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Abstract 

Identifying the clustering and correlates of physical activity (PA) and sedentary behavior (SB) is very important 
for developing appropriate lifestyle interventions for children and adolescents. This systematic review (Prospero 
CRD42018094826) aimed to identify PA and SB cluster patterns and their correlates among boys and girls (0–19 years). 
The search was carried out in five electronic databases. Cluster characteristics were extracted in accordance with 
authors’ descriptions by two independent reviewers and a third resolved any disagreements. Seventeen studies met 
the inclusion criteria and the population age ranged from six to 18 years old. Nine, twelve, and ten cluster types were 
identified for mixed-sex samples, boys, and girls, respectively. While girls were in clusters characterized by “Low PA 
Low SB” and “Low PA High SB”, the majority of boys were in clusters defined by “High PA High SB” and “High PA Low 
SB”. Few associations were found between sociodemographic variables and all cluster types. Boys and girls in “High PA 
High SB” clusters had higher BMI and obesity in most of the tested associations. In contrast, those in the “High PA Low 
SB” clusters presented lower BMI, waist circumference, and overweight and obesity. Different cluster patterns of PA 
and SB were observed in boys and girls. However, in both sexes, a better adiposity profile was found among children 
and adolescents in “High PA Low SB” clusters. Our results suggest that it is not enough to increase PA to manage the 
adiposity correlates, it is also necessary to reduce SB in this population.
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Introduction
Clustering among physical activity (PA) and sedentary 
behavior (SB) have been linked to important health out-
comes (e.g. cardio-metabolic biomarkers, adiposity, self-
esteem and psychological distress) [1–4]. PA and SB are 
coexisting behaviors and form part of the human move-
ment spectrum [5]. Thus, an increase in PA may not be 
associated with a decrease in SB and vice versa, suggest-
ing that this behavioral pattern coexists in different ways 
[6–8].

Recent studies have shown that low levels of PA com-
bined with excessive time spent in SB occur repeatedly 
in children and adolescents [9–11]. Previous reviews 
have noted that clusters characterized by “High levels of 
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PA and High time in SB” [8], “High PA and Low SB” and 
“Low PA and High SB” [6, 8] occurred most frequently 
in children and adolescents. Additionally, one review 
has identified a tendency for older children/adolescents 
to comprise clusters defined by low PA [12]. Consider-
ing characteristics of the clusters, in relation to sex, girls 
tend to be in clusters characterized by low PA and high 
time spent in socializing activities, whereas boys tend be 
in clusters characterized by high PA and high time spent 
watching television and playing videogame [13–18]. 
These findings suggest that both age and sex are impor-
tant factors to consider when examining PA and SB 
cluster patterns. This is further supported by evidence 
showing the prevalence of compliance with PA and SB 
guidelines decreases and increases with increasing age, 
respectively [19, 20] and the widening of differences in 
PA levels and time spent in SB between boys and girls 
between childhood and adolescence [21].

These clusters with distinct characteristics may also 
correspond to correlates in different ways. Thus, the asso-
ciation between clusters and different sociodemographic, 
mental and physical health have been explored in chil-
dren and adolescents [1, 12, 14, 18]. Studies suggest that 
better cardiometabolic health, self-esteem, body image 
and weight status are found in youth with the healthiest 
behavioral clusters [1, 22, 23]. For example, adolescents 
in “uses recreation center” and “active in school” clusters 
had higher self-esteem [23]. The opposite has also been 
observed for children and adolescents in less healthy 
cluster. For example, boys and girls in clusters character-
ized by “low PA and SB” and “high PA and SB” higher adi-
posity levels adiposity [24–26].

Given the complex inter-relationships summarized 
above, there is a need to (i) map the characteristics of 
PA and SB cluster patterns among boys and girls accord-
ing to the methodological quality of studies; (ii) describe 
which clusters are most prevalent by sex; and (iii) exam-
ine the range of correlates that have been explored. This 
is necessary because previous reviews on cluster pat-
terns were either not systematic [12], employed limited 
search strategies (i.e., limited combination of descriptors 
for PA and SB) [6, 12, 14] and/or limited the publications 
reviewed up to 2018 [6]. To identify different patterns 
and their correlates will help to inform the development 
of appropriate strategies for modifying and improving 
the lifestyles of different population subgroups [27–29].

The aim of the present study is therefore to review sys-
tematically the literature that has investigated the cluster-
ing patterns of PA and SB in children and adolescents. In 
particular, we aimed to verify if clusters differ according 
to sex, and to identify their potential correlates.

Methods
Protocol
This systematic review used Preferred Reporting Items 
for Systematic Reviews and Meta-Analysis (PRISMA) [30, 
31] and the extension Synthesis Without Meta-analysis 
(SWiM) [32]. PRISMA and SWiM checklist is included 
in Supplementary material (Table S1 and Table S2). This 
study was registered in PROSPERO (CRD42018094826) 
and formed part of a comprehensive evidence synthe-
sis project [8]. The PI(E)COS strategy was used for the 
development of the research question.

Eligibility criteria
Studies were included if they met the following eligibility 
criteria: (a) included children and/or adolescents (aged 
0–19  years, or reported means between these ages); (b) 
analyzed simultaneously PA and SB); c) applied explora-
tory data-based statistical procedures, considering clus-
ter analysis (i.e., k-means), latent Class/Profile Analysis, 
and dimensionality reduction techniques (i.e., Principal 
Component Analysis and Factor Analysis); and (d) be 
published in English, Portuguese, or Spanish. All cor-
relates reported in the included studies were extracted. 
Studies were excluded if they involved clinical popula-
tions (e.g., disabilities, metabolic and/or cardiovascular 
diseases, hospitalized or institutionalized populations), 
or included other behaviors or variables (e.g., tobacco 
use, unhealthy eating, socioeconomic status) as part of 
the cluster patterns. Reviews, letters to editor, and con-
ference abstracts were excluded. All studies designs were 
considered for inclusion. More information about the eli-
gibility criteria can be observed in Supplementary mate-
rial Table S3.

Search strategies and selection process
The search strategies used five electronic databases 
(PubMed, Scopus, Web of Science, LILACS and Psy-
cINFO) and were carried out in December 2019. 
Particularities strategy and Boolean operators and 
truncation symbols ($, * or "") were considered and no 
restrictions of publication year and study design were 
applied. The search string can be observed in Supple-
mentary material (Table S4).

Firstly, the titles and abstracts were screened indepen-
dently by the authors of the first review (GTM/RMC 
and GTM/MVVL). If the relevance of an article was 
unclear, it was retained for full text screening by the same 
peers. Reference lists of included studies and previous 
reviews were examined as additional searches (RMC and 
MVVL). More information can be observed in Fig. 1.
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Methodological quality assessment of included studies
The methodological quality of the included studies was 
assessed by the 17-point adapted version of the Qual-
ity Assessment Tool for Quantitative Studies of Effec-
tive Public Health Practice Project (EPHPP) [33], in four 
methodological domains, as shown in supplementary 
material Table S5. The risk of bias classification (low 
[strong], moderate [moderate] and high [weak]) for each 
domain was determined on the basis of the study distri-
bution (see Table S6 supplementary material). The risk 
of bias was assessed by two independent reviewer (GTM 
and GM) and a third reviewer was consulted for the con-
sensus of disagreements (CB).

Data extraction and synthesis
Data were extracted by (GTM/CB) and discrepancies 
were resolved by a third person (GM). Extraction ele-
ments included: (1) article description (e.g., publica-
tion year; country; study design; sample size and age); 
(2) instruments used to measure PA and SB; behaviors 
domain and components (e.g., leisure-time PA, habitual 
PA, daily time spent on TV, videogames); (3) variables 
used to determine clusters (i.e. cluster input variables) 
and the resulting cluster types according to mixed-sex 

samples, boys, girls, children, and adolescents; and (4) all 
correlates examined and their direction of association.

Instruments used to measure PA and SB were classified 
as: (1) Defined (with validation process); (2) Undefined 
(reported question and/or response option and instru-
ment reference); (3) Undefined-Reproducible (reported 
question and response options but did not mention the 
reference); (4) Objective measurement (e.g., accelerom-
eter); (see Table 2 and Figure S1a and S1b in supplemen-
tary material).

The descriptions reported by the authors of the stud-
ies were used to extract cluster characteristics accord-
ing to mixed-sex, boys and girls. For example, authors 
characterized a cluster with low values for watching TV 
and high values for playing games and low PA levels; the 
cluster type was classified as “Low PA and High/Low SB”. 
Where authors did not provide a text description, quan-
titative data presented in figures and/or tables were used 
to classify cluster types. Thus, labels of PA and SB com-
ponents were categorized as “Low” or “High”.

Paper characteristics included in this review were 
described in the light of the total number of studies, thus, 
articles reporting on the same data set were represented 
by the most recently published paper. All other sections 

Fig. 1 Flow of study inclusion for the review. Note: * Polash idiom; Explained how to use cluster analysis – did not present results



Page 4 of 17Mello et al. BMC Public Health          (2023) 23:372 

of the results were described taking into account the total 
number of articles included in the review. For the cluster 
descriptions, similar clusters derived from the same pop-
ulation, and presented in different articles, were therefore 
reported only once. A meta-analysis was not performed 
due to the heterogeneity observed between studies in the 
following aspects 1) Distinctions in measurements and 
indicator types of PA and SB; 2) Variability of algorithms 
used in distinct data-based cluster statistical procedures; 
and, 3) The different clusters types identified.

The results were organized according to the SWiM as 
follow: a) study characteristics and its risk of bias (Table 1 
and Fig. 2); b) instruments used to evaluated PA and SB, 
and variables used in clusters procedures (Table  2 and 
Table  3); c) cluster types identified and their correlates 
(Table 4 and 5). Excel was used to make the figures and 
tables. Correlates were categorized as sociodemographic, 
adiposity, healthy risk behaviors and others.

Results
The searches resulted in 11,912 potentially relevant titles, 
of which 17 (11 from different data set) were identified 
and included in the review (Fig.  1). Table  1 summarizes 
each article included in the review. The year of publication 

varied from 2002 to 2017 and three studies were published 
in the last five years [26, 38, 40]. Four studies used data 
from two or more countries [13, 15, 34, 36] and a large 
number of studies were conducted in the United States 
[23, 24, 26, 37, 40]. All articles included were provide 
from high income countries. Exception for four studies 
[17, 36, 41, 42] all provided from macro-project data, and 
the exploratory data-based methods were applied cross-
sectionally across all studies. Sample sizes ranged from 
495 to 21,811 participants and most included a relatively 
equal distribution of boys and girls. Five studies identi-
fied cluster types in mixed-sex samples [23, 35, 37, 39, 42], 
and twelve studies according to sex [13, 15–17, 24–26, 34, 
36, 38, 40, 41]. The age range was from six to 18 years old, 
with three studies involving children and adolescents [13, 
17, 38], one only children [40], nine only adolescents [15, 
16, 25, 26, 34, 35, 39, 41, 42], and four with an average age 
in the adolescent range [23, 24, 36, 37]. More instruments 
and behaviors outcomes information can be found else-
where (see Table S7 supplementary material).

Risk of bias assessment
The percentage of disagreement among the risk of bias 
evaluators was 34.7% (kappa = -0.25; 1.0), ranging from 

Fig. 2 Assessment of the risk of bias of studies
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5.9% to 64.7%. Only three studies [13, 23, 37] were con-
sidered to have a low risk of bias for all evaluated criteria 
and another study [34] showed moderate and low risk. 
The other studies showed a high risk of bias in at least 
one evaluated criterion (see Table S6 in supplementary 
material). Half of the included studies failed to achieve 
at least 60% of the eligible response (response rate), and 
a quarter of them had ≥ 80% of participants who com-
pleted the study. Almost all studies provided information 
that would allow researchers to replicate the PA and SB 
tool. According to Fig.  2, a high-risk selection bias was 
observed among studies.

Behavior measurement and clusters variables
The classification of the instruments used to measure PA 
and SB is available in Table 2 and Supplementary mate-
rial (Figure S1a and S1b). Objective measures were used 
in three studies [24, 34, 40] and one study [34], to evalu-
ate PA and SB, respectively. Questionnaire was the most 
prevalent instrument used to measure PA (n = 11) [13, 
16, 17, 25, 26, 35, 36, 38, 39, 41, 42], and SB (n = 13) [13, 
16, 17, 24–26, 35, 36, 38–42]. All questionnaires applied 
[13, 16, 17, 24–26, 35, 36, 38–42] were consolidated or 
previously validated, and one [15] study used a diary, and 
two studies [23, 37] used recalls.

The most used variables for PA were Weekly PA (n = 11 
articles [16, 24–26, 35, 36, 38–42]), followed by Weekly 
leisure-time PA (n = 6 articles) [13, 15–17, 25, 35] and 

Accelerometer Measured PA (n = 3 articles) [24, 34, 40]. 
PA in Physical Education classes and Daily PA were used 
by four [16, 23, 35, 37] and two [23, 37] articles, respec-
tively. Five [13, 15, 17, 25, 39] articles used Leisure-time 
PA (i.e., yes or no) and one [26] used Muscle strengthen-
ing exercise (days/week) and Active sports team partici-
pation (number of modalities) as PA indicators (Table 3).

For SB, Weekly Computer Time was the most used 
variable (n = 10 studies) [15, 17, 23–25, 35–37, 41, 42] 
followed by Weekly Videogame Time (n = 9 studies) [17, 
23–25, 35–37, 41, 42], Weekly TV Time (n = 9 studies) 
[15, 17, 23–25, 35, 37, 41, 42], and Weekly Non-screen 
Activities (n = 7 studies) [15, 17, 24, 36, 40–42]. Other 
studies used Weekly Phone Time (n = 4) [24, 36, 41, 42], 
Daily Stationary Time (n = 1) [34], Daily TV Time (n = 3) 
[13, 16, 26], Daily Computer Time (n = 3) [13, 16, 26] and 
Weekly Screen Time (n = 2) [24, 40]. Finally, indicators 
Weekly SB (screen and sit time [35]), Daily SB [38], Daily 
Videogame Time [16], and Daily Screen Time [39] were 
also used (Table 3).

Description of the derived clusters
Studies included up to 16 input summary variables in 
cluster analysis. As presented in Table  1, cluster analy-
sis (n = 11) [13, 15–17, 23, 34, 36–39, 41] was most 
commonly used approach to derive clusters, followed 
by latent class analysis (n = 3) [24, 26, 40], latent profile 

Table 2 Classification of instruments used to measure PA and SB

*  Used two instruments (accelerometer and questionnaire). (1) Defined (reported the validation process); (2) Undefined (reported question and/or response option 
and instrument reference); (3) Undefined-Reproducible (reported question and response options but no instrument reference); (4) Objective measurement (e.g., 
accelerometer)

Author (publication year) Instruments classification

Physical Activity Sedentary Behavior

De Bourdeaudhuij (2013) [34] Accelerometer (Defined) Accelerometer (Defined)

Gorely (2007) [15] Defined Defined

Huang (2016) [17] Validated Validated

Kim (2016) [26] Undefined-Reproducible Undefined-Reproducible

Lazarou (2009) [35] Undefined-Reproducible Undefined-Reproducible

Marshall (2002) [36] Defined Defined

Melkevik (2011) [25] Defined Defined

Nelson (2005) [37] Defined Undefined

Nelson (2006) [23] Defined Undefined

O’Neill (2017) [38] Undefined-Reproducible Undefined-Reproducible

Patnode (2011) [24] Accelerometer (Defined)* Defined

Ramos (2012) [39] Defined Defined

Spengler (2015) [16] Defined Defined

Taverno Ross (2016) [40] Accelerometer (Defined)* Defined

Te velde (2007) [13] Defined Defined

Wang (2006) [41] Defined Defined

Wang (2011) [42] Defined Defined
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Table 4 Description of the derived clusters and the prevalence of children and adolescents within each cluster. Results are presented 
as n(%)

Cluster Types 

Author (year)
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Lazarou (2009)b id id

Nelson (2005)#b

1681 
(14.1%)

1309 
(10.9%)

935 (7.8%)

1119 (9.4%)
2897 

(24.2%)
2494 

(20.9%)
1522 

(12.7%)

Nelson (2006)#b

1681 
(14.1%)

1309 
(10.9%)

935 (7.8%)

1119 (9.4%)
2897 

(24.2%)
2494 

(20.9%)
1522 

(12.7%)

Ramos (2012)b 5042 
(25.4%)

4404 
(22.1%)

10889 
(52.5%)

Wang (2012)b 122 (14.5%)
98 (11.6%)

107 
(12.6%) 

386 
(45.6%)

134 
(15.8%) 

B
o

ys

De Bourdeaudhuij 
(2013) b 82 (22.7%) 72 (19.9%) 100 (27.8%) 

107 
(29.6%)

Gorely (2007)b 75 (15.4%)

93 
(19.2%)
97 (20%)

144 
(30.1%)

75 
(15.4%)

Huang (2015)a 78 (16.6%) 43 (9.1%)
280 

(59.4%)
48 

(10.2%)
22 

(4.7%)

Kim (2016)b 1239 
(20.3%) 

2356 
(38.6%) 470 (7.7%)

2044 
(33.5%) 

Marshall (2002)b 333 (40%) 383 (47%) 103 (13%) 

Melkevik (2010)b 605 (24%)
630 (25%)

353 (14%)
50 (2%)

302 (12%)

O'Neill (2016)a
1924 (43.9 

%)  
807 (18.4%)

578 (13.2%)
989 (22.6%)

Patnode (2011)b 148 
(42.1%)

116 (33%) 88 (24.9%)

Spengler (2015)b

53 
(5.1%)

65 
(6.3%)

50 
(4.8%)

197 
(19.1%)

50 (4.8%) 343 
(33.3%)

126 
(12.2%)

147 
(14.3%)

Taverno Ross 
(2016)c 31 (14%)

156 
(70.6%)

34 
(15.4%)

Te velde (2007)a 1100 
(17.6%) 436 (7.0%)

1494 
(23.9%)
601 (9.6)

2624 
(42.0%)

Wang (2006)b 102 (35.8%)
75 (26.3%) 

108 
(37.9%) 

G
ir
ls

De Bourdeaudhuij 
(2013)b 85 (21%) 97 (24%)

119 
(29.3%)

104 
(25.7%)

Gorely (2007)b 144 
(14.5%)

198 
(25.2%)

206 
(26.4%)

181 
(23.1%)
86 (11%)

Huang (2015)a 54 (11.3%) 57 (11.9%)
138 

(28.8%)
190 

(39.6%)
41 

(8.5%)

Kim (2016)b 1050 
(17.6%)

1378 
(23.1%)

1575 
(26.4%)

1969 
(33%)

Marshall (2002)b 243 (15%) 562 (36%) 765 (49%) 

Melkevik (2010)b 303 (13%)
466 (20%)

256 
(11%)

419 
(18%)

256 
(11%)

Patnode (2011)b 69 (18.7%)
175 

(47.6%)
124 

(33.7%)

Spengler (2015)b
54 (5.1%)

105 
(10.0%)

65 (6.2%)

443 
(42.1%)

124 
(11.8%)

97 (9.2%)
164 

(15.6%)

Taverno Ross 
(2016)c 35(12.8%)

149 
(54.4%) 

90 
(32.8%)

Te velde (2007) a 229 (3.6%)
1337 

(21.3%)
1339 

(21.3%)
2794 

(44.5%)
584 (9.3%)

Wang (2006)b 276 (57.3%) 72 (15%)
134 

(27.8%)

PA Physical activity, SB Sedentary behavior

#Same cluster. Id: Impossible to identify. In each column, the darker the gray, the greater number of children and adolescents in each cluster type. N and prevalence 
should be interpreted according to n sample present in each study (line of each study). More than one prevalence included in a little square means that more than 
one cluster were identified with this characteristic
a involved children and adolescent
b involved adolescents and average adolescents’ age
c involved children
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analysis (n = 2) [25, 42] and, principal component analy-
sis (n = 1) [35]. A description of the cluster types defined 
by the reviewers and authors can be found in Table S8 
supplementary material, and the prevalence and fre-
quency of each cluster type identified in Table  4. The 
most prevalent clusters found in studies with the lowest 
risk of bias included “Low PA Low SB” and “High SB” for 
whole sample [23, 37], “Low SB” and “Low PA High/Low 
SB” for boys [13], and “Low PA Low SB”, “Low PA High 
SB” and “High PA Low SB” for girls [13].

Nine cluster types were identified for whole samples (i.e. 
boys and girls combined) (n = 5 studies) [23, 35, 37, 39, 
42], these studies involved only adolescents and average 
adolescents’ age. The most frequently clusters identified in 
whole sample was “Low PA Low SB” (n = 4 studies) and 
“High PA High SB” (n = 3 studies). Otherwise, the most 
prevalent cluster types for whole samples were “Low PA 
Low SB” and “Low PA High/Low SB” and, highlighting 
that these was the clusters most prevalent in adolescents.

From studies that evaluated clusters according to sex 
(n = 12), twelve clusters were identified for boys and ten 
for girls. The most frequently cluster identified in boys 
was “High PA High SB” (n = 8 studies) and “Low PA Low 
SB” (n = 8 studies). Most prevalent cluster among boys 
were “High PA High SB”, “High PA Low SB”, and Low PA 
and Low SB. Girls’ most frequently clusters were “Low PA 
Low SB” (n = 8 studies), “Low PA High SB” (n = 6 stud-
ies), and ‘High PA Low SB” (n = 6 studies). Otherwise, 
the most prevalent clusters were “Low PA Low SB”, “Low 
PA High SB” and “High PA High SB”. Only one study 
was realized in children and procedure cluster analysis 
according to sex, the most prevalent cluster in both sexes 
were characterized by “Low PA Low SB”.

Correlates and its association with clusters types
From the included studies a total of 31 correlates were 
investigated. The cluster correlates were sociodemo-
graphic factors [16, 17, 24, 36, 40]; adiposity indicators 
[13, 17, 24–26, 34, 36, 38, 40]; health risk behaviors [23]; 
and others factors, such as work and sleeping hours [17, 
23, 37]; meeting PA guidelines [37]; and correlates of 
behavior at the individual [23, 40], interpersonal [40], and 
school level [40]. Table 5 presents all the correlates asso-
ciated with cluster types.

The only study identified in children found null asso-
ciations between school level, interpersonal and individ-
ual outcomes and cluster [40]. All information presented 
below, in subsequent paragraphs, refer to adolescents. 
Considering overweigh girls in the cluster “Low PA High/
Low SB” presented negative [24] and positive [13] associ-
ations. Otherwise, at BMI outcome adolescents in cluster 
“High PA High SB” presented negative [34] and positive 
[38] associations.

Adolescents in “Low PA Low SB” clusters had higher 
odds of consuming alcohol [23], working [23] and lower 
odds of delinquency, wearing a seatbelt [23], sleeping ≥ 8 
hours [23] and meeting PA guidelines in adolescence 
[37]. These results were found in studies with a low risk 
of bias. Boys in this cluster presented high odds to be 
overweight [24, 25] or obesity [26], low self-eficacy [40] 
and differences between age [16]. Girls in this cluster 
were older [16, 36], from North America [36], and are 
more likely to be obese [26].

Boys and girls in “High PA High SB” clusters, had 
higher BMI and were more likely to be obese in most 
of the tested associations [26, 38], whereas those in the 
“High PA Low SB” clusters had lower BMI and waist 
circumference and were less likely to be overweight or 
obese [24, 34].

Adolescents in "High PA" clusters had higher odds to 
work, sleeping ≥ 8 hours [23] and meeting PA guidelines 
in adolescence [37] and were less exposed to all health 
risk behaviors [23] and self-steem [23].

In the “Low SB” cluster, the results were similar, except 
for self-steem [23]. The associations found for "High PA" 
and “Low SB” were present in studies with low risk of 
bias.

In general, the correlates associated with clusters dif-
fered by sex. The similarities found, for the variables 
and the association direction, were: “High/Low PA Low 
SB cluster” vs age (differs); “High PA High SB cluster” vs 
obesity (positive); “High PA Low SB cluster” vs BMI and 
waist circumference (negative); “Low PA High SB cluster” 
vs obesity/overweight (positive); vs age and socioeco-
nomic status/poverty (differs); “Low PA Low SB cluster” 
vs obesity (positive); vs age (differs); and “Low PA High/
Low SB cluster” vs overweight (positive); vs age and soci-
oeconomic status/poverty (differs).

Discussion
This systematic review sought to provide comprehensive 
and up to date evidence on the clustering of SB and PA 
according to sex (identified using exploratory data-based 
methods) and their potential correlates. Nine, twelve and 
ten cluster types were identified for whole samples, boys, 
and girls, respectively. Boys were mostly allocated to the 
“High PA/High SB” clusters and girls to the “Low PA Low 
SB” clusters. Moreover, boys were more likely to accu-
mulate time watching television time, using computer, 
and playing videogame and girls dedicate more time to 
paid work or housework [15, 17, 24, 36, 41]. Cluster types 
were associated with more than thirty different health-
related correlates.

The risk of bias assessment identified methodological 
weaknesses in the studies, especially for the domains of 
sample selection and for withdrawal and dropouts. Few 
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studies included samples representative of the target 
population, or were impacted by participant dropouts. 
Further, the number of participants who completed the 
study was often poorly reported across the studies. Hav-
ing information on study response and dropout rates, 
as well as their reasons and the participant characteris-
tics, allows a better interpretation of the results and the 
potential impact of selection bias. Future studies on clus-
tering should therefore report the process of selection of 
participants, withdrawals and dropouts in a more com-
prehensive way.

Several cluster types with distinct combinations were 
identified for children and adolescents, and more than 
70% of clusters included one negative behavior, cor-
roborating with previous literature [6, 8, 12, 43]. In our 
review, girls were in clusters characterized by “Low 
PA High/Low SB” and “Low PA/Low SB”, while cluster 
types labelled “High PA Low SB”, followed by “High PA 
Low SB”, “High PA High SB” and “High PA” comprised 
more boys. Similar results from previous reviews 
showed that SB was inversely related to PA [44, 45] and 
high levels of PA coexisted with high and low levels of 
SB [6, 12, 43].

The predominance of unhealthy profiles in youths have 
been constantly reported in the literature [12, 14, 43] and, 
girls report lower levels of PA compared to boys [13, 14]. 
These differences can be explained by the way in which 
adolescents spend their time; boys spend more time 
being physically active PA and girls prefer to spend their 
time in socializing activities and in domestic tasks [46]. 
Moreover, motivational aspects such as the unwillingness 
[47] or discomfort from sweat and dirt [48] caused by PA 
contribute to girls being less physically active. Still, our 
results also demonstrated that girls were more often allo-
cated to clusters characterized by large amounts of time 
in SB related to socializing components [15, 17, 24, 36, 
41]. In contrast, boys were more likely to be in clusters 
characterized by large amounts of time using the com-
puter and playing videogames [15–17, 24, 25, 36, 41], 
consistent with literature [15, 46, 49]. Studies have shown 
that different SB components have different effects on 
youths physical and mental health [50, 51]. For example, 
TV viewing was associated with worse physical health, 
quality of life and emotional problems, whereas interac-
tive screen time (e.g. video game, social media and inter-
net) showed negative psychological effects [50, 51]. These 
results suggest that policymakers, professionals, and 
parents should consider the type of youths’ screen time 
rather than only use-time. Also, is important to consid-
ered questionnaires to evaluated PA and SB once they are 
useful in collect data about variables context, whereas 
accelerometers provide more accurate info on time and 
intensity in each behavior.

In relation to the correlates of clusters, most studies 
included in this review evaluated adiposity indicators [13, 
17, 24–26, 34, 36, 38, 40] followed by sociodemographic 
factors [16, 17, 24, 36, 40]. Few studies examined health 
risk behaviors [23]; sleeping hours [17, 23, 37], and indi-
vidual [23, 40], interpersonal [40], and school level [40] 
correlates. Few associations were observed and most 
positive associations were found for at Health risk Behav-
ior’s correlates provided from studies with low risk of 
bias. Briefly, clusters characterized by Low PA/Low SB 
presented lower probability to delinquency, wear seat-
belt [23], sleeps ≥ 8 hours [23] and low self-eficacy [40], 
and cluster characterized by "High PA" presented less 
exposure for health risk behaviors [23] and self-steem 
[23]. However, further evidence is needed to clarify these 
relationships. Boys [24–26, 38] and girls [26, 38] in “Low 
PA Low SB” and “High PA High SB” clusters were more 
likely to have a higher BMI, or be overweight or obese. In 
contrast, better adiposity profiles were found when boys 
or girls were allocated to the “High PA Low SB” clusters 
[24, 34]. Physical inactivity and high time spent in SB are 
potential risks factors for increased adiposity [6, 12, 52] 
and their coexistence is linked to cumulative harmful 
effects to health [12, 53]. These findings emphasize the 
needed for the development of public policies strategies 
to promote PA and reduce SB simultaneously.

This was the first study to systematically review the 
clustering of PA and SB, and their associations with a 
comprehensive range of health correlates, in mixed-sex 
samples, and in boys and girls, separately. The search 
strategies were developed based on suggestion of 
experts on the theme which enabled the identification of 
many potential studies. This study also was able to iden-
tify and describe the behavior variables used to deter-
mine clusters. All these points advance the evidence 
base on clustering because previous reviews on clus-
ter patterns were either not systematic [12], employed 
limited search strategies (i.e., limited combination of 
descriptors for PA and SB) [6, 12, 14] or limited the 
publications reviewed up to 2018 [6]. However, cau-
tion is needed when generalizing results: 1) the cluster 
type identified in this review were based on the authors’ 
interpretation based on descriptions reported by the 
studies’ authors. However, during the data extraction, a 
sequence of criteria and agreement between research-
ers was used to ensure that parsimonious information 
was obtained; 2) the wide range of PA and SB outcomes/
variables made the synthesis of results challenging, 
however, the agreement process during the data extrac-
tion provided suitable information of the clusters types 
characterization; 3) we synthesized the direction of 
association and not the magnitude, which is important 
to understand for health-related variables.
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The findings of this review have implications for 
future research examining the clustering of PA and 
SB. First, we emphasize that more studies examining 
clustering of PA and SB using data-driven exploratory 
methods should be conducted in children and adoles-
cent populations from lower income countries, as none 
were found in this review and cluster types have been 
shown to differ according to socioeconomics variables 
[12, 54]. Second, more studies that employ and com-
pare different exploratory data-based methods using 
the same data are needed to understand how different 
methods may yield different cluster patterns. Third, few 
studies provide sufficient detail regarding the analytic 
decisions taken to determine the optimal number of 
clusters and the reliability of the resulting cluster solu-
tion is rarely reported. Fourth, longitudinal studies are 
needed to identify how cluster patterns vary over time 
and to evaluate the effect of interventions on changing 
both PA and SB. Many large multi-component inter-
ventions have been implemented to change multiple 
behaviors simultaneously; however most studies are 
still using traditional methods approach of reporting 
changes in individual risk behaviors [55]. Fifth, stud-
ies that assess PA and SB using both device-based and 
self-report methods are needed to provide a richer 
understanding of behavior patterns and the contexts in 
which they occur. Further to this, analysis is needed to 
determine if cluster characterization (i.e., high/low PA, 
or high/low SB) varies according to whether behaviors 
are assessed using objective or questionnaire measure-
ment tools. Finally, future cross-sectional and longi-
tudinal studies examining the clustering of PA and SB 
should consider incorporating a wider range of modifi-
able correlates to better inform intervention strategies 
for behavior change.

We highlight that meta-analysis was not performed 
due to heterogeneity in measurements, analysis used 
and clusters types observed between studies. In order to 
conduct a meta-analysis, the cluster indicators and algo-
rithms used in the clustering procedures would need to be 
standardized.

Conclusion
In summary, the majority of cluster types had at least 
one unhealthy behavior in PA or SB indicators. Clus-
ters differ in SB components in the profiles between 
boys and girls and high proportion of boys were allo-
cated in cluster characterized by high PA. These dem-
onstrate that different preventive approaches, tailored 
to boys and girls, need to be considered to improve 
children and adolescent lifestyles. Predominantly, 
clusters were associated with sociodemographic and 

adiposity correlates. Therefore, a better understand-
ing of the modifiable correlates associated with PA 
and SB cluster types is needed to plan effective policies 
and interventions to improve youth lifestyles and sub-
sequent health and wellbeing, and to develop guidelines 
considering simultaneously between behaviors once they 
together contribute to unhealthier health correlates.
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