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Abstract 

Backgound  Although obesogenic behaviors have been found to be related to social isolation, evidence-based 
person-centered approaches are lacking. This study investigated the association between clusters of obesogenic 
behavior – derived from a data-driven process – and social isolation among Brazilian adolescents.

Methods  Data from the National Adolescent School-based Health Survey (PeNSE) 2015  were analyzed. A total of 
100,794 9th-grade students (51.3% females; 14.3 ± 0.1 years old) enrolled in 3,040 public and private high schools 
participated in the study. Social isolation was assessed by two outcomes (i.e., perceived loneliness and lack of close 
friends). A two-step cluster analysis was conducted to identify patterns of obesogenic behaviors with the input of 
leisure-time physical activity (PA), sitting time as a proxy of sedentary behavior (SB), and the weekly consumption of 
healthy and unhealthy food. Crude and adjusted binary logistic regression models were applied to evaluate the asso-
ciations between the clusters of obesogenic behaviors and social isolation variables in adolescents. 

Results  Three clusters were identified. Adolescents in the “Health-promoting SB and diet” (32.6%; OR = 0.69; 95% 
CI = 0.62–0.76) and “Health-promoting PA and diet” (44.9%; OR = 0.73; 95% CI = 0.67–0.79) clusters had lower odds of 
loneliness compared to those in the “Health-risk” cluster (22.5%). Those belonging to the “Health-promoting PA and 
diet” cluster were more likely to report having close friends (OR = 1.19; 95% CI = 1.00–1.41) than those in the “Health-
risk” cluster.

Conclusion  Adolescents in clusters where positive behaviors outweighed negative ones were less likely to perceive 
themselves as lonely and without close connections.
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Introduction
Regular practice of physical activity (PA) and reduced 
time in sedentary behaviors (SB) have been positively 
associated with mental health in adolescence [1, 2]. This 
benefit includes favoring socialization and avoiding social 
isolation [3, 4]. Thus, recent evidence has shown that 
both high PA and low SB are associated with lower lone-
liness [5]. Active adolescents can be more socially inte-
grated [4], while having friends help them to overcome 
barriers associated with a less active lifestyle [6].
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It is important to consider that PA and SB do not occur 
in isolation in adolescents’ lives. These behaviors carry 
synergies with other behaviors such as diet, for example, 
which can (synergically speaking) influence socialization 
[6]. This influence might depend on the extension of ado-
lescents’ lifestyle have more favorable than unfavorable 
behaviors coexisting [7, 8]. These behaviors can be more 
or less obesogenic depending on the different profiles 
observed [3].

The problem that arises is that: (a) being in an obeso-
genic cluster can make socialization difficult, increasing 
social isolation [9, 10]; and (b) clusters that combine pos-
itive and negative behaviors can still favor better sociali-
zation and psychological disposition in adolescents when 
compared to clusters that mostly combine risk behaviors 
[2, 11]. The pioneering study by Iannotti and Wang (2013) 
[11], which investigated clusters of obesogenic behaviors 
and their impact on physical and mental health in adoles-
cents in the United States, found that the group with the 
highest sedentary behavior and the highest proportion of 
non-healthy diet, but who still moderately met physical 
activity criteria or consumed fruits and vegetables daily, 
had lower levels of body dissatisfaction. Similarly, Matias 
and colleagues reported that adolescents in healthier 
clusters were more likely to be satisfied with their body 
image [2]. More recently, a large survey of Brazilian ado-
lescents found that obesogenic clusters with more posi-
tive behaviors than negative ones were associated with 
prosocial attitudes and reduced adolescent bullying [12].

Despite some evidence from cross-sectional studies, 
few investigations have explored the association between 
clusters of obesogenic behaviors and psychosocial fac-
tors, such as social isolation. It is important to note that 
adolescents do not possess isolated virtues in their life-
style, and there is an interplay between essentially posi-
tive or negative behaviors that can have an impact on 
mental health in numerous ways. Therefore, countries 
with low- to middle-income, like Brazil, have undergone 
demographic and epidemiologic transitions character-
ized by economic and sociocultural disparities, signifi-
cant increases in inequality [13], and a corresponding 
rise in diseases associated with changes in lifestyle. Thus, 
the aim of the present study was to investigate the asso-
ciation between clusters of obesogenic behaviors and 
social isolation in a population-based study of Brazilian 
adolescents.

Methods
Study design and participants
A cross-sectional study using data from the National 
Adolescent School-based Health Survey (PeNSE – sam-
ple 1) was conducted in 2015 by the Brazilian Institute 
of Geographic and Statistics and the Ministry of Health 

of Brazil. PeNSE relates to World Health Organization 
recommendations for health surveys among students. 
The study investigates adolescents’ health and lifestyle 
behaviors among a nationally-representative sample of 
students enrolled in the 9th grade of elementary school 
from public and private schools. PeNSE sampling process 
was planned to represent all geographical areas of Brazil. 
A total of 102,301 students among 3,040 schools were 
initially assessed; 229 students declined to participate 
or did not report their age or sex. The sampling strat-
egy included geographical stratification and the multi-
stage selection that can be seen elsewhere (Oliveira et al., 
2017). Ethical approval was obtained, and the participa-
tion of all subjects was approved by the National Com-
mittee of Ethics in Research (Comissão Nacional de Ética 
em Pesquisa [Conep]) number 1.006.467/2015. Methods 
were performed in accordance with the relevant guide-
lines and regulations.

The present survey is in its third edition. The ques-
tionnaire used for data collection is based on the Global 
School-Based Student Health Survey and Youth Risk 
Behavior Surveillance System and has been tested and 
adjusted [14].

Clusters formation
To cluster formation, leisure-time physical activity (PA), 
sedentary behavior (SB), and diet were analyzed. Stu-
dents’ PA was assessed using the question: In the past 
7  days, without considering physical education class, 
how many days did you practice some physical activity 
like sports, dance, gym exercises, combat sports or other 
activity? The answers ranged from none to seven days in a 
week. SB was reasonable during the sitting time using the 
question: In a regular day, how much time do you spend 
watching television, playing video games, talking with 
friends or other sitting activities? The response options 
ranged from one to nine hour a day. Diet was assessed 
as continuous scores related to the weekly consumption 
of healthy (green salads or vegetables and fruits) and 
unhealthy food (deep-fried empanadas, candies, soda, 
fast foods, and ultra-processed food). Details on meas-
urement, clusters formation procedure, and description 
have been provided elsewhere [8].

Briefly, a two-step cluster analysis was employed 
using the log-likelihood as the distance measure (to 
account for the congruency between clusters). Leisure-
time PA, SB, and both healthy and unhealthy diet scores 
were independently included as continuous variables in 
the model. The low Schwarz’s Bayesian Criterion (BIC), 
the high ratio of distance measures, and the high ratio 
of BIC changes were used to determine the number 
of clusters. The theoretical assumption regarding the 
acceptability of the profiles was taken into account. 
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The analysis was replicated among younger and older 
adolescents to check clusters’ acceptability [8]. Adoles-
cents that have incomplete or missing data for PA, SB, 
or diet were not analyzed (n = 1,507, < 1.5% of the total 
sample).

100,794 adolescent students were distributed into 
three different profiles: The “Health-promoting SB and 
diet,” comprising 32.6% of the sample; the “Health-
promoting PA and diet” (44.9% of the sample), the 
“Health-risk” cluster containing 22.5% of the sample. 
The two health-promoting clusters are those where 
positive behaviors prevail over the negative ones, and 
the health-risk cluster combines a negative profile for 
all variables (see Table  1). The process of cluster labe-
ling was arbitrary and aimed to give a more intui-
tive interpretation of the results. The assumptions of 
"healthy" or "risk" were based on the z-score of each 
variable imputed in the model. The cluster names 
were an overall idea of a possibly “more healthy” or 
“more unhealthy” pattern. Therefore, the labeling does 
not represent standardized cut-off points. A detailed 
description of the clusters can be seen elsewhere [8].

Social isolation
Participants were asked about two aspects: (a) “In the 
past 12 months, how often have you felt alone”. A five-
point Likert scale ranging from never to always was the 
response option. Those who responded always or most 
of the time were considered lonely; (b) “How many 
close friends do you have?”. The option of response was 
zero/one/two/three or more. Those who responded 
“zero” were considered to having no close friends.

Covariates
The covariates were: sex, skin color, age, live with 
mother, live with father, mother’s schooling, residents 
of the house, cigarette smoking, alcohol consumption, 
drugs consumption, physically aggression by an adult at 
home, involved in a fight with a firearm, involved in a 
fight with a melee weapon, suffered physical aggression, 

got involved in a fight, body satisfaction, health percep-
tion, type of school.

Statistical analysis
The participants’ characteristics were described using 
absolute and relative frequency with 95% confidence 
intervals (95%CI) for nominal variables and means with 
standard deviations (SD) for numerical variables. Crude 
and adjusted binary logistic regression models were 
applied to evaluate the associations between exposure 
(the clusters) and social isolation variables (perceived 
loneliness and having close friends). For each model, 
a set of covariates was selected based on empirical and 
theoretical evidence [12] (see tables notes); The Rao Scott 
chi-square test were performed to evaluate the associa-
tion of each covariate and both outcomes of social isola-
tion. Significant predictors at p-value < 0.2 were retained 
and included in the adjusted models. Collinearity was 
examined using the Variance Inflation Factor (VIF). No 
evidence of multicollinearity was found as the VIF values 
for all covariates were small (< 5). The “Health-risk” clus-
ter was the reference category in the regression models. 
The results were expressed in odds ratios (OR) and the 
respective (95% CI). All inferential procedures included 
the survey design and weighting. Data were analyzed 
using STATA 15 software (Stata Inc., College Station, 
TX, USA), except for cluster procedures. The significance 
level was defined as p < 0.05.

Results
Table  2 shows the characteristics of the participants. A 
total of 100,794 students with a mean age of 14.28 years 
old (SD = 0.013) were observed. Regarding social isola-
tion, 16.39% of the adolescents experienced loneliness 
(95% CI = 15.93–16.85) and 4.29% reported not having 
any close friends (95% CI = 4.05–4.54). Other individual 
aspects such as behavioral characteristics, victimization, 
and health outcomes, are presented in the supplemental 
material.

Table  3 shows the association between clusters and 
social isolation variables among adolescents. In the 
adjusted analysis, adolescents in the Health-promoting 

Table 1  Physical activity (PA), sedentary behavior (SB), unhealthy diet, and healthy diet in each of the three clusters. National School-
Based Health Survey among ninth-grade students—PeNSE, Brazil 2015 (sample 1)

Health-promoting SB and diet
Mean ± SD

Health-promoting PA and diet
Mean ± SD

Health-risk
Mean ± SD

Physical activity (day/week) 0.68 ± 0.92 4.56 ± 2.05 0.86 ± 1.24

Sedentary behavior (hour/day) 2.59 ± 1.55 3.85 ± 2.31 7.78 ± 1.39

Unhealthy diet (day/week) 1.68 ± 0.97 2.87 ± 1.49 3.24 ± 1.45

Healthy diet(day/week) 2.68 ± 1.97 4.10 ± 2.07 2.58 ± 1.97
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SB and diet (OR = 0.69; 95% CI = 0.62–0.76) and in 
the Health-promoting PA and diet (OR = 0.73; 95% 
CI = 0.67–0.79) clusters showed reduced odds of loneli-
ness compared to those in the Health-risk cluster. Those 
belonging to the Health-promoting PA and diet cluster 
were more likely to have close friends (OR = 1.19; 95% 
CI = 1.01–1.41) compared to those in the health-risk 
cluster.

Discussion
The present study investigated the association between 
clusters of obesogenic behaviors and social isolation in 
a population-based sample of Brazilian adolescents. We 
observed that the likelihood of loneliness and having 
close friends varied across the clusters, and adolescents 
from both healthier groups seem to have lower odds of 
loneliness.

The literature has shown that some psychosocial out-
comes of adolescents can be influenced by obesogenic 
behaviors such as PA, diet, and SB [2, 11, 15]. In addi-
tion, there is evidence that adolescents with healthier 
obesogenic behavior profiles have better socialization, 
with lower chances of loneliness [5, 9, 10]. Our find-
ings also highlight the fact that many adolescents have 
lifestyles defined by the coexistence of favorable and 
unfavorable health behaviors [16]. Thus, adolescents 
in clusters that include an active lifestyle seem to have 
more prosocial attitudes in their life, such as talking to 
friends and going for a walk more often [17], improving 
friendship quality and decreasing the chances of being 
socially isolated [4].

A systematic review investigating the relationship 
between friendship and PA analyzing cross-sectional, 
longitudinal, and experimental studies with adolescents 
in the United States showed that peers and friends play 
an important role in adolescents’ PA levels. This associa-
tion was positive in terms of peer support, presence of 
peers and/or friends, peer norms, friendship quality, peer 
acceptance and affiliation, and negative for peer victimi-
zation [18]. Despite the inverse chain to our proposed 
analyses, having friends helps to provide intrapersonal 
and interpersonal psychological support, favoring bet-
ter psychological disposition for the maintenance of PA 
behavior during adolescence. In addition, being active 
favor socialization, evidencing a cyclical relationship 
between behaviors—socialization—behavior.

Some mediators have been hypothesized to help 
explain our findings. For instance, increasing self-con-
fidence and supporting greater problem-solving ability 
were observed in the univariate relationships between 
PA and social isolation [17] and between SB and social 

Table 2  Characteristics of the sample. PENSE, Brazil 2015 
(n = 100,794)

Variables n % 95% CI

School-level covariates

  Type of school

    Municipal 288 0.1 0.04—0.26

    State 49,462 48.35 45.05—51.66

    Federal 31,404 37.09 34.15—40.13

    Private 20,918 14.46 12.53—16.63

  Full-time school

    Yes 22,854 22.07 21.19—22.98

    No 78,715 77.93 77.02—78.81

  Boarding school

    Yes 3,846 4.085 3.748—4.451

    No 97,942 95.92 95.55—96.25

Household-level covariates

  Computer at home

    Yes 69,822 69.56 68.51—70.6

    No 32,144 30.44 29.4—31.49

  Internet at home

    Yes 78,395 77.55 76.69—78.38

    No 23,572 22.45 21.62—23.31

Household residents (mean) – 4.49 4.47—4,52

Sociodemographic factors

  Sex

    Male 49,290 48.72 48.09—49.34

    Female 52,782 51.28 50.66—51.91

  Skin Color

    White 33,775 36.15 35.12—37.18

    Black 12,849 13.39 12.88—13.92

    Yellow 4,580 4.11 3.87—4.36

    Pardo 46,935 43.05 42.17—43.94

    Indigenous 3,825 3.29 3.07—3.53

    Age, mean – 14.29 14.26—14.31

  Mother’s schooling

    Did not studied 5,531 5.38 5.089—5.695

    Incomplete elementary school 18,217 19.38 18.8—19.97

    Elementary School 6,024 6.465 6.167—6.775

    Incomplete high school 6,275 6.05 5.78—6.33

    High school 17,903 18.01 17.47—18.57

    Incomplete college 5,456 4.54 4.27—4.83

    College 17,232 13.26 12.34—14.23

    Do not know 25,183 26.9 26.25—27.56

  Live with mother

    Yes 90,458 89.94 89.57—90.3

    No 11,543 10.06 9.7—10.43

  Live with father

    Yes 63,600 63.71 63.01—64.41

    No 38,341 36.29 35.59—36.99

  Has a cell phone

    Yes 88,978 87.38 86.87—87.87

    No 13,012 12.62 12.13—13.13

n  Absolute frequency, %  Prevalence; 95% CI 95% Confidence interval 95%
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isolation [5]. We hypothesize that PA and SB may share 
psychosocial mediators, and one behavior “supplies” the 
other in maintaining more prosocial attitudes. In other 
words, a cluster that lacks PA but the adolescent has 
a reduced time in sedentary behavior can still provide 
some benefits and vice-versa. Furthermore, obese adoles-
cents report more loneliness, have fewer friends, and are 
more bullied [19]. In this case, it is suggested that health-
ier clusters can favor both better results for biological 
outcomes, such as decreasing overweight and obesity and 
minimizing interpersonal and intrapersonal vulnerabili-
ties in adolescence [2].

Some limitations can be observed in this study. First, 
the cross-sectional nature of the data does not allow for 
a causal relationship to be established between adoles-
cents’ behaviors and our selected outcomes. The causal 
chain of these relationships between behavior and health 
outcomes is well established. However, it is plausible that 
the observed associations are bidirectional. Although 
obesity seems to influence social isolation, we ask for 
caution when interpreting our findings, as there was no 
control for this variable (not available for PeNSE—sam-
ple 1) in our adjusted analysis. Feeling lonely and having 
fewer friends can keep adolescents away from healthier 
behaviors, such as PA during leisure time. The social 
isolation construct is self-reported based on two indi-
cators that may not represent the phenomenon’s com-
plexity; therefore, caution in interpreting the results is 
necessary. Nevertheless, the observed research problem 
is substantial. It has an analytical approach centered on 
the individual (clusters analysis); the clusters observed 
in this population were validated in previous research 
and involve a representative sample. To the authors’ 
knowledge this is the first study to assess the relationship 

between clusters of obesogenic behaviors and social iso-
lation. In addition, this study draws attention to a less 
obvious association between lifestyle and health out-
comes. Schools, administrators, and policymakers can 
look beyond obesity and realize that opportunities, atti-
tudes, and choices (in non-particular order) about ado-
lescent lifestyle can impact the social life and the mental 
health of young people. Therefore, multicomponent 
interventions are required, considering the synergies 
between lifestyle behaviors.

Conclusions
Adolescents in clusters where health-favorable behaviors 
outweighed unfavorable ones were less likely to perceive 
themselves as lonely and without close friends. Clusters 
of obesogenic behaviors seem to share mediators that 
expose or protect adolescents not only to obesity but also 
to critical psychosocial outcomes for social life, such as 
having more friends.
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  Health-promoting PA and diet 0.50 (0.46—0.55) 0.73 (0.67—0.79) 1.23 (1.04—1.45) 1.19 (1.002—1.41)
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