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Abstract

Purpose Regular physical activity is a good strategy to maintain the health of athletes, and prevent pain and decreased joint
flexibility during the pandemic. On the other hand, higher sedentary time during the pandemic period can have deleterious
effects. The objective of this study was to compare physical activity levels, sedentary time, and sleep parameters during the
pre-COVID period and the COVID-19 pandemic period in young badminton athletes.

Methods Fifteen young badminton athletes were evaluated during a pre-COVID period (July 2019) and during the COVID-
19 period (July 2020). Sleep parameters, physical activity level, and sedentary time were measured using a tri-axial accel-
erometer. Participants wore the accelerometer on their dominant wrist for 7 days consecutively. In addition, the average of
each sleep parameter [time in bed and total sleep time in hours per day, sleep efficiency (%), wake after sleep onset (WASO,
total per day), and sleep latency (minutes per day)] was reported over the 7-day period.

Results Athletes presented increased sedentary time (pre-COVID=7.0+ 1.1 vs.COVID-19=8.9+ 1.9 h/day, p =0.004,
d=1.30) and significant decreases in the total PA observed in counts per day (pre-COVID=2,967,064.4 + 671,544.1 vs.
COVID-19=1,868,210.2 +449,768.4 counts/day, p=0.001, d=1.99), time in vigorous PA (pre-COVID=7.7+0.9 vs.
COVID-19=6.1+1.2 h/day, p=0.001, d=1.56), and time in moderate-to-vigorous PA (pre-COVID =8.1+0.9 vs. COVID-
19=6.5+ 1.3 h/day, p=0.001, d=1.48). There were no significant differences for time in light and moderate PA or in sleep
parameters (p > 0.05).

Conclusion Young badminton athletes presented increased sedentary time, and decreased total physical activity, time in
MVPA, and time in vigorous activities during the COVID-19 pandemic compared to the pre-COVID period, however, there
were no significant differences in sleep parameters.
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tion (WHO) [1] recommendations of physical activity (PA)
for health (150 min a week of moderate—vigorous PA or
75 min a week of vigorous—very vigorous PA), since they
often perform high-intensity daily training routines, this
routine represents only part of the athlete’s day, with two-
thirds of the day being composed of low-intensity activities
or sedentary time (ST) [2]. Sedentary behaviors (SB) are
conceptualized as activities with energy expenditure <1.5
metabolic equivalents (MET), such as watching television,
using a computer or smartphone, and playing video games
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[3], SB are associated with impaired glucose metabolism [4],
cardiovascular diseases and mortality [5], and low physical
fitness [6]. Weiler et al.[7] verified that 79% of the daily
routine of English first division professional football players
was characterized by SB. Sperlich et al. [5S] demonstrated
that rowers of the German elite, despite complying with the
time recommendations for moderate—vigorous PA, remained
in SB for more than 11.5 h a day. Thus, although highly
trained athletes accomplish the moderate-to-vigorous PA
recommendations, they present an amount of SB similar to
individuals who do not meet the recommendations.

In addition, the COVID-19 pandemic, described as an
acute respiratory syndrome caused by coronavirus 2, has
restricted PA and increased SB in people of all ages [8],
especially due to the necessity of social isolation and, in
some cases, lockdown, the principal strategy adopted to
decrease contamination [9, 10]. In fact, 2 meta-analysis with
more than 90,000 subjects, showed a decrease in PA and an
increase in SB [11, 12] during social isolation and lockdown
periods around the world. Highly trained athletes need to
adapt, or in some cases stop, their regular training sessions
and competitive routine for several weeks—which is likely
to decrease their strength and endurance performance after
detraining [13], inducing possible degeneration of all the
structures of a joint [14], during social isolation for COVID-
19, which can change their habitual PA and SB, and lead
to lower sleep quality [15]. In non-athlete populations, the
association of a reduction in PA [16-18] and increased SB
[19] with lower sleep quality is well accepted.

Sleep quality has huge importance, since it enables main-
tained alertness, contributes to a shorter reaction time, and
improves mood and physical fitness [20]. Lastella et al. [21]
demonstrated that, in professional soccer players, sleep qual-
ity after a match is worse than after a training day, and that
a trip to compete in another country can impair the quality
and quantity of sleep; therefore, sleep quality and quantity
seem to be influenced by environmental changes. Differ-
ences between sports disciplines such as triathlon, volley-
ball, and soccer [22] can affect the sleep quality of athletes.
In addition, the form of stimulus (which has been impacted
during the pandemic), such as high-intensity interval train-
ing or small-sided game training [23], can also affect the
sleep quality of athletes. Therefore, the training and sleep
quality of athletes are known to be complex issues [23, 24],
and comparing the pandemic period with the period prior to
the pandemic is relevant in badminton athletes.

There are no studies in the literature that investigate the
impact of the COVID-19 pandemic (no pandemic period vs
pandemic period) using an objective measure of PA, ST, and
sleep parameters in young trained athletes. In this way, the
current study aimed to compare the levels of habitual PA,
ST, and sleep quantity and quality of badminton athletes
during the COVID-19 pandemic period and no pandemic
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period (1 year before the pandemic) when they were training
regularly for the main competition of that year. We hypoth-
esized that athletes during the COVID-19 pandemic period
would show worse sleep parameters and PA levels, as well
as higher ST, compared to the no pandemic period.

Methods
Subjects

The sample consisted of 15 young badminton athletes
recruited for convenience through contact with coaches
of the Brazilian Badminton Confederation, nine women
(age=18.5+2.6 years), and 6 men (age=18.7 + 1.8 years),
according to the characteristics shown in Table 1. The inclu-
sion criteria in the study were: being over 15 years old at the
date of collection; not presenting injuries during the evalua-
tion period; performing the daily training routine during the
evaluation week; and signing the informed consent form.
Athletes were excluded if they did not wear the accelerom-
eter appropriately.

All athletes had at least 2 years of experience in badmin-
ton and participated in national and international competi-
tions. The assessments were performed in 16 athletes during
a pre-COVID period (June 2019) when they were training
consistently (5-6 times a week, about 3 h a day), 2 weeks
before the Brazilian Badminton championship, which was
the main competition for these athletes in that year. Twelve
months later, during the COVID-19 pandemic (June 2020),
15 athletes were re-evaluated. The one dropout was due to
an athlete who missed the assessment during the pandemic.

According to the state laws during the pandemic, Bra-
zilian citizens and athletes are required to adhere to local
laws and social isolation. Athletes needed to stop their regu-
lar training routine in March 2020, thus, at the time of this
study, they had not participated in their regular routine for
three months. During the pandemic, athletes were encour-
aged by coaches to train individually at home to keep them-
selves fit and healthy, focusing only on physical capabilities,
such as flexibility, aerobic capacity, and agility, and not on

Table 1 Characteristics of the athletes

Variables Total (n=15) Male (n=6) Female (n=9)
Height (cm) 167.5+8.4 175.5+4.6 163.1+6.5*
Body weight (kg) 63.5+8.0 69.5+5.9 60.1+7.2%
BMI (kg/m?) 22.6+1.7 22.6+23 225+14
Badminton experience 83+2.7 9.0+1.8 79+3.1

)

BMI body mass index. Values are mean + standard deviation. * =sig-
nificant difference between sexes
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technical or tactical training. The couches used video classes
three times a week for about 60 min per day to guide their
athletes and motivate them.

All participants or parents (when age < 18 years) signed
a consent form and were informed about the purpose of the
study. Protocols were developed according to the Declaration
of Helsinki and approved by the Research Ethics Commit-
tee at the Federal University of Piaui (protocol: 2.552.506).

Procedures
Accelerometer

Habitual physical activity levels and sedentary time
assessment

Actigraph GT3X + accelerometers (ActiGraph, Pensacola
FL, United States) were used to monitor physical activ-
ity and sleep [25]. Participants were encouraged to wear
the accelerometer on their dominant wrist for 7 consecu-
tive days, removing it only during showering or swimming.
The minimum accelerometer data considered acceptable for
analytical purposes were at least 4 days (3 weekdays and 1
weekend day), with a minimum of 10 h per day. Wear time
for PA and ST excluded sleep time, as well as periods for
which the activity monitor was removed (non-wear time).
Data were collected at a sampling rate of 100 Hz, down-
loaded as raw data and processed as 10-s epochs. The total
counts were recorded and the following cut-points were
established: between 0 and 275 counts per 5 s, as sedentary
time, from 276 to 415 counts per 5 s as light PA, from 416
to 777 counts per 5 s as moderate PA, >778 counts per 5 s
as vigorous PA, and > 416 counts per 5 s as moderate-to-
vigorous PA (MVPA), according to Crouter et al. [26] for
analyzing dominant wrist accelerometer data in young peo-
ple, since to our knowledge, there are no specific cut-points
for badminton players.

Sleep parameters

Participants were encouraged to wear the accelerometer on
their dominant wrist for 7 consecutive days and free-living
sleep was analyzed by 1-min counts. The devices contain
motion-sensitive accelerometers which have been previ-
ously validated for objective sleep measurement [27] and
have been used consistently to monitor sleep in athletes [21,
28, 29]. Rest and sleep periods were automatically identified
using the Actilife software from Actigraph (Pensacola, FL,
USA) (version 6.13.0.), as well as through a hand-written
sleep diary that each subject kept to record the time in bed
and out of bed. The following parameters were reported for
each sleep event over the 7-day period using the Actilife

software: sleep efficiency (%), time in bed and sleep time
in hours per day, wake after sleep onset (total per day), and
sleep latency (minutes per day). Total sleep time (hours)
and sleep efficiency (ratio of sleep time to total time in
bed x 100; %) were determined for every night using the
Cole—Kripke automatic sleep/wake identification algorithm,
where sleep is classified based on activity levels and a sleep/
wake calculation.

Anthropometric assessment

Body mass was measured using an electronic scale (Filizola
PL 50, Filizola Ltda, Brazil), with an accuracy of 0.1 kg and
a maximum capacity of 150 kg, and stature was measured
using a fixed stadiometer of the Sanny brand (Sanny, Sao
Paulo, Brazil), with an accuracy of 0.1 cm and a maximum
extension of two meters. The athletes remained barefoot,
wearing light clothing, and standing at the base of the sta-
diometer, with their backs to the machine, touching their
shoulder blades, buttocks, and heels to the equipment’s ver-
tical support. The body mass index (BMI) was calculated
using [BMI=body mass (kg)/stature (mz)].

Statistical analysis

The Shapiro—Wilk test was used to verify the normality of
the data set and the data are shown as mean and standard
deviation or median and interquartile range. The paired t
test was conducted to compare parametric variables between
the pre-COVID and COVID-19 periods and the Wilcoxon
test was applied when data presented non-parametric dis-
tribution. The effect size was calculated via Cohen’s d,
whereby a value of >0.20 was considered small, > 0.50
moderate, and > 0.80 large, and the 95% Confidence Inter-
vals are reported (95% CI). Statistical significance was set at
p <0.05. The data were analyzed using the Statistical Pack-
age for Social Sciences 17.0 (SPSS Inc. Chicago. IL. USA).

Results

Table 1 shows the characteristics of the athletes, accord-
ing to sex. Males presented greater height (p =0.003) and
body weight (p =0.028) than females, however, there was
no significant difference for BMI (p =0.947). The athletes
had mean badminton experience of 8.3 years and were in
the top ten in their main category, according to the Brazilian
badminton ranking published in December 2019.

Table 2 and Fig. 1 show the comparisons between seden-
tary time, total physical activity in counts per day, and levels
of physical activity during the pre-COVID and COVID-19
periods in young trained athletes.

@ Springer
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Table 2 Comparison between
sedentary time, total physical

activity in counts per day,
and levels of physical activity
during the pre-COVID and
COVID-19 periods in young
trained athletes

Variables pre-COVID COVID P ES

Sedentary time (hour/day) 6.7 (0.9) 8.8(1.9) 0.004 1.30
Time in light PA (hour/day) 0.43+0.07 0.46+0.10 0213  0.36
Time in moderate PA (hour/day)  0.43+0.05 0.46+0.09 0.271 0.43
Time in vigorous PA (hour/day)  7.7+0.9 6.1+1.2 0.001  1.56
Time in MVPA (hour/day) 8.1+0.9 6.5+1.3 0.001 148

Total counts (counts/day)

2,967,064.4 +671,544.1

1,868,210.2+449,768.4  0.001  1.99

MVPA moderate-to-vigorous physical activity, ES effect size. Values are mean +standard deviation or

median (interquartile range)

The mean days analyzed for habitual physical activity
levels and ST were 6.6 + 1.7 days during the pre-COVID
period and 6.8 0.4 days in the COVID-19 period.

Athletes presented increases in ST of approximately
2 h during the pandemic (p =0.004, d=01.30, 95%
CI= —-1.804 to—0.730) and there was a significant
decrease in the total physical activity observed in counts
per day (p=0.001, d=1.99, 95% CI= —197,574.3 to
197,578.3).

Regarding the levels of physical activity, there were sig-
nificant decreases for time in vigorous activities (p =0.001,
d=1.56,95% CI=1.195-1.928) and moderate-to-vigorous
physical activity (p=0.001, d=1.48, 95% CI=1.095-1.868)
in relation to the pre-COVID period, with large effect sizes.

There were no significant differences in time spent in
light PA (p=0.213, d=0.36, 95% CI= —0.390 to—0.330)
and in moderate PA (p=0.271, d=0.43, 95% CI= —0.452
to—0.401). The effect sizes were small for both variables. In
addition, there were no significant differences between sexes
in ST and physical activity levels.

Table 3 and Fig. 2 present the comparisons between quan-
tity and quality of sleep during the pre-COVID and COVID-
19 periods in young trained athletes. The average sleep event
over the 7 days (Sunday to Saturday) was used to analyze
sleep quantity and quality.

Athletes presented increased time in bed during the pan-
demic (p=0.103) and decreased sleep efficiency (p =0.233),
but without significant differences between the periods ana-
lyzed. However, the effect sizes were moderate (d=0.54,
95% CI= —0.937 to—0.142) and small (d=0.27, 95%
CI= —2.640to 3.181), respectively.

There were no significant differences between periods for
WASO (p=0.078), sleep latency (p =0.859), and sleep time
(p=0.454), although the effect size was moderate for WASO
(d=0.61,95% CI= —14.921 to 13.706) and small for sleep
latency (d=0.17,95% CI= —1.840 to 1.497) and sleep time
(d=0.17,95% CI= —0.587 to 0.242). Furthermore, there
were no significant differences between sexes in the sleep
quantity and quality.

When analyzing the hand-written sleep diary that each
athlete recorded, the athletes usually went to bed ~2 h later
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and woke up ~ 3 h later during the COVID period compared
to the pre-COVID period.

Discussion

To our knowledge, this is the first study to compare total
physical activity, sedentary time, and sleep parameters using
an objective measurement during the pre-COVID period
and the COVID-19 pandemic in young badminton athletes.
The main findings of this study were that young badminton
athletes presented increased ST, and decreased total physi-
cal activity observed in counts per day, and time in MVPA
and vigorous activities during the COVID-19 pandemic
compared to the pre-COVID period. However, although the
athletes increased their time in bed by approximately 1 h
during the quarantine, there were no significant differences
in quantity and quality of sleep.

Badminton is the fastest racket sport, with the aerobic
system being responsible for approximately 60-70% of the
actions and the anaerobic system for approximately 30%
[30]. The sport requires speed, agility, and effective deci-
sion-making, as well as anticipating opponents’ movements,
quick changes in direction, jumps, and frequent stop-and-go
actions that demand power and muscular endurance [30, 31].
During the pandemic, highly trained athletes stopped their
regular training sessions and competitive routine for several
weeks, which may decrease their strength and endurance
performance after detraining [13], added to which, COVID-
19 has physical, nutritional, and psychological consequences
that may impact the safe return to sport and general health of
athletes [32]. Thus, it is extremely important to analyze daily
life activities in this population to prevent their performance
from being impaired in the future.

In the current study, athletes showed higher ST dur-
ing social isolation in relation to the pre-COVID period
(~27%). Paoli and Musumeci [14] showed that higher ST
could decrease performance in athletes, reducing maximum
oxygen consumption (VO2max), strength, and endurance
capacity, regardless of their previous physical fitness condi-
tion [13]. Furthermore, lower time in sedentary breaks and
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Fig. 1 Comparison between sedentary time, levels of physical activ-
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tary time (hours per day) in median and interquartile range; b Time in
light physical activity (hours per day) in mean and standard deviation;

less skeletal muscle activity can increase the risk of mus-
cle—tendon injuries and also impair metabolic mechanisms
associated with glucose and triglyceride absorption [33]. In
this sense, decreased ST and increased sedentary breaks are
extremely important for people of all ages and populations.

Although the athletes presented substantially decreased
amounts of physical activity (total counts per day), and time
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in vigorous activities and MVPA during the COVID-19 pan-
demic, all of them accumulated the amount of MVPA sug-
gested by the WHO [1] in both the pre-COVID (486.1 min/
day) and COVID-19 periods (392 min/day), which may be
a protective factor in these athletes. According to the WHO
[1], the increase in physical activity level, mainly moder-
ate—vigorous activities, can improve the immune response
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Table 3 Comparison between quantity and quality of sleep during the
pre-COVID and COVID-19 periods in young trained athletes

Variables pre-COVID COVID )4 ES

Sleep efficiency (%) 92.6 (17) 89.9(94) 0233 0.27
Time in bed (hour/day) 7.4+1.1 8.0+1.2 0.103  0.54
Sleep time (hour/day) 6.7+1.2 69+1.2 0.454 0.17
WASO (total/day) 19.6 (69) 41.8 (47.8) 0.078 0.61
Latency (min/day) 0.1(54) 0.7 (9) 0.859 0.17

WASO wake after sleep onset (total per day), ES effect size. Values
are mean + standard deviation or median (interquartile range)

to infections, which would be very important during the pan-
demic period [34]. Martinez-de-Quel et al. [35] agreed in
part with our data, since the authors analyzed the impact of
mandatory confinement in students over 18 years old using
the Minnesota Leisure Time Physical Activity Questionnaire
to measure PA and the Pittsburgh Sleep Quality Index to
verify the sleep quality. The authors demonstrated that a
total of 48 days locked down at home had a negative impact
on PA and sleep quality. In the present study, after about
90 days locked down at home, the athletes also presented
decreased PA levels and increased ST. However, there is no
updated scientific information about the amount of physical
activity that may prevent a decrease in athlete performance
and future studies should investigate the chronic effect of
ST on performance.

Although no significant differences were found in quan-
tity and quality of sleep, when analyzing the hand-written
sleep diary that each athlete recorded, the athletes usually
went to bed ~2 h later and woke up~3 h later during the
COVID period compared to the pre-COVID period. With
regard to the quantity and quality of sleep, Kent et al. [15]
showed that a social isolation routine could lead to sleep
disorders, anxiety, and depression. Sleep quality has huge
importance for athletes, since it enables maintained alert-
ness, contributes to a shorter reaction time, and improves
mood and physical vigor [20, 36]. Furthermore, Rowlands
et al. [37] used data from 91,248 UK Biobank participants
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with accelerometer data and demonstrated an association
between markers of sleep/rest and physical activity and the
risk or severity of COVID-19 infection. Therefore, the pre-
vention of changes in sleep and PA behavior seem to be very
important for the whole population and it is necessary to
investigate whether a long period of quarantine could impact
sleep quality in athletes.

Despite the importance of this study, some limitations
should be mentioned such as, performance analyses were
not carried out, a small number of athletes were evaluated,
and there were no subjective measurements of sleep and
PA, which could contribute to greater understanding of the
routine of athletes. However, it is necessary to highlight that
these athletes were evaluated objectively at baseline (pre-
COVID period), which was 2 weeks before the main com-
petition for these athletes in 2019 and 1 year later during
lockdown (June 2020), using an accelerometer instead of
questionnaires or an online survey for the second evaluation,
which present some limitations based on recall bias, such
as poor self-perception of PA intensity. However, no gold
standard measurements were used, such as polysomnogra-
phy for sleep or calorimetric chamber for PA.

Regarding practical applications, coaches and sports
physiologists could use these results to improve their exer-
cise prescription, according to levels of habitual PA, ST, and
sleep quantity and quality of badminton athletes during the
COVID-19 pandemic period.

Conclusion

In conclusion, young badminton athletes presented increased
ST, and decreased total PA, time in MVPA, and time in vig-
orous PA during the COVID-19 pandemic compared to the
pre-COVID period, however, there were no significant dif-
ferences for sleep parameters. Therefore, future longitudinal
studies should be conducted to investigate the chronic effects
of quarantine on morphological, physiological, and psycho-
logical variables in athletes.
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