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Abstract 26 

Recent work has demonstrated the collective impact of daily movement behaviours on mental 27 

health outcomes, however, positive aspects of mental health have received much less attention. 28 

The purpose of this study was to identify unique adolescent movement behaviour profiles and 29 

determine whether profile membership is associated with differences in mental wellbeing. This 30 

study used data from the baseline assessment of the ADAPT study. A total of 1166 Canadian 31 

adolescents enrolled in grade 11 classes (Mage = 15.91 ± 0.48; 54% female) self-reported their 32 

movement behaviours – moderate-to-vigorous physical activity (MVPA), recreational screen 33 

time (ST) and sleep – and completed three measures of mental wellbeing: flourishing, self-34 

esteem and resiliency. Latent profile analysis with distal outcomes comparisons were conducted. 35 

Four distinct profiles were identified: one healthy profile (high MVPA/low ST), two mixed 36 

behavioural profiles (low MVPA/low ST and high MVPA/high ST), and one profile considered 37 

to be the least healthy (low MVPA and high ST). Sleep patterns were similar across the profiles. 38 

The healthiest profile was consistently associated with better mental wellbeing, followed by the 39 

mixed behaviour profiles, and the least healthy profile had the poorest scores for mental 40 

wellbeing. These findings highlight the additive benefits of engaging in a full complement of 41 

healthy movement behaviours. Moving forward, behavioural interventionists should consider 42 

adopting an integrated approach to promoting mental wellbeing through targeting each of the 43 

movement behaviours concurrently.  44 

 45 

Keywords: latent profile analysis, mental health, physical activity, screen time, sleep  46 
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Introduction 47 

Movement behaviours represent a collection of modifiable lifestyle factors consisting of light 48 

physical activity, moderate-to-vigorous physical activity (MVPA), recreational screen time (ST) 49 

(or sedentary behaviours) and sleep. Only recently have countries begun adopting 24-hour 50 

movement behaviour guidelines as an integrative approach to healthy development among 51 

children and youth (Tremblay et al., 2016). Traditionally, there were discrete recommendations 52 

for MVPA, ST and sleep, which failed to recognize the co-dependence among these behaviours 53 

over the course of a day. This monumental shift has led many researchers to move beyond 54 

investigating independent links between each movement behaviour and health outcomes to 55 

instead examine their collective impact. 56 

Over a relatively short period, there has been an abundance of published studies 57 

demonstrating the beneficial effects of healthy combinations of movement behaviours on a 58 

variety of physical and mental health indicators (for reviews, see Chaput et al., 2017; Sampasa-59 

Kanyinga, Colman, et al., 2020; Saunders et al., 2016). Specifically in regards to adolescent 60 

mental health, healthier combinations of movement behaviours have been associated with 61 

positive social and emotional health as well as lower anxiety and depressive symptoms (Bang et 62 

al., 2020; Carson et al., 2016, 2017; Janssen et al., 2017; Knell et al., 2019; Patte et al., 2020; 63 

Pearson et al., 2019; Sampasa-Kanyinga, Chaput, et al., 2020; Zhu et al., 2019). The majority of 64 

these studies, however, have focused solely on mental health problems. Importantly, mental 65 

health is not simply the absence of adverse symptoms or problems – rather, it exists on a 66 

continuum and measures of mental wellbeing (or mental health assets) help capture the presence 67 

of positive attributes (Keyes, 2002). Although indicators of wellbeing such as prosocial 68 

behaviour and flourishing have received some attention (Faulkner et al., 2020; Janssen et al., 69 
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2017), there is still a paucity of research examining the relationship between collective 70 

movement behaviours and mental wellbeing.  71 

Mental wellbeing is especially important during the developmental stages of adolescence. 72 

For example, studies have shown self-esteem and flourishing are associated with a number of 73 

positive outcomes including academic achievement (Datu, 2018; Haney & Durlak, 1998; 74 

Reschly et al., 2008) and acting as a protective psychological resource against depression and 75 

anxiety (Doré et al., 2020; Henriksen et al., 2017; Keyes, 2006; Masselink et al., 2018; Orth et 76 

al., 2008) – the latter being particularly relevant given that the peak onset of mental health 77 

problems occurs in adolescence (Merikangas et al., 2010; Paus et al., 2008). Resiliency is 78 

another facet of mental wellbeing that has been linked with lower levels of depression and other 79 

mental health problems (Hjemdal et al., 2011; Skrove et al., 2013). It has been identified as a key 80 

coping mechanism for stress (Kwok et al., 2014) and/or shown to buffer the effects of stress on 81 

depression and anxiety (Anyan & Hjemdal, 2016). Late adolescence is a potentially stressful 82 

time due to the looming transition into emerging adulthood; a period marked by increased 83 

independence and role changes as many longstanding supports are no longer available 84 

(Blakemore, 2008). The potential to feel “overwhelmed by change”, while at the same time 85 

accelerated by increased independence, means adolescence is sometimes characterized as being 86 

“ridden by storm and stress” (Casey et al., 2010).   87 

The methods by which most studies have examined movement behaviours may also be 88 

limiting in our current understanding of their impact on mental health indicators (Bang et al., 89 

2020; Carson et al., 2017; Faulkner et al., 2020; Janssen et al., 2017; Knell et al., 2019; Patte et 90 

al., 2020; Pearson et al., 2019; Sampasa-Kanyinga, Chaput, et al., 2020; Zhu et al., 2019). 91 

Typically, these studies have classified individuals into groups based on adherence to each of the 92 
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movement behaviour recommendations. This approach fails to consider much of the variability 93 

in the data that may contribute to differences in indicators of mental health. This results in a 94 

substantial potential loss of information and can lead to misclassification problems and other 95 

methodological concerns. For example, it is reasonable to hypothesize that an individual 96 

engaging in 59 minutes of MVPA each day would experience greater benefits for their mental 97 

health than someone who does not engage in any MPVA; but these individuals are both 98 

classified as not achieving the recommended amount of 60 minutes of daily MVPA. Researchers 99 

have called for the use of more advanced analysis techniques to overcome such limitations 100 

(Chaput et al., 2017), although to date, very few studies have employed isotemporal substitution 101 

(Gilchrist et al., 2021), compositional data analysis techniques (Carson et al., 2016) or person-102 

centered approaches (Brown et al., 2021).  103 

Person-centered analyses (such as cluster and latent profile analyses) represent one approach 104 

that can address the shortcomings of previous studies in this area. Latent profile analysis is a 105 

technique that can use the full range of movement behaviour scores to identify mutually 106 

exclusive subgroups characterized by distinct movement behaviour patterns (Masyn, 2013). 107 

Auxiliary analysis techniques are also available for testing whether differences in mental health 108 

indicators exist between emergent profiles (Nylund-Gibson et al., 2019). But, to date, only one 109 

study has applied these methods to understand the relationship between movement behaviours 110 

and mental health during adolescence (Brown et al., 2021), and the study of Brown et al. 111 

examined depressive symptoms, thus, studies focused on indicators of mental wellbeing have yet 112 

to be undertaken.  113 
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Therefore, the purpose of the present study was twofold: (1) to identify unique movement 114 

behaviour profiles among a sample of Canadian adolescents, and (2) determine whether profile 115 

membership is associated with differences in mental wellbeing. 116 

Methods 117 

Study sample and data collection 118 

Data for the present study is from the baseline assessment from the ADAPT study (Kwan 119 

et al., 2020). The ADAPT study is a four-year prospective longitudinal study tracking a sample 120 

of Canadian adolescents as they transition out of high school and into emerging adulthood in 121 

order to gain an understanding of factors underlying changes in physical activity behaviour. All 122 

grade 11 students enrolled into one of the seven secondary schools across a large school board in 123 

Southern Ontario were invited to take part in the study. Participation in the study was voluntary, 124 

and informed consent was obtained online from each participant prior to data collection at each 125 

individual school in the Fall/Autumn term. Students willing to participate completed a 20-minute 126 

online survey during class time. Parental consent collected by paper or electronically was also a 127 

requirement for their data to be included in the study. More information about the recruitment 128 

strategy and study protocol can be found in the methods paper (Kwan et al., 2020). The protocol 129 

for the ADAPT study was approved by both the Institutional Research Ethics Board and the 130 

School Board Ethics Committee.  131 

Among the 2412 enrolled at one of the seven secondary schools within the school board, 132 

1585 agreed and provided consent to participate (66% response rate). Of the 1585 consenting 133 

students, 146 respondents (9%) withdrew their participation (i.e., completed >5% of the survey), 134 

while 186 respondents (12%) did not have parental consent for their participation. As a result, 135 

the final baseline sample in the current study included 1253 participants. Among the total 136 
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baseline cohort, 1166 participants (93%) had full data for the variables of interest used in our 137 

analyses and were included in this study. A total of 15 participants (1%) were missing movement 138 

behaviour data and 34 (3%) were missing data for at least one mental wellbeing variable. There 139 

was no missing data for age, 26 (2%) missing values for gender and 12 (1%) for parental 140 

education. Missing data was handled using listwise deletion.  141 

Measures 142 

Demographics. Participants completed a demographic questionnaire assessing their age, gender, 143 

ethnicity, and highest level of parental education. For analyses purposes, ethnicity was dummy 144 

coded into White (1) and other (0), and parental education was dummy coded into 145 

college/university graduate (1) and partial completion of post-secondary education or less (0). 146 

Parental education was used as an indicator of socioeconomic status. 147 

Movement Behaviours. As per the Canadian 24-Hour Movement Guidelines for Children and 148 

Youth (Tremblay et al., 2016), movement behaviours were operationalized as a latent construct 149 

consisting of MVPA, ST and sleep. Although a “healthy” 24 hours also includes several hours of 150 

light physical activity (despite no consensus on thresholds that should be met), we only focused 151 

on the three guideline-based components of the 24-hour cycle.   152 

Moderate-to-Vigorous Physical Activity. MVPA was measured using the International 153 

Physical Activity Questionnaire – Short Form (Booth, 2000; Craig et al., 2003). Participants 154 

responded to four items that assessed the frequency (days) and duration (hours and/or minutes on 155 

an average day) of their moderate and vigorous physical activity performed in bouts of greater 156 

than 10-minutes over the past seven days. Daily MVPA was calculated by multiplying frequency 157 

by duration for moderate and vigorous physical activity, respectively, and then summing these 158 

products and dividing by seven. The International Physical Activity Questionnaire – Short Form 159 
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has shown acceptable measurement properties when administered among adolescents (Guedes et 160 

al., 2005).   161 

Screen time. ST was assessed using a standard daily recall questionnaire that asked 162 

participants how much time (hours and/or minutes) on average they spent watching TV or using 163 

a computer, tablet or smartphone during their free time over the past seven days.  164 

Sleep. Participants responded to four items that assessed what time they typically went to 165 

sleep and woke up during weekdays and on the weekend over the past seven days. Responses 166 

were used to calculate the average number of hours participants slept on weekdays and 167 

weekends. Average daily sleep was then calculated by multiplying weekday sleep by five and 168 

weekend sleep by two, and then summing these products and dividing by seven.  169 

Flourishing. Flourishing was measured using the Flourishing Scale (Diener et al., 2010), which 170 

provides a summary measure of the respondent’s self-perceived success in important aspects of 171 

their life including relationships, purpose and optimism. This measure has demonstrated strong 172 

psychometric properties when administered to youth (Diener et al., 2010). Participants responded 173 

to eight items on a seven-point Likert scale ranging from 1 (Strongly Disagree) to 7 (Strongly 174 

Agree). Example items included: “I lead a purposeful and meaningful life”, “My social 175 

relationships are supportive and rewarding”, and “I am optimistic about my future”. All items 176 

were summed to provide a total score ranging from 8 to 56. Internal consistency (Cronbach’s α) 177 

for the eight items was 0.89. 178 

Self-Esteem. Self-esteem was measured using a modified version of the Rosenberg Self-Esteem 179 

Scale (Rosenberg, 1965). This measure has demonstrated strong psychometric properties when 180 

administered to adolescents (Rosenberg, 1965). Participants responded to five items on a four-181 

point scale ranging from 1 (Strongly Disagree) to 4 (Strongly Agree). Only the items associated 182 



MOVEMENT BEHAVIOURS & MENTAL WELLBEING                                                        9 

 

with positive feelings towards the self were included: “On the whole, I am satisfied with 183 

myself”, “I feel that I have a number of good qualities”, “I am able to do things as well as most 184 

other people”, “I feel that I’m a person of worth, at least on an equal plane with others”, and “I 185 

take a positive attitude towards myself”. All items were summed to provide an overall score 186 

ranging from 5 to 20. Internal consistency (Cronbach’s α) for the five items was 0.88. 187 

Resiliency. Resiliency was measured using two items from the Canadian Campus Wellbeing 188 

Survey (Faulkner et al., 2019). Participants responded to each item on a five-point scale ranging 189 

from 1 (Poor) to 5 (Excellent). The items followed the stem statement: “In general, how would 190 

you rate…”: (a) “your ability to handle unexpected and difficult problems (a family or 191 

performance crisis),” and (b) “your ability to handle day-to-day demands in your life (work, 192 

family responsibilities).” A mean scale score was computed. The inter-item correlation 193 

(Pearson’s r) for the two items was 0.72. 194 

Data Analysis 195 

The first part of the analysis involved estimating a series of latent models for the sample. 196 

Two to six profile solutions were specified using MVPA, ST and sleep as predictors. Latent 197 

profile analysis uses a set of predictor variables to fit a model that identifies an optimal number 198 

of mutually exclusive subgroups with minimal within-group variance and maximal between-199 

group variance (Masyn, 2013). Three quantitative model fit criteria were used to guide our 200 

decision regarding the number of profiles that best represented the data: Bayesian information 201 

criterion (Schwarz, 1978), adjusted Lo-Mendell-Rubin likelihood ratio test (Lo et al., 2001) and 202 

entropy values. Lower Bayesian information criterion values indicate better model fit. A 203 

significant p-value for the adjusted Lo-Mendell-Rubin likelihood ratio test indicates the n-profile 204 

model fit the data better than the model with n-1 profiles (Lo et al., 2001). Entropy values range 205 
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from 0 to 1 with higher values indicating greater precision of latent profile membership 206 

assignment. While there are no threshold values for entropy statistics, values greater than 0.6 207 

have been shown to be acceptable (Pastor et al., 2007).  208 

Once the final latent profile model was determined, we used the manual maximum-209 

likelihood three-step approach for distal outcomes to examine the association between the 210 

movement behaviour profiles and indices of mental wellbeing (Nylund-Gibson et al., 2019). 211 

Benjamini-Hochberg adjustments with a false discovery rate set at 10% were performed to 212 

control for multiple comparisons (Benjamini & Hochberg, 1995). Gender, ethnicity and 213 

socioeconomic status have been shown to influence adolescent movement behaviours (Moore et 214 

al., 2011; Pate et al., 2011; Sterdt et al., 2014), and were therefore included within the distal 215 

outcomes model as covariates. Beyond the primary aims of the study, covariates were also 216 

examined as predictors of group membership using latent multinomial logistic regression. The 217 

“healthiest” movement behaviour profile was set as the reference group. Mplus Version 8.5 was 218 

used to compute all analyses (Muthén & Muthén, 2017), which took into account the nested 219 

structure of the data (i.e., participants attending different schools). 220 

Results 221 

Data Inspection 222 

We observed a total of 36 extreme outliers (±2.5 SD) for sleep and 63 for ST. Outliers 223 

were replaced with the next highest or lowest value.  224 

Demographics 225 

Descriptive statistics for the sample demographic characteristics are presented in Table 1.  226 

Estimating the Number of Latent Profiles 227 
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Model fit criteria for two- to six-profile solutions are presented in Table 2. Results of the 228 

latent profile analysis suggested a four-profile model was the best fit for the data. Although the 229 

Bayesian Information Criteria for the five- and six profile model suggested a slightly better fit 230 

for the data than the four-profile model, the adjusted Lo-Mendell-Rubin likelihood ratio test 231 

indicated these models were not a significant improvement over the four-class model.  232 

Latent Profiles 233 

The mean values for each movement behaviour are presented by profile in Table 3. Our 234 

results demonstrated similar patterns of sleep behaviour across the profiles; thus, adolescents 235 

were classified into four profiles characterized based on differences in MVPA and ST patterns:  236 

Profile 1 (high MVPA/low ST) was the healthiest profile, consisting of 25.1% of the sample. 237 

These adolescents were defined by a high level of MVPA and low ST behaviour. 238 

Profile 2 (low MVPA/low ST) was the largest profile, containing 61.6% of the sample. 239 

Adolescents in this profile were defined by a consistent pattern of low MVPA and ST levels. 240 

Profile 3 (high MVPA/high ST) was the smallest profile, accounting for 6.5% of the sample. 241 

These adolescents were characterized by a consistent pattern of high MVPA and ST levels.  242 

Profile 4 (low MVPA/high ST) represented 6.8% of the sample. These adolescents were 243 

characterized by a low amount of MVPA and high level of ST.  244 

Variables Predicting Latent Profile Membership 245 

Odds ratios demonstrating the likelihood of profile membership based on covariates 246 

compared to the high MVPA/low ST profile (Profile 1) are presented in Table 4. Relative to the 247 

high MVPA/low ST group, participants in the low MVPA/low ST group (Profile 2) and low 248 

MVPA/high ST group (Profile 4) were more than twice as likely to be female. No differences in 249 

the profiles emerged on the basis of parental education or ethnicity. 250 
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Comparison of Distal Outcomes by Latent Profile 251 

The model-based profile means and mean differences between the profiles for 252 

flourishing, self-esteem and resiliency scores are presented in Table 5. These values were 253 

adjusted for gender, ethnicity and socioeconomic status. The results of our analysis estimating 254 

the effects of profile membership on mental wellbeing revealed the high MVPA/low ST profile 255 

was consistently associated with the most favourable scores for flourishing, self-esteem and 256 

resiliency. Specifically, findings revealed the high MVPA/low ST profile reported significantly 257 

greater flourishing, self-esteem and resiliency when compared to each of the other profiles (all 258 

p’s < 0.05). The low MVPA/low ST profile was associated with significantly higher flourishing 259 

scores compared to both high ST profiles and a significantly higher resiliency score than the low 260 

MPVA/high ST profile (all p’s < .05). Finally, resiliency scores for the high MVPA/high ST 261 

profile were significantly greater than those in both of the low MVPA profiles (all p’s < .05).  262 

Discussion 263 

The current study was the first to use a person-centered approach to identify distinct 264 

movement behaviour profiles during late adolescence and to examine its relationship to mental 265 

wellbeing. Overall, a model with four profiles emerged, with profile characterization differences 266 

based on reported MVPA and ST. Average sleep time among each of the distinct profiles were 267 

found to be similar. Importantly, those within the healthiest profile (high MVPA and low ST) 268 

were found to report the highest levels of mental wellbeing. Conversely, those classified within 269 

the least healthy profile (low MVPA and high ST) were found to have the poorest mental 270 

wellbeing.   271 

The results from our latent profile analysis identified four discrete classes: one healthy 272 

profile (high MVPA/low ST), two mixed behavioural profiles (low MVPA/low ST and high 273 
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MVPA/high ST), and one profile considered to be the least healthy (low MVPA and high ST). 274 

These profiles were consistent with those identified in a sample of over 6,000 adolescents in the 275 

United States (Brown et al., 2021). In fact, the distributions among the profiles were relatively 276 

similar across these studies in that the low MVPA/low ST and high MVPA/low ST were the 277 

largest and second largest profiles, respectively, whereas the profiles defined by high ST 278 

(regardless of MVPA) consisted of much smaller proportions of the samples. Similarities were 279 

also observed for predictors of profile membership; adolescents classified into the healthiest 280 

profile (high MVPA/low ST) were more likely to be male, whereas those in the unhealthiest 281 

profile (low MVPA/high ST) were more likely to be female. In the only other study to employ a 282 

person-centered approach, Carson et al. (2015) found three movement behaviour profiles among 283 

a sample of over 20,000 Canadian high school students: a healthy profile, a mixed profile and an 284 

unhealthy profile. It is worthwhile to note that their three-profile model did not identify a profile 285 

defined by low MVPA and ST, which was the largest profile observed in the present study and 286 

by Brown et al. (2021). Considering previous latent profile analyses of only physical activity and 287 

sedentary behaviours have also found four-profile solutions (which included a low MVPA/low 288 

ST profile) to be the best fit for their data (Kim et al., 2016; Liu et al., 2019), it is plausible that 289 

differences in the methodologies employed by Carson et al. (2015) may be the reasons for the 290 

variance in the number of profiles observed. Despite these subtle differences, findings across 291 

studies applying latent profile analysis to understand varying movement behaviour patterns 292 

within different populations highlight the ability for this statistical technique to identify groups 293 

that are in most need of intervention so that resources and efforts can be targeted appropriately.  294 

 It was positive to see that a quarter of the sample were classified into the “healthy” 295 

movement behaviour profile. In contrast to less than 10% of adolescents characterized as 296 
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engaging in a healthy cluster of movement behaviours based on adherence to all three threshold-297 

based guidelines (e.g., Bang et al., 2020; Faulkner et al., 2020; Friel et al., 2020; Sampasa-298 

Kanyinga, Chaput, et al., 2020), this is considerably higher. However, despite the ‘healthiest’ 299 

profile being characterized as low ST, it should be noted that their average reported ST was 300 

nearly four hours per day, which is double the amount of ST that is recommended within the 24-301 

hour movement guidelines (Tremblay et al., 2016). This latter point notwithstanding, current 302 

findings also suggest that there was a clear dichotomy of ST behaviours with high ST users 303 

averaging approximately 12 hours of ST per day. Future research, particularly among those using 304 

person-centered approaches for understanding movement behaviours, will need more consistency 305 

in the operationalization, characterization and assessment of ST. More specificity within 306 

movement guidelines may help in this regard, as ST is becoming even more pervasive and 307 

ubiquitous across daily life. It has become increasingly difficult to tease out ST for leisure to that 308 

of school and work. It begs the question of how a person may be accounting for the short 309 

YouTube video that they watched during class time or doing homework on their computer while 310 

a TV program is on in the background. 311 

Our findings of relatively consistent sleep patterns is in line with previous studies which have 312 

also observed relatively homogenous patterns across the emergent profiles (Brown et al., 2021; 313 

Carson et al., 2015). Of the three movement behaviours, previous research has shown the 314 

strongest associations between sleep with mental wellbeing (Faulkner et al., 2020) and 315 

psychosocial health (Carson et al., 2016), thus, future work exploring the patterning of sleep 316 

behaviours in greater detail is warranted. Our study only assessed average reported sleep time, 317 

accounting for both weekdays and weekends. There will likely be differing patterns of sleep that 318 

emerge that may not have been accounted for, which have important implications (Becker et al., 319 
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2017; Tarokh et al., 2016; Zhang et al., 2017). For example, there may be adolescents with more 320 

consistent sleep patterns, while others may have more variable patterns such that they catch up 321 

on sleep on the weekend. Existing research has found that these sleep patterns may have 322 

important implications for mental health (Fuligni & Hardway, 2006; McHale et al., 2011; Telzer 323 

et al., 2015), therefore, accounting for these patterns of sleep may also be important when 324 

considering patterns of overall movement behaviours. 325 

The current study makes a novel contribution to the literature by using a person-centered 326 

approach to examine the impact of movement patterns on indicators of mental wellbeing. Our 327 

results found the healthiest profile – adolescents who are highly active with lower reported ST – 328 

was consistently associated with greater flourishing, self-esteem, and resiliency. Comparatively, 329 

scores for mental wellbeing were the poorest among the unhealthiest profile (low MVPA/high 330 

ST). These findings align with results from previous studies regardless of whether adolescents 331 

have been grouped using latent profile analysis (Brown et al., 2021) or threshold-based guideline 332 

adherence (Bang et al., 2020; Carson et al., 2017; Janssen et al., 2017; Knell et al., 2019; Pearson 333 

et al., 2019; Sampasa-Kanyinga, Chaput, et al., 2020; Zhu et al., 2019). Closer inspection of our 334 

data suggests a potential dose-response relationship may exist between the number of healthy 335 

movement behaviours adolescents engage in and mental wellbeing – a result that is consistent 336 

with previous research using groups defined by threshold-based guideline adherence (Bang et al., 337 

2020; Janssen et al., 2017). It was interesting that amongst the mixed behavioural profiles, 338 

individuals within the low MVPA and ST profile generally reported greater mental wellbeing 339 

than those with high engagement in ST and MVPA. Despite established benefits of MVPA for 340 

mental wellbeing (Rodriguez-Ayllon et al., 2019), high MVPA engagement did not appear to 341 

completely buffer the detrimental effects of high ST on mental wellbeing. Thus, when 342 
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considering how movement behaviours interact to influence mental wellbeing, these results 343 

suggest low ST engagement may confer greater beneficial effects than high MVPA. Overall 344 

findings suggest that more efforts are needed to get these adolescents in the low MVPA groups 345 

to be more active and to try and reduce ST among those that are high users to improve overall 346 

wellbeing. From a preventive health perspective, continued efforts to examine the collective 347 

impact of movement behaviours on not only mental health deficits, but also various facets of 348 

mental wellbeing are required.  349 

Although this study was the first to use a person-centered approach to understand movement 350 

behaviours and their association with mental wellbeing among a large sample of adolescents, 351 

there are a number of notable limitations that are worthwhile to consider. First, this study was 352 

reliant on self-reported measures for each of the movement behaviours, which are prone to recall 353 

errors and social desirability biases (e.g., Turrisi et al., 2021). Second, these data were cross-354 

sectional, precluding any causal inferences. Importantly, this was the baseline data of a 355 

longitudinal cohort study, and future work will be able to examine how patterns of these 356 

movement behaviours and indicators of mental wellbeing change over time. Third, movement 357 

behaviours were assessed in Fall/Autumn and may not reflect seasonal fluctuations in activity 358 

that are known to occur over the course of a year (Carson & Spence, 2010). Given the co-359 

dependence of these behaviours, research into seasonal variations is warranted. Fourth, while the 360 

resiliency measure has been used in a national surveillance study (Faulkner et al., 2019), it is 361 

brief (i.e., two items) and has not yet been psychometrically validated. Fifth, our analysis treated 362 

units of time (hours/day) as absolute measures rather than considering time spent in each 363 

movement behaviour as relative proportions of a fixed 24-hour period where changes in any one 364 

behaviour are reflected by corresponding shifts in time use amongst the other behaviours. Future 365 
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studies should explore using person-centered approaches in combination with compositional data 366 

analysis techniques in order to overcome this issue. Finally, the sample consisted of adolescents 367 

who reported engagement in more MVPA than typical population-based estimates (e.g., Ronen 368 

& Janssen, 2019) and a slightly higher proportion living in a household with a parent who 369 

completed college or university, potentially limiting the generalizability to the broader Canadian 370 

population.  371 

In conclusion, we found movement behaviour patterns in this sample of Canadians in late 372 

adolescence are best characterized by four unique profiles. The healthiest profile was 373 

consistently associated with better mental wellbeing, followed by profiles characterized by a mix 374 

of healthy and unhealthy movement behaviours, whereas those in the least healthy profile 375 

reported the lowest scores. These findings highlight the additive benefits of engaging in a full 376 

complement of healthy movement behaviours. Moving forward, behavioural interventionists 377 

should consider adopting an integrated approach to promoting mental wellbeing through 378 

targeting each of the movement behaviours concurrently.   379 
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Table 1. Demographic characteristics. 616 

 Total Sample  

(N = 1166) 

n (%) 

Females   630 (54.0) 

Age M (SD) 15.91 (0.48) 

Ethnicity  

    White  614 (52.7) 

    Middle Eastern/Arab  109 (9.3) 

    Black 93 (8.0) 

    Asian 68 (5.8) 

    Indigenous 23 (2.0) 

    Latin 53 (4.5) 

    Other 206 (17.7) 

Parental Education  

    Some secondary 149 (12.8) 

    Completed secondary 85 (7.3) 

    Some college/university 123 (10.6) 

    Completed college/university 809 (69.3) 

  617 
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Table 2. Model fit indices. 618 

 2-Profile 3-Profile 4-Profile 5-Profile 6-Profile 

    Estimated Parameters 10 14 18 22 26 

Total      

    BIC 13138.47 13078.74 12919.03 12871.80 12821.11 

    Entropy 0.93 0.81 0.88 0.83 0.87 

    aLMR 385.26* 84.97 181.53* 72.89 76.23 

    Proportion in each profile (%) 13/87 12/25/63 6/7/25/62 6/7/21/30/36 4/4/5/21/30/35 

Note: BIC = Bayesian Information Criteria; aLMR = adjusted Lo-Mendell-Rubin likelihood ratio 619 

test; * = p < .05.   620 
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Table 3. Mean scores for each movement behaviour by profile and sample. 621 

 Profile 1 

High MVPA/ 

Low ST 

Profile 2 

Low MVPA/ 

Low ST 

Profile 3 

High MVPA/ 

High ST 

Profile 4 

Low MVPA/ 

High ST 

Total (n = 293) (n = 718) (n = 76) (n = 79) 

   MVPA (hours/day) 2.66 ± 0.02 0.83 ± 0.04 2.42 ± 0.07 0.51 ± 0.03 

   ST (hours/day) 3.64 ± 0.11 4.03 ± 0.06 11.85 ± 0.40 12.75 ± 0.19 

   Sleep (hours/day) 7.47 ± 0.10 7.25 ± 0.03 7.52 ± 0.17 7.23 ± 0.10 

Values in the table represent the mean and standard error.  622 
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Table 4. Associations between demographic variables and latent profile membership 623 

 Latent Profile 

 Low MVPA/Low ST High MVPA/High ST Low MVPA/High ST 

Variable Odds Ratio 95% CI Odds Ratio 95% CI Odds Ratio 95% CI 

Gender (female) 2.17* 1.76-2.67 0.90 0.48-1.72 2.71* 1.30-5.62 

Parental 

Education (post-

secondary 

graduate) 

1.09 0.80-1.49 0.97 0.62-1.51 0.80 0.52-1.23 

Ethnicity (White) 0.92 0.67-1.27 1.14 0.54-2.42 0.70 0.31-1.46 

Reference class = High MVPA/Low ST. CI = Confidence interval. * = p < .05.   624 
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Table 5. Differences between profiles for flourishing, self-esteem and resiliency. 625 

 Flourishing 

 Profile 1 Profile 2 Profile 3 Profile 4 

Profile 1 (46.18 ± 0.83) - 2.76** 5.16*** 5.37*** 

Profile 2 (43.42 ± 0.42)  - 2.40** 2.61* 

Profile 3 (41.02 ± 0.56)   - 0.21 

Profile 4 (40.81 ± 0.72)    - 

 Self-Esteem 

 Profile 1 Profile 2 Profile 3 Profile 4 

Profile 1 (15.75 ± 0.28) - 0.83** 1.14** 1.44** 

Profile 2 (14.92 ± 0.16)  - 0.31 0.61 

Profile 3 (14.61 ± 0.36)   - 0.30 

Profile 4 (14.31 ± 0.37)    - 

 Resiliency 

 Profile 1 Profile 2 Profile 3 Profile 4 

Profile 1 (3.58 ± 0.04) - 0.27** 0.05 0.42*** 

Profile 2 (3.31 ± 0.05)  - -0.22* 0.15* 

Profile 3 (3.53 ± 0.09)   - 0.37*** 

Profile 4 (3.16 ± 0.08)    - 

Note: * = p < .05; ** = p < .01; *** = p < .001. Values in parentheses in the first column 626 

represent the mean and standard error for each respective profile. Values within the matrix 627 

represent the mean of the Profile in each column minus the mean of the Profile in each row.  628 

Higher values represent greater levels of flourishing, self-esteem and resiliency. 629 


