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Abstract: Objective: Understanding factors that impaired mental health during the COVID-19 

pandemic is extremely relevant in order to mitigate long-term consequences of the pandemic and 

to promote resilience in future crises. Method: Data were collected in southern Germany in a 

population-based survey study (CoKoS) with three times of measurement in May 2020, November 

2020 and July 2021. Predictors of depressive and anxiety symptoms were measured with a short 

version of the Patient Health Questionnaire (PHQ-4) in the general population (N = 758) and 

individuals who were infected with SARS-CoV-2 in the beginning of the pandemic (N = 412). We 

investigated differences between both samples and how stress components (worry, tension, demands 

and joy) measured with the Perceived Stress Questionnaire (PSQ) varied with depressive and anxiety 

symptoms over time. Three linear mixed models (GLMMs) were fi�ed to predict the PHQ-4 

stepwise, including sociodemographic variables and stress (PSQ). Results: Depressive and anxiety 

symptoms increased from May 2020 to November 2020 and remained stable until July 2021. There 

were no differences between people with SARS-CoV-2 infection and the general population. Those 

with a pre-existing disease and lower education reported higher levels of depressive and anxiety 

symptoms. Stress explained a substantial fraction of variance in depressive and anxiety symptoms. 

The stress component worry emerged as the strongest predictor of depressive and anxiety 

symptoms, whereas joy seemed to buffer these symptoms. Conclusions: The results suggest that 

mitigating people’s worry and increasing joy may promote resilience in future crises. Future studies 

should assess mental health interventions targeted at vulnerable groups, such as those with lower 

socioeconomic status and poorer health. 
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1. Introduction 

The COVID-19 pandemic is a health crisis that has severely affected people and 

whole health care systems. Particularly in the first waves of the pandemic in 2020 and 

2021, health care professionals were confronted with questions on how the pandemic 

affected people’s mental health. Besides changes in people’s daily lives, such as, for 

example, contact regulations or cancellation of social events, vulnerability and fear for 

one’s health or the health of others were debated as potential stressors with negative 

effects on mental health [1]. Moreover, discussion started on whether the SARS-CoV-2 

infection itself is associated with symptoms such as depression and anxiety [2,3]. 

Meanwhile, early studies showed that the prevalence of elevated depressive 

symptoms increased during the pandemic in the general population [4–7], such as a study 

of US adults reporting increases from 27.8% in 2020 to 32.8% in 2021 in the general 

population [8]. However, only a few studies focused on depressive symptoms in people 

with SARS-CoV-2 infections during the further course of the pandemic and people 

without an infection followed prospectively over the same time. Therefore, the question 

whether the increase in depressive symptoms is a specific symptom accompanying a 

SARS-CoV-2 infection or is generally related to the pandemic and the corresponding 

stressors remains a relevant research topic.  

This study aims to contribute to this research by investigating symptoms of 

depression and anxiety measured with the short version of the Patients Health 

Questionnaire (PHQ-4) in both a sample of the general population representative for a city 

in southern Germany and in a sample of people with proven SARS-CoV-2 infection in the 

same region. In both samples, we focused on how different stress components (worry, 

tension, demands and joy) measured with the Perceived Stress Questionnaire (PSQ) varied 

with depression and anxiety symptoms over time. 

1.1. Depressive and Anxiety Symptoms in the COVID-19 Pandemic  

Mental health clearly declined during the COVID-19 pandemic in the general 

population, as supported by various studies and recognized by The Lancet Commission 

on lessons for the future from the COVID-19 pandemic [9]. For subjective well-being and 

general mental health, these changes during the first year of the pandemic were small [10]. 

However, a systematic review and meta-analysis reported elevated ratings of 

depression and mood disorder symptoms from May to July 2020 compared to pre-

pandemic measures [4,5]. Especially higher daily infection rates and reductions in human 

mobility were associated with an increased prevalence of major depressive disorder and 

anxiety disorders worldwide in 2020 (results from 73 studies [5]). Moreover, particularly 

those with lower socioeconomic status and poorer mental health reported lower well-

being and mental health than those with more socioeconomic resources [9]. A study from 

Germany indicated that increases in fear, anxiety and depressive symptoms were higher 

in individuals with a pre-existing mental disorder [6].  

Based on these studies, it seems interesting which inner-psychic processes, such as 

experiencing stress, predict the increase in depressive symptoms, particularly in 

vulnerable groups with pre-existing mental or physical diseases. This focus on inner 

psychological processes on the one hand and vulnerable groups on the other hand allows 

practitioners to adapt their prevention and therapy to the needs of people suffering the 

most in the pandemic.  

1.2. The Role of Stress as a Predictor of Depressive Symptoms in the COVID-19 Pandemic 

The pandemic of COVID-19 as a global health, economic and social crisis built up 

stress in individuals. The Transactional Theory of Stress (TTS) is a well-studied theory 

[11,12] investigating how individuals handle stressful situations. Following Lazarus and 

colleagues, reacting to a stressful situation (e.g., the COVID-19 pandemic) with emotions 
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such as worry and fear bears risks for individuals’ health, whereas a more positive outlook 

might buffer mental health symptoms.  

Similar to the increases in depressive symptoms during the pandemic, various 

studies indicate increases in people’s perceived stress during the pandemic [2,13,14]. A 

German study using the Perceived Stress Questionnaire (PSQ) reported increases in the 

stress components worry and tension and a lack of joy but a decrease in demands during the 

first lockdown in Germany, compared to stress before the pandemic [15]. Studies suggest 

that the perception of threat to mental and physical health increased during the pandemic 

[16], which might particularly result in higher stress in the form of worry. 

Based on this theoretical background and empirical evidence, we were interested in 

perceived stress and its components worry, tension, demands and joy as predictors of 

depressive symptoms during the pandemic.  

1.3. Depressive Symptoms among SARS-CoV-2-Infected versus General Population  

A retrospective pre–post cohort study from the US included 3690 adult patients 

diagnosed with SARS-CoV-2 and matched those with controls without an infection, 

measuring global mental- and physical-health-related quality of life [17]. Compared to 

before the infection, SARS-CoV-2 patients reported a reduction in their mental health, and 

compared to the control group, mental health was worse following a SARS-CoV-2 

infection [17]. The results from a cohort study from Norway including 70,000 adults with 

N = 774 participants that self-reported to be infected with SARS-CoV-2 indicated only a 

low excess risk of anxiety and depression after a respective infection [18]. However, the 

risk of depression seemed to be higher for participants with a severe infection, compared 

to mild infections. 

To sum up, so far, the results regarding the association between depressive 

symptoms and SARS-CoV-2 infection seem ambiguous. There are indications for 

associations between a severe SARS-CoV-2 infection and higher depressive symptoms. 

However, whereas some cohort studies report higher mental health symptoms after a 

SARS-CoV-2 infection, others indicate lower excess risks of depressive symptoms. 

Moreover, it seems unclear how the infection itself is associated with depressive 

symptoms because only a few studies provide samples with proven infection and 

comparable population-based control groups. In addition, many studies report a sharp 

increase in stress during pandemic times. However, respective predictions of depressive 

symptoms seem to have been li�le investigated to date. Our longitudinal study aims to 

further investigate how trajectories and predictors of depressive symptoms and stress 

develop in people with a proven SARS-CoV-2 infection versus non-infected individuals. 

2. Methods 

2.1. Data Analysis 

We used SPSS, R (version v3.6.0, h�p://www.r-project.org (accessed on 1 August 

2022)) and lme4 [19] to perform a generalized mixed effects analysis to investigate the 

trajectories of anxiety and depression of the general population (N = 758) and in persons 

with SARS-CoV-2 infections (N = 412) from May 2020 (T0) to November 2020 (T1) and July 

2021 (T2). We fi�ed three linear mixed models (estimated using ML and nloptwrap 

optimizer) to predict the PHQ-4. In model 1, we predict the PHQ-4 with time, sample, 

education and pre-existing disease (formula: PHQ-4 ~ (time + I (time2)) + sample × time + 

education + disease). In addition to these variables, we also add general stress as predictor 

in the form of the PSQ in model 2. In model 3, we integrate the different subcategories of 

stress (PSQ) in the form of worry, tension, demands and joy as predictors (instead of general 

stress). All three models include time and the ID (Pseudonym) as random effects (formula: 

~1 + time | Pseudonym). A non-significant Li�le’s test (MCAR test [20]) indicated that 

data are missing completely at random (χ2 (675) = 645,25, p = 0.789). 
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2.2. Sample and Procedure 

We used data collected as part of a population-based longitudinal study with three 

times of measurement, examining differences between the mental health of people with a 

SARS-CoV-2 infection in Stu�gart, a large city in southern Germany, and a sample that 

was representative of the general population in that city [7]. 

Data on the non-infected general population were derived from a probability sample, 

which was drawn by the residents’ registration office and was representative of the adult 

population living in Stu�gart. In total, 4400 adult members were invited to participate in 

the study via postal le�ers. 

Data for the participants with a SARS-CoV-2 infection were collected in cooperation 

with the local public health authority, contacting adults who officially registered their in-

fection until April 2020. All 1267 adult registered individuals with proven SARS-CoV-2 

infection were invited to participate in this study by the public health authority. Baseline 

measurement took place shortly after the first registered SARS-CoV-2 infection in Ger-

many (27 January 2020). 

Participants in both samples could choose to fill out the questionnaire either online 

or using a paper version. Survey assessments took place in May 2020 (T0), November 2020 

(T1) and July 2021 (T2). T0 was the time towards the end of the first pandemic wave and 

first lockdown in Germany, T1 dated the beginning of the second lockdown and T2 was a 

few months after the end of the second lockdown in Germany. Figure 1 shows the origi-

nally recruited study participants as well as the dropouts based on the different measure-

ment time points. Subjects who self-reported infection with SARS-CoV-2 between T0 and 

T1 or T1 and T2 were excluded. 

 

Figure 1. Flowchart of baseline sample recruitment and response and the final sample for our anal-

ysis. 
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2.3. Measures 

A short version of the Patient Health Questionnaire, the PHQ-4 [21], was used to 

measure self-reported depression and anxiety symptoms on a scale ranging from 0 (not at 

all) to 3 (nearly every day) (PHQ-4 at baseline, McDonald’s omega, ω = 0.84). Here, two 

items measure the symptoms of anxiety (GAD-2), and two items measure depressive 

symptoms (PHQ-2). The mean of all four items at the respective time of measurement was 

used for all analyses. The sum score of PHQ-4 >6 indicates clinically relevant symptoms; 

this corresponds to a mean value of >1.5. 

Perceived stress was measured with the Perceived Stress Questionnaire (PSQ) with 

20 items [22,23] on a scale ranging from 1 (nearly never) to 4 (most of the times). One sum 

score was calculated summarizing all 20 items (PSQ at baseline, McDonald’s omega, ω = 

0.93), resulting in the range of 20 to 80. Moreover, four sum scores were calculated for the 

subcategories worry, tension, demands and joy. 

3. Results 

The sample for our analyses includes only those participants that reported values in 

the baseline measurement (May 2020) and at least in one of the two follow-up measure-

ments (November 2020 and July 2021). This leads to a final sample consisting of N = 1170 

participants at baseline (T0), from which N = 412 reported a SARS-CoV-2 infection before 

baseline and N = 758 participants had no known SARS-CoV-2 infection. 

3.1. Sample Characteristics at Baseline 

Table 1 shows demographic characteristics, means and standard deviations for the 

final sample without (sample 1) and with a SARS-CoV-2 infection (sample 2). In the sam-

ple of people with SARS-CoV-2 infection, N = 511 (83.4%) were treated at home, N = 79 

(12.9%) in hospital and N = 29 (4.7%) needed ICU admission. In both groups, the most 

common chronic conditions were cardiovascular disease (16.8%), metabolic disease 

(11.9%) and musculoskeletal disease (11.7%). In total, 81 participants (4.1%) reported a 

history of mental illness. There were no differences between both groups.  

Table 1. Sociodemographic characteristics at baseline of the two samples: those not reporting a 

SARS-CoV-2 infection during the study (sample 1) and those who experienced SARS-CoV-2 infec-

tion early in the pandemic (and before the start of the study (sample 2)). 

 
Sample 1 

M (SD) 
N 

Sample 2 

M (SD) 
N 

Age (T0) 45.69 (15.97) 756 45.80 (15.66) 400 

Gender (female; T0) 54.9% 758 51% 412 

Education (T0)     

No professional qualification 37 (5.1%) 758 17(4.1%) 412 

Professional qualification 236 (31.1%) 758 118 (28.6%) 412 

University degree, Bachelor 91 (12%) 758 44 (10.7%) 412 

University degree, Master/Diploma 364 (48.5%) 758 217 (54.7%) 412 

Pre-existing disease % (T0) 38.7% 293 39.1% 161 

PHQ-4 baseline (T0) 0.56 (0.54) 758 0.59 (0.67) 411 

PHQ-4 follow-up (T1) 0.62 (0.59) 758 0.69 (0.67) 412 

PHQ-4 follow-up (T2) 0.63 (0.63) 465 0.65 (0.69) 233 

PSQ baseline (T0) 32.3 (19.12) 737 32.47 (18.83) 393 

PSQ follow-up (T1) 36.20 (19.45) 717 38.43 (20.29) 398 

PSQ follow-up (T2) 36.20 (20.81) 465 37.26 (20.56) 231 

M—mean; SD—standard deviation; PHQ-4—Patient Health Questionnaire-4 PSQ—Perceived 

Stress Questionnaire; T0 baseline May 2020; T1 November 2020; T2 July 2021. Note: sample includes 

only those that participated at least in baseline (T0) measurement and one follow-up measurement. 
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3.2. Prediction of Depressive and Anxiety Symptoms over Time (Model 1) 

First, we predict the PHQ-4 using time, sample, education and pre-existing disease. The 

model’s total explanatory power is substantial (conditional R2 = 0.72), and the part related 

to the fixed effects alone (marginal R2) is 0.02.  

The effect of time is statistically significant and positive (p < 0.001; Std. beta = 0.07), 

and the effect of time2 is statistically significant and negative (p = 0.010; Std. beta = −0.03). 

These effects of time indicate that depressive and anxiety symptoms increased from May 

2020 to November 2020 and seemed to stabilize until July 2021 (displayed in Figure 1).  

Depressive and anxiety symptoms seem, on average, to be higher for people who had 

a SARS-CoV-2 infection compared with those without (see Table 1 and Figure 2). How-

ever, this difference between both samples is not statistically significant in model 1.  

The effect of education on depressive and anxiety symptoms is statistically significant 

and negative (p < 0.001; Std. beta = −0.09), indicating that people with higher education 

reported lower depressive and anxiety symptoms. Moreover, the effect of pre-existing 

chronic disease is statistically significant and positive (p = 0.033; Std. beta = 0.12), indicat-

ing that people with pre-existing disease reported higher depressive and anxiety symp-

toms. 

 

Figure 2. Changes in depressive and anxiety symptoms over time (model 1). Note: PHQ: mean val-

ues of PHQ-4; sample 1= individuals without SARS-CoV-2 infection; sample 2 = individuals after a 

SARS-CoV-2 infection. 

3.3. Prediction of Depressive and Anxiety Symptoms over Time When Integrating General Stress 

as a Predictor (Model 2) 

In model 2, the model’s total explanatory power is substantial (conditional R2 = 0.77), 

and the part related to the fixed effects alone (marginal R2) is 0.55.  

Other than in model 1, after integrating stress in the form of the PSQ as a predictor 

of depressive and anxiety symptoms in model 2, the depressive and anxiety symptoms 

did not display time dependency. The same as in model 1, the effect of the sample on 

depressive and anxiety symptoms is statistically non-significant in model 2. The effect of 



J. Clin. Med. 2023, 12, 6240 7 of 11 
 

 

stress in the form of the PSQ is statistically significant and positive (p < 0.001; Std. beta = 

0.73). These results suggest that increases in depressive and anxiety symptoms might be 

mediated via perceived stress. In other words, an increase in perceived stress might ex-

plain the increase in depressive and anxiety symptoms. 

Like in model 1, the effect of education is statistically significant and negative (p < 

0.001; Std. beta = −0.10), and the effect of disease is statistically significant and positive (p 

= 0.011; Std. beta = 0.08).  

3.4. Prediction of Depressive and Anxiety Symptoms over Time, with Detailed Analysis of the 

Four Subcategories of Stress (Model 3) 

When adding subcategories of stress, model 3, the model’s total explanatory power 

is substantial (conditional R2 = 0.76), and the part related to the fixed effects alone (mar-

ginal R2) is 0.64.  

Again, the effect of time, time2 and the sample is statistically non-significant. The 

subcategories of stress, worry (p < 0.001; Std. beta = 0.46) and tension (p < 0.001; Std. beta = 

0.29) emerged as statistically significant and positive predictors of depressive and anxiety 

symptoms. Higher worries, in particular, strongly predict higher depressive and anxiety 

symptoms in people in both samples. Joy emerged as a statistically significant and nega-

tive predictor (p < 0.001; Std. beta = −0.15), indicating that people experiencing higher joy 

experienced lower depressive and anxiety symptoms. Contrary to what might be as-

sumed, the effect of demands emerged as statistically significant and negative (p < 0.001; 

Std. beta = −0.09), which would indicate perceiving higher demands is associated with 

lower depressive and anxiety symptoms. However, compared to the other predictors, this 

effect of demands on depressive and anxiety symptoms was relatively small and should 

be interpreted cautiously.  

Similar to model 1 and model 2, the effect of education is statistically significant and 

negative (p < 0.001; Std. beta = −0.05). The effect of disease is statistically non-significant. 

However, the interaction effect of the subcategory worry and previous disease is statisti-

cally significant and positive (p = 0.030; Std. beta = 0.05). This indicates that participants 

with a pre-existing disease who had higher ratings in worry also reported higher depres-

sive and anxiety symptoms, compared to participants without pre-existing diseases. 

All the results of models 1 to 3 are summarized in Table 2. 

Table 2. Variables associated with depressive and anxiety symptoms (PHQ-4) over the course of the 

study. 

    Confidence Intervals Std. Beta  

Model 1       

 beta (B) Std. beta (β) Std. error CI lower CI upper p 

Time 0.11 0.07 0.02 0.04 0.10 <0.001 

Time2 −0.03 −0.03 0.01 −0.06 −0.01 0.010 

Sample 0.05 0.09 0.03 −0.02 0.20 0.170 

Education −0.06 −0.09 0.01 −0.14 −0.04 0.001 

Disease 0.07 0.12 0.03 0.02 0.23 0.033 

Sample × Time 0.01 0.01 0.02 −0.04 0.06 0.728 

Model 2       

 beta (B) Std. beta (β) Std. error CI lower CI upper p 

Time −0.04 −0.02 0.02 −0.04 0.01 0.117 

Time2 0.01 0.01 0.01 −0.01 0.04 0.207 

Sample 0.02 0.03 0.02 −0.03 0.10 0.319 

Education −0.06 −0.10 0.07 −0.13 −0.07 <0.001 

Disease 0.05 0.08 0.02 0.02 0.15 0.011 
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General stress 

(PSQ) 
0.02 0.73 0.04 0.70 0.76 <0.001 

Sample × Time 0.02 0.01 0.02 −0.05 0.03 0.727 

Model 3       

 beta (B) Std. beta (β) Std. error CI lower CI upper p 

Time −0.03 −0.00 0.02 −0.03 0.02 0.239 

Time2 0.02 0.01 0.01 −0.01 0.04 0.202 

Sample 0.01 0.03 0.02 −0.03 0.08 0.559 

Education −0.03 −0.05 0.06 −0.08 −0.02 <0.001 

Disease −0.02 0.04 0.01 −0.02 0.09 0.508 

Worry 0.01 0.46 0.05 0.44 0.50 <0.001 

Tension  0.01 0.29 0.06 0.24 0.33 <0.001 

Joy −0.00 −0.15 0.05 −0.19 −0.12 <0.001 

Demands  −0.00 −0.09 0.04 −0.12 −0.06 <0.001 

Sample × Time 0.00 0.00 0.04 −0.04 0.04 0.815 

Disease × 

Worry 
0.01 0.05 0.02 0.00 0.10 0.030 

PSQ—Perceived Stress Questionnaire. Note: N = 758 in the general population and N = 412 in SARS-

CoV-2-infected patients. 

4. Discussion 

The results show that symptoms of depression and anxiety (measured with PHQ-4) 

increased during the first year of the pandemic in the general population and in individ-

uals who were infected with SARS-CoV-2 early in the pandemic. However, this increase 

remained relatively small, compared with PHQ-4 norm data [7]. Although depression and 

anxiety seemed on average a li�le higher in people after SARS-CoV-2 infection compared 

to persons who did not report an infection, these differences were not significant.  

Past studies in several countries have already shown that stress increased during the 

pandemic [13,15]. In addition, our results indicate that stress (measured with PSQ) 

emerged as a strong predictor of the trajectories of depressive and anxiety symptoms dur-

ing the first waves of the COVID-19 pandemic. Our results suggest that stress is a mediator 

of depressive and anxiety symptoms during the pandemic because, when including 

measures of stress in our model, the increases in depressive and anxiety symptoms from 

May 2020 to November 2020 and July 2021 were not significant. In detail, more stress in 

the form of worry, in particular, seemed to be associated with higher depression and anx-

iety symptoms, whereas joy seemed to buffer those mental health symptoms.  

Moreover, those with a pre-existing disease regarding mental and/or physical health 

and lower education reported higher levels of depression and anxiety. In detail, the results 

indicated that particularly those with a pre-existing disease who experienced more stress 

in the form of worry also reported higher levels of depressive and anxiety symptoms. This 

is in line with the indications of other studies [6,9] that vulnerable groups in times of 

COVID-19 are those with lower socioeconomic status and poorer health symptoms. 

Stress is one of the leading causes of mental health problems and disorders [24,25]. 

Studies suggest that in times of COVID-19 it might be an important mediator between risk 

perception and symptoms of depression and anxiety [26]. Thus, if stress can be effectively 

reduced, for example, by sufficient coping, depressive and anxiety symptoms could also 

be alleviated. There are several ways to prevent or reduce stress, including exercise, relax-

ation techniques, healthy lifestyle and social support. Due to contact restrictions, social 

support was limited during the pandemic. In favor of stress prevention, ways should be 

found to enable social contacts as well as make them possible even during a crisis situa-

tion. 

Our finding that people with pre-existing disease are at increased risk of mental 

health problems is consistent with other studies [27,28]. Therefore, in times of pandemic, 
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a special focus of prevention should be on this vulnerable group. This is particularly im-

portant since pronounced mental symptoms such as avoidance behavior in the context of 

an anxiety disorder as well as depressive and anxiety symptoms like lack of energy or 

tiredness can lead to a worsening of the underlying disease due to non-observance of 

medical contacts or neglectfulness of medical treatment. 

Limitations 

This study used only a short measure for depressive and anxiety symptoms with the 

four items of PHQ-4. However, past studies indicate high correlations between the longer 

versions of the PHQ and the PHQ-4 [21]. Also, the concepts of depression and anxiety 

partly overlap in the used instrument; still, we did not a�empt to separate the compo-

nents. The self-reporting nature of our measures regarding stress and depressive and anx-

iety symptoms could have been sensitive for the under- or over-reporting of symptoms. 

Self-reporting instruments rely on individuals’ subjective perceptions and experiences, 

introducing the potential for bias in reporting. Factors such as social desirability and var-

ying levels of introspection among respondents can influence the accuracy of self-reported 

data. Additionally, individuals may under-report or over-report their symptoms due to 

stigma, fear of judgment or the desire to conform to societal norms. Therefore, future stud-

ies should also use the ratings of health professionals to corroborate findings and enhance 

the validity and reliability of research outcomes in the realm of stress and mental health 

assessment. It is possible that during the course of this study further SARS-CoV-2 infec-

tions occurred in either sample, but participants were not aware of them or did not report 

them. Furthermore, our study is not free from potential selection bias. Among those ini-

tially invited, less than 50% participated; in addition, there was some dropout in both 

groups. Fortunately, our analysis indicated that loss of follow-up was non-differential and 

therefore did not lead to selection bias. Apparently, the participants of this study had a 

high educational status; however, we could not quantify the extent of the resulting bias.  

Another limitation of this study pertains to our inability to incorporate symptom se-

verity of acute infection as a predictor for participants who reported SARS-CoV-2 infec-

tion. While we acknowledge the potential influence of symptom severity on mental health 

outcomes, this variable could not be included due to the absence of individual symptom-

level data. Also, the duration between the infection and the baseline questioning could 

influence the results. Unfortunately, we cannot specify the infection dates from the data, 

but the baseline measurement took place shortly after the first registered SARS-CoV-2 in-

fection in Germany. Furthermore, some of those infected could have developed long 

COVID symptoms, i.e., their worse trajectory was not linked to the initial experience of 

infection but rather to continuing symptoms. Given the fact that the risk of post-COVID-

19 conditions was rather high for the wild variant addressed in this study [29], a non-

negligible group could have been affected.  

5. Conclusions 

Our results show no differences in depressive and anxiety symptoms between indi-

viduals who experienced SARS-CoV-2 infection early in the pandemic and those not in-

fected during the course of the pandemic. Overall, depressive and anxiety symptoms in-

creased during the first months of the pandemic in 2020 and seemed to stabilize from Dec 

2020 to July 2021. In particular, stress in the form of worry emerged as a strong predictor 

of depressive and anxiety symptoms. Mental health interventions that reduce stress, and 

especially worry, could promote resilience in future crises. Future studies should target 

those interventions at vulnerable groups that suffer more from their worries, such as those 

with lower socioeconomic status and poorer health. 

Author Contributions: Methodology, H.W., M.E., P.M. and R.M.; Formal analysis, H.W.; Investiga-

tion, K.E.G. and F.J.; Resources, G.P., J.S.J., A.G.-G. and S.E.; Data curation, M.S. and P.M.; Writing—

original draft, H.W., M.E. and M.B.; Writing—review & editing, K.E.G., F.J. and M.B.; Visualization, 



J. Clin. Med. 2023, 12, 6240 10 of 11 
 

 

H.W.; Supervision, K.E.G., P.M., C.A., R.M., F.J. and M.B. All authors have read and agreed to the 

published version of the manuscript. 

Funding: This research received no external funding 

Institutional Review Board Statement: All procedures involving human subjects were approved 

by the ethics commi�ee of the Medical Faculty Tuebingen and the University Hospital Tuebingen 

(271/2020BO1). Ethics Commi�ee approval was given on 20 April 2020. Wri�en informed consent 

was obtained from all subjects. 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 

study. 

Data Availability Statement: The data presented in this study are available upon request from the 

corresponding author. The data are not publicly available for reasons of data privacy. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Danese, A.; Smith, P. Debate: Recognising and responding to the mental health needs of young people in the era of COVID-19. 

Child Adolesc. Ment. Heal. 2020, 25, 169–170. h�ps://doi.org/10.1111/camh.12414. 

2. Zhang, J.; Lu, H.; Zeng, H.; Zhang, S.; Du, Q.; Jiang, T.; Du, B. The differential psychological distress of populations affected by 

the COVID-19 pandemic. Brain Behav. Immun. 2020, 87, 49–50. h�ps://doi.org/10.1016/j.bbi.2020.04.031. 

3. Deng, J.; Zhou, F.; Hou, W.; Silver, Z.; Wong, C.Y.; Chang, O.; Huang, E.; Zuo, Q.K. The prevalence of depression, anxiety, and 

sleep disturbances in COVID-19 patients: A meta-analysis. Ann. NY Acad. Sci. 2020, 1486, 90–111. 

h�ps://doi.org/10.1111/nyas.14506. 

4. Robinson, E.; Sutin, A.R.; Daly, M.; Jones, A. A systematic review and meta-analysis of longitudinal cohort studies comparing 

mental health before versus during the COVID-19 pandemic in 2020. J. Affect. Disord. 2022, 296, 567–576. 

h�ps://doi.org/10.1016/j.jad.2021.09.098. 

5. Santomauro, D.F.; Herrera, A.M.M.; Shadid, J.; Zheng, P.; Ashbaugh, C.; Pigo�, D.M.; Abbafati, C.; Adolph, C.; Amlag, J.O.; 

Aravkin, A.Y.; et al. Global prevalence and burden of depressive and anxiety disorders in 204 countries and territories in 2020 

due to the COVID-19 pandemic. Lancet 2021, 398, 1700–1712. h�ps://doi.org/10.1016/S0140-6736(21)02143-7. 

6. Bendau, A.; Kunas, S.L.; Wyka, S.; Pe�old, M.B.; Plag, J.; Asselmann, E.; Ströhle, A. Longitudinal changes of anxiety and de-

pressive symptoms during the COVID-19 pandemic in Germany: The role of pre-existing anxiety, depressive, and other mental 

disorders. J. Anxiety Disord. 2021, 79, 102377. h�ps://doi.org/10.1016/j.janxdis.2021.102377. 

7. Giel, K.E.; Martus, P.; Paul, G.; Jürgensen, J.S.; Löwe, B.; Higuita, L.M.S.; Dörsam, A.F.; Stuber, F.; Ehehalt, S.; Zipfel, S.; et al. 

Longitudinal development of depression and anxiety during COVID-19 pandemic in Germany: Findings from a population-

based probability sample survey. Front. Psychiatry 2022, 13, 1000722. h�ps://doi.org/10.3389/fpsyt.2022.1000722. 

8. E�man, C.K.; Cohen, G.H.; Abdalla, S.M.; Sampson, L.; Trinquart, L.; Castrucci, B.C.; Bork, R.H.; Clark, M.A.; Wilson, I.; Vivier, 

P.M.; et al. Persistent depressive symptoms during COVID-19: A national, population-representative, longitudinal study of U.S. 

adults. Lancet Reg. Health Am. 2022, 5, 100091. h�ps://doi.org/10.1016/j.lana.2021.100091. 

9. Sachs, J.D.; Karim, S.S.A.; Aknin, L.; Allen, J.; Brosbøl, K.; Colombo, F.; Barron, G.C.; Espinosa, M.F.; Gaspar, V.; Gaviria, A.; et 

al. The Lancet Commission on lessons for the future from the COVID-19 pandemic. Lancet 2022, 400, 1224–1280. 

h�ps://doi.org/10.1016/S0140-6736(22)01585-9. 

10. Mækelæ, M.J.; Reggev, N.; Defelipe, R.P.; Dutra, N.; Tamayo, R.M.; Klevjer, K.; Pfuhl, G. Identifying Resilience Factors of Dis-

tress and Paranoia During the COVID-19 Outbreak in Five Countries. Front. Psychol. 2021, 12, 661149. 

h�ps://doi.org/10.3389/fpsyg.2021.661149. 

11. Folkman, S.; Lazarus, R.S. If it changes it must be a process: Study of emotion and coping during three stages of a college 

examination. J. Pers. Soc. Psychol. 1985, 48, 150–170. h�ps://doi.org/10.1037//0022-3514.48.1.150. 

12. Lazarus, R.S.; Folkman, S. Transactional theory and research on emotions and coping. Eur. J. Pers. 1987, 1, 141–169. 

h�ps://doi.org/10.1002/per.2410010304. 

13. Qui�kat, H.L.; Düsing, R.; Holtmann, F.-J.; Buhlmann, U.; Svaldi, J.; Vocks, S. Perceived Impact of Covid-19 Across Different 

Mental Disorders: A Study on Disorder-Specific Symptoms, Psychosocial Stress and Behavior. Front. Psychol. 2020, 11, 586246. 

h�ps://doi.org/10.3389/fpsyg.2020.586246. 

14. Liu, S.; Heinzel, S.; Haucke, M.N.; Heinz, A. Increased Psychological Distress, Loneliness, and Unemployment in the Spread of 

COVID-19 over 6 Months in Germany. Medicina 2021, 57, 53. h�ps://doi.org/10.3390/medicina57010053. 

15. Wechsler, T.F.; Schmidmeier, M.; Biehl, S.; Gerczuk, J.; Guerrero-Cerda, F.-M.; Mühlberger, A. Individual changes in stress, 

depression, anxiety, pathological worry, pos�raumatic stress, and health anxiety from before to during the COVID-19 pandemic 

in adults from Southeastern Germany. BMC Psychiatry 2022, 22, 528. h�ps://doi.org/10.1186/s12888-022-04148-y. 

16. Jowe�, S.D.; Shevlin, M.; Hyland, P.; Kara�ias, T. Pos�raumatic Stress Disorder and Persistent Somatic Symptoms During the 

COVID-19 Pandemic: The Role of Sense of Threat. Psychosom. Med. 2020, 83, 338–344. 

h�ps://doi.org/10.1097/PSY.0000000000000890. 



J. Clin. Med. 2023, 12, 6240 11 of 11 
 

 

17. Lapin, B.; Ka�an, I.L. Health-Related Quality of Life Mildly Affected Following COVID-19: A Retrospective Pre-post Cohort 

Study with a Propensity Score-Matched Control Group. J. Gen. Intern. Med. 2022, 37, 862–869. h�ps://doi.org/10.1007/s11606-

021-07340-0. 

18. Caspersen, I.H.; Magnus, P.; Trogstad, L. Excess risk and clusters of symptoms after COVID-19 in a large Norwegian cohort. 

Eur. J. Epidemiol. 2022, 37, 539–548. h�ps://doi.org/10.1007/s10654-022-00847-8. 

19. Bates, D.; Mächler, M.; Bolker, B.; Walker, S. Fi�ing Linear Mixed-Effects Models using lme4. arXiv 2014. 

h�ps://doi.org/10.48550/arXiv.1406.5823 

20. Li�le, R.J.A. A Test of Missing Completely at Random for Multivariate Data with Missing Values. J. Am. Stat. Assoc. 1988, 83, 

1198–1202. h�ps://doi.org/10.1080/01621459.1988.10478722. 

21. Kroenke, K.; Spi�er, R.L.; Williams, J.B.; Löwe, B. An Ultra-Brief Screening Scale for Anxiety and Depression: The PHQ–4. 

Psychosomatics 2009, 50, 613–621. h�ps://doi.org/10.1016/S0033-3182(09)70864-3. 

22. Fliege, H.; Rose, M.; Arck, P.; Levenstein, S.; Klapp, B.F. Validierung des “Perceived Stress Questionnaire“ (PSQ) an einer 

deutschen Stichprobe. Diagnostica 2001, 47, 142–152. h�ps://doi.org/10.1026//0012-1924.47.3.142. 

23. Fliege, H.; Rose, M.; Arck, P.; Levenstein, S.; Klapp, B.F. PSQ-Perceived Stress Questionnaire; ZPID (Leibniz Institute for Psychol-

ogy Information)–Testarchiv: Trier, Germany, 2009. 

24. Cohen, S.; Janicki-Deverts, D.; Miller, G.E. Psychological stress and disease. JAMA 2007, 298, 1685–1687. 

h�ps://doi.org/10.1001/jama.298.14.1685. 

25. Bardeen, J.R.; Fergus, T.A.; Orcu�, H.K. Experiential avoidance as a moderator of the relationship between anxiety sensitivity 

and perceived stress. Behav. Ther. 2013, 44, 459–469. h�ps://doi.org/10.1016/j.beth.2013.04.001. 

26. Li, X.; Lyu, H. Epidemic Risk Perception, Perceived Stress, and Mental Health During COVID-19 Pandemic: A Moderated Me-

diating Model. Front. Psychol. 2021, 11, 563741. h�ps://doi.org/10.3389/fpsyg.2020.563741. 

27. Bäuerle, A.; Musche, V.; Schmidt, K.; Schweda, A.; Fink, M.; Weismüller, B.; Kohler, H.; Herrmann, K.; Tewes, M.; Schadendorf, 

D.; et al. Mental Health Burden of German Cancer Patients before and after the Outbreak of COVID-19: Predictors of Mental 

Health Impairment. Int. J. Environ. Res. Public Health 2021, 18, 2318. h�ps://doi.org/10.3390/ijerph18052318. 

28. Moradian, S.; Teufel, M.; Jahre, L.; Musche, V.; Fink, M.; Dinse, H.; Schweda, A.; Weismüller, B.; Dörrie, N.; Tan, S.; et al. Mental 

health burden of patients with diabetes before and after the initial outbreak of COVID-19: Predictors of mental health impair-

ment. BMC Public Health 2021, 21, 2068. h�ps://doi.org/10.1186/s12889-021-12101-z. 

29. Diexer, S.; Klee, B.; Go�schick, C.; Xu, C.; Broda, A.; Purschke, O.; Binder, M.; Frese, T.; Girndt, M.; Hoell, J.I.; et al. Association 

between virus variants, vaccination, previous infections, and post-COVID-19 risk. International journal of infectious diseases: 

IJID: Official publication of the International Society for Infectious Diseases. Adv. Online Publ. 2023, 136, 14–21. 

h�ps://doi.org/10.1016/j.ijid.2023.08.019. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 

people or property resulting from any ideas, methods, instructions or products referred to in the content. 


