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The percentile values of blood pressure were calculated in 1,546 healthy
Japanese children aged 4 to 17 years. Systolic blood pressure was increased
with chronological age and correlated with body length, body weight, lean
body weight, body surface area, upper arm length and upper arm circum-
ference.

Anthropometric values of 119 hypertensive children were also measured.
In these children there was a tendency toward obesity, as the following
anthropometric values were larger in these children ; body weight, body
surface area, ponderosity, upper arm circumference and skin fold thickness.

Essential hypertension plays a considerable role in the epidemiology of the
vascular disease of adults in Japan. Although numerous studies have been
done on the pathogenesis and epidemiology of hypertension, there are few
studies which followed populations prospectively, that is, from the onset of
hypertension.

In 1978, the Shimane Heart Study was undertaken in an attempt to clarify
the pathogenesis of hypertension which may begin in childhood (1—5). For
research of childhood hypertension, it was necessary to establish normal ranges
of blood pressure in children at various ages.

This paper reports the percentile values of blood pressure in randomly
sampled children, and the relationship between blood pressure and anthropo-
metric values in normo- and hypertensive children.

MATERIALS

Randomly Sampled Groups

A total of 1,546 children aged 4 to 17 were randomly sampled from several
kindergartens, primary schools, and junior and senior high schools. All are
living in Izumo, Shimane Prefecture, a country city of moderate size and
population in Japan.
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Hypertensive Groups

One hundred and nineteen children with hypertension were studied. Blood
pressure of all school children was examined in three junior high schools and one
senior high school in Izumo, and hypertensive children were selected accord-
ing to the following criteria : 135 mmHg or over in systolic and/or 80 mmHg
or over in diastolic pressure. Secondary hypertension was excluded by thor-
ough physical examination, urinalysis, ECG and echocardiography.

Control groups were 266 children of the same school with a normal blood
pressure. Details of the study population are shown in Tables I and II.

TABLE 1. Number of Randomly Sampled
Children, by Age and Sex

Age (years) Boys Girls
4-5 147 140
6 234 230
9 212 203
12 100 139
15 81 60
Total 774 772

TABLE 1I. Number of the Hypertensive and the Randomly
Sampled Children, by Age and Sex

Age (years)  Hypertensives  Normotensives.
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METHODS

The following examinations were performed for all the children who partici-
pated in the studies :

(1) Questionnaire for family history of hypertension, cerebral apoplexy,
coronary infarct, obesity and diabetes mellitus.

(2) Anthropometric measurements of body length, body weight, chest cir-
cumference, anteroposterior and right to left diameters of thorax, skin fold
thickness, upper arm length and circumference.

(3) Blood pressure.

(4) Urinalysis for protein, sugar and sediment.

(5) Serum total and HDL cholesterol.

(6) Hemoglobin concentration of venous blood.

(7) Electrocardiography, vectorcardiography and echocardiography.

The skin fold thickness was measured at a median point on the lateral side
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of the right upper arm (Triceps), and right subscapular point. A Harpenden
caliper with 10 g/mm? pressure was used for the measurements (6).

The blood pressure was measured with the children in a sitting position, in
the right upper arm, by mercury sphygmomanometer. The width of manch-
ette was 9 and 12 cm for children of 9 years or under and 12 years or over,
respectively. Diastolic pressure was obtained at the 4th point of Swan. Mea-
surements were performed three times and the lowest systolic pressure was
adopted as the blood pressure of individual children. Percentile values were
calculated from a table of the cumulative frequency distribution.

Lean body weight (LBWt) was calculated from body weight (BWt), triceps
skin fold thickness (T) and upper arm circumference (UAC), using the follow-
ing equation as a convenient approximation ;

AA—FA

LBWt=BWt X -~ AR
2
AA (Arm area) = U—4An(::—7

FA (Fat area) = :;; (UAC— ~% 7T).

In the present paper, ponderosity means log (body weight/body length3).
RESULTS

Percentile Values of Blood Pressure in Randomly Sampled Groups

Percentile values and curves of systolic and diastolic blood pressure are
shown in Table III and Figs. 1 and 2. Median values of systolic pressure
increased gradually with chronological age. In all ages except for 15 year old
children, the boys had a slightly higher blood pressure than did the girls.

TABLE IIl. Percentile Values of Blood Pressure in Randomly Sampled Children

Percentile values of blood pressure (mmHg)

Age (years) Numbers i A ' 7:,,,§X§_t°1ic, ,,7,,1,),i,a§t°1ic -
50 90 o 95 97 50 90 95 97
45 Boys 147 91 101 106 108 46 61 62 63
Girls 140 91 105 110 111 50 62 64 66
s Bovs Y 92 102 108 111 52 64 69 70
Girls 230 92 105 110 112 54 66 69 70
9 Boys - 212 104 116 120 122 61 72 74 76
Girls 203 101 116 121 123 61 72 74 75
12 Wr}géoiys 100 i 112 127 132 134 62 72 76 78
Girls 139 115 130 135 137 63 74 80 81
15 Boys 81 121 140 142 145 64 76 81 82

Girls 60 114 129 133 134 71 81 84 88
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Fig. 1. Percentile curves of blood pressure

in randomly sampled boys.
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Fig. 2. Percentile curves of blood pressure
in randomly sampled girls,

Relationship between Systolic Blood Pressure and Anthropometric Values in
Randomly Sampled Groups

Systolic pressure was closely correlated with the following anthropometric
values (Table IV) : body length, body weight, lean body weight, body surface

area, upper arm length and upper arm circumference.

systolic pressure and skin fold thickness was poor in both sexes.

Correlation between

TABLE IV, Relationship between Systolic Blood Pressure and Anthropometric Values
in Randomly Sampled Children

Anthropometric ; Boys : p ; Girls. ;
values Correlation Regression equations** Correlation Regression equations**
coefficients A B coefficients A B
Body length 0.74 0.53 33.2 0.60 0.4 4.4
Body weight 0.73 0.76 79.1 0.67 0.78 77.5
Lean body weight 0.72 0.89 82.7 0.66 1.26 77.8
Body surface area 0.71 33.7 66.8 0.54 34.9 65.3
Upper arm length 0.71 2.1 46.8 0.65 2.4 38.5
Upper arm circum- g 71 2.9 43.9 0.62 2.8 45.1
Skin fold thick- 0.07 0.84 88.0 0.35 0.50 88.1

* Triceps+ Subscapular

** Blood pressure=A X Anthropometric values+B
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Comparison of Anthropometric Values between the Hypertensive and the
Normotensive (Control) Children

As shown in Table V, body weight, body surface area, ponderosity, upper
arm circumference and skin fold thickness were significantly higher in the
hypertensive children. In addition, the following values were higher in hyper-
tensives ; body length and upper arm length in boys, and lean body weight
in girls, respectively.

TABLE V. Comparison of Anthropometric Values between Hypertensive and Randomly
Sampled Children

Normotensives Test for dif-

Anth{?pometric values 7I:Iypertensives ference (p)
Blood 4 14049 117413 < 0.01
00c pressure 0 13648 116 4+ 11 < 0.01
Bodv lenoth 2 164.7+8.0 158.8+12.4 < 0.01
ody leng 0 154.5+5.6 152.946.6 NSt
Bod weishe 5 58.3:£13.1 49.3+11.4 < 0.01
ody weig 0 51.8+410.5 7.0+8.3 < 0.01
Lean bodv weight 40.0+8.7 37.6+9.9 NSt
ean body weight o 30.1+4.4 28.444.5 < 0.05
Bod . 2 1.61-:0.20 1.484+0.23 < 0.01
ody surtace area 1.48+0.15 1.404£0.15 < 0.01
Ponderosity® 2 1.1140.07 1.08.0.05 < 0.01
oncerosity ) 1.14+0.07 1.11+0.05 < 0.01
U rontn 33.743.2 32.64+3.5 < 0.05
pper arm length o 31.1+1.6 30.8+2.0 NSt
Upper arm cir- 3 26.3+3.8 24.0:2.8 < 0.01
cumference Q 25.1+3.2 23.7+2.6 < 0.01
Skin fold thick. 3 23.4112.8 18.716.8 < 0.01
ness** ) 35.7+15.0 30.2:+11.3 < 0.05

* log (Body weight/length3) ** Triceps+Subscapular 1 Not significant

Family History of Hypertension

No significant differences were noted in the family history between the
hypertensive and the normotensive children.

DISCUSSION

The percentile values of blood pressure are used universally for the epidemi-
ological studies of hypertension in children (7). These values have not been
established for Japanese children.

In the present study, the blood pressure increased with age, and the sex
difference was apparent in those over 15. This tendency was also reported
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in the United States (7) and Japan (8). In general, the blood pressure of
children was slightly lower in the Japanese than in the Americans (7).
The differences were several mmHg in systolic and 10 mmHg in diastolic,
respectively. This means that the blood pressure increases more slowly in
Japanese than in American children.

Blood pressure of normal subjects was reported to be correlated with body
length, body weight, body surface area, upper arm length, upper arm circum-
ference and ponderosity (9—11, 14). Except for ponderosity, similar results
were obtained in our study. In children, both blood pressure and these
anthropometric values were positively correlated with chronological age. There-
fore, further statistical methods such as a multi-variate analysis may be
necessary to clarify the relationship among these variants.

The anthropometric values were compared between the hypertensive and
the normotensive children. Body weight, body surface area, ponderosity,
upper arm circumference and skin fold thickness were significantly larger in
the former than in the latter. These results show that hypertensive children
have a tendency toward obesity. Similar findings were reported in several
papers from the United States (12 —14), but there are no such data on Japa-
nese children.

Although the familial aggregation of hypertension in children has been
reported (10, 11, 15, 16), the present study showed no such a tendency. This
discrepancy may be due to a lack of uniformity in the data, as the family
history was obtained by questionnaire.

This study was supported in part by grants from the Science and Technology Agency of
Japan,
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