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The prevalence of high blood pressure (BP), a major risk 

factor for cardiovascular disease (CVD), has increased 

among children and adolescents over the past few decades.1 

Elevated BP is known to track into adulthood,2 and child-

hood hypertension is positively associated with risk of pre-

mature mortality, cardiovascular disease, and endothelial 

dysfunction.3–5

In adults, low physical activity (PA) levels are responsible 

for much of the burden of hypertension, and the BP-lowering 

effects of regular PA have been reported.6 However, studies 

in children have reported inconsistent results. Some studies 

have reported no association between PA and BP,7–11 whereas 

others have reported inverse associations between PA and sys-

tolic BP (SBP) or diastolic BP (DBP).12–17 The relative impor-

tance of total volume of PA versus time spent in moderate 

to vigorous PA (MVPA), and whether or not these associa-

tions are independent of adiposity, is also unclear.14,16 A better 

understanding of these relationships is necessary to inform the 

development of cardiovascular disease prevention interven-

tions, specifically whether PA interventions should be consid-

ered, in children.

Differences in methodology may contribute to the incon-

sistent results in previous research. Accurate measurement of 

PA is difficult, particularly in children because of the unstruc-

tured nature of their activity patterns.18 Until recently, most 

studies have used subjective methods of measuring PA, which 

are susceptible to recall bias and over-reporting, and are less 

accurate for estimating intensity and duration of PA. Objective 

methods of measuring PA, such as pedometers and accelerom-

eters, offer a more accurate way of quantifying PA.18 It is also 

possible that variations in study population may contribute to 

the inconsistent findings. Previous cohorts, in which discrep-

ant results have been reported, have included a multiethnic 

UK population,14 Danish,9 Cypriot,11 Irish,8,13 and American10 

children, among others.

Studies assessing the associations between BP and 

objectively-measured PA are very limited in children during 

the first decade of life. One cross-sectional study found no 

association between BP and objectively-measured PA in a 

sample of 3- to 6-year-old children.7 However, the duration 

of PA measurement in this study was short (24 hours) and 

may not reflect habitual PA. Several longitudinal studies have 
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found inverse associations between subjective measures of PA 

and BP in adolescents,15,17 but data are lacking for primary 

school aged children. To our knowledge, no study to date 

has examined longitudinal associations between BP and 

objectively-measured PA in prepubertal children. Furthermore, 

there are few published data on children of South Asian origin, 

despite lower PA levels and increased cardiovascular risk in 

this ethnic group when compared with their white British and 

African-Caribbean counterparts.19,20

In the present study, we therefore aimed to explore the 

cross-sectional and longitudinal associations between BP and 

objectively-measured PA in a cohort of UK primary school 

children with a high proportion of South Asians, to inform 

future interventions.

Methods

Subjects and Study Design
Data were available on 574 children (51.7% male, 86% South Asian, 
5–7 years old at baseline) who were recruited for the Birmingham 
healthy Eating and Active lifestyle for CHildren Study (BEACHeS). 
This exploratory trial was set up to develop and test a childhood 
obesity prevention intervention that was culturally appropriate to the 
South Asian community but inclusive of all children. South Asian 
groups, which comprise one fifth of the population in Birmingham, 
are at increased risk of obesity and related comorbidities19,20; hence 
the focus on developing a culturally appropriate intervention for this 
ethnic group. Using ethnicity data obtained from the Local Authority, 
all schools with at least 50% of pupils from the South Asian ethnic 
group (defined as Pakistani, Indian, or Bangladeshi, including both 
first and second generation migrants) were identified and invited to 
participate. The first 8 schools to respond were recruited into the 
study. All children in years 1 and 2 (age 5 to 7) were eligible to 
take part. All eligible children whose parents consented underwent 
a series of anthropometric and BP measures, and PA monitoring at 
baseline (n=512), and the same measures were repeated 2 years later 
(n=427). Those lost to follow-up were either absent on the day of 
measurement or did not provide valid BP and PA data at both time 
points. Children from 4 of the schools were allocated to the interven-
tion arm and the remainder to the control arm. Parental consent was 
obtained for all children. Ethical approval was obtained from the 
East Birmingham Local Research Ethics Committee (REC reference 
number: 06/Q2703/43).

Anthropometric and BP Measurements
All measures were undertaken by staff trained specifically for the 
study, following a standard protocol. Standing height was measured 
to the nearest 0.1 cm using a Leicester Height Measure. Body weight 
was measured to the nearest 0.1 kg using a Tanita bioimpedance 
monitor. Body mass index (BMI) was calculated (kg/m2) and con-
verted into SD scores (BMI z scores) using the age- and sex-specific 
UK national 1990 growth reference charts.21 Participants were also 
categorized as non-overweight/obese or overweight/obese using the 
85th percentile of the UK national 1990 reference data as the cutoff. 
Waist circumference and skinfold thickness at 4 sites (triceps, biceps, 
suprailiac, and subscapular) were measured. BP was measured at 
least twice, in the seated position, using a medically approved auto-
matic digital BP monitor (BpTRU BPM 100) with a child or small 
adult cuff-size selected according to each child’s size. A third BP 
reading was taken if an error message was displayed or if either of the 
first 2 values were outside of the normal range for the age of the child. 
The mean of 2 readings was calculated and in cases where 3 BP read-
ings were taken, the 2 closest values were used to calculate the mean.

Objective PA Measurement
PA was measured using the Actiheart activity monitor (CamnTech, 
Papworth, United Kingdom), which has been validated for use in chil-
dren and adults.22–24 The monitor was worn for 5 consecutive days, 

including 2 weekend days, set up to measure body acceleration and 

heart rate at 30 second epochs. The accelerometry data were analyzed 

using software developed by the Cambridge Medical Research Council 

Epidemiology Unit (http://www.mrc-epid.cam.ac.uk/Research/

Programmes/Programme_5/InDepth/Programme%205_Downloads.

html). Total daily volume of PA was estimated from accelerometry 

data and expressed as average counts per minute (cpm). The mean 

duration of daily MVPA (min/day) was calculated using a cutoff of 

400 cpm as the lower threshold for moderate intensity activity.25 This 

value was derived from previous validation studies that compared the 

widely used Actigraph accelerometer with the Actiheart under labo-

ratory conditions among children and adolescents.23 These studies 

suggested that cpm derived from the Actigraph is ≈5 times greater 

than that derived from the Actiheart.23,26 Compliance with PA guide-

lines was defined as those participating in at least 60 minutes per day 

MVPA as recommended by the World Health Organization.27

Statistical Analysis
Associations between PA and SBP and DBP were assessed by mul-

tiple linear regression, with SBP or DBP as the dependent variable 

and total PA or MVPA as the explanatory variable. Cross-sectional 

models were adjusted for age and sex (model 1), ethnicity, height, the 

duration of PA measurement, and school (model 2). Further adjust-

ment was then made for BMI z score to assess whether or not BMI 

was a mediating factor in the association (model 3). Longitudinal 

models were adjusted for age and sex (model 1), ethnicity, change in 

age, height at baseline, change in height, school, baseline BP, inter-

vention or control group status, and duration of PA measurement 

(model 2). Further adjustment was then made for baseline BMI z 

score (model 3). There were no significant gender interactions in the 

associations between PA and BP, so the cohort were analyzed as a 

whole. Sensitivity analyses were undertaken: (1) using waist circum-

ference or sum of 4 skinfolds, as indicators of adiposity instead of 

BMI z score, (2) using the second, rather than the mean BP reading, 

and (3) restricted to children with at least 3 days of PA data available. 

All statistical analyses were performed using SPSS version 17.0.

Results
Of the original sample of 574 children who were recruited 

for BEACHeS, both BP and PA data were present for 512 

children (89%) at baseline. Children included in the analy-

sis were slightly older than the 11% for whom data were not 

available (0.19 years older, P<0.05), but were similar in terms 

of activity levels, BP, ethnicity, and weight status. Of those 

children included in the baseline cross-sectional analysis, data 

were available for 427 children (83%) at the 2-year follow-

up. Children who were followed up were more likely to be 

female (87% of girls versus 80% of boys) and of South Asian 

ethnicity (86% of South Asian children and 63% of non-South 

Asian ethnicity were followed up). Weight status, age, activity 

levels, and BP were similar among those who were retained 

and those who were lost to follow-up.

Participants’ characteristics at baseline and follow-up are 

presented in Table 1. Total PA declined for both males and 

females between baseline and follow-up, and the proportion 

of participants meeting the current recommendation of 60 

min/day MVPA also declined from just under half at baseline 

to just over a quarter at follow-up. Males were significantly 

more active than females at both time points (P<0.001 for 

both). Mean SBP and DBP were comparable among males 

and females at baseline and follow-up. Among those included 

in baseline analyses, 8.6% of males and 15.6% of females 

were classed as hypertensive based on the US age-, sex- and 

height-specific cutoffs for BP in children (≥95th percentile),28 � � � � � � � � � 	 � 
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and the prevalence was 10.2% and 14.6%, respectively, at 

follow-up. The proportion of children who were overweight 

or obese increased from 15.7% to 23.3% among males and 

from 23.4% to 32.5% among females during the study period.

Associations Between PA Levels and BP at Baseline

Baseline cross-sectional associations between PA and BP are 

shown in Table 2. There were significant inverse associations 

between DBP and both total PA (per 20 cpm: B=−0.75; 95% 

CI−1.33 to −0.18) and MVPA (per 15 min/day: B=−0.55, 95% 

CI, −0.94 to −0.16) after adjustment for potential confounders. 

Associations remained significant after adjustment for BMI z 

score, and the size of effect was only slightly attenuated for 

both total PA (B=−0.71; 95% CI, −1.28 to −0.14) and MVPA 

(B=−0.48; 95% CI −0.87 to −0.09). There were no significant 

associations between SBP and PA. Similarly there was a 

statistically significant inverse relationship between total PA 

and diastolic hypertension at baseline (adjusted OR: 0.99 

[0.98, 1.00] per single unit increase in cpm), but no association 

with systolic hypertension.

Associations Between Baseline PA and Follow-Up BP

Associations between baseline PA and follow-up BP are 

shown in Table 3. There was a significant inverse associa-

tion between baseline total PA and follow-up DBP (B=−0.74, 

95% CI,−1.40 to−0.08), which persisted after adjustment for 

baseline BMI z score and other putative confounding factors. 

There was a borderline significant inverse association between 

baseline total PA and follow-up SBP (B=−0.72, 95% CI,−1.45 

to 0.01; P=0.06).

Sensitivity Analyses

Sensitivity analyses using the second BP measurements rather 

than mean, alternative measures of adiposity, or restricted to 

children for whom at least 3 days of PA data were available 

Table 1. Participant Characteristics at Baseline and Follow-Up

Baseline Follow-Up

Variable Male (n=268) Female (n=244) All (n=512) Male (n=215) Female (n=212) All (n=427)

Age, y 6.5 (0.6) 6.5 (0.6) 6.5 (0.6) 8.4 (0.7) 8.4 (0.6) 8.4 (0.6)

Ethnicity

 Bangladeshi 40 (14.9) 33 (13.5) 73 (14.3) 36 (16.7) 33 (15.6) 69 (16.2)

 Indian 16 (6.0) 9 (3.7) 25 (4.9) 14 (6.5) 7 (3.3) 21 (4.9)

 Pakistani 175 (65.3) 174 (71.3) 349 (68.2) 145 (67.4) 151 (71.2) 296 (69.3)

 African-Caribbean 24 (9.0) 10 (4.1) 34 (6.6) 15 (7.0) 6 (2.8) 21 (4.9)

 White 3 (1.1) 6 (2.5) 9 (1.8) 2 (0.9) 5 (2.4) 7 (1.6)

 Other 10 (3.7) 12 (4.9) 22 (4.3) 3 (1.4) 10 (4.7) 13 (3.0)

Height, cm 120 (6.3) 120 (5.9) 120 (6.9) 131 (6.7) 130 (6.7) 130 (6.7)

Weight, kg* 22.0 (19.8, 24.6) 22.2 (19.8, 24.7) 22.1 (19.8, 24.6) 27.2 (24.5, 31.9) 28.4 (24.1, 34.2) 27.7 (24.3, 33.5)

BMI, kg/m2* 15.2 (14.3, 16.6) 15.4 (14.4, 17.1) 15.3 (14.3, 16.7) 16.3 (14.6, 18.1) 16.6 (14.8, 19.5) 16.4 (14.7, 18.7)

Weight status†

 Not OW/OB 226 (84.3) 187 (76.6) 413 (80.7) 165 (76.7) 143 (67.5) 308 (72.1)

 OW/OB 42 (15.7) 57 (23.4) 99 (19.3) 50 (23.3) 69 (32.5) 119 (27.9)

SBP, mm Hg 102 (8.9) 103 (9.1) 103 (9.0) 104 (11.0) 105 (10.6) 104 (10.8)

DBP, mm Hg 69 (8.4) 70 (8.0) 69 (8.2) 69 (9.7) 69 (9.4) 69 (9.5)

Total PA, CPM 85.9 (26.5) 77.4 (24.4) 81.8 (25.9) 77.8 (35.0) 61.7 (17.2) 69.8 (28.8)

MVPA, min/day 62.7 (29.2) 54.1 (24.4) 58.6 (27.3) 58.3 (22.0) 42.3 (16.2) 50.3 (20.9)

Meet PA guidelines‡ 144 (53.7) 100 (41.0) 244 (47.7) 84 (40.4) 29 (14.1) 113 (27.3)

BMI indicates body mass index; OW/OB, overweight/obese; SBP, systolic blood pressure; DBP, diastolic blood pressure; and PA, physical activity.

All values are mean (SD) for continuous variables unless indicated otherwise.

*Median (interquartile range) and frequency (%) for categorical variables.

†Categories based on the UK 1990 BMI reference curves.21

‡Based on current World Health Organization PA recommendations for 5 to 17 year olds (60 min/day moderate to vigorous PA).27

Table 2. Baseline Cross-Sectional Associations Between PA 

and BP

Model

Total PA (per 20 cpm) MVPA (per 15 min/day)

B (95% CI) P B (95% CI) P

SBP 1 −0.17 (−0.77, 0.44) 0.59 −0.19 (−0.62, 0.24) 0.39

2 −0.11 (−0.74, 0.51) 0.72 −0.19 (−0.62, 0.24) 0.38

3 −0.04 (−0.65, 0.57) 0.90 −0.06 (−0.48, 0.36) 0.77

DBP 1 −0.66 (−1.20, −0.10) 0.02 −0.52 (−0.91, −0.13) 0.01

2 −0.75 (−1.33, −0.18) 0.01 −0.55 (−0.94, −0.16) 0.01

3 −0.71 (−1.28, −0.14) 0.01 −0.48 (−0.87, −0.09) 0.02

PA indicates physical activity; BP, blood pressure; MVPA, moderate to vigorous 

physical activity; SBP, systolic blood pressure; and DBP, diastolic blood pressure.

Model 1: adjusted for age and sex.

Model 2: adjustments as for model 1 plus ethnicity, height, school, and 

duration of PA measurement.

Model 3: adjustments as for model 2 plus BMI z score.� � � � � � � � � 	 � 
 � � � � � 
 � � � � 
 �� � � � � � � � � � � � � � � � � � � � � � � � � � � � �	 � � � � � � � � � � � � �



Knowles et al  Physical Activity and Blood Pressure in Children  73

had no effect on the direction or overall magnitude of our find-

ings (data not shown).

Discussion
We found an association between higher levels of PA and 

lower BP in young children. Specifically, for every additional 

20 cpm of total PA (equivalent to ≈25% increase in total 

PA on average), and every additional 15 min/day of MVPA, 

DBP was 0.75 mm Hg and 0.55 mm Hg lower, respectively. 

Total PA, but not MVPA, was also predictive of lower DBP 

at 2 years follow-up, with a 0.74 mm Hg reduction in DBP 

for every 20 cpm increase in baseline total activity. A near-

significant association of a similar magnitude was observed 

between baseline total PA and follow-up SBP (P=0.06). All 

associations were independent of BMI and other markers of 

adiposity.

Reasons for the lack of cross-sectional association between 

PA and SBP are unclear. Over a lifetime, age-related changes 

in SBP are relatively large, especially during childhood,29 in 

comparison with DBP, which remains relatively stable. Thus, 

it is possible that associations between PA and SBP are not 

established at such an early age but become more evident dur-

ing adolescence and adulthood, as reported previously.17

Strengths and Limitations

To our knowledge, this is the first study to provide evidence 

supporting an association between objectively-measured PA 

and BP in children as young as 5 years old. Furthermore, it 

is the first objective longitudinal study in this age group that 

includes data on BMI and other measures of body fat, which 

therefore allowed us to examine the associations independent 

of weight status. Other strengths are the inclusion of children 

from minority ethnic groups, the relatively large sample size, 

and 83% follow-up over the 2-year period.

The present study also has a number of limitations. First, 

BP is highly variable with diurnal, seasonal, and biological 

factors affecting the accuracy of readings based on measure-

ment at a single time point.30 For the present study, errors were 

minimized by using standard protocols and trained personnel, 

and measures were repeated at least once. Furthermore, the 

direction and strength of association were unchanged in the 

sensitivity analyses using the second BP readings, rather than 

the mean, supporting the validity of our observations.

A further limitation is the lack of complete baseline data 

for 11% of children recruited for the study. However, there 

were very minimal differences, in terms of socio-demographic 

and anthropometric characteristics between those with and 

without BP and PA data. Also, children were measured at 

different times of the year, and the duration of PA measurement 

varied between subjects; thus the PA data might not be fully 

representative of habitual PA. However, regression models 

were adjusted for duration of PA monitoring and the time of 

year at which children were measured. We also conducted a 

sensitivity analysis restricted to children for whom at least 3 

days PA data were collected, and found the same associations 

(data not shown). Finally, it should be noted that data on other 

potential covariates, such as birth weight, dietary factors, and 

history of breast-feeding, were not collected in BEACHeS and 

therefore cannot be accounted for in this study.

Discussion of Findings in Relation to Other Studies

Previous cross-sectional studies, which used objective mea-

sures of PA in children and adolescents, have reported con-

flicting results, with some showing an association with 

systolic or diastolic BP,12,14,16,31 but others reporting no asso-

ciation.7,9,10 Lack of consistency in methodology, duration of 

PA measurement, and the wide range of age groups included 

in previous studies make comparisons with this study difficult. 

One study of 3- to 6-year-old children found no association 

between PA and BP. However, the Caltrac accelerometer, used 

to measure PA, was only worn for a 24-hour period, and the 

sample size was relatively small (n=137).7 Craig et al10 also 

failed to observe an association among PA, assessed using 

a combination of doubly-labeled water, indirect calorimetry 

and recall questionnaires, and BP in a small sample of 49 

prepubertal girls. In contrast, the cross-sectional European 

Youth Heart Study (EYHS), in which PA was measured using 

the Actigraph accelerometer, reported an inverse association 

between PA and BP in a sample of 9-year-old and 15-year-old 

children (n=1732).31 Analysis of data on a subset of the EYHS 

(384 Danish 9-year-old children),9 on the other hand, found 

an association between SBP and fitness, but not SBP and PA, 

possibly because of the reduced sample size.

Several cross-sectional studies12,14,31 in older children and 

adolescents have shown inverse associations between BP 

and both total PA and MVPA (measured by accelerometry), 

including a large population-based study of 10- to 12-year-

old children16 and a multiethnic population of 9- to 10-year-

olds in the United Kingdom (CHASE). Our study adds to the 

literature by providing evidence that these associations also 

exist in children as young as 5 years of age.

A longitudinal association between PA and future BP has 

been reported previously in studies using subjective measures 

of PA in adolescents,17 including 1 study with a 50-year follow-

up,32 and 1 including children aged 8 to 13 years at baseline.15 

However, as far as we are aware, the present analysis is the first 

to describe the relationship in younger children, using more 

accurate measures of PA. Subjective measures of PA are subject 

to bias and have low accuracy in children; therefore confirmation 

Table 3. Associations Between Baseline PA and Follow-Up BP

Model

Total PA (per 20 cpm) MVPA (per 15 min/day)

B (95% CI) P B (95% CI) P

SBP 1 −0.74 (−1.52, 0.03) 0.06 −0.14 (−0.70, 0.42) 0.62

2 −0.72 (−1.45, 0.01) 0.06 −0.19 (−0.71, 0.33) 0.48

3 −0.68 (−1.41, 0.05) 0.07 −0.11 (−0.63, 0.41) 0.68

DBP 1 −0.93 (−1.62, −0.24) 0.01 −0.31 (−0.81, 0.19) 0.23

2 −0.74 (−1.40, −0.08) 0.03 −0.20 (−0.67, 0.27) 0.40

3 −0.73 (−1.39, −0.07) 0.03 −0.18 (−0.65, 0.29) 0.45

PA indicates physical activity; BP, blood pressure; MVPA, moderate to vigorous 

physical activity; SBP, systolic blood pressure; and DBP, diastolic blood pressure.

Model 1: adjusted for baseline age and sex.

Model 2: adjustments as for model 1 plus ethnicity, change in age, height 

at baseline, change in height, baseline BP, intervention/control group status, 

school, and duration of PA measurement at baseline.

Model 3: adjustments as for model 2 plus baseline BMI z score.
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of this association using objective measures in our study further 

supports a causative mechanism. Our finding that the relation-

ship between higher levels of PA and lower BP is independent 

of weight status is consistent with results from other studies in 

older children, including the large cross-sectional study by Leary 

et al,16 and a longitudinal study of 12- to 17-year olds which used 

a subjective measure of PA.17 As BMI is unable to distinguish 

between fat mass and fat-free mass, or to detect variations in fat 

distribution,33 we also adjusted for waist circumference and sum 

of 4 skinfolds. This was done to address the potential mediating 

roles of body fat or central obesity in this sample of predomi-

nantly South Asian children, an ethnic group known to have ele-

vated levels of body fat at a given BMI.34 However, adjustment 

for these anthropometric markers did not alter the associations.

The importance of total PA versus MVPA has been debated 

and conflicting results have been reported. The findings of a 

recent study using objective PA in 11- to 12-year olds16 sup-

ports the greater importance of total amount of PA, whereas 

other research has suggested that associations among BP, total 

PA and MVPA are similar.31 Higher levels of vigorous PA, but 

not light-moderate PA, during youth and early adulthood have 

been associated with lower arterial stiffness at the age of 36, 

which suggests that intense PA has greatest influence on future 

cardiovascular health.35 However, in that study, the influence 

of total PA was not examined, which makes comparison with 

our findings difficult. Further research is needed to clarify the 

importance of MVPA versus total volume of PA on future car-

diovascular health. Nevertheless, these results further empha-

size the need for maintaining high levels of PA throughout 

childhood and adolescence. In the present study, fewer than 

half the children met the current recommendation of 60 min/

day MVPA at age 5 to 7, and the proportion was reduced to 

14% among girls 2 years later.

Perspectives

Our findings provide further evidence to support a causal rela-

tionship between higher levels of PA in young children and 

lower BP over time, which is independent of weight status. 

Assuming a causal relationship, these results suggest that a 

child achieving 90 minutes per day MVPA would have, on 

average, 2 mm Hg lower DBP than a similar child who does 

30 minutes MVPA. An increase in total PA of 50 cpm per day, 

which in this sample of children is equivalent to the differ-

ence between the 5th and 75th centile, is associated with a 

2 mm Hg reduction in current and future BP. Although this 

appears a small effect at first glance, a 2 mm Hg reduction in 

BP in adults is associated with a 6% reduction in CHD and 

15% reduction in stroke-related events.36 These results further 

emphasize the need to increase PA from a young age.
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What Is New?

 As far as we are aware, this is the first study to explore the longitudinal 

associations between objectively-measured physical activity and blood 

pressure in children as young as 5 years of age.

 This is also the first study to focus on a predominantly South Asian cohort.

What Is Relevant?

 This study provides evidence for longitudinal associations between high-

er physical activity and lower blood pressure in young children.

 Early-life physical activity interventions, which aim to prevent the devel-

opment of high blood pressure, may reduce future prevalence of hyper-

tension. This may be particularly important among minority ethnic groups 

who are predisposed to cardiometabolic diseases.

Summary

Objectively-measured physical activity is associated with lower 
blood pressure in young children. This study emphasizes the need 
to increase physical activity from a very early age.

Novelty and Significance
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