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Abstract

Objective

We sought to identify seasonal variation in physical activity that different physical activity

measurement tools can capture in children with congenital heart disease.

Methods

Data were collected as part of a prospective cohort study at BC Children’s Hospital, Vancou-

ver, Canada. Daily step counts of children aged 9–16 years with moderate-to-severe CHD

were assessed continuously for 1-year via a commercial activity tracker (Fitbit Charge 2™).

Physical activity levels were also assessed conventionally at one time-point via accelerome-

ters (ActiGraph) and physical activity questionnaires.

Results

156 children (mean age 12.7±2.4 years; 42% female) participated in the study. Fitbit data

(n = 96) over a 1-year period clearly illustrated seasonal peaks (late spring and autumn) and

dips (winter and summer school holidays) in physical activity levels, with group mean values

being below 12,000 steps per day throughout the year. According to conventional accelero-

metry data (n = 142), 26% met guidelines, which tended to differ according to season of

measurement (spring: 39%, summer: 11%, fall: 20%, winter: 39%; p-value = 0.053). Ques-

tionnaire data (n = 134) identified that the most widely reported activities were walking

(81%) and running (78%) with walking being the highest in summer and fall and running in

winter and spring. Furthermore, regardless of overall activity levels the children exhibit simi-

lar seasonal variation.

Conclusions

We demonstrated that physical activity level changes across seasons in children with CHD.

It is important to be aware of these fluctuations when assessing and interpreting physical

activity levels. Season specific counselling for physical activity may be beneficial in a clinical

setting.
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Introduction

Congenital heart disease (CHD) is the most common congenital defect in new-borns occur-

ring in approximately 1 in 100 live births [1]. Survival rates of children with moderate-to-com-

plex forms of CHD have significantly increased and most of these individuals have a life

expectancy that extends well into adulthood [2]. Consequently, the prevalence of CHD across

all age ranges has increased [3, 4]. It is well established that the CHD populations are at an

increased risk for cardiovascular events compared to the general population [5]. Physical activ-

ity is defined as “any bodily movement produced by skeletal muscle that results in energy

expenditure” [6]; low physical activity is a modifiable risk factor and higher levels of physical

activity are associated with better long-term cardiovascular risk in population-based studies

[7]. Physical activity is an important determinant in optimizing the long-term cardiovascular

health and quality of life in the CHD population [8].

Despite the beneficial effect of physical activity, levels of physical activity decline with age in

children with CHD [9]. Adolescent declines in physical activity are particularly concerning

given the increased cardiovascular risk of the CHD population [5]. Physical activity research

in children with CHD is an emerging field of study; however, assessing physical activity can be

challenging. Physical activity behaviours are highly heterogeneous between individuals, likely

to vary over time, and may be impacted by their medical history [10] and other sociocultural

factors [11, 12]. Seasonal variation of physical activity is the idea of how the fluctuation in

weather, temperature, and daylight hours accompanying each season will impact levels of

physical activity [13]. While seasonal variations have been extensively documented in the

healthy pediatric population [13], there are no data on longitudinal physical activity patterns

for children with CHD.

The aim of this study was to determine whether physical activity varies across seasons in

children with CHD by measuring physical activity longitudinally (commercial activity track-

ers) and via conventional periodic measures (accelerometers and questionnaires).

Materials and methods

Sample

Data were collected as part of a prospective cohort study of children and adolescents aged

9–16 years old with Tetralogy of Fallot, Coarctation of the Aorta, Transposition of the Great

Arteries, or Fontan circulation investigating the relationship between vascular function and

physical activity and at the time of the current analyses, 156 children and youth had been

enrolled in the study. Participants were recruited through the Children’s Heart Centre at BC

Children’s Hospital in Vancouver, Canada, or at pediatric cardiology partnership clinics across

British Columbia and the Yukon, Canada, between April 2017 and May 2019. Participants

were excluded if they had health conditions that would prevent them from completing the

study measures or participating in physical activity. Prior to study commencement, we

obtained written informed parent/guardian consent and written informed participant assent.

The study was approved by UBC Children’s & Women’s Research Ethics Board (H17-01233).

Participant characteristics

We obtained participants sex, age, and cardiac diagnosis from patient medical charts. Trained

clinical staff measured height (0.1cm) and weight (0.1kg). Body mass index (BMI; km/m2) was

calculated and expressed as age- and sex-specific percentiles based on World Health Organiza-

tion International growth charts [14]. BMI was categorized based on World Health
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Organization cut-offs. As part of a cohort study, clinical characteristics of this cohort have

been described in detail [15].

Physical activity measurements

Commercial activity tracker. We chose the Fitbit Charge 2™ (Fitbit Inc, San Francisco,

CA) for our study. Wristband size and placement were in accordance with manufacturer’s

guidelines. We asked participants to wear the Fitbit continuously for 12 months and sync the

device on a regular basis. We created anonymous user profiles and used the ‘Data Export’

function from the online ‘dashboard’ to export daily step count data. In the absence of any

consensus on wear time validation for commercial trackers in children, we considered a day to

be valid if they had�1000 steps/d, and a month to be valid if they had�14 valid days. Monthly

step counts were calculated by averaging the step counts from all the valid days of each month.

We defined meeting physical activity guidelines as having on average�12,000 steps per day

[16, 17].

Accelerometer. We fitted participants with an ActiGraph accelerometer (GT3X+, GT9X;

ActiGraph LLC, Pensacola, FL) to be worn over the right hip for 7 days during waking hours

and only to be removed for water-based activities. The ActiGraph is a commonly used tri-axial

accelerometer to objectively measure physical activity levels in children under free-living con-

dition [18–20]. We used ActiLife v.6.13.2 (ActiGraph LLC, Pensacola, FL) for accelerometer

initialization (sampling set at 30Hz) and file download, processing, and analysis. We generated

15s epoch.agd files from the raw.gt3x files and used the wear time function in ActiLife to iden-

tify valid accelerometry files. We considered a day to be valid if the device was worn for�600

mins/day. We previously demonstrated that a minimum of 3 valid days are sufficient to esti-

mate mean physical activity values in children and adolescents with CHD [9]. For valid accel-

erometry files, we used Evenson cut-points [21] to estimate mean daily minutes spent in

moderate-to-vigorous physical activity (MVPA) intensity. We defined meeting physical activ-

ity guidelines as�60 minutes of MVPA per day, on average, and this is in accordance to the

Canadian 24-Hour Movement Guidelines for Children and Youth [22]. We categorized partic-

ipants’ physical activity levels based on the distribution of MVPA in our sample as follows:

‘low’ =<30 mins MVPA /day (~<25th percentile); ‘medium’ = 30–59 mins MVPA/day

(~25th–75th percentile); ‘high’ =�60 mins MVPA/day (>75th percentile).

Physical activity questionnaire (PAQ). The Physical Activity Questionnaire for Children

and the Physical Activity Questionnaire for Adolescents are appropriate for elementary

school-age children and high school students respectively. The PAQ is a self-administered,

7-day recall questionnaire that assesses participation in different activities, as well as activity

during Physical Education, lunch break, recess (PAQ-Children only), after school, in the eve-

nings, and on weekends to provide general estimates of physical activity levels [23]. Partici-

pants completed the PAQ for Children (�11yrs) or Adolescents (�12yrs). We opted for this

conservative age cut-off because secondary school usually starts with grade 8 and does not rou-

tinely offer recess. Both PAQ for Children and Adolescents demonstrated acceptable validity

in measuring general levels of PA in children and adolescents [24, 25]. We previously demon-

strated that the PAQ is valid for use in children with CHD [26]. The overall PAQ-score is

derived from the mean scores of all questionnaire items. We identified the most common

activities from the PAQ by calculating the proportion of children who self-reported to have

participated in the activity during the previous 7 days. We identified the most commonly

participated activities by season by counting the number of days the activity was performed in

the past 7 days. We categorized participants’ activity levels based on the distribution of
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questionnaire scores in our sample as follows: ‘low’ =<2.7 PAQ-score (~<50th percentile);

‘high’ =�2.7 PAQ-score (~�50th percentile).

Procedures

We approached the participants during their routine clinical visit and provided the partici-

pants with a Fitbit Charge 2, an accelerometer and physical activity questionnaire. We asked

participants to wear the Fitbit for the duration of the study and sync the device on a regular

basis in order to assess physical activity longitudinally. Data from May 1, 2018 –April 30, 2019

were analyzed to evaluate seasonal variation. The participants wore the accelerometer over the

right hip for 7 days and recorded the times in which the accelerometer was put on and

removed. The questionnaire was self-administered in a quiet room during clinic visit or at

home. Upon completion of the accelerometry, the participants mailed back the study material.

Statistical analysis

Descriptive statistics (frequencies [%], mean±SD, or median [IQR]) were calculated for appli-

cable variables. Distributions of continuous variables were assessed visually. The ‘lowess’ func-

tion in R was used to generate a physical activity line of best fit for the commercial activity

tracker over a 1-year period. Between-season differences were assessed via one-way ANOVA

(post hoc Bonferroni correction) for continuous variables or chi-square tests for categorical

variables. All analyses were performed in R (version 3.6.0) using R Studio (version 1.1.442)

and significance was set at p< 0.05. Seasons were defined as spring (March–May), summer

(June–August), autumn (September–November), and winter (December–February).

Results

Sample

One hundred and fifty-six children were recruited to the study (mean age 12.7±2.4 years, 42%

females) with at least one complete and valid commercial activity tracker, accelerometry, or

physical activity questionnaire data. Overall participant characteristics are shown in Table 1.

There is season-difference in the mean age for PAQ but not accelerometer. Other sample char-

acteristics of accelerometer and PAQ are not significantly different between seasons (S1 and

S2 Tables).

Longitudinal physical activity patterns: Commercial activity trackers

Fitbit data were taken over a 1-year period from May 1, 2018 –April 30, 2019 (n = 96) and the

physical activity line-of-best-fit is shown in Fig 1. This clearly illustrated seasonal peaks and

dips in physical activity. The peaks occurred in late spring and autumn. There was a severe dip

in July and August which corresponds to local school holidays. There was a long trough during

the colder winter months. The mean step count was 9,960±2,874 steps per day and the group

mean step count remained below 12,000 steps per day throughout the year (Table 2, n = 104).

Season-differences in mean number of steps were lower during the summer and winter com-

pared to spring and autumn (Table 2, p<0.001). Overall, 23% of the children met the recom-

mended step goal and 36%, 19%, 30%, and 12% of the children met the step goal in spring,

summer, autumn, and winter respectively (Table 2, p<0.001).

Periodic physical activity levels: Accelerometry

The mean moderate-to-vigorous physical activity (MVPA) was 45.5±20.6 minutes per day

(Table 2, n = 142). There were no significant between season-differences (p = 0.183). Overall,
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Table 1. Sample characteristics.

All Fitbit Accelerometer Physical Activity Questionnaire

N (%) 156 (100) 104 (66.7) 142 (91.0) 139 (89.1)

Female, n (%) 66 (42.3) 42 (40.4) 58 (40.8) 55 (40.0)

Age, years (mean, SD) 12.7 (2.4) 12.4 (2.3) 12.7 (2.4) 12.8 (2.4)

Height, cm (mean, SD) 152.2 (15.7) 151.2 (15.6) 152.2 (15.8) 152.5 (15.5)

Weight, kg (mean, SD) 46.5 (16.7) 46.1 (17.0) 47.0 (16.9) 46.2 (16.4)

BMI, percentile (mean, SD) 53.6 (33.4) 56.0 (34.0) 54.4 (33.5) 51.5 (33.4)

BMI Weight Category

Thinness, n (%) 6 (3.9) 3 (2.9) 4 (2.8) 5 (3.6)

Normal, n (%) 111 (71.6) 71 (68.9) 101 (71.6) 101 (73.2)

Overweight, n (%) 21 (13.5) 16 (15.5) 19 (13.5) 18 (13.0)

Obese, n (%) 17 (11.0) 13 (12.6) 17 (12.1) 14 (10.1)

Cardiac Diagnosis

COA, n (%) 47 (30.1) 31 (29.8) 42 (29.6) 43 (30.9)

TET, n (%) 38 (24.4) 24 (23.1) 33 (23.2) 33 (23.7)

TGA, n (%) 29 (18.6) 20 (19.2) 27 (19.0) 28 (20.1)

FON, n (%) 42 (26.9) 29 (27.9) 40 (28.2) 35 (25.2)

BMI—Body Mass Index (kg/m2); BMI percentiles calculation based on age-sex-specific World Health Organization 2007 reference charts [14].

BMI weight category based on World Health Organization cut-offs.

COA—Coarctation of the Aorta, TET—Tetralogy of Fallot, TGA—Transposition of the Great Arteries, FON—Fontan Circulation.

https://doi.org/10.1371/journal.pone.0241187.t001

Fig 1. Seasonal variation from 1-year of Fitbit step count. LOWESS trend line illustrating seasonal variation over the course of a year with Fitbit step count data. The

red dashed line is the target steps per day set for the participants’ Fitbit (12,000 steps). Data points in each month are shown side-by-side for visualization of clusters.

Grey shaded area is the standard error.

https://doi.org/10.1371/journal.pone.0241187.g001
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26% of the children with CHD met physical activity guidelines and 33%, 11%, 20%, and 39%

met guidelines in the spring, summer, autumn, and winter respectively.

Periodic physical activity levels: Physical activity questionnaires

The mean PAQ-score was 2.7±0.7 (Table 2, n = 139). There were no significant between sea-

son-differences in PAQ-score (p = 0.14) or PAQ-score derived activity levels (p = 0.239). Pro-

portion of physical activities participation can be found in Table 3. The five most commonly

reported activities are walking (81%), running (78%), tag (48%), basketball (40%), and bicy-

cling (39%). Table 4 depicts the six most common activities by season in percentage of days.

While walking and running were found to be the most common activities throughout the year,

other structured and unstructured activities demonstrated seasonal variation. Unstructured

activity (eg. tag) decreased in frequency when children are on school holidays. Structured

activities such as basketball and soccer were more prevalent during the school year.

Seasonal variation in step count stratified by physical activity levels using

conventional measures

Plotting of participants’ longitudinal Fitbit data stratified by their accelerometry-derived

MVPA activity level (high, medium, and low) produced distinct fitted lines for these three

Table 2. Physical activity characteristics by seasons.

Overall Spring Summer Autumn Winter P-valueՓ

Commercial activity tracker

N 104

Steps (mean, SD) 9960 (2874) 10678 (3194) 9307 (2963) 10414 (2671) 9325 (2389) 0.000

Meet 12,000 steps, %‖ 35.7 19.1 29.5 12.3 0.000

Accelerometer

N 142 43 28 40 31

MVPA, min/d (mean, SD) 45.5 (20.6) 48.9 (21.7) 39.3 (21.4) 43.5 (19.8) 48.7 (18.7) 0.183

Meet guidelines, n (%)# 37 (26.1) 14 (32.6) 3 (10.7) 8 (20.0) 12 (38.7) 0.053

Activity levels¶

High, n (%) 37 (26.1) 14 (32.6) 3 (10.7) 8 (20.0) 12 (38.7) 0.045†

Medium, n (%) 71 (50.0) 18 (41.9) 14 (50.0) 26 (65.0) 13 (41.9)

Low, n (%) 34 (23.9) 11 (25.6) 11 (39.3) 6 (15.0) 6 (19.4)

Physical activity questionnaire

N 139 47 28 34 30

PAQ-score (mean, SD)^ 2.65 (0.71) 2.73 (0.76) 2.68 (0.71) 2.40 (0.65) 2.77 (0.66) 0.14

Activity levelsǂ

High, n (%) 61 (43.9) 22 (46.8) 15 (53.6) 10 (29.4) 14 (46.7) 0.239

Low, n (%) 78 (56.1) 25 (53.2) 13 (46.4) 24 (70.6) 16 (53.3)

MVPA—Moderate-to-Vigorous Physical Activity (min/day).
Փ p-value for main effect for season.
‖ Proposed daily step target to determine if children are meeting physical activity guideline [16].
# Meeting physical activity guidelines is defined as mean daily minutes of moderate-to-vigorous physical activity per day of�60 minutes.
¶ Accelerometry-derived activity level from our cohort: high ((�60 mins/day), medium (30–50 mins/day), low (<30 mins/day).
† No significant Bonferroni-adjusted post hoc comparisons present between groups (p<0.008).
^ Scored on a scale from 1 (no/low activity) to 5 (very active) [23].
ǂ PAQ-score-derived activity level from our cohort: high (�2.7), low (<2.7).

https://doi.org/10.1371/journal.pone.0241187.t002
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groups across seasons (S1 Fig). The standard errors of the three best fit lines showed minimal

overlap amongst the groups. The three groups followed similar physical activity patterns across

seasons (i.e. physical activity levels were highest in late spring). There was a significant associa-

tion between accelerometry-derived MVPA minutes per day and Fitbit step counts (r = 0.73;

p = 0.000; R-squared: 0.54). However, Fitbits overestimate step counts compared to accelerom-

eters with a mean bias of 1694 steps (95% confidence interval: 590–2798 steps; p = 0.003).

Plotting of participants’ longitudinal Fitbit data stratified by their PAQ-score derived activ-

ity level (high and low) produced distinct fitted lines for these two groups across seasons (S2

Fig). The standard errors of the two best fit lines showed minimal overlap amongst the groups.

The two groups followed similar physical activity patterns across seasons (i.e. physical activity

levels were highest in late spring). Associations between PAQ-scores and Fitbit step counts

were significant (r = 0.355; p = 0.013; R-squared: 0.13).

Table 3. Physical activities frequency table.

Proportion of children who participated

Physical Activiy

Walking 80.6%

Running 77.7%

Tag 47.5%

Basketball 40.3%

Bicycling 38.8%

Soccer 36.0%

Dance 33.8%

Swimming 30.2%

Skipping 18.7%

Volleyball 17.3%

Badminton 15.1%

Baseball 12.9%

Street Hockey 12.9%

Aerobics 11.5%

Football 10.1%

Floor Hockey 9.4%

Ice Skating 7.9%

Skateboarding 7.2%

Ice Hockey 6.5%

In-line Skating 2.9%

https://doi.org/10.1371/journal.pone.0241187.t003

Table 4. Ranking in percentage days of top 6 activities participation by season.

Spring Summer Autumn Winter

Activity % Days Activity % Days Activity % Days Activity % Days

Running 47.4% Walking 53.1% Walking 51.7% Running 46.4%

Walking 44.7% Running 30.4% Running 34.5% Walking 31.7%

Tag 25.7% Bicycling 27.0% Soccer 18.1% Tag 20.0%

Bicycling 23.3% Swimming 21.7% Tag 17.4% Basketball 19.0%

Basketball 18.4% Dance 18.0% Bicycling 15.3% Bicycling 15.0%

Dance 15.0% Tag 13.5% Dance 13.4% Soccer 15.0%

https://doi.org/10.1371/journal.pone.0241187.t004
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Discussion

Our study demonstrated that continuous measurements of physical activity with commercial

activity trackers clearly capture seasonal variation in physical activity in children with CHD. A

key strength of our study is the use of both longitudinal (commercial activity trackers) and

periodic (accelerometers and questionnaires) measurement tools to quantify physical activity

levels of children with CHD throughout the year.

Seasonal variation

We demonstrated that commercial activity trackers, which are able to provide continuous

measurement of physical activity level in the form of step count, are able to capture seasonal

variation over a 1-year period. In contrast with other studies [13, 27] that made assumptions

regarding an increase in activity level throughout the summer months due to warm weather

and long daylight hours, our use of a continuous monitor clearly showed that activity levels

dip in July and August. This is an important observation given that this drop corresponds

directly with local school holidays. This fluctuation that other studies weren’t able to capture

was likely due to the widely used measurement tools of accelerometer and questionnaire

where data are typically collected periodically during the school year [13].

Conventional methods, such as accelerometer, are commonly used to objectively measure

physical activity in population-based studies (NHANES [18], CHMS [19]). In our study, 26%

of children with CHD achieved a weekly average of at least 60 minutes per day compared to

the Canadian national average of 33% [19]. Seasonal variation of the accelerometry data dem-

onstrated that only 11% of the children were able to meet guidelines during the summer

period, which is notably lower than the proportion of children meeting guidelines during the

other seasons (20–40%). This demonstrates that for researchers who use accelerometers to

measure physical activity levels in children, there is a possibility of miscategorizing children

with respect to physical activity guidelines. Seasonal influences on physical activity may also

impact the results seen in short-term physical activity intervention programs if pre- and post-

intervention measurements are taken at different times of the year.

In our experience, the PAQ has limited capability in discerning activity levels in children

with CHD because children tend to be clustered in a narrow range on the 5-point scale (IQR:

2.2–3.1). However, the PAQ provides useful insight on the types of activities children partici-

pate in and how those vary across seasons. We demonstrated that certain activities are more

prevalent during different times of the year. For example, cycling is more common in the sum-

mer, whereas, basketball is more common in the winter. Therefore, it is important for health-

care providers to recognize this since the promotion of season-specific activities at the correct

time of the year may be beneficial in increasing activity levels.

Our data suggest that physical activity participation in children with CHD is impacted by

the school-year. There are two mechanisms by which school is known to facilitate physical

activity [28], and these likely impact children with CHD as they do typical children. When

school is in session, there is significant school-associated physical activity (i.e. active transpor-

tation, play before and after school and during recess and lunch on the school grounds, and

physical education) and participation in sport programs orientated around the school calendar

(i.e. school or community-based sports teams or clubs) [28]. Our data also imply that weather

acts as a barrier for physical activity participation [29]. Children’s activity levels are blunted

during the winter months due to colder temperature and shorter daylight hours despite being

in school and getting the physical activity benefits associated with the school year.

Conventional measurement tools and commercial activity trackers provide different and

complementary insight into physical activity patterns. With our combined dataset, we
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demonstrated that seasonal patterns hold for all children regardless of their baseline activity

levels, with activity peaking in late spring and dropping during summer holidays and the win-

ter months. This underscores the importance of repeated physical activity promotion for all

children with CHD, especially during the months when children are known to be less active

(summer and winter). Recognizing that these patterns are pervasive amongst children may

help clinicians and exercise physiologists counsel children with season-specific advice. We also

demonstrated that commercial activity trackers can portray long-term activity patterns and

may be the more appropriate tool to use when studying seasonal variation or conducting long-

term monitoring of physical activity.

Clinical implications

In our longitudinal analysis, we demonstrated that levels of physical activity vary by season in

children with CHD. Therefore, it is important for physicians to discuss these fluctuations with

families while promoting physical activity participation. Our results suggest that the promo-

tion of physical activity types should be targeted based on the time of the year. Furthermore,

discussing the natural fluctuations in physical activity levels may help families identify oppor-

tunities to increase physical activity levels at observed nadirs. Summer holidays are a particu-

larly good opportunity for family-based activity promotion.

Simple tools like the PAQ can easily be administered in a clinical setting and be used to

identify activities with high level of participation throughout the year. Such information can

be used to help identify targets for promotion and facilitation of physical activity by their pri-

mary caretakers (i.e. during the summer time, can you try cycling for 10 minutes every day?).

Given that all children demonstrate seasonal variation regardless of baseline activity levels,

the incorporation of information from commercial activity tracker, accelerometer, and PAQ

provides a comprehensive picture to optimise season-specific physical activity guidance.

Research implications

Recognizing and understanding the effect of seasonal variation is important for researchers

who use periodic measurement tools (accelerometer and questionnaires). Our results demon-

strate that caution is needed when comparing cross-sectional results using these conventional

physical activity measurement tools. Our study shows the feasibility of monitoring physical

activity in children over the course of an entire year. These data provide depth compared to

cross-sectional measurements, which clearly have important limitations given the seasonal

variation we have shown. Commercial activity trackers can play an important role in interven-

tional studies, as compliance with the intervention can be measured continuously before, dur-

ing, and after the intervention as opposed to the usual approach of before and after

measurements with conventional tools.

Strengths and limitations

To our knowledge, this is the first study to use commercial activity trackers in children with

CHD to assess activity patterns over a 1-year period. There are important limitations to physi-

cal activity trackers which must be noted. In agreement with our previous Fitbit validation

study in children with CHD [17], the Fitbit device overestimated step counts in the current

study compared to the accelerometer.

A limitation of accelerometers is low adherence (~65%); however, in our cohort, ~90% of

the children adhered to wear-time protocol and provided sufficient data compared to other

studies [19, 30]. In addition, the Fitbit was well-received with good initial adherence to proto-

cols. Over the 1-year period, data capture rate dropped to ~60% due to loss of interest,
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technical difficulties, or skin irritations (rashes, eczema). Nevertheless, the adherence for

1-year of continuous data capture remains very good and was positively impacted by remind-

ers from the study team to the children’s guardians. For the PAQ, it is important to note that it

is subjected to recall bias and children tend to over-estimate activity levels [31]. However, in

our cohort, PAQ-scores were significantly correlated with Fitbit and accelerometry data.

Although season-differences were not significant with accelerometry-derived MVPA or

PAQ-score, the seasonal effects may have been masked by the small number of participants in

each season and the wide distribution of physical activity levels amongst children. An addi-

tional limitation of the PAQ—one of the few suitable questionnaire tools available for use in

children and youths [32]—is that it does not provide valid estimates of physical activity outside

of the school year [23] and, therefore, would be of limited accuracy in detecting these seasonal

changes. Commercial activity trackers overcome these limitations and are well liked by chil-

dren resulting in high rates of wear time compliance.

While we have a large sample size of 156 children in the study, they came from a geographi-

cally diverse area where temperature and precipitation within a season varied. However, sub-

group analysis was not performed due to insufficient power in each geographic region. Such

analysis would also not be meaningful as it does not account for seasonal participation in phys-

ical activity, daylight hours [33], and other geographic factors (rural vs. urban) [34].

Conclusions

Recognizing the effect of seasonality in physical activity in children with CHD may help

healthcare providers administer effective physical activity counselling at each annual routine

care encounter. Our data demonstrated that commercial activity trackers are a powerful tool

to capture, assess, and understand variations in activity levels over long periods of time.

Researchers should consider the significant confounding role of seasonality on physical activ-

ity behaviour in the design, implementation, and evaluation of interventions.

Supporting information

S1 Fig. Seasonal variation stratified by accelerometry. Distinct LOWESS trend lines of chil-
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