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Abstract

Substance use (SU) and physical activity (PA) among university students changed
with the beginning of the COVID-19 pandemic. In this study, we examined factors
associated with SU and PA and profiles of these health behaviours in university stu-
dents in Germany 20 months into the pandemic. A cross-sectional study on student
well-being during the COVID 19-pandemic was conducted in October/November
2021 at five German universities. 7203 students completed the web-based survey.
Smoking, binge drinking, cannabis use, and moderate and vigorous PA served as
outcomes. Twenty months into the pandemic, 17% of students reported smoking,
19% binge drinking and 6% cannabis use at least once during the last week. 13%
reported low moderate and 35% low vigorous PA in the last week. Students per-
ceiving studies to be more important than other activities showed lower odds for
SU. Depressive symptoms were associated with a higher chance of smoking (OR
1.07; 95%-CI 1.06-1.09 per one unit on the CESD-8-scale) and cannabis use (1.07;
95%-CI 1.04-1.09), low moderate (1.09; 95%-CI 1.07-1.11) and low vigorous
(1.06; 95%-CI 1.05-1.07) PA. The ‘health protective behaviour’-profile with high
overall PA and low SU was the most common one found. Among other factors, per-
ceiving studying to be less important than other activities and reporting depressive
symptoms appear to play a role in reporting risky health behaviours. Prevention pro-
grammes should therefore be integrated in the university setting and address mental
health issues and health behaviours simultaneously.
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Introduction

University students are in a vulnerable life stage regarding health risk behaviours
such as Substance Use (SU) and low Physical Activity (PA). Data assessed prior
to the COVID-19 pandemic revealed particularly high-risk behaviours in this
population, such as sedentary behaviour (Castro et al., 2020) and engagement in
alcohol use (Davoren et al., 2016). During the COVID-19 pandemic, strict meas-
ures, such as physical distancing rules and closures of restaurants, cafeterias and
libraries were implemented. These measures, intended to reduce the spread of
the virus, were associated with stressors for many people, such as frustration or
boredom due to reduced contact with others and loss of (social) routines (Brooks
et al., 2020).

European research conducted at the beginning of the pandemic suggested that the
actions to prevent the spread of COVID-19 had an impact on the SU and PA of
university students, but findings were inconsistent. Some studies among European
college and university students showed a decrease in students self-reported binge
drinking during the early pandemic compared prior to the pandemic (Heradstveit
et al., 2022; Rubio et al., 2023; Tavolacci et al., 2021; Tholen et al., 2024), whereas
others found no difference in binge drinking between these time points (Zysset
et al., 2022). Inconsistencies were also reported with regard to smoking during the
early pandemic compared to prior to COVID-19 pandemic: whilst some reported a
decrease (Larsson et al., 2022; Tholen et al., 2024), other studies revealed no change
in smoking behaviour (Kale et al., 2022; van Hooijdonk et al., 2022) but increasing
rates of quit attempts (Kale et al., 2022) or even increasing tobacco use rates (Van-
derbruggen et al., 2020). With regard to cannabis use, conflicting findings also were
found: a multinational sample displayed decreasing trends after the pandemic (Tavo-
lacci et al., 2021; Tholen et al., 2022) while no significant changes were reported in
a university student sample from Belgium (Vanderbruggen et al., 2020).

In university students in Germany, binge drinking was found to be highly
prevalent prior to the COVID-19 pandemic among students, but many students
reduced their binge drinking behaviour during the pandemic (Busse et al., 2021).
Smoking and cannabis use remained almost unchanged from pre-pandemic levels
(Busse et al., 2021).

With regard to changes in PA in university students, studies reported mixed
results during the COVID-19 pandemic. Evidence from systematic reviews con-
ducted during the beginning of the pandemic demonstrated that PA levels have
decreased among university students in general (Ldpez-Valenciano et al., 2020;
Rivera et al., 2021), however, some studies also found increasing rates in PA during
this time (Goncalves et al., 2021; Romero-Blanco et al., 2020). Also 9 months after
the beginning of the pandemic reduction in PA levels were found (Savage et al.,
2021). A more detailed look at the changes showed that while total physical activity
had decreased, certain sports such as high-intensity interval training or mind—body
activities have been practiced more frequently (Rodriguez-Larrad et al., 2021).

A survey among students in Germany conducted early during the pandemic
indicated that changes in PA were inconsistent, with some students showed higher
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and some students lower PA levels compared to prior to the pandemic (Busse
et al., 2021). Another German study revealed that the majority of students self-
reported a worsened fitness level in the early pandemic (Gewalt et al., 2022).

There is currently a lack of data on SU and PA among students at a later stage of
the pandemic. A Spanish cohort study has shown a decline in prevalence of binge
drinking and cannabis use in the early pandemic period, followed by an increase at
a later stage of the pandemic (Botella-Juan et al., 2022, 2024). A Swedish cohort
study showed a slight decline in smoking behaviour in the early pandemic, which
persists in the late pandemic (Larsson et al., 2022). For students in Germany,
multiple cross-sectional studies on alcohol consumption are available, which also
depicted similar patterns (Dogan-Sander et al., 2021). In terms of PA, a Swedish
cohort study showed that exercise declined at the beginning of the pandemic and
that even greater differences in the late pandemic existed, but conversely increases
in daily activities were found that persisted into the late pandemic (Larsson et al.,
2022). A better understanding of SU and PA in university students in Germany after
a longer time period under these specific circumstances seems required as this infor-
mation can help prevention scientists to monitor specific health behaviours, to iden-
tify high-risk groups in crises situations and to develop interventions accordingly.

Therefore, the purpose of this study was to contribute to the understanding of
factors associated with involvement in SU and/ or PA among university students in
Germany in a later stage (the fourth wave) of the pandemic. Moreover, we aimed
to present profiles of behaviour patterns in this group to inform future prevention
programmes. The research questions guiding this article relate to a later stage of the
pandemic (20 months into the pandemic) and were formulated as:

Research question 1 (RQ1): To what extent do university students in Germany
report engagement in licit and illicit SU as well as low moderate and vigorous PA?

RQ 2: Are socio-demographic factors, study-related factors and/or depressive
symptoms, having a trusted person and boredom associated with engagement in SU
and/or PA in university students in Germany?

RQ 3: Which profiles of the considered health behaviours can be identified
among university students in Germany?

Methods
Data

The analysis is based on data from the COVID-19 German Student Well-being
Study (C19 GSWS) project, a German follow-up project on an international sur-
vey study (COVID-19 International Student Well-being Study, C19 ISWS) that was
conducted in the beginning of the COVID-19 pandemic in various countries (Van
de Velde et al., 2021). The C19 GSWS was carried out to examine the health and
health (risk) behaviours among university students in Germany at a later stage of
the pandemic (approx. 20 months after instalment of first COVID-19 measures in
Germany).
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Study Population

For the study, a convenience sampling strategy was employed at five German univer-
sities (Charité — Universitidtsmedizin Berlin, University of Bremen, Heinrich-Heine-
University Diisseldorf, Martin—Luther University Halle-Wittenberg, University of
Siegen). University students were recruited to the study by emails, adverts on virtual
learning environments and social media. To participate, students had to be at least
18 years old, enrolled at one of the five universities, and registered in an undergradu-
ate, graduate, state examination, or doctoral program.

Data Collection

The data collection was conducted between October 27th and November 14th 2021.
At this time, Germany experienced the fourth COVID-19 wave and the COVID-19
incidence increased a fourth time, driven by the spread of the SARS-CoV-2 delta
variant. During the survey period, several COVID-19 regulations, such as the obli-
gation of wearing masks indoors or hygiene measures, were still in place and were
also mandatory at the participating higher education institutions. For teaching pur-
poses, most German universities used a remote format and only a fraction of classes
were conducted in person or in a hybrid format mostly in smaller working groups
and under strict health guidelines. The learn and teaching environment therefore dif-
fered substantially from the normal situation at all participating universities.

Students were asked to fill out an anonymous online survey that was available
in English and German on LimeSurvey. Participating was voluntary and students
gave their informed consent before participating in the survey. The ethics com-
mittees of the five universities granted ethical approval for the study (Univer-
sity of Bremen 2021-28-EIL; University Halle-Wittenberg 2020-066; Heinrich-
Heine-University Duesseldorf 2020-958_1; Charité — Universitdtsmedizin Berlin;
and University of Siegen).

Questionnaire

The questionnaire used in this study was based the C19 ISWS. The development
of the survey and the selected instruments were described elsewhere (Van de
Velde et al., 2021). The survey included questions on the student’s socio-demo-
graphic characteristics, study-related information, their personal SU and PA, as
well as their mental well-being during the pandemic. Moreover, COVID-19 vac-
cination status, and attitudes towards COVID-19 vaccinations were assessed. The
original C19 ISWS questionnaire is available open access (https://zenodo.org/
records/3928457).
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Outcomes

To measure SU, students were asked about their (1) smoking (tobacco and e-cig-
arette use), (2) binge drinking, (3) cannabis use during the last week. To meas-
ure PA, (4) engagement in vigorous physical activity (VPA) and (5) moderate
physical activity (MPA) during the last week prior to filling out the survey was
assessed. Smoking and e-cigarette use were assessed by the question ‘How often
in the last week did you smoke tobacco (cigarettes, cigars, e-cigarettes/vapor-
izers)?’. To estimate binge drinking occasions, students were asked ‘How often
did you drink six or more glasses of alcohol on a single occasion during the
last week?’. Cannabis use was assessed as follows: ‘During the last week, how
often did you use cannabis (marijuana, weed, hash...)?’. VPA was assessed by
the question ‘During the last week, how often did you perform vigorous physi-
cal activities like lifting heavy things, running, aerobics, or fast cycling for at
least 30 min?” while for MPA the question ‘During the last week, how often did
you perform moderate physical activities like easy cycling or walking for at least
30 min?’ was asked.

Response options on a 5-point scale were ‘(almost) never’, ‘less than once a
week’, ‘once per week’, ‘more than once per week’ and ‘(almost) daily’. Partici-
pants who reported smoking, binge drinking, and cannabis use ‘once per week or
more’ were considered harmful and compared to ‘never or less than once per week’.
Engaging in moderate or vigorous PA ‘(almost) never or less than once a week’ (low
PA) was compared to engagement ‘once per week or more’ (high PA).

Covariates

Sociodemographic data, study-related information, depressive symptoms, hav-
ing a trusted person and boredom were considered as covariates. As sociodemo-
graphic data, age was used as a continuous variable, whereas gender (female/male/
diverse), place of birth (born in Germany/not born in Germany) and relationship
status (single/in a relationship/’it’s complicated’) were used in a categorized man-
ner. Study-related information was included as follows: Being a first-year student
(yes/no), which study subject they were enrolled in (health sciences or medicine/
other study fields), and how important studies are compared to other activities (e.g.,
meeting with friends, doing hobbies, etc.) (more important/equally important/less
important). Depressive symptoms were measured using the 8-item Centre for Epi-
demiologic Studies—Depression Scale (CES-D 8). In the CES-D 8, respondents
were asked how often in the previous week they felt ‘depressed’, ‘lonely’, ‘sad’,
‘happy’, ‘enjoyed life’, ‘felt every-thing they did was an effort’, had ‘restless sleep’
and ‘could not get going’. Response options on the 4-point Likert scale ranged from
(0) ‘none or almost none of the time’, (1) ‘sometimes’, (2) ‘most of the time’ to (3)
‘all or almost all of the time’. The two items ‘happy’ and ‘enjoyed life’ were reverse
coded and scores were summed up. The CES-D 8 scale was used as a continuous
variable. The full version of the CES-D has been shown to be reliable and validated
for use within the university setting (Jiang et al., 2019) The abbreviated version of
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the CES-D with eight items is also frequently used in this population, as well as in
the previous C19 ISWS (Van de Velde et al., 2021). The short form was validated
in a sample of university students in Czechia during the pandemic (Klusacek et al.,
2022) and provides an efficient means of screening for depressive symptoms and is
preferred in large-scale research due to its convenience. The Cronbach’s alpha in
our sample was 0.86 for CES-D 8. Availability of a trusted person was assessed by
the question ‘Do you have anyone with whom you can discuss any intimate and per-
sonal matters?’ (yes/no). Regarding boredom, students were asked to indicate how
much of the time during the past week they were bored (never or sometimes/most of
the times or always).

Statistical Analysis

We conducted a complete case analysis with respect to each outcome. Descriptive
analysis was performed using tabulations for each health behaviour. For each out-
come one multivariable logistic regression analysis was conducted to examine asso-
ciations between each SU and PA variable and the independent variables. In order
to identify profiles of considered health behaviours in participants, similar to the
approach of identifying drinking patterns presented by Aresi et al. (2022), a latent
class analysis (LCA) was conducted considering two to five latent profiles of five
health behaviour variables. The different LCAs were compared by considering the
Analytic Hierarchy Process (AHP) including multiple fit statistics (Akogul & Eriso-
glu, 2017; Zhang et al., 2018). Differences in CESD-8 by strata of the chosen pro-
files were evaluated in terms of boxplots. Descriptive statistics and regressions were
conducted in SPSS Version 26.0. We used the poLCA (version 1.6.0.1 (Linzer &
Lewis, 2011)) in R 4.3.3 to conduct the latent class analysis for categorical variables.

Results

The web-based questionnaire included information by 7203 university students
enrolled at five institutions. On average, participants were 24.1 years (SD=4.9) old,
67.9% were females and 31.0% males. The majority of participants were born in
Germany (91.4%) and were in a relationship (52.7%). Table 1 presents the character-
istics of the study sample.

Rates of Substance Use and Physical Activity (RQ1)
16.5% of participants reported smoking, 19.2% binge drinking and 6.4% cannabis

use at least once during the last week. Low PA was reported by 13,4% with regard to
MPA and 35.0% with regard to VPA (Table 2).
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Table 1 Characteristics of C19 GSWS study sample
Variables Mean (= SD)/n (%)
Socio-demographic information Age (n=7181) 24.1 (4.9)
Gender (n=7100)
Female 4824 (67.9)
Male 2199 (31.0)
Diverse 77 (1.1)
Place of birth (n=7158)
In Germany 6539 (91.4)
Outside Germany 619 (8.6)
Relationship status (n="7062)
Single 2963 (42.0)
In a relationship 3797 (52.7)
It’s complicated 302 (4.3)
Study-related information Universities (n=7203)
Charité- Universitdtsmedizin Berlin 1,131 (15.7)
University of Bremen 1819 (25.3)
Heinrich-Heine University Diisseldorf 520(7.2)
Martin—Luther University Halle 2168 (30.1)
University of Siegen 1565 (21.7)
First-year student (n=7173) 1404 (19.5)
Health-related study field (n=7177) 1905 (26.4)
Importance of studying compared to other
activities (n=7197)
More important 2577 (35.8)
Equally important 4069 (56.5)
Less important 551 (7.6)
Further covariates Availability of trusted person (n=6,289)
Yes 5.688 (90.4)
No 601 (9.6)
Feeling bored (n=6915)
Never/sometimes 5959 (86.2)
Most of the times/always 956 (13.8)
Depressive symptoms (n=6848) 9.4 (4.9)

Associated Factors with Engagement in SU and PA (RQ2)

In the regression model, being male was found to be associated with a higher
chance of reporting to smoke cigarettes, e-cigarettes/vaporizers or cigars
(OR 1.57, 95% CI 1.35-1.83), to engage in binge drinking (OR 2.17, 95%
CI 1.89-2.49) or to use cannabis at least once per week (OR 2.15, 95% CI
1.71-2.69). Male students had a reduced chance (OR 0.78, 95% CI 0.69-0.88)
for low vigorous physical activity compared to female students. Being in a
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complicated relationship was associated with smoking (OR 1.91, 95% CI
1.42-2.56), binge drinking (OR 1.57, 95% CI 1.16-2.13), and cannabis use (OR
1.68, 95% CI 1.12-2.54), but not with low levels of PA compared to being in a
steady relationship. Studying a health-related study field, such as health sciences
or medicine, showed a protective association with smoking and cannabis use and
being engaged in lower levels of VPA or MPA (Table 3).

Reporting depressive symptoms was associated with smoking, cannabis use, and
low levels of MPA/VPA during the last week but not with binge drinking.

Students who reported that they found their studies less or equally important as
other activities showed an increased chance for weekly engagement in smoking,
binge drinking, and cannabis use compared to students who found their studies more
important than other activities. Finding studying equally or less important compared
to other activities was associated with lower odds for performing lower levels of
VPA and MPA (Table 3).

Additionally, students who reported being bored most or all of the time were
more likely to report more often vigorous (OR 1.36, 95% CI 1.15-1.61) and moder-
ate (OR 1.45, 95% CI 1.18-1.78) PA less than once per week compared to students
being never or sometimes bored (Table 3).

Profiles of Health Behaviours (RQ3)

Results of the latent class analysis are presented in the supplemental Table S1 and
S2. Due to item missings in any of the five health behavior variables, LCA was only
conducted in 6628 participants. Table S1 comprises multiple fit statistics compar-
ing two to five latent classes. The majority of the fit indices (e.g. AIC, CAIC, BIC,
ssBIC) indicated the best fit with the four-class model together with a significant
LMRT statistic. Conditional probabilities of the four-class model are presented in
Table S2. Most of the profiles indicated high PA in participants and higher prob-
abilities for no / low drug use with some differences in the probabilties for licit and
illicit substance use. For characterization the profiles were named: (1) health-protec-
tive behavior, (2) moderate PA and smoking, (3) licit and illicit substance use, (4)
moderate PA and no / low drug use.

These profiles mainly differed with regard to VPA and MPA. The highest per-
centage of participants (53.0%) fell into the profile ‘health-protective behaviour’
with high overall physical activity (once per week or more) and generally low to
no substance use. 28.6% of respondents fell into the profile ‘moderate PA’ with
moderate physical activity and low to no drug use. In addition, 4.2% of respondents
reported moderate physical activity and higher item probabilities for current smok-
ing and were subsumed under the profile ‘moderate PA and smoking’. A fourth pro-
file ‘licit and illicit substance use’ combined higher proportions of other substance
use together with a high probability for vigorous PA and was found in 14.2% of
the study population (supplementary material, Table S2). Boxplots of CESD-8 by
profiles revealed lowest CESD-8 scores in the health-protective behavior profile and
highest CESD-8 scores in students associated with the smoking and moderate physi-
cal activity profile (Fig. 1).
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E3 Health-protective behaviour (53.0%)

E3 Moderate PA and smoking (4.2%)

B3 Licit and illicit drug use (14.2%)

E3 Moderate PA and no / low drug use (28.6%)

Fig. 1 Boxplots of depressive symptoms measured by CESD-8 stratified by substance use and physical
activity profiles

Discussion

This study investigated the prevalence of SU and PA, factors associated with SU
and PA, as well as profiles of health behaviours, in university students in Germany
20 months into the COVID-19 pandemic.

Low physical activity and binge drinking were found to be the most reported
health risk behaviours (RQ1). We found that depressive symptoms, being bored
and study-related factors were found to be associated with SU and PA (RQ?2).
Moreover, most students showed clustering of health protective behaviours, fol-
lowed by low physical activity with low substance use (RQ3).

Generally, evidence suggests, that the COVID-19 pandemic led to substan-
tial changes in health behaviours (Acuff et al., 2022; Tavolacci et al., 2021). For
instance, a scoping review of 129 studies on cannabis use during the COVID-
19 pandemic found that nearly half of the studies reported an increase or ini-
tiation in cannabis use during the pandemic (Mehra et al., 2023). Comparing SU
and PA percentages revealed in this study with a similar study based on a sam-
ple recruited at almost the same universities from May 2020 shows that binge
drinking (25% in the beginning of the pandemic) and cannabis use (9% in the
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beginning of the pandemic) seemed to have declined during the course of the
pandemic, while smoking stayed at the same level (Busse et al., 2021). This is
not in line with findings from another study conducted among students at one
German university in 2020 and 2021, which reported increasing alcohol and drug
consumption, however, different measurements for alcohol and drug consumption
were used in the survey (Dogan-Sander et al., 2021). Regarding engagement in
physical activity, the present study found that 13% university students reported
low levels of moderate and 35% of vigorous physical activity, presenting lower
inactivity levels compared to the 44% of students found to be inactive in a survey
from May 2020 (Busse et al., 2021). A comparative analysis of cross-sectional
data from spring and autumn of 2020 among university students in Switzerland
reported less physical activity later on in the pandemic than in the beginning of
the pandemic (Volken et al., 2021).

Inconclusiveness in changes in health behaviour, such as alcohol consumption
during the pandemic may be explained by different mechanisms: On one hand, the
pandemic inducing increasing psychological stressors (fewer financial resources,
isolation from others, uncertainty about the future) may have led to the uptake of
unhealthy behaviours as coping strategies. On the other hand, the COVID-19-related
restrictions may have led to reduced opportunities to engage in risky behaviours,
such as alcohol use at social gatherings, but also to engage in healthy behaviours
such as sport clubs or gyms (Rehm et al., 2020).

We found that the presence of depressive symptoms was associated with report-
ing all studied health behaviours except for binge drinking. This finding related to
the existing literature which has shown the close link between SU and PA and men-
tal health, also prior to the pandemic (Atienza-Carbonell et al., 2022; Busse et al.,
2021; Giner-Murillo et al., 2021; Kenney et al., 2018; Lechner et al., 2020). In addi-
tion to the factors considered in our study, there are also other influences contribut-
ing to engagement in health behaviours, e.g., self-isolation which was initially rec-
ommended by public authorities as a public health measure during the pandemic
(Bartel et al., 2020). We further found that students who reported being bored most
or all of the time were more prone to reporting infrequent vigorous and moderate
PA compared to those who experienced boredom less frequently. This is also in
line with previous findings that have established the relation between boredom and
engagement in PA in university students in Germany (Bosselmann et al., 2021).

Study-related factors were also found in the present study to be associated with
SU and PA. Students enrolled in health-related study fields were less likely to engage
in smoking and cannabis use or to be physically inactive. Those who perceived their
studies as less or equally important compared to other activities were found to have
a higher likelihood for engaging in weekly smoking, binge drinking, and cannabis
use, in contrast to students who prioritized their studies above other activities.

To our knowledge, this is the first study analyzing this association; however, stud-
ies conducted in the school setting showed similar findings, that school connected-
ness is associated with lower substance use and high PA levels (Weatherson et al.,
2018).

In our sample, positive health behaviours clustered, with the majority of students
belonging to the profile that showed high levels of physical activity and no or low
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levels of substance use. Similarly, other research found that most students reported
a health-protective lifestyle (van Hooijdonk et al., 2023). An analysis of alcohol use
patterns in young Italian adults between the ages of 18 and 34 years revealed that
non-risky drinking behaviour was most prevalent, but in comparison with the time
prior to the pandemic, this pattern decreased, whereas current non-drinking and
weekly risky drinking increased (Aresi et al., 2022). Profiles found in our analysis
did not find higher probabilities of low physical activity in combination with binge
drinking and cannabis, but rather of low physical activity with smoking, which
aligns with other studies (Bennasar-Veny et al., 2020; van Hooijdonk et al., 2023).
These findings can inform future prevention campaigns. Even though prevalence of
specific health behaviours such as binge drinking is high among students, we did not
identify a profile of students showing risky levels of all analysed health behaviours.
However, smoking and low physical activity were found as a profile in 6.4 of the
students, so that specific programmes addressing SU as well as PA during the pan-
demic can be of interest (Pfledderer et al., 2022).

Strengths and Limitations

Due to relying on self-reported data, it is possible that SU/PA were either under—
or overreported. To mitigate this potential distortion, our data were collected via
a confidential online survey. Even though more than 10% of enrolled students at
most sites participated in the study, we could not ensure representative participa-
tion. A high proportion of participants studied medicine or health-related subjects,
and we found a gender imbalance, which limits the generalisability of the results
to the entire university student population. Therefore, the observed SU/PA percent-
ages may not be representative for university students in Germany or even in the
participating universities. While the present study was based on data assessed in
the C19 ISWS project with a similar survey conducted in 2020, and the invitation
was of students was conducted in the same way, the participants were not neces-
sarily identical, and the study design did not allow linkage of data at the individual
level. Additionally, our cross-sectional analysis does not allow for causal inferences.
For the questions on SU and PA, the reference period of one week was used, which
was done due to the survey period with many changes in regulations and in order to
ensure comparability with the initial study, in which the same questions were used
to assess current behaviour. To represent problem SU, binge drinking in the last
week was assessed. The threshold of six drinks was chosen, which is also used in
the AUDIT-C (Bush et al., 1998). In this survey, no gender-specific questions were
used, as the empirical evidence for this was found to be insufficient in other studies
among college students (Pearson et al., 2016). However, the uniform threshold may
result in a loss of information, particularly regarding female problem drinking. In
our study, we did not address potential interactions between variables, as this was
our first exploration of influencing factors at universities in a later stage of the pan-
demic. Future studies could explore the potential influencing factors in more detail
and focus on interactions. Another limitation of our study is the limited comparabil-
ity with the literature, as most studies refer to time points shortly after the start of
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the pandemic, whereas our study examines a later stage (20 months after the start)
of the pandemic. Therefore, comparisons between our study and the literature may
have limited validity.

Despite these limitations, certain strengths also warrant mentioning. While the
majority of COVID-19 studies on health behaviours focussed on the early period
of the pandemic following the implementation of measures to contain the spread of
the virus, this study was conducted 20 months following the first implementation of
measures. With that in mind, this study provides a unique snapshot of SU and PA as
well as their correlates in university students in Germany at a stage of the pandemic
where the student population was already used to structural changes due to the pan-
demic such as the switch to online teaching.

Implications for Research and Prevention Practice

From a public health perspective, further research into the influence of crises situa-
tions on specific health behaviours is of high importance. While crises might offset
current healthy behaviours, substantial life events have also been shown to positively
influence health behaviours and might lead to sustained positive behaviour change
(Ogden & Hills, 2008). Understanding the mechanisms by which life events and
transitions impact on SU/PA and how they foster either positive and negative change
will be an interesting avenue to explore in future research. Moreover, the associa-
tions between high-risk health behaviours and depressive symptoms warrant further
attention and suggest a need for longitudinal studies to explore causal relationships.

As several factors seem to be associated with health behaviours, future interven-
tions addressing these should be designed and tailored to different user groups, par-
ticularly those at highest risk. Participatory approaches in intervention development
show promise in ensuring that intervention activities take into account the perspec-
tive and needs of the target group and are designed in a way that is acceptable and
feasible (Wright et al., 2016). In a similar line, evaluations of interventions aimed
at SU/PA should involve subgroup analyses to ensure that the targeted user groups
actually participate in the study and equally benefit from the intervention (Kru-
kowski et al., 2024).

The link between depressive symptoms, as well as academic involvement and
SU/PA, underlines the importance of integrating mental health services and coun-
selling services within the university. Moving beyond merely implementing singular
health-promoting interventions, universities should adhere to the Health Promoting
Universities approach and apply a settings approach to health (Dooris & Doherty,
2010; Stock et al., 2022).
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Conclusion

Twenty months into the pandemic, several factors were shown to be associated with
substance use and physical inactivity such as reporting depressive symptoms and
study-related factors. Profiles of health risk behaviours could be identified, and it
was found that most students showed ‘health-protective behaviour’ or low physical
activity. These findings are particularly relevant for health promotion and preven-
tion in university settings and indicate potential benefits of tailored interventions not
only focussing on reducing substance use and increasing physical activity, but also
on mental health.
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