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Impact of COVID-19 lockdown on mental health in Germany:
longitudinal observation of different mental health trajectories
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The COVID-19 pandemic and resulting measures can be regarded as a global stressor. Cross-sectional studies showed rather
negative impacts on people’s mental health, while longitudinal studies considering pre-lockdown data are still scarce. The present
study investigated the impact of COVID-19 related lockdown measures in a longitudinal German sample, assessed since 2017.
During lockdown, 523 participants completed additional weekly online questionnaires on e.g., mental health, COVID-19-related and
general stressor exposure. Predictors for and distinct trajectories of mental health outcomes were determined, using multilevel
models and latent growth mixture models, respectively. Positive pandemic appraisal, social support, and adaptive cognitive
emotion regulation were positively, whereas perceived stress, daily hassles, and feeling lonely negatively related to mental health
outcomes in the entire sample. Three subgroups (“recovered,” 9.0%; “resilient,” 82.6%; “delayed dysfunction,” 8.4%) with different
mental health responses to initial lockdown measures were identiﬁed. Subgroups differed in perceived stress and COVID-19-speciﬁc
positive appraisal. Although most participants remained mentally healthy, as observed in the resilient group, we also observed
inter-individual differences. Participants’ psychological state deteriorated over time in the delayed dysfunction group, putting them
at risk for mental disorder development. Consequently, health services should especially identify and allocate resources to
vulnerable individuals.
Translational Psychiatry (2021)11:392 ; https://doi.org/10.1038/s41398-021-01508-2

INTRODUCTION
The appearance of coronavirus disease 2019 (COVID-19), caused
by severe acute respiratory syndrome (SARS) coronavirus 2, was
described by the World Health Organization on 31st of January
2020 as a a public health emergency of international concern. The
rapid spread of the virus forced many governments around the
world to issue measures, such as lockdowns, to avoid further
spreading. As these measures affect a large majority of people
around the globe, they can be viewed as ubiquitous stressors,
likely inﬂuencing people’s mental health. Earlier reviews on the
effects of previous virus outbreaks, other than COVID-19, on
mental health showed overall negative psychosocial and psychological consequences [1, 2]. First representative population-based
studies on the immediate psychological responses of the lockdown due to COVID-19 in China found a moderate-to-severe
psychological impact in more than half of the respondents; onethird of the respondents reported moderate-to-severe anxiety and
one-ﬁfth suffered from depressive symptoms [3]. Further, nationwide investigations on the mental health status of the general

public since the beginning of the pandemic in countries such as
Spain, Italy, Iran, USA, Turkey, Nepal, or Denmark consistently
revealed lower psychological well-being and higher rates of
negative mental health outcomes, such as higher rates of
loneliness, anxiety, and depressive symptoms [4, 5].
Besides these cross-sectional ﬁndings, a recent review by
Vindegaard and Benros [6] addressed longitudinal changes in the
prevalence of mental health problems. For the general public, they
conclude that mental health is affected, and that especially anxiety
and depression symptoms increased compared to before COVID-19.
Interestingly, a recent longitudinal study in a case–control cohort of
people with depressive, anxiety, or obsessive-compulsive disorders
and a control group without psychiatric disorders found that
especially people without pre-existing psychiatric disorders showed
an increase in symptoms during the COVID-19 pandemic [7].
Contrastingly, an ongoing longitudinal panel study in Germany, the
German Socio-Economic Panel (SOEP), indicates that participant’s
well-being and overall mental health remained largely unchanged, at
least within the ﬁrst 6 weeks after lockdown, except for an increase of
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loneliness [8]. Another prospective study, comparing psychopathological symptoms right before and post outbreak, could show that
psychopathological symptoms did not change for the majority of the
participants during the pandemic, whereas 10% of the participants
experienced increased symptomatology [9]. Overall, these studies
suggest that the global COVID-19 pandemic and the related changes
in everyday life mostly worsen mental health in different societies
investigated. However, at a closer look, although a relevant rate of
individuals seems particularly at risk for a worse mental health
outcome, others seem mainly unaffected.
Various studies have investigated predictors for mental health
outcomes due to the lockdown, with an emphasis on factors such
as demographic and lifestyle variables. Factors frequently reported
to be associated with higher risk of mental dysfunctions were
younger age, female sex, living without a partner, the presence of
physical or psychiatric illnesses, lower education level, low income
or unemployment, or employment in the health care system
[4, 10–15]. Although the relationship between general demographic variables and risk of mental health problems during the
pandemic has been investigated in depth over the last couple of
months, results about speciﬁc psychologically straining stressors
or psychological coping strategies and their effects in provoking
mental health issues are rather inconclusive. Some studies
investigated potential variables, such as little perceived social
support, which unsurprisingly led to more stress, anxiety, or
depressive symptoms [16, 17]. Also, negative coping strategies
have been found to be negatively related to mental health
[15, 17]. However, others failed to ﬁnd signiﬁcant protective
effects of problem-focused coping (e.g., planning) and positive
coping strategies (e.g., positive reframing) for depression, anxiety,
and stress during lockdown due to the COVID-19 pandemic, which
underlines the need for more research in this ﬁeld [18].
Notably, most of the recent studies on predictors and the effects
of the COVID-19 pandemic on mental health relied on crosssectional data. Longitudinal studies of the general population that
allow for benchmark comparisons of mental health outcomes are
scarce and either rely on surveys that were conducted several years
ago or/and mainly compare these data to a single time point during
lockdown measures (e.g., see refs. [8, 9, 19, 20]) but did not show
ﬂuctuations in participant’s mental health over time. One recent
study investigated health trajectories for depression and anxiety
symptoms week by week, following the introduction of lockdown in
England. They found high levels of symptoms in the early stages of
the lockdown and reported a rapid decline across the following
20 weeks [21]. Taken together, integrating pre-lockdown data with
health trajectories over time has rarely been investigated so far.
Observing mental health outcomes over a longer period of time
may, however, be very elucidating, as measures such as lockdowns
were dynamically issued and relaxed again, possibly affecting the
same individual in different ways at different time points. Further,
people’s mental health status before the lockdown might determine
the trajectory of mental health outcomes during the lockdown.
Numerous studies indicate that measures, such as physical
distancing, have a more detrimental effect on already vulnerable
persons than on persons with good mental health [4, 6]. This would
result in heterogeneous trajectories and outcomes of mental health
due to the same stressor, as recently assumed by Mancini [22].
Therefore, investigating participants who were deep-phenotyped
prior to lockdown measures would be beneﬁcial.
Data presented here are from a subsample (n = 523) of
participants from the large-scale LOngitudinal Resilience Assessment (LORA) study, who volunteered to participate in additional
weekly online measurements from April 2020 onward. The LORA
study has been ongoing since 2017 and entails N = 1191 deepphenotyped healthy participants, which are monitored regularly
since their baseline inclusion [23]. In an earlier exploratory
investigation in the aforementioned subsample, we found an
overall reduction of experienced daily hassles (DHs) and an

accompanying average improvement in mental health outcomes, measured using the general health questionnaire (GHQ28 [24, 25]), when the last individual measuring time point prior
to the lockdown and the mental health outcome 8 weeks into
the lockdown were compared. On a closer look, we identiﬁed
three distinct subgroups among our sample, which differed in
their mental health trajectories over time [26]. The goal of the
present exploratory work was to investigate the impact of the
lockdown in Germany onto participant’s mental health in greater
detail by scrutinizing the temporal dynamics of and factors for
the different mental health trajectories observed. Moreover,
possible protective mechanisms against mental health deterioration were investigated. This will aid to gain a more differentiated
understanding of the lockdown’s impact on mental health
outcomes and may contribute to the development of speciﬁc
interventions.
METHODS
Study design
The applied study design is an extension of the prospective longitudinal
cohort study called LORA, ongoing since February 2017 in Germany. The
LORA study investigates mentally healthy participants between 18 and 50
years of age at study entry, who are assessed every 3 months with respect to
major life events, micro-stressors through the assessment of DHs, and mental
health status (primary outcome: GHQ-28) with an online monitoring system
[23]. Notably, participants were interviewed for mental disorders at study
entry. For further details on the LORA study design, see Chmitorz et al. [23].
For the current study, the regular sampling rate of 3 months, at which a
stressor and mental health monitoring was performed, was increased
immediately after lockdown, so that participants were assessed once a
week. Besides socio-demographic information (with particular relevance
for the pandemic: employment status, size of household, occupation with
pandemic and its effects on society, and whether or not participants were
affected by the pandemic themselves), the survey includes mental health
questionnaires, as well as assessments of stressors and resilience factors as
proposed in existing literature [27, 28].
The increased sampling rate was planned to last for the time of ofﬁcial
contact restrictions and a certain time beyond that. Assessments started on
the 31st of March and lasted until late May, i.e., brieﬂy before restrictions were
relaxed and infection rates plateaued (see Fig. 1 for the timing of the study
relative to the development of the pandemic in Germany). Of note, lockdown
measures in Germany mandated physical distancing measures, but no forced
full lockdown in the form of protracted curfews (see also Fig. 1). It took
participants roughly 45 min to ﬁll in the weekly questionnaires, assessed in an
online system. Participants were given 3 days each week to ﬁll in the
questionnaires to keep the time of assessment similar between subjects and
across sites. They were rewarded with 10€ per week for participation. Ethical
approval for the increased sampling rate and additional questionnaires,
speciﬁcally related to the impact of COVID-19, was obtained from the Ethical
Review Boards of Mainz and Frankfurt, respectively.

Participants
All participants of the ongoing LORA study were asked to participate in the
weekly assessments on a voluntary basis. For initial inclusion and exclusion
criteria, see Chmitorz et al. [23]. Participants could withdraw their consent
at any time; they were excluded from participation in the present substudy after four consecutively missed assessments.
Here, N = 523 participants (68.6% female) gave written informed
consent electronically via e-mail (for sample description see, Supplementary Table 1 and ref. [26]). In week 8, the subsample comprised n = 451
participating subjects (37.9% of the LORA sample), resulting in an attrition
rate of 13.8%. This sample did not differ from the full sample of the LORA
study with respect to socio-demographic variables, mental dysfunctions, or
lifetime life events. All participants were physically and mentally healthy at
baseline assessment of the LORA study.

Mental health outcomes
Mental health and dysfunctions were assessed using the German version
of the GHQ-28 [24, 25]. Negatively experienced stress was assessed using
the German version of the Perceived Stress Scale (PSS-10) [29]. Anxiety and
depression indicators were obtained by the Patient Health Questionnaire-4
Translational Psychiatry (2021)11:392
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Fig. 1 Timing of data acquisition relative to the development of the pandemic in Germany. For footnotes, see the references, a[61], b[62],
c
[63], d[64], e[65], and f[51].
(PHQ-4 [30]). Elevated PHQ-4 scores are not used for diagnostic purposes,
but instead can be understood as an indicator for possible symptoms of
anxiety and depression. For all three questionnaires, the instructions were
ﬁtted to our design, asking for participants’ mental health and perceived
stress in the past week.

Assessment of stressors
Stressor load (micro-stressors), deﬁned as chronic stressors and DHs, was
conducted with the Mainz Inventory of Micro stressors [31]. The number
of days a certain hassle from a list of 58 DHs occurred (ranging from 1 to
7 days) and the mean psychological strain of these events within the
past 7 days were reported. In addition, we asked for exposure to COVID19 pandemic related events (CEs) [28]. These include items such as “loss
of social contacts” or “problems arranging childcare” adapted from
Veer et al. [28].

Proposed predictors
Physical distancing measures could result in increased feelings of
loneliness. To test this hypothesis, the Loneliness Scale (LON) was applied
[32–34]. Changes in one’s social support system during the current
pandemic, which could bolster against feelings of loneliness, were
assessed in week 1 using a shortened version of the Social Support
Questionnaire (SOC) [35]. Positive appraisal of situations, which was
proposed as a possible resilience mechanism [28], was measured by means
of the Positive Appraisal Weekly Questionnaire (PAP; unpublished in-house
questionnaire, see Supplementary Table 2). Coping strategies were
assessed with the Brief COPE Scale [36]. In addition, using an abridged
version of the Cognitive Emotion Regulation Questionnaire (CERQ) [37],
especially adaptive cognitive emotion regulation strategies were measured, leaving out the non-adaptive questions of the CERQ. To assesses
how participants deal with experiences and impacts of the COVID-19
pandemic, the impact of the current pandemic was measured with the
COVID-19-related Positive Appraisal Questionnaire (CAP) [38]. The changes
in social support during the COVID-19 pandemic were measured with the
Change in Social Support Question (CSS) [28]. Further, to examine whether
physical distancing recommendations were followed, a weekly Physical
Distance Questionnaire was used. Questions were derived from recommendations on physical distancing from Germany’s Federal Centre for
Health Education [39]. For a detailed description of the questionnaires, see
Supplementary Table 3.

Statistical analysis
Data analysis was performed using SPSS 25, R (Version 4.0.4, 2021-02-15),
RStudio (Version 1.4.1106, 2009–21), and Mplus (Version 8.5). Signiﬁcance was tested at 5% level. First, frequency analyses and paired
Translational Psychiatry (2021)11:392

samples t-tests were performed to ascertain the prevalence of our
outcome before the lockdown and compare it with outcomes after the
lockdown announcement.
The last measurement of mental health (GHQ-28), DHs, and perceived
stress (PSS) prior to COVID-19-related lockdown were computed for each
participant individually. The last stressor and mental health monitoring of
each individual was within 3 weeks to 3 months prior to lockdown.
Subsequently, several multilevel models were analyzed to examine the
relationship between mental health (assessed with the GHQ-28) and
different predictors following a step-by-step procedure using the
R-package nlme for linear and nonlinear mixed-effects models [40]. The
hierarchical structure of the data was taken into account in all of these
models. First, a null model was computed to determine the intra class
coefﬁcient (ICC), which indicates the proportion of variance that is
attributable to the person. Except for SOC, which was entered grandmean-centered, all other predictors were entered person-mean-centered,
as they constitute state variables. SOC was furthermore entered on
level 2, as a trait variable, whereas all other variables were entered on
level 1, varying over time.
This was followed by latent class analyses with the forward modeling
approach to ﬁnd the optimal number of distinct trajectories, starting from
a one-class to a four-class solution, considering different polynomial
functions (linear, quadratic, and cubic) and within-class homogeneity vs.
heterogeneity. As recommended [41], before performing a latent growth
mixture model (GMM), a conventional latent growth curve model was
calculated, to examine the overall ﬁt of the data. Before taking into account
the trajectory heterogeneity, a latent class growth analysis (LCGA) with
ﬁxed within-class variances (assumed within-class homogeneity), as a
reduced version of the GMM (with freed intercept and ﬁxed slope
variances), was speciﬁed. Furthermore, to provide interpretive validity,
the demographics age and sex were included as covariates, to predict the
trajectories. The Bayesian Information Criterion (BIC) [42] as well as
theoretical assumptions and plotting of the groups were used for the
identiﬁcation of the model that ﬁts best with the data [43]. As
recommended, 500 random sets at the initial stage and 10 ﬁnal
optimizations were speciﬁed to avoid local maxima [42]. Characteristics
and differences between obtained classes were analyzed using analyses of
variance and χ2-tests.

RESULTS
Comparison of DHs and general health pre- and during
lockdown
Our assessment of general micro-stressors yielded that the
frequency of DHs averaged throughout the 8 weeks of assessment
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Fig. 2 Daily hassles pre- and during lockdown. Mean scores and
standard errors of the occurence of daily hassles prior to the
lockdown and during weeks 1–8.

Fig. 3 Mean scores and standard errors of mental dysfunctions
(GHQ-28) prior to the lockdown and during weeks 1–8. The
proposed threshold for signiﬁcant distress is a total sum score of 23/
24 [66].

was signiﬁcantly lower compared to the last measurement prior to
the lockdown (t(508) = 14.61, p < 0.001) (Fig. 2) [26]. For detailed
information on speciﬁc DHs and statistical analyses, see Supplementary Fig. 1 and Supplementary Tables 4 and 5).
Correspondingly, the comparison of the last measured GHQ-28
value prior to the lockdown with the averaged GHQ-28 value for
the 8 weeks of lockdown assessment revealed that the mental
health status signiﬁcantly improved, on average, in the entire
sample (t(508) = 8.98, p < 0.001) (Fig. 3) [26].
Prediction of mental health
Perceived stress (PSS), DHs, loneliness (LON), positive appraisal
speciﬁcally of the COVID-19 pandemic (CAP), critical events due to
COVID-19 (CE), cognitive emotion regulation (CERQ), positive
appraisal (PAP), and perceived social support (SOC) were
examined as possible predictors to estimate mental health as
measured by the GHQ-28 (correlations in Table 1; descriptive
statistics given in Supplementary Table 6) in multilevel models.
First, an intercept-only model was computed to determine the
inﬂuence of individual differences and the ICC (Model 1, Table 2).
The results of the ICC analysis indicate that 44.63% of the variance
in mental health is explained by inter-individual differences (see
Supplementary Fig. 2 for every individual GHQ-28 score trajectory).
Multilevel models were computed to account for that variance.
Second, a random intercept model with time as control variable
was computed (Model 2; Table 2). Time showed highly signiﬁcant
linear (b = −70.65, p < 0.001) and quadratic (b = 49.78, p < 0.001)
inﬂuences on GHQ-28 scores. A positive quadratic inﬂuence
implies that the improvement of general mental health over time

(i.e., reduction of GHQ-28 score during lockdown; see above) is
steeper at ﬁrst but ﬂattens over time. In the models testing the
inﬂuence of the predictors, time was hence entered with a
quadratic effect. Model 2 showed a conditional R2 of 47.05%.
Next, random slopes for time were entered (Model 3, Table 2).
Model 3 again showed an increase in conditional R2, as 57.70% of
variance could be explained and a reduction of the BIC from
27,911 in Model 2 to 27,775 in Model 3.
Last, a random slopes model with all predictors entered as ﬁxed
effects was calculated to determine the inﬂuence of the predictors
on mental health (Model 4, Table 2). Mental Health (GHQ-28)
served as an outcome variable and time, PSS, DH, LON, CAP, SOC,
CE, CERQ, PAP, and CSS as predictors; inter-correlations are shown
in Table 1.
Model 4 showed a further increase in explained variance to
conditional R2 = 70.53% and further substantial reduction of the BIC
to 21,156. Time as ﬁxed effect no longer had a signiﬁcant (linear or
quadratic) inﬂuence. The overall decrease in GHQ-28 scores over
time can thus be attributed to the inﬂuence of the other predictors.
However, time as random effect was signiﬁcant, as evident from the
95% conﬁdence interval, which does not include 0—allowing the
growth rate to vary randomly across individuals—indicating that
the change in GHQ-28 scores over time differs signiﬁcantly across
individuals. Perceived stress (PSS) and DHs show a highly signiﬁcant
positive effect on the GHQ-28 score, i.e., increasing mental health
dysfunctions (Model 4, Table 2). Decreased loneliness (LON),
positive appraisal speciﬁcally of the COVID-19 pandemic (CAP),
perceived social support (SOC), and increased adaptive cognitive
emotion regulation (CERQ) showed signiﬁcant negative inﬂuences
on GHQ-28 scores, meaning less mental health problems. Critical
events due to COVID-19 (CE), generally positive appraisal (PAP), and
changes in social support (CSS) did not signiﬁcantly predict mental
health assessed by the GHQ-28.
Latent class analysis
Latent class analyses were performed to identify possible distinct
subpopulations within the sample. Fit indices and a χ2-difference
test indicated that a latent class growth model (LCGM) without
quadratic terms did not ﬁt the observed data as good as the
model that accommodated quadratic growth. For further description, see Supplementary Methods. Subsequently, we calculated
latent class growth analyses (LCGA) with ﬁxed within-class
variances, as a reduced version of latent growth mixture models
(GMMs), with two through four latent classes to identify the bestﬁtting model. Afterwards, GMMs for the same number of classes
with class-invariant intercept variances and covariances were
estimated. The four-class solution has a smaller and therefore
better BIC than the three-class solution. However, the smallest
class contains only 27 participants, i.e., is on the verge of the
recommended size of 5% of the sample [41]. Further, as it also has
an inadmissible solution (i.e., negative variances), it was rejected.
Moreover, the entropy value of 0.825 indicates that participants
are well-assigned in the three-class model [44]. Based on these
considerations and despite the disagreement of the ﬁt indices on
the optimal number of classes (Supplementary Table 7), the threeclass solution was ﬁnally chosen (see Supplementary Table 8 for
the growth parameters of the chosen three-class latent GMM).
Moreover, sex and age as covariates were additionally included
into the ﬁnal class solution (for the ﬁnal three-class solution with
incorporated covariates, see Fig. 4; for the inﬂuence of the
covariates on class membership, see Supplementary Table 9;
theoretical model, see Supplementary Fig. 3).
The ﬁrst of the three classes (Fig. 4, blue) contains 9.0% of the
sample based on the estimated model. Notably, this class has a mean
GHQ-28 value beyond the threshold of 23/24 points [24] before the
lockdown (Mpre-lockdown = 25.72) and deteriorates signiﬁcantly in its
mental health until week 3 (Mweek3 = 32.26). From week 4 onwards,
mental health improves steadily until the mean value is considerably
Translational Psychiatry (2021)11:392
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Table 1.

Means, standard deviations, and correlations of the predictor variables with the dependent variable (GHQ-28).

Variable

M

GHQ

16.94

8.79

PHQ

1.47

1.86

0.56**

0.15**

PSS

11.76

6.41

0.66**

−0.05**

DH

46.64

24.49

0.35**

−0.23**

0.17**

0.33**

LON

8.32

2.32

−0.34**

0.02

−0.40**

−0.41**

−0.15**

CAP

12.17

2.51

−0.26**

−0.11**

−0.29**

−0.32**

−0.02

0.23**

SOC

30.69

4.78

−0.12**

0.00

−0.13**

−0.22**

−0.07**

0.19**

CE

13.05

8.37

0.10**

−0.29**

0.07**

0.11**

0.19**

−0.08**

CERQ

35.31

9.36

−0.10**

−0.10**

−0.10**

−0.15**

0.09**

0.05**

0.40**

0.21**

0.02

PAP

8.13

2.67

−0.09**

−0.14**

−0.10**

−0.13**

0.06**

0.06**

0.47**

0.16**

0.04*

CSS

3.13

0.64

−0.07**

−0.08**

−0.08**

−0.06**

0.14**

0.16**

0.13**

SD

GHQ

Time

PHQ

PSS

DH

LON

CAP

SOC

CE

CERQ

PAP

−0.13**

Time

0.68**

−0.04*

0.23**
0.00

−0.13**

−0.02

0.69**
0.06**

0.08**

Correlations were only calculated to determine the hierarchy of predictors entering in the model and have therefore not been corrected for multiple testing.
Correlations > 0.5 are given bold face.
CAP positive appraisal speciﬁcally of the corona crisis, CE critical events due to corona, CERQ cognitive emotion regulation, CSS changes in social support,
DH daily hassles, GHQ mental health (higher scores indicate worse mental health), LON loneliness (low values on the Loneliness Scale indicate strong feelings
of loneliness), PAP positive appraisal, PHQ signs of depression and anxiety, PSS perceived stress, SOC perceived social support, Time measurement point.
*p < 0.05.
**p < 0.01.

below the GHQ-28 threshold in week 8 (Mweek8 = 15.64). Due to its
trajectory in GHQ-28 scores, this class was labeled “recovered.” The
second and largest class (Fig. 4, green) comprises 82.6% of the
participants and starts below the GHQ-28 threshold with a mean of
Mpre-lockdown = 19.48 prior to lockdown announcements and
decreases with a small plateau in week 4 to an average value of
Mweek8 = 13.69. It was therefore labeled as “resilient.” Class three
(Fig. 4, red) covers 8.4% of the participants and also has an
initial GHQ-28 value over 23/24 of Mpre-lockdown = 24.26 prior to
lockdown announcements, declines continuously until week 3
to an average of Mweek3 = 19.17 but then increases steadily to
Mweek8 = 33.06 in week 8. It was therefore termed “delayed
dysfunction” (see also ref. [26]). Labels were chosen analogous to
those used in related work on mental health trajectories during
adversity [45]. Of note, measurements indicated as “pre-lockdown”
constitute the last measurement before the lockdown for each
individual. However, these values are not identical with measures at
the individual baseline of participants when entering the LORA study.
Noteworthy, participants in class two reported signiﬁcantly less DHs
(M = 57.28, SD = 25.69) prior to the lockdown compared to subjects
in the other two classes (Mclass1 = 73.13, SD = 28.74, Mclass3 = 72.98,
SD = 32.33, F(2,506) = 12.94, p < 0.001). Class 1 is signiﬁcantly
younger (F(2,520) = 8.20, p < 0.001), entails more women (χ2(2) =
10.63, p = 0.005), and less participants in this class have children
under the age of 18 years living in their household (χ2(2) = 6.77, p =
0.034) compared to the other two classes. For socio-demographic
details and a comparison between the resulting classes, see Table 3.
In addition, the three classes (based on the participant’s most
likely latent class membership) were compared in detail over the
8 weeks of assessment with respect to possible COVID-19-related
factors inﬂuencing mental health outcomes. For validation of the
GHQ-28 scores, depression and anxiety symptoms assessed with
the PHQ-4 are additionally reported. For the trajectories of these
factors between the groups, see Fig. 5 and the Supplement for a
detailed description.
DISCUSSION
In this study we explored the temporal dynamics of the
lockdown measures with regard to perceived stress and strains,
as well as mental health outcomes. Experienced micro-stressors
Translational Psychiatry (2021)11:392

were reduced, which contradicts reports indicating general
negative mental health consequences due to the pandemic
[19, 46–49]. This is also in contrast to data from countries that
underwent a complete lockdown, such as China [48] and Italy [5],
reporting an increase in mental health problems [2, 50]. Compared
to those countries, governmental control measures of quarantine
were relatively lenient in Germany, with no full lockdown [51].
Further, various political and economic instruments, including a
massive economic support program, buffered the detrimental
economic consequences of the pandemic in Germany, so that
incidence rates of reporting (fear of) job loss or ﬁnancial losses
were a third lower in Germany than in other European countries
[28]. As a possible result of the different restrictions and direct
economic effects, the majority of German studies, including the
present one, did not ﬁnd a general decrease in mental health
during the ﬁrst German lockdown. Even more, we found a general
increase in mental health, indicating that mental health functioning can also improve after exposure to adverse events, a
phenomenon called psychosocial gain from adversity. This effect
is different from posttraumatic growth, as it does not require
internal psychological processes, but results from changes in the
social environment due to a jointly experienced adversity [52],
such as the current COVID-19 pandemic.
As opposed to uniform and general effects of lockdown on
mental health, we identiﬁed demographic and psychological
predictors for mental health outcomes. We were able to predict
pronounced mental health dysfunctions with stress indicators,
such as the number of DHs, subjectively perceived stress, and
feeling lonelier. Responsible for improved mental health were
positive appraisal speciﬁcally of the COVID-19 pandemic, perceived social support, and increased adaptive cognitive emotion
regulation. These ﬁndings are in line with a study investigating
exposure to the European COVID-19 pandemic lockdown by Veer
et al. [28]. This study also identiﬁed positive appraisal style
speciﬁcally of the COVID-19 pandemic as the most important
factor for coping with the current circumstances, which is very
similar to our concept of COVID-19-speciﬁc positive appraisal [28].
Notably, the usefulness of speciﬁc positive appraisal of the
dominant stressor seems to exceed general positive appraisal,
the latter being no signiﬁcant predictor for mental health
outcomes in the present study. The ﬁnding that social support

5.50; 6.33

SD
5.56; 6.39

<0.001

28,078

44.63%

N

BIC

R2a

4092

47.05%

27,911

523

4092

57.70%

27,775

523

5.59; 5.90

99.95; 134, 93

117.02; 151.10

70.53%

21,156

491

3333

4.67

44.57

79.45

6.27

SD

4.38; 4.97

23.21; 85.59

61.20;103.15

5.83; 6.74

BIC Bayesian Information Criterion, CAP positive appraisal speciﬁcally of the COVID-19 pandemic, CE critical events due to COVID-19, CERQ cognitive emotion regulation, CI 95% conﬁdence interval, CSS changes in
social support, DH daily hassles, GHQ mental health (higher scores indicate worse mental health), LON loneliness (low values on the Loneliness Scale indicate strong feelings of loneliness), PAP positive appraisal,
PSS perceived stress, SOC perceived social support, Time measurement point.
a
Conditional R2.

4092

523

Observations

5.75

6.28; 6.57

6.57

Residual

6.42

116.13

Time quadratic
6.42; 6.73

132.97

5.96

Time linear

Intercept

5.90

0.409
0.538

−0.06; 0.15
−0.28; 0.53

0.05
0.13

PAP

CSS

5.90

0.460
<0.001

−0.10; −0.03

−0.07

CERQ

Random parameters

0.002
−0.02; 0.05
0.01

CE

<0.001

−0.42; −0.17
−0.32; −0.08

−0.29
−0.20

CAP

SOC

<0.001

<0.001

0.868

0.245

<0.001

p

0.67; 0.77

−11.79; 9.95

−0.94
0.72

−22.85; 5.82

−8.51

16.04; 17.22

CI

0.06; 0.09

<0.001

<0.001

16.63

b

−0.58; −0.27

SD

35.67; 66.33

−83.83; −54.83

p
<0.001

0.08

5.50; 6.34

51.00

−71.33

16.43; 17.52

CI

−0.42

<0.001

<0.001

b
16.98

Model 4

DH

SD

p
<0.001

Model 3

LON

PSS

37.10; 62.45

49.78

Time quadratic

CI
−83.47; −57.83

b
−70.65

p
<0.001

Time linear

CI

16.51; 17.60

16.46; 17.55

b

17.06

Model 2

17.01

Intercept

Fixed effects

Model 1

Results of the multilevel models for mental health (GHQ-28).

Parameter

Table 2.
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in general is predictive of mental health outcomes is also in line
with previous studies [28, 53]. However, we found no change in
social support during the COVID-19 pandemic. Consequentially,
the variable was not a suitable predictor for mental health.
Adaptive cognitive emotion regulation, on the other hand, was a
signiﬁcant predictor, which is not surprising, as it has been linked
to positive long-term mental health outcomes [54, 55]. Interestingly, the frequency of critical events due to COVID-19 did not
predict mental health. A possible explanation may be that chronic
stressors and DHs play a greater role than the (comparatively rare)

Fig. 4 Quadratic growth mixture model (GMM) with three-class
solution. Final proportions for the latent classes based on their most
likely latent class membership: “recovered” class 1 blue = 9.0%
(n = 47), “resilient” class 2 green = 82.6% (n = 432), “delayed
dysfunction” class 3 red = 8.4% (n = 44).

Table 3.

critical events due to COVID-19, especially after accustoming to
the circumstances.
Even though we were able to observe a slight improvement of
overall mental health outcomes in our sample, adjusting to the
new circumstances may well have deleterious effects on vulnerable groups, such as people with or at risk for depression or
anxiety disorders [56–58]. Therefore, we investigated the possible
existence of different subgroups among our sample. Accordingly,
we identiﬁed three subclasses with distinct mental health: a
“resilient” group with initially improved mental health over time, a
“recovered” group with an initially high mental dysfunction
increase until week 3, followed by a quick return to baseline,
and a “delayed dysfunction” group that showed a signiﬁcant
deterioration of mental health after week 4 of the assessment
period. Notably, there were no major demographic differences
between the groups and they did not differ in cohabitation with a
partner. Likewise, a study by Hawryluck et al. [59] on the
consequences of quarantine after potential SARS exposure found
that marital status is an irrelevant predictor for mental health
status. Notably though, there was a signiﬁcant difference in the
amount of participants living with children under the age of 18
years in their household. The recovered group entailed signiﬁcantly less participants living with minors than the other two
groups. However, this difference is most likely due to the
signiﬁcantly younger mean age in this group compared to the
other two groups.
The delayed dysfunction and recovered groups found in the
present study are of particular interest, as they possibly entail
susceptible people, who may need special support during a
pandemic to prevent deleterious mental health outcomes. Apart
from the commonality of poor mental health values before the
COVID-19 pandemic in both groups, they showed distinct
trajectories for perceived stress, COVID-19-speciﬁc positive appraisal, and straining from COVID-19-related events. Regarding
perceived stress, the recovered group showed a reduction in
initially high stress levels and loneliness after COVID-19 regulations started to be relaxed, while the vulnerable group displayed
an exacerbation of stress levels at the same time. In addition,
although the number of subjectively reported COVID-19-speciﬁc

Class demographics.

Gender (m/f)
In percent
Age, M (SD)

Class 1
“recovered”
(n = 47, 9%)

Class 2
“resilient”
(n = 432, 82.6%)

Class 3 “delayed
dysfunction”
(n = 44, 8.4%)

Test statistic

5/42

146/286

13/31

χ2(2) = 10.63

10.6%/89.4%

33.8%/66.2%

29.5%/70.5%

26.98 (5.02)

31.88 (8.51)

33.05 (8.82)

Relationship status, n (%)

F(2520) = 8.20

p-Value

0.005**
<0.001**

χ (4) = 2.50

0.644

11 (25.0%)

χ2(2) = 6.77

0.034*

177 (41.0%)

20 (45.5%)

χ2(2) = 0.81

0.666

6 (12.8%)

91 (21.1%)

9 (20.5%)

χ2(2) = 1.81

0.405

Obtaining a degree

21 (44.7%)

142 (32.9%)

19 (43.2%)

χ2(2) = 4.09

0.129

Unemployed

2 (4.3%)

10 (2.3%)

1 (2.3%)

χ2(2) = 0.668

0.716

Other

4 (8.5%)

56 (13.0%)

2 (4.5%)

χ2(2) = 3.26

0.196

2

In a relationship

29 (65.9%)

285 (67.4%)

30 (68.2%)

Not in a relationship

14 (31.8%)

136 (32.2%)

14 (31.8%)

Other

1 (2.3%)

2 (0.5%)

0 (0%)

3 (7.0%)

102 (24.3%)

Full-time

17 (36.2%)

Part-time

Children < 18 yrs in household, true for
n (%)
Employment status, n (%a)

Percentages indicate percent within a class.
f female, m male, yrs years.
a
Several options could be chosen per participant.
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a

b

5

c

25

4

20

3

15

13

2

10

1

5

0

0

1

2

3

4

5

6

7

CAP

PSS - 10

PHQ - 4

12

8

10

0

1

2

Week

d

3

4

5

6

7

1

8

2

3

e

10

f

6

7

8

6

7

8

20

16

CE count

CE strain

4

5

18

8

6

4

Week

Pre-lockdown/week

30

Loneliness

11

20

14
12

10
2

10
0

0

1

2

3

4

5

6

7

8

8

1

2

3

Week

4

5

Week

6

7

8

1

2

3

4

5

Week

Fig. 5 Comparison of three latent classes (see Fig. 4) over the 8-week time frame. a PHQ-4 means, b PSS-10 means, c positive appraisal sum
scores (CAP), d mean loneliness scores (low values on the Loneliness Scale indicate strong feelings of loneliness), e mean of COVID-19-related
events strain, f mean frequency of COVID-19-related events. PHQ-4, mean of signs of depression and anxiety; PSS-10, perceived stress; Class 1
blue, “recovered”; Class 2 green, “resilient”; Class 3 red, “delayed dysfunction”.

events did not differ between all groups, data from the delayed
dysfunction group suggests that as mental health deteriorated,
COVID-19-speciﬁc events were experienced as more straining and
vice versa. This is accompanied by a reduction in the ability to
appraise these events. The resilient group, on the other hand, was
constantly able to positively appraise the COVID-19-speciﬁc events
and shows a reduction of straining due to them over time. This
positive appraisal might have helped this group to bolster the
straining inﬂuence of COVID-19-speciﬁc events. Likewise, the
recovered participants show a stable appraisal tendency after an
initial decrease until week 4, which is accompanied by less
experienced strain. Hence, the recovered group struggles at ﬁrst
upon the introduced lockdown measures but seems to adapt over
time. This is in accordance with the assumptions made by the
psychosocial gain of adversity model, assuming the highest
gain for those subjects, who are susceptible for psychological
malfunction [60].
Interestingly, there was no change in perceived loneliness in the
delayed dysfunction group and only a slight change in the
recovered group. As mentioned earlier, the SOEP-CoV study
reached a similar conclusion. Although that study found that
people in Germany were lonelier than in previous years, symptoms
of depression and anxiety did not increase [8]. Therefore, loneliness
in times of a pandemic does not necessarily or immediately lead to
poorer mental health. The increase in loneliness is likely perceived
as collective and can be attributed to external circumstances. The
same may hold true for perceived social support and emotion
regulation, for which we also found no signiﬁcant differences in the
trajectories between the three latent classes.
Limitations
Some limitations of the present study must be considered. There
might have been a selection bias, as only a subsample from the
LORA study was willing to participate. Notably though, participants in the current study were representative of the full LORA

sample in terms of socio-demographic aspects. Nonetheless, these
participants might have differed from the total LORA sample in
the amount of experienced micro-stressors, their stressor load, or
other factors during the lockdown not evident from the data at
hand. Still, we found a relevant variance in exposure to microstressors within our sample, which increases the generalizability of
the ﬁndings. It must be pointed out, although, that also the full
LORA sample is not fully representative of the general population,
as it entails an overrepresentation of younger and well-educated
participants. Moreover, the investigated period of 8 weeks only
covers the full time of the lockdown measures and about 2 weeks
after restrictions had been relaxed. However, certain effects of the
COVID-19 pandemic might only affect mental health after a longer
period due to chronic wearing. Still, we were able to observe a
deterioration of mental health in vulnerable participants, also for
this short time interval. Hence, the governmental measures
obviously had an immediate effect on these participants.
Furthermore, as was mentioned earlier, the restrictions in
Germany were comparably mild, as only the number of contact
persons was limited, which could have had a positive impact on
participants’ mental health.
Relevance and recommendations
The present study is among the ﬁrst to longitudinally investigate
the impact of the COVID-19 pandemic related lockdown
measures applying both a high sampling rate and investigating
a pre-existing sample. This sample was deep-phenotyped prior to
the COVID-19 pandemic, which allows for a benchmark
comparison. This enabled the identiﬁcation of heterogeneous
mental health trajectories through latent class analyses, thereby
adding important information to the ﬁnding that mental health
can also improve during lockdown under certain conditions. The
identiﬁcation of vulnerable subjects in times of adversity is of
utmost importance, to prevent the manifestation of mental
disorders. Furthermore, interventions to alleviate psychological
Translational Psychiatry (2021)11:392
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impacts of lockdown on mental health should speciﬁcally address
participants at risk for developing a mental disorder, i.e.,
vulnerable participants with already reduced general mental
health prior to the pandemic, rather than large-scale interventions for the entire population. It is up to future studies to
develop tailored interventions for these vulnerable subjects. The
group of recovered participants maintained mentally healthy and
likely applied the identiﬁed mechanisms predicting mental
health, such as cognitive emotion regulation.
Therefore, a ﬁrst starting point for practical interventions
could be the identiﬁed possible protective factors and
mechanisms, i.e., positive appraisal of the COVID-19 pandemic
and emotion regulation, for stable mental health in the present
study. Implementing these mechanisms may be beneﬁcial to
remain mentally healthy, as in the resilient group, or to bounce
back to baseline levels, as observed in the recovered group.
Much remains to be learned about the factors that inﬂuence
who can and who cannot maintain mental health in the face
of large-scale crises. Especially the further investigation of
different factors and mechanisms working on groups with an
increased risk of becoming mentally ill is of particular relevance
for the future.
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