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Abstract: The prevalence of physical inactivity in youth during COVID-19 has varied across countries and 
depending on age of the youth and whether the data were collected during lockdown versus non-
lockdown. In studies that compared activity pre- and during COVID, activity decreased in 40-59% of youth. 
Several negative effects have been noted including excessive screen time, sleep problems, over-eating, 
and affective disturbances. Physical inactivity was a significant correlate of all of these problems. 
Relatively little intervention research has been conducted and underlying mechanisms have not been 
explored. As in most of the COVID-19 literature, this research has the limitations of being typically cross-
sectional and self-reported. 
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INTRODUCTION Research on physical activity in youth 
during COVID-19 is relatively sparse compared to the same 
literature on adults. In the literature search for this 
narrative review several terms were entered including 
physical activity, inactivity, exercise, and sedentary 
behavior in youth during COVID-19. This search yielded 52 
papers, but when exclusion criteria were considered 
including qualitative and case studies as well as papers in 
non-English, only 26 papers were included. The literature 
can be divided among the six areas of prevalence, effects 
or correlates, predictors or risk factors, intervention 
studies, and underlying mechanisms.  
  
PREVALENCE OF PHYSICAL INACTIVITY  The prevalence of 
physical inactivity among youth has varied by country, by 
lockdown versus non-lockdown, and by age. It has been 
referred to in the literature as physical activity, inactivity, 
and sedentary behavior. In a study from Ireland, physical 
activity decreased in 50% of 12 to 18-year-olds (N=1214) 
during a lockdown [1]. Physical activity increased in 20%, 
and 30% showed no change. Those who showed a 
decrease in physical activity were more frequently  

 
overweight or obese. Less physical activity was reported 
by those who also said they had less time and their 
workout club was closed. Greater activity was noted in 
those who said they had more time and were not in school. 
The reasons for less and more physical activity were both 
related to time. 
 

In a study from Pakistan (N=634 9 to 13-year-old 
youth), sufficient activity decreased from 69% before the 
pandemic to only 29% during the pandemic [2]. In this 
study, the West British children were more active than 
those of Pakistani heritage or other ethnicities (34% versus 
23% versus 23%). Those who were more active left home 
more frequently and for longer periods of time. Being 
sufficiently active was related to the frequency, duration, 
and type of activity as well as the distance from home 
where the activity took place. 
 

In a study from Gungzhou, China on primary, secondary, 
and high school youth (N=10,933, median age equals 13 
years), 50% engaged in less than 15 minutes of physical 
activity per day in light, moderate, or vigorous exercise and 
59% had a decrease in physical activity during the 
pandemic compared with before the pandemic [3]. Several 
correlates were noted including that 80% showed an 
increase in screen time and 81% of the students spent 
more than five hours on screen time per day. They also 
reported that sleep problems were experienced by 39% of  
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the sample. In a study from Switzerland on university 
students, 37% were not engaging in physical activity [4]. As 
another measure of activity, 36% were reportedly sitting 
more than eight hours per day, and 8% of the university 
students did not adhere to alcohol consumption 
recommendations. They also reported that sleep quality 
was not good in 45% of the students even though the 
median sleep time was eight hours per day.  
 

EFFECTS/CORRELATES OF PHYSICAL INACTIVITY Several 
effects or correlates have been noted for physical 
inactivity during COVID-19 including excessive sedentary 
time, increased screen time, and changes in sleep time, 
overeating, and overweight effects. In addition, significant 
changes in mood occurred, including increased anxiety, 
depression and negative mood. These are probably most 
accurately referred to as correlates given that direction of 
effects cannot be determined from these predominantly 
cross-sectional data. Physical inactivity and these other 
behaviors are likely to be reciprocal or bi-directional.  
 

SEDENTARY BEHAVIOR Sedentary behavior may be 
considered synonymous with physical inactivity. In a study 
on physical activity in adolescents from 49 middle schools 
in China (N=4898), moderate to vigorous physical activity 
occurred on average 23 minutes per day while sedentary 
behavior occurred 363 minutes per day, more than 15.7 
times the time spent on physical activity [5]. In a mixed 
linear regression, less physical activity was related to 
greater mood disturbance. In another study from China 
(N=10,000 youth), physical inactivity was related to 
increased sedentary behavior, screen time, and sleep time 
[6]. The reduction in moderate/vigorous intensity physical 
activity was also related to a decrease in leisure time and 
leisure-time walking. Similar data were reported in 
another study from China (N=10,082 high school and 
university students), suggesting that decreased activity 
was related to increased sedentary time, screen time, and 
sleep time [7]. 
 

INCREASED SCREEN TIME   Increased screen time is 
another obvious correlate of decreased physical activity in 
youth during COVID-19. In a study from Italy (N=41), the 
decrease in time spent in activity averaged 2.3 hours per 
week while the screen time increased 4.85 hours per day, 
suggesting that the increase in screen time was greater 
than the reduction in physical activity [8]. These changes 
were also correlated with an increase in sleep time by 0.65 
hours per day and an increase in unhealthy diet that  

included more snacks, red meat, and sugar drinks. Similar 
findings have been reported in other countries including 
a United States’ study from California in which children 
(N=64   9 to 15-year-olds) who engaged in less activity also 
engaged in more screen time and experienced more 
anxiety [9]. These data were derived from 24-hour 
physical activity recalls, and the State Anxiety Inventory for 
Children [10]. Children who engaged in greater physical 
activity also engaged in less screen time and experienced 
less anxiety. In a study from China (N=1687 among 12th 
graders), physical activity of 150 minutes duration each 
week was related to less screen time and less negative 
mood, as well as fewer conflicts with parents [11]. 
University students in Lithuania (N=230) also showed 
decreased activity during COVID-19 and increased Internet 
browsing and sleep duration [12].  
 

Similar correlations were noted in a study from Germany 
(N=1711, 4 to 17-year-olds) during a lockdown [13]. In this 
case, the increase in screen time accompanied a decrease 
in sports activity. And in a study from Pakistan (N= 225 high 
school and college adolescents) during lockdown, screen 
time was significantly negatively correlated with physical 
activity (-0.34) [14]. In a study from Greece (N=397) on 
children and parents across 63 municipalities, reduced 
physical activity was associated with both increased screen 
time and increased sleep duration [15]. 
 

INCREASED SLEEP TIME BUT DECREASED SLEEP QUALITY  
Decreased sleep quality has also been related to a 
reduction in physical activity. These relationships were 
reported for youth in China [6,7], Germany [13], Pakistan 
[14], and Italy [8]. In a study from Poland on 6 to 15-year-
olds (N=1016,) a comparison between physical activity 
from before the pandemic to during a lockdown showed a 
decrease in sleep quality associated with a decrease in 
physical activity [16].  In Switzerland, at least 45% of 
university students reported poor sleep quality, although 
the median sleep time was eight hours [4]. Decreased 
sleep quality is the most frequently noted correlate of 
reduced physical activity [4].  
 

Although sleep quality frequently decreased with reduced 
physical activity, sleep duration increased with reduced 
physical activity in the same studies. Negative correlations 
have been reported in the studies from China [6,7] and 
Pakistan [14], although the negative correlation was weak 
in the Pakistan study (r=-0.16). The study on university 
students from Lithuania also showed a relationship  
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between reduced physical activity and increased sleep 
duration [12]. In still another study on university students, 
a decrease in sleep duration occurred as physical activity 
decreased [17]. This combination in students from the US 
led to an increase in stress. 
 

DIETARY CHANGES, WEIGHT GAIN, OVERWEIGHT, AND 
OBESITY  Dietary changes related to reduced physical 
activity as well as weight gain, overweight, obesity or most 
typically a combination of these. In a sample of Europeans 
and Latin Americans (N=726 16-19-year-olds), for 
example, decreased physical activity was related to 
greater consumption of processed food during the 
pandemic [18]. These data were based on the 
International Physical Activity Questionnaire [19].  In the 
study from Italy already described, reduced physical 
activity was associated with an unhealthy diet including 
red meat, potato chips, and sugar drinks [8]. In contrast, in 
another study from Italy, exercise was related to a healthy 
diet of fruits, vegetables, and fish [20]. Fish consumption 
was significantly related to physical activity that occurred 
four times per week and a reduction in bodyweight in 
a study on children from Chile [21]. In that sample, body 
weight was correlated with consumption of fried foods 
and alcohol consumption was negatively related to 
physical activity. 
 

It is not surprising that across the pandemic, mean body 
mass index (BMI) increased [6]. For example, in a study 
from China, the researchers reported that mean BMI 
increased for everyone, and significant increases were 
noted for the prevalence of overweight (21-25%) and 
obesity (11-13%) [6]. 
 

In a study of 827 German university students, 27% gained 
weight but, surprisingly, 22% lost weight [22]. In this 
study, consumption of bakery products, pasta, meat, and 
snacks notably increased.  Less frequent cooking with fresh 
ingredients, more smoking, and more alcohol 
consumption were significant predictors of less physical 
activity. Surprisingly, in the study from Greece, an increase 
was noted in healthy food consumption and a decrease in 
unhealthy food consumption, although there was an 
increase in body weight in 35% of the children [15]. In a 
regression analysis, increased body weight was explained 
by the decreased physical activity and increased 
consumption of breakfast foods and snacks. 
 

 

NEGATIVE MOOD STATES Negative mood states have 
been associated with decreased physical activity, with 
excessive screen time and eating problems. For example, 
in China, negative moods were associated with physical 
activity of 150 minutes duration per week which, in turn, 
was related to increased screen time [11]. And, in research 
from Italy, exercise mediated the negative relationship 
between mood states and healthy diet (fruits, vegetables, 
and fish) [20]. Negative mood states as measured by the 
Profile of Mood States [23] have been associated with 
sedentary activity [5]. In the study from Pakistan, as many 
as 64% of high school and college age adolescents 
reputedly had “psychological disease” [14]. Psychological 
disease was negatively correlated with physical activity 
(r=0-.34) but also positively correlated with screen time 
and distress. And “mental health“ has  been positively 
correlated with physical activity in a review of studies on 
physical activity as it relates to mental health during 
COVID-19 [24]. 
 

In studies that focused on physical activity and anxiety, 
more physical activity was related to less anxiety as well as 
less sedentary time and leisure screen time [9]. In this 
study physical activity was measured as 24-hour recall and 
anxiety was measured by the State Anxiety Inventory for 
Children in 9 to 15-year-olds [9]. In a study from the US 
using the GAD-7 (Generalized Anxiety and Depression-7 
items) [25], and the PHQ-9 (Physical Health Questionnaire-
9 items) [26] for depression, both anxiety and depression 
were related to scores on the Pediatric Functional Activity 
Brief Scale [27,28]. Depression was correlated with less 
exercise in this study on US adolescent athletes, where 
74% of those who engaged in team sports experienced 
depression while 65% engaged in individual sports were 
depressed [28]. Interestingly, engaging in exercise with 
others outside was a significant buffer for depression in a 
Facebook survey during COVID-19 [29]. Thus, missing 
exercise with others has seemed to be a greater stressor 
and exercising with others has been a greater buffer during 
COVID-19. 

 

PREDICTORS/RISK FACTORS FOR PHYSICAL INACTIVITY 
Just as effects of inactivity have been arbitrarily labeled 
effects when they are probably correlates, predictors or 
risk factors could also be called correlates of inactivity. Just 
as negative mood states including depression have been 
identified as effects of inactivity, they may also be  
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correlates or causal factors. Some surprising 
demographics have also been considered risk factors, 
including neighborhood density and maternal education. 
 

NEIGHBORHOOD DENSITY In at least two studies on 
physical activity of youth during COVID-19, density of the 
neighborhood was a predictor for physical activity level. 
In a study from Germany (N=1711, 4-17-year-olds), 
increased physical activity during the first lockdown was 
greater in more densely populated areas [30]. In another 
physical activity study, greater activity was noted outside 
in low density neighborhoods, but also in high density 
neighborhoods with parks in Canada [31]. 
 

MATERNAL EDUCATION Another surprising predictor 
variable was mothers’ education. In a study on European 
and Latin American adolescents (N=720, 16 to 19-year-
olds), those whose mothers had more education were less 
active, especially in Latin America [18]. This finding is 
difficult to interpret, although it may relate to more family 
time being spent on the Internet and less time engaging in 
physical activity, consistent with several studies already 
described on the relationship between excessive screen 
time and reduced physical activity [32].  
 

NEGATIVE MOOD STATES   Negative mood states 
including depression have also been considered predictors 
of physical inactivity. In a study from the US, depression 
and physical inactivity were occurring more often for those 
engaging in team sports than individual sports, likely 
because team sports were not occurring during lockdowns 
[28]. In the study from Italy, exercise mediated the 
relationship between mood states and healthy diets [20]. 
Surprisingly, this is the only mediation model study that 
appeared on relationships between physical inactivity or 
exercise and other variables in this literature search on 
youth during COVID-19, even though mediation/ 
moderation model data analyses have become a popular 
form of analysis.  
 

In a study of children and youth from Canada (N= 1472, 5-
11 and 12-17-year-old youth who met 24-hour movement 
guidelines), several predictor variables were identified, 
highlighting the inter-relationships of physical activity with 
many factors [33]. Based on decision tree modeling to 
generate physical activity profiles, the predictors were 
increased screen time, income, increased outdoor sports, 
male gender, parents who were younger than 43-years-
old, and increased sleep duration. 

INTERVENTION FOR PHYSICAL INACTIVITY DURING 
COVID-19  Only two intervention studies could be found in 
the COVID-19 literature on physical activity in youth. This 
is not surprising because most of the literature derives 
from early in the pandemic and interventions typically 
require more time to develop. In a study from China, a 
peer-to-peer live-streaming intervention was provided for 
grade 7 students from 12 middle schools (N=896) [34]. The 
intervention group received health information that 
promoted exercise and the control group received health 
information without the exercise promotion [34]. In 
addition to a decrease in anxiety, a decrease in eyestrain 
occurred. The decreased eyestrain likely related to the 
students spending more time exercising than straining 
their eyes at their computers or on their cell phones. 
 

In another intervention study called the “Walking in School 
Study”, 12-to-14-year-old Irish students (N=281) were 
engaged in extra walking [35]. Surprisingly, there was no 
change in physical activity, social media use, or sleep 
quality, but motivation for exercise and health-related 
quality of life increased.   
 

POTENTIAL UNDERLYING MECHANISMS FOR PHYSICAL 
INACTIVITY EFFECTS Some potential underlying effects of 
physical activity/exercise have been suggested elsewhere 
[36]. In research comparing massage therapy and yoga, for 
example, similar effects were noted, suggesting that 
moving the skin increases vagal activity which in turn slows 
the nervous system (e.g., decreases heart rate and 
increases electroencephalograph theta waves associated 
with relaxation) [36]. The slowing of the nervous system is 
associated with reductions in anxiety, depression, and 
stress hormones (e.g. cortisol). The reduction in cortisol in 
turn results in enhanced immune function (e.g. increased 
natural killer cell number and natural killer cell activity that 
kill bacterial and viral cells). In addition, exercise has been 
found to increase serotonin, the body’s natural 
antidepressant and anti-pain neurotransmitter [36]. 
Future studies that measure the hormonal and immune 
effects of pandemic physical activity/exercise could inform 
prevention/intervention research.  
 

METHODOLOGICAL LIMITATIONS  Several methodological 
limitations can be noted for this literature, not unlike much 
of the other COVID-19 research that was planned and 
executed in a rapid fashion as the lockdowns were 
occurring. First, there is significant variability across the 
various cultures in terms of virtually every parameter of 
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the studies including time of the pandemic, lockdown 
versus non-lockdown, age of the participants, the 
measures and the data analyses. This variability is likely the 
reason that meta-analyses have not yet appeared in the 
literature on physical inactivity in youth during COVID-19.  
Variability is also characteristic of the baseline measures 
which barely exist because the start dates of the 
lockdowns were not anticipated by the researchers. These 
include baseline activity levels and their many covariates, 
for example, baseline weight, overweight, obesity, screen 
time, and mood states. Given that the timing of the 
pandemic and lockdowns was unpredictable, collecting 
baseline or longitudinal data was difficult or not possible, 
especially for anonymous surveys that constitute the bulk 
of this literature. For those reasons, very few studies are 
longitudinal, especially on measures that were collected 
pre-pandemic and during the pandemic. 
 

Furthermore, the surveys were subject to various types of 
biases including recall accuracy, social desirability ratings, 
and reporting by parents rather than the youth 
participants who may be less familiar with activity levels 
than the youth were themselves. Physical activity scales 
and mean daily activity levels have been used more 
frequently than 24-hour activity recordings and the World 
Health Organization standard for activity was rarely 
assessed or mentioned.  
 

In addition, several confounding variables for activity level 
may not be correctable by their inclusion as covariates, 
including screen time, diet/eating habits, and mood states, 
although they have been considered risk factors and 
effects of physical inactivity and were labeled correlates in 
this narrative review. Researchers frequently focused on 
similar variables but measured them in different ways as 
from a negative or a positive valence.  For example, activity 
was measured as positive as in hours of exercise or activity 
or negative as in being inactive or sedentary and diet as 
healthy versus unhealthy foods. And the predictor/risk 
variables are just as likely effects variables or vice versa 
given that many of the variables are reciprocal or bi-
directional.  
 

Despite these methodological limitations, this literature 
highlights the prevalence of physical inactivity and the 
correlates of physical inactivity in youth during COVID-19. 
It reveals the need for research on exercise intervention 
programs during pandemics like COVID-19. 
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