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Abstract
Background There is limited understanding of the extent to which differences in physical activity across the 
day and week may be associated with mental wellbeing. Such an understanding is needed for better targeting 
of interventions. In this study, we describe total and temporal patterning of physical activity across the week in 
adolescents (age 13-14y) and assess their prospective associations with mental wellbeing.

Methods 1,983 13-14-year-old adolescent participants based in Cambridgeshire and Essex, recruited between 2016 
and 2017 into the Get Others Active Trial provided data at baseline and 4 months. Physical activity was measured at 
baseline using wrist-worn accelerometers across different time segments (whole week, weekday schooltime, weekday 
out of school, and weekend), and operationalized as average movement-related acceleration for each time segment. 
Mental Wellbeing at baseline and 4 months was measured using the Warwick Edinburgh MentalWellbeing Scale. 
Associations between physical activity across different time segments (whole week, weekday schooltime, weekday 
out of school, and weekend) and mental wellbeing at 4 months were investigated using sex-stratified multi-level 
regression models, adjusted for covariates, and both adjusted and unadjusted for baseline mental wellbeing.

Results Our analyses found positive associations between physical activity and mental wellbeing at 4 months, 
unadjusted for baseline wellbeing. Among girls, positive associations were shown when considering physical activity 
across the whole week 0.07 (95% CI, 0.03–0.12), and across all separate time periods studied: weekday schooltime 
0.07 (95% CI, 0.02–0.11), weekday out-of-school time 0.07 (95% CI, 0.03–0.12), and weekend 0.07 (95% CI, 0.02–0.11). 
For boys, similar associations were observed for activity across the week 0.07 (95% CI, 0.03–0.11), during weekday 
schooltime 0.08 (95% CI, 0.04–0.12), and weekday out-of-school time 0.07 (95% CI, 0.03–0.11), but not the weekend 
0.01 (95% CI, -0.03-0.05). For both girls and boys, associations were attenuated below significance after adjusting for 
baseline wellbeing.

Conclusions This longitudinal analysis showed positive associations between physical activity and later mental 
wellbeing in both male and female adolescents across most time segments. Higher physical activity throughout the 
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Introduction
Physical activity is essential for healthy growth and physi-
cal maturation through childhood and remains important 
throughout the lifecourse [1]. Adults who are physically 
active have better health outcomes, mood, self-esteem, 
and overall mental wellbeing [2, 3]. Adoption of physi-
cal activity early in life is associated with higher physi-
cal activity and positive mental and physical outcomes 
later in life [1]. Concerningly, physical activity tends to 
decrease throughout the life course for most individu-
als. Based on observed trends worldwide, the sharpest 
decline happens during adolescence, a phase of life also 
characterized by significant weight gain [4–7]. The rea-
sons for this decline are still not well understood [8].

Physical activity volume refers to the total amount of 
physical activity accumulated over a given time period 
[9]. Patterning of physical activity refers to the tempo-
ral structure of physical activity over a specified time 
period [10]. The total volume of physical activity may 
be accumulated in different ways across the week in dif-
ferent populations [11]. For example, a cross-sectional 
study on physical activity patterns of pre-adolescents 
showed that those classified as highly active had longer 
bouts of moderate physical activity (MPA) and vigorous 
physical activity (VPA) before, during, and after school 
and at lunchtime independent of socioeconomic status 
(SES), age, gender, and body mass index (BMI), with the 
greatest differences in physical activity across the study 
population observed after school [12]. However, the pat-
terning of physical activity across the week may vary with 
age, and most of the literature exploring change in activ-
ity patterns across the week has focused on children and 
adults rather than adolescents [13, 14].

Adolescence is defined by the World Health Organiza-
tion as the period of life from the ages of 10 to 19 [15]. 
A major public health concern worldwide is the mental 
health of the adolescent population [16, 17]. The 2021 
NHS England Mental Health Survey showed that nearly 
40% of young people aged 6–16 have exhibited men-
tal health deterioration compared to their 2017 survey 
results [18]. The prevalence of depression is believed to 
have significantly increased in this demographic during 
the COVID-19 pandemic with an estimated prevalence of 
25.2% among youth aged 4–18 [19, 20]. Time spent phys-
ically active is inversely associated with the incidence of 
mental health disorders, including depression [21–23].

A similar but seldom studied health indicator in rela-
tion to physical activity is mental wellbeing. Mental well-
being is conceptualized as more than just the absence 
of mental illness, encompassing positive experience 
of life, including overall affect, life satisfaction, posi-
tive functioning, sense of purpose, among other experi-
ences [24]. The few studies investigating the relationship 
between physical activity volume and wellbeing have 
had mixed results [25]. Bell et al. (2019) have previously 
found no association between accelerometer-assessed 
physical activity volume and mental wellbeing at three 
years in adolescents [26]. Conversely, it has been shown 
that highly active adolescents were more likely to report 
positive affect and quality of life at 2 years compared to 
those who were less active [27]. Costigan et al. (2019) 
also found an inverse U-shape association in this demo-
graphic with wellbeing reducing once the total daily vol-
ume exceeds 35 min at higher physical activity intensities 
[28]. The patterning of physical activity and its relation to 
mental wellbeing in shorter time periods and at different 
time segments of the week remains unexplored, particu-
larly in the adolescent population.

Previous literature suggests that the relationship 
between physical activity and mental wellbeing may dif-
fer by sex. A positive association has been found between 
overall weekly physical activity volume and mental well-
being in 13–15-year-old female but not male adolescents 
[29]. In contrast, a cross-sectional study of 19–20-year-
old college students found that self-reported vigor-
ous physical activity volume was associated with higher 
positive affect in both males and females [30]. Further 
research exploring whether sex differences exist for the 
association between the distribution of physical activity 
volume and mental wellbeing is warranted [31].

To date, much of the available research examining 
the association of physical activity volume with men-
tal wellbeing has been conducted on adults or children; 
studies conducted on adolescents are limited. Moreover, 
many previous studies are cross-sectional and lacked a 
temporal component that may be more appropriate for 
examining this association. Studies investigating physi-
cal activity patterning across the week in young people 
focus simply on in-school versus out-of-school compari-
son of moderate-to-vigorous physical activity (MVPA) 
and weekdays vs. weekends [32]. There is limited under-
standing of the extent to which differences in the pattern-
ing of physical activity volume across the day and week 

week may be associated with better mental wellbeing in the adolescent population. Further research is required to 
understand determinants of change in wellbeing over time.
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may be associated with mental wellbeing. Understanding 
how physical activity volume is patterned differently in 
different groups and how these patterns relate to mental 
wellbeing may provide better targeting of interventions at 
specific times of the week for high-risk groups.

In response, this study aims to describe the total vol-
ume and patterning of physical activity volume across the 
week among adolescents aged 13–14yearold, and assess 
prospective associations with mental wellbeing. We will 
address the following research question: How are total 
volume and patterning of physical activity volume across 
the week associated with mental wellbeing at 4-month 
follow-up?

Methods
The reporting and analyses in this study follow the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines (See Supplementary 
Material 1) [33].

Survey design and participants
This study is a secondary analysis of the randomized-con-
trolled trial Get Others Active (GoActive). The GoActive 
trial was conducted between 2016 and 2018 in schools 
located in Essex and Cambridgeshire, with the primary 
aim of increasing MVPA in 13–14-year-old adolescents. 
The study received ethical approval from the Univer-
sity of Cambridge Psychology Research Ethics Commit-
tee (PRE.2015.126). All participants provided written 
informed assent, and parents provided passive consent 
[34]. The GoActive trial was not successful in increas-
ing the MVPA of participants. No intervention effects on 
wellbeing were observed at any time point investigated 
across the intervention evaluation, thus allowing second-
ary data analysis across both trial arms [35].

Further details on the results of this trial have previ-
ously been reported [34, 36]. Of the 2,862 13-14-year-old 
adolescents who provided consent, 2,638 (92%) pro-
vided data on accelerometer-measured physical activ-
ity at baseline. All participants included in the analysis 
have valid accelerometer-measured physical activity data 
across the week. At age 13–14 years, a time of rapid ado-
lescent development, physical activity and mental well-
being are likely to change over time. Based on previous 
research, we expect the influence of physical activity on 
mental wellbeing to take place across a relatively short 
time scale [37, 38]. In the present analysis, we, therefore, 
used data collected at baseline and the first assessment 
after baseline, which was at mid-intervention (4 months 
from baseline), to examine associations between physical 
activity and wellbeing.

Measures
Physical activity
Participants were asked to wear a triaxial accelerometer 
(AX3, Axivity) continuously for seven days on their non-
dominant wrist to assess baseline physical activity. Raw 
measured acceleration was calibrated to local gravity, 
and movement-related acceleration was calculated using 
the Euclidian Norm Minus One (ENMO) as previously 
described [39, 40]. Non-wear periods were identified as 
stationary time segments lasting over 60 min. The wrist 
accelerometry method has been validated to assess physi-
cal activity and also provides more complete data records 
than commonly used hip-worn monitors among adoles-
cents [41–43]. To investigate physical activity volume 
across different segments of the day, ENMO was aver-
aged across the whole week as well as for three separate 
time segments (weekday schooltime: 9 AM-3 PM, week-
day out-of-school: 6 AM–9 AM, and 3 PM-12 AM, week-
end: 6 AM-12 AM across both weekend days) [44]. Time 
(minutes/day) spent in MVPA for each time segment was 
estimated using a cut point equivalent to 2000 Actigraph 
counts per minute [34].

Mental wellbeing
Participant mental wellbeing was measured at baseline 
and at 4 months via the Warwick Edinburgh Mental 
Wellbeing Scale. The scale consists of 14 items that ask 
students what best describes their experiences of a col-
lection of statements over the past 2 weeks. Examples 
include “I’ve been feeling optimistic about the future,” 
“I’ve been feeling close to other people”, and “I’ve been 
dealing with problems well.” Questions relate to positive 
affect, relationships, and emotional functioning. Each 
item is rated on a five-point Likert scale with responses 
“none of the time,” “rarely”, “some of the time,” “often” and 
“all of the time” scored 1–5, respectively [34].

The Warwick Edinburgh Mental Wellbeing Scale, used 
to measure mental wellbeing in this study was developed 
in the UK and has previously shown high internal con-
sistency and construct validity for adolescents in Norway 
[45]. It has also been shown to have cross-cultural valid-
ity in a sample of Brazilian adolescents, suggesting the 
applicability of the measure for adolescents of multiple 
ethnic demographics [46].

Covariates
At baseline, 13-14-year-old adolescents completed ques-
tionnaires to measure variables of interest, including 
age, sex, and ethnicity, and to report average sleep and 
wake time on weekdays and weekends. Students also 
responded to questions related to the family affluence 
scale (FAS) as a measure of socioeconomic status [47]. 
Anthropometric measurements, including body fat% (via 
bioelectric impedance), were taken by trained research 
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staff. Time spent sleeping was measured by calculat-
ing the difference between self-reported sleep and wake 
times during term time. Participants were asked “Please 
tell us what time you usually wake up and go to sleep (not 
to bed) during term time.” Further details on these mea-
surements from the GoActive trial have previously been 
published [35]. A Directed Acyclic Graph (DAG) was 
used to identify possible confounders. Age, sex, sleep, 
ethnicity, body fat%, and FAS score have all been cited 
previously in the literature as potential individual-level 
confounders of the association between physical activity 
and mental wellbeing at follow-up (See Supplementary 
Material 2). All models were also adjusted for the school-
level covariates: school socioeconomic status (percentage 
of pupils receiving pupil premium) and trial group. Pre-
vious literature, as well as exploratory plots of our data 
suggested sex differences in the relationship between 
physical activity at baseline and mental wellbeing; thus, 
analyses were stratified by sex, and the remaining covari-
ates were included in the regression model [48].

Statistical analysis
Descriptive statistics
Participants with complete data on all variables were 
included in the analysis. Chi-squared tests and t-tests 
were used as appropriate to compare included to 
excluded participants. Mean and standard deviation (SD) 
were used to describe continuous variables. Categorical 
variables were summarized via numbers and percentages. 
Participants of non-white ethnicities were combined 
in one variable due to their small representations in the 
sample. Paired t-tests were used to explore differences 
in physical activity during different time segments and 
mental wellbeing between boys and girls. Paired t-tests 
were also used to examine differences between different 
time-segments of physical activity at baseline. Spear-
man’s correlation coefficients were calculated to assess 
relationships between baseline mental wellbeing and 
mental wellbeing mid-intervention.

Regression analysis
Mean mental wellbeing score at mid-intervention was 
regressed on overall physical activity volume (mean 
ENMO) at baseline using a multilevel model which 
adjusted for potential confounders and clustering of indi-
viduals within schools. We conducted separate regression 
models to investigate physical activity averaged across 
the whole week and in different time-segments (weekday 
schooltime, weekday out of school, weekend). A random 
intercept term was added for school ID to consider the 
clustering of individuals within schools. Random effects 
were added using the “lme4” package in R. Trial group, 
and school SES were also included given the multi-school 
trial design and as potential school-level confounders.

The main model was built by adopting a sequential 
nesting procedure for hierarchical regression, wherein 
individual-level covariates were added one at a time 
before adding school-level covariates. Likelihood ratio 
tests were used to assess improved model fit after each 
addition of a covariate. R2 and ICC values were also 
reported.

The first model was unadjusted for confounders. The 
second model, our main model, assessed the prospective 
association of baseline physical activity with mental well-
being at 4 months adjusted for confounders. In the third 
model, we added adjustment for baseline mental wellbe-
ing to assess the association of baseline physical activ-
ity with change in mental wellbeing over the 4-month 
period.

Results
Descriptive statistics
Of the 2,638 GoActive participants that provided acceler-
ometer-measured physical activity data, 210 (8%) partici-
pants had missing wellbeing data at 4-month follow-up, 
and a further 445 (17%) participants had missing data 
on covariates. The final analysis used information from 
1,983 (75% of the initial sample) participants who had 
data on all variables. Excluded participants had lower 
mental wellbeing at baseline and 4 months (p < 0.05) and 
were more likely to be male (55% compared to 49% in the 
final sample). Ethnic proportions, sex-specific body fat%, 
sleep, and socioeconomic status were not significantly 
different from individuals included in the analysis.

Chi-squared tests suggest a small but significant 
decline in mental wellbeing at baseline and at 4 months 
(p < 0.0001) in both boys and girls (Table  1). However, 
there was no significant difference in the change in men-
tal wellbeing between the sexes. There was also a mod-
erate positive correlation between baseline and mental 
wellbeing at 4 months (r = 0.59, p < 0.0001). Table 1 shows 
baseline measurements of participants’ physical activ-
ity based on average hourly ENMO at baseline. Time 
in MVPA was also reported for comparison. Boys were 
more active than girls overall. Physical activity volume is 
highest during school time and lowest during the week-
ends for all demographics. There was a significant differ-
ence between average ENMO between school time and 
weekend (p < 0.0001) as well as between out-of-school 
and weekend ENMO (p < 0.0001).

Associations of PA with mental wellbeing
Sex-stratified regression model results are shown in 
Table  2. Model 1 shows the unadjusted association of 
physical activity volume with mental wellbeing at 4 
months. Model 2, the main model, shows the results 
of the prospective association of physical activity vol-
ume with mental wellbeing at 4 months, adjusted for 
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Table 1 Participant Characteristics based on questionnaire and anthropometry data collected at baseline
Overall Boys Girls

Number of Participants 1983 979 (49.4%) 1004 (50.6%)

Age in years, mean (SD) 13.75 (0.30) 13.75 (0.31) 13.75 (0.30)

White, n (%) 1723 (86.9%) 841 (85.9%) 882 (87.8%)

Body Fat % (IQR) 20.7 (12.8–28.7) 13.2 (9.9–18.6) 27.2 (21.9–32.8) ***

Average Sleep, mean (SD) 9.34 (1.18) 9.30 (1.22) 9.38 (1.14)

Family Affluence
Low Affluence, n (%) 256 (12.9%) 119 (12.2%) 137 (13.6%)

Medium Affluence, n (%) 843 (42.5%) 391 (39.9%) 452 (45.0%) **

High Affluence, n (%) 884 (44.6%) 469 (47.9%) 415 (41.3%) **

Physical Activity based on ENMO (milli-g)
Mean (Whole Week) (SD) 42.70 (12.56) 46.43 (13.85) 39.06 (9.90) ***

Weekday Schooltime (SD) 45.16 (13.33) 49.13 (14.52) 41.28 (10.73) ***

Weekday Out of School (SD) 30.61 (10.13) 31.86 (11.47) 29.39 (8.45) ***

Weekend (SD) 35.14 (18.14) 37.59 (21.85) 32.75 (13.17) ***

Physical Activity based on MVPA (min)
Mean (Whole Week) (SD) 36.16 (18.53) 42.17 (19.76) 30.30 (15.11) ***

Weekday Schooltime (SD) 13.24 (6.97) 15.47 (7.43) 11.05 (5.71) ***

Weekday After School (SD) 18.63 (12.13) 20.96 (13.37) 16.35 (10.30) ***

Weekend (SD) 28.87 (24.65) 33.74 (29.14) 24.12 (18.09) ***

Mental Wellbeing Score
Baseline, mean (SD) 3.50 (0.66) 3.63 (0.63) 3.38 (0.68)

Mid-Intervention, mean (SD) 3.45 (0.72) 3.59 (0.68) 3.31 (0.73)
Baseline and Mid-Intervention participant wellbeing scores are the mean score of the 14-item Warwick Edinburgh Mental Wellbeing Scale

Hours between 9 AM and 3 PM were classified as schooltime. Hours between 6 AM to 9 AM and 3 PM to 12 AM were classified as out-of-school time

MVPA values are based on the average minutes per time segment

**Significant difference between boys and girls p ≤ 0.001

***Significant difference between boys and girls p ≤ 0.0001

Table 2 Associations between average physical activity at baseline with mental wellbeing at 4 months
Model 1 Model 2 Model 3

Exposure (Boys)
Mean (Whole Week) (SD) 0.07 (0.02, 0.11) 0.07 (0.03, 0.11) 0.02 (-0.02, 0.05)

Mean Weekday Schooltime (SD) 0.08 (0.04, 0.12) 0.08 (0.04, 0.12) 0.03 (-0.01, 0.07)

Mean Weekday Out of School (SD) 0.07 (0.03, 0.11) 0.07 (0.03, 0.11) 0.02 (-0.02, 0.06)

Mean Weekend (SD) 0.01 (-0.03, 0.05) 0.01 (-0.03, 0.05) -0.02 (-0.05, 0.02)

Exposure (Girls)
Mean (Whole Week) (SD) 0.09 (0.04, 0.13) 0.07 (0.03, 0.12) 0.02 (-0.02, 0.06)

Mean Weekday Schooltime (SD) 0.08 (0.03, 0.12) 0.07 (0.02, 0.11) 0.02 (-0.02, 0.05)

Mean Weekday After School (SD) 0.09 (0.04, 0.13) 0.07 (0.03, 0.12) 0.01 (-0.02, 0.05)

Mean Weekend (SD) 0.08 (0.04, 0.12) 0.07 (0.02, 0.11) 0.03 (-0.01, 0.06)
Mental Wellbeing Score Range is 0–5. Regression coefficients are based on one SD of ENMO

All models restricted to individuals with complete data on all covariates. Covariates are ethnicity, age, SES, school SES, sleep, body fat%, and trial group

All models account for clustering by school

Model 1: Unadjusted for all covariates

Model 2: Adjusted for all covariates except baseline mental wellbeing

Model 3: Adjusted for all covariates including baseline mental wellbeing

Significant associations (p < 0.05) are shown in bold
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confounders. For Model 2, small positive associations 
were found for both sexes across all time segments except 
for weekend physical activity in boys. Model 3 shows the 
results of the prospective association of physical activ-
ity volume with change in mental wellbeing, adjusted for 
confounders. No significant associations were found for 
model 3.

Discussion
Summary of main findings
The purpose of this study was to investigate associations 
between physical activity in different time segments with 
mental wellbeing in 13-14-year-old adolescents. Multi-
variable models investigating the prospective associa-
tion showed a statistically significant positive association 
between physical activity volume and mental wellbeing at 
4 month follow-up, but the effect sizes are small. Results 
show that on average, for every SD higher baseline 
ENMO, there is a 10th of a SD higher mental wellbeing 
at 4 months. When physical activity volume is separated 
by time period, associations with wellbeing in boys were 
seen for weekday school and out-of-school physical activ-
ity volume, but not for weekend physical activity volume. 
In contrast, associations in girls were seen across all time 
segments. No association was found when adjusting for 
baseline mental wellbeing, suggesting physical activity 
volume may not influence change in mental wellbeing 
over time, and also raising the possibility that associa-
tions may be driven by reverse causation.

Comparison with previous research
Our findings on the overall association of higher volume 
of physical activity with higher mental wellbeing are in 
agreement with previous literature on the associations 
between physical activity among adolescents and reduc-
tions in mental illness such as depression [22]. Moreover, 
our findings align with Molcho et al. (2021) who found 
positive cross-sectional associations between physical 
activity in adolescents and measures of wellbeing [49]. 
With the exception of weekend physical activity volume 
in boys, we found that a higher volume of physical activ-
ity is positively associated with mental wellbeing across 
all time segments of the day and week investigated in 
our study. To our knowledge, this is the first prospective 
study in adolescents that has investigated the association 
of physical activity timing across the week with mental 
wellbeing [50–52].

However, similar to previous cross-sectional stud-
ies, our findings here cannot rule out the possibility of 
reverse causation. Although we found a prospective asso-
ciation between physical activity volume and wellbeing 
at 4-month follow-up, this association was no longer sig-
nificant after control for baseline mental wellbeing. Since 
mental wellbeing at baseline and 4-month follow-up 

shows a moderate correlation (r = 0.59) it may be that the 
prospective association seen is in fact, driven by a cross-
sectional association between physical activity and well-
being at baseline, which could reflect causal effects in 
either direction.

Previous observational studies assessing associations 
of physical activity with depressive symptoms have found 
non-significant or significant but smaller effect sizes in 
longitudinal studies compared to cross-sectional studies 
suggesting some reverse causality [23, 53]. The cross-sec-
tional study by Costigan et al. (2019), similar to our anal-
ysis, found a positive association in both sexes but only 
for positive affect and vigorous-intensity physical activity 
[28]. Longitudinally, however, the relationship is unclear. 
Barth Vedoy et al. (2021) found a positive association 
only in girls for total physical activity volume with men-
tal wellbeing at 3 years [29]. In contrast, Bell et al. (2019) 
found no association in either sex over a 3-year period 
[26]. Being highly active has also been found to reduce 
chances of lower mental wellbeing at 2 years follow-up 
[27]. In comparison to existing literature, our findings 
suggest that apart from weekend physical activity in boys, 
there is no variation with time segment of the day for this 
pathway.

The lack of an association between physical activity vol-
ume and mental wellbeing seen in boys at the weekend is 
an interesting and novel finding. This may be explained 
by the nature of the physical activity in which boys par-
ticipate at the weekend, which may include sports partic-
ipation and competition. Among British boys aged 9–16, 
recreational football accounted for 60% of weekend phys-
ical activity [54]. A key feature of organized sports is a 
higher proportion of activity spent at a vigorous intensity, 
specifically for boys. Prior studies on 9-11-year-old chil-
dren found a significant difference in VPA on weekends 
and weekdays between boys and girls, with boys also 
engaging in more frequent and longer bouts of VPA rela-
tive to light physical activity than girls on weekends [55, 
56]. There may be an optimal amount of physical activity 
accumulated at different intensities and more time spent 
at lower physical activity intensities may be beneficial for 
mental wellbeing. Further analyses of other reasons for 
the differences in associations seen across different time 
segments in boys would be an important extension of 
this work. This would require a more detailed analysis of 
the ways in which different kinds of physical activity are 
related to wellbeing, for example exploring factors such 
as domain, social setting, competitiveness of physical 
activity engagement, and potential mediators of the link 
with wellbeing.

Strengths and limitations
The GoActive study included a large sample, repre-
sentative of the East of England, and our findings are, 
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therefore, most relevant to this region and other high-
income settings [52]. Although the ethnic diversity of 
the participants in GoActive was similar to that of Eng-
land and Wales, due to their lower representation in the 
GoActive study, this analysis may not accurately describe 
the physical activity behavior of 13-14-year-old adoles-
cents from ethnic minorities and lower SEP groups who 
may experience more barriers to physical activity [35, 52]. 
Since the GoActive study is a trial, it is possible that the 
intervention may have influenced the associations exam-
ined in this cohort analysis. However, since our exposure 
here is at baseline, prior to the randomization of study 
sites, and no intervention effects on neither physical 
activity nor wellbeing were observed in this trial, we do 
not think there is any likelihood of bias of the effect esti-
mates of our analysis. In addition, we adjusted for trial 
arm in our analyses, and the coefficient for this term was 
small and non-significant.

The use of accelerometry to measure physical activity in 
this study overcomes the potential biases of self-reported 
physical activity, including social desirability and recall 
bias. In addition, although mental wellbeing cannot be 
objectively assessed, we used a well-validated instrument 
to assess mental wellbeing, the WEMWBS [57]. We were 
able to account for a wide range of confounders that may 
influence both physical activity and mental wellbeing; 
however, there may be some residual confounding. For 
example, one confounder that may drive both physical 
activity and mental wellbeing is the strength of friend-
ship networks, which could not be accounted for [58]. 
Although we observed prospective observations between 
physical activity volume and mental wellbeing, this may 
be due to reverse causation if mental wellbeing tracks 
over a period longer than the 4-month study period. This 
analysis cannot rule out reverse causation for the associa-
tions seen since adjusting for baseline mental wellbeing 
attenuated associations below significance. Although we 
looked at an association over a 4-month study period, 
different associations may have been seen at shorter 
or longer follow-ups. Similarly, this analysis focused on 
adolescents at age 13–14 years. Because 13-14-year-old 
adolescents may not be representative of all adolescents, 
different associations may be expected at different ages 
during adolescence.

Conclusions
We found positive associations between physical activ-
ity volume and mental wellbeing 4 months later among 
13-14-year-old adolescents. Associations were similar 
for girls irrespective of when in the week physical activ-
ity occurred but for boys associations were stronger for 
weekday than weekend physical activity. Physical activ-
ity was not associated with change in wellbeing. Further 
research is necessary to establish if increasing physical 

activity volume would cause improved mental wellbe-
ing or if improved wellbeing would lead to higher activ-
ity levels, or both. Meanwhile, these findings support an 
increased emphasis on physical activity within the school 
day to promote mental wellbeing.

List of abbreviations
ENMO  Euclidean Norm Minus One
GoActive  Get Others Active
VPA  Vigorous Physical Activity
MVPA  Moderate to Vigorous Physical Activity
WEMWBS  Warwick Edinburgh Mental Wellbeing Scale

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12966-023-01553-8.

Supplementary Material 1

Supplementary Material 2

Acknowledgements
The authors would like to thank all participants who contributed data to the 
GoActive study.

Author contributions
Concept and Design: ADA, EW, OA. Acquisition, analysis, or interpretation of 
data: KC, EvS, ADA, EW, OA. Drafting of the manuscript: All authors. Critical 
revision of the manuscript for important intellectual content: All authors. 
Statistical analysis: ADA. Obtained funding: KC, EvS, PW. KC is the principal 
investigator of the GoActive study.

Funding
The GoActive trial was funded by the National Institute for Health Research 
(NIHR) Public Health Research Programme (https://www.nihr.ac.uk/explore-
nihr/funding-programmes/public-health-research.htm; award number: 
13/90/18; awarded to: KC, EvS, PW). GoActive was additionally supported by 
the Medical Research Council [https://mrc.ukri.org/; Unit Programme number 
MC_UU_12015/7; awarded to EvS]. This work was also supported by NIHR 
Biomedical Research Centre Cambridge: Nutrition, Diet, and Lifestyle Research 
Theme (Grant IS-BRC-1215-20014) to KC, EvS. EW is supported by a Career 
Development Award from the UK Medical Research Council (MR/T010576/1). 
The funders had no role in the design and conduct of the study; collection, 
management, analysis, and interpretation of the data; preparation, review, or 
approval of the manuscript; and the decision to submit the manuscript for 
publication.

Data availability
The datasets generated and/or analysed during the current study cannot 
be made openly available because of ethical and legal considerations. 
Non-identifiable data can be made available to bona-fide researchers on 
submission of a reasonable request to datasharing@mrc-epid.cam.ac.uk. The 
principles and processes for accessing and sharing data are outlined in the 
MRC Epidemiology Unit Data Access & Data Sharing Policy.

Declarations

Ethical approval and consent to participate
The GoActive study, data from which the analysis was conducted, received 
ethical approval from the University of Cambridge Psychology Research Ethics 
Committee (PRE.2015.126). All participants provided written informed assent, 
and parents provided passive consent [34].

Consent for publication
Not Applicable.

https://doi.org/10.1186/s12966-023-01553-8
https://doi.org/10.1186/s12966-023-01553-8
https://www.nihr.ac.uk/explore-nihr/funding-programmes/public-health-research.htm
https://www.nihr.ac.uk/explore-nihr/funding-programmes/public-health-research.htm
https://mrc.ukri.org/


Page 8 of 9Alshallal et al. International Journal of Behavioral Nutrition and Physical Activity            (2024) 21:5 

Competing interests
The authors declare that they have no competing interests.

Author details
1MRC Epidemiology Unit, University of Cambridge, Cambridge, UK
2Department of Psychiatry, University of Cambridge, Cambridge, UK

Received: 17 June 2023 / Accepted: 18 December 2023

References
1. Telama R, Yang X, Leskinen E, Kankaanpää A, Hirvensalo M, Tammelin T, et al. 

Tracking of physical activity from early childhood through youth into adult-
hood. Med Sci Sports Exerc. 2014;46(5):955–62.

2. Fox KR. The influence of physical activity on mental well-being. Public Health 
Nutrition. CAB International; 1999. pp. 411–8.

3. Pearce M, Garcia L, Abbas A, Strain T, Schuch FB, Golubic R, et al. Association 
between Physical Activity and Risk of Depression: a systematic review and 
Meta-analysis. JAMA Psychiatry American Medical Association. 2022;79:550–9.

4. Venables MC, Roberts C, Nicholson S, Bates B, Jones KS, Ashford R, et al. Data 
Resource Profile: United Kingdom National Diet and Nutrition Survey Rolling 
Programme (2008-19). Int J Epidemiol. 2022;51(4):E143–55.

5. Corder K, Winpenny E, Love R, Brown HE, White M, van Sluijs E. Change 
in physical activity from adolescence to early adulthood: a systematic 
review and meta-analysis of longitudinal cohort studies. Br J Sports Med. 
2019;53(8):496–503.

6. Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C et al. Global, 
regional, and national prevalence of overweight and obesity in children 
and adults during 1980–2013: a systematic analysis for the global burden of 
Disease Study 2013. The Lancet. 2014;384(9945).

7. Steene-Johannessen J, Anderssen SA, Kolle E, Hansen BH, Bratteteig M, 
Dalhaug EM et al. Temporal trends in physical activity levels across more than 
a decade – a national physical activity surveillance system among Norwegian 
children and adolescents. Int J Behav Nutr Phys Activity. 2021;18(1).

8. Bélanger M, Casey M, Cormier M, Laflamme Filion A, Martin G, Aubut S et al. 
Maintenance and decline of physical activity during adolescence: insights 
from a qualitative study. Int J Behav Nutr Phys Activity. 2011;8.

9. Powell KE, Paluch AE, Blair SN. Physical activity for health: what kind? How 
much? How intense? On top of what? Annu Rev Public Health. 2011;32.

10. Ridgers ND, Denniss E, Burnett AJ, Salmon J, Verswijveren SJJM. Defining and 
reporting activity patterns: a modified Delphi study. Int J Behav Nutr Phys 
Activity. 2023;20(1).

11. Martin SL, Kirkner GJ, Mayo K, Matthews CE, Larry Durstine J, Hebert JR, 
Urban. Rural and Regional Variations in Physical Activity. 2005;21(3):239–44.

12. Fairclough SJ, Beighle A, Erwin H, Ridgers ND. School day segmented physi-
cal activity patterns of high and low active children. BMC Public Health. 
2012;12(1).

13. Fairclough SJ, Taylor S, Rowlands A, v., Boddy LM, Noonan RJ. Average accel-
eration and intensity gradient of primary school children and associations 
with indicators of health and well-being. J Sports Sci. 2019;37(18):2159–67.

14. Ibáñez Román JE, Ekholm O, Algren MH, Koyanagi A, Stewart-Brown S, Hall 
EE et al. Mental wellbeing and physical activity levels: a prospective cohort 
study. Ment Health Phys Act. 2023;24.

15. WHO, Child and Adolescent Health Unit. World Health Organization, 
Adolescent health and development [Internet]. Searo. 2017. Available 
from: https://www.who.int/news-room/questions-and-answers/item/
adolescent-health-and-development.

16. Wu T, Jia X, Shi H, Niu J, Yin X, Xie J, et al. Prevalence of mental health prob-
lems during the COVID-19 pandemic: a systematic review and meta-analysis. 
J Affect Disorders Elsevier B V. 2021;281:91–8.

17. World Health Organization. World Health Organization. 2021 [cited 2022 
Jul 6]. Adolescent mental health. Available from: https://www.who.int/
news-room/fact-sheets/detail/adolescent-mental-health.

18. Newlove-Delgado T, Williams T, Robertson K, McManus S, Sadler K, Vizard T 
et al. Mental Health of Children and Young People in England, 2021. London, 
England; 2021. Available from: https://digital.nhs.uk/data-and-information/
publications/statistical/mental-health-of-children-and-young-people-in-
england/2022-follow-up-to-the-2017-survey.

19. Depression in Adolescents. : A Pressing Health Issue made worse by COVID-
19. Am J Nurs. 2022;122(2).

20. Racine N, McArthur BA, Cooke JE, Eirich R, Zhu J, Madigan S. Global preva-
lence of depressive and anxiety symptoms in children and adolescents 
during COVID-19: a Meta-analysis. JAMA Pediatr. 2021;175(11):1142–50.

21. Tamminen N, Reinikainen J, Appelqvist-Schmidlechner K, Borodulin K, Mäki-
Opas T, Solin P. Associations of physical activity with positive mental health: a 
population-based study. Ment Health Phys Act. 2020;18.

22. Biddle SJH, Ciaccioni S, Thomas G, Vergeer I. Physical activity and mental 
health in children and adolescents: an updated review of reviews and an 
analysis of causality. Psychol Sport Exerc. 2019;42:146–55.

23. Farren GL, Zhang T, Gu X, Thomas KT. Sedentary behavior and physical 
activity predicting depressive symptoms in adolescents beyond attributes of 
health-related physical fitness. J Sport Health Sci. 2018;7(4):489–96.

24. Su L, Tang B, Nawijn J. Eudaimonic and hedonic well-being pattern changes: 
intensity and activity. Ann Tour Res. 2020;84.

25. Buecker S, Simacek T, Ingwersen B, Terwiel S, Simonsmeier BA. Physical activ-
ity and subjective well-being in healthy individuals: a meta-analytic review. 
Health Psychol Rev. 2021;15(4).

26. Bell SL, Audrey S, Gunnell D, Cooper A, Campbell R. The relationship between 
physical activity, mental wellbeing and symptoms of mental health disorder 
in adolescents: a cohort study. Int J Behav Nutr Phys Activity. 2019;16(1).

27. Sánchez-Oliva D, Esteban-Cornejo I, Padilla-Moledo C, Pérez-Bey A, Veiga 
ÓL, Cabanas-Sánchez V et al. Associations between physical activity and 
sedentary time profiles transitions and changes in well-being in youth: the 
UP&DOWN longitudinal study. Psychol Sport Exerc. 2020;47.

28. Costigan SA, Lubans DR, Lonsdale C, Sanders T, del Pozo Cruz B. Associations 
between physical activity intensity and well-being in adolescents. Prev Med 
(Baltim). 2019;125:55–61.

29. Barth Vedøy I, Skulberg KR, Anderssen SA, Fagerland MW, Tjomsland HE, Thur-
ston M. The longitudinal association between objectively measured physical 
activity and mental health among Norwegian adolescents. Int J Behav Nutr 
Phys Activity. 2021;18(1).

30. Zhang Z, He Z, Chen W. The relationship between physical activity intensity 
and subjective well-being in college students. J Am Coll Health. 2020;1–6.

31. Pascoe M, Bailey AP, Craike M, Carter T, Patten R, Stepto N, et al. Physical activ-
ity and exercise in youth mental health promotion: a scoping review. BMJ 
Open Sport and Exercise Medicine. BMJ Publishing Group; 2020. p. 6.

32. Brooke HL, Atkin AJ, Corder K, Brage S, van Sluijs EM. Frequency and duration 
of physical activity bouts in school-aged children: a comparison within and 
between days. Prev Med Rep. 2016;4:585–90.

33. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP. 
The strengthening the reporting of observational studies in epidemiology 
(STROBE) statement: guidelines for reporting observational studies. Int J Surg. 
2014;12(12).

34. Corder KL, Brown HE, Croxson CH, Jong ST, Sharp SJ, Vignoles A, et al. A 
school-based, peer-led programme to increase physical activity among 13- 
to 14-year-old adolescents: the GoActive Cluster RCT. Public Health Research. 
2021;9(6):1–134.

35. Corder K, Sharp SJ, Jong ST, Foubister C, Brown HE, Wells EK et al. Effective-
ness and cost-effectiveness of the GoActive intervention to increase physical 
activity among UK adolescents: a cluster randomised controlled trial. PLoS 
Med. 2020;17(7).

36. Brown HE, Whittle F, Jong ST, Croxson C, Sharp SJ, Wilkinson P et al. A cluster 
randomised controlled trial to evaluate the effectiveness and cost-effec-
tiveness of the GoActive intervention to increase physical activity among 
adolescents aged 13–14 years. BMJ Open. 2017;7(9).

37. Yeung RR. The Acute effects of Exercise on Mood State. Vol. 40, J Psychosom 
Res. 1996.

38. Nieman T, Bergelt M, Clancy J, Regan K, Hobson N, dos Santos A, et al. 
Changes in cognitive control and mood across repeated exercise sessions. 
Appl Psychol Health Well Being. 2021;13(4):853–70.

39. van Hees VT, Gorzelniak L, Dean León EC, Eder M, Pias M, Taherian S et al. 
Separating Movement and gravity components in an acceleration Signal and 
implications for the Assessment of Human Daily Physical Activity. PLoS ONE. 
2013;8(4).

40. van Hees VT, Fang Z, Langford J, Assah F, Mohammad A, M da Silva IC, et al. 
Autocalibration of accelerometer data for free-living physical activity assess-
ment using local gravity and temperature: an evaluation on four continents. J 
Appl Physiol. 2014;117:738–44.

41. White T, Westgate K, Wareham NJ, Brage S. Estimation of physical activity 
energy expenditure during free-living from wrist accelerometry in UK adults. 
PLoS ONE. 2016;11(12).

https://www.who.int/news-room/questions-and-answers/item/adolescent-health-and-development
https://www.who.int/news-room/questions-and-answers/item/adolescent-health-and-development
https://www.who.int/news-room/fact-sheets/detail/adolescent-mental-health
https://www.who.int/news-room/fact-sheets/detail/adolescent-mental-health
https://digital.nhs.uk/data-and-information/publications/statistical/mental-health-of-children-and-young-people-in-england/2022-follow-up-to-the-2017-survey
https://digital.nhs.uk/data-and-information/publications/statistical/mental-health-of-children-and-young-people-in-england/2022-follow-up-to-the-2017-survey
https://digital.nhs.uk/data-and-information/publications/statistical/mental-health-of-children-and-young-people-in-england/2022-follow-up-to-the-2017-survey


Page 9 of 9Alshallal et al. International Journal of Behavioral Nutrition and Physical Activity            (2024) 21:5 

42. Scott JJ, Rowlands Av, Cliff DP, Morgan PJ, Plotnikoff RC, Lubans DR. Compa-
rability and feasibility of wrist- and hip-worn accelerometers in free-living 
adolescents. J Sci Med Sport. 2017;20(12).

43. White T, Westgate K, Hollidge S, Venables M, Olivier P, Wareham N, et al. Esti-
mating energy expenditure from wrist and thigh accelerometry in free-living 
adults: a doubly labelled water study. Int J Obes. 2019;43(11):2333–42.

44. Collings PJ, Wijndaele K, Corder K, Westgate K, Ridgway CL, Dunn V et al. 
Levels and patterns of objectively-measured physical activity volume and 
intensity distribution in UK adolescents: the ROOTS study. Int J Behav Nutr 
Phys Activity. 2014;11(1).

45. Ringdal R, Bradley Eilertsen ME, Bjørnsen HN, Espnes GA, Moksnes UK. 
Validation of two versions of the Warwick-Edinburgh Mental Well-being scale 
among Norwegian adolescents. Scand J Public Health. 2018;46(7):718–25.

46. dos Santos JJA, da Costa TA, Guilherme JH, da Silva WC, Abentroth LRL, Krebs 
JA, et al. Adaptation and cross-cultural validation of the Brazilian version 
of the Warwick-Edinburgh mental well-being scale. Rev Assoc Med Bras. 
2015;61(3):209–14.

47. Currie C, Molcho M, Boyce W, Holstein B, Torsheim T, Richter M. Researching 
health inequalities in adolescents: the development of the Health Behav-
iour in School-aged children (HBSC) family affluence scale. Soc Sci Med. 
2008;66(6).

48. Halliday AJ, Kern ML, Turnbull DA. Can physical activity help explain the 
gender gap in adolescent mental health? A cross-sectional exploration. Ment 
Health Phys Act. 2019;16:8–18.

49. Molcho M, Gavin A, Goodwin D. Levels of physical activity and mental health 
in adolescents in Ireland. Int J Environ Res Public Health. 2021;18(4):1–12.

50. Brazendale K, Beets MW, Armstrong B, Weaver RG, Hunt ET, Pate RR et al. Chil-
dren’s moderate-to-vigorous physical activity on weekdays versus weekend 
days: a multi-country analysis. Int J Behav Nutr Phys Activity. 2021;18(1).

51. Tassitano RM, Weaver RG, Tenório MCM, Brazendale K, Beets MW. Physical 
activity and sedentary time of youth in structured settings: a systematic 

review and meta-analysis. Int J Behav Nutr Phys Activity BioMed Cent Ltd; 
2020;17(1).

52. Department for Transport. Cycling, motorcycling, school travel, conces-
sionary travel, and road safety [Internet]. England, United Kingdom. ; 2022 
[cited 2022 Dec 15]. Available from: https://www.gov.uk/government/
statistical-data-sets/nts06-age-gender-and-modal-breakdown.

53. Korczak DJ, Madigan S, Colasanto M. Children’s physical activity and depres-
sion: a meta-analysis. Pediatrics. 2017;139(4).

54. Fenton SAM, Duda JL, Barrett T. The contribution of youth sport football to 
weekend physical activity for males aged 9 to 16 years: variability related to 
age and playing position. Pediatr Exerc Sci. 2015;27(2):208–18.

55. Fairclough SJ, Ridgers ND, Welk G. Correlates of children’s moderate and 
vigorous physical activity during weekdays and weekends. J Phys Act Health. 
2012;9(1):129–37.

56. Rowlands Av, Pilgrim EL, Eston RG. Patterns of habitual activity across 
weekdays and weekend days in 9-11-year-old children. Prev Med (Baltim). 
2008;46(4):317–24.

57. Stewart-Brown S, Tennant A, Tennant R, Platt S, Parkinson J, Weich S. Internal 
construct validity of the Warwick-Edinburgh Mental Well-being scale 
(WEMWBS): a Rasch analysis using data from the Scottish Health Education 
Population Survey. Health Qual Life Outcomes. 2009;7(15).

58. Atkin AJ, Corder K, Goodyer I, Bamber D, Ekelund U, Brage S et al. Perceived 
family functioning and friendship quality: cross-sectional associations with 
physical activity and sedentary behaviours. Int J Behav Nutr Phys Activity. 
2015;12(1).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://www.gov.uk/government/statistical-data-sets/nts06-age-gender-and-modal-breakdown
https://www.gov.uk/government/statistical-data-sets/nts06-age-gender-and-modal-breakdown

	Total and temporal patterning of physical activity in adolescents and associations with mental wellbeing
	Abstract
	Introduction
	Methods
	Survey design and participants
	Measures
	Physical activity
	Mental wellbeing
	Covariates


	Statistical analysis
	Descriptive statistics
	Regression analysis

	Results
	Associations of PA with mental wellbeing

	Discussion
	Summary of main findings
	Comparison with previous research
	Strengths and limitations

	Conclusions
	References


