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Abstract 

Background  The COVID-19 pandemic has resulted in marked impacts on children’s physical activity, with large 
reductions in moderate-to-vigorous physical activity (MVPA) reported during lockdowns. Previous evidence showed 
children’s activity levels were lower and sedentary time higher immediately post-COVID lockdown, while there was 
little change in parental physical activity. We need to know if these patterns persist.

Methods  Active-6 is a natural experiment using repeated cross-sectional data conducted in two waves. Accelerom‑
eter data were collected on 393 children aged 10–11 and their parents from 23 schools in Wave 1 (June 2021-Decem‑
ber 2021), and 436 children and parents from 27 schools in Wave 2 (January 2022-July 2022). These were compared 
to a pre-COVID-19 comparator group (March 2017-May 2018) of 1,296 children and parents in the same schools. 
Mean minutes of accelerometer-measured MVPA and sedentary time were derived for week- and weekend-days and 
compared across waves via linear multilevel models. We also analysed the date of data collection as a time series, to 
explore temporal patterns via generalised additive mixed models.

Results  There was no difference in children’s mean MVPA in Wave 2 (weekdays: -2.3 min; 95% CI: -5.9, 1.3 and week‑
ends: 0.6 min; 95% CI: -3.5, 4.6) when compared to the pre-COVID-19 data. Sedentary time remained higher than 
pre-pandemic by 13.2 min (95% CI:5.3, 21.1) on weekdays. Differences compared to pre-COVID-19 changed over time, 
with children’s MVPA decreasing over winter, coinciding with COVID-19 outbreaks, and only returning to pre-pan‑
demic levels towards May/June 2022. Parents’ sedentary time and weekday MVPA was similar to pre-COVID-19 levels, 
with MVPA higher than pre-pandemic by 7.7 min (95% CI: 1.4, 14.0) on weekends.

Conclusion  After an initial drop, children’s MVPA returned to pre-pandemic levels by July 2022, while sedentary time 
remained higher. Parents’ MVPA remained higher, especially at weekends. The recovery in physical activity is precari‑
ous and potentially susceptible to future COVID-19 outbreaks or changes in provision, and so robust measures to 
protect against future disruptions are needed. Furthermore, many children are still inactive, with only 41% meeting UK 
physical activity guidelines, and so there is still a need to increase children’s physical activity.
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Introduction
Physical activity is important for physical and mental 
health [1–3]. The World Health Organization and UK 
Chief Medical Officers recommend that children and 
young people should engage in an average of an hour of 
moderate-to-vigorous intensity physical activity (MVPA) 
per day, accumulated across the week, and that all adults 
should engage in 150  min or more of MVPA per week 
[1–3]. In addition, there is some evidence to suggest that 
elevated sedentary time is associated with increased adi-
posity and decreased fitness [4, 5], and WHO guidance 
recommends limiting sedentary behaviour, especially 
recreational screen time [2]. However, a number of stud-
ies have shown that large proportions of children and 
young people [6, 7] as well as adults [8–10] do not meet 
these recommendations.

The coronavirus disease 2019 (COVID-19) SARS-
Cov-2 pandemic resulted in both acute and longer-term 
impacts on the physical activity opportunities for all 
aspects of society. National lockdowns were implemented 
in many countries, during which traditional opportuni-
ties for physical activity such as school sports, swimming 
and gym sessions were removed, but conversely much 
of the population were at home for large periods of the 
day and were encouraged to exercise. Studies conducted 
during the acute phase of the pandemic reported a gen-
eral picture of physical activity levels reducing among 
adults and children [11–14], while sedentary time and 
screen-viewing increased [11, 15]. Levels of activity were 
influenced by personal, organisational, environmental 
and policy factors [16], with less impact in rural settings 
which offered opportunities for outdoor play [17, 18]. 
As lockdowns and restrictions are lifted and countries 
return to “normal” it is unclear how active children and 
adults are.

Prior to the COVID-19 pandemic, physical activity pat-
terns among children and adults in the UK have been 
relatively stable. For example, analysis of the Health Sur-
vey for England data in 2012 and 2015 reported that pat-
terns of children’s [19] and adults’ [10] physical activity 
were broadly consistent when measured using the same 
methods in both years. COVID-19 had an important 
impact on physical activity with many studies across 
multiple countries reporting large decreases in the dura-
tion and frequency of physical activity in both children 
and adults [11, 12] during and immediately after the 
acute phase of the pandemic, with physical activity lev-
els reflective of the level of restrictions in place [20]. It is 
important to highlight that most of the evidence on the 

impact of COVID-19 on physical activity was reliant on 
self-reported physical activity from non-representative 
convenience samples [11, 12] and as such more informa-
tion from studies using personal monitoring devices such 
as accelerometers, and more representative populations, 
is needed.

We recently added to this evidence base by using a 
natural experiment design to report on the accelerome-
ter-measured physical activity and sedentary time of 393 
Year 6 children (aged 10–11) and their parents/carers 
who were assessed in Wave 1 of the Active-6 study [21] 
between May and December 2021. We then compared 
the physical activity of these participants to 1,296 chil-
dren and parents/carers, recruited from the same schools 
three years earlier (pre-pandemic). The analysis showed 
that on average these children engaged in 7–8 fewer min-
utes of MVPA per day and 25 extra minutes of sedentary 
time compared to children pre-pandemic but there was 
no difference in parental physical activity or sedentary 
time [21]. These data are consistent with a similar natu-
ral experiment study from Central Texas which reported 
that 8–11-year-old children engaged in around 9 fewer 
minutes of accelerometer-measured MVPA than in the 
pre-pandemic comparator [22]. Collectively these stud-
ies highlight that the COVID-19 pandemic has resulted 
in marked impacts on physical activity of children but the 
impact on adults is uncertain. We do not know if these 
patterns remained as the acute phase of the pandemic 
has eased or how patterns of behaviour among children 
and their parents have changed over time. The goal of 
this paper is to fill this important gap by reporting on the 
physical activity and sedentary time of Year 6 children 
and their parents measured in Wave 2 of the Active-6 
study between January and July 2022 and compare lev-
els of physical activity with both the Wave 1 data and the 
pre-COVID-19 comparator group. We also sought to 
examine how the difference in physical activity compared 
to pre-COVID-19 changes over the full duration of the 
study (14 months) and if there was any evidence of differ-
ences by gender or socio-economic position.

Methods
Active-6 [21, 23] is a natural experiment using 
repeated cross-sectional data to assess the acute and 
longer-term effects of the COVID-19 pandemic on 
the physical activity of children aged 10–11 years. We 
compared data from a pre-COVID-19 comparator 
group to new data collected in two waves between May 
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2021 and July 2022, after lockdowns and strict COVID-
19 restrictions had been lifted. The pre-COVID-19 
data are taken from the longitudinal study, B-Proact1v 
[7], which collected accelerometer and questionnaire 
data from 10–11-year-old children and at least one 
parent/carer from 50 schools in and around Bristol, 
UK between March 2017 and May 2018. In Active-6, 
we invited the same 50 schools to participate, with 
all 10–11-year-old children and one parent/carer per 
family eligible. In both studies, siblings or twins were 
eligible if they were in the same school year (Year 6 in 
the UK, aged 10–11 years). Twenty-three schools par-
ticipated in Wave 1 (May-December 2021), and 27 in 
Wave 2 (January-July 2022), of which 22 participated 
in both Waves. At all measurement points, we col-
lected child and parent accelerometer and question-
naire data. Both B-Proact1v and Active-6 received 
ethical approval from the School of Policy Studies 
Ethics Committee at the University of Bristol, UK, 
and parental consent was received for all participants. 
A total of 1296 child-parent pairs participated pre-
COVID-19, with 393 in Wave 1 and 436 in Wave 2, 
including 128 who participated in both Waves 1 and 2 
(Fig. 1).

Data
Children and one parent/carer per family wore a waist-
worn ActiGraph wGT3X-BT accelerometer (Actigraph 
LLC; Florida, US) during waking hours for five con-
secutive days, including two weekend days, in the pre-
COVID-19 study, and for seven consecutive days in the 
Active-6 study. Accelerometer data were processed using 
an open-source R script [24], and analysis was restricted 
to participants who provided at least two valid week-
days of data for weekday summaries and at least one 
valid weekend day of data for weekend summaries. We 
excluded data between midnight and 6am and defined a 
valid day as at least 500 min of data, excluding intervals 
of ≥ 60 min of zero counts allowing up to two minutes of 
interruptions [6]. Mean weekday and weekend minutes of 
MVPA and sedentary time were derived from 10 s epochs 
using Evenson population-specific cut-points for children 
[25], and Troiano cut-points for adults [26]. The average 
accelerometer wear time was also recorded. Child gender, 
child date of birth, parent gender, parent age group and 
the highest education qualification in the household were 
reported by the parent/carer in a questionnaire (paper 
or online pre-COVID-19, and online only for Waves 
1 and 2). Daily data on lab-confirmed COVID-19 cases 

Fig. 1  Flow diagram of study participants
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between June 2021 and July 2022 for 5–14  year olds in 
the Southwest region were extracted from UK Govern-
ment official data for comparison [27].

Statistical analysis
The analysis was pre-specified in a statistical analysis 
plan [28], with the primary outcome as average daily 
child weekday MVPA. Child weekend MVPA and sed-
entary time, and parental weekday and weekend MVPA 
and sedentary time were secondary outcomes. Levels 
of missing data were reported, and descriptive summa-
ries of pupil and parent demographics (age, gender and 
household education) were reported by wave. Estimates 
of average child and parent daily physical activity were 
reported by wave with 95% confidence intervals adjusted 
for clustering.

To allow for the study design and repeated children 
in Waves 1 and 2, we used 2-level mixed effects mod-
els with repeated measurements nested within children 
nested within schools, and child and school-level ran-
dom intercepts. All schools were included in the model 
regardless of how many waves they participated in. To 
estimate differences in MVPA for each wave compared 
to pre-COVID-19, we fitted a linear mixed effects 
model, with wave as a categorical explanatory variable, 
and pre-COVID-19 as the reference category. Models 
were adjusted for accelerometer wear time (in min-
utes), differences in COVID-19 restrictions at the time 
of data collection [21], hours of daylight and seasonal-
ity, as well as age, gender and highest household edu-
cation. We did not adjust for child BMI as associations 
with physical activity are complex [7, 29], especially 
when looking at differences over time. Seasonality was 
modelled using separate second order harmonic sine/
cosine functions [25] for before and after COVID-
19 lockdown, for consistency with Wave 1 results. As 
more covariates in the regression model will gener-
ally increase the standard errors of key parameters, we 
reduced the number of seasonal variables via a com-
bination of p-values, model fit (Akaike Information 
Criterion: AIC), variance inflation factors and inter-
pretability to obtain the most parsimonious model. 
This model estimates a single difference for each wave 
compared to pre-COVID-19 and is similar to the pub-
lished Wave 1 analysis [21].

To explore how post-lockdown physical activity 
changed over the duration of the study, we plotted 
observed physical activity against time of data col-
lection using a non-parametric loess smoother [26], 
and compared it to the predicted physical activity for 
school and time of year, based on the pre-COVID-19 
data. Predictions were made using a generalised addi-
tive model with random effects for school and a smooth 

spline for day of year and adjusted for wear time and 
demographics (age, gender and household education). 
We also included on the Figure the reported number 
of COVID-19 cases among 5–14  year olds in the area 
for reference. We then modelled nonlinear change over 
time compared to pre-COVID-19, using a generalised 
additive mixed model (GAMM) [30] which uses splines 
to model nonlinear associations. We used a smooth 
nonlinear thin-plate regression spline [31] for the time 
since the start of Wave 1, and a cyclic cubic spline (to 
avoid a discontinuity at December/January) for time 
of year. It is difficult to separate background seasonal-
ity from the COVID-19 effect with the data available, 
as both change over time, and so we repeated this 
model without the seasonal cyclic spline in a sensitiv-
ity analysis. All GAMMs were adjusted for accelerom-
eter wear time, gender, age and household education. 
We also explored differences by gender and household 
education by fitting separate change over time for each 
group. These were compared visually and using AIC to 
compare model fit [30].

Descriptive summaries were performed in Stata v15 
[32] and the linear and generalised additive mixed models 
were run in R v4.2.0 [33] using the mgcv package v1.8. All 
model assumptions were checked via visual inspection of 
the fixed and random residuals. We analysed complete 
case data for each model rather than using imputation 
methods, firstly as the majority of missing data is in the 
outcome and secondly as routine multiple imputation 
methods are not available for complex statistical models 
such as the GAMM used here. Note that the mixed effect 
models used in the paper include data from all schools at 
all timepoints.

Results
Child and parent demographics (Table  1) were compa-
rable between Wave 1 and Wave 2. Although children 
in both post-lockdown waves were more likely to come 
from households with higher educational qualifications 
than the pre-COVID-19 sample, other demographics 
were comparable. Missing data (Additional File: Table 
S1) varied between 0–28%, with the majority of missing 
data due to lack of accelerometer data, and similar lev-
els of missing accelerometer data across all three waves, 
at around 10% for child and 18% for parent weekday 
physical activity, rising to around 25% for child and par-
ent data at weekends. Table 2 gives estimates of the aver-
age MVPA, light physical activity and sedentary time 
with 95% confidence intervals. Note that while standard 
errors have been adjusted for clustering, these estimates 
do not take into account other factors such as using the 
same schools, seasonality, accelerometer wear time or 
demographics. Wave 2 estimates of child MVPA were 
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Table 1  Child and parent demographics by wave

SD Standard deviation
a or equivalent qualifications

Pre-COVID-19 Mar 2017-May 2018 
N = 1296

Wave 1 Jun 2021-Dec 2021 N = 393 Wave 2 Jan 2022-Jul 
2022 N = 436

Child age: mean (SD) 11.0 (0.4) 10.9 (0.4) 11.1 (0.3)

Child gender: N (%)
  Male 616 (48%) 198 (50%) 212 (49%)

  Female 680 (52%) 183 (49%) 224 (51%)

  Other 2 (1%) 0 (0%)

Parent age: N (%)
   < 39 yrs 248 (23%) 118 (30%) 121 (28%)

  40–44 yrs 414 (39%) 136 (35%) 147 (34%)

  45 + yrs 401 (38%) 134 (35%) 161 (38%)

Parent gender: N (%)
  Male 294 (27%) 91 (23%) 97 (23%)

  Female 794 (73%) 297 (77%) 332 (77%)

  Other 1 (< 1%) 0 (0%)

Parent ethnicity: N (%)
  White British 944 (87%) 310 (85%) 323 (82%)

  White other 57 (5%) 24 (7%) 27 (7%)

  Black/African/Caribbean/Asian 56 (5%) 21 (6%) 33 (8%)

  Mixed/Other 26 (2%) 8 (2%) 10 (3%)

Highest household education: N (%)
  Below University degreea 555 (47%) 131 (34%) 162 (38%)

  University degree or highera 636 (54%) 257 (66%) 267 (62%)

Table 2  Raw estimates of child and parent physical activity by wave

MVPA Moderate-to-vigorous physical activity, PA Physical activity, CI Confidence interval

Pre-COVID-19 Mar 2017-May 
2018

Wave 1 Jun 2021-Dec 2021 Wave 2 Jan 2022-Jul 2022

Estimate 95% CI Estimate 95% CI Estimate 95% CI

Child
  Mean weekday MVPA (min/day) 60.3 (57.2, 63.4) 55.9 (52.1, 59.7) 57.8 (54.2, 61.5)

  Mean weekday light physical activity (min/day) 209.4 (204.8, 213.9) 197.9 (190.8, 205.1) 199.3 (193.2, 205.3)

  Mean weekday sedentary (min/day) 476.8 (470.1, 483.6) 488.4 (477.8, 498.9) 483.6 (475.5, 491.7)

  Mean weekend MVPA (min/day) 53.4 (49.8, 57.0) 45.6 (41.8, 49.4) 55.6 (49.9, 61.3)

  Mean weekend light physical activity (min/day) 195.2 (190.0, 200.5) 185.0 (179.7, 190.4) 191.3 (182.8, 199.8)

  Mean weekend sedentary (min/day) 437.1 (429.3, 444.9) 452.6 (442.7, 462.4) 449.1 (436.9, 461.2)

  % meeting UK PA guidelines 40% (34%, 46%) 37% (29%, 44%) 41% (32%, 49%)

Parent
  Mean weekday MVPA (min/day) 54.6 (52.2, 57.0) 55.3 (51.5, 59.1) 56.1 (52.0, 60.2)

  Mean weekday light physical activity (min/day) 198.5 (193.9, 203.1) 190.7 (184.7, 196.7) 191.7 (183.5, 199.9)

  Mean weekday sedentary (min/day) 542.3 (535.4, 549.2) 522.1 (513.4, 530.7) 520.9 (511.4, 530.4)

  Mean weekend MVPA (min/day) 46.4 (43.2, 49.6) 49.1 (44.1, 54.0) 53.8 (47.7, 59.8)

  Mean weekend light physical activity (min/day) 191.6 (186.8, 196.5) 191.0 (183.8, 198.2) 187.8 (180.8, 194.9)

  Mean weekend sedentary (min/day) 486.5 (480.4, 492.6) 487.1 (475.7, 498.6) 477.8 (467.2, 488.4)

  % meeting UK PA guidelines 82% (79%, 86%) 85% (80%, 89%) 83% (78%, 88%)
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similar to pre-COVID-19 estimates, with slightly higher 
sedentary time, and 41% met the UK physical activity 
guidelines in Wave 2, compared to 40% pre-COVID, and 
37% in Wave 1. Parent activity was comparable across all 
waves, with weekend MVPA slightly higher in Wave 2.

Figures 2 and 3 (see also Table 3) shows the modelled 
estimates of the difference in child and parent MVPA 
between pre-COVID-19 and Waves 1 and 2, adjusted for 
accelerometer wear time, daylight hours, seasonality, age, 
gender and household education. Note that estimates dif-
fer very slightly from previously published results [21] 
due to late-returned data and the use of more data over a 
longer period of time. Child MVPA was lower than in the 
pre-COVID-19 comparator group by 7.3 min (95% CI: 1.3 
to 13.3) on weekdays in Wave 1, but this reduced to a dif-
ference of 2.3 min (95% CI: -1.3 to 5.9) in Wave 2. Simi-
larly, weekend MPVA was lower by 6.9 min (95% CI: 1.7 
to 12.1) in Wave 1 but only 0.6 min (95% CI: -4.6 to 3.5) 
lower in Wave 2, compared to pre-COVID-19. Weekday 
sedentary time was higher in Wave 1 by 17.9  min (95% 
CI: 4.9 to 30.8) and remained higher at 13.2  min (95% 
CI:5.3 to 21.1) in Wave 2, compared to pre-pandemic. 
Parents’ sedentary time and weekday MVPA were com-
parable to pre-COVID-19 levels in both post-lockdown 
waves, with weekend MVPA higher than pre-pandemic 
levels by 7.7 min (95% CI: 1.4 to 14.0).

Figure  4 shows how children’s post-lockdown MVPA 
changed over the duration of the study, and how this 

compares to what we would have expected to see based 
on the pre-COVID-19 data. It also includes the inci-
dence of COVID-19 cases for this age group in the area. 
Weekday MVPA was slightly lower than expected until 
October 2021, followed by a larger relative drop over 
the winter period, and the gap slowly closed as MVPA 
increased to expected levels by June/July 2022. Week-
end MVPA was consistently lower than expected with a 
small recovery in January/February 2022, and remained 
lower than expected until May 2022. Both weekday and 
weekend MVPA levels showed a small drop in February/
March 2022 which coincided with an increase in reported 
COVID-19 cases for this age group in February. Weekday 
and weekend sedentary time (Fig. 5) was similarly higher 
than expected throughout most of the study duration.

Figure  6 shows the smoothed estimated difference 
in children’s MVPA and sedentary time between pre-
COVID-19 and post-lockdown based on the GAMM, 
with a 95% confidence band. Note, this reflects the differ-
ence compared to pre-COVID-19, rather than absolute 
levels of MVPA. Weekday child MVPA dropped below 
pre-COVID-19 levels from around October/November 
2021, reaching a maximum drop of 6.5  min in March/
April 2022, and rose to previous levels by the end of the 
summer term (July 2022). Weekend MVPA was consist-
ently lower between June 2021 and April/May 2022, when 
it returned to pre-pandemic levels (that is, a difference of 
0). Children’s weekday sedentary time was consistently 

Fig. 2  Modelled differences in child MVPA and sedentary time by wave, compared to pre-COVID-19

MVPA = moderate-to-vigorous physical activity Wave 1: June—December 2021 Wave 2: January – July 2022
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higher throughout the study compared to pre-COVID-19 
with a peak of 11  min higher in Jan-March 2022, and 
was still higher in July 2022 by around 6 min. Weekend 
sedentary time was likewise higher than pre-pandemic 
until June/July 2022, with a peak in March/April 2022, 
at around 15  min higher. Note that although the fig-
ure shows an initial peak during August 2021 indicating 
MVPA levels notably higher than pre-pandemic, no data 
were collected during the summer holiday period (result-
ing in the wide confidence bands during this period), so 
this increase should be treated with caution.

Children’s physical activity had a strong seasonal com-
ponent, with models that adjusted for seasonality giv-
ing better model fit than those without (Additional File: 
Table S2), which makes estimation of the post-lockdown 
change over time difficult. Sensitivity analyses which 
excluded seasonality (Additional File: Figure S1) show 
broadly similar patterns, but with the high and low dif-
ferences shifted slightly and larger peaks and troughs. 
Interaction models  showed some gender differences in 
the trajectories, with girls’ weekday MVPA following a 
linear difference over time compared to pre-pandemic, in 

Fig. 3  Modelled differences in parent MVPA and sedentary time by wave, compared to pre-COVID-19

MVPA = moderate-to-vigorous physical activity Wave 1: June—December 2021 Wave 2: January – July 2022

Table 3  Modelled estimates of differences in child and parent physical activity between Pre-COVID-19 and Post-COVID-19 waves

Pre-COVID-19: Mar 2017-May 2018; Wave 1: Jun 2021-Dec 2021; Wave 2: Jan 2022-Jul 2022

MVPA Moderate-to-vigorous physical activity, CI Confidence interval
1 p-value for hypothesis test of no difference

Difference between Pre-COVID-19 & Wave 1 Difference between Pre-COVID-19 & 
Wave 2

N Estimate 95% CI p-value1 Estimate 95% CI p-value1

Child
  weekday MVPA (min/day) 1777 -7.3 (-13.3, -1.3) 0.018 -2.3 (-5.9, 1.3) 0.211

  weekend MVPA (min/day) 1493 -6.9 (-12.1, -1.7) 0.010 0.6 (-3.5, 4.6) 0.774

  weekday sedentary (min/day) 1777 17.9 (4.9, 30.8) 0.007 13.2 (5.3, 21.1) 0.001

  weekend sedentary (min/day) 1493 10.5 (-0.1, 21.1) 0.051 6.7 (-1.6, 15.0) 0.11

Parent
  weekday MVPA (min/day) 1581 0.5 (-4.6, 5.6) 0.847 3.4 (-0.4, 7.2) 0.079

  weekend MVPA (min/day) 1456 0.4 (-10.1, 10.8) 0.946 7.9 (1.6, 14.2) 0.014

  weekday sedentary (min/day) 1581 -2.0 (-13.1, 9.0) 0.713 -4.6 (-12.8, 3.6) 0.265

  weekend sedentary (min/day) 1456 1.2 (-10.7, 13.1) 0.843 -6.9 (-15.6, 1.7) 0.115
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contrast to the drop-and-recovery pattern for boys, and 
no variation in boys’ weekend sedentary time. However, 
the AIC did not support separate smooth terms for boys 
and girls, or for higher and lower education households 
(Additional File: Figures S2 and S3, Table S3) with wide 
overlapping confidence bands due to sample sizes.

The difference in parent physical activity compared 
to pre-COVID-19 also varied over time. Compared to 
expected levels based on pre-pandemic data (Figs.  7 
and 8) parents’ MVPA was comparable or higher than 
expected on both weekdays and weekends, with sed-
entary time broadly comparable. The GAMM models 
adjusting for seasonality did not produce better model 
fit (Additional File: Table S2) and so to avoid additional 
variability in estimates, we reported the model unad-
justed for seasonality (Fig.  9). Both weekday and week-
end MVPA were higher than pre-pandemic, with the 

difference in weekday MVPA increasing at a linear rate, 
while weekend MVPA was initially similar and then 
increased from February/March 2022 to 10.6 min higher 
than pre-COVID-19 by July 2022. Parents’ sedentary time 
was similar to pre-pandemic in 2021, and then dropped 
from January 2022 to a drop of 8.6 min on weekdays and 
15.4 min at weekends by July 2022.

Discussion
The data reported in this study have shown that although 
children’s MVPA was around 7–8 min lower than a pre-
COVID-19 comparator group between May and Decem-
ber 2021 when social distancing restrictions were initially 
lifted in the UK, the levels of MVPA were on average 
close to the comparator group when assessed in a new 
group about 8  months later on average between Janu-
ary and July 2022. However, weekday sedentary time 

Fig. 4  Post-lockdown children’s MVPA with pre-COVID-19 prediction for time of year, and COVID-19 cases

MVPA = moderate-to-vigorous physical activity Wave 1: June—December 2021 Wave 2: January – July 2022 COVID-19 cases are for 5–14 year olds in 
the Southwest region of the UK



Page 9 of 15Jago et al. Int J Behav Nutr Phys Act           (2023) 20:42 	

remained higher than pre-COVID-19 by approximately 
13  min per day. There was little difference in parental 
MVPA in Wave 1 when compared to the reference group 
with a small increase in Wave 2, especially on weekends. 
While these findings suggest that patterns of physical 
activity have more or less returned to pre-pandemic lev-
els, it is important to highlight that at Wave 2 only 41% 
of children met the hour per day guideline for MVPA 
while almost 83% of parents met the adult physical activ-
ity guidelines. This suggests that there is still an urgent 
need to find ways to increase the physical activity levels 
of primary school aged children.

Although the top-level averages suggest that physical 
activity improved in both children and parents between 
Wave 1 and Wave 2, these point estimates mask com-
plex temporal patterns. Child average weekday MVPA 
decreased over winter, a time when physical activity 

is typically lower [34]. It then continued to decline to 
around 7  min difference in March–April 2022, before 
increasing to pre-COVID-19 levels over the summer 
term (April-July). Weekend MVPA rose slowly from 
October/November 2021, but was lower than pre-
COVID-19 until around April/May 2022. Meanwhile 
weekday sedentary time increased slowly throughout 
winter and remained higher than pre-COVID-19 in 2022. 
The uptick in children’s physical activity only started to 
occur from May 2022, around 10  months since social 
distancing restrictions were lifted and all sectors re-
opened. This may suggest a number of residual impacts 
on children’s physical activity. This finding is conceptu-
ally consistent with psychological habit theories [35, 36] 
which emphasise the importance of contextual cues in 
behavioural execution and maintenance [37]. During the 
pandemic and the associated lockdowns, many of the 

Fig. 5  Post-lockdown children’s sedentary time with pre-COVID-19 prediction for time of year, and COVID-19 cases

Wave 1: June—December 2021 Wave 2: January – July 2022 COVID-19 cases are for 5–14 year olds in the Southwest region of the UK
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contextual cues associated with habitual physical activity 
for children, such as school, clubs, active travel or play-
ing with friends, were removed for lengthy periods of 
time, disrupting the automatic processes that underpin 
the physical activity behaviour [37]. Habits for complex 
behaviours such as physical activity take time to develop, 
which might explain why it has taken a year to re-estab-
lish pre-pandemic activity levels, especially if underlying 
habits have changed towards more structured activities 
and more sedentary behaviours [38]. Further quantita-
tive evidence exploring the daily patterns of activity in 
children is needed to fully understand this potential shift. 
In contrast, for adults, while many social contextual cues 
were also removed during lockdowns, individual hab-
its of physical activity (e.g. running or cycling) may have 
been more readily adapted and maintained.

The temporal variation in children’s post-lockdown 
MVPA suggests that the observed recovery may be 
precarious. Not only has it taken nearly a year to fully 
recover, we note that the lowest levels of MVPA in 
children occurred when there was a high incidence of 

COVID-19 in the local area, including a dip in Febru-
rary/March coinciding with a COVID-19 outbreak in 
this age group. It is not possible to say if this is a causal 
association, but similar patterns have been observed else-
where [17] and conversations with school staff reported 
disruptions to physical activity provision as schools 
tried to manage infection rates. Provision may have 
been removed due to staff or pupil illness, or attendance 
reduced due to illness or in response to concerns about 
high case numbers. This finding suggests that the ‘recov-
ery’ may be susceptible to future COVID-19 outbreaks 
and/or reimposed restrictions, even if disruptions to 
provision are only temporary. More broadly, it suggests 
that changes to physical activity opportunities may have 
impacts on both physical activity and sedentary time that 
can last even when provision reverts to the original lev-
els. Thus, there is a need to think very carefully about any 
reductions in the provision for children’s physical activ-
ity and be mindful that such reductions may have longer 
term negative effects. There is therefore a need both to 
protect provision for children’s physical activity in any 

Fig. 6  Children’s MVPA and sedentary time modelled change over time with 95% confidence bands

MVPA = moderate-to-vigorous physical activity
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future outbreaks and to seek to maintain and enhance 
provision for the long-term physical activity of children 
and young people.

The importance of this finding may also apply more 
widely, for example to other respiratory illnesses such as 
colds and influenza on levels in the local area which may 
result in further longer-term implications for child physi-
cal activity. Similarly, this finding may have implications 
for the impact of the cost of living and energy crisis in the 
UK which may affect provision, for example due to cost, 
closure of facilities, staff retention or reduced attend-
ance. This suggests that special consideration of how to 
promote physical activity in the current uncertain eco-
nomic climate, or when there are high levels of (respira-
tory) illnesses, may be warranted. Equally, future studies 
may wish to examine the broader impact of community 

respiratory illnesses on levels of physical activity in chil-
dren and adults.

We observed gender differences in the way that the 
COVID-19 pandemic impacted on the physical activ-
ity of children, with boys more affected by the COVID-
19 lockdowns than girls, although our ability to draw 
firm conclusions is limited due to high variability in 
estimates. This could be due to changes in local provi-
sion, or it is possible that as boys are more active than 
girls [6, 7] they have been more affected by change. Pre-
vious studies have found both that boys’ activity was 
more affected than girls’ during lockdowns [12, 13] but 
also that they increased physical activity more once lock-
downs were over [22, 39, 40] and this is consistent with 
the overall patterns reported here. Further examination 
of this potential gender difference in other datasets and 

Fig. 7  Post-lockdown parents’ MVPA with pre-COVID-19 prediction for time of year, and COVID-19 cases

MVPA = moderate-to-vigorous physical activity Wave 1: June—December 2021 Wave 2: January – July 2022 COVID-19 cases are for 5–14 year olds in 
the Southwest region of the UK
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examination of any potential causes of this difference is 
warranted, to understand why boys’ physical activity 
has changed and if there is anything that could be learnt 
which may help girls to become more physically active.

It is important to consider the seasonality of effects when 
analysing physical activity data, especially when looking at 
the effect of the COVID-19 pandemic which itself varies 
over time. We found that seasonality was stronger in chil-
dren’s physical activity patterns compared to adults, and 
that models without adjustment for seasonality tended 
to overestimate the COVID-19 effect at the peaks and 
troughs, which tend to coincide with natural highs and 
lows of physical activity. This is because post-lockdown dif-
ferences are also seasonal, with larger differences at times 
of the year where physical activity is typically high or low, 
and so the seasonal models ascribe some of the COVID-
19 change over time to seasonal variation, potentially 

underestimating the peaks and troughs. In general, this 
complex interaction between COVID effects and season-
ality can cause both under and over-estimation, making it 
difficult to interpret COVID-19 differences. For example, 
a Canadian study [20] found that reported reduction in 
physical activity compared to pre-pandemic was largest 
during spring when restrictions were at their strictest, with 
very little difference in summer when restrictions were 
relaxed. However, the pre-COVID-19 comparison in that 
study was from the previous winter, a period when physi-
cal activity is traditionally at its lowest, and so the impact 
of even light restrictions may be underestimated. In con-
trast, a study in Wales [39] found that post-lockdown 
MVPA in May 2021 was 20 min higher than during lock-
down in February 2021, but as physical activity levels are 
typically higher in spring, this may be an overestimate. A 
recent meta-analysis of change in physical activity during 

Fig. 8  Post-lockdown parents’ sedentary time with pre-COVID-19 prediction for time of year, and COVID-19 cases

Wave 1: June—December 2021 Wave 2: January – July 2022 COVID-19 cases are for 5–14 year olds in the Southwest region of the UK
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the COVID-19 pandemic [14] does not include informa-
tion on what time of year data were collected, and thus the 
finding that longer study durations were associated with 
larger reductions could be due to confounding by time of 
year.

Strengths and limitations
The major strength of this study is the use of acceler-
ometer-measured physical activity, which took place in 
the same schools as the pre-pandemic comparator. This 
minimises any school-level variability which we have 
previously reported is an important, and often ignored, 
component of children’s physical activity research [41]. 
The study is also greatly strengthened by our modelling 
approach which has enabled us to take account of the 
temporal patterns in physical activity across the year. The 
modelling has also enabled us to examine change over 
time, thereby facilitating the exploration of complex pat-
terns rather than just using arbitrary time periods.

The key limitation of this study is the provision of only 
one year of data before the COVID-19 pandemic. This 
means that it is difficult to separate seasonality from 
post-lockdown change over time, although sensitivity 
analysis suggests that the impact of this is to over-smooth 
(that is, estimated temporal patterns are flatter than in 
truth), and that the true difference may be slightly larger 
at times of year where physical activity is typically lower. 
It is also important to highlight that although our data 
suggest there are likely to be differences in adaptations 
post-pandemic by gender and socio-economic position 
the sample is not powered to explicitly test for such dif-
ferences. Although there were some children who took 
part in the assessments during both Wave 1 and Wave 2 
this was not enough to examine longitudinal change over 
time (n = 128). Finally, Active-6 is a natural experiment 
which via necessity uses a before-after design, where the 
only available controls are historical. As such it is pos-
sible that differences may be due to other factors rather 

Fig. 9  Parents’ MVPA and sedentary time modelled change over time with 95% confidence bands

MVPA = moderate-to-vigorous physical activity
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than COVID-19, especially if these differ over time. Our 
analysis takes into account seasonal differences, but we 
cannot rule out longer-term secular changes, although 
pre-pandemic data have suggested that children’s MVPA 
is relatively stable over time. Differences could also be 
due to participant characteristics, such as activity levels, 
although we do adjust for differences in age, gender and 
socioeconomic position.

Implications
The main implication of this work is that despite the 
recovery to pre-pandemic levels, still only 41% per-
cent of children met the public health guidance, and 
children’s sedentary time remains higher than pre-
pandemic. We thus need to find new ways to increase 
children’s physical activity and manage sedentary 
behaviours. In addition, we need to identify how schools 
and wider aspects of the community can increase provi-
sion that children want to use, for example, increased 
opportunities for children to sample new activities and 
subsidisation of programs, and ensure this provision is 
robust to temporary disrputions. Similarly, we need to 
help families to develop strategies to manage sedentary 
behaviours. For parents, the findings suggest that many 
parents are more active than pre-pandemic comparators 
so we need to understand the causes of the difference 
between parents and their children and how that can be 
used to find new ways to promote physical activity.

Conclusions
The COVID-19 pandemic has affected children’s physi-
cal activity in both the short and longer term, with 
the effect changing over time. Levels of MVPA have 
returned to pre-pandemic levels after about a year 
since most restrictions were lifted, while sedentary 
time remains higher than before. However, this recov-
ery appears precarious and may be susceptible to future 
outbreaks of COVID-19 or other pandemics or changes 
in physical activity provision, and so robust measures to 
protect against future disruptions are needed. Further-
more, even with the recovery, many children are still 
inactive, with only 41% meeting UK physical activity 
guidelines, and so there is still a need to increase physi-
cal activity, especially amongst those who are typically 
less active. Further monitoring of physical activity pat-
terns is needed, as well as new approaches to increase 
children’s physical activity.
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