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Association between physical activity and blood
pressure in prepubertal children

Bamini Gopinathl’z, Louise L Hardys, Erdahl Teber! and Paul Mitchell’

Elevated blood pressure (BP) during childhood and adolescence increases the risk of hypertension in later life. Although physical
activity is known to positively moderate BP, data regarding this relationship are limited in prepubertal children. We aimed

to assess the association between a range of physical activities (including indoor and outdoor activity) and BP in a large
community-based sample of prepubertal schoolchildren. Eligible year-1 schoolchildren (n=1765; mean age 6.7 + 0.4 years)
from a random cluster sample of 34 schools in Sydney, Australia, were examined. Parents completed detailed questionnaires
about their child’s activity. Height and weight were measured, and body mass index (BMI) was calculated. BP was measured
using a standard protocol, and elevated BP was defined using published guidelines. Physical activity was classified as low,
medium or high (that is, as tertiles). After adjusting for age, sex, ethnicity, height, BMI, parental qualifications and family
history of hypertension and/or cardiovascular disease, children in the highest tertile of outdoor and indoor activities had
significantly lower diastolic BP (~ 1.5 mm Hg; Pyeng=0.01) and systolic BP (~ 1.3 mmHg; Pyeng=0.03), respectively, compared
with those in the lowest tertile (reference). Linearly, time spent in indoor activities (each hour per day) was associated with

~ 2.4 mm Hg decrease in diastolic BP (P=0.001). Physical activity was independently associated with lower BP in this sample
of prepubertal children. The findings emphasize the importance of ensuring regular physical activity programs in primary schools
to potentially reduce the risk of elevated BP in childhood and in later life.
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INTRODUCTION
Elevated blood pressure (BP) during childhood and adolescence is
associated with increased risk of hypertension and cardiovascular
disease (CVD),! and the development of early pathological lesions
of atherosclerosis.>*> Thus, the recognition and management of
elevated BP at an early age, and the identification of modifiable risk
factors, may be an important strategy for limiting the overall public
health disease burden caused by hypertension.*>

Physical activity is a key component of the therapeutic lifestyle
changes recommended for preventing and treating elevated BP and
hypertension in children and adolescence.®” There is evidence that
levels of physical activity, aerobic fitness and CVD risk factors track
from childhood and adolescence into adulthood.® A number of
observational studies have investigated associations between physical
activity and BP in children and adolescents,12 but the findings from
these studies have been equivocal. Recently, a UK study of 5505
children aged 11-12 years showed that higher levels of physical activity
were associated with lower BP, and the authors concluded that the
volume of activity may be more important than the intensity.!? In
contrast, several studies reported no or a positive association, whereas

others reported inverse associations, but not always consistently for
systolic and diastolic BP in both males and females.! 13 Moreover,
although many studies have examined the association between
physical activity and adiposity in younger children,'4> very few
large population-based studies (and none conducted in Australia to
date) have assessed the relationship with BP during prepuberty.

This study used a large population-based sample of Sydney school-
children, aged 6 years, to assess the association between indicators of
physical activity (that is, outdoor and indoor activities) and BP, while
controlling for potential confounders. The study is novel, as it is the
first population-based study to simultaneously assess the influence of
differing types of physical activity (outdoor and indoor activity) on
systolic and diastolic BP in young, prepubertal children.

METHODS

Study population

The Sydney Childhood Eye Study is a population-based survey of eye condi-
tions in school children living within the Sydney Metropolitan Area, New South
Wales, Australia. It was approved by the Human Research Ethics Committee,
University of Sydney, the NSW Department of Education and Training, and the
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Catholic Education Office. We obtained informed written consent from at least
one parent of each child, as well as verbal assent from every child before the
examinations. Study methods have been previously described.'® Year-1 students
were selected from a stratified random cluster sample of 34 primary schools
across Sydney (mean age 6.7 years, hereafter referred to as the 6-year-old
sample). Stratification was based on socioeconomic status data from the
Australian Bureau of Statistics (available at http://www.abs.gov.au/
AUSSTATS/abs@.nsf/DetailsPage/2033.0.55.0012006?OpenDocument), and inclu-
ded a proportional mix of public, private and religious primary schools. Data
were collected by trained field officers at schools during 2003 and 2004.

Assessment of physical activity

Information on the children’s physical activity and sedentary behaviors was
reported by the child’s parent because the evidence shows that children younger
than 9-10 years do not have the cognitive capacity to recall or assess their
physical activity and sedentary behavior.'”~1° The questions relating to physical
activity comprised a list of nine common activities in which early primary
school-aged children participate: (a) dancing, gymnastics and calisthenics; (b)
athletics; (c) swimming; (d) football, soccer, rugby league and Australian
football; (e) netball and basketball; (f) tennis; (g) Kanga cricket (modified
Australian version of cricket for children); (h) skating, riding a scooter and
rollerblading; and (i) baseball and softball. Parents were asked to report the
number of hours per week their child spent in each activity, and whether the
activity was done outdoors or indoors (hall gym and classroom). The time
spent in each activity was summed, and the average hours per day spent were
calculated separately for outdoor activities, indoor activities and the total
activity time (that is, sum of outdoor and indoor activities).

BP measurements

BP was measured on the school premises according to a standard protoco
After 5 min of resting, BP was measured in a seated position using an automated
sphygmomanometer (HEM 907; Omron Healthcare, Bannockburn, IL, USA)
with appropriate cuff size. We followed general recommendations on selecting
cuff size to ensure that the bladder length was ~80% and width was >40%
of the arm circumference, covering the upper arm without obscuring the
antecubital fossa.2® Three separate BP measurements were taken, and averaged
for analysis. Mean arterial BP was calculated as one-third of the systolic BP plus
two thirds of the diastolic BP. The children were categorized as having ‘high BP’
by computing specific systolic and diastolic BP percentiles, adjusted for height,
age and sex, using the formulae in Appendix B of the 2004 US ‘Fourth Report
on the Diagnosis, Evaluation, and Treatment of High BP in Children and
Adolescents’??? Briefly, the most recent Centers for Disease Control growth
charts were used to convert the height to a height z-score relative to boys and
girls of the same age.?? Additionally, regression coefficients from BP regression
models (provided in the fourth report) were used to compute the specific
systolic and diastolic BP percentiles for boys and girls separately.?! High BP was
then defined as systolic and/or diastolic BP >95th percentile.?!

1.16

Collection of other information
Parents were asked to provide comprehensive sociodemographic information
on behalf of their children, including ethnicity, country of birth and education.
Parents were asked whether the biological mother and/or father have had or
currently have hypertension and/or heart disease. If they answered yes to either
question, then the child was considered as having a family history of
hypertension and/or CVD. We defined parental education as the highest level
of education completed by either parent. This ranged from never having
attended school to having completed a higher degree such as a Masters or
PhD. The ethnicity of the child was determined only if both parents shared that
ethnic origin. Ethnicity was classified on the basis of self-identification by the
parents, combined with information about the place of birth of the child.
Ethnic categories were consistent with the Australian Standard Classification of
Cultural and Ethnic groups (available at http://www.abs.gov.au, document
number 1249.0).23

Each child’s weight was measured, and height was measured with shoes off
using a freestanding SECA height rod (Model 220, Hamburg, Germany).
Weight in kilograms was measured using a standard portable weighing machine

Hypertension Research

after removal of any heavy clothing. Body mass index (BMI) was calculated as
weight divided by height squared (kgm™2).

Statistical analysis

Statistical analyses were performed using SAS (SAS v8.2, SAS Institute, Cary, NC,
USA). We used mixed models, and generalized estimating equations were used
to adjust for cluster-sampling effects. Time spent in physical activity, including
outdoor and indoor activities and total physical activity, was either analyzed as
categorical (that is, tertiles) or continuous variables (that is, each hour per day).
Regression models were used to examine possible linear relationships between
physical activity time (that is, total physical activity, outdoor and indoor
activities) and BP levels. Multivariate modeling was conducted with BP as the
outcome and the types of physical activity (hours per day) as the independent
variable in linear models adjusted for age, sex, ethnicity, height, BMI, parental
education and family history of hypertension and/or CVD. Analysis of
covariance was used to assess differences in mean systolic and diastolic BP
measures stratified by tertiles of physical activity (low, medium and high).
Multivariable logistic regression analysis was used to calculate adjusted odds
ratios and 95% confidence intervals for associations between physical activity
and elevated/high BP. Significance was taken as P<0.05.

RESULTS

Of 2238 eligible children, 1765 children were given parental permis-
sion to participate and 1741 underwent examination (77.7%). Of
these, 1426 had information on both physical activity and BP
measures. Table 1 shows the characteristics of participants by tertiles
of total physical activity levels. The mean age of children was 6.7 years
(£0.4); 51.7% were boys and 68.5% were Caucasians. Children in the
highest tertile of total physical activity were more likely to be
Caucasian, have a family history of hypertension and/or CVD, and
have a higher body weight and BMI compared with children in the
lowest tertile of total physical activity. Mean time spent in hours per
day ( s.d.) in: total physical activity was 0.6 (£ 0.6), outdoor activity
was 0.5 (+0.6) and indoor activity was 0.1 (+0.2).

Table 2 shows the unadjusted and adjusted associations between the
type of physical activity (in tertiles) and systolic and diastolic BP. Six-
year-old children in the highest tertile of outdoor activity had
significantly lower diastolic BP (that is, a decrease of 1.5mm Hg)
than those in the lowest tertile of activity after adjusting for age, sex,
ethnicity, height, BMI, parental education and family history of
hypertension and/or CVD, Py g=0.01 (Table 2). A significant
decrease in diastolic BP was also observed with increasing time
spent in total physical activity, Peng=0.02. Similarly, children in the
highest tertile of indoor activities had significantly lower systolic BP
compared with children in the lowest tertile, Pye,q=0.03. Significant
associations were not observed between tertiles of physical activity and
mean arterial BP (data not shown).

Table 3 shows that for each hour per day spent in total physical
activity, diastolic BP decreased by 1.0l mmHg, and there was a
significant association between time spent in total physical activity
and mean arterial BP (P=0.04). Similarly, for each hour per day spent
in indoor activities, there was a 2.35 and 2.15mmHg decrease in
diastolic BP (P=0.001) and mean arterial BP (P=0.004), respectively.

Among 6-year-old children, there was a significant association
between indoor activities (assessed continuously) and elevated BP
(as classified by the fourth report’!) after adjusting for age, sex,
ethnicity, height, BMI, parental qualifications and family history of
hypertension and/or CVD, odds ratio 0.50 (95% confidence interval
0.27-0.92), P=0.03. There was no significant association between total
physical activity and elevated BP, multivariable-adjusted odds ratio
1.01 (95% 0.79-1.28). Significant associations were also not observed
with outdoor activities (P=0.50).
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Table 1 Characteristics of Sydney schoolchildren by tertiles of physical activity levels during 2003-2004

Total physical activity (hours per day)

Low (<0.29) Medium (0.32-0.68) High (>0.71)

Characteristics n=494 n=451 n=481
Age, years 6.7 (0.4) 6.7 (0.4) 6.7 (0.4)
Sex, male, n (%) 205 (41.5) 237 (52.6) 296 (61.5)
Ethnicity, n (%)

Caucasian 294 (59.5) 324 (71.8) 359 (74.6)**

East Asian 92 (18.6) 55(12.2) 40 (8.3)

Other 108 (21.9) 72 (16.0) 82 (17.1)
Family history of hypertension/CVD 48 (9.7) 42 (9.3) 73 (15.2)*
Height, cm 120.1 (5.7) 120.9 (5.6) 121.4 (5.7)
Weight, kg 23.2(4.2) 23.8 (4.6) 24.3 (4.5)*
BMI, kgm~—2 16.0 (1.9) 16.2 (2.2) 16.4 (2.1)*
Systolic BP, mm Hg 99.4 (10.5) 99.1 (10.6) 100.7 (10.5)
Diastolic BP, mm Hg 60.6 (10.2) 60.3 (10.8) 59.3 (10.8)
MABP, mm Hg 73.5(9.5) 73.2(9.9) 73.1(9.8)

Abbreviations: BMI, body mass index; BP, blood pressure; CVD, cardiovascular disease; MABP, mean arterial BP.
Data are mean (s.d.) or proportions, unless otherwise specified.
*P<0.05 and **P<0.0001 from test for heterogeneity across tertiles adjusted for age and sex, except age and sex respectively.

Table 2 Association between tertiles of physical activity and BP (mm Hg) among Sydney schoolchildren during 2003-2004

Systolic BP, mean (95% CI)

Diastolic BF, mean (95% Cl)

Physical activity (hours per day) N Unadjusted Multivariable adjusted? Unadjusted Multivariable adjusted?
Total physical activity
Low, <0.29 494 99.5 (98.3, 100.7) 101.0 (99.5, 102.6) 60.8 (59.6, 61.9) 62.9 (60.9, 65.0)
Moderate, 0.32-0.68 451 99.2 (98.0, 100.5) 100.1 (98.6, 101.7) 60.5 (59.5, 61.5) 62.7 (61.1, 64.3)
High, >0.71 481 100.8 (99.7, 101.9) 101.1 (99.6, 102.6) 59.6 (58.3, 60.9) 61.6 (59.5, 63.7)
P-value for trend 0.02 0.58 0.12 0.02
Outdoor activities
Low, <0.14 511 98.9 (97.7, 100.1) 100.8 (99.1, 102.4) 60.8 (59.5, 62.0) 63.0 (60.8, 65.2)
Moderate, 0.18-0.54 426 100.0 (98.7, 101.4) 100.8 (99.4, 102.3) 60.7 (59.6, 61.7) 62.9 (61.1, 64.6)
High, >0.57 487 100.7 (99.6, 101.8) 100.9 (99.4, 102.5) 59.5 (58.3, 60.8) 61.5 (59.5, 63.5)
P-value for trend 0.003 0.76 0.11 0.01
Indoor activities
Low, <0.06 649 100.5 (99.2, 101.7) 101.2 (99.6, 102.8) 60.4 (59.2, 61.7) 62.6 (60.7, 64.5)
Moderate, 0.07-0.14 386 99.7 (98.7, 100.7) 100.8 (99.5, 102.1) 60.2 (58.9, 61.5) 62.4 (60.2, 64.5)
High, >0.18 391 98.9 (97.7, 100.1) 99.9 (98.3, 101.5) 60.2 (59.2, 61.2) 62.0 (60.2, 63.9)
P-value for trend 0.05 0.03 0.90 0.28
Abbreviations: BMI, body mass index; BP, blood pressure; Cl, confidence intervals; CVD, cardiovascular disease.
2Adjusted for age, sex, ethnicity, height, BMI, parental qualifications and family history of hypertension and/or CVD.
Table 3 Linear association between physical activity and BP among Sydney schoolchildren
Systolic BP (mm Hg) Diastolic BP (mm Hg) MABP (mm Hg)
Physical activity (hours per day) p s.e. P-value®@ B s.e. P-value® B s.e. P-value®
Total physical activity 0.12 0.36 0.73 -1.01 0.38 0.01 -0.64 0.31 0.04
Outdoor activities 0.38 0.34 0.26 -0.80 0.42 0.06 -0.41 0.33 0.21
Indoor activities -1.76 1.26 0.17 -2.35 0.73 0.001 -2.15 0.75 0.004

Abbreviations: BMI, body mass index; BP, blood pressure; CVD, cardiovascular disease; MABP, mean arterial BP.
2Adjusted for age, sex, ethnicity, height, BMI, parental qualifications and family history of hypertension and/or CVD.

DISCUSSION findings from this representative population-based sample of 6-year-
The potential value of long-term approaches to hypertension control  old children indicate that increased time spent in outdoor activities
based on moderating BP in children is increasingly recognized.?* The  was significantly and inversely associated with diastolic BP, whereas
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increased time spent in indoor activities was associated with lower
systolic BP and a 50% reduced likelihood of having elevated BP.

The magnitude of change in diastolic and systolic BP (~1.4
mm Hg) with increasing levels of physical activity is relatively similar
to that observed in other childhood studies. For example, the Avon
Longitudinal Study of Parents and Children'® demonstrated a
1.6mmHg decrease in diastolic BP with increasing total physical
activity in children aged 11-12 years. Similarly, the Child Heart And
health Study in England showed a 1.37 mm Hg decrease in diastolic
BP with an increase in physical activity among 9- to 10-year-old
Caucasians compared with other ethnicities.>> Given that the current
findings are based on an even younger cohort of children, suggests that
interventions to promote increased physical activity among prepu-
bertal children could have direct positive health effects. Further,
because lifestyle behaviors are established early in life, programs that
encourage greater physical activity among young children have
the potential to promote lifelong participation in physical activity.
Successful strategies to increase early primary school children’s phy-
sical activity include playground markings and games that focus on
developing their fundamental movement skills, which are the building
blocks for many physical activities.2627

A key finding of this study, not previously examined, was the
differing association between the type of physical activity and systolic
and diastolic BP in young children. The physiological differences
between systolic and diastolic BP are likely to be the underlying
mechanisms for the difference in associations with physical activity.
For example, unlike systolic BP, diastolic pressure remains similar in
brachial and central arteries during exercise.?8 Further, it was pre-
viously reported that systolic BP is affected by changes in peripheral
vascular resistance to a much lesser extent than diastolic BP, which was
shown to be consistent with the lack of association between metabolic
factors influencing vascular reactivity and changes to systolic BP28
In addition, the underlying differences between indoor and outdoor
activities could influence the association with BP differently. Although
studies have shown that outdoor physical activity among children
is associated with higher physical activity,?®3° no study to date
has examined the differences in the level of energy expenditure
between indoor and outdoor activities among prepubertal children.
Potentially, the underlying differences in the intensity of participat-
ing in indoor and outdoor activities could differentially influence
systolic and diastolic BP. For example, the nature of indoor activities
(for example, basketball) compared with outdoor sports (for example,
soccer) may involve shorter sessions of more intense activity because
indoor sports are typically played on smaller areas so that participants
cover less total distance.

It has been hypothesized that the association between physical
activity and BP may be mediated partially or wholly by the effects
of physical activity on obesity.>> However, in this sample of 6-year
olds, the influence of physical activity on BP appears to be, at least,
partly independent of BMI. This suggests, in keeping with data from
two other UK studies,!®?> that other biological mechanisms could
explain some of the beneficial effects of increased physical activity on
BP during childhood, and perhaps to a lesser degree on CVD risk later
in adolescence and/or adulthood.?> To this extent, a number of direct
mechanisms have been hypothesized for the BP-lowering effects of
physical activity, such as neurohumoral, vascular and structural
adaptations.!®3! Decreases in catecholamines and total peripheral
resistance, improved insulin sensitivity and alterations in vasodilators
and vasoconstrictors are some of the postulated pathways for the
antihypertensive effects of physical activity.?! Specifically, increased
capillary formation may lead to increased blood flow and oxygen
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supply, which then leads to a reduction in BP.!3 Emerging data also
suggest genetic links to the BP reductions associated with acute and
chronic endurance exercise.?!

Assuming that the observed strength of association between physi-
cal activity and BP is causal, and that the effects of physical inactivity
are reversible,?’> our data indicate that increasing the time spent in
total physical activity by ~25min per day (from the lowest to highest
tertile of total activity) would lead to reduced diastolic BP
(~1.4mmHg). If these associations translate into those of similar
magnitude in adulthood, the effects of physical activity could be of
importance in public health terms.!® For example, a meta-analysis
demonstrated that a reduction of 5mmHg in diastolic BP was
associated with a decrease of at least 34% for stroke and 21% for
coronary heart disease.!%%? Together with data showing that elevated
BP present in childhood is an important risk factor for future
cardiovascular morbidity and mortality,3>3* our findings suggest
that lower BP in prepubertal children could potentially lead to
reductions in these diseases in the future. Hence, relatively cost-
effective strategies such as ensuring the curriculum for children in
primary school includes the mandatory 120 min per week of struc-
tured physical activity’® and that free play is promoted could poten-
tially translate into long-term health benefits such as reducing the
burden of hypertension-related complications in later life. Indeed, a
Danish intervention study in 137 children aged 9-11 years demon-
strated the utility of increased physical activity to reduce BP after 8
months of three additional physical education classes per week.®

Strengths of this study include its random cluster sample of a large
number of representative prepubertal schoolchildren from the Sydney
metropolitan region, the satisfactory response rate and the use of
standardized BP measurement protocols. Moreover, these young,
healthy children are largely free of known systemic CVDs, and thus,
these findings are not likely to be subjected to confounding effects. A
limitation was the use of parent proxy reporting rather than an
objective measurement of time spent in physical and sedentary
activities. The use of self-reported questionnaires in large population
surveys is a common practice,37 given the costs ($US300 per unit),
logistics and expertise required to use criterion measures such as
accelerometers. Further, parental reports are relatively accurate in
estimating time spent by their children in activities.® Moreover, the
consensus from many reviews is that self-reporting should not be used
in children younger than 9-10 years, as they do not have the cognitive
capacity to recall or assess their physical activity behavior,!”1° and
from 9-15 years, self-reports should be used cautiously.”’39 Second,
the study design is cross-sectional, which does not permit causal
inference from the observed associations. It is unlikely that BP levels
would be high enough in this age group so as to lead to a reduction in
physical activity levels.*® Nevertheless, a 5-year follow-up of this study
is currently underway, and will provide longitudinal data on this
relationship. Finally, of the target population that was not examined
because parents did not give consent (22.3%), collection of informa-
tion such as sociodemographic factors, anthropometric measures and
BP levels were not determined because of logistic barriers. Hence,
generalization of our findings to the entire population needs to be
made with caution.

In summary, this large population-based study showed a significant
and independent, albeit modest, association between time spent in
physical activity and systolic and diastolic BP in prepubertal children.
Further research incorporating both objective (for example, acceler-
ometers) and self-report measures of physical activity is required to
ascertain the differential effects of indoor versus outdoor activities on
BP among young children. The study findings do, however; suggest



that even moderate increases in time spent in physical activity could be
a potentially important strategy to reduce the prevalence of elevated
BP during prepuberty.
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