
BVyears . .....cuaceeinann 939 953 | 1000{ 1076 | 1114 | 1169 | 1219 2.08 72 281 | 106.7
Tyears ... ... 94.6 97.7 | 1027 | 1086 | 1127 | 118.7 | 121.2 1.34 a3 284 | 108.2
Byears . .. .......cc.0.n 96.0 9701} 103.2} 1088 | 1139 | 1216 | 126.1 1.24 113 281 | 109.1
Oyears . ....vuinvnnnns 97.8 993 | 1057 | 110.0 | 1156 | 120.2 | 122.1 .82 84 265 { 1104
10vears .. .....oceeuunn. 98.2 | 1015 | 1066 | 111.2 | 1169 | 123.6 | 127.7 1.03 77 266 | 1116
Tlyears . .....covveen... 1010 | 1048 108.0] 1146 | 1212 | 1276 | 1319 1.67 84 253 | 115.1

X = mean,

NOTE: sgqqp, = standard error of the median, n = sample size, N = estimated number of children in population in thousands,
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Table 2. Diastolic blood pressure of children by race, sex, and age at last birthday: Selected percentiles, standard error of the median,

sample sizes, and mean, United States, 1963-65

Percentile -
Race, sex, and age S50th n N X
5th 10th | 26th | 50th | 75th | 90th | 95th
All races mm. Hg

Both sexes, 6-11years ,....... 530 564 | 61.3| 672 | 719 | 759 | 786 070 | 7119 | 23,784 | 66.6
BYears ......ctiieneernanaeas 511 | 545 | 604 | 66.1 | 709 | 75.1 | 78.1 81| 1,111 4,098 | 65.5
TYears . .ottt e e 529 | 56.1 | 609 666 | 709 | 751 | 77.3 65 | 1,241 4,084 | 66.0
Byears ... ...t e e 6533 | 564 | 611 673 | 721 76.2 | 789 92 | 1,231 3,986 | 66.8
OVears . ..ot iienennennnonnnn 53.7 ] 569 | 622 | 680 | 723 | 76.3 | 78.7 70 1,184 3,957 | 67.2
T0years . ... ittt b46 | 576 | 627 684 | 727 | 76.7 | 79.2 72| 1,160 3,867 | 676
1lvears . ...ttt e 528 | 566 | 61.2}1 672 | 722 76.2 | 784 76 | 1,192 3,792 | 66.8

Boys,6-11vyears ............ 529 | 566 | 61.1| 67.0 | 714 { 756 | 78.2 0.72 | 3,632 12,081 66.4
BYears .. ...t e 519 | 85,7 | 606 | 66.2 | 704 | 742 | 76.9 90 575 2,082 | 65.5
Y - 523 | 55.7 | 610 663 | 704 | 746 | 771 77 632 2,074 | 65.7
BYears ... ittt s it 53.7 ] 570} 612 669 | 7119 | 76.1 | 79.3 77 618 2,026 | 66.7
OVEArS ... oot iieri i erannns 530 | 565 | 616 | 673 | 716 | 76.0 | 786 66 603 2,012 | 66.7
TOYearsS ...t n e ie e i n et 546 | 572 | 617 | 683 | 726 | 76.3 | 78.8 1.06 576 1,963 | 67.2
Tlyears ... ..o i it e 527 | 566 | 61.0] 676 | 71.8 | 76.0 | 78.1 .89 628 1,924 | 66.7

Girls,6-11vyears ............ 653.0| 56.2 ) 616 | 674 | 722 | 76.2 | 788 073 1 3,487 | 11,703 | 66.9
BYears .. ...... it ieaannn 50.7 | 53.8 | 603 | 66.1 | 71.3 | 76.2 | 786 .85 536 2,016 | 65.5
YT - 536 | 56.3 | 60.8| 66.7 | 71.1 | 756 | 772.7 .59 609 2,010 | 66.2
BYearS ..ttt i et et e e 53.1 | 556 | 61.0| 679 | 723 | 76.2 | 783 1.18 613 1,960 | 66.8
OYeArS . v i r it n i e et 546 | 57.7 | 628 | 688 | 732} 766 | 788 .79 581 1,945 | 67.7
T0Years ... ..o iin i it 546 | 58.2 | 638 | 685 | 729 | 77.3 | 79.7 57 584 1,804 | 68.1
TIvears ... ...ovivieeinnernrenas 529 | 56.7 | 613 | 67.0 | 727 | 764 | 789 .73 564 1,868 | 66.9

White

Both sexes, 6-11years ........ 528 | 56.2 | 611 | 671 | 71.7 | 758 | 783 0.76 | 6,100 | 20,403 | 664
BVYeANS . v it te s 509 | 539 | 60.0| 658 | 704 | 74.7 | 71.7 90 950 3,509 | 65.1
TYBAIS & i it ittt s 532 | 56.0| 608} 66.3 1 708 | 749 | 771 .74 | 1,063 3,497 | 659
BVYEArS . ... it e 53.1 564 | 61.2| 673 | 720 | 76.0 | 783 95 { 1,035 3,413 | 66.7
OVears . ... .ot 532 | 56.7 | 62,1 679 | 723 | .76.3 | 78.7 .75 | 1,019 3,393 | 67.1
T0vyears . ... ..vivirneinnnanonn 548 | 57.7 1 627 | 68.2 | 724 | 76.3 | 79.2 70 | 1,014 3,324 | 675
TIVears ... .ouineiinneaneenann 527 | 56.3 | 61.1| 67.0 | 719 | 759 | 78.2 .80 | 1,019 3,267 | 66.6

Boys,6-11years ............ 527 | 56.2 | 608 | 669 | 71.1 | 752 | 78.0 0.79 | 3,153 | 10,391 | 66.2
BYBAIS « o cv v in e reeneennaeenn 5131 546 | 600} 65.7 | 69.9 | 739 | 759 91 489 1,787 | 65.0
TVYEArS . o v vt i vne e s nnaananeen | 527 | 55,5 | 608 | 66.1 | 703 | M.3 | 76.8 91 551 1,781 | 656
BYears .. it e e 53.0 | 571 | 61.1| 669 | 71.7 | 759 | 78.7 .95 537 1,739 | 666
OVeArS . . ii v i ittt 522 | 56.1 ] 61.0)| 672 | 716 | 758 | 78.2 81 525 1,730 | 66.5
TOVYears . ... .civuninennnenans 546 | 57.2 | 613 | 679 | 719 | 758 | 788 1.13 509 1,692 | 66.8
TTYears & vt et ves v e nnnen 528 | 564 | 61.1 | 673 ] 714 | 75.7 | 78.2 .99 542 1,662 | 66.6

X = mean,
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Table 2. Diastolic blood pressure of children by race, sex, and age at last birthday: Selected percentiles, standard error of the median,
sample sizes, and mean, United States, 1963-65—Con.

Percentile
Race, sex, and age $50th n N X
Sth 10th | 25th | 50th | 75th | 90th | 95th
White—Con. mm. Hg

Girls,6~11vyears ............ 529 | 56.1| 616 ) 67.3 | 721 ] 76.1| 788 0.72 | 2947 | 10,012 | 66.8
BYears .. .uiiceitiira e 505 53.0} 60.0} 659 | 71.2| 76.2| 78.6 1.09 461 1,722 | 65.3
Tyears ...ttt et 53.7 564 | 608 | 66.7 | 71.1 755 | 779 64 512 1,716 66.2
Byears .....ic i it 53.2| 559 | 613 | 679 | 721 | 76.1| 78.1 1.17 498 1,674 | 66.9
Years .. ..iii ittt 539 | 574 | 629 | 68.7 | 73.2| 76.7| 79.0 .80 494 1,663 | 67.7
TOyears .. ...couiiensennnonacs 552 | 58.7| 64.0 | 684 | 729 | 773 | 79.7 56 505 1,632 | 68.3
flyears . ... ..ttt 523 | 56.3| 61.1 | 666 | 723 | 76.1} 784 .79 477 1,605 | 66.5

Negro

Both sexes, 6-11years ........ 546 | 572 | 628 | 684 | 732 771 | 794 0.87 987 3,272 | 678
BYears .. ...t ittt 558 | 588 | 636 | 679 | 722 | 773 793 1.18 156 570 | 68.1
Y = £ 517 | 570 | 623 | 671 | 715 | 758 | 78.2 .65 172 570 | 66.7
Byears .. ...t et 545 | 56.2| 603 | 674 | 734 77.7| 813 1.45 192 560 | 67.2
OYearS & ittt i it et 56.7 | 589 | 638 | 688 | 73.0| 76.6 | 78.9 .88 158 534 | 68.1
10vears ... .ot i it 537 | 56.2| 627 | 693 | 746} 77.7 | 79.7 1.69 142 530 | 68.3
Tlyears ... i naanan 532 | 577 63.1 | 689 | 743 | 778 793 .86 167 507 | 68.3

Boys,6-11Tyears ............ 55,1 | 574 ] 633 ]| 683 | 733 | 77.5| 80.2 0.77 464 1,642 | 68.1
BYEAIS ... v v i vn s et 575 | 599 | 643 | 686 | 73.2 | 78.1| 80.0 .99 84 289 | 69.0
Y- £ 50.2 | 578 629 { 67.1 | 71.1| 758} 806 .86 79 286 | 66.8
BYears ... ...ttt 56.0 | 569 | 628 | 67.0 | 73.2| 786 | 823 1.61 79 279 | 67.8
OYeaIS ... i ieereraacrancans 56.2 | 59.2| 639 | 679 { 719} 770 81.0 .74 74 269 | 67.9
TOVears ...ttt nti it iie i 544 | 571 646 | 703 | 753 | 77.8| 79.7 2.12 65 264 | 694
TIvears .. .ouieeiineenensannas 51,7 | 56.8| 602 | 68.7 | 740 77.0| 78.1 1.38 83 255 | 67.7

Girls,6-11Tvyears ............ 540 | 569 | 615 | 685 | 73.0| 768 | 79.0 1.07 523 1,629 | 674
BVYEAS & . v vt ettt 558 | 58.0| 620 | 67.1 | 716 | 76.7| 788 1.33 72 281 | 67.2
TYBBIS o . ittt i a s e 528 | 56.1 | 609 | 67.1 | 720 758 77.1 1.14 93 284 | 66.5
Byears .. ...ttt i 51.0 | 548} 59.2 | 683 | 736 | 77.7} 807 2.82 113 281 | 66.6
OYears ...ttt ittt 57.0 | 588 623 | 698 | 737§ 766 | 77.2 .70 84 265 | 68.3
T0Years ... ciiienmnnnnarnenans 53.1 ] 548 | 606 | 686 | 726 | 77.3 | 79.7 1.73 77 266 | 67.1
TTVYears . ...vovevvaenaernannss 563 | 59.0| 643 | 69.3 | 747 | 78.7 | 80.0 .93 84 253 | 69.0

NOTE: SEOth = standard error of the median, n = sample size, N = estimated number of children in population in thousands,

X = mean
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Table 3. Median systolic and diastolic blood pressure in children aged 6-11 years by annual family income and race of child: United

States, 1963-65

Annual family income

Race Less than $3,000- $10,000
$3,000 $9,999 or more

Median systolic blood bressure in mm, Hg

1 - | 109.3 109.5 109.2

Wit i it et e e e et et e e 108.7 109.7 109.1

NEgro « i e e e e e e 110.3 108.2 110.6
Median diastolic blood pressure in mm, Hg

TOtal ..t e e e e e e e e e 67.8 67.0 67.1

1 67.6 66.9 67.1

{3121 J 68.1 68.5 715

Table 4. Median systolic and diastolic blood pressure in children aged 6-11 years by education of parent and race of child: United

States, 1963-65

Race

Education of parent

Less than
5 years

5-8 years

9-12 years

13 years
or more

Median systolic blood pressure in mm, Hg

110.4| 109.3 | 109.6 I 108.8
110.6 ‘ 108.2 l 109.7 | 108.8
110.2 110.0 108.6 109.1

Median diastolic blood pressure in mm, Hg

68.5 67.3 67.3 66.2
68.3 67.2 67.2 66.1
68.6 68.0 68.7 68.5
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APPENDIX

SPECIAL SOURCES OF VARIATION
IN THE MEASUREMENT OF BLOOD PRESSURE

Time of Examination

In the HES survey of adults, it was observed
that blood pressure measurements tended to be
slightly higher in the afternoon than in the
morning.” Table I shows that this held true in
children for systolic pressure, but not for dia-
stolic pressure. As in the survey of adults, the
magnitude of the morning-afternoon difference
was small enough that it could be ignored in
other analyses of these data.

Comparisons among the morning or afternoon
times were hindered in that the large majority of
exams started at about the same time, 9-9:59
a.m. and 1-1:59 p.m.

Order of Measurement

The examinee’s first blood pressure determi-
nation was made before the physical exam; the
second was made some time later, after the elec-
trocardiogram. On the average, the first measure-
ment was higher than the second, both for

systolic and for diastolic pressure (table II). The
difference between the medians was 3.6 mm. Hg
for systolic and 1.7 mm. Hg for diastolic and
was of approximately the same magnitude for
the higher and lower percentiles as well. In view
of the effect of apprehension on blood pressure
level, it was to be expected that measurements
early in the course of the exam would be higher
than later ones. A similar phenomenon was ob-
served in the HES survey of adults.”

Examiner Variability

The blood pressure measurements in this sur-
vey were obtained by four nurses. In general,
only one was assigned to work at any particular
location of the examining caravan. The percent
distribution of examinees by age, sex, race, and
examining nurse is shown in table III. Among
the nurses there were small differences in the
distribution of examinees by age and sex and
larger differences by race. The median systolic

Table 1. Median blood pressure and number of examinees by beginning time of examination

Beginning time of examination
Median blood pressure and
) a.m. p.m.
number of examinees
8-10:59 | 88:59 | 9-9:59 | 10-10:59 | 12-2:59 [{12-12:59 | 1-1:59 | 2-2:59
Totalexaminees . ............... 3,736 3,516 76 3,343 271 2,271 801
Systolic pressure (mm. Hg) ............. 109.0 1111 108.9 109.4 110.2 109.6 110.1 110.5
Diastolic pressure (mm. Hg) ............ 67.0 674 67.0 68.4 67.1 64.5 67.8 66.1
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Table |1, Blood pressure of children by order of measurement,
selected percentiles®

Blood pressure Percentile
{mm. Hg) 10th | 25th | Soth | 75th | 90th
Systolic | ,..... 1000 | 1044 | 1116 | 117.8 | 1238
Systolic Il .. ... 979 | 102.1 | 108.0 | 113.8 | 120.0
Diastolic| ..... 562 | 616 | 680| 724| 780
Diastolic I . . ... 565 | 600 | 663 | 706| 759

dsample weights are not taken into account in this table; the
figures presented do not represent estimates for the U.S.
populiation,

and diastolic blood pressure of the children
examined at those locations where each nurse
worked are shown in table IV. The values have
been adjusted to account for differences in the
age, sex, and race composition of the examinees
in the four groups. For the purpose of this
analysis, values for examinees at locations where
more than one nurse was employed have been
excluded.

The differences in the median systolic blood
pressure obtained by each nurse were relatively
small, the largest being 2.8 mm. Hg. Diastolic
pressure variation between them, however, was
greater; the largest difference was 8.8 mm. Hg.
The fact that diastolic pressure was measured

Table 111, Number and percent distribution of examinees by age, sex, race, and examining nurse

Examining nurse

Age, sex, and race of examinees
1 2 3 4
Number
Total eXaminges® . . . . . i it e e e e e 1465 | 2960 | 732 | 1,123
Percent distribution
Age
B-1Tyears . .. it e e e e e e e 100.0 100.0 100.0 100.1
B-7 WBAIS . . it e e e e et e e 33.0 32.9 32.9 32.7
B0 VBAIS . L. e e e e e e e e e e e 34.1 3386 32.7 35.4
L I B - T 32.9 335 344 32.0
Sex
Bothsexes . ........c.c.ciiiiin it 100.0 100.0 100.0 100.0
Male . .. . e e e e e e e e e 50.6 52.3 49.2 50.4
Female . ... ... .. i e e e e 49.4 477 50.8 49.6
Race
Total ..o e e e e 100.0 100.0 100.0 100.0
White ... i e e e e e e 79.8 89.7 248 84.8
NEgrO . ot e i e e e e e e e 20.2 10.3 5.2 15.2

3Excludes 839 children who were examined at locations where there was more than 1 examining nurse.
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Table IV. Number of examinees and median systolic and diastolic blood pressure of children by examining nurse?

Examining nurse
Median blood pressure and number of examinees
1 2 3 4
Totalexaminees® . . .. .. ... ... ... .. 1,465 2,960 732 1,123
Systolic blood pressure (mm. Hg)® . .. ....... .. ... ... ...... 110.2 108.4 111.2 1104
Diastolic blood pressure (mm. Hg)¢ .. ......... ... ... c.... 60.5 69.3 64.9 66.6

8Sample weights are not taken into account in this table; the figures presented do not represent estimates for the U.S. population.
bEchudes 839 children who were examined at locations where there was more than one examining nurse.

€Adjusted to the racial distribution of all examinees.

less unformly than systolic pressure is not sur-
prising since the end point for diastolic (disap-
pearance of sounds) is usually less clear cut than
that for systolic (initiation of sounds) and would
be more susceptible to differences in the audi-
tory thresholds of the nurses.

This discrepancy among the nurses in the
measurement of diastolic blood pressure has not
affected the analysis of diastolic pressure vari-
ation by age or sex since each of the four nurses
examined about the same proportion of children
in the various age and sex groups (table III). It
has affected the diastolic pressure difference be-
tween the races by understating the difference.
Nurse 1, who, of the four nurses, measured the
highest percentage of Negro children, tended to
measure diastolic pressure lower than the others.
Thus, since the Negro children were observed as
having a higher diastolic pressure, if the vari-
ability among nurses had been taken into ac-
count, the difference between Negro and white
children would have been slightly greater still.

Subsequent reports concerning the relation-
ship of diastolic blood pressure and some other
characteristic, if each of the nurses has not ex-
amined the same proportion of persons with this
characteristic, will have to take these examiner
differences into account.

End-Digit Preference

Table V shows the distribution of the final
digit of the first and second blood pressure
measurements and of the average of the two
measurements. Despite instructions to record
blood pressure to the nearest 2 mm. Hg, the
nurses recorded several odd end digits. Among

the even digits there was more variation than
would have been expected by chance, with “0”
recorded the most frequently, “6” the least.
This digit preference was far less, however, than
that shown by the physicians who measured
blood pressure in the HES survey of adults.”
Once the two measurements were averaged, the
digit preference was obscured (table V).

Parameter and Variance Estimation

All estimates of parameters presented in this
report are weighted estimates, taking into ac-
count the statistical weights that were assigned
to each of the 7,119 examined children so that
they might very closely represent the 6-11-year-
old noninstitutionalized population of the
United States in 1963-65. Because of the com-
plex design of the HES, which has been de-
scribed elsewhere,! a half-sample replication
technique! ¢ developed by the U.S. Bureau of
the Census was used to produce variance esti-
mates for sample statistics. These estimates are
based on 20 balanced half-samples created by
orthogonally selecting one from each of the 20
pairs of primary sampling units employed in the
HES. The desired statistic is calculated for each
half-sample ahd for the total sample. The vari-
ance (in this report, the variance of distribution
of medians of the half-samples) is then com-
puted by the usual mean-squared deviation for-
mula (with 20 degrees of freedom), and the
standard error is simply the square root of this
value. This approach compensates for the effects
of clustering, stratification, ratio estimation, and
poststratification, all of which are part of the
sampling procedure of the HES.
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Table V. Distribution of end digits on blood pressure measurement by order of measurement

. . . Avg. Avg.
End digit SVSTOIIC D:as;'lcohc systolic | diastolic sy?:c?l.ic di:s‘glic
il 1
Number of examinees
O e e e e e e e e e 1,759 1,756 1,724 1,856 772 897
A - - 3 2 749 712
2 e e e e e e e 1442 1,319 1,375 1,240 815 630
N - 2 3 12 695 646
A e e e e e e e e 1,534 1,216 1,490 1,212 630 671
B e e e e e s 6 5 g 9 697 687
L 1,047 954 1,071 1,049 679 656
2 1 1 2 13 685 708
B e e e e e 1,321 1,860 1,405 1,705 658 688
£ 3 - 10 3 736 821
MisSSiNg . ..ttt e e e e e e 6 6 17 18 3 3
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