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Abstract
The interdependence among eating behaviour (EB), physical activity (PA) and sedentary time (ST) suggests simultaneously identifying
homogeneous profiles and describing their changes. This study aimed to (1) identify cross-sectional lifestyle behaviour profiles and their
2-year changes among French school-age adolescents and (2) identify factors associated with these profiles and changes. Longitudinal data
from adolescents who participated in the PRomotion de l’ALIMentation et de l’Activité Physique trial were used. PA and ST were assessed with
the International Physical Activity Questionnaire and EB with a FFQ. Profiles at baseline and their changes were identified by latent transition
analysis. Multinomial logistic regression models were used to identify factors associated with profiles and their changes. Among 2390 ado-
lescents included (14–18 years), five baseline profiles that differed mainly in EB were identified: ‘healthy diet and high PA (7·9 %)’, ‘big eater
and moderate to high PA (23·8 %)’, ‘healthy diet and low PA (31·2 %)’, ‘restrictive diet and moderate PA (20·6 %)’ and ‘sugar products, nibbling
and moderate PA (16·5 %)’. Young adolescents, those who were overweight or obese and socially advantaged, were more in the ‘healthy diet
and low PA’ than others. Boys, older and socially less advantaged adolescents exhibited more ‘unfavourable’ than ‘mixed’ changes, while
adolescents with overweight or obesity had less ‘unfavourable’ than ‘mixed’ changes. In conclusion, adolescents were twice the number in the
least than the most favourable profile. Findings highlighted the importance of EB among adolescents and suggest taking adolescents’ socio-
demographic and weight characteristics into account in interventions aimed at acting on adolescents’ behaviours.
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Adolescence is a critical phase of human development marked
by the adoption of its own lifestyle behaviours with high prob-
ability to persist into adulthood(1,2). Adequate lifestyle behav-
iours are known to be major determinants of health(3).
Evidence has shown that an unhealthy eating behaviour(4)

(EB) may be associated with several cardiometabolic risks
among adolescents(5). High level of physical activity (PA)
(regardless of the dietary pattern) is associated with better
physical, psychological and cognitive health among children
and adolescents(6) and low PA and a predominantly sedentary
lifestyle with deleterious health effects(7,8). The multiple PA
health benefits reflect a recent holistic definition of this behav-
iour which is not restricted to physiological level and inte-
grated other components (e.g. psychological, cognitive,
social)(9). In addition to genetic predisposition, EB, PA and
sedentary time (ST) are important determinants of obesity

among adolescents(10) and evidence suggests the possible syn-
ergetic effect of these behaviours on health outcome(11). All of
the above highlight the importance of healthy lifestyle behav-
iours during adolescence to lay foundations for health in later
life(12).

However, most studies on EB, PA and ST show that adoles-
cents do not achieve lifestyle behaviour guidelines(10,13,14). The
recent Étude de SanTé sur l’Environnement, la Biosurveillance,
l’Activité physique et la Nutrition (Esteban) study showed that
only 13% of French children and adolescents aged 6–17 years
ate more than five fruits and vegetables per d and had excessive
consumption of salt and sugary drinks. Also, 51% of boys
and 33% of girls achieved WHO PA guidelines(14). Moreover,
the proportion of young people spending 2 h or more in front
of a screen daily reached 70% among 11–14-year-olds and
71 and 87% among 15–17-year-old girls and boys, respectively.
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The literature reports multiple associations between EB, PA
and ST, which suggests an interdependence among these behav-
iours(15). Forexample, a recentGermanstudy reportedhigh levels
of PA associated with a healthy diet among boys and girls(3).
Moreover, in a systematic review, the most common profile
reported in thirteen studies on PA and ST was ‘high PA and low
ST’and ‘lowPAandhighST’(16). Lifestylebehaviourspresent com-
plex groupings requiring simultaneous consideration to define
homogeneous profiles to give a more integrated approach and
fairly relevant clinical significance(17,18). However, researchers
mostly studiedEB,PAandST separately(19,20) as shown ina recent
systematic review where only one-third investigates all of
them(16). Moreover, most of the studies that take into account
EB, PA and ST among adolescents are often cross-sectional(16).
For example, Ottevaere et al. reported five lifestyle behaviour
profiles in their cross-sectional study of 2084 European adoles-
cents(18). Such studies could not allow for investigating the com-
plexity of combined EB, PA and ST changes over time and
identifying adolescents more or less at risk of unfavourable
lifestyle behaviour changes, which are important insights for
health promotion. The few longitudinal studies that take into
account lifestyle behaviours together frequently included chil-
dren whose lifestyle behaviour is modulated by their parents or
had small samples with poor statistic power(21,22). Therefore,
thegoalof thepresent studywas to (1) identifycross-sectional life-
style behaviour profiles and their 2-year longitudinal changes
among French school-age adolescents and to (2) identify factors
associated with these profiles and changes.

Methods

The PRomotion de l’ALImentation et de l’Activité
Physique trial

The PRomotion de l’ALImentation et de l’Activité Physique
(PRALIMAP) school-based trial was a 2-year stratified 2 × 2 × 2
factorial cluster randomised controlled trial which included ado-
lescents from 14 to 18 years old(23). This trial aimed to assess the
effectiveness of three health promotion strategies (educational;
screening and care; and environmental) applied singly or in
combination over a 2-year period in preventing and reducing
overweight and obesity by promoting healthy EB, PA and ST
among adolescents in twenty-four state high schools in
Lorraine (northeastern France) between 2006 and 2009. The
‘environmental’ strategy consisted of improving EB and PA offer-
ings in high schools; the ‘educational’ strategy consisted of nutri-
tional lessons and working groups and the ‘screening and care’
strategy consisted of detecting overweight or obesity and eating
disorders among adolescents and proposing, if necessary, an
adapted caremanagement programme of seven educational ses-
sions. Every academic year, an information letter was given to
parents by high schools. If parents did not want data about their
children to be collected, they could inform high schools through
a letter in which they indicated their refusal. Adolescents were
also given written and oral information and had the right not
to participate. The main result was that of the three strategies
implemented in the trial, the screening and care strategy may

be an effective way to prevent and reduce overweight and
obesity among adolescents and was not the focus of the present
study(24). The PRALIMAP trial was approved by the French con-
sultative committee for treatment of information in health
research (no. 06.376), the French data protection authority
(no. 906312) and is registered at ClinicalTrials.gov
(NCT00814554). Totally, 5354 adolescents were included in
the PRALIMAP trial.

Study sample

This study was a secondary analysis of data from the PRALIMAP
trial. From the initial PRALIMAP sample (n 5354), adolescents
without complete data on EB, PA and ST at T0 (baseline) and
T2 (2 years) were excluded. A total of 2390 had complete data
and constituted our study sample (online Supplementary
Fig. S1).

Measurements

Lifestyle behaviours: eating behaviour. EB was measured
with the specifically designed Boire Manger Bouger FFQ devel-
oped by the local school office of the Nancy-Metz academy(23,25).
This questionnaire measures the frequency of meals on a day
(breakfast, lunch, dinner, snacks) and their composition (fruits
and vegetables, dairy products, meats, eggs and fishes, starchy
foods, drinks, sugar products, salty and fatty foods) during the
past week. It allowsmeasuring the daily number of different food
groups’ portions ingested by the adolescents.

Lifestyle behaviours: physical activity and sedentary time.
PA and ST were measured using the short version of the
International Physical Activity Questionnaire. The International
Physical Activity Questionnaire is a valid and reliable question-
naire that assesses the frequency (d/week) and duration (min) of
sitting, walking, and moderate and vigorous PA during the pre-
vious 7 d(26).

Variables related to EB were dichotomised (low and high
intake) using French public health plan guidelines (PNNS
2006–2010)(27). Those guidelines were based on international
bodies recommendations and scientific expertise. High intake
referred to adolescents who nibbled, ate more than five fruits
and vegetables/d, ate starchy foods more than 3/d, ate sugar
products more than 4/d, ate dairy products more than 4/d and
ate salty and fatty foods more than 1/d. The duration of each
PA intensity (i.e. walking, moderate or vigorous) and ST were
dichotomised (low and high). High walking, moderate or vigo-
rous PA was considered adolescents practised at least 1-h/d of
walking, moderate or vigorous PA. High ST referred to adoles-
cents spent more than two consecutive hours in a sitting position
per d.

Associated factors. Sociodemographic characteristics were age
at entry in grade 10, sex, area of residence, type of high school
and socio-economic status (SES). SESwasmeasured by using the
student social position index (Indice de Position Sociale des
Elèves (IPSE)). IPSE summarises the student’s family character-
istics (parents’ diploma, income, cultural practices, housing
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conditions, etc.) and was designed by the French Ministry of
Education. IPSE is derived from both parents’ occupation, and
each student is assigned an IPSE ranging from 40 (low SES) to
179 (high SES)(28). Then, the IPSE was re-scaled from 1 to 10
and classified in five SES categories (1–2: highly less advantaged,
3–4: less advantaged, 5–6: intermediate, 7–8: advantaged and 9–
10: highly advantaged)(29).

Weight status was defined as prevalence of overweight or
obesity according to the International Obesity Taskforce
(IOTF) age- and sex-specifıc cut-off values (yes/no)(30).

Intervention strategies were screening and care, educational
and environmental strategies.

Statistical analyses

Descriptive analyses. Study sample and non-completers were
compared by Student’s t test for continuous variables and the χ2

test for categorical variables. Quantitative variables are
expressed as mean values and standard deviations and qualita-
tive variables as numbers and percentages.

Identification of lifestyle behaviour profiles at T0 and their
changes from T0 to T2. Lifestyle behaviour profiles at T0 and
their changes from T0 to T2 were identified by using latent tran-
sition analysis. Latent transition analysis allows for identifying
homogeneous unobserved subgroups (latent status) in a hetero-
geneous population and their changes(31) by using an incremen-
tal number of latent status process. The optimal number of latent
status selection is based on maximisation of statistical and parsi-
mony criteria (Akaike information criteria and Bayesian informa-
tion criteria), and interpretability of latent statuses. This model
determines latent status membership probabilities at T0 and
T2; transition probability between two latent statuses at T0
and T2 and item-response probabilities conditional to latent sta-
tus membership at T0 and T2. Lifestyle behaviour profiles
changes were classified into three groups according to EB, PA
and ST changes: ‘unfavourable’, ‘favourable’ and ‘mixed’.

Measurement invariance is a condition to interpret latent tran-
sition analysis and aims to ensure that lifestyle behaviour profiles
have the samemeaning at T0 and T2 and that changes result from
lifestyle behaviour changes and not measurement variations
across time(31). Measurement invariance is tested by comparing
a model with item-response probability freely estimated across
time (T0 and T2) to a model in which these probabilities were
constrained to be equal across time by using a differenceG2 test.
The more parsimonious model (higher degrees of freedom,
lower Akaike information criteria and Bayesian information cri-
teria) should be opt for.

Identification of factors associated with lifestyle behaviour
profiles at T0 and their changes. Factors associated with life-
style behaviour profiles at T0 and their changes from T0 to T2
were identified using univariable (one factor) and multivariable
(all factors) multinomial logistic regression models. Factors con-
sisted of sex, age at entry in grade 10, SES, weight status and
PRALIMAP intervention strategies. OR and 95 % CI were
estimated.

Data were analysed by using SAS 9.4 (SAS Institute). Two-
sided P< 0·05 was considered statistically significant.

Results

Sample characteristics

As compared with non-completers, study sample hadmore girls,
classical or advanced placement at school (≤15 years old in
grade 10) and socially advantaged SES (Table 1). Adolescents
in the study sample had higher intake of fruits and vegetables,
starchy food, dairy products and lower intake of salty and fatty
foods and exhibited less nibbling than non-completers (Table 2).

Identification of lifestyle behaviour profiles at T0 and
their changes from T0 to T2

On the basis of statistical and interpretability criteria, a model
with five latent statuses was fitted (online Supplementary
Table S1). The five lifestyle behaviour profiles did not differ
on ST and were as follows (online Supplementary Fig. S2):

• Profile 1, ‘Healthy diet and high PA (n 188, 7·9 %)’: adoles-
cents of this profile had a high probability of fruits and
vegetables intake (24·3 %), low probability of sugar products
(32·1 %) and fatty and salty foods (6·9 %) intakes and the
lowest nibbling probability (35·2 %). They were also charac-
terised by a high level of vigorous (83·6 %) and moderate
(25·9 %) PA.

• Profile 2, ‘Big eater andmoderate to high PA (n 570, 23·8%)’:
adolescents in this profile had the highest intake probabilities
of all food groups: fruits and vegetables (26·4 %), starchy
foods (95·9 %), dairy products (94·5 %), sugar products
(97·7 %), fatty and salty products (49·6 %) and high nibbling
probability (88·1 %). Adolescents in this profile manifested
moderate to vigorous PA.

• Profile 3, ‘Healthy diet and low PA (n 745, 31·2%)’: charac-
terised by low probability of sugar products (35·9 %), fatty and
salty foods (7·7 %) intakes and nibbling (45·5 %). They had
also the lowest probabilities of vigorous (0·02 %) and moder-
ate (3·7 %) PA.

• Profile 4, ‘Restrictive diet and moderate PA (n 493, 20·6%)’:
the profile of lowest probabilities of fruits and vegetables
(1·8 %), starchy foods (31·2 %), dairy products (19·9 %), fatty
and salty foods (0·6 %) intakes associated with moderate PA.

• Profile 5, ‘Sugar products, nibbling and moderate PA (n 394,
16·5 %)’: adolescents were sugar products consumers
(90·4 %), nibblers (94·1 %) with moderate PA.

The online Supplementary Table S2 showed that the model with
measurement invariance was preferable because more parsimo-
nious than the one with measurement variance signifying life-
style behaviour profiles had the same meaning at T0 and T2,
and allowing the interpretation of lifestyle behaviour profiles
changes from T0 to T2.

At both times, profile 3 was the greatest with 31·2 % of ado-
lescents at T0 and 31·3 % at T2 (Table 3 and Fig. 1). In contrast,
profile 1 was the smallest with 7·9 % at T0 and 10·8 % at T2.
Overall, adolescents remained mostly in the same profile from
T0 to T2 (range: 61–78·8 %). Adolescents did not change from
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profile 5 to profile 1 and very few from profile 1 to profile 5
(1·4 %). Larger changes were observed from profile 4 to profiles
2 (14·5 %) and 3 (12·2 %), from profile 5 to profile 4 (16·3 %) and
from profile 2 to profile 3 (13·6 %). Changes were as follows:
‘Mixed’ (n 905, 37·87 %), ‘Favourable’ (n 671, 28·07 %) and
‘Unfavourable’ (n 814, 34·06 %).

Identification of lifestyle behaviour profiles and changes
associated factors

Table 4 provides factors associated with lifestyle behaviour pro-
files at T0. As compared with profile 3:

• Boys were more likely to be in profile 1 or 2 than girls;
• Old adolescents were about two times more likely to be in

profiles 5, 2 or 4 than young adolescents;

• The likelihood of being in other profiles increased with
decreasing SES, especially for profiles 2, 4 and 5 and

• Overweight or obese adolescents were half as profile 2 or 5
than normal-weight ones.

Results in Table 5 show that as compared with girls, for boys,
odds were higher for ‘favourable’ and most importantly ‘unfav-
ourable’ changes (OR 1·85; 95 % CI 1·5, 2·3) than ‘mixed’
changes. Similar results were observed among older than youn-
ger adolescents (OR 1·77; 95 %CI 1·4, 2·2) and among highly less
advantaged adolescents than highly advantaged ones (OR 2·35;
95 % CI 1·5, 3·6). Adolescents with overweight or obesity were
less likely to exhibit ‘unfavourable’ than ‘mixed’ changes (OR
0·46; 95 % CI 0·3, 0·6). There was no evidence of associations
between the three health promotion strategies and lifestyle
behaviour profiles changes.

Table 1. Comparison of baseline characteristics between the study sample and non-completers
(Numbers and percentages; mean values and standard deviations)

Characteristics

Study sample* (n 2390) Non-completers† (n 1095)

P‡n % n %

Sociodemographic characteristics
Age (years) <0·001

Mean 15·16 15·29
SD 0·63 0·66

Age at entering in grade 10 <0·001
Late placement at school 601 25·15 388 35·43
Classic or advanced placement at school 1789 74·85 707 64·57

Sex <0·001
Boys 1038 43·43 565 51·60
Girls 1352 56·57 530 48·40

Family income 0·001
High 1448 61·72 593 55·84
Low or average 898 38·28 469 44·16
Missing 44 33

Socio-economic status (IPSE classes) 0·002
Highly less advantaged 332 13·89 196 17·90
Less advantaged 616 25·77 303 27·67
Intermediate 736 30·79 329 30·05
Advantaged 500 20·92 196 17·90
Highly advantaged 206 8·62 71 6·48

Type of high school 0·14
General and technological 2079 86·99 972 88·77
Vocational 311 13·01 123 11·23

Residence 0·06
Urban 1150 49·23 564 52·66
Rural 1186 50·77 507 47·34
Missing 54 24

Weight status 0·42
Overweigh/obese 431 18·22 207 19·38
Normal 1934 81·78 861 80·62
Missing 25 27

Intervention strategies
Screening and care strategy 0·005

Yes 1142 47·78 579 52·88
No 1248 52·22 516 47·12

Educational strategy 0·26
Yes 1330 55·65 587 53·61
No 1060 44·35 508 46·39

Environmental strategy 0·93
Yes 1180 49·37 539 49·22
No 1210 50·63 556 50·78

IPSE, Indice de Position Sociale des Elève; IPAQ, International Physical Activity Questionnaire; BMB, Questionnaire Boire Manger Bouger.
* Adolescents with complete data on BMB and IPAQ at T0 (baseline) and complete BMB and IPAQ at T2 (2 years).
† Adolescents with complete data on BMB and IPAQ at T0 and no data on BMB and IPAQ at T2.
‡ P value of χ2 test (for categorical variables) and Student’s t test (for continuous variables) comparing characteristics of study sample and non-completers.
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Univariable results of factors associated with lifestyle behav-
iour profiles and their changes are presented in online
Supplementary Tables S3 and S4.

Discussion

This 2-year prospective study highlighted five lifestyle behaviour
profiles among school-age adolescents in France. Profile 1 (with
some characteristics indicative of a healthy profile: healthy diet
and high PA) was half as sizable as profile 5 (with some charac-
teristics indicative of an unhealthy profile) and reported in pre-
vious studies(3,16). The review of Elders et al. showed that more
active individuals are motivated to eat healthier than are less
active individuals, confirming interdependence between EB
and PA(32). Profile 2 was characterised by favourable EB and
unfavourable PA, and the opposite for profile 3. These profiles
are reported elsewhere(18) and could be explained by the fact
that some people try to compensate, consciously or uncon-
sciously via the complex neurological pathway of energy
homoeostasis, an unfavourable behaviour by showing favour-
able habits for another dimension(33).

The lifestyle behaviour profiles we identified differed mainly
in terms of EB, PA in a lesser extent, but not ST and highlighted
the importance of CA in public health intervention among ado-
lescents. The absence of ST differences between profiles may be
due to the fact that sitting time duringweekdays consistedmainly

Table 2. Comparison of baseline lifestyle behaviours between the study sample and non-completers
(Numbers and percentages)

Lifestyle behaviours

Study sample* (n 2390) Non-completers† (n 1095)

P‡n % n %

Eating behaviours
Fruits and vegetables intake <0·001

Low 2032 85·02 983 89·77
High 358 14·98 112 10·23

Starchy foods intake <0·001
Low 551 23·05 347 31·69
High 1889 76·95 748 68·31

Dairy products intake <0·001
Low 956 40·0 504 46·03
High 1434 60·0 591 53·97

Sugar products intake 0·11
Low 1088 45·52 467 42·65
High 1302 54·48 628 57·35

Salty and fatty foods intake 0·02
Low 1948 81·51 857 78·26
High 442 18·49 238 21·74

Nibbling <0·001
Low 830 34·73 268 24·47
High 1560 65·27 827 75·53

Physical activity
Vigorous physical activity 0·26

Low 1868 78·16 837 76·44
High 522 21·84 258 23·56

Moderate physical activity 0·55
Low 2144 89·71 975 89·04
High 246 10·29 120 10·96

Walking 0·04
Low 2255 94·35 1014 92·6
High 135 5·65 81 7·4

Sedentary time 0·45
Low 1244 52·05 585 53·42
High 1146 47·95 510 46·58

IPAQ, International Physical Activity Questionnaire; BMB, Questionnaire Boire Manger Bouger.
* Adolescents with complete data on BMB and IPAQ at T0 (baseline) and complete BMB and IPAQ at T2 (2 years).
† Adolescents with complete data on BMB and IPAQ at T0 and no data on BMB and IPAQ at T2.
‡ P value of χ2 test comparing eating behaviours, physical activity and sedentary behaviours of study sample and non-completers.

Table 3. Prevalence of lifestyle behaviour profiles and their changes from
T0 (baseline) to T2 (2 years)
(Percentages)

Profile 1 Profile 2 Profile 3 Profile 4 Profile 5

Prevalence (%) of statuses at:
T0 7·9 23·8 31·2 20·6 16·5
T2 10·8 23·7 31·3 19·2 14·9

Transition probabilities (%) (rows for T0, columns for T2)
Profile 1 78·1* 7·8 6·9 5·8 1·4
Profile 2 5·1 70·8* 13·6 5·2 5·3
Profile 3 7·7 6·2 78·8* 6·7 0·6
Profile 4 5·0 14·5 12·2 61·0* 7·3
Profile 5 0·0 4·5 3·3 16·3 75·9*

T0, entering in grade 10; T1, entering in grade 12; Profile 1, ‘Healthy diet and high PA’;
Profile 2, ‘Big eater and moderate to high PA’; Profile 3, ‘Healthy diet and low PA’;
Profile 4, ‘Restrictive diet and moderate PA’, Profile 5, ‘Sugar products, nibbling
and moderate PA’.
* Transition probabilities correspond to memberships in the same lifestyle behaviour
profiles at both times.
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of coerced behaviour among school-age adolescents (i.e. sitting
at school). Thus, ST could be homogeneous among adolescents.
European and Brazilian studies showed discrepant results by
identifying profiles with different ST levels(18,34). The distinction
of ST during weekdays and weekend days in those studies (only
weekdays ST in our study) and country differences could explain
the discrepancy.

Lifestyle behaviour profiles differed by sex, weight status, age
and SES. First, girls were more ‘healthy diet and low PA’ than
‘healthy diet and high PA’ or ‘big eater and moderate to high
PA’, meaning that they had a more balanced diet but lower
PA level than boys. This agrees with the literature(14,18). The
French Esteban study reported that as compared with boys, ado-
lescent girls were more physically inactive, with a downward
trend in PA with age mainly affecting girls(14). In the HELENA
study, boys were highly represented in the cluster with high lev-
els of moderate to vigorous PA and low-quality diet, whereas
clusters with low levels of moderate to vigorous PA and high-
quality diet contained more girls(18). Second, adolescents with
overweight or obesity were more represented in profiles charac-
terised by healthy diet and low PA (profile 1) than in those char-
acterised by unhealthy diet and/or moderate/high PA (profiles 2
and 5). It could suggest that (1) adolescents spontaneously

changed their EB before the intervention (i.e. reverse causality)
and were actively trying to lose weight by adopting a healthy
diet(10) and (2) adolescents with overweight or obesity underre-
ported their food intake (information bias), specifically sugar
products and nibbling, and possibly reported their lifestyle
behaviours according to what is socially desired to avoid stigma-
tisation. Third, young adolescents presumed healthier diet, than
older ones which agrees with most studies in which profiles
characterised by unhealthy dietary patterns seemed to consis-
tently feature predominantly older adolescents(10). Finally, hav-
ing a ‘healthy diet and low PA’ v. another profile increased with
SES and suggests expected healthier EB but unexpected lower
PA with increasing SES(18,35). Ottevaere et al. reported that ado-
lescents with higher-educated parents were more likely to be in
healthy profile and healthy eating, low PA and low ST profile
than other adolescents. The authors considered that SES is rather
an indicator of affluence rather than knowledge and cognitive
performance, which is correlated more with lifestyle
behaviours(10,18).

The sizes of lifestyle behaviour profiles were similar at the
beginning and the end of intervention, and adolescents
remained mostly in the same lifestyle behaviour profile during
the intervention (61–78·8 %), possibly due to no environment

Fig. 1. Changes between lifestyle behaviour profiles from T0 (baseline) to T2 (2 years). PA, physical activity.
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Table 4. Factors associated with lifestyle behaviour profiles at T0 (baseline): multivariable analyses†
(Odds ratios and 95 % confidence intervals)

Profile 1 Profile 2 Profile 3 Profile 4 Profile 5

Healthy diet and high PA
Big eater and moderate to high

PA
Healthy diet
and low PA

Restrictive diet and moderate
PA

Sugar products, nibbling and
moderate PA

n 188 OR 95% CI n 570 OR 95% CI n 745 Ref. n 493 OR 95% CI n 314 OR 95% CI

Sex
Girls 66 Ref. Ref. 267 Ref. Ref. 484 . 302 Ref. Ref. 233 Ref. Ref.
Boys 122 3·52* 2·5, 4·9 303 2·13* 1·7, 2·7 261 . 191 1·15 0·9, 1·5 161 1·32 1·0, 1·7

Age at entering in grade 10
Classic or advanced 147 Ref. Ref. 398 Ref. Ref. 633 . 348 Ref. Ref. 263 Ref. Ref.
Late placement 41 1·29 0·8, 2·0 172 2·09* 1·6, 2·8 112 . 145 1·96* 1·5, 2·6 131 2·44* 1·8, 3·3

Socio-economic status
Highly advantaged 16 Ref. Ref. 39 Ref. Ref. 89 . 38 Ref. Ref. 24 Ref. Ref.
Advantaged 43 1·39 0·7, 2·6 119 1·60* 1·0, 2·5 175 . 95 1·22 0·8, 1·9 68 1·48 0·9, 2·5
Intermediate 55 1·25 0·7, 2·3 177 1·56* 1·0, 2·4 254 . 132 1·13 0·7, 1·8 118 1·71* 1·0, 2·8
Less advantaged 47 1·74 0·9, 3·3 145 1·98* 1·3, 3·1 160 . 136 1·77* 1·1, 2·8 128 2·67* 1·6, 4·5
Highly less advantaged 27 2·31* 1·1, 4·8 90 2·87* 1·7, 4·8 67 . 92 2·68* 1·6, 4·5 56 2·85* 1·6, 5·1
Test for linear trend‡ 1·19* 1·0, 1·4 1·23* 1·1, 1·4 . 1·28* 1·1, 1·4 1·30* 1·2, 1·4

Overweight/obesity
No 145 Ref. Ref. 487 Ref. Ref. 596 . 366 Ref. Ref. 340 Ref. Ref.
Yes 40 0·91 0·6, 1·4 75 0·50* 0·4, 0·7 147 . 118 1·14 0·8, 1·5 51 0·51* 0·4, 0·7

Intervention strategies
Educational strategy

No 79 Ref. Ref. 242 Ref. Ref. 315 . 233 Ref. Ref. 191 Ref. Ref.
Yes 109 0·94 0·7, 1·3 328 0·99 0·8, 1·2 430 . 260 0·83 0·6, 1·0 203 0·81 0·6, 1·0

Environmental strategy
No 99 Ref. Ref. 284 Ref. Ref. 381 . 245 Ref. Ref. 201 Ref. Ref.
Yes 89 0·92 0·7, 1·3 286 1·03 0·8, 1·3 364 . 248 1·06 0·8, 1·3 193 0·98 0·8, 1·3

Screening and care strategy
No 94 Ref. Ref. 312 Ref. Ref. 385 . 257 Ref. Ref. 200 Ref. Ref.
Yes 94 1·17 0·8, 1·6 258 0·95 0·8, 1·2 360 . 236 1·12 0·9, 1·4 194 1·16 0·9, 1·5

PA, physical activity; Ref., reference.
* P< 0·05.
† For all analyses, inactive group was the reference group.
‡ Socio-economic status (Indice de Position Sociale des Elèves classes) used as a discrete variable.
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Table 5. Factors associated with lifestyle behaviour profiles changes using multinomial logistic regression model: multivariable analyses
(Odds ratios and 95 % confidence intervals)

Favourable changes† Mixed changes‡ Unfavourable changes§

n 671 OR 95% CI n 905 Ref. n 814 OR 95% CI

Sex
Girls 370 Ref. Ref. 577 . 405 Ref. Ref.
Boys 301 1·44* 1·2, 1·8 328 . 409 1·85* 1·5, 2·3

Age at entering in grade 10
Classic or advanced 498 Ref. Ref. 737 . 554 Ref. Ref.
Late placement 173 1·32* 1·0, 1·7 168 . 260 1·77* 1·4, 2·2

Socio-economic status
Highly advantaged 56 Ref. Ref. 93 . 57 Ref. Ref.
Advantaged 132 1·02 0·7, 1·5 212 . 156 1·24 0·8, 1·8
Intermediate 202 1·10 0·7, 1·6 297 . 237 1·31 0·9, 1·9
Less advantaged 182 1·41 0·9, 2·1 206 . 228 1·76* 1·2, 2·6
Highly less advantaged 99 1·59* 1·0, 2·5 97 . 136 2·35* 1·5, 3·6
Test for linear trend|| 1·14* 1·0, 1·2 . 1·23* 1·1, 1·3

Overweight/obesity
No 506 Ref. Ref. 721 . 707 Ref. Ref.
Yes 157 1·13 0·9, 1·4 179 . 95 0·46* 0·3, 0·6

Intervention strategies
Educational strategy

No 308 Ref. Ref. 379 . 373 Ref. Ref.
Yes 363 0·85 0·7, 1·0 526 . 441 0·85 0·7, 1·0

Environmental strategy
No 351 Ref. Ref. 456 . 403 Ref. Ref.

Yes 320 0·93 0·8, 1·1 449 . 411 1·02 0·8, 1·2
Screening and care strategy

No 358 Ref. Ref. 468 . 422 Ref. Ref.
Yes 313 1·03 0·8, 1·3 437 . 392 1·08 0·9, 1·3

Ref., reference; EB eating behaviour; PA, physical activity.
* P< 0·05.
† Adolescents with improvement in EB and PA, or improvement in PA and no change in EB, or reciprocally from T0 to T2.
‡ Adolescents with improvement in EB and deterioration in PA from T0 to T2, or reciprocally.
§ Adolescents with deterioration in EB and PA, or deterioration in PA and no change in EB, or reciprocally from T0 to T2.
|| Socio-economic status (Indice de Position Sociale des Elèves classes) used as a discrete variable.
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(i.e. school) change, and were consistent with results of the
Esteban study not showing a significant change in food con-
sumption and PA among adolescents(14). However, a notable
proportion of adolescents moved between lifestyle behaviour
profiles, few of which concerned changed towards profile 1. It
suggests adolescents continued to carry health favourable and
unfavourable lifestyle behaviours, which is expected for this
population. Larger ‘unfavourable’ changes among boys, older
and less advantaged adolescents are in line with the literature.
First, Béghin et al. showed a significant decrease in PA among
adolescent boys with no difference among girls(36). Askovic
et al.(37) reported that sex differences in EB intensified from early
to late adolescence. These sex differences are explained by sex-
specific energetic demands and culture typical beauty ideals(37).
Second, in their meta-analysis, Winpenny et al. evidenced a
decrease in PA and diet quality from late adolescence to early
adulthood, suggesting that higher ‘unfavourable’ changes
among older than younger adolescents could reflect an increase
in freedom and obesogenic behaviours(38). Third, on one hand, a
recent systematic review evidenced a higher probability of low
SES adolescents to follow an inactive rather active trajectory(39),
and on the other hand, Winpenny et al. showed a positive asso-
ciation between leaving education and sugar-sweetened bever-
ages intake(40). This could be embedded in a life-course
approach, in which low SES adolescents accumulate barriers
to healthy behaviours such as EB and PA and translate into its
deterioration through life. Moreover, higher ‘unfavourable’
changes among low than high SES adolescents could ultimately
increase existing social inequalities in EB and PA(41). Finally, our
hypotheses of reverse causality and information bias are sup-
ported by the fact that adolescents with overweight or obesity
exhibit less unfavourable changes.

There was no evidence of associations between the three
PRALIMAP health promotion strategies and lifestyle behaviour
changes. This result does not mean that PRALIMAP strategies
were ineffective to change lifestyle behaviours (absence of evi-
dence is not evidence of absence). Indeed, the high number of
lifestyle behaviour profile changes (n 25, Table 3) and the low
number of adolescents in most of these changes did not allow
for showing significant PRALIMAP strategies effects (lack of
power). That is why profile changes were clustered as ‘favour-
able’, ‘unfavourable’ and ‘mixed’ but their high heterogeneity
made clustering difficult and could explain our results. In addi-
tion, there was a tendency of adolescents with overweight or
obesity who benefited from the screening and care strategy
to exhibit more favourable lifestyle behaviour changes than
those who did not benefit from it (data not shown). This ten-
dency was less clear among adolescents without overweight
or obesity and could suggest that the screening and care strat-
egy effect was attenuated in our results. It would have been
interesting to investigate this hypothesis, but the small numbers
of most lifestyle behaviour changes did not allow it (lack
of power).

This study has some limitations. First, EB, PA and ST were
measured by self-reporting questionnaires, which can imply
social desirability bias or memory bias. Nonetheless, question-
naires are frequently used to assess lifestyle behaviours, and

the International Physical Activity Questionnaire is reliable
and valid(26). Moreover, the Boire Manger Bouger questionnaire
is a FFQ designed by a school office and is composed of items
similar to the existing validated questionnaires(42,43). Second, to
be more illustrative of sedentary behaviour, it would be interest-
ing to investigate ST contexts (e.g. television viewing, playing
with computer or console games, uses of the Internet for non-
study reasons and use of Internet for study, and studying/home-
work) but such data were not assessed in the present study.
Third, there was a high number of non-completers, but the study
sample size remained substantial. In addition, characteristics of
non-completers were less favourable than adolescents of the
study sample and could induce a selection bias that must be kept
in mind before generalising results.

Despite these limitations, our study has several strengths
including the latent transition analysis method which compared
with cluster analysis uses greater reliable statistical criteria to
identify lifestyle behaviour profiles(44). The large sample (2390
participants) of the present study and its longitudinal design that
allowed exploring lifestyle behaviour changes over time are
additional strengths.

Conclusion

This study identified five lifestyle behaviour profiles relatively
stable over 2 years, with about two times more adolescents in
the least than in themost favourable one. Profiles differedmainly
in terms of EB, PA in a lesser extent but not ST, highlighting the
EB importance during adolescence. Associations of adolescents’
sociodemographic and weight characteristics with lifestyle
behaviour profiles and their changes suggest a consideration
of those characteristics in interventions aimed at acting on ado-
lescents’ behaviours.

Acknowledgements

In the name of the PRALIMAP trial group, the authors thank all
thosewho, through their various roles, led to the implementation
of this project. The PRALIMAP Trial Group: N. Agrinier, N. Angel,
R. Ancellin, E. Aptel, F. Bailly, L. Barthelemy, D. Bezaz, E.
Bonsergent, S. Briançon, J. F. Collin, R. De Lavenne, E. Dietz,
P. Enrietto, E. Favre, M. Gentieu, E. Gouault, M. Helfenstein,
S. Hercberg, F. Kurtz, J. Langlois, P. Laure, E. Lecomte, K.
Legrand, E. Lecomte, J. Lighezzolo, P. Marx, A. Y. Omorou, A.
Osbery, M. O. Piquee, P. Renaudin, G. Robert, A. Schichtel, S.
Tessier, A. Vuillemin, E. Villemin and M. Wuillaume.

This research did not receive any specific funding from
agencies/institutions in the public, commercial or not-for-profit
sectors.

M. D. contributed to designing the study, carrying out the
study, analysing the data, interpreting the findings and writing
the article. F. M. and A. Y. O. contributed to formulating the
research question, designing the study, interpreting the findings
and writing the article. J. L., K. L., E. L. and S. B. contributed to
interpreting the findings and proofreading the article.

The authors declare that there are no conflicts of interest.

Lifestyle behaviour changes in adolescence 629

https://doi.org/10.1017/S0007114520004316  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114520004316


Supplementary material

For supplementarymaterials referred to in this article, please visit
https://doi.org/10.1017/S0007114520004316

References

1. Hayes G, Dowd KP, MacDonncha C, et al. (2019) Tracking of
physical activity and sedentary behavior from adolescence to
young adulthood: a systematic literature review. J Adolesc
Health 65, 446–454.

2. Movassagh E, Baxter-Jones A, Kontulainen S, et al. (2017)
Tracking dietary patterns over 20 years from childhood through
adolescence into young adulthood: the Saskatchewan Pediatric
Bone Mineral Accrual Study. Nutrients 9, 990.

3. Manz K, Mensink GBM, Finger JD, et al. (2019) Associations
between physical activity and food intake among children
and adolescents: results of KiGGS Wave 2. Nutrients
11, 1060.

4. Stok FM, Renner B, Allan J, et al. (2018) Dietary behavior: an
interdisciplinary conceptual analysis and taxonomy. Front
Psychol 9, 1689.

5. Cunha CM, Costa PRF, de Oliveira LPM, et al. (2018) Dietary
patterns and cardiometabolic risk factors among adolescents:
systematic review and meta-analysis. Br J Nutr 119, 859–879.

6. Poitras VJ, Gray CE, Borghese MM, et al. (2016) Systematic
review of the relationships between objectively measured
physical activity and health indicators in school-aged children
and youth. Appl Physiol Nutr Metab Physiol Appl Nutr Metab
41, S197–239.

7. Janssen I & Leblanc AG (2010) Systematic review of the health
benefits of physical activity and fitness in school-aged children
and youth. Int J Behav Nutr Phys Act 7, 40.

8. Carson V, Hunter S, Kuzik N, et al. (2016) Systematic review of
sedentary behaviour and health indicators in school-aged chil-
dren and youth: an update. Appl Physiol Nutr Metab Physiol
Appl Nutr Metab 41, S240–S265.

9. Piggin J (2020) What is physical activity? A holistic definition for
teachers, researchers and policymakers. Front Sports Act Living
2, 72.

10. Leech RM, McNaughton SA & Timperio A (2014) The clustering
of diet, physical activity and sedentary behavior in children and
adolescents: a review. Int J Behav Nutr Phys Act 11, 4.

11. Kim Y, Barreira TV & KangM (2016) Concurrent associations of
physical activity and screen-based sedentary behavior on
obesity among US adolescents: a latent class analysis. J
Epidemiol 26, 137–144.

12. Sawyer SM, Afifi RA, Bearinger LH, et al. (2012) Adolescence: a
foundation for future health. Lancet Lond Engl379, 1630–1640.

13. Al-Hazzaa HM, Abahussain NA, Al-Sobayel HI, et al. (2011)
Physical activity, sedentary behaviors and dietary habits among
Saudi adolescents relative to age, gender and region. Int J
Behav Nutr Phys Act 8, 140.

14. Équipe de surveillance et d’épidémiologie nutritionnelle (Esen)
(2017) Étude de santé sur l’environnement, la biosurveillance,
l’activité physique et la nutrition (Esteban) 2014–2016. Chapitre
Activité physique et sédentarité. https://www.santepublique
france.fr/determinants-de-sante/nutrition-et-activite-physique/
documents/rapport-synthese/etude-de-sante-sur-l-environnement-
la-biosurveillance-l-activite-physique-et-la-nutrition-esteban-
2014-2016-.-chapitre-activite-physique-et-sede.

15. Gillis L, Tomkinson G, Olds T, et al. (2013) Research priorities
for child and adolescent physical activity and sedentary

behaviours: an international perspective using a twin-panel
Delphi procedure. Int J Behav Nutr Phys Act 10, 112.

16. Parker KE, Salmon J, Costigan SA, et al. (2019) Activity-related
behavior typologies in youth: a systematic review. Int J Behav
Nutr Phys Act 16, 44.

17. Pérez-Rodrigo C, Gil Á, González-Gross M, et al. (2015)
Clustering of dietary patterns, lifestyles, and overweight among
Spanish children and adolescents in the ANIBES study.
Nutrients 8, 11.

18. Ottevaere C, Huybrechts I, Benser J, et al. (2011) Clustering pat-
terns of physical activity, sedentary and dietary behavior
among European adolescents: the HELENA study. BMC
Public Health 11, 328.

19. Hanson SK, Munthali RJ, Micklesfield LK, et al. (2019)
Longitudinal patterns of physical activity, sedentary behavior
and sleep in urban South African adolescents, Birth-To-
Twenty Plus cohort. BMC Pediatr 19, 241.

20. Okely AD, Lubans DR, Morgan PJ, et al. (2017) Promoting
physical activity among adolescent girls: the Girls in Sport
group randomized trial. Int J Behav Nutr Phys Act 14, 81.

21. Jago R, Salway R, Lawlor D, et al. (2018) Profiles of children’s
physical activity and sedentary behaviour between age 6 and 9:
a latent profile and transition analysis. Int J Behav Nutr Phys Act
15, 103.

22. Leech RM, McNaughton SA & Timperio A (2015) Clustering of
diet, physical activity and sedentary behaviour among
Australian children: cross-sectional and longitudinal associa-
tions with overweight and obesity. Int J Obes 39, 1079–1085.

23. Briançon S, Bonsergent E, Agrinier N, et al. (2010) PRALIMAP:
study protocol for a high school-based, factorial cluster rando-
mised interventional trial of three overweight and obesity pre-
vention strategies. Trials 11, 119.

24. Bonsergent E, Agrinier N, Thilly N, et al. (2013) Overweight and
obesity prevention for adolescents: a cluster randomized con-
trolled trial in a school setting. Am J Prev Med 44, 30–39.

25. Pôle Académique de Soutien à l’Innovation – PASI Nancy-
Metz. http://www4.ac-nancy-metz.fr/pasi/spip.php?article656
(accessed August 2020).

26. Craig CL, Marshall AL, Sjöström M, et al. (2003) International
physical activity questionnaire: 12-country reliability and valid-
ity. Med Sci Sports Exerc 35, 1381–1395.

27. Deuxième Programme national nutrition santé – 2006–2010 –.
https://solidarites-sante.gouv.fr/IMG/pdf/plan.pdf (accessed
August 2020).

28. Rocher T (2016) Construction d’un indice de position sociale
des élève. Educ Form 90, 1–27.

29. Manneville F, Omorou AY, Legrand K, et al. (2019) Universal
school-based intervention does not reduce socioeconomic
inequalities in weight status among adolescents. Child Obes
Print 15, 532–540.

30. Cole TJ, Bellizzi MC, Flegal KM, et al. (2000) Establishing a stan-
dard definition for child overweight and obesity worldwide:
international survey. BMJ 320, 1240–1243.

31. Lanza ST, Bray BC & Collins LM (2012) An introduction to latent
class and latent transition analysis. In Handbook of Psychology,
2nd ed., pp. 691–716 [I Weiner, JA Schinka andWF Velicer, edi-
tors]. Hoboken, NJ: John Wiley & Sons, Inc.

32. Elder SJ & Roberts SB (2007) The effects of exercise on food
intake and body fatness: a summary of published studies.
Nutr Rev 65, 1–19.

33. Horvath TL, Diano S & Tschöp M (2004) Circuits cérébraux
régulant l’homéostasie énergétique. Neuroscientist 10, 235–246.

34. Matias TS, Silva KS, Silva JA, et al. (2018) Clustering of diet,
physical activity and sedentary behavior among Brazilian

630 M. Dakin et al.

https://doi.org/10.1017/S0007114520004316  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114520004316
https://www.santepubliquefrance.fr/determinants-de-sante/nutrition-et-activite-physique/documents/rapport-synthese/etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-esteban-2014-2016-.-chapitre-activite-physique-et-sede
https://www.santepubliquefrance.fr/determinants-de-sante/nutrition-et-activite-physique/documents/rapport-synthese/etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-esteban-2014-2016-.-chapitre-activite-physique-et-sede
https://www.santepubliquefrance.fr/determinants-de-sante/nutrition-et-activite-physique/documents/rapport-synthese/etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-esteban-2014-2016-.-chapitre-activite-physique-et-sede
https://www.santepubliquefrance.fr/determinants-de-sante/nutrition-et-activite-physique/documents/rapport-synthese/etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-esteban-2014-2016-.-chapitre-activite-physique-et-sede
https://www.santepubliquefrance.fr/determinants-de-sante/nutrition-et-activite-physique/documents/rapport-synthese/etude-de-sante-sur-l-environnement-la-biosurveillance-l-activite-physique-et-la-nutrition-esteban-2014-2016-.-chapitre-activite-physique-et-sede
http://www4.ac-nancy-metz.fr/pasi/spip.php?article656
https://solidarites-sante.gouv.fr/IMG/pdf/plan.pdf
https://doi.org/10.1017/S0007114520004316


adolescents in the national school – based health survey
(PeNSE 2015). BMC Public Health 18, 1283.

35. Stalsberg R & Pedersen AV (2010) Effects of socioeconomic
status on the physical activity in adolescents: a systematic
review of the evidence. Scand J Med Sci Sports 20,
368–383.

36. Béghin L, Vanhelst J, Drumez E, et al. (2019) Gender influences
physical activity changes during adolescence: the HELENA
study. Clin Nutr Edinb Scotl 38, 2900–2905.

37. Askovic B & Kirchengast S (2012) Gender differences in nutri-
tional behavior and weight status during early and late adoles-
cence. Anthropol Anz 69, 289–304.

38. Winpenny EM, Smith M, Penney T, et al. (2020) Changes in
physical activity, diet, and body weight across the education
and employment transitions of early adulthood: a systematic
review and meta-analysis. Obes Rev 21, e12962.

39. Lounassalo I, Salin K, Kankaanpää A, et al. (2019) Distinct tra-
jectories of physical activity and related factors during the life
course in the general population: a systematic review. BMC
Public Health 19, 271.

40. Winpenny EM, van Sluijs EMF,WhiteM, et al. (2018) Changes in
diet through adolescence and early adulthood: longitudinal tra-
jectories and association with key life transitions. Int
J Behav Nutr Phys Act 15, 86.

41. Elgar FJ, Pförtner T-K, Moor I, et al. (2015) Socioeconomic
inequalities in adolescent health 2002–2010: a time-series analy-
sis of 34 countries participating in the Health Behaviour in
School-aged Children study. Lancet Lond Engl 385, 2088–2095.

42. Vereecken CA, Covents M, Sichert-Hellert W, et al. (2008)
Development and evaluation of a self-administered computer-
ized 24-h dietary recall method for adolescents in Europe.
Int J Obes 32, S26–S34.

43. Kolodziejczyk JK, Merchant G & Norman GJ (2012) Reliability
and Validity of child/adolescent food frequency questionnaires
that assess foods and/or food groups: J Pediatr Gastroenterol
Nutr 55, 4–13.

44. Beets MW & Foley JT (2010) Comparison of 3 different analytic
approaches for determining risk-related active and sedentary
behavioral patterns in adolescents. J Phys Act Health 7,
381–392.

Lifestyle behaviour changes in adolescence 631

https://doi.org/10.1017/S0007114520004316  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114520004316

	Longitudinal patterns of lifestyle behaviours in adolescence: a latent transition analysis
	Methods
	The PRomotion de l'ALImentation et de l'Activité Physique trial
	Study sample
	Measurements
	Lifestyle behaviours: eating behaviour
	Lifestyle behaviours: physical activity and sedentary time
	Associated factors

	Statistical analyses
	Descriptive analyses
	Identification of lifestyle behaviour profiles at T0 and their changes from T0 to T2
	Identification of factors associated with lifestyle behaviour profiles at T0 and their changes


	Results
	Sample characteristics
	Identification of lifestyle behaviour profiles at T0 and their changes from T0 to T2
	Identification of lifestyle behaviour profiles and changes associated factors

	Discussion
	Conclusion

	Acknowledgements
	Supplementary material
	References


