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Abstract

Background: COVID-19 is an extremely severe infectious disease. However, few studies have focused on the
epidemiological and clinical characteristics of pediatric COVID-19. This study conducted a retrospective review of
the epidemiological and clinical features of COVID-19 in children.

Methods: A retrospective study was conducted on children with a definite diagnosis of COVID-19 in mainland
China using the web crawler technique to collect anonymous COVID-19 updates published by local health
authorities.

Results: Three hundred forty-one children aged 4 days to 14 years with a median age of 7 years were included.
Sixty-six percent of pediatric patients were infected via family members with COVID-19. The median incubation
period was 9 days (interquartile range, 6 to 13). Asymptomatic cases accounted for 5.9%, of which 30% had
abnormal chest radiologic findings. A majority of pediatric COVID-19 cases showed mild to moderate clinical
features, and only a few developed severe or critical diseases (0.6% and 0.3%, respectively). Fever (77.9%) and cough
(32.4%) were the predominant presenting symptoms of pediatric COVID-19. The pediatric patients had fewer
underlying diseases and complications than adults. The treatment modalities for pediatric COVID-19 patients were
not as complex as those of adult COVID-19 patients. The overall prognosis of pediatric COVID-19 was benign with a
decent recovery. The median time from onset to cure was 16 days (interquartile range, 13 to 21).

Conclusions: Compared to adults, COVID-19 in children has distinct features of epidemiology and clinical
manifestations. The findings from this study might help to guide the development of measures to prevent and
treat this ongoing global pandemic.

Trial registration: Chinese Clinical Trial Registry (chictr.org.cn) identifier: ChiCTR2000030464.
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infected via close contact with non-family members diag-
nosed with COVID-19. Ninety-two patients (28.9%) had a
history of exposure in an epidemic area, including residence
in and around Wuhan or a recent trip to Wuhan or its
vicinity. Six (1.9%) children had an undefined history of
exposure since they had not taken any trips to epidemic
zones or had no contact with definitely diagnosed cases or
with individuals having a recent history of visiting Wuhan
or adjoining areas. Data were invalid for 23 (6.7%) children.
Eighty-five (25.2%) children had a defined incubation

time, which is the time frame from exposure to an infec-
tious source to the onset of symptoms (Table 1). The
median incubation period was 9 days (ranging 0 to 20
days), and the interquartile range was 6 to 13 days.

Clinical characteristics of pediatric COVID-19
Twenty of 341 (5.9%) children were asymptomatic (with
no overt clinical symptoms and negativity of SARS-CoV-2
virus infection by the nucleic acid test). Computed tomog-
raphy (CT) indicated that 6 (30%) patients among 20
asymptomatic children had abnormal chest radiograph
(Table 2). The disease severity was categorized according
to “Diagnosis and Treatment Protocol for 2019-nCoV” [9,
12]. Three hundred and eighteen patients were diagnosed
as mild (clinical symptoms without any imaging evidence
of pneumonia) or moderate (fever and respiratory tract
symptoms with imaging evidence of pneumonia) severity
accounting for 93.3% of all cases, 2 (0.6%) had severe (an
onset of respiratory distress with acute hypoxia) symp-
toms, and 1 (0.3%) was classified as critical case (an onset
of respiratory failure and shock) (Table 2).
One hundred and thirty-six had a detailed description

of clinical symptoms (Table 2). The symptoms that the
pediatric COVID-19 patients presented included fever
(77.9%) with body temperature ranging from 37.3 to

40 °C, cough (32.4%), lacrimation (4.4%), stuffy nose
(2.2%), sneezing (0.7%), sore throat (2.2%), dyspnea
(2.2%), nausea and vomiting (2.9%), diarrhea (4.4%), con-
junctivitis (0.7%), dizziness/headache/myalgia (2.2%), fa-
tigue (2.2%), and physical discomfort (2.2%) (Table 2).
Children with COVID-19 had fewer underlying dis-

eases (Table 2). Among the pediatric patients in our
study, two (1.5%) had concomitant congenital heart dis-
ease. Severe complications were also rare in the pediatric
patients recruited in our study, of whom 1 (0.7%) devel-
oped heart failure and 6 (4.4%) and 3 (2.2%) had the
signs of myocardial injury and liver injury, respectively
(Table 2). In the critical case that has been reported as a
case study, the complications included shock, acute kid-
ney injury, and acute respiratory distress syndrome [13].
Both symptomatic and asymptomatic children with

SARS-CoV-2 infection were hospitalized while asymptom-
atic patients may not require any therapy. For symptom-
atic patients with abnormal chest radiograph, therapeutic
management generally included supportive therapy and
antiviral treatment. As shown in Table 2, the study re-
trieved treatment information from 62 patients, in which
33 (53.2%) patients received antiviral therapy (lopinavir
and ritonavir tablets), 27 (43.5%) received traditional
Chinese medicine (Lianhua Qingwen capsules), 17 (27.4%)
received antibacterial therapy (azithromycin), 17 (27.4%)
received nutritional support therapy, 17 (27.4%) received
symptomatic treatment (e.g., fever reduction, cough relief,
myocardial nutrition, liver protection, diarrhea relief), 7
(11.3%) received interferon-α therapy, 4 (6.5%) received
oxygen therapy, 4 (6.5%) received immunoglobulin ther-
apy, and 2 (3.2%) received a psychological intervention.
The critically ill patient in this study received comprehen-
sive treatment including glucocorticoids and mechanical
ventilation [13].
The overall prognosis of children with COVID-19 was

benign with a decent recovery. There was no mortality
in this pool of pediatric COVID-19 (Table 2). In 218
cases including three children with severe or critical
clinical type, the median time from onset to cure was 16
days (ranging from 6 to 39), and the interquartile range
was 13 to 21 days.

Comparison of characteristics of pediatric COVID-19 with
adult COVID-19
As shown in Table 3, we compared the differences be-
tween pediatric COVID-19 and adult COVID-19.
Pediatric COVID-19 cases were mostly transmitted in
family clustering while adults can be infected in multiple
routes. It is worth noting that there may have been
maternal-fetal vertical transmission of SARS-CoV-2 in
newborns. The median and interquartile range of the in-
cubation period in pediatric COVID-19 were 9 days and
6–13 days, respectively; the median and interquartile

Table 1 Epidemiological characteristics of pediatric COVID-19
Classification Characteristic

Included patient number 341

Age, median (range) 7 years (4 days to 14 years)

Gender ratio

Male/female (%) 183/158 (1.2)

Exposure to the source of transmission No.%

Family members with COVID-19 210/318 (66%)

Non-family members with COVID-19 10/318 (3.1%)

History of exposure to epidemic area 92/318 (28.9%)

Indefinite history of exposure 6/318 (1.9%)

Data unavailable 23/341 (6.7%)

Incubation period (days) 85

Median (range) 9 (0–20)

Quartile (Q1–Q3) 6–13
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diagnosed with COVID-19 [17]. Irrespective of insuffi-
cient evidence of vertical transmission, there was defin-
itely a high neonatal risk of SARS-CoV-2 infection if a
mother contracted COVID-19. Furthermore, our study
indicates that the source of infection could not be traced
for some cases of pediatric COVID-19. The epidemio-
logical profiles of 1.9% of children included remain un-
known since they had never visited any epidemic zone,
contacted anyone from an epidemic zone, or been
around anyone with a definitive COVID-19 diagnosis.
That may add a new layer of complexity for the trans-
mission of COVID-19 in children and may highlight the

importance of strategies such as minimizing close con-
tact with strangers even for children.
Our study also demonstrates that the median and

interquartile range of the incubation period for pediatric
COVID-19 were 9 days and 6–13 days, compared to 4
days and 2–7 days for adults with COVID-19. This dif-
ference might be explained by the fact that children’s
immune system is far from mature and may respond to
pathogens differently to adults. Furthermore, younger
children, especially at pre-school age, may not clearly de-
scribe their own health conditions and contact history,
which could contribute to the delay in seeking medical

Table 3 Comparison of the characteristics of COVID-19 between children and adults
Classification Children Adults [5, 6, 14]

Exposure to
source of
transmission

Family cluster (may have maternal-fetal vertical
transmission)

Multiple ways (local residents of Wuhan, recently been
to Wuhan, contacted with people from Wuhan and wildlife)

Incubation period (days)

Median (range) 9 (0–20) 4 (0–24)

Quartile (Q1–Q3) 6–13 2–7

Clinical diagnosis

Asymptomatic 5.9% 1%

Abnormal
chest
radiograph

30% No data available

Mild/moderate 99.3% 81%

Severe 0.6% 14%

Critical 0.3% 5%

Clinical symptoms and signs

Fever 77.9% 43.1%

Cough 32.4% 67.7%

Other Lacrimation, stuffy nose, sneezing, sore throat, dyspnea,
nausea and vomiting, diarrhea, conjunctivitis, dizziness
and headache and myalgia, fatigue, body discomfort

Conjunctival congestion, nasal congestion, headache, sore
throat, dyspnea, sputum production, fatigue, hemoptysis,
shortness of breath, nausea or vomiting, diarrhea, myalgia
or arthralgia, chill, throat congestion, tonsil swelling,
enlargement of lymph nodes, rash

Coexisting
disorders

Congenital heart Hypertension, diabetes, coronary heart disease, hepatitis B
infection, chronic obstructive pulmonary disease, chronic
renal diseases, immunodeficiency, cancer, cerebrovascular
diseases, neurological manifestations

Complications Heart failure, myocardial injury, liver injury, acute
respiratory distress syndrome, shock, acute kidney
injury

Septic shock, acute respiratory distress syndrome, acute kidney
injury, acute cardiac injury, disseminated intravascular coagulation,
rhabdomyolysis, pneumonia, secondary infection

Treatment Symptomatic treatment, antiviral treatment, TCM,
antibiotic treatment, nutritional support therapy,
interferon therapy, immunoglobulin therapy,
glucocorticoid therapy, mechanical ventilation

Symptomatic treatment, antiviral treatment, antibiotic treatment,
antifungal medications, corticosteroids, immunoglobulin therapy,
TCM, interferon therapy, noninvasive ventilation, invasive mechanical
ventilation, extracorporeal membrane oxygenation (ECMO), continuous
renal replacement therapy (CRRT)

Clinical outcomes

Death 0 2.3%

Time from onset to cure (days)

Median (range) 16 (6–39) No data available

Quartile (Q1–Q3) 13–21 No data available
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Abstract: (1) Background: The novel coronavirus disease 2019 (COVID-19) is a global public health
emergency that has caused worldwide concern. Vast resources have been allocated to control the
pandemic and treat patients. However, little attention has been paid to the adverse impact on mental
health or e↵ective mitigation strategies to improve mental health. (2) Purpose: The aim of this study
was to assess the adverse impact of the COVID-19 outbreak on Chinese college students’ mental health,
understand the underlying mechanisms, and explore feasible mitigation strategies. (3) Methods:
During the peak time of the COVID-19 outbreak in China, we conducted longitudinal surveys of
sixty-six college students. Structured questionnaires collected information on demographics, physical
activity, negative emotions, sleep quality, and aggressiveness level. A mixed-e↵ect model was used to
evaluate associations between variables, and the mediating e↵ect of sleep quality was further explored.
A generalized additive model was used to determine the dose-response relationships between the
COVID-19 death count, physical activity, and negative emotions. (4) Results: The COVID-19 death
count showed a direct negative impact on general sleep quality (� = 1.37, 95% confidence interval
[95% CI]: 0.55, 2.19) and reduced aggressiveness (� = �6.57, 95% CI: �12.78, �0.36). In contrast,
the COVID-19 death count imposed not a direct but an indirect impact on general negative emotions
(indirect e↵ect (IE) = 0.81, p = 0.012), stress (IE = 0.40, p < 0.001), and anxiety (IE = 0.27, p = 0.004) with
sleep quality as a mediator. Moreover, physical activity directly alleviated general negative emotions
(� = �0.12, 95% CI: �0.22, �0.01), and the maximal mitigation e↵ect occurred when weekly physical
activity was about 2500 METs. (5) Conclusions: (a) The severity of the COVID-19 outbreak has an
indirect e↵ect on negative emotions by a↵ecting sleep quality. (b) A possible mitigation strategy for
improving mental health includes taking suitable amounts of daily physical activity and sleeping
well. (c) The COVID-19 outbreak has reduced people’s aggressiveness, probably by making people
realize the fragility and preciousness of life.

Keywords: coronavirus; mental health; sleep quality; physical activity; mitigation strategies

1. Introduction

The novel coronavirus disease 2019 (COVID-19) has swept across the world, causing a global
pandemic [1]. On 30 January 2020, the World Health Organization (WHO) declared COVID-19 an
international public health emergency. Until April 15, 2020, nearly 2 million confirmed COVID-19 cases,
including 123,010 deaths, have been reported worldwide. With respect to the COVID-19 outbreak
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Table 1. Demographic characteristics and health status of all participants at baseline.

Total Male Female p-Value

N 66 25 41
Age (Year), Mean (SD) 20.70 (2.11) 21.08 (1.94) 20.46 (2.19) 0.251
Ethnicity, n (%)
Han 61 (92.42%) 24 (96.00%) 37 (90.24%) 0.367
Minority 5 (7.58%) 1 (4.00%) 4 (9.76%)
Body Mass Index, Mean (SD)
BMI (kg/m2) 21.11 (2.92) 22.54 (2.56) 20.24 (2.80) 0.001
Residence, n (%)
City 51 (77.27%) 18 (72.00%) 33 (80.49%) 0.307
Countryside 15 (22.73%) 7 (28.00%) 8 (19.51%)
METs of Weekly PA, Mean (SD)
Vigorous PA 354.55 (613.41) 715.20 (785.62) 134.63 (367.78) <0.001
Moderate PA 250.30 (374.19) 252.00 (301.66) 249.27 (415.84) 0.977
Light PA 327.50 (312.91) 462.00 (370.67) 245.49 (241.80) 0.005
Total PA 932.35 (881.69) 1429.200 (835.56) 629.390 (772.00) <0.001
Sedentary Behavior, Mean (SD)
Total minutes of weekly sedentariness 2881.06 (1086.27) 2830.40 (1351.02) 2911.95 (905.38) 0.770
Physical Activity Level, n (%)
Sedentary 10 (15.15%) 2 (8.00%) 8 (19.51%) 0.002
Low 19 (28.79%) 2 (8.00%) 17 (41.46%)
Moderate 29 (43.94%) 15 (60.00%) 14 (34.15%)
High 8 (12.12%) 6 (24.00%) 2 (4.88%)
PSQI Level, n (%)
Healthy (global PSQI  5) 38 (57.58%) 14 (56.00%) 24 (58.54%) 0.520
Unhealthy (global PSQI > 5) 28 (42.42%) 11 (44.00%) 17 (41.46%)
Attitudes Towards COVID-19, n (%)
Worried or very concerned 56 (84.85%) 21 (84.00%) 35 (85.40%) 0.572
Not very worried or no care 10 (15.15%) 4 (16.00%) 6 (14.60)
Stress Level, n (%)
normal 47 (71.21%) 20 (80.00%) 27 (65.85%) 0.171
abnormal 19 (28.79%) 5 (20.00%) 14 (34.15%)
Anxiety Level, n (%)
normal 36 (54.55%) 17 (68.00%) 19 (46.34%) 0.072
abnormal 30 (45.45%) 8 (32.00%) 22 (53.66%)
Depression Level, n (%)
normal 51 (77.27%) 21 (84.00%) 30 (73.17%) 0.240
abnormal 15 (22.73%) 4 (16.00%) 11 (26.83%)

Note: N means the number of participants who participated in this study. n indicates the number of people who
met a certain characteristic of demographic variable or health status. SD means standard deviation.

3.2. Epidemic Trends of the COVID-19 in China from January 23 to March 20, 2020

Figure 1 shows the development trend of the COVID-19 pandemic in China from January 23 to
March 20, 2020 for the cumulative numbers of cases of confirmed, suspected, and cured patients and of
deaths. The numbers of cumulatively confirmed cases and deaths continued to climb for two months,
with a sharp increase in the number of cumulatively confirmed cases in the first month. During the
period of repeated online surveys, from February 19 to March 20, 2020, the severity of COVID-19
continued to increase and gradually reached its peak.
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Figure 4. Relationship between COVID-19 deaths, physical activity and negative emotions,
and aggressiveness. Note: The subgraph of (a–d) indicates the relationship between the COVID-19
and global negative emotions, the COVID-19 and aggressiveness, physical activity and global negative
emotions, physical activity and depression, respectively. Splines for either the COVID-19 death
count or energy expenditure in MET-minutes per week (METs) of physical activity were entered
into a mixed-e↵ect model with random e↵ects on individuals. Dashed lines indicate 95% confidence
intervals. The global DASS score ranges from 0 to 63, where a larger value means increased negative
emotions; depression scores range from 0 to 21, with larger values indicating more depressive emotions;
and aggressiveness scores range from 22 to 110, with larger values indicating more potentially
aggressive behaviour.

4. Discussion

The focus of this longitudinal study is twofold: (1) To investigate the impact of the COVID-19
severity on Chinese college students’ mental health and life status and explore the underlying
mechanisms of this e↵ect during the peak time of the COVID-19, from February 19 to March 20, 2020;
and (2) to assess the mitigation e↵ects of exercise on negative emotions and advance a suitable physical
activity level as a psychological intervention strategy to improve mental health. Our findings suggest
that the severity of the COVID-19 outbreak could significantly increase people’s negative emotions
through declining sleep quality. In additional, maintaining regular exercise was helpful to alleviate
negative emotions, and 2500 METs of PA every week was the optimal load.
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Impact of the COVID-19 virus outbreak on
movement and play behaviours of
Canadian children and youth: a national
survey
Sarah A. Moore1,2, Guy Faulkner3, Ryan E. Rhodes4, Mariana Brussoni5,6, Tala Chulak-Bozzer7, Leah J. Ferguson8,
Raktim Mitra9, Norm O’Reilly10, John C. Spence11, Leigh M. Vanderloo7,12 and Mark S. Tremblay13,14*

Abstract

Background: Healthy childhood development is fostered through sufficient physical activity (PA; including time
outdoors), limiting sedentary behaviours (SB), and adequate sleep; collectively known as movement behaviours.
Though the COVID-19 virus outbreak has changed the daily lives of children and youth, it is unknown to what
extent related restrictions may compromise the ability to play and meet movement behaviour recommendations.
This secondary data analysis examined the immediate impacts of COVID-19 restrictions on movement and play
behaviours in children and youth.

Methods: A national sample of Canadian parents (n = 1472) of children (5–11 years) or youth (12–17 years) (54%
girls) completed an online survey that assessed immediate changes in child movement and play behaviours during
the COVID-19 outbreak. Behaviours included PA and play, SB, and sleep. Family demographics and parental factors
that may influence movement behaviours were assessed. Correlations between behaviours and demographic and
parental factors were determined. For open-ended questions, word frequency distributions were reported.

Results: Only 4.8% (2.8% girls, 6.5% boys) of children and 0.6% (0.8% girls, 0.5% boys) of youth were meeting
combined movement behaviour guidelines during COVID-19 restrictions. Children and youth had lower PA levels,
less outside time, higher SB (including leisure screen time), and more sleep during the outbreak. Parental
encouragement and support, parental engagement in PA, and family dog ownership were positively associated
with healthy movement behaviours. Although families spent less time in PA and more time in SB, several parents
reported adopting new hobbies or accessing new resources.

Conclusions: This study provides evidence of immediate collateral consequences of the COVID-19 outbreak,
demonstrating an adverse impact on the movement and play behaviours of Canadian children and youth. These
findings can guide efforts to preserve and promote child health during the COVID-19 outbreak and crisis recovery
period, and to inform strategies to mitigate potential harm during future pandemics.

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, 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://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.
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education exercises, treadmill). The top three increased
outside activities were biking (6.1%), walking or hiking
(5.5%) and sport activities (3.5%; e.g., badminton, basket-
ball on driveway, road hockey). New family hobbies as a
result of the COVID-19 outbreak were also reported
(273 responses), with the most common new activities
including puzzles and games (7.1%), arts and crafts
(4.4%), and physical activity (1.0%). Among respondents,
16.4% reported using online resources or apps to sup-
port healthy movement behaviours. Complete details of
open-ended questions are provided in Additional File 3.

Discussion
The purpose of this study was to assess the immediate
changes in physical activity, play, sedentary behaviours,
leisure screen time, and sleep in school-aged children
and youth across Canada during the initial period of the
COVID-19 crisis. We found that children and youth
were less active, played outside less, were more

sedentary, engaged in more recreational screen-based ac-
tivities, and slept more during the initial COVID-19
virus outbreak compared with before the restrictions.
We observed commonly found gender and age group re-
lated differences [22]. In general, girls were less active
than boys and youth (12–17 years) were less active than
children (5–11 years). Girls engaged in more social
media use and slept more than boys. The largest re-
ported change in behaviours related to leisure screen-
based activities, where children and youth were watching
upwards of 6.5 h per day. On average, younger children
experienced less change from their pre-COVID-19
movement behaviours compared with older children.
These findings are the first to confirm speculations that
pandemic-related restrictions are unfavourably related to
movement behaviours of children and youth [13, 23].
This observation has triangulated support from quantita-
tive (descriptive and correlational) and qualitative (con-
textual) evidence.

Table 3 Summary of the movement and play behaviours in children and youth during the COVID-19 virus outbreak
Children Youth

Total (n = 690) Girls (n = 321) Boys (n = 369) Total (n = 774) Girls (n = 368) Boys (n = 406)

Current child health behaviours, M (SD)

MVPA ≥60 min (days/week) 3.55 (2.33) 3.35a (2.26) 3.73a (2.38) 2.59 (2.33) 2.60 (2.28) 2.57 (2.38)

Sleep (hours/day) 9.19 (2.33) 9.28 (2.18) 9.12 (2.45) 9.01 (2.30) 9.10 (2.10) 8.93 (2.46)

Screen time (hours/day) 5.14 (3.54) 5.06 (3.26) 5.21 (3.78) 6.53 (3.31) 6.31a (3.21) 6.72a (3.39)

Proportion of children meeting guidelines (%)

MVPA 23.8 19.0a 27.9ga 13.2 11.4 14.8

Sleep† 69.9 72.6 67.5 72.1 73.6 70.7

Screen time 16.5 16.2a 16.8a 6.6 7.9 5.4

24 h combined 4.8 2.8 6.5ga 0.6 0.8 0.5

Change in child movement and play behaviours during COVID-19 outbreak, M (SD)a

Walks or bikes in neighbourhood 2.57 (1.35) 2.54a (1.36) 2.61a (1.34) 2.19 (1.20) 2.24 (1.24) 2.15 (1.17)

Physical activity or sport outside 2.28 (1.22) 2.26a (1.25) 2.30a (1.20) 1.96 (1.13) 1.93 (1.11) 1.99 (1.15)

Physical activity or sport inside 2.94 (1.15) 3.01a (1.19) 2.88a (1.11) 2.59 (1.21) 2.64 (1.55) 2.55 (1.15)

Household chores 3.35 (0.80) 3.38 (0.83) 3.33 (0.78) 3.29 (0.84) 3.33 (0.81) 3.25 (0.86)

Plays outside 2.58 (1.31) 2.57a (1.30) 2.59a (1.31) 2.24 (1.08) 2.20 (1.03) 2.27 (1.13)

Plays inside 3.85 (1.00) 3.86a (1.02) 3.84a (0.99) 3.60 (1.00) 3.58 (0.97) 3.62 (1.03)

Watches television (TV) or screens 4.10 (0.87) 4.10 (0.92) 4.11 (0.84) 4.21 (0.92) 4.21 (0.91) 4.21 (0.93)

Uses social media 3.30 (0.89) 3.46g (0.91) 3.16 (0.85) 3.78 (0.94) 3.97ag (0.86) 3.62a (0.97)

Sleep quantity 3.21 (0.70) 3.30g (0.70) 3.14 (0.69) 3.63 (0.84) 3.74ag (0.78) 3.53a (0.88)

Sleep quality 3.05 (0.66) 3.05 (0.68) 3.05 (0.65) 3.04 (0.73) 3.05 (0.71) 3.02 (0.75)

Overall healthy movement behaviours 2.66 (0.83) 2.68a (0.81) 2.65a (0.84) 2.44 (0.90) 2.49 (0.91) 2.38 (0.89)

Overall time spent outside 2.38 (1.26) 2.35a (1.25) 2.41a (1.28) 2.08 (1.15) 2.05 (1.13) 2.11 (1.17)

Family time in physical activity 2.72 (1.16) 2.70 (1.17) 2.74 (1.16) 2.57 (1.11) 2.58 (1.06) 2.56 (1.15)

Family time in sedentary behaviours 3.87 (0.81) 3.90 (0.83) 3.85 (0.79) 3.88 (0.88) 3.94 (0.82) 3.83 (0.93)

MVPA Moderate to vigorous physical activity; a = significant age effect. g = significant gender effect; † = for sleep, the column ‘children’ age is 5–13 years and
‘youth’ age is 14–17 years as per the 24-h sleep guidelines
aRange from 1 to 5, 3 represents no change (see Table 1 for details)
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The prevalence of children and youth meeting the
Canadian 24-Hour Movement Behaviour Guidelines [3]
was much lower in this sample (2.6%, Table 2) compared
to other national samples collected before the COVID-
19 outbreak. For example, based on similar data collec-
tion methods, Rhodes et al. (2019) reported 12.7% of
Canadian 5–17 year-olds met the guideline [5]. Using
more robust measures, including accelerometer-
measured physical activity, Carson et al. (2017) reported
17.1% Canadian children and youth (5–17 years) met the
overall guidelines [1]. An international sample of 9–11
year-old children from 12 countries reported an average
of 7.2% (Canada 14.0%) meeting the guidelines in 2016
before the COVID-19 virus outbreak [24]. These com-
parisons suggest a dramatic reduction in the proportion
of Canadian children and youth meeting these guidelines
during the COVID-19 outbreak.
The reported reduction in outdoor play may contrib-

ute to or even exacerbate the decline reported in phys-
ical activity. Correlations between moderate-to-vigorous

(r = 0.34; p < 0.01) and light physical activity (r = 0.28;
p < 0.01) and changes in outdoor time supports this
point. Spending time outdoors is associated with greater
physical activity, less sedentary time, improved sleep,
and a number of other benefits (e.g., mental health, im-
mune function) [6, 7]. Active play indoors does not seem
to replace active play outdoors resulting in a net decline
in reported play-based activity. To prevent the unin-
tended unhealthy behaviour consequences of COVID-19
restrictions and ‘stay home’ advice, health promotion
messaging needs to be balanced with disease prevention
messaging [25]. With attentive and responsible spatial
and temporal distancing a healthy marriage of “stay
home” and “get outside and play” is achievable.
We identified several factors that helped to support

physical activity, outdoor play, and sleep, and reduce
time spent in screen-based and other sedentary behav-
iours. This highlights that the impact of the pandemic
has not been uniform for all Canadian children and
youth. Living in a detached house, being a younger

Fig. 1 Forest plot of parent-reported changes in 24-h movement behaviours of Canadian children and youth. Forest plot of parent-reported
changes in 24-h movement behaviours of Canadian children and youth (5–17 years) based on responses to a 5-point scale ranging from “a lot
less” (scored 1) to “about the same” (scored 3) to “a lot more” (scored 5). PA = physical activity. See Table 1 and Additional File 1 for more details
on the questions and response options. Data points are means with standard error bars (generally too small to be seen)
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parent, and owning a dog were all favourably associated
with healthy movement behaviours. Children living in a
house versus an apartment may have easier access to
front or back yards for outdoor play and physical activity
[26]. The largest associations were noted with parental
encouragement for and engagement in healthy move-
ment behaviours. Similar to previous research [5, 19,
27], we found that parent support was a key correlate of
children and youth movement behaviours. The most sig-
nificant relationship was parental co-participation [27].
Although parents and their children are undoubtedly ex-
periencing higher stress during the COVID-19 outbreak
[28], promoting physical activity and outdoor play by
targeting co-participation, while respecting public health
restrictions, may be one strategy to enhance health be-
haviours of children and youth [28, 29]. The associations
observed with parental age are consistent with typical
age-related declines in physical activity [29]. Finally,
families who had a dog had higher physical activity and
outdoor time. A recent systematic review also showed

that dog-related interventions increased physical activity
[30].
There are emerging calls bringing attention to the

likely impact of the global pandemic on the movement
behaviours of adults, children and youth [31, 32]. Our
findings describe some of the ways Canadian parents are
adapting to this challenge. In the open-ended questions,
respondents of this survey identified several creative
ways that they were using their leisure-time to develop
or renew new family hobbies. Families are reconnecting
through leisure, though primarily sedentary leisure activ-
ities. Carving out time for family leisure and starting
new hobbies and activities may be helpful strategies to
reduce the mental health challenges (e.g., depression,
anxiety) that are being exacerbated by lockdown condi-
tions [33, 34]. Where possible, families should consider
substituting sedentary leisure for more active leisure
pursuits. A recent review of reviews demonstrated that
increased physical activity was associated with decreased
depressive symptoms in children and youth [35] and

Table 4 Associations between perceived changes in movement behaviours and demographic, social, and environmental factors
Outside
physical
activity

Walking
and
biking

Outside
play

Overall
time
outdoors

Inside
physical
activity

Household
chores

Inside
play

Family
physical
activity

Family
sedentary
behaviour

Screen
time

Social
media

Sleep Sleep
quality

Parent’s age −0.11* −0.11* −0.16* −0.14* −0.10* −0.02 −0.07* −0.11* −0.01 0.04 −0.13* 0.12* −0.07

Parent’s gender
(1 = M; 2 = F)

−0.01 0.00 0.04 0.02 −0.02 0.06 0.08* 0.03 0.05 0.08* 0.08* 0.07* 0.01

Parent’s
education

− 0.05 0.02 − 0.06 − 0.07* − 0.01 − 0.01 0.02 − 0.05 0.09* 0.03 0.09* −
0.01

0.03

Parent’s work
status
(1 = U; 2 = E)

0.02 0.04 0.01 0.03 0.02 −0.02 − 0.02 0.04 0.03 −0.03 0.03 0.01 0.04

Household
income

0.03 0.13* 0.11* 0.05 0.01 0.07* −0.03 0.04 0.07* 0.04 0.11* 0.01 0.02

Marital statusa 0.06 0.06 0.11* 0.08* 0.05 0.10* 0.01 0.08* −0.02 −0.05 −0.06 −
0.05

0.05

Household
typeb

0.12* 0.13* 0.18* 0.14* −0.01 0.09* −0.09* 0.09* 0.01 0.01 0.04 −0.04 −0.03

Dog ownership
(1 = no; 2 = yes)

0.07* 0.03 0.11* 0.10* 0.00 0.09* −0.10* 0.06 −0.02 − 0.01 0.09* 0.07* 0.02

Parent
encourages
physical activity

0.17* 0.12* 0.14* 0.13* 0.12* 0.08* −0.02 0.24* 0.05 0.07* 0.04 0.10* 0.07*

Parent
participates in
physical activity

0.32* 0.32* 0.39* 0.39* 0.14* 0.18* −0.10* 0.44* 0.04 −0.02 0.00 −0.02 0.04

Parent
supports
physical activity

0.14* 0.10* 0.12* 0.15* 0.09* −0.01 −0.10* 0.13* −0.10 − 0.07* −0.03 −
0.03

−0.02

Parent
discourages
screen time

−0.06 −0.05 − 0.01 −0.06 0.00 0.08* 0.11* 0.00 0.06 0.13* 0.09* 0.09* 0.00

Parent
encourages
sleep

0.00 −0.03 −0.07* −0.04 0.05 0.09* 0.13* −0.01 0.07* 0.06 0.04 0.16* 0.15*

* = p < 0.01; M Male, F Female, U Unemployed, E Employed, aMarital status, 1 = single, 2 = cohabited; bHousehold type, 1 = other, 2 = detached house
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Conclusioni

• Durante il periodo di quarantena i ragazzi hanno sensibilmente diminuito il 
livello di attività fisica

• L’attività all’aperto è stata parzialmente sostituita con attività indoor
• Le attività a basso impegno energetico sono aumentate in modo 

importante
• Le attività svolte con i famigliari sono state prevalentemente a basso 

impatto energetico
• I comportamenti di tipo sedentario sono aumentati in modo sensibile


