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Abstract
Previous research in children and adolescents with congenital heart defects presents contradictory findings concerning their 
physical activity (PA) level, due to methodological limitations in the PA assessment. The aim of the present cross-sectional 
study was to compare PA in children and adolescents treated for valvular aortic stenosis with healthy controls using an 
improved accelerometer method. Seven-day accelerometer data were collected from the hip in a national Swedish sample of 
46 patients 6–18 years old treated for valvular aortic stenosis and 44 healthy controls matched for age, gender, geography, 
and measurement period. Sports participation was self-reported. Accelerometer data were processed with the new improved 
Frequency Extended Method and with the traditional ActiGraph method for comparison. A high-resolution PA intensity 
spectrum was investigated as well as traditional crude PA intensity categories. Children treated for aortic stenosis had a pat-
tern of less PA in the highest intensity spectra and had more sedentary time, while the adolescent patients tended to be less 
physically active in higher intensities overall and with less sedentary time, compared to the controls. These patterns were 
evident using the Frequency Extended Method with the detailed PA intensity spectrum, but not to the same degree using 
the ActiGraph method and traditional crude PA intensity categories. Patients reported less sports participation than their 
controls in both age-groups. Specific differences in PA patterns were revealed using the Frequency Extended Method with 
the high-resolution PA intensity spectrum in Swedish children and adolescents treated for valvular aortic stenosis.
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Introduction

The life expectancy for children and adolescents born with 
a congenital heart defect (CHD) has radically improved 
the last decades [1, 2]. This development has formed a 
relatively new patient group. Prior research in the general 
population has established the positive effects of physical Pia Skovdahl and Cecilia Kjellberg Olofsson have contributed 
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activity (PA) on cardiovascular health, psychosocial 
health, self-esteem, learning, motor-skill development, 
and quality of life [3], with high-intensity PA appearing 
as particularly beneficial to health [4]. Physical limitations 
of the cardiovascular system [5, 6], restrictions from par-
ents and caregivers [7, 8], and low self-efficacy [7] have 
been emphasized by prior research as factors that prevent 
PA participation in children and adolescents with CHD. 
Consequently, it may be assumed that they are less physi-
cally active than their healthy peers.

Congenital valvular aortic stenosis (VAS) occurs in 
3–5% of children with CHD. The severity of the defect 
varies from life-threatening condition at birth (critical 
aortic stenosis in the neonate) to a condition with need 
for intervention later in life. Treatment during childhood 
aims to preserve the native aortic valve with either surgical 
valvotomy or balloon valvotomy, but often with a need of 
aortic valve replacement at a later stage. Apart from the 
life-threatening situation in the neonate with critical valvu-
lar aortic stenosis, a mean Doppler gradient of 50 mmHg 
or more is the main indication for treatment. In Sweden, 
the primary treatment is surgical valvotomy. As VAS is a 
complex and lifelong disease where re-interventions and 
further surgery is common [9], patients often show resid-
ual or acquired abnormalities of the left heart structure 
which might affect cardiovascular capacity [10]. Even if 
exercise function is preserved in most patients treated for 
VAS in infancy, there may still be reduced peak  VO2 in 
some individuals, probably reflecting inability to increase 
stroke volume [6].

As the positive effects of PA is well acknowledged, it 
is important to establish the habitual PA levels in children 
and adolescents with VAS and other CHDs as part of the 
clinical assessment and to provide individually adapted 
prescriptions [11–13]. Exercise restrictions have tradi-
tionally been recommended for some patients with VAS 
because of a perceived increased risk for sudden death. In 
the current era, sudden unexpected death during exercise 
in this patient group is uncommon [14, 15], probably due 
to a more active approach to treatment than in the earlier 
era of pediatric cardiology. Still, many patients with VAS 
might be advised to avoid strenuous PA [11–13].

Uncertainties exist regarding the PA levels of children 
and adolescents with CHD, as prior studies show con-
tradicting results and in general have pronounced meth-
odological limitations and diversities [16]. The quantifi-
cation of PA relies primarily on objective methods, with 
the accelerometer being the most frequently used one 
[17], as subjective methods typically possess poor valid-
ity and reliability in children. However, great irregulari-
ties have been observed in data collection, value calibra-
tion, and data processing in accelerometer-based studies, 
making comparisons of results difficult [17]. Moreover, 

the accelerometer method commonly used in previous 
research in CHD, the ActiGraph counts (AG), shows dif-
ficulties in capturing intermittent and high-intensity PA 
[4, 18, 19], which have restricted correct classification of 
PA [20]. These measurement errors are more prominent 
in children due to their movement patterns compared to in 
older individuals. Recent methodological developments 
have improved assessment of PA [4, 18–21] and the asso-
ciation with cardiometabolic health [22]. These improve-
ments may help to clarify the uncertainties regarding the 
PA level of children and adolescents with CHD.

The aim of the present study was to compare PA patterns 
between children and adolescents treated for VAS and healthy 
controls using new improved accelerometer assessment with 
the Frequency Extended Method (FEM) [18–21] and a detailed 
spectrum of PA intensities [22].

Methods

Design

The present cross-sectional study consists of two parts. The 
main study collected free-living accelerometer data in children 
(6–12 years) and adolescents (13–18 years) with VAS and in 
healthy controls matched for age, sex, and geography. Data 
collection was performed during the same week in patient and 
control in order to control for seasonal variation in PA. To be 
able to evaluate the contribution of the new FEM, we also 
performed the analyses using the traditional AG method for 
comparison. We primarily analyzed the processed accelerom-
eter data in detailed spectrum of PA intensities as recently 
being recommended [4]. In order to facilitate interpretation of 
the PA data in accordance to previous research, a calibration 
study was included to provide traditional crude PA intensity 
categories applied on the free-living data. Ethical approv-
als have been achieved by the Regional Ethics Committee 
in Gothenburg, No. 582-18 (main study) and No. 1026-17 
(calibration study). All participants and/or parents provided 
consent to participate.

Main Study

Sample

All patients treated for isolated VAS in Sweden aged 
6–18 years old were identified in surgical registers and the 
Swedish Registry of Congenital heart Disease (SWED-
CON). 121 patients (female 21.5%) with treated VAS, born 
between 2001 and 2013, were identified. Age at first treat-
ment was < 30 days in 40%, 1 month to 1 year in 30% and 
older than 1 year in 30%. Healthy controls matched for age, 
sex, and geography were generated from Statistics Swe-
den (www.scb.se), five controls per patient considering the 

http://www.scb.se
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risk for low participation rate. All participants were asked 
if any severe health issues were present that restricted the 
possibility of being physically active. No participant was 
excluded due to this reason. One patient willing to partici-
pate was excluded due to recent surgical intervention. Fifty-
two patients (female 21.2%) and 50 controls (female 20.0%) 
answered and agreed to participate.

Protocol

All data were collected September 2019 to March 2020. The 
triaxial accelerometer Axivity AX3 (Axivity Ltd, UK) was 
delivered by mail with age-customized instructions. Partici-
pants were instructed to wear the sensor continuously for 
seven consecutive days over the right hip in an elastic belt 
around the waist. A diary was provided to capture sleep-
time, sports/activity type, and information of normal day. 
The OmGUI software (Axivity Ltd., Newcastle upon Tyne, 
UK) was used for accelerometer initialization and data 
extraction, with a sampling frequency of 50 Hz and 8 g sen-
sitivity. Output from the three axes were combined to a vec-
tor magnitude and resampled to 30 Hz. Data were processed 
to the output mean mg of 3 s epochs. This epoch-length 
captures the intermittent and sporadic movement pattern in 
children [4].

The original AG method uses a narrow frequency fil-
ter (range 0.29–1.63 Hz) excluding acceleration data from 
higher movement frequencies and PA intensities [18]. As 
shorter individuals move with higher frequency than taller, 
the AG filter excludes more of the acceleration data in chil-
dren compared to older individuals [18–20]. The new FEM 
filter includes a wider frequency range (0.29–10.0 Hz), 
which captures all relevant accelerations generated at the 
hip. Both methods were applied to the accelerometer data.

Participants that provided data for ≥ 4 days of measure-
ment (≥ 3 weekdays and ≥ 1 weekend day) with a valid day 
criterion set to ≥ 10 h-a-day were included in the analyses. 
Night-time was removed in correspondence with diary anno-
tations. Non-wear time was defined as 60 min of uninter-
rupted zeros and allowance for < 2 min of exception. The 
final sample consisted of 46 patients (female 19.6%) and 44 
controls (female 20.4%).

Output Variables and Statistical Calculations

Two different PA outputs are presented: (1) time spent across 
a high-resolution PA intensity spectrum, dividing the PA 
intensity range into 22 intervals (bins); and (2) time spent in 
traditional PA intensity categories defined from the calibra-
tion study: sleep (reported in diary), sedentary time (SED), 
light PA (LPA), moderate PA (MPA), vigorous PA (VPA), 
and very vigorous PA (VVPA). In addition, the propor-
tion reaching WHO recommendation of ≥ 60 min per day 

of MVPA was determined [23], applying both a less strict 
criterium of an average of ≥ 60 min per day, and a stricter 
criterium of ≥ 60 min 6 out of 7 days (i.e., most days) [24]. 
Mean group difference and bootstrapped 95% confidence 
interval were determined across the PA intensity spectrum. 
Two-tailed t tests for independent groups were performed for 
each traditional PA intensity category, as well as for group 
characteristics and reported sports participation. Chi-square 
was used to test differences in frequency distributions. Anal-
yses were performed in Matlab 2020a (MathWorks, Natick, 
MA, USA).

Calibration Study

Sample

Calibration data were previously collected in 2018 in our 
research lab from 10 children 9–11 (3 females, 7 males) and 
10 adolescents 14–16 (5 females, 5 males) years old [19]. 
They were recruited through local sports clubs, institutional 
staff, and personal contacts by oral information and by writ-
ten announcements through email.

Protocol

Oxygen uptake was collected with Oxycon Pro (Jaeger, 
BD Corporation, Franklin Lakes, NJ, USA) and acceler-
ometer data with Axivity AX3 (Axivity Ltd, UK) during 
sitting at rest, standing, and walking (3, 4, 5, 6 km h−1) and 
running (8, 10, 12 km h−1) on a treadmill (26). To be able 
to compare PA intensity between age-groups, the  VO2net 
 (VO2total − VO2stand, ml kg−1 min−1) was used as criterion 
measure [21]. When two individuals from different age-
groups achieve the same  VO2net, they perform the PA with 
the same metabolic effort, but the younger and shorter indi-
vidual children are moving at a slower speed and producing 
less acceleration than the older and taller one. The metabolic 
equivalent of task (MET;  VO2total/VO2rest) has tradition-
ally been used as criterion measure, but is not comparable 
between ages [21].

Accelerometer data were processed with the FEM and the 
AG method as in the main study. Smoothing splines were 
fitted to the accelerometer output and  VO2net to set accel-
erometer cut-points for LPA, MPA, VPA, and VVPA. To 
further facilitate interpretation, we also present PA inten-
sity in relation to the MET applying 1.5, 3.0, 6.0, and 9.0 
METs as cut-points for LPA, MPA, VPA, and VVPA, as well 
as to movement speed (km h−1). The MPA cut-point from 
 VO2net was used to determine compliance to the WHO PA 
recommendation.
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Results

Main Study

Group characteristics are presented in Table 1. Patients 
reported statistically significant less sports participation than 
the controls in both age-groups.

The FEM with the detailed PA intensity spectrum analy-
sis revealed that the children treated for VAS had a pattern 
of less PA at the very highest intensity spectra compared to 
their controls, with intensities where the 95% confidence 
interval did not overlap zero difference (Fig. 2a). With the 
cruder PA intensity categories, this pattern was less evi-
dent with no statistically significant differences apparent 
(Table 2). Further, the PA intensity spectrum indicated a 
pattern of more SED in the patients than in the controls 
(Fig. 1a), reaching an average difference of 44 min day−1 
between the groups in this category (Table 2), but with no 
statistically significant differences identified. With the less 
strict criterium, all of the patients and the controls reached 
the WHO PA recommendation. With the stricter criterium, 
93% of the patients and 93% of the controls reached the PA 
recommendation.

In the adolescents with the FEM, the detailed PA intensity 
spectrum indicated a pattern of less PA across the higher 
PA intensity spectra in the patients than in the controls, 
although there was a switch at the very highest intensity 
level (Fig. 1b). None of these differences were statistically 
significant. The cruder PA intensity classification confirmed 
this tendency, with statistically significant less time in VPA 
in the patients (Table 2). 95% of the patients and 94% of the 
controls reached the recommended amount of PA with the 
less strict criterium, and 54% and 56%, respectively, with 
the stricter criterium.

Figure 2 complements previous results and presents the 
proportion of individuals having accelerometer data across 
the PA intensity spectrum in each of the four groups using 
the FEM. It visualizes two characteristics of the data col-
lected: first, the lower amount of time spent in the higher 
intensity spectra by the patients compared to the controls, 

especially among the adolescents; second, the decreasing 
proportion of individuals having data at the higher intensity 
spectra, affecting the possibility of detecting statistically sig-
nificant group differences.

With the AG method in the children, the detailed PA 
intensity spectrum did not demonstrate the pattern of less PA 
at the highest PA intensity spectra in the patients compared 
to the controls (Fig. 1c). The patients spent 45 min day−1 
more time in SED than the controls, but this difference was 
not statistically significant (Table 2).

A similar pattern of difference in PA between adolescent 
patients and controls was seen with the AG method as with 
the FEM, but the largest relative difference was found at 
even higher PA intensity spectra with the AG method where 
the 95% confidence interval did not overlap zero difference 
(Fig. 1d), which was confirmed with the cruder PA clas-
sification (Table 2). No statistically significant differences 
between adolescent patients and controls were identified for 
the cruder intensity classification with the AG method.

The larger 95% confidence interval demonstrated with 
the FEM compared to the AG method for both age-groups 
(Fig. 1a and c versus b and d) indicates that the FEM cap-
tured more of the actual movements performed and conse-
quently larger inter-individual variation in PA.

Calibration study

With the AG method, children and adolescents are separated 
with a distinct suppression of the accelerometer output at 
higher intensities (Fig. 3a). With the FEM, the separation 
of the children and adolescents is less distinct with no sup-
pression of the accelerometer output (Fig. 3b). Modeling 
of accelerometer PA intensity versus MET is displayed for 
comparison (Fig. 3c, d). Table 3 provides the calibrated PA 
intensity cut-points for the FEM and the AG method. Chil-
dren show lower cut-points for the respective PA intensity 
category than the adolescents. This is because they are mov-
ing at a slower speed and producing less acceleration, when 
the cut-points are set at the same  VO2net values representing 
similar metabolic effort.

Table 1  Group characteristics

Variable Children 6–12 years Adolescents 13–18 years

VAS (n = 27) Controls (n = 29) p-value VAS (n = 19) Controls (n = 15) p-value

Age (years), mean (SD) 9.8 (2.6) 9.7 (2.0) 0.86 15.9 (2.1) 15.1 (2.0) 0.86
Gender, female, n (%) 2 (7.4) 5 (18.5) 0.27 7 (36.8) 4 (21.0) 0.53
Sports participation (times/

week), mean (SD)
2.1 (1.4) 3.2 (1.6) 0.009 2.8 (2.2) 4.2 (2.4) 0.009

Valid days, mean (SD) 6.9 (0.3) 6.9 (0.3) 0.94 6.8 (0.4) 6.7 (0.5) 0.94
Wear time (%), mean (SD) 98.7 (2.1) 97.6 (3.3) 0.15 97.5 (4.5) 97.7 (5.7) 0.15
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Discussion

The main result of the present study is that the application of 
the improved FEM with the detailed PA intensity spectrum 
revealed differences in PA patterns that were less evident 
using the traditional accelerometer method with its measure-
ment errors. The children treated for VAS had a pattern of 
less PA at the highest PA intensity spectra and more SED 
than their controls, while the adolescents treated for VAS 
tended to have less PA of higher intensities overall and more 
SED.

The PA performed at the highest intensity spectra by chil-
dren is considered to include intermittent bursts, typically 
sustained in the inborn movement pattern of children when 
doing different sports activities [4]. The pattern with lower 
PA in children treated for VAS compared to their healthy 
peers in the present study may indicate that this type of 
activity is restrained in this patient group. The less frequent 
sports participation in children with VAS compared to their 
controls further supports the findings from the accelerometer 
assessment using the FEM. A previous study of Swedish 
children with CHD also reports less sports participation than 
in their healthy peers [25]. The reason why this accelerom-
eter PA pattern was not visible with the crude classification 
is because the total volume of time spent at the highest PA 
levels is relatively small, mainly containing seconds rather 
than minutes in children. One may speculate on how this 
reduced intermittent moment pattern affects further on par-
ticipation in activities and sports. The tendency of less PA 
of higher intensity overall in the adolescents treated for VAS 
may indicate a major behavior change, in addition to what is 
observed in the general population [26]. A relevant question 
is whether the PA pattern in adolescents treated for VAS is a 
consequence of the behavioral pattern observed in the chil-
dren treated for VAS. To confirm this transfer of behavior, a 
longitudinal study design is required.

Previous research using accelerometers for the assess-
ment of PA in children and adolescents with CHD has 
shown contradicting results, possessing great variances in 
sample size and characteristics of the studied CHD, in data 
collection and processing settings, using the AG method 
[16]. Consequently, the varying results may be caused by 
numerous possible measurement errors, as the results pre-
sented are highly reliable on the methodology used even if 
displayed similarly [17]. As an illustration, epoch-lengths 
ranging from 3 to 60 s (or not-reported) have been observed 
in these studies. Different epoch-lengths lead to significant 
variations in time spent in the different PA intensities [4]. 
Shorter epochs have been recommended, especially when 
studying children whose movement pattern mainly consists 
of intermittent, sporadic bursts [4].
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Further, misclassification of PA with the traditional AG 
method has been reported as being low at the lighter inten-
sities (1–2%) and large at the higher intensities (> 90%) 
when compared to wider filters [20]. Therefore, there was 
little difference between the FEM and the AG method in 

the assessment of SED in the present study. However, with 
a classification agreement of only approximately < 10% at 
VPA and VVPA level [20], classification of PA in the higher 
intensities when using the AG method is more or less sorted 
by random chance. The misclassification is assumed to be 
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Fig. 1  a–d Mean (bootstrapped 95% CI) difference (%) between 
patients and controls in time spent in each PA intensity interval 
(bin) across the intensity spectrum (acceleration, mg); a Frequency 
Extended Method in children, b Frequency Extended Method in ado-

lescents, c ActiGraph method in children, d ActiGraph method in 
adolescents.  VO2net, METs and movement speed from the calibration 
study are provided to support interpretation of the PA intensity per-
formed. Data from the main study
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present within this study as well, making interpretation of 
the PA results from the AG method questionable. For exam-
ple, Fig. 1d in the present study showed that the largest rela-
tive difference between adolescent patients and controls was 
found at higher PA intensities using the AG method com-
pared to using the FEM shown in Fig. 1c. The AG method 
contributes to an inconsistent overestimation of PA by the 
AG method at higher PA intensities [20], which is assumed 
to be more in the controls than in the patients.

In addition, the larger inter-individual variation in PA 
observed with the FEM is explained by that its wider filter 
range captures more of the variation in PA [19]. Similarly, 
the switch in difference between adolescent patients and 
controls at the highest PA intensity spectra with the FEM 
(Fig. 1c) is explained by the marked decrease in the pro-
portion of individuals with recorded data (Fig. 2), which 
would lead to skewed distribution. The influence would be 
more pronounced with a frequency filter allowing more of 
the acceleration signal to be recorded. This reduction in the 
proportion of individuals having data at higher PA inten-
sities, with larger reduction among the patients, provides 
information about the behavior pattern variation we seek to 
detect. At the same time, it makes it a challenge to perform 
statistical analyses across the whole PA intensity spectrum. 
As an example of the impact, it has previously been shown 
that the association with health weakened at the PA intensity 
level where 50% or less of the individuals provided data 
[22].

Physical activity is crucial for children’s normal devel-
opment and health [3]. Most patients and controls in the 
two age-groups tended to meet the recommended amount 
of PA in the present study. However, conclusions from PA 
data collected with accelerometers in relation to the PA rec-
ommendations need to be drawn with caution, as they are 

based on different, not directly comparable methods. Fur-
ther, the choice of cut-point for MVPA (lower cut-point, 
more MVPA) and the epoch-length of accelerometer data 
(shorter epoch-length, more MVPA) affect the proportion 
reaching the recommended amount of PA [4, 17]. For exam-
ple, Voss et al. used 15-s epochs and a higher cut-point for 
MVPA than in our study when investigating children and 
adolescents 8–18 years with CHD [24]. We used 3-s epochs 
and a lower cut-point for MVPA was achieved by using the 
 VO2net calibration in order to reach a reference measure of 
metabolic effort equivalent by age. Consequently, only 8% 
of the participants in their study reached the recommended 
amount of PA compared to 54–93% in our study. In addi-
tion, adherence to the PA recommendation also depends on 
the interpretation of the recommendation as ≥ 60 min daily 
on average (less strict) or on most days (stricter). Voss et al. 
applied the stricter interpretation (6 out of 7 days), which 
we also included in our study. Interestingly, the proportion 
reaching recommended PA (using the stricter criterium) was 
lower in the adolescents compared to the children, which is 
in line with the observed global trend of decreasing PA level 
across childhood into adolescence [26].

An amount of > 14.2 min day−1 less MVPA in the ado-
lescent patient group was observed with the FEM, with 
approximately 5.4 min day−1 within the VPA + VVPA spec-
tra where the greatest cardiometabolic health effects appear 
to be found [4, 22]. Although not statistically significant, 
these differences might still be substantial. A study by Eke-
lund et al. in healthy children and adolescents showed that 
10 min difference in MVPA per day was associated with a 
0.5 cm difference in waist circumference and a 1 pmol L−1 
difference in fasting insulin [27]. Still, there are contradic-
tory results regarding the cardiometabolic risk in patients 
with CHD. While Dean et al. reported that the metabolic 
syndrome was more common in adults with CHD [28], 
Zaquot et al. found that children with CHD did not have an 
increased metabolic risk [29].

Due to the relatively small sample and the novelty of 
the methods and findings, it is too early to draw definitive 
conclusions concerning the clinical implications of the 
present study. Children and adolescents treated for VAS 
may have specific limitations of performing PA [6, 9, 10]. 
Therefore, it is recommended that individually adapted 
PA determined from the clinical assessment may be pre-
scribed (e.g., Physical Activity on Prescription), targeting 
also other barriers that may occur (e.g., low self-efficacy, 
overprotection, and restrictions from parents) [11–13]. The 
prescription may promote the natural and spontaneous PA 
pattern in children and maintenance of a physically active 
lifestyle including sports in adolescents. Assessment of 
PA may be an important part of the clinical assessment 
and follow-up, to provide adequate guidance, support, and 
feedback. New advances in the accelerometer methodology 
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Fig. 2  Proportion of individuals in each group having data across the 
physical activity intensity spectrum. Data from the main study
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may improve PA assessment and its utility in clinical set-
tings further.

Limitations and Future Research

Certain limitations of the present study should be acknowl-
edged. A larger sample would be desirable to establish the 
different PA patterns in children and adolescents treated for 
VAS. Even though all eligible patients treated for VAS were 
identified in the Swedish registers, there was a considerable 
loss of participants during recruitment. It is possible that 
those with less restraints and more physically active chose to 
participate. The loss of participants in the control group was 
also large. Another limitation is that gender analysis could 
not be performed due to the low participant number. There 
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Fig. 3  a–d  VO2net plotted against accelerometer absolute PA inten-
sity (acceleration, mg) for a the ActiGraph method and b Frequency 
Extended Method (FEM); MET plotted against accelerometer abso-
lute PA intensity (acceleration, mg) for c the ActiGraph method and 

d the Frequency Extended Method (FEM). The accelerometer cut-
points for LPA, MPA, VPA, and VVPA (vertical dashed lines) are 
determined from smoothing splines modeling. Data from the calibra-
tion study

Table 3  Calibrated cut-points (mg) for physical activity intensity cat-
egories by age-group and accelerometer method

Unit: mg Children 6–12 years Adolescents 
13–18 years

Category FEM AG method FEM AG method

SED < 29 < 8 < 32 < 12
LPA 29 8 32 12
MPA 124 37 157 59
VPA 368 108 482 165
VVPA 695 174 830 249
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were also some differences in the proportion of females 
between the groups. These limitations may have affected 
the results in various ways and the identification of statisti-
cally significant differences between the groups. To be able 
to determine how the PA pattern in children is related to 
the PA later in the adolescence, a longitudinal study design 
would be required. Finally, with the PA being highly variable 
in all individuals, and probably even more inconsistent in 
children, the inclusion of more days than the set minimum 
of 4 days should be considered.

Conclusions

Children treated for VAS had a pattern of less time in PA 
that may reflect short bursts of intermittent and high-inten-
sity activity and more time in SED, while adolescents treated 
for VAS tended to have less time overall in PA of higher 
intensities and more SED, compared to their healthy peers. 
These patients also reported less sports participation, which 
supports the accelerometer results. PA assessment with the 
FEM displayed as a detailed spectrum of PA intensities pro-
vides more complete information regarding the PA behavior 
and would be implemented into future research in children 
and adolescents with CHD.

Acknowledgements We are grateful to the assistance by Arielle Reit-
berger at the Astrid Lindgren Children’s Hospital, Karolinska Univer-
sity Hospital in the recruitment of patient participants.

Author contributions PS, CKO, JS, SB, MB, and DA designed and 
planned the study. PS, CKO, JS, and DA contributed to recruitment 
of participants and data collection. JF contributed to data processing 
and analysis of accelerometer data and interpreted the results together 
with the other authors. PS and CKO drafted the manuscript under 
supervision from JS and DA with methodological contribution from 
JF. All authors contributed to and have approved the final draft of the 
manuscript.

Funding Open Access funding provided by University of Gothenburg. 
This study was funded by grants from the Swedish state under the 
agreement between the Swedish government and the county councils, 
the ALF agreement (SU 2018-04267), and from the Research and 
Development, Västernorrland County Council.

Compliance with Ethical Standards 

Conflict of interest The authors reported no potential conflicts of inter-
est.

Research Involving Human Participants Ethical approvals have been 
achieved by the Regional Ethics Committee in Gothenburg, No. 582-18 
(main study) and No. 1026-17 (calibration study).

Informed Consent Informed consent was provided by all participants 
and/or parents.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Khairy P, Ionescu-Ittu R, Mackie AS, Abrahamowicz M, Pilote L, 
Marelli AJ (2010) Changing mortality in congenital heart disease. 
J Am Coll Cardiol 56:1149–1157

 2. Mandalenakis Z, Rosengren A, Skoglund K, Lappas G, Eriks-
son P, Dellborg M (2017) Survivorship in children and young 
adults with congenital heart disease in Sweden. JAMA Intern Med 
177:224–230

 3. Poitras VJ, Gray CE, Borghese MM, Carson V, Chaput JP, Jans-
sen I et al (2016) Systematic review of the relationships between 
objectively measured physical activity and health indicators 
in school-aged children and youth. Appl Physiol Nutr Metab 
41(Suppl 3):S197-239

 4. Aadland E, Andersen LB, Anderssen SA, Resaland GK, Kval-
heim OM (2018) Associations of volumes and patterns of physical 
activity with metabolic health in children: a multivariate pattern 
analysis approach. Prev Med 115:12–18

 5. Morales Mestre N, Reychler G, Goubau C, Moniotte S (2019) 
Correlation between cardiopulmonary exercise test, spirometry, 
and congenital heart disease severity in pediatric population. Pedi-
atr Cardiol 40:871–877

 6. Kipps AK, McElhinney DB, Kane J, Rhodes J (2009) Exercise 
function of children with congenital aortic stenosis following 
aortic valvuloplasty during early infancy. Congenit Heart Dis 
4:258–264

 7. Bar-Mor G, Bar-Tal Y, Krulik T, Zeevi B (2000) Self-efficacy and 
physical activity in adolescents with trivial, mild, or moderate 
congenital cardiac malformations. Cardiol Young 10:561–566

 8. Siaplaouras J, Niessner C, Helm P, Jahn A, Flemming M, Urschitz 
M et al (2020) Physical activity among children with congeni-
tal heart defects in Germany: a nationwide survey. Front Pedaitr 
8:170

 9. Kjellberg Olofsson C, Berggren H, Söderberg B, Sunnegårdh J 
(2018) Treatment of valvular aortic stenosis in children: a 20-year 
experience in a single institution. Interact Cardiovasc Thorac Surg 
27:410–416

 10. McElhinney DB, Lock JE, Keane JF, Moran AM, Colan SD 
(2005) Left heart growth, function, and reintervention after bal-
loon aortic valvuloplasty for neonatal aortic stenosis. Circulation 
111:451–458

 11. Longmuir PE, Brothers JA, de Ferranti SD, Hayman LL, Van 
Hare GF, Matherne GP et al (2013) Promotion of physical activ-
ity for children and adults with congenital heart disease: a scien-
tific statement from the American Heart Association. Circulation 
127:2147–2159

 12. Budts W, Pieles GE, Roos-Hesselink JW, Sanz de la Garza M, 
D’Ascenzi F, Giannakoulas G, et al (2020) Recommendations 
for participation in competitive sport in adolescent and adult ath-
letes with Congenital Heart Disease (CHD): position statement 
of the Sports Cardiology & Exercise Section of the European 

http://creativecommons.org/licenses/by/4.0/


 Pediatric Cardiology

1 3

Association of Preventive Cardiology (EAPC), the European 
Society of Cardiology (ESC) Working Group on Adult Congeni-
tal Heart Disease and the Sports Cardiology, Physical Activity 
and Prevention Working Group of the Association for European 
Paediatric and Congenital Cardiology (AEPC). Eur Heart J (epub 
ahead of print).

 13. Pelliccia A, Sharma S, Gati S, Bäck M, Börjesson M, Caselli 
S, et al (2020) 2020 ESC Guidelines on sports cardiology and 
exercise in patients with cardiovascular disease. Eur Heart J (epub 
ahead of print).

 14. Brown DW, Dipilato AE, Chong EC, Gauvreau K, McElhinney 
DB, Colan SD et al (2010) Sudden unexpected death after balloon 
valvuloplasty for congenital aortic stenosis. J Am Coll Cardiol 
56:1939–1946

 15. Wisten A, Krantz P, Stattin EL (2017) Sudden cardiac death 
among the young in Sweden from 2000 to 2010: an autopsy-based 
study. Europace 19:1327–1334

 16. Acosta-Dighero R, Torres-Castro R, Rodríguez-Núñez I, Rosales-
Fuentes J, Vilaró J, Fregonezi G, et al (2020). Physical activity 
assessments in children with congenital heart disease: a systematic 
review. Acta Paediatr (epub ahead of print).

 17. Migueles JH, Cadenas-Sanchez C, Ekelund U, Delisle Nyström 
C, Mora-Gonzalez J, Löf M et al (2017) Accelerometer data col-
lection and processing criteria to assess physical activity and 
other outcomes: a systematic review and practical considerations. 
Sports Med 47:1821–1845

 18. Brønd JC, Andersen LB, Arvidsson D (2017) Generating acti-
graph counts from raw acceleration recorded by an alternative 
monitor. Med Sci Sports Exerc 49:2351–2360

 19. Fridolfsson J, Börjesson M, Arvidsson D (2018) A biomechanical 
re-examination of physical activity measurement with accelerom-
eters. Sensors (Basel) 18:3399

 20. Fridolfsson J, Börjesson M, Buck C, Ekblom Ö, Ekblom-Bak E, 
Hunsberger M et al (2019) Effects of frequency filtering on inten-
sity and noise in accelerometer-based physical activity measure-
ments. Sensors (Basel) 19:2186

 21. Arvidsson D, Fridolfsson J, Buck C, Ekblom Ö, Ekblom-Bak E, 
Lissner L et al (2019) Reexamination of accelerometer calibration 

with energy expenditure as criterion: VO2net instead of MET for 
age-equivalent physical activity intensity. Sensors (Basel) 19:3377

 22. Fridolfsson J, Börjesson M, Ekblom-Bak E, Ekblom Ö, Arvidsson 
D (2020) Stronger association between high intensity physical 
activity and cardiometabolic health with improved assessment 
of the full intensity range using accelerometry. Sensors (Basel) 
20:1118

 23. World Health Organization (2010) Global Recommendations on 
Physical Activity for Health. WHO Press, World Health Organiza-
tion, Geneva, Switzerland

 24. Voss C, Duncombe SL, Dean PH, de Souza AM, Harris KC 
(2017) Physical activity and sedentary behavior in children with 
congenital heart disease. J Am Heart Assoc 6:e004665

 25. Arvidsson D, Slinde F, Hulthén L, Sunnegårdh J (2009) Physical 
activity, sports participation and aerobic fitness in children who 
have undergone surgery for congenital heart defects. Acta Paediatr 
98:1475–1482

 26. Farooq A, Martin A, Janssen X, Wilson MG, Gibson AM, Hughes 
A et al (2020) Longitudinal changes in moderate-to-vigorous-
intensity physical activity in children and adolescents: a system-
atic review and meta-analysis. Obes Rev 21:e12953

 27. Ekelund U, Luan J, Sherar LB, Esliger DW, Griew P, Cooper A 
et al (2012) Moderate to vigorous physical activity and sedentary 
time and cardiometabolic risk factors in children and adolescents. 
JAMA 307:704–712

 28. Deen JF, Krieger EV, Slee AE, Arslan A, Arterburn D, Stout KK 
et al (2016) Metabolic syndrome in adults with congenital heart 
disease. J Am Heart Assoc 5:e001132

 29. Zaqout M, Vandekerckhove K, Michels N, Bove T, François K, 
De Wolf D (2017) Physical fitness and metabolic syndrome in 
children with repaired congenital heart disease compared with 
healthy children. J Pediatr 191:125–132

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Children and Adolescents Treated for Valvular Aortic Stenosis Have Different Physical Activity Patterns Compared to Healthy Controls: A Methodological Study in a National Cohort
	Abstract
	Introduction
	Methods
	Design
	Main Study
	Sample
	Protocol
	Output Variables and Statistical Calculations

	Calibration Study
	Sample
	Protocol


	Results
	Main Study
	Calibration study

	Discussion
	Limitations and Future Research

	Conclusions
	Acknowledgements 
	References




