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Abstract

Introduction

Historically, university students demonstrate poor movement behaviours that could nega-
tively impact current and future health. Recent literature has focused on identifying determi-
nants of physical activity (PA) and sedentary behaviour (SB) in this population to inform the
development of intervention strategies. However, the COVID-19 pandemic substantially
restricted movement behaviours in this population, meaning findings of previous research
may no longer be applicable within the current societal context. The present study explored
the longitudinal relationships between pre-pandemic psychological, behavioural and anthro-
pometric factors, and the movement behaviours of UK university students nine months fol-
lowing the outbreak of COVID-19.

Methods

Mental wellbeing (MWB), perceived stress (PS), body mass index (BMI), SB, and PA were
assessed using an online self-report survey in 255 students prior to (October 2019) and nine
months following (October 2020) the first confirmed case of COVID-19 in the UK. Path anal-
ysis was utilised to test relationships between pre-COVID mental wellbeing, perceived
stress and BMI, and movement behaviours during the pandemic.

Results

The fit of the path analysis model was good (y° = 0.01; CMIN=0.10, CFI=1.00, RMSEA =
0.00). Pre-covid MWB and PS positively influenced PA (8 =0.29; 8=0.24; P< 0.01) but not
SB (B=-0.10; B=0.00; P=0.79) during the pandemic. Additionally, pre-pandemic SB and
PA positively influenced SB and PA during the pandemic respectively (SB: 8= 0.26; P<
0.01) (PA: 8=0.55; P<0.01). Pre-pandemic BMI did not influence any measured variable
during the pandemic (PA: 8 =0.03 and P=0.29; SB: 8 =0.06 and P= 0.56), and there was
no mediating effect of PA on SB during the pandemic (8 =-0.26; P=0.14).
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Conclusion

These findings indicate that pre-covid mental health and movement behaviours had a direct
positive influence on PA during the pandemic, but not SB. This longitudinal study demon-
strates the influence that prior psychological and behavioural factors have in determining
university students’ response to periods of elevated stress and uncertainty, furthering our
understanding of determinants of health-related behaviours in students.

Introduction

The health burden of inadequate physical activity (PA) and excessive sedentary behaviour (SB)
has been well documented [1, 2]. In 2016, the UK spent almost £1 billion on diseases directly
related to low levels of PA and excessive SB, and there were 69,276 avoidable deaths from non-
communicable diseases (NCDs) that developed as a direct consequence of chronic SB (> 6
hours per day) and insufficient PA [2]. Whilst the repercussions may not be prevalent for
years to come, young people may be increasing their risk of developing NCDs given that habit-
ual physical inactivity and prolonged SB begins during early adulthood and is often sustained
into mid-life [3]. This is of particular concern in university students who spend an average of
7.3 to 9.8 hours per day sedentary and experience substantially higher weight gain compared
to age matched individuals in the general population [4-6]. There is a clear need to improve
movement behaviours in university students, but to achieve this, researchers must first under-
stand the determinants of PA and SB in this population.

Whilst related, PA and SB are separate behaviours with independent definitions and conse-
quences. Indeed, previous research has shown that individuals who engage in prolonged peri-
ods of SB have a higher risk of developing poorer health outcomes (e.g., reduced lean body
mass and upper body strength) and premature death, even when taking part in adequate
amounts of PA [7, 8]. Since PA and SB can be differentiated by both their technical definitions
and, more importantly, their influence on health outcomes, it is also likely that these behav-
iours are influenced independently and by a variety of disparate factors. Indeed, several studies
have demonstrated that specific factors that are associated with PA are not associated with SB,
and vice versa, in young people [9-11]. However, it is unclear whether similar relationships
are present in university students given the unique context within which student-hood resides
[12-15]. Nonetheless, a previous ecological framework has outlined that intra- and inter-per-
sonal factors all have an influence on university student’s PA and SB [16], although, only intra-
personal non-modifiable factors (e.g., gender) have been investigated sufficiently to identify
correlations in this population [17]. Specifically, women have been shown to spend more time
sitting and engaging in screen time than men [17] and men are more likely to take part in
organised bouts of PA than women [18]. Additionally, there is some evidence to suggest that
psychological, behavioural and anthropometric factors are longitudinally related to PA in uni-
versity students [19-22] and SB in young people [23-25]. However, as concluded by Castro
etal, (2018) [17] and Thorley (2017) [26], there remains a lack of multifactorial longitudinal
studies in the area and therefore the determinants of SB and PA in university students are yet
to be established.

To add further complexity to this issue, the COVID-19 pandemic led to governments
imposing restrictions on movement and social contact in their populations. University cam-
puses closed and students were forced to make rapid changes to their living arrangements
[27]. They moved to remote learning [28], experienced financial hardship through job loss
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[29], developed fear of infection and transmission [30], and had reduced capacity to engage in
social interaction or obtain emotional support [31]. Consequently, in university students from
the UK, substantial increases in SB (+42%) and decreases in PA levels (-11%) were observed
during the early stages of the pandemic and were sustained nine months later [32, 33]. Fur-
thermore, the pandemic negatively impacted student’s mental health [32-34] and a substantial
proportion of students’ (20-30%) experienced weight gain [35]. Therefore, previous studies
exploring factors influencing movement behaviours in young people may no longer be appli-
cable following the COVID-19 pandemic.

Crucially, the context in which the pandemic resides continues to shift; there have not been
any COVID related restrictions in the UK for over a year and the general population are now
transitioning into a post-COVID society. Yet, despite the lifting of lockdown’ restrictions, it
appears that movement behaviours remain impaired in comparison to pre-lockdown levels
among both children and adults [36]. Whilst the reasons for this are currently unclear, it may
be that there are contextual similarities during and after the COVID-19 pandemic that are neg-
atively influencing movement behaviours such as hybrid working, fear of infection & transmis-
sion, and overwhelmed support services [37]. Therefore, identifying pre-COVID factors that
influenced movement behaviours during the pandemic could provide critical insight into fac-
tors affecting sedentarism and PA post-pandemic. In turn, this could aid in developing strate-
gies to re-establish and improve levels of PA and SB.

Opverall, university students demonstrate poor movement behaviours, and this issue has
been exacerbated further by the COVID-19 pandemic [32, 33]. Students are now at greater
risk of developing poor health-related habits that can negatively influence outcomes of current
and future health [7, 8]. To begin to address this problem, it is vital that researchers understand
the determinants of movement behaviours within the context of the pandemic. The aim of the
current study was therefore to explore, using path analysis derived from structural equation
modelling (SEM), the longitudinal relationships between mental wellbeing (MWB), perceived
stress (PS), and BMI prior to the pandemic, and SB and PA nine months following the initial
outbreak of COVID-19 in UK university students. It was hypothesised that better mental well-
being, lower levels of perceived stress, and lower pre-pandemic BMI would predict higher
amounts of PA and lower levels of SB during the pandemic.

Materials and methods
Study participants

Participants were university students from an institution in the East Midlands, UK that were
enrolled in a longitudinal cohort study aiming to explore the health and well-being of univer-
sity students. 255 university students completed an initial survey in October 2019 (T1) and a
follow-up survey in October 2020 (T2). Exclusion criteria included any person under 18 years
of age and not a student enrolled at Nottingham Trent University. All subjects were informed
of the experimental procedure and provided written informed consent prior to participating
in the investigation. Data were pseudonymised and remained confidential throughout the
study. Ethical approval was granted by the School of Science and Technology Non-Invasive
Ethics Committee of the university (application ID: 19/20-76). The study was conducted in
accordance with the principles expressed in the Declaration of Helsinki and using STROBE
guidelines [38].

Outcomes

The survey included questions to obtain self-selected sociodemographic information and a
question surrounding diagnosed long-term health conditions, as well as the Exercise Vital Sign
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(EVS) questionnaire to determine levels of moderate to vigorous physical activity (MVPA)
[39], and a previously validated question to quantify levels of SB [40]. The survey also included
two scales, Cohen’s Perceived Stress Scale (PSS) [41], and the Warwick-Edinburgh Mental
Wellbeing Scale (WEMWBS). The PSS uses a 5-point Likert scale (0 = ‘Never’ to 4 = ‘Very
often’) with outcome scores ranging from 0 to 40 where higher scores denote greater levels of
perceived stress. The WEMWBS also uses a 5-point Likert scale (1 = ‘None of the time” to 5 =
‘All of the time’) with outcome scores ranging from 14 to 70 where higher scores denote
greater mental wellbeing. Both scales were chosen because they have been validated in UK uni-
versity students and show good reliability and reproducibility (Cronbach’s alpha = 0.89 &
Composite reliability (pc) = 0.88) [42, 43].

Statistical analysis

Normal distribution was assessed via skewness and kurtosis, all variables indicated skewness
values between —1 and +1 and kurtosis values between -2 and +2 and were therefore consid-
ered normal [44]. Linearity and homoscedasticity were assessed through scatterplots and resid-
ual plots, and P-P plots were used to check normality for residuals.
Multiple group path analysis was conducted using AMOS (AMO
Development Corporation, Crawfordville, FL.) to assess the interaction between variables and

S™ version 7.0, Amos

then to explore the influence of gender using unconstrained estimation. Unconstrained esti-
mation is a straightforward approach that highlights the causes of inadequate fit. It evaluates
the model-implied covariance structure, and the unconstrained chi-square test confirms the
compatibility of the suggested covariance structure with the observed data [45]. This facilitated
the comparison of regression weights between men and women. A proposed model of pre-
COVID factors influencing SB and PA during the pandemic is outlined in Fig 1. The fit of the
model was determined by multiple fit indices; x* (CMIN), discrepancy divided by degree of
freedom (CMIN/DF) where the DF for the general model was 1 and the DF for the model sep-
arated by gender was 2 [46], comparative fit index (CFI) and root-mean-squared error
(RMSEA). The model was also then separated by gender. Significance was accepted when

P < 0.05. Squared multiple correlations (R”) were utilised to identify the variance in PA (mins/
week) and SB (mins/week) that could be explained by the proposed model.

Results

Participant information is presented in Table 1. Most participants were Caucasian (82.0%),
women (72.7%), free of long-term mental health conditions (69.8%), and non-obese (65.9%).

The final model (Fig 2) details the interactions between SB, MWB, PS, BMI, and PA pre-
covid, and SB and PA in UK university students nine months following the COVID-19 out-
break. The model fit values (CMIN = 0.10, CMIN/DF = 0.10, CFI = 1.00, RMSEA = 0.00) indi-
cate the predictive ability of the model is acceptable and the model is a good fit. When
separated by gender, the model was also a good fit for women and men (CMIN = 0.09, CMIN/
DF = 0.05, CFI = 1.00, RMSEA = 0.00) (Fig 3A & 3B).

Overall, pre-covid levels of MWB and PS did not directly affect SB during the pandemic (8
=-0.10 and P =0.18; 8=0.00 and P = 0.79) but pre-covid MWB and PS were positively related
to PA during the pandemic (8 =0.29 and P < 0.01; 8= 0.24 and P < 0.01). Examination of
squared multiple correlations revealed that MWB prior to the pandemic explained 29% of the
variance in PA during the pandemic, and pre-pandemic PS explained 23% of the variance in
PA during the pandemic. Unsurprisingly, SB prior to the pandemic was positively related to
SB during the pandemic (8 = 0.26; P < 0.01), explaining 26% of the variance in SB during the
pandemic. Also unsurprisingly, pre-pandemic PA was positively related to PA during the
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Fig 1. A proposed theoretical model of the longitudinal interactions between mental wellbeing, perceived stress,
body mass index, sedentary behaviour, and moderate to vigorous physical activity pre-covid (T1), and sedentary
behaviour and moderate to vigorous physical activity during covid (T2).

https://doi.org/10.1371/journal.pone.0298134.9001

Table 1. Participant characteristics. Data is presented as N (%) or mean + SD.

Age (y) 18 19 20 21 22-25 26-35 |35+
1 40 72 65 51 20 6
(0.4) (15.7) (28.2) (25.5) |(20.0) (7.8) (2.4)
Gender F M Neither/ other/ prefer not to say
193 59 3
(75.7) (23.1) (1.2)
Ethnicity Black Asian Mixed White | Other/ prefer not to say
9 23 9 209 5
(3.5) (9.0) (3.5) (82.0) | (2.0
Anthropometry Height (m) | Weight (kg) | BMI (kg/m®)
1.68+0.10 |702+18.1 |249+
6.0
University year group Y1 Y2 Y3 Y4 Other
3 88 108 36 20
(1.2) (34.5) (42.3) (14.1) | (7.8)
Diagnosed long-term mental health condition | Yes No
77 178
(30.2) (69.8)

BMI = body mass index; SD = standard deviation.

https://doi.org/10.1371/journal.pone.0298134.t001
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Fig 2. A summary of interactions between MWB, PS, BMI, SB, and MVPA pre-covid (T1), and SB and MVPA
during covid (T2). The lines with arrowheads illustrate the direction of the affect. *** P < 0.001; ** P < 0.01.

https://doi.org/10.1371/journal.pone.0298134.9002

pandemic (8 = 0.55; P < 0.01), explaining 55% of the variance in PA during the pandemic.
However, BMI prior to the pandemic was not related to either SB or PA during the pandemic
(8=0.03 and P=0.29; 8 =0.06 and P = 0.56), and there was no mediating effect of any pre-
pandemic variables through PA on SB during the pandemic (8 = -0.26; P = 0.14) (Fig 2).
Similar to the overall model, in men MWB and PS prior to the pandemic did not directly
affect SB (8 =-0.04 and P =0.76; 8 = 0.02 and P = 0.86). However, men that had higher mental
wellbeing and were more stressed prior to the pandemic engaged in greater amounts of PA
during the pandemic (8 = 0.35 and P < 0.01; f=0.25 and P = 0.02). Additionally, in men,
MWSB prior to the pandemic explained 35% of the variance in PA during the pandemic, and
pre-pandemic PS explained 25% of the variance in PA during the pandemic. Furthermore, SB
prior to the pandemic was positively related to SB during the pandemic in men (f = 0.24;
P < 0.01), explaining 24% of the variance in SB during the pandemic, and pre-pandemic PA
was positively related to PA during the pandemic (8= 0.33; P < 0.01), explaining 33% of the
variance in PA during the pandemic. However, BMI prior to the pandemic was not related to
either SB or PA during the pandemic in men (8 = 0.07 and P = 0.29; f = 0.07 and P = 0.44).
Additionally, and in line with the overall model, there was no mediating effect of any pre-pan-
demic variables through PA on SB during the pandemic in men (f = -0.36; P = 0.10) (Fig 3A).
In contrast to the overall model and the men model, in women no direct relationships were
observed between MWB and PS pre-pandemic and PA (MWB: f=-0.18 and P=0.20; PS: =
0.13 and P =0.93) or SB (MWB: f=-0.27 and P = 0.20; PS: f = -0.08 and P = 0.70) during the
pandemic. Similarly, pre-pandemic BMI was not related to PA (f = -0.03 and P = 0.74) or SB
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Fig 3. The final path analysis model for male (a) and female (b) university students. *** P < 0.001; ** P < 0.01; *
P <0.05.

https://doi.org/10.1371/journal.pone.0298134.9003

(8=0.08 and P = 0.52) during the pandemic. However, and as expected, SB prior to the pan-
demic was positively related to SB during the pandemic (8 = 0.32 and P < 0.01), and PA prior
to the pandemic was positively related to PA during the pandemic in women (8 = 0.74 and

P < 0.01). Squared multiple correlations indicated that SB pre-pandemic explained 32% of the

PLOS ONE | https://doi.org/10.1371/journal.pone.0298134  February 23, 2024 7/13


https://doi.org/10.1371/journal.pone.0298134.g003
https://doi.org/10.1371/journal.pone.0298134

PLOS ONE

Longitudinal factors of physical activity and sedentary behaviour in university students during COVID-19

variance and that PA prior to the pandemic explained 74% of the variance in PA during the
pandemic in women. As per the main model and that for the men, there were no mediating
effects of any pre-pandemic variables through PA on SB during the pandemic in women (8 =
-0.02 and P = 0.92) (Fig 3B).

Discussion

The current study used path analysis to investigate factors prior to the pandemic that influ-
enced PA and SB during the pandemic. The findings of this longitudinal study demonstrate
that having better MWB but higher PS prior to the pandemic was related to undertaking
greater amounts of PA during the pandemic. However, when separated by gender, this rela-
tionship was only present in men and not in women providing further evidence that gender
must be considered when developing effective intervention strategies to improve movement
behaviours in university students [47].

Previously, several longitudinal studies had demonstrated that mental health status can
impact movement behaviours in university students and young people [17, 19, 20, 23-25].
However, the findings of the current study provide novel insight and demonstrate that these
relationships remain for PA despite the COVID-19 pandemic. Previously, it has been shown
that having better psychological wellbeing can have a positive influence on PA and it appears
that this relationship has not been altered within the context of the pandemic [19, 20]. Addi-
tionally, there is evidence to suggest that university students often utilise PA as a method of
relieving stress during demanding periods [48]. As such, the notion that higher amounts of PS
pre-pandemic were related to greater levels of PA during the pandemic may be expected given
that students have significant changes to daily living which has led to dramatic increases in
stress [27-33, 49].

However, in contrast, the findings of the current study suggest that the pandemic mitigated
any previous relationships observed between mental health and SB in university students [17,
23, 25]. This could be largely due to the nature of the restrictions implemented during ‘lock-
down’ periods. In the UK, despite the closure of indoor exercise settings (i.e., gyms, sports
clubs) people were still able to conduct structured bouts of physical activity outside. As such, it
is possible that psychological factors influencing PA prior to the pandemic also influenced PA
during the pandemic, but not SB. Furthermore, movement restrictions imposed during the
pandemic enforced prolonged periods of SB due to the lack of necessity to walk to classes and
between campus buildings [32, 33, 50]. Therefore, it is possible that university students’ SB was
increased irrespective of mental health status prior to the pandemic.

Similar reasoning may be applied to the lack of relationship between BMI prior to the pan-
demic and movement behaviours during the pandemic. Previously, it has been shown that
body composition is longitudinally related to low PA [51] and high SB [7]. Additionally, higher
BMI was associated with reduced PA during the pandemic in UK adults [52]. However, the
imposition of COVID-related movement restrictions led to the impairment of movement
behaviours irrespective of BMI status [53]. As such, it is likely that pre-COVID BMI did not
have a profound influence on movement behaviours during the pandemic as supported by the
findings of the current study. Instead, behavioural factors prior to the pandemic may have had
a distinct influence on PA and SB in the context of COVID-19. Recent literature has suggested
that pre-COVID behaviours or habits were directly related to PA levels during a period of gov-
ernment enforced restrictions [54]. This is further evidenced by the findings of the current
study, illustrating that SB and PA prior to the pandemic had a direct positive influence on SB
and PA during the pandemic respectively. Whilst perhaps unsurprising, this provides novel
insight into behavioural determinants of movement behaviours in university students.
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Furthermore, no mediating influence of PA on SB during the pandemic was observed for any
pre-pandemic variable. It is therefore likely that SB during the pandemic was largely influ-
enced by COVID-specific factors largely generated from government-imposed movement
restrictions [47].

Interestingly, when separated by gender, the positive relationships between pre-COVID
MWB and PS, and MVPA during the pandemic were present in men but not in women. This
further demonstrates the disparity between genders when assessing determinants of physical
activity in young people [47]. Previously, it has been shown that male students tend to be more
physically active than female students [18]. Furthermore, male students are stated to be more
intrinsically motivated to exercise (i.e., for enjoyment, challenge, and competition) whereas
female students depend on external factors (i.e., ill-health avoidance, weight management and
appearance) [55-57]. It is therefore unsurprising that the COVID-19 pandemic appears to
have negatively impacted PA to a greater extent in men compared to women [32]. The current
study builds on this further by demonstrating that pre-COVID mental health status influenced
PA in men but not in women during the pandemic. As such, future policy and interventions
should consider previous mental health status when developing interventions aimed at
improving PA in male students post-COVID [47]. However, further research is required to
establish determinants of movement behaviours in female students.

A major strength of the present study is the prospective longitudinal study design. Inclusion
of survey data prior to and during COVID-related restrictions (October 2019 & October 2020)
has allowed the identification of pre-COVID factors that influenced PA and SB during
COVID-related restrictions. This adds to existing literature by identifying psychological fac-
tors related to mental health that may have played a role in determining PA levels during the
pandemic [32, 33]. This may be particularly important for university students given that
impaired movement behaviours have been related to poorer academic performance [58]. To
address this previous research has suggested that online videos based on self-determination
theory could have a beneficial influence on movement behaviours in young people during the
pandemic [59]. However, it is currently unknown whether these results would be reproducible
in free living university students. Additionally, a text message-based intervention has been
implemented in university students and whilst time spent sedentary did not change, partici-
pants responded positively to the intervention [60]. Taken together, these intervention strate-
gies may provide an appropriate method of improving students’ movement behaviours,
particularly following the lifting of COVID related restrictions. Although the UK no longer
has limits on movement or social contact, the pandemic is expected to have a lasting influence
on social, economic and cultural aspects of higher education institutions for years to come
[37]. As such, the findings of the current study should be considered by researchers and uni-
versities when developing and implementing intervention strategies aimed at improving stu-
dents’ movement behaviours.

The self-reported nature of surveys may lead to inaccuracies within the data, in particular
an underestimation of time spent sedentary [61]. Additionally, the study did not assess all
aspects of mental health that have previously been shown to be related to movement behav-
iours in university students such as anxiety, depression, and self-efficacy [62, 63]. As such, the
present study is unable to fully explain the determinants of SB and PA in this population.
However, these behaviours are likely defined by complex multifactorial systems [16, 17] which
are extremely difficult to capture in a single study. Furthermore, attrition rate was high
between T1 and T2, and women contributed a much greater response rate than men,
highlighting the potential for self-selection bias and providing some explanation for the differ-
ences observed in the gender-based models. Furthermore, 255 students completed the survey
at T2 from an initial sample of 946 at T1. It is therefore likely that a proportion of the
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respondents at T1 would have graduated the University by T2 and therefore been ineligible to
respond. Overall, a high attrition rate is well-known in survey-based research investigating
young adults and may therefore be unavoidable in studies of this nature [64-67].

Conclusion

The current study used path analysis derived from SEM to identify longitudinal determinants
of PA and SB in university students during the pandemic. The findings indicate that pre-
COVID levels of mental wellbeing and perceived stress positively directly influenced levels of
MVPA during the pandemic in university students. The longitudinal design and the statistical
methods employed have enabled the current study to enhance current knowledge surrounding
the importance of student mental wellbeing and stress management, particularly for future
health related behaviours.
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