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Abstract 

Movement-related behaviors (physical activity [PA], sedentary behavior [SB], and sleep) and diet interact with each 
other and play important roles in health indicators in youth. This systematic review aimed to investigate how PA, SB, 
sleep, and diet cluster in youth by biological sex; and to examine which cluster are associated with health indicators. 
This study was registered in PROSPERO (number: CRD42018094826). Five electronic databases were assessed. Eligibil-
ity criteria allowed studies that included youth (aged 19 years and younger), and only the four behaviors {PA, SB, sleep, 
and diet (ultra-processed foods [UPF]; fruits and vegetables [FV])} analyzed by applying data-based cluster procedures. 
From 12,719 articles screened; 23 were included. Of these, four investigated children, and ten identified clusters 
by biological sex. Sixty-six mixed cluster were identified including, 34 in mixed-sex samples, 10 in boys and 11 in girls. 
The most frequent clusters in mixed-sex samples were “High SB UPF Low Sleep”, “Low PA High SB Satisfactory Sleep”, 
and “High PA”. The main difference in profiles according to sex was that girls’ clusters were characterized by high sleep 
duration, whereas boys’ clusters by high PA. There were a few associations found between cluster types and health 
indicators, highlighting that youth assigned to cluster types with low PA exhibited higher adiposity. In conclusion, 
the youth presented a range of clusters of behaviors, typically exhibiting at least one unhealthy behavior. Similar pat-
terns were observed in both sexes with the biggest difference in time of sleep for girls and PA for boys. These findings 
underscore the importance of intervention strategies targeting multiple behaviors simultaneously to enhance health 
risk profiles and indicators in children and adolescents.
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Introduction
The 24-hour movement behaviors (i.e., physical activ-
ity—PA, sedentary behavior—SB, and sleep) and diet are 
referred to as energy balance-related behaviors (EBRBs) 
and mutually moderate each other’s health impacts [1, 2]. 
For instance, the positive effects of engaging in regular PA 
or consuming fruit and vegetables might be compromised 
if individuals engage in prolonged periods of SB, exhibit 
short sleep duration, or consume ultra-processed foods. 
These EBRBs interact with each other and operate within 
a complex feedback loop, influencing body homeostasis, 
hormonal regulation, cellular metabolism, and impacting 
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overall health in children and adolescents [1, 3, 4]. Youth 
engage in multiple risk behaviors simultaneously [5–7], 
which increases the risk of chronic diseases and all-cause 
mortality over and above the addictive effects of individ-
ual behaviors [8]. Thus, understanding how these interac-
tions occur or how these behaviors cluster in the pediatric 
population may be promising for guiding future behavior 
change strategies that support healthy development [9]. 
Initiatives to support healthy behaviors for children and 
adolescents are crucial once risk behaviors emerge dur-
ing youth and could interrupt the trajectory toward poor 
adult health [10].

Systematic reviews investigating the clustering of the 
24-hour movement behaviors and diet have been previ-
ously conducted among youth [5, 7, 11–19]. However, 
it is noteworthy that all these behaviors were not inves-
tigated simultaneously among youth, except the review 
conducted by Liberali et al. [16]. Nevertheless, this study 
also included additional behaviors, such as tobacco and 
alcohol consumption, in its eligibility criteria. This could 
introduce variability in the types of clusters observed and 
their relationships with physical and mental health out-
comes. Additionally, recent reviews [16–18] have advo-
cated for future research to examine the clustering of PA, 
SB, sleep, and diet, given their robust correlations and 
interdependencies in shaping the lifestyle of children and 
adolescents.

It is known that the most frequently identified behavior 
profiles among youth were “high SB and consumption of 
ultra-processed foods”, “high PA”, “low PA and SB”, “low 
PA high/low SB”, and “low PA high SB” [5, 7, 14]. Studies 
also demonstrated that the intrapersonal characteristic, 
biological sex, may influence the adoption of behaviors 
[5, 20, 21]. For example, there are differences between 
boys and girls in the adoption of specific behaviors that 
may be explained by biological factors, such as hormonal 
and maturation differences, psychosocial factors, also by 
expectations, and social norms regarding behavior [22, 
23]. Indeed, boys have presented in clusters characterized 
by high PA [7, 14, 24, 25] and tend to be in clusters with 
high amounts of screen time (e.g., watching television, 
using computers, and playing video games), whereas girls 
spend more time in social activities such as sitting and 
talking with their friends [7, 26–33] as well as had bet-
ter diet quality (e.g., higher fruit and vegetables and lower 
ultra-processed foods consumption) when compared to 
boys [34, 35]. No difference has been observed in sleep 
time and clusters types between boys and girls [36–38].

In addition, clustering of behaviors have been associ-
ated with different health indicators [7, 14]. For exam-
ple, children exhibiting unhealthy patterns—defined 
by at least two behaviors among poor diet quality, PA, 
high SB, and inadequate sleep—were more likely to 

have higher adiposity compared to their peers follow-
ing healthy or mixed patterns [14]. In addition, children 
and adolescents in high PA and high SB clusters had 
higher body mass index and obesity [7]. Also, adoles-
cents in clusters with more screen time, shorter sleep 
duration, and higher consumption of ultra-processed 
foods had higher insulin resistance, and girls in clusters 
with high screen time and an unhealthy lifestyle were 
at increased risk for being overweight [39]. In contrast, 
youths in clusters with more time spent in moder-
ate and vigorous PA had lower insulin resistance, total 
high-density lipoprotein, and low-density lipoprotein 
cholesterol [40, 41].

Exploring how 24-h movement behaviors and diet 
cluster together and their association with diverse 
health indicators holds the potential to offer insights 
into the etiology of mental, physical, and overall health 
and wellbeing in children and adolescents [42]. This 
study advances previous investigations [5, 12–14] by 
conducting a systematic review designed to explore 
the clustering profiles of PA, SB, sleep, and diet in chil-
dren and adolescents. Additionally, this study aims to 
explore these clusters according to biological sex and 
to examine which cluster types are associated with a 
variety of mental and physical health indicators. Under-
standing how these elements interact provides a holis-
tic view of the determinants of health in young people, 
highlighting the need for effective interventions that 
simultaneously address these behaviors.

Methods
This systematic review was registered in PROSPERO 
(registration number: CRD42018094826) and forms 
part of a large project on a global panorama of research 
examining the clustering of behaviors in children and 
adolescents. This article synthesized the evidence on 
clusters of PA, SB, sleep, and diet in youth and was 
reported considering the Preferred Reporting Items 
for Systematic Reviews and Meta-Analysis (PRISMA) 
guidelines [43, 44] and the extension Synthesis Without 
Meta-analysis (SWiM) [45] (see Supplementary mate-
rial Table S1 and S2). The research question was for-
mulated using the PI(E)COS framework, encompassing 
the Population (children and adolescents aged 19 years 
or younger), Intervention/Exposure (PA, SB, sleep and 
diet cluster types), Comparison/Control (not applica-
ble), Outcome (physical and mental health outcomes), 
and Study design (any). The PI(E)COS question focused 
on identifying the types of behavioral clusters related to 
PA, SB, sleep, and diet, as well as exploring their rela-
tionships with physical and mental health outcomes in 
children and adolescents.
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Eligibility criteria
The criteria used to determine eligibility of each arti-
cle for inclusion were: 1. included children and/or 
adolescents aged 19  years and younger or mean age 
between this range; 2. had undertaken a person-ori-
ented statistical approach to identify clustering behav-
iors; 3. included only the four behaviors (PA, SB, sleep, 
and diet) in the analyzes; and 4. were written in Eng-
lish, Portuguese, or Spanish language. Original articles 
provided by any designs were included. Studies exclu-
sively targeting clinical populations (e.g., disabilities, 
metabolic and/or cardiovascular diseases, population 
reached in hospitals) or derived clusters that included 
other behaviors or variables (e.g., tobacco use, unpro-
tected sex, body mass index) were excluded.

Search strategies and screening
This study involved a wide behavior search strat-
egy with no restrictions of publication year, including 
studies published in English, Portuguese and Spanish. 
Papers published up to and including May 2018 were 
identified through five electronic databases: PubMed, 
Scopus, Web of Science, LILACS, and PsycINFO. This 
search was then updated at the begin of April 2023. The 
search was independently conducted by two authors 
(GTM/RMC). When the articles matched, the metadata 
were exported and inserted into the Rayyan tool, where 
duplicates were removed before the screening process. 
The search encompassed sets of descriptors associated 
with behaviors (e.g., diet), person-oriented statistical 
approaches (e.g., ’cluster analysis’), and specific popu-
lations (e.g., adolescents*) (see Supplementary material 
Table S3). Terms within each search string were sepa-
rated by the OR operator considering particularities 
from each database and Boolean operators and trunca-
tion symbols ($, * or ""). The search terms were based 
on pre-existing systematic reviews and then expanded 
with a Medical Subject Headings (MeSH) Browser 
search (https:// meshb. nlm. nih. gov/). Reference lists of 
included studies and previous reviews were examined 
to identify any additional relevant articles.

The searches and screening were conducted to guar-
antee the inclusion of papers that investigated cluster-
ing behaviors of at least two of the behaviors among 
PA, SB, and/or diet. However, during the thorough 
reading stage, a selection of the studies that included 
only sleep, in addition to PA, SB, diet, met the inclu-
sion criteria. Titles and abstracts were screened using 
the Rayyan tool, followed by independent full-text 
assessments using PDF reader software by two authors 
(GTM/RMC). Discrepancies were resolved by GM.

Quality assessment
Risk of bias and methodological quality of included 
studies was assessed using a 17-point adapted version 
of the Quality Assessment Tool for Quantitative Stud-
ies of Effective Public Health Practice Project (EPHPP) 
[46]. This tool considers the following four methodo-
logical domains:

1) Selection bias, measured by the question “Are 
the individuals selected to participate in the study 
likely to be representative of the target population?”. 
Response possibilities were ≥ 80% = strong or 1; 
79—60% = moderate or 0; ≤ 60% = weak or -1;
2) Study design, measured by the questions “Is there 
a description of the representativeness of the sam-
ple?”, with answer options: yes = 1; no = 0; “Was the 
sampling method described?”, with answer options: 
yes = 1; no = 0; “Was the method appropriate?”, with 
answer options: random = 1; not described = 0; con-
venience = -1. The strong classification was assigned 
for 1 in all three items, moderate for combinations: 
1–1-0, 1–0-1, 1–0-0, and 0–0-1, and weak for all 
other combinations.
3) Information about instruments to evaluate PA, 
SB, sleep, and diet (Is there a prior validation report 
of the tool? yes = 1; no = 0); and information that 
would enable reproducing PA, SB, sleep, and diet 
assessment (Is there information that makes it pos-
sible to replicate the tool? yes = 1; no = 0). Studies 
using accelerometer to measure PA and/or SB and/
or sleep were assigned a score of "1", that is, it was 
considered that there was a previous validation 
report of the instrument (strong for 1 in both out-
come items, and weak for all other combinations); 
and.
4) Flow of people throughout the study (Were with-
drawals and drop-outs reported in terms of num-
bers and/or reasons per group? yes = 1; no = 0) and 
percentage of participants completing the study 
(Indicate the percentage of participants completing 
the study? ≥ 80% = 1 or strong; 60–79% = 0 or mod-
erate; ≤ 59% = -1 or weak). The classification strong 
was applied for 1 in both items or 0 and 1, moderate 
for combinations 1 and 0 or 0 and 0, and weak for 
all other combinations.

The risk of bias classification (low [strong], moderate 
[moderate] and high [weak]) for each domain was per-
formed based on study distribution (see Supplementary 
material Table S4). Two independent reviewers (GTM 
and GM) assessed the quality of all studies, and a third 
reviewer (RMC) was consulted for the discrepancies.

https://meshb.nlm.nih.gov/
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Data extraction and synthesis
Data were extracted and input into a tailored spread-
sheet by the same peers of the aforementioned full-
text process. Data extracted from each study included 
publication year, study name, sample country; design; 
sample size and age, data driven analytic method, and 
number of clusters identified.

Information about the instruments used to measure 
PA, SB, sleep, and diet behaviors were extracted and 
classified as (1) Defined (validated instruments), (2) 
Undefined (reported question and/or response option 
and instrument reference), (3) Undefined-Reproducible 
(reported question and response options and not men-
tion the reference), (4) Objective measurement (e.g., 
accelerometer), (see Supplementary material Table S5 
and Table S6). Additionally, information regarding the 
variables’ domain and components utilized in cluster 
analysis for each paper (e.g., leisure/habitual PA, time 
spent watching TV/computer use) were extracted and 
presented as Supplementary material (Table S6).

Cluster types of characteristics were extracted as 
mixed-sex when clusters were identified from total 
samples, considering boys and girls together. When 
studies identified clusters separately for boys and girls, 
the characteristics were categorized according to bio-
logical sex. The study authors’ descriptions of the 
cluster types were utilized for extracting data on the 
cluster types. For example, if authors characterized a 
cluster with low time watching TV, low PA levels, and 
high sleep time, the cluster type was classified as “Low 
PA SB and High sleep”. When authors did not describe 
the cluster in the article text, quantitative data present 
in figures and tables were used to identify the cluster 
types. Also, the association between cluster types and 
physical and mental health indicators were extracted as 
positive ( +), negative (-), and no association (0).

Sleep was classified as High (> 13  h – 3–4  years 
old; > 11  h – 5–13  years old; > 10  h – 14–17  years 
old); Sufficient (10–13  h – 3–4  years old; 9–11  h – 
5–13  years old; 8–10  h – 14–17  years old); and Low 
(< 10  h – 3–4  years old; < 9  h—5–13  years old; < 8  h – 
14–17  years old) [47, 48]. Diet characteristics were 
named as ultra-processed foods (UPF) (i.e., snacks, 
sweetened beverages, excessive salty foods, candies, 
and fried meals), and fruits and vegetables (FV) (i.e., 
fruits, vegetables, fiber consumption, green salads). 
Variables that did not fit in UPF and FV parameters 
were defined as “Specific Diet” (e.g., milk and meat 
consumption). For instance, a cluster described as low 
consumption of snacks and soft drinks, high consump-
tion of fruits and vegetables, and high time spent in PA 
and SB was labeled as “High PA SB FV and Low UPF”.

Results
Studies using the same sample data were considered 
a single study, using the most recent publication. The 
authors of a particular study [49] did not respond to an 
email requesting clarification on the cluster results of 
their study. Consequently, this study was not included in 
the analysis of cluster characteristics and associations.

Studies description
A total of 12,719 articles were identified, of which 23 
were included in this review following the exclusion of 
duplicates and through the screening process (Fig.  1). 
The majority of the studies were conducted in high-
income European countries (70%) [20, 38–40, 50–56]. 
Two articles included data from an upper-middle income 
country (Brazil) [20, 57], and all other studies were from 
high-income countries. Of the 23 studies, 14 had a cross-
sectional design [20, 36, 37, 39–41, 50, 52–55, 58–60], 
five carried out cross-sectional analyses of longitudinal 
[61–63] or experimental [38, 57] studies, and four had 
a longitudinal design [49, 51, 56, 64]. The study sample 
sizes varied from 235 [50] to 5,759 [36] participants, and 
most studies investigated adolescents, whereas four only 
investigated children [38, 51, 61, 63]. The analysis mostly 
used to identify clusters was k-means (n = 9), followed 
by principal components analysis (PCA) (n = 7), latent 
class analysis (LCA) (n = 2), and two-step cluster analysis 
(n = 2). Ten studies identified clusters according to bio-
logical sex. The number of clusters identified ranged from 
two [39, 54] to ten [20] in studies that analyzed mixed-
sex samples; from two [50] to five [58] in boys, and from 
one [50] to five [58, 59] in girls (Table 1).

Risk of bias assessment is presented in Fig.  2 and in 
Supplementary material Table S4. The percentage of dis-
agreement among the risk of bias evaluators was 18.9% 
(kappa = -0.15; 1.0), ranging from 4.3% to 43.5%. Only one 
study [39] was classified with a low risk of bias for all eval-
uated criteria and three studies [38, 57, 58] showed mod-
erate and low risk. The other studies showed a high risk of 
bias in at least one evaluated criterion and one study [63] 
presented a high risk of bias for all evaluated criteria (see 
Supplementary material Table S4). Six [20, 37, 60–63] of 
the 23 included studies failed to achieve at least 60% of the 
eligible response (response rate – selection bias) and 10 
[20, 36, 37, 49, 51, 54, 55, 61–64] had ≤ 59% of participants 
who completed the study (participation rate – losses and 
withdrawals). The risk of bias for the study design was 
mostly low [39, 49–51, 54–59, 64] and moderate [36, 38, 
40, 41, 52, 53]. Almost all studies presented information 
that would allow researchers to replicate the applied tool; 
however, a high risk of bias was found for the assessment 
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of SB [36, 37, 40, 49, 51, 52, 56, 63, 64] and sleep [40, 41, 
49–51, 53, 55, 56, 59, 63, 64].

Data synthesis
Instruments and clusters outcomes
The most frequent instruments used to measure PA, SB, 
sleep, and diet were questionnaires with validation pro-
cess (see Supplementary material Table S5). Diet also 
included three studies evaluated by a face-to-face 24 h 
dietary recall collected over two consecutive week days 
and one weekend day [40, 41, 53, 55]. Ten studies evalu-
ated youth diet using food frequency questionnaires 
[20, 36–38, 50, 51, 54, 56, 58, 61].

A wide range of variables were included in data-
driven cluster procedures (see Supplementary material 
Table S6). Most frequent PA outcomes involved min-
utes per day in moderate and vigorous PA [53, 54, 61, 
62], and moderate [36, 37, 55, 58], and vigorous [36, 
37, 55, 58] PA only. Most studies included screen time 
defined by hours per day spent on television, computer 
and videogame [20, 36, 37, 40, 41, 50, 51, 53, 54, 64]. 

Sleep outcomes mainly involved self-reported hours of 
sleep duration per day [20, 38–40, 50–53, 55, 57, 63], 
and only one study assessed sleep quality and discrep-
ancy (time sleeping on weekend vs. week nights) [39], 
and regular bedtime and wake-up time [49]. The most 
frequent outcomes of diet used were intakes of fruit 
and vegetables measured separately [40, 41, 50, 51, 53, 
59, 61, 62, 64] and sweet/sugary beverages [20, 38, 40, 
41, 50–54, 60, 63, 64]. Five studies also used PCA [36, 
37, 57, 58] and factor analysis [55] to determine dietary 
patterns based on 5 to 38 different food groups. Out-
comes of eating habits included breakfast and meal fre-
quency [40, 41, 53] were also identified.

Clusters Types
Information about the types of cluster identified from 
this review are presented in Fig. 3 and in Supplementary 
material Table S7. Sixty-six mixed cluster types, charac-
terized by both healthy and unhealthy behaviors were 
identified. More than two thirds of the clusters were 
identified by one study (n = 53). Thirty-four clusters were 

Fig. 1 Flowchart of study inclusion for the review. PA: physical activity; SB: sedentary behavior. Note: * Polash idiom; Explained how to use cluster 
analysis – did not present results
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Table 1 Characteristics of studies included in the systematic review (n = 23)

NR not reported, LSAC Longitudinal Study of Australian Children, BRACAH Brazilian Cardiovascular Adolescent Health, EDEN EDEN mother–child cohort study, ENERGY  
European Energy balance Research to prevent excessive weight Gain among Youth, ENFAMS Enfants et familles sans logement; HAPPY Healthy Active Preschool and 
Primary Years study, HBSC Health Behavior in School-aged Children, HELENA Healthy Lifestyle in Europe by Nutrition in Adolescence, Movimente Promotion of healthy 
lifestyles in adolescents and their relation to school performance—Movimente Study, NCNPAS, National Children’s Nutrition and Physical Activity Survey, YRBSS Youth 
Risk Behavior Surveillance System, GECKO Groningen Expert Center for Kids with Obesity, LCA Latent class analysis, PCA Principal component analysis, RCT  randomized 
controlled trial, CRCT  Cluster-randomized controlled trial, CS Cross-sectional
DI Detailed information about the cluster types is available in Supplementary Information Table S7
a, b, c, d clusters identified in same sample
e Australia, Brazil, Canada, China, Colombia, England, Finland, India, Kenya, Portugal, South Africa, and USA
f Belgium, Greece, Hungary, Netherlands, Norway, Slovenia, and Spain
g Belgium, Bulgaria, Germany, Greece, Poland, and Spain
h Austria, Belgium, France, Greece, Germany, Hungary, Italy, Spain, and Sweden
i With Wald’s method

Author 
(publication year)

Study name Sample Country Study Design Sample size (% 
of girls)

Sample age (years; 
range or mean)

Data driven 
analytic method

Nº of  clustersDI

Androutsos (2014) 
[40]

Healthy Growth Greece CS 2656 (50.1) 9–13 PCA 5

Collese (2018) [20]a HELENA
BRACAH

Europeanh

Brazil
CS
CS

1252 (52.7)
682 (54.2)

12.5–17.5
14.0–17.5

K-meansi 10

Descarpentrie 
(2021) [64]b

EDEN France Longitudinal 978 (46.9) 5 PCA Boys 3 / Girls 3

Descarpentrie 
(2022) [50]

ENFAMS France CS 235 (48.5) 6–12 PCA Boys 2 / Girls 1

Descarpentrie 
(2023) [51]b

EDEN France Longitudinal 876 (47.6) 5 PCA Boys 3 / Girls 3

D’ Souza (2021) 
[62]c

HAPPY Australia Longitudinal (CS 
analysis)

432 (43.5) 5.4–9.1 (7.6 ± 0.7) K-meansi, LPA, PCA K-meansf 3, LPA 3, 
PCA 4

D’ Souza (2022) 
[61]c

HAPPY Australia Longitudinal (CS 
analysis)

432 (43.5) 5.4–9.1 (7.6 ± 0.7) K-meansi, LPA, PCA K-meansf 3, LPA 3, 
PCA 4

Dumuid (2017) [37] ISCOLE Australia CS 284 (53.9) 9–11 K-meansi 4

Dumuid (2017) [36] ISCOLE Intercontinentale CS 5759 (55.0) 9–11 K-meansi Boys 4 / Girls 4

Dumuid (2016) [58] ISCOLE Intercontinentale CS 5710 (NR) 9–11 K-meansi Boys 5 / Girls 5

Fernández-Alvira 
(2013) [52]

ENERGY Europeanf CS 5284 (54.0) 10–12 K-meansi Boys 4 / Girls 4

Ferrar and Golley 
(2015) [59]

NCNPAS Australia CS 1853 (49.8) 9–16 Two-steps Boys 4 /Girls 5

Knebel (2022) [57] Movimente Brazil CRCT (CS analysis) 750 (52.8%) 10–16 (13.1 ± 1.0) Two-steps 3

Magee (2013) [63] LSAC Australia Longitudinal (CS 
analysis)

1833 (48.4) 6–9 LCA 6

Miguel-Berges 
(2017) [38]

ToyBox Europeang RCT (CS analysis) 5387 (49.0) 3.5–5.5 K-meansi Boys 3 / Girls 4

Moraes (2016) [60]a HELENA
BRACAH

Europeanh

Brazil
CS
CS

1252 (52.7)
682 (54.2)

12.5–17.5
14 to 17.5

K-meansi 5

Moschonis (2012) 
[41]d

Healthy Growth Greece CS 2043 (50.2) 9–13 PCA 5

Moschonis (2013) 
[53]d

Healthy Growth Greece CS 2073 (50.2) 9–13 PCA Boys 3 / Girls 3

Nuutinen (2017) 
[39]

HBSC Finland CS 13 years: 2152
15 years: 2110

13 and 15 K-means 2

Pereira (2015) [54] ISCOLE Portugal CS 686 (55.5) 9.5–10.5 LCA 2

Pérez-Rodrigo 
(2015) [55]

ANIBES Study Spain CS 415 (37.8) 9–17 K-meansi Boys 3 / Girls 4

Saldanha-Gomes 
(2020) [49]

EDEN France Longitudinal 2 years: 1436 
(47.8%) / 5 years: 
1195 (47%)

2 and 5 LCA 2 years (Boys 2 / Girls 
2). 5 years (Boys 2 / 
Girls 4)

Wiersma (2022) [56] GECKO Netherlands Longitudinal 1792 3–11 PCA 3
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identified in mixed-sex samples only and the most fre-
quent clusters were “High SB UPF Low Sleep” (n = 4), 
“Low PA High SB Satisfactory Sleep” (n = 3), and “High 
PA” (n = 3). Ten clusters’ types were identified in boys 
and eleven in girls and each profile were identified by one 
study. The biggest difference found was that most of the 
girls’ cluster types were characterized by high sleep time, 
whereas for boys, clusters tended to be characterized by 
high PA.

Indicators associated with cluster types
Of the 23 studies included in this review, 16 examined the 
relationship between cluster types and health indicators. 
Adiposity indicators were the most investigated (n = 13 
studies) [38, 39, 49, 51, 53–56, 58, 59, 61, 63]. Other indica-
tors were investigated to a lesser extent: systolic and dias-
tolic blood pressure [60], insulin resistance [40], quality of 
life [36, 61], cholesterol and triglycerides [41], and mental 
health (depression, hyperactivity/inattention, emotional 
and relationship problems, phobia, anxiety) [50, 51]. In 
general, null associations were found between cluster 
types and all health indicators (see Supplementary Mate-
rial Table S8). However, both positive and negative asso-
ciations were observed, as shown in Table 2 and below.

Adiposity indicators
Adolescents allocated to clusters “Low PA High SB Sat-
isfactory Sleep” and “High UPF Satisfactory Sleep” had a 
higher odds of obesity compared with their peers in the 
healthiest cluster (“High PA FV Sleep Low SB UPF”) [63]. 
In addition, adolescents allocated in the cluster “Low SB 
High FV Sleep” had lower probability to be overweight at 
10–11 years [56]. Positive associations with BMI z-score 
and waist circumference were found among young peo-
ple for the "High SB UPF Low Sleep" cluster [61]. Girls in 
the “Low PA FV Sleep High SB UPF” cluster had higher 
odds of being overweight/obese compared to girls with 
“High PA FV Low SB UPF Satisfactory Sleep” [39].

Other studies found negative associations (Table  2); 
youths in clusters characterized by “Specific diet” [53], 
“High FV” [53], “Low PA High SB Sleep” [61], “Low SB 
High FV Sleep” [56], and “High PA” [53] had lower body 
mass index [53, 56, 61], fat mass [53], the sum of skinfold 
thicknesses [53], waist circumference [53], and trunk fat 
[53]. A lower frequency of overweight/obesity was found 
in girls and boys in the “High PA SB Satisfactory Sleep” 
cluster [59]. One study showed significant differences in 
weight status and adiposity for both boys’ and girls’ clus-
ters [58], while null associations with overweight/obesity 
were found [38, 54, 55].

Fig. 2 Assessment of the risk of bias of studies. PA: physical activity. SB: sedentary behavior. Low: low risk of bias. Moderate: moderate risk of bias. 
High: high risk of bias
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Fig. 3 Cluster types (n = 66) according to sample stratum and respective studies references. PA: physical activity. SB: sedentary behavior. UPF: 
ultra-processed foods. FV: fruit and vegetables. Specific Diet” involve consumption of foods that do not frame on FV and UPF (e.g., milk and meat 
consumption). # The cluster is also characterized by high discrepancy and quality of sleep
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Metabolic risk factors
Adolescents in “High SB UPF Low sleep” cluster had 
higher insulin resistance and in “High PA” cluster had 
lower insulin resistance [40]. Boys in the “Low PA FV 
Sleep” cluster had higher systolic blood pressure, and 
girls in “High UPF Low FV” and “Low SB UPF High FV 
Sleep” profiles had higher and lower diastolic blood pres-
sure, respectively, compared with their peers in “High SB 
UPF” cluster [60]. In terms of cholesterol indicators, ado-
lescents in “High SB UPF Low Sleep” cluster had lower 
HDL cholesterol, and in “High PA” cluster had lower 
total, HDL and LDL cholesterol [41].

Quality of life and Social‑emotional indicators
Adolescents in “Low SB High FV” cluster had a better 
overall quality of life [36, 61] and those in “High PA sleep 
Low SB FV” cluster had a better quality of life and higher 
emotional, social, and psychosocial functioning. Positive 
associations were found with prosocial behaviors for the 
"Low SB High FV Specific diet" clusters among boys and 
the among girls [50, 51] in "High FV UPF Sleep Specific 
diet" [50] and "High PA SB UPF Low sleep" [51] clusters. 
Negative associations were also observed between the 
"Low SB High FV Specific diet" cluster and hyperactivity/
inattention symptoms among boys [51], and between the 
"High FV UPF Sleep Specific diet" cluster and the vari-
able peer relationship problems among girls [50]. Other 
negative associations were also observed, for boys only 
between the "High PA FV UPF Sleep Specific diet" [50] 
cluster and the following mental health indicators: spe-
cific phobia symptoms, separation anxiety symptoms, 
generalized anxiety symptoms, hyperactivity-inattention 
symptoms; and between the cluster "High PA UPF Spe-
cific diet" [50] and emotional symptoms.

Discussion
This study systematically reviewed clustering of 24-h 
movement behaviors and dietary intake and their rela-
tionship with health indicators among youth. Overall, 
sixty-six cluster types were identified for mixed-sex sam-
ples, of which, 10 were for boys, and 11 were for girls. 
Most clusters types comprised healthy and unhealthy 
behaviors (i.e., mixed cluster types). The majority were 
identified in youth from high-income countries. Adi-
posity indicators were the most commonly investigated 
health outcome. A few associations between cluster types 
and health indicators were found.

The presence of mixed behavior profiles with the coex-
istence of unhealthy and healthy behaviors was frequently 
observed in this review, corroborating existing literature 
[5, 7, 12]. For example, previous reviews and studies have 
found that high levels of PA coexisted with high time 

spent in SB and high consumption of ultra-processed 
foods and FV in children and adolescents [5, 12]; low lev-
els practicing PA occur with lower time in SB [5, 12, 14]; 
and high sleep hours coexisted with low quality of diet 
and low SB and PA [14]. The compensatory health beliefs 
theory can explain the coexistence of behaviors, which 
explains that negative effects of unhealthy behaviors 
(e.g., consuming sweet beverages) can be compensated 
or neutralized by a healthy behavior (e.g., doing PA) [65]. 
In contrast, the problem behavior theory [66] posits that 
engaging in an unhealthy behavior (e.g., watching excess 
screen time) increases the likelihood of participating in 
another unhealthy behavior (e.g., consuming UPF) and 
vice versa. Both theories may help us to understand why 
certain behaviors cluster together and may result in the 
coexistence of healthy and unhealthy behaviors.

The main difference in profiles according to sex was 
that girls’ clusters were characterized by high sleep 
duration, whereas boys’ clusters by high PA. Previous 
literature has also identified the presence of mixed life-
style profiles in boys and girls [25, 39], and studies have 
demonstrated that girls consistently sleep longer than 
boys [67, 68]. A possible explanation can be that sleep 
characteristics are genetically and environmentally 
determined, although their respective contributions are 
unknown [68, 69]. What is known is that this sex differ-
ence is usually attributed to external influences, such as 
light and time exposure via use of the screens, academic 
obligations, and consumption of healthy foods [68, 70, 
71]. Boys being more physical active than girls can be 
explained by points such as sweat, dirt and unwillingness 
that doing PA can cause [72, 73]. Moreover, girls tend to 
spend time in domestic tasks and in social activities such 
as sitting and talking with friends, compared to boys 
in tasks that involve body movement [74]. In addition, 
studies have shown that sleeping more or fewer hours 
than recommended (9–11  h for those aged 5–13  years, 
and 8–10 for those aged 14–17 years) is associated with 
increased depressive symptoms, adiposity, blood pres-
sure, and insulin resistance in children and adolescents 
[75, 76]. Systematic reviews found that children and ado-
lescents with low sleep and PA, and high SB (unhealthi-
est behavior combination) had unfavorable adiposity, 
cardiometabolic and mental health [77, 78]. Thus, inter-
vention strategies focused on multiple behaviors at the 
same time may be important to improve health risk 
profiles in youth. Additionally, distinct strategies focus-
ing on improving sleep behavior and PA in girls may be 
an important next step given our finding of girl-specific 
clusters characterized by excessive sleep duration (above 
the recommended levels).

Most studies in this review analyzed adiposity indi-
cators in youth [38, 39, 49, 51, 53–56, 58, 59, 61, 63]. 
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Clusters with unhealthy behaviors (e.g., “High UPF Sat-
isfactory Sleep” [63], “Low PA SB Satisfactory Sleep” [58], 
“Low PA High SB Satisfactory Sleep” [63], “Low PA FV 
Sleep High SB UPF” [39], Low PA High SB Sleep [61], 
and "High SB UPF Low Sleep" [61]) were associated with 
overweight/obesity and increase in adiposity. Interven-
tions based on traditional theories and methodological 
approaches focusing on a single risk behavior might be 
insufficient to address complex diseases such as obesity 
[79]. Although few studies examined indicators such as 
blood pressure, insulin resistance, cholesterol levels, and 
mental health indicators, evidence suggested that clus-
ters characterized by unhealthy combination of 24-h 
movement behaviors and diet are associated with higher 
insulin resistance [40], blood pressure [60], and prosocial 
behavior [50, 51]. However, not all associations observed 
were in the expected direction. For instance, one study 
found that those in the “High SB UPF Low Sleep” clus-
ter had lower LDL cholesterol [41]. Another study found 
higher quality of life in adolescents’ at “Low SB High FV” 
cluster [36]. These findings suggest that future studies 
should investigate health indicators other than adiposity, 
and public policy should develop approaching multicom-
ponent strategies to improve health indicators in youth.

One of the strengths of this study is that it is the first 
study to systematically review the clustering of 24-h 
movement behavior and diet in mixed-sex samples, and 
in boys and girls, separately. Boys and girls presented 
different clusters of behaviors [14, 24, 25]; therefore, the 
most important implication of this study is to develop 
strategies to improve multiple behaviors considering 
their sex-specific profiles. The search strategies were 
developed in consultation with topic experts and ena-
bled us to identify many potential studies. We also were 
able to identify and describe the behavior variables used 
to determine the clusters and the health indicators asso-
ciated with clusters. Also, our inclusion criteria and 
authors’ language expertise permitted us to review stud-
ies written in multiple languages.

Caution is warranted when generalizing results: 1) the 
cluster types were based on the classifications presented 
by the authors of each paper that met the inclusion cri-
teria. However, during the process of describing the 
clusters, a sequence of criteria and agreement between 
the researchers was used to ensure parsimonious infor-
mation was obtained; 2) the wide range of PA, SB, sleep, 
and diet outcomes/variables made the synthesis of results 
challenging; however, extraction of behavior frequency, 
behavior types, intensity, and volumes provided suitable 
information for characterizing cluster types; 3) we syn-
thesized the direction of the association rather than the 
magnitude, which is important to understand certain 
impact/relevance of such behaviors for health-related 

variables; 4) most of the studies included in this research 
did not consider maturation as a confounding factor 
when analyzing associations between clusters types and 
BMI/adiposity measures; 5) the frequent high risk of bias 
found mainly for the instruments for assessing seden-
tary behavior and sleep suggests caution in interpreting 
the results. It also indicates the need to advance research 
validating instruments for these behaviors.

We suggest that future studies assess time spent in dif-
ferent types of screen time (e.g., television, cellphone) and 
include this information as separate input variables in the 
data-driven clustering analyses. Previous research has 
shown that different screen-time behaviors may influence 
health differently [77, 80]. Most studies reported that the 
time spent sleeping does not differ between clusters, sug-
gesting that future studies should explore sleep behav-
iors other than sleep duration, such as variables related 
to quality of sleep (number of awakenings, wake after 
sleep onset, and sleep efficiency), and sleep stages, enable 
a more sensitive panorama. Most studies in this review 
evaluated diet based on consumption of limited food 
groups, namely FV and UPF. A more detailed assessment 
of dietary intake is needed. Future studies would benefit 
from examining dietary patterns that account for inter-
actions between foods, nutrients, and other bioactive 
components consumed as part of a whole diet and their 
potential synergistic effects on health. Studies that utilize 
longitudinal/prospective study designs and employ causal 
inference analysis are also needed to identify changes in 
cluster behaviors and their associated factors, in order 
to examine the effect of intervention strategies. Future 
cross-sectional and longitudinal studies are needed to 
examine the association between the clustering of 24-h 
movement behaviors and diet and other health indicators 
in addition to adiposity. Few studies provided sufficient 
detail regarding the analytic decisions made to determine 
the optimal number of clusters, and the reliability of the 
resulting cluster solution was rarely reported. Future 
interventions should test multiple behaviors strategies to 
promote children and adolescent’s health.

Conclusion
In summary, this systematic review addressed the clus-
tering of 24-h movement behaviors and diet in youth, 
and their associations with diverse health indicators. 
We found a high prevalence of mixed behavior profiles 
characterized by the presence of at least one unhealthy 
behavior. Importantly, these patterns differed by sex, 
with girls more likely to engage in low PA and sleep 
above recommended levels, when compared to boys. 
These findings underscore the need to tailor prevention 
and intervention strategies to sex-specific behavior pat-
terns. Also, further research is needed to understand 
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the underlying environmental determinants that shape 
health behavior profiles in boys and girls separately. 
Clusters characterized by high SB, low PA and UPF 
were associated with higher adiposity, however, few 
studies examined health indicators other than adipos-
ity, examined all four behaviors included a prospective 
study design; these are all areas for ongoing research. 
Nonetheless, the findings from this review suggest that 
the co-occurrence of unhealthy behaviors may amplify 
health risks for youth and the presence of unhealthy 
behaviors alongside healthy ones highlights the impor-
tance of using an integrative approach to understand-
ing how these behaviors collectively influence health.
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