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Abstract

Background: In the post-pandemic context, university students’ mental health has emerged as a major
global public health concern. The university years are characterized by increased psychological
vulnerability and the adoption of health behaviors that tend to persist over time, notably declining
physical activity and rising sedentary behavior after entering university. The 24-hour Movement Behavior
framework provides a lens for examining these behaviors jointly and their association with mental
health. This study aimed to describe adherence to 24-hour movement guidelines and mental health
outcomes, identify movement behavior profiles, and examine their association with mental health among
European university students.

Methods: This cross-sectional study included 2,340 European university students (mean age = 20.94;
62.6% female). Self-reported 24-hour movement behaviors (physical activity, sedentary behavior, leisure
screen time, and sleep) were collected via the ONAPS-PAQ and the Pittsburgh Sleep Quality Index.
Mental health was assessed using the Depression, Anxiety and Stress Scale, the Basic Psychological
Need Satisfaction and Frustration Scale and the Subjective Vitality Scale. Substance use was evaluated
using the CAST (cannabis), AUDIT (alcohol), and Simplified Fagerstrom (tobacco) scales. Guideline
adherence and mental health outcomes were first described; K-means clustering then identified
movement behavior profiles, and binary logistic regressions tested associations between cluster
membership, gender with mental health outcomes.

Results: Guideline adherence was 94.1% for physical activity, 66.4% for leisure screen time, 63.6% for
sleep, and only 44.1% for sedentary behavior. Overall, 77.1% failed to meet all 24-hour guidelines
simultaneously. Regarding mental health, 44.6% reported significant anxiety symptoms, 36.1%
depression, and 34.7% stress. While 13.4% reported greater frustration than satisfaction of basic
psychological needs. Female students reported poorer mental health outcomes. Cluster analysis
revealed two movement behaviors profiles: a favorable profile associated with lower distress and higher
well-being, and an unfavorable profile, with the reverse pattern. Binary logistic regressions confirmed
unfavorable profile membership and female gender were significant predictors of poor mental health.

Conclusion: European university students struggle to meet all 24-hour movement guidelines, which is
associated with poorer mental health. Movement behavior profiles are strongly associated with mental
health, underscoring the importance of integrated interventions targeting both domains, particularly
among female students.

Introduction

The World Health Organization (WHO) defines mental health (MH) as a state of well-being that enables
individuals to cope with the stresses of daily life, realize their potential, learn effectively and contribute to
their community [1]. Yet the MH of university students, particularly since the COVID-19 pandemic, has
become a major global public health concern [2, 3]. The university period represents a critical stage for
MH; indeed international data indicate alarming levels of psychological distress among university
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students, and especially among females [4, 5]. A meta-analysis covering nine European countries reports
particularly high rates of depression (55%), anxiety (63%) and stress (62%) among university students
during the pandemic [6]. At the European level, a recent survey conducted in several countries indicated
that one third of university students reported a MH problem, most often depressive and anxiety
disorders, and between 37% and 58% reported poor well-being [7]. These results suggest a still-lasting
deterioration in the MH of university students. MH can be approached as a dual continuum, in which
psychological distress and well-being represent two related but distinct dimensions [8]. This model
implies that the absence of psychological distress does not necessarily imply the presence of high well-
being, and vice versa. According to the dual continuum model framework, MH should therefore be
assessed using indicators of psychological distress (e.g., anxiety, stress and depression) as well as
indicators of well-being (e.g., subjective vitality and satisfaction of basic psychological needs). In this
regard, subjective vitality (“conscious experience of possessing energy and vitality”; [9] and satisfaction of
basic psychological needs (BPN) are interesting indicators for assessing optimal well-being [10] and
they are part of the Self-Determination Theory (SDT) [11]. SDT identifies three BPN: autonomy (sense of
volition in one’s actions), competence (the feeling of effectiveness in one’s actions), and relatedness
(sense of connection with others) [12, 13], whose satisfaction nourishes well-being and whose
frustration, on the contrary, increases the risk of ill-being [11, 14].

The university period is also a critical time for adopting behaviors that may persist over time [15, 16],
such as the consumption of substances including alcohol, cannabis or tobacco [17, 18]. For example, in
Europe between 20% and 37% of university students report problematic alcohol consumption [19, 20].
Among university students, cannabis, tobacco and alcohol are frequently co-used and form part of
higher-risk polysubstance use profiles [21, 22]. Physical activity (PA), sedentary behavior (SB) and sleep
are central for students’ health. In the literature, these behaviors are often studied in isolation, but they
are increasingly integrated into the 24-hour paradigm, which recognizes their interdependence [23]. In
this context, the “Canadian 24-Hour Movement Guidelines” provide a framework for guidelines regarding
PA, SB, and sleep [24]. This paradigm promotes not only favorable movement behaviors but also their
integration, emphasizing the importance of an active and balanced lifestyle. Thus, for PA, defined as "any
bodily movement produced by skeletal muscles that requires energy expenditure" [25], the guidelines are
"at least 150 minutes per week of moderate-to-vigorous physical activity (MVPA)", for SB, defined as "any
waking behavior characterized by an energy expenditure of 1.5 METs or lower while sitting, reclining or
lying" [26], the guidelines call for "a maximum of 8 hours of sedentary time per day, including a maximum
of 3 hours of leisure screen time"; and for sleep, "7 to 9 hours of good-quality sleep per night, with regular
bedtime and wake-up times". Alarmingly, more than 40% of university students are considered physically
inactive [27], and a meta-analysis indicates that PA levels drop by nearly 12 min/day upon entering
university [16]. Regarding SB, university students spend a mean of 9 to 11 h/day in SB [28], which is
higher than non-university young adults [29]. It should be noted that a large proportion of this SB is
dedicated to screen use for leisure purposes (i.e. excluding use for academic study or work) [30], which
highlights the need to take this type of behavior into account in current society. Concerning sleep, the
estimated prevalence of insomnia among European university students ranges from 40% to 57%, with a

Page 4/34



mean prevalence of approximately 47% [31]. Moreover, a national Canadian study assessed prevalence
of adherence to the 24-hour movement behavior guidelines among more than 20,000 students and found
that 61.1% met MVPA guidelines, 56.3% met SB guidelines, 36.2% met leisure screen time guidelines,
and 59.7% met sleep guidelines, but only 9.9% of students met all four guidelines simultaneously [32].
Nevertheless, it should be noted that this study was conducted pre-pandemic, and to our knowledge, no
other study has examined these four prevalences among students since the pandemic, especially in a
European context. These behaviors are also not without consequences for MH. Meta-analyses confirm
that insufficient PA increases the risk of depression and anxiety, while being physically active reduces
the risk of depression by 17% and anxiety by 29% [33, 34]. Conversely, excessive SB, particularly leisure
screen time, is associated with increased psychological distress [35]. Regarding sleep, sufficient, high-
quality sleep is a major predictor of well-being [36]. In the university population, insomnia is associated
with significantly higher risk of depressive and anxiety disorders [37]. Furthermore, a longitudinal study
among freshmen indicates that the symptoms of insomnia upon entry into university were strong
predictors of depression and anxiety symptoms at the end of the academic year [38]. Although the
impact on MH of movement behaviors, taken individually, is known, research remains limited when these
behaviors are considered simultaneously, particularly among university students [39]. However, adopting
a person-centered approach, such as clustering, can help identify subgroups of individuals who share
similar movement behavior profiles, thereby capturing the heterogeneity of these behaviors within the
population. Moreover, by grouping university students according to profiles of similar behaviors, this
method can highlight potential synergistic effects of these habits on MH [40].

An updated assessment of MH and 24-hour movement behaviors among European students therefore
appears essential to identify distinct profiles and to analyze associated variations in MH. Such an
assessment would highlight more targeted prevention and intervention strategies, avoiding the pitfall of
treating all students as a homogeneous population without acknowledging specific distinctions. In this
context, the present study aims to address the following research questions:

1. What is the prevalence of adherence to the 24-hour movement behavior guidelines and of the MH
outcomes?

2. Within the framework of a person-centered approach (clustering), are there distinct university
student profiles based on 24-hr movement behaviors?

3. What is the link between these potential profiles and variables relating to MH?

Methodology
Study design

This cross-sectional study is based on data from an online survey on the health of European university
students. Data collection took place between October 2024 and February 2026 in five European UNITA
alliance universities: Spain (two universities), Romania (two universities), and Italy (one university).
Recruitment was conducted through multiple channels, including university mailing lists, posters and
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flyers displayed in common campus areas, and in-class presentations, all featuring a brief description of
the project along with a web link and QR code for direct access to the online survey. Upon accessing the
survey link, participants were required to provide informed consent and select their preferred language
before answering the questions.

Participants

Out of the 2,427 responses collected, 2,340 were valid according to our criteria (96.4% valid response
rate; see Data Cleaning and Filtering section below). The included participants (62.6% female; 36.6%
male; and 0.8% non-binary) had a mean age of 20.94 years (SD = 4.24). Additionally, 43.5% of the
students were from Romania, 34.2% from France, 12.1% from lItaly, and 10.2% from Spain.

Instruments

The survey collected sociodemographic information and included validated tools to assess health
behaviors and MH outcomes.

24-hour movement behaviors

ONAPS Physical Activity Questionnaire (ONAPS-PAQ) [41] : This self-reported questionnaire assesses
participants’ PA and SB over a typical week. This questionnaire is derived from the Global Physical
Activity Questionnaire (GPAQ) [42] and the long version of the International Physical Activity
Questionnaire (IPAQ) [43], which have shown good psychometric proprieties across different European
countries [44, 45]. It has demonstrated good test-retest reliability and validity [41]. The questionnaire
consists of four sections addressing activities in various domains: work/study, transport, leisure, and
domestic tasks. In this study, three variables related to 24-hour movement behaviors were extracted
from the ONAPS-PAQ: MVPA, SB, and leisure screen time. MVPA corresponded to the total weekly
duration of activities of moderate and vigorous intensity, across different domains. SB corresponded to
the total time spent sitting in these same domains. Finally, leisure screen time corresponded specifically
to the domain of leisure, that is, the time spent on screens outside any academic or professional use
(e.g., television, video games, smartphone use during leisure time). For this study, these variables were
binary coded according to the thresholds defined by the guidelines of the 24-hour movement behavior
framework [24]: 1 indicated non-adherence to the guideline, and 0 indicated adherence. Thus, the
selected thresholds were as follows: MVPA < 150 min/week; SB > 3,360 min/week (> 8 h/day); leisure
screen time > 180 min/day (> 3 h/day).

The Pittsburgh Sleep Quality Index (PSQI) [46] : This questionnaire assesses the sleep duration and
quality of participants over a one-month period and it is widely used in the literature [47]. Comprising 19
items, it evaluates seven distinct components (e.g., subjective sleep quality or sleep duration), each
scored from 0 to 3, with higher scores reflecting greater sleep disturbance. The sum of these
components yields a global score ranging from 0 to 21. A total score greater than 5 identifies individuals
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with poor sleep quality [46]. In this study, two variables derived from PSQl were used: the overall PSQI
score (sleep quality) and sleep duration (derived from Component 3). This component was used
independently to assess adherence to the 24-hour movement behavior guidelines [24]. Sleep duration
was dichotomized: 1 when the duration was < 7h or > 9h/night (non-adherence) and 0 when it was 7-
9h/night (adherence). Internal consistency was acceptable (a =.65 and w = .68; a range .60-.72 and w
range .64-.71 across the different languages).

Substance use

Cannabis Abuse Screening Test (CAST) [48]: This questionnaire aims to assess problematic cannabis
use and screens for the risk of cannabis use disorder. It consists of six binary-coded items
(negative/positive response). The tool has demonstrated good psychometric properties among young
people, as well as strong criterion validity with respect to the DSM-IV [48]. The final score corresponds to
the number of positive responses across all items and is used to evaluate the presence/severity of
problematic cannabis use. A score below 2 indicates non-problematic use, while a score of 2 or higher
suggests at-risk or problematic use. Internal consistency was good (a =.80 and w =.94; a range .76-.87
and w range .92-.96).

Alcohol Use Disorders Identification Test (AUDIT) [49]: This questionnaire assesses participants'
alcohol consumption and associated risks. It consists of 10 items, with questions 1 to 8 scored on a five-
point scale (0 to 4) and questions 9 and 10 scored on a three-point scale (0, 2 or 4), yielding a total score
between 0 and 40. The tool has demonstrated strong psychometric properties and good internal
consistency across different languages, with Cronbach’s alpha values ranging from .75 to .94 [50]. The
total score is the sum of all 10 items. Higher scores indicate increasingly problematic alcohol use. In the
present study, internal consistency was acceptable (a=.77 and w =.90; a range .66-.78 and w range
.70-.82).

Simplified Fagerstrom Test [51]: This questionnaire assesses nicotine dependence using two items: (1)
the number of cigarettes smoked per day (0 = 10 or fewer cigarettes/day to 3 =31 or more
cigarettes/day) ; (2) the time elapsed after waking up before smoking the first cigarette (0 = more than
60 minutes to 3 = within 5 minutes), yielding a total score ranging from 0 to 6. The traditional method
involves adding the two items to obtain a global score, which indicates the level of dependence: the
higher the score, the greater the dependence is considered to be.

Mental Health

The Basic Psychological Need Satisfaction and Frustration Scale (BPNSFS) [52] : This questionnaire
was used to assess the satisfaction and frustration of BPN. The tool is grounded in SDT [11, 12], which
posits that these needs are essential for individual well-being and balance [12, 53]. The questionnaire
consists of 24 items in total, with each BPN evaluated by eight items: four items assessing satisfaction
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and four items assessing frustration [52]. Participants rated their responses on a five-point Likert scale
(ranging from 1 = "completely false" to 5 = "completely true"). In this study, for each BPN, a mean
satisfaction score and mean frustration score were first calculated by averaging the corresponding four
items. Composite scores were then calculated for each BPN by subtracting the mean frustration score
from the mean satisfaction score (Autonomy Score, Competence Score, Relatedness Score), indicating
the balance between these two dimensions for each need [54]. A General Composite Score was
calculated as the difference between the total satisfaction score (mean of the three mean satisfactions
scores) and the total frustration scores (mean of the three mean frustration scores). For this study, the
composite scores were dichotomized: scores < 0 were coded as 1, indicating that BPN were more
frustrated than satisfied, and scores = 0 were coded as 0, indicating that BPN were more satisfied than
frustrated (or neutral). Internal consistency, calculated using the classical difference score reliability
approach [55], was good for all composite scores: General Composite Score (a = .88, w = .88; a range
.85-.89, w range .86-.89), Autonomy (a =.81, w =.81; arange .77-.87, w range .78-.87), Relatedness (a

= .84, w = .85; arange .81-.86, w range .79-.87) and Competence (a =.89, w =.88; a range .87-.90, w
range .86-.90).

The Subjective Vitality Scale (SVS) [9]: This questionnaire was used as a positive indicator of well-being.
Participants responded to seven items rated on a Likert scale ranging from 1 to 7 (from 1 = "not at all
true" to 7 = "completely true"). The overall score corresponds to the mean of the seven responses.
Internal consistency was satisfactory (a =.86 and w =.87; a range .82-.88 and w range .87-.90).

The Depression Anxiety Stress Scales-21 (DASS-21) [56]: This questionnaire assesses psychological
distress and corresponds to the abbreviated version of the DASS-42 [57]. The DASS-21 has frequently
been used among university student populations [58]. It evaluates three distinct dimensions of
psychological distress (i.e., depression, anxiety, and stress). The DASS-21 consists of 21 items, divided
into three subscales of seven items each, corresponding to the three assessed dimensions. Participants
rated the frequency of symptoms they experienced over the previous week using a four-point Likert scale
(ranging from 0 = "did not apply to me at all" to 3 = "applied to me very much or most of the time"). The
score for each subscale was calculated by summing the corresponding seven items. The scores were
then multiplied by 2 to bring them into line with the DASS-42 scale, in accordance with the guidelines
[57]. The severity thresholds, as defined by Lovibond & Lovibond, (1995) for the DASS-42, classify
symptoms as moderate (score = 14 for depression, = 10 for anxiety, > 19 for stress), severe (score > 21
for depression, = 15 for anxiety, = 26 for stress), and extremely severe (score = 28 for depression, = 20 for
anxiety, > 34 for stress). In this study, each subscale was dichotomized as follows: coded as 1 when the
score reached the threshold for at least moderate symptoms, and 0 otherwise, indicating the absence of
significant symptoms. Internal consistency was good across the subscales: depression (a=.90 and w
=.90; arange .85-.92 and w range .86-.92), anxiety (a =.84 and w = .85; a range .79-.88 and w range
.80-.89) and stress (a=.86 and w =.86; a range .77-.90 and w range .78-.90).

We used validated versions of the questionnaires in the respective languages when available. If no
validated version existed in a particular language, the research team associated with the country
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translated the corresponding items.

Data cleaning and filtering

Before conducting the analyses, the database was cleaned in two steps.

Quality control of questionnaire responses

An analysis was conducted to identify potential low-quality responses. Given that the mean response
time was 23.7 minutes, it was inferred that responding in less than half that time would not allow for
high-quality answers. Therefore, all participants who completed the survey in less than 600 seconds

were excluded (n = 87).

Outliers

Regarding the ONAPS-PAQ measurements, the IPAQ guidelines were applied [43]. Thus, only MVPA
sessions lasting at least 10 continuous minutes were counted, and any responses below this threshold
were recoded to 0. Moreover, exclusion criteria were applied to rule out values considered implausible:
MVPA > 6,720 min/week (16 h/day); leisure screen time > 6,720 min/week (16 h/day); SB > 10,080
min/week (24 h/day) or equal to 0. The 3xIQR method was then applied to the following variables: MVPA,
SB, leisure screen time, sleep quality score, sleep duration, subjective vitality, DASS-21 scores (anxiety,
stress, and depression), and BPNSFS scores (General Composite Score, Autonomy Score, Competence
Score, and Relatedness Score). This step was used to identify extreme (but plausible) values. All
identified outliers were removed from the database (n = 86) (see Additional file 1: Table S1).

Data analysis

Descriptive analyses and prevalence rates

To address the first research question concerning adherence levels to 24-hour movement behaviors and
MH outcomes, descriptive analyses (mean and standard deviation) by gender (female; male; non-binary)
were conducted. One-way analyses of variance (ANOVA) with gender as the factor were also performed
to identify potential differences, using Tukey’s post hoc tests. Moreover, Chi-square (x?) tests of
independence were performed to examine the association between gender and adherence to 24-hour
movement behavior guidelines [24], as well as MH outcomes. Post hoc analyses based on standardized
residuals were conducted for each cell in the contingency tables, with values greater than £1.96
considered statistically significant. This identified which specific categories contributed significantly
more or less than expected to the associations observed in the x? tests between gender categories.
Effect sizes for these X2 test associations were quantified using Cramér’s V with following thresholds:
.10 (low), .30 (medium) and .50 (large) [59]. For each guideline, adherence was coded as 0, and non-
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adherence was coded as 1. For MH outcomes, the absence of significant symptoms of anxiety,
depression and stress was coded as 0, and the presence was coded as 1; positive or neutral balance of
BPN was coded as 0, and a negative balance was coded as 1.

Clustering analysis

To address the second research question, concerning the existence of 24-hour movement behavior
profiles within the study population, cluster analyses were conducted. First, the optimal number of
clusters was identified using the R package "NbClust" [60]. The analysis indicated that two clusters were
optimal (see Additional file 2: Table S2). MVPA (ONAPS-PAQ), SB (ONAPS-PAQ), and sleep quality (PSQl)
were selected as independent clustering variables and transformed into Z-scores, as these variables do
not share the same units and exhibit high variability. Leisure screen time was not retained as a clustering
variable due to its conceptual and statistical overlap with SB, but was kept as a characterization variable
to help, confirm the coherence of cluster once identified. Subsequently, the non-hierarchical K-means
method (Hartigan-Wong algorithm) was applied [61]. Once the clusters were identified, ANOVAs were
used to confirm that they were significantly different. The clusters were then characterized using
ANOVAs applied to MH outcomes (Depression, Stress, Anxiety, General Composite Score, Autonomy
Score, Competence Score, Relatedness Score, and Subjective Vitality) and to certain other behaviors and
substance use (Leisure Screen Time, Alcohol Score, Tobacco Score, and Cannabis Score). In addition,
effect sizes (Cohen’s d) were calculated for each cluster comparison from the F-value and group sample
sizes [62], interpreted according to Cohen's (1988) conventions: .20 (small) ; .50 (medium) and .80
(large). To finalize the characterization of the clusters, a x? test was performed to examine the
association between gender and cluster membership. When a significant association was observed,
post hoc analyses based on standardized residual examination were conducted to identify categories
specifically over or underrepresented within each cluster.

Binary logistic regression analysis

To address the third research question, a series of binary logistic regression analyses was conducted to
examine the predictive role of gender and cluster membership on MH outcomes. Given the small number
of individuals identifying as non-binary (0.8% of the sample), this group was excluded from these
analyses. Consequently, gender was dichotomized (female vs. male) to ensure reliable estimates.
Cluster membership (reference: Cluster 1) and gender (reference: male) were included simultaneously as
categorical predictors in a single block. The outcome variables were dichotomized using the same
coding across all measures (0 = favorable MH outcomes and 1 = adverse MH outcomes); however, the
reference modality selected for the analyses differed between the two types of outcomes. For
psychological distress, the reference modality was set to the favorable outcome, so the odds ratio (OR)
represented the probability of having an adverse outcome (coded 1) compared to its absence (coded 0);
an OR > 1 indicated an increased risk of psychological distress. For BPN scores, the reference modality
was set to the adverse outcome (1 = BPN more frustrated than satisfied), so that the OR instead
reflected the odds of reporting the favorable outcome (0 = BPN more satisfied or neutral than frustrated)
relative to the adverse one, with an OR > 1 indicating an increased probability of having BPN that were
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more satisfied (or neutral) than frustrated. The regression coefficients (B), standard error (SE), Z-statistic,
p-values and OR with 95% confidence intervals were reported.

The various analyses were conducted using Jamovi (version 2.6.44.0) and RStudio (version 2022.12.0 +
353). The significance threshold was set at p<.05 for all statistical tests.

Results
Descriptives

Population characteristics and gender differences

The final sample comprised 2,340 students, whose characteristics are presented in Table 1. The mean
weekly durations of MVPA exceeded the recommended levels, as did SB and leisure screen time. Mean
sleep duration was very slightly below the recommended level. However, the mean sleep quality score
exceeded the threshold level (Buysse et al., 1989), indicating poor sleep quality. Furthermore, marked
gender differences were found in the duration of several 24-hour movement behaviors. Although no
significant gender differences were found in MVPA, female students reported significantly higher levels
of SB than male students. Similarly, leisure screen time was higher among non-binary and female
students than among male students. Regarding sleep, although actual sleep duration did not differ
significantly by gender, female students had significantly higher sleep quality scores than male students,
indicating poorer sleep quality among females.
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Table 1

Descriptive characteristics of the total sample and by gender, with ANOVA and post hoc

Variables

Age (year) (n =2,340)
BMI (n = 2,340)

MVPA (min/week) (n =
2,294)

SB (min/week) (n =
2,308)

Sleep duration (h/night)
(n = 2,340)

Sleep quality (0-21) (n
= 2,340

)

Leisure Screen Time
(min/day) (n=1,963)

Tobacco Score (0-6) (n
= 2,340)

Cannabis Score (0-6)
(n=2,340)

Alcohol Score (0-40) (n
= 2,340)

Anxiety (0-42) (n=
2.340)

Stress (0-42) (n =2,340)

)

Depression (0-42) (n =
340)

Subjective Vitality (1-7)

(n=2,319)

General Composite
Score (-4; +4) (n = 2,340)

Autonomy Score (-4; +4)
(n = 2,340)

Competence Score

(-4; +4) (n =2,340)

Total

20.94+4.24
22.69+3.90

1283.93 +
1079.72

3741.77 +
1804.72

6.92+1.49
6.15+3.22

189.13
134.18

.28 £ .85
A5+ .71

3.83+4.79

10.30+9.39

1+

.
.

[Co RN
oo

ool

I+

.
.

o
oo

O

4.29+1.23

1.45+1.30

J7+1.48

1.29+1.81

Female

20.95+4.37
22.40+4.02

1303.10 +
1086.18

3850.76 =
1838.46 2

6.89+1.49

6.5+3.27°

194.50 +
134.58 2

.36 +.94°

12+ .63

2.97+4.00

12.13+9.73

a

18.09 +
10.30°2

13.02 %
10.76 @

415+1.23

1.38+1.33

.68 +1.52

1.15+1.84
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Male
20.90+4.02
23.12+3.52

1253.85 +
1067.40

3545.71
1727.47

6.96 +1.45

5.41+2.95

178.50 +
131.50

15+ .63

20+ .82°

5.29+5.60°

7.14+7.73

11.59 +8.88

9.11+9.44

455+1.17°2

1.59+1.22°

0.93+1.38
ab

1.56+1.70°

Non-binary
21.28+4.40
2476 +7.36

Cc

1182.67 +
1166.50

4246.39 +
1902.35

7.5+2.69

6.94+5.15

257.65+
178.45P

.39+ .92

22 +.55

4.33+5.30

13.44 +
12.81°P

16.56 +
10.76

16.78 +
14.84

3.91+1.48

97 +1.64

.08+2.10

.69+2.05

F
.09
11.96%%*

.63

8.39***

1.96

36.78***

5.50**

15.92%**

3.64%

66.65%**

82.8***

119.0%**

41.0%**

29.70%**

8.59***

0.72%**

14.98***




Variables Total Female Male Non-binary F

Relatedness Score 2.29+1.49 2.30+1.52 2.28+1.43 2.12+1.91 .16
(-4; +4) (n = 2,340)

p-value: p<.05%; p<.01**; p<.007***

Note

Values in the “Mean” column are presented as mean + SD. One-way ANOVA was used to compare groups by
gender. Tukey’s post hoc test results are presented as follows: 2 = difference between female and male; ° =
difference between male and non-binary; ¢ = difference between female and non-binary. MVPA = moderate
to vigorous physical activity; SB = sedentary behavior. Leisure screen time had a higher proportion of
missing responses than the other ONAPS-PAQ variables. The non-binary group comprised only 18
participants in the overall sample; therefore, results for this group should be interpreted with caution.

Prevalence of adherence to 24-hour movement guidelines
and mental health risk (Question 1)

Adherence to the 24-hour movement behavior guidelines showed mixed results (see Fig. 1 and
Additional file 3: Table S3). A very large majority of the sample met the MVPA guidelines and was
therefore classified as physically active. In contrast, fewer than half of the students met the SB
guidelines. Adherence rates for leisure screen time and sleep guidelines were 66.4% and 63.6%,
respectively. However, only 22.9% of participants met all guidelines simultaneously. Furthermore, x2 tests
revealed no association between gender and adherence to MVPA and SB guidelines (see Additional file
3: Table S3). In contrast, significant associations were observed between gender and adherence to
leisure screen time and sleep guidelines. Moreover, analysis of standardized residuals showed that male
students were significantly over-represented among students adhering to these guidelines (residual = +
2.56 for leisure screen time and + 2.41 for sleep) and under-represented among those not adhering to
them. Conversely, female students were significantly overrepresented among those not adhering to
these guidelines (residual = + 2.32 for leisure screen time and + 2.27 for sleep) and underrepresented
among those adhering to them. However, these associations were small in magnitude, with Cramer’s V
values all below .10 (see Additional file 4: Table S4).

Bars represent the percentage (%) of participants meeting guidelines for MVPA, SB, leisure screen time,
sleep duration, and all four guidelines combined. Results are presented for male, female and non-binary
participants, and for the total sample.

Regarding the prevalence of MH outcomes, the results are displayed in Fig. 2. and see Additional file 3:
Table S3. A substantial proportion of students exhibited moderate to extremely severe symptoms of
psychological distress, with 44.6% reporting anxiety symptoms, 36.1% reporting depressive symptoms,
and 34.7% reporting stress symptoms. Furthermore, 13.4% of students reported greater frustration than
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satisfaction of their BPN (General Composite Score < 0). Moreover, marked gender disparities were
observed: for anxiety, more than one in two female students exceeded the threshold compared with
28.1% of male students; for depression, 41.8% of female students exceeded the threshold compared
with 26.1% of male students; and finally, for stress, 43.5% of female students exceeded the threshold
compared with 19.4% of male students. With respect to BPN, 15.1% of female students had a General
Composite Score < 0, compared with 10.3% of male students. In addition, x? tests revealed significant
associations between all MH outcomes and gender (see Additional file 3: Table S3). Analysis of
standardized residuals showed that male students were significantly over-represented among those
scoring below the significant thresholds for depression (residual = 7.64), anxiety (residual = 12.2), stress
(residual = 11.8) and the General Composite Score (residual = 3.36) and under-represented among those
exceeding these thresholds. Conversely, female students were significantly over-represented among
students exceeding the significant thresholds (residuals = 7.38; 12.0; 11.6 and 3.14, respectively) and
under-represented among those scoring below them. These associations were of moderate magnitude,
with Cramer’s V values ranging from .072 (General Composite Score) to .25 (anxiety) (see Additional file
5: Table S5).

The bars represent the percentage (%) of participants reporting moderate to extremely severe levels of
anxiety, stress, and depression, as well as a General Composite Score below 0 (greater frustration than
satisfaction of BPN). Outcomes are presented separately for male, female, non-binary participants, and
for the total sample.

Clustering (Question 2)
Identification of clusters

The analyses indicated that most validation metrics pointed toward an optimal choice of two clusters.
Subsequently, K-means analyses identified two distinct 24-hour behavior profiles (MVPA, SB, sleep
quality). Cluster 1 comprised 1,250 participants (55.1% of the sample), while Cluster 2 comprised 1,017
participants (44.9% of the sample). The cluster plot (Fig. 3) showed a clear separation between the
different groups, accounting for 71.9% of the explained variance (Dim1 =37.6% and Dim2 = 34.3%).
Furthermore, the two clusters appeared relatively compact and distinct with little overlap, supporting the
validity of the clusters.

Validation of clusters

The mean values (Table 2) for the 24-hour movement behavior variables indicated that Cluster 1 was
characterized by higher MVPA, lower SB and better sleep quality compared with Cluster 2. ANOVAs
confirmed that the two clusters differed significantly on the dependent variables used for clustering,
clearly indicating two distinct 24-hour movement behavior profiles within this university student
population. Effect sizes for these variables were large, indicating differences of substantial practical
significance beyond their statistical significance.
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Table 2

Mean values of the 24-hour movement behaviors of the clusters and ANOVA results

Cluster N
MVPA (min/week) 1 1250

2 1017
SB (min/week) 1 1250

2 1017
Sleep quality (0- 1 1250
21)

2 1017

Mean

1574.05
1159.37

932.02 +846.02

2758.15 %
1253.25

4911.26 +
1616.30

4.56 +2.46
8.02+2.97

Standard

error

32.80

26.53
35.45

50.68

.07
.09

p-value: p<.05%; p<.01**; p<.001***

Note

F Cohen’s
d
232%** .62

1212%**  1.47

885*** 1.26

The “Mean” column reports mean + SD. One-way ANOVA was used to compare clusters

MVPA = moderate to vigorous physical activity; SB = sedentary behavior.

Characterization of clusters

Further analyses were carried out to characterize the identified clusters in greater detail. Table 3

presents the mean values for variables relating to substance use and MH outcomes. Cluster 1 exhibited

the most favorable indicators: lower leisure screen time, lower scores for cannabis and alcohol use,
lower scores for anxiety, stress and depression, higher subjective vitality and higher scores for BPN,
compared with Cluster 2. In contrast, Cluster 2 exhibited less favorable patterns of substance use,
leisure screen time and MH outcomes. ANOVA analyses confirmed that the two clusters differed

significantly for all dependent variables except the tobacco use score, clearly indicating two distinctly

different profiles of MH and substance use within the study population. Effect sizes were small for
alcohol and cannabis scores but moderate to large for leisure screen time and MH outcomes.
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Table 3
Leisure screen time, substance use and mental health outcomes by clusters and ANOVA results

Cluster N Mean Standard F Cohen’s
error d
Leisure Screen Time 1 962 138.79 2.70 304.38*** 80
(min/day) 83.66
2 953 231.98 ¢ 4.61
142.33
Tobacco Score (0-6) 1 1250 .26 +.81 .02 2.05 .06
2 1017 .31+.89 .03
Cannabis Score 1 1250 .11 +.58 .02 17.92%** 15
(0-6) 2 1017 .21+.85 .03
Alcohol Score 1 1250 3.66+4.72 13 5.27* 10
(0-40) 2 1017 4.121+4.86 15
Depression (0-42) 1 1250 8.7819.08 .26 199.51*** 60
2 1017 14.88+ .35
11.08
Anxiety (0-42) 1 1250 7.94+8.29 .23 179.87*** 57
2 1017 13.14+9.84 .31
Stress (0-42) 1 1250 12.88+9.49 .27 220.46*** .63
2 1017 19.10+ 32
10.20
Subjective Vitality (1-7) 1 1240 4.62+1.13 .03 210.53*** .62
2 1006 3.89+1.22 .04
General Composite 1 1250 1.79+1.17 .03 196.14*** 59
Score (-4; +4)
2 1017 1.05+1.33 .04
Autonomy Score 1 1250 1.11+£1.35 .04 147.54*** 51
(-4, +4) 2 1017 .37 +1.5T .05
Competence Score 1 1250 1.74+1.62 .05 181.70*** 57
(-4;+4) 2 1017 .74+1.86 .06
Relatedness Score 1 1250 2.52+1.38 .04 60.35%** .33
(-4, +4) 2 1017 2.03+1.59 .05
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p-value: p<.05%; p<.01**; p<.001***

Note: The “Mean” column reports mean * SD. One-way
ANOVA was used to compare clusters

In addition, contingency tables were produced to examine the distribution by gender according to the
clusters (see Table 4). The results of the x? tests indicated significant association between gender and
cluster membership. Thus, the post hoc analysis of standardized residuals revealed that females were
distributed relatively evenly across the two clusters (Cluster 1: 51.2% vs Cluster 2: 48.8%), unlike males,
who were predominantly in Cluster 1 (62.2% vs 37.8%). For non-binary individuals, the distribution was
reversed, with a large majority in Cluster 2. The observed effect sizes by gender appear small (Cramer’s
V =.12), indicating significant but small-scale associations (see Additional file 6:Table S6).

Table 4
Breakdown by gender according to clusters.

Variables  Modality Cluster 1n (%) Cluster2n (%) x2(df) p-value Cramer's V
Gender Female 721 (51.2%) @ 686 (48.8%) 2 31.2(2) <.001 12

Male 524 (62.2%)% 318 (37.8%) @

Non-binary 5 (27.8%) 13 (72.2%) @

Post hoc results: 2 = significant deviation between observed and expected frequencies (|z| > 1.96, p <.05).

Binary logistic regressions (Question 3)

The results of binary logistic regressions are presented in Table 5. The results indicated that
membership of Cluster 2 (a less favorable profile) and being female were consistent predictors of an
increased risk of poor MH, reflected in indicators of increased psychological distress and reduced well-
being. With respect to cluster membership, students in Cluster 2 had significantly higher odds of
reporting critical levels of depression, anxiety and stress than students in Cluster 1. Conversely,
membership of Cluster 2 was associated with significantly lower probability of having more satisfied (or
neutral) than frustrated BPN scores. This negative association was observed for all BPN: autonomy,
competence, and relatedness. In terms of gender, females were significantly more likely to report critical
symptoms of depression, anxiety and stress. Similarly, being female was also associated with lower
probability of having more satisfied (or neutral) than frustrated BPN. These associations were all
significant, except for relatedness.
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Table 5
Binary logistic regressions for mental health (Female vs Male; Cluster)

Predictor B SE y4 p-value OR (95% CI)
Depression

Intercept -1.52 .09 -16.39 <.001 .22 (.18-.26)
Cluster (2vs 1) 1.06 .09 11.57 <.001 2.90 (2.42-3.47)
Female vs Male .62 10 6.27 <.001 1.85(1.53-2.25)
Anxiety

Intercept -1.33 .09 -14.96 <.001 .26 (.22-.31)
Cluster (2 vs 1) .90 .09 10.04 <.001 2.46 (2.06-2.94)
Female vs Male 1.06 10 11.11 <.001 2.90 (2.40-3.49)
Stress

Intercept -1.90 .10 -18.67 <.001 .15 (.12-.18)
Cluster (2vs 1) 1.02 .09 10.89 <.001 2.79 (2.32-3.35)
Female vs Male 1.14 10 10.86 <.001 3.14 (2.55-3.86)

General Composite Score

Intercept 2.91 15 19.65 <.001 18.30 (13.69-24.46)
Cluster (2vs 1) -1.36 14 -9.78 <.001 .26 (0.19-.34)
Female vs Male -.36 14 -2.56 .01 .70 (.53-.92)
Autonomy Score

Intercept 1.75 .10 17.48 <.001 5.78 (4.73-6.99)
Cluster (2vs 1) -.93 10 -9.18 <.001 40 (.32-.48)

Female vs Male -.34 11 -3.18 .001 .71 (.58-.88)

Competence Score
Intercept 2.12 1 18.97 <.001 8.37 (6.72-10.42)
Cluster (2vs 1) -1.00 A1 -9.36 <.001 .37 (.23-.45)

Note: For psychological distress scores, the reference modality is the favorable outcome (0); estimates
represent the log-odds of the adverse outcome (1) relative to the favorable one, and an OR > 1 indicates
a higher risk of psychological distress. For BPNSFS scores, the reference modality is the adverse
outcome (1); estimates represent the log-odds of the favorable outcome (0) relative to the adverse one,
and an OR < 1 indicates a reduced probability of BPN being more satisfied (or neutral) than frustrated.
Reference: Male and Cluster 1.
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Predictor B SE y4 p-value OR (95% CI)
Female vs Male - .48 A1 -4.14 <.001 .62 (.50-.78)

Relatedness Score

Intercept 2.98 16 18.23 <.001 19.65 (14.27-27.07)
Cluster (2 vs 1) - 74 16 -4.59 <.001 48 (.35-.66)
Female vs Male -.21 17 -1.22 22 .81 (.58-1.13)

Note: For psychological distress scores, the reference modality is the favorable outcome (0); estimates
represent the log-odds of the adverse outcome (1) relative to the favorable one, and an OR > 1 indicates
a higher risk of psychological distress. For BPNSFS scores, the reference modality is the adverse
outcome (1); estimates represent the log-odds of the favorable outcome (0) relative to the adverse one,
and an OR < 1 indicates a reduced probability of BPN being more satisfied (or neutral) than frustrated.
Reference: Male and Cluster 1.

Discussion

The aim of this study was to address three key questions: the prevalence of adherence to the 24-hour
movement behaviors and the MH outcomes; the existence of distinct university student profiles based
on 24-hour movement behaviors; and finally, the links between these profiles and MH outcomes.

Overview of the prevalence of adherence to 24-hour movement behaviors among European university
students (Question 1)

Overall, the results revealed contrasting prevalence: although university students were largely active, they
were often sedentary and had difficulty adhering simultaneously to all movement behavior guidelines.
This high MVPA compliance is a surprising finding compared with the study by Weatherson et al., (2021)
[32] who reported that 61.1% of students met these guidelines, with a mean duration of 283.6 min/week.
This discrepancy could be partly explained by the data cleaning method, as this Canadian study applies
a truncation rule capping any MVPA exceeding 180 min/day, which we chose not to apply, as it seems
entirely possible for a university student to report more than 3 h/day of MVPA (e.qg. if they are studying
sports, participate in a club sport and/or engage in active travel). Furthermore, self-reported tools assess
personal perception of their PA levels and thus exhibit certain biases, such as recall bias or social
desirability bias [63], which may explain why MVPA prevalence rates are higher when self-reported than
those from accelerometry-based measures [64]. Nevertheless, regarding SB, adherence remained
markedly lower than for MVPA, and below the rate in the Canadian study (56.3%) ([32]. However, other
studies using objective measurements such as accelerometry reported higher durations, ranging from 9
to 11 h/day [28, 65], highlighting a discrepancy between self-reported and objective durations [29], which
suggests that compliance with this guideline may be overestimated. Furthermore, regarding leisure
screen time, adherence was markedly higher than in the study by Weatherson et al., (2021) [32], where
only 36.2% of students met the guideline. These results confirm that high MVPA does not guarantee low
SB. Although these two behaviors are interdependent within a shared 24-hour timeframe, the data show
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that they can coexist. Indeed, although students report high levels of MVPA, they adopt highly sedentary
habits, imposed by the nature of academic work (lectures, revision, etc.) but also due to the significant
time spent on leisure screens, accounting for around a third of students’ SB [30]. These results align with
the “Active Couch Potato” phenomenon: being simultaneously active and sedentary [66]. According to
Lepp & Barkley, (2019) [67], smartphone use was significantly associated with this profile, with each
additional hour per day associated with an 11.4% higher probability of also being classified as very
sedentary (> 8h/day). This contradiction could have consequences for their physical health [29, 68] as
well as MH [69], making it essential to implement targeted actions to reduce SB [70] particularly the use
of leisure screens. Finally, regarding sleep guidelines, despite an adherence rate above 60%, sleep quality
appears impaired, with a mean score above the critical threshold, indicating poor-quality sleep [46].
Sleep quality may be compromised for several reasons, such as screen use in the evening, exposure to
stress, or exam periods [71, 72]. Furthermore, good-quality sleep is associated with improvements in
mental well-being [36]. Finally, when all guidelines are considered together, only 22.9% of European
students complied simultaneously, a rate nevertheless higher than the 9.9% reported in the Canadian
national study [32]. It therefore seems essential to adopt a comprehensive approach based on the 24-
hour paradigm: replacing SB (such as leisure screen use) with sleep or even light PA, which would have
beneficial effects on physical health and MH [73].

Furthermore, it is worth highlighting gender differences in movement behaviors over a 24-hour period.
While no significant gender differences in MVPA were found in the results, regarding SB, leisure screen
time and sleep, female students adhered less to the guidelines than male students. They were
significantly more sedentary (although there was no difference in adherence to the guideline), spent
significantly more time in front of screens, and had poorer sleep quality compared to their male
counterparts. These gender-specific patterns indicated greater difficulties in achieving healthier and
more balanced movement behavior patterns over a 24-hour period among female students compared to
male students, highlighting the need for targeted intervention in this population.

Overview of mental health outcomes among European
university students: alert regarding female students
(Question 1)

Analysis of our sample points to a deeply concerning situation regarding the psychological distress of
European students in line with the global trend observed. A Europe-wide survey shows similar, though
slightly lower, prevalence: around 33% of university students report MH problems, mainly depressive and
anxiety disorders [7]. Moreover, a worldwide meta-analysis shows lower prevalence for European
countries than in the present study: 35.9% for anxiety and 24.1% for depression [58]. These differences
could be explained by the methodological heterogeneity of meta-analysis, as well as its period of data
collection (2004-2021), which does not reflect the current situation of university students in terms of
MH. These worrying figures can partly be explained by a social and environmental context that is a
source of concern for young people, particularly with regard to international current affairs,
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environmental and climate issues, or their own personal future [74]. However, this worrying picture of
psychological distress coexists with a more nuanced picture of well-being, in line with the dual
continuum model of MH [8], whereby psychological distress and well-being represent related but distinct
dimensions rather than opposite ends of a single continuum. Thus, regarding subjective vitality, in the
present study, the sample had a moderate mean score, suggesting that university students retain a
relative sense of energy and vitality despite their high level of distress. Regarding BPN, the General
Composite Score was positive with most university students having a score = 0, indicating that a majority
perceived their BPN as more satisfied (or neutral) than frustrated, but 13.4% had an inverse balance. A
closer look at the three BPN reveals that the relatedness need was the most satisfied, suggesting that
students generally felt connected to others in their environment. For the competence need, a lower mean
composite score was observed, reflecting a moderate sense of effectiveness. Regarding the autonomy
need, the mean composite score was the lowest, reflecting a lack of perceived autonomy or a feeling of
being controlled. Nishimura & Suzuki, (2016) [75] highlighted that BPN satisfaction predicts well-being
and vitality, but that BPN frustration also uniquely predicts depressive affects among Japanese
students. Thus, if we rely on these results, to optimize student MH, promoting well-being (and therefore
the satisfaction of BPN) is not sufficient; we must also take into account the frustration of BPN, because
it directly and independently negatively impacts MH [75].

Moreover, a major and significant difference is observed between the genders for almost all MH
outcomes, with female students consistently exhibiting a higher prevalence of anxiety, stress and
depression symptoms than male students. More than one in two female students suffered from anxiety
(54.1%), which represents a considerable proportion. This disparity also seems to extend to indicators of
well-being, where the BPN of 15.1% of female students were more frustrated than satisfied, compared to
10.3% of male students. In more detail, the composite scores for autonomy and competence were
significantly lower among female students than among male students, indicating that these BPN were
more proportionally frustrated than satisfied among female students. However, the relatedness need did
not show any significant difference between genders. These results are consistent with the findings in
the literature, which highlight a gender difference in the satisfaction of autonomy and competence needs
[76].

Identification of existing profiles among European university students and variations in mental health: a
striking dichotomy (Question 2 and 3)

Clustering analyses revealed two significantly distinct profiles within the sample studied, dividing it
almost equally: Cluster 1 (55.1% of the sample) corresponded to a favorable 24-hour movement behavior
profile (MVPA, SB and sleep quality), and Cluster 2 (44.9%) corresponded to an unfavorable profile.
Characterization of the clusters using indicators of substance use, leisure screen use and MH outcomes
showed that Cluster 2 stood out unfavorably across all these indicators. Indeed, Cluster 2 exhibited more
pronounced psychological distress, as well as lower indicators of well-being. Furthermore, Cluster 2 had
higher leisure screen time and substance use scores (alcohol, cannabis) than Cluster 1. These results
appear to be consistent with recent literature on 24-hour movement behaviors and MH [73, 77]. Thus, the
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study by Maitiniyazi et al. (2025) [77], involving Chinese students, identified the “Negative Engagement”
profile (characterized by low MVPA and high SB) as the profile associated with the highest levels of
psychological distress. Furthermore, the binary logistic regressions carried out in our study highlighted
that, compared to the favorable profile (Cluster 1), membership of the unfavorable profile (Cluster 2) was
consistently associated with markedly higher odds of psychological distress across all three indicators,
as well as with a substantially reduced likelihood of a favorable BPN balance. These results are
consistent with the systematic review by Groves et al., (2024) [73], which examines the links between 24-
hour movement behaviors and MH across the lifespan, indicating that the healthiest combination
(adequate sleep, high MVPA and low SB) is systematically associated with better MH outcomes.

Finally, it is worth noting that female students were significantly overrepresented in Cluster 2 compared
to male students (48.8% vs. 37.8%). This cluster corresponds to the unfavorable behavioral profile,
associated with an increased risk of psychological distress in all three dimensions (as previously
discussed). Even more striking, the results reveal that female gender, regardless of movement behavior
profile, is associated with a significantly higher probability of psychological distress, with a risk up to
nearly three times higher for anxiety and stress, and about twice as high for depression. In the same
vein, female gender was associated with a lower probability of having more satisfied than frustrated
BPN. Specifically, females had a reduced probability of 38% for the competence need, 29% for the
autonomy need and 30% for the general level. The relatedness need was the only BPN for which gender
did not appear to be a significant predictor, which suggests that relatedness may function more
independently of gender than the other BPN. These results raise a crucial question regarding the need
for intervention with female students who have an unfavorable movement behavior profile, as they
combine two potential risk factors for their MH: their movement behaviors and their gender. However,
the fact that this gender effect persists regardless of profile suggests that other mechanisms,
independent of movement behaviors, should be explored to better explain this MH disparity.

Limitation

This study has certain limitations that are important to note. Firstly, all variables are based on self-
reported measures, which may lead to discrepancies between perception and reality due to bias,
particularly regarding behaviors (MVPA, SB and leisure screen time) [29, 63, 64]. Consequently, future
studies could incorporate objective methods, such as accelerometry or the use of tracking software, to
obtain a more detailed assessment of 24-hour movement patterns. Furthermore, as participants were
recruited on a voluntary basis, we cannot rule out a self-selection bias, which may have led to an over-
representation of students who were already aware of health-related behaviors. In addition, the unequal
distribution of participants across countries may have introduced heterogeneity within the sample;
country-specific analyses would constitute a relevant avenue for future research. Factors related to
studies, such as student’s year of study or field of study were not controlled, so we believe they should
be considered in this future research. Thirdly, to assess nicotine dependence, this study used the
simplified Fagerstrom test. Although it has demonstrated sufficient validity [78], its limited number of
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items may restrict the accuracy of the assessment of dependence compared with the full Fagerstrom
scale [79]. Moreover, the cross-sectional nature of this study does not allow for the identification of
causal links between movement behaviors and students’ MH. Furthermore, these behaviors and
psychological indicators vary significantly throughout university life (exam periods, seasons, internships,
future deadlines, etc.) [80]. Measurements taken at a single point in time provide only a snapshot of
students’ behaviors and MH. For a more robust analysis, it would be appropriate to adopt longitudinal
designs in future research, enabling the tracking of changes in movement behaviors and refining the
validity of the results. Finally, the data collected on movement behaviors rely mainly on quantitative
measures, whereas their psychological effects also depend on the qualitative aspects of these
behaviors. Although sleep was also assessed using a quality-related variable, qualitative data is lacking,
particularly regarding SB and leisure screen time. Incorporating qualitative criteria into future research
would help refine our understanding of the links between 24-hour behaviors and MH.

Conclusion

Firstly, our results indicated mixed patterns of adherence to 24-hour movement behavior guidelines:
European university students were mostly active but had high levels of SB; sleep duration was
acceptable, but quality was affected, and compliance with all guidelines was limited. Secondly, this study
highlights a deeply concerning situation regarding MH, with alarming levels of psychological distress
despite comparatively favorable indicators of well-being. Furthermore, clustering analyses divided this
population into two distinct movement behavior profiles, and binary logistic regression analyses
confirmed that belonging to the unfavorable profile was significantly associated with poorer MH. These
associations highlight the need to integrate these behavioral habits into strategies for promoting
university students’ MH. Finally, the results reveal an increased vulnerability among female students,
both in terms of movement behaviors and MH. These findings highlight the need to develop targeted
interventions that integrate 24-hour movement behaviors and MH, to address the observed inequalities
and promote a sustainable balance between physical health and MH. Thus, universities could contribute
by implementing health promotion strategies, including sleep health programs, opportunities to reduce
SB during classes (e.g. active breaks or sit-stand workstations), and training in more intentional digital
use (e.g. managing notifications, leisure screen time or digital pauses).
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Figures

Compliance with 24-Hour Movement Behaviors Guidelines
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Figure 1

Compliance with 24-hour movement guidelines by gender and in the total sample.

Bars represent the percentage (%) of participants meeting guidelines for MVPA, SB, leisure screen time,
sleep duration, and all four guidelines combined. Results are presented for male, female and non-binary
participants, and for the total sample.
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Prevalence of Mental Health outcomes
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Figure 2

Prevalence of mental health outcomes by gender and in the total sample.

The bars represent the percentage (%) of participants reporting moderate to extremely severe levels of
anxiety, stress, and depression, as well as a General Composite Score below 0 (greater frustration than
satisfaction of BPN). Outcomes are presented separately for male, female, non-binary participants, and
for the total sample.
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Figure 3

Cluster plot showing individuals plotted against the two dimensions.
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