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Ambulatory blood pressure monitoring (ABPM) was performed in 68 children with normal blood pressure.

There were 14 boys (junior boys) and 24 girls (junior girls) in primary school and 17 boys (senior boys) and 13

girls (senior girls) in junior high school or senior high school. A significant daily fluctuation in ABPM values in

systolic and diastolic blood pressure was observed in all four groups. Only some of the average blood pressure

values in three periods (24 hr, daytime from 09 : 00 to 20 : 00, and nighttime from 00 : 00 to 06 : 00) were positively

correlated with anthropometrical values. The average blood pressure values at nighttime were significantly

higher in the senior boys than in the junior boys. When the blood pressure values were rearranged in ascending

order and the lowest 12 and highest 12 of all 48 values measured every 30 min for 24 hr were used, in contrast to

the time series data, significant differences in the bottom and top quartile groups of blood pressure values were

found between the junior and senior age groups and between boys and girls. In conclusion, the method that used

rearranged blood pressure values appeared to be useful for evaluating ambulatory blood pressure in children

and adolescents.
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Introduction

A small, lightweight, mobile automatic sphygmo-
manometer has recently become available for a
clinical use. Although ambulatory blood pressure
monitoring (ABPM) with this mobile sphygmoma-
nometer has been used to diagnose hypertension in
children”™, no method of evaluating ambulatory
blood pressure (ABP) data from children and ado-
lescents has yet been established. In this study we
analyzed the characteristics of the ABP values of
healthy children and obtained some interesting re-

sults regarding the evaluation of ABP.

Subjects and Methods
Sixty-eight children (31 boys, 37 girls) whose
blood pressure (BP) was assessed to be within the
normal range based on the diagnostic criteria for
hypertension at any age and either gender were en-
rolled in this study. Informed consent was obtained
from the subjects and/or their guardians. The sub-

jects were divided into four groups according to
age and gender. There were 14 boys (junior boys)
and 24 girls (junior girls) in primary school and 17
boys (senior boys) and 13 girls (senior girls) in junior
high school or senior high school.

The diagnostic criteria used for hypertension”
were: primary school children: 135/80 mmHg; jun-
ior high school boys: 140/80 mmHg; junior high
school girls: 135/80 mmHg; senior high school boys:
145/85 mmHg; and senior high school girls: 140/85
mmHg. ABP was measured with a model ABPM
630 (Nihon Colin, Japan).

The cuff size was set at approximately 40% of the
upper arm circumference of each subject. After 4 to
6 trial BP measurements to acclimate the subjects
to the system, ABP measurements were made
every 30 min for 24 hr, i.e., a total 48 times. The av-
erage BP values in three periods (24 hr, daytime
from 09 : 00 to 20 : 00, and nighttime from 00 : 00 to
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06 : 00) were calculated.

The measurements of ABP were analyzed by the
following approach.

1) Correlations between average BP values in 3
periods (24 hr, daytime from 09:00 to 20:00, and
nighttime from 00 : 00 to 06 : 00) and the anthro-
pometrical data, including height, weight, percent
overweight, body surface area, and age were calcu-
lated.

2) Daily fluctuations in ABP values were meas-
ured. The rate of decrease in systolic BP at night
was calculated as follows: average daytime systolic
BP-—average nighttime systolic BP/average day-
time systolic BP X 100 (%). The rate of decrease in
diastolic BP at night was calculated in the same
way: average daytime diastolic BP—average night-
time diastolic BP/average daytime diastolic BP X
100 (%) .

3) Correlations between average BP values in
each period and age groups of different gender
were calculated. The rate of increase in BP with age
was calculated as follows: average BP in the senior
group—average BP in the junior group/average BP
in junior group X 100 (%) .

4) Average BP values obtained each time meas-
ured (48 times) were rearranged in ascending order
and divided at the quartile points.

Fach group consists of averages of BP data ob-
tained at each of 12 times. We focused on the high-
est 12 values (the top quartile group, above the 75
percentile) and the lowest 12 values (the bottom
quartile group, below the 25 percentile) of the 48
values obtained by measuring BP every 30 min for
24 hr. The rate of increase in BP with age was cal-
culated as follows: average BP in each quartile
group in the senjor group —average BP in each
quartile group in the junior group/average BP in
each quartile group in junior group X 100 (%). Corre-
lations between BP values after rearrangement and
age groups of different gender were calculated.

A single regression analysis was performed for
the correlation between average BP values of each
period and the anthropometrical data. Mann—Whit-
ney’s U test was used for the other statistical analy-
ses.
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Results

1. Correlation between average BP in the
three periods and the anthropometrical data

Only some of the average BP values in three peri-
ods were positively correlated with anthropometri-
cal values (Table 1).

2. Daily fluctuations in ABP values

Daily fluctuations in ABP values were examined
in four groups: 14 junior boys, 24 junior girls, 17 sen-
ior boys, and 13 senior girls (Table 2). The rate of
decrease in systolic BP of the junior boys, junior
girls, senior boys, and senior girls was 84, 9.2, 6.2
and 6.6%, respectively. The rate of decrease in dia-
stolic BP in the junior boys, junior girls, senior boys,
and senior girls was 12.1, 104, 7.9 and 9.2%, respec-
tively. The rate of decrease in heart rate of the jun-
ior boys, junior girls, senior boys, and senior girls
was 26.9, 25.0, 20.9 and 19.5%, respectively. A signifi-
cant daily fluctuation in ABP values and heart rate
was observed in all four groups (p<0.001) . The rate
of decrease was higher in the junior groups than in
the senior groups in both boys and girls.

3. Correlations between the average BP val-
ues in each period and age groups of different
gender

Table 3 shows the age difference in systolic and
diastolic BP values in each period. The rate of in-
crease in nighttime systolic and diastolic BP with
age in the boys was 7.1 and 9.9%, respectively. The
rate of increase in nighttime systolic and diastolic
BP with age in the girls was 2.2 and 4.8%, respec-
tively. Both the average systolic and diastolic BP
values at nighttime were significantly higher in the
senior boys than in the junior boys (p<<0.05). The in-
crease of the average BP values with age was not
significant in the girls. These results show higher
rate of increase in BP at night with age in the boys
than in the girls.

Table 4 shows the gender difference in systolic
and diastolic BP values in each period. Comparisons
between average systolic and diastolic BP in each
period showed no significant gender difference be-
tween junior boys and junior girls or between sen-
ior boys and senior girls in any period.
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Table 1 Correlations between average blood pressure in each period and the anthropometrical data

systolic blood pressure diastolic blood pressure
ender n eriod : :
’ T O plue oo P value
body length boys 31 24 hr 0078 0.126 0.009 0617 )
DT 0.043 0.272 J NS 0.021 0.442
NT 0.114 0.063 0.007 0.666 NS
girls 37 24 hr 0.150 0.017 * 0.082 0.086
DT 0.063 0136 0.018 0.428
NT 0.085 0.081 J NS 0.005 0677 )
body weight boys 31 24 hr 0.066 0.249 0.014 0.596
DT 0.055 0.307 J NS 0.000 0.925 NS
NT 0.145 0.083 0.003 0804 -
girls 37 24 hr 0.335 0.001 *x 0.271 0.004 * %
DT 0.232 0.008 * % 0.120 0.066 J NS
NT 0212 0.011 * 0.079 0.139
percent overweight boys 31 24 hr 0.035 0426 0.140 0.105
DT 0.088 0217 0.086 0224
. NT 0.001 0.976 NS 0.085 0.213 NS
girls 37 24 hr 0.007 0.669 0.059 0.203
DT 0.000 0.925 0015 0.528
NT 0.004 0736 J 0.046 0266
body surface area boys 31 24 hr 0.036 039 ) 0.068 0233 )
DT 0.028 0.465 NS 0.082 0.696 NS
NT 0.107 0137 ) 0.037 0391
girls 37 24 hr 0.304 0002 * % 0.200 0.015 *
DT 0.234 0.008 * % 0.103 0.089 ] NS
NT 0.191 0018 * 0.039 0.306
age boys 31 24 hr 0.070 0233 } NS 0.034 0409
DT 0.001 0.881 0.000 0.998
NT 0.020 0.037 * 0.117 0.119 NS
girls 37 24 hr 0.014 0482 0.013 0.496
DT 0.008 0.593 } NS 0.004 0.720
NT 0012 0527 0.001 0.866

DT: daytime (09:00-20:00), NT: nighttime (00:00-06:00), NS: not significant, *: p < 0.05, **: p < 0.01 (single regression analysis).

Table 2 Daily fluctuations in ABPM values

gender T Nt difference rate of
group () mean = SD mean +SD (mmHg) decgease
(mmHg) (mmHg) (%)
1. Systolic blood presssure
junior boys (14) 1096 +6.6 100.3+64 92 84 * %k ok
girls (24) 1102+87 99.7+76 105 9.2 * k%
senior boys (17) 1147+98 1074+84 73 6.2 * Kk
girls (13) 1122+71 1048 +8.2 74 6.6 % %k %
2. Diastolic blood pressure
Jjunior boys (14) 65.0x6.1 56.8+4.6 81 121 * % %
girls (24) 65.1+7.1 58057 71 104 * %k %k
senior boys (17) 679x86 624+83 55 79 * %k
girls (13) 65.3+6.2 59.3+75 5.9 9.2 % k%
3. Heart rate
junior boys (14) 88.3+50 64.5+34 238 269 * %k %
girls (24) 884+31 66.3=4.2 221 25.0 * %k %
senior boys (17) 80.6+45 637+24 16.8 209 * ok ok
girls (13) 873+44 70.3+50 170 195 * %k ok

DT: daytime (09:00-20:00), NT: nighttime (00:00-06:00), difference: average daytime blood pressure (BP)
— average nighttime BP, rate of decrease: (difference/average daytime BP) %100, 3 * *: p < 0.001
(Mann — Whitney's U-test).
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Table 3 Correlations between the blood pressure values and age group

junior group (n=14)

seinior group (n=17)

difference .rate of
period mean =SD mean *SD (mmHg) Increase
(mmHg) (mmHg) (%)
1. Systolic blood pressure
boys 24 hr 106.2=5.9 1122+86 6.0 5.7 NS
DT 109.6 6.6 114.7+98 51 47 NS
NT 1003+ 64 1074+84 70 7.1 *
girls 24 hr 1056=+71 1099+7.3 44 41 NS
DT 1102+87 1122+71 2.1 45 NS
NT 99776 104882 52 43 NS
2. Diastolic blood pressure
boys 24 hr 61650 65.6+8.3 41 6.5 NS
DT 65.0+6.1 67.9+86 30 14 NS
NT 56.8+4.6 624+83 56 99 *
24 hr 622%6.2 63.7+6.8 15 24 NS
girls DT 65171 65.3+6.2 0.2 03 NS
NT 58.0+5.7 59375 1.3 22 NS

DT: daytime (09:00-20:00), NT: nighttime (00:00-06:00), difference: average blood pressure (BP) in seinor group—
average BP in junior group, rate of increase: (difference/average BP in junior group) X 100, NS: notsignificant, #

:p < 005 (Mann— Whitney's U-test).

Table 4 The gender difference of average blood pressure values

boys (n=17) girls (n=13) .
group period mean = SD mean +SD d(lrflﬁe;;%ngc)e
(mmHg) (mmHg)
1. Systolic blood pressure
junior 24 hr 1062+59 105671 0.6 NS
DT 1096 +6.6 110287 - 06 NS
NT 100.3+6.4 99.7+76 0.7 NS
senior 24 hr 1122+86 1099+73 2.2 NS
DT 1147+98 1122+71 24 NS
NT 1074+84 1048 =82 25 NS
2. Diastolic blood pressure
junior 24 hr 61650 622+62 - 06 NS
DT 65.0=6.1 65171 -01 NS
NT 56.8 +4.6 580+57 - 12 NS
senior 24 hr 65.6+8.3 63.7+68 20 NS
DT 67986 65.3+6.2 2.7 NS
NT 624+83 59.3+75 31 NS

DT: daytime (09:00-20:00), NT: nighttime (00:00-06:00), difference: average BP in boys—average BP in girls,

NS: not significant (Mann— Whitney's U-test).

4. Correlations between BP values after rear-
rangement and age groups of different gender

Figures 1 and 2 clearly show that after rear-
rangement both systolic and diastolic BP wvalues
were higher in the senior group than in the junior
group in both boys and girls. Table 5 shows the re-
sult of the analysis of age differences in BP values
after rearrangement. The rates of increase in BP
with age in the boys were: systolic BP in the top

quartile group: 4.1%; systolic BP in the bottom quar-
tile: 6.2%, diastolic BP in the top quartile: 3.8%; dia-
stolic BP in the bottom quartile: 7.6%. The rates of
increase in BP with age in the girls were systolic
BP: 3.7 and 4.1%, respectively and diastolic BP: 2.9
and —0.8%, respectively. There was a significant
age difference in systolic BP in all quartile groups
(p<0.001). There was a significant age difference in
diastolic BP only in the boys, both in top (p<0.05)
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Fig.1 Systolic BP after rearrangement of the values

Averages of the systolic blood pressure obtained at each time (48 times) were rearranged in
ascending order. X-axis shows rank of systolic blood pressure after rearrangement in ascend-
ing order. Subjects were divided into 4 groups. Fourteen boys are in primary school (junior
boys), 17 boys are in junior high school or senior high school (senior boys), 24 girls are in pri-
mary school (junior girls), and 13 girls are in junior high school or senior high school (senior
girls).

@: junior boys, I senior boys, O: junior girls, (I senior girls.

3 5 7 9 M 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47

Rank

Fig. 2 Diastolic BP after rearrangement of the values

Averages of the diastolic blood pressure obtained at each time (48 times) were rearranged in
ascending order. X-axis shows rank of diastolic blood pressure after rearrangement in as-
cending order. Subjects were divided into 4 groups. Fourteen boys are in primary school
(junior boys), 17 boys are in junior high school or senior high school (senior boys), 24 girls are
in primary school (junior girls), and 13 girls are in junior high school or senior high school
(senior girls).

@: junior boys, Il senior boys, O: junior girls, [} senior girls.
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Table 5 Correlations between the blood pressure values after rearrangement and age group

junior group (n=14)

senior group (n=17)

quartile difference . r%te ,O‘f
group mean +SD mean = SD (mmHg) 1nu(")ease
(mmHg) (mmIg) (%)
1. Systolic blood pressure
boys top 1131x18 117.7+15 46 41 LI S
bottom 99.3x19 105523 6.1 6.2 * % %k
girls top 1119+22 116118 42 37 * %k %
bottom 984+1.2 1024+14 40 41 * % %
2. Diastolic blood pressure
boys top 67.7+19 70327 25 38 *
bottom 56.0+14 602+1.6 43 76 * 3k %
girls top 666+19 68.6+34 19 29 NS
bottom 57710 57.3+19 - 05 - 08 NS

difference: average blood pressure (BP) in seinor group-average BP in junior group , rate of increase: (difference/average
BP in junior group) X 100, NS: not significant, *:p < 0.05, * % %:p < 0.001 (Mann- Whitney's U-test).

Table 6 The gender difference of the blood pressure after rearrangement

boys (n = 14) girls (n = 24)
quartile difference
group group mean =SD mean = SD (mmHg)
(mmHg) (mmHg)
1. Systolic blood pressure
junior top 113118 111.9+22 1.2 NS
bottom 99.3+19 984+1.2 1.0 NS
senior top 117715 1161+18 1.7 *
bottom 1055%2.3 102414 31 *
2. Diastolic blood pressure
Jjunior top 67.7+19 66.6+1.9 11 NS
bottom 560+ 14 57710 - 18 * %
senior top 70327 68.6+34 L7 NS
bottom 602+1.6 573+19 30 % %k

difference: average blood pressure (BP) in boys —average BP in girls, NS: notsignificant, *
:p <005 3**:p <001 (Mann-Whitney's U-test).

and bottom quartile groups (p<<0.001).

Figure 1 also shows that after rearrangement the
systolic BP values were higher in the boys than in
the girls in both junior and senior group. Table 6
shows the result of the analysis of gender differ-
ences in BP values after rearrangement. We com-
pared the rearranged BP averages of junior boys
and girls and of senior boys and girls. The differ-
ences in BP between the boys and girls were as fol-
lows: in the junior group, systolic pressure in the
top quartile group: 12 mmHg, bottom quartile
group: 1.0 mmHg; in the senior group, 1.7 and 3.1
mmHg, respectively; in the junior group, diastolic
BP in the top quartile group: 1.1 mmHg, and bottom
quartile group: —1.8 mmHg, respectively, in the sen-
ior group, 1.7 and 3.0 mmHg, respectively. There

was a significant gender difference in systolic pres-
sure in both the top and bottom quartile group in
senior group (p<0.05). A significant gender differ-
ence in diastolic pressure in both the junior and sen-
ior group was observed in the bottom quartile
group (p<0.01).
Discussion

BP is well known to be affected by a variety of
factors, including age, gender, obesity, physical and
mental condition, time of day, posture, drugs, and
food intake. In this study we first investigated ABP
values according to time of day for correlations with
anthropometrical data, i.e., height, weight, percent
overweight, body surface area, and age, but signifi-
cant correlations were found with only a few of
these factors.
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It is also well known that BP increases with
growth and maturation in children and adolescents,
and a clear gender difference develops during ado-
lescence. Since The Second Task Force on Blood
pressure Control in Children stated that age and
gender are important factors for evaluation of BP in
children and adolescents®, we divided the subjects
into four groups by age and gender. A possible limi-
tation of this study is the relatively small number of
subjects with regard to statistical requirements.

Difference in daily life activities is one of the fac-
tors that influence the daily fluctuations in BP.
Physical activity is usually greater during the day-
time than nighttime. Posture, i.e., standing or sitting
during the daytime and lying down in the night, is
also a critical factor that influences ABP values. In
this study we demonstrated that the rate of de-
crease in systolic and diastolic BP and heart rate at
night was greater in the junior groups (both boys
and girls) than in the senior groups. This result sug-
gests that the junior subjects may be more greatly
influenced by factors that affect BP and heart rate
in the daytime, such as mental and physical activity.

Soergel et al” and Reichert et al” reported that
the increase in ABP with age is more marked in
boys than in girls. Similar results were obtained in
our study, which showed that the rate of increase in
ABP was more marked in boys than in girls in
every period, and the rates of increase in both sys-
tolic and diastolic BP in the boys at night were sig-
nificantly larger. The physiological increase in BP
with age may be concealed during the daytime be-
cause BP may be easily affected by physical move-
ment in the daytime by both junior and senior sub-
jects, while it may not change much during asleep
at night.

Measured values in evaluations of ABP in adults
are usually investigated as time series data®”. Al-
though daily fluctuations were recognized in the
time series ABP data in our study, an age differ-
ence, which is an important element for evaluation
of BP in children and adolescents, was observed
only in the nighttime BP values of the boys, and
there was no clear gender difference in the ABP
values according to our time series data. Qur re-

sults suggest that the factors that raise BP, such as
physical and mental activity, may be more varied in
children, even children of the same age and gender
and at the same time, than in adults. We therefore
concluded that analyzing BP using time series data
as is usually done with adult data may have limita-
tions in regard to the analysis and evaluation of the
BP data of children and adolescents.

Tochikubo et al'” pointed out the importance of
“base BP” for analysis of a BP distribution. Base BP
is the lower limit of BP in an individual, and no
other BP values ever falls below the base BP in that
individual. Casual BP is the sum of the base BP and
the increase produced by elevating factors, such as
physical and mental activity. Accordingly, we next
examined the bottom quartile group of BP values,
which reflects base BP, and the top quartile group,
which reflects maximal BP. Significant age and gen-
der differences were revealed when the bottom and
top quartile group of data, which are important fac-
tors in evaluating BP in children and adolescents,
were used while they were not clearly identified by
the analysis according to the time series data.

In addition to the conventional method of estimat-
ing ABP by time series data, the result of this study
suggested that the method using rearranged BP
values is useful for the evaluation of ABP in chil-
dren and adolescents. Our results may be useful as
normal reference values for assessing ABP and for
diagnosing hypertension in children and adoles-
cents.
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