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A B S T R A C T   

Background: Mental health deteriorated in the early stages of the COVID-19 pandemic, but improved relatively 
quickly as restrictions were eased, suggesting overall resilience. However, longer-term follow-up of mental health 
in the general population is scarce. 
Methods: We examined mental health trajectories in 5624 adults (58 % women; aged 18–97 years) from the 
Specchio-COVID19 cohort, using the Generalized Anxiety Disorder scale-2 and the Patient Health Questionnaire- 
2, administered each month from February to June 2021, and in Spring 2022 and 2023. 
Results: Depressive and anxiety symptoms declined during a pandemic wave from February to May 2021 (β =
− 0.06 [− 0.07, − 0.06]; − 0.06 [− 0.07, − 0.05]), and remained lower at longer-term follow-up than at the start of 
the wave. Loneliness also declined over time, with the greatest decline during the pandemic wave (β = − 0.25 
[− 0.26, − 0.24]). Many higher-risk groups, including socioeconomically disadvantaged individuals, those with a 
chronic condition, and those living alone had poorer mental health levels throughout the study period. Women 
and younger individuals had a faster improvement in mental health during the pandemic wave. Loneliness 
trajectories were associated with mental health trajectories throughout the study period. 
Limitations: We cannot definitively conclude that the observed changes in mental health were due to experiences 
of the pandemic. 
Conclusions: While there was a need for additional mental health support during stricter policy responses to 
COVID-19, overall, mental health improved relatively soon after measures were eased. Nevertheless, the 
persistence of mental health disparities highlights the need for further efforts from the government and 
healthcare practitioners to support vulnerable groups beyond the pandemic.   

1. Introduction 

Population-based studies found that mental health deteriorated in 
the early stages of the pandemic, during times of stricter government 
policies relating to COVID-19 (Robinson et al., 2022). The uncertainty 
and sudden change to everyday life, reduced social contact, health 
concerns, and perceived financial risks contributed to the early increase 

in distress (Robinson and Daly, 2021). However, mental health 
improved as early restrictions were eased, suggesting overall resilience 
in mental health (Robinson et al., 2022). In this context, resilience is 
defined as the ability to quickly recover from an adverse situation 
(Carver, 1998; Daly and Robinson, 2021; Filippou and Giannouli, 2023). 

Beyond the early stages of the pandemic, some studies found that 
mental health deteriorated again during a pandemic wave at the end of 
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2020, which coincided with a retightening of restrictions (Piumatti 
et al., 2022; Rosa et al., 2022; Zaninotto et al., 2022). By the summer of 
2021, there were fewer COVID-19 cases, and government measures were 
less stringent than earlier in the year (Hale et al., 2021). Consistent with 
findings from elsewhere in Europe (Rossi et al., 2023), we found that the 
overall prevalence of psychological distress in June 2021, after a 
pandemic wave in Switzerland, was comparable to pre-pandemic levels 
(Schrempft et al., 2023). Anxiety and depression were highest at the 
start of the pandemic wave in February 2021 and declined from 
February to June with the relaxation of measures (Schrempft et al., 
2023). 

Although research suggests that mental health was overall close to 
pre-pandemic levels by June 2021 (Rossi et al., 2023; Schrempft et al., 
2023), it is not yet known whether mental health has stabilized and 
remains at pre-pandemic levels (Penninx et al., 2022). To our knowl
edge, there has been no reported longer-term follow up of mental health 
trajectories in the general population beyond 2021. It is also unknown 
whether longer-term mental health trajectories differ for higher-risk 
groups, such as those who have a pre-existing mental health condi
tion, and those who live alone. People who contracted COVID-19 in the 
early stages of the pandemic, or those who report post COVID symptoms, 
may also be vulnerable to longer-term adverse mental health effects, due 
to psychosocial factors and/or direct effects of the virus (Iob et al., 2022; 
Thompson et al., 2022). 

Research to date showed that many pre-pandemic risk factors for 
poor mental health, such as economic hardship, having a mental health 
condition, and living alone, remained important risk factors for poor 
mental health during the COVID-19 pandemic (Fancourt et al., 2021; 
Kwong et al., 2021; Pierce et al., 2020; Schrempft et al., 2023). How
ever, pre-existing inequalities in mental health increased at the start of 
the pandemic for some demographic groups, including women and 
younger individuals (Kwong et al., 2021; Pierce et al., 2020). These 
inequalities decreased, but were still present, by the end of lockdown in 
August 2020 (Fancourt et al., 2021). Subsequent research found that 
increases in anxiety and depression during the pandemic wave at the end 
of 2020 were accompanied by increases in loneliness (Rosa et al., 2022; 
Zaninotto et al., 2022). 

The aim of this study was to examine medium-term mental health 
trajectories in the general population and among higher-risk groups 
from the start of a pandemic wave in Switzerland (February 2021), until 
the most recent follow-up in Spring (April/May) 2023. Following a 
decline in anxiety and depression symptoms between the start and the 
final phases of a pandemic wave (February to May 2021; (Schrempft 
et al., 2023)), we hypothesized that symptoms would remain lower at 
longer-term follow-up in 2022 and 2023. We expected that many pre- 
pandemic risk factors for poor mental health would remain important 
risk factors for mental health throughout the study period. In line with 
previous research (Fancourt et al., 2021), we also hypothesized that 
women and younger individuals would have a faster rate of improve
ment in mental health initially, during the pandemic wave, but that 
these effects would diminish by longer-term follow-up. Lastly, we ex
pected that loneliness trajectories would be associated with trajectories 
of anxiety and depressive symptoms. 

2. Methods 

2.1. Participants and design 

Data were from Specchio-COVID19, a population-based digital study 
launched in December 2020 to follow up serosurvey participants in 
Geneva, Switzerland (Baysson et al., 2022). Serosurvey participants 
were randomly selected from the Bus Santé population-based study (de 
Mestral et al., 2020), from Geneva registries (SEROCoV-POP, (Stringhini 
et al., 2020, 2021a)), and from a list of private and public companies and 
institutions (SEROCoV-WORK, (Stringhini et al., 2021b)). Adult seros
urvey participants were invited to take part in the Specchio-COVID19 

study after a baseline serologic test. All participants with a valid email 
address received an invitation to create a personal account on the 
Specchio-COVID19 digital platform. In order to be included in the 
cohort, participants had to complete an initial questionnaire. After this 
inclusion step, other questionnaires related to the COVID-19 pandemic 
and its impact on physical and mental health were proposed to partic
ipants. Informed consent was obtained during the baseline serology 
testing visit. The study was approved by the Cantonal Research Ethics 
Commission of Geneva, Switzerland (project number 2020–00881). 

Anxiety and depression were assessed through questionnaires 
administered each month from February to June 2021, and followed up 
again in April/May of 2022 and 2023 (a total of 7 time points). A 
monthly questionnaire was administered in 2021 (February to June 
2021) to closely monitor mental health in the earlier stages of the 
pandemic. In 2022 and 2023, an annual questionnaire was used to 
continue to monitor mental health over time. Of the 8552 participants 
enrolled in Specchio-COVID19 by February 2021, 6067 individuals (71 
%; mean age = 51 years (range = 18–97 years)) completed the monthly 
questionnaire administered in February 2021; all these participants 
provided complete data on the measures of anxiety and depression. We 
included individuals with mental health data from at least three time 
points during the study period (baseline data in February 2021 plus at 
least two more time points of data up until April/May 2023; N = 5624; 
see Supplementary Fig. S1). 

2.2. Measures 

2.2.1. Mental health 
Anxiety and depression were assessed at each time point using the 

Generalized Anxiety Disorder-2 scale (GAD-2) and the Patient Health 
Questionnaire-2 (PHQ-2), respectively. The GAD-2 and PHQ-2 are 
validated measures of core symptoms of anxiety and depression 
(Kroenke et al., 2003; Kroenke et al., 2007), and have the advantage of 
reduced response burden when there are frequent surveys due to their 
brevity (OECD, 2023). Respondents indicate how often they experienced 
each symptom over the past 2 weeks. The respective scores are summed 
(range 0–6), with higher values reflecting poorer mental health. Internal 
consistency of each of the scales was high in the present sample 
(Cronbach’s α range = 0.78–0.84). 

2.2.2. Sociodemographic factors and living circumstances 
Sociodemographic factors included age (years), biological sex (male, 

female), and living arrangement (living alone, as a single parent with 
children, or with other adults). Education level was primary (none or 
compulsory education), secondary (high school diploma or vocational 
training), or tertiary (university level qualification). Employment status 
was employed or self-employed, retired, unemployed, or other 
economically inactive (not working and not looking for work, such as 
students, and people unable to work for health reasons or disability). 
Financial difficulties were assessed by asking participants whether there 
are times during the month when they have real financial difficulties 
meeting their needs (food, rent, service charges, insurance, loans, etc.). 
Responses were coded as ‘no, this has never happened’, ‘not now, but 
this has happened in the past’, and ‘this has happened in the recent past’. 

2.2.3. Health and psychosocial factors 
At registration, participants were asked if they had any long-standing 

chronic illness, and to select their illness(es) from a list, which included 
physical and mental health conditions. These responses were used to 
create a variable indicating presence or absence of a physical health 
condition, and a variable indicating presence or absence of a mental 
health condition. 

Loneliness was assessed at each time point using the 3-item Revised 
UCLA Loneliness Scale (Hughes et al., 2004). Higher scores indicate 
greater loneliness. Internal consistency of the scale was high in the 
present sample (Cronbach’s α range = 0.82–0.87). 
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2.2.4. COVID-19-specific factors 
Previous SARS-CoV-2 infection was measured as: 1) a positive 

serology test result during the period March to December 2020 (before 
roll-out of COVID-19 vaccination (Stringhini et al., 2020, 2021a)), and 
2) a positive anti-nucleocapsid serology test result during the period 
May to June 2021 (when mRNA-based vaccines were available in 
Switzerland (Perez-Saez et al., 2023; Stringhini et al., 2021c)). Self- 
reported post COVID (‘are you currently or have you suffered from 
long-term COVID, that is, long-term manifestations of COVID-19 [such 
as symptoms that persist beyond three weeks]?’) was assessed in June 
2021 and categorized as ‘Yes, with ongoing symptoms’, ‘Yes, but 
symptoms no longer present’, or ‘No’. 

2.3. Statistical analysis 

Linear, quadratic, and piecewise trajectory types were considered for 
best fit to the data. We determined best fit by visual inspection of the 
overall trajectory and Akaike’s information criterion (AIC), with lower 
values indicating better fit. For the piecewise models, we defined two 
phases: (i) the third pandemic wave from February 2021 until May 2021 
(slope includes the baseline assessment of February 2021, and those of 
March 2021, April 2021, May 2021), and (ii) following the third 
pandemic wave (slope includes June 2021, April/May 2022, and April/ 
May 2023). The trajectory type with the best fit was carried forward. 

Mixed-effects models, with a random intercept and a random linear 
slope, were used to calculate the fixed slope for the sample, as well as 
participants’ personal slopes (change in PHQ-2 / GAD-2 score per 
month) across the months of follow-up. The models took the form: Bij =
(γ0 + γ1ij) + (μ0i + μ1ij) + ϵij, where Bij is the PHQ-2 / GAD-2 score 
measured for individual ‘i’ at time ‘j’, γ0 and γ1 are the fixed intercept 
and slope estimated for the sample, and μ0i and μ1i are the random 
intercepts and slopes estimated for each individual. Each model 
included months of follow-up as the time indicator. Mixed models do not 
require an equal number of observations from all participants therefore 
those with baseline mental health data and at least two subsequent time 
points during the study period (February 2021 to April/May 2023) were 
included in the analysis. 

To examine growth trajectories by sociodemographic, health- 
related, psychosocial, and COVID-19-specific characteristics, each 
model included the risk factor of interest as well as an interaction term 
between the risk factor and time (months of follow-up). A significant 
interaction effect indicates that the risk factor is associated with the rate 
of change in mental health. All risk factors of interest were included as 
time invariant factors, except for loneliness, which was assessed at each 
time point. For loneliness, the random slopes for each participant were 
extracted and treated as an independent variable. Each model included 
age at baseline, sex, education, and pre-existing mental health condition 
as covariates, alongside the risk factor of interest. Bonferroni corrections 
were applied to take account of multiple comparisons. 

Statistical analyses were conducted using Stata® version 16 (Stata 
Corporation, College Station, TX, USA), and R version 4.1.0 (R Foun
dation for Statistical Computing, Vienna, Austria). 

3. Results 

3.1. Descriptive results 

Table 1 shows characteristics of the study sample at baseline. In total, 
there were 5624 participants (39,368 observations) with mental health 
data for at least 3 time points during the study period (Feb 2021 to 
April/May 2023). The study sample was slightly older than the total 
sample with baseline data (52 vs. 51 years, p < 0.05), but there were no 
significant differences with respect to the other study variables. 

Fig. 1 shows the mental health trajectories for the total sample (N =
5624). Piecewise mixed effects models provided the best fit to the data 
and showed that the slopes for the first phase (February 2021 to May 

2021) and second phase (June 2021 to April/May 2023) significantly 
differed for each mental health measure (for PHQ-2, β = 0.06, p < 0.001; 
for GAD-2, β = 0.07, p < 0.001) and loneliness (β = 0.23, p < 0.001). 
There was a decline in depressive symptoms during the pandemic wave 
from February to May 2021 (β = − 0.06 [− 0.07, − 0.06], p < 0.001), and 
no significant change from June 2021 to April/May 2023 (β = 0.00, p =
0.399). Anxiety symptoms also declined during the pandemic wave (β =
− 0.06 [− 0.07, − 0.05], p < 0.001), but increased during the second 
phase (notably June 2021 to April/May 2022; β = 0.01 [0.01, 0.01], p <
0.001), reaching a mean level (1.18 [1.14, 1.23]) comparable to that in 
April 2021 (1.20 [1.16, 1.24]). There was a steep decline in loneliness 
over time, with the greatest decline from February to June 2021 (β =
− 0.25 [− 0.26, − 0.24], p < 0.001), and a smaller decline from June 
2021 to April/May 2023 (β = − 0.02 [− 0.02, − 0.02], p < 0.001). 

3.2. Mental health levels and trajectories among higher-risk groups 

Table 2 shows risk factors associated with the mean levels of anxiety 
and depression at baseline (intercept). Pre-existing sociodemographic 
risk factors for poor mental health, namely being younger, female, 

Table 1 
Characteristics of the total baseline sample and analysis sample.   

Total baseline 
sample 

Analysis 
sample 

P 

N = 6067 N = 5624 

% (N) % (N) 

Age in years, mean (SD)  50.9 (13.4)  51.5 (13.2)  0.011 
Sex    0.77 

Male  42.8 (2585)  42.5 (2381)  
Female  57.2 (3456)  57.5 (3218)  

Living circumstances    0.79 
With other adults  78.4 (4754)  78.0 (4386)  
Single parent  6.4 (391)  6.4 (358)  
Alone  15.2 (922)  15.6 (880)  

Education    0.78 
Tertiary  64.7 (3924)  64.7 (3637)  
Secondary  31.7 (1920)  31.9 (1793)  
Primary  3.6 (218)  3.4 (189)  

Employment situation    0.59 
Working  74.6 (4527)  74.1 (4168)  
Retired  16.8 (1021)  17.7 (996)  
Other economically inactive  6.5 (396)  6.2 (349)  
Unemployed  2.0 (123)  2.0 (111)  

Financial difficulties    0.78 
No, never happened  61.0 (3468)  61.3 (3235)  
No, but happened in the past  32.8 (1862)  32.8 (1731)  
Yes, this has happened recently  6.2 (353)  5.9 (311)  

Physical health condition    0.65 
No  78.2 (4742)  77.8 (4376)  
Yes  21.8 (1325)  22.2 (1248)  

Mental health condition    0.99 
No  97.9 (5941)  97.9 (5507)  
Yes  2.1 (126)  2.1 (117)  

Loneliness at baselinea, mean (SD)  4.9 (1.7)  4.9 (1.7)  0.84 
Positive serology result, Mar–Dec 

2020    
0.94 

No  86.7 (5224)  86.6 (4841)  
Yes  13.3 (803)  13.4 (747)  

Self-reported post COVID    0.99 
No  93.1 (4617)  93.1 (4505)  
Yes, but symptoms no longer 
present  

2.9 (146)  2.9 (140)  

Yes, symptoms still present  4.0 (196)  4.0 (193)  
Depressive symptoms at baselineb, 

mean (SD)  
0.9 (1.3)  0.9 (1.3)  0.93 

Anxiety symptoms at baselinec, 
mean (SD)  

1.2 (1.4)  1.2 (1.4)  0.91 

SD = standard deviation. 
a From the 3-item Revised UCLA Loneliness Scale. 
b From the Patient Health Questionnaire-2 (PHQ-2). 
c From the Generalized Anxiety Disorder-2 scale (GAD-2). 
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unemployed (or other economically inactive), and experiencing recent 
financial difficulties were associated with higher mean levels of 
depression and anxiety at baseline. Living alone (or as a single parent) 
and having a lower education level were associated with higher 
depression but not anxiety symptom scores. Having a pre-existing 
physical or mental health condition, and greater loneliness at baseline 
were also associated with higher depression and anxiety symptom 
scores. Self-reported post COVID was also associated with higher 
depression and anxiety symptom scores, but there was no association 
between having a positive serology test result and depression or anxiety 
symptom levels. 

Risk factors associated with the rate of change in anxiety and 
depression during the pandemic wave (February–May 2021) were age, 
sex, and loneliness slopes. Effects were small, but there was a faster rate 
of improvement in depressive and anxiety symptoms for women 
compared to men, a faster rate of improvement in depressive symptoms 
for younger compared to older adults, and a faster rate of improvement 
in anxiety symptoms for older compared to younger adults (see Fig. 2 
and Table 3). Individuals who had a faster rate of improvement in 
loneliness during the pandemic wave also showed a faster rate of 
improvement in depressive and anxiety symptoms. Individuals with a 
pre-existing physical health condition had a marginally faster rate of 
improvement in anxiety symptoms than individuals without a physical 
health condition, but the effect did not persist after adjustment for 
multiple comparisons (Table 3). 

Individuals with better loneliness trajectories during follow-up (June 
2021–April/May 2023) also had better depressive and anxiety symptom 
trajectories during this time: individuals with a decline in loneliness had 
a decline in depressive symptoms during follow-up, while those with an 
increase in loneliness had an increase in depressive symptoms; in
dividuals with a decline in loneliness had no change in anxiety symp
toms during follow-up, while those with an increase in loneliness had an 
increase in anxiety symptoms. Individuals with a positive serology test 
result had a marginally greater increase in anxiety during follow-up than 
individuals with a negative serology test result (but the effect did not 
persist after adjustment for multiple comparisons). There was a marginal 
effect for employment situation (individuals who were unemployed did 
not show an increase in anxiety during follow-up, while individuals who 

were working or retired showed a small increase), but this did not persist 
after adjustment for multiple comparisons. No other factors were asso
ciated with the rate of change in anxiety and depression at follow-up. All 
results are shown in Table 3. 

4. Discussion 

Mental health was overall better at longer-term follow-up in April/ 
May 2023 compared with mental health at the start of a pandemic wave 
in February 2021. Depressive symptoms remained at levels comparable 
to those at the end of the pandemic wave, and loneliness continued to 
decline. There was a small but significant increase in anxiety symptoms 
at longer-term follow-up (notably June 2021 to April/May 2022), but 
the mean level remained lower than that at the start of the pandemic 
wave. Also consistent with our hypotheses, we found that many pre- 
pandemic risk factors for poor mental health including economic hard
ship, having a mental health condition, and living alone, remained 
important risk factors for poor mental health during this time period. For 
some higher-risk groups, including women and younger individuals, 
pre-existing inequalities in mental health slightly decreased during the 
pandemic wave, but were still present at longer-term follow-up. In
dividuals who had faster improvements in loneliness during the 
pandemic wave showed greater improvements in anxiety and depressive 
symptoms, which continued over longer-term follow-up. 

Research during the earlier stages of the pandemic found that anxiety 
and depression declined following lockdown (Fancourt et al., 2021), but 
there were reports of further increases during the second pandemic wave 
at the end of 2020 (Rosa et al., 2022; Zaninotto et al., 2022). Our finding 
that anxiety, depression, and feelings of loneliness remained lower at 
longer-term follow-up than at the start of a pandemic wave in 2021 is 
reassuring and suggests overall resilience in mental health (in the sense 
that the overall trend was recovery). It is not clear why there was a slight 
increase in anxiety during longer-term follow-up, but it could be in part 
due to the complete lifting of COVID-19 measures in Switzerland in 
Spring 2022. While the lifting of lockdown has been shown to improve 
mental health (Serrano-Alarcón et al., 2022), the complete lifting of 
measures could be associated with anxiety due to uncertainty about the 
future, stress in returning to normal daily life, and economic concerns 

Fig. 1. Predicted growth trajectories (and 95 % confidence intervals) of mean anxiety (GAD2), depression (PHQ2), and loneliness (UCLA) scores for the total sample 
(N = 5624) across the months of follow-up from baseline in February 2021 until April/May 2023. Raw mean scores and 95 % confidence intervals for the measures 
are also presented. Depression and anxiety scores range from 0 to 6; loneliness scores range from 3 to 9, which were rescaled to 0 to 6. 
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Table 2 
Risk factors associated with the mean levels of anxiety and depressive symptoms at baseline (N = 5624).   

Depressive symptoms Anxiety symptoms 

Coefficient (95 % CI) P Coefficient (95 % CI) P 

Age in years, per one unit increase  − 0.02 (− 0.02, − 0.01)  <0.001  − 0.02 (− 0.02, − 0.01)  <0.001 
Sex (ref: male)     

Female  0.13 (0.08, 0.18)  <0.001  0.28 (0.22, 0.34)  <0.001 
Living circumstances (ref: with other adults)     

Single parent  0.13 (0.02, 0.23)  0.020  0.06 (0.06, 0.18)  0.313 
Alone  0.17 (0.10, 0.24)  <0.001  0.02 (0.06, 0.10)  0.626 

Education (ref: tertiary)     
Secondary  0.10 (0.04, 0.15)  0.001  0.02 (− 0.05, 0.08)  0.628 
Primary  0.15 (0.01, 0.30)  0.037  0.13 (− 0.04, 0.29)  0.127 

Employment status (ref: employed)     
Retired  0.02 (− 0.07, 0.11)  0.648  − 0.05 (− 0.15, 0.05)  0.362 
Other economically inactive  0.25 (0.15, 0.36)  <0.001  0.24 (0.11, 0.36)  <0.001 
Unemployed  0.25 (0.07, 0.43)  0.008  0.31 (0.11, 0.52)  0.003 

Financial difficulties (ref: no)     
No, but happened in the past  0.20 (0.15, 0.26)  <0.001  0.25 (0.18, 0.31)  <0.001 
Yes, this has happened recently  0.47 (0.36, 0.58)  <0.001  0.50 (0.37, 0.63)  <0.001 

Physical health condition (ref: no)     
Yes  0.15 (0.09, 0.21)  <0.001  0.18 (0.11, 0.25)  <0.001 

Mental health condition (ref: no)     
Yes  0.99 (0.81, 1.17)  <0.001  0.93 (0.73, 1.13)  <0.001 

Loneliness intercept, per one unit increase  0.41 (0.40, 0.42)  <0.001  0.38 (0.37, 0.40)  <0.001 
Positive serology result, Mar–Dec 2020  − 0.04 (− 0.12, 0.03)  0.286  − 0.02 (− 0.10, 0.07)  0.676 
Self-reported post COVID     

Yes, but symptoms no longer present  0.16 (0.00, 0.32)  0.049  0.22 (0.04, 0.41)  0.016 
Yes, symptoms still present  0.44 (0.30, 0.57)  <0.001  0.52 (0.37, 0.68)  <0.001 

All models included participant’s age at baseline, sex, education level, and pre-existing mental health condition as covariates. 
CI = confidence interval; Ref = reference group. 
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during a time of increased inflation (Codagnone et al., 2021). Other 
significant global events, such as the war in Ukraine and global warm
ing, may also have contributed to the slight increase in anxiety. Our 
finding that many pre-existing risk factors for poor mental health, such 
as economic hardship, having a pre-existing mental health condition, 
and living alone, persisted during the COVID-19 pandemic corroborates 
earlier research (Fancourt et al., 2021; Kwong et al., 2021; Pierce et al., 
2020; Schrempft et al., 2023), and highlights the continued need for 
efforts to support vulnerable groups beyond the pandemic. 

Some higher-risk groups, including women and younger individuals, 
had a faster rate of improvement in mental health during the pandemic 
wave, and these effects subsided at longer-term follow-up, which is in 
line with previous research. Inequalities in mental health increased for 
women and younger individuals at the start of the pandemic (Kwong 
et al., 2021; Pierce et al., 2020), but decreased following UK lockdown in 
August 2020 (Fancourt et al., 2021). These findings suggest that some 
individuals may have greater initial sensitivity or reactivity to COVID-19 
events. Interestingly, while younger individuals showed a faster rate of 
improvement in depressive symptoms during the pandemic wave, they 
had a slower rate of improvement in anxiety symptoms compared to 
older adults. Older adults are more vulnerable to serious effects of 
COVID-19 (Onder et al., 2020), and may have greater initial anxiety 

reactivity during pandemic waves than younger individuals (and a faster 
subsequent decline), even in the absence of a pre-existing physical 
health condition. Previous research has also shown that older adults 
have not been immune to mental health effects during the COVID-19 
pandemic (Zaninotto et al., 2022), even though older adults typically 
have lower levels of anxiety and depression than younger individuals. 
On the contrary, the slower improvement of anxiety symptoms in 
younger adults, could indicate sustained mental health effects in this age 
group. 

The finding that loneliness trajectories were associated with trajec
tories of anxiety and depression is consistent with research during the 
second pandemic wave (Rosa et al., 2022; Zaninotto et al., 2022). 
Loneliness – the subjective experience or perception of being isolated – is 
an established predictor of poor health and well-being (Cacioppo et al., 
2010; Hawkley and Cacioppo, 2010; Holt-Lunstad et al., 2015). The 
decline in loneliness alongside anxiety and depression in the present 
study could be attributed to the relaxation of social restrictions during 
the pandemic wave, prompting changes in the frequency of social con
tact, although we did not directly measure this. Social isolation – the 
absence of regular contact with family and friends and lack of involve
ment in social organizations – and loneliness tend to co-occur, but they 
can also be experienced independently of one another, and are often 
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Fig. 2. Predicted growth trajectories (and 95 % confidence intervals) of mean anxiety and depression scores by age group and sex.  
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Table 3 
Risk factors associated with the rate of change in anxiety and depression during time 1 (February to May 2021) and time 2 (June 2021–April/May 2023); N = 5624.   

Depressive symptoms Anxiety symptoms 

Coefficient (95 % CI) P Coefficient (95 % CI) P 

Interaction effects for time 1 
Age in years, per one unit increase  0.00 (0.00, 0.00)  0.001  − 0.00 (− 0.00, − 0.00)  <0.001 
Sex (ref: male)     

Female  − 0.03 (− 0.05, − 0.02)  <0.001  − 0.03 (− 0.04, − 0.01)  <0.001 
Living circumstances (ref: with other adults)     

Single parent  − 0.00 (− 0.03, 0.03)  0.956  − 0.02 (− 0.05, 0.01)  0.182 
Alone  0.01 (− 0.01, 0.03)  0.375  0.02 (− 0.00, 0.04)  0.107 

Education (ref: tertiary)     
Secondary  − 0.01 (− 0.03, 0.00)  0.167  − 0.01 (− 0.02, 0.01)  0.269 
Primary  − 0.01 (− 0.05, 0.03)  0.712  − 0.01 (− 0.05, 0.03)  0.658 

Employment status (ref: employed)     
Retired  − 0.01 (− 0.04, 0.01)  0.293  − 0.00 (− 0.03, 0.02)  0.878 
Other economically inactive  − 0.01 (− 0.04, 0.02)  0.375  − 0.01 (− 0.04, 0.03)  0.690 
Unemployed  0.00 (− 0.05, 0.05)  0.972  − 0.00 (− 0.05, 0.05)  0.968 

Financial difficulties (ref: no)     
No, but happened in the past  − 0.01 (− 0.02, 0.01)  0.412  − 0.01 (− 0.03, 0.00)  0.159 
Yes, this has happened recently  − 0.01 (− 0.04, 0.02)  0.574  − 0.01 (− 0.04, 0.03)  0.674 

Physical health condition (ref: no)     
Yes  − 0.00 (− 0.02, 0.02)  0.845  − 0.02 (− 0.04, − 0.00)  0.029 

Mental health condition (ref: no)     
Yes  0.01 (− 0.04, 0.06)  0.562  − 0.03 (− 0.08, 0.03)  0.332 

Loneliness slope during pandemic wave  0.45 (0.41, 0.49)  <0.001  0.31 (0.27, 0.35)  <0.001 
Positive serology result, Mar–Dec 2020  − 0.01 (− 0.03, 0.01)  0.476  − 0.01 (− 0.03, 0.01)  0.327 
Self-reported post COVID     

Yes, but symptoms no longer present  − 0.03 (− 0.08, 0.01)  0.144  − 0.02 (− 0.07, 0.03)  0.369 
Yes, symptoms still present  − 0.03 (− 0.07, 0.01)  0.164  − 0.02 (− 0.06, 0.02)  0.332  

Interaction effects for time 2 
Age in years, per one unit increase  − 0.00 (− 0.00, 0.00)  0.596  − 0.00 (− 0.00, 0.00)  0.871 
Sex (ref: male)     

Female  0.00 (− 0.00, 0.01)  0.272  0.00 (− 0.00, 0.01)  0.152 
Living circumstances (ref: with other adults)     

Single parent  0.01 (− 0.00, 0.01)  0.215  0.01 (− 0.00, 0.01)  0.160 
Alone  − 0.00 (− 0.01, 0.00)  0.075  − 0.01 (− 0.01, − 0.00)  0.049 

Education (ref: tertiary)     
Secondary  0.00 (− 0.00, 0.00)  0.800  − 0.00 (− 0.01, − 0.00)  0.038 
Primary  − 0.00 (− 0.02, 0.01)  0.465  − 0.01 (− 0.02, 0.00)  0.084 

Employment status (ref: employed)     
Retired  − 0.00 (− 0.01, 0.01)  0.814  0.00 (− 0.00, 0.01)  0.418 
Other economically inactive  − 0.00 (− 0.01, 0.00)  0.362  − 0.01 (− 0.01, 0.00)  0.199 
Unemployed  0.00 (− 0.01, 0.01)  0.980  − 0.02 (− 0.03, − 0.00)  0.022 

Financial difficulties (ref: no)     
No, but happened in the past  − 0.00 (− 0.01, 0.00)  0.269  0.00 (− 0.00, 0.00)  0.839 
Yes, this has happened recently  0.00 (− 0.00, 0.01)  0.403  0.00 (− 0.00, 0.01)  0.367 

Physical health condition (ref: no)     
Yes  0.00 (− 0.00, 0.01)  0.177  − 0.00 (− 0.01, 0.00)  0.939 

Mental health condition (ref: no)     
Yes  − 0.00 (− 0.02, 0.01)  0.597  0.01 (− 0.01, 0.02)  0.291 

Loneliness slope during follow-up  0.62 (0.56, 0.68)  <0.001  0.44 (0.37, 0.50)  <0.001 
Positive serology result, Mar–Dec 2020  0.00 (− 0.00, 0.01)  0.153  0.01 (0.00, 0.01)  0.013 
Positive serology result, May–Jun 2021  0.00 (− 0.00, 0.01)  0.431  0.01 (0.00, 0.01)  0.041 
Self-reported post COVID     

Yes, but symptoms no longer present  − 0.00 (− 0.02, 0.01)  0.524  − 0.00 (− 0.02, 0.01)  0.611 
Yes, symptoms still present  0.00 (− 0.01, 0.01)  0.669  0.00 (− 0.01, 0.01)  0.482 

All models included participant’s age at baseline, sex, education level, and pre-existing mental health condition as well as interaction terms between time (time 1 and time 2) and age/sex as well as the risk factor of interest. 
All models included a random intercept and random linear slopes for time. CI = confidence interval; Ref = reference group. 
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moderately correlated (Coyle and Dugan, 2012; Perissinotto and Cov
insky, 2014). Associations between loneliness and mental health are 
complex, and likely reflect both genetic and non-shared environmental 
influences (Matthews et al., 2016). 

Evidence from case reports and studies of severe coronavirus in
fections has shown that there can be adverse mental health effects 
following COVID-19 infection, especially during the acute stage of the 
illness (Mazza et al., 2020; Taquet et al., 2021; Wu et al., 2020). 
Population-based studies can add to existing research by capturing 
broader and subclinical mental health impacts of COVID-19 infection 
over time. Our study extends previous population-based research by 
including serology-assessed COVID-19 infection alongside self-report 
measures, and by examining associations with both mental health 
levels and trajectories. While previous population-based studies found 
that individuals with suspected COVID-19 (based on self-reports of 
perceived symptoms or positive test results) in the early stages of the 
pandemic report poorer mental health levels than those without COVID- 
19 (Daly and Robinson, 2023; Iob et al., 2022; Wilding et al., 2022), just 
one known study included serology-assessed COVID-19 infection 
alongside self-report measures (Thompson et al., 2022). This study also 
found that suspected COVID-19 was associated with poorer mental 
health, but there were no differences in mental health outcomes for 
those with positive and negative serology, suggesting that contextual 
and psychosocial aspects of COVID-19 could be stronger predictors of 
poor mental health outcomes in the general population than any specific 
neurological consequences of infection. We found that self-reported post 
COVID symptoms, but not serology-assessed infection, predicted higher 
levels of anxiety and depression throughout the study period. The null 
association between serology-assessed COVID-19 is not completely 
surprising given that it includes asymptomatic infections and does not 
capture infection severity. An association for self-reported post COVID 
may have been detected because it identifies individuals with ongoing 
symptoms with no known end date. While self-reported post COVID was 
associated with mental health levels, it was not associated with the rate 
of change in mental health over time. Associations between post COVID 
symptoms and mental health trajectories may be evident over the longer 
term, and for certain symptoms. For example, the experience of cogni
tive decline can negatively affect mental health (Parikh et al., 2016). 
Research also indicates that individuals with poorer mental health are 
more susceptible to post COVID (Wang et al., 2022). Poor mental health 
is associated with chronic inflammation and immune system dysregu
lation (Bauer and Teixeira, 2019; Maes, 1995), potentially making 
people more vulnerable to post COVID. 

4.1. Practical implications 

Ensuring safe access to essential services (such as childcare, as well 
as day services for older adults), financial security (for example through 
government investment in debt respite and eviction protection mea
sures), free or heavily subsidized mental health services (face-to-face or 
online, where appropriate), loneliness and social isolation alleviation 
initiatives (such as the Let’s Talk Loneliness campaign, and digital in
clusion strategies), and mental health promotion within the community 
(such as in schools and universities) are ways in which vulnerable 
groups can be supported during and following the pandemic (Aknin 
et al., 2022; McDaid, 2021). Healthcare providers also play a key role in 
responding to their patients concerns related to COVID-19 (Adhanom 
Ghebreyesus, 2020), and ensuring they receive the necessary care if 
suffering from ongoing symptoms. 

4.2. Strengths and limitations 

The strength of this study is the population-based assessment of 
longer-term mental health trajectories, alongside a range of pre- 
pandemic and COVID-19-specific risk factors for poor mental health. 
The GAD and PHQ are widely used, validated self-report measures 

(OECD, 2023; Shevlin et al., 2022), and correlate strongly with clinically 
diagnosed psychiatric disorder (Kroenke et al., 2003, 2007); although 
they do not capture all forms of mental distress. The use of additional 
mental health measures would provide further insight into longer-term 
health trajectories, though it is notable that the pattern of mental health 
change during the early stages of the pandemic (deterioration followed 
by a rapid return to pre-pandemic levels) was observed for most symp
tom types (Robinson et al., 2022). Although we examined various fac
tors associated with mental health trajectories, psychological factors, 
such as personality and coping style, likely contribute to resilience and 
thriving (Carver, 1998), and could be associated with longer-term 
mental health trajectories following the pandemic. Unfortunately, 
these measures were not available in our cohort. Research during the 
earlier stages of the pandemic found that anxiety and depressive 
symptoms decreased over time for all coping strategies, but socially 
supportive coping was associated with a faster decrease in symptoms 
(Fluharty et al., 2021), suggesting that this is an adaptive coping strat
egy following adversity. Moreover, although we measured mental 
health during and following a pandemic wave, we cannot definitively 
conclude that the observed changes in mental health were due to 
adverse experiences of the pandemic. The decline in anxiety, depression, 
and loneliness during the pandemic wave was observed from winter to 
summer, therefore the observed changes could be partly attributed to 
natural fluctuations in mental health with the seasons. However, the 
effects seem greater than usual seasonal variations (Winthorst et al., 
2011). Compared to the general Swiss population, Specchio-COVID19 
has an under-representation of younger adults and individuals with a 
low education level, therefore some degree of self-selection bias may 
have been present. Very vulnerable individuals with poor mental health 
are less likely to participate in surveys. Although we tried to identify 
high-risk groups in the general population, the findings may not 
generalize to more vulnerable groups who may experience ongoing 
adverse effects of the pandemic due to prior trauma, grief, serious health 
problems due to SARS-CoV-2 infection, long-term unemployment, and 
financial difficulties. Our study extends existing research by examining 
mental health trajectories in the general population beyond 2021, but 
continued monitoring of mental health is needed to determine any 
longer-term impact of the pandemic. 

5. Conclusions 

There have been concerns that acute distress during the COVID-19 
pandemic may lead to long-term mental health problems, therefore it 
is important to continue to monitor mental health trajectories beyond 
the earlier stages of the pandemic. Our findings indicate that, overall, in 
the general population, mental health had improved by the end of the 
pandemic wave in June 2021, and remained better than at the start of 
the wave at longer-term follow-up in 2022 and 2023. These findings 
suggest that, while there was a need for additional mental health support 
during times of stricter government policies relating to COVID-19, there 
has been overall resilience in mental health. Nevertheless, many pre- 
existing risk factors for poor mental health persisted over longer-term 
follow-up, highlighting the persistence of inequalities in mental 
health. These findings provide important information for future 
pandemic preparedness and highlight the need for ongoing efforts from 
the government and healthcare practitioners to support vulnerable 
groups beyond the pandemic. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.jad.2024.05.065. 
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