International Journal of
Environmental Research

and Public Health

Article

Physical Fitness of Chinese Primary

School Students across the

Coronavirus (COVID-19) Outbreak: A Retrospective Repeated
Cross-Sectional Study

Wei-Ning Hu '*, Dong-Yue Li >*, Wing-Kai Lam 30, Yi Wang %5-*, Duo Wai-Chi Wong ®7-*
and James Chung-Wai Cheung 7

check for
updates

Citation: Hu, W.-N.; Li, D.-Y.; Lam,
W.-K.; Wang, Y.; Wong, D.W.-C.;
Cheung, ].C.-W. Physical Fitness of
Chinese Primary School Students
across the Coronavirus (COVID-19)
Outbreak: A Retrospective Repeated
Cross-Sectional Study. Int. J. Environ.
Res. Public Health 2022, 19, 7870.
https://doi.org/10.3390/
ijerph19137870

Academic Editor: Federica Valeriani

Received: 2 May 2022
Accepted: 24 June 2022
Published: 27 June 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Physical Education Group, Yuxian School, Guangzhou 511400, China; weinghu@163.com
Department of Physical Education, Guangzhou University, Guangzhou 510006, China;
lidongyue@gzhu.edu.cn
Sports Information and External Affairs Centre, Hong Kong Sports Institute, Hong Kong 999077, China;
gilbert.lam@connect.polyu.hk
Department of Physical Education, Renmin University of China, Beijing 100872, China
Sports and Social Development Research Center, Renmin University of China, Beijing 100872, China
Department of Biomedical Engineering, Faculty of Engineering, The Hong Kong Polytechnic University,
Hong Kong 999077, China; james.chungwai.cheung@polyu.edu.hk
Research Institute for Sports Science and Technology, The Hong Kong Polytechnic University,
Hong Kong 999077, China
*  Correspondence: wang-yi@ruc.edu.cn (Y.W.); duo.wong@polyu.edu.hk (D.W.-C.W.);

Tel.: +86-134-0104-2624 (Y.W.); +852-2766-7669 (D.W.-C.W.)
t  These authors contributed equally to this work.

Abstract: Social distancing measures against COVID-19 imposed restrictions on students that may
have affected their physical health and fitness. The objective of this study was to investigate the
change in physical fitness of primary school students across the coronavirus outbreaks from 2019 to
2021. This was a retrospective repeated cross-sectional study. We obtained the annual physical and
fitness assessment data measured every November for all students at the same primary school in
Guangzhou, China. There was a total of 6371 observations in the dataset for three years. The physical
fitness of the students was evaluated with an overall physical fitness score, body mass index (BMI),
lung vital capacity, physical flexibility (via a sit-and-reach test) and sports task performances (sprint,
shuttle run, rope-jumping, and sit-up). Generalised estimating equations were used to determine any
significant changes from 2019 to 2021, adjusted for confounders. After the COVID-19 outbreak in 2021,
there was a significant elevation in BMI of 0.64 kg/ m? in 2020 and 0.39 kg/ m? in 2021 (p <0.001). The
overall physical fitness score was significantly increased by 2.1 and 4.1 points, respectively, in 2020
and 2021 (p < 0.001). Lung vital capacity and rope-jumping performance were significantly improved
in both 2020 and 2021 compared with 2019, and sit-up performance was marginally significantly
improved in 2020 and significantly improved in 2021. However, students demonstrated poorer
flexibility and sprint and shuttle run performance in 2021 compared with 2019. A health promotion
programme during and after COVID-19, including online physical education classes, television
broadcasts, and a rope-jumping campaign, could account for these positive outcomes, along with the
ease of administering rope-jumping and sit-ups at home.

Keywords: 2019-nCoV; physical activity; physical education; middle childhood; social distancing;
muscular strength; flexibility

1. Introduction

Coronavirus disease 2019 (COVID-19 or 2019-nCoV) represents the greatest global
threat in human history after World War II. The highly contagious and infectious virus was
first reported in Wuhan, Hubei Province of China, in December 2019 and was declared a
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global pandemic by the World Health Organization in March 2020. As of 8 February 2022,
there have been 390 million confirmed cases of COVID-19, resulting in 5.7 million deaths
worldwide [1]. The average fatality rate was estimated to be 4% but could be as high as
20% in some countries/regions [2,3].

Social (or physical) distancing is one of the cost-effective policy measures for epi-
demic mitigation/spread [4] and has been implemented at different levels. More than
130 countries or regions imposed border closures or restrictions that have successfully
helped block the spread of coronavirus around the world [5]. These measures included
travel restrictions, screening, quarantine/isolation—a circuit-breaker for flights—and 90%
of commercial flights were grounded [6]. On 23 January 2020, Wuhan province announced
a ban on flights and shut down the city for 76 days. From epidemic to pandemic, various
social distancing measures were put in place across countries and cities. In addition to
the suspension of intra-city public transport in Mainland China, the government also
closed the entertainment/sport premises, banned gatherings, limited dining time, and
encouraged special work arrangements (work from home) to minimize outdoor mobility
and the transmission of infection.

Nevertheless, various social distancing measures have hampered the time and freedom
for physical activities [7,8]. For example, sports facilities, including gymes, fitness clubs,
and public parks, were forced to close, while work from home arrangements and the
mask mandates [9] discouraged people from exercising or walking outdoors. As a result,
people increased their sitting time by 28% [10] and perceived that their fitness had declined
remarkably by half [11]. In the United States, it was reported that the coronavirus reduced
physical activity time by 18.2% [12], compared to 30% in Japan, with a further decline of
15% one year after the outbreak.

Students were not spared from social distancing measures and were kept out of
school/campus. In January 2020, the Ministry of Education of China announced the shut-
down of all schools starting in March, including kindergartens, primary, secondary, tertiary
(university), and vocational colleges, after the prolonged Chinese New Year holidays and
winter break. Although the Zoom generation (Gen Z) [13] has adapted to the virtual class-
room and online learning, they experienced social and affective challenges of isolation [14],
in addition to the challenges of physical education (PE) and thus exercise time [15]. Physi-
cally active students reported a reduction in regular and planned physical exercise by 41.7%
during the pandemic, resulting in a decline in physical condition of 38.2% [16]. It was even
more problematic for physically inactive and moderately active students [17]. The time for
physical exercise might shift into sedentary and screen time [18,19], which is recognised as
a cause of de-training in students [20]. The association between physical exercise time and
physical fitness is indubitable.

The objective of this study was to investigate the influence of coronavirus (COVID-19)
on the physical fitness of primary school students that could be used to inform educators
and policy-makers. We hypothesised that the physical fitness of the students would
decline after the outbreak and shutdown arrangements and could be recovered in the
aftermath [21].

2. Materials and Methods
2.1. Participants

This was a retrospective study approved by the Institutional Review Board (Ref. No.:
HSEARS20220418001). The study was a repeated cross-sectional design based on physical
fitness data for students for three consecutive academic years (2019-2021) collected from
one selected primary school in Guangzhou, Guangdong Province, China. Physical fitness
assessment with a standard protocol (i.e., the National Student Physical Fitness Standard of
China, version 2014) [22] is a mandatory exercise for all primary schools that is conducted
every year in China. All students are required to attend the physical fitness assessment in
each academic year unless they have applied for an exemption with reasons.
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The physical fitness assessment is carried out during the first to third week of Novem-
ber every academic year by a PE teacher. All students attended the same PE curriculum
taught by the same teacher and teaching assistants for the same amount of time. The same
PE teacher and trained assistants arranged and conducted the assessments in the same
venue on the school campus during regular school hours. Approximately 100 students were
fully assessed in one morning/afternoon section. All students wore the same type of school
sports uniform and footwear. The standard physical fitness protocol (version 2014) [22]
included body mass index (BMI) measurement, lung vital capacity measurement, 50 m
sprint test, sit-and-reach flexibility test, and 1 min rope-jumping test. One minute sit-ups
were performed by grade 3 to 6 students only. Additionally, only grade 5 to 6 students
were required to perform a 50 m x 8 shuttle run test. The number of assessments for each
grade is listed in Table 1.

Table 1. Assessment tasks, indicators and weights of the National Student Physical Fitness Standard

of China (version 2014).

Grader No. of Task/Indicator Metric # Weight (%)
Assessment
BMI kg/m? 15
All Grades -
Lung Vital Capacity mL 15
50 m sprint Time (seconds) 20
Grade 1-2 5 Sit & Reach Max Reach distance (cm) 30
1 min rope-jumping No. of jumps 20
50 m sprint Time (seconds) 20
Sit & Reach Max Reach distance (cm) 20
Grade 3-4 6
1 min rope-jumping No. of jumps 20
1 min sit-ups No. of reps 10
50 m sprint Time (seconds) 20
Sit & Reach Max Reach distance (cm) 10
Grade 5-6 7 1 min rope-jumping No. of jumps 10
1 min sit-ups No. of reps 20
50 m x 8 shuttle run Time (seconds) 10

# These weights were used to calculate the overall physical fitness score after the normalization of each indicator
according to Table S1. BMI, body mass index; No., number.

2.2. Assessment Indicators and Tasks
2.2.1. Overall Physical Fitness Score

According to the National Student Physical Fitness Standard of China (version 2014) [22],
the overall physical fitness score is calculated by the weighted sum of five to seven normalised
indicators depending on the grade, as shown in Table 1. The maximum overall physical fitness
score was 100 points plus 20 bonus points where applicable. The normalization tables for the
indicators are listed in the Supplementary Material (Table S1).

2.2.2. BMI

Body mass and body height were measured by an ultrasound measuring instru-
ment and scale (sH-200, Zhengzhou Shanghe Electronic Technology Company Limited,
Zhengzhou, China) with a body height and mass precision of 0.01 cm and 0.1 kg, respec-
tively. The students stood barefoot on the scale in an upright position, looked straight
ahead, and had their heels together during the measurement. The heel, sacrum, and the
midpoint between shoulder blades were joined in a vertical line. The height and mass
measurements were rounded to the nearest 0.1 cm and 0.1 kg, respectively. BMI was
calculated by dividing the mass (in kg) by the square of the height (in m).
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2.2.3. Lung Vital Capacity

The lung vital capacity is the maximum expelled air volume after a maximum in-
halation. It was measured by an electronic spirometer (wqs-8888, Shanghai Wanqing
Electronic Company Limited, Shanghai, China) with a capacity of 10 L and resolution of
1 mL. During the measurement, the student stood upright, with his/her head slightly tilted
backwards. Next, the student performed a maximum inhalation and exhaled slowly into
the mouthpiece until no more air came out. The measurement was repeated twice, and the
best performance was recorded. This protocol demonstrated sufficient acceptability and
reproducibility in a previous study of preschool children [23].

2.2.4. Fifty Meter Sprint

The sprint test was conducted after three PE classes during the semesters when the
school was not in lockdown (weekdays of the first three weeks of November). The students
performed different warm-up activities, such as stretching and then jogging approximately
400 m to prepare for the tasks of the fitness test. Before the 50 m sprint test, the students
warmed up for about three minutes and were readied in a standing start position. The
students ran on a straight running track for 50 m as fast as possible toward the finish line.
The time for the run was recorded by a stopwatch (pc80, Shenzhen Timestar Electronic Co.
Ltd., Shenzhen, China) to the nearest 0.1 s.

2.2.5. Sit-and-Reach Flexibility Test

The sit-and-reach test was measured by an electronic box tester (HWD21-1231, Li-Ning
(China) Company Limited, Beijing, China) with a range of 60 cm and a resolution of 0.1 cm.
Before the test, the students sat barefoot on the ground, fully extended their knees, heels
together, and stepped on the pedal of the tester box. Their feet were placed approximately
10 to 15 cm apart. The students slowly leaned their trunk forward and extended their
arms during the test. They were asked to reach forward and slowly push a cursor with
their middle fingers for as far as possible until the cursor could not be moved any further
forward. The students were not allowed to make an impulsive move for extra distance.
The measurement was repeated twice, and the best performance was recorded.

2.2.6. One Minute Rope-Jumping

The test was conducted and measured by a counter jumping rope (Li-Ning (China)
Company Limited, Beijing, China). The baseline rope length was 2.8 m. The length was
adjusted by raising the handle to chest level in a preparatory posture when stepping on
the rope. The rope was tossed by the students themselves at their self-selected speed. The
students were asked to jump continuously and as much as he/she could in one minute
in one trial. Within the given one minute, they were allowed to resume and continue
the rope-jumping task if they paused or tripped. However, the “tripped jump” was not
counted. The total number of jumps in one minute was recorded by the counter.

2.2.7. One Minute Sit-Ups

Before the test, the students assumed a supine position on a flat surface with a floor
mat. Their knees were bent at 90° and slightly apart while their fingers touched the ears.
Another classmate helped secure the lower limb of the participating student at the ankle
joint. The sit-up manoeuvre involved the elevation of the trunk until the elbows touched
the knees before a return to the starting position. The students were asked to perform as
many repetitions as possible for one minute during the test. An examiner counted the
number of repetitions, which was recognised when the elbows touched or exceeded the
level of the knees and the shoulder blades returned to the ground. The trial was only
conducted once. The one minute sit-up test was conducted by grade 3 to 6 students.



Int. |. Environ. Res. Public Health 2022, 19, 7870 5o0f 14

2.2.8. Fifty Meter x 8 Shuttle Run

The test was conducted on a sports ground with straight running tracks. The width of
the track was 1.22 m, while the distance between the start and finish lines was 50 m. Poles
(1.2 m tall) were set at the start and finish lines. Before the run, the students performed
warm-ups by stretching and jogging. Next, the students were readied in a standing start po-
sition. They were then asked to run as fast as possible toward the finish line, turn around the
pole, return to the starting line, then repeat the process three times (i.e., 50 m x 8 shuttles).
The time was recorded when the chest crossed the line and rounded to the nearest 0.1 s.
The trial was conducted once. The test was conducted by grade 5 to 6 students.

2.3. Statistical Analysis

Before the analysis, the basic information of the students was compiled, including
the number of students, gender, age, body height and mass, and BMI, for each of the
assessment years.

The primary dependent variables in the analysis were the overall physical fitness score,
BMI, and lung vital capacity (in mL), and the secondary variables were the performance
measures, including the 50 m sprint (s), one minute rope-jumping (jumping count), sit and
reach test (cm), one minute sit-ups (repetitions), and shuttle run (s).

To investigate whether there were significant differences in the dependent variables
across the COVID-19 outbreak (i.e., the academic years of 2019, 2020, and 2021), gener-
alised estimating equations (GEE) with an unstructured correlation matrix were used. The
outcome responses were assumed to have a Gaussian distribution, except that of rope-
jumping and sit-ups tasks (negative binomial with log link). Covariates or confounding
factors included age, gender, and BMI. The repeated cross-sectional study involved stu-
dents advancing through the grades, freshmen, and students leaving the study because
of graduation at each timepoint (academic year). The GEE is a marginal model that can
accommodate the nesting of repeated observations by providing a robust standard error
estimation towards the average effect of the predictors.

Statistical analysis was conducted using the SPSS package (ver. 26, IBM, New York,
NY, USA). The significance level («) was set as p = 0.05. The overall physical fitness score
was presented with the timeline in a violin plot (Figure 1), whereas the other results were
visualised using raincloud plots (Figure 2).

1004
81
751
501
» 15t Measurement > 2nd Measurement » 31 Measurement
Timepoint Timepoint Timepoint
1 Dec 11 M
Nov 2020 Feb | May | Aug | Nov 2021 | Feb | May | Aug | Nov
First Report on _ 2020 Mar to May school shutdown in Guangdong province
Wuhan, China S 2020 May to Jul Gradual resumption of schools
WHO declared 2020,May, = idelines to rei physical

COVID-19 as
pandemic

Figure 1. The overall physical fitness scores of primary students in 2019, 2020, and 2021 along with
the timeline of COVID-19 events, social distancing policy, and education arrangements.
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Figure 2. Outcome measures and their distribution for the different years of measurement (purple,
2019; red, 2020; cyan, 2021).

3. Results
3.1. Basic Information

As shown in Table 2, the three assessments conducted in 2019, 2020, and 2021 had
a total of 6371 observations. Ten observations of the data were removed due to missing
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values. The number of exemptions in 2019, 2020, and 2021 were seven (all with medical
reasons), nine (seven with medical reasons, two quit/transfer school), and ten (seven with
medical reasons, three quit/transfer school), respectively. The number of students in a
cohort may not be consistent from year to year due to exemptions, missing data, and new
students transferring from other schools.

Table 2. Basic demographic information for the participants in three measurement timepoints (year
of assessment).

Year of Assessment

2019 2020 2021
Total 1916 2110 2345
Grade 1 424 ** 379 * 398
Grade 2 527 ** 426 ** 387 *
Grade 3 425 ** 530 ** 434 **
Grade 4 154 ** 419 ** 534 **
Grade 5 202 * 163 ** 429 **
Grade 6 184 193 * 163 **
Female:Male 867:1049 955:1155 1063:1282
Age 8.70 (1.66) 8.91 (1.28) 9.09 (1.59)
Height (cm) 132 (10.8) 133 (11.8) 135 (12.6)
Body mass (kg) 28.5 (8.79) 30.6 (9.76) 30.7 (8.68)
BMI (kg /m2) 16.1 (2.72) 16.9 (3.05) 16.6 (2.90)

Data are presented as mean (standard deviation); BMIL, body mass index. * Cohort of students that had two
measurements in the study; ** cohort of students that taken three measurements in the study. The number of
students in each cohort may not be consistent from year to year due to exemptions, missing data, and new
students transferring from another school.

The average age ranged from 8.7 to 9.1. The ratio of males to females was 1.2. In
addition, the BMI in our samples was similar to the 50th percentile for Chinese boys and
girls at age 9 (16.2 and 15.7, respectively) [24].

3.2. Primary Outcome (Overall Score, BMI, Vital Capacity)

The average overall physical fitness score was 77 points in 2019, as shown in Figure 1
and Table 3. There was a significant increase of approximately two points per year
(p < 0.001) adjusted for other confounders, and the scores seemed to be more dispersed in
2021. Although the BMI demonstrated a significant increase adjusted for other confounders
(p < 0.001), the magnitude of the change was small and less than 1 kg/m?. Moreover,
compared to 2019, lung vital capacity values in 2020 and 2021 were significantly higher by
153 mL (95%Cl, 130 to 177) and 240 mL (95%CI, 215 to 264), respectively.

Table 3. Effect estimates on the outcome measures by year and covariates, including gender, age, and
BMI using GEE.

Outcome Predictor Effect () 95% Wald CI p-Value
Gender = Male —1.34 —1.83to —0.84 <0.001
Gender = Female (Ref) - - -
Age 1.33 0.72 to 1.95 <0.001
Overall physical fitness score BMI —0.28 —0.37t0 —0.18 <0.001
Grader —0.87 —1.52 to —0.22 <0.001
Year = 2021 4.12 3.60 to 4.64 <0.001
Year = 2020 2.12 1.73 to 2.51 <0.001

Year = 2019 (Ref) - - -
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Table 3. Cont.

Outcome Predictor Effect () 95% Wald CI p-Value
Gender = Male 0.73 0.58 to0 0.88 <0.001
Gender = Female (Ref.) - - -
BMI Age 0.56 0.52 to 0.61 <0.001
Year = 2021 0.39 0.24 to 0.54 <0.001
Year = 2020 0.64 0.52 t0 0.77 <0.001
Year = 2019 (Ref) - - -
Gender = Male 97.28 74.56 to 119.96 <0.001
Gender = Female (Ref) - - -
Age 213.06 205.45 to 220.67 <0.001
Lung vital capacity BMI 21.15 16.24 to 26.06 <0.001
Year = 2021 239.58 214.95 to 264.20 <0.001
Year = 2020 153.28 130.05 to 176.52 <0.001
Year = 2019 (Ref) - - -
Gender = Male —0.28 —0.34to —0.23 <0.001
Gender = Female (Ref) - - -
Age —0.48 —0.50 to —0.47 <0.001
50 m sprint time (seconds) BMI 0.017 0.007 to 0.027 0.001
Year = 2021 0.10 0.04 to 0.16 0.001
Year = 2020 0.02 —0.03 to 0.07 0.447
Year = 2019 (Ref) - - -
Gender = Male —4.64 —4.97 to —4.32 <0.001
Gender = Female (Ref) - - -
Age 0.32 0.22 to 0.43 <0.001
Sit and reach distance (cm) BMI 0.09 0.04 to 0.15 0.001
Year = 2021 —1.32 —1.66 to —0.98 <0.001
Year = 2020 —0.64 —0.94 to —0.35 <0.001
Year = 2019 (Ref) - - -
Gender = Male 0.97 0.95 to 0.99 0.002
Gender = Female (Ref) - - -
Age 1.11 1.108 to 1.120 <0.001
Rope-jumping (counts) # BMI 1.00 0.995 to 1.001 0.181
Year = 2021 1.39 1.38 to 1.42 <0.001
Year = 2020 1.23 1.21 to 1.25 <0.001
Year = 2019 (Ref) - - -
Gender = Male 1.03 1.01 to 1.06 0.001
Gender = Female (Ref) - - -
Sit-up (counts) * Age 1.08 1.07 to 1.08 <0.001
BMI 1.00 0.998 to 1.005 0.311
Year = 2021 1.07 1.05 to 1.10 <0.001
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Table 3. Cont.

Outcome Predictor Effect () 95% Wald CI p-Value
Year = 2020 1.02 1.00 to 1.04 0.054
Year = 2019 (Ref) - - -
Gender = Male —2.98 -5.39 to —-0.57 0.016
Gender = Female (Ref)
Age —1.23 —3.02 to 0.58 0.184
Shuttle run time (seconds) BMI 0.87 0.39to 1.35 <0.001
Year = 2021 5.33 2.29 to 8.37 0.001
Year = 2020 2.36 —0.23 t0 4.94 0.074

Year = 2019 (Ref) - - -

# The GEE model was based on a negative binomial distribution with a log link for rope-jumping and sit-up
outcomes. The effects are presented as exponential estimates. BMI, body mass index.

Gender, age and BMI were significant confounders for the primary variables. Females
had a significantly lower BMI (p < 0.001) and lung vital capacity (p < 0.001), and an increase
in BMI and lung vital capacity was associated with increasing age. Every one unit increase
in BMI contributed to a 22.6 mL increase in lung vital capacity adjusted for other factors.

3.3. Secondary Outcome (Sports Task Performance)

As shown in Table 3, the performance scores for rope-jumping and sit-ups improved
over the years. Compared to 2019, students achieved 1.23 and 1.39 more jumps in 2020
and 2021, respectively, and the differences were significant (p < 0.001) after adjusting
for confounders. In addition, the students could perform 1.07 more sit-up reps in 2021
compared to 2019 (p < 0.001).

Sprint, sit-and-reach, and shuttle run performances deteriorated. In 2021, students
required an extra 5.3 s to complete the shuttle run task compared to 2019 (p = 0.001).
Although times for the 50 m sprint also increased significantly (p = 0.001), the effect of
the increase was just 0.10 s in 2021. Flexibility, as measured by the sit-and-reach test, also
declined significantly by 0.64 cm (95%ClI, 0.35 to 0.94) in 2020 and 1.32 cm (95%C1, 0.98 to
1.66) in 2021 after adjusting for confounders.

Gender, age, and BMI imposed significant effects on sprint performance and the
sit-and-reach distance. Females demonstrated significantly better flexibility in the sit-and-
reach test but required more time to complete the sprint task. It seems that BMI was
not associated with rope-jumping and sit-up performance, and age was not a significant
confounding factor for shuttle run performance.

4. Discussion

Amidst the disaster brought about by the COVID-19 pandemic, physical inactivity
has also been recognised as a pandemic, and is fourth leading risk for mortality [25]. Social
distancing measures have induced physical inactivity and sedentary behaviours that could
cause the next potential wave of physical health issues in the post-COVID-19 era [26,27].
Physical activity not only plays a vital role in maintaining physical and mental health,
but it also helps fight against the coronavirus [8,28]. Physical training is recognised as an
effective strategy for mitigating infection and is strongly recommended for those who have
recovered from the infection [29]. It can significantly enhance the immune system, reduce
the risks of severe and acute syndromes, and counteract co-morbidities [29-31].

We hypothesised that physical fitness would deteriorate after the shutdown during
COVID-19. Since some of our findings did not align with our original hypothesis, we
decided to perform a post-analysis of the timeline and health promotion programme.
The timeline for critical events during COVID-19, policies, measurement time points and
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education campaigns is illustrated in Figure 1 aligned with the primary outcome of overall
physical fitness score. Our first measurement dataset was collected in November 2019,
which was before the outbreak of COVID-19. The novel coronavirus was reported in the
Wuhan Province, China on December 2019 and was declared as a pandemic by World
Health Organization (WHO) in March 2020. In March 2020, the Guangdong Province
announced its primary school closure, and students switched to online classes. Twenty
minutes of online PE classes were arranged every weekday. A television channel also
broadcasted two PE training classes (11:45-12:00 and 15:35-15:50) every weekday. Parents
were strongly recommended to participate in physical training with their children during
the broadcast. From March 2020 to July 2020, primary schools gradually resumed face-to-
face classes. The education bureau of Guangzhou announced the “Guidelines of Physical
and Health Education for Primary and Secondary Schools during COVID-19 Prevention
and Control”. The guidelines set out the promotion of health and reinforcement of non-
contact sports and physical training to enhance the students’ cardiovascular function and
muscular strength. A rope-jump campaign was organised, in which grade 1 to 2 students
were recommended 500 rope-jumps every day, grade 3 to 4 students 1000 jumps, and Grade
5 to 6 students three minutes. The second measurement timepoint was in November 2020
after the shutdown, and the third measurement was taken a year later.

The change in the physical fitness of students after COVID-19 seemed to be different
between places and populations. In New York city, students who experienced school shut-
downs had weakened cardiovascular fitness, including significant reductions in maximum
oxygen uptake and oxygen uptake at anaerobic threshold [32]. Another study conducted in
the United States reported a decline in push-up and sit-up performances after COVID-19,
and an elevation in the BMI of both male and female eighth-grade students [33]. In Croatia,
sit-up and 600 m running performance deteriorated in students after lockdown [34]. Re-
striction measures in Spain led to an increase in BMI, waist circumference, waist-to-hip and
waist-to-height ratios along with depreciating muscular fitness in children and adolescent
girls [35]. The negative findings for muscle fitness were also observed in boys [34]. Tsoukos
and Bogdanis [36] reported that the upper body strength and flexibility of adolescents had
worsened, especially in males. This divergence could be due to the differences in policy,
culture, obedience, and governance among cities/countries [37-39].

Nevertheless, some studies demonstrated that physical fitness could be maintained
via home-based individual physical training, despite increases in body fat [40]. In China, a
study conducted in Fujian Province found that the aerobic fitness of students deteriorated
after lockdown but vital capacity, flexibility, and muscular strength improved [41]. The
authors suspected that the peculiar finding was confounded by physical growth with
age [41], which was confirmed in our study, where age, gender, and BMI were significant
confounding factors.

The decline in physical flexibility reported in our study could be attributed to pro-
longed sedentary behaviour or screen-time among students at home during COVID-19 [42].
Prolonged mobile phone use or gaming could also lead to poor spine posture, and back
and shoulder pain [43,44]. On the other hand, most investigations reported negative find-
ings for different aspects of physical fitness [33-35]. However, our study found some
positive outcomes, specifically lung capacity, and rope-jumping and sit-up performance,
which could be easily administered at home. Sprint and shuttle run performance dete-
riorated since they require large outdoor spaces. Our findings for lung capacity aligned
with another study conducted in China, and we believe that the online PE classes and the
reinforcement measures after school resumption contributed to these positive outcomes.
Health promotion programmes and policies have played important roles in the retention
and enhancement of physical fitness during and after the restrictions of COVID-19 [45,46].
Dwyer, et al. [47] conducted a brief review of the policies and actions to promote physi-
cal activities in different counties and confirmed that health promotion programmes can
improve health as indicated by various physical fitness variables.
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Home-based fitness could be another solution to maintain physical fitness and min-
imize the negative effects of sedentary behaviour (such as prolonged sitting) without
specific space and equipment [48]. Besides yoga, Pilates and Tai Chi, higher intensity
workouts can be entertained at home by lifting buckets, chair squats, and sit-ups [7,29].
Furthermore, high-intensity interval training (HIITT) can facilitate a higher level workout
for the muscles and the cardiovascular system at home [49]. In addition, interactive home
fitness apps and exergames can enhance the motivation for physical exercise, especially for
students [12,48,50].

There were some limitations in this study. The research was only conducted in one
primary school in a Chinese city, which may not have sufficient external validity for the
province or the country. Moreover, the measurement time interval was one year and
considered less susceptible to the rapid changes of the virus outbreak and policy updates.
Some confounding factors, such as physical injuries, infection by COVID-19 (long COVID-
19 symptoms) [51], and non-obedience due to pandemic fatigue [52] experienced between
the intervals, were not taken into account. Although schools resumed around May to July,
social distancing measures, including mask mandates, and closure of sports facilities, did
not totally relax by that time and the policy varied in different regions of the city. These
measures may have affected the students” contemplation and participation in outdoor
physical exercises or to even leave their homes. This might be supported by the fact that
the trend for all outcome measures did not fully recover one year after school resumption.
However, the spread / variation became larger (as shown in the plot distribution in Figure 1),
which indicated that students may have behaved or responded differently. On the other
hand, although existing studies had mixed outcomes, it would be difficult to compare
between cities because of variations in the outbreak locations, social distancing measures
and policies, education arrangements, and culture. In addition, student compliance in
PE classes and other related training was not evaluated, and monitoring the physical
activity and prolonged sitting time could be helpful for understanding the behaviour of
students [53,54]. Apart from the assessment of physical fitness, other physical examinations
should be incorporated into the annual assessment, such as scoliosis assessment [55,56] and
spine mobility and stability [57], to ensure that bone growth is not affected by COVID-19
during growth of the students. Measurement of body surface area could also supplement
mass and height information for a better indication of the physiological condition of the
students [58]. On the other hand, the physical fitness assessment is a nationwide exercise.
The big data constructed by the government could be used to develop a global national
testing protocol and a normalised value/range for physical fitness for the country could
inform public health measures during adverse events, such as COVID-19.

In 2022, Omicron, a highly contagious COVID-19 variant, continues to rage and ravage
the world. Hong Kong and major cities in Mainland China are imposing more stringent
and prolonged social distancing measures [59,60]. We recommend incorporating flexibility
training exercises and interventions to reduce sitting time in online education to further
strengthen the physical flexibility of students.

5. Conclusions

After the coronavirus (COVID-19) outbreak, our study suggested that primary school
students had:

— Asslight but significant elevation in body mass index;
—  Poorer physical flexibility;

— Poorer sprint and shuttle run performance;

— Slight increase in lung vital capacity;

— Significant improvement in rope-jumping and sit-ups.

Supplementary Materials: The following supporting information can be downloaded at: https:
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