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a b s t r a c t

Objectives: Using longitudinal data from Southern Switzerland we assessed ten-month temporal tra-
jectories of moderate to severe depression, anxiety and stress among adults after the first pandemic
wave and explored differences between sociodemographic and health status groups.
Study design: This was a population-based prospective cohort study.
Methods: Participants were 732 (60% women) adults aged 20e64 years who completed the Depression,
Anxiety and Stress Scale on a monthly base since August 2020 until May 2021, as part of the Corona
Immunitas Ticino study based on a probability sample of non-institutionalized residents in Ticino,
Southern Switzerland.
Results: Prevalence of moderate to severe depression increased from 7.5% in August 2020 to 12.5% in May
2021, anxiety increased from 4.8% to 8.1% and stress increased from 5.5% to 8.8%. A steeper increase in
poor mental health was observed between October 2020 and February 2021. Men had a lower risk for
anxiety (odds ratio [OR] ¼ 0.58, 95% confidence interval [CI] ¼ 0.36e0.95) and stress (OR ¼ 0.61, 95%
CI ¼ 0.44e0.95) than women. Suffering from a chronic disease increased the risk for depression
(OR ¼ 1.82, 95% CI ¼ 1.12e2.96), anxiety (OR ¼ 2.38, 95% CI ¼ 1.44e3.92) and stress (OR ¼ 1.87, 95%
CI ¼ 1.14e3.08). The differences between these groups did not vary over time.
Conclusions: In a representative Swiss adult sample, prevalence of moderate to severe depression,
anxiety and stress almost doubled in the course of ten months following the end of the first pandemic
wave in spring 2020. Women and participants with pre-existing chronic conditions were at a higher risk
of poor mental health.
© 2022 The Authors. Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

During the COVID-19 pandemic, the risk of psychological
distress and mental disorders in the general population has
increased.1e3 Lockdown measures, prolonged financial hardship
and exposure to and fear of potential infection are some of the
contingent factors that continue to have detrimental effects on
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mental health.4e6 However, changes in psychological distress levels
may differ across different population groups and contexts.2,7

The World Happiness Report8 outlines four phases to describe
both short- and long-term negative impacts on mental health
through the pandemic waves. The first two phases are mainly
related to the introduction of lockdown measures and the broader
socio-economic difficulties that followed. The subsequent phase
entails the potential increase in demand for mental health services
and the interplay between health and social services disruptions
and exceeded capacity during and between the waves of the
pandemic outbreaks. Finally, the population's mental health was
and still is affected by the sustained exposure to socio-economic
constraints, including abrupt changes to employment status,
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working conditions, income, schooling and social interactions, and
the exacerbation of social inequalities.While the pandemic endures
and with uncertainties about whether and when it will be over,
empirical data of psychological distress and mental health changes
over time and context-specific information are crucial to inform
policy decision-making and guide community-level interventions.9

However, epidemiological evidence from longitudinal population-
based studies on trajectories and potential increases in psycho-
logical distress, depressive and anxiety symptoms in representative
samples of the general population is generally sparse and lacking
also from regions that have been markedly impacted during the
first and second pandemic waves, including Southern Switzerland.

Population-based longitudinal studies in China,10,11 the UK,12e15

the Netherlands,16 Spain,17,18 Italy19,20 and France21 found high
levels of depressive symptoms, anxiety and psychological distress
among adults, in the months immediately after the first pandemic
wave. Most studies focused simultaneously on multiple mental
health symptoms, in particular depression and anxiety.11,13,17,18,20

Measures of stress-related symptoms10,16,19 and of overall mea-
sures of non-specific mental distress were less commonly ascer-
tained.12,14 Moreover, the majority of previous longitudinal studies
relied on up to two or three data collection points.22,23 Neverthe-
less, evidence of temporal variations and longitudinal patterns of
mental health is limited,24e27 particularly for the period during and
after the second pandemic wave, when COVID-19 containment and
mitigation control measures and restrictions endured and further
contributed to the disruption of social life and caused far-reaching
economic hardship.

The aim of this study was to assess ten-month repeated prev-
alence of moderate to severe depression, anxiety and stress among
adults aged 20e64 years following the first pandemic wave in the
Canton of Ticino (Switzerland), a region severely hit by the COVID-
19 pandemic,28 and to explore differences between sociodemo-
graphic and health status groups.
Methods

Study design and participants

We used data from the Corona Immunitas Ticino study in
Southern Switzerland. Full details about sampling, recruitment and
data collection procedures have been previously described.29

Briefly, the Corona Immunitas Ticino study is a population-based,
prospective cohort study purposely designed and conducted to
assess the spread of the COVID-19 epidemic and its associated
impact, including that on mental health, in Southern Switzerland.
Participants are being followed up for repeated serological testing,
self-reported symptoms and assessments, including mental and
physical health, psychological well-being, risk of infection, adher-
ence to infection prevention measures and lifestyle changes over
time. The current study focused on adult participants (aged 20 to 64
years) who completed a baseline questionnaire in July 2020
providing sociodemographic and general health status information
and who were prospectively followed up using repeated weekly
and monthly digital assessments, since study inception. In July
2020, after the first wave of the epidemic, we sent invitation letters
to 4000 adults aged 20 to 64 years living in Ticino drawn by the
Swiss Federal Statistical Office to recruit a representative actual
sample of the population in terms of age and gender distributions.
During this phase, we recruited 1009 individuals (27% of those
invited), who successfully completed the baseline assessments. In
August 2020, 873 among these completed the first of 10 monthly
follow-up assessments. All participants gave written informed
consent to participate in the study.
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Measurements and procedures

We collected data using secured online questionnaires imple-
mented in the Research Electronic Data Capture (REDCap) soft-
ware,30 hosted at the Universit�a della Svizzera Italiana.
Sociodemographic and health status data included age, categorized
into two age groups: (0) 20e49 and (1) 50e64 years; gender: (0)
women, (1) men; education: (0) up to higher secondary/appren-
ticeship, (1) higher tertiary; obesity (0) as body mass index
(BMI) < 30 kg/m2, (1) BMI �30 kg/m2; smoking status (0) non-
smoker/former smoker, (1) current smoker (daily or occasional);
and existing chronic conditions (“Do you suffer from any of the
following chronic conditions?”): (0) none, (1) any among hyper-
tension, diabetes, cardiovascular disease, cancer, immunological
deficiency syndromes or respiratory syndromes.

We used the 21-item Depression, Anxiety and Stress Scale
(DASS-21) to assess self-reported depressive symptoms, anxiety
and stress levels at eachmonthly follow-up.31 Each DASS-21 item is
rated on a 4-level Likert scale, from 0 (never) to 3 (almost always).
The DASS-21 was used in previous research on psychological
distress associated with SARS32 and COVID-19.33 Each of the three
DASS-21 scales contains 7 items, divided into subscales with similar
content. Subscales' scores range from0 to 21.We used standard cut-
offs for moderate to severe levels of depressive symptoms (�7),
anxiety (�5) and stress (>9) and computed a dichotomized score
based on whether participants met or not case criteria for every
DASS-21 dimension of distress. The DASS-21 showed good
convergent, discriminant and nomological validity in normal
samples34,35 and good reliability between repeated assessments.
Here, Cronbach's a ranged from 0.89 to 0.93 for depression, from
0.76 to 0.86 for anxiety and from 0.89 to 0.93 for stress across
assessments.

Statistical analysis

We checked data quality (i.e., straight line scoring) and
analyzed missing data patterns. We excluded responses due to
straight line scoring on the DASS-21 items (<0.4% across assess-
ments) and participants with DASS-21 missing values on more
than 3 monthly assessments of 10 (Fig. S1 in the supplementary
material; n ¼ 141, 16.5%) and derived an analytic sample of 732.
Next, we imputed missing values of repeated measures of
depression, anxiety and stress (<11.3% across assessments) as a
linear combination of available observations. We observed no
significant differences in baseline mental health scores between
participants excluded and included in the analytic sample. Missing
values on education (n ¼ 10, 1.4%), living alone (n ¼ 4, 0.6%),
obesity (n ¼ 9, 1.2%) and chronic diseases (n ¼ 2, 0.3%) were
imputed as a function of age and gender. We then modelled
moderate to severe depression, anxiety and stress as binary
dependent variables in separate generalized estimation equation
(GEE) models36,37 to assess variance structure and clustering error
within subjects. GEE models allow the determination of how the
average of a subject's response changes with covariates while
specifying variance structure for the correlation between repeated
measurements in the same subject over time. To select the best-
working covariance structure for the current data, we followed a
model selection method described by Pan38 and Cui:39 smaller
quasi-likelihood under the quasi-information criterion (QIC)
values was indicative of better fit. We assessed three types of
covariance structure:40 exchangeable, assuming responses from
the same cluster are equally correlated; autoregressive, where
correlations between responses decrease across time; and un-
structured, considering the correlations between responses to be
comparatively complex. We tested GEE univariate models with
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robust standard errors adjusted for age and gender. We then
adjusted also for education, living alone, obesity, smoking and
chronic diseases in multivariate models. We further tested signif-
icant between-subject effects in interaction with time and plotted
results to ease interpretation. Statistical significance was consid-
ered for P < 0.05 for direct effects and P < 0.1 for interaction effects.
We used Stata version 15, for all statistical analyses (StataCorp.
2015. Stata Statistical Software: Release 15. College Station, TX:
StataCorp LP).

Results

Table 1 reports characteristics of the analytic sample. The ana-
lytic sample representativeness was fairly good. Age distributions
Time, months

50-64

Men

Up to higher secondary

Yes

BMI ≥30kg/m2

Smoker

Yes

Age group, years (ref: 20-49)

Gender (ref: Women)

Educational level (ref: Tertiary)

Living alone (ref: No)

Obesity (ref: BMI <30kg/m2)

Smoking (ref: Non-smoker)

Chronic diseases (ref: No)

0 1 2 3 4 0

Depression

Fig. 1. Results of generalized estimating equation models explaining 10-month longitudina
Ticino (N ¼ 732). Odds ratios with 95% confidence intervals (CIs) are from generalized esti
Chronic diseases include hypertension, diabetes, cardiovascular disease, cancer, immunolog

Table 1
Characteristics of the sample at baseline, Corona Immunitas Ticino.

Variable N (%)

N 732
Age, years, mean (SD) 46.84 (11.24)
Age group, years
20e49 383 (52.3)
50e64 349 (47.7)

Woman 431 (59.9)
Educational level
Up to higher secondary 479 (65.4)
Tertiary 253 (34.6)

Living alone 113 (15.4)
Obese (BMI �30 kg/m2) 87 (11.9)
Smoking 164 (22.4)
Chronic diseases 134 (18.3)

Note. Chronic diseases include hypertension, diabetes, cardiovascular disease,
cancer, immunological deficiency syndromes or respiratory syndromes.
BMI, body mass index; SD, standard deviation.
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by sex did not significantly differ between the study sample and the
cantonal population demographics in 2019 although participation
rate among those aged 20 to 30 years was smaller for both genders
(Fig. S2).

Fig. 1 presents GEE regression results with an exchangeable
variance-covariance structure, which fitted the data better than an
autoregressive or unstructured solution (see Table S1). The likeli-
hood of depression (c2 ¼ 31.89, P < 0.001), anxiety (c2 ¼ 22.60,
P ¼ 0.007) and stress (c2 ¼ 20.24, P ¼ 0.017) significantly increased
over time: on average, every month participants experienced a 6%
increase in the odds of falling into the moderate to severe classi-
fication for depression, anxiety and stress. Men had a lower risk for
anxiety (odds ratio [OR] ¼ 0.58, 95% confidence interval [95%
CI] ¼ 0.36, 0.95, P ¼ 0.029) and stress (OR ¼ 0.61, 95% CI ¼ 0.44,
0.95, P ¼ 0.029) than women. In addition, suffering from a chronic
disease also increased the risk for depression (OR ¼ 1.82, 95%
CI ¼ 1.12, 2.96, P ¼ 0.015), anxiety (OR ¼ 2.38, 95% CI ¼ 1.44, 3.92,
P ¼ 0.001) and stress (OR ¼ 1.87, 95% CI ¼ 1.14, 3.08, P ¼ 0.014)
(Table S2). Fig. 2 shows 10-month longitudinal adjusted prevalence
of moderate to severe depression, anxiety and stress, by gender and
chronic diseases status. Overall, prevalence of moderate to severe
depression increased from 7.5% (95% CI ¼ 5.8%e9.1%) in August
2020 to 12.5% (95% CI ¼ 10.1%e14.8%) in May 2021; moderate to
severe anxiety increased from 4.8% (95% CI ¼ 3.6%e6.1%) to 8.1%
(95% CI ¼ 6.3%e9.9%) and moderate to severe stress increased from
5.5% (95% CI¼ 4.2%e6.7%) to 8.8% (95% CI¼ 6.9%e10.8%). We found
no significant interactions of gender or chronic diseases with time
(expressed as continuous). While overall the differences observed
at baseline remained stable over time, men and participants
affected by at least one chronic disease had a higher prevalence of
mental distress than women and participants with no chronic
diseases, respectively. Increases in poor mental health were steeper
1 2 3 4 0 1 2 3 4

Anxiety Stress

Odds ratio, 95%CI

l prevalence of moderate to severe depression, anxiety and stress, Corona Immunitas
mating equation models with robust standard errors adjusted for all listed covariates.
ical deficiency syndromes or respiratory syndromes. BMI, body mass index.
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Fig. 2. Ten-month longitudinal adjusted prevalence of moderate to severe depression, anxiety and stress, by gender and chronic diseases status, Corona Immunitas Ticino.
Prevalence estimates with 95% confidence intervals (CIs) are from generalized estimating equation models with robust standard errors adjusted for time (months), age, gender,
education and living.
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in winter, between October 2020 and February 2021, than the
monthly increases in summer 2020 and spring 2021, in particular
for moderate to severe depression and stress levels.

Results were unchanged in the set of sensitivity analysis of same
GEE models ran in the restricted sample of participants without
applying missing data imputations (N ¼ 708), compared to the
main results obtained in the larger analytic sample with missing
data imputations (N ¼ 732) Table S3.

Discussion

In a representative sample of adults living in Ticino, Southern
Switzerland, we found that prevalence of moderate to severe
depression, anxiety and stress almost doubled over ten months
starting after the first COVID-19 pandemic wave in summer 2020.
Moreover, psychological distress was consistently higher inwomen
than in men and was associated with ill-health due to pre-existing
chronic diseases. The pandemic is exacting a remarkable toll on the
psychological well-being of the population. As the pandemic con-
tinues to unfold, our study highlights the importance of monitoring
mental health in populations over time.

Our results are in line with those of studies on the mental health
impact of the COVID-19 pandemic in specific subgroups of the
population conducted in other Swiss regions and cantons, including
in healthcare workers,41 in young adults42 and among hospital or
clinic patients.43 Moreover, our observations on the longitudinal
trends in depressive, anxiety and stress symptoms among adults in
66
Ticino do not differ from those reported in other studies conducted
around the end of the first pandemic wave in late spring/early
summer 2020. For example, Fancourt et al.24 reported that depres-
sion and anxiety levels declined during summer 2020 among adults
in the UK, following the end of the early lockdown restrictions.
Similar results have been reported by Bendau et al.44 in Germany.
However, camparisonswith previous studies are not straightforward
due to differences in data collection periods and varying national
pandemic conditions.45,46

The DASS-21 self-reported questionnaires have been used in
several population-based studies, in China,33,47 Iran,48 Spain,49

Austria50 and Italy51,52 and in large cross-national studies.53,54 Over-
all, the DASS-21 subscales’ scores reported in previous studies were
generally higher than both the baseline and follow-up levels of psy-
chological distress recorded over time in our sample. Whether this
reflects prepandemic differences is not clear, and comparisons with
previous studies is not straightforward also because epidemiological
data based on the DASS-21 obtained from representative samples of
the Swiss population are lacking. Nonetheless, our results are consis-
tent with prepandemic levels in Switzerland of clinically significant
depressive, anxiety and stress symptoms.55e57

We also found that women and participants suffering from pre-
existing chronic conditions had higher DASS-21 scores of depres-
sion, anxiety and stress than men and healthy individuals,
respectively. This is consistent with prepandemic research,58,59 and
with some2,60,61 but not all research studies conducted during the
pandemic period.1,3 Women may be more exposed to the risk of
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poor mental health because they may carry a heavier load in
childcare provision than men,62,63 which was highly affected by
schools and childcare closures and home-based working during the
lockdown and quarantine periods.64 Our results confirm that
COVID-19 had a disproportional impact on specific high-risk sub-
groups of the population including also individuals living with
chronic diseases who may be more vulnerable to the negative ef-
fects of the pandemic on their physical and mental health because
of poorer or reduced healthcare and treatment and higher
perceived fear and uncertainty for their health in the event of a
SARS-CoV-2 infection.61,65,66 The impellent needed to increase ca-
pacity for patients with COVID-19 imposed a massive and abrupt
reorganization of health system and services. Health services have
been and, to some extent, still are discontinued, and their access,
use and navigation have been greatly impacted.

Our findings are novel because we depicted psychological
distress trajectories in a large and representative sample of the
population using highly frequent repeated assessments and could
monitor changes in psychological distress over time. For example,
we found steeper increases of depressive symptoms and stress
between October 2020 and February 2021. This period corresponds
to the outbreak of the second wave of the pandemic in Europe,
which lead to the tightening of previously partially relapsed re-
strictions to contain the pandemic. Our findings support the hy-
pothesis that the timing and duration of restrictive measures likely
play a relevant modulating effect on the mental health of the
population.51

Strengths and limitations of the study

Our study has several strengths. First, this is the largest study
carried out in Southern Switzerland in a representative sample
from the general population during the COVID-19 pandemic period,
with participants taking part in longitudinal follow-ups for a total
of twelve months. Our study has strong external validity. In addi-
tion, we used validated and reliable assessment instruments to
investigate several domains of mental health, which supports in-
ternal validity too. We conducted our analysis using ten monthly
follow-up assessments, which allowed us to investigate the tem-
poral variations and longitudinal patterns of mental health during
an extended period of time through the COVID-19 pandemic.

Some limitations of our study must be noted. First, the baseline
assessment started in August 2020; we lack data during the first
lockdown period in spring 2020. However, our data suggest little
differences in psychological distress during and right after the
second lockdown in winter 2020e2021, which may reasonably
apply also to the first wave of the pandemic that we did not capture
entirely. Second, common to most studies in psychiatric epidemi-
ology, we cannot exclude, nor can we appraise, the extent of se-
lection bias. Participation and retention may be lower in people
with more severe depressive symptoms than in those without
mood-related symptoms because of lack of interest, anxiety and
fatigue, all of which may impact willingness and, to same extent,
ability to participate in longitudinal studies with highly intense,
repeated, self-reported assessments. Our results may be an un-
derestimate of the true prevalence of moderate to severe depres-
sion, anxiety and stress in the target population. Nonetheless, the
opposite may be also possible because healthy people may have
been busier and less interested in participating in a mental health
survey, which theymight have perceived as non-pertinent to them.
Finally, the sample size did not allow us to investigate further socio-
economic and demographic differences in mental health with
appropriate precision. This will be possible pooling data collected
in the different study sites of the national Corona Immunitas
collaborative initiative.29
67
Conclusions

This study showed that in a representative adult sample from a
region in Switzerland that was severely hit by the COVID-19
pandemic, prevalence of moderate to severe depression, anxiety
and stress almost doubled over tenmonths following the end of the
first pandemic wave. However, despite this trend, psychological
distress may not beworse than prepandemic andmay in fact be less
marked than in neighbouring countries in Europe. Women were at
a higher risk of poor mental health, in addition to participants with
pre-existing chronic conditions. These results have important im-
plications for the adoption of future public health interventions to
tackle the burden of mental disorders and to sensitize the general
population and high-risk groups to the detrimental impact of the
COVID-19 pandemic on mental health.
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