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Featured Application: This experiment aimed to test the effect home confinement had on seden-
tary behavior, physical activity (PA), and satisfaction with life (SL) in European and Middle East-
ern and North African (MENA) handball players during the coronavirus (COVID)-19 pandemic.
These results may be useful to develop recommendations for PA during protracted home confine-
ment. Furthermore, these recommendations for home-based exercise interventions can improve
participants’ PA, which in turn would maintain the high energy of physical activity (HEPA) cate-
gory in handball players during and after the COVID-19 pandemic.

Abstract: This experiment examined physical activity (PA), sitting time, and satisfaction with life
(SL) in European (45%) and Middle Eastern and North African (MENA; 55%) handball players
(n = 418; age: 25.6 ± 6.8 years; body mass: 88.1 ± 11.7 kg; height: 1.83 ± 0.08 m) during the
coronavirus (COVID)-19 pandemic. The International Physical Activity (IPAQ) and Satisfaction of
Life (LS) Questionnaires were administered. All PA variables (vigorous, moderate, walking, total
PA) were negatively influenced, but no interaction effects (IE; region x time) were observed. Sitting
time increased from 2.5 to 4.9 h·weekday−1 (ηp

2 = 0.80) and walking time decreased from 66.8 to
33.5 min·day−1 (ηp

2 = 0.83). Based on effect sizes (d), pre- to during-confinement reductions were
similar between regions (MENA: d = 3.29; Europe: d = 3.41; IE: ηp

2 = 0.01). The largest regional
difference was in moderate PA (MENA: d = 1.88; Europe: d = 2.99; IE: ηp

2 = 0.09). SL in the total
sample reduced from 30.6 ± 2.02 to 13.9 ± 2.20 arbitrary units (AU). SL reduction was similar in
both regions (dMENA = 8.44; dEUROPE = 8.06; IE: ηp

2 = 0.01). To conclude, PA decreased during
COVID-19 confinement, sitting time increased, and SL decreased irrespective of geographical region.
These preliminary findings highlight risk of SL and physical inactivity during COVID-19 restrictions
in 2021.

Keywords: coronavirus; COVID-19; team handball; playing level; confinement; physical activity

1. Introduction

The World Health Organization (WHO) WHO recommended several restrictions to
in response to the coronavirus (COVID)-19 pandemic to control the spread of the virus.
These restrictions entailed closure of schools and universities, no physical contact, banning
of social gatherings and large events, and introducing quarantine, social distancing and
confinement [1,2]. These restrictions, especially self-isolation and/or home confinement can
influence mental and psychosocial health negatively, increase level of stress and negative
emotions, and impair cognition [2]. If self-isolation and/or home confinement are enforced
for a protracted time period, and physical activity (PA) is reduced during this time frame,
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immune function and physical capacity may be impaired as a result [3]. Moreover, reduced
PA may also increase the disease progression and the severity of symptoms in humans
after contracting the virus.

The COVID-19 outbreak has altered life patterns and the perception of infectious
diseases among the general public. However, prolonged homestay could increase behaviors
that lead to physical inactivity and increase stress, which in turn, could increase the
risk of several chronic health conditions that adversely affect health-related quality of
life [4]. For example, limiting daily activity has been found to impair health-related
quality of life among severe acute respiratory syndrome (SARs) patients in Hong Kong [5].
During confinement, most individuals are living in an unprecedented situation of unknown
duration, being exposed to anxiety, fear, depression, or sleep disruption [6,7].

The relationship between the coach and the athlete is one of the elements that receive
greater attention from the sports community when referring to successes or failures of
athletes [8–10] especially during the COVID 19 pandemic [11]. Coach-athlete relationship
in a sports environment as a sense of belonging and noted the possible personal benefits of
closeness with others [8]. The coach-athlete relationship, conceptualizing it as a repeating
pattern of mutual care between athletes and coaches [8–10]. However, recently, Li et al. [11]
showed that athletes of different age categories showed different changes in the coach-
athlete relationship after the lockdown, and the changes were not significantly related
to the severity of the COVID-19 epidemic. In this study, it is confirmed that during the
COVID 19, lockdown changes the way coaches and athletes communicate.

Reduced time spent in PA concomitantly increases symptoms of anxiety, depressive
symptoms, and other chronic health diseases [1,12,13]. Taken together, these repercussions
are a result of decreased PA in adults due to COVID-19 pandemic restrictions [14,15].
In terms of athletic populations, Dönmez et al. [16] reported 66% of professional soccer
players exhibited post-traumatic stress disorder (PTSD) symptoms resultant of social iso-
lation and home-quarantine. The psychological repercussions of COVID-19 may further
interfere with training practices and recovery profiles in athletes [17], consequently inhibit-
ing performance. PA frequency and duration had unsurprisingly decreased in previously
physically active individuals due to closure of gyms and health clubs, and reduced need for
active commuting [1,18,19]. Individuals who engaged less and less often in PA during the
pandemic had poorer wellbeing and mental health outcomes [16]. Similar links may exist
and extended to adolescents and children. Regardless of PA reductions, the COVID-19
pandemic is in itself presents individuals with an unprecedented situation of unknown
duration, which might create or/and enhance symptoms of anxiety, fear, depression, PTSD,
anger, or sleep disruption [6,20–22].

In this extraordinary situation where public health measures have impacted habitual
lifestyle practices, there are emerging data demonstrating COVID-19 confinement has
influenced PA practice in the general population [1,23]. Yet, there are a paucity of data
concerning team sport athletes, and particularly team handball players. Team handball,
as with all other indoor team sports (e.g., basketball, ice hockey, volleyball), may be
susceptible to PA changes as competition and training are mostly conducted in groups,
which as banned as a result of social distancing measures, and the sport occurs indoors,
and indoor facilities were closed in several countries. When active individuals, particularly
well-trained athletes are confined to their homes, cardiorespiratory and neuromuscular
fitness is likely lost [21].

Rapid changes in both the social environment and peoples’ behaviors have negatively
impacted wellbeing [24,25]. Physical inactivity, smoking, and obesity are among the risk
factors of non-communicable diseases (NCDs) [25]. Hence, any negative implications on
diet and physical activity from the pandemic-related disruptions are bound to aggravate
the already dire situation. The lockdown had negative effects on emotional or mental
states in some athletes [26,27]. However, it is not clear whether these conditions can be
correlated with the type of sport (individual or collective), gender (male or female), or
level (professional or non-professional). The earliest studies on athletes and COVID-19 [18]
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concluded that there were no differences between individual and collective sports, although
Rubio et al. [18] showed higher levels of somatic symptoms in team players and faster
rates of adaptation to isolation. Lorenzo Calvo et al. [28], reported isolation had an impact
on the mental states of the Spanish Basketball athletes. Although lockdown was a novel
phenomenon, the psychological problems it caused were similar to those experienced by
athletes during longs periods of inactivity.

Due to lack of data concerning effects of PA in highly trained individuals and our
previous studies on team handball players, we wanted to merge these to examine the
effects home confinement had on PA, sedentary behavior, and satisfaction with life (SL)
as a measure of the component of subjective wellbeing in team handball players from
Europe and the Middle Eastern and North African (MENA) region during the COVID-19
restrictions. We hypothesized a priori that the pandemic restrictions during this time
frame would reduce PA, increase sedentary behavior, and decrease life SL irrespective of
playing level.

2. Materials and Methods
2.1. Experimental Approach to the Problem

We gathered 418 responses in this cross-sectional study using an online survey that
consisted of the IPAQ Short Form (IPAQ-SF) and SL Questionnaire [29,30]. Both surveys
were administered in English, German, French, Arabic, and Japanese on 27 July 2020
through six research institutes in Europe, North Africa and Western Asia The survey
consisted of 25 questions capturing demographic information (handball-specific questions,
health status, and PA. The survey consisted of 25 questions on demographic information
(e.g., age, gender, body mass, and height), athletic status (e.g., defined as a person who
competes in one or more activities that involve physical strength, speed, and/or endurance),
smoking status, health status (e.g., anxiety or depression, diabetes, cardiovascular disease
and pulmonary disease, and motor problem), PA (e.g., vigorous, moderate, and walking
activity), and SL (e.g., life conditions, satisfaction with life, and important things for life).
Questions were to be answered directly in sequence regarding “before” and “during”
confinement conditions [31,32]. Measures were obtained on the same day to limit order or
recall bias, considering the regularly evolving situation of the pandemic. Once the deadline
for finalizing the survey passed, conflicting responses (inconsistency between data) and
duplicated responses (≥2 submissions with equivalent responses in a short period) were
removed from the database. This experiment was conducted in line with the Declaration
of Helsinki, and approved by Ethics committee of the university (protocol code QU-IRB
1350-EA/20 and date of approval 22 July 2020 for local participants. The first renewal of
the above QU-IRB is approved and it is renewed from 22 July 2021). Participants gave
written consent prior to experiment start.

2.2. Sample Size

The sample size was calculated according to the following predictive equation [33].

N = ((Zα/2 2 p q))/∆2 (1)

N: number of needed participants,
Zα/2: two-tailed normal deviate for type 1 error,
p: change in % from “before” to “during” confinement,
q: equal to “1 − p” and ∆: accuracy; where “n” was the number of needed participants,
“Zα/2” was the two-tailed normal deviate for type 1 error (Zα/2 = 1.96 for 95% level

of significance),
“q” was equal to “1 − p”,
“∆” was the accuracy (=3%), and
“p” was the percentage of change in social participation from “before” to “during”

confinement period.
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Comparable to Ammar et al. [34], the “p” was chosen from a study [35]. Zhang et al. [35]
examined the immediate effects of the COVID-19 pandemic on mental health and quality
of life. Based on these findings, it appeared that 57.8% (p = 0.578) of subjects experienced an
increase in shared feelings with family members [35]. Consequently, the calculated sample
size for our investigation was n = 418. Based on comparable studies with participation
rates from 92% [32] and 91% [36], we assumed a dropout rate of 10% (n = 42). Therefore,
we aimed to recruit 460 participants.

2.3. Survey Development Promotion and Distribution

A steering group of PhD scientists and academics (in the fields of human sciences,
sport science, and computer science) designed the electronic survey at the University
of Qatar (where the principal investigator was based). In addition, the survey was sub-
sequently evaluated and amended by handball players, coaches and experts from the
International Handball Federation (IHF). Thereafter, the survey was reviewed and edited
by >35 colleagues and experts before being disseminated via the Google platform (online).
Members of the consortium distributed the link to the survey via several methods: e-mail,
official faculty pages, ResearchGate™, LinkedIn™, and other social media platforms such
as Facebook™, WhatsApp™, and Twitter™. The general public assisted in the dissemina-
tion through promotion of the survey within their networks. In total, the uniform resource
locator (URL) of the online survey was sent to potential participants.

2.4. Data Privacy and Consent of Participation

Participants were assured data would be used only for research purposes and answers
were anonymous and confidential according to Google’s privacy policy (https://policies.
google.com/privacy?hl=en accessed on 27 July 2020). Participants were able to withdraw
participation and exit the IPAQ at any stage prior to submission without responses being
saved. Responses were only saved when participants clicked a “submit” button. By com-
pleting the survey, participants acknowledged their voluntary consent to participate in this
investigation. Participants were requested to be honest in their responses [1].

2.5. International Physical Activity Questionnaire Short Form (IPAQ-SF)

The International Physical Activity Questionnaire-SF (IPAQ-SF; [36]) apprised levels
of PA, and data were equated within each item (i.e., vigorous intensity, moderate intensity,
and walking) to estimate total weekly PA time [29,30]. According to the official IPAQ
recommendations, data are summed within each item (i.e., vigorous intensity, moderate
intensity, and walking) to estimate the total amount of time engaged in PA per week [29,30].
Weekly PA (MET-min·week−1) was calculated by summing products of each PA item by
a MET value specific to each category of PA. We assigned two sets of MET values. The
first was the original values based on official IPAQ procedures for young and middle-
aged adults (18–65 years old): vigorous PA = 8.0 METs, moderate PA = 4.0 METs and
walking = 3.3 METs [31]. Additionally, we added the total PA (sum of performed vigorous,
moderate, and walking activity) as a fourth item and sitting time as the fifth item of
sedentary behavior assessed using the question: “Since self-isolating, how much time have
you spent sitting daily?”.

2.6. Satisfaction with Life Questionnaire

The Satisfaction with Life Questionnaire (SL) questionnaire is a crisis-oriented 5 items
7-point scale (from 1; strongly disagree, to 7; strongly agree) questionnaire to investigate
SL prior to and during confinement [32,36,37]. The total score of this questionnaire is com-
prised of the sum of scores from individual items. The total score for the SL questionnaire
ranges from 5 to 35, with lower scores corresponding to extreme dissatisfaction and higher
scores with extreme satisfaction [38].

https://policies.google.com/privacy?hl=en
https://policies.google.com/privacy?hl=en
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2.7. Statistical Analyses

SPSS version 28.0 for Windows (SPSS Inc., IBM, Armonk, NY, USA) was used to
perform statistical analyses. Shapiro–Wilk test was used to confirm normal distribution,
and variance homogeneity was confirmed using Levene’s test, justifying parametric data
analyses. Differences between regions (MENA vs. Europe), playing positions (goalkeeper,
back, wing, pivot, playmaker) and times (before vs. during confinement) were tested using
a three-factor (region, position, time) analysis of variance (ANOVA) [39]. p-values and
partial eta-squared (ηp

2) were calculated using the Greenhouse–Geisser Test [39]. Paired
effect size (difference between means ÷ pooled standard deviation [SD]) was calculated
for each parameter [40]. The interpretation of effect sizes is based on Cohen’s thresholds
for small effects (d < 0.5), moderate effects (d ≥ 0.5) and large effects (d > 0.8) [41]. Effects
were considered meaningful if p < 0.001, ηp

2 > 0.10 and the effect size (d) was ≥0.8 [42].
The Bonferroni correction adjusted the p value based on the numbers of comparisons (e.g.,
PA parameter p-values were divided by 15). Data are presented as mean ± SD.

3. Results
3.1. Description of the Entire Sample

55% (231/418) participants (only men) were recruited in MENA and 45% were re-
cruited in Europe (187/418). Most players played in the first league (58%, n = 242; Table 1),
20% (n = 83) in the second league, 15% in the third league (n = 64) and 7% in the fourth
league (n = 29).

Table 1. Description of the sample (n = 418) regarding origin and handball activity.

n %

Level of handball league

First 242 58
Second 83 20
Third 64 15

Fourth 29 7

Playing position

Goalkeeper 57 14
Back 99 24
Pivot 88 21
Wing 104 25

Playmaker 70 16

Playing experience (years) 12.3 ± 6.71 (2–35)
Results reported as mean ± standard deviation (range).

No effect of playing level (handball league) was observed for anthropometric variables
(range of ηp

2: 0.002–0.036).
No meaningful differences between the MENA and European region regarding de-

mographic and anthropometric parameters were calculated. European participants were
younger (p = 0.009, ηp

2 = 0.016, d = 0.25), taller (p = 0.009, ηp
2 = 0.016, d = 0.27) with a

lower BMI (p = 0.033, ηp
2 = 0.011, d = 0.08) and weight (p = 0.616, ηp

2 = 0.001, d = 0.05)
than MENA participants (Table 2).

The effect size of confinement for PA ranged from ηp
2 = 0.678 (walking days/walk for

at least 10 min) to ηp
2 = 0.858 (vigorous MET-minutes per week; Table 3).

3.2. The Effects Home Confinement on PA, Sedentary Behavior, and Satisfaction with Life (SL)

The within group magnitude of change was similar in MENA (d = 3.29) and Europe
(d = 3.41). Between groups, differences between MENA and Europe were detected for 62%
(8/13) of the investigated parameters (Table 3). However, no interaction effects (league
x time, position x time, region x time) were observed (Table 4). The interaction effects
(Table 4) ranged from ηp

2 = 0.000 to 0.094 (region), from ηp
2 = 0.001 to 0.024 (playing

position, Figure 1) and from ηp
2 = 0.006 to 0.078 (playing level, Figure 2).
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Table 2. Demographic and anthropometric characteristics of all participants (n = 418).

Total MENA Europe

(n = 418) (n = 231) (n = 187)

Age (yr) 25.6 ± 6.77 26.4 ± 6.83 24.7 ± 6.59
(15–60) (15–46) (17–60)

Height (m) 1.83 ± 0.08 1.82 ± 0.07 1.84 ± 0.08
(1.60–2.20) (1.60–2.00) (1.67–2.20)

Weight (kg) 88.1 ± 11.7 88.4 ± 12.4 87.8 ± 10.8
(55–133) (55–133) (60–123)

Body mass index (kg/m2)
26.3 ± 3.62 26.6 ± 3.85 25.9 ± 3.28
(16.9–43.4) (17.2–43.4) (16.9–36.6)

Results reported as mean ± standard deviation (range).

Table 3. Comparison of PA parameters between MENA region and Europe before and during confinement. Values are
given as mean ± SD. Meaningful effects (criteria: p < 0.05 and ηp

2 > 0.10 and d > 0.8) highlighted in bold.

MENA (n = 231) Europe (n = 187) Variance Analysis/Effects p (ηp
2)

Before During d Before During d Region Time

Vigorous PA
Days/week (d) 4.59 ± 0.93 2.25 ± 0.78 2.74 5.13 ± 0.89 3.16 ± 1.13 1.95 <0.001 (0.21) <0.001 (0.76)

Minutes/week (min) 64.7 ± 8.34 36.4 ± 12.2 2.76 76.1 ± 8.67 47.0 ± 13.1 2.67 <0.001 (0.32) <0.001 (0.80)
MET-minutes/week 2384 ± 608 669 ± 349 3.58 3128 ± 664 1231 ± 656 2.87 <0.001 (0.36) <0.001 (0.85)

Moderate PA
Days/week (d) 4.81 ± 0.89 2.56 ± 0.77 2.71 4.63 ± 0.90 2.74 ± 0.75 2.29 0.918 (0.00) <0.001 (0.79)

Minutes/week (min) 62.8 ± 9.89 42.9 ± 11.3 1.88 70.1 ± 7.00 41.4 ± 12.2 2.99 <0.001 (0.03) <0.001 (0.76)
MET-minutes/week 1208 ± 289 436 ± 180 3.29 1299 ± 294 460 ± 198 3.41 <0.001 (0.03) <0.001 (0.86)

Walking
Days/walk for at least 10 min (d) 4.44 ± 0.93 2.43 ± 0.79 2.34 4.82 ± 1.14 2.84 ± 1.32 1.61 <0.001 (0.06) <0.001 (0.68)
Minutes per walking day (min) 59.5 ± 10.3 28.6 ± 10.7 2.94 75.9 ± 10.1 39.4 ± 13.0 3.16 <0.001 (0.42) <0.001 (0.83)

MET-minutes/week 868 ± 227 231 ± 130 3.57 1209 ± 328 382 ± 243 2.90 <0.001 (0.33) <0.001 (0.84)

Sitting
hours per weekday day (h) 2.48 ± 0.75 4.89 ± 0.91 2.90 2.57 ± 0.80 4.79 ± 0.95 2.54 0.937 (0.00) <0.001 (0.80)

Table 4. Satisfaction with life parameters before and during confinement. Values are given as mean ± standard deviation.
Meaningful effects are in bold font.

MENA (n = 231) Europe (n = 187) Variance Analysis/Effects p (ηp
2)

Before During d Before During d Region Time Region × Time

In most ways my life is close to my ideal
Score Q1 30.0 ± 4.60 13.1 ± 3.22 4.32 26.8 ± 5.93 13.9 ± 6.21 2.13 <0.001 (0.03) <0.001 (0.81) <0.001 (0.08)

The conditions of my life are excellent.
Score Q2 32.5 ± 2.91 12.2 ± 2.74 7.19 31.4 ± 4.07 14.4 ± 5.56 3.53 0.031 (0.01) <0.001 (0.91) <0.001 (0.07)

I am satisfied with my life
Score Q3 30.0 ± 4.37 16.3 ± 4.86 2.97 30.5 ± 3.63 11.8 ± 6.51 3.69 <0.001 (0.07) <0.001 (0.85) <0.001 (0.12)

So far I have gotten the important things I want in life.
Score Q4 31.2 ± 4.48 13.4 ± 2.57 5.05 29.5 ± 3.11 14.3 ± 4.64 3.92 0.096 (0.01) <0.001 (0.90) <0.001 (0.05)

If I could live my life over, I would change almost nothing.
Score Q5 32.4 ± 3.05 16.0 ± 4.41 4.40 31.5 ± 3.69 13.0 ± 6.38 3.67 <0.001 (0.10) <0.001 (0.87) <0.002 (0.02)

Total score
31.2 ± 2.14 14.2 ± 1.89 8.44 29.9 ± 1.60 13.5 ± 2.47 8.06 <0.001 (0.10) <0.001 (0.97) 0.036 (0.01)

Q = Question.
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No relevant correlations (r > 0.5) were calculated between physical activity and satis-
faction with life parameters based on the values before confinement. The variance analysis
of “satisfaction with life” parameters (Table 4) showed only one interaction (region x time)
effect (ηp

2 = 0.12) for the item “I am satisfied with my life”. The time effects were con-
sistently large and differed from ηp

2 = 0.81 (In most ways my life is close to my ideal) to
ηp

2 = 0.97 (total score). Region effects at examination 1 were only observed for the total
score (ηp

2 = 0.10) and the item “If I could live my life over, I would change almost nothing.”
(ηp

2 = 0.10).
Very large effect sizes were calculated for all satisfaction with life items (Table 4).

The effect sizes d for the scores (Q1 to Q5) ranged from d = 2.97 (Q3/MENA) to d = 7.19
(Q2/MENA) as a sign of a strongly reduction of quality of life.

There were no interaction effects (Table 5) of region (range of ηp
2: 0.000–0.09), play-

ing position (range of ηp
2: 0.00–0.02; Figure 1) or playing level (range of ηp

2: 0.01–0.08;
Figure 2).
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Table 5. Comparison of PA parameters depending on playing level (handball league), playing position, and region.
Meaningful interaction effects (criteria: p < 0.05 and ηp

2 > 0.10) highlighted in bold.

Variables
Variance Analysis/Interaction Effects p (ηp

2)

League × Time Position × Time Region × Time

Vigorous PA
Days/week (d) <0.001 (0.08) 0.085 (0.02) 0.003 (0.02)

Minutes/week (min) 0.369 (0.01) 0.488 (0.02) 0.580 (0.00)
MET-minutes/week <0.001 (0.05) 0.282 (0.01) 0.013 (0.02)

Moderate PA
Days/week (d) 0.981 (0.00) 0.623 (0.01) 0.001 (0.03)

Minutes/week (min) 0.247 (0.01) 0.150 (0.02) <0.001 (0.09)
MET-minutes/week 0.463 (0.01) 0.758 (0.01) 0.036 (0.01)

Walking
Days/walk for at least 10 min (d) 0.082 (0.02) 0.987 (0.00) 0.792 (0.00)
Minutes per walking day (min) 0.443 (0.01) 0.260 (0.01) <0.001 (0.03)

MET-minutes week 0.305 (0.01) 0.856 (0.00) <0.001 (0.08)

Sitting
hours per weekday 0.081 (0.02) 0.038 (0.02) 0.096 (0.01)

Based on the change in PA from before to during confinement measured by ∆d and
ηp

2, moderate PA (minutes/week) demonstrated the largest group difference (∆d = 1.11,
ηp

2 = 0.86). The smallest change (∆d, ηp
2) over the time was observed for walking

(days/walk for at least 10 min: ∆d = 0.73, ηp
2 = 0.678). The effect sizes for both sam-

ples (Europe vs. MENA) were similar (dMENA = 2.34, dEurope = 1.61; Table 3).
A detailed variance analysis based on the 23 involved countries (number of sub-

jects range: 1–86) was only possible and senseful for countries/samples with more than
30 subjects. Five countries fulfilled the criterion: Kuwait (n = 86), Saudi Arabia (n = 55),
Iraq (n = 39), Romania (n = 50), Germany (n = 37), France (n = 31). Regarding demographic
and anthropometric parameters only the age (p < 0.001, ηp

2 = 0.179) was different between
countries. The mean age ranged from 22.0 years (Romania) to 31.5 years (Iraq). The com-
parison of physical activity parameters between countries before and during confinement
revealed interaction effects (time × country) for four parameters (Table 6).

Table 6. Comparison of physical activity parameters between countries before and during confinement. Meaningful
interaction effects (criteria: p < 0.05 and ηp

2 > 0.10) highlighted in bold.

Acitivities Parameters Interaction Effects (Time × Country)
p (ηp

2)

Vigorous physical activities
Days/week (d) <0.001 (0.29)

Minutes/week (min) 0.102 (0.03)
MET-minutes/week <0.001 (0.19)

Moderate physical activities
Days/week (d) <0.001 (0.07)

Minutes/week (min) <0.001 (0.11)
MET-minutes/week <0.001 (0.08)

Walking
Days/walk for at least 10 min (d) <0.001 (0.07)
Minutes per walking day (min) <0.001 (0.07)

MET-minutes/week <0.001 (0.13)

Sitting Hours per weekday day (h) <0.001 (0.07)

The largest interaction effect (ηp
2 = 0.285) was displayed for vigorous PA (days/week)

(Figure 3). The effect sizes d ranged from 0.78 (Romania) to 4.09 (Germany).
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4. Discussion

Results of the present experiment suggest COVID-19 home confinement caused a
meaningful reduction in PA and increased sitting time regardless of competition level
and region in team handball. Furthermore, there were some reductions in PA in hand-
ball training at intensive and moderate level during home confinement. The greatest
difference between MENA and European participants was in the parameter moderate PA
minutes/week. The smallest regional difference was observed for walking and both paired
effect sizes were comparable. Based on the total score and the whole sample, the quality
of life decreased. The loss of quality of life over the time was similar in both regions. The
negative impact COVID-19 pandemic has had upon social participation and life satisfac-
tion during home confinement was evident in our present investigation that support the
contention there is significant psychosocial burden resulting from this home confinement.

4.1. Reasons of Decreased of Physical Activity

Team handball is of considerable internal load because of repeated high-intensity
actions [43–45]. The number of body contacts perceivably increases neuromuscular load,
and subsequent fatigue, both during and following games [46]. Therefore, imitating game
intensity in daily team handball training is important to mimic demands of match play.
In general, players from lower divisions and amateurs usually practice handball training
for three or four times a week for about 2 h per session [47]. Professional or aspiring
professionals spend approximately 11 h per week (5–6 × ∼2 h) on training in the handball
court and 3 h (2 ×∼1.5 h), at the gym. Furthermore, they have weekly competitive matches,
seasonally dependent [44,45].

This experiment demonstrated that daily volume of PA decreased during home con-
finement at vigorous intensity by 49% in MENA and 62% in Europe, which result in
reduced training stimulus and thus losses in fitness. Although we were unable to quantify
reductions in fitness, Fikenzer et al. [47] reported reduced aerobic capacity of elite handball
players in the absence of training, despite players being provided with a home-based
exercise program.

Recent multicenter studies showed that COVID-19 home confinement increased the
numbers of physically inactive individuals (+15%) [48]. However, the study of Hermassi
et al. [36], the number of walking days for at least 10 min per week decreased of ~35% in
both genders. Concomitantly, time per walk decreased of 46% in both genders. Therefore,
the energy expenditure of walking per week decreased from 449 ± 261 MET-minutes/week
to 141 ± 87.0 MET-minutes/week for women and from 528 ± 271 MET-minutes/week to
215 ± 120 MET-minutes/week in men.
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Ammar et al. [49] reported after an international online survey was launched in
April 2020 that the number of days/week of walking decreased by 35% during home
confinement (t = 15.80, p < 0.001, d = 0.68). Likewise, the same study reported that the
number of minutes/day of walking decreased by 34% during home confinement (t = 9.34,
p < 0.001, d = 0.39). Additionally, MET values of walking were 43% lower during home
confinement (t = 9.03, p < 0.001, d = 0.36). It is important to mention here that the studies
were all developed during the cool weather, which make comparison easier between
populations from North Africa, Europe, and Asia.

In terms of competition level, our findings corroborate those of Mon-López et al. [17]
who noted a greater reduction in training time of professional handball players than non-
professionals. Moreover, Skoufas et al. [46] observed a similar phenomenon in that higher
competitive level athletes reduced their volume of training to a greater extent than others
during off-season or non-competitive periods. This is likely in part due to the higher
initial levels of PA, and thus a greater reduction in non-competitive periods or confinement
conditions would be expected.

Both Mon-López et al. [17] and Giustino et al. [14] have reported a greater reduction
in volume of training in males than in females during confinement conditions. However,
in the present investigation when we considered thee interaction effect of gender and
competitive level, professional female players reduced training more than their male coun-
terparts. Mon-López et al. [17] suggested this may be manifest as a result of disproportion
participant numbers 47% females in were professional whereas only 38% of the males
were professional). This may have profound effects on fitness and injury risk as a recent
investigation noted male semi-professional football players decreased hamstring muscle
strength during home confinement only after 25 days [50].

Hermassi et al. [32] reported in team handball Worldwide Study that home confine-
ment by COVID-19 caused a decrease in the amount of walking per week and an increase
in sitting time, which reflects PA in daily life. In addition, the amount of PA at vigorous and
moderate intensity, which mostly reflected PA in handball training for handball players, de-
creased during COVID-19 home confinement. In addition, indicate that COVID-19-induced
home confinement affected not only daily life activities but also PA at moderate and vigor-
ous intensity, which is essential for team handball players to maintain and improve their
physiological capacities, and therefore, performance as handball players at all levels of
performance. The PA of handball players was not affected by continent (5), country (29),
gender, level of handball league, and playing position.

This study confirms results of recent investigations demonstrating the negative and
dramatical influences COVID-19 home confinement has on participation of sporting activi-
ties and PA engagement [1,37]. Restrictions associated with the pandemic reduced total
PA (number of days and hours per week). Despite the increased PA offered online via
social media, data presented here indicate team handball players were unable to maintain
their usual PA patterns appropriately during the measures. Decreased PA was followed by
increase in sedentary behavior (sitting time) in this investigation but the largest detected
changes across all parameters were for the sum parameter “total PA”.

The energy expenditure (MET-minutes/week) decreased compared to before confine-
ment. These data contradict those in a Canadian population. A survey measuring PA
levels of Canadian adults [51] during lockdown demonstrated that MVPA was not altered
by lockdown restrictions in people with a pre-existing high MVPA volume. This may be
due to individual differences in PA for recreation and health promotion in the Canadian
population and competitive sports people in the present sample. People who undertake PA
recreationally may be able to continue during lockdown because they consist primarily of
outdoor activities, possibly in rural areas. Conversely, subjects in this study were handball
players and PA at vigorous and moderate intensities could be obtained solely through
training handball in the indoor training facilities. Handball matches were cancelled, and
indoor training facilities were closed to prevent the spread of COVID-19.



Appl. Sci. 2021, 11, 11373 11 of 15

4.2. Impact COVID-19 on Life Satisfaction

COVID-19 produced an unprecedented worldwide mental health emergency [21]
and the restrictive measures, although necessary to ameliorate infection may lead to
physical and mental challenges for athletes [52], including increased fear of contract-
ing COVID-19 [53], rumination [34], anxiety and depression [54], sleep and eating disor-
ders [48], psychological inflexibility [55], sedentary lifestyle and negative habits [56], low
mood [1]. Few sport psychologists and coaches have highlighted the negative effects re-
strictive public health measures might pose on SL and noted athletes have been diagnosed
with several psychological disorders recently [34].

No relevant correlations were observed between PA and SL before confinement.
Variance analysis of SL parameters showed only one interaction (region x time) effect for
the item “I am satisfied with my life”. Time effects were consistently large and ranged
from ηp

2 = 0.81 (In most ways my life is close to my ideal) to ηp
2 = 0.97. Region effects

pre-pandemic were only observed for the total score and the item “If I could live my life
over, I would change almost nothing”. The fear of being infected by COVID-19 as well with
stress produced by restrictive isolation measures have been negatively related to people’s
SL [34,49,54–56]. These data support those of Ammar et al. [49] who reported the negative
effects confinement had on mental health, mood, and feelings with more people (+13%)
exhibiting lower mental wellbeing during confinement compared to pre-pandemic.

There are multiple credible explanations for decreased SL observed in this investiga-
tion. The current pandemic has unquestionably created loss and fear for many individuals,
and elite athletes. Specifically, those athletes that have lost employment, social relationships,
and opportunities to compete in national and international competitions.

4.3. Implications and Good Practice

A recommendation emanating from results of the present investigation is that it is
imperative to provide competitive handball players with a definitive exercise program to
ameliorate detraining prior to return to play [32]. According to Toresdahl and Asif [57],
athletes should follow a conventional approach during this time to prevent COVID-19
with training sessions of <60 min and to <80% of maximum effort. By contrast, Herrera-
Valenzuela et al. [58] endorsed that individuals can perform high-intensity interval training
(HIIT) at home to sustain physical fitness.

4.4. Limitations

This study is not without limitations, which we accept. First, we did not question
participants about their place of exercise due to the gathering data rapidly. However, we
assumed participants in this experiment would not be able to take part in team training and
matches inside training facilities, but might use their home and/or backyard for individual
training purposes due to lockdown restrictions.

The main limitation in this study however, as with all self-reporting, is the possibility
of reporting bias of PA (overestimation of PA), which is common among the respondents
of a self-reported questionnaire. However, we have asked the same questions in the survey
about the two different periods (before and during home confinement by COVID-19).
Thus, we speculate that the degree of bias is similar based on internal consistency of
respondents. It is also possible that recall bias was manifest, and respondents were unable
to correctly recall the amount of PA before confinement. This is an innate problem with
all self-reporting and recall data. Without the power of foresight, it is impossible to avoid
recall bias if asking participants about a previous time period. However, one way to
ameliorate the influence of recall and reporting bias is to use the athletes’ ‘wearables’
to objectively and retrospectively determine changes in PA over specific time periods.
However, as described in our recent article (REF), there are still significant hurdles to this
approach, namely skills in computer science and web protocols, approval for data access
from multiple stakeholders, between-device variation, and resource commitment. Thus,
we feel our approach in the present study was justified at time of writing. We are hopeful
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that in the future, objective, valid, population level PA patterns will be more easily accessed
through consumer-grade wearable devices.

Additionally, data concerning mode of exercise (i.e., cycle or running, resistance
training), and confinement nuances based on country of residence would add depth to this
study and should be considered in future studies. Additionally, although our sample was
exclusively handball players, the tool for PA data collection was not specifically designed
for this population, and was intended for the general population, so more nuanced data
are not possible.

Reporting satisfaction (LS) regarding life before and during the pandemic may be
affected by recall biased due to different problems (e.g., stress) or diseases (e.g., depression).
This impairs the meaningfulness of the results.

Finally, data collection was via questionnaires with subjective ratings and this has not
been validated by objective indicators. Therefore, we strongly recommend conducting an
indirect calorimetry or doubly labelled water to measure physical activity during 24 h to
enhance validity of the results.

5. Conclusions

Confinement decrease PA and LS regardless of region, handball playing level, and
playing position. Results indicate home confinement induced deleterious effect on PA
and LS. For example, increased sitting time indicative of a more sedentary lifestyle as
an indicator for worse living conditions and low life satisfaction. There is a need to
translate these findings to help inform future recommendations for home-based exercise
in team handball players for PA participation to sustain HEPA active category during
and after the COVID-19 pandemic. To alleviate the adverse psychosocial effects resulting
of home confinement, the exertion of social inclusion has been the focus of national and
international efforts.
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