
The 20
th

 International Scientific Conference Faculty of Physical Therapy     Cairo, 6-7April, 2019 

 

1 
 

HEART RATE AND ITS VARIABILITY IN RESPONSE TO 

SUBMAXIMAL CYCLE  

ERGO-METER IN CHILDREN WITH CEREBRAL PALSY 

 

Yasmin Mohamed Mahmoud
1
, Amira Mohamed El-Tohamy

2
, Walaa Abd El-

Hakiem Abd El-Nabie
3
, and Faten Abdo-Almonem Amara

4
. 

1
Department of Physical Therapy for Pediatrics, Fevers Hospital, Benha, Qalyubia, Egypt 

2,3
Department of Physical Therapy for Pediatrics, Cairo University, Egypt. 

  4
Department of Pediatrics, Health Insurance Hospital, Nasr City 

 

Abstract 

Background: Irregular heart rate (HR) and heart rate variability (HRV) are common problems 

among children with cerebral palsy (CP) which may be associated with low physical tolerance. 

The aim of the current study was to investigate the response of HR and HRV at rest, during 

submaximal cycle ergo-meter and at first and second minutes rest post exercise in children with 

CP. 

Methods: Thirty children with spastic CP of both sexes, aged from 7 to 11 years were 

participated in the present cross-sectional study. They were divided into two equal groups (15 

children in each group); A and B.Children with spastic hemiplegia were allocated to group A 

while children with spastic diplegiawere allocated to group B.  HR and HRV were assessed and 

monitored by the Polar Advanced Heart Rate Monitor (RC800CX) at four-time intervals. Four-

time intervals were; five minutes rest pre cycle ergo-meter, during last stage of submaximal cycle 

ergo-meter, and at first and second minutes rest post cycle ergo-meter. 

Results: The results of the current study revealed that, in group A there were significant 

difference in HR and HRV between the four-time intervals (p=0.001,0.0001) respectively. Also 

in group B there were significant difference in HR and HRV between four-time intervals 

(p=0.001, 0.0001) respectively. 

Conclusion: In children with CP, HR and HRV responded to submaximal cycle ergo-meter. 

Keywords: Cerebral palsy, Heart rate, Heart rate variability, Submaximal cycle ergo-meter.  
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Introduction 

Cerebral palsy  describes chronic developmental disabilities, that restrict the control of 

movement which result from  immature brain damage (1). CP is a common cause of physical 

impairment in childhood.Children with CP in comparison with typically developing (TD) 

children have lower level of physical activity and aeroic capacity(2). Physical inactivity is due to 

impaired physical condidtions and motor capabilities as muscle weakness and lowered 

cardiorespiratory fitness. Also physical inactivity among children with CP is caused by deficit in 

autonomic heart regulation system (3).  HRV is the time variation of the period between two 

consecutive heartbeats,it depends on regulation of HR. HRV reflects the cardiac ability to 

accommodate  changable circumstances by identifying and responding to unexpected stimuli  (4). 

In supine position, children with CP have lower HRV and higher resting HR compared with TD 

children (5). During postural change (sitting,head up and standing), children with CP had  

limitations in accommodating their heart sympathovagal balance (6). 

Heart rate variability is non-invasive method used to assess the control ofcardiovascular 

autonomic system. Analysis of HRV can be accomplished in children affected with different 

diseases such as: CP, obesity, sleep apnea, attention deficit hyperactivity disorder and Duchene 

muscular dystrophy  (7). Analysis of HRV is a valid modality of autonomic nervous system 

evaluation. It provides valuable information related to neurodevelopmental outcome of children 

and their regulatory abilities (8). 

Submaximal exercise is the physical activity in which its intensity increases at regular 

intervals, but not exceed than 85 percent of maximum HR according to the American Council of 

Exercise.Treadmill test and stationary bike are from the types of submaximal exercise tests  (9) . 

Submaximal exercise testingis a method of choice for patients seen by physical therapist. It 
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overcomes limitations of maximal exercise testing(10). So, the purpose of the current study was 

to investigate the response of HR and HRV to submaximal cycle ergo-metr .It was hypothesized 

that ,there was a response of HR and HRV to submaximal cycle ergo –meter in children with CP. 

Material and methods: 

Study design: Cross sectional study design. (Small sample is Delimitation) 

Participants: thirty  children with spastic CP  ranged in age from 7to 11 years were enrolled in 

this study from December 2017 to September 2018.They were selected from the Outpatient 

Clinic of the Faculty of Physical Therapy, Cairo University .The children were divided into two 

groups;  A and B.  Fifteen hemiplegic CP children enrolled in group A, while fifteen diplagic CP 

children allocated in group B as shown in Fig. (1). The diagnosis of hemiplegia and diplagia were 

confirmed by pediatric neurologist.The children were selected at level I and  II  according to 

Gross Motor  Function Classification System (GMFCS)(11) ,and the  degree of  spasticity ranged 

from 1 to 1
+
  according to Modified Ashworth Scale(12). The children were excluded when they 

hadcognitive or behavioral impairment, cardiovascular disease, visual and auditory problems, 

fixed deformity of both upper and lower limbs, and if child injected with Botulinum Toxin in the 

last six months.  

The current study was carried out and approved according to the rules of Ethical Committee of 

the Faculty of Physical Therapy, Cairo University (NO:P.T.REC\012\001704). 

Measurement procedures:the polar advanced heart rate monitor ( RC800CX) is a valid and 

reliable tool used to measure HR and HRV. Also it is non-invasive, economical and portable 

device(13) .It consists of Polar wear link ,wrist and chest sensor . The wrist sensor part linked 
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with computer which displays and records the heart rate and other data like position and velocity 

during  examination (14). 

The evaluation procedures included the measurement of HR and HRV at rest, during submaximal 

cycle-ergometer exercise and post exercise (1 and 2 minutes rest post exercise) as the following: 

Measurement at rest: Each child was asked to sit quietly for 5 minutes on a chair, with the 

sensor of polar advanced HR monitor around his trunk and computer device was attached to his 

wrist. Then the HR and HRV were recorded during this position. 

Measurement during submaximal cycle-ergometer exercise:McMaster protocol is a protocol 

of submaximal cycle-ergometer that was applied in the current study. It is a protocol of 

submaximal exercises  specific for children(15). All children performed the McMaster protocol 

on an electronically Braked cycle ergometer. Protocol started by 2mint warm up. The protocol is 

performed in 4 stages byinitial power 10W, then power increased by 25W every 2 minute. Child 

was instructed to maintain a constant pedal rate during test. All children were verbally 

encouraged to continue exercise until final stage. For each child, HR and HRV were monitored 

and recorded at the end of the last stage of the Macmaster ergometer protocol (16).  

 Stage (1): 2mint, (10w).   

 Stage (2): 2mint, (10+25=35w). 

  Stage (3): 2mint, (35+25=65w)  

 Stage (4): 2mint, (65+25=90w)  

 The exercise was ended when HR reached the value of the predicted maximal HR for 

80% intensity of effort (based on Karvina formula target HR = [(max HR − resting HR) × % 
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intensity] + resting HR) or when the child asked to stop the test because of inability to 

continue(3).  

Post exercise measurement:Heart rate and HRV were measured at 1and 2mint post exercise the 

same as measurement at rest. 

Statistical analysis: 

Descriptive statistics including mean, median and standard deviation were performed for 

presentation of variables. ANOVA with repeated measures was conducted for comparison 

between pre exercise, last test stage, 1 minute after exercise, 2 minutes after exercise of HR and 

HRV in each group. 

Results   

Group A:Fifteen children with spastic hemiplegia were included in this group. Their mean ± SD 

age, weight, height and BMI were 8.66 ± 1.23 years, 28.3 ± 9.34 kg, 123.26 ± 7.65 cm and 18.21 

± 4.15 kg/m² respectively. 

 Group B:Fifteen children with spastic diplegia were included in this group. Their mean ± SD 

age, weight, height and BMI were 9.06 ± 1.33 years, 27.8 ± 6.62 kg, 125.86 ± 5.09 cm and 17.39 

± 3.27 kg/m² respectively. 

The sex distribution of group A revealed that there were 3 (20%) girls and 12 (80%) boys. The 

sex distribution of group B revealed that there were 4 (27%) girls and 11 (73%) boys. 

Results of group (A) 
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I: Mean values of HR pre exercise, last test stage, 1 minute after exercise, 2 minutes after 

exercise of  group A: The mean ± SD HR of group A pre exercise was 98.06 ± 4.46 beat/min, 

while at last test stage was 140.23 ± 0.77 beat/min and at 1 minute after exercise was 128.46 ± 

1.93 beat/min; and at 2 minute after exercise was 103.06 ± 2.49 beat/min. Comparison between 

pre exercise, last test stage, 1 minute after exercise, 2 minutes after exercise revealed a significant 

difference in HR between the four-time intervals (p = 0.0001), (Table 1). 

Table 1.Comparison of heart rate mean values between pre exercise, last test stage, 1 minute 

after exercise, 2 minutes after exercise of group A (Anova with repeated measures for 

comparison measurement over time): 

Heart rate (beat/min) 

F- value 
p- 

value 
Sig. ±SD 

Pre exercise Last test stage 
1 minute after 

exercise 

2 minutes 

after exercise 

98.06 ± 4.46 140.23 ± 0.77 128.46 ± 1.93 103.06 ± 2.49 967.55 0.0001 S 

Multiple comparison (Bonferroni test) 

 MD % of change p- value Sig 

Pre exercise Vs last test stage -42.17 43 0.0001 S 

Pre exercise Vs 1 minute after exercise -30.4 31 0.0001 S 

Pre exercise Vs 2 minutes after exercise -5 5.09 0.01 S 

Last test stage Vs 1 minute after exercise 11.77 8.39 0.0001 S 

Last test stage Vs 2 minute after exercise 37.17 26.5 0.0001 S 

1 minute after exercise Vs 2 minute after 

exercise 25.4 19.77 0.0001 S 

  : Mean, SD: Standard Deviation, MD: Mean difference, p value: Probability value, S: 

Significant. 

 

 

II: Mean values of HRV pe exercise, last test stage, 1 minute after exercise, 2 minutes after 

exercise of group A:The mean ± SD HRV of group A Pre exercise was 48.38 ± 2.66 msec, while 





The 20
th

 International Scientific Conference Faculty of Physical Therapy     Cairo, 6-7April, 2019 

 

7 
 

at last test stage was 9.74 ± 1.09 msec and at 1 minute after exercise was 17.36 ± 1.18 msec; and 

at 2 minute after exercise was 30.9 ± 1.63 msec. Comparison between pre exercise, last test stage, 

1 minute after exercise, 2 minutes after exercise revealed a significant difference in HRV between 

the four-time intervals (p = 0.0001) (Table 2). 

Table 2: Comparison of HRV mean values between pre exercise, last test stage, 1 minute after 

exercise, 2 minutes after exercise of group A:(Anova with repeated measures for comparison 

measurement over time): 

 

Heart rate variability (msec) 

F- value 
p- 

value 
Sig ±SD 

Pre exercise 
Last test 

stage 

1 minute after 

exercise 

2 minutes after 

exercise 

48.38 ± 2.66 9.74 ± 1.09 17.36 ± 1.18 30.9 ± 1.63 3572.27 
0.0

001 
S 

Multiple comparison (Bonferroni test) 

 MD % of change p- value Sig 

Pre exercise vs last test stage 38.64 79.86 0.0001 S 

Pre exercise vs1 minute after exercise 31.02 64.11 0.0001 S 

Pre exercise vs2 minutes after exercise 17.48 36.13 0.01 S 

Last test stage vs1 minute after exercise -7.62 78.23 0.0001 S 

Last test stage vs2 minute after exercise -21.16 217.24 0.0001 S 

1 minute after exercise vs2 minute after exercise -13.54 78 0.0001 S 

Mean, SD: Standard Deviation, MD: Mean difference, p-value: Probability value, S: 

Significant. 

 

Results of group B: 




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I: Mean values of HR pre exercise, last test stage, 1 minute after exercise, 2 minutes after 

exercise of  group B:The mean ± SD HR of group B pre exercise was 96.8 ± 2.7 beat/min, while 

at last test stage was 142.8 ± 1.23 beat/min and at 1 minute after exercise was 130.4 ± 2.29 

beat/min; and at 2 minute after exercise was 105.26 ± 1.83 beat/min. Comparison between pre 

exercise, last test stage, 1 minute after exercise, 2 minutes after exercise revealed a significant 

difference in heart rate between the four-time intervals (p = 0.0001), (Table 3). 

Table 3: Comparison of HR mean values between pre exercise, last test stage, 1 minute after 

exercise, 2 minutes after exercise of group B:(Anova with repeated measures for comparison 

measurement over time): 

 

Heart rate (beat/min) 

F- value 
p- 

value 
Sig ±SD 

Pre exercise Last test stage 
1 minute 

after exercise 

2 minutes after 

exercise 

96.8 ± 2.7 142.8 ± 1.23 130.4 ± 2.29 105.26 ± 1.83 4054.92 
0.0

001 
S 

Multiple comparison (Bonferroni test) 

 MD % of change p- value Sig 

Pre exercise Vs last test stage -46 47.52 0.0001 S 

Pre exercise Vs 1 minute after exercise -33.6 34.71 0.0001 S 

Pre exercise Vs 2 minutes after exercise -8.46 8.73 0.0001 S 

Last test stage Vs 1 minute after exercise 12.4 8.68 0.0001 S 

Last test stage Vs 2 minute after exercise 37.54 26.28 0.0001 S 

1 minute after exercise Vs 2 minute after exercise 25.14 19.27 0.0001 S 


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: Mean, SD: Standard Deviation, MD :Mean difference, p-value: Probability value,S: 

Significant. 

II. Mean values of pre exercise, last test stage, 1 minute after exercise, 2 minutes after 

exercise of group B:The mean ± SD HRV of group B pre exercise was 51 ± 2.76 msec, while at 

last test stage was 10.93 ± 1.55 msec and at 1 minute after exercise was 18.53 ± 1.97 msec; and at 

2 minute after exercise was 31.93 ± 2.87 msec. Comparison between pre exercise, last test stage, 

1 minute after exercise, 2 minutes after exercise revealed a significant difference in heart rate 

variability between the four-time intervals (p = 0.0001), (Table 4). 

Table 4: Comparison of heart rate variability mean values between pre exercise, last test stage, 

1 minute after exercise, 2 minutes after exercises group B:(Anova with repeated measures for 

comparison measurement over time): 

 

Heart rate variability (msec) 

F- value p- value Sig ±SD 

Pre exercise 
Last test 

stage 

1 minute 

after exercise 

2 minutes after 

exercise 

51 ± 2.76 10.93 ± 1.55 18.53 ± 1.97 31.93 ± 2.87 6542.66 0.0001 S 

Multiple comparison (Bonferroni test) 

 MD % of change p- value Sig 

Pre exercise Vs last test stage 40.07 78.56 0.0001 S 

Pre exercise Vs 1 minute after exercise 32.47 63.66 0.0001 S 

Pre exercise Vs 2 minutes after exercise 19.07 37.39 0.0001 S 

Last test stage Vs 1 minute after exercise -7.6 69.53 0.0001 S 

Last test stage Vs 2 minute after exercise -21 192.13 0.0001 S 

1 minute after exercise Vs 2 minute after exercise -13.4 72.31 0.0001 S 




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  : Mean, SD: Standard Deviation, MD: Mean difference, P-value: Probability value, S: 

Significant 

 

 

Discussion 

The present study aimed to investigate the response of HR and HRV during submaximal 

cycle ergonomic exercise in children with CP. 

The current work adds a unique donation by demonstrating the response of HR and HRV 

during submaximal cycle-ergometer and post exercise in children with CP as most of previous 

studies evaluated HR and HRV during passive manipulation and/or rest. 

  The current results showed that there were significant differences in HR and HRV 

between the four-time intervals in both groups. HR increased gradually during submaximal 

exercise and decreased gradually at 1and 2 mint post exercise while HRV decreased gradually 

during submaximal exercise then increased gradually at 1and2 mint post exercise. 

Izadi et al(17)reported that submaximal exercise could be employed to evaluate and 

monitor the cardiorespiratory fitness of a child with CP by increasing the capacity of oxygen 

transportation and the excretion of waste materials. 

 Cycle ergometer has an essential advantage in the area of exercise testing. This is 

supported by Bongers et al .(18)Who clarified that several physiological parameters such as; 

HRV and blood pressure are easier to be assessed during exercise by using cycle ergometer than 

treadmill.   
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Kholod et al.(19)demonstrated that the mean value of HR was significantly higher and 

value of HRV was significantly lower in children with CP during  exercises compared with TD 

children. 

   The current significant increase in HR and decrease in HRVduring submaximal cycle-

ergometer may be due to inability of CP children to achieve the required demand to stimulate the 

cardic autonomic system. This is conformed by Amichai. (3) who reported that the increase in 

HR  and decrease in HRV during submaximal exercise in children with CP may be due  to limited  

ability of autonomic and motor systems to produce a  demand of the cardiac system above the 

resting state. 

 The significant difference in recovery period (small decreases in HR and a small 

increases in HRV in the first minute post exercise, and a greater decrease and greater escalation, 

respectively, in the second minute post exercise) may be due to reactivation of the 

parasympathetic system immediately following the exercise. This is confirmed byAhmadian. 

(20) who report that the recovery stage following submaximal exercise was represented by a 

small decrease in HR and a small escalation in HRV in the first minute post  exercise, and a 

greater decrease and greater escalation, respectively, in the second minute post exercise. 

Yang et al.(21) reported that children with CP have an impairment in autonomic system 

which may be due to spasticity in their muscles that leads to sedentary life . 

Lundberg et al. (17) demonstrated that during submaximal exercise, spastic CP children 

have lower physical capacity and higher HR, lactate concentration and energy expenditure than 

TD childre 

 



The 20
th

 International Scientific Conference Faculty of Physical Therapy     Cairo, 6-7April, 2019 

 

12 
 

References 

1. Novak I, Mcintyre S, Morgan C, Campbell L, Dark L, Morton N, et al. A systematic 

review of interventions for children with cerebral palsy: state of the evidence. Developmental 

Medicine & Child Neurology. 2013;55(10):885-910. 

2. Dambi JM, Jelsma J, Mlambo T, Chiwaridzo M, Tadyanemhandu C, Chikwanha MT, et 

al. A critical evaluation of the effectiveness of interventions for improving the well-being of 

caregivers of children with cerebral palsy: a systematic review protocol. Systematic reviews. 

2016;5(1):112. 

3. Amichai T, Eylon S, Dor-Haim H, Berger I, Katz-Leurer M. Cardiac Autonomic System 

Response to Submaximal Test in Children With Cerebral Palsy. Pediatric Physical Therapy. 

2017;29(2):125-8. 

4. Acharya UR, Joseph KP, Kannathal N, Min LC, Suri JS. Heart rate variability.  Advances 

in cardiac signal processing: Springer; 2007. p. 121-65. 

5. Amichai T, Katz-Leurer M. Heart rate variability in children with cerebral palsy: Review 

of the literature and meta-analysis. NeuroRehabilitation. 2014;35(1):113-22. 

6. Park ES, Park CI, Cho SR, Lee JW, Kim EJ. Assessment of autonomic nervous system 

with analysis of heart rate variability in children with spastic cerebral palsy. Yonsei medical 

journal. 2002;43(1):65-72. 

7. Vural C, Dinleyici EC, Kosger P, Bolluk O, Kilic Z, Ucar B. Evaluation of cardiac 

autonomic function using heart rate variability in children with acute carbon monoxide poisoning. 

Cardiology in the young. 2017;27(9):1662-9. 



The 20
th

 International Scientific Conference Faculty of Physical Therapy     Cairo, 6-7April, 2019 

 

13 
 

8. Bjelakovic B, Ilic S, Dimitrijevic L, Milovanovic B, Kostic G, Bjelakovic L, et al. Heart 

rate variability in infants with central coordination disturbance. Early human development. 

2010;86(2):77-81. 

9. Hall CM, Brody LT. Therapeutic exercise: moving toward function: Lippincott Williams 

& Wilkins; 2005. 

10. Noonan V, Dean E. Submaximal exercise testing: clinical application and interpretation. 

Physical therapy. 2000;80(8):782-807. 

11. Paulson A, Vargus-Adams J. Overview of Four Functional Classification Systems 

Commonly Used in Cerebral Palsy. Children. 2017;4(4):30. 

12. Yam WKL, Leung MSM. Interrater reliability of Modified Ashworth Scale and Modified 

Tardieu Scale in children with spastic cerebral palsy. Journal of child neurology. 

2006;21(12):1031-5. 

13. Zewdie R, Kic P. Transport route segments and stress effect on drivers. Agronomy 

Research. 2016;14(1):269-79. 

14. Williams DP, Jarczok MN, Ellis RJ, Hillecke TK, Thayer JF, Koenig J. Two‐week test–

retest reliability of the P olar® RS 800 CX™ to record heart rate variability. Clinical physiology 

and functional imaging. 2017;37(6):776-81. 

15. Verschuren O, Ketelaar M, Keefer D, Wright V, Butler J, Ada L, et al. Identification of a 

core set of exercise tests for children and adolescents with cerebral palsy: a Delphi survey of 

researchers and clinicians. Developmental Medicine & Child Neurology. 2011;53(5):449-56. 

16. Mojtaba E, Davood K, Housein D, Fatemeh K. Investigation relationship between% 

VO2MAX versus% HRMAX in children with cerebral palsy. Procedia-Social and Behavioral 

Sciences. 2010;2(2):5412-6. 



The 20
th

 International Scientific Conference Faculty of Physical Therapy     Cairo, 6-7April, 2019 

 

14 
 

17. Izadi M, Nazem F, Hazavehei M. The effect of Sub-maximal exercise-rehabilitation 

program on cardio-respiratory endurance indexes and oxygen pulse in patients with spastic 

cerebral palsy. Journal of Research in Medical Sciences. 2006;11(2):93-100. 

18. Bongers B, van Brussel M, Hulzebos H, Takken T. Paediatric exercise testing in clinics 

and classrooms: a comparative review of different assessments. OA Epidemiology. 2013;1(2):14. 

19. Kholod H, Jamil A, Katz-Leurer M. The associations between motor ability, walking 

activity and heart rate and heart rate variability parameters among children with cerebral palsy 

and typically developed controls. NeuroRehabilitation. 2013;33(1):113-9. 

20. Ahmadian M, Roshan VD, Hosseinzadeh M. Parasympathetic reactivation in children: 

influence of two various modes of exercise. Clinical Autonomic Research. 2015;25(4):207-12. 

21. Yang TF, Chan RC, Kao CL, Chiu JW, Liu TJ, Kao NT, et al. Power spectrum analysis of 

heart rate variability for cerebral palsy patients. American journal of physical medicine & 

rehabilitation. 2002;81(5):350-4. 

 


