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Introduction: Social isolation (SI) is recognized as a detrimental factor to mental health, however, ev-
idence on the relationship between physical activity (PA) and SI among adolescents remains scarce.
Objective: To analyze the association between PA indicators and measures of SI in adolescents.
Methods: This was a cross-sectional study conducted in 2022 with adolescents from public high
schools in Pernambuco, Brazil. Data were collected using the adapted version of the Global School-
based Student Health Survey. The dependent variables were feelings of loneliness and having few
friends. The independent variables were total PA level, sports participation, leisure-time physical
activity (LTPA), and participation in Physical Education (PE) classes. Binary logistic regression was
used for the statistical analysis (OR; 95% CI). Results: A total of 4,514 adolescents participated in
the study, of whom 28.7% reported feeling lonely and 20.2% reported having few friends. Positive
associations were observed between PA indicators and SI. Insufficient PA levels (loneliness: OR =
1.50 [95% CI: 1.32 - 1.72]; few friends: OR = 1.26 [95% CI: 1.07 — 1.50]); absence of sports partici-
pation (loneliness: OR = 2.05 [95% CI: 1.71 — 2.45]; few friends: OR = 1.52 [95% CI: 1.21 - 1.91]);
absence of I'TPA (loneliness: OR = 1.45 [95% CI: 1.25 — 1.69]; few friends: OR = 1.39 [95% CI:
1.17 - 1.64]); and non-participation in PE classes (loneliness: OR = 1.59 [95% CI: 1.35 - 1.86]; few
friends: OR =1.32 [95% CI: 1.17 — 1.61]) were associated with SI, with differences according to sex.
Conclusion: Insufficient PA levels, not participating in sports, not participating in PE classes, and
not engaging in ITPA increased the odds of SI among adolescents.

Keywords: Adolescent; Physical activity; Social isolation; Sports activities.
RESUMO

Introdugao: O isolamento social (IS) emerge como fator prejudicial & saiide mental, sendo escassas evidéncias
da relagdo entre atividade fisica (AF) e IS entre adolescentes. Objetivo: Analisar a associagdo de indicadores
de AF com medidas de IS em adolescentes. Métodos: Estudo transversal (2022) com adolescentes da rede
puiblica do Ensino Médio de Pernambuco. Utilizou-se a versio adaptada do Global School-based Student
Health Survey para obtengio dos dados. As varidveis dependentes foram sentimento de solidao e ter poucos
amigos. As independentes foram nivel de AF total, pratica esportiva, Atividade fisica no lazer (AFL) e
participagio nas aulas de Educacio Fisica (EF). Para a andlise estatistica, utilizou-se a regressio logistica
bindria (OR; IC 95%). Resultados: Participaram 4.514 adolescentes, dos quais 28,7% relataram sentir-se
sozinhos e 20,2% ter poucos amigos. Observaram~se associagdes positivas dos indicadores de AF com o IS.
Niwel insuficiente de AF (solidao: OR = 1,50 [IC95%: 1,32 - 1,72]; poucos amigos: OR = 1,26 [IC 95%:
1,07 - 1,50)); auséncia de pritica esportiva (solidao: OR = 2,05 [IC95%: 1,71 - 2,45]; poucos amigos: OR
= 1,52 [IC95%: 1,21 - 1,91]); auséncia de AFL (solidio: OR = 1,45 [IC95%: 1,25 - 1,69]; poucos amigos:
OR = 1,39 [IC 95%: 1,17 - 1,64]); ndo participar de EF (solidido: OR = 1,59 [IC 95%: 1,35 — 1,86]; poucos
amigos: OR = 1,32 [IC 95%: 1,17 - 1,61]), diferindo por sexo. Conclusio: Nivel de AF insuficiente, nio

praticar esportes, ndo participar de EF e ndo realizar AFL aumentaram as chances de IS em adolescentes.

Palavras-chave: Adolescente; Atividades esportivas; Atividade fisica; Isolamento social.

Introduction

Social isolation is a significant problem at various stag-
es of life, such as in old age or adolescence’, and has
been associated with various aspects of health? such

as depression, anxiety, sleep disorders®*, and obesity’.
Among adolescents from low- and middle-income
countries, the prevalence of feelings of loneliness is
12%¢, while in Brazil it reaches 15.5%, being higher
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among girls (20.5%) than boys (10.6%)’. In Pernam-
buco, a study conducted in 2006 identified that 19.5%
of adolescents reported having few friends, with this
percentage being higher among girls than boys®.
Sociodemographic factors, such as the female sex
and lower maternal education, are associated with a
higher prevalence of feelings of loneliness among ad-
olescents’. Furthermore, behavioral and school-related
aspects, such as the level of physical activity, partici-
pation in Physical Education classes, and engaging
in active leisure activities, appear to play a protective
role, mitigating feelings of loneliness and the likeli-
hood of having few friends”'*'?. Studies have indicat-
ed that participating in sports promotes social skills
and a sense of belonging™ and that physical activity
during leisure time is associated with well-being™.
Regarding physical education classes, a recent system-
atic review identified associations with better mental
health®. However, the literature presents inconsistent

results®1017

, which may be related to different evalua-
tion methods, cultural contexts, geographical areas, or
the age groups analyzed.

Despite the importance of the topic, there is still
little evidence on the relationship between different
indicators of physical activity and social isolation mea-
sures in Brazilian adolescents. There is a need to bet-
ter understand these relationships in order to support
public policies and actions that prioritize physical ac-
tivity indicators, which are strongly linked to psycho-
social well-being in adolescence.

Given this gap in the existing knowledge, the pres-
ent study aims to analyze the association between dif-
ferent indicators of physical activity and measures of
social isolation in adolescents.

Method

This is a cross-sectional, school-based, state-repre-
sentative epidemiological study, conducted using data
from the 2022 survey of the project “Exposure to alco-
holic beverages, tobacco and other drugs and screen-
ing for common mental disorders in adolescents in
the state of Pernambuco: an epidemiological study to
support a proposal for ‘school - RAPS integration (At-
titude Project). The project was approved by the Re-
search Ethics Committee of the Hematology and He-
motherapy Foundation of Pernambuco, under opinion
number 4,449,705.

'The target population of the study consisted of ado-
lescents aged 14 to 19, of both sexes, enrolled in schools

in the Pernambuco state public school system. All
schools distributed across the 16 Regional Education
Offices of the state were eligible, taking into account
the differences in the number of students enrolled in
each institution. For participant selection, two-stage
cluster sampling (school and classes) was used. All
adolescents from the 84 selected schools were invit-
ed to participate voluntarily, and data collection began
only after the adolescents themselves had signed the
Informed Assent Form and their guardians had signed
the Informed Consent Form, when applicable.

An adapted version of the School-Based Student
Health Survey was applied. This instrument was devel-
oped by the World Health Organization with contri-
butions from other institutions. The instrument pres-
ents face and content validity, with reliability tested
by test-retest reproducibility (k ranging from 0.77 to
1.00). Test-retest values were obtained through a pi-
lot study conducted prior to data collection. The de-
pendent variables in the study were assessed using the
following questions from the instrument: “During the
last 12 months, how often have you felt lonely?” and
“How many close friends (people you can count on if
you need them) do you have?”. The response options
were, respectively: never, rarely, sometimes, most of
the time, and always (feeling lonely); and 0, 1, 2, or
3 or more friends (close friends). Feeling lonely was
considered present in adolescents who reported feeling
lonely most of the time or always. Adolescents who
reported having none or only one close friend were
classified as having few friends.

The independent variables analyzed were: level of
physical activity, participation in Physical Education
classes, sports practice, and physical activity during lei-
sure time. The level of physical activity was obtained
based on three questions from the instrument, which
asked about the number of days per week the adoles-
cent practiced physical activity, the daily time dedicated
to this practice in hours, and additionally in minutes.
To calculate the level of physical activity, the number
of days per week (0-7 days) was multiplied by the daily
minutes dedicated to physical activity, classifying par-
ticipants, based on the result, as having a sufficient level
of physical activity (= 300 min/week) or an insufficient
level (<300 min/week). Although current recommen-
dations suggest at least 60 minutes of physical activ-
ity per day, a cut-off point of 300 minutes per week
was chosen to consider possible changes in routine on
weekends, aiming to represent a scenario more com-
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patible with the classification of physical activity levels
in school-age children. Participation in Physical Edu-
cation classes was assessed through a question with the
answer options 0, 1, 2, 3 or more classes per week, sub-
sequently categorized into 21 class/week and O class-
es/week. Sports participation was assessed through a
question with the following response options: practices
during Physical Education classes, during school re-
cess, in training offered by the school outside of Phys-
ical Education classes, outside of school, or does not
practice, subsequently categorized as practicing or not
practicing. Physical activity during leisure time, in turn,
was assessed through a question with “yes” or “no” an-
swer options, and was also categorized as practicing or
not practicing.

The potential confounding factors were: age group
(14 to 16/17 to 19 years), area of residence (urban/
rural), race/color (white and yellow/black and brown/
indigenous), living with at least one parent (yes/no),
working (yes/no), maternal education (<8/28 years of
schooling), and religious practice (yes/no).

Sample XS software, provided by the World Health
Organization, was used to calculate the minimum sam-
ple size. For the sample size calculation of the Attitude
Project, the following parameters were considered: tar-
get population of 258,540; estimated prevalence of 50%
(option adopted due to the multiple factors analyzed in
the Attitude Project™); a sample design effect of 2.0,
as recommended in the literature'®, maximum tolerable
error of 2 percentage points, and confidence interval of
95%. Based on these parameters, a minimum sample
size of 4,758 participants was obtained. To compen-
sate for potential losses, 20% was added. Considering
the calculated sample size, the measures of association
have sufficient power to detect OR values of 1.35 as
significant, considering a confidence level of 95% and a
statistical power of 80%.

Data tabulation was performed using SPHYNX®
(Sphynx Brazil) and analysis was conducted using
IBM SPSS Statistics for Windows (version 26). De-
scriptive analyses (absolute/relative frequencies) were
performed. The chi-square test was used to compare
the prevalence of social isolation measures among the
categories of independent variables. To assess the asso-
ciation between the variables, binary logistic regressions
were employed, with the magnitude of the association
expressed as odds ratios (OR) and the respective 95%
confidence interval (95% CI). In the adjusted analy-
ses, the hierarchical method was used to include con-

founding variables in the model, adopting p>0.20 as
the criterion for excluding variables during modeling.
Biological sex was considered a moderating factor in
the association analyses. The direction and magnitude
of the associations were classified based on Oleckno??,
who classifies associations estimated by OR as weak

(1.1-1.5), moderate (1.6-3.0), and strong (23.1).

Results

Data were collected from 4,569 adolescents. For the
present study, 55 students who did not fall within the
14-19 age range were excluded, resulting in a final
sample of 4,514 participants. The adolescents had an
average age of 16 years (+1.18), with a predominance
of the female sex (54.6%). Table 1 presents the socio-
demographic characteristics of the sample.

Of the adolescents evaluated, 28.7% reported feel-
ing lonely most of the time or always, with this preva-
lence being statistically higher (p < 0.001) among girls
(36.4%) compared to boys (19.4%). The proportion
of adolescents who reported having few friends was
20.2%, being significantly higher (p = 0.024) among
girls (21.4%) compared to boys (18.7%).

In addition, 52.3% of the sample presented an in-
sufficient level of physical activity. The prevalence of
non-participation in any Physical Education class was
17.8%, while 12.7% reported not practicing sport. Re-
garding leisure-time physical activity, 32.3% of adoles-
cents reported not practicing. These proportions were
statistically higher among girls compared to boys in all
independent variables analyzed (p < 0.001).

Table 2 presents the prevalence of feelings of loneli-
ness by category of independent variables. Adolescents
who reported feeling lonely most of the time or always
showed a higher proportion of insufficient physical ac-
tivity, not participating in Physical Education classes,
not playing sports, and not engaging in leisure-time
physical activity. After stratification by sex, the pat-
terns remain, except for the level of physical activity
and leisure activity in girls (p = 0.125 and p = 0.081,
respectively).

Table 3 shows the prevalence of having few friends
by category of independent variables. It can be observed
that adolescents who reported having few friends had a
higher proportion of insufficient levels of physical ac-
tivity (p = 0.001). Additionally, these adolescents also
demonstrate a higher prevalence of non-participation
in Physical Education classes (p < 0.001). Similar re-
sults were found for the variables of sports practice
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Table 1 - Distribution of sociodemographic characteristics of high school students in the public school system of Pernambuco. 2022.

All (n = 4,514)

Male (n = 2,050)

Female (n = 2,464)

Variables P
n % n % n %
Age range
14 to 16 years 2,294 50.8 980 47.8 1,314 53.3 0001
17 to 19 years 2,220 49.2 1,070 52.2 1,150 46.7
Maternal education
> § years 2,647 71.1 1,237 73.7 1,410 68.9 0001
< 8 years 1,077 28.9 441 26.3 636 31.1
Race/color
White and Yellow 1,261 27.9 556 27.1 705 28.6
Black and Brown 3,129 69.3 1,430 69.8 1,699 69.0 0.233
Indigenous 124 2.7 64 3.1 60 2.4
Working
Yes 435 9.6 313 15.3 122 5.0
No 4,079 90.4 1,737 84.7 2,342 95.0 <0.001
Residential zone
Urban 3,432 76.0 1,582 77.2 1,850 75.1 0.102
Rural 1,082 24 468 22.8 614 24.9
Religious practice
Yes 2,599 57.6 1,117 54.5 1,482 60.1
No 1,915 42.4 933 45.5 982 39.9 <0.001
Lives with parents
Yes 4,120 91.3 1,888 92.1 2,232 90.6
No 394 8.7 162 7.9 232 9.4 0.005

Table 2 — Proportion of adolescents who report feeling lonely most of the time or always. according to the independent variables.

All (n =1,295) Male (n = 397) Female (n = 898)
Variable
n % P n % P n % P
Level of physical activity
> 300 min/wk 522 24.2 <0.001 225 17.4 0.001 299 34.3 0.125
< 300 min/wk 773 32.8 172 22.8 606 37.4
Participation in Physical Education classes
> 1 class/wk 996 26.8 <0.001 336 18.3 <0.001 668 349 0.007
0 classes/wk 299 37.2 66 27.8 237 41.0
Sports practice
Yes 1,046 26.5 <0.001 353 18.2 <0.001 704 34.4 <0.001
No 249 43.4 49 36.0 201 45.2
Physical activity in leisure time
Yes 787 25.7 <0.001 281 17.2 <0.001 509 34.9 0.081
No 508 349 121 27.2 396 38.3

and leisure-time physical activity. After stratification
by sex, among girls, this similarity remained only for
sports practice (p = 0.015), while among boys the pat-
tern observed in the total sample was maintained.
Tables 4 and 5 present the OR values for the
crude and adjusted analyses, as well as their respective
95%CI. There were positive associations with weak to
moderate magnitude of physical activity level, partic-
ipation in physical education classes, sports practice,

and leisure-time physical activity with both feelings of
loneliness and having few friends.

Adolescents with insufficient levels of physical ac-
tivity were 50% more likely to report feelings of loneli-
ness and 26% more likely to report having few friends,
compared to adolescents with sufficient levels of phys-
ical activity, while among boys these chances were 41%
and 73%, respectively.

Not participating in sports was associated with a

IC
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Table 3 — Proportion of adolescents who report having no or only one friend, according to the independent variables.

Variable All (n =910) Male (n = 383) Female (n = 527)
a % p a % P a % p
Level of physical activity
> 300 min/wk 389 18.1 0.001 206 15.9 <0.001 18 913 0,958
< 300 min/wk 521 21 177 235 3 g
Participation in Physical Education classes
> 1 class/wk 709 19.1 <0.001 316 174 <0.001 393 07 0.152
0 classes/wk 201 25.0 67 286 134 36
Sports practice
Yes 755 19.2 <0.001 340 17.7 <0.001 415 205 0.022
No 155 27.0 43 321 2 s
Physical activity in leisure time
Yes 556 182 <0.001 268 16.6 <0.001 288 200 0.044
No 354 243 115 265 239 234

Table 4 — Odds Ratio (OR) values and confidence intervals (95% CI) for associations of independent variables with feelings of loneliness.

All (n =4,514) Male (n = 2,050) Female (n = 2,464)
Variable Crude OR Adjusted Crude OR Adjusted Crude OR Adjusted
oswen P SO%RCD Poewen P 5O%Rc1) Pooeswen P S%RCD P
PAL
(min/wk)
2300 1 1 1 1 1 1
300 1.52 <0.001 1.50 <0.0012 1.45 0.001 1.43 0.002¢ 1.14 0.125 1.10 0.284¢
(1.34-1.74) (1.32-1.72) (1.16 - 1.80) (1.15 - 1.80) (0.96 - 1.36) 0.92-1.31)
PPE
jvlkda“/ 1 1 1 1 1 1
0 <0.001 <0.001* 0.001 0.002¢ 0.007 0.015¢
classes/ 1.62 1.59 1.73 1.64 130 1.27
wk (1.38 - 1.90) (1.35-1.86) (1.27 - 2.35) (1.20 - 2.23) (1.07 - 1.57) (1.05 - 1.55)
Sp
Yes 1 1 1 1 1 1
No 212 <0.001 2.05 <0.001* 2.53 <0.001 2.35 <0.001¢ 1.57 <0.001 1.53 <0.001*
(1.77 - 2.54) (1.71 - 2.45) (1.75 - 3.66) (1.62 - 3.41) (1.28 - 1.94) (1.24 - 1.90)
LTPA
Yes 1 1 1 1 1 1
1.54 <0.001 1.45 <0.001° 1.79 <0.001 1.73 <0.001¢ 1.16 0.081 1.11 0.234¢
No (1.35-1.77) (1.25-1.69) (1.40 - 2.29) (1.35-2.21) (0.98 - 1.37) (0.94-1.31)

PAL = Level of physical activity; PPE = Participation in Physical Education classes; SP = Sports practice; LTPA = Leisure-time physical

activity. 2 Adjusted binary logistic regression for age group, living with parents, and religious practice. b Adjusted binary logistic regression for
age group, living with parents, working, maternal education, and religious practice. ¢ Adjusted binary logistic regression for living with parents
and religious practice. d Adjusted binary logistic regression for race/color, living with parents, and religious practice. e Adjusted binary logistic
regression for age group, living with parents, working, and religious practice.

higher likelihood of reporting feelings of loneliness
and having few friends, especially in the male sex.
Among boys, those who do not participate in sports
were 134% more likely to report feeling lonely and
114% more likely to report having few friends; among
girls, the likelihood of reporting feelings of loneliness
was lower (for example, 54%). It was also observed that

not participating in Physical Education classes and
not engaging in physical activity during leisure time
showed stronger associations among boys. Boys who
do not participate in any Physical Education classes are
66% more likely to feel lonely and 68% more likely to
report having few friends.

I
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Table 5 - Odds Ratio (OR) values and confidence intervals (95% CI) for associations of independent variables with having few friends.

All (n =4.514) Male (n = 2.050) Female (n = 2.464)
Variable Crude OR Adjusted Crude OR Adjusted Crude OR Adjusted
oseep P f%)RCI) P (95%CI) (950%Rc1) ’ oswcy P (95(0)A>RCI)
PAL
(min/wk)
2300 1 1 1 1 1 1
300 1.29 0.001 1.26 0.0052 1.60 <0.001 1.73 <0.001° 1.00 0.966 0.93 0.526¢
(1.11 - 1.49) (1.07 - 1.49) (1.28 - 2.00) (1.34-2.22) (0.82-1.22) (0.74 - 1.16)
PPE
:Vll(d”S/ 1 1 1 1 1 1
<0.001 0.008* <0.001 0.004° 0.099 0.311¢
0 classes/ 1.41 1.32 1.86 1.68 1.20 1.14
wk (1.28 - 1.70) (1.07 - 1.62) (1.37 - 2.53) (1.18 - 2.40) (0.97 - 1.50) (0.89 - 1.46)
SP
Yes 1 1 1 1 1 1
No 1.56 <0.001 1.52 <0.001* 2.14 <0.001 2.14 0.001° 134 0.015 1.30 0.061¢
(1.28 - 1.91) (1.21-1.91) (1.46 - 3.13) (1.38 - 3.31) (1.06 - 1.70) (0.99 - 1.70)
LTPA
Yes 1 1 1 1 1 1
No 1.44 <0.001 1.39 <0.001* 1.76 <0.001 1.73 <0.001° 1.20 0.059 1.14 0.224¢
(1.24-1.68) (117 - 1.64) (1.37-2.26) (1.31-2.29) (0.99 - 1.46) (0.92 -1.42)

PAL = Level of physical activity; PPE = Participation in Physical Education classes; SP = Sports practice; LTPA = Leisure-time physical
activity. * Adjusted binary logistic regression for living with parents, maternal education, and religious practice. b Adjusted binary logistic
regression for maternal education and religious practice. ¢ Adjusted binary logistic regression for living with parents, working, maternal edu-

cation, and religious practice.

Discussion
The current study analyzed the association between
different indicators of physical activity and measures of
social isolation in adolescents. The main findings high-
light that when analyzed in the total sample, the four
indicators analyzed (level of physical activity, involve-
ment in Physical Education classes, sports practice, and
leisure-time physical activity) were associated with feel-
ings of loneliness and having few friends among adoles-
cents. These associations were more consistent among
boys, revealing the moderating role of biological sex.
The results of this study identified that insufficient
levels of physical activity, and a lack of participation in
sports and leisure-time physical activity, increase the
likelihood of feelings of loneliness among adolescents.
These findings corroborate the results of Khan et al.®
and Pinto et al.’. However, a Brazilian study did not
identify a statistically significant association between
the level of physical activity and feelings of loneliness
or having few friends, which difters from the results of
the current study®. The increased feeling of loneliness
among adolescents and difterent indicators of physical
activity may reflect lower participation in structured
social contexts, where the practice of physical activi-

ties, especially group activities, fosters the building of
bonds, a sense of belonging, and the development of
psychosocial skills®.

In this study, it was found that not participating
in sports increases the likelihood of feeling lonely and
having few friends among teenagers, corroborating
previous studies®*?, which analyzed the association be-
tween sports practice and feelings of loneliness. These
results can be explained by the fact that organized
activities, such as sports, improve social interactions
through the perception of social competence®. When
stratified by sex, these results held true for feelings of
loneliness in both sexes; however, they did not show
statistical significance for girls in relation to having few
friends. These findings may reflect sex differences in
socialization processes, since sport tends to play a more
central role in building social relationships among
boys, while girls often establish bonds in more conver-
sational and affective contexts®. Furthermore, personal
and contextual barriers can limit the participation of
girls in sports, reducing its socializing potential®.

It has been observed that not engaging in physical
activity during leisure time increases the likelihood of
exhibiting indicators of social isolation. It has already
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been pointed out that physical activity during leisure
time is associated with social indicators, and a possible
explanation for this is that physical activity is related to
autonomous motivation*, which could lead to greater
satisfaction and engagement. However, no statistically
significant association was observed for girls, which dif-
ters from the findings of Dos Santos et al.’® and Werneck
et al.’, who identified these associations with feelings of
loneliness and having few friends for both girls and boys.
‘These results can be explained by the choice of individual
physical activities, commonly adopted by girls, which do
not necessarily promote social interaction.

The current study also identified that non-par-
ticipation in Physical Education classes is associated
with a higher likelihood of feeling lonely and having
few friends, corroborating the findings of other stud-
ies™'®12, However, a different result was reported by
Santos et al.!, who did not identify a statistically signif-
icant association between these variables. The authors
highlight that the association between participation in
Physical Education classes, feelings of loneliness, and
having few friends can be explained by the opportuni-
ties provided in the classes, such as social interaction.

In the analysis stratified by sex, it was identified
that there an increased likelihood of feeling lonely and
having few friends only among boys with insufficient
levels of physical activity. This differs from the results
of other studies, which maintain the pattern of an asso-
ciation between the level of physical activity and feel-

68917 'The more

ings of loneliness in both boys and girls
frequent habit among boys of getting together to en-
gage in group physical activities, such as soccer games,
compared to girls, may be considered an explanation
for the study findings.

Previous studies also show a higher prevalence
of feelings of loneliness among girls compared to
boys'®1®%_ The current research identified a higher
prevalence of feelings of loneliness than observed in
other national”®'® and international studies®**. The
differences observed in the percentages between girls
and boys may be linked to the greater ease of girls in
expressing their emotions®.

Regarding the report of having few friends, the
prevalence identified in this study is similar to that ob-
served in another Brazilian study®. However, it differs
from the findings of Werneck et al.'® and dos Santos
et al.’, who did not identify a significant difference be-
tween boys and girls or identified that boys had few-
er friends. In the current study, on the contrary, it was

found that girls had fewer friends than boys. During
adolescence, especially in high school, girls tend to val-
ue the psychological resources of friendships, such as
trust and emotional support, more than boys, who attri-
bute greater importance to aspects related to leisure and
recreation®. These differences in valuation criteria can
influence how adolescents perceive their friendships.

One possible explanation for these more evident
findings in the associations between independent and
dependent variables in boys could be the differences in
the formation and maintenance of friendships between
boys and girls. Physical activity practices can serve as
a central social environment for boys, strengthen-
ing belonging and bonds with peers”. Young women
tend to value emotional support and intimacy more,
while young men consider recreational moments and
activities performed together to be more important™.
'Therefore, by not sharing this environment of physical
activity, male adolescents may experience greater per-
ceptions of loneliness and have fewer friends.

The current study presents some limitations that
should be considered when interpreting the results.
Among them, the use of self-reported measures to
obtain the information stands out, which may lead to
underestimation or overestimation of the responses.
Furthermore, since this is a cross-sectional study, the
possibility of reverse causality cannot be ruled out.
The use of a 2022 database is also acknowledged as a
limitation, since the social context surrounding ado-
lescents can undergo rapid transformations over time,
and the minimum estimated sample size was not ob-
tained. However, it should be noted that, at the time of
analysis, this was the most recent and comprehensive
dataset available, which allowed for capturing the real-
ity of the post-COVID-19 pandemic period.

Despite these limitations, the study presents im-
portant strengths, such as the use of a large and rep-
resentative sample of adolescents from the public high
school system in a Brazilian state. Also noteworthy is
the inclusion of different indicators of physical activity,
associated with two indicators of social isolation, pro-
viding a comprehensive analysis of the topic.

Based on the findings of this study, it is suggested
that interventions to promote physical activity should
consider the differences observed between boys and
girls. It is necessary to expand opportunities for girls
to participate in physical activity by diversifying the
types of activities and reducing sociocultural barriers
that limit their engagement. For young men, the qual-
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ification of structured collective contexts can strength-
en support networks and a sense of belonging. Future
research should investigate the mediating mechanisms
of these associations, as well as use longitudinal designs
and qualitative approaches to deepen understanding of
social experiences associated with different domains
and types of physical activity.

This study demonstrated that insufficient levels of
physical activity, non-participation in sports and lei-
sure-time physical activity, and non-participation in
physical education classes are significantly associated
with indicators of social isolation in adolescents. These
findings highlight the protective role of physical ac-
tivity for psychosocial well-being, especially sports for
boys, and point to the need for approaches that address
sex differences, in order to encourage physical activity
and its contribution to sociability among adolescents.

'These findings have crucial implications for society,
reinforcing the urgency of public policies and educa-
tional initiatives that promote access to and engage-
ment in physical activity as an essential tool in com-
bating social isolation.

Conflict of interest

The authors declare no conflict of interest.

Funding

'This work was carried out with the support of the Coordination
for the Improvement of Higher Education Personnel (Coorde-
nagio de Aperfeicoamento de Pessoal de Nivel Superior - CAPES)
and the National Council for Scientific and Technological De-
velopment (Conselho Nacional de Desenvolvimento Cientifico ¢ Tec-
nologico - CNPq).

Author contributions

Silva TM: Conceptualization; Methodology; Software devel-
opment, implementation and testing; Data and experiment
validation; Data analysis; Research; Project management; Data
presentation design; Original manuscript writing; Writing - revi-
sion and editing; Approval of the final manuscript version. Barros
MVG: Conceptualization; Supervision; Writing - revision and
editing; Approval of the final manuscript version. Lima AA and
Cardoso DS: Data analysis; Research; Data presentation design;
Original manuscript writing; Writing - revision and editing; Ap-
proval of the final manuscript version. Queiroz DR: Methodolo-
gy; Software development, implementation and testing; Data and
experiment validation; Data analysis; Research; Data curation;
Supervision; Writing - revision and editing; Approval of the final

manuscript version. Hardman CM: Conceptualization; Meth-

odology; Software Development, Implementation and Testing;
Data and Experiment Validation; Data Analysis; Research; Data
Curation; Supervision; Project Management; Data Presentation
Design; Original Manuscript Writing; Writing - Review and
Editing; Approval of the Final Manuscript Version.

Statement regarding the use of artificial
intelligence tools in the article writing process
The authors did not use artificial intelligence tools to prepare the

manuscript.

Availability of research data and other materials
After publication, the data will be available upon reasonable re-

quest to the authors.

Acknowledgements

The authors would like to thank the National Council for Sci-
entific and Technological Development (Conselho Nacional de
Desenvolvimento Cientifico e Tecnoldgico - CNPq), Coordination
for the Improvement of Higher Education Personnel (Coorde-
nagio de Aperfeicoamento de Pessoal de Nivel Superior - CAPES),
Research Group on Lifestyle and Health (Grupo de Pesquisa em
Estilo de Vida e Smide - GPES), and Research Group on Physical
Activity and Human Development (Grupo de Pesquisa em Ativi-
dade Fisica e Desenvolvimento Humano - GPAF).

References

1. Keller T, Perry M, Spencer R. Reducing social isolation
through formal youth mentoring: Opportunities and
potential pitfalls. Clin Soc Work J. 2020;48(1):35-45. doi:
https://doi.org/10.1007/s10615-019-00727-x

2. Wong EL, Qiu H, Cheung AW, Leung HH, Chen FY,
Yeoh E. Association of social isolation with health status
among community-dwelling Chinese older adults living
with homecare services: a cross-sectional survey in Hong
Kong. Front. Public Health. 2023;11:1-8. doi: https://doi.
org/10.3389/fpubh.2023.1099734

3. Almeida ILL, Rego JF, Teixeira ACG, Moreira MR. Social
isolation and its impact on child and adolescent development:
a systematic review. Rev. Paul. Pediatr. 2021;40:¢2020385.
doi: https://doi.org/10.1590/1984-0462/2022/40/2020385

4. ZhuS,Kong X,Han F,Tian H,Sun S,Sun Y, et al. Association
between social isolation and depression: Evidence from
longitudinal and Mendelian randomization analyses. ] Affect
Disord. 2024;350:182-7. doi: https://doi.org/10.1016/].
jad.2024.01.106

5. Matias TS, Alves JF, Nienov JTA, Lopes MVV, Vasconcellos
DIC. Clustering of physical activity, sedentary behavior,
and diet associated with social isolation among brazilian
adolescents. BMC Public Health. 2023;23(1):1-6. doi:
https://doi.org/10.1186/512889-023-15444-x

6. Khan A, Khan S, Burton N. Insufficient physical activity and
high sedentary behaviour are associated with loneliness in
adolescents with overweight/obesity: Evidence from 23 low-
and middle-income countries. Pediatr Obes. 2021;17(2):1-4.
doi: https://doi.org/10.1111/ijpo.12836

Rev. Bras. Ativ. Fis. Satude. 2026;31:¢0455i

D) |

Page 8/12


https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fpubh.2023.1099734
https://doi.org/10.3389/fpubh.2023.1099734
https://doi.org/10.3389/fpubh.2023.1099734
https://doi.org/10.1590/1984-0462/2022/40/2020385
about:blank
about:blank
about:blank
https://doi.org/10.1186/s12889-023-15444-x
https://doi.org/10.1111/ijpo.12836

Silva et al.

Physical activity and social isolation

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Antunes JT, Machado IE, Malta DC. Loneliness and
associated factors among Brazilian adolescents: results of
national adolescent school-based health survey 2015. ]
Pediatr. 2022;98(1):92-8.  doi: https://doi.org/10.1016/j.
jped.2021.04.004

Santos SJ, Hardman CM, Barros SSH, Santos CFBE, Barros
MVG. Association between physical activity, participation in
Physical Education classes, and social isolation in adolescents.
J Pediatr. 2015;91(6):543-50. doi: https://doi.org/10.1016/].
jped.2015.01.008

Pinto AA, Asante KO, Barbosa RMSP, Nahas MV, Dias DT,
Pelegrini A. Association between loneliness, physical activity,
and participation in physical education among adolescents in
Amazonas, Brazil. ] Health Psychol. 2019;26(5):650-8. doi:
https://doi.org/10.1177/1359105319833741

dos Santos AE, Araujo RHO, Nascimento VMS, Couto
JO, Silva RJS. Associations between specific physical
activity domains and social isolation in 102,072 Brazilian
adolescents: Data from the 2015 National School-Based
Health Survey. J Health Psychol. 2020;26(13):1-10. doi:
https://doi.org/10.1177/1359105320922298

da Solidade VT, do Nascimento VMS, Oliveira DPM, Ribas
MCS, Sampaio RAC, Silva RJS. School physical activity
and mental health in school-aged brazilian adolescents: A
systematic review. Rev Bras de Cineantropom Desempenho
Hum. 2021;23:1-13. doi: https://doi.org/10.1590/1980-
0037.2021V23E82866

Aratjo RHO, Werneck AO, Christofaro DGD, Silva
DRP. Participation in physical education classes and social
isolation among adolescents: A harmonized analysis with
266,156 participants from 69 countries. Ment. Health
Phys. Act. 2024;26: 100583. doi: https://doi.org/10.1016/j.
mhpa.2024.100583

Luiz RR, Magnanini MMF. A 1égica da determinagio do
tamanho da amostra em investiga¢des epidemioldgicas. Cad

Satde Colet. 2000;8(2):9-28.
LiZ,LiJ,KongJ,Li Z, Wang R, Jiang F. Adolescent mental

health interventions: a narrative review of the positive
effects of physical activity and implementation strategies.
Front Psychol. 2024;15:1433698. doi: https://doi:10.3389/
fpsyg.2024.1433698

Wanka F, Vogel M, Grafe N, ABmann M, Kiess W, Poulain
T. Leisure activities of adolescents—associations with
demographic characteristics, well-being and parental leisure
engagement. Pediatr Res. 2025;98:559-67. doi: https://
doi:10.1038/s41390-025-03866-9

Werneck AO, Collings PJ, Barboza LL, Stubbs B, Silva DR.
Associations of sedentary behaviors and physical activity with
social isolation in 100,839 school students: The Brazilian
Scholar Health Survey. Gen Hosp Psychiatry. 2019;59:7-13.
doi: https://doi.org/10.1016/j.genhosppsych.2019.04.010

Santino N, Arbour-Nicitopoulos KP, Sharma R, Graham
JD, Bassett-Gunter RL. Physical activity and loneliness
among adolescents with disabilities: Examining the quality
of physical activity experiences as a possible moderator.
Disabil Health J. 2021;14:1-6. doi: https://doi.org/10.1016/j.
dhjo.2021.101060

Centers for Disease Control and Prevention (US). Behavioral
risk factor surveillance system user’s guide. Atlanta: U.S.
Department of Health and Human Services, Centers for
Disease Control and Prevention; 1998.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Oleckno WA. Epidemiology: Concepts and Methods. Long
Grove, IL: Waveland Press; 2008.

Haugen T, Sifvenbom R, Ommundsen Y. Sport participation
and loneliness in adolescents: The mediating role of perceived
social competence. Curr. Psychol. 2013;32(2):203-16. doi:
https://doi.org/10.1007/s12144-013-9174-5

Briere FN, Yale-Souliere G, Gonzalez-Sicilia D, Harbec
M, Morizot ], Janosz M, et al. Prospective associations
between sport participation and psychological adjustment in
adolescents. ] Epidemiol Community Health. 2018;72:575-
81. doi: https://doi.org/10.1136/jech-2017-209656

Rangul V, Sund ER, Ingul JM, Rimehaug T, Pape K, Kvaloy
K. Exploring the link between physical activity, sports
participation, and loneliness in adolescents before and into
the COVID-19 pandemic: The HUNT Study, Norway. Int
J Environ Res Public Health. 2024;21:1-13. doi: https://doi.
0rg/10.3390/ijerph21111417

Hopkins CS, Hopkins C, Kanny S, Watson A. A systematic
review of factors associated with sport participation
among adolescent females. Int ] Environ Res Public
Health. 2022;19(6):3353. doi: https://doi.org/10.3390/
ijerph19063353

White RL, Parker PD, Lubans DR, MacMillan F, Olson R,
Astell-Burt T, et al. Domain specific physical activity and
affective wellbeing among adolescents: An observational
study of the moderating roles of autonomous and controlled
motivation. Int ] Behav Nutr Phys Act. 2018;15(87):1-13.
doi: https://doi.org/10.1186/s12966-018-0722-0

Dziedzic B, Sarwa P, Kobos E, Sienkiewicz Z, Idzik A,
Wysokinski M, et al. Loneliness and depression among
Polish high-school students. Int J Environ Res Public
Health. 2021;18(4):1-11.  doi: https://doi.org/10.3390/
ijerph18041706

Igami K, Hosozawa M, Ikeda A, Bann D, Shimizu T, Iso H.
Adolescent loneliness in 70 countries across Africa, America,
and Asia: A comparison of prevalence and correlates. |
Adolesc Health. 2023;72 72(6):906-13. doi: https://doi.
org/10.1016/j.jadohealth.2022.12.029

Parlikar N, Kvaley K, Strand LB, Espnes GA, Moksnes
UK. Loneliness in the Norwegian adolescent population:
prevalence trends and relations to mental and self-rated
health. BMCC Psychiatry. 2023;23(895):1-14. doi: https://
doi.org/10.1186/512888-023-05404-5

Carvalho PD, Barros MVG, Santos CM, Melo EN, Oliveira
NKR, Lima RA. The prevalence of and factors associated with
negative mental health indicators in adolescents attending
high school in the Brazilian State of Pernambuco. Rev Bras
Saide Mater Infan. 2011;11(3):227-38. doi: https://doi.
org/10.1590/51519-38292011000300003

Tubi¢ T, Modri¢ T, Sekuli¢ D, Bianco A, Radjo I, Drid P.
Loneliness in sports active and non-active school-age
children: Can sport protect children against loneliness?
Front Psychiatry. 2023;13:1063714. doi: https://doi:10.3389/
fpsyt.2022.1063714

Rudolph KD, Dodson JFE. Gender differences in
friendship  values: Intensification at adolescence. ]
Early Adolesc. 2022;42(4):586—607. doi: https://doi.

0rg/10.1177/02724316211051948.

Received: 10/03/2025
Reviewed: 02/08/2026
Approved: 05/24/2026

Rev. Bras. Ativ. Fis. Sadde. 2026;31:¢04551

@) |

Page 9/12


https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jped.2021.04.004
https://doi.org/10.1016/j.jped.2021.04.004
https://doi.org/10.1016/j.jped.2015.01.008
https://doi.org/10.1016/j.jped.2015.01.008
https://doi.org/10.1177/1359105319833741
https://doi.org/10.1177/1359105320922298
https://doi.org/10.1590/1980-0037.2021V23E82866
https://doi.org/10.1590/1980-0037.2021V23E82866
https://doi.org/10.1016/j.mhpa.2024.100583
https://doi.org/10.1016/j.mhpa.2024.100583
https://doi.org/10.1016/j.mhpa.2024.100583
about:blank
about:blank
about:blank
about:blank
https://doi.org/10.1016/j.genhosppsych.2019.04.010
https://doi.org/10.1016/j.dhjo.2021.101060
https://doi.org/10.1016/j.dhjo.2021.101060
https://doi.org/10.1007/s12144-013-9174-5
https://doi.org/10.1136/jech-2017-209656
 https://doi.org/10.3390/ijerph21111417
 https://doi.org/10.3390/ijerph21111417
https://doi.org/10.3390/ijerph19063353
https://doi.org/10.3390/ijerph19063353
https://doi.org/10.1186/s12966-018-0722-0
https://doi.org/10.3390/ijerph18041706
https://doi.org/10.3390/ijerph18041706
https://doi.org/10.1016/j.jadohealth.2022.12.029
https://doi.org/10.1016/j.jadohealth.2022.12.029
https://doi.org/10.1186/s12888-023-05404-5
https://doi.org/10.1186/s12888-023-05404-5
https://doi.org/10.1590/S1519-38292011000300003
https://doi.org/10.1590/S1519-38292011000300003
about:blank
about:blank
https://doi.org/10.1177/02724316211051948
https://doi.org/10.1177/02724316211051948

Physical activity and social isolation

Editor in Chief
Raphael Ritti-Dias {ip)

Nove de Julho University, So Paulo, Sdo
Paulo, Brazil.

Silva et al.

Section editor
Valter Cordeiro Barbosa Filho '/
State University of Ceard, Fortaleza, Brazil.

Cite this article as:

Silva TM, Barros MVG, Lima AA, Cardoso DS, Queiroz DR, Hardman CM. Association of different physical activity indicators with social
isolation measures in adolescents: A cross-sectional study. Rev. Bras. Ativ. Fis. Saside. 2026;31:¢0455i. doi: 10.12820/rbafs.31e0455i

Page 10/12

D) |

Rev. Bras. Ativ. Fis. Satude. 2026;31:¢0455i


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-4769-4068

Silva et al.

Physical activity and social isolation

Reviewers’ assessment

The reviews of this article were originally conducted in Portuguese. This version has been translated using ChatGPT and

subsequently reviewed by the Chief Editors.

Reviewer A

Anonymous

* Was any indication of plagiarism observed in the
manuscript?
No

¢ Did the authors provide clarification regarding the
ethical procedures adopted to conduct the research?

Yes

Comments to the author

* On behalf of RBAFS, I would like to thank you for
trusting us with your work.

* However, in order to improve clarity for readers re-
garding the importance of discussing this topic, I
invite you to reconsider the structure and content of
the discussion section. I feel there is a lack of “trans-
lation” of these findings, the possible reasons behind
them, and their potential implications.

Comments in the text

Title

* Page 1, line 1: Based on the comments through-
out the text, I suggest reconsidering the title of the
manuscript.
Abstract

* Page 1, line 6: According to the journal guidelines,
the abstract must be structured, including the fol-
lowing sections: introduction, objective, methods,
results, and conclusion.

* Page 1, line 8: Clearly state the objective of the
study.
Introduction

¢ Page 3, line 21: Based on the results presented, do
you believe this objective should be adjusted?
Results

* Page 7, line 5: As written, it suggests that the data
from both tables will be discussed simultaneous-
ly, but they are actually presented one at a time. I
suggest revising the wording in this section. First
present the data from Table 2, and then mention
and present the data from Table 3.
Discussion

* Page 9, line 13: I encourage you to begin the dis-

cussion by restating the study objective along with a
presentation of the main findings.

I also invite you to reconsider the structure and
content of the discussion, as noted below.

Page 9, line 14: I question whether a prevalence of
28.7% can truly be considered high, or whether this
classification is based on comparisons with previous
studies.

Page 9, line 16: Even though you clearly cite the
article, I believe it should also be numbered.

Page 9, line 25: Perhaps using different terms would
better convey the message regarding the prevalenc-
es observed in this study.

Page 11, line 25: The discussion reads largely as a
restatement of results and comparison with find-
ings from other studies. This creates a sense that
something is missing—beyond comparison. There
is a lack of “translation” of these findings, the pos-
sible reasons behind them, and their implications.
For example, looking at the results overall, it seems
possible to infer that less physically active youth tend
to feel more socially isolated, particularly boys. Based
on the literature, what factors might explain this?
Page 12, line 1: Do you consider the use of a 2022
dataset to be a limitation of your study?

Is it because the dataset is from 2022 that most of
the studies cited in the discussion are over five years
old?

Conclusion

Page 12, line 14: Particularly regarding sports, for
boys.

Page 16,line 16: The Atitude Project has been ongo-
ing for just over 15 years in the state of Pernambu-
co, generating undergraduate theses, dissertations,
theses, and articles. Have the findings accumulated
over these years been compiled and presented to
relevant authorities so that evidence-based actions
can be taken toward the development of a local
public policy on this topic?

e Table 1: In all tables, report the sample size (n) for

each sex.

Final decision
* Major revisions required.

Rev. Bras. Ativ. Fis. Satide. 2026;31:¢0455i [@)sr | Page 11/12


https://creativecommons.org/licenses/by/4.0/

Silva et al. Physical activity and social isolation

Reviewer B

Did not authorize the publication of the review.

Rev. Bras. Ativ. Fis. Saide. 2026;31:¢04551 [D)sy ] Page 12/12


https://creativecommons.org/licenses/by/4.0/

	_heading=h.9af428yt2jk0
	_heading=h.tz35rk7qi8lm

