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Background: Normal cardiovascular responses to exercise in childhood with regards to maximum 
blood pressure response, rate pressure product and recovery time are not well documented. In 
addition, maximum normal blood pressure response to exercise in childhood is extrapolated from adult 
studies which make assessment of hypertensive response in disease situation such as coarctation 
rather difficult. We therefore aimed to define normal cardiovascular responses to exercise in healthy 
British children. 

Method: We retrospectively reviewed our experience in all children who underwent exercise testing 
(Bruce treadmill protocol) at University Hospital of Wales between 2003 and 2010.  One hundred and 
thirty-seven children without any structural heart disease were included in the study. 

Results: There were 80 males and 57 females and their age ranged from 9 to 16 years. All children 
achieved minimum exercise duration of 12 minutes regardless of age or gender. Lower VO2max 
values were observed in females compared to male subjects in younger age but not so much in 
adolescents. All subjects achieved over 90% of maximum predicted heart rate for any given age. 
Younger subjects showed quicker heart rate recovery compared to older individuals. Maximum blood 
pressure did not exceed above 153.6±3.6mmHg in any age group. Maximum rate pressure product 
was similar both gender before puberty but higher in males in 15-16 years group. 

Age 9 to 10 years 11 to 12 years 13 to 14 years 15 to 16 years
No of subjects All (n=22) All (n=36) All (n=46) All (n=33) 

Exercise duration (min) 13.1 ± 0.67 13.3 ± 0.50 13.1 ± 0.33 14.3 ± 0.49 
Exercise capacity (METS) 14.7 ± 0.61 15.5 ± 0.45 15.4 ± 0.41 16.5 ± 0.51 

VO2 max ml/kg/min 51.6 ± 2.1 54.4 ± 1.6 53.7 ± 1.4 57.8 ± 1.8 
Recovery time (min) 4.8 ± 0.30 6.3 ± 0.34 6.2 ± 0.24 5.7 ± 0.35 

HR max  (bpm) 194.3 ± 2.8 195.2 ± 2.0 196.4 ± 2.4 198.6 ± 2.2 
% HR max reached (%) 92.3 ± 1.3 93.6 ± 0.99 95.1 ±1.2 97.1 ± 1.1 

SBP max (mmHg) 136.1 ± 3.5 139.8 ± 2.0 146.5 ± 2.4 151.5 ± 2.9 
DBP max (mmHg) 70.5 ± 2.1 70.9 ± 1.3 72.8 ± 1.3 73.5 ± 1.6 

Rate pressure product 
(HR max*SBP max) 

26567.1 ± 
910.1 

27275.8 ± 
483.4 

28824.9 ± 
634.2 

30125.7 ± 
725.9 

 

Conclusions: Exercise duration in healthy children is minimum 11.7±0.39 minutes. 90% of maximum 
heart rate response is always achievable standard. Maximum blood pressure response is much lower 
than historically quoted which may necessitate redefining hypertensive response to exercise in 
childhood. Maximum rate pressure product becomes progressively higher with age but is not 
influenced by gender. Recovery time is quicker in children than adults. 

 


