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The COVID-19 pandemic has been negatively associated with mental health.
However, little is known about the temporal dynamics of mental health in the
longer term of the pandemic. We aimed to investigate symptom levels and
changes of depression, anxiety, posttraumatic stress, and loneliness spanning
two years of the pandemic; and to examine associated risk factors. This five-
wave, longitudinal online study from May 2020 to April 2022 included 636
adults (M,.=39.5 years, SD=16.11; 84.1% female) from the German general
population who completed the international COVID-19 Mental Health
Survey. Symptoms of anxiety (Generalized Anxiety Disorder-7; GAD-7),
depression (Patient Health Questionnaire-9; PHQ-9), posttraumatic stress
(PTSD Checklist for DSM-5; PCL-5), and loneliness ("Do you feel lonely?”)
were assessed using mixed-effects models. Associations with anxiety and
depressive symptoms were examined with having children, student status,
financial worries, contamination fear, and loneliness. PHQ-9, GAD-7, PCL-
5, and loneliness scores overall decreased throughout the two-year period
of the pandemic but exhibited an increase during two national lockdowns.
Controlled for significant associations with female gender and younger age,
increased PHQ-9 and GAD-7 scores were associated with contamination fear,
financial worries, and loneliness. No associations were found with having
children and student status. Symptoms of depression, anxiety, posttraumatic
stress, and loneliness decreased over time but varied along with the dynamics
of the pandemic. Longitudinal monitoring of mental health in vulnerable
subgroups is required, especially those of younger age, females, and the
financially insecure.
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1. Introduction

The COVID-19 pandemic is characterized as a long-term,
multifaced stressor for mental health (1). Mental health responses to
the first months of the pandemic indicated high rates of anxiety,
depression, and related symptoms in the general population across the
globe, albeit largely based on cross-sectional studies [see for
summaries (2-8)]. During the early pandemic phase, systematic
evidence from longitudinal studies showed a slight to moderate
increase in mental burden compared to pre-pandemic years (9-14),
which decreased slightly with time and the easing of pandemic
containment measures (10, 13). In a recent umbrella review of
systematic reviews and meta-analyses (15), this increase during the
pandemic was generally larger and longer lasting for symptoms of
depression than for anxiety.

A few longitudinal studies investigating changes in mental health
covered the first year of the pandemic with multiple infection waves
and lockdown periods. Four studies using data from the international
COVID-19 Mental Health Survey (COMET) - a prospective online
study assessing the mental health of the general population in 14
countries — examined symptoms of anxiety, depression, posttraumatic
stress, and loneliness up to April 2021 among the adult population
(16-18), and subgroups with chronic medical conditions (19). Gémes
et al. (16) investigated prevalence rates of depressive and anxiety
symptoms, accounting for differences in existing mental disorders and
migrations status across Australia and six European countries
including Germany. Initial prevalence rates varied between countries
and changes in prevalence rates over time were rather small. In most
countries, no differences in time trends were observed with regard to
migration status or an existing mental health condition. In Germany,
individuals with a prior mental disorder showed a decreasing rate of
anxiety over time; in Spain, this association held true for a decreased
rate of depression (16). Two other COMET studies among a subset of
French participants showed fluctuating mean scores of depression,
anxiety, posttraumatic stress symptoms (17), and distinct trajectories
of loneliness (18) during the pandemic.

Additional studies showed temporal associations between
psychological distress and the later pandemic waves and lockdowns.
Two studies reported increasing symptoms of depression, anxiety, and
distress during the second and third pandemic wave compared to
pre-pandemic and earlier pandemic phases among the UK (20) and
Argentinian populations (21). In Germany, one study indicated
increased symptoms of anxiety and depression during the second
pandemic wave and lockdown compared to pre-pandemic measures,
but decreasing symptoms compared to the first pandemic wave and
lockdown (22). In another study among the German adult population,
anxiety and depressive symptoms were overall declining with the
duration of the pandemic (23). However, additional peaks were
evident during the second lockdown period, as well as subsequent
decreases in the easing phase.

Studies also revealed risk factors associated with increased
symptoms of depression and anxiety during the pandemic, including
female gender and younger age (13, 16-20). Increased symptomatology
was more prevalent among student groups and individuals living with
children compared to the general population (2, 13, 20). Similarly,
economic factors such as loss of job, financial insecurity, or lower
socioeconomic status were associated with increased mental burden
during the pandemic (21, 24). Among psychological outcomes,
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loneliness and fear of contamination have been reported as risk factors
for mental health (17-19). Yet, less is known about the associations
with changes in mental health in the longer term of the pandemic.

As most previous studies have focused on the first year of the
pandemic revealing heterogeneous results, long-term monitoring of
mental health seems crucial, including symptoms of anxiety,
depression, loneliness, and posttraumatic stress. To date, studies are
lacking that capture the longer-term dynamics of different mental
health facets up to 2022 and contrast multiple lockdown and easing
phases of the pandemic. This would allow for a more nuanced
depiction of mental health trajectories during the two-year pandemic
and its potential consequences. The present, 5-wave longitudinal
study from May 2020 to April 2022 aims to add insight into the
mental health changes during the COVID-19 pandemic in Germany.
First, we aimed to investigate symptoms of depression, anxiety,
posttraumatic stress, and loneliness in the German adult population
as a function of time, while accounting for inter-individual
differences. We expected a deterioration in mental health during the
two long-lasting lockdown periods in Germany (Figure 1). Second,
we aimed to identify risk factors for mental health in the longer term
of the pandemic. Specifically, we examined whether anxiety and
depressive symptoms and changes across time were negatively
associated with the factors having children, being a student, as well
as higher levels of financial worries, contamination fear, and
loneliness, respectively.

2. Methods

We followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) checklist in reporting this
observational study (Supplementary Table S1) (31). The study protocol
is available at: https://osf.io/bgtsf/.

2.1. Study design and participants

The study data originate from the online longitudinal COMET
study measuring the mental health of the general population in 13
countries during two years of the COVID-19 pandemic (16, 17). The
COMET study was approved by the Scientific and Ethical Review
Board of Vrije Universiteit Amsterdam (VCWE-2020-077) and by the
local Ethical Review Board of the Department of Education and
Psychology at Freie Universitit Berlin, Germany (023/2020). As
random sampling was not possible, the study population was recruited
through mailing lists and social media platforms at the beginning of
the pandemic. Eligible participants were at least 18years of age,
provided online informed consent, and showed sufficient knowledge
of the language in each of the 13 participating countries, respectively.
In this study we report on n=636 individuals from the general
population living in Germany, who were surveyed in May-June 2020
(T1) and in four subsequent waves up to March-April 2022 during the
pandemic (T1: n=636, T2: n=462, T3: n=449, T4: n=426, and T5:
n=216). Figure 1 details all assessment time points combined with the
pandemic situation in Germany during the survey period. Of the 636
participants, 105 (16.5%) took part in one, 76 (11.9%) in two, 72
(11.3%) in three, 206 (32.4%) in four, and 177 (27.8%) in all
five assessments.

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1229700
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://osf.io/bgtsf/

Weber et al.

10.3389/fpsyt.2023.1229700

Tl 2 T3

Cases 0

1st lockdown
period

FIGURE 1

Data collection period, Covid-19 cases, and related death rates in Germany [COVID-19 Data Repository, Johns Hopkins University, 2022 (25)]. The
German government initiated the first lockdown on March 23, 2020 (26), and stepwise relaxed preventive measures on May 5, 2022 onwards (27). The
second lockdown period started on November 2, 2020 (28) with tightened restrictions on December 16, 2020 (29), which were gradually relaxed in
mid-May 2022 onwards in the respective federal state. During the most restrictive lockdown phases, schools, universities, restaurants, and most shops
were closed, and social distancing was mandatory in groups of maximum four people. Between March 19 and April 2, 2022 all the remaining
restrictions in the federal states were lifted except for wearing masks in hospitals and public transport (30).
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2.2. Measurements

The survey included baseline items on sociodemographic data
such as age and gender, the economic and living situation, the presence
of a current mental disorder (Table 1), and care-work related items
such as the perceived impact of school or daycare closures. Covid-19
infection rates and the implemented lockdown measures were
measured at each assessment. Mental health was surveyed repeatedly
via depressive and anxiety symptoms, posttraumatic stress symptoms,
and perceived loneliness.

Depressive and anxiety symptoms during the last two weeks were
assessed with the Patient Health Questionnaire-9 [PHQ-9, (32, 33)]
and the Generalized Anxiety Disorder Scale-7 [GAD-7, (34, 35)]. Each
scale is rated on a 4-point Likert scale ranging from 0 “not at all” to 3
“nearly every day” Sum scores range from 0 to 27 for the PHQ-9 and
from 0 to 21 for the GAD-7, while scores of >10 indicate moderate-
to-severe depressive or anxiety symptoms, respectively. In this study,
Cronbach’s o ranged between 0.90 and 0.92 for the two scales,
indicating good reliability (Supplementary Tables S4, S5).

Posttraumatic stress symptoms in the previous month were
assessed with the validated 4-item version of the PTSD Checklist for
DSM-5 [PCL-5, (36, 37)]. Items are rated on a 5-point Likert scale
ranging from 0 “not at all” to 4 “extremely”” Mean scores range between
0 and 20, with higher scores indicating a higher load of posttraumatic
stress symptoms (Cronbach’s @ 0.79-0.84, Supplementary Table S5).
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Current loneliness was rated with the single-item “Do you feel lonely?”
on a 5-point Likert scale ranging from 1 “never” to 5 “frequently;”
which proved to be a reliable and valid measure compared to multi-
item loneliness scales (38). Higher scores relate to higher levels of
perceived loneliness.

2.3. Statistical analysis

Descriptive analyses and mixed effects models using the
MIXED procedures were calculated in IBM SPSS Statistics
(Version 29) (39). Mixed effects modeling was applied to analyze
the mental health symptoms and predictors of symptom load and
change during the pandemic. In these models, multiple repeated
measures are nested within individuals. In comparison to
traditional methods (e.g., repeated measures analyses of
variance), mixed models provide less biased variance components
in incomplete and unbalanced data using all available data (40,
41), and do not require multiple imputation of missing values
(42). We derived separate mixed effects models with random
intercepts and slopes for each of the four outcome variables:
depressive symptoms (PHQ-9), anxiety symptoms (GAD-7),
(short-form PCL-5), and
loneliness (single item: “Do you feel lonely?”). First, a null model

posttraumatic stress symptoms

was built to determine the intraclass correlation coefficient (ICC)
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TABLE 1 Characteristics of participants at baseline (T1, May—June 2020)
and at the latest follow-up (T5, April-May 2022).

T1 T5
(n=636) (n=216)
n (%) n (%)
Initial age
Mean (SD)* 39.53 (16.11) 40.48 (17.03)
Median 37.0 41.0
Missing 1 1
Gender
Female 535 (84.1%) 176 (81.5%)
Male 85 (13.4%) 31(14.4%)
Diverse 15 (2.4%) 9 (4.2%)
Missing 1(0.2%) 0 (0%)
Nationality
German 544 (85.5%) 197 (91.2%)
Other 92 (8.8%) 7 (3.2%)
Missing 36 (5.7%) 12 (5.6%)
Relationship status
Partnership/Married 376 (59.1%) 136 (63.0%)

Not in a relationship 257 (40.4%) 78 (36.1%)

Missing 3(0.5%) 2(0.9%)
Having children

Yes 228 (35.8%) 85 (39.4%)

No 398 (62.6%) 131 (60.6%)

Missing 10 (1.6%) 0 (0%)

Living situation

Alone 186 (29.2%) 69 (31.9%)

With others 445 (70.0%) 144 (66.7%)

Missing 5(0.8%) 3(1.4%)
Educational level

Elementary school or no former education 64 (10.1%) 14 (6.5%)

Secondary school 278 (43.7%) 99 (45.8%)

Higher education 276 (43.4%) 98 (45.4%)

Missing 18 (2.8%) 5(2.3%)
Covid-19 infection®

Yes, confirmed by formal test 4(0.6%) 68 (31.5%)

Most likely, but not confirmed 45 (7.1%) 18 (8.3%)

No 585 (92.0%) 128 (59.3%)

Missing 2(0.3%) 2(0.9%)
Prior diagnosed mental disorder

Yes 231 (36.3%) 84 (38.9%)

No 405 (63.7%) 131 (60.6%)

Missing 0 (0%) 1 (0.5%)

2SD, standard deviation.
PParticipants were screened for current Covid-19 infection at all five assessments.

independently for each outcome (Model 0), as in all following
models. The ICCs for symptoms of depression, anxiety,
posttraumatic stress, and loneliness suggested that 77.9%, 74.8%,
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71.1%, and 67.4% of the total variation in symptoms was due to

inter-individual  differences, respectively. Second, an
unconditional random-coefficients model was computed, in
which time (T1-T5) was modeled as a time-structured predictor
to account for irregularly spaced measurement occasions (41)
(Model 1). The baseline (T1) value was set to zero and the
consecutive months of follow-up divided by 12 were entered into
the model. Third, this model was expanded by testing polynomial
functions to adequately assess changes over time (Model 2) (43).
Therefore, we gradually included linear, quadratic, and cubic
time trends in the model with unstructured covariances differing
at each time point. In the final unconditional model (Model 3),
fixed effects were time, time-squared, and time-cubed curves,
representing the mean change for the entire sample. The random
effect was time, thereby accounting for the variation of individual
changes around this group mean.

In addition to the unconditional model, we fitted a
conditional model to study changes over time adjusted for the
time-invariant covariates initial age (at T1) and gender (0 = male,
1 =female) for each outcome variable (Model 4). Both covariates
were treated as continuous variables and centered by their means.
For depressive symptoms and anxiety symptoms, we additionally
tested whether pre-specified predictor variables adjusted for
initial age and gender were associated with the initial symptom
load and with changes in symptom load over time. Each mean-
centered predictor was examined individually, that is, having
children (0 =no, 1 =yes), student status (0 =no, 1 =yes), initial
financial worries (T1; single item: “During the past 4 weeks, have
you worried about your financial situation?”), initial
[TO1;  Padua

Contamination obsessions and Washing compulsions subscale (44,

contamination  fear Inventory-Revised,
45)], and loneliness as a time-varying variable (T1-T5; “Do
you feel lonely?”; Models 5-10). All predictors and time*predictor
interactions were entered as fixed effects, while loneliness was
further examined as random effect.

To test the explained variance over added complexity we compared
model fits using the Likelihood Ratio Test, and indices of the Bayesian
Information Criterion and the Akaike Information Criterion. The
alpha level was set at 0.05 and precision of estimates was indicated by
95% confidence intervals (95% CIs) in all models.

3. Results
3.1. Sample characteristics

The 636 participants at baseline (T1) identified mostly as
female (84.1%) and reported a mean age of 39.5years (SD=16.11,
range 18-88; Table 1). Participants predominantly held a degree
from secondary school (43.7%) or higher education (43.4%). A
total of 15.4% were undergoing education, 13.2% were working in
a healthcare setting, and 18.1% were unemployed. The majority
were married or in a steady relationship (59.1%), had no children
(62.6%), and lived together with at least one additional person in
the same household (70%). At baseline, 231 (36.3%) individuals
reported a diagnosed mental disorder, and four (0.6%) stated a
covid-19 infection confirmed by formal testing. At the last
assessment (T5), the infection rate with covid-19 increased
to 31.5%.
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FIGURE 2
Means, standard errors, and time-cubed trends of mental health outcomes across 2 years of the COVID-pandemic. Scales of the PHQ-9 and GAD-7
range from 0 “not all at” to 3 “nearly every day” (mean scores PHQ-9 0-27; GAD-7 0—-21). Scale of posttraumatic stress ranges from 0 “not at all" to 4
“extremely” (mean scores 0—15), rating of loneliness ranges from 1 "never” to 5 “frequently” (mean scores 0-5).

3.2. Lockdown measures and care work
during the pandemic

The participants’ responses on the perceived lockdown measures
at each assessment (T1-T5) were assessed to account for varying
federal
Supplementary Table S2 for more details). On average, five to seven

regulations in  the states of Germany (see
restrictive measures out of ten were reported at T1, T3, and T4, i.e.,
during the two lockdown periods. Two measures on average were
stated at T2, while little to no measures were reported at T5.
Supplementary Table S3 displays the average responses of a subset
of participants at T1 (n=288, 87.5% female), who lived together with
their children and working partners. Of these, 63 (71.6%) parents were
affected by school or daycare closures, and 31 (54.4%) felt more
responsible for childcare during the last weeks compared to their
partners. Participants indicated not working less due to childcare
(60.7%), but were concerned that the closure of schools and daycare

centers would interfere with their work (61.3%).

3.3. Longitudinal changes in mental health
outcomes across two years of the
pandemic

Figure 2 displays the descriptive analyses of the four mental health
outcomes across two years of the COVID-pandemic (see
Supplementary Tables S4-S7 for additional data). On average, depressive
symptoms, anxiety symptoms, posttraumatic stress, and perceived
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loneliness showed wavelike courses during the pandemic. The highest
mean symptom scores, except for perceived loneliness, exhibited during
the national lockdowns at T'1, and again at T3 and T4. The lowest scores
emerged at T2 and T5. Loneliness scores demonstrated delayed average
peaks at T3 and T4, i.e., during the second lockdown in Germany.

3.3.1. Longitudinal changes of depression
(PHQ-9) and anxiety (GAD-7) scores

Moderate-to-severe symptoms of depression (PHQ-9> 10) shifted
throughout the pandemic with the highest rate at T1 (35.1%), peaking
again at T3 (34.3%), and the lowest at T5 (27.8%; 29.2% at T2, 32.9%
at T4; Supplementary Table S4). Moderate-to-severe symptoms of
anxiety (GAD-7>10) showed the highest rate at T1 (25.2%), another
peak at T4 (23.5%), and the lowest at T5 (17.7%) (20.3% at T2, 21.7%
at T3; Supplementary Table S5).

Table 2 contains the mixed effects modeling for depressive
symptoms and anxiety symptoms. The unconditional model included
time, time-squared, time-cubed as fixed effects, and time as random
effects for each outcome. Coeflicients of the fixed effects showed an
estimated initial PHQ-9 mean score of 8.96 (8.45, 9.48) and
significant linear, quadratic, and cubic trends. Overall, this indicates
a decrease in PHQ-9 scores from T1 to T5, while symptoms initially
increased from T2 to T4 and subsequently decreased to T5. The
estimated GAD-7 mean score at T1 was 6.95 (6.53, 7.37), and
significant linear, quadratic, and cubic trends indicate overall
decreased anxiety symptoms across the pandemic. However, GAD-7
scores first increased from T2 to T3 followed by a decrease from
T3 to T5.
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TABLE 2 Mixed unconditional and conditional modeling of symptoms of depression (PHQ-9) and anxiety (GAD-7).

Fixed effects

Unconditional model
Estimate (95% CI)?

Conditional model

Estimate (95% Cl)?

10.3389/fpsyt.2023.1229700

Depressive symptoms
Intercept 8.96 (8.45-9.48) <0.001 11.49 (9.76-13.23) <0.001
Time" —3.52 (=5.60 to —1.44) <0.001 —3.45 (—5.54 to —1.36) 0.001
Time? 8.31 (4.38-12.23) <0.001 8.29 (4.34-12.24) <0.001
Time’ —3.65 (—5.23 to —2.07) <0.001 —3.66 (—5.25 to —2.07) <0.001
Initial age - —0.12 (—0.14 to —0.09) <0.001
Gender - 2.28 (0.97-3.58) <0.001
AIC 12,648 12,166
BIC 12,671 12,189

Anxiety symptoms
Intercept 6.95 (6.53-7.37) <0.001 8.50 (7.06-9.93) <0.001
Time" —2.86 (—4.68 to —1.04) 0.002 —2.90 (—4.70 to —1.02) 0.002
Time? 6.44 (3.00-9.88) <0.001 6.62 (3.15-10.09) <0.001
Time’ —2.79 (—4.17 to —1.41) <0.001 —2.89 (—4.29 to —1.50) <0.001
Initial age - —0.07 (—0.10 to —0.05) <0.001
Gender - 1.54 (0.47-2.62) 0.005
AIC® 11,943 11,524
BIC! 11,966 11,547

295% confidence intervals are in square brackets.

"Coefficients time, time2, and time3 as time-structured predictors with baseline value of zero and consecutive months/12 indicate linear, quadratic, and cubic trends for rates of change.

°AIC, Akaike information Criterion.
9BIC, Bayesian information Criterion.

3.3.2. Associations with depression (PHQ-9) and
anxiety (GAD-7) initial scores and longitudinal
changes

The conditional mixed effects models also included the time-
invariant covariates gender and initial age and showed similar
significant linear, quadratic, and cubic trends for PHQ-9 and GAD-7
scores over time (Table 2). At baseline (T1), older participants
displayed lower PHQ-9 [B=-0.12 (—0.14, —0.09)] and GAD-7 scores
[B=—0.07 (—0.10, —0.05)], compared to younger adults. In addition,
female participants experienced higher initial PHQ-9 [B=2.28 (0.97,
3.58)] and GAD-7 scores [B=1.54 (0.47, 2.62)], compared to males.

Furthermore, greater PHQ-9 scores at baseline (T1) adjusted by
initial age and gender were associated with loneliness [B=2.26 (1.99,
2.52)], contamination fear [B=0.12 (0.07, 0.17)], and financial worries
[B=2.39 (1.89, 2.90)]. However, these variables were not associated
with changes in PHQ-9 scores across the pandemic, except for
financial worries. Greater financial worries at T1 were associated with
overall greater decreased PHQ-9 scores in the course of the pandemic,
as indicated by significant linear [B=—3.88 (—6.21, —1.56)], quadratic
[B=7.20(2.78,11.61)], and cubic interaction terms [B=—2.97 (—4.75,
—1.19); see Figure 3].

Similarly, greater initial GAD-7 scores adjusted by initial age and
gender were associated with loneliness [B=1.44 (1.20, 1.67)],
contamination fear [B=0.10 (0.05, 0.14)], and financial worries
[B=2.01 (1.58, 2.43)]. Decreasing GAD-7 scores during the pandemic
were associated with greater financial worries at T1, as indicated by
significant linear [B=—2.91 (—4.94, —0.87)], quadratic [B=5.03 (1.15,
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8.90)], and cubic interaction terms [B=-2.01 (—3.57, —0.45);
Figure 3]. No associations were found between the predictors having
children and student status, respectively, and PHQ-9 or GAD-7 scores.

3.3.3. Longitudinal changes of posttraumatic
stress (PCL-5) and loneliness scores

Table 3 entails the unconditional and conditional mixed effects
models for the PCL-5 and loneliness scores. Coefficients of the fixed
effects showed significant linear, quadratic, and cubic trends for the
PCL-5 scores, indicating an overall decrease in posttraumatic stress
symptoms across the pandemic. For loneliness, coefficients included
significant quadratic and cubic trends, suggesting averaged decreased
loneliness during the pandemic. Entering the time-invariant covariates
gender and initial age, the conditional models showed similar trends
for the PCL-5 and loneliness scores compared to the unconditional
models. Females compared to male participants, and younger adults
compared to older participants, experienced higher levels of
posttraumatic stress and loneliness, respectively.

4. Discussion
4.1. Summary and interpretation of findings
This five-wave longitudinal study examined the temporal

dynamics of mental health outcomes among N=636 individuals
across two pandemic years in Germany. On average, symptoms of
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FIGURE 3
Associations between initial financial worries during the last four
weeks and mean trajectories of depressive (PHQ-9) and anxiety
symptoms (GAD-7) during two years of the pandemic.

depression, anxiety, posttraumatic stress, and loneliness declined from
May 2020 (T1) to April 2022 (T5). All mental health outcomes peaked
during the two national lockdown phases in Germany (at T1, T3, and
T4) and dropped during the easing phases (at T2 and T5). Symptom
scores were lowest at T5, respectively, where infection rates were high,
but all remaining restrictions were lifted. At T1, higher scores of
depression and anxiety were evident in female and younger
participants. In addition, higher initial depressive and anxiety scores
were associated with increased levels of contamination fear, loneliness,
and financial worries. Participants reporting greater initial financial
worries showed higher depressive and anxiety symptom levels at each
assessment time point but also showed greater symptom decreases in
anxiety and depression across the pandemic.

The fluctuating depressive and anxiety symptoms during the
pandemic are in line with several previous findings of longitudinal
studies: during the first months of the pandemic, higher levels of
anxiety and depression have been repetitively reported across the
globe [e.g., (11, 13, 46)], which mostly diminished as the pandemic
progressed and restrictive measures were eased (10, 13). Covering the
later phases of the pandemic (13, 17, 22, 23, 47), for instance, the
COMET longitudinal study on the French general population found
varying scores of depression, anxiety, and posttraumatic stress
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symptoms spanning 1 year of the pandemic, consistent with our
findings (17). Symptoms were higher during the lockdown phases and
lower during the easing phases, which has also been reported for
anxiety and depressive symptoms in a German sample during the
same period (23). In our study, scores of depression, anxiety, and
posttraumatic stress were highest at the first assessment, i.e., at the end
of the first lockdown, and increased almost as high during the second
lockdown period. This is somewhat comparable to findings from
Hettich et al. (22), showing declined symptoms of anxiety and
depression during the second lockdown compared to the end of the
first lockdown in Germany. Conversely, they found decreased levels
oflife satisfaction during both periods and large increases in loneliness
from the first to the second lockdown. Regarding loneliness, our data
showed decreases after the first lockdown as reported earlier (17, 48),
and similar delayed peaks during the second lockdown (22, 49, 50).
Lonely individuals were likely to perceive changes in the quantity or
quality in social connections (51) more drastically during the
lockdown periods since reduced social contacts were a key element of
the containment measures in place. The results also suggest that
containment measures might have a cumulative impact on the levels
of perceived loneliness (18), as indicated by the average increase in
loneliness during the subsequent and long-lasting lockdown
in Germany.

Overall, our findings on depression, anxiety, posttraumatic stress,
and loneliness scores support our hypotheses and the notion that
prolonged and repeated lockdown measures were associated with
increased mental burden (12, 52). This also translates into the
vulnerability-stress model (53), suggesting increased vulnerability for
psychopathology during demanding phases in life with multifaced
stressors, such as a pandemic. In addition, our results on the long-
term effects of the pandemic are consistent with the assumption that
most individuals were resilient and recovered from the lockdown
periods (47, 54). This becomes evident by the overall declining courses
during the easing phases. To date, longitudinal data on mental health
during the second pandemic year is still scarce, limiting the
comparability of the complete survey period of our study with other
studies. Contrary to previous concerns regarding delayed increased
symptomatology (55), we found the lowest scores of depression,
anxiety, and posttraumatic stress at the latest assessment in April 2022
(T5). This result is mirrored by a recently published study reporting
declined anxiety and depressive symptoms in an Italian sample after
two pandemic years (56). The extent of the lockdown measures
implemented in Italy was alternately stricter and looser, depending on
the infectious situation, as comparable to regulations in Germany and
many other European countries (57).

Notably, we detected that prevalence rates of moderate-to-severe
depression and anxiety declined by 7.3 and 7.5 points from baseline
to T5, although infections with the prevailing SARS-CoV-2 Omicron
variant reached a dramatic high at this time. At least at this time point,
our findings contradict previous notions that the infection rate can
be considered a pivotal factor in predicting mental burden during the
pandemic (23). The highly transmissible Omicron variant was
generally perceived as less life-threatening, also by medical
professionals (58), possibly associated with less psychological distress.
The declining symptoms at T5 might be also explained via the easing
of all remaining containment measures at T5 in Germany.
Simultaneously, the full vaccination coverage was high in our sample
(93.1%) and in Germany in general [75.6%; (59)], perhaps further
buffering threat-related symptoms (60).
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TABLE 3 Mixed unconditional and conditional modeling of posttraumatic stress (short-form PCL-5) and loneliness (“Do you feel lonely?”).

Unconditional model
Estimate (95% CI)?

Fixed effects

Conditional model

Estimate (95% Cl)?

Posttraumatic stress
Intercept 3.92 (3.66-4.19) <0.001 4.77 (3.85-5.70) <0.001
Time® —2.95 (—4.18 to —1.73) <0.001 —3.03 (—4.28 to —1.79) <0.001
Time? 6.24 (3.93-8.56) <0.001 6.39 (4.04-8.74) <0.001
Time’ —2.66 (—3.59 to —1.73) <0.001 —2.72 (-3.66 to —1.77) <0.001
Initial age - —0.04 (—0.05 to —0.02) <0.001
Gender - 0.67 (—0.02 to 1.36) 0.058
AIC 10,235 9,859
BIC 10,258 9,917

Loneliness
Intercept 2.75 (2.66-2.84) <0.001 3.18 (2.87-3.49) <0.001
Time® —0.37 (—0.82 to 0.08) 0.110 —0.32 (—0.78 t0 0.14) 0.169
Time? 1.28 (0.42-2.14) 0.003 1.18 (0.31-2.05) 0.008
Time® —0.60 (—0.94 to —0.25) <0.001 —0.56 (—0.91 to —0.21) 0.002
Initial age - —0.02 (—0.02 to —0.01) <0.001
Gender - 0.24 (0.01-0.47) 0.044
AIC* 5,715 5,518
BIC* 5,738 5,541

95% confidence intervals are in square brackets.

"Coefficients time, time2, and time3 as time-structured predictors with baseline value of zero and consecutive months/12 indicate linear, quadratic, and cubic trends for rates of change.

°AIC, Akaike information Criterion.
IBIC, Bayesian information Criterion.

However, we also identified individuals with dispositions
associated with greater mental health risks during the pandemic,
thereby paralleling the current body of evidence on both female and
younger individuals (13, 17, 47, 61, 62). Women are more likely to
be healthcare workers, work in child care, and report internalizing
disorders in general than men (63), potentially increasing the mental
burden during the pandemic. In general, assessment and reporting
biases in self-reporting due to societal gender roles (64) may play a
role but also underlying biological vulnerabilities, including genetic,
neurologic, and hormonal factors (65-68).

Adjusted by gender and age, contamination fear and loneliness
were uniquely associated with higher anxiety and depressive
which research on OCD
symptomatology (19, 69) and loneliness (17, 22, 70) during the

symptoms, replicates  previous
pandemic. However, we did not find associations with changes in
mental health, except for financial worries. Individuals worried about
their financial situation reported higher levels of depression and
anxiety at each time point, as reported previously in other countries
(24, 71), whereas symptom levels decreased steeper over time.
Individuals with higher financial worries likely responded more
adverse to the pandemic and lockdown at baseline, allowing more
room for improvement in the course of the pandemic. Those with
greater financial worries were likely to initially respond more
negatively to the pandemic, leaving more room for improvement over
time. Possibly the continuing pandemic was less dire than expected.
This is supported by the insecure positions or job losses during the
initial lockdown in Germany (72), which were successively
compensated by enormous government subsidies (73). This may have
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contributed to greater financial security and alleviated the symptoms
of affected individuals in the long term.

In contrast to our hypotheses, student status was not related to the
initial anxiety and depressive symptoms or changes during the
pandemic after controlling for associations with younger age and
female gender. This also contrasts prior findings, which demonstrated
increased mental strain in college and university students compared to
the general population (2, 13, 61, 74). In addition, prior studies focusing
on individuals with children suggested an increased risk for
deteriorated mental health during the pandemic compared to
pre-pandemic years, which was not evident in the present study. In our
data, however, most participants living with their children and working
partners reported being stressed by school or daycare closures. This is
consistent with previous findings that shed light on the challenging
position of families during the pandemic in Germany (75).

4.2. Strengths and limitations

This longitudinal cohort study has several strengths: we examined
the mental health courses in a German adult sample across five waves
during two years of the COVID-19 pandemic, which exceeds the
temporal scope of most previous studies. We emphasized several facets
of mental health, i.e., symptoms of depression, anxiety, posttraumatic
stress, and loneliness, and we assessed potentially associated factors
with symptom severity and change. However, limitations should also
be considered: The sample was recruited using convenience sampling
and is mainly comprised of female and highly educated participants.
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The results are thus not representative of the general German
population, which should be considered when interpreting the results
(65). In addition, the attrition rate was 33% after one year and 66%
after two years of data collection. Although reliable and valid, self-rated
questionnaires were used in this online study, potentially distorting the
results. To fully capture the pandemic’s impact on mental health, a
formal diagnosis of mental disorders, help-seeking behavior, and
positive indicators such as quality of life should additionally
be monitored in the long term. Lastly, the data collection began in the
early phase of the pandemic and precluded inferences on mental health
changes relative to pre-pandemic years. Yet, our study design included
different lockdown and easing periods instead, enabling comparisons
between mental health states across two pandemic years.

5. Conclusion

Examining the long-term course of mental health, this study
indicated overall decreasing but dynamic levels of mental burden in
parallel to the pandemic situation in Germany. Specifically, individuals
showed increased symptoms of depression, anxiety, posttraumatic
stress, and loneliness in times with pronounced lockdown phases, and
decreased symptoms during the easing phases. This highlights the
need for evidence-based support services — especially at the onset and
during lockdown periods - to better address mental health challenges
related to fear of infectious events, social distancing, or isolation. One
option involves accessible online-based cognitive behavioral training
and treatment, demonstrating improved anxiety and depressive
symptoms across twelve randomized controlled trials conducted
during the pandemic (76). Although most individuals adapted and
recovered during the two-year pandemic, particularly vulnerable
subgroups including younger, female, and financially insecure
individuals should be monitored long-term and targeted for evidence-
based services and interventions as needed.
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