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Abstract
Aim The increasing frequency of epidemic, climate, and political crisis situations, compounded by modern life stress, is 
associated with a rise in mental health problems. Unhealthy lifestyle, including unhealthy eating habits, insufficient sleep, and 
scarce physical activity, may further contribute to mental health problems, especially in young populations. The aim of the 
present longitudinal study is to examine the impact of eating habits, sleep, and physical activity on mental health problems 
during the COVID-19 pandemic as a crisis situation.
Subject and methods We analyzed longitudinal self-report data collected at baseline (T1), 4 (T2), 8 (T3), and 12 months 
from 1029 participants aged 5 to 21 during the COVID-19 pandemic within the Corona Immunitas Ticino project.
Results Repeated-measures ANOVA showed a significant decrease in mental health problems from T1 to T3, with a slight 
increase at T4. Hierarchical linear regression analysis revealed that a decrease in unhealthy eating habits together with an 
increase in physical activity from T1 to T4 were negatively correlated with mental health problems at T4. On the other hand, 
an increase in sleep time over the same study period was positively associated with mental health problems at T4. Among 
covariates, women and adolescents experienced more mental health problems.
Conclusion The findings support previous research that highlights the role of a healthy lifestyle, including healthy eating 
and physical activity, in reducing mental health problems during difficult life circumstances exacerbated by crisis situations. 
Age- and gender-sensitive targeted interventions promoting healthy lifestyle behaviors are thus essential.
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Introduction

The contemporary world is witnessing profound changes on 
various fronts. The rising frequency of epidemic outbreaks 
and climate crises (Ingle and Mikulewicz 2020), coupled 
with the volatile nature of political landscapes (2020), 
are shaping our collective experience through a series of 

interconnected challenges, including health problems, social 
inequalities, migration, population growth, environmental 
sustainability, and humanitarian crises. These multifaceted 
issues extend beyond their impact on physical well-being 
and significantly affect mental health. In recent years, there 
has been a growing recognition of how the convergence of 
these crises, combined with the stressors of modern life, has 
led to an increase in mental health problems, mostly among 
children and adolescents (Jenkins et  al. 2011). Indeed, 
youth is a critical phase of development, characterized 
by substantial cognitive, emotional and physical changes 
that have implications for future mental health outcomes 
(Best and Ban 2021). Additionally, today’s children and 
adolescents will become tomorrow’s adults, and addressing 
mental health and well-being concerns during their youth is 
crucial to develop targeted public health strategies to foster 
a resilient society capable of effectively managing crisis 
situations in the future.
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Let’s take the example of the COVID-19 pandemic, which 
has brought about unprecedented levels of stress, anxiety, and 
social isolation, especially among children and adolescents 
(Stavridou et  al. 2020). These stressors are deemed to 
have long-lasting effects on mental health: Even after the 
pandemic, people may continue to struggle with the aftermath 
of the crisis (Mazza et al. 2022), particularly youth (Meherali 
et al. 2021). Furthermore, the changing climate patterns and 
escalating environmental crises pose significant challenges 
to human existence. The intensification of natural disasters, 
such as hurricanes, floods, and wildfires, has resulted in 
the displacement of communities, loss of livelihoods, and 
increased psychological distress (Cianconi et  al. 2020). 
Climate change also brings forth additional mental health 
concerns, including eco-anxiety, a chronic fear and distress 
related to the impending environmental degradation and the 
future well-being of the planet (Ingle and Mikulewicz 2020). 
Such concerns are particularly prevalent in youth populations 
who will have to live with the long-term consequences of 
global warming (Lee et al. 2020). Moreover, economic and 
political crises as currently witnessed in the context of the 
Ukrainian war are complex events that can have profound 
implications for the mental health of those affected. During 
periods of economic instability, such as recessions or financial 
collapses, increased levels of stress, anxiety, and depression 
are observed among individuals experiencing job loss, debt, 
poverty, or financial uncertainty (Mucci et al. 2016). These 
factors can generate a sense of helplessness, despair, and 
social disintegration, fueling an unfavorable psychological 
climate which extends to children and adolescents who are 
either directly affected by their families’ economic instability 
(Frasquilho et al. 2016) and/or witnessing these problems at 
the societal level (Guerra and Eboreime 2021; Guerra et al. 
2022). Similarly, political crises characterized by social 
tensions, conflicts or human rights violations can cause 
serious consequences on the mental health of those directly 
and indirectly affected (Puras and Gooding 2019). Trauma, 
constant fear, insecurity and the inability to freely express 
one’s opinions can lead to symptoms of anxiety, depression, 
post-traumatic stress disorder, and other mental health 
problems (Jenkins et al. 2011).

It is therefore crucial to understand how to promote 
mental health in children and adolescents. One approach is 
through the adoption of healthy lifestyle behaviors, which 
can be targeted with appropriate public health interventions 
to eventually mitigate the negative effects of crisis situations 
on young people’s mental health.

Lifestyle behaviors and mental health

Scientific evidence indicates that adopting a healthy life-
style, including healthy dietary practices, physical exercise, 
and adequate sleep, can prevent physical ailments (Hu et al. 

2011) and mental illnesses (Maenhout et al. 2020), while 
also promoting general well-being (Hosker et  al. 2019; 
Wickham et al. 2020). In this study, we will analyze three 
lifestyle behaviors, i.e., nutrition, sleep, and physical activ-
ity, in correlation with mental health problems during the 
COVID-19 pandemic.

Nutrition is an essential aspect of maintaining good men-
tal health. What we eat has a significant impact on our brain 
function and can have a profound effect on our mood, behav-
ior, and cognitive abilities (Lachance and Ramsey 2015). 
Adequate nutrition is vital for the prevention and treatment of 
many mental health conditions, including depression, anxi-
ety, schizophrenia, and bipolar disorder (Horn et al. 2022). 
Both cross-sectional and longitudinal studies have shown that 
a highly processed Western diet significantly increases the 
risk of developing mental disorders (Luppino et al. 2010; 
Coletro et al. 2022; Lane et al. 2022; Godos et al. 2023). 
In contrast, a healthy diet, including fruits and vegetables, 
whole grains, unsaturated fats, low-fat, and plant-based pro-
tein, protects against the development of a mental disorder 
(Owen and Corfe 2017). Moreover, it is not just about what 
we eat but also how. Eating regularly and avoiding skipping 
meals or fasting for extended periods can help regulate blood 
sugar levels, which eventually impact mood and behavior 
(Penckofer et al. 2012). Healthy eating may be heavily jeop-
ardized by crisis situations such as the COVID-19 pandemic. 
Studies have evidenced that nutrition has deteriorated in both 
the quality (what) of the food chosen and the habits (how). 
During the pandemic, there was a greater consumption of 
sweets, processed foods and alcohol compared to before the 
pandemic (Segre et al. 2021; Czenczek-Lewandowska et al. 
2021; González-Monroy et al. 2021). In addition to this, 
there was a shift toward modified eating behavior, character-
ized by more frequent snacking and irregular eating (Segre 
et al. 2021). Related to incorrect eating patterns that can lead 
to serious problems, the prevalence of eating disorders in 
Europe has increased by an average of 30% (Tavolacci et al. 
2021; Sideli et al. 2021; Haddad 2022).

In addition to nutrition, sleep is a crucial aspect of main-
taining good mental health (Scott et  al. 2021). Several 
studies have shown that sleep deprivation and poor sleep 
quality can increase the risk of developing mental health 
conditions such as depression, anxiety, and bipolar disor-
der (Benca et al. 1992; Baglioni et al. 2011; Ghrouz et al. 
2019; Scott et al. 2021). During sleep, the brain processes 
and consolidates information, which is essential for learn-
ing, memory, and emotional regulation. Lack of sleep can 
impact cognitive processes, such as attention, concentration, 
and decision-making abilities, which can negatively impact 
mental health (Kim et al. 2022). Sleep also plays a crucial 
role in regulating the emotional state. It helps process emo-
tions and respond appropriately to stressful situations. Poor 
sleep quality can lead to increased irritability, anxiety, and 
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mood swings (Qiu and Morales-Muñoz 2022). During the 
pandemic, sleep quality deteriorated (Czenczek-Lewan-
dowska et al. 2021). Although there has generally been no 
change in sleep hours (Zhao et al. 2023), the quality was 
worse as sleep was often fragmented either during the day 
rather than during the night, leading to a disruption of the 
circadian rhythm (Ferreira-Souza et al. 2023). In addition 
to this, sleep disturbances, including poor sleep quality and 
insomnia, increased significantly during the pandemic (Jah-
rami et al. 2023; Uccella et al. 2023).

Physical activity is important for promoting mental health 
and more general well-being. Physical activity can help 
reduce symptoms of anxiety and depression, improve mood 
(Anderson and Shivakumar 2013), and enhance overall cog-
nitive function (Reigal et al. 2020). Exercise also stimulates 
the release of endorphins, which can contribute to a sense of 
happiness and relaxation (Harber and Sutton 1984). Moreo-
ver, participating in physical activities provides opportuni-
ties for social interaction and engagement, fostering a sense 
of belonging and support (Bean et al. 2014). During the 
early phases of the COVID-19 pandemic, physical activity 
was heavily undermined by strict social distancing measures 
to contain the spread of the SARS-CoV-2 virus in the popu-
lation. In many countries, including Switzerland, school and 
extra-curricular sports activities were interrupted, and out-
door activities forbidden to avoid contacts outside one’s own 
household (Bundesrat (BAG) 2020; Michelini et al. 2021; 
Pfefferbaum 2021). This led to a decrease in physical activ-
ity and an increase in sedentary behavior, including screen 
time, among children and adolescents (Peralta et al. 2022).

Study aim

The present study aims to examine the impact of nutrition, 
sleep, and physical activity on mental health in children and 
adolescents during the COVID-19 pandemic as an exem-
plary crisis situation. More precisely, we will analyze the 
change in these lifestyle behaviors as the pandemic evolved 
and the associations of this change with mental health out-
comes, while also considering sociodemographic character-
istics. Our study findings have the potential to inform pub-
lic health policies and interventions aimed at mitigating the 
negative impact of future pandemics and similar crisis situ-
ations on the mental health of these vulnerable populations.

Methods

Participant recruitment and data collection

In the present study, we analyzed longitudinal data of chil-
dren and adolescents collected within the Corona Immunitas 
Ticino (CIT) project between September 2020 and November 

2021. CIT was a population-based prospective cohort study 
that investigated both the seroprevalence of SARS-CoV-2 
and the impact of the COVID-19 pandemic on physical and 
mental health and lifestyle in the general population of the 
Canton of Ticino, in Italian-speaking Switzerland. CIT was 
part of a larger network of seroprevalence and impact studies 
conducted throughout Switzerland and across different age 
populations. The common aims, characteristics, and implica-
tions of these studies have been previously described by West 
et al. (2020). In August 2020, a representative sample of 4264 
children and adolescents from Canton Ticino was invited to 
participate in CIT. Invited participants were allowed to nomi-
nate up to five household members, which led to the inclusion 
of 188 additional participants up to 19 years of age. For ethi-
cal, legal, and practical reasons, people not fluent in Italian, 
under guardianship, in an asylum procedure, or with a short-
term residency permit (i.e., < 1 year) were excluded from 
the study. Of all invited, 1063 provided informed consent 
to participate in the study. For children aged 5 to 13 years, 
parents provided responses related to the invited child. For 
adolescents aged 14 to 19 years, survey responses were based 
on self-report. Upon study enrolment between September and 
November 2020, participants received a baseline question-
naire (T1), which solicited responses regarding their lifestyle 
behaviors at three time points, i.e., before, during, and after 
the initial COVID-19 lockdown period (March to May 2020). 
Subsequently, participants received regular follow-up ques-
tionnaires measuring lifestyle behaviors and mental health 
outcomes as the pandemic evolved. Questionnaires were 
administered digitally via email. A reminder was sent after 
approximately one week for each follow-up assessment. For 
the present study, we also considered the responses collected 
at three additional time points, i.e., at 4 (T2), 8 (T3), and 12 
months (T4) after study enrolment.

Measures

For this study, we considered measures of mental health, 
lifestyle behaviors, and sociodemographics. Mental health 
was conceptualized as mental health problems. For the sake 
of consistency, and to facilitate the interpretation of our 
results, all lifestyle measures were considered in positive 
terms, i.e., absence of unhealthy eating habits, adequate 
sleep, and sufficient physical activity. This required recoding 
some of the lifestyle measures as explained in more detail 
hereafter. Notably, while lifestyle behaviors were assessed 
with reference to six time points (i.e., before, during, and 
after initial lockdown as well as at 4, 8, and 12 months from 
baseline assessment), retrospective questions regarding men-
tal health problems prior to and during the initial lockdown 
between March and May 2020 were not assessed in the CIT 
project, as such questions could not be reliably answered 
retrospectively.
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Mental health problems Mental health problems were meas-
ured at all four assessment points (T1, T2, T3, T4) with 15 
questions taken from the DSM-5 Self-Rated Level 1 Cross-
Cutting Symptom Measure (Clarke and Kuhl 2014) and then 
adapted respectively to the two age cohorts. The DSM-5 
Self-Rated Level 1 Cross-Cutting Symptom Measure is a 
widely used tool to assess a broad range of psycho-somatic 
symptoms. It is considered a reliable and valid instrument 
for measuring mental health and well-being (Bastiaens and 
Galus 2018). The adaptation of the tool for this study aimed 
to capture specific aspects of mental health problems rel-
evant to the COVID-19 pandemic and its related social dis-
tancing measures (Ma et al. 2021). Items were measured on 
a scale from 1 (never) to 5 (almost every day). The average 
of the 15 responses was then taken, with higher values indi-
cating a higher frequency of mental health problems.

Nutrition Participants were asked to report how many days 
in a week, on average, they ate irregularly, e.g., by skipping 
a meal, overeating, or eating at inappropriate times such as at 
night. These eating habits were measured on a scale ranging 
from 0 (never) to 7 (every day). For the present study, the 
measure was recoded so that higher values indicated less 
frequent unhealthy eating habits.

Sleep Two questions were included to evaluate participants’ 
sleep patterns: one related to the number of hours slept on 
weekdays and the other related to the number of hours slept 
on weekend days. Responses were collected on a continu-
ous scale ranging from 0 to 24 h per day. Subsequently, an 
average was calculated from the hours slept during a week-
day and during a weekend day with higher values indicating 
longer sleep time.

Physical activity Physical activity was measured by ask-
ing study participants how much time, on average, during a 
week they engaged in moderate to vigorous physical activity, 
i.e., with at least light sweating. Items were measured on a 
scale from 0 to 168 h per week. Thus, higher values indicate 
more physical activity time.

Sociodemographics and BMI Five sociodemographic 
characteristics were considered as covariates in the 
present study. They were all assessed once at T1 (baseline 
questionnaire) and dummy coded for further analysis. 
Gender was coded as 0 (male) and 1 (female). Age was 
coded as 0 (children aged 5–13) and 1 (adolescents aged 
14–19). Family income was coded as 0 (more than enough 
to live) and 1 (just or not enough to live). Parents’ education 
was coded as 0 (some post obligatory education, including 
professional school or university) and 1 (only compulsory 
schooling). Nationality was coded in 0 (Swiss) and 1 (non-
Swiss). Participants with double nationality were coded 

as 0 if one of the nationalities included Swiss. Moreover, 
we calculated participants body mass index (BMI) by 
dividing reported body weight in kilograms by height in 
meters squared. We used the WHO macro that generates 
age-specific z-scores (de Onis et al. 2007). The measures of 
family income, parents’ education, nationality, body weight 
and height included the answer options “I don’t know” and 
“I prefer not to answer”. These responses were considered 
as missing values.

Analytical plan

The survey responses were automatically captured in a web 
application for creating and managing online surveys called 
REDCap (Harris et al. 2009) and securely stored on servers 
of the host university. Once the data collection period was 
over, the data were exported from the survey platform to 
the statistical program SPSS version 26 for further analysis. 

Outliers were identified across all variables by visual 
inspection of data using box plots and scatter plots. In 
addition, the distribution of each variable was assessed for 
normality using skewness and kurtosis values. Observations 
with a skewness greater than ± 3.5 and a kurtosis greater 
than ± 7.0 (Byrne 2010) were flagged as potential outliers. 
Once potential outliers were identified, further investigation 
was conducted to determine whether they were valid data 
points or errors. This involved a thorough review of original 
survey responses to ensure data accuracy and checking for 
any data entry errors. The sample size was adjusted by 
excluding the outliers according to the variables used in the 
ANOVA and regression analysis described hereafter.

Several missing data were observed in the study, with an 
increase in missingness over time. The reasons for missing 
data could be related to several factors, such as participant 
dropout due to lack of interest, inability to continue with the 
study due to health or personal circumstances, or technical 
difficulties that prevented participants from completing the 
measures at specific time points, despite study reminders. In 
addition, participants may have been less likely to complete 
the measures as the study progressed due to a deterioration 
in their health, which they wanted to avoid admitting and 
therefore preferred not to answer. To deal with these missing 
values, the expectation–maximization (EM) imputation 
method was used, an iterative method that estimates missing 
values by maximizing the likelihood of the observed data. 
EM imputation provides flexible and unbiased estimates, 
utilizes all available information, considers relationships 
among variables, and can handle various missing data 
mechanisms. This method was only used for the questions 
on mental health problems, nutrition, sleep and physical 
activity, where the missingness increased over time 
(range T1 0.5–2.5%, T2 20.1–29.0%, T3 46.1–49%, T4 
58.1–67.4%). EM was not used for imputing missing data for 
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sociodemographics and BMI measured at baseline, where 
missing values ranged between 0.6% and 11.3%.

Subsequently, for each lifestyle behavior, the difference 
(delta Δ) between T1 and T4 was calculated by subtracting 
T1 from T4 scores. A positive delta value indicates an 
increase in the frequency of the lifestyle behavior, while a 
negative value indicates a decrease. By calculating a delta, 
we considered changes in nutrition, sleep, and physical 
activity levels over the entire study period. Thus, we did 
not focus on a single time but on variation. Furthermore, 
this procedure led to a reduction in the dependence on 
initial measurements: everyone has different habits and 
consequently different subjective starting values, which are 
taken into account by means of the delta.

During preliminary analysis, a repeated-measures analysis 
of variance (ANOVA) with gender and age as interaction 
variables was performed to explore the evolution of all three 
lifestyle behaviors (before the pandemic to T4) and mental 
health problems (T1 to T4) over time (before pandemic—
T4). Furthermore, a bivariate correlation matrix was created 
to explore the relationships between mental health problems 
at T1 and T4, the change in lifestyle behaviors between T1 
and T4 (i.e., Δnutrition, Δsleep, Δphysical activity), and 
covariates (age, gender, BMI, parents’ education, family 
income, nationality) at T1.

For the main analysis, a hierarchical linear regression 
analysis was performed to assess the relationship between 
the changes in lifestyle behaviors between T1 and T4 (i.e., 
Δnutrition, Δsleep, Δphysical activity) and mental health 
problems at time 4. Three different models were constructed 
sequentially. Model 1 included only the covariates as 
predictors. Model 2 expanded upon model 1 by adding 
mental health problems at T1 as a predictor to consider 
autoregressive effects. Model 3 included the variations 
between the three lifestyle behaviors (Δ(T4–T1)), along 
with the covariates and mental health problems at T1. By 
using this hierarchical approach, the study aimed to evaluate 
the unique contribution of each added block in explaining 
mental health problems over time.

Results

Sample characteristics

A total of 1063 children (parent-report) and adolescents 
(self-report) answered the baseline questionnaire. From 
these, 16 participants were excluded because they had 
chronic physical or mental illnesses and 14 participants 
were eliminated because they did not indicate their 
gender and age, which was necessary to characterize them 
(sociodemographic characteristics were not imputed). In 
addition, four outlier cases were removed from the dataset. 

These outliners were removed because they had values that 
corresponded to the responses to sleep disturbances and 
unhealthy eating habits that were impossible. The final 
analytical sample was composed of 1029 participants (male 
n = 496 (48.2%); female n = 533; (51.8%)). Age ranged from 
5 to 21 years old, with a median of 13 years. A total of 527 
participants belong to the child cohort (5–13 years) and 502 
to the adolescent cohort (14–21 years). Regarding the level 
of parents’ education, 67.5% attended a college or university, 
26.8% had compulsory education, and 5.6% preferred not 
to answer. As far as family income is concerned, 86.2% 
reported to have enough to live, 2.5% reported to have just 
or not enough to live, and the remaining 11.3% preferred not 
to answer. Concerning nationality, 86.2% of the participants 
were Swiss, 13.2% had a non-Swiss nationality, and 0.6% 
preferred not to answer. The mean BMI was 18.82 kg/m2, the 
median 18.42 kg/m2 (range from 10.75 kg/m2 to 46.99 kg/
m2). Furthermore, in order to satisfy the assumption of 
normality required for conducting the statistical tests, six 
outliers were excluded from the linear regression analysis 
(n = 1023), and an additional 28 outliers were excluded for 
the repeated measures ANOVA (n = 995).

Preliminary results

One-way repeated-measures ANOVA with gender and 
age cohort as interaction variables revealed that mental 
health problems decreased between T1 and T3, with a 
slight increase at T4, though. The variation over time 
was significant (Wilks’ Lambda = 0.85, F(3955) = 60.26, 
p < 0.001). The analysis revealed a significant interaction 
between time and gender for mental health problems 
(F(2995) = 36.65, p < 0.001). Across time, women had 
higher values of mental health problems compared to men. 
The interaction effect of age cohort was also significant 
(F(2955) = 198.22, p < 0.001), implying that adolescents 
had more mental health problems compared to children. 
Concerning lifestyle behaviors, the one-way repeated 
measures ANOVA revealed an increase in unhealthy eating 
habits from the pre-pandemic period to the lockdown 
between March and May 2020. After lockdown, the 
average number of days per week of unhealthy eating habits 
decreased again, though remained slightly higher compared 
to before the COVID-19 pandemic. The variation over time 
was significant (Wilks’ Lambda = 0.84, F(3955) = 50.24, 
p < 0.001), which was primarily due to the increase 
from the pre-lockdown to the lockdown period. The 
interaction with gender (F(2955) = 26.70, p < 0.001) and 
age cohort (F(2955) = 259.33, p < 0.001) was significant, 
indicating that men and children showed less frequently 
unhealthy eating habits than women and adolescents. The 
average number of hours slept increased during the initial 
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COVID-19 lockdown between March and May 2020, with 
a steady decrease over the following pandemic year. The 
variation over time was significant (Wilks’ Lambda = 0.74, 
F(3955) = 70.56, p < 0.001), which was, once again, mainly 
due to the increase in sleep time from the pre-lockdown to 
the lockdown period. Significant interaction effects were 
also observed for both gender (F(2955) = 5.54, p = 0.019) 
and age cohort (F(2955) = 580.78, p < 0.001). Men showed 
slightly less often unhealthy eating habits than women, 
while children show considerably less often unhealthy eating 
habits than adolescents. The average number of hours of 
physical activity per week dropped by almost two hours 
during the lockdown between March and May 2020. With 
the loosening of strict containment measures in autumn 
2020, they almost completely changed back to pre-lockdown 
measures, ranging between four and almost five hours. The 
variation over time was significant (Wilks’ Lambda = 0.77, 
F(3955) = 87.40, p < 0.001), primarily due to the stark 
drop during lockdown. The interaction effect with gender 
was significant (F(2955) = 12.39, p < 0.001), meaning that 
men tended to spend more time with physical activity than 
women. Eventually, the interaction with age cohort was also 
significant (F(2955) = 5.07, p = 0.025). Children spent more 
time engaging in physical activity compared to adolescents. 
Figure 1 shows the results of the repeated measures ANOVA 
for mental health problems and all three lifestyle behaviors, 
on the left side with gender and on the right side with age 
as the between group variable. More detailed information 
on means and standard deviations are available in the 
Supplement, Tables 1–4. Information about tests of between-
subjects effects for mental health problems, nutrition, sleep, 
and physical activity with gender and age as between groups 
(n = 955) are also available in the Supplement, Tables 5–8. 
Additionally, precise information about missing values can 
be found in the Supplement, Tables 9–10.

Table  1 summarizes the Pearson’s correlation 
coefficients for bivariate associations between all study 
variables. Mental health problems at T1 and T4 were 
significantly and positively associated with being female, 
belonging to the adolescent age group, and a greater 
BMI. In addition, BMI was significantly and negatively 
associated with an increase in healthy eating habits and 
an increase in physical activity over the course of the 

pandemic, but not with an increase in sleep. In other words, 
as the pandemic evolved, participants with a greater BMI 
engaged less frequently in healthy eating habits and in 
physical activity compared to children and participants 
with a lower BMI. Moreover, being an adolescent was 
negatively associated with physical activity.

Hierarchical regression results

Three different regression models were constructed 
sequentially to discover the additional predictive value of 
the change in lifestyle behaviors from T1 to T4 on mental 
health problems at T4, controlling for sociodemographic 
characteristics and BMI as covariates and autoregressive 
effects of mental health at T1. The first model with only 
covariates as predictors explained 15.2% of the variance 
in mental health problems at T4. Adding the measure of 
mental health problems at T1, the second model explained 
52.0% of the variance in the outcome variable. The third and 
final model, with the addition of changes in eating habits, 
sleep and physical activity over time (ΔT4–T1), explained 
54.6% of the variance. All three models were statistically 
significant.

Table 2 summarizes the results of the three regression 
models, including the overall F-statistics and R-square 
change. In model 1, mental health problems at T4 were 
significantly predicted by being an adolescent (β = 0.338, 
p < 0.001) and female (β = 0.130, p < 0.001). Adding mental 
health problems at T1 decreased the predictive value of 
age (β = 0.180, p < 0.001) and gender (β = 0.055, p = 0.22), 
though both remained significant predictors. Furthermore, 
mental health problems at T1 significantly and positively 
predicted mental health problems at T4 (β = 0.647, 
p < 0.001). The third model including lifestyle behaviors 
shows that a change in nutrition (β = –0.118, p < 0.001) 
and physical activity (β = –0.102, p < 0.001) from T1 to T4 
were negatively correlated with mental health problems at 
T4. In other words, children and adolescents who engaged 
less in unhealthy eating habits and spent more time with 
physical activity over the course of the pandemic year 
under consideration presented significantly lower levels 
of mental health problems at 12 months of assessment. At 
the same time, an increase in sleep duration was associated 
with significantly higher levels of mental health problems 
(β = 0.065, p = 0.006), Significant predictors in model 1 
and 2 (i.e., gender, age, and mental health problems at T1) 
remained significant predictors in model 3 (gender β = 0.055, 
p = 0.020; age β = 0.176, p < 0.001; mental health problems 
at T1: β = 0.639, p < 0.001).

Fig. 1  Repeated measures ANOVA with gender (left) and age (right) 
as between group variables (n = 955). Note: before = before the pan-
demic, during = during initial lockdown between March and May 
2020, T1 at baseline in autumn 2020, T2 at 4 months follow-up, T3 at 
8 months follow-up, T4 at 12 months follow-up

◂
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Discussion

The aim of this study was to investigate the influence of 
changes in three lifestyle behaviors, i.e., nutrition, sleep 
and physical activity, on mental health problems among 
children and adolescents during crisis situations such as 
the COVID-19 pandemic. To this end, we analyzed data 
collected longitudinally during 2020 and 2021 in Canton 
Ticino, Italian-speaking Switzerland, as part of the Corona 
Immunitas Ticino project. To the best of our knowledge, no 
longitudinal study to date has looked at these three lifestyle 
behaviors together, how these lifestyle behaviors and mental 
health changed over a time of more or less stringent con-
finement measures, and what impact the change in lifestyle 

behaviors had on mental health at the outset of the pandemic 
in a particularly vulnerable population such as children and 
adolescents.

Our study has four main findings: First, there were evi-
dent variations in mental health as well as the three investi-
gated lifestyle behaviors as the pandemic evolved. We found 
a steady improvement in mental health among children and 
adolescents during the year following the initial COVID-19 
lockdown between March and May 2020, despite a slight 
worsening at final assessment. These results align with previ-
ous studies showing that mental health improved after strict 
lockdown measures have been loosened and the roll-out of 
the vaccination campaign reduced the fear in the population 
of a severe course of the disease if infected (Bourmistrova 

Table 1  Pearson’s correlation coefficients for bivariate associations between all study variables (n = 1023)

*p < .05; **p < .01

1 2 3 4 5 6 7 8 9 10 11

1. Gender (female) 1
2. Age (adolescents) .090** 1
3. BMI –.016 .514** 1
4. Parents’ education (compulsory school) .002 .097** .160** 1
5. Family income (not enough to live) .022 –.008 .104** .149** 1
6. Nationality (non-Swiss) .003 –.050 .019 –.045 .035 1
7. Mental health problems at T1 .170** .333** .252** .047 .087** .024 1
8. Mental health problems at T4 .183** .391** .244** .030 .060 .011 .718** 1
9. Nutrition (ΔT4–T1) –.046 –.058 –.074* .026 –.017 –.027 –.081* –.183** 1
10. Sleep (ΔT4–T1) –.018 .008 .023 .036 –.034 –.009 –.013 .038 .155** 1
11. Physical activity (ΔT4–T1) .031 –.066* –.061* .056 .020 –.018 .001 –.085** –.002 –.001 1

Table 2  Hierarchical linear regression results with mental health problems at T4 as outcome (n = 1023)

Model 1 Model 2 Model 3

B SE Beta (β) p-value B SE Beta (β) p-value B SE Beta (β) p-value

Intercept 1.789 .086  < .001 .936 .072  < .001 .978 .071  < .001
Gender (female) .122 .030 .130  < .001 .052 .022 .055 .022 .051 .022 .055 .020
Age (adolescent) .317 .034 .338  < .001 .169 .027 .180  < .001 .165 .026 .176  < .001
BMI .004 .005 .028 .446 –.005 .004 –.038 .170 –.006 .004 –.048 .077
Parents’ education (compulsory school) –.029 .033 –.028 .386 .021 .025 –.020 .403 –.012 .024 –.012 .621
Family income
(not enough to live)

.167 .093 .057 .074 .035 .070 .012 .618 .046 .069 .016 .505

Nationality (non-Swiss) .066 .043 .049 .124 .043 .032 .032 .183 .037 .032 .027 .240
Mental health problems T1 .508 .020 .647  < .001 .502 .019 .639  < .001
Nutrition (ΔT4–T1) –.043 .009 –.118  < .001
Sleep (ΔT4–T1) .034 .012 .065 .006
Physical activity (ΔT4–T1) –.015 .003 –.102  < .001
R square .152 .520 .546
Adjusted R square .146 .516 .540
F change 25.505 132.457 102.269
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et al. 2022; Wester et al. 2022). The slight worsening at 12 
months follow-up (i.e., in autumn 2021) could suggest that 
the initial positive effects of public health strategies on the 
mental health of children and adolescents may not have been 
sustained over time and that additional support or interven-
tions may be necessary to maintain or improve mental health 
outcomes (Meherali et al. 2021). Similar to mental health, 
all three examined lifestyle variables showed an evident 
change, especially when comparing the time before, dur-
ing, and right after the strict lockdown between March and 
May 2020. During the lockdown, we observed a significant 
worsening of eating habits and a marked decrease in physical 
activity, alongside an increase in sleep time. These findings 
align with the results of systematic reviews (Dalekou et al. 
2023; Zhao et al. 2023; Bozzola et al. 2023) and can be 
explained by the heavy impact of strict confinement meas-
ures put in place by public health authorities at the onset of 
the pandemic, which led to school closures, the interruption 
of extracurricular sports activities, and the need to organize 
a healthy routine at home. For many parents of children and 
adolescents, this was a major challenge as they had to bal-
ance childcare, domestic and work activities (Fadda et al. 
2023; Blázquez-Fernández et al. 2023). The consequences 
were that children and adolescents were oftentimes left to 
themselves but did not yet have the means to effectively 
structure their day and care for themselves. After the initial 
lockdown, values tended to return to pre-pandemic levels. 
However, unhealthy eating habits and sleep set at moderately 
higher values compared to the pre-pandemic period, while 
physical activity returned to the same values. It is important 
to note though, that lifestyle behaviors before the pandemic 
and during the initial lockdown were assessed retrospec-
tively. Thus, they may be subject to a recall bias (Cross et al. 
2021).

Second, our study revealed that a change in all three 
examined lifestyle behaviors over the course of the pan-
demic was significantly associated with mental health prob-
lems at 12 months follow-up. More precisely, a decrease in 
unhealthy eating habits was related to better mental health 
outcomes as has also been shown in a systematic review 
that identified a significant relationship between unhealthy 
eating patterns and poorer mental health, especially depres-
sive problems, in young people (Lassale et al. 2019; Coletro 
et al. 2022; Godos et al. 2023). Eating habits directly impact 
various biological systems and mechanisms underlying 
depression, including oxidative processes, immune system 
functioning and salient brain protein levels (O’Neil et al. 
2014; Burnatowska et al. 2022). For example, regular meal 
consumption and sufficient chewing time reduce depression 
levels among girls (Sangouni et al. 2022). Although the topic 
is not widely investigated and further research is needed, 
the association between healthy eating and reduced mental 
problems is well established; therefore, intervening through 

the promotion of healthy nutrition is a valuable strategy to 
improve mental health in young people in times of a crisis 
(Wang et al. 2022). Furthermore, an increase in physical 
activity over the course of the COVID-19 pandemic was 
associated with less mental health problems at 12 months 
follow-up. Physical activity can help reduce stress, anxiety, 
and depressive symptoms due to the release of endorphins 
(Marconcin et al. 2022). In addition, regular physical activity 
can help improve cognitive functions, including attention, 
memory, learning, and executive skills (Mandolesi et al. 
2018). Last but not least, physical activity, especially as part 
of extracurricular sports activities, is a moment of recrea-
tion and exchange and, after a particular period of crisis, 
where social contacts were reduced to a minimum, physical 
activity can be an efficient means to resume young people’s 
social life (Amati et al. 2018). Thus, physical activity inte-
grated within a healthy lifestyle framework that encourages 
movement, enjoyment, and social engagement can help 
avoid mental health problems in children and adolescents 
during a crisis such as the COVID-19 pandemic. Concern-
ing sleep, we found that an increase in sleep time over the 
course of the pandemic was associated with increased men-
tal health problems at 12 months follow-up. This result may 
seem contradictory, but it is not. Too much sleep might be 
both a symptom and predictor of mental health problems. 
This has been amply demonstrated by systematic reviews 
and meta-analyses: adequate sleep (not oversleeping) is a 
protective factor for several mental health problems, par-
ticularly depression, anxiety, and mood disorders (Arora 
et al. 2022). The difference between quality and quantity of 
sleep is also very important. In the CIT project, the repeated 
surveys assessed how many hours children and adolescents 
slept on an average weekday and weekend day. However, 
reported sleep duration is not necessarily associated with 
good sleep quality (Scott et al. 2021), which should be inte-
grated in future studies investigating the impact of sleep on 
mental health during a crisis situation.

Our third main results regard the autoregressive effect of 
mental health problems. Specifically, mental health problems 
assessed during autumn 2020 positively and significantly 
predicted mental health problems one year later. In other 
words, those children and adolescents who reported mental 
health problems were more likely to report these problems 
even after the COVID-19 pandemic in Italian-speaking Swit-
zerland was almost over and life back to normal. Similar 
to our finding, a systematic review, analyzing the effect of 
the pandemic on mental health, concluded that the initial 
presence of a psychiatric problem is one of the major risk 
factors associated with psychological distress (Bourmistrova 
et al. 2022). One of the reasons is the lack of internal (i.e., 
resilience) and external (i.e., support) resources to manage 
stressful life situations exacerbated by a crisis such as a 
pandemic. It is therefore crucial that particularly vulnerable 
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children and adolescents have access to the resources needed 
to manage their everyday life and mental health problems 
(Agbaria and Mokh 2022; Chin et al. 2023).

Fourth and last, among sociodemographic characteristics 
and BMI as covariates, we found that age and gender had a 
significant effect on mental health: Women and adolescents 
presented significantly worse mental health over the course 
of the pandemic compared to men and children. Women 
experience more frequently internalizing problems such 
as mental health issues, especially depression and anxiety 
(Tibubos et al. 2021). In contrast, men show more frequently 
externalizing problems such as substance abuse (Otten et al. 
2021). Concerning the age effect, it is well-established that 
adolescence is a period of life that is characterized by signifi-
cant changes, both physical and psychological, which puts 
this age group at greater risk of developing mental health 
problems (National Academies Press (US) 2019). As ado-
lescents navigate the challenges of puberty and social devel-
opment, they experience a range of emotions and behaviors 
that may be difficult to manage. Studies have shown that 
depression, anxiety, and other mental health issues increase 
during adolescence (Racine et al. 2021). This may be partly 
due to the hormonal changes that occur during puberty 
(Pfeifer and Allen 2021), as well as the stresses associated 
with school, family, and peer relationships. During crisis sit-
uations, where, among others, social contacts are potentially 
undermined, adolescents are more at risk of experiencing 
mental health problems and thus particularly need support 
and resources to manage these crisis situations.

Strengths and limitations

The current study has some limitations that should be con-
sidered when interpreting the study’s findings, and future 
studies should address these issues to provide more reliable 
and generalizable results. First, although the data stem from 
a prospective cohort study, our analyses focused on the asso-
ciation of changes in lifestyle behaviors and mental health 
problems. Future studies with larger samples and robust meas-
ures could further investigate reciprocal causality between all 
three lifestyle behaviors and mental health problems at the 
individual (i.e., within-person) level. Second, the sample size 
and sample attrition over time, requiring the imputation of 
missing data, might have affected the generalizability of the 
study findings. Future prospective cohort studies should make 
a concerted effort to increase the initial sample size and keep 
participation high, with a special focus on adolescents who 
are most likely to lose interest in study participation. Third, 
even small changes of lifestyle behaviors and mental health 
problems over a one-year time period during the COVID-19 
pandemic might have been confounded by seasonal effects. 
It is thus not possible to fully relate lifestyle behaviors and 
mental health outcomes to the progress of the pandemic alone. 

Quasi-experimental studies may overcome this issue but are 
difficult to implement in worldwide crisis situations such as 
the COVID-19 pandemic. Fourth and last, lifestyle behaviors 
were assessed by combining different aspects of these behav-
iors (e.g., skipping meals and overeating) or by focusing on 
one aspect (e.g., sleep duration but not sleep quality). The 
use of single item and indicators and one-sided assessments 
of constructs of interest is common in large-scale studies with 
multiple research objectives, and more in-depth studies are 
needed to overcome this limitation.

However, it is also important to mention the strengths of 
the study. The longitudinal study design allows for sequen-
tial observation of the same participants while keeping the 
subjective variables constant. This is an important aspect of 
the study, as it provides a detailed and comprehensive under-
standing of the evolution of lifestyle behaviors and mental 
health problems over a prolonged period. Additionally, the 
study analyzed data from children and adolescents, which 
are particularly difficult to obtain over time and during a 
crisis situation given the practical challenges researchers 
have to face in recruitment and data collection involving 
these populations. Furthermore, the sample was heteroge-
neous because young people were randomly selected from 
the entire Ticino region, and there were no over-represented 
categories in terms of socio-demographic data such as 
gender, parental education, income, and nationality. This 
diversity in the sample enhances the generalizability of the 
study findings and makes it more representative of the wider 
population.

Conclusion and practical implications

In conclusion, the present study highlights the important 
role of lifestyle behaviors for mental health in children and 
adolescents during times of a crisis. Among lifestyle behav-
iors, a decrease in unhealthy eating habits and an increase 
in physical activity were found to be the main factors pro-
tecting from mental health problems. It is therefore critical 
that public health authorities and other relevant stakehold-
ers take early action to promote these lifestyle behaviors 
and assure that they are maintained among young people. 
This should include health promotion activities addressed 
toward children and adolescents, e.g., through school-based 
interventions, and toward parents as important role models 
and decision makers, e.g., through targeted communication 
strategies in collaboration with parent organizations. In addi-
tion, awareness campaigns on (social) media can reach a 
wider audience to promote a healthy lifestyle. More pre-
cisely, public health authorities should collaborate with the 
media, nonprofit organizations, and advertising agencies to 
create campaigns that highlight the importance of mental 
health and promote a healthy lifestyle. These campaigns 
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can spread positive messages, provide information about 
available resources, and encourage open dialogue about 
mental health. These promotion measures can eventually 
help reduce mental health problems in children and ado-
lescents during crisis situations, especially considering that 
such crisis situations are likely in the future. In addition, 
more longitudinal as well as (quasi-)experimental research 
should be funded to deepen the understanding of the role of 
lifestyle behaviors for mental health and to identify specific 
effective intervention strategies. In addition, it is important 
to implement continuous population monitoring to assess 
the effectiveness of policies and initiatives that are already 
in place, allowing for constant adaptation and improvement. 
Ultimately, a future perspective based on an approach to 
mental health through the promotion of a healthy lifestyle 
can help mitigate the negative effects of crisis situations on 
young people’s mental health, and eventually contribute to 
a better quality of life and lasting well-being.
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