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Abstract

The purpose of this systematic review was to summarise the evidence from observational studies regarding the association between lifestyle
patterns and overweight and obesity in adolescents. To our knowledge, no review study has analysed this association in this age group.
A systematic search was conducted in Latin American and Caribbean Health Sciences Literature (LILACS), Scopus, PubMed Central and
Web of Science databases, with no language or time restrictions. Studies that included adolescents (10-19 years old) were selected using
data-driven methods that combined the diet domain with at least one of the following behavioural domains: physical activity, sedentary
behaviour and sleep. Twenty-one articles met all eligibility criteria. Of these, twelve studies were used for synthesising the results.
Studies differed in many aspects, such as sample size, behavioural assessment tools, and lifestyle pattern and weight status indicators.
Overall, cross-sectional studies found no association between lifestyle patterns and overweight and obesity, even when the data were strati-
fied by sex. However, when analysing the results stratified by risk of bias, a positive association between predominantly unhealthy and mixed
lifestyle patterns with overweight/obesity was identified in cross-sectional studies with moderate risk of bias. A prospective study revealed an
increase in BMI over time associated with mixed and predominantly unhealthy lifestyle patterns. Current findings regarding the association
between lifestyle patterns and overweight and obesity in adolescents are inconsistent. More studies are needed to clarify possible
associations.
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There is evidence in the literature that lifestyle factors associated
with energy balance influence weight status in adolescents?.
Diet is a key factor in energy balance regulation. High intake
of energy-dense, nutrient-poor foods is associated with
overweight and obesity™®. In contrast, high-quality diets®, low
levels of sedentary behaviour®, regular physical activity® and
adequate sleep®™ appear to be protective factors. No single factor
can be identified as a universal causal factor in overweight/
obesity, given that several behaviours and determinants at
different levels contribute to this issue®. Many of these behav-
iours are interrelated within individuals and may have synergistic
and cumulative effects on overweight/obesity'®.

Clustering of multiple lifestyle behaviours, also known as the
study of lifestyle patterns, has been successfully applied to
understand the co-occurrence of different behaviours!”.

Lifestyle patterns can be derived using exploratory data-
driven methods®. These approaches aim to aggregate individ-
uals who have similar behaviours or group behaviours that

are highly correlated. Consequently, these techniques allow

investigating the cumulative effect of combined behaviours on
a given outcome®,

Leech et al® conducted a narrative review examining
the clustering of diet, physical activity, and sedentary behaviour
in children and adolescents. According to the authors, the
association between cluster patterns and overweight/obesity
was inconclusive. Studies examining lifestyle patterns and
overweight/obesity often do not assess sleep-related factors.
However, sleep, diet, physical activity, and sedentary behaviour
all interact and influence each other to impact health®. A recent
systematic review examined the associations between lifestyle
patterns including diet, physical activity, sedentary behaviour,
and sleep and adiposity in children. The authors concluded that
unhealthy lifestyle patterns were more frequently associated
with adiposity risk'?,

These previous reviews investigated studies conducted with
children and adolescents (5-18 years)((’) or children (5-12 years)
only!” " covering two distinct stages of life. Different from
childhood, adolescence is a high-risk phase for weight gain,
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characterised by critical changes in body composition and
lifestyle-related behaviours®. In adolescence, the participation
in physical activity can reduce, particularly among girls®.
Furthermore, dietary habits are altered with increasing autonomy?.

Considering that: (i) there is a lack of consistent evidence
about the relationship between lifestyle patterns and over-
weight/obesity in adolescents®; (i) this phase is critical for
weight gain, mainly in girls®?; and (iii) adolescents with over-
weight/obesity may continue to be overweight/obesity during
adulthood? it is pertinent to explore the direction of associa-
tions between lifestyle patterns and overweight/obesity in
adolescents. We conducted a systematic analysis aimed at
demonstrating the associations between lifestyle patterns and

overweight/obesity in adolescents overall and by sex.

Methods

This systematic review followed the recommendations
of the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) (Table S1, online Supplementary
MateriaD®®, The protocol (CRD42020151085) was registered
with the International Prospective Register of Systematic

Reviews (PROSPERO).

Eligibility criteria
Studies that met predefined criteria based on PECOS
(Participants, Exposure, Comparison, Outcome and Study
design) elements were considered eligible for inclusion in this
systematic review (Table S2, online Supplementary Material).
Inclusion criteria were as follows: (a) adolescents aged >10 to
<19 years (or mean age within this range) according to the defi-
nition of the WHO"; (b) application of exploratory data-driven
methods to identify lifestyle patterns (such as cluster analysis,
principal components analysis, treelet transform, reduced rank
regression and latent class analysis) and the assessment of the
diet domain in conjunction with at least one of the following
behavioural domains: physical activity, sedentary behaviour
and sleep; and (c) weight status (overweight/obesity) as
outcome, determined from age- and sex-specific BMI percen-
tiles, BMI Z-scores, BMI standard deviation scores and BMI
cut-off points proposed by the International Obesity Task
Force (IOTF)> the WHO!"® the US Centers for Disease
Control and Prevention (CDC)'” or national references. Only
observational (cross-sectional and prospective) studies were
included. There were no language or time restrictions.
Exclusion criteria were as follows: () studies in children under
10 years of age, adults or seniors; or with well-characterised
samples of non-healthy adolescents (e.g. individuals with type
2 diabetes, hypertension or eating disorders); (i) studies that
did not use exploratory data-driven methods to determine lifestyle
patterns and that did not include diet domain; (iv) studies that did
not include overweight/obesity as the outcome; and (v)
conference proceedings, case reports and letters to the editor.

Information sources

Specific search strategies were created for the following
databases (Table S3, online Supplementary Material): Latin

American and Caribbean Health Sciences Literature (LILACS),
Scopus, PubMed Central, and Web of Science. We had support
from a librarian at the Federal University of Santa Catarina in the
search process'®. Descriptors came from Health Sciences
Descriptors, Medical Subject Headings and words related to
the subject. A search restriction for terms in the ‘title or abstract’
was made to increase the specificity of the systematic search,
given the scope of the descriptors. An additional search of
grey literature documents was performed using ProQuest
Dissertations & Theses Global and Google Scholar; in Google
Scholar, the search was restricted to the first 100 studies. The
systematic search was conducted on 6 November 2019 and
updated on 21 July 2020. The reference lists of full-text articles
were visually screened to identify other relevant articles.
When articles were not available online or in full text, we
contacted the authors by email or through Research Gate.

Study selection

Search results were transferred to EndNote Web version X9, and
duplicate hits were removed. Study selection was performed in
three stages. First, two reviewers (LJP and LHM) independently
screened the titles and abstracts of all identified records to iden-
tify potentially relevant articles. Then, the reviewers read in full
all selected articles to determine which papers met the eligibility
criteria. Articles that did not meet the eligibility criteria were
excluded. In the third stage, the reviewers screened the refer-
ence lists of selected articles for other potentially relevant
papers. Any discrepancy between the two reviewers was
resolved by consensus with a third reviewer (PFH).

Data collection

Two reviewers (LJP and LHM) independently extracted the data.
This process was guided by the use of a form previously
prepared by the authors and subjected to a pilot test to ensure
consistency across reviewers. Extracted data were subsequently
compared for agreements and disagreements. Divergences were
resolved by consensus with a third reviewer (PFH).

Data items

The following information was retrieved from selected studies:
authors, year of publication, country, study design, survey year,
age range or school grade, sample size, diet variables, diet
assessment method, physical activity variables, physical activity
assessment method, sedentary behaviour variables, sedentary
behaviour assessment method, sleep variables, sleep assessment
method, lifestyle patterns, lifestyle pattern assessment method,
outcome indicator, outcome measurement method, cut-off refer-
ence, method of analysis, and associations identified between
overweight/obesity and lifestyle patterns. Research funding data
and conflicts of interest were also extracted from the articles.

Risk of bias assessment

The Joanna Briggs Institute critical appraisal tools were used to
assess the quality of selected studies"'. The instrument consists
of eight items: (1) eligibility criteria; (2) study subjects and
setting; (3) validity and reproducibility of exposure measures;
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(4) criteria for patient diagnosis; (5) confounding factors;
(6) strategies for dealing with confounding factors; (7) validity
and reproducibility of the outcome measure; and (8) statistical
analysis. We developed specific criteria for item scoring to facili-
tate the analysis (Table S4, online Supplementary Material). In
Item 1, the authors from the selected studies should describe
in detail whether adolescents with physical or mental disabilities,
diseases, pregnancy, lactation or restrictive diet were excluded
from the sample (Item 1). The authors also should provide a clear
description of the sample studied, including sex, age or school
grade, socio-economic status, year of the research, location,
sampling, and sample size estimation (Item 2). The studies
should clearly describe whether the instruments used to measure
all exposure and outcome variables were subjected to validity
and reproducibility tests with the same population of interest,
presenting the respective reference. If the method used was
considered a gold standard (i.e. objective measurement of
weight and height, accelerometer), this assessment was not
necessary (Items 3 and 7). We assessed whether the authors
reported typical confounders such baseline characteristics
(age, sex and socio-economic status) (Item 5). Finally, we
considered appropriate studies those that used multivariate
analysis adjusted (multivariate ANOVA and regression analysis)
for typical confounders as a statistical method to evaluate asso-
ciations (Items 6 and 8). Items are scored as yes, no, unclear or
not applicable. Item 4 was excluded from analysis because it was
not applicable to the nature of the selected studies. Thus, the risk
of bias was determined using the other seven items of the instru-
ment. Two reviewers (LJP and LHM) independently assessed
each study and resolved disagreements with a third reviewer
(PFH). For classification of the risk of bias, we calculated the
proportion of ‘yes’ responses. The risk of bias was determined
as ‘high’ when the study reached a ‘yes’ score up to 49 %,
‘moderate’ between 50 % and 69 %, and ‘low’ when it was above
70 %%, The results of risk of bias assessment are presented in
Table S5, Supplementary Material.

Summary measures

Lifestyle patterns (principal independent variable) identified by
exploratory data-driven methods and their associations with
overweight/obesity (outcome) were described as OR or 1 coef-
ficients and 95% CI. Data were also subjected to univariate
ANOVA and Pearson’s y? tests.

Synthesis of results

Given the heterogeneity of methods used to assess associations
between lifestyle patterns and overweight/obesity in the
selected studies, it was not possible to perform a meta-analysis.
Therefore, the results are described according to the Synthesis
Without Meta-analysis (SWiM) guideline. When the characteris-
tics of the studies are very varied to produce a meaningful
summary estimate of the effect, alternative methods of summa-
rising the results may be adopted, such as counting votes based
on the direction of the effect. As such, SWiM provides guidance
for reporting these methods and results®V.

A wide variety of lifestyle patterns were identified; we chose
to categorise them according to the healthiness or unhealthiness

of related behaviours (Table S6, online Supplementary Material).
Healthy behaviours included presence/high levels of physical
activity, healthy diet, and adequate sleep habits as well as low
levels/absence of sedentary behaviour and low consumption
of unhealthy foods. Unhealthy behaviours were defined as pres-
ence/high levels of sedentary behaviour, unhealthy diet and
inadequate sleep habits as well as low levels/absence of physical
activity and low consumption of healthy foods. Moderate behav-
iours were defined as intermediate levels of diet quality, sleep
quality, physical activity and sedentary behaviour. Lifestyle
patterns that included only healthy behaviours were classified
as completely healthy and those that included only unhealthy
behaviours as completely unhealthy. Lifestyle patterns charac-
terised by at least two healthy behaviours and one unhealthy
or moderately unhealthy behaviour were classified as predomi-
nantly healthy, whereas lifestyle patterns including at least two
unhealthy behaviours and one healthy or moderately healthy
behaviour were classified as predominantly unhealthy. Finally,
lifestyle patterns characterised by an equal proportion of healthy
and unhealthy behaviours were classified as mixed. Only
studies that used multivariate analysis adjusted for confounders
(multivariate ANOVA and regression analysis) to assess associa-
tions between lifestyle patterns and overweight/obesity were
included in the synthesis of results. The direction of association
was described as positive, inverse or none. Positive and inverse
associations were only considered valid for studies reporting
statistically significant associations (i.e. P<0-05, zero not
included in the 95 % CI for #1 or OR # 1). To examine differences
in the direction of associations, we recorded the number of posi-
tive, inverse or null associations reported in the studies.
Subsequently, the number of associations was analysed by sex
(based on data from studies that used sex stratification) and
by risk of bias.

Results
Study selection

A total of 6017 articles were identified in the database search.
Additionally, six articles were identified through other sources.
After removal of duplicates, 3662 articles remained and were
screened by title and abstract, revealing forty-three potentially
relevant for eligibility assessment. Of these, twenty-two articles
were excluded (Table S7, online Supplementary Material): seven
(22-28) one article did not use explor-
atory data-driven methods to identify lifestyle patterns®”
used outcomes that did meet our inclusion criteria®*-3% and five
were not accessible®=3, Twenty-one articles were retained for
systematic review (Fig. 1).

did not focus on adolescents
, nine

Study characteristics

A detailed description of the main characteristics of selected
studies is provided in Table 1. Of the twenty-one articles
selected, one reported the results of two studies with different
samples (from Europe and Brazil), so their characteristics are
presented separately in this review™”. Two articles refer to a
single study but used different designs; therefore, sample
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Fig. 1. Flowchart of literature search and selection criteria. Adapted from PRISMA.

characteristics are described once but associations with
the outcome are presented separately®>®. Twenty studies
were cross-sectional?444547-69 Most studies were performed
in European countries+48-5254-5058-6062-60 " three in the
USAU7330D  two in Brazil™5” and one in Canada
Sample sizes ranged from 173%? to 18 58749 subjects. In one
study, data collection was conducted before 200047, fifteen
between 2001 and 2010¢448-545660-09 4114 five between 2011
and 2017154655579 (Table 1). The statement of the funding
and conflict of interest of the included studies can be found in
Table S8, Supplementary Material. No notable concern about
conflict of interest was observed from the studies.

Four studies investigated lifestyle patterns related to
diet, physical activity, sedentary behaviour and sleep®4-5659,
sixteen analysed diet, physical activity, and sedentary
behaviour#4-18:50-5357586060  and one assessed diet and
physical activity only“?. Five studies included other health-
related behaviours, such substance use (marijuana use, smoking
and binge drinking)#-#8:003 " dieting behaviours“” and
parental involvement“” (Table 1). Lifestyle patterns composed
of dieting behaviours and parental involvement in isolation were
not considered in this systematic review.

The methods used to measure behaviours varied across
studies. One study used the 24-h recall with a 3-d record (two

consecutive weekdays and one weekend day) to collect dietary
data®, two used 2-d non-consecutive 24-h recall“*>? and nine-

QU5153,5450-069 Oy one study used accelerom-
(59)

teen used FF
eter to measure physical activity and sedentary behaviour
One study used face-to-face interview to assess physical activity,
sedentary behaviour and sleep habits®>, and all others used self-
report questionnaires. Across the studies, dietary variables
ranged from specific food groups such as soft drinks and fruit
juices®¥, fruits, vegetables, and junk foods#450,33:5657,60.6263) 1o,
dietary indices 84951525969 or patterns based on the whole
diet®®. Physical activity variables assessed were total,5357:60)
moderate and vigorous-intensity activities44-40:49:5255,59.01-63)
physical activity at school@>40586D  outside of school or on
leisure  time“7:485051.50586209  groanised  sports/competi-
tions 47540169 " active commuting®459, and housework”,
Most sedentary behaviour variables were time of watching tele-
vision and computer®50:545%)
video or DVD, computer, video console games, or mobile
phone)@~17:51-53,55-57,59-60 " o non-screen activities (e.g. home-
work)®15259 The measure of sleep habits had the least varia-
tion, as most studies included a question about the number of
hours that adolescents usually sleep at night. A single study
sought to describe sleep habits through duration, discrepancy
(sleep duration on weekend night — sleep duration on schools

, screen time (e.g. television,
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Table 1. Characteristics of studies included in systematic review

Sample
Author and Design (n, age range or Diet assessment PA assessment SB assessment Sleep assessment
country study Survey year grade) Diet variables method PA variables method SB variables method Sleep variables method LP derivation method
Boone-Heinonen C 1996 n 8686 Diet beverages and FFQ Bouts of housework,  7-d recall Q Time of TV (video), 7-d recall Q NA NA CAt
et al. 200847, B=4293 regular beverages, Self-report hobbies, skating,  Self-report computer use and  Self-report
USA G =4393 juice, fruit, vegetables, sports, exercise, video console
18-20 year low-fat foods, meat, hanging out, games
added fat, sweets, participation in
fried food, dairy items, school clubs,
vitamins, fast food team sports and
and meals per d individual sports
Sabbe et al., Cc 2002 n1725 Dietary diversity index 19-item FFQ*,t Moderate PA FPAQ*, T NA NA NA NA CA
200849, 10 years Excess index Self-report Vigorous PA Self-report k-means
Belgium
Landsberg et al., (03 2004-2006 n 1894 Healthy dietary pattern 26-item FFQt Time of Qr Media time: TV and Qr NA NA CAt
2010¢8), 14 years Risk-related pattern Self-report unstructured PA Self-report computer use Self-report Two-step
Germany P T0:2000 n 389 Mixed dietary pattern outside of
T1:2005 10-14 years school,
structured PA
and commuting
to school (active
or inactive)
Van DerSluis C 2005 n724 Fruits, vegetables, soda FFQ Time of PA outside Q TV and computer use  Q NA NA CA
etal., 201069, 6th and 7th and snacking intake Self-report school Self-report Self-report k-means
Norway grades
Seghers; Rutten, C 2007 n317 Health food index FFQt LTPA FPAQ*,t Screen-based media Q NA NA CAt
201061, 11-12 years Risk-related food index Self-report Self-report use: TV, Self-report k-means
Belgium computer, video
console games
and computer
games
Time of homework
Ottevaere et al., C 2006-2007 n 2084 Diet Quality Index for HELENA - DIAT MVPA IPAQ*, T Time of TV, computer HELENA Q* NA NA CA
201162, 12-17 years Adolescents (DQI-A) 2-d 24-h recallt Self-report games, video Self-report Hierarchical (Ward's
Greece, Self-report console games, method) and non-
Germany, use of internet for hierarchical (k-
Belgium, non-study and means)
France, ltaly, study reasons
Spain, Sweden Time of studying and
and Austria homework
Spengler et al., C 2003-2006 n 1643 Healthy nutrition score 54-item FFQt Time of PAin sports ~ MoMo-PAQ*, Electronic media use:  KIGGS Q NA NA CA
2012064, 11 and 17 years (HuSKY) Self-report clubs and during Self-report TV, video console  Self-report Hierarchical (Ward's
Germany leisure time games and method) and non-
outside of sports computer hierarchical (k-
clubs means)
Veloso et al., C 2010 n 3069 Fruits, vegetables, soft HBSC FFQ Frequency and time HBSC Q Screen time: TV, HBSC Q NA NA CA
2012062, 12.9-16-9 years drinks and sweets Self-report of MVPA and Self-report video console Self-report k-means
Portugal intense exercise games, and
out of school computer use for
(sport or leisure) game, internet, or
homework
lannotti and Wang, C 2005-2006 n 9206 Fruits, vegetables, sweets ~ FFQ*,1 PA frequency 7-d recall Q*,1 Screen-based Qt NA NA LCA
201363), USA 11-16 years (chocolates and Self-report Self-report sedentary Self-report (AIC, BIC and a-BIC)

candy), sweetened
soft drinks, chips and
French fries

behaviour: TV
(video and DVD),
video console
game, computer
use for game,
internet or
homework
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Table 1. (Continued)

Sample

Sleep assessment

Author and Design (n, age range or Diet assessment PA assessment SB assessment
country study Survey year grade) Diet variables method PA variables method SB variables method Sleep variables method LP derivation method
Wadolowska et al., C 2015-2016 n 1549 Consumption of 50-item SF- PA at school or 50-item SF- Screen time: TV or 50-item SF- NA NA CA
20188), 11-13 years breakfast, school FFQ4Polish leisure time FFQ4Polish computer. FFQ4Polish k-means
Poland meal and nine food Children* Children* Children*
items: dairy products, Self-report Self-report Self-report
fish, vegetables, fruit,
fruit/vegetable juices,
fast foods, sweetened
and energy drinks,
and sweets
Sevil-Serrano C 2015 n173 Healthy diet index HBSC FFQt MVPA Accelerometer overa  Sedentary time Accelerometer overa  Weekdays and Spanish version of CA
etal., 201969, 12.9 years Self-report 7-d Screen time: TV, 7-d weekend sleep Pittsburgh Sleep Hierarchical (Ward’s
Spain (mean) computer, video YLSBQQ duration Quality Index method) and non-
console game Self-report Self-report hierarchical
and mobile phone (k-means)
Marttila-Tornio C 2001 n 4305 Sugary foods, fast food, 5-item FFQ Vigorous PA outside Q Screen time: TV, Q NA NA CAt
et al.,, 201963, 15-16 years fruits, vegetables and Self-report of school Self-report computer, video Self-report k-means
Finland berries intake game
Dos Santos et al., C 2009-2010 n 4036 Fruits, vegetables, HBSC FFQ Time of PA HBSC Q Screen-based HBSC Q NA NA CAt
20200, 13-6 (median) sweets, coke, or other  Self-report Self-report activities: TV, Self-report Two-step
Portugal soft drinks video game and
computer

PA, physical activity; SB, sedentary behavior; LP, lifestyle pattern; B, boys; G, girls; C, cross-sectional; Q, questionnaire; TV, television; NA, not applicable; FPAQ, Flemish physical activity questionnaire; T, time; LTPA, leisure-time physical
activity; YRBS, youth risk behaviour survey; HELENA, healthy lifestyle in Europe by nutrition in adolescence; DIAT, dietary assessment tool; MVPA, moderate vigorous physical activity; IPAQ, international physical activity questionnaire; SF,
short form; SF-FFQ4PolishChildren, multicomponent dietary questionnaire to assess food frequency consumption, nutrition knowledge and lifestyle in Polish schoolchildren; MoMo-PAQ, Motorik-Modul physical activity questionnaire; KIGGS,
German health interview and examination survey for children and adolescents; HBSC, health behaviour in school-aged children; YLSBQ, Spanish version of youth leisure-time sedentary behaviour questionnaire; P, prospective; CA, cluster
analysis; LCA, latent class analysis; PCA, principal component analysis; LPA, latent profile analysis; BIC, bayesian information criterion; AIC, akaike information criteria; a-BIC, adjusted bayesian information criterion; CAIC, consistent akaike
information criterion; LMR, Lo—Mendell-Rubin test.
* Values for reliability reported or can be found through the reference(s) provided.
1 Values for validity reported or can be found through the reference(s) provided.

1 Also examined other behaviours (e.g. smoking, drugs and alcohol use, psychological factors, dieting behaviours, parental involvement and scholar aspects).
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nights) and quality of sleep®®. Four studies reported both the
reliability and validity for all assessed measures535450)

Cluster analysis was the most frequently used method
to identify lifestyle patterns (z 18/21). The techniques used
were a combination of hierarchical (Ward’s method)
and non-hierarchical (k-means) clustering!4452545557,59,64)
k-means@-515058.6209  and  two-step“®. In addition, two
studies applied latent class analysis“>453, and one latent profile
analysis© (Table 1).

Risk of bias assessment

Ofthe articles included in the synthesis of the results4-47:50.55-00)

only six out of eleven provided clear eligibility criteria. Most
articles clearly specified their study population (7 9/11). No
study used reliable and valid measures for all exposure variables,
and five assessed their outcome measures objectively. Although
all studies have established strategies to deal with confounders,
these factors were adequately accounted for in only nine studies.
Nine studies used appropriate statistical analysis models. Of
these studies, six had a low risk of bias (54-5 %)(4:4755:57.58.00)
four moderate risk (36-4%) 45405050 and one high risk
(9-1)52, Risk of bias assessment of the studies is presented in
Table S5, Supplementary Material.

Lifestyle patterns

Table 2 describes the lifestyle patterns identified in the twenty-
one studies evaluated. We found sixteen completely healthy life-
style patterns®30:52-50,58-03) and fourteen completely unhealthy
patterns (434450,51,55,56,58,59.63) Among completely healthy lifestyle
patterns, six included the diet, physical activity, sedentary behav-
iour and sleep domains®*%% although different methods were
used to measure indicators. Three completely healthy lifestyle
patterns included low substance use®%. Five of the fourteen
completely unhealthy lifestyle patterns were determined on
the basis of the four domains®>5%5”_ Two completely unhealthy
lifestyle patterns included high substance use©?. Predominantly
healthy (7 24) and predominantly unhealthy (72 31) lifestyle
patterns prevailed among adolescents. High levels of both
physical activity and sedentary behaviour co-occurred in some
predominantly unhealthy patterns®257:92. However, most of
the predominantly unhealthy lifestyle patterns included behav-
iours such as low physical activity levels, high sedentary behav-
iour levels, low healthy food consumption and low/moderate
unhealthy food consumption®4452-5457.60 " Some  lifestyle
patterns were considered mixed (72 22), with a balance of healthy
and unhealthy behaviours44:45:48:51,5458-00.6269 (Tgple 2).

Associations with overweight and/or obesity

Table 3 provides details of the identified lifestyle patterns and
their associations with overweight/obesity. In eleven studies,
weight and height measurements were used to determine
BMI447,48,52,54,55,57580100  Njne studies used self-reported
weight and height#5:50:5153,56.59.000269 " and one study used
parent-reported weight and height*”. Nine studies were based

on IOTF cut-offs for overweight/obesity 8495152545762 one on

IOTF and Polish standards®®, five on WHO®4>60.03  two on
CDCY53D and one on national reference values©®,

Three studies used BMI as a continuous measure©%59 and
one was based on BMI Z-scoresV. Eight studies used Pearson’s
7 tests 84951540309 one  ysed the  Bose-Chaudhuri-
Hocquenghem (BCH) method®?, one used one-way
ANOVA©? and another used multivariate ANOVA®? to describe
lifestyle patterns according to weight status. Eleven studies used
regression analysis to identify associations44=47,50,55-58,60),
Regarding the degree of adjustment for confounding factors,
seven studies adjusted for the three typical confounders (age,
sex and socio-economic status or some proxy for this vari-
able)(13:45:46.55575800) Three studies did not adjust for age“+>%,
and one did not adjust for socio-economic status®®. The twelve
studies that adopted adjusted analyses (multivariate ANOVA and
regression analysis) were used here for synthesis of results of the
total sample™*+47,5055-60) Five of these studies stratified data by
sex(44,47,56,57)

Table 4 provides a synthesis of the results. Prospective
analysis revealed positive associations between all predomi-
nantly unhealthy and mixed lifestyle patterns and overweight/
obesity. In the cross-sectional studies, most lifestyle patterns
were not associated with overweight/obesity. An inverse
association between completely healthy lifestyle patterns and
overweight/obesity was observed only once out of three times.
For completely unhealthy lifestyle patterns, almost all associa-
tions (eight out of nine) were null. Two predominantly healthy
lifestyle patterns were positively associated with overweight/
obesity and nine were not associated. The association between
predominantly unhealthy lifestyle patterns and overweight/
obesity was positive in seven out of sixteen times. Only one
mixed lifestyle pattern (out of twelve) was associated with
overweight/obesity (Table 4).

When stratifying by sex, we observed a positive association
between predominantly healthy lifestyle patterns and over-
weight/obesity in girls two out of five times. The association
between predominantly unhealthy lifestyle patterns and over-
weight/obesity was tested eight times for girls and five times
for boys, with three and two positive associations, respectively.
No association was found between the other lifestyle pattern
classifications and overweight/obesity in boys or girls (Table 5).

Table S9 presents the synthesis of the results according to the
risk of bias. For cross-sectional studies with moderate risk of
bias, a positive association between predominantly unhealthy
lifestyle patterns and overweight/obesity was found in three
out of four times. A positive association with overweight/obesity
was also found for the single mixed lifestyle pattern. The positive
associations found in the prospective analysis included in this
systematic review come from studies with moderate risk of bias
(Table S9, online Supplementary Material).

Discussion

This review sought to identify the association between lifestyle
patterns identified by data-driven exploratory analysis and
overweight/obesity in adolescents. It was possible to note a
co-occurrence of healthy and unhealthy behaviours in lifestyle
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Table 2. Summary of lifestyle patterns identified
HD/UD + PA + SB HD/UD + PA + SB + HD/UD + PA + SB +
Lifestyle pattern classification n  HD/UD + PA (n studies = 1) n (n studies =12) n S (n studies =4) n SU (n studies =4)
Completely healthy (n 16) 149 1 HD, | UD, 1 PA 5(0.535861.62) 4 HD, | UD, 1 PA, | SB 269 tHD,|UD,tPA |SB,1S 3606) 1HD,|UD,1PA,|SB,|SU
1052) 1 HD, 1 PA, | SB 205559 1 HD, 1 PA, | SB, 1S
2(54) JUD,1PA |SB, 1S
Completely unhealthy (n 14) 4(445051.88) | 'HD 1 UD, | PA,1SB 209 LHD,1UD, | PA 1SB,|S 263 L HD, 1 UD, | PA, 1 SB, 1 SU
1(64) L HD, | PA, 1 SB 1(56) I HD,1UD, | PA, - SB, | S
1647) | HD, 1 UD, | PA 2(5559) | HD, | PA,1SB, | S
1647) 1 HD, | PA
Predominantly healthy (n 24) 149 1 HD, 1t UD, 1 PA 4(44,57) IHD, | UD,1PA, |SB 359 LUD, | PA | SB, 1S 1048) 1 HD, | UD, 1 PA, | SB, < SU
149 1 HD, | UD, & PA 1(44) 1 HD, 1 UD, 1 PA, | SB 1(4546) 1 HD, | UD, < PA, | SB, | SU
5(44.51,57) 1 HD, | UD, | PA, | SB 1(60) < HD, | UD, | PA, | SB, | SU
161 1 HD, | UD, < PA, | SB
2(52.64) T HD, | PA, | SB
1(50) < HD, | UD, 1 PA, —~ SB e
2(44.57) ~HD, | UD, 1 PA, | SB —
Predominantly unhealthy (n 31) 149 | HD, | UD, | PA 2(57.62) IHD,tUD,1PA,1SB 109 I HD, <UD, | PA, 1 SB, | S 164549 | HD, 1 UD, < PA, 1 SB, 1 SU &
149 1 HD, 1 UD, | PA 1044) LHD,1UD, | PA, | SB 204 tUD, | PA,1SB, 1S 14546, HD, 1 UD, | PA, 1 SB, | SU a.
64457 IHD,LUD,|PAtSB 16  «UD,|PA 1SB,|S 148 & HD,1UD, - PA 1SB, 1SU &
1(50) L HD, | UD, & PA, 1 SB 8
1(59) L HD, | UD, | PA, «~ SB 8
2(57) L HD, 1 UD, | PA, < SB
1061 I HD, & UD, | PA, & SB
162 L HD, 1 PA, t SB
164) L HD, | PA, | SB
164 L HD, | PA, & SB
1(44) 1 HD, 1 UD, | PA, & SB
2(5361) ~ HD, 1 UD, « PA, 1 SB
1(44) < HD, 1 UD, | PA, « SB
164) < HD, | PA, 1 SB
Mixed (n 22) 167) I HD, | UD,tPA,1SB 269 LUD, | PA |SB,|S 1(48) < HD, & UD, | PA, & S, | SU
7(44.57,58) | HD, | UD, | PA, | SB 1(59) |HD,1PA |SB,|S 1(4546) & HD, 1t UD, 1 PA, & SB, | SU
162) |HD, <UD, | PA, | SB 169 THD, | PA,1SB, 1S 1(60) < HD, 1UD, 1 PA, 1 SB, | SU
161 tHD,1UD,tPA 1SB 169 1 HD, | PA, | SB, < S 1(60) < HD, &+ UD, | PA, & SB, 1 SU
1(44) < HD,1UD,1PA 1SB 169 < HD, & PA, 1SB, « S
1(64) < HD, 1 PA, & SB

n, absolute frequency; HD, healthy diet; UD, unhealthy diet; PA, physical activity; SB, sedentary behaviour; S, sleep; SU, substance use; 1, high; |, low; <, moderate.
Adapted from D’Souza et al. (2020)('?).
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Table 3. Associations between lifestyle patterns and overweight and obesity in adolescents

Outcome
measurement
Reference LP identified method Outcome indicator Method of analysis Associations of LP and overweight and obesity
Boone-Heinonen et al., Girls: Boys: Weight and Presence of Multivariate logistic regression  Girls:* Boys:*
200847 (a) School clubs and sports (a) School clubs height obesity (CDC) adjusted for race, household  (a) Reference (a) Reference
(n 856) and sports measured income, highest parental, (b) Positive (OR: 2.02)  (b) None (OR: 0-82)
(b) Average diet and (n 285) education attained, region, (c) Positive (OR: 1-75)  (c) None (OR: 0-88)
activity (n 1064) (b) Sports (n 527) and wave-specific age and (d) Positive (OR: 2-02)  (d) None (OR: 1-27)
(c) High consumer of all (c) Moderately season. (e) None (OR: 1-23) (e) Positive (OR: 0-49)
food items, with active (n 904) (f) Positive (OR: 2-37) (f) None (OR: 1-37)
particularly nutrient- (d) Sedentary (g) None (OR: 1-37)
dense foods (n 560) behaviors (n 339)
(d) Sedentary behaviors (e) Junk food and
(n 328) smoke (n 671)
(e) Junk food, low activity  (f) Dieters (n 444)
(n913) (9) Low diet and
(f) Restrictive diet and activity (n 1188)
smoke (n 761)
Sabbe et al., 2008“°) (a) Sporty healthy eaters (n 242) Weight and Percentage of Pearson’s y? test. None (P> 0-05)
(b) Sporty mixed eaters (n 288) height overweight
(c) Moderate active healthy eaters (n 221) reported by (IOTF)
(d) Unsporting unhealthy eaters (n 276) parents
(e) Sedentary healthy eaters (n 318)
Landsberg et al., 2010“®  (a) Low activity and low-risk behaviour (n 740/ Weight and Percentage of Pearson’s 4 test. No association for total sample and boys
45-3 % girls) height overweight and (P> 0-05)
(b) High media time and high-risk behaviour measured obesity (IOTF) Girls in cluster “a” had higher prevalence of

Van Der Sluis et al.,
201069

Seghers and Rutten,
201061

Ottevaere et al., 201162

(n 498/45-0 % girls)
(c) High activity and medium-risk behaviour
(n 656/63-6 % girls)

(a) Low activity and low-risk behaviour (n 152/
40-1 % girls)

(b) High media time and high-risk behaviour
(n 102/45-1 % girls)

(c) High activity and medium-risk behaviour

(n 135/57-8 % girls)

(a) Healthy cluster (n 88)

(b) Quite healthy (n 255)

(c) Quite unhealthy (n 270)

(d) Unhealthy (n 89)

(a) Sporty media-oriented mixed eaters (n 50)

(b) Academic healthy eaters (n 88)

(c) Inactive healthy eaters (n 95)

(d) Inactive media-oriented unhealthy eaters

(n 84)

a) Unhealthy cluster (n 430)

b) Sedentary cluster (n 247)

c) Active, low-diet quality cluster (n 152)

d) Inactive, high-diet quality cluster (n 877)

)

(
(
E
(e) Healthy cluster (n 378)

Self-reported
weight and
height

Self-reported
weight and
height

Weight and
height
measured

Percentage of
overweight and
obesity (IOTF)

BMI (kg/m?)

Percentage of
overweight
(including
obesity) (IOTF)

Percentage of
overweight and
obesity (IOTF)

Linear regression adjusted for
sex and parental education
level.

Pearson’s 4 test.

Pearson’s 42 test.

overweight (17-0 %) and cluster “c” had a lower
prevalence of overweight (11-0 %). The
prevalence of overweight in cluster “b” was
14.3% (P=0-017).

Incidence rates of overweight to total sample were
not significant.

Incidence rates of obesity was higher in cluster ‘a’
(59 %) and lower in cluster ‘¢’ (0-7 %). The
incidence in cluster ‘b’ was 2-0 % (P < 0-05).

a) Reference

b) None (p: —0-28; P=0-56)
c) None (4: —0-13; P=0-79)
d) Inverse (3: —1-27; P=0.-04)
None (P> 0-05)

None (P> 0-05)

ssaid Als1amun abpliquie) Aq auljuo paystignd 822000225 L LL000S/LL0L 0L/Bio 10p//:sd1y

JySromIaao pue suroned 91A1s9Jr]

SCo1


https://doi.org/10.1017/S0007114522000228

oL

British Journal of Nutrition

—_
Table 3. (Continued) g\z
Outcome
measurement
Reference LP identified method Outcome indicator Method of analysis Associations of LP and overweight and obesity
Spengler et al., 201264 (a) High physical activity index, average media Weight and Percentage of Pearson’s y? test. The percentage of overweight was higher in
use and healthy nutrition indices (n 266) height overweight cluster ‘¢’ (22-2 %), followed by the cluster ‘b’
(b) High healthy nutrition index, below average measured (including (16-7 %), ‘@’ (12-5%) and ‘d’ (12-6 %)
physical activity, and media use (n 564) obesity) (P<0-001).
(c) Very high media use index, low physical (National cut
activity and healthy nutrition indices (n 306) points)
(d) Below average on all three indices (n 507)
Veloso et al., 2012(62) (a) Active gamers Self-reported  Percentage of One-way ANOVA None (P> 0-05)
(b) Healthy weight and overweight and
(c) Sedentary height obesity (IOTF)
lannotti and Wang, (a) Healthful pattern (26-6 %) Self-reported  Percentage of Pearson’s y? test. Adolescents in cluster ‘¢’ (18-4 %) were more likely
201369 (b) Unhealthful pattern (26-4 %) weight and overweight and to have overweight compared with clusters ‘a’
(c) Typical (47-2 %) height obesity (CDC) (15-8 %) and ‘b’ (16-3 %).
Girls in cluster ‘c’ were more likely to have
overweight (17-4 %) and obese (127 %)
compared with clusters ‘a’ (overweight: 14-3 %
and obesity: 9-9 %) and ‘b’ (overweight: 152 %
and obesity: 12:5 %).
Fernandez-Alvira et al., Girls: Boys: Weight and Percentage of Pearson’s y? test. Girls in cluster ‘d’ were  Boys in cluster ‘d’ were -
201364 (a) Active pattern (n 641) (a) Active pattern height overweight and more likely to have more likely to have <
(b) Long sleepers inactive (n 540) measured obesity (IOTF) overweight (22-4 %), overweight (27-7 %), =
pattern (n 615) (b) Long sleepers followed by the followed by the %
(c) Sedentary sugared inactive pattern cluster ‘€’ (21-7 %), ‘¢’ cluster ‘e’ (24-8 %), ‘¢’ g
drinks consumers(n 436) (n479) (19-1 %), ‘@’ (155 %) (20-1%), ‘b’ (17-3 %) Q
(d) Short sleepers inactive  (c) Sedentary and ‘b’ (12-:0 %) and ‘a’ (16-4 %) ;
pattern (n 529) sugared drinks (P<0-001). (P<0-001). =
(e) Low activity pattern consumers Girls in cluster ‘d’ were  Boys in cluster ‘d’ were
(n 650) (n 240) more likely to be more likely to be
(d) Short sleepers obese (87 %), obese (7-4 %),
inactive pattern followed by the followed by the
(n753) cluster ‘¢’ (5-9 %), ‘€’ cluster ‘€’ (6:6 %), ‘¢’
(e) Sedentary (37 %), b’ (2:3%) (5:1%), ‘b’ (4-0 %)
pattern (n 401) and ‘a’ (21 %) and ‘a’ (2-6 %)
(P<0-001). (P<0-001).
Perez-Rodrigo et al., For girls and boys: Weight and Presence of Logistic regression adjusted for  (a) Reference
201505 (a) Unhealthier lifestyle pattern height overweight and energy intake, sex, age, (b) None (OR: 2:00; 95 % CI (0-82, 4-86))
(b) Healthier lifestyle pattern measured obese (IOTF) family educational level and
socio-economic status (SES).
Berlin et al., 201561 (a) Active + healthy diet Weight and BMI Z-scores BCH method The BMI Z-scores of the class ‘c’ (0-80) were the
(b) Sedentary + unbalanced diet height (CDC) highest and significantly greater than class ‘b’
(c) Screen time + junk food measured (0-69), which was significantly higher than class

‘a’ (0-60)
Positive (OR: 1-15; 95 % CI (1-03, 1-29))

Presence of a)
b) Positive (OR: 1-33; 95 % ClI (1-19, 1-48))
c)
d

overweight and
obesity (WHO)

Laxer et al., 201749 Self-reported
weight and

height

Logistic regression adjusted for  (
school grade, sex, race, and
total spending money. (c) Reference

(

) Positive (OR: 1-27; 95 % CI (1-14, 1-43))
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Table 3. (Continued)

Outcome

measurement
Reference LP identified method Outcome indicator Method of analysis Associations of LP and overweight and obesity

Laxer et al., 2018(6) Traditional school athletes (24 %)

(a) Model 1
(b) Inactive screenagers (43-3 %)

(©

(d

(a) Positive (: 0-410; 95 % CI (0-12, 0-68))
(b) Positive (8: 0-344; 95 % CI (0-10, 0-59))
(c) Reference

(d) Positive (5: 1-041; 95 % CI (0-65, 1-44))

Self-reported
weight and
height

BMI (kg/m?) Linear mixed effects regression:

Model 1: controlled for year and
school

Model 2: controlled for year,

sex, grade, race and weekly

Health conscious (16 %)
) Moderately active substance users (16-6 %)

Nuutinen et al., 20176

(a) Healthy lifestyle (a) Healthy lifestyle weight and overweight age and educational (a) Reference (a) Reference
(n1112) (n 996) height (including aspiration. (b) Positive (OR: 1-42;  (b) None (OR: 1-34;
(b) High screen time, (b) High screen obesity) (IOTF) 95 % ClI (1-05, 1-94)) 95 % CI (0-97, 1-86))
unhealthy lifestyle time, unhealthy (c) None (OR: 1-05; (c) None (OR: 1-08;
(n 505) lifestyle (n 308) 95 % CI (0-73, 1-51)) 95 % CI (0-81, 1-43)) =
(c) Poor sleep, unhealthy (c) Low/moderate @“
lifestyle (n 434) screen time, <
unhealthy o
lifestyle (n 510) B
Dantas et al., 20187 Girls: Boys: Weight and Presence of Logistic regression adjusted for  Girls: Boys: &
(a) Higher physical activity ~ (a) Higher physical height overweight and age and economy class. (a) None (OR: 0-92; (a) None (OR: 0-89; a
(n70) activity (n 41) measured obesity (IOTF) 95 % ClI (0-70, 1-30)) 95 % ClI (0-65, 1-32)) »
(b) More sedentary (b) Sedentary (b) Positive (OR: 1-53; (b) Positive (OR: 1-63; 8_
behaviour (n 94) behaviour (n 43) 95 % CI (1-06, 2:26)) 95% ClI (1-12, 2-35)) 2
(c) Higher physical activity  (c) Higher physical (c) None (OR: 1-34; (c) None (OR: 1-42; a
and greater sedentary activity, greater 95 % CI 0-95, 1-89)) 95 % CI (0-99, 2:04)) %
behaviour (n 59) sedentary (d) Positive (OR: 1-47; (d) Positive (OR: 1-51; =
(d) High consumption of behaviour (n 28) 95 % ClI (1-05, 2:13)) 95 % ClI (1-05, 2:16)) =3
sugary products/soft (d) High (e) None (OR: 1-15; (e) None (OR: 1-19;

Girls:

drinks (n 40)

(e) Low consumption of
sugary products/soft
drinks and less
sedentary behaviour
(n71)

(f) High consumption of
fruits/vegetables, low

Boys:

consumption of
sugary products/
soft drinks (n 16)
(e) Low
consumption of
sugary products/
soft drinks and
less sedentary

Self-reported

Presence of

spending money.

Logistic regression adjusted for

Model 2

(a) Positive (§: 0-232; 95 % CI (0-03, 0-50))
(b) Positive (4: 0-348; 95 % Cl (0-11, 0-59))

(c) Reference

(d) Positive (g: 0-759; 95 % CI (0-36, 1-15))

Girls:

95 % CI (0-87, 1-62))
(f) Reference

Boys:

95 % CI (0-88, 1-72))
(f) Reference

consumption of sugary
products/soft drinks and
less sedentary behaviour

behaviour (n 32)
(f) High
consumption of

(n 58)

fruits/vegetables,
low consumption
of sugary
products/soft
drinks and less
sedentary
behaviour (n 26)

LE9T
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Table 3. (Continued)

Outcome

measurement
Reference LP identified method Outcome indicator Method of analysis Associations of LP and overweight and obesity
Moreira et al., 2018“4 HELENA: HELENA: Weight and Presence of Logistic regression adjusted for ~ Girls: Boys:

Girls: Boys: height overweight socio-economic status and (a) None (OR: 1.25; (a) None (OR: 1-20;
(a) High TV and low MVPA (a) High TV and low measured (including total energy intake 95 % CI (0-85, 1-85)) 95 % CI (0-79, 1-82))
(n242) MVPA (n 178) obesity) (WHO) (b) None (OR: 1-11; (b) None (OR: 1-30;
(b) High SSB and low (b) High SSB 95 % CI (0-68, 1-79)) 95 % CI (0-77, 2:19))
MVPA (n 150) consumption (c) None (OR: 0-95; (c) None (OR: 1.08;

(c) High MVPA (n 172) (n110) 95 % CI (0-61, 1-48)) 95 % CI (0-72, 1-63))
(d) High F&V (n 209) (c) High MVPA and (d) None (OR: 0-85; (d) None (OR: 0-93;
(e) Low TV, MVPA, F&V low TV (n 189) 95 % ClI (0-55, 1-33)) 95 % CI (0-59, 1-46))
and SSB (n 334) (d) High F&V, low (e) Reference (e) Reference

SSB

consumption, low

TV and low

MVPA (n 168)

(e) Low TV, low

MVPA, and low

F&V and SSB

consumption

(n 308)
ELANA: ELANA: Weight and Presence of Logistic regression adjusted for  Girls: Boys:

Girls: Boys: height overweight type of school and total (a) None (OR: 1-42; (a) None (OR: 1-19;
(a) High TV and low MVPA (a) High TV and low measured (including energy intake 95 % ClI (0-86, 2-35)) 95 % ClI (0-70, 2-02))
(n179) MVPA (n 180) obesity) (WHO) (b) None (OR: 1-60; (b) None (OR: 0-85;
(b) High SSB and low (b) High SSB 95 % ClI (0-72, 3-55)) 95 % CI (0-39, 1-89))
MVPA (n 61) consumption (c) Positive (OR: 2:19; (c) None (OR: 1-44;

(c) High MVPA (n 63) (n78) 95 % Cl (1-14, 4-19)) 95 % CI (0-72, 2-86))
(d) High SSB and F&V (c) High MVPA and (d) Positive (OR: 2.89;  (d) None (OR: 1-84;
(n 30) low TV (n 56) 95 % ClI (1-09, 7-62)) 95 % ClI (0-79, 4-27))
(e) Low TV, MVPA, F&V (d) High TV and (e) Reference (e) Reference
and SSB (n 182) high MVPA
(n33)
(e) Low TV, low
MVPA and low
F&V and SSB
consumption
(n 126)
Wadolow (a) Prudent-active pattern (29-3 %) Weight and Presence of Logistic regression adjusted for  (a) Inverse (International standards: OR: 0-62;
ska et al., 2018 (b) Fast-food sedentary pattern (13-8 %) height overweight sex, age, residence, family 95 % CI (0-47, 0-84) and Polish standards: 0-67;
(c) Not prudent-not fast-food-low active (56-9 %) measured (including affluence scale (points), 95 % CI (0-50, 0-91))

Sevil-Serrano et al.,
201969

a) Inactive unhealthy eaters
) Non-technological sitters
) Active
) Technological sleepyheads
) Ideal health
f) Inactive healthy eaters

(
(b
(c
(d
(e
(

Self-reported
weight and
height

obesity) (IOTF
and Polish cut
points)

BMI (kg/m?)

nutrition knowledge score.

Multivariate ANOVA and
Bonferroni’s post hoc test.

(b) None (International standards: OR: 0-82; 95 %
Cl (0-56, 1-19) and Polish standards: 0-92; 95 %
Cl (0-63, 1-34)

(c) None (International standards: OR: 1-34; 95 %
Cl (0-86, 2:11) and Polish standards: 1-34; 95 %
Cl (0-84, 2-13))

None (P=0-375)
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0-424).

0-091) or girls (P

Associations of LP and overweight and obesity

clusters and BMI was identified for either the

No significant relationship between the identified
boys (P

(a) None (OR: 1-16; 95% CI (0-94, 1.43))
(b) None (OR: 0-94; 95 % Cl (072, 1-23))

(c) Reference
(d) None (OR: 1-17; 95 % CI (0-94, 1-44))

for age, sex, family affluence
scale, family structure, family
communication, school
achievement, evenings with
friends, bullied others,

participation in fights

Multinomial regression adjusted
attachment, academic

Method of analysis
Pearson’s j2 test.

Qutcome indicator

Presence of
overweight and
obesity (WHO)

Presence of
overweight and
obesity (WHO)

height

weight and
weight and
height

British Journal of Nutrition

measurement

method
Self-reported

Outcome
Self-reported

o

(61 %, n1215)

(b) Unhealthy
lifestyle (39 %;

(a) Healthy lifestyle
n 788)

Boys

LP identified

(42 %; n 962)

n 1340)
(b) Unhealthy lifestyle

(d) Inactive low fruit and vegetable eaters
(29-1 %)

(a) Healthy lifestyle (58 %;

(a) Active screen users (31-1 %)
(b) Substance users (13-3 %)
(c) Healthy (26-4 %)

Girls

20193
20200

Table 3. (Continued)
Marttila-Tornio et al.,
Dos Santos et al.,

Reference

Lifestyle patterns and overweight 1639

patterns. Predominantly unhealthy lifestyle patterns were more
frequently observed among adolescents. Overall, synthesis of
the results of cross-sectional studies indicated that there was no
association between lifestyle patterns and overweight/obesity,
even when stratified by sex. However, analysis stratified by risk
of bias showed a positive association between predominantly
unhealthy and mixed lifestyle patterns and overweight/obesity
in studies with moderate risk. Prospective analysis of a single
study with moderate risk of bias suggested an increase in BMI over
time with predominantly unhealthy and mixed lifestyle patterns.

We identified a variety of lifestyle patterns and weight status
indicators in studies, hindering their comparison. The methods
used to measure diet, physical activity, sedentary behaviour
and sleep were heterogeneous across studies, as were the
methods used to derive lifestyle patterns. Most studies used
FFQ to collect food consumption data, while one study used
1-d 24-h recall combined with 3-d food record, and two
studies used 2-d non-consecutive 24-h recall. FFQ refers to the
respondent’s usual intake of food over a specific period, and
the estimation tasks are complex. Regarding to recall/record
methods, at least 2 d are recommended to estimate usual intake
of the population and their relationship with other indicators®?.
For synthesis of results, it was necessary to categorise lifestyle
patterns according to their behaviours. Patterns were classified
into completely or predominantly healthy or unhealthy and
mixed (i.e. balance between healthy and unhealthy behaviours).

We emphasise that previous reviews were conducted
with children and adolescents (5-18 years)® and only children
(5-12 years)'?. The first comprised a narrative review of studies
that evaluated the clustering of diet, physical activity and seden-
tary behaviour®. The other systematically reviewed evidence on
the clustering of diet, physical activity, sedentary behaviour
and sleep®. Our systematic review is the first to analyse the
association between lifestyle patterns and overweight/obesity
in adolescents, which is a critical phase for weight gain. The
above-mentioned reviews did not restrict the eligibility criteria
regarding the behaviours included in the lifestyle patterns,
so some studies reviewed contained only physical activity
and sedentary behaviours in the patterns. In contrast to this,
we considered the domain of diet as a fundamental behaviour
in lifestyle patterns, as diet plays a major role in energy
balance regulation”. Consumption of ultra-processed foods
has been identified as a risk factor for increasing obesity©>.
Additionally, dietary patterns with a lower percentage of
obesogenic foods appears to be effective in reducing the risk
of developing obesity®.

As reported in previous reviews
co-occurrence of both healthy and unhealthy behaviours in life-
style patterns which indicates that protective and risk behaviours
for overweight/obesity coexist in lifestyle patterns. This implies
that we may not assume that healthy levels of a particular behav-
iour are indicative of an overall healthy lifestyle. The review
studies®!? found a large number of clusters with high levels
of sedentary behaviour, similar to our results. In the present
review, almost all studies have assessed sedentary behaviour
through screen time only. In addition, most lifestyle patterns
found were composed of low levels of physical activity and high
levels of sedentary behaviour@4-1052545657 Thijs suggests that

010 we identified the

LP, lifestyle pattern; CDC, Centers for Disease Control and Prevention; IOTF, International Obesity Task Force; HELENA, healthy lifestyle in Europe by nutrition in adolescence; MVPA, moderate vigorous physical activity; SSB, sugar-

sweetened beverage; B, boys; G, girls; 41, coefficient beta.

* Cl not described in the text, only in the figure.
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Table 4. Direction of associations between lifestyle patterns and overweight and obesity in adolescents

Direction of association

Study design Lifestyle patterns classification Number of times the association was tested Positive Inverse No association

Cross-sectional Completely healthy 3 0 1 2
Completely unhealthy 9 0 1 8
Predominantly healthy 11 2 0 9*
Predominantly unhealthy 16 7t 0 9
Mixed 12 1* 0 111

Prospective Completely healthy 0 0 0 0
Completely unhealthy 0 0 0 0
Predominantly healthy 0 0 0 0
Predominantly unhealthy 2 21 0 0
Mixed 1 1* 0 0

*Included 1 lifestyle pattern with risk behaviours.
1 Included 2 lifestyle patterns with risk behaviours.

Table 5. Direction of associations between lifestyle patterns and
overweight and obesity in adolescents by sex

Direction of association

Lifestyle Number of times the
patterns association was No
classification tested Positive Inverse association
Boys

Completely 0 0 0 0

healthy

Completely 4 0 0 4

unhealthy

Predominantly 4 0 0 4

healthy

Predominantly 5 2 0 3

unhealthy

Mixed 3 0 0 3
Girls

Completely 0 0 0 0

healthy

Completely 2 0 0 2

unhealthy

Predominantly 5 2 0 3

healthy

Predominantly 8 3 0 5

unhealthy

Mixed 1 0 0 1

sedentary behaviour contributes strongly to adolescent lifestyle,
which is somewhat worrying, given the positive association
between sedentary behaviour and unfavourable health indica-
tors®”. Moreover, we identified lifestyle patterns composed of
high levels of both physical activity and sedentary behaviour.
These findings demonstrate that one behaviour is not necessarily
a barrier to the other and that adolescents find time for physical
and sedentary activities throughout the day®"5%57,

Previous review from D’Souza et al.'?’, who analysed studies
on children only, concluded that unhealthy lifestyle patterns
were more often associated with adiposity risk than healthy
and mixed patterns. In contrast, Leech et al® reported that
the relationship of cluster patterns with excess weight was incon-
sistent. This was partially observed in the main findings analysed
in the current review. Although we found some evidence
of a positive association between lifestyle patterns and
overweight/obesity in studies with moderate risk of bias, we
considered these findings questionable due to the limited

methodological quality of the studies. The associations found
in cross-sectional studies are not, by themselves, evidence of
causality. Prospective findings from a single study are insuffi-
cient. Additionally, all measured variables from these studies
were based on self-reports, including weight and height varia-
bles, which compromises the quality of the findings*>%559,
There is a tendency to overestimate height and underestimate
weight, leading to incorrect reports and inaccurate estimates
of overweight/obesity rates”. Adolescents with overweight/
obesity tend to underestimate their weight more often than
normal-weight adolescents, and girls tend to underestimate their
weight more often than boys®®. Furthermore, children and
adolescents who are overweight or obese were more likely
to under-report energy intake when compared with their
non-obese peers®?,

Unexpectedly, we found that some predominantly healthy
lifestyle patterns were positively associated with overweight/
obesity, particularly in girls. The following hypotheses may
explain these controversial results. It is not possible to infer
whether healthy behaviours reflected the development of over-
weight and obesity or whether the presence of the latter led to
the adoption of healthier habits as a strategy for weight loss.
Studies have shown that adolescents with overweight/obesity
often try to lose weight®, and that these behaviours are more
likely in girls than in boys”®. Furthermore, although predomi-
nantly healthy, these lifestyle patterns comprised inadequate
behaviours in the diet domain, such as low consumption of
healthy foods and high consumption of unhealthy foods, which
could explain, at least in part, this result“®.

As in the recent review by D’Souza et al.'?, we considered
four domains of energy balance-related behaviours associated
with overweight/obesity. Of the studies used for synthesis of
results, those conducted by Perez-Rodrigo et al.®>, Nuutinen
et al®® and Sevil-Serrano et al® addressed these four
behaviours. The other studies included diet, physical activity
and sedentary behaviour domains only, which represents a limi-
tation, as sleep habits are related to overweight/obesity®7V.
In the study by Nuutinen et al.5® the indicators of sleep habits
were related to duration, discrepancy and quality. The authors
found a greater risk for overweight/obesity among girls in the
high screen time, unhealthy lifestyle pattern, whose scores for
sleep duration were moderate but for discrepancy and quality
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were low. This finding suggests that investigating only the effect
of sleep duration on lifestyle patterns may not be enough. Future
studies should consider this behaviour both in terms of duration
and quality to understand the cumulative effects of sleep on
weight status in adolescents.

Most studies evaluating the association between lifestyle
patterns and overweight/obesity were carried out in European
countries, that is, countries with high socio-economic levels.
It is important to highlight that, whereas the prevalence of
overweight/obesity among young people has stabilised in
high-income countries, the prevalence is still on the rise in
medium- to low-income countries’?. Thus, more studies need
to be carried out in medium- and low-income countries for
cultural, economic, and demographic variability and representa-
tiveness of data.

About 85-6% of the reviewed studies applied the cluster
analysis method to identify the lifestyle patterns. Although there
is evidence to indicate that latent class analysis substantially
outperforms the cluster analysis, our results demonstrate that
the latter technique has been more applied by studies. Both
methods are centred on individuals; however, the cluster
analysis use the distance in order to separate observations into
different groups while latent class analysis is a model-based
approach. An advantage of using a model-based approach is less
arbitrary and more rigorous statistical techniques. More
precisely, in latent class analysis is assumed that a mixture of
underlying probability distributions generates the data.
Furthermore, there are more formal criteria to make decisions
about the best model fit or number of classes©®”?,

The lack of evidence from longitudinal data precludes deter-
mination of whether, over time, lifestyle patterns contribute
negatively to the weight status of adolescents. Only two studies
with this population were found“®® and only one was consid-
ered for the synthesis of results, which had a moderate risk of
bias“®. However, overall, the findings of the referred studies
demonstrate that, in the long term, lifestyle patterns may have
some effect on the weight status of adolescents. More longi-
tudinal studies with well-designed methodology in other coun-
tries are needed to measure these effects over time. It could be
also interesting for future prospective studies to examine the
stability of the lifestyle patterns over time.

In the present review, five studies found that risk behaviours,
such as substance use, tend to co-occur with energy
balance-related behaviours®5-#8:00.6D " Risk behaviours are
common among adolescents and tend to increase with age™®.
Marijuana use, smoking and binge drinking are generally
not the focus of studies evaluating the determinants of over-
weight/obesity. Excessive alcohol consumption can contribute
to weight gain by increasing energy intake or stimulating
consumption of other unhealthy foods”®. However, little is
known about the relationship between overweight/obesity
and other types of substances. Laxer et al. > found positive
cross-sectional and prospective associations in the lifestyle
patterns of moderately active adolescents with low healthy food
consumption, high unhealthy food consumption and high
substance use.

This systematic review was rigorous. We designed a search
strategy including a range of terms relevant to the topic that

was applied to a variety of databases. An appropriate tool
was used to assess the risk of bias, and criteria based on the tool
items were determined to facilitate the analysis"'”. However,
the review becomes limited by the quality of evidence from
the included studies. Most studies were cross-sectional and
used self-reported questionnaires to assess the behaviour of
adolescents, increasing susceptibility to memory and social
desirability bias. Not all studies adopted valid or reproducible
methods for these measures, which may have implications for
the accuracy and reliability of the findings. Nevertheless, the
results may provide important insights into how obesogenic
behaviours cluster together, which can help in the design
and improvement of public health policies aimed at combating
obesity.

This review included only studies that used data-driven
methods as cluster analysis and latent class analysis to determine
lifestyle patterns. The strength of our study is that the approach
allowed separating individuals into mutual groups that share
similar characteristics. However, some statistical techniques
require that arbitrary decisions and subjective interpretations
be made by the researcher. Importantly, the methods used to
determine lifestyle patterns in each study were data-driven,
and the lifestyle patterns found may only be specific to the popu-
lations and cultures studied, which limit the generalisability of
the findings. Additionally, ‘high’ or ‘low’ levels of a particular
behaviour may refer to the highest or lowest scores in a specific
pattern or to the highest or lowest probabilities to belong to a
pattern and may not even meet the guidelines for the behaviour.
‘High’ or ‘low’ behaviour in one study population may not be
classified as such in another population. This may have implica-
tions for understanding the influence of different lifestyle
patterns in relation to overweight/obesity.

Data-driven methods can produce different lifestyle patterns
even when applied to the same dataset”>. Thus, comparison of
results across studies employing different methods should be
done with caution. Researchers should consider the choice of
method based on their study objectives and subsequent
analyses. It is also essential that authors justify the decisions
made and the final model chosen. More studies including the
four behavioural domains (diet, physical activity, sedentary
behaviour and sleep) are needed. Studies should consider the
use of objective methods, such as accelerometers or pedome-
ters, to capture movement behaviours in order to obtain more
accurate results. There is no consensus on which dietary assess-
ment method is more accurate for adolescents”®. However, it is
important to improve dietary assessment methods by including
validated and reproducible measures to better capture dietary
information. The choice of instrument should consider the objec-
tives and the logistic of the study, which will influence the suit-
ability and feasibility of different approaches

Finally, it is worth mentioning that we synthesised the direc-
tions of the association between lifestyle patterns and over-
weight/obesity, not the strengths of associations. It was not
possible to carry out a meta-analysis because it was not clear
whether the data were sufficiently comparable for quantitative
analysis. In this case, vote counting based on the direction of
association was the alternative adopted as an ‘acceptable’
method for the presentation and synthesis of the results. Vote
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counting can be used to synthesise results when there is incon-
sistency in the effect measures or data reported across studies'”.
This method has some limitations. Vote counting does not
consider the magnitude of effects and the differences in the rela-
tive sizes of the studies and could difficult the assessment of the
certainty of the evidence®?’”. However, this method may be
more advantageous compared with a narrative review that only
describes results study by study, which comes with the risk that
some studies are privileged above others without appropriate
justification””,

Conclusion

Adolescents tend to simultaneously exhibit healthy and
unhealthy lifestyle behaviours with predominantly unhealthy
lifestyle patterns more frequently observed. The presence of
unhealthy behaviours together with healthy behaviours suggests
the need to be alert, even with those adolescents who appears to
be doing well in a domain. The large number of lifestyle patterns
with high levels of sedentary behaviour suggests that this behav-
iour has become increasingly important in adolescents’ lives.
Overall, cross-sectional studies indicate that there is no associa-
tion between lifestyle patterns and overweight and obesity in
adolescents, even after sex stratification. However, when analy-
sing the results stratified by risk of bias, a positive association
between predominantly unhealthy and mixed lifestyle patterns
with overweight/obesity was identified in cross-sectional studies
with moderate risk of bias. The only prospective analysis
of the topic found an increase in BMI over time associated with
predominantly unhealthy and mixed lifestyle patterns. Because
of the heterogeneity and quality of the studies, we consider the
current evidence weak and inconsistent. Further research is
needed, preferably longitudinal studies using objective methods
or validated and reproducible tools to measure lifestyle behav-
iours in the adolescent population. Despite these limitations,
the findings from this systematic review have considerable impli-
cations for public health policy and school-based health promo-
tion initiatives, with an emphasis on integrated approaches.
We highlight the importance of targeting multiple behaviours
simultaneously to achieve more health benefits than when these
behaviours are targeted separately.
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