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Objective: To compare the cardiac autonomic system at rest and its response
to a submaximal aerobic test in children with cerebral palsy (CP) and typically
developed (TD) controls.



Design: Twenty-five children with CP aged 6-11 and 20 age and gender matched
TD controls participated in the study. RR intervals were monitored at rest, while
performing the sub-maximal treadmill test, and during the recovery period. The
square-root of the mean of successive differences between adjacent RR intervals
(RMSSD) was calculated.
Results: The median level of the submaximal treadmill test stage was 3 for children
with CP (95% CI 0.75-3.25), 16/20 TD children completed all test stages. The LogRank statistic (χ21=30.4) was highly significant (p<0.001). At rest the RMSSD values
in children with CP were significantly lower as compared to children TD, and
changed less due to the submaximal test and recovery stages (interaction-effect,
F2;86=9, p<0.01).
Conclusion: Children with CP show lower RMSSD at rest, and less adaptive
to exercise as compared to TD children. Performing physical activity is highly
recommended for children with CP, re-educating the cardiac autonomic system
is one of its main goals. Assessing the autonomic response to different exercise
protocols is the next step needed.
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Introduction
Cerebral palsy (CP) caused by a brain insult prior to, during,
or shortly after birth is the leading cause of physical
neurodevelopmental disability in the western world [1]. The
primary neuro-motor impairments cause secondary impairments
such as spasticity, weakness, and decreased range of motion, all
of which contribute to the more sedentary behavior of children
and adults with CP [2].
In the last two decades, few studies have described the signs of
autonomic impairment in children with CP [3], one of which is
higher heart rate (HR) at rest, corresponding to the 90th percentile
of age matched typically developed (TD) children, as well as
significantly lower heart rate variability (HRV) measures [3-6].

HRV is a statistical measure of the RR oscillations over time,
which reflects the dynamic response of the cardiac autonomic
system to physiological changes. HRV can be assessed through
different methods, one of which is time domain measures which
can include the standard deviation of all RR intervals (SDNN) or
the square root of the mean squared differences of successive
differences (RMSSD) [7].
The cardiac autonomic imbalance in children with CP might be
due to the primary brain insult [8] or to a more sedentary lifestyle,
or both. In TD children and healthy adults, performing regular
physical activity can modify the cardiac autonomic balance by
increasing parasympathetic and decreasing sympathetic activity
at rest [9-11]. These changes are evident in the reduction of HR
and an increase of HRV parameters at rest. Promoting physical
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activity is a main goal in the rehabilitation process of children
with CP [12-14].
In the current study we examine the cardiac autonomic state at
rest, in response to a submaximal aerobic test and recovery from
the test in children with CP and age matched TD children.

Materials and Methods
Sample size
The sample size calculation was based on the assumption that
children with CP present lower HRV values at rest compared to
TD children. Based on the study conducted by Kholod [6], where
a large effect size was noted in HRV at rest between children with
CP and TD children (type one error of 0.05 and 80% power), the
sample size needed was at least 20 children in each group.

Participants
Twenty-five children aged 6-11 years, GMFCS I-III from the
CP outpatient clinic at XXX Hospital in XXXX, and a convenient
sample of 20 TD children, age and gender match as control group,
participated in the study. Children with cardiovascular and/
or respiratory disease were excluded. The study protocol was
approved by the hospital’s ethics committee and by the ethics
board of XXXX University. Informed consent was obtained from
the parents prior to the study.

Tests and measurements
Anthropometric measurements: body weight and height
measurements and body mass index (BMI) were calculated (kg/
m2) [15]. HRV was monitored by the Polar Advanced Heart Rate
Monitor (RC800CX) [16]. An elastic electrode transmitter belt
(Polar sensor) was placed on the lower chest. The electrodes
detect the voltage differential on the skin during every heart beat
and send the signal wirelessly to the Polar receiver unit, which is
then transferred via Polar-specific software (Polar® ProTrainer 5
software) to a computer. The data exported as a text file to the
HRV analysis software (Kubios HRV software ver. 2.0; Biosignal
Analysis and Medical Imaging Group, Department of Physics,
University of Kuopio, Kuopio, Finland) for analysis of the following
HRV parameters: Three measurements were calculated: the RR
intervals, which are the differences between two successive
R waves; the standard deviation of RR intervals (SDNN), which
represents the total RR variability; and the square root of the
mean squared of successive differences between adjacent RR
intervals (RMSSD), which represent the short term RR variability
[7]. During rest, breathing frequency was recorded using the
ProRelax software version 5.1 and chest belt by MINDLIFE
Company. Exercise intensity was calculated with the Karvonen
formula [17,18]; Target HR = [(max HR − resting HR) × %Intensity]
+ resting HR. The HR max was based on the recommendations in
the study by Verschuren et al. [19].

Testing procedure
Children with CP attend the outpatient clinic for an annual
follow-up visit. Each week, the first author (XX) screened the
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characteristics of all children intending to come and noted those
who met the basic inclusion criteria. The first child arriving at
the clinic who met the criteria participated in the study. The
testing procedure took about one hour. The same procedure was
followed with the next child who met the basic criteria and so on
with each child. The controls were children of hospital workers
who agreed to their participation in the study.
After fastening the polar belt to the chest, the child sat quietly
at rest for 5 minutes, and then walked on the treadmill using the
Modified Naughton treadmill protocol [20]. Each stage lasted
2 minutes. The test ended when HR reached the value of the
predicted maximal HR for 80% intensity of effort based on the
Karvonen formula, or when the child could no longer walk at that
speed level and asked to stop the test [17-19]. This was followed
by five minutes of rest while sitting, after which the chest belt was
removed and the child was free to leave.

Statistical analysis
Descriptive statistics summarized participant characteristics;
differences between groups were presented by t-test or χ2 as
appropriate. The Kaplan-Meier product-limit survival curve
graphically summarized test stage survival rates in each group at
each test stage. The Cox proportional hazards regression model
was used. A repeated measure ANOVA was used to assess RR,
SDNN, and RMSSD differences, with within subject factor (the
pre-test rest stage, test last stage, and recovery post-test stage)
and group as between subjects’ factor (TD vs. CP). Statistical
significance was set at p ≤ 0.05. Statistical analyses were done
using the Statistical Package for Social Sciences (SPSS version 22)
(SPSS Inc., Chicago, IL, USA).

Results
No significant differences were noted in age, gender, and BMI
values between groups. Fourteen of the children with CP had
functional pattern diplegia, and 11 had hemiplegia (Table 1).
The survival curve for the test stage in each study group is
presented in Figure 1. The median submaximal treadmill test
stage was 3 for children with CP (95% CI 1.75-4.25). Sixteen of the
twenty TD children completed all test stages (median test stage
is 10). The Log Rank statistics (χ21=28.02) was highly significant
(p<0.0001). The Cox regression model revealed that the odds
ratio of completing the test was 11.2 times greater in TD children
Table 1 Participant characteristics by group.
Male
Female
Age (years)
BMI (kg/m2)
Diplegia
Hemiplegia

TD N=20
14 (70.0)
6 (30.0)
9.0 ± 1.9
(6-11)
16.1 ± 2.1
(13.3-22.6)

CP N=25
17 (70.3)
8 (29.7)
9.4 ± 2.0
(6-11)
16.1 ± 3.1
(12.7-24.8)
14 (59.2)
11 (40.8)

p-value
0.88
0.44
0.99

Values are frequency (percentage), Mean ±SD, Median [Min-Max).
p-value is based on χ2, t-test.
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compared to children with CP. The intensity level based on the
Korvanon formula differed significantly between children with CP
and TD children (0.47 ± 0.16 vs. 0.64 ± 0.22 respectively, t43=2.65,
p=0.01).

the recovery period was noted in TD children (interaction effect
F2:86=5, p<0.01) (Table 2).

All HRV mean values at rest were significantly lower among
children with CP. In addition, a significant interaction effect was
found in all measures. In children with CP there was a smaller
reduction in RR values during the test, and a smaller increase
in mean RR value during the recovery period compared to TD
children (interaction effect F2:86=5, p=0.008) (Table 2). A larger
reduction in SDNN values during the test was noted among
TD children compared to children with CP (interaction effect
F2:86=11, p<0.001) (Table 2). The same trend was found for
the RMSSD values; a larger reduction in RMSSD values during
the test and a larger increase in the mean RMSSD values during

The main findings of the current study are that HRV values at
rest are significantly lower, and during the submaximal test,
responsive but less among children with CP compared to TD
children. Performing a submaximal aerobic test presented
significant differences between groups, where children with CP
“survived” in the test significantly less.

TD in solid line, CP in dashed line.
Figure 1 Survival curve on the submaximal treadmill test by study
groups.

Discussion

Hyper function of the sympathetic branch of the cardiac
autonomic system at rest in children with CP has been presented
in previous studies [6,21-24], and the findings of the current
study strengthen those results. The significantly lower autonomic
response to the submaximal treadmill test in children with CP
is in line with findings of previous studies regarding the cardiac
autonomic response to different stimuli. In those studies,
different manipulations were used [9-12]. The cardiac autonomic
response to passive standing [12] or to the 6-minute walk test
[9] was significantly lower in children with CP as compared to TD
children.
One of the most interesting questions raised is whether the
observed autonomic response to activity, is a sign for therapeutic
intervention. The autonomic impairment is due to brain insult
or to more sedentary behavior, or perhaps both. Because the
current study is cross sectional it can only provide associations.
Nevertheless, its results may highlight the potential of children
with CP to activate this system by physical activity, and may be
by that to have a more balanced cardiac autonomic response
to activity. In healthy children [21] and adults [9], as well as in
people with disabilities [22], performing aerobic exercise is
associated with a reduced HR and an increased HRV at rest. In
the current study, the HRV values at rest of children with CP
who performed physical activity regularly were not significantly
different compared to children with CP who were not active.
This might lead to two different assumptions. The first is that the

Table 2 Mean and SD of HRV parameters in milliseconds at each study phase by group.

TD
CP
t43/ ^p-value

725 ± 128
655 ± 85
2.18/0.03

373 ± 81
413 ± 66

470 ± 66
478 ± 65

F(d.f)/*p-value
Within each group
RR
F2:38=39, p<0.01
F2;48=28, p<0.01

TD
CP
t43/ ^p-value

80 ± 33
52 ± 17
3.35/<0.01

12 ± 5
24 ± 13

69 ± 26
56 ± 25

TD
CP
t43/ ^p-value

41 ± 16
29 ± 13
2.77/<0.01

20 ± 17
19 ± 12

Rest

Study Phase
Test

Recovery

5±3
7±3

Between groups

F(d.f) / *p-value
Within groups

Interaction

F1; 43=0.26
0.61

F2; 86=155
<0.01

F2; 86=5
<0.01

SDNN
F2:38=65, p<0.01
F2;48=26, p<0.01

F1; 43=5
0.01

F2; 86=80
<0.01

F2; 86=11
<0.01

RMSSD
F2:38=31, p<0.01
F2;48=30, p<0.01

F1; 43=3
0.12

F2; 86=72
<0.01

F2; 86=5
<0.01

^p-value- between groups at rest based on independent t-test.
*p-value- based on repeated measures ANOVA.
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physical activity was not intense enough to cause an effect on the
cardiac autonomic system of children with CP. This assumption is
strengthened by the improvement in HRV in response to physical
activity seen in children with CP who performed very intense,
short duration exercises [25]. It might be that in order to have
an impact on the cardiac autonomic system in children with CP
vigorous exercise programs are needed, different than those
sufficient for TD children.

The small sample for the sub-group analysis is the primary
limitation of the current study. In addition, being active was defined
based on parental statements and not on direct assessment of
the child’s daily performance, which may generate some bias.
The current study is cross sectional in its data collection method.
One can argue that those children with more reactive autonomic
systems were those who tolerated performing physical activity at
baseline and therefore could regularly perform physical exercise.

On the other hand, the response to the sub-maximal test of
the HRV parameters of those children with CP who participated
on a regular basis in some form of physical activity was not
significantly different than that of TD children. In addition, no
differences in functional pattern or mobility were noted between
those who were physically active and those who were not. There
is an assumption that physical activity, performed regularly for
at least four months, contributes to more balanced autonomic
performance during the test, thus strengthening the assumption
that, at least in part, the autonomic impairment in children with
CP is due to sedentary behavior.

Conclusion
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