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Abstract
Resting blood pressure in children and adolescents can track into adulthood. The purpose of this
study was to use the meta-analytic approach to examine the effects of exercise on resting systolic
and diastolic blood pressure in children and adolescents. Twelve randomized, controlled trials
representing 16 outcomes in 1266 subjects met the inclusion criteria. Reductions in blood pressure
were approximately 1% and 3% for resting systolic and diastolic blood pressures, respectively.
However, random-effects modeling using 5000 bootstrap confidence intervals revealed that neither
result was statistically significant (systolic, X̄±SEM=−1±2; 95% bootstrap confidence intervals=−2
to 0 mm Hg; diastolic, X̄±SEM=−2±1; 95% bootstrap confidence intervals=−3 to 0 mm Hg). The
results of this study suggest that short-term exercise does not appear to reduce resting systolic and
diastolic blood pressure in children and adolescents. However, a need exists for additional studies,
especially in hypertensive children and adolescents.

It has been suggested that blood pressure levels during childhood and adolescence track into
adulthood.1 One possible intervention that has particular appeal is exercise, a low-cost
nonpharmacologic intervention that is available to most children and adolescents. However,
randomized, controlled trials on this topic have led to less than overwhelming results,2–15
with only 26% and 32% of the outcomes from these studies reporting statistically significant
decreases in resting systolic and diastolic blood pressure. One of the possible reasons for the
lack of statistically significant results may have been the small number of sample sizes for
some of these studies. Meta-analysis is a quantitative approach in which the major goal is to
combine the results of individual studies in order to arrive at an overall conclusion about a
body of research. This approach is especially appropriate when the number of studies is small
and/or the number of subjects that can be enrolled in any one study is small.16 To date, we are
not aware of any meta-analytic work in which the effects of exercise on resting systolic and
diastolic blood pressures in children and adolescents have been examined. Therefore, the
purpose of this study was to use the meta-analytic approach to examine the effects of exercise
on resting systolic and diastolic blood pressure in children and adolescents.
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Methods
Data Sources

Studies were retrieved via the following methods: 1) computerized literature searches
(MEDLINE, Embase, Current Contents, Sport Discus, Dissertation Abstracts International);
2) review of reference lists from retrieved articles; and 3) review of retrieved articles by two
experts on exercise and blood pressure (Dr. James Hagberg and Dr. Douglas Seals).

Study Selection
Inclusion criteria for this study were as follows: 1) randomized, controlled trials; 2) exercise
intervention lasting at least 8 weeks; 3) children and adolescents under 21 years of age as
subjects; 4) journal articles, dissertations, and masters' theses published in the English-
language literature between January, 1966 and December, 1999; and 5) changes in resting
systolic and diastolic blood pressures assessed. For studies that included multiple groups; we
only included those groups that met our inclusion criteria. We did not include studies published
in foreign language journals because of the potential error in the translation and interpretation
of findings. Missing primary outcome data in the form of summary means for each group from
each study were requested from the authors. Multiple publication bias was avoided by
examining each study in order to ensure that the data from the same subjects were not included
in more than one study.

Data Extraction
Coding sheets that could hold up to 231 items were developed and utilized in this investigation.
All studies were coded by the first two authors, independently of each other. The authors then
met and reviewed every item for accuracy and consistency. Discrepancies were resolved by
consensus. The major categories of variables coded included: 1) study characteristics; 2)
physical characteristics of subjects; 3) blood pressure assessment characteristics; and 4)
exercise program characteristics.

Statistical Analysis
Primary and Secondary Outcomes—The primary outcomes in this study were changes
in resting systolic and diastolic blood pressures. Since all but one were parallel trials, changes
in blood pressure were calculated as the difference (exercise minus control) of the changes
(final minus initial) in these mean values. Since most studies did not report variances for net
changes in blood pressure either alone or separately for each group, estimated variances for
each group (exercise and control) were calculated from variances at baseline and final
measurement, using previously developed methods.17 Pooled effect sizes were calculated by
assigning weights equal to the inverse of the total variance for net changes in resting blood
pressure. For studies that included multiple groups, outcomes were treated as independent data
points. Because of the small sample size in this investigation, bootstrap resampling, a
nonparametric procedure, was used to generate 95% bootstrap confidence intervals (BCIs)
around mean effect size changes in resting blood pressure.18 The number of iterations chosen
for each BCI was 5000.19 If the 95% BCI included zero (0.00), it was concluded that there
was no statistically significant effect of exercise on resting blood pressure. Heterogeneity of
net changes in resting systolic and diastolic blood pressure was examined using the Q statistic
and a p value of 0.10, since this statistic tends to suffer from low power.20 A random-effects
model was used for all analyses.20

Publication bias (the tendency for studies that yield statistically significant results to be
submitted and published) was examined using a recently developed rank-based data

Kelley et al. Page 2

Prev Cardiol. Author manuscript; available in PMC 2008 July 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



augmentation technique that formalizes the use of funnel plots and estimates and adjusts for
the number of missing studies as well as the outcomes of the missing studies.21,22

To examine the influence of each study on the overall results, analyses were also performed
with each study deleted from the model once. Study quality was examined using a previously
developed questionnaire that has been shown to have both face validity and reliability (r=0.77).
This questionnaire assesses bias pertaining to randomization, blinding, and withdrawals/
dropouts. The number of points possible ranged from 0 (worst score) to 5 (best score).23

Secondary outcomes (changes in body weight and body mass index [kg/m2)], percent body fat,
maximum oxygen consumption [mL/kg-1/min-1)], and resting heart rate) were examined using
the same methods as those for examining net changes in resting systolic and diastolic blood
pressure.

Mockrator Analysis—For categorical variables, subgroup analyses were performed using
analysis of variance-like procedures for meta-analysis.20 Net changes in resting systolic and
diastolic blood pressures were examined with data partitioned according to source (journal vs.
other), country (United States vs. other), gender (males vs. females), age (children vs.
adolescents), diet (change vs. no change), type of blood pressure instrument used (electronic
vs. manual, mercury vs. random zero), position of blood pressure assessment (sitting vs.
supine), hypertensive vs. not hypertensive, as reported by authors, improvements in
cardiovascular fitness (yes vs. no), and type of exercise program (aerobic vs. strength). Because
of a lack of information, we were unable to conduct any type of analysis in relation to obesity,
smoking, alcohol, previous physical activity, drugs, and blinding. Randomization tests (5000
iterations) were used to determine the significance level for between-group differences, while
95% BCIs were generated from 5000 bootstrap samples. The significance level for all subgroup
analyses was set at p≤0.05.

To examine the influence of continuous variables on changes in resting systolic and diastolic
blood pressure, simple least squares regression models calculated with each effect size
weighted by the reciprocal of its variance were used.20 The following continuous variables
were regressed against changes in resting systolic and diastolic blood pressures: study quality,
percent dropout, percentage of males in the studies, initial blood pressure levels, age, height,
body weight, body mass index (kg/m2), initial maximum oxygen consumption (mL/kg-1/
min-1), initial resting heart rate, changes in body weight, changes in body mass index (kg/
m2), changes in maximum oxygen consumption (mL/kg-1/min-1), changes in resting heart rate,
rest period before the assessment of resting blood pressure, length, frequency, intensity
(percentage of maximum oxygen consumption in mL/kg-1/min-1), and duration of training,
total minutes of training (length × frequency × duration), and compliance, defined as the
percentage of exercise sessions that the subjects attended. Insufficient data were available to
examine the association between changes in resting blood pressure and initial percent fat,
changes in percent fat, and the rest period between multiple blood pressure assessments. We
were unable to conduct any type of multiple regression analysis because of missing data for
selected variables. All analyses in this investigation were based on summary means vs.
individual patient data from included studies.

The significance level for all regression analyses was set at p≤ 0.05.

We used an independent t test to examine any potential differences between study quality for
those studies published in journals vs. those published as dissertations and masters' theses. The
significance level for this test was set at p≤ 0.05. Descriptive statistics are reported as X̄±SD,
while changes in primary and secondary outcomes are reported as X̄±SEM of original values.
Ninety-five percent BCIs for primary and secondary outcomes were based on 5000 bootstrap
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iterations. Bonferroni adjustments were not made because of the increased risk of a type II
error.

Results
Study Characteristics

Fourteen studies met the criteria for inclusion2–15; however, we were unable to obtain
necessary data from two studies,14,15 leaving us with a total of 12 studies for this analysis
(percent loss that met our inclusion criteria=14%). A general description of the characteristics
of the included studies is shown in Table I. There were 32 groups (16 exercise, 16 control) and
1266 subjects (649 exercise, 617 control) in which pre- and post-assessment of resting blood
pressure took place. The minimum and maximum numbers of subjects were eight and 142 for
the exercise groups (X̄±SD=41±38) and eight and 136 subjects for the control groups (X̄
±SD=39±36). For those studies that reported data, percent dropout, defined as the number of
subjects that did not complete the study, ranged from 0%–28% in the exercise groups (X̄
±SD=6%±9%) and 0%–19% in the control groups (X̄±SD=8%±7%). Eight studies were
published in refereed journals,2,4–6,9,10,12,13 three as dissertations,3,7,11 and one as a
master's thesis.8 Nine studies were conducted in the United States,2,3,5–9,11,12 two in
Australia,4,13 and one in Denmark.10 Study quality ranged from 1–4 (X̄±SD=2±1), with no
differences found between those studies published in journals vs. those published as
dissertations and masters' theses (p=0.28).

Subject Characteristics
Initial subject characteristics for the exercise and control groups are shown in Table II. Initial
resting systolic blood pressure ranged from approximately 95–120 mm Hg in both the exercise
and control groups, while resting diastolic blood pressure ranged from 56–78 mm Hg. For
those studies that reported information on gender, seven included both males and females,2,
3,6,9–11,13 three were limited to males,7,8,12 and one was limited to females.5 For the six
studies that reported information on race, two included subjects that were black and white,5,
8 while one each included subjects that were either black, white, and Asian,9 black, white,
Hispanic, and Asian,11 or white.12 Another study reported that subjects were from the
following groups: Australian, British, Italian, and Greek, as well as others.4 One study reported
that subjects were not taking any drugs that could affect blood pressure,12 while another
reported that none of the subjects smoked cigarettes.2 For the six studies that reported
information on diet, all reported that there were no statistically significant or clinically
important changes during the study.2,3,7,9,12,13 Two studies reported that the subjects had
not engaged in any vigorous physical activity prior to the study.2,9 One study reported that
subjects were classified as being at either stage 1 or 2 of the Tanner stages of maturational
development,6 while another reported that changes in maturational development (changes in
Tanner stage classification) occurred in some of the exercise and control group subjects during
the study.10 Another study included only subjects classified as obese.9 None of the studies
reported information on the use of alcohol.

Blood Pressure Assessment Characteristics
Six studies reported using a manual sphygmomanometer,3,4,6,8,10,11 while two reported
using an electronic one.9,13 Two studies reported that they used a mercury
sphygmomanometer4,11 and one each reported the use of either a random-zero10 or
aneroid8 sphygmomanometer. Seven studies reported the assessment of resting blood pressure
in the sitting position3–6,10,11,13 while two assessed blood pressure in the supine position.
8,9 For those studies that reported such information, the number of measures taken during the
assessment of resting blood pressure at each phase ranged from one to nine.3,5,6,8–11,13
Assessment at each phase (baseline and final) took place on both single and multiple days. The
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rest period before the assessment of blood pressure ranged from 5–15 minutes.3–5,6,8–11,
13 The three studies that reported information on the rest period between multiple assessments
reported a rest period of approximately 1 minute.9,11,13 Two studies reported the assessment
of resting diastolic blood pressure at the onset of the fourth phase of Korotkoff sounds,3,10
two used the fifth,4,8 and one used both.11 One study reported that resting blood pressure was
assessed approximately 72 hours after the last exercise session.8 Three studies reported that
the person responsible for the assessment of resting blood pressure was blinded to group
assignment.4,5,11

Training Program Characteristics
Length of training in the studies ranged from 8–36 weeks (X̄±SD=20±11 weeks), frequency
from two to five times per week (X̄±SD=4±1 times per week), and duration from 10–75 minutes
per session (X ̄±SD=36±15 minutes per session). Total minutes of training (length × frequency
× duration) ranged from 560–5250 minutes (X̄±SD=2302±1326 minutes). For those studies in
which aerobic activity was the primary intervention, intensity (maximum oxygen consumption
in mL/kg-1/min-1) ranged from approximately 58%–90% (X̄±SD=73%±9%) of each subject's
individually determined maximum oxygen consumption. For those studies in which resistance
training was the primary intervention, one6 reported that subjects performed three sets of 10–
15 repetitions of seven different exercises, with approximately 1 minute of rest between sets,
while another8 reported that subjects performed two sets of 10 repetitions of nine different
exercises at approximately 60% of 1 repetition maximum. Ten of the studies used an
intervention that was primarily aerobic in nature2–5,7,9–13 while the other two used a
resistance training protocol.6,8 For those studies that used an aerobic-type intervention,
modalities included walking, jogging, aerobic dance, and cycling, as well as a variety of other
activities. Compliance, defined as the percentage of exercise sessions that the subjects attended,
ranged from 65% to approximately 97% (X̄±SD=85%±11%).

Primary and Secondary Outcomes
Baseline and final values for resting systolic and diastolic blood pressures from each study are
shown in Table III, while individual outcomes for changes in resting systolic and diastolic
blood pressure are shown in Figures 1 and 2, respectively. Decreases of approximately 1% and
3% were observed for resting systolic and diastolic blood pressure, respectively. However,
random-effects modeling using 5000 bootstrap iterations resulted in nonsignificant findings
for both resting systolic (Figure 1) and diastolic (Figure 2) blood pressures. When examined
for potential publication bias, changes in both resting systolic and diastolic blood pressures
remained stable (systolic, X̄±SEM=−1±2 mm Hg; 95% BCI=−2 to 0 mm Hg; diastolic, X̄
±SEM=−2±1 mm Hg; 95% BCI=−3 to 1 mm Hg). With each study deleted from the model
once, changes in resting systolic blood pressure ranged from 0±1 mm Hg (95% BCI=−1 to 0
mm Hg) to −1±2 mm Hg (95% BCI=−3 to 0 mm Hg). For resting diastolic blood pressure,
changes ranged from −1±2 mm Hg (95% BCI=−2 to 1 mmHg) to −3±1 mm Hg (95% BCI=
−3 to 0 mm Hg). For resting diastolic blood pressure, there was also a consistent pattern of
nonsignificant reductions, with smaller reductions observed for more recent vs. earlier studies.

For secondary outcomes, a statistically significant increase of approximately 6% was found
for maximum oxygen consumption (X̄±SEM=3±3 mL/kg-1/min-1; 95% BCI=2–4 mL/kg-1/
min-1), while a statistically significant decrease of approximately 4% was found for resting
heart rate (X̄±SEM=−3±6 beats per minute; 95% BCI=−6 to −1 beats per minute). No
statistically significant changes were observed for body weight, body mass index (kg/m2), or
percent body fat.
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Moderator and Regression Analyses
No statistically significant or clinically important differences were found for changes in resting
systolic and diastolic blood pressures when data were partitioned by selected categorical
variables, including type of training (aerobic vs. resistance training) and gender. Regression
analyses revealed an inverse association between initial body mass index and changes in resting
systolic blood pressure, with higher body mass indexes resulting in greater reductions in
systolic blood pressure (R= 0.61; SEM=0.13; p=0.05). No statistically significant or clinically
important associations were observed for changes in resting diastolic blood pressure.

Discussion
The overall results of this study suggest that exercise has little effect on reducing resting systolic
and diastolic blood pressures in children and adolescents. The lack of significant findings in
this study occurred irrespective of statistically significant increases in maximum oxygen
consumption and decreases in resting heart rate. In addition, since most of the studies did not
appear to use any type of blinding in the assessment of resting blood pressure, one might have
expected reductions in favor of the exercise groups as a result of nonblinding. However, this
was not the case.

Despite the fact that meta-analysis can improve outcomes of treatment effectiveness when the
number of studies is small and/or the number of subjects that can be enrolled in any one study
is small, our results are consistent with the majority of randomized, controlled trials on this
topic.2–15 One of the possible reasons for the lack of statistically significant reductions in
resting blood pressure may have to do with the fact that the majority of subjects enrolled in
these studies were classified as normotensive by the investigators. For example, for both resting
systolic and diastolic blood pressures, only two of the 16 outcomes in this study were derived
from groups classified as hypertensive. A recent narrative review on this topic concluded that
there was little evidence that exercise reduced resting blood pressure in normotensive
adolescents, but that aerobic exercise consistently reduced resting blood pressure in
hypertensive adolescents.24 Thus, our nonsignificant findings between hypertensives and
normotensives may have been the result of the small number of hypertensive outcomes
included in this analysis. However, we also did not find any statistically significant association
between initial resting blood pressure and changes in resting systolic and diastolic blood
pressures. Furthermore, the conclusions derived from the previously mentioned review
included trials of many different types (randomized, nonrandomized, cross-sectional, etc.),
while we limited our analysis to randomized, controlled trials only. Since children with higher
blood pressure levels may be at greater risk for cardiovascular problems as adults, it would
appear plausible to suggest that future randomized, controlled trials on this topic include and
limit their data analysis to children and adolescents classified as hypertensive. If normotensive
subjects are included in future research, it would seem appropriate to intervene in this
population group from the standpoint of preventing an increase in resting blood pressure over
time. Consequently, future studies on normotensive children and adolescents should be
conducted over a longer period of time than those included in our analysis.

Our finding of an association between initial body mass index and changes in resting systolic
blood pressure would suggest that children and adolescents with a greater body mass index
would experience larger reductions in resting systolic blood pressure. However, given the large
number of statistical tests conducted in this study, this result may have been nothing more than
the play of chance. This is especially true given the fact that no similar associations were
observed for either body weight or percent body fat. In contrast, the relatively small sample
size could have underestimated these associations and the subsequent importance of whether
exercise might be a useful intervention in overweight subjects.
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Another possible reason for the lack of statistically significant results may relate to the difficulty
in obtaining a true sedentary control group in children and adolescents. For example, five of
the studies in this investigation reported that subjects assigned to the control condition received
standard physical education,2,4,5,10,11 and we would suspect that other studies included in
this analysis also had a similar control condition but did not report this type of information. In
addition, children and adolescents tend to be more physically active than adults,25 thereby
making it more difficult to find a sedentary sample for assignment to an exercise and control
condition. Furthermore, in our opinion, it would be inappropriate to request that children and
adolescents who are already physically active become inactive. However, despite the lack of
a true sedentary control group for most of these studies, statistically significant and positive
exercise-induced changes were observed for maximum oxygen consumption and resting heart
rate. This would suggest that children and adolescents assigned to the exercise groups received
significantly more physical activity than subjects assigned to the control condition. It is
important to note however, that it is possible that the statistically significant decreases in resting
heart rate could have arisen from different accommodating effects between exercise and control
groups because the exercise groups may have been seen more often and been more at ease at
follow-up. However, if this were the case, one would have also expected to see similar changes
in resting blood pressure for the exercise groups.

Finally, despite the fact that we found no statistically significant relationship between changes
in resting blood pressure and length of training, it should be pointed out that the longest
intervention study in our analysis was 36 weeks. It would appear plausible to suggest that
exercise training over a longer period of time in both hypertensive and normotensive children
and adolescents might confer benefits to resting blood pressure not observed in shorter-term
studies. Future studies may also want to focus on females, particularly adolescent females,
since there is convincing evidence to suggest that females are less active then males, especially
during adolescence.25 In conclusion, the results of this study suggest that short-term exercise
does not reduce resting systolic and diastolic blood pressure in children and adolescents.
However, a need exists for additional studies, especially in hypertensive children and
adolescents.
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Figure 1.
Ladder plot for changes in resting systolic blood pressure. Black circles (•) represent the change
outcome for each group, while the bars that pass through the circles represent the 95%
confidence intervals for each change outcome. The overall mean change was not statistically
significant (X̄±SEM = −1±2; 95% bootstrap confidence interval = −2 to 0 mm Hg).
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Figure 2.
Ladder plot for changes in resting diastolic blood pressure. Black circles (•) represent the
change outcome for each group, while the bars that pass through the circles represent the 95%
confidence intervals for each change outcome. The overall mean change was not statistically
significant (X̄±SEM = −2±1; 95% bootstrap confidence interval = − 3 to 0 mm Hg).
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Table I
Characteristics of Included Studies

Reference Study Design Exercise Intervention BP Assessment Methods
Blessing et al.
2

RCT: 25 children (15 M, 10 F)
ages 13–18 years randomly
selected from a residential
school for visual impairments,
assigned to an exercise group
and matched for age, sex, and
race with a random pool of 25
normally sighted controls
(standard physical education)
from a nearby school

5-Minute warm-up, 40 minutes of
endurance exercise (stationary cycling,
treadmill walking/jogging) reaching 90%
of maximum heart rate, and 5-minute cool-
down, 3 times per week for 16 weeks

Not available

Brown3 RCT: 40 girls and boys ages 10–
14 years, assigned to either an
exercise-only group, diet-only
group, both a diet and exercise
group, or a control group

5–10-Minute warm-up, 20–40 minutes
endurance exercise (jogging/walking on an
outdoor track, active games) 5 times per
week for 12 weeks

Sphygmomanometer in sitting position
after 5 minutes of quiet rest; DBP
recorded at onset of 4th phase of
Korotkoff sounds; average of 3 trials
recorded for both SBP and DBP

Dwyer et al.4 RCT: 500 M and F aged 10
years, assigned to either a
fitness, skill, or control
(standard physical education)
group

Fitness group: 14 weeks game activities
that raised the heart rate 3 times per week
for 75 minutes per day (15 in early
morning, 60 during the day)

Standard mercury column
sphygmomanometer in sitting position
after 5-minute rest; DBP recorded at 5th
Korotkoff sound; all measurements
made with assessor blinded to group
assignment

Ewart et al.5 RCT: 99 African American 9th-
grade girls assigned to either an
exercise or control (standard
physical education) group

18 Weeks exercise (Project Heart aerobics
classes), 50 minutes per session

Average of 6 trials taken in sitting
position after 15-minute rest; all
measurements made with assessor
blinded to group assignment

Faigenbaum
et al.6

RCT: 25 M and F aged 8–12
years, assigned to either an
exercise or a control group

8 Weeks weight training 2 times per week
for 35 minutes per session, consisting of 3
sets of 10–15 repetitions of 5 exercises at
50%–100% of 10-repetition maximum

One measurement using manual
sphygmomanometer in sitting position
after a few minutes' rest

Friday7 RCT: 178 M aged 14–19 years,
assigned to aerobic exercise/
rational stage-directed
hypnotherapy, aerobic exercise/
basketball, rational stage-
directed hypnotherapy, or no-
treatment control

Aerobic exercise/rational stage-directed
hypnotherapy group: aerobic exercises
using 30-minute YMCA PULSE, protocol;
aerobic exercise/basketball group: aerobic
exercises using the 30-minute YMCA
PULSE + 15 minutes of basketball; both
groups exercised 3 times per week for 8
weeks

Not available

Gallagher8 RCT: 16 M aged 14–17 years,
assigned to either an exercise or
control condition after weight
and height matching

8 Weeks weight training, 3 times per week
for ≈45 minutes. Each session consisted of
2 sets of ≈10 repetitions of 9 exercises at
60% of ≥1 repetition maximum.

Lowest of 3 measures using aneroid
sphygmomanometer in supine position
after 15 minutes' rest; DBP recorded at
the 5th Korotkoff sound

Gutin &
Owens9

Crossover RCT: 81 obese 7–11-
year-old M and F who
participated in both an exercise
and control condition

16 weeks aerobic exercise: 20 minutes
treadmill, cycle, and ski machine, 20
minutes high-energy games, 5 days per
week for 40 minutes per session; average
intensity, 157 beats per minute

Average of the last 3 of 5 measures,
taken at 1-minute intervals with a
DINAMAP* automated monitor in the
supine position after 10-minute rest

Hansen et al.
10

RCT: 132 normotensive and
hypertensive M and F aged 7–
11 years, assigned to either an
exercise or a control (standard
physical education) group

32 weeks organized games, gymnastics,
and other exercises, 3 times per week for
50 minutes per session (10 minute warm-
up, 40 minutes activity) at greater than 70%
of maximal heart rate for 35 minutes per
session

One measurement taken with a
Hawksley** random-zero
sphygmomanometer in sitting position
after 5-minute rest; DBP recorded at
onset of 4th phase of Korotkoff sounds

Jones11 RCT: 188 3rd and 4th grade M
and F, assigned to either an
exercise or control (standard
physical education) group

12 Weeks aerobic exercise, 5 days per
week for 30 minutes per session

9 Measurements (3/day over a 3-day
period) with standard mercury
sphygmomanometer in sitting position
after at least 5-minutes rest; DBP
recorded at onset of 4th phase of
Korotkoff sounds and 5th Korotkoff
phase; all measurements made with
assessor blinded to group assignment

Linder et al.12 RCT: 50 M aged 11–17 years,
assigned to either an exercise or
control group

8 Weeks aerobic exercise (walking and
jogging) 3 days per week at 80% of
maximal heart rate for 30 minutes per
session; also, soccer or rugby 1 day per
week for 60 minutes

Not available

Vandongen et
al.13

RCT: 1147 M and F aged 10–12
years, assigned to one of 5
interventions (fitness, fitness +
school nutrition, school-based
nutrition, school + home
nutrition, home-based nutrition)
or a control group

Approximately 36 weeks fitness activity 5
times per week for 15 minutes per session

Average of 3 measures taken at 1-minute
intervals with a DINAMAP 1846 SX/P
automatic BP recorder in sitting position
after 5-minute rest

Only those groups that met our inclusion criteria were included in our analysis.
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YMCA PULSE=Young Men's Christian Association People Using Life Saving Exercises; BP=blood pressure; RCT=randomized, controlled trial;
SBP=systolic blood pressure; DBP=diastolic blood pressure; M=males; F=females;

*
DINAMAP, Critikon, Tampa, FL;

**
Hawksley, Lancing, West Sussex, UK
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Table II
Initial Characteristics of Subjects

Variable No. Exercise No. Control
Age (years) 7 12±3 7 12±3
Height (cm) 8 154±14 8 153±14
Weight (kg) 8 53±13 8 51±13
BMI (kg/m2) 11 22±3 11 21±3
Fat (%) 2 22±3 2 20±1
VO2max (mL/kg-1/min-1) 4 50±3 4 48±5
RHR (bpm) 5 79±5 5 79±6
SBP (mm Hg) 16 108±7 16 108±6
DBP (mm Hg) 16 67±7 16 68±7
No. indicates number of groups reporting data.

BMI=body mass index; VO2max=maximum oxygen consumption; RHR=resting heart rate; bpm=beats/minute; SBP=systolic blood pressure;
DBP=diastolic blood pressure
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