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Abstract 

Background Physical activity (PA), sedentary behaviour (SB) and diet play an important role in the physical and men-
tal health of young people. Understanding how these behaviours cluster, and the impact of clusters on health 
is important for the development of public health interventions. This review examines the prevalence of clusters of PA, 
sedentary time, and dietary behaviours, and how clusters relate to physical and mental health indicators among chil-
dren, adolescents and young adults.

Methods Electronic (PubMed, Web of Science and Scopus) and manual searches were conducted for articles 
that were (i) observational studies including children, adolescents and/or young adults aged 5–24 years, (ii) exam-
ined the ’patterning’, ‘clustering’, or ‘co-existence’ of each of PA, dietary behaviour and SB, and (iii) published in English 
up to and including July 2022. In addition to information on clustering, data on physical and mental health outcomes 
were extracted where reported. Included studies were assessed using the Cochrane risk of bias for observational 
studies. A narrative synthesis was conducted due to high heterogeneity. This review was registered with PROSPERO 
(CRD42021230976).

Results Forty-nine cross-sectional studies and four prospective cohort studies from eighteen countries reporting 
data from 778,415 individual participants were included. A broad range of clusters (n = 172) were found (healthy, 
unhealthy, and mixed). Mixed clusters were common (n = 98), and clusters of high diet quality, low PA and high SB 
were more prevalent in girls, while mixed clusters of high PA, high SB and low diet quality were more prevalent 
in boys. Unhealthy clusters comprising low moderate to vigorous PA, low consumption of fruits and vegetables, 
and high screen time were prevalent, particularly in those from lower socioeconomic status families. Compared 
to those with healthy behavioural clusters, those with unhealthy and mixed clusters had a higher adiposity, higher risk 
of cardiovascular disease, poorer mental health scores, and lower cardiorespiratory fitness.

Conclusions PA, SB and diet cluster in healthy, unhealthy and mixed patterns in young people that differ across soci-
odemographic characteristics. Unhealthy clusters are associated with poorer health outcomes. Intervention strategies 
targeting un-clustering multiple unhealthy behaviours should be developed and evaluated for their impact on health 
outcomes.
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Background
Overweight and obesity, and their associated comorbidi-
ties, are increasing globally [1]. In the UK, the prevalence 
of obesity in adults has tripled over the last 20 years and 
continues to rise albeit at slower rates [2]. A similar pat-
tern is seen in children (aged 10–11 years) in the UK, 
with obesity levels increasing from 21.0% in 2019–20 to 
25.5% in 2020–21 [3]. Living with overweight or obesity 
is associated with long term health conditions including 
cardiovascular disease, diabetes, depression and pre-
mature mortality [4]. Furthermore, obesity is challeng-
ing to manage, and intervention strategies targeted at 
younger age groups should be a priority [5]. Modifiable 
health behaviours, including physical inactivity, seden-
tary behaviours (SB), and unhealthy dietary habits, have 
all been linked independently to increased risk of obesity 
in children, adolescents, and young adults [6–8].

Physical activity (PA), SBs, and dietary habits are devel-
oped early in life and have been shown to track through 
childhood [9–15] into adulthood [16]. Evidence suggests 
that poor lifestyle behaviours are likely to co-occur or 
‘cluster’ within groups of individuals [14, 15, 17, 18], and 
that clustering of unhealthy behaviours increases signifi-
cantly with age [19]. A recent study found that the preva-
lence of clustering of unhealthy behaviours increased 
from 29.0% in children aged 2–5 years to 73.9% among 
older adolescents aged 16–19 years [19]. Moreover, the 
most common health behaviour combinations at both 
time points were high screen time and unhealthy diet 
(the prevalence increased from 14.4% at ages 2–5 years to 
45.3% for ages 16–19 years) [19].

It has been found that the clustering of unhealthy 
behaviours has synergistic effects on health outcomes, 
meaning that a combination of health behaviours is 
more harmful to health than the sum of the effects of 
each individual health behaviour; this, in turn, will 
increase the risk of chronic illnesses and premature 
mortality [20]. For example, clustering of multiple 
unhealthy behaviours (i.e., SB, lack of PA, and poor die-
tary habits) has been shown to be associated with poor 
mental and physical health outcomes such as increased 
likelihood of developing depression [21–23], anxiety, 
psychological distress, and weight gain [24]. Further-
more, Nelson et al. found that 51% of boys and 43% of 
girls had three or more behavioural risk factors that 
were associated with obesity, including low PA, high 
screen  time, low consumption of fruits and vegetables 
(FV), and high consumption of soft drinks and snacks 
[25]. Conversely, clustering of beneficial health-related 

behaviours (being physically active, a non-smoker, 
moderate drinker and consuming  five or more serv-
ings of FV a day) has been shown to be associated with 
improved mental health, improved self-reported physi-
cal health, and healthier body weight in adults [26].

Previous systematic reviews have focused on indi-
vidual health behaviours (i.e. diet, PA, or SB), exam-
ined specific health outcomes or combinations of health 
behaviours (for example, Leech et  al. focused only on 
weight related outcomes), and/or have focused on a 
narrow age group [27–36], which limits their ability to 
address the impact of simultaneous health behaviours 
on the health of young people more generally. Previous 
reviews have also combined or synthesised health behav-
iours under general/broad categories (i.e., total PA, SB or 
diet) rather than specifying the exact behaviour (such as 
moderate to vigorous physical activity (MVPA) or FV 
consumption), which reduces the accuracy of defining 
specific clusters and trends [37, 38]. Furthermore, many 
previous reviews have included studies in which addi-
tional health behaviours (e.g., smoking, alcohol use) have 
been included in the creation of clusters that also include 
PA, SB and dietary behaviours. Being able to disentan-
gle these behaviours from PA, SB and diet is important 
for our understanding of how PA, SB and diet cluster as 
lifestyle behaviours, and the impact of clusters of these 
specific behaviours on health is important for the devel-
opment of public health interventions. Despite this, clus-
tering of these specific behaviours and their associations 
with both physical and mental health have not been syn-
thesised in previous systematic reviews. Therefore, it is 
valuable and timely to investigate the prevalence of clus-
tering patterns of PA, SB, and diet and their associations 
with physical and mental health indicators in children, 
adolescents, and young adults. Thus, the aim of this sys-
tematic review is to synthesize evidence from longitudi-
nal, cross-sectional and cohort studies on the prevalence 
of PA, SB, and dietary behaviours clusters by age, sex, 
and socioeconomic status and their associations with 
physical and mental health in children, adolescents, and 
young adults.

Methods
This review was conducted in July 2022 following the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis (PRISMA) [39], and was registered with 
the International Prospective Register of Systematic 
Reviews (PROSPERO) (CRD42021230976).
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Search strategy
The search strategy was developed using the Popula-
tion Exposure Context Outcome (PECO) concepts, 
and searches were built around each concept: Popula-
tion (children, adolescents and young adults), Exposure 
(clusters of dietary habits, PA and SB), and health Out-
comes (physical and mental). Scoping searches were 
conducted to refine the search strategy and checked by 
an information specialist and the review team, ensur-
ing that relevant studies were identified with the search 
syntax. Comprehensive lists of keywords were used to 
ensure a broad and comprehensive search (please see 
Additional file  1 for the full search strategy). PubMed 
(Medline), Web of Science and Scopus electronic data-
bases were searched for articles up to and including 
July 2022. Electronic searches were supplemented by 
examination of the bibliographies of included studies 
and relevant reviews, as well as consultation with sub-
ject experts.

Inclusion and exclusion criteria
For studies to be included they were required to:  (1) be 
an observational study including school-aged children 
and/or adolescents (ages 5–19 years) and/or young adults 
(ages 19–24 years) as participants; (2) include an exami-
nation of the ’patterning’, ‘clustering’, or ‘co-existence’ of 
at least one domain each of PA, dietary behaviour and SB; 
and (3) be published in English up to and including 24th 
July 2022. Studies that included all three behaviours but 
did not attempt to identify clusters of these three behav-
iours or examine an interaction or association between 
these behaviours were excluded. Similarly, studies that 
included PA, SB and dietary variables in addition to other 
health behaviours (e.g., alcohol consumption, sleep) were 
excluded if data on the three behaviours of interest could 
not be extracted. In addition, randomised controlled tri-
als or any intervention studies where behaviours had 
been manipulated were excluded.

Identification of relevant studies
Covidence review management software (www. covid 
ence. org) was used for the screening and selection of 
records retrieved from the database and manual searches, 
including the removal of duplicates. Screening by title 
and abstract was conducted initially. A full text copy of 
all articles meeting the initial screening was obtained for 
examination. All screening was conducted by two inde-
pendent reviewers, with a third reviewer assessing a ran-
dom sample of 10% of the excluded studies at both title/
abstract and full text stages. Any disagreements, at any 
stage, were resolved via consulting a third reviewer.

Data extraction
A data extraction form was developed in Excel for the 
purpose of this review and was used to collate the data. 
The data extraction form was piloted by two reviewers 
on a proportion of the included studies to assess its suit-
ability. After consultation with the review team, it was 
modified accordingly. The following data was extracted 
from each paper: (1) general information (study ID, title, 
author/s, date, study location (country), study aim, study 
type); (2) participant characteristics (participant selection 
and sample size, etc.); and (3) type of study, duration of 
study, methods and measures of health behaviours, ana-
lytical methods for clustering and statistical analyses. In 
addition to information on prevalence of clustering, data 
on any reported physical and mental health outcomes 
were extracted. Data extraction was performed by one 
reviewer and 50% of articles were checked for complete-
ness, accuracy and consistency by a second independent 
reviewer. Any disagreements were resolved via discussion 
between the reviewers and lessons learned applied to the 
remaining studies.

Risk of bias assessment
A risk of bias assessment was carried out for each of the 
included studies, as described in the Cochrane Hand-
book [40] and elsewhere [41].As this is a review of obser-
vational studies, the risk of bias assessment assessed each 
study against the following domains: (1) selection bias, 
(2) performance bias, (3) detection bias, (4) attrition bias, 
(5) selective reporting bias, and (6) other factors that may 
increase the risk of bias. Risk of bias assessments were 
completed independently by two reviewers, and discrep-
ancies (n = 2) were resolved through discussion and the 
judgement of a third author. Each study was classified as 
either a low risk of bias, high risk of bias, or an unclear 
risk.

Synthesis of results
Each included article had to include all three health 
behaviours of interest. For synthesis, we report the clus-
ter names and descriptions exactly as they are reported in 
the original manuscripts. Results were synthesised narra-
tively because a meta-analysis was not feasible due to the 
considerable heterogeneity in terms of methodological, 
statistical, and clinical aspects.

Results
Search results
A full summary of the search results is presented in the 
PRISMA flowchart diagram (Fig.  1). A total of 21,282 
records were identified during the electronic database 
searches. After duplicates were removed, a total of 17,115 

http://www.covidence.org
http://www.covidence.org
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records remained. Of those, 16,814 records were deemed 
ineligible during the titles and abstracts screening pro-
cess, 301 full-text articles were retained for further 
review, and 53 studies met the inclusion criteria.

Study characteristics
Characteristics of the 53 included studies are sum-
marised in Additional file 2. Studies were conducted 
across eighteen countries; the majority were from 
the US (n = 9) [19, 42–49], Brazil (n = 9) [50–58] and 
Australia (n = 5) [25, 59–62], and seven provided data 
from more than one country [63–69]. Studies were 
published between 2007 [46] and 2022 [57, 58], with 
the majority (87%) published within the last decade. 

Forty-nine studies employed a cross-sectional design 
and four used a longitudinal design [59, 70–72] with 
follow-up durations ranging between two [70, 71] and 
six [72] years post baseline. Most studies included 
adolescents (n = 31) [25, 42, 44, 46–48, 50–58, 63, 64, 
66, 68, 72–83], thirteen included children (n = 13) [43, 
49, 61, 62, 65, 67, 69, 70, 84–88], seven included both 
children and adolescents (n = 7) [19, 45, 59, 60, 71, 
89, 90], one included adolescents and young adults 
(n = 1) [91], and only one study included young adults 
only (n = 1) [92]. Participants’ ages ranged from five 
[19, 49, 59–61, 70, 89] to 25 [92] years, with sample 
sizes ranging from 189 [78] to 304,779 [68], repre-
senting a total of 778,415 children, adolescents, and 
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Fig. 1 PRISMA flow diagram for the identification, screening, eligibility and inclusion of studies
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young adults. Forty-nine studies provided data on 
the prevalence of clusters of PA, SB and diet [19, 25, 
42, 44–68, 71, 72, 74–92]. Twenty studies examined 
the associations between clusters and physical health 
outcomes (adiposity or cardiometabolic health) [43, 
44, 51, 55, 56, 58, 59, 63–65, 67, 69–75, 89, 90], and 
one study examined associations with mental health 
outcomes [74].

Risk of bias and quality assessment
Risk of bias was conducted for all included studies. For 
both study types, between 5 and 30% had a high-risk 
judgment across all domains, while low-risk judgment 
varied between ~ 50–90%. Some of the domains had an 
unclear judgment due to lack of information (~ 5–55%) 
(Figs. 2 and 3).

Overview of measures
The included studies employed a variety of methods 
to assess behaviours. PA and SB were measured using 
accelerometers in nine [44, 46, 49, 59–61, 71, 84, 87] and 
four [44, 59, 60, 71] studies, respectively, and were either 
self-reported or parent-reported in the other studies. For 
dietary data collection, questionnaires (e.g., a set of ques-
tions in a survey pack) were the most prevalent instru-
ment used (n = 28) [45, 48, 50–54, 56–58, 61, 62, 68, 69, 
71, 73, 74, 79–83, 85, 86, 88–90, 92], followed by food 
frequency questionnaires (FFQ) (n = 16) [25, 42, 43, 59, 
60, 64, 65, 67, 70, 72, 75–78, 87, 91], 24-h dietary recall 
(n = 8) [19, 44, 46, 49, 55, 63, 64, 66], a diet diary (n = 1) 
[84], and multiple-pass recall methods (n = 1) [47].

PA was presented using varied units including daily 
MVPA [25, 44, 59, 60, 63, 64, 71, 87], daily PA [68, 82, 89], 
moderate physical activity (MPA) [44], vigorous physical 
activity (VPA) [44, 65],weekly MVPA [19, 43, 50, 55, 66, 

Fig. 2 Overview of prevalence study quality and risk of bias [low, high, and unclear] assessment (n = 49)

Fig. 3 Overview of health outcomes study quality and risk of bias [low, high, and unclear] assessment (n = 20)
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74, 78, 83, 88], days per week of PA [19, 42, 51, 54, 57, 
79, 80, 92], MPA [91], and VPA [48], meeting PA recom-
mendations [46, 47, 49, 61, 62, 76, 81, 84], weekly [53, 56, 
67, 70, 88, 90] or daily [45, 86] sport participation and 
playing outside, weekly sports at a club [69, 70, 72, 77], 
frequency and duration of weekly leisure time [52, 72, 
75, 77], days per week of active commuting [52, 70, 81], 
days per week of physical education [48], and other PA/
sport at school [48, 52, 70, 75, 81] and non-school [48, 73, 
81], activity preferences [85], and PA score [58]. For SB, 
the most common outcomes measured were daily screen 
time (n = 20) [19, 25, 43, 45, 50, 51, 54–56, 58, 63, 65, 66, 
71, 75, 86–90], followed by meeting screen time recom-
mendations (n = 8) [46, 47, 49, 61, 62, 76, 81, 84] and daily 
sedentary time (n = 10) [44, 53, 57, 59, 60, 71, 79, 80, 82, 
83]. Other studies used daily [52, 59, 64, 73, 93] or weekly 
[69] TV viewing, daily [42, 44, 48, 81, 92] or weekly [70] 
TV viewing and computer use, daily electronic media use 
[72, 77], and daily non screen SB (e.g. sitting and home-
work) [52, 63, 68, 91]. Finally, two studies used weekly 
screen time [74, 78], and only one used weekly sedentary 
time [67] and activity preference (e.g. computer use, TV 
viewing, reading, and tinkering) [85].

The most prevalent dietary outcomes used were daily 
[25, 42, 45, 51, 59, 60, 64, 68, 78–80, 82, 83, 87, 90, 91] 
and weekly [50, 51, 56–58, 65, 67, 69, 73, 74, 78] FV 
consumption, diet quality index [19, 43, 44, 63, 66, 71, 
72, 77, 88], meeting dietary recommendations (i.e., FV, 
sugar-sweetened beverages (SSB), fat, energy dense food/
drink, discretionary food, having breakfast, milk/yogurt 
intake, and total dietary fat and non-milk extrinsic sugar) 
[46, 47, 49, 61, 62, 76, 81, 84], daily [45, 64, 86, 90] and 
weekly [67, 69, 87] intake of SSB, daily [42, 51, 83, 90] and 
weekly [25, 51, 56–58, 65, 74, 81] intake of sweetened 
soft drinks, daily [59, 93] and weekly [58] energy dense 
food/drink consumption, daily [42, 45, 86, 90] and weekly 
[25, 56, 57, 73, 74, 81] intake of snacks, daily [42, 48, 54, 
55, 75, 78, 90] and weekly [52, 53, 58, 70, 73, 75, 78, 92] 
consumption of diverse foods (e.g. fibre, dairy, chips, 
etc.), meal frequency [89], breakfast intake [45, 81, 90] or 
skipping [89], and daily [83, 90] and weekly [19, 81] fast-
food intake. Weekly eating at restaurants [45] and food 
preferences [85] were each used once. All methods used 
to assess PA, diet, and SB are shown in Additional file 2, 
along with the measures of these behaviours.

Cluster analysis methods
The included studies used various methods for cluster-
ing analysis (Additional file 2). To determine the number 
of meaningful clusters into which to assign participants 
most studies combined the Ward and k-means methods 
[51, 64–67, 69, 71, 77, 78, 86, 88], while one study used a 
combination of hierarchical method and k-means cluster 

analysis [63], one applied the Ward method exclusively 
[61], and two used a k-means non-hierarchical method 
[52, 74]. Latent class analysis [42, 44, 45, 56, 83, 87, 90, 
91], latent profile analysis [48], K-means [73, 75] and 
k-medians [59, 60], principal component [70, 85], and 
two-step [53, 57, 58, 81, 92] cluster analyses were also 
used to identify subgroups of participants with similar 
patterns. In addition, some studies used the observed-
over-expected ratio (O/E) [25, 50, 54, 68, 79, 80, 82, 84] 
or other descriptive analyses [19, 43, 46, 47, 49, 55, 62, 
72, 76, 89] to determine the prevalence of health-related 
behaviour patterns observed.

Clusters of behaviours identified
The 53 studies reviewed presented 172 unique clusters of 
health-related behaviours of interest, broadly classified as 
healthy (n = 28), unhealthy (n = 46), and mixed (n = 98) 
clusters (Additional file  3). A healthy cluster was typi-
cally characterised by good diet quality, high PA, and low 
SB, while an unhealthy cluster was characterised by poor 
diet quality, low PA and high SB. The majority fell into 
the mixed cluster, which included one or more healthy 
behaviours coexisting with one or more unhealthy behav-
iours (e.g. high PA, high FV, and high SB). In the healthy 
lifestyle clusters, only two clusters (high MVPA high FV 
low SSB low screen time [47, 49] and high MVPA low 
energy dense food/drink low SB low TV [59, 93]) were 
reported in two studies, while the unhealthy lifestyle 
cluster low MVPA low FV high screen time was reported 
in three studies [25, 50, 81]. Nineteen mixed lifestyle 
clusters were common in two studies each. Among the 
included studies, the health-related behaviours of interest 
(diet/PA/SB) were represented by a minimum of one (e.g. 
high PA high FV low SB) and a maximum of 13 distinct 
clusters.

Prevalence of clusters of health behaviours
The prevalence of clusters of health behaviours are 
described in Table  1. Twenty-four healthy clusters 
showed a prevalence of between 0–30%, eighteen clus-
ters between 30–60% and only one cluster between 
60–100%. Mixed clusters didn’t follow a particular struc-
ture, but rather they were classified as mixed because 
of presence of one or more healthy behaviour coexist-
ing with one or more unhealthy behaviour (e.g. high PA, 
high FV, and high SB). For the mixed clusters, ninety-six 
showed a prevalence between 0–30%, thirty-seven clus-
ters between 30–60% and six clusters between 60–100%. 
Fifty-five unhealthy clusters showed a prevalence of 
between 0–30%, twenty-one clusters between 30–60% 
and seven clusters between 60–100%.

Twenty-two studies stratified clusters of health behav-
iours by sex [25, 42, 44, 46, 50–52, 55, 56, 63, 64, 66–69, 
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72, 76, 79, 80, 83, 89, 90], ten studies by age group [19, 
45, 57, 59, 60, 63, 69, 71, 72, 89], three by region [64, 65, 
82], and one study by maturity status [58]. Overall, more 
females were found in the unhealthy clusters [25, 44, 46, 
53–55, 57, 59, 60, 68, 71, 77, 80, 83, 89, 92] or mixed clus-
ters comprising a combination of high diet quality, low 
PA, and/or high SB [44, 45, 48, 51–53, 58, 63, 66, 74, 77, 
81, 85, 88]. Males tended to be found in healthy [45, 58, 
59, 62, 71, 77] or mixed clusters characterised by a com-
binations of high PA, high SB, and/or low diet quality 
[48, 51, 53, 56, 63, 66, 69, 70, 74, 77, 81, 86, 88, 92]. With 
regard to differences in age groups, most studies found 
that younger individuals (i.e. children, younger adoles-
cents) tended to belong to healthier clusters [45, 51, 59, 
63, 64, 75, 85], while older participants (i.e. older adoles-
cents, young adults) were likelier to be in unhealthy [42, 
45, 46, 59, 60, 63, 64, 66, 75, 88, 89] or mixed clusters 
characterised by lower PA [44, 46, 53, 74, 89].

Twenty-two studies assessed differences in socio-
economic status among clusters of health behaviours of 
interest [25, 42, 47, 48, 51–54, 57, 60, 62, 64, 66, 67, 71, 
75, 77, 78, 81, 86, 89, 90]. The data suggest that young 
people from low socioeconomic status exhibit unhealth-
ier lifestyle patterns compared to those from families 
with higher socioeconomic status [25, 51, 53, 60, 67, 70, 
71, 77, 78, 81, 86, 89].

Markers of adiposity
Sixteen studies examined associations between clusters 
of health behaviours and markers of adiposity (Table  2) 
[51, 55, 56, 59, 63–65, 67, 70–75, 89, 90]. Three exam-
ined those associations in children [65, 67, 70], nine in 
adolescents [51, 55, 56, 63, 64, 72–75], and four in both 
children and adolescents [59, 71, 89, 90]. The majority 
included body mass index (BMI) as the main anthropo-
metric marker, whether continuous [59, 65, 67, 70, 73, 89] 
or in categories (e.g. normal weight, overweight, obese) 
[51, 55, 56, 59, 64, 65, 70, 72, 74, 75, 89, 90], except one 
study that used body fat percentage [63, 71], and one 
study that used body fat percentage with fat-free mass 
percentage, and waist circumference [63]. Some studies 
measured additional adiposity indicators in addition to 
BMI, such as waist-to-height ratio (WHtR) [75, 89], waist 
circumference [55, 64, 67], skinfolds [67], and body fat 
percentage using bio-electrical impedance [64]. Sixteen 
studies examined the association of behavioural clusters 
and adiposity; twelve cross-sectional [51, 55, 56, 63–65, 
67, 73–75, 89, 90] and four longitudinal [59, 70–72]. Of 
the studies that examined BMI, continuous or in catego-
ries (overweight/obesity), a total of nine studies [51, 55, 
64, 65, 67, 70, 74, 75, 89] found an association between 
clusters with mixed (low PA and/or high SB) and 
unhealthy behaviour clusters and increased probability 

of overweight/obesity, one found an unexpected inverse 
association [73], and two found no association [56, 59].

Three longitudinal studies [59, 70, 72] examined associ-
ations between clusters and BMI and concluded that high 
TV viewing, high energy-dense food/drink consump-
tion [59] and high SB and unhealthy snacks [70], resulted 
in a higher likelihood of being classified as overweight/
obese [59] and increased BMI [70]. One study found 
that unhealthy clusters characterised by high media use 
(i.e., watching TV, using a computer, and playing console 
games) and low PA and diet quality resulted in the great-
est difference in weight status and was related to change 
from normal weight to overweight over time [72].

One study investigating the clustering of health behav-
iours across groups of countries (North and East Europe, 
South Europe/Mediterranean Countries, and West-
Central Asia) found that unhealthy and mixed clusters 
were positively associated with a greater risk of being 
overweight or obese compared to healthy clusters [65]. 
Another study conducted in eight European countries 
(Italy, Estonia, Cyprus, Belgium, Sweden, Hungary, Ger-
many and Spain) found that increased time in sedentary 
activities and low PA was associated with higher BMI, 
but only in boys [67].

All studies that examined mixed and unhealthy clus-
ters showed positive associations with waist circumfer-
ence [55, 64, 67, 75, 89]. Although the findings of these 
studies varied; for example, one found an association 
only among boys [67] and another found that the risk 
of central obesity was over double among those in an 
unhealthy cluster (high fast foods, sweetened beverages, 
energy drinks and sweets, and breakfast or school meal 
skipped and had screen time more 10  h/day) compared 
to those in a healthy cluster (high FV, dairy products and 
fish, consumed daily breakfast or school meal, had VPA 
and low screen time) [75]. Another study showed that 
young people in the healthy cluster (low screen time and 
SB, high MVPA, and average to high levels of adherence 
to Mediterranean diet) had considerably lower body fat 
at baseline and two years later, with body fat percent-
age at baseline being a positive predictor of body fact 
percentage two years later for all groups [71]. However, 
no significant differences by cluster were noted in body 
composition [63] or skin folds [67].

Cardiometabolic outcomes
Five studies examined associations between clusters of 
health behaviours and cardiometabolic markers, includ-
ing aerobic fitness (Table 3) [43, 44, 58, 63, 69]. One study 
found that girls and boys in the healthy cluster (high 
diet quality and MVPA and low screen use) had higher 
aerobic fitness levels [63], whereas boys in the unhealthy 
cluster —high screen time and low diet quality—had the 
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lowest aerobic capacity compared to other clusters [63]. 
In another study, there were no associations between 
clusters and cardiorespiratory fitness  (VO2 max) in 
girls, but boys in the healthy cluster (high diet score and 
MVPA and screen time) had the highest  VO2 max [44]. 
Furthermore, another study found that clusters with low 
SSB consumption and/or low levels of screen time were 
associated with a healthier cardiovascular disease (CVD) 
profile than being physically active or eating a diet high in 
FV [69]. However, clusters of self-reported diet, screen-
time and PA were not related to CVD risk in children in 
one study [43]. One study examined the association with 
metabolic risk in adolescents according to maturity status 
and found that early-maturing adolescents in the cluster 
with a greater number of healthy behaviours but less PA 
had a greater metabolic risk score [58].

Mental health outcomes
Mental health outcomes were examined in one study 
which showed that children in the healthy cluster had 
better self-regulation, motivation, communication with 
parents, and liking school compared to those in a mixed 
clusters [74]. Furthermore, those in a mixed cluster char-
acterised by high PA and high SB and poor diet had bet-
ter relationships with classmates than their peers in a 
mixed cluster characterised by low PA and low FV and 
moderate TV.

Discussion
The aim of this systematic review was to synthesize evi-
dence on the prevalence of clusters of PA, SB, and dietary 
behaviours and to examine their associations with physi-
cal and mental health outcomes in children, adolescents, 
and young adults aged 5–24 years. Health behaviour pat-
terns by age, sex, and socioeconomic status were also 
examined. The health behaviour clusters in this review 
were classified as healthy, unhealthy or mixed (the co-
occurrence of both healthy and unhealthy behaviours). 
Overall, the majority of participants examined fell into 
the mixed clusters, which is in line with previous reviews’ 
findings [38, 93, 94], and supports the need for multi-
component interventions addressing several unhealthy 
behaviours simultaneously. It is also noteworthy that high 
PA and high SB most frequently clustered together, refut-
ing the displacement hypothesis that assumes that time 
spent on one activity cannot be spent on another (i.e., SB 
displaces PA) [95]. Supportive of our findings, a previous 
review examined the association between SB and PA in 
young people and concluded that these behaviours do 
not directly displace one another and should be seen as 
different constructs [96].

Almost a quarter of clusters identified in the present 
review were classified as ‘unhealthy’. Clusters characterised 

by high SB and low PA were commonly reported across 
the studies. Previous reviews have shown similarly high 
numbers of unhealthy clusters. For example, Leech et  al. 
found that eight of eighteen studies identified unhealthy 
clusters [93]. The present review also showed the coex-
istence of unhealthy food intake (e.g., snacks, sweets, 
soft drinks, junk food, SSB) with high SB (i.e., TV, media 
use, and/or computer use). These clusters were found in 
a previous review that found that SB, particularly high 
TV viewing, was associated with greater intake of discre-
tionary foods and less FV consumption in children age 
5–11  years [97]. The mechanisms of the observed asso-
ciations between SB and diet have been examined previ-
ously and may be explained by the stimulating influence 
of commercials/advertisements for intake of foods high 
in fat, sugar and salt (HFSS) [98], that sedentary activities 
encourage passive snacking or overeating [99], and that 
watching TV while eating may disrupt habituation to food 
cues [100]. Not surprisingly, children were more likely to 
be overweight or obese in clusters with both high levels 
of SB and high consumption of unhealthy foods or poor 
diet quality. These results are in agreement with a review 
conducted by Leech et  al. (2014), who showed that TV 
viewing in combination with energy-dense food and drink 
consumption were associated with overweight and obesity 
among Australian children [93]. Based on these findings, 
prevention programs should identify strategies aimed at 
uncoupling the combination of unhealthy dietary habits in 
front of screens.

Healthy clusters characterised by high MVPA, low 
screen time and overall high diet quality (e.g., high FV, 
low SSB, etc.), followed by high PA, low screen time and 
overall high diet quality were most prevalent. These find-
ings are similar to the healthy clusters identified in Leech 
et al.’s (2014) review that observed these clusters in chil-
dren and adolescents [93]. Another important finding in 
the present review that extends the findings of previous 
reviews was that children and adolescents with these 
healthy clusters had lower BMI and higher fitness com-
pared to those in mixed and unhealthy clusters. On the 
other hand, more active adolescents with unfavourable 
diet quality showed lower fitness than those with similar 
activity levels but favourable diet quality [63]. It is impor-
tant to note that PA might be protective of increases in 
adiposity and might increase fitness level when combined 
with a healthy diet and/or low screen time. This finding 
is informative for future interventions that should com-
bine strategies for increasing PA and healthy diets while 
simultaneously including strategies to lower screen time. 
In addition, a notable finding was that only one study 
examined mental health outcomes of clusters. This study 
found that healthy clusters (high PA and FV, low sweets 
and soft drinks, and lowest SB) were associated with 
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better mental health outcomes compared to mixed and 
unhealthy clusters. It is worth noting that in this one 
study PA appeared to be associated with better men-
tal health outcomes on its own, as clusters with high PA 
and high SB were more strongly associated with mental 
health outcomes than clusters with low PA and high SB. 
Further research is needed to examine a range of mental 
health outcomes of clusters of lifestyle behaviours.

This review found that both unhealthy clusters and 
mixed clusters that include either high SB, low PA, and/
or high SSB, alongside healthy behaviours, were associ-
ated with higher adiposity in young people. This was 
contrary to findings from a previous systematic review 
[38], which concluded that only unhealthy clusters were 
associated with higher adiposity levels. It is worth high-
lighting that in the present review only a particular com-
bination of health behaviours within mixed clusters (i.e., 
those that include either high SB, low PA and/or high SSB 
alongside healthy behaviours) were associated with unfa-
vourable weight status. Previous research has suggested 
that the combination of healthy and unhealthy behav-
iours negate each other’s health effects [94]. These find-
ings suggest that, to decrease obesity risk, future research 
should focus on understanding in who and why, where 
and when such behaviours cluster together with a view 
to informing future multicomponent/multi-behaviour 
interventions to uncouple unhealthy behaviours.

In this review, clusters characterised by high SB, par-
ticularly screen time, were found to increase the risk of 
adiposity, irrespective of being combined with other 
healthy or unhealthy behaviours. As a result, it is likely 
that excessive screen time may reduce the beneficial 
effects of PA and a healthy diet on the risk of obesity. 
These results match those cited in Leech et  al.’s (2014) 
review, which found a positive association between over-
weight and high SB [93]. The current review also found 
that clusters with higher screen time had greater risk of 
individual and clustered cardiovascular risk scores, which 
were predominantly seen in older boys, worse fitness 
levels, and greater psychosocial risks, mostly in girls. In 
line with this, a recent systematic review that examined 
the relationship between SB and health indicators in 
young people aged 5–17 years found that an increase in 
SB, expressed as total hours of screen time, was associ-
ated with an increase in cardiovascular risk markers in 
children and adolescents [101]. Despite PA having previ-
ously being linked with clustered metabolic risk in chil-
dren [102], this review suggested that SB, expressed as 
screen time, has a greater role in the cardiovascular risk 
profile than PA. This is alarming, given the growing body 
of evidence to suggest that SB is independently and posi-
tively related to poor health outcomes [103]. Future pub-
lic health plans need to target a reduction in screen time 

among young people and could be considered within 
multicomponent/complex interventions.

Young people’s gender, age, and socioeconomic status 
have consistently been shown to be associated with health 
behaviour cluster scores, underlining the need for tailor-
ing prevention and intervention efforts for groups at risk. 
In the current review, girls tended to be in unhealthy clus-
ters or mixed clusters mostly defined by better diet qual-
ity, but lower PA compared to boys. However, boys were 
almost equally distributed between unhealthy and healthy 
clusters or mixed clusters with high PA, unhealthy diets 
and/or high SB. These results can be explained by sex 
differences in dietary habits as hypothesized in a previ-
ous study [104], in addition to unbalanced patterns of PA 
[105]. Moreover, younger people (for example, children 
and young adolescents) and those from higher socio-
economic status were found in healthy clusters or mixed 
clusters with higher PA, in contrast with older people (for 
example, older adolescents and young adults) and those 
from lower socioeconomic status who were found in 
unhealthy clusters or mixed clusters with lower PA. These 
findings were consistent with previous reviews [93, 94]. A 
longitudinal study concluded that children’s behaviours 
tended to shift to unhealthier clusters with aging [59], 
which is in line with other longitudinal studies that show 
an age-related increase in SB and decrease in PA [106]. 
At present many monitoring efforts, such as the National 
Child Measurement Programme [107] in the UK, policy 
and interventions target children and young adolescents 
[108]. Given the results of this intervention there is a need 
to also focus efforts on older adolescents. Furthermore, 
the findings that socioeconomic status were negatively 
associated with adiposity and positively associated with 
health, provides further evidence for the need to devote 
more resources to policies and programmes targeting 
lower socioeconomic families.

Strengths and limitations
To the best of our knowledge, this was the first study 
to systematically review clusters of PA, SB, and diet in 
children, adolescents, and young adults and the asso-
ciations with physical and mental health outcomes. This 
information will be valuable for designing intervention 
strategies to improve the health of young people. Limi-
tations that must be considered when interpreting these 
results include that a meta-analysis was not possible 
due to heterogeneity in the measures and analyses used 
in the studies included. The majority of studies were of 
a cross-sectional nature, which did not allow us to draw 
causal relationships. Also, data on many behaviours were 
obtained via self-report tools (such as questionnaires), 
which are subject to measurement errors due to social 
desirability or recall bias [109].
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Conclusion
This review synthesised the evidence on the prevalence 
of clustering of PA, SB, and diet in 5- to 24-year-olds and 
examined physical and mental health outcomes asso-
ciated with the clusters. Clusters of health behaviours 
appeared to differ across socio-demographic groups and 
were broadly grouped into healthy, unhealthy, and mixed 
lifestyle clusters, emphasising the complexity and diver-
sity across the populations examined. Mixed clusters 
were the most prevalent, and both mixed and unhealthy 
clusters were related to poor health in young people. The 
complex nature of these findings’ stresses the need for 
more research examining, in more detail, the sociodemo-
graphic factors that influence different clusters of behav-
iours and how these influence health. More studies that 
include young adults are needed.
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