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Summary

Background: Numerous studies have reported an increase in mental disorders during the COVID-19 pandemic, but the exact
reasons for this development are not well understood. In this study we investigate whether pandemic-related occupational and
financial changes (e.g., reduced working hours, working from home, financial losses) were associated with increased symptoms
of depression and anxiety compared with the situation before the pandemic.

Methods: We analyzed data from the German National Cohort (NAKO) Study. Between May and November 2020, 161 849
study participants answered questions on their mental state and social circumstances. Their responses were compared with
data from the baseline survey before the pandemic (2014-2019). Linear fixed-effects models were used to determine whether
individual changes in the severity of symptoms of depression (PHQ-9) or anxiety (GAD-7) were associated with occupationall
financial changes (controlling for various covariates).

Results: The prevalence of moderate or severe symptoms of depression and anxiety increased by 2.4% and 1.5%, respectively,
during the COVID-19 pandemic compared with the preceding years. The mean severity of the symptoms rose slightly. A pro-
nounced increase in symptoms was observed among those who became unemployed during the pandemic (+ 1.16 points on
the depression scale, 95% confidence interval [0.91; 1.41], range 0-27). Increases were also seen for reduced working hours
with no short-time allowance, increased working hours, working from home, insecurity regarding employment, and financial
strain. The deterioration in mental health was largely statistically explained by the occupational and financial changes investi-
gated in the model.

Conclusion: Depressive symptoms and anxiety disorders increased slightly in the study population during the first year of the
COVID-19 pandemic. Occupational and financial difficulties were an essential contributory factor. These strains should be taken
into account both in the care of individual patients and in the planning of targeted prevention measures.
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potential risk factors for the increase in mental disorders
have been discussed. These include social isolation,
working from home, home schooling, fear of infection

ing the living and working conditions of large

T he COVID-19 pandemic is a global crisis, impact-
numbers of people. Hence, it was suspected early on

that the frequency of mental disorders and diseases could
increase. (1-3). From various countries studies with
measurements before and during the pandemic have
become available, indicating that the state of mental
health of the population did indeed deteriorate compared
to the situation before the pandemic (4-9). Multiple
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with the SARS-CoV-2 virus, actual infections, and life-
style changes, such as increased substance use (e.g. alco-
hol), among others (10-14). Moreover, collective social
crises in general have the potential to put a strain on the
mental health of people, even on those who are not
directly impacted by their negative effects (15, 16).
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Furthermore, early empirical data suggest that pandemic-
related changes in economic status and employment are
associated with deterioration in mental health during the
pandemic (17-19). Factors such fear of becoming unem-
ployed, financial worries and work-related strain due to
increased working hours are known risk factors for vari-
ous types of mental disorders (20-23). Since economic
life was also impaired as a result of the measures that had
to be taken to contain the spread of the virus, such strains
may have increased and influenced the prevalence of
mental health problems. This would be in line with the
experiences made during previous economic crises, such
as the 2008 global financial crisis, when a population-
level mental health decline was observed in many coun-
tries (24).

What specific changes actually exert an effect on
mental health is difficult to determine, because
research into mediating risk factors has rarely been
based on longitudinal studies. For this reason, we ana-
lyzed data of the prospective, population-based Ger-
man National Cohort (NAKO) Study to find out to
what extent pandemic-related changes were associ-
ated with an increase in depressive and anxiety-
related symptoms during the first wave of the
COVID-19 pandemic (6). Our study focused on
work-related changes and changes in income. In addi-
tion, sociodemographic,  health-related  and
COVID-19-specific factors were taken into account
as covariates. This research approach aimed to iden-
tify specific risks that should receive special attention
in the provision of care during the current and in
future crises and which could be the focus of sup-
porting, mental health-promoting preventive actions,
in addition to the required infection control measures.

Methods

Data

The population-based German National Cohort
(NAKO) Study is with 205 185 participants Ger-
many’s largest epidemiological cohort study. The base-
line survey was conducted in 18 study centers in 13
German federal states (“Lénder”) between 2014 and
2019. Random samples of the general population aged
20 to 69 years were drawn by the local registration
offices and then used to recruit the study participants.
The mean response rate was 18% (25). At each of the
study centers, an ethics committee approval was avail-
able and the respondents agreed in writing to partici-
pate in the study after an informed consent discussion.
A detailed description of the study design can be found
in earlier publications (25-27).

A special survey was conducted upon the onset of
the COVID-19 pandemic (6). Participants with e-mail
addresses received a link to an online survey, while
the remaining participants were sent paper question-
naires. In both cases, the mailing took place between
30 April 2020 and 15 May 2020. Individuals known
to be deceased or to have withdrawn their consent
were excluded. A total of 197 834 individuals were
contacted; of these 161 892 responded up to and

including 30 November 2020 (response rate: 81.8%).
105 questionnaires of the special survey were not
used because the dates of completion were invalid.
Thus, the analyses below are based on 161 787 indi-
viduals for whom one observation before and one dur-
ing the pandemic were available.

Instruments

During the baseline survey, sociodemographic data
were obtained by means of a standardized interview
and mental health information from a touchscreen
questionnaire. In the COVID-19 special survey, online
questionnaires and mailed paper questionnaires were
used. The variables selected for the survey are outlined
below and more detailed descriptions are provided in
the eMethods section.

Mental disorders: Symptoms of depression were
obtained using the Patient Health Questionnaire
(PHQ-9) which surveyed the frequency of occurrence
of nine symptoms over the last two weeks (28).
Responses were added up to create a total score
(range: 0-27, high values corresponded to high sever-
ity). Moderate or severe symptoms of depression
were defined as scores >= 10. Anxiety was measured
using the Generalized Anxiety Disorder Scale-7
(GAD-7) which measures the frequency of occur-
rence of seven symptoms of generalized anxiety
disorder during the last four weeks (in the NAKO ver-
sion) (29). Here, again, a total was calculated (range:
0-21) and moderate or severe symptoms of anxiety
were defined as scores >= 10.

Work-related changes: Three indicators were used.
Changes in employment situation were identified by
first determining the employment status at both
measurement points based on the workforce concept
and then differentiating between employed, unem-
ployed and inactive (pension, retirement, study, other)
persons (30). Furthermore, pandemic-related work-
specific changes were queried directly and combined
with the employment status. In the follow-up survey,
the options listed below were added to the category
“working*: change of job, increase in working hours,
reduction in working hours with and without short-
time allowance, loss of job. In the “unemployed* cat-
egory, it was differentiated between unemployment
before and due to the pandemic situation. Change in
perceived job insecurity was the second indicator
measured at both time points (31). Its four-item
response scale was dichotomized and inactive persons
were assigned to the “no job insecurity” category. The
third indicator was the response to the question
whether due to the pandemic working from home was
required on all or some days.

Financial changes: As part of the COVID-19
special survey, the respondents reported whether their
household‘s financial situation had improved,
worsened, or remained the same since the start of the
pandemic.

Covariates: A variety of characteristics were
included in the study as potential confounders: age,
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TABLE 1

PHQ-9 (depressive symptoms)

Description of the participants according to sociodemographic and COVID-19-related characteristics

Baseline survey (2014-2019) COVID-19 survey (2020)

(M, SD; range: 0-27) (3.81) (3.62) (4.11) (4.03)

Proportion with a score =10 11 544 71 15399 9.5
GAD-7 (anxiety disorder)

(M, SD; range: 0-21) (3.11) (3.16) (3.40) (3.54)

Proportion with a score = 10 7688 4.8 10 161 6.3
Age (in years)

(M, SD) (504) | (126) | (53.1) (129)
Age groups:

19-29 years 14 338 8.9 9.699 6.0

30-39 years 16 048 9.9 16715 10.3

40-49 years 41766 25.8 32189 19.9

50-59 years 44223 27.3 46 403 28.7

60-69 years 41951 259 42 009 26.0

70-79 years 3461 21 14772 9.1
Gender

Male 77773 481 77773 481

Female 84014 51.9 84 014 51.9
Type of household

One-person household 30 497 18.9 29435 18.2

Multiple-person household without children (<14 years) 98 500 60.9 104 816 64.8

Multiple-person household with children (<14 years) 32790 20.3 27 536 17.0
High-risk contact with an infected person

No 161787 100.0 156 391 96.7

Yes 0 0.0 5396 3.3
Tested positive for SARS-CoV-2 virus

No 161787 100.0 161 295 99.7

Yes 0 0.0 492 0.3
Poor general health

No 145 304 89.8 148 486 91.8

Yes 16 483 10.2 13 301 8.2
Changes in employment situation

Working: No pandemic-related change 114 786 71.0 68 765 425

Working: Change of job 0 0.0 620 04

Working: increased working hours 0 0.0 11233 6.9

Working: Reduced working hours with short-time allowance 0 0.0 13417 8.3

Working: Reduced working hours without short-time allowance 0 0.0 19 066 11.8

Unemployed prior to Corona 3968 25 2835 1.8

Unemployed due to Corona 0 0.0 828 0.5

Inactive person (pension, retirement, study) 43033 26.6 45023 278
Job Insecurity

Low or not employed 150 126 92.8 144139 89.1

High 11661 7.2 17 648 10.9
Working from home since the pandemic

No 161787 100.0 117 613 72.7

Yes, always or on some days 0 0.0 44174 27.3
Change in financial situation since the pandemic

No change 161787 100.0 124 364 76.9

Improvement 0 0.0 5174 3.2

Deterioration 0 0.0 32 249 19.9
Total 161 787 100.0 161 787 100.0

GAD-7, Generalized Anxiety Disorder Scale-7; M, mean;
PHQ-9, Patient Health Questionnaire; SD, standard deviation.
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FIGURE 1
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Mental health in the NAKO baseline survey and the COVID-19 special survey based on PHQ-9 (depressive symptoms) and GAD-7 (anxiety disorder). Means are shown
on the left and frequencies are shown on the right by cut-off for moderate or severe disorder (each with 95% confidence interval); n = 161 787. The years 2014-2019
comprise the baseline survey (cross-sectional changes), the year 2020 comprise the COVID-19 special survey. The estimates were adjusted for age, gender and study

center.

COV-19, COVID-19 special survey; GAD-7, Generalized Anxiety Disorder Scale-7; PHQ-9, Patient Health Questionnaire

gender, type of household, high-risk contact with a
SARS-CoV-2 infected person, own SARS-CoV-2
infection, and self-reported health.

Statistical analysis

First, PHQ-9 and GAD-7 means as well as rates of
occurrence of moderate or severe symptoms of depres-
sion or anxiety (cut-off >= 10) were calculated across
the survey years. Given the differences in the socio-
demographic characteristics of the respondents in the
survey years of the baseline survey, adjustments were
made for age, gender and study center. Changes in
mental health were analyzed using linear panel data
models with fixed effects (FE models). FE models look
at intrapersonal changes of the dependent variable—in
this case the symptoms— over time and relate them to
changes in an independent variable, such as employ-
ment status. The intraindividual comparison ensures
that effect estimates of FE models are controlled for
both observed and unobserved time-constant con-
founders (characteristics with the same expression at all
measurement points, such as gender) (32). For each
outcome, three models were calculated. The first model
estimated the individual changes in depression/anxiety
during the pandemic in comparison with the baseline
survey without adjustment. The second model included
covariates (see above), complemented by indicators for
occupational and financial changes in the final model.

Missing values for dependent and independent vari-
ables were imputed, using a predictive mean matching
method (eTable 1) (33). In addition, because negative
occupational and/or financial changes may have differ-
ent effects in men and women, separate models were
calculated by gender.

For the sensitivity analyses, both symptom scales
were dichotomized (cut-off >= 10) to find out
whether there were changes in the proportions of
moderate or severe symptoms. Associations were
investigated using a multi-level model with Poisson
distribution and robust standard errors to calculate the
relative risks (RR) for the probability of mental dis-
ease during the pandemic. Furthermore, the primary
analysis of the changes in mean symptom severity
was repeated, but in a stepwise fashion, adding the
main effect, occupational changes, financial strains,
and finally the covariates to uncover correlations
among the dependent variables and to evaluate
whether adjusting for covariates has changed the
main results.

All calculations were performed using the statisti-
cal software package Stata 16.1 MP (64-bit, Stata-
Corp LLC, College Station, TX, USA).

Results
Table 1 shows the characteristics of the NAKO study

participants at both survey times. Between the two
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TABLE 2

Wave
Baseline survey

Reference category

Changes in mental health in the NAKO study during the COVID-19 pandemic (2020) compared to the previous period (2014-2019)

P o
oo | > | b

Reference category

[95% CI] _

COVID-19 survey 003 [000;0.06] | 0.033 006 | [0.030.08] | <0.001
Occupational and financial changes during the pandemic
Change in employment situation

Working — no pandemic-related change Reference category Reference category

Working - change of job 0.29 [-0.00; 0.57] 0.051 0.38 [0.12; 0.63] 0.004

Working — increased working hours 0.78 [0.71;0.85] | <0.001 0.7 [0.65; 0.77] <0.001

Working — reduced working hours with short-time allowance -0.17 | [-0.24;-0.10] | <0.001 -0.20 [-0.26; -0.13] <0.001

Working — reduced working hours without short-time allowance 0.09 [0.03; 0.15] 0.002 0.13 [0.08; 0.18] <0.001

Unemployed prior to Corona 0.61 [0.51;0.71] | <0.001 0.52 [0.43;0.61] <0.001

Unemployed due to Corona 1.16 [0.91;1.41] | <0.001 0.66 [0.44; 0.88] <0.001

Inactive person (pension, retirement, study) -0.13 [-0.18; -0.07] | <0.001 -0.12 [-0.17; -0.08] <0.001
Job Insecurity

High (reference category: "low or not employed” | 077 [072,082] | <0001 069 |  [0650.74] | <0.001
Working from home

Yes, always or on some days (reference category: “No*) ‘ 0.41 ‘ [0.36; 0.45] | <0.001 ‘ 0.28 | [0.25; 0.32] | <0.001
Change in financial situation

No change Reference category Reference category

Improvement -0.15 | [-0.25,-0.05 | 0004 | -0.15 | [-0.24;-0.06] | 0.001

Deterioration 081 | [0.76;0.86] | <0.001 075 | [0.74;0.80] | <0.001
Covariates
Age

19-29 years Reference category Reference category

30-39 years 0.12 [0.01;0.23] 0.026 0.06 [-0.03; 0.16] 0.198

40-49 years 0.22 [0.06; 0.38] 0.008 0.17 [0.03;0.31] 0.018

50-59 years 0.14 [-0.04; 0.32] 0.128 0.15 [-0.01; 0.30] 0.070

60-69 years -0.23 | [-0.43;-0.03] 0.023 -0.11 [-0.28; 0.07] 0.238

70-79 years -047 | [-0.68;-0.25] | <0.001 -0.33 [-0.52; -0.14] 0.001
Type of household

One-person household Reference category Reference category

Multiple-person household without children (<14 years) -0.18 [-0.24;-0.13] | <0.001 0.07 [0.02;0.12] 0.005

Multiple-person household with children (< 14 years) -0.13 [-0.21;-0.05] 0.001 0.22 [0.15; 0.29] <0.001
High-risk contact with an infected person

Yes (reference category: “No°) 024 | [014,034] | <0001 | 024 |  [014034] |  <0.001
Tested positive for SARS-CoV-2 virus

Yes (reference category: “No) . -003 | [-0.35030] | 0865 | -003 | [-0.350.30] | 0.865
General health

Poor (reference category: “Good”) 226 | [220,231) | <0001 | 226 | [220;2.31] | <0.001
Model information

R? (intrapersonal) 0.072 0.062

R? (interpersonal) 0.201 0.148

R? (total) 0.156 0.117
Individuals (n) 161787 161787
Observations (n) 323574 323574

Mental health measured using PHQ-9 (depressive symptoms) and GAD-7 (anxiety disorder). The analyses are based on a linear fixed-effects model with jointly adjusted regression coefficient b.
Positive vales indicate deterioration of mental health (increase in symptom value), while negative values indicate improvement. The total R-squared value indicates the weighted mean of the

explained variance between and within persons.

b, adjusted regression coefficient; GAD-7, Generalized Anxiety Disorder Scale-7; Cl, confidence interval;
NAKO, German National Cohort Study; p, p-value; PHQ-9, Patient Health Questionnaire

Deutsches Arzteblatt International | Dtsch Arztebl Int 2022; 119: 179-87




MEDICINE

-0.1

e [] PHQ-9 (Model 1)

[ PHQ-9 (Model 2)

: B PHQ-9 (Model 3)

— ~ GAD-7 (Model 1)

5 e [ GAD-7 (Model 2)

| [0 GAD-7 (Model 3)
0.0 0.1 0.2 03 04

Mean change

Change in mental health (means of PHQ-9 and GAD-7 scales) during the COVID-19 pan-
demic compared to the previous period; in Model 1 non-adjusted, in Model 2 adjusted for age,
household composition, general health, high-risk SARS-CoV-2 contact and infection, and in
model 3 additionally adjusted for changes in employment situation, insecurity regarding
employment, working from home, and change in financial situation. GAD-7, Generalized
Anxiety Disorder Scale-7; PHQ-9, Patient Health Questionnaire

surveys, the participants had advanced in age by almost
three years on average, which corresponds to the aver-
age interval between the baseline survey and the special
survey. The mean severity of symptoms of depression
and anxiety increased slightly during this period. In
addition, the proportion of participants with moderate
or severe symptoms of depression and anxiety disorder
increased from 7.1% to 9.5% (+2.4) and 4.8% to 6.3%
(+1.5), respectively.

Figure 1 graphically depicts the means of the
symptom scales and the frequencies of moderate or
severe symptoms for each of the years of the baseline
survey (2014-2019) and for the COVID-19 special
survey (2020).

Table 2 shows the results of the FE models with the
correlation measures for all variables in the final
model. A pronounced increase in severity on the
PHQ-9 and GAD-7 scales was observed among those
who became unemployed during the pandemic. For
example, the scale value for depressive symptoms
increase on average by 1.16 scale points. Likewise, a
pandemic-related deterioration of the financial situ-
ation, job insecurity, change to working from home,
increased working hours, as well as reduced working
hours with no short-time allowance were associated
with an increase in symptoms. In contrast, mental
health improved with reduced working hours, when a
short-time allowance was received, as well as with a
change to inactive status. In general, mental health
deteriorated especially in younger and middle-aged
groups and in the presence of poor self-reported
health.

Figure 2 shows the change in mental health before
and during the pandemic after stepwise control for
covariates and independent variables. A comparison
of the models shows that the mean symptom increase
from the baseline survey to the COVID-19 survey,
which is still discernable in Model 2, becomes signifi-

cant after statistical control of occupational and finan-
cial changes. Thus, this increase is statistically almost
entirely explained by these factors.

The eFigure shows the measures of association for
occupational and financial changes in respect to men-
tal health, stratified by gender. In general, the corre-
lations were consistent for both sexes. However, in
women increased working hours and a deteriorated
financial situation had a greater negative impact on
mental health. In contrast, becoming unemployed
during the pandemic was more strongly associated
with poorer mental health among men.

Sensitivity analyses

eTable 2 shows results of a Poisson regression analysis
based on cut-off values for moderate or severe mental
disorders. While there are only minor deviations from
the FE model, the effects of protective factors are less
pronounced. Sensitivity analyses of the main effects of
work-related changes—without simultaneously taking
financial strain into account—showed that reduced
working hours (with and without short-time allowance)
generally affected mental health, consistent with a
mediating effect of increased financial strain (e7able 3,
eTable 4). An analysis of the main effects of financial
and occupational changes without adjustment for
covariates yielded comparable results (eTuble 3, eTable
4).

Discussion

This study investigated whether, and to what extent,
occupational and financial changes due to the
COVID-19 pandemic in spring and summer of 2020
were associated with increased severity of symptoms of
depression and anxiety in 161 787 participants of the
German National Cohort (NAKO) Study. Mental health
was affected by pandemic-related job loss, reduced
working hours with no short-time allowance, increased
working hours, change to working from home,
increased job insecurity, and deterioration of the finan-
cial situation. Overall, the increase in mental health
problems was found significantly reduced after statisti-
cal control for work-related changes and financial
strain. This suggests that the mean increase in symptom
severity during the pandemic was largely due to an
increase in occupational and financial strains. In gen-
eral, this finding supports the importance of a stable
employment and income situation for the mental health
of individuals, not only in times of crisis.

For the most part, the results are in line with the
current state of research. In particular, unemploy-
ment, perceived job insecurity and financial strain are
established risk factors for impaired mental health
(20-22). Likewise, previous studies have demon-
strated a slight increase in depressive symptoms
associated with long working hours (34). Interest-
ingly, we were able to show that the opposite, i.e.
reduced working hours, were also associated with
increased symptoms. However, these symptoms did
not increase when short-time allowance was received
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and no financial strain was reported. This suggests
that short-time allowance as a resource may have
been effective. During the pandemic, other forms of
social security, such as unemployment benefits, pro-
duced similar effects (35, 36). Also worth mentioning
is the finding that working from home was also
associated with increased mental symptoms. This
association was previously known primarily from
data of cross-sectional studies (37). As expected, our
analysis also found known gender differences, with a
higher prevalence of mental symptoms among
women. However, the strength of the associations
between mental symptoms and changes in profes-
sional and everyday life was similar for both sexes.

Limitations and strengths

Methodological limitations should be considered, when
interpreting the results of our study. It is important to
note that the NAKO sample is not representative of the
general population in Germany (27). Even though the
study participants were randomly selected, recruitment
was limited to 18 centers in Germany. In addition, the
baseline survey participation rate is low. While the low
participation rate is unlikely to have an impact on
measures of association, it prevents the generalization
of incidence/prevalence rates to the total population of
Germany. In terms of content, the study is limited by
the fact that only a small number of changes were
assessed due to the limited scope of the COVID-19 sur-
vey. Our study’s focus on professional life and financial
situation means that other changes, for example in the
areas of private contacts and recreational activities, are
disregarded. Apart from the high significance of the
studied social changes for the increase in mental health
problems, the moderate R-squared value (<0.2) sug-
gests that the model variables explain only a limited
proportion of the total symptom severity variance over
time. Another limitation of the study design is that the
COVID-19 survey was conducted during and shortly
after the first wave of the pandemic in spring and
summer of 2020. It is conceivable that the deterioration
of mental health leveled off over the further course of
the pandemic or—quite the opposite—progressed even
further.

The strengths of the study include the standardized
pre-post measurement of depressive symptoms and
generalized anxiety as well as the longitudinal study
design in combination with FE modelling, which
assessed intraindividual changes in mental health dur-
ing the pandemic. Its estimate is robust to time-
constant confounders. Another advantage of our study
is the large population-based sample. Many previous
studies have focused on subpopulations, such as the
elderly, making it difficult to produce generalizable
statements.

Conclusion

Our study shows that pandemic-related financial and
occupational changes were associated with increased
mental strain on the study participants. Whether this
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association persists in the long term remains to be
determined by future studies. However, it is becoming
obvious that the mental health of the population
requires special attention in times of social crises. Our
results suggest that the economic and work-related fall-
out of the pandemic may lead to an increased need for
psychotherapeutic services. Key individual risk factors
for need of psychotherapy include experiences of job
loss and job insecurity as well as financial strain, but
also strain due to changes how the work is organized
(e.g., reduced working hours or working from home).
Thus, these factors could be used to make adjustments
aimed at cushioning crisis-related effects on the health
of the population. Partial results of this analysis suggest
that social security measures could help mitigate
negative effects of the pandemic on mental health.
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&e] CLINICAL SNAPSHOT

Lipomatous Hypertrophy of
the Atrial Septum

Contrast-enhanced computed tomography of
the chest (of which two axial sections are
shown here) was carried out to investigate
the cause of exertional dyspnea in a 77-year-
old man. Signs of chronic obstructive pulmon-
ary disease (COPD) were accompanied by a
barbell-shaped mass with the density of fat
arising from the atrial septum (straight ar-
rows). The fossa ovalis was unaffected (ar-
rowhead), the superior vena cava significantly
constricted (curved arrow). Lipomatous hypertrophy of the atrial septum (LHAS) was diagnosed on the basis of the typical morphology and
location. LHAS is a benign hyperplasia of lipocytes in the atrial septum (more exactly, in the fold of the septum secundum). The fossa ovalis forms
part of the septum primum and thus remains unaffected, producing the typical barbell appearance. Positron Emission Tomography can be patho-
logic, because brown fat is involved to a varying extent. LHAS is usually asymptomatic. Surgery is indicated only if the mass is hemodynamically
relevant or there is severe dysrhythmia. In our patient the symptoms could be attributed to an exacerbation of COPD and there were no signs of
superior vena cava syndrome or collateral circulation, so resection was not indicated.

Prof. Dr. med. Okka W. Hamer, Klinik Donaustauf, Uniklinik Regensburg, okka.hamer@ukr.de

Conflict of interest statement: The author declares that no conflict of interest exists.

Translated from the original German by David Roseveare.
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eMETHODS

Instruments

During the baseline survey for the German National Cohort (NAKO)
Study, a wide variety of data, including clinical examinations and biospec-
imens, were collected. For this analysis, basic sociodemographic data
obtained in a standardized interview conducted by trained study staff as
well as basic information on mental health from a touchscreen question-
naire completed in the survey center were used. The COVID-19 special
survey was conducted using online questionnaires (option selected by
about two-third of the participants) or paper questionnaires sent by mail
(option selected by about one-third of the participants).

Dependent variable/outcome

Mental disorders: At both survey times, depressive symptoms were
recorded using the Patient Health Questionnaire (German: Gesundheits-
fragebogen fiir Patienten; PHQ-9) and symptoms of anxiety using the
Generalized Anxiety Disorder Scale-7 (German: Skala zur Messung der
Generalisierten Angststorung; GAD-7). The PHQ-9 consists of nine ques-
tions querying the frequency of depressive symptoms (e.g., dejection, list-
lessness) within the last two weeks (28). These questions are summed to a
total score (range: 0-27), where high scores represent higher severity. A
score of 10 or more is considered moderate or severe symptoms of depres-
sion. The GAD-7 measures the frequency of seven symptoms of general-
ized anxiety over the last four weeks (e.g., nervousness, worries) (29).
Here, again, a total is calculated (range: 0-21) and moderate or severe
symptoms of anxiety are defined as scores of 10 or more.

Occupational and financial changes

Changes in employment situation: Changes were identified based on the
comparison of employment status before the outbreak of the COVID 19
pandemic and during its course. First, the employment status at both
measurement points was determined based on the workforce concept
which differentiates between employed, unemployed and inactive persons
(pension, retirement, study, other) (30). The special survey also covered
work-specific changes due to the economic consequences of the pandemic
(,,Did one or more of the following changes occur due to the impact of the
coronavirus pandemic?). This information was combined with the
employment status to reflect changes. In the follow-up survey, the options
listed below were added to the category “working™: change of job,
increased working hours, reduced working hours with short-time allow-
ance, and reduced working hours without short-time allowance. When both
a change of job and a change in working hours were reported, we priori-
tized the latter. It was differentiated between two types of the “unem-
ployed” category. Participants whose unemployment (unemployment
benefit I or II) had already occurred before the start of the pandemic were
assigned to the “unemployed prior to corona” category. Persons who

Deutsches Arzteblatt International | Dtsch Arztebl Int 2022; 119: 179-87 | Supplementary material



reported to have become unemployed due to the corona pandemic were
assigned to the “unemployed due to corona® category.

Job insecurity

The perceived insecurity regarding employment as a measure for the likeli-
hood of job loss (31) was measured at both time points with the following
question: “My own job/professional existence is at risk: (1) do not agree at
all, (2) do not agree, (3) agree, (4) agree completely. From this, a binary
variable with the expressions “no job insecurity” (answers 1-2) and “job
insecurity (answers 3—4) was created. Inactive persons were assigned to
the first category.

Working from home
The employed participants were asked whether they had always or on some
days worked from home due to the pandemic (“yes” or “no®).

Financial changes

In the COVID-19 special survey, the respondents could state whether the
financial situation of their household had improved, had stayed the same or
had deteriorated since the beginning of the pandemic. The full question
was: “Has the financial situation of your household changed due to the start
of the coronavirus pandemic? no; yes, worsened; yes, improved”.

Covariates
Gender and age
Gender and age were recorded in the survey center during the baseline survey.

Type of household

At both points of measurement, household composition was measured
based on the total number of household members and the number of
children (<14 years of age) living in the household. Based on this
information, it was distinguished whether respondents lived in one-person
households, multiple-person households without children (<14 years of
age) or multiple-person household with children (<14 years of age).

High-risk contact or infection

Since infections represent potentially life-threatening health events and
thus may also have an impact on mental health, high-risk contacts and own
SARS-CoV-2 infection (positive test result) were taken into account. A
contact was considered a high-risk contact if respondents had close (dis-
tance of less than 1.5 meter) contact with a person with confirmed SARS-
CoV-2 infection for at least 15 minutes since 1 February 2020. Whether a
positive SARS-CoV-2 test was available was determined with the follow-
ing question: “Since 1 February 2020, have you been tested for coronavirus
in a doctor‘s office, testing center or hospital one or more times?*. In case
they had been tested, the participants were then asked: “Was at least one
test result positive? Based on this information, a dichotomous variable
was created: (0) No test or a negative test; and (1) one positive test for
SARS-CoV-2.

General health

Self-reported general health was measured using the first question of the
Short-Form quality-of-life questionnaire (SF-12): “How would you
describe your state of health in general?* (Ware et al. 1996). The responses
“not so good“ and “bad* as well as “good”, “very good* and “excellent™
were aggregated, respectively. The multivariable models took changes in
general health into account, since health problems as confounders with
variation over time on the one hand promote occupational changes (e.g.,
reduction of working hours) and on the other hand may have negative
effects on mental health.
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eTABLE 1

Frequency of missing data
m Complete Total
PHQ-9 (baseline survey) 9207 152 580 94.3 161787 100.0
PHQ-9 (COVID-19 survey) 8668 54 153 119 94.6 161787 100.0
GAD-7 (baseline survey) 9454 58 152 333 94.2 161787 100.0
GAD-7 (COVID-19 survey) 8390 52 153 397 94.8 161787 100.0
Positive SARS-CoV-2 test 2463 1.5 159 324 98.5 161787 100.0
Change to working from home 0 0.0 161787 100.0 161787 100.0
Household type (baseline survey) 91 0.1 161 696 99.9 161787 100.0
Household type (COVID-19 survey) 3189 20 158 598 98.0 161787 100.0
Employment status (baseline survey) 145 0.1 161 642 99.9 161787 100.0
Employment status (COVID-19 survey) 8862 55 152 925 94.5 161787 100.0
High-risk contact with an infected person 0 0.0 161787 100.0 161787 100.0
General health (baseline survey) 4649 29 157 138 97.1 161787 100.0
General health (COVID-19 survey) 2579 1.6 159 208 98.4 161787 100.0
Job insecurity (baseline survey) 12653 7.8 149 134 92.2 161787 100.0
Job insecurity (COVID-19 survey) 8228 51 153 559 94.9 161787 100.0
Change in financial situation 5186 3.2 156 601 96.8 161787 100.0
Major occupational group (KIdB 2010) 8279 5.1 153 508 94.9 161787 100.0
Occupational skill level (KIdB 2010) 8279 5.1 153 508 94.9 161787 100.0
Occupational management responsibility (KidB 2010) 8279 5.1 153 508 94.9 161787 100.0
Occupational segment (KIdB 2010) 8279 5.1 153 508 94.9 161787 100.0
Occupational sector (KIdB 2010) 8279 5.1 153 508 94.9 161787 100.0
Major occupational group (ISCO-08) 9498 5.9 152 289 94.1 161787 100.0
Sub-major occupational group (ISCO-08) 9498 5.9 152 289 94.1 161787 100.0
Occupational sub-group (ISCO-08) 9498 5.9 152 289 94.1 161787 100.0
Skill level (ISCO-08) 9498 5.9 152 289 94.1 161787 100.0
System-relevant occupation 8279 5.1 153 508 94.9 161787 100.0
International Socio-Economic Index of Occupational Status (ISEI) 9498 5.9 152 289 94.1 161787 100.0
Standard International Occupational Prestige Scale 9498 5.9 152 289 94.1 161787 100.0
Self-employment 3895 24 157 892 97.6 161787 100.0
Relative household equivalence income 10 098 6.2 151 689 93.8 161787 100.0
Civil servant 3895 24 157 892 97.6 161787 100.0
Age in years (baseline survey) 0 0.0 161787 100.0 161787 100.0
Age in years (COVID-19 survey) 0 0.0 161787 100.0 161787 100.0
Date of survey 0 0.0 161787 100.0 161787 100.0
Interval between baseline survey and COVID-19 survey 0 0.0 161787 100.0 161787 100.0
Gender 0 0.0 161787 100.0 161787 100.0
Region of study center 0 0.0 161787 100.0 161787 100.0
Person-time under risk 0 0.0 161787 100.0 161787 100.0
Migration background 59 0.0 161728 100.0 161787 100.0
Marital status 84 0.1 161703 99.9 161787 100.0
Partnership 263 0.2 161 524 99.8 161787 100.0
Occupation 3895 24 157 892 97.6 161787 100.0
Weekly working hours 40 691 25.2 121 096 74.8 161787 100.0

GAD-7, Generalized Anxiety Disorder Scale-7; ISCO, International Standard Classification of Occupations; KIdB, German Classification of Occupations ( “Klassifikation der Berufe”); n, number
of respondents;
PHQ-9, Patient Health Questionnaire
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eTABLE 2

Multi-level Poisson regression analysis for probability of mental disorders*'

Moderate or severe depressive Moderate or severe anxiety

symptoms; disorder;
PHQ-9 (= 10) GAD-7 (2 10)
[95% ClI] [95% CI]

Baseline survey Ref. Ref.

COVID-19 survey 1.25%* [1.17;1.34] 1.12* [1.02; 1.23]
Change in employment situation

Working — no pandemic-related change Ref. Ref.

Working - change of job 1.32** [1.09; 1.60] 1.36* [1.07;1.73]

Working — increased working hours 1.53*** [1.45; 1.61] 1.63*** [1.53; 1.74]

Working — reduced working hours with short-time allowance 0.84*** [0.79; 0.88] 0.80*** [0.74; 0.85]

Working — reduced working hours without short-time allowance 1.05* [1.00; 1.10] 1.06* [1.00; 1.13]

Unemployed prior to Corona 1.88*** [1.79;1.97] 1.90* [1.79; 2.03]

Unemployed due to Corona 1.33** [1.18; 1.50] 1.30* [1.11;1.51]

Inactive person (pension, retirement, study) 1.44% [1.39; 1.49] 1407 [1.34; 1.46]
Job insecurity

High (ref.: “marginally or not employed") e | (e419e] | 200 | [1.93,209]
Working from home

Yes, always or on some days (ref.. “No) 103 pootor | 105 | [1.00;1.09]
Change in financial situation

No change Ref. Ref.

Improvement 1.07 [0.98; 1.16] 1.02 [0.91; 1.14]

Deterioration 1.56*** [1.51;1.62] 1.65** [1.58;1.73]
Age

19-29 years Ref. Ref.

30-39 years 0.88** [0.83;0.94] 0.88*** [0.83;0.94]

40-49 years 0.75** [0.70; 0.79] 0.75*** [0.70; 0.79]

50-59 years 0.66** [0.62; 0.70] 0.66*** [0.62; 0.70]

60-69 years 0.38** [0.36; 0.41] 0.38*** [0.36; 0.41]

70-79 years 0.24** [0.21; 0.26] 0.24*** [0.21;0.26]
Gender

Female (ref.: ‘male’) Corer | panizel | 16t | [147;176]
Wave *Gender

Increase compared to COVID-19 survey among women (ref.: “men*) ‘ 1.05 ’ [1.00; 1.11] ‘ 1.05 ‘ [1.00; 1.11]
Type of household

One-person household Ref. Ref.

Multiple-person household without children (<14 years of age) 0.80** [0.78; 0.83] 0.80*** [0.78; 0.83]

Multiple-person household with children (<14 years of age) 0.86** [0.82; 0.91] 0.86*** [0.82; 0.91]
High-risk contact with an infected person

Yes (ref.: “No‘) o2 (12138 | 128 | (11213
Tested positive for SARS-CoV-2 virus

Yes (ref.: “No‘) B 069 124) | 092 | [069; 1.24]
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Moderate or severe depressive Moderate or severe anxiety
symptoms; disorder;

PHQ-9 (2 10) GAD-7 (2 10)
[95% CI] [95% CI]

General health

Poor (ref.: “good”) 5.61* [5.47; 5.75] 5.79"* [5.61;5.97]
Individuals (n) 161787 161787
Observations (n) 323574 323574

*! Mental disorders measured using PHQ-9 (depressive symptoms) and GAD-7 (anxiety disorder); jointly adjusted relative risks with robust standard errors
(Estimate for study center not shown). Legend: For a person who experienced the event “change of job* during the COVID-19 survey, the probability of moderate or severe depressive symp-
toms has increased by 1.32 times.
Significance level: * p < 0.05; ** p < 0.01; ** p < 0.001

adj. RR, adjusted relative risks; GAD-7, Generalized Anxiety Disorder Scale-7; Cl, confidence interval;

PHQ-9, Patient Health Questionnaire; ref., reference category
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eTABLE 3

Linear fixed-effects models for changes in PHq -9 (depressive symptoms) in the NAKO study during the COVID-19 pandemic (2020)
compared to the previous period (2014-2019)*

[95% CI] [95% CI] [95% CI] [95% CI]

Ref.
0 .29***

Ref.
_0.07***

Baseline survey
COVID-19 survey

0.28; 0.31] [-0.00 ;0.04] [~0.10; -0.05] [0.00; 0.06]

Change in employment situation

Working — no pandemic-related change Ref. Ref. Ref.
Working — change of job 0.32% [0.03; 0.61] 0.25 [-0.04; 0.55] 0.29 [-0.00; 0.57]
Working — increased working hours 0.86*** [0.79; 0.93] 0.83*** [0.75; 0.90] 0.78** [0.71; 0.85]
Working — reduced working hours with 0.24** [0.17;0.31] | -0.16"* | [-0.23;-0.08] | -0.17*** | [-0.24;-0.10]
short-time allowance
Working — reduced working hours with- 0.31%** [0.25; 0.37] 0.10*** [0.04; 0.16] 0.09** [0.03; 0.15]
out short-time allowance
Unemployed prior to Corona 0.76** [0.66; 0.86] 0.70*** [0.60; 0.81] 0.61** [0.51;0.71]
Unemployed due to Corona 1.64*** [1.39; 1.90] 1.19*** [0.93; 1.45] 1.16%* [0.91; 1.41]
Inactive person (pension, retirement, -0.14** | [-0.19;-0.08] | -0.15** | [-0.20;-0.10] | -0.13"** | [-0.18;-0.07]
study)
Job insecurity
High (ref.: ow o not employed®) | \ 095 | 090,100 | 080 | 075085 | 077 | 72082
Working from home
Yes, always or on some days 0.45*** [0.41;0.49] 0.45*** [0.41;0.49] 0.41%* [0.36; 0.45]
(ref.: “No®)
Change in financial situation
No change Ref. Ref.
Improvement -0.13* | [-0.24;-0.03] | -0.15** | [-0.25;-0.05]
Deterioration 0.82** [0.77;0.87] 0.81*** [0.76; 0.86]
Medeliormaton
R? (intrapersonal) 0.006 0.026 0.033 0.072
R? (interpersonal) 0.000 0.032 0.039 0.204
R? (total) 0.001 0.028 0.035 0.157
Individuals (n) 161787 161787 161787 161787
Observations (n) 323 574 323 574 323574 323574

*'Model 1: Main effect not adjusted; Model 2: main effect and occupational and financial changes; Model 3: additionally adjusted for financial strains;
Model 4: additionally adjusted for the following covariates: age, household composition, general health, SARS-CoV-2 high-risk contact and SARS-CoV-2 infection
Significance level: * p<0.05; ** p<0.01; *** p<0.001. The total R-squared value indicates the weighted mean of the explained variance between and within individuals.
b, adjusted regression coefficient; Cl, confidence interval; M, model; NAKO, German National Cohort Study;
PHQ-9, Patient Health Questionnaire Patient Health Questionnaire; ref., reference category.
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eTABLE 4

Linear fixed-effects models for change of GAD-7 (anxiety disorder) in the NAKO study during the COVID-19 pandemic (2020) compared to the

previous period (2014-2019)*"

[95% CI] [95% CI] [95% CI] [95% CI]

Baseline survey ‘ Ref. ‘ ‘ Ref. ‘ ‘ Ref. ‘ ‘ Ref. ‘
COVID-19 survey 0.29** [0.28;0.31] 0.06*** [0.04; 0.08] . [-0.04;-0.00] | 0.06*** [0.03; 0.08]

Change in employment situation

Working — no pandemic-related change Ref. Ref. Ref.

Working - change of job 0.42* [0.16; 0.68] 0.36** [0.11;0.62] 0.38** [0.12; 0.63]
Working — increased working hours 0.78*** [0.72; 0.85] 0.75*** [0.69; 0.82] 0.71%** [0.65; 0.77]
Working — reduced working hours with 0.19*** [0.13;0.25] | -0.18"* | [-0.24;-0.12] | -0.20*** | [-0.26;-0.13]
short-time allowance

Working - reduced working hours with- 0.34* [0.28; 0.39] 0.14* [0.09; 0.19] 0.13** [0.08; 0.18]
out short-time allowance

Unemployed prior to Corona 0.64*** [0.55; 0.73] 0.59*** [0.50; 0.68] 0.52%** [0.43; 0.61]
Unemployed due to Corona 1417 [0.89; 1.33] 0.69*** [0.46; 0.91] 0.66™* [0.44; 0.88]
Inactive person -0.13** | [-0.17,-0.08] | -0.14** | [-0.18;-0.09] | -0.12** | [-0.17;-0.08]
(pension, retirement, study)

Job insecurity

High (ref.: ‘low or not employed®) | | | 086 | (081,000 | 071 | [067:076] | 069" | [0.650.74]
Working from home

Yes, always or on some days 0.32** [0.28; 0.36] 0.32** [0.29; 0.36] 0.28** [0.25; 0.32]
(ref.: “No)
Change in financial situation

No change Ref. Ref.

Improvement -0.13* | [-0.22;-0.04] | -0.15** | [-0.24;-0.06]

Deterioration 0.76*** [0.72; 0.81] 0.75%** [0.71; 0.80]

Medeliormaton

R? (intrapersonal) 0.008 0.028 0.035 0.062

R? (interpersonal) 0.000 0.035 0.043 0.150

R? (total) 0.002 0.030 0.037 0.118
Individuals (n) 161787 161787 161787 161787
Observations (n) 323 574 323 574 323 574 323 574

*' Model 1: Main effect not adjusted; Model 2: main effect and occupational and financial changes; Model 3: additionally adjusted for financial strains;
Model 4: additionally adjusted for the following covariates: age, household composition, general health, SARS-CoV-2 high-risk contact and SARS-CoV-2 infection
Significance level: * p<0.05; ** p<0.01; *** p<0.001. The total R-squared value indicates the weighted mean of the explained variance between and within individuals.
b, adjusted regression coefficient; GAD-7, Generalized Anxiety Disorder Scale-7;
Cl, confidence interval; M, model; NAKO, German National Cohort Study; ref., reference category.
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Depressive symptoms (PHQ-9) Anxiety disorder (GAD-7)

Work-related changes (ref.: none*1)

Working (change of job)

Working (increased working hours)

Working (reduced working hours with short-time allowance)
Working (reduced working hours without short-time allowance)
Unemployed prior to Corona

Unemployed due to Corona

Inactive person

Gender Gender
M Male = Male
Working from home (ref.: “No“) 7] Female | Female
Change to working from home . =
Job insecurity (ref.: low*?)
High [ r—
Change in financial situation (ref. none*s)
Improvement | =8 ——
Deterioration EE’“ _“,__'
r T T T 1 r T T T 1
-05 0.0 0.5 1.0 1.5 -05 0.0 0.5 1.0 1.5
Mean change Mean change

Associations between social and occupational changes and change in the severity of mental symptoms during the COVID-19 pandemic, stratified by gender and
adjusted for covariates (see Table 2).

GAD-7, Generalized Anxiety Disorder Scale-7;

PHQ-9, Patient Health Questionnaire; ref., reference category.

! \Work-related changes (reference category: "no change®)

*2 Job insecurity (reference category: "low or not employed”)

b Change in financial situation (reference category: "no change®)
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