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Association of physical activity and sitting @
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Abstract

Background The prevalence of tobacco and alcohol use among adolescents is alarming, and these substances
are among the leading risk factors for current and future health among adolescents. Physical activity has the poten-
tial to help prevent substance use among adolescents. The objective of this study was to evaluate the association
between physical activity, modes of transportation to or from school, and sitting time with tobacco and alcohol use
among 222,495 adolescents.

Methods This cross-sectional study used data from national surveys conducted in 66 countries, obtained
through the Global School-based Student Health Survey, and included adolescents aged 11 to 17 years. Infor-
mation on physical activity, transportation to or from school, sitting time, and tobacco and alcohol use was col-
lected through self-report questionnaires. Generalized linear models were employed to estimate the associations
between these variables.

Results The analysis, adjusted for sex, age, and region, revealed that being physically active was associated

with lower odds of smoking (OR: 0.86, 95%Cl: 0.83-0.89), alcohol use (OR: 0.74, 95%Cl: 0.72-0.76), binge drinking (OR:
0.66, 95%Cl: 0.62-0.69), and drunkenness (OR: 0.85, 95%Cl: 0.83-0.88) compared to inactivity. Insufficiently active
participants also had lower odds of tobacco use (OR: 0.83, 95%Cl: 0.80-0.85), alcohol use (OR: 0.77, 95%Cl: 0.75-0.79),
binge drinking (OR: 0.91, 95%Cl: 0.87-0.96), and drunkenness (OR: 0.88, 95%Cl: 0.85-0.90) compared to inactive partici-
pants. Additionally, active transportation to or from school was associated with lower odds of tobacco use (OR: 0.97,
95%Cl: 0.95-0.99), alcohol use (OR: 0.94, 95%Cl: 0.92-0.96), and binge drinking (OR: 0.78, 95%Cl: 0.75-0.81) compared
to those using passive transportation. Participants with acceptable sitting time, however, were more likely to use
tobacco (OR: 1.48, 95%Cl: 1.45-1.52), use alcohol (OR: 1.68, 95%Cl: 1.64-1.72), binge drink (OR: 1.68, 95%Cl: 1.62-1.75),
and experience drunkenness (OR: 1.66, 95%Cl: 1.62-1.69) compared to those with excessive sitting time.

Conclusion Being physically active, even at insufficient levels, may have beneficial effects on tobacco and alcohol
use in adolescents. Acceptable sedentary time, on the other hand, was positively associated with tobacco and alcohol
use.
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Introduction

According to the World Health Organization (WHO),
adolescence is defined as the second decade of life, rang-
ing from 10 to 19 years of age. This period is character-
ized by a complex process of growth and biopsychosocial
development, involving anatomical, physiological, psy-
chological, and social changes [1]. Due to the sensitiv-
ity of this stage, adolescents are at an increased risk for
health problems that are related to the experimentation
and use of psychoactive substances such as tobacco, alco-
hol, and other drugs [2—4].

The prevalence of tobacco and alcohol use among ado-
lescents is alarming. Data from the Global School-based
Student Health Survey (GSHS) indicate that 13.6% of
adolescents reported using tobacco, and 1 in 4 drank
alcohol in the month prior to the survey [5, 6]. According
to the Global Burden of Diseases, Injuries, and Risk Fac-
tors data, tobacco and alcohol use rank among the lead-
ing risk factors for global health [7]. The public health
impact of these substances could be reduced with greater
efforts to prevent their use during adolescence, as use
typically begins in this period and is linked to various
chronic non-communicable diseases in adulthood [8].
Accordingly there is growing concern of public authori-
ties and experts on the subject who are increasingly
warning about the dangers of using these substances,
especially during adolescence [9, 10].

One strategy to prevent the use of substances like
tobacco and alcohol is promoting physical activity (PA).
PA is defined as any voluntary movement produced by
muscles that results in energy expenditure above rest-
ing levels [11]. The WHO recommends that children
and adolescents engage in at least 60 min of moderate
to vigorous PA per day due to its numerous health ben-
efits. The organization also emphasizes that any amount
of PA is better than none [12]. PA can be accumulated
across various domains, such as playing sports during lei-
sure time or through active transportation to and from
school [12]. Specifically, PA can help counteract the use
of tobacco, alcohol, and other drugs through psycho-
logical mechanisms by reducing cravings and impulses,
as well as by controlling behaviors that may lead to sub-
stance use [13, 14]. Additionally, involvement in PA may
be limiting the exposure to these substances and increase
interactions with individuals who are more interested in
maintaining healthy habits [13-15].

Physical inactivity, which is characterized by the com-
plete absence of moderate to vigorous PA, on the other
hand, poses a serious threat to public health as it con-
tributes to numerous health problems [16]. Accordingly,
extensive periods of sedentary behavior, which refers
to any waking activity with low energy expenditure,
such as sitting [17], has been shown to be a risk marker
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for alcohol use in adults but there remains a need for
research exploring these associations in adolescents [17].

Despite the increasing volume of data on this topic, the
quality of evidence remains limited, and the literature
lacks sufficient data to either support or refute the pre-
ventive role of PA in combating tobacco and alcohol use
[13-15]. There is a pressing need for studies with larger
sample sizes that include children and adolescents, par-
ticularly those conducted in countries outside the major
global economies [13-15].

To address this gap, the present study aimed to evalu-
ate the association between PA (including leisure sports
and exercising with friends), transportation to or from
school, and sitting time (excluding time spent sitting at
school or doing homework) with tobacco and alcohol use
among adolescents from different regions of the world.

Methods

Study design and sample

The study was conducted using national survey data
obtained from the GSHS. Full details of the GSHS design
and sampling methods are reported elsewhere [18]. The
GSHS is a collaborative surveillance project designed to
help countries measure and assess behavioral risk factors
and protective factors across 10 key areas among ado-
lescents between 11 and 17 years of age. This relatively
low-cost, school-based survey uses a self-administered
questionnaire to gather data on youth health behav-
iors and protective factors related to the leading causes
of morbidity and mortality among children and adults
worldwide [19, 20]. Questionnaires are completed dur-
ing regular school hours using a computer-scanned,
self-report form, and are translated into the correspond-
ing language of each country. To obtain a nationally rep-
resentative sample of adolescents, the study employed
a two-stage sampling method. First, schools were ran-
domly selected based on probability proportional to
size. Then, within those selected schools, classes were
randomly chosen to participate, with all students in the
selected classes invited to participate [20].

The GSHS began in 2003 and continues to this day.
Countries participated in different years, so the data
available varies by country and survey edition. It is rec-
ommended that countries participate periodically, which
is why some countries have participated in the sur-
vey more than once. The data collection period for this
study included the years available on the GSHS website
up until June 2020, encompassing 102 countries. For five
countries (Zimbabwe, Chile, China, Ecuador, and Occu-
pied Palestinian Territory), only regional or city data
were available; all other estimates were nationally repre-
sentative [21]. For countries that participated more than
once, only data from the most recent collection period
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were considered [22]. This resulted in an initial sample
size of 388,381 adolescents. However, some countries
did not have data on one or more of the variables con-
sidered in this study, and missing data on one or more
variables of interest were used as exclusion criteria. After
excluding participants with missing data, the final sample
for this study consisted of 222,495 participants from 66
countries.

Ethical considerations

The GSHS adhered to human subjects’ protection stand-
ards. Each participating country approved the research
project through their local government administrations.
Additionally, all studies received approval from ethics
committees in their respective countries and followed the
standards established by the WHO. Data from this study
and detailed methods used in the GSHS are described
online on the WHO website (https://www.who.int/
teams/noncommunicable-diseases/surveillance/systems-
tools/global-school-based-student-health-survey/metho
dology) and in other publications [20, 22, 23]. Participa-
tion was voluntary; adolescents provided their assent,
and informed consent was obtained from their parents
or guardians [20, 21]. All methods were performed in
accordance with the Helsinki Declaration and guidelines.

Physical activity, transportation to or from school

and sitting time

Total PA was assessed using the following question: “Dur-
ing the last 7 days, on how many days did you engage
in PA for a total of at least 60 minutes per day?” (Add
up all the time you spent in any kind of PA each day).
Responses ranged from 0 to 7 days. PA was defined as
any activity that increases the heart rate or leaves the stu-
dent out of breath. This includes leisure sports, exercising
with friends, or active transportation to or from school
[24]. Based on their responses, adolescents were classi-
fied as physically inactive (0 days), insufficiently active (1
to 4 days), or physically active (5 or more days) [25].

Transportation to or from school refers to how adoles-
cents travel between home and school. This was assessed
with the question, “In the last 7 days, on how many days
did you walk or ride a bicycle to or from school?” Pos-
sible answers ranged from 0 to 7 days. Adolescents who
walked or cycled to or from school at least 3 days a week
were considered to be engaging in active transportation,
as 3 days represent the majority of school days in a week
[26].

Time spent sitting was evaluated with the question,
“How much time do you spend on a typical day sitting
and watching television, playing on the computer, talking
with friends, or doing other activities while seated, such
as surfing the internet?” (Excluding time spent sitting at
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school or for homework) [24]. Response options included
“less than 1 hour/day,” “1 to 2 hours/day,” “3 to 4 hours/
day, “5 to 6 hours/day,” “7 to 8 hours/day,” or “more than
8 hours/day” A cut-off of 3 or more hours/day was used
to define excessive sedentary time, based on previous
associations with adverse health outcomes [27].

Tobacco and alcohol use

Tobacco use was assessed with the question, “In the last
30 days, on how many days did you smoke?” The response
options were: “0 days,” “1 to 2 days,” “3 to 5 days,” “6 to
9 days,” “10 to 19 days,” “20 to 29 days,” or “every day”
Alcohol use was measured by asking, “During the last 30
days, on how many days did you have at least one drink
containing alcohol?” with the response options being “0
days,” “1 to 2 days,” “3 to 5 days,” “6 to 9 days,” “10 to 19
days,” “20 to 29 days,” or “every day” Both variables were
categorized as not used (0 days) or used (1 or more days)
[28].

Binge drinking was identified based on the frequency
of drinks used in the last 30 days, using the question, “On
the days when you drank alcohol in the last 30 days, how
many drinks did you consume per day?” Possible answers
were: “Didn’t drink in the last 30 days’, “less than 1 drink’,
“1 drink’, “2 drinks”, “3 drinks”, “4 drinks”, “5 or more
drinks” According to the questionnaire, drinking alcohol
does not include taking a few sips of wine for religious
purposes. A ‘drink’ is defined as a glass of wine, a bottle
of beer, a small glass of liquor, or a mixed drink. Those
who consumed 5 or more drinks on the same day were
classified as binge drinkers [29].

The number of times participants had been drunk was
assessed with the question, “How many times have you
been drunk in your life?” Response options were: “None,”
“1 to 2 times,” “3 to 9 times,” or “10 or more times.” This
variable was categorized as no (never) or yes (one or
more times) [30].

Demographic data

Data on age and sex were collected through the ques-
tionnaire. Information about the countries and geo-
graphic regions of the participants was extracted from
the respective country databases available on the WHO
website (https://www.who.int/teams/noncommuni
cable-diseases/surveillance/systems-tools/global-school-
based-student-health-survey/methodology) [20].

Statistical analysis
Descriptive statistics are presented as frequencies and
percentages for tobacco use, alcohol use, binge drinking,
and drunkenness.

Generalized linear models with a binomial link func-
tion were used to estimate the associations between
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independent (i.e., PA, transportation to or from school
and sitting time) and dependent variables (i.e., tobacco
use, alcohol use, binge drinking, and drunkenness) due
to their dichotomous nature. Binomial logistic regression
analyses were conducted, and odds ratios (OR) with 95%
confidence intervals (95% CI) were reported. Associa-
tions were adjusted using the following models: (i) model
1, mutually adjusted for independent variables with the
level of PA categorized into three categories (i.e., inactive
vs. insufficiently active vs. active); (ii) model 2, included
model 1 plus sex, age, and region.

The Wald test and the likelihood ratio test were pri-
marily used to assess the significance of the models’ beta
coefficients. Multicollinearity among the independent
variables was examined using Variance Inflation Fac-
tor (VIF) values (acceptable: <10) and tolerance levels
(acceptable: >0.25). All analyses incorporated the expan-
sion technique and sample weights to ensure adherence
to the selection process and population representative-
ness as outlined by the GSHS. The significance level was
set at 5%. Analyses were conducted using R software, ver-
sion 4.2.3.

Results

The sample consisted of 222,495 adolescents, 53.6% of
whom were female. Among the participants, 26.0% were
inactive, 58.6% used passive transportation to or from
school and 37.6% had excessive sitting time (>3 h/day).
Additionally, 12.6% used tobacco and 24.8% used alcohol
at least once in the 30 days prior to data collection. Binge
drinking was reported by 4.9% of the sample, and 18.7%
had experienced at least one episode of drunkenness in
their lives (Table 1). Results by country are detailed in the
supplementary material (Tables S1 and S2).

Table 2 presents the results of the logistic regression
analysis, adjusted for sex, age, and geographic region.
Being active was associated with a lower likelihood of
tobacco use (OR: 0.86, 95%CI: 0.83-0.89), alcohol use
(OR: 0.74, 95%CI: 0.72—-0.76), binge drinking (OR: 0.66,
95%CI: 0.62-0.69), and drunkenness (OR: 0.85, 95%CI:
0.83-0.88). Participants with insufficient PA were also
less likely to use tobacco (OR: 0.83, 95%CI: 0.80-0.85),
use alcohol (OR: 0.77, 95%CIL: 0.75-0.79), report binge
drinking (OR: 0.91, 95%CI: 0.87-0.96), and experience
drunkenness (OR: 0.88, 95%CIL: 0.85—0.90) compared to
inactive participants. Those who used active transpor-
tation were less likely to use tobacco (OR: 0.97, 95%CI:
0.95-0.99), use alcohol (OR: 0.94, 95%CI: 0.92—-0.96), and
report binge drinking (OR: 0.78, 95%CI: 0.75-0.81), com-
pared to those using passive transportation. Conversely,
the group with acceptable sitting time was more likely
to use tobacco, use alcohol, and report binge drinking
and drunkenness compared to the group with excessive
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sitting time (ORgpacco: 1-48, 95%CIL: 1.45-1.52; OR,onort
1.68, 95%Cl: 1.64-1.72; ORpiocdrinking' 1-68, 95%ClL: 1.62—
1.75; OR g,unkenness: 1-66, 95%CI: 1.62-1.69).

Table 3 presents the results of multiple logistic regres-
sion analyses, examining the independent variables
simultaneously in two models. Model 1 indicates that
insufficiently active participants had lower odds of
tobacco use and smoking compared to inactive partici-
pants (ORgpacco: 0-79, 95% CI: 0.76—0.81; OR,opor: 0-74,
95%Cl: 0.72-0.76; ORp;pcedrinking' 0-86, 95%Cl: 0.81-0.91;
ORj unkennesssw 0-84, 95%CI: 0.82-0.86). These results
remained essentially unchanged after adjusting for sex,
age, and region (Model 2), except for binge drinking,
which was no longer significant. Physically active par-
ticipants were less likely to use tobacco or alcohol com-
pared to inactive participants, even after adjustment for
sex, age, and region (ORp,cco: 0.88, 95%CI: 0.85-0.92;
ORyiconotr 0.77, 95%CIL: 0.74-0.79; ORy;pedrinking 0-70;
95%CI: 0.67-0.75; OR j,ynikenness: 0-88, 95%CI: 0.85-0.90).
Compared to those using passive transportation, indi-
viduals using active transportation were less likely to
use alcohol and engage in binge drinking; however, after
adjustment, only binge drinking remained significant
(OR: 0.82, CI95%: 0.79-0.86). Those with acceptable
sitting time were more likely to exhibit all of the afore-
mentioned outcomes, even after adjustments (ORgp,cco:
1.47, 95%CIL: 1.43-1.51; OR, . por: 1.66, 95%CI: 1.63—1.70;
ORpingedrinking' 1-67, 95%ClL: 1.60-1.74; OR yypkenness: 1-65;
95%CI: 1.61-0.69).

Discussion

This study investigated the association between PA,
active transportation, and sedentary time with tobacco
and alcohol use among adolescents. The results indicated
that being active, even below PA recommendations, was
beneficially associated with substance use, independent
of sex, age, and region. This underscores the principle
that “some PA is better than none” and that “additional
benefits occur with more PA“ [31, 32]. Thus, accumulat-
ing PA, even if it falls short of recommended levels, can
serve as an important correlate of reduced tobacco and
alcohol use.

A systematic review of longitudinal studies that
examined the relationship between participation in
sports and the use of alcohol and illicit drugs during
late adolescence, on the other hand, showed a positive
association between alcohol consumption and sports
participation [33]. It was, however, noted that sports
participation acted as a protective factor against illicit
drug use. Similarly, cross-sectional studies have shown
a negative association between sports and drug use
while results on the association between sports partici-
pation and alcohol consumption have been equivocal
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Table 1 Description [n(%)] of the demographic, lifestyle and behavioral characteristics of the adolescents
Total Tobacco use Alcohol use Binge drinking Drunkenness
222,495
Yes No Yes No Yes No Yes No
27,946 194,549 55,072 167,423 10,797 (4.9) 211,698 41,608 180,887
(12.6) (87.4) (24.8) (75.2) (95.1) (18.7) (81.3)
Sex
Male 103,185 17454 (169) 85,731(83.1) 28,048 (27.2) 75,137(72.8) 5628 (5.5) 97,557 (94.5) 22,833 (22.1) 80,352 (77.9)
(46.4)
Female 119,310 10,492 (8.8) 108,818 27,024 (22.7) 92,286 (77.3) 5169 (4.3) 114,141 18,775 (15.7) 100,535 (84.3)
(53.6) (91.2) (95.7)
Age (years)
M 2390 (1.1) 210(8.8) 2180 (91.2) 338 (14.1) 2052 (85.9) 37(1.5) 2353 (98.5) 233(9.7) 2157 (90.3)
12 13,598 (6.1) 743 (5.5) 12,855(94.5) 1674 (12.3) 11,924 (87.7) 143 (1.1) 13,455 (989) 1117(8.2) 12,481 (91.8)
13 39,786 (17.9) 3080 (7.7) 36,706 (92.3) 6843 (17.2) 32,943 (82.8) 927 (2.3) 38,859 (97.7) 4225(10.6) 35,561 (89.4)
14 50483 (22.7) 5574(11.0) 44,909 (89.0) 11,857 (23.5) 38,626(76.5) 2130(4.2) 48,353 (95.8) 7850 (15.5) 42,633 (84.5)
15 49,485 (22.2) 6810 (13.8) 42,675(86.2) 13,856(28.0) 35629(72.0) 3021 (6.1) 46,464 (93.9) 10,282 (20.8) 39,203 (79.2)
216 66,753 (30.0) 11,529(17.3) 55224 (82.7) 20,504 (30.7) 46,249 (69.3) 4539 (6.8) 62,214 (93.2) 17901 (26.8) 48,852 (73.2)
Region
Africa 33,709 (15.2) 2604 (7.7) 31,105 (92.3) 6804 (20.2) 26,905 (79.8) 569 (1.7) 33,140 (983) 5889 (17.5) 27,820 (82.5)
Europe 1649 (0.7) 266 (16.1) 1383(83.9)  712(43.2) 937 (56.8) 55(3.3) 1594 (96.7) 459 (27.8) 1190 (72.2)
America 73,046 (32.8) 11,656 (16.0) 61,390(84.0) 31,477 (43.1) 41,569 (56.9) 7595(104) 65451(89.6) 20,720(284) 52,326(71.6)
Eastern 4819 (2.2) 566 (11.7) 4253 (88.3) 647 (134) 4172 (86.6) 69 (1.4) 4750 (98.6) 501 (10.4) 4318 (89.6)
Mediterra-
nean
Western 75355(339) 8580(114)  66,775(886) 11,524(153) 63,831(84.7) 2143(2.8) 73212(972) 10,259 (13.6) 65,096 (86.4)
pacific
Southeast 33,917 (15.2) 4274(126) 29643 (874) 3908(11.5) 30,009 (88.5) 366 (1.1) 33,551(989) 3780(11.1) 30,137 (88.9)
Asia
Physical activity
Inactive (0 58,011 (26.0) 5974 (10.3) 52,037 (89.7) 11,4838(19.8) 46,523(80.2) 2133(3.7) 55,878(96.3) 9242 (15.9) 48,769 (84.1)
days/week)
Insuffi- 110,032 14,455 (13.1) 95577 (86.9) 28555(26.0) 81,477 (74.0) 5092 (4.6) 104,940 21,105 (19.2) 88,927 (80.8)
ciently active  (49.5) (95.4)
(1-4 days/
week)
Active (=5 54,452 (24.5) 7517(13.8)  46,935(86.2) 15029 (27.6) 39423(724) 3572(6.6) 50,880(934) 11,261 (20.7) 43,191 (79.3)
days/week)
Transportation to or from school
Passive 130,337 15947 (12.2) 114,390 30,960 (23.8) 99,377 (76.2) 5419 (4.2) 124,918 23,740 (18.2) 106,597 (81.8)
(58.6) (87.8) (95.8)
Active 92,158 (414) 11,999 (13.0) 80,159 (87.0) 24,112(26.2) 68,046 (73.8) 5378(5.8) 86,780 (94.2) 17,868 (19.4) 74,290 (80.6)
Sitting time
Excess 83,731 (37.6) 13310(159) 70421 (84.1) 27,727 (33.1) 56,004 (66.9) 6087 (7.3) 77,644 (92.7) 20,943 (25.0) 62,788 (75.0)
(=3 h/day)
Accept- 138,764 14,636 (10.5) 124,128 27,345(19.7) 111,419 4710 (3.4) 134,054 20,665 (14.9) 118,099 (85.1)
able (<3h/  (624) (89.5) (80.3) (96.6)
day)

[33]. Another study that explored the relationship
between PA, physical education classes, and sports par-
ticipation with substance use among adolescents also
identified PA as an important protective factor against
tobacco and drug use, while it was not found to be pro-
tective against alcohol use [34].

A notable aspect of the literature on this topic, how-
ever, is the frequent use of the term “sports participation”
rather than “PA” when investigating the relationship with
substance use. Although these terms have some similari-
ties, they are distinctly different. “Sports participation”
is more closely associated with organized sports and is
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Table 2 Multivariate logistic regression estimating the probability of association of each independent variable
Tobacco use Alcohol use Binge drinking Drunkenness
OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% Cl)

Physical activity

Inactive (0 days/week) 1 1
0.83 (0.80-0.85)
0.86 (0.83-0.89)

Insufficiently active (1-4 days/week)
Active (>5 days/week)
Transportation to or from school

0.77 (0.75-0.79)
0.74 (0.72-0.76)

1
0.91 (0.87-0.96)
0.66 (0.62-0.69)

0.88 (0.85-0.90)
0.85 (0.83-0.88)

Passive 1 1 1 1
Active 0.97 (0.95-0.99) 0.94 (0.92-0.96) 0.78 (0.75-0.81) 0.99(0.97-1.02)
Sitting time
Excess (>3 h/day) 1 1 1 1
Acceptable (< 3 h/day) 148 (1.45-1.52) 1.68 (1.64-1.72) 1.68 (1.62-1.75) 1.66 (1.62-1.69)
Presented values: odds ratio (OR) with the respective 95% confidence interval (95% Cl)
Analysis adjusted for sex, age and region
Table 3 Multiple logistic regression adjusted for independent and adjustment variables
Tobacco use Alcohol use Binge drinking Drunkenness
OR (95% Cl) OR (95% ClI) OR (95% Cl) OR (95% Cl)
Model 1
Insufficiently active (1-4/days) 0.79 (0.76-0.81) 0.74(0.72-0.76) 0.86 (0.81-0.91) 0.84 (0.82-0.86)
Active (>5/days) 0.75(0.72-0.78) 0.69 (0.67-0.71) 0.62 (0.59-0.65) 0.77 (0.74-0.79)
Transportation active 0.98 (0.95-1.01) 0.94 (0.92-0.96) 0.77 (0.74-0.80) 0.98 (0.96-1.00)
Sitting time acceptable (< 3 h/day) 8 (1.54-1.62) 1.98 (1.94-2.02) 8(2.09-1.26) 1.88(1.84-1.92)
Model 2
Insufficiently active(1-4 days/week) 0.85 (0.82-0.88) 0.79(0.77-0.81) 0.96 (0.91-1.01) 0.90 (0.88-0.93)
Active (=5 days/week) 0.88 (0.85-0.92) 0.77 (0.74-0.79) 0.70 (0.67-0.75) 0.88 (0.85-0.90)
Transportation active 0.99 (0.97-1.02) 0.99 (0.96-1.01) 0.82 (0.79-0.86) 1.02 (1.00-1.05)
Sitting time acceptable (< 3 h/day) 147 (1.43-1.51) 1.66 (1.63-1.70) 1.67 (1.60-1.74) 1.65 (1.61-1.69)

Presented values: odds ratio (OR) with the respective 95% confidence interval (95%Cl); independent variables: level of physical activity, transportation to or from

school and sitting time

Model 1 mutually adjusted for independent variables with the level of physical activity categorized into three categories

Model 2 included model 1 plus sex, age, and region

influenced by cultural, social, and psychological factors
that can promote alcohol use. This association is fur-
ther reinforced by commercial interests that use sports
to market al.coholic beverages and often link sports with
alcohol in media representations [35]. In contrast, our
study focused solely on PA and found it to be associated
with lower use of tobacco and alcohol. El Kazdouh et al.
also showed that individuals who are motivated to main-
tain their health are more likely to avoid substance use by
engaging in beneficial activities such as PA. This supports
the notion that PA can be a valuable tool for preventing
substance use [36].

Another review that focused on PA, rather than sports
participation, included only studies using questionnaire
data, similar to the present study. This review included

research from the USA, Canada, Europe, Brazil, and
South Africa and found a positive association between
PA and alcohol use in 14 studies, a negative association
in 6 studies, and no association in 17 studies [17]. These
findings suggest that the impact of PA and sports partici-
pation on tobacco and alcohol use can vary, depending
on the sample and geographic location.

Active transportation to or from school is another
important lifestyle behavior that has been linked to
health, healthy habits, and the accumulation of PA [37].
For this study, active transportation was defined as walk-
ing or cycling to or from school on at least 3 days a week,
representing more than half of the school week. This clas-
sification aligns with other studies using the same data-
base and similar questionnaires [26]. The study found
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that active transportation was also associated with a
lower likelihood of tobacco and alcohol use, binge drink-
ing, and a history of drunkenness. After adjusting for
sex, age, and region, these associations remained largely
unchanged, except for drunkenness, where the signifi-
cance was lost. These findings underscore the importance
of active transportation for promoting health among
adolescents. It is associated not only with increased PA
and reduced sedentary behavior but also with lower rates
of tobacco and alcohol use, as well as binge drinking.

The role of sitting time in the epidemiology of inac-
tivity has been increasingly debated, but results remain
inconclusive [38, 39]. Our study hypothesized that sitting
for an acceptable amount of time (less than 3 h) would
be associated with lower tobacco and alcohol use. Con-
trary to this expectation, the data revealed a significantly
higher risk of tobacco and alcohol use in the group with
acceptable sitting time compared to those with exces-
sive sitting time. These results are also in contrast with a
systematic review that showed a predominance of stud-
ies indicating a negative association between sedentary
behavior and alcohol use [17]. Differences in sitting time
categorization among studies that found a negative asso-
ciation, such as using 4 h as a cutoff or employing scores,
weighted averages, or quartiles and quintiles [40-43]
may explain these conflicting results. Our categorization
might have contributed to these discrepancies. Although
we lack a clear recommendation for optimal sitting time,
our findings suggest that the 3-hour cutoff [39, 44, 45]
could be linked to other health risks but not necessarily
to tobacco and alcohol use [44, 45].

However, a previous study has also observed a higher
risk of smoking among those who spend less time sit-
ting [42]. One hypothesis for the lack of sedentary time
being a protective factor against tobacco use is that much
of this sitting time occurs in front of a TV or computer,
activities generally performed indoors where tobacco use
is often restricted by family rules [42]. Additionally, many
countries have smoking restrictions in places frequented
by young people, such as cinemas and restaurants.

Our findings, combined with the discussion on the
association between PA, active transportation, and
sedentary behavior with tobacco and alcohol use, high-
light the complexity of these behaviors. Several risk and
protective factors influence substance use, including
the availability of substances, family history, individual
characteristics like sensation seeking, and social fac-
tors such as substance use among peers [46—48]. These
factors operate at various levels community (e.g., local
availability), family (e.g., parental history), individual
(e.g., sensation seeking), and social (e.g., peer influence)
[46]. Given the complex interaction of these factors a
more inclusive understanding of their relationship is
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needed along with the implementation of multifaceted
prevention and intervention strategies. While PA and
active transportation play significant roles, other con-
textual and individual factors also affect substance use
among adolescents.

Most studies cited in the reviews focused on data
from adolescents in North America and Europe [17]. In
contrast, our study includes global data from 66 coun-
tries, predominantly outside Europe and North Amer-
ica. This is a major strength of our study, along with its
large sample size. Furthermore, the data presented are
supported by high-quality standards endorsed by the
WHO and the responsible agencies in the participating
countries [20] .

There are, however, some limitations of this study.
Being cross-sectional, it cannot establish causal rela-
tionships or observe changes over time. Additionally,
the use of self-report questionnaires may introduce bias.
Nevertheless, there is evidence that questionnaires have
acceptable validity for measuring adherence to PA rec-
ommendations in adolescents, showing moderate to high
correlation with accelerometers, which are considered
the gold standard for measuring PA in free-living envi-
ronments [49]. This study also did not incorporate a hier-
archical model in the analyses. Another limitation is the
high amount of data excluded due to missing information
(43%). Even though we chose not to include participants
with incomplete data the remaining sample remains
representative and suitable for our research objectives.
Despite this, generalization of the results should be
approached with caution.

Additional research, particularly longitudinal stud-
ies, therefore, is needed to explore the potential of PA
in preventing tobacco and alcohol use. Investigating fac-
tors that might divert adolescents from PA and lead them
to substance use is also crucial. Further, future stud-
ies should examine potential regional differences in the
results of the models used.

Conclusion

PA was associated with reduced tobacco and alcohol use,
particularly with binge drinking and drunkenness. Even
adolescents who engaged in PA below the recommended
levels exhibited lower use of these substances compared
to those who were inactive.

Public policies aimed at reducing the use of psychoac-
tive substances, such as tobacco and alcohol, should pro-
mote PA among children and adolescents. Encouraging
involvement in PA and creating environments that sup-
port an active lifestyle should be integral components
of strategies to combat tobacco and alcohol use among
adolescents.
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