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Congenital heart disease

to have worn the monitor for at least 8 hours per day on 4 
or more days to allow inclusion of their data.

In addition, a short questionnaire was sent to the partic-
ipants’ school teacher. Teachers were asked to rate the 
level of participation in physical activity compared with 
their peers.

Randomisation and intervention
Participants were randomised in balanced blocks of four 
to either the control or intervention group. The random 
allocation sequence was generated by the research fellow. 
Participants were assigned to study groups by two inde-
pendent doctors using the anonymised patient study 
identifier. Once randomised, the control group had no 
further contact with the research team during the subse-
quent 4 months other than their usual level of care. The 
participants in the intervention group were invited to 
attend the intervention programme.

The intervention programme had three main 
components:
1.	 attendance at an educational day;
2.	 an information packTa
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Figure 1  Participant undergoing exercise stress test with 
ECG and oxygen saturation monitoring attached.
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3.	 an individualised exercise advice plan.
During the ‘Fit Kids for Healthy Hearts’ education day, 

participants attended four main sessions (figure 2). The 
core component centred around a motivational group 
session delivered by a clinical psychologist. Finally, fami-
lies met individually with a study doctor to discuss options 
for increasing activity levels safely over the next 4 months 
and each received an individualised exercise plan.

Following attendance, a letter of encouragement was 
sent which included a list of key elements of the moti-
vational group session. Participants were encouraged 
to keep in touch by telephone, email or text with the 
research fellow. A summarised exercise plan was also 
posted to their primary school teacher to guide participa-
tion in activities during school hours. After the 4-month 
intervention period, all participants were reassessed in 
the same manner as at baseline.

Statistical analysis
The power calculation was based on the estimate that 
following the intervention twice as many participants 
would achieve the recommended daily physical activity 
recommendations compared with before. The power 
calculation was performed using StatCalc programme 
(EpiInfo V.7) with CIs set at 95% and 80% power. The 
study sample was estimated to be between 166 and 182, 
therefore a study population of 180 was agreed.

Study results were analysed using IBM SPSS Statistics 
V.22. As the data satisfied assumptions of normality, para-
metric methods were used. Comparisons between the 
diagnostic subgroups were analysed using one-way anal-
ysis of variance (ANOVA). Post hoc tests such as Student-
Newman-Keuls and Fisher’s least significant difference 
were conducted for results with a significant F statistic. 

Figure 2  Schedule for Fit Kids for Healthy Hearts education day.
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The reassessment data postintervention was compared 
with the baseline findings using ANOVA with repeated 
measures.

RESULTS
The recruitment period ran from December 2014 to 
December 2015, with reassessments between June 2015 
and June 2016. One hundred and sixty-three patients 
were recruited, 100 were male (61.3%) and the mean age 
was 8.4±1.5 years, with a range of 5.3–11.5 years.

Age-adjusted comparisons of the growth parameters 
were made using SD scores (SDS) calculated from the 
UK90 growth reference data.9 The majority of partici-
pants were found to fall within 2 SDs of the mean. The 
cyanotic palliated group had significantly lower weight 
and height compared with the other three subgroups 
(table 2).

Baseline activity
One hundred and thirty-three teachers (81.6%) 
responded to the activity questionnaire; of those, almost 
82% stated that the child participated in physical educa-
tion at the same level as their classmates or better. Only 
1.5% did not take part in physical education at all. The 
cyanotic palliated group participants were the most signif-
icantly impaired, with over 42% reported to have a below 
average participation.

All 163 patients completed the EST at baseline. The 
cyanotic palliated group demonstrated a significantly 
shorter exercise duration (p=0.001) and lower power 
output (p=0.002) at peak exercise compared with the 
other three subgroups. The other three groups were 
found to have comparable EST results.

All 163 participants received an Actigraph acceler-
ometer. The mean duration of wear was 6.53±0.95 days. 
Seven of the participants did not wear the monitor for 
the minimum required time and were excluded from 
the analysis. The study group overall was found to spend 
an average of 45 min in MVPA per day, with an average 
step count of 9101 daily. The cyanotic palliated group 
had a significantly lower average time spent in MVPA per 
day when compared with the two acyanotic subgroups 
(acyanotic no intervention, p<0.001, acyanotic repaired 
p<0.001). The daily step count also appeared to decrease 
with increasing CHD severity but this was of borderline 
statistical significance (p=0.051) (table 1).

Intervention programme
Eighty-two participants were randomised to the interven-
tion group and 81 to the control group. There were no 
significant differences found between the groups in any 
of the demographic or biophysical variables investigated.

Seventy-three participants attended the education 
day. Nine participants failed to attend any of the dates 
offered; however, they were kept in the data analysis on 
an intention-to-treat basis. Six education days were held, 
with an average attendance of 12 participants.

Parents were also asked to complete ‘readiness rating 
rulers’, both before and after the education day. The 
readiness ruler is a validated tool used extensively in 
both clinical and research settings as a simple method 
for determining patients’ readiness to change by asking 
where they are on a scale of 1–10.10–13 The lower numbers 
indicate less readiness, and the higher numbers indicate 
greater readiness for change. Parents were asked to score 
the importance, their confidence and their readiness to 
increase their child’s activity levels. The results demon-
strated a statistically significant increase in all three 
parameters following the intervention day (table 3).

Reassessment
One hundred and fifty-two participants (93.2%) attended 
for follow-up assessment. There was no significant differ-
ence in the number of patients lost between the study 
groups (figure 3) or the diagnostic subgroups.

Table 2  Summary of ANOVA and post hoc results for 
growth parameter comparisons across subgroups

Mean SD ANOVA F
ANOVA 
p value

Weight SDS
Acyanotic no 
intervention

0.04 0.89 4.22 0.007

Acyanotic 
corrected

0.18 1.19

Cyanotic 
corrected

�0.15 1.43

Cyanotic 
palliated

�0.79 1.11

Height SDS

Acyanotic no 
intervention

0.06 0.87

Acyanotic 
corrected

0.08 1.13

Cyanotic 
corrected

�0.11 1.08

Cyanotic 
palliated

�0.88 1.08 5.61 0.001

Subgroup comparison P value 95% CI

Weight SDS  �
Cyanotic palliated versus  �

Acyanotic no intervention 0.01 �1.46 to �0.20

Acyanotic corrected <0.001 �1.52 to �0.42

Cyanotic corrected 0.03 �1.22 to �0.07

Height SDS  �

Cyanotic palliated versus  �

Acyanotic no intervention 0.001 �1.50 to �0.38

Acyanotic corrected <0.001 �1.45 to �0.48
Cyanotic corrected 0.003 �1.28 to �0.26

ANOVA, analysis of variance; SDS, SD score.
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There was no significant difference found in any of 
the growth parameters following the intervention period 
(table 4).

All who attended for reassessment completed the 
follow-up EST. Participants in the intervention group 
were found to have a significant increase in exercise dura-
tion (p<0.001) at follow-up compared with the control 
group. The estimated effect size calculated was a 43 s 
increase in the intervention group, which was an increase 
on baseline time of over 11%. Similarly, there was also 
a significant increase in the maximum power output 
during the EST (p<0.001) in the intervention group 
(table 4, figure 4).

One hundred and fifty patients received an accelerom-
eter at reassessment and of these 13 were excluded from 
the analysis due to insufficient wear time. The Actigraph 
reassessment had a mean wear time of 6.4 days (SD 1.03). 
The data demonstrated a trend towards a larger increase 
in daily activity among the intervention group compared 
with the controls. This was evident in both the average 
number of steps per day and the time spent in MVPA per 

day. This difference, however, failed to reach statistical 
significance (table 4, figure 4).

DISCUSSION
With improved survival and a rapidly growing adult 
population, it is crucial that the goals of long-term CHD 
management expand beyond the cardiovascular impact 
of the disease. This study adds to the growing body of 
evidence supporting the use of exercise training in CHD.

The baseline assessments suggest that daily activity levels 
in young children with CHD are well preserved. The acya-
notic, no intervention group had an average daily MVPA 
of 56 min, which is encouraging given the current recom-
mendations for this age group is a minimum of 60 min/
day. Studies have found that as little as 20% of children 
in Northern Ireland are currently meeting this target,14 
suggesting this group appears to be at least as active as 
their peers. These results are supported by recent studies 
that have demonstrated children and teenagers with 
CHD have daily MVPA levels that are comparable to 
that of the general population.15 16 It is well recognised 
that many of the barriers to physical activity in CHD are 
similar to the well-established risk factors for inactivity in 
childhood in the general population. Research has shown 
that variables such as higher family income, less weekday 
time spent outdoors, the child’s perception of barriers to 
activity and a history of a learning difficulty, are all associ-
ated with lower levels of daily activity.4 In particular, chil-
dren having their activity levels unnecessarily limited due 
to parental or carer anxiety is an important contributor 
that this study aimed to address. Interestingly, it has also 
been postulated that the more recent reports of compa-
rable activity levels in CHD may be as a result of current 
recommendations being more widely implemented 
within specialist cardiac services.16 Promoting physical 
activity and regular exercise has been a high priority for 
this Cardiology Department for a number of years and 
these results may well reflect some of that work also.

Importantly, however, the cyanotic palliated subgroup 
were found to be significantly more limited in daily 
MVPA (34.48±23.67 min) and at peak exercise (EST dura-
tion 4.54±1.88 min), their average daily step count was 
just below the overall group average (9101 steps) at 8665 
steps. This suggests that while children with complex CHD 
are more limited at vigorous activity, they remain active 
at lower intensity exercises. The significant differences 
found in the cyanotic palliated group are consistent with 

Table 3  Statistical analysis of presession and postsession readiness rating scores

Presession Postsession
Mean difference P value 95% CIMean SD Mean SD

Importance 7.28 2.33 8.55 2.46 �1.268 0.002 �2.033 to to 0.502
Con�dence 6.69 2.31 8.87 1.40 �1.915 <0.001 �2.550 to to 1.281
Readiness 7.54 2.33 9.00 1.40 �1.465 <0.001 �2.093 to �0.836

Figure 3  Consolidated Standards of Reporting Trials �ow 
diagram demonstrating participant progression through the 
study.
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previous research.2 4 16 This evidence highlights an at-risk 
group whose low levels of physical activity in early child-
hood may impede their physical, cognitive and psycho-
social development. The importance of this has been 
further highlighted with the recognition that patients 
whose Fontan circulations fail are those with worse 
ventricular function and worse exercise capacity.17 Given 
the limited options available to this group of patients, 
interventions to improve cardiopulmonary fitness are 
worth consideration. Even children following repaired 
CHD with no residual defects, however, have been found 

to have lower levels of aerobic fitness that can only be 
attributed to deconditioning,18 and would also benefit 
from early identification and intervention.

This study demonstrates that a structured interven-
tion programme can significantly improve peak exercise 
capacity in young children with CHD. The 11% increase 
in EST duration seen in the intervention group was associ-
ated with a significant increase in maximal power output. 
These findings are in keeping with other research under-
taken in older age groups.3 6 7 19–21

Table 4  Characteristics of study groups at baseline and comparison of activity results between study groups at 
reassessment

A: Characteristics of study groups at baseline
Intervention group (n=82) Control group (n=81) P value

Mean age 8.50 8.32 0.45
Number of males 50 (60.9%) 50 (61.7%) 0.92
Mean BMI SDS �0.06 0.06 0.53
Mean height SDS �0.17 �0.10 0.69
Mean weight SDS �0.18 �0.02 0.41
Diagnostic subgroup
 � Acyanotic no intervention 17 (20.7%) 13 (16.0%) 0.69
 � Acyanotic corrected 30 (36.6%) 31 (38.3%)
 � Cyanotic corrected 20 (24.4%) 25 (30.9%)
 � Cyanotic palliated 15 (18.3%) 12 (14.8%)
Participation in PE
 � Above average 6 (9.1%) 6 (9.1%) 0.66

 � Same as 47 (70.1%) 47 (71.2%)
 � Same as with breaks 2 (3%) 2 (3%)
 � Below average 12 (17.9%) 9 (13.6%)
 � Not at all 0 2 (3%)

B: Comparison of activity results between study groups at reassessment

Intervention group Control group Test statistic
Estimated effect size 
(95% CI)

EST duration, min (mean–SD)
 � Baseline 5.94–1.87 5.89–2.05 F=13.09, df=1150

p<0.001
0.71 min
(0.32 to 1.10) � Reassessment 6.64–2.15 5.89–2.14

EST power output, W (mean–SD)
 � Baseline 68.72–13.98 68.56–15.27 F=13.51,

df=1150
p<0.001

5.98 W
(2.76 to 9.19) � Reassessment 74.50–18.12 68.37–16.14

Average daily MVPA, min (mean–SD)
 � Baseline 42.50–22.75 45.22–27.56 F=1.021

df=1133
p=0.314

4.40 min
(�4.21 to 13.0) � Reassessment 49.62–25.11 47.94–26.54

Average daily step count (mean–SD)
 � Baseline 8823.37–2302.17 8858.34–2898.05 F=1.47

df=1133
p=0.23

611.24
(�387.1 to 1609.6) � Reassessment 9883.24–2694.20 9306.97–2464.87

BMI, body mass index; EST, exercise stress test; MVPA, moderate to vigorous activity; PE, peak exercise; SDS, SD score.
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Reassessment results failed to demonstrate a signifi-
cant increase in daily MVPA following the intervention. 
This may have been due to the younger study popula-
tion as the majority of participants were found to have 
very acceptable levels of daily activity already at baseline. 
While adolescents with CHD have been shown to signifi-
cantly increase daily activity levels following exercise 
training,7 21 it appears that, at younger ages, baseline daily 
activity levels offer less room for improvement as children 
already appear to be as active as their condition allows.

Two of the key components in this intervention 
programme were first, the use of an individualised exer-
cise prescription, and second the opportunity to discuss 
this one to one with a paediatric cardiologist. Individu-
alised exercise prescription in CHD has been receiving 
increasingly more interest in recent years.22 23 Previous 
research has demonstrated that individuals are often 
unaware of what level and types of exercise are safe for 
them and many indicated that they would appreciate 
more information from their healthcare providers.24 A 
recent survey revealed that only 21% of clinicians always 
discuss exercise with patients during clinics, with 36% 

admitting to never providing written advice.25 The oppor-
tunity parents had to discuss concerns and their child’s 
individual exercise plan proved to be a crucial part of 
the intervention. Indeed, this session scored the highest 
on parental feedback. Given that it has been previously 
demonstrated a mother’s overprotective nature is a key 
factor that can negatively influence the child’s activity 
levels,26 positive counselling by the cardiologist has the 
potential to make a significant impact.

An important factor that makes this study distinctive is the 
utilisation of motivational interviewing during the interven-
tion programme. This session was found to have a positive 
effect on parents’ attitudes to exercise, as evidenced by the 
readiness rating scores. The benefits of using motivational 
interviewing in physical activity counselling and promotion 
in CHD are now becoming increasingly recognised.27

The convenience of this home-based exercise 
programme is likely to have been particularly appealing. 
The exercise plans were also devised to allow participants 
the choice of a variety of activities. The flexibility offered 
by this programme may increase the chances of these 
positive lifestyles changes being maintained in the future.

Figure 4  Marginal means plots demonstrating (A) maximum power output (W), (B) exercise stress test duration (min), (C) 
average daily moderate to vigorous activity (min), (D) average daily step count at baseline and reassessment for both study 
groups.
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