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Abstract
Objectives: The physical activity level (PAL) has significantly decreased as a result of the social distancing and lockdown related to the COVID‑19 
pandemic, but there is a lack of knowledge on the correlates of PAL during the pandemic. The aim of this research was to examine the influence of 
pre‑pandemic sports participation and substance use and misuse (SUM) on PAL during the COVID‑19 pandemic. Material and Methods: The study 
included 661 high‑school students from Bosnia and Herzegovina (aged 15–18 years, 292 females). The investigation included 2 testing waves: before 
the COVID‑19 pandemic (baseline, January 2020) and during the COVID‑19 lockdown (follow‑up, April 2020). The variables included PAL as measured 
by the Physical Activity Questionnaire for Adolescents, sports factors, and SUM. Results: Sports factors at baseline were positively correlated with PALs at 
both baseline and follow‑up. Smoking tobacco negatively affected PALs at both baseline and follow‑up. Alcohol consumption was positively correlated 
with PAL at baseline but had no effect on PAL at follow‑up. Conclusions: This study confirmed the importance of sports participation in maintaining 
PAL during challenging situations, such as the COVID‑19 lockdown. The substance‑specific influence of SUM on PAL before and during the lockdown 
points to evident social and cultural aspects of SUM behaviors in adolescents. Further studies evidencing the cumulative effects of PAL decline during 
the lockdown are warranted. Int J Occup Med Environ Health. 2021;34(2):151 – 63
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basketball, handball), and the fact that sports and recre‑
ational facilities were closed during the lockdown [4].
Furthermore, a PAL decline was more evident among ado‑
lescents from urban living environments than among their 
rural peers. This finding was explained by the higher pre‑
pandemic PALs among urban adolescents and their more 
frequent participation in organized sports before the pan‑
demic [3]. Finally, a very recent study evidenced paternal 
education as being positively correlated, and family con‑
flicts as being negatively correlated, with PALs in adoles‑
cents both before and during the pandemic [5]. This high‑
lighted the importance of the parent‑child relationship 
and parental support for maintaining PALs among ado‑
lescents in challenging situations, such as the COVID‑19 
pandemic [5].
In regular circumstances, numerous factors influence 
the maintenance of PALs in youth (i.e., gender, the so‑
cio‑economic status, the living environment, and life 
habits) [6,7]. However, during childhood and adolescence, 
sports involvement is known to be one of the most influ‑
ential factors. Indeed, practicing sports is considered one 
of the main sources of PALs in youth; that is, participating 
in organized sports activities determines a large share of 
the total PAL [8]. As evidence of this, it has been recorded 
that the youth who participate in sports activities have 
higher total PALs than their peers who are not involved 
in sports [9]. However, there is an evident lack of research 
that has examined the influence of sports‑related factors 
(sports involvement, achieved sports result, type of sports) 
on PAL during the COVID‑19 pandemic. This is a particu‑
larly intriguing issue because, during the COVID‑19 lock‑
down, regular sports activities were quite limited because 
of the closing of sports facilities.
The consumption of psychoactive substances (cigarettes, 
alcohol, drugs; or substance use and misuse – SUM) is 
another factor that can influence PAL. However, there 
is no conclusive evidence about the relationship between 
SUM and PAL in adolescents, even in “normal” circum‑

INTRODUCTION
At the end of 2019, the COVID‑19 virus appeared and 
rapidly spread worldwide, which led to the declaration 
of a pandemic on March 11, 2020 [1]. Countries around 
the globe enacted different measures and methods for 
stopping or slowing down the spread of the COVID‑19 
disease; however, numerous countries imposed measures 
of self‑isolation, home‑confinement, and limited social 
interactions for several weeks or even months. The most 
important measure undertaken (besides emphasizing 
hygiene) was enforced social distancing, which included 
closing daycares, schools, universities, fitness centers, 
and sports and recreation clubs, and limiting social gath‑
erings [1]. As a result of the implied moving restrictions, 
it was expected that physical activity levels (PALs) would 
decline. Indeed, studies have confirmed such expecta‑
tions worldwide [2,3]. This negative trend was particularly 
evident in adolescents because the lockdown induced 
by COVID‑19 negatively influenced their life habits to 
the greatest extent [4]. Therefore, in parallel with investi‑
gating changes in PALs, factors that have influenced PALs 
in adolescents during the COVID‑19 pandemic have been 
examined.
Specifically, recent studies have reported the influence 
of gender, age, the fitness status, living environment and 
family factors on changes in PALs among adolescents 
during the COVID‑19 pandemic [3–5]. For example, 
a better fitness status was associated with higher PALs 
among Croatian adolescents before and during the pan‑
demic. The authors of that study explained such findings by 
theorizing that adolescents with a better fitness status have 
greater knowledge and awareness about staying physically 
active and exercising (i.e., they possess a better “physical 
literacy”), which allowed them to be active even during 
the lockdown [4]. Additionally, a more evident PAL de‑
crease was found among boys than among girls, probably 
because of the type of activities that boys partake under 
regular circumstances (i.e., team sports such as football, 
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West Herzegovina Canton). All of the participants were 
in good health, and they regularly participated in physical 
education classes ≥2 times a week, and possibly in orga‑
nized sports outside of the school curriculum in the period 
before the COVID‑19 pandemic. The participants were 
informed about the aims and study protocols, and gave 
their informed consent before the beginning of the study 
(a parent/legal guardian signed the consent for the partici‑
pants aged <18 years). This study is part of a larger study 
(“Physical activity, substance misuse, and factors of influ‑
ence in adolescence”) that was approved by the Ethical 
Board of the University of Split, Faculty of Kinesiology, 
Split, Croatia (EBO: 2181‑205‑05‑02‑05‑14‑005).
This study involved 2 testing waves:
 – before the social distancing measures due to the 

COVID‑19 pandemic were implemented (baseline),
 – while the measures were being enforced (follow‑up).

During the first testing wave, the participants were as‑
sessed for sports factors, SUM, and PALs before the pan‑
demic. The second testing point was during the imposi‑
tion of movement restriction measures and included only 
the testing of PALs (Figure 1).

Variables
Apart from age at baseline and gender (male, female), this 
study included sports factors, SUM, and PALs.
The Physical Activity Questionnaire for Adolescents (PAQ‑A) 
was used for the assessment of PALs at baseline and fol‑
low‑up. The PAQ‑A is a questionnaire that involves ques‑
tions about the past 7 days of activity; it is self‑administered 
and used for assessing PALs among 14‑ to 19‑year‑old ado‑
lescents [14]. The PAQ‑A results were observed at baseline 
and during the pandemic. Although being continuous in 
nature (1–5), for the needs of this research, the PAL was 
observed as binomial. The binomial variable is represented 
with 2 categories: a low/insufficient PAL for results <2.73 
and normal/sufficient PAL for results >2.73, as already 
suggested [15].

stances. For example, smoking cigarettes has been re‑
corded as a predictor of decreased PALs among U.S. 
adoles cents [10]. On the other hand, a recent study involv‑
ing ado lescents from Bosnia and Herzegovina has con‑
cluded that cigarette smoking is not a predictor of PAL, 
but the authors noted a lower PAL among adolescents who 
consumed illicit drugs [11]. The association of frequent al‑
cohol consumption among adolescents with higher PALs 
was recorded among African adolescents, and this is actu‑
ally supportive of other studies that reported high alcohol 
consumption in sports communities [12]. Therefore, given 
the previously recorded impact of SUM on PALs in regu‑
lar and normal circumstances, it is important to evaluate 
the potential association between SUM and PALs during 
the COVID‑19 pandemic, especially knowing that emerg‑
ing situations (i.e., crises, weather disasters, and health 
emergencies), are known to be associated with the in‑
creased prevalence of SUM [13].
From the previous brief literature overview, it is clear that 
negative trends in PAL during the COVID‑19 pandemic 
deserve particular attention. Namely, while a PAL de‑
crease as a result of the lockdown seems to be unavoid‑
able, it is important to examine the factors related to such 
trends. Previous studies have evidenced certain protective 
factors, as well as some risk factors for changes in PALs 
during the COVID‑19 pandemic [3,4]. The aim of this 
research was to extend the knowledge about the prob‑
lem and to prospectively examine the influence during 
the COVID‑19 pandemic among adolescents from Bosnia 
and Herzegovina of:
 – pre‑pandemic sports participation
 – pre‑pandemic SUM on PALs.

MATERIAL AND METHODS
Participants
This research included 661 high‑school students aged 15– 
18 years (292 females) from 4 counties in Bosnia and Her‑
zegovina (Tuzla, Zenica‑Doboj, Herzegovina‑Neretva, and 
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All variables were previously determined to be valid and re‑
liable among a similar sample of the participants [15,17].

Statistics
Descriptive statistics included the calculation of frequen‑
cies and percentages for all variables. Differences be‑
tween PALs at baseline and follow‑up were determined 
using the χ2 test. Furthermore, differences between 
the groups of adolescents according to the achieved PAL 
(an insufficient vs. sufficient PAL) at baseline and follow‑
up were determined by the Mann‑Whitney Z test (MWZ; 
for ordinal variables), or the χ2 test (for nominal vari‑
ables). The associations between sports factors and SUM, 
with dichotomized PALs at baseline and follow‑up were 
determined by logistic regression. Specifically, a sufficient 
PAL was coded as “1” and an insufficient PAL as “0.” 
The numeration of independent variables in logistic re‑
gression is presented in the tables. The odds ratio (OR), 
with the corresponding 95% confidence interval (95% CI) 
were reported. The Hosmer‑Lemeshow test was used to 
evaluate the model fit, and a statistically significant test 
indicates that the model does not adequately fit the data. 
The statistical package Statistica v. 13.5  was used for all 
calculations. For all the analyses, a p‑value of 0.05 was  
applied.

RESULTS
Differences between PALs at baseline (before the 
COVID‑19 lockdown), and follow‑up (during the lock‑
down) are presented in Figure 2. Overall, 48% of adoles‑

The sports status was assessed using questions regarding 
the following:
 – participation in individual sports;
 – participation in team sports (with the following an‑

swers: “never involved,” “quit,” “currently involved”);
 – best competitive result (with the following answers: 

“never participated/competed,” “local competitions,” 
“national competitions,” “international competi‑
tions”);

 – years of sports involvement (with the following answers: 
“never involved,” “<1 year,” “2–5 years,” “>5 years”).

Substance use and misuse were assessed using questions 
about cigarette smoking, alcohol consumption, and drug 
consumption. Cigarette smoking was detected using ques‑
tions about the respondents’ smoking habits, with the fol‑
lowing possible answers: “never smoked,” “quit smoking,” 
“smoke from time to time,” “smoke <10 cigarettes daily,” 
and “smoke ≥10 cigarettes daily.” Alcohol consumption 
was detected using the Alcohol Use Disorders Identifica‑
tion Test (AUDIT). The participants were divided into 
2 groups: harmful drinkers and non‑harmful drinkers, ac‑
cording to a reference score of 11 pts in the AUDIT [16]. 
For the evaluation of drug consumption, the participants 
were asked about the consumption of several different 
drugs (hashish, marijuana, heroin, cocaine, sedatives, 
ecstasy, amphetamines) with 7 potential answers rang‑
ing from “never used,” “tried once,” or “tried more than 
once,” to “consumed >40 times.” The participants were 
divided into consumers (ever tried) and non‑consumers 
based on these answers [17].

January 2020
• 6–12 January
 Baseline physical activity levels,
 substance use and misuse data,
 sports factors

February 2020
• 11 February
 WHO announced 
 the name COVID-19

March 2020
• 9 March
 First confirmed cases 
 of COVID-19 in Bosnia 
 and Herzegovina

• 16 March
 Government implemented
 restrictive preventive
 measures

April 2020
• 9 April
 WHO classified Bosnia 
 and Herzegovina
 as a country with potential
 for community transmission

• 20–26 April
 Follow-up physical activity
 levels

Figure 1. Timeline of the research and most important dates with regard to the COVID‑19 pandemic in Bosnia and Herzegovina
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participation, experience in sports, sports achievement, 
smoking, and harmful drinking (Figure 3a).
Correlates of PALs at follow‑up (during the lockdown) 
are presented in Figure 3b. Individual sports participa‑
tion, team sports participation, experience in sports, and 
sports achievement were positively correlated with a suf‑
ficient PAL. Meanwhile, smoking was lower in those ado‑
lescents who had a sufficient PAL at follow‑up.

DISCUSSION
The main findings of this study were as follows:
 – pre‑pandemic sports factors were correlated with PALs 

at both baseline and follow‑up;
 – smoking cigarettes had a negative effect on PALs at 

both baseline and follow‑up;
 – alcohol consumption had a positive effect on PAL at base‑

line, but it had no effect on PAL during the lockdown;
 – drug consumption did not have an effect on PAL.

Sports factors and PAL
These results showed that all sports factors were associ‑
ated with PALs at baseline and follow‑up. It is clear that 
adolescents involved in organized sports activities are gen‑

cents achieved a sufficient PAL at baseline, while only 24% 
of them achieved a sufficient PAL at follow‑up. The per‑
centage of boys who had a sufficient PAL decreased from 
67% at baseline to 37% at follow‑up. Similarly, 28% of girls 
had a sufficient PAL at baseline, while only 9% achieved 
a sufficient PAL at follow‑up. All differences were signifi‑
cant as indicated by the χ2 test (Figure 2).
Table 1 presents descriptive statistics of the studied vari‑
ables and differences between the groups of adolescents 
according to their PALs at baseline (before the COVID‑19 
imposed rules of social distancing). Significant differences 
between the groups were evidenced in individual sports 
participation (MWZ: 7.83, p < 0.001), team sports par‑
ticipation (MWZ: 8.59, p < 0.001), experience in sports 
(MWZ: 8.03, p < 0.001), and sports achievement (MWZ: 
5.75, p < 0.001). In all cases, a sufficient PAL was found 
in adolescents with higher scores on sports factors. Fur‑
thermore, harmful alcohol drinking was higher (χ2 = 4.54, 
p = 0.03), while smoking was lower in the adolescents who 
achieved a sufficient PAL at baseline.
Individual sports participation, team sports participation, 
experience in sports, and sports achievement observed at 
baseline were higher in those adolescents who achieved 
a sufficient PAL at follow‑up (MWZ: 6.65, 7.95, 7.48, 
and 6.78, respectively, all p < 0.01). Meanwhile, smoking 
prevalence was higher in the adolescents with an insuffi‑
cient PAL during the COVID‑19 lockdown (MWZ: 1.56, 
p = 0.04).
The logistic regression calculated for dichotomized PAL 
criteria are presented in Figure 3. While preliminary cal‑
culations indicated a strong association between male 
gender and PALs at both baseline and follow‑up (OR = 
4.11 and 3.98, 95% CI: 2.32–7.11 and 2.11–8.23 for base‑
line and follow‑up, respectively), logistic regressions were 
calculated as a crude model (model 0), and a model con‑
trolled for gender as a covariate (model 1).
When non‑controlled for gender, PAL at baseline was 
correlated to individual sports participation, team sports 

0
10
20
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40
50
60
70
80
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100

∆ 
PA

L [
%

]

baseline follow-up follow-up follow-upbaseline baseline
total males females

Participants

PAL
insufficient
sufficient

For all groups χ2 = 20.56, p < 0.001.

Figure 2. Changes in the physical activity levels (PALs) 
from baseline (before the pandemic) to follow‑up (during 
the pandemic), and differences between measurements 
for the adolescents involved in the study
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erally more active, which explains the association of sports 
with PAL at baseline (i.e., before the lockdown). There‑
fore, these results support the findings of previous studies 
that evidenced similar associations in adolescents world‑
wide [8]. From the perspective of this research, it is impor‑
tant to mention a recent study that has evidenced a posi‑
tive influence of the fitness status on PALs both before 
and during the pandemic in Croatia [4]. The authors of 
that study explained their results highlighting the issue 
of physical literacy and its influence on PAL [4].
Physical literacy is defined as “the motivation, confidence, 
physical competence, knowledge and understanding to 
value and take responsibility for engagement in physical 
activities for life” [18]. It is clear that sports participation 
promotes physical literacy, and it is described as having 
the following 4 main interacting domains:
 – physical fitness,
 – fundamental motor skill proficiency,
 – physical activity behaviors,
 – psycho‑social factors, including feelings, knowledge, 

and attitudes [19].
The association between sports participation and physi‑
cal literacy is frequently confirmed, with higher physical 
literacy among children actively involved in sports [20]. 
Altogether, these findings logically explain the positive 
influence of pre‑pandemic sports participation and PAL 
at baseline.
Moreover, it has been proven that a frequent and long‑
lasting involvement in organized sports influences the de‑
velopment of motor skills, abilities, attitudes and motiva‑
tion, which are important for future physical activity [21]. 
According to Telama [21], one of the theories of tracking 
physical activity, referred to as the ability and readiness 
hypothesis, states that previous experiences and partici‑
pation in sports and physical activities make it easier to 
continue with physical activity or start it again after a po‑
tential break, even if the types of practiced activity differ. 
This explanation is plausible here for the established re‑Al
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tion on PAL during the lockdown becomes even clearer. 
Therefore, it can be anticipated that the adolescents who 
have a sports background are more capable of creating 
and choosing appropriate activities even during home 
confinement and situations with limited access to sports 
facilities and equipment.
For the purposes of this research, it is important to explain 
another possible influence of sports participation on PALs 
before and during the COVID‑19 lockdown. Namely, as 
far as the authors are aware, even though all sports fa‑
cilities were closed, sports clubs and coaches were creating 

lationship between pre‑pandemic sports factors and PAL 
during the pandemic.
Additionally, adolescents who participate in sports likely 
have a greater need for activity than their peers, even 
during the pandemic and periods of restricted movement, 
because they have developed the habit of an increased 
PAL, have felt positive physiological changes during physi‑
cal activity and are aware of the positive effect of that ac‑
tivity on their health. As physical literacy is observed to 
affect the capacity for maintaining an active and healthy 
lifestyle [18], the positive influence of sports participa‑
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Figure 3. Correlates of the physical activity levels (PALs) a) before the pandemic and b) during the COVID‑19 lockdown, 
in the adolescents involved in the study – logistic regression results for dichotomized PAL criterion (insufficient PAL – sufficient PAL)
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First, it is well known that cigarette smoking has some 
negative effects on physical performance and functional 
capacities. More precisely, athletes and active populations 
are well aware of the fact that smoking leads to immedi‑
ate and chronic detrimental effects on the lung and heart 
functions that decrease/reduce cardiovascular fitness and 
physical capacity [24]. Second, smoking cigarettes is not 
proclaimed or accepted in the social groups of people 
who practice sports and similar activities, and it does not 
fit in the social norms of that population [25]. Third, ciga‑
rettes are more associated with at‑risk youth who care less  
about their health. More precisely, the youth who are 
characterized as deviant or risk‑taking are generally less 
physically active, and are more involved in activities and 
behaviors that are not good for their health, including 
smoking cigarettes [26]. The latter can be explained by 
the opposite phenomenon, i.e., the youth who regularly 
participate in physical activity have better health‑related 
behaviors, including healthy eating and lower rates of cig‑
arette smoking [27]. Therefore, together with the previ‑
ously discussed positive association of sports factors with 
PAL, the negative correlation between smoking and PALs 
before and during the pandemic becomes clear.
The finding that alcohol consumption is associated with an 
increased PAL at baseline is in accordance with the find‑
ings of previous studies. Namely, several studies have 
shown that adolescents who drink alcohol reach higher 
PALs than their peers who do not [28]. Specifically, drink‑
ing alcohol is a social activity, and is frequently associated 
with the social and team nature of the physical activi‑
ty [28]. Additionally, sports celebrations, mass‑media alco‑
hol promotions related to sports events, and the influence 
of active peers (athletes are considered role models) are 
factors that impact on the positive association of alcohol 
with PAL [25].
The most significant factor associated with alcohol is con‑
sidered to be post‑exercise drinking or, more precisely, 
gatherings after sports or other physical activities that 

different ways to keep their members active to decrease 
the detrimental effects of reduced physical activity and 
sports involvement on physical capacity and abilities. Nu‑
merous sports clubs organized online training sessions 
through web‑based communication platforms such as 
Skype, Zoom, and Google Meet, and developed adjusted 
training programs, which is also confirmed among U.S. 
adolescents [22]. Although the frequency and intensity of 
the training sessions were definitely not the same as before 
the pandemic, such strategies certainly helped to main‑
tain PALs during the pandemic among those adolescents 
who were members of sports clubs in the pre‑pandemic 
period.

Substance use and misuse and PAL
Studies have rarely investigated the effect of SUM on 
PAL in adolescents and, to the best of the authors’ knowl‑
edge, no study has explored this problem specifically 
for the pandemic period. Thus, it is difficult to compare 
the results obtained in this study with results of other 
studies. However, when explaining the obtained results, 
the overall situation in the country where the partici‑
pants live should be taken into account. In Bosnia and 
Herzegovina, smoking is a socially acceptable behavior, 
and the country has one of the highest prevalence rates 
of adolescent smoking in Europe: 37% of adolescents 
smoke cigarettes, and 20% are daily and regular smok‑
ers [23]. Similarly, >20% of adolescent boys from Bosnia 
and Herzegovina are classified as harmful drinkers [23]. 
However, the prevalence of drug usage is low, and with 
a prevalence of <7% (“have ever tried” drug consumers), 
the drug consumption rate among adolescents in Bosnia 
and Herzegovina is among the lowest in Europe [23].
This research noted that cigarette smoking negatively 
impacted on PALs in both testing waves. In other words, 
the youth who reported smoking cigarettes had lower 
PALs both before and during the pandemic. This could be 
interpreted in several ways.
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Limitations and strengths
This study involved adolescents from only 1 country in‑
cluded in a regular scholastic system. Also, follow‑up test‑
ing was specific, and the availability of personal IT resources 
(i.e., computer, smartphone) limited the possibility that all 
children who were tested at baseline would participate in 
follow‑up testing. Therefore, the results are generalizable 
to similar samples. In addition, the study did not evidence 
some potentially important correlates of PAL (i.e., educa‑
tional and scholastic factors), which almost certainly limited 
the possibility of a more elaborated discussion. The most 
important limitation comes from the fact that the partici‑
pants may have leant towards socially acceptable answers. 
However, the strict anonymity of the testing procedures and 
the authors’ previous experience probably limited this bias.
This study is one of the first which evaluated pre‑pandemic 
sports participation and substance misuse, with PALs during 
the COVID‑19 pandemic. Moreover, the study was con‑
ducted in a country where substance misuse in adolescents 
is already evidenced as an important public‑health problem. 
Finally, the use of the measuring instruments which had 
been previously validated in similar samples of the partici‑
pants was an important strength of the investigation. There‑
fore, the authors believe that, while not being the final word 
on the topic, the investigation will provide new information 
regarding the problem and will initiate further research.

CONCLUSIONS
The COVID‑19 pandemic, which is a global crisis of an 
unprecedented scale, has resulted in many restrictions on 
daily living including social distancing, isolation, and home 
confinement. Emerging data point out at a considerable de‑
crease in global PALs during the period of social isolation 
implemented worldwide to reduce disease transmission.
This study adds a significant body of evidence on the pan‑
demic impact on PAL and SUM among adolescents. It has 
been shown that pre‑pandemic sports factors are sig‑
nificantly associated with PALs at baseline and follow‑up 

include alcohol [25]. Since adolescents during baseline 
testing had regular life routines, and restrictive measures 
had not been imposed, they were able to participate in 
all regular social activities including sports and social‑
izing (bars, night clubs) with their peers. On the other 
hand, an association between drinking and PAL during 
the pandemic was not found. This is almost certainly re‑
lated to the fact that the overall PAL decreased as a result 
of the pandemic. This decrease was certainly mostly in‑
fluenced by a PAL decrease in a group of competitive 
athletes who often consume alcohol. Regarding the pre‑
viously mentioned social aspect of alcohol consumption 
after sports, the finding that alcohol did not affect PAL at 
follow‑up is logical.
The finding that illicit drug use did not affect PALs either 
at baseline or at follow‑up may be observed as surprising. 
Specifically, a review study by Kwan et al. [29] recorded 
a low prevalence of illicit drug use among athletes in 
the majority of observed studies, with the exception of 
marijuana which showed equivocal findings. Most likely, 
the main reason for the negative association of illicit drug 
use with physical activity and sports participation is that 
active adolescents are aware of the immediate detrimen‑
tal physical and psychological effects of illicit drug use on 
exercise and sports performance [30]. Specifically, illicit 
drug consumption is associated with time disorientation, 
confusion, cardiac and respiratory arrest, and decreased 
concentration, coordination, and reaction time [30]. Addi‑
tionally, drug use is not an approved behavior or norm 
among active adolescents and athletes; therefore, it is not 
socially accepted [26].
However, although one could expect that illicit drug con‑
sumption would be negatively correlated with PALs in this 
study, the lack of association could be explained by the low 
prevalence of adolescents who use illicit drugs (<4%). 
Consequently, simply because of mathematical issues 
(i.e., the small number of subjects in the “positive” group), 
the OR could not reach statistical significance (95% CI).
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3. Zenic N, Taiar R, Gilic B, Blazevic M, Maric D, Pojskic H, 
et al. Levels and Changes of Physical Activity in Adolescents 
during the COVID‑19 Pandemic: Contextualizing Urban 
vs. Rural Living Environment. Appl Sci. 2020;10(11):3997, 
https://doi.org/10.3390/app10113997.

4. Sekulic D, Blazevic M, Gilic B, Kvesic I, Zenic N. Prospec‑
tive Analysis of Levels and Correlates of Physical Activity 
During COVID‑19 Pandemic and Imposed Rules of Social 
Distancing; Gender Specific Study Among Adolescents from 
Southern Croatia. Sustainability. 2020;12(10):4072, https://
doi.org/10.3390/su12104072.

5. Gilic B, Ostojic L, Corluka M, Volaric T, Sekulic D. Con‑
textualizing Parental/Familial Influence on Physical Activ‑
ity in Adolescents before and during COVID‑19 Pandemic: 
A Prospective Analysis. Children. 2020;7(9):125, https://doi.
org/10.3390/children7090125.

6. Sallis JF, Prochaska JJ, Taylor WC. A review of correlates of 
physical activity of children and adolescents. Med Sci Sports 
Exerc. 2000;32(5):963–75, https://doi.org/10.1097/00005768‑
200005000‑00014.

7. Kleszczewska D, Mazur J, Siedlecka J. Family, school and 
neighborhood factors moderating the relationship between 
physical activity and some aspects of mental health in ado‑
lescents. Int J Occup Med Environ Health. 2019;32(4):423–
39, https://doi.org/10.13075/ijomeh.1896.01389.

8. Wickel EE, Eisenmann JC. Contribution of youth sport 
to total daily physical activity among 6‑ to 12‑yr‑old boys. 
Med Sci Sports Exerc. 2007;39(9):1493–500, https://doi.org/ 
10.1249/mss.0b013e318093f56a.

9. Machado‑Rodrigues AM, Coelho e Silva MJ, Mota J, San‑
tos RM, Cumming SP, Malina RM. Physical activity and 
energy expenditure in adolescent male sport participants 
and nonparticipants aged 13 to 16 years. J Phys Act Health. 
2012;9(5):626–33, https://doi.org/10.1123/jpah.9.5.626.

10. Kimm SY, Glynn NW, Kriska AM, Barton BA, Kronsberg SS, 
Daniels SR, et al. Decline in physical activity in black girls 
and white girls during adolescence. N Engl J Med. 2002; 
347(10):709–15, https://doi.org/10.1056/NEJMoa003277.

during the pandemic. While smoking cigarettes has a nega‑
tive effect on PAL in general, alcohol initially had a positive 
effect which was not observed at follow‑up. An interesting 
finding is that illicit drug use has no association with PAL 
at all. The authors assume that a low prevalence of adoles‑
cents who use illicit drugs may be a proper explanation.
It is clear that this pandemic will not stop easily. Therefore, 
urgent actions are needed to normalize and restore physical 
activity among this population. The academic and medical 
society needs to encourage a national strategy to minimize 
the negative health effects induced by the pandemic, re‑
lated to reduced physical activity and increased sedentary 
behaviors. Healthy lifestyle behaviors, including the ab‑
sence of substance misuse, should be promoted on a large 
community scale. Moreover, health‑promotion strategies 
directed at routine physical activities, as well as sports par‑
ticipation, may be helpful in recuperating adolescents from 
the stress and anxiety they experienced while in lockdown 
during the COVID‑19 crisis. It would be of public health 
benefit not only during this outbreak and crisis recovery 
period, but also as a recommended prevention of health‑
related impacts during any future pandemics.
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