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LIST OF ABBREVIATIONS 
 

 

BD = Bipolar disorder 

DLPFC = Dorsolateral prefrontal cortex 

GMV = Grey matter volume 

MDD = Major depressive disorder 

MRI = Magnetic resonance imaging 

OFC = Orbitofrontal cortex 

SSD = Schizophrenia spectrum disorder 
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1. INTRODUCTION 
 

“Resilience does not come from rare and special qualities, but from the everyday magic of 
ordinary, normative human resources in the minds, brains, and bodies of children, in their 
families and relationships, and in their communities.”  – Ann Masten 

 

1.1. Risk factors for psychopathology 

The discovery and study of risk factors that increase the likelihood for the 

development of psychiatric disorders has been a central goal in mental health research. 

Risk factors have been identified in large, epidemiological studies, as well as in meta-

analyses (Kendler et al., 1999, 2006; Nanni et al., 2012). They comprise early, antecedent, 

or current adversities the individual is confronted with or possesses that make the 

likelihood of adaptive coping less likely. They constitute environmental/situational (e.g. 

childhood maltreatment, traumatic events), genetic (e.g., polygenic risk scores, familial 

risk), and intraindividual traits and factors (e.g., neuroticism) (Kendler et al., 2006; Teicher 

& Samson, 2013). 

Risk factors have an impact on psychopathology, increasing the risk for multiple 

psychiatric disorders and general psychopathology, with only few that increase the risk 

for only certain disorders (Krug et al., 2020; Lynch et al., 2020; Malaspina et al., 2001; 

Vassos et al., 2020). Childhood maltreatment, in particular, is considered to be a 

prominent risk factor for several disorders (e.g., major depressive disorder, bipolar 

disorder, anxiety disorders, post-traumatic stress disorder, substance abuse, psychosis) 

(Teicher & Samson, 2013). It was reported in a meta-analysis reviewing 184 original 

studies of major depressive disorder (MDD), that 45.6% of depressed patients reported 

a history of childhood maltreatment (Nelson et al., 2017).  

Furthermore, childhood maltreatment and other risk factors (such as familial risk) 

are associated with distinct brain morphometric alterations in healthy subjects, 

highlighting their vigorous impact and effect (Opel et al., 2016; Paquola, Bennett, & 

Lagopoulos, 2016). 
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1.2. Protective factors against psychopathology 

On the other hand, certain positive factors have been identified that foster well-

being and mental health. In research, protective factors are distinguished from promotive 

factors. Promotive factors encompass factors that are associated with better adjustment, 

regardless of the extent of risk (Masten et al., 2021). Protective factors, however, are 

defined as those factors that buffer against negative effects of risk factors, i.e., are 

applied in the context of adversity (Brumley & Jaffee, 2016). Their impact is considered 

to be variable and contingent on the extent of risk.  

As with risk factors, protective factors can present in several systems, e.g., 

biological, psychological, and environmental domains, in which they act beneficially for 

the individual, and counteract risk (Masten et al., 2021). These factors include social 

support, optimism, high self-esteem, self-regulation, and sense of coherence, among 

others (Fritz et al., 2018; Klasen et al., 2015; Masten et al., 2021; Southwick & Charney, 

2012). These factors have been associated with increased well-being and positive 

emotions (Ong et al., 2006). 

Risk factors and protective factors constitute separate dimensions or entities that 

work in an opposed manner to either increase or decrease the likelihood of 

psychopathology development. To put simply: the sheer absence of risk factors is not in 

itself protective (Mahdiani & Ungar, 2021). This interaction of risk and protective factors 

and their joint impact for psychopathology has been demonstrated in several studies 

(Navrady et al., 2017; Tucker et al., 2013; Wingo et al., 2010)  

Traditionally, protective factors have not been studied to the same extent as risk 

factors. However, in order to accurately predict development of psychopathology and 

investigate their impact on factors such as brain morphometry, risk and protective factors 

must be integrated and considered simultaneously.  

 

1.3. Integration – diathesis-stress model and the concept of resilience 

To sum up, risk factors increase vulnerability for psychopathology, while 

protective factors mitigate this vulnerability. The diathesis-stress model offers a 

framework for differential development of psychopathology that integrates risk factors: 

individuals with high early stressor load (diathesis) will cross the threshold for the 

development of psychiatric symptoms sooner with the same amount of current stressors 
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(stress), than those individuals with a lower diathesis (Monroe & Simons, 1991). While 

not explicitly part of the diathesis-stress model, it has been postulated that protective 

factors can make the development of psychopathology less likely by way of increasing 

this threshold (Choi et al., 2020).  

The concept of resilience combines both risk and protective factors. It describes 

the ability to maintain mental health despite risk or adversity (Newman, 2005; Windle, 

2011). Resilience is understood as an active process of adaptively coping with adversity 

(Kalisch et al., 2015), yet its operationalization has been heterogeneous (Chmitorz et al., 

2018). Previous studies have used self-report questionnaires to approximate resilience 

with measures of self-reported adaptive coping and acceptance, without considering 

actual exposure to adversity (Kahl et al., 2018; Wagnild & Young, 1993; Wollny & Jacobs, 

2021). The validity of this approach has been questioned, as such a trait conceptualization 

of resilience cannot cover the dynamic process of multisystem adaptation (Chmitorz et 

al., 2018; Masten et al., 2021).  

To better operationalize resilience, researchers have therefore advocated to 

conceptualize resilience as the absence of psychopathology (i.e., mental health) despite 

considerable risk (Masten et al., 2021; Yehuda et al., 2006) 

 

1.4. Contexts of resilience 

Adaptive coping with adversity (i.e., resilience) can be investigated in different 

types of adversity and, therefore, resilience can persist in different contexts. The majority 

of research has either focused on resilience to early childhood maltreatment, or to 

current trauma exposure (Ohashi et al., 2019; Teicher & Samson, 2013; van der Werff et 

al., 2013; Yehuda et al., 2006). 

However, this unimodal approach neglects other (daily) stressful events and other 

types of risk that have been associated with psychopathology, such as certain traits (e.g., 

trait anxiety, neuroticism), genetic risk (e.g., familial risk), and external stressful events 

(e.g., the Covid-19 pandemic) (de Zwarte et al., 2019; Fischer et al., 2018; Kendler et al., 

1999, 2006; Mancini, 2020).  

These risk factors constitute several context which require resilience. Their differential 

impact for psychopathology is described below. 
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Trait anxiety has been associated with increased feelings of anxiety and cortisol 

secretion (Chambers et al., 2004; Schlotz et al., 2006). 

Neuroticism is a personality trait that is associated with increased negative affect 

and has even been causally linked to MDD (DeNeve & Cooper, 1998; Hayes & Joseph, 

2003; Kendler et al., 2006; Lahey, 2009; Malouff et al., 2005; Navrady et al., 2017). 

Familial risk is defined as having a first-degree relative with a psychiatric disorder. 

It has been associated with increased risk for the same disorder from which the relative 

suffered, but also with the general emergence of psychopathology (Fischer et al., 2018; 

Flory et al., 2012; Rasic et al., 2014). It is viewed as a proxy for genetic liability to disease, 

but could also encompass environmental aspects, if the affected relative was responsible 

for care-taking (Flory et al., 2012) 

The effects of the Covid-19 pandemic (e.g., lockdowns, health worries) are 

considered to be an external, global stressor. Increased depressive and anxious 

symptoms were described in the general population (Cortés-Álvarez et al., 2020; 

Fitzpatrick et al., 2020; Ravi Philip Rajkumar, 2020). 

In sum, risk factors for mental disorders go beyond serious trauma and span 

several entities and domains. If protective factors and risk factors should be considered 

jointly to understand the emergence of psychopathology, risk factors in themselves 

should also cover several domains. 

 
1.5. Morphometric correlates of risk and protective factors 

The link between risk and protective factors and psychopathology is considered 

to be modulated by neural changes. However, current research has focused mostly on 

the investigation of the association between risk factors and neural alterations, 

neglecting the impact of protective factors (Masten et al., 2021). 
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Childhood maltreatment and familial risk have been associated with brain 

morphometric alterations akin to alterations found in depressive patients: healthy 

participants with familial risk showed decreased grey matter volume (GMV) in the 

orbitofrontal cortex (OFC) and insula, whereas healthy participants with childhood 

maltreatment had reduced hippocampal volume (Opel et al., 2016). Childhood 

maltreatment was additionally associated with volume reductions in the prefrontal 

cortex, amygdala, and cerebellum which also mirror GMV reductions found in depressed 

patients (Tozzi et al., 2019). 

The association between childhood maltreatment and hippocampal atrophy has 

been debated in literature, with some studies reporting a significant association 

(Dannlowski et al., 2012; Teicher et al., 2016), while others do not (Frodl et al., 2017). 

(Teicher & Samson, 2013).  

As risk factors are considered to increase psychopathology transdiagnostically, 

their impact should be assessed transdiagnostically (i.e., in several psychiatric diagnoses). 

Indeed, transdiagnostic morphometric changes, particularly in the three major 

psychiatric disorders major depression (MDD), bipolar disorder (BD), and schizophrenia-

spectrum disorder (SSD), have not been linked to several risk and protective factors 

together. Associating morphometric alterations in patients back with risk and protective 

factors could help identify those factors which are particularly relevant for the 

development of psychopathology.  
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1.6. Aims and hypotheses 

This dissertation investigated the interplay of risk and protective factors in 

different, yet complementary contexts (i.e., resilience to high risk, a transdiagnostic 

patient sample, and a global stressor), aiming to contribute to a better understanding of 

its neural and phenotypical correlates. 

 

The following hypotheses were tested: 

 

H1: Healthy individuals with childhood maltreatment and familial risk (i.e., resilient 

individuals) exhibit brain structural variations associated with the ability to maintain 

mental health despite high risk for MDD. 

 

H2: Early and current risk and protective factors are associated with transdiagnostic 

morphometric alterations in patients with MDD, BD, and SSD.  

 

H3: Certain traits act as risk or protective factors (enabling resilience) for feelings of 

isolation and fear during a global stressor, specifically the Covid-19 pandemic.  
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2. AGGREGATION OF STUDY RESULTS  
2.1.  STUDY I : Neural correlates of resilience to high risk 
 

Reference: Brosch, K., Stein, F., Meller, T., Schmitt, S., Yuksel, D., Ringwald, K. G., Pfarr, J., Waltemate, L., 
Lemke, H., Opel, N., Meinert, S., Dohm, K., Grotegerd, D., Goltermann, J., Repple, J., Winter, A., Jansen, A., 
Dannlowski, U., Nenadić, I., Kircher, T., & Krug, A. (2021). DLPFC volume is a neural correlate of resilience 
in healthy high-risk individuals with both childhood maltreatment and familial risk for depression. 
Psychological Medicine, 1-7. (IF: 7.7) 

 

Childhood maltreatment and familial risk (i.e. having a first degree relative with a 

psychiatric disorder) increase the risk to develop MDD (Nanni et al., 2012; Rasic et al., 

2014). Individuals who are exposed to both are regarded as high risk (Flory et al., 2012; 

Greger et al., 2015). The reasons to why some high-risk individuals are resilient and 

remain unaffected, while others do develop MDD are not well understood. Resilience, 

defined as the ability to maintain mental health despite adversity (Windle, 2011) 

comprises skills to adaptively cope with negative thoughts and emotions. The expression 

of these skills as well as the ability to withstand childhood maltreatment have been 

associated with structural variation in prefrontal regions and hippocampal volume which 

might be a neural correlate of “staying healthy” (Burt et al., 2016; Moreno-López et al., 

2020; Salehinejad et al., 2017). 

STUDY I compared individuals with high or low risk, who were either diagnosed with 

MDD or psychiatrically healthy in a 2x2 group design. High risk was defined as the 

presence of both childhood maltreatment and familial risk, while low risk was defined as 

the absence of both. Thus, healthy, high-risk individuals (n=67) were considered resilient 

(maintaining mental health despite adversity. In a sample of N=804, we investigated GMV 

using 3-T magnet-resonance imaging (MRI). 

We identified a cluster in the left middle frontal gyrus (encompassing the left 

dorsolateral prefrontal cortex (DLPFC)), in which the healthy high-risk group had 

significantly higher GMV than any other group. The core finding of STUDY I is that healthy 

high-risk individuals have higher GMV in the left DLPFC, which could constitute a neural 

correlate of resilience to high risk.  

The DLPFC is associated with cognitive flexibility and has also been implicated in 

emotional attention control, which are skills that are impaired in MDD (Light et al., 2019; 

Steinbeis et al., 2012).  
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It seems plausible that higher volume in this area could aid high-risk individuals to 

adaptively cope with stressors, both cognitively and emotionally. Higher volume in the 

left DLFPC could therefore protect individuals with both childhood maltreatment and 

familial risk from the development of psychopathology. 

 

Manuscript contribution:  

70%: KB conducted a literature review, conceived the idea and analysis method together 

with AK and TK, analyzed the data, wrote the first draft of the paper, and designed the 

figures 

 

 

2.2.  STUDY II: Risk and protective factors associated with transdiagnostic 
grey matter volume alterations 
 

Reference: Brosch, K.*, Stein, F*., Schmitt, S., Pfarr, J., Ringwald, K.G., Thomas-Odenthal, F., Meller, T, 
Waltemate, L., Lemke, H., Meinert, S., Winter, A., Breuer, F., Thiel, K., Grotegerd, D., Hahn, T., Dannlowski, 
U., Krug, A., Nenadić, I., Kircher, T. Reduced hippocampal grey matter volume is the common feature of 
patients with major depression, bipolar disorder and schizophrenia spectrum disorders (Submitted 
manuscript). *both authors contributed equally 
 

Mental disorders are associated with distinct morphometric alterations. However, 

recent studies have revealed a substantial overlap of genetic, phenotypic, symptomatic, 

and morphometric aspects of psychiatric disorders (Anttila et al., 2018; Lalousis et al., 

2021; Patel et al., 2021; Stein et al., 2021). The major psychiatric disorders MDD, BD, and 

SSD (i.e., schizophrenia and schizoaffective disorder) seem to exhibit more 

communalities than differences.  

As of now, there is a gap in the literature regarding shared morphometric 

transdiagnostic alterations in these disorders compared to healthy subjects. A recent 

literature review (Mitelman, 2019) concluded that currently only one meta-analysis 

(Goodkind et al., 2015) and one original study (Chang et al., 2018) have been published 

that provide comparisons of GMV across MDD, BD, and SSD. These studies have shown 

overlapping GMV reductions in the thalamus, the anterior cingulate cortex, the insula, 

and the hippocampus, among others (Chang et al., 2018; Goodkind et al., 2015).  

However, these studies have several methodological shortcomings that limit 

generalizability. Both studies have failed to provide a matched sample, which is 
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problematic as there could be age and sex distribution effects that could potentially 

confound the findings. Further, Chang et al. (2018) only included patients aged 13 – 30 

years. This is limits generalizability, as median age of onset for BD and MDD is considered 

to be between 30-33 years, making Chang et al.’s (2018) sample less representative 

(Solmi et al., 2021). 

Several phenotypical domains are known to be associated with morphometry 

transdiagnostically, i.e., early and current risk and protective factors, psychopathology, 

and neuropsychological performance. However, such morphometric alterations are 

poorly characterized regarding possible associations to these domains. Understanding 

the link between morphometry and phenotype could aid in identifying targeted 

intervention and prevention strategies.  

In STUDY II, we addressed these gaps in the literature by examining a 

transdiagnostic sample of age- and sex- matched MDD, BD, and SSD patients, and healthy 

subjects (n=110 each). We investigated similarities and differences in GMV among the 

four groups. Furthermore, to gain a deeper understanding of the origin and impact of 

such morphometric alterations, we tested associations with the four following domains 

1) early risk and protective factors, 2) current risk and protective factors, 3) 

psychopathology, and 4) neuropsychological performance. 

The central finding of STUDY II is the reduced left hippocampal GMV across all 

patient groups compared to healthy subjects, and the negative association between GMV 

in this cluster and life events. The hippocampal cluster was further associated with the 

factor working memory/executive functioning of neuropsychological performance, and 

with global functioning in both patients, as well as healthy controls.  

This study closes a gap in current literature by providing a large transdiagnostic 

sample of age and sex matched patients who are also deeply phenotyped. It identifies life 

events as a risk factor for hippocampal volume alterations, which in turn constitute a 

neural correlate of transdiagnostic psychopathology. 

 

Manuscript contribution:  

55%: KB conducted a literature review, analyzed the data together with FS, wrote the first 

draft of the paper together with FS, and collected data, TK conceived the idea. 
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2.3.  STUDY III: Risk and protective factors during the Covid-19 pandemic 
 

Reference: Brosch, K., Meller, T., Pfarr J., Stein, F., Schmitt, S, Ringwald K. G., Waltemate, L., Lemke, H., 
Thiel K., Schrammen, E., Hülsmann, C., Meinert, S., Dohm, K., Leehr, E. J., Opel, N., Krug, A., Dannlowski, U., 
Nenadić, I. & Kircher, T. (2021). Which traits predict elevated distress during the Covid-19 pandemic? 
Results from a large, longitudinal cohort study with psychiatric patients and healthy controls. Journal of 
Affective Disorders (IF: 4.8) 

 

 

The Covid-19 pandemic has presented a global stressor to entire populations. 

Despite this global impact, individuals have experienced different subjective reactions to 

lockdown measures and ensuing psychological consequences. While large cross-sectional 

studies reported an increase in anxious and depressive symptoms in the general 

population, a longitudinal meta-analysis demonstrated that lockdown measures have 

highly heterogeneous effects (Cortés-Álvarez et al., 2020; Fitzpatrick et al., 2020; Prati & 

Mancini, 2021; Shi et al., 2020). Vulnerable population subgroups, such as psychiatric 

patients, may be at risk for deterioration of symptoms during the pandemic. However, 

the pandemic and ensuing lockdowns are an unprecedented stressor, and it is unclear 

which traits and circumstances influence adaptive coping. 

A key problem with current literature on Covid-19 psychological impact is that 

most studies are cross-sectional, lacking data on clinical profiles (e.g. pre-existing 

diagnoses and affective states) and exposure to risk and protective factors pre-pandemic. 

Accounting for these, however, is essential to understand the actual impact of 

circumstances during the pandemic on mental health. Indeed, in a longitudinal study, 

pre-pandemic distress was the strongest predictor for distress during the pandemic 

(Shanahan et al., 2020). 

It is crucial to identify individuals at risk for heightened distress during the Covid-

19 pandemic in order to be able to provide targeted interventions. In STUDY III, we aimed 

to identify pre-pandemic trait-level risk and protective factors that would predict distress 

(i.e., subjective fear and isolation) during the first lockdown in Germany. In a telephone 

interview during the first lockdown, we collected data of N=1260 patients and healthy 

subjects on Covid-19-related incidents, subjective isolation and subjective fear. All 

participants had previously participated in baseline testing before the pandemic (median 

4 years prior) and had complete trait data available. Multiple regression models were 

applied using traits to predict distress during the pandemic. Eleven traits were selected, 
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based on the literature, that had previously been associated with mental health: 

childhood maltreatment, familial risk, social support, resilience, IQ, trait anxiety, and the 

Big Five personality traits (i.e. openness, conscientiousness, extraversion, agreeableness, 

neuroticism) (DeNeve & Cooper, 1998; Der et al., 2009; Kendler et al., 2006; Lakey & 

Orehek, 2011; Malouff et al., 2005; Navrady et al., 2017; Nelson et al., 2017; Rasic et al., 

2014; Schlotz et al., 2006). 

Patients and healthy subjects did not differ significantly in the number of Covid-

19-related incidences (such as quarantine, or working from home) nor in their subjective 

fear of Covid-19. Still, patients reported higher level of subjective isolation during the 

pandemic.  

STUDY III describes the differential impact of the Covid-19 pandemic on subjective isolation 

and subjective fear in psychiatric patients and healthy subjects. It further identifies trait 

anxiety and conscientiousness as predictors for increased fear, and social support as a 

predictor for reduced isolation in healthy controls and patients during the Covid-19 

pandemic.  

These findings are central in identifying individuals that might be especially 

affected by lockdown measures. Individuals exhibiting high trait anxiety, high 

conscientiousness and low social support will be more likely to experience elevated 

distress during the Covid-19 pandemic irrespective of their previous affective state. Our 

findings offer compelling evidence for dimensional (i.e. relevant for healthy participants 

and patients) risk factors (trait anxiety, conscientiousness) and protective factors (social 

support) for distress during the Covid-19 pandemic.  

 

Manuscript contribution:  

65%: KB conceptualized the idea together with TK and IN; KB conducted a literature 

review, analyzed the data, wrote the first draft of the paper, and designed the figures.  
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3. GENERAL DISCUSSION 
 

This work investigated the interaction of risk and protective factors on 

psychopathology and brain morphometry in psychiatric patients and healthy subjects, 

looking at the subject from multiple perspectives. While STUDY I tested neural correlates 

of resilience in healthy high-risk individuals, thus going from risk and protective factors 

to morphometry, the opposite approach was used in STUDY II, identifying risk and 

protective factors associated with transdiagnostic morphometric alterations in patients. 

STUDY III then investigated risk and protective factors modulating psychopathological 

reactions to a current global stressor (the Covid-19 pandemic) in healthy individuals and 

psychiatric patients. 

We were able to confirm H1 by identifying the left DLPFC as a neural correlate of 

resilience to MDD despite both childhood maltreatment and familial risk. H2 was partially 

confirmed: while one risk factor (high number of life events) was significantly associated 

with transdiagnostic morphometric alterations, no early or current protective factors 

(e.g., secure bonding, social support, trait resilience) showed such an association. In 

identifying high conscientiousness and high trait anxiety as risk factors for Covid-19-

related fear, and high social support as a protective factor against Covid-19-related 

isolation, we were able to confirm H3. 

In sum, this dissertation has demonstrated that risk and protective factors each 

contribute to changes in brain morphometry and psychopathology in their own way, 

highlighting the importance of including protective factors in research. The impact of risk 

and protective factors was shown to be interactive, dimensional and context-dependent. 

They act dimensionally, i.e., similarly impacting healthy subjects and patients alike in their 

effects on brain morphometry (STUDY I & STUDY II) and psychopathology (STUDY III). They are 

further context-dependent, i.e., situational factors modulate which factors will be 

protective or harmful (STUDY III). 

 

3.1.  Relevance of protective factors 

 This work has demonstrated that protective factors can contribute to brain 

morphometry and psychopathology independently of risk factors. Resilient, high-risk 

individuals had higher volumes in a prefrontal brain region which has been associated 

with cognitive flexibility and improved emotional attention control (Light et al., 2019; 
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Salehinejad et al., 2017; Sanchez-Lopez et al., 2020; Steinbeis et al., 2012). Further, 

individuals who reported higher previous social support reported lower Covid-19-related 

isolation during the first lockdown of the pandemic. The protective aspects of high social 

support, and conversely, the harmful aspect of low social support (or isolation), 

respectively, have been well-documented in research (Fritz et al., 2018; Holt-Lunstad et 

al., 2015). 

 The incorporation of protective factors into mental health research is relevant for 

two main reasons: first, they contribute to the development of psychopathology 

independently of risk factors (Navrady et al., 2017; Wingo et al., 2010) and neglecting 

their effect will hinder our understanding of psychopathological aetiology. Second, while 

risk factors often constitute fixed, unchangeable conditions (such as experiences of 

childhood maltreatment), protective factors often are more malleable (e.g., social 

support, optimism, cognitive flexibility). Therefore, findings on protective factors can be 

transferred relatively directly to clinical practice, informing early intervention and 

prevention. Indeed, current clinical practice in the treatment of psychiatric disorders has 

started to focus on improving protective factors and skills, such as building healthy 

routines and strong social networks, and improving cognitive flexibility and emotion 

regulation (Berking et al., 2013; Cuijpers et al., 2008; Lysaker et al., 2010). 

 

3.2.  Context dependency of risk and protective factors 

 STUDY III provided novel insight into the context dependency of risk and protective 

factors. More precisely, the effect of certain factors does appear to not be absolute and 

unconditional. The personality trait conscientiousness is generally considered to be a 

protective factor: Higher levels have been associated with higher life satisfaction, as well 

as greater academic achievements (Hayes & Joseph, 2003), whereas lower levels of 

conscientiousness have been associated with increased psychopathology (Malouff et al., 

2005).  

In STUDY III however, higher scores of conscientiousness were associated with 

increased subjective fear during the Covid-19 pandemic and the lockdown. While 

generally considered a protective factor, in the context of the Covid-19 pandemic, higher 

conscientiousness acted as a risk factor. This may be explained by highly conscientious 

individuals needing higher levels of stability and predictability. This aligns with research 
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showing that highly conscientious individuals reported greater decreases in life 

satisfaction after loss of job (Boyce et al., 2010). 

Similar patterns have also been found for other factors that are usually considered 

protective, but might act harmful in certain contexts: for example, social sensitivity, 

generally useful by elevating adaptation in social situations, proved disadvantageous 

when individuals are exposed to childhood maltreatment (Dannlowski et al., 2016).  

On the other hand, our other findings, which identified social support (STUDY III) 

and higher volume in the lDLPFC (STUDY I) as protective factors, and life events (STUDY II) 

and trait anxiety (STUDY III) as risk factors, align with the prevailing classification (Chambers 

et al., 2004; Fritz et al., 2018; Papagni et al., 2011; Salehinejad et al., 2017; Schlotz et al., 

2006). 

In sum, it seems that factors generally considered protective or harmful, 

respectively, might in certain contexts have an opposite effect on the individual. 

Consequently, these factors cannot be unconditionally defined as risk or protective 

factors. Rather, the situational context distinctly determines the actual impact of the 

respective factor.  

 

3.3   Heterogeneity in the assessment of risk and protective factors 

The operationalization and assessment of risk and protective factors varies in 

polarity - put simply: while some scales may capture risk and protective factors at once, 

others assess either risk or protective factor. For example, the FSozu questionnaire, 

assessing social support, constitutes a bipolar scale, that is, high scores indicate a 

protective factor (high social support), whereas low scores indicate a risk factor (low 

social support). The childhood maltreatment questionnaire (CTQ), on the other hand, is 

a unipolar scale. Here, high scores indicate a risk factor (childhood maltreatment) 

whereas low scores just indicate the absence of a risk factor (no or low childhood 

maltreatment), which alone does not represent a protective factor. For this reason, scales 

have been developed that specifically assess enriching and benevolent childhood 

experiences, such as the PACE (Protective and Compensatory Experiences questionnaire) 

and BCE (Benevolent Childhood Experiences) questionnaire (Masten et al., 2021). 

STUDY II and STUDY III highlight the implications of bipolar scales: our findings identify 

trait anxiety and conscientiousness associated with Covid-19-related fear, social support 
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associated with Covid-19-related isolation, and life events associated with hippocampal 

GMV. In these instances, findings can be interpreted as either risk or protective factor, 

e.g.: high trait anxiety is a risk factor for Covid-19-related fear or low trait anxiety is a 

protective factor against Covid-19 related fear. This illustrates that in such bipolar scales, 

both interpretations need to be considered. 

Conversely, STUDY I identified higher lDLPFC volume in healthy high-risk subjects as 

a neural correlate of resilience. Due to the study design, this is a unipolar finding, i.e., 

while high lDLPFC volumes in resilient individuals may constitute a protective factor, no 

direct inferences can be drawn about low lDLPFC volumes.  

It is important to make these distinctions in research and in the interpretation of 

significant results.  

 

3.4.  Limitations  

Some limitations should be noted. While this dissertation integrated multiple 

dimensions of risk and protection in the presented studies, others were left out. Those 

include polygenic risk scores that have small yet relevant impacts for psychopathology 

(Navrady et al., 2017). Further examples are macro-level risk factors on the community 

and organizational levels, such as poverty or racism, which were not directly assessed, 

but have been proven to influence psychopathology negatively (Masten et al., 2021). 

However, it could be argued that genetic risk was ascertained by assessing familial risk in 

STUDY I, and that the impact of poverty and racism could be covered by the life event 

questionnaire (LEQ), which was applied in STUDY II. It seems beneficial to include risk and 

protective factors on different levels (i.e., individual, family, school, community, and 

organizational levels) to cover the entirety of lived experiences of the individual (Masten 

et al., 2021). 

 In contrast to hypothesis H2, we did not identify any protective factors correlated 

with the transdiagnostic hippocampal GMV alterations found in psychiatric patients. This 

could be explained by the nature of the identified morphometric alteration. Reduced 

hippocampal GMV was identified in all patients and this cluster was negatively associated 

with stressful life events in patients and healthy subjects.  

Hippocampal GMV may therefore be interpreted as a neural correlate of general 

psychopathological vulnerability.  
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As GMV in this exact cluster differentiates between patients and healthy individuals, it 

seems implausible that protective factors would affect both groups in the same manner. 

In fact, in this context, healthy subjects would be expected to possess protective factors 

that actually prevented hippocampal GMV reductions – whereas in patients afflicted with 

such GMV reductions, other protective factors might buffer the extent of reduction. To 

sum up, it seems that while risk and protective factors can act dimensionally in certain 

context, they may also act very specifically on patients and healthy subjects in other 

contexts, and can therefore not be identified equally well in all types of analyses. 

 

3.5.  Integration and outlook 

This dissertation highlighted the importance of the integration of risk and 

protective factors in psychiatric research. Moreover, our findings have stressed the 

significance of using transdiagnostic and dimensional approaches in the study of neural, 

cognitive, and behavioral determinants of mental disorders. While risk and protective 

factors in general impact both healthy subjects and patients, their consequences are also 

dimensional and transdiagnostic. Yet, they also depend on the context, which may 

modulate both the direction and specificity of their effect.  

Integrating risk and protective factors in research while considering 

dimensionality and context-dependency will aid in identifying the relevant factors that 

influence development of psychopathology in specific contexts. This can in turn inform 

clinical practice and aid in targeted prevention and intervention strategies.  

The presented findings also underscore the inherent meaning of resilience: 

individuals possess multiple risk and protective factors and need to constantly apply 

active strategies to adapt to ever-changing environments and situations. In order to 

maintain mental health, individuals need to flexibly and continuously adapt to change. 

Resilience therefore cannot be limited to a stationary construct, but must be understood 

and studied as a complex, dynamic process (Kalisch et al., 2019). 
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SUMMARY 
As per the diathesis-stress model, combined early risk factors (diathesis) and 

current risk factors (stress) determine an individual’s likelihood for the development of 

psychopathology. If the combined impact of diathesis and stress surpasses a certain 

threshold, individuals will develop psychopathology. At the same time, such threshold 

could be raised in the presence of protective factors, as they buffer the negative impact 

of risk factors, and lead to a reduced likelihood of developing psychopathology.  

Early risk factors for mental disorders include trait anxiety, childhood 

maltreatment and familial risk, and have been associated with specific brain 

morphometric alterations. Stressful life events, including the Covid-19 pandemic as a 

global example of that, constitute current risk factors. On the other hand, current 

literature suggests social support and conscientiousness as exemplary protective factors. 

These may increase resilience, a concept describing an individual’s ability to adaptively 

cope in the face of adversity and maintain mental health. However, contrary to risk 

factors, neural correlates of resilience are only sparsely known and hardly understood. 

Thus, to make precise predictions about the emergence of psychopathology in certain 

circumstances and understand possible neurobiological pathways, it is essential to jointly 

consider both risk and protective factors in mental health research.  

The aim of this dissertation was to investigate the interaction of risk and 

protective factors in three different but complementary contexts to gain a deeper 

understanding of these factors and their impact on brain morphometry and 

psychopathology. 

In STUDY I, morphometric correlates (specifically grey matter volume) of resilience 

were investigated. In this study, resilience was conceptualized as the maintenance of 

mental health despite a high risk (i.e., childhood maltreatment and familial risk). A key 

finding is that healthy high-risk individuals demonstrated larger grey matter volume in 

the left dorsolateral prefrontal cortex, an area associated with cognitive flexibility and 

emotional regulation skills, compared to the other groups. It seems plausible that an 

increased volume in this area is a neural correlate of resilience to high risk and may 

represent compensatory processes aiding high-risk individuals in maintaining mental 

health. 
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STUDY II approached the subject in the opposite way, with transdiagnostic grey 

matter volume alterations in psychiatric patients compared to healthy subjects being 

associated with risk and protective factors. This study identified reduced volume in the 

left hippocampus as a transdiagnostic vulnerability marker in patients with major 

depression, bipolar disorder, and schizophrenia spectrum disorder. Volume in this area 

was further negatively associated with stressful life events, and executive and global 

functioning in both patients and healthy subjects. We conclude that stressful life events 

likely constitute a dimensional risk factor for reduced hippocampal volume and, 

therefore, are independent of diagnosis.  

STUDY III investigated the impact of a unique, acute global stressor, the Covid-19 

pandemic, on healthy subjects and transdiagnostic patients. Multiple trait risk and 

protective factors were tested for their explanatory value of current Covid-19-related 

fear and isolation. This study identified trait anxiety and conscientiousness as risk factors 

for increased Covid-19-related fear, and social support as a protective factor against 

increased Covid-19-isolation. Again, the respective effect (harmful or protective) of all 

these factors was dimensional, i.e., relevant in both psychiatric patients and healthy 

subjects. STUDY III also highlighted the context-dependency of risk and protective factors: 

although generally considered a protective trait, increased conscientiousness was 

harmful in the context of a global pandemic due to the immense level of uncertainty and 

unpredictability. 

In conclusion, this dissertation identified brain correlates as potential biomarkers 

of psychopathology and resilience, and procedural contributors to adaptive and 

maladaptive responses to acute stressors. It highlighted the importance of taking 

protective factors, in addition to risk factors, into account in research. A major strength 

is the integration of multiple risk and protective factors, as such integrative approaches 

are crucial to advance the understanding of their complex interplay. By identifying 

dimensionality and context-dependency as important modulatory influences in the risk 

and protective factor interplay, it provided a framework for a more comprehensive 

understanding of the development of psychopathology, and the concept of resilience as 

a dynamic, continuous process of adaptation to changing environments, which enables 

individuals to maintain mental health even in the face of adversity. 
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ZUSAMMENFASSUNG 
Das Diathese-Stress Modell beschreibt, wie die Kombination aus frühen 

Risikofaktoren (Diathese) und aktuellen Risikofaktoren (Stress) die individuelle 

Auftretenswahrscheinlichkeit von Psychopathologie bestimmt. Überschreiten Diathese 

und Stress eine bestimmte Schwelle, entwickelt ein Individuum psychopathologische 

Symptome. Gleichzeitig kann jedoch diese Schwelle durch die Anwesenheit von 

Protektivfaktoren erhöht werden, da diese den negativen Einfluss von Risikofaktoren 

abschwächen und die Auftretenswahrscheinlichkeit von Psychopathologie reduzieren.  

Frühe Risikofaktoren für psychische Störungen sind unter anderem Ängstlichkeit, 

Misshandlung in der Kindheit und familiäres Risiko. Diese Faktoren sind außerdem mit 

bestimmten Veränderungen der Gehirnstruktur assoziiert worden. Stressvolle 

Lebensereignisse, wie auch die Covid-19 Pandemie als globales Beispiel hierfür, stellen 

aktuelle Risikofaktoren dar. Dem gegenüber beschreibt die aktuelle Forschung soziale 

Unterstützung und Gewissenhaftigkeit als beispielhafte Protektivfaktoren. Diese erhöhen 

Resilienz, also die Fähigkeit, adaptiv mit Widrigkeiten umzugehen, um psychische 

Gesundheit aufrechtzuerhalten. Im Gegensatz zu Risikofaktoren sind die neuronalen 

Korrelate von Resilienz kaum bekannt und verstanden. 

Um daher präzise Vorhersagen über das Auftreten von Psychopathologie unter 

bestimmten Umständen treffen zu können, und mögliche neurobiologische Pathways zu 

verstehen, ist es wichtig, sowohl Risiko- als auch Protektivfaktoren zu berücksichtigen. 

Ziel dieser Dissertation war die Untersuchung der Interaktion von Risiko- und 

Protektivfaktoren in drei verschiedenen, komplementären Kontexten, um ein tieferes 

Verständnis für deren Wirkung auf Hirnstruktur und Psychopathologie zu erlangen. 

In STUDIE I wurden hirnmorphometrische Korrelate (Volumen der grauen Substanz) 

von Resilienz untersucht. In dieser Studie wurde Resilienz als die Aufrechterhaltung 

psychischer Gesundheit trotz hohem Risiko (Misshandlung in der Kindheit und familiäres 

Risiko) konzeptualisiert. Ein zentraler Befund ist erhöhtes Volumen der grauen Substanz 

im linken dorsolateralen präfrontalen Cortex in der gesunden Hochrisiko Gruppe. Dieses 

Areal ist mit kognitiver Flexibilität und Emotionsregulationsfähigkeit assoziiert. Erhöhtes 

Volumen in dieser Region ist ein potentielles neuronales Korrelat von Resilienz und 

repräsentiert möglicherweise Kompensationsprozesse, die Individuen mit hohem Risiko 

dabei helfen, psychisch gesund zu bleiben.  
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STUDIE II wählte eine gegensätzliche Herangehensweise, indem sie 

transdiagnostische Veränderungen der grauen Substanz bei psychiatrischen 

Patient:innen mit Risiko- und Protektivfaktoren assoziierte. Diese Studie identifizierte 

Volumenreduktionen im linken Hippocampus als transdiagnostischen 

Vulnerabilitätsmarker bei Patient:innen mit Major Depression, Bipolarer Störung, sowie 

Schizophrenie-Spektrum Störung. Das Volumen in diesem Areal war weiterhin negativ mit 

stressvollen Lebensereignissen, sowie Exekutivfunktion und globalem Funktionsniveau 

bei Patient:innen und Gesunden assoziiert. Stressvolle Lebensereignisse stellen demnach 

einen dimensionalen Risikofaktor (d.h. gleichermaßen relevant für Gesunde und 

Patient:innen) für reduziertes Volumen im Hippocampus dar. 

STUDIE III untersuchte den Einfluss eines einzigartigen globalen Stressors, der 

Covid-19 Pandemie, auf Gesunde und Patient:innen. Mehrere stabile Risiko- und 

Protektivfaktoren wurden hinsichtlich ihres prädiktiven Werts für aktuelle Covid-19-

assoziierter Angst und -Isolation untersucht. Diese Studie identifizierte Trait Ängstlichkeit 

und Gewissenhaftigkeit als Risikofaktoren für erhöhte Angst, sowie soziale Unterstützung 

als Protektivfaktor gegen erhöhte Isolation während der Pandemie. Auch hier war der 

Einfluss dieser Faktoren dimensional, also schädlich, bzw. protektiv, für sowohl 

Patient:innen und Gesunde. STUDIE III konnte weiterhin die Kontextabhängigkeit von 

Risiko- und Protektivfaktoren aufzeigen: obwohl höhere Gewissenhaftigkeit generell als 

Protektivfaktor gilt, war sie im Kontext von großen Unsicherheiten und 

Unvorhersagbarkeit der globalen Pandemie nachteilig.  

Diese Dissertation identifizierte mögliche neuronale Korrelate von 

Psychopathologie und Resilienz, sowie prozedurale Faktoren für adaptive und 

maladaptive Reaktionen auf akute Stressoren. Sie zeigte die Bedeutsamkeit des 

Einschlusses von Protektivfakoren in wissenschaftlicher Forschung auf. Eine Stärke ist 

außerdem der Einschluss von verschiedenen Risiko- und Protektivfaktoren, da solche 

integrativen Ansätze wesentlich für das Verständnis dieses komplexen Zusammenspieles 

sind. Die Identifikation von Dimensionalität und Kontextabhängigkeit leistet einen 

substanziellen Beitrag zum umfassenderen Verständnis der Entwicklung von 

Psychopathologie. Weiterhin liefert sie einen Rahmen für das Verständnis des 

Resilienzkonzepts als dynamischen, kontinuierlichen Anpassungsprozess an sich ständig 

verändernde Lebenswelten, welcher ermöglicht, psychisch gesund zu bleiben.  



29  
 

 

 

 

 

 

 

APPENDIX 
  



30  
 

I. STUDY I: PUBLICATION BROSCH ET AL., (2021) 
 
 
 
 
 
 
 
 
 
Reference: Brosch, K., Stein, F., Meller, T., Schmitt, S., Yuksel, D., Ringwald, K. G., Pfarr, J., 
Waltemate, L., Lemke, H., Opel, N., Meinert, S., Dohm, K., Grotegerd, D., Goltermann, J., Repple, 
J., Winter, A., Jansen, A., Dannlowski, U., Nenadić, I., Kircher, T., & Krug, A. (2021). DLPFC 
volume is a neural correlate of resilience in healthy high-risk individuals with both childhood 
maltreatment and familial risk for depression. Psychological Medicine, 1-7. (IF: 7.7) 
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Abstract

Background. Two prominent risk factors for major depressive disorder (MDD) are childhood
maltreatment (CM) and familial risk for MDD. Despite having these risk factors, there are
individuals who maintain mental health, i.e. are resilient, whereas others develop MDD. It
is unclear which brain morphological alterations are associated with this kind of resilience.
Interaction analyses of risk and diagnosis status are needed that can account for complex
adaptation processes, to identify neural correlates of resilience.
Methods. We analyzed brain structural data (3T magnetic resonance imaging) by means of
voxel-based morphometry (CAT12 toolbox), using a 2 × 2 design, comparing four groups
(N = 804) that differed in diagnosis (healthy v. MDD) and risk profiles (low-risk, i.e. absence
of CM and familial risk v. high-risk, i.e. presence of both CM and familial risk). Using regions
of interest (ROIs) from the literature, we conducted an interaction analysis of risk and diag-
nosis status.
Results. Volume in the left middle frontal gyrus (MFG), part of the dorsolateral prefrontal
cortex (DLPFC), was significantly higher in healthy high-risk individuals. There were no sig-
nificant results for the bilateral superior frontal gyri, frontal poles, pars orbitalis of the inferior
frontal gyri, and the right MFG.
Conclusions. The healthy high-risk group had significantly higher volumes in the left DLPFC
compared to all other groups. The DLPFC is implicated in cognitive and emotional processes,
and higher volume in this area might aid high-risk individuals in adaptive coping in order to
maintain mental health. This increased volume might therefore constitute a neural correlate of
resilience to MDD in high risk.

Introduction

The risk for developing major depressive disorder (MDD) is increased when familial risk (i.e.
having a first-degree relative with a psychiatric disorder) or childhood maltreatment (CM) are
present in a person (Nanni, Uher, & Danese, 2012; Rasic, Hajek, Alda, & Uher, 2014). Yet,
both risk factors only explain a small proportion of the variance in actual symptom presenta-
tion (Colodro-Conde et al., 2018; Lieb, Isensee, Höfler, Pfister, & Wittchen, 2003; Nanni et al.,
2012). Besides risk factors that increase the risk for MDD, other factors must be at play that
simultaneously mitigate these risks.

Familial risk increases the risk of developing the disorder from which the parent suffered
(risk ratio, RR = 3.59), but also the risk for other psychiatric disorders (RR = 1.92) (Rasic et al.,
2014). It is regarded as a proxy for genetic liability, but could also lead to a more stressful
environment (Flory, Yehuda, Passarelli, & Siever, 2012). Healthy relatives with familial risk
for MDD show similar gray matter volume (GMV) alterations as MDD patients, specifically
reductions in the insula and orbitofrontal cortex (OFC) (Opel et al., 2016).
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The environmental risk factor CM is associated with increased
risk for developing depression (odds ratio, OR = 2.66–3.73), and
within patients, CM is associated with recurrent or persistent
depressive episodes (OR = 2.27) (Nanni et al., 2012; Nelson,
Klumparendt, Doebler, & Ehring, 2017; Teicher & Samson,
2013). It is associated with increased social problems, negative
cognitive bias, increased limbic responsiveness to negative stimuli,
alterations in brain connectivity patterns, and persistent
pro-inflammatory states of the immune system, among others
(Baumeister, Akhtar, Ciufolini, Pariante, & Mondelli, 2016;
Dannlowski et al., 2013; Günther, Dannlowski, Kersting, &
Suslow, 2015; Meinert et al., 2019; Opel et al., 2019;
Ouellet-Morin et al., 2011; Redlich et al., 2018). In healthy parti-
cipants with CM, GMV changes were reported in the hippocam-
pus, corpus callosum, anterior cingulate, OFC, and dorsolateral
prefrontal cortex (DLPFC) (Dannlowski et al., 2016, 2012;
Teicher, Samson, Anderson, & Ohashi, 2016).

Although there is a great focus in research on CM, few studies
have investigated the combined effects of both CM and familial
risk. The literature suggests that the presence of both risk factors
in the same individual is associated with even worse mental health
outcomes: in adolescents, this twofold risk was found to increase
risk for several psychiatric disorders (MDD, autism spectrum dis-
orders, conduct disorder, and generalized anxiety disorder) as
well as to increase risk to attempt suicide, and increase risk of sui-
cidal behavior up to OR = 4.43 (Greger, Myhre, Lydersen, &
Jozefiak, 2015; Zelazny et al., 2019). In a study by Flory et al.
(2012), such participants had an almost sixfold risk to develop
post-traumatic stress disorder (PTSD) (OR = 5.89). A decreased
volume in the bilateral hippocampal heads, in the DLPFC, medial
prefrontal cortex (MPFC) and anterior cingulate cortex was
reported in healthy participants with familial risk for MDD and
history of emotional abuse (a subscale of the childhood trauma
questionnaire) (Carballedo et al., 2012).

The risk factors CM and familial risk entail grave, adverse effects
for the individual and are associated with morphometric changes
already present in healthy individuals. However, the data clearly
show that even the presence of both risks does not inevitably
lead to the development of MDD. Clearly, such healthy high-risk
individuals must be equipped with resources, positive coping skills,
or traits which enable them to maintain mental health. Although
many studies focus on the negative impact of risk factors, few stud-
ies investigate how some individuals at high risk still manage to
maintain mental health, i.e. why they are resilient.

Resilience is a protective mechanism which is defined as the
dynamic process to successfully adapt and cope with trauma,
adversity, and negative stressors (Newman, 2005; Windle, 2011).
Resilient individuals cope better with stress, report more positive
emotions and are less likely to report depressive symptoms
(Klasen et al., 2015; Ong, Bergeman, Bisconti, & Wallace, 2006).
The concept of resilience encompasses both individual traits
and skills, but also favorable environment, such as social support,
intelligence quotient (IQ), and socioeconomic status (Ettner,
1996; Ozbay, Fitterling, Charney, & Southwick, 2008). The oper-
ationalization of resilience is a topic of fierce discussion, and oper-
ationalization in different studies varies greatly (Chmitorz et al.,
2018; Kalisch, Müller, & Tüscher, 2015; Luthar, Cicchetti, &
Becker, 2000). Some studies identify resilient individuals as
those who do not develop PTSD after a traumatic event, which
can only represent resilience to extreme events (Yehuda, Flory,
Southwick, & Charney, 2006). Some rely on self-report question-
naires to assess resilience, which is termed trait resilience (Kahl,

Wagner, de la Cruz, Köhler, & Schultz, 2018; Kalisch et al., 2019;
Pangallo, Zibarras, Lewis, & Flaxman, 2015). These questionnaires
measure skills such as cognitive reframing, ability to bounce back,
acceptance, and personal competence, which have all been identi-
fied as skills relevant to resilience (Smith et al., 2008; Wagnild &
Young, 1993). Direct stimulation of the left DLPFC (lDLPFC)
and OFC using trans-cranial direct current stimulation (tDCS),
increased levels of trait resilience as measured with a resilience
questionnaire (Salehinejad, Nejati, & Derakhshan, 2017). Using
questionnaires to assess resilience has shortcomings: first, self-
reported resilience does not necessarily portray objective resilience,
and second, without assessing adversity, questionnaires cannot
represent the entire, process-like concept of resilience.

Other studies identify healthy, but at-risk individuals (e.g. with
CM) as resilient. Resilience to CM has been associated with
changes in the MPFC, and functional alterations in limbic areas
such as hippocampus and amygdala (Ioannidis, Askelund,
Kievit, & Van Harmelen, 2020; Moreno-López et al., 2020).
High-risk but healthy adolescents were shown to have higher
GMV in the right middle and superior frontal gyri (Burt et al.,
2016). In a longitudinal investigation, it was found that those
individuals who remained healthy despite high-risk were better
able to access prefrontal regions for emotion regulation
(Rodman, Jenness, Weissman, Pine, & McLaughlin, 2019).

Although results are mixed, it seems that the broader construct
of resilience is associated with alterations in (pre)frontal regions
that aid in planning, appraisal, executive functioning, and emo-
tion regulation. Neuroimaging studies that identify healthy high-
risk individuals as resilient have methodological shortcomings. In
these, correlates of resilience are identified by either comparing
healthy low-risk to healthy high-risk participants, or by compar-
ing healthy high-risk to depressed high-risk participants.
Although it might be possible to speculate about ‘neural resilience
correlates’ using these comparisons, the former approach can de
facto only identify the effects of risk status, while the latter can
only identify the effects of diagnosis status (Amico et al., 2011).

Indeed, the interactive effect of risk and protective factors was
reported in two studies at a phenotypical level, demonstrating risk
and resilience contributed toward the likelihood of manifestation
of MDD symptoms in an opposing, yet interactive manner
(Navrady, Adams, Chan, Ritchie, & McIntosh, 2017; Wingo
et al., 2010). These findings highlight that it is not the mere
absence of risk factors that help maintain mental health but
also the presence of resilience factors, and that the relationship
between risk and resilience is complex and interactive.

In summary, (1) there is a lack of studies that investigate the
subgroup of healthy high-risk individuals with both CM and
familial risk, (2) other studies investigating risk factors have meth-
odological shortcomings in the operationalization of resilience,
and (3) only the interaction of risk × diagnosis can give informa-
tion about resilience-specific morphometric alterations.

In the current study, high risk is operationalized as the pres-
ence of the two risk factors CM and familial risk. Low risk is oper-
ationalized as the absence of both CM and familial risk. Resilience
is operationalized as maintaining mental health despite the pres-
ence of the two risk factors CM and familial risk. In our study, we
aim to examine brain morphometric correlates of resilience of
healthy, high-risk participants, compared to healthy low-risk par-
ticipants, depressed high-risk participants, and depressed low-risk
participants. We employ a 2 × 2 group design: risk (high risk v.
low risk) × diagnosis: (healthy v. depressed), investigating the
interaction effect. Based on the literature, we expect to find higher
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volume in frontal regions which might counteract the adverse
effects of risk and aid in the maintenance of mental health.

Methods and materials

Sample

For the current study, we selected a sample of N = 804 subjects of
the FOR2107 cohort (Marburg-Münster Affective Disorder
Cohort Study) study (http://www.for2107.de). FOR2107 is an
ongoing longitudinal, bicentric cohort study investigating the
neurobiology of affective [major depression and bipolar disorder
(BP)] and psychotic disorders [schizophrenia (SZ) and schizo-
affective disorder]. Participants are deeply phenotyped using
questionnaires, neuropsychological testing, neuroimaging (func-
tional and structural), and collection of biomaterial (for a detailed
description see Kircher et al., 2018). Data are collected at baseline,
and 2 and 5 years afterward. Data for this study were collected
between 2014 and 2018, with a median of data collected in
2016. Healthy participants, and patients (both acute and remitted)
were recruited via newspaper advertisements; patients were add-
itionally recruited via local in- and outpatient services in
Marburg and Münster, Germany. Written informed consent
was obtained from all subjects before participation, and partici-
pants received a financial compensation afterward. Participants
with a history of substance dependence, neurological disorders,
severe medical disorders, head trauma, or IQ <80 were excluded.
We included participants aged 18–65. Healthy participants with
no history of mental illness were included. The study was
approved by the ethics committees of the respective recruitment
sites in accordance with the Declaration of Helsinki. The
German version of the structured clinical interview for
DSM-IV-TR (SCID-I) (Wittchen, Gruschwitz, Wunderlich, &
Zaudig, 1997) was used to diagnose participants by trained raters.

We employed a 2 × 2 (diagnosis × risk) design, distinguishing
healthy participants (HC) and depressed patients (MDD) (factor
diagnosis) at either low risk (R−) or high risk for MDD (R+) (fac-
tor risk). R− reported neither familial risk nor CM, while R+
reported both familial risk and CM. The descriptive data of the
sample can be found in Table 1.

Assessment of familial risk

Familial risk was defined as having a first-degree relative with
MDD, BP, or SZ, and assessed as part of a questionnaire battery,
asking if the participant had a parent, sibling, or child who had
ever been treated for one of these disorders. In the R− group,
only participants not reporting any psychiatric problems in any
first-degree relatives were included.

Assessment of CM

The German version of the Childhood Trauma Questionnaire
(CTQ) was used to assess CM retrospectively (Wingenfeld et al.,
2010). This self-report questionnaire consists of five subscales:
emotional abuse, physical abuse, sexual abuse, emotional neglect,
physical neglect; with five items per scale rated on a 5-point Likert
scale. A higher score indicates a higher degree of maltreatment.
Individuals were classified as having experienced CM when the
respective cut-off score according to Walker et al. (1999) was
met in at least one of the five scales.

Magnetic resonance imaging (MRI) data acquisition

At both sites, high-resolution T1 images were acquired with a 3T
whole body MRI scanner (Marburg: 12-channel head matrix
Rx-coil, TimTrio, Siemens, Erlangen,Germany;Münster: 20-channel
headmatrix Rx-coil, Prisma, Siemens, Erlangen, Germany). A 3D fast
gradient echo sequence (MPRAGE) was used with the following con-
figurations: Marburg: field of view (FOV) = 256mm, 176 slices, repe-
tition time (TR) = 1900ms, echo time (TE) = 2.26ms, inversion time
(TI) = 900ms, slice thickness = 1mm, voxel size = 1 × 1 × 1mm, flip
angle = 9° and Münster: FOV = 256mm, 192 slices, TR = 2130ms,
TE = 2.28ms, TI = 900ms, slice thickness = 1mm, voxel size = 1 ×
1 × 1mm, flip angle 8°. Image quality was assessed using the quality
assurance protocols of the CAT12 toolbox.

The CAT12 toolbox (build 1184, Gaser, Structural Brain
Mapping group, Jena University Hospital, Jena, Germany) imple-
mented in SPM12 (v7771, Statistical Parametric Mapping,
Institute of Neurology, London, UK), running under MATLAB
(version v2017a, The MathWorks, USA) was used for pre-

Table 1. Descriptive sample statistics

HCR− (n = 437) HCR+ (n = 67) MDDR− (n = 101) MDDR+ (n = 199) p

Age 32.86 (12.56) 35.91 (14.49) 35.04 (13.08) 36.32 (12.70) 0.008*

Sex, n, female (male) 269 (168) 52 (15) 55 (46) 140 (59) 0.003*

HAM-D 1.05 (1.82) 2.10 (2.81) 6.81 (5.60) 8.68 (6.49) <0.001*a

BDI 3.30 (3.63) 5.73 (4.87) 13.93 (10.17) 18.03 (10.87) <0.001*a

Total duration of illness, months NA NA 20.10 (32.84) 49.80 (77.74) <0.001*

Medication type, n

SSRI NA NA 24 50 0.888

SNRI NA NA 20 46 0.558

NaSSA NA NA 10 11 0.230

Antipsychotic NA NA 23 29 0.106

*The significant of bold values indicated p values < 0.05.
The mean values are reported, with the standard deviation in parentheses, unless otherwise specified. Bonferroni post-hoc tests were used to compare the groups.
HCR−, healthy control and low risk; HCR+, healthy control and high risk; MDDR−, depressive and low risk; MDDR+, depressive and high risk; HAM-D, Hamilton Depression Rating Scale, BDI,
Beck Depression Inventory.
aHC groups differ significantly from MDD groups, MDD groups differ significantly from each other: HCR− < MDDR−; HCR− < MDDR+; HCR+ < MDDR−; HCR+ < MDDR+; MDDR− < MDDR+.
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processing of scans using default parameter settings. Images were
segmented into gray matter, white matter, and cerebrospinal fluid
and spatially normalized using the DARTEL algorithm. All images
passed individual quality control, checking for artifacts and image
quality. Data were smoothed with an 8mm full-width half-
maximum Gaussian kernel, using an absolute threshold of 0.1.

Statistical analyses

Data were analyzed using SPSS25 and SPM12. We conducted
an analysis of covariance (ANCOVA) interaction analysis using a
2 × 2 design in SPM, including the covariates age, sex, total intra-
cranial volume, as well as body coil and site, in accordance with
our MRI quality assurance protocol (Vogelbacher et al., 2018).
We examined four bilateral ROIs and applied small volume correc-
tion using family-wise error (FWE) correction. ROIs were defined
using the Neuromorphometrics atlas implemented in SPM12.

To examine the interaction effect of significant ROIs, we
extracted eigenvariate values, which are an approximation of
mean volume inside the cluster and compared them in SPSS
using ANCOVA (correcting for all covariates).

ROI selection

Drawing on the literature and our hypotheses, we selected four
bilateral ROIs that had previously been implicated in both resili-
ence research and the investigation of healthy high-risk partici-
pants (CM and/or familial risk) for the interaction analysis.
Overlapping areas in both risk and resilience research are (pre)
frontal areas. We therefore selected four bilateral ROIs using the
Neuromorphometrics atlas: middle frontal gyrus (MFG) (Burt
et al., 2016; Carballedo et al., 2012; Salehinejad et al., 2017), super-
ior frontal gyrus (Burt et al., 2016), inferior frontal gyrus (orbital
part) (Opel et al., 2016), and frontal pole (Carballedo et al., 2012;
Moreno-López et al., 2020; Teicher et al., 2016).

Results

To investigate the interactive effect of diagnosis and risk on GMV,
we performed an interaction analysis using the four bilateral

ROIs. The interaction analysis did not reveal significant findings
for the bilateral superior frontal gyri, the frontal poles, pars orbi-
talis of the inferior frontal gyrus, and the right MFG, p > 0.05.
There was a significant effect for the left MFG ROI at peak
level (k = 199, x/y/z = −34/48/12, T = 4.06, p = 0.047, FWE cor-
rected). To examine this interaction effect by group, we extracted
eigenvariate values of this cluster and compared them in SPSS
using an ANCOVA (correcting for all covariates) (Fig. 1).

The groups differed significantly in their left MFG volume
F(3,796) = 10.32, p < 0.001, η2 = 0.037. We compared HCR+ to
the other three groups using Bonferroni post-hoc comparisons.
HCR+ had significantly higher volumes compared to all other
groups. HCR+ v. HCR−; HCR+ v. MDDR−, and HCR+ v.
MDDR+: all p < 0.001. The ROI and the mean volumes per
group are shown below. Including body mass index or years of
education as an additional covariate in the model did not alter
the results, nor did excluding obvious GMV outliers (see online
Supplementary Table 2). To further investigate robustness of
our finding, we analyzed this interaction effect in only women
(online Supplementary Table 2), and in an additional sample of
healthy controls with intermediate risk (online Supplementary
Table 3). The supplement also lists the results of the whole-brain
analysis (online Supplementary Table 4).

Discussion

Our results reveal higher volume in the left MFG, part of the
DLFPC, in healthy participants with two risk factors (CM and
familial risk) for MDD, compared to depressed patients irrespect-
ive of risk status, and compared to healthy low-risk individuals.
To our knowledge, this is the first study investigating GMV in
healthy high-risk (both CM and familial risk) in a 2 × 2 design.
The DLFPC is associated with cognitive flexibility, reappraisal,
and impulse control (Steinbeis, Bernhardt, & Singer, 2012).
These skills are known to contribute to mental health and are
impaired in MDD. Increased volume in this region could mitigate
risk effects in already at-risk individuals. Skills such as reframing
and cognitive flexibility have already been identified as parts of
resilience (Iacoviello & Charney, 2014). The DLPFC might not

Fig. 1. Significant left MFG ROI for interaction of risk × diagnosis, volume in the left MFG by group. Error bars indicate 1 standard error of the mean.
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only be implicated in cognitive processes, but also in emotional
ones: administration of repetitive transcranial magnetic stimula-
tion to the left DLFPC in MDD patients increased empathetic
happiness and decreased anhedonia (Light, Bieliauskas, &
Taylor, 2019). Using tDCS of the lDLPFC combined with gaze-
contingent training was shown to improve attention regulation
in low-resilient individuals (Sanchez-Lopez et al., 2020). DLPFC
volume was furthermore shown to be a mediator between socio-
economic status and executive functioning (Shaked et al., 2018).
This also highlights the importance of environmental factors
important in the maintenance of mental health (Ettner, 1996;
Ozbay et al., 2008). Our results point to the lDLPFC as a neural
correlate of resilience in high-risk individuals. Higher volume in
the DLPFC might aid these at-risk individuals both on a
cognitive- and on an emotional level in maintaining mental
health.

It is important to note that healthy, high-risk individuals with
both CM and familial risk constitute a unique subgroup of
healthy participants. Drawing from a sample of n = 1500 healthy
individuals, only n = 67 fit the criteria for HCR+, while n = 437
healthy individuals reported no such risk factor. On the other
hand, risk distribution in MDD was remarkably different; here,
n = 199 depressive participants fit the same risk criteria (χ2(1,
N = 804) = 238.97, p < 0.001). This shows that our HCR+ group
constitutes a rare, highly resilient subgroup that can only be inves-
tigated in a large sample of participants. Our results point to the
lDLFPC as a protective morphometric correlate of resilience that
aids participants with both CM and familial risk in the mainten-
ance of mental health.

Limitations

We limited detection to previously selected ROIs. These ROIs
were based on solid previous research and enabled us to purpose-
fully identify regions associated with resilience. Our groups can-
not represent the heterogeneity of MDD patients or risk groups,
as we excluded participants with only CM or familial risk present.
However, they do provide valuable insight into the understanding
of high- and low-risk groups. Environmental risk was assessed
using the CTQ questionnaire, which – as a self-report instrument
– has strengths and limitations (Baldwin, Reuben, Newbury, &
Danese, 2019; Goltermann, Opel, & Dannlowski, 2019;
MacDonald et al., 2016). Participants were identified as having
CM when they exceeded at least one of the five subscales of the
CTQ. This approach can be problematic, and a continuous assess-
ment of maltreatment (using the sum score) would be valuable,
however, this was not feasible using this model. Our groups can
still separate between high- and low-risk, as low-risk groups did
not have either familial risk, nor exceed one scale of the CTQ.
We included both remitted and acute MDD patients, which
might have made MDD groups more heterogenous. Familial
risk was defined as having a first-degree relative with MDD, BP,
or SZ. Distinct morphometric changes have been described for
the relatives of MDD and SZ patients, but linkage and recent
genome-wide association studies have emphasized the substantial
genetic overlap among BP, SZ, and MDD (Anttila et al., 2018;
McDonald et al., 2004; Smoller et al., 2019). We operationalized
resilience as the outcome of mental health, despite the presence
of CM and familial risk. Trait questionnaires would be able to
assess self-reported resilience skills such as reframing and opti-
mism. However, mental health despite high risk is a much

more objective and direct measure of resilience than subjective,
self-reported resilience.

Future directions

Our study identifies morphometric correlates of resilience in a
highly resilient subgroup of individuals at high risk (both CM
and familial risk) to develop MDD. This group should be exam-
ined in more detail in future research. In our study, HCR+ did not
show uniquely higher scores in other relevant measures such as
IQ, income, education, or trait resilience (see online
Supplementary Table 1). Studies investigating the effects of
MDD and other psychiatric disorders should take into account
the effects of risk and resilience, as they both contribute in a
unique way to either increase or decrease the risk for these disor-
ders. The concrete cognitive and behavioral correlates of higher
volume in the lDLPFC, which might be improved emotional
attentional control and cognitive flexibility, among others, should
be investigated in future studies.

Bolstering resilience by teaching such techniques should be
integrated as a central goal in both prevention and psychotherapy.
Resilience seems to be the default response to adversity, rather
than the exception. Considering the grave impact of risk factors,
this adaptive coping equals an ‘ordinary magic’, and resilience
factors both on a morphometric, and a behavioral level deserve
more attention in future research (Masten, 2001).

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0033291721001094.
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Abstract: 

Background: Major depressive disorder (MDD), bipolar disorder (BD), and 

schizophrenia spectrum disorder (SSD, schizophrenia and schizoaffective disorder) 

overlap in symptomatology, risk factors, genetics, and other biological measures. It 

remains unclear whether there are shared regional grey matter volume alterations across 

these disorders.  

Methods: Grey matter volume (GMV, 3T magnetic resonance imaging) was compared 

between age- and sex matched healthy controls (HC; n=110), DSM-IV-TR diagnosed 

MDD (n=110), BD (n=110), and SSD patients (n=110), drawn from a sample of N=1927. 

We applied a conjunction analysis to identify shared GMV alterations across the 

disorders. To identify potential origins of transdiagnostic GMV clusters, we associated 

them with early and current risk and protective factors, psychopathology, and 

neuropsychology, applying multiple regression models. 

Outcomes: Common to all diagnoses (vs. HC), we identified GMV reduction in the left 

hippocampus. This cluster was associated with stressful life events, the neuropsychology 

factor working memory/executive functioning, and with global assessment of 

functioning. Differential effects between groups were present in the bilateral frontal 

operculae and left insula, with volume variances across groups highly overlapping. 

Interpretation: Our study is the first with a large, matched, transdiagnostic sample to 

yield shared GMV alterations in the left hippocampus across the major mental disorders. 

The hippocampus is a central network hub, orchestrating a wide range of mental 

functions. Our findings underscore the need for a novel stratification of mental disorders, 

besides categorical diagnoses.  

Funding: German Research Foundation (DFG). 

Keywords: transdiagnostic, VBM, MDD, BD, SSD, risk factors, hippocampus, stressful 

life events  
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Research in context 

Evidence before this study 

Major depression (MDD), bipolar disorder (BD), and schizophrenia spectrum disorder 

(SSD) overlap in genetic, psychopathological, and morphometric domains. As of now, it 

is unclear which grey matter volume (GMV) alterations are shared and distinct in these 

disorders. We searched PubMed (05/15/21 – 07/31/21) with the search term ((“major 

depression” OR “major depressive disorder” OR “depression”) AND (“bipolar disorder”) 

AND (“schizophrenia” OR “schizoaffective disorder” OR “schizophrenia spectrum 

disorder”) AND (“voxel-based morphometry” OR “grey matter” OR “structural MRI”). 

We identified one meta-analysis and one original study comparing GMV in MDD, BD, 

and SSD. Both studies were limited by non-matched patient samples.  

Added value of this study 

This is the first original brain structural MRI study in a large, representative, age- and 

sex-matched sample of MDD, BD, and SSD patients. Patients with MDD, BD, and SSD 

share GMV reductions in the left hippocampus compared to healthy subjects. 

Independent of diagnosis, we linked the hippocampus to early and current risk and 

protective factors, psychopathology, and neuropsychology. 

Implications of all the available evidence 

We suggest to stress transdiagnostic and dimensional approaches in psychiatric research.  
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Introduction 

Given that mental disorders such as major depressive disorder (MDD), bipolar disorder 

(BD), and schizophrenia spectrum disorders (SSD) exhibit high overlap in many domains 

(e.g., psychopathology, genetics, neuropsychology, regional brain volume alterations), 

the research question has emerged whether they are actually characterised by more 

communalities rather than differences 1–6. In the domain of brain morphometry, previous 

work has attempted, but failed, to find a unique neural correlate (i.e., biomarker) specific 

to one such disorder 2.  

Grey matter volume (GMV) changes have previously been described in case (i.e., single 

diagnosis) vs. control studies: In MDD, GMV reductions have been reported in the 

subgenual cingulate cortex, hippocampus, amygdala, thalamus, fusiform gyrus and 

putamen 7–9. In BD, reductions were found in the anterior cingulate cortex (ACC), 

superior temporal gyrus, and calcarine cortices 10. In schizophrenia (SZ; together with 

schizoaffective disorder (SZA), henceforth referred to as SSD), reductions have been 

reported in the frontal opercula/insulae, superior temporal, mid cingulate, and calcarine 

cortices, the cerebellum, hippocampus, amygdala, and basal ganglia 10,11. However, 

within these diagnostic categories, studies have produced very heterogenous results, 

which have previously been attributed to differences in course of illness, medication, age 

of onset, risk factors, genetics, psychopathology, and comorbidities, among others 7,9,12–

15. 

To disentangle these heterogenous intra- and interdiagnostic findings, a landmark meta-

analysis across six mental disorders included N=193 original neuroimaging studies with 

N=15·892 subjects2. Here, transdiagnostic GMV reductions in all patients vs. controls 

were identified in the bilateral insulae, right thalamus, left subgenual ACC, right dorsal 

and ventral ACC/mPFC, left amygdala, and left hippocampus. Although this seminal 

study opened up new perspectives, such meta-analyses generally suffer from unmatched 
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patient groups, small sample sizes in the single studies, and sample heterogeneity, 

impeding general conclusions. To answer the question which GMV alterations overlap 

and are distinct in MDD, BD, and SSD, a direct comparison of large, matched samples is 

necessary.  

Thus far, only one study directly compared GMV brain structural alterations in MDD, 

BD, and SZ (Chang et al., 2018). The authors found that close to 88% of GMV reductions 

overlapped in all three diagnostic groups, including regions in the temporal pole, 

orbitofrontal cortex (OFC), insula, hippocampus, cingulate and angular gyri. However, 

this study only included young adults (aged 13 – 30), not matched for age and sex 16. 

Since there is now first evidence for significant GMV overlaps across affective and 

psychotic disorders 2, it raises the question whether there are common, underlying factors 

to all diagnoses that are responsible for transdiagnostic findings. From previous structural 

brain imaging research, we know that the following four domains can be associated with 

brain structure in patients and healthy controls (HC): (1) early risk and protective factors: 

childhood maltreatment, urbanicity, familial risk, gestational age, birth weight, and 

parental bonding 12,17–20, (2) current risk and protective factors: life events, resilience, 

social support, and global functioning 21–23, (3) psychopathology: positive, negative, 

depressive, and manic symptoms 3,24, and (4) neuropsychological performance 25. To the 

best of our knowledge, it has not been investigated yet whether transdiagnostic 

morphometric alterations are related to transdiagnostic phenotypical or risk patterns. 

However, such investigations are crucial as they could shed light on potential 

transdiagnostic pathomechanisms or indicate starting points for prevention.  

In summary, previous studies on GMV alterations across MDD, BD and SSD have one 

or several of the following shortcomings: They 1) only compared two diagnostic groups, 

2) have small sample sizes, 3) did not match groups for age and sex, and 4) did not relate 

transdiagnostic brain alterations to phenotypical or risk factors. To overcome these issues, 
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we directly compared three large age and sex-matched diagnostic groups (MDD, BD, 

SSD) to HC, drawn from a cohort of N=1927, to identify shared and distinct GMV 

alterations. Further, we associated morphometric alterations with phenotypic and risk 

factors, i.e., early risk and protective factors, current risk and protective factors, 

psychopathology, and neuropsychological performance.  
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Methods:  

Participants 

For the current study, we selected an age and sex-matched sample (N=440) with n=110 

acute, chronic, and remitted participants per group (HC, MDD, BD, SSD) (MatchIt 

package 26 in R27 (see Table 1 and Table 2 in the Supplement). Participants were aged 18-

65 years and drawn from a total sample of N=1927 of the Marburg-Münster Affective 

Disorder Cohort Study (MACS). The MACS study is part of the FOR2107 consortium, a 

bi-centre study investigating the neurobiology of major psychiatric disorders 28.  

Participants were recruited from in and out-patient departments of the universities of 

Marburg and Münster, Germany, local psychiatric hospitals (Vitos Marburg, Gießen, 

Herborn, and Haina, LWL Münster, Germany), and via postings in local newspapers and 

flyers. During a semi-structured interview, the German version of the structured clinical 

interview (SCID-I) for the DSM-IV-TR was applied by trained staff 29. Furthermore, 

within one week of MRI scanning, psychopathological scales, a neuropsychological test 

battery and other rater-based scales were applied (see below).  

Participants additionally completed a large questionnaire battery, including personality 

traits, and risk factors. Exclusion criteria for the present study were a history of 

neurological or general medical conditions, current substance dependence, current use of 

benzodiazepines, and verbal IQ≤80. Further exclusion criteria for the HC group were any 

current or history of mental disorders according to DSM-IV-TR criteria, and the intake 

of psychotropic medication. The study protocols were approved by the local Ethics 

Committees of Marburg and Münster, Germany according to the Declaration of Helsinki. 

All participants gave written informed consent before participation and received a 

financial compensation.  
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Table 1: Descriptive statistics  

 HC 

(n=110) 

MDD 

(n=110) 

BD 

(n=110) 

SSD 

(n=110) 

p 

Age 38.83 (12·21) 38.35 (11·7) 39.81 (12·25) 38.37 (11·71) ·783 

Sex  
M = 54  

F = 56 

M = 56 

F = 54 

M = 51 

F = 59 

M = 56 

F = 54 
·736 

TIV 
1529·98 

(146·74) 

1520·97 

(172·35) 

1539·99 

(137·63) 

1542·78 

(180·99) 
·566 

Age of onset - 27 (12·19) 23.47 (10·37) 22.51 (9·02) ·005a 

In-patient 

treatment 

n, (%) 

- 
40 

(36·36%) 

28 

(25·45%) 

48 

(43·64%) 
·012 

Remission 

status* 
- 

A = 56 

R = 54 

A = 45 

R = 58 

A = 27 

R = 14 
 

Antidepressant 

n, (%) 
- 

71  

(64·55%) 

46 

(41·82%) 

32 

(29·09%) 
< ·001 

Antipsychotics 

n, (%) 
- 

21  

(19·09%) 

50 

(45·45%) 

95 

(86·36%) 
< ·001 

Lithium 

n, (%) 
- 

2  

(1·82%) 

31 

(28·18%) 

4 

(3·64%) 
< ·001 

Anticonvulsive 

n, (%) 
- 

2  

(1·82%) 

36 

(32·73%) 

8 

(7·27%) 
< ·001 

Comorbidity 

n, (%) 
- 

37 

(33·64%) 

46 

(41·82%) 

42 

(39·09%) 
·453 

HAMA 2·09 (2·61) 12·69 (8·15) 9·25 (7·35) 9·63 (7·37) < ·001b 

HAM-D 1·00 (1·6) 7·65 (5·94) 6·5 (5·97) 6·55 (5·78) < ·001c 
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SANS 0·87 (2·24) 7·04 (7·52) 5·34 (7·03) 12·73 (12·52) < ·001d 

SAPS 0·20 (0·71) 0·38 (1·18) 2·3 (4·38) 10·6 (13·26) < ·001e 

YMRS 0·47 (1·06) 1·13 (1·77) 3·89 (5·94) 2·99 (5·12) < ·001f 

GAF 91·43 (7·4) 63·89 (13·7) 62·81(12·75) 54·93 (12·39) < ·001g 

Note: Mean (standard deviation); TIV=total intracranial volume; HAMA=Hamilton 
anxiety rating scale, 30); HAM-D=Hamilton rating scale for depression 31); SANS=scale 
for the assessment of negative symptoms 32); SAPS=scale for the assessment of positive 
symptoms 33); YMRS=Young mania rating scale 34); GAF=global assessment of 
functioning 29; A=acute, R=partially or fully remitted. *Remission data were missing for 
n=76 patients. 
Post hoc comparisons between groups (Tukey´s post hoc test):  
aMDD>BD, SSD 
bHC<MDD, BD, SSD; MDD>BD, SSD 
cHC<MDD, BD, SSD 
dHC<MDD, BD, SSD; SSD>MDD, BD 
eSSD>HC, MDD, BD 
fHC<MDD, BD, SSD; BD>SSD, MDD; SSD>MDD 
gHC>MDD, BD, SSD; MDD>SSD; BD>SSD 
 
 
Transdiagnostic phenotypical domains 
 

To associate GMV with phenotype and risk factors, the following four domains 

were investigated: 1) early risk and protective factors, 2) current risk and protective 

factors, 3) psychopathology, 4) neuropsychological performance.  

Early risk and protective factors. Childhood maltreatment was assessed using the 

childhood trauma questionnaire (CTQ) 35, urbanicity was assessed using a score for urban 

upbringing 36. Familial risk was assessed via a questionnaire, asking whether a first-

degree relative had been diagnosed and/or treated for MDD, BD, or SSD. Gestational age 

and birth weight were assessed through a self-report questionnaire. Maternal and paternal 

care as an early protective factor was assessed with the German version of the parental 

bonding instrument (PBI) 37,38.  

Current risk and protective factors. Current life events (during the last six months) and 

their subjective impact were assessed using the life event questionnaire (LEQ) 39. Current 

protective factors such as social support and resilience were assessed using the social 
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support questionnaire (FSozu) 40 and the German version of the RS-25 resilience 

questionnaire, respectively 41.  

Psychopathology. Psychopathology was assessed using the Scale for the Assessment of 

Negative Symptoms (SANS) 32, the Scale for the Assessment of Positive Symptoms 

(SAPS) 33, the Hamilton Depression Scale (HAM-D) 31, the Hamilton Anxiety Scale 

(HAMA) 30, and the Young Mania Rating Scale (YMRS) 34. Further, the Global 

Assessment of Functioning (GAF) score 42,43, was applied. All scales are rater-based. 

Raters were trained in the evaluation of psychopathological symptoms. Interrater 

reliabilities (ICC) were >·86 for all scales.  

Neuropsychological performance. A comprehensive neuropsychological test battery was 

applied including the d2 attention test 44, verbal fluency 45, symbol-coding 46, spatial span 

47, letter-number span 48, Trail-Making Test A and B (TMT) 49, and the German Verbal 

Learning and Memory Test (VLMT) 50.  

 

MRI data acquisition and pre-processing 

At both sites, a 3-T MRI scanner (Marburg: Tim Trio, Siemens, Germany; Münster: 

Prisma, Siemens, Germany) was used to acquire T1 weighted images using a fast gradient 

echo MP-RAGE sequence with a slice thickness of 1·0 mm and a field of view of 256mm. 

In Marburg, a 12-channel head matrix Rx-coil was used, in Münster, a 20- channel head 

matrix Rx-coil was used. Parameters differed across sites: Marburg: 176 sagittal slices, 

time of repetition (TR)=1·9s, time of echo (TE)=2·26ms, inversion time (TI)=900ms, flip 

angle=9°; Münster: 192 sagittal slices, TR=2·13s, TE=2·28ms, TI=900ms, flip angle=8°. 

MRI data were acquired according to an extensive quality assurance protocol 51. 

A senior clinician visually inspected all scans regarding artefacts and anatomical 

abnormalities before pre-processing. Structural MRI data were preprocessed with the 

CAT12-Toolbox (Computational Anatomy Toolbox for SPM, build 1720, Structural 
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Brain Mapping group, Jena University Hospital, Germany) (http://dbm.neuro.uni-

jena.de/cat/) building on SPM12 (Statistical Parametric Mapping, Institute of Neurology, 

London, UK) using default parameters. In short, preprocessing included image 

segmentation into grey matter, white matter, and cerebrospinal fluid 52, spatial 

registration, and normalization 53. Data were normalized to Montreal Neurological 

Institute (MNI) space. A more detailed description of our quality protocol can be found 

elsewhere 51. During preprocessing, total intracranial volume (TIV) was calculated. MRI 

data sets were spatially smoothed with a Gaussian kernel of 8mm full width half 

maximum.  

 

Statistical analyses  

Factor analysis of neuropsychological tests 

Using SPSS 27, (Statistical Package for Social Science, IBM) an explorative principal 

axis factor analysis with varimax rotation was performed to identify aggregated domains 

of cognitive functioning (see Supplement). As neuropsychological test variables were 

differentially scaled, z-transformed values were used for the factorial analysis. Suitability 

of neuropsychological test data for factor analysis was tested using Bartlett’s test of 

sphericity 54 and the Kaiser-Meyer-Olkin test (KMO) 55. Factors were extracted according 

to the Kaiser’s eigenvalue greater than one criterion 56. Factor loadings were extracted 

using the regression method as implemented in SPSS.  

 

Brain structural analysis 

To identify differences across the four groups (HC, MDD, BD, SSD), smoothed GMVs 

were applied using a 1x4 design in SPM (v6906) running under Matlab (R2017a). Post-

hoc tests between two respective groups were performed to investigate significant 

differences. First, to identify differences between the four groups, we performed whole 
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brain analyses using a 1x4 design comparing HC, MDD, BD, and SSD participants. 

Second, to identify commonly altered areas across the three diagnoses vs. healthy 

participants, we selected previously identified regions of interest (ROI) reported in the 

meta-analysis 2 in MDD, BD, and SSD patients. These ROIs included the bilateral 

insulae, thalamus, the bilateral ACC, left amygdala, and left hippocampus. Using the 

Dartel space neuromorphometrics atlas in CAT12, we created one mask that included 

these ROIs and performed a conjunction analysis, investigating whether overlapping 

GMV alterations across diagnoses were present in these areas. 

For all analyses, age, sex, and TIV were entered as covariates in the statistical models. In 

accordance with the quality assurance protocol of our bi—centric study, two additional 

dummy-coded covariates were modelled accounting for the two scanners and the change 

of one gradient coil at the Marburg site 51. Following the recommendations of the CAT12 

manual (http://dbm.neuro.uni-jena.de/cat/), threshold masking with a value of 0·1 was 

applied for all analyses to exclude non-brain areas. Results were considered significant at 

p<·05 cluster-level family wise error-corrected (FWE) for multiple comparisons after an 

initial threshold of p<·001 uncorrected, with a threshold of k>10. Significant clusters 

were labelled using the Dartel space Neuromorphometrics atlas 

(http://www.neuromorphometrics.com/).  

 

Transdiagnostic phenotypical factors associated with GMV 

To answer the question which phenotype and risks are associated with transdiagnostic 

morphometric findings, we associated the identified conjunction cluster with four 

different domains. These were 1) early risk and protective factors, 2) current risk and 

protective factors, 3) psychopathology and 4) neuropsychology (see above). To this end, 

we extracted eigenvariate values (weighted means) as an approximation of mean value 

from the conjunction cluster. Using SPSS27, we ran four separate multiple regression 
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models, and corrected p-values for multiple testing (Bonferroni). We decided against one 

combined model, as this would have resulted in a largely reduced sample size. Using four 

models allowed us to minimize sample size loss without having to impute values.  In all 

models, age, sex, TIV, two site variables, and a group variable were used as covariates. 

Multicollinearity in these variables was absent.   

The first model, early risk and protective factors, included childhood maltreatment, 

urbanicity, parental bonding, gestational age, birth weight, and familial risk. The second 

model, current risk and protective factors, included global functioning, current life 

events, resilience, and social support. The third model, psychopathology, was comprised 

of positive, negative, depressive, and manic symptomatology. Finally, the fourth model, 

neuropsychological performance, included three dimensions identified in the 

neuropsychology factor analysis described above. 
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Results 

Our analyses were subdivided into four steps: 1) investigation of global effects of GMV 

(F-Test), 2) investigation of post-hoc two-group comparisons of GMV (t-Tests), 3) 

conjunction analysis of HC > MDD ∩ HC > BD ∩ HC > SSD post-hoc comparisons, and 

4) association of conjunction cluster with phenotypical domains. 

 

1) Global effects of GMV (F-Test) 

For the four groups (HC, MDD, BD, SSD), three significant clusters emerged in the F-

Test. The first cluster comprised parts of the left fusiform gyrus, hippocampus, 

parahippocampal, inferior medial temporal, and lingual gyri (k=1897, x/y/z=-37·5/-33/-

22·5), F=13·85, p=·0003 FWE cluster level; k=69, p=·0004 FWE peak level). The second 

cluster comprised the right central operculum, superior temporal gyrus, temporal 

transverse gyrus, planum polare, and the precentral gyrus (k=2268, x/y/z=48/-12/7·5), 

F=10·08, p=·00009 FWE cluster level). The third cluster comprised parts of the left 

central and frontal operculum, anterior insula, planum polare, and temporal pole (k=869, 

x/y/z=-46·5/4·5/-1·5), F=9·21, p=·0192 FWE cluster level) (cf. Figure 1). To exclude the 

potential influence of duration and severity of illness on the identified clusters, we 

investigated the association between each cluster with number of hospitalizations, 

duration of hospitalization, duration in manic/depressive/psychotic state, and age of 

onset. There was no significant association between any of these factors and any cluster 

(all ps>·05), highlighting that the identified clusters were independent of duration and 

severity of illness. 
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Figure 1: Significant clusters exhibiting GMV differences between HC, MDD, BD, and 

SSD (F-Test). Combined boxplots and violin plots show value distribution for the groups 

in the respective cluster. 

 
 
 

2) Investigation of post-hoc two-group comparisons of GMV (t-Tests) 

Next, we investigated which two-group comparisons were driving the clusters of 

the F-Test. Here, several significant areas (FWE cluster level corrected) emerged for 

specific patient – healthy control comparisons, and within patient group comparisons. 

Table 2 lists all clusters, and Figures 2 and 3 visualize these significant clusters in patient 

– control comparisons and within patient comparisons, respectively.  
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Table 2: Results of FWE-cluster level significant post-hoc t-tests  
  MNI coordinates    

 
H x y z t k 

cluster 

p FWE 
cluster 
level 

HC vs. diagnostic group 
 

HC > MDD 
35% hippocampus 
15% parahippocampal gyrus 
14% fusiform gyrus 

L -30 -31·5 -12 4·63 1554 ·033 

HC > SSD 
29% superior temporal gyrus 
19% central operculum 
17% middle temporal gyrus 

R 63 -1·5 4·5 5·31 8239 8·29*10-9 a 

 
30% central operculum 
27% frontal operculum 
25% anterior insula 

L -46·5 4·5 -1·5 5·23 2315 ·0009b 

 
41% fusiform gyrus 
15% hippocampus 
11% parahippocampal gyrus 

L -37·5· -31·5 -13·5 4·95 3420 6·27*10-5 c 

 
76% thalamus proper B -3 -12 15 4·85 1708 ·004d 

Differences between diagnostic groups  
 

MDD < BD 
34% medial orbital gyrus 
28% subcallosal area 
21% anterior cingulate gyrus 

R 9 21 -10·5 4·45 961 ·041 

MDD > SSD 
78% fusiform gyrus 
11% occipital fusiform gyrus 
10% inferior temporal gyrus 
 

L -37·5 -33 -24 5·81 1196 ·02e 

69% fusiform gyrus 
31% inferior temporal gyrus R 36 -13·5 -34·5 4·59 1695 ·006 

BD > SSD 
68% fusiform gyrus 
24% exterior cerebellum 
 

R 37·5 -37·5 -21 4·88 1769 ·004f 

26% medial frontal cerebrum (R) 
19% anterior cingulate gyrus (B) 
18% superior medial frontal gyrus (R) 

B 6 24 -12 4·67 1671 ·005g 

Note: H=hemisphere, R=right, L=left, B=bilateral. Only areas ≥ 10% are included. 
Letters indicate clusters which were also significant at FWE peak level. 
aalso significant at p<·05 FWE peak-level corrected, k=571, p=·002 
balso significant at p<·05 FWE peak-level corrected, k=164, p=·003 
calso significant at p<·05 FWE peak-level corrected, k=81, p=·009 
dalso significant at p<·05 FWE peak-level corrected, k=41, p=·015  
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ealso significant at p<·05 FWE peak-level corrected, k=113, p=·0001 
falso significant at p<·05 FWE peak-level corrected, k=48, p=·003 
galso significant at p<·05 FWE peak-level corrected, k=19, p=·031 

Figure 2: Post-hoc comparisons of patient – healthy controls. HC > SSD clusters are 

presented in purple; HC > MDD cluster is presented in yellow. 

Figure 3: Post-hoc within patient comparisons. GMV differences were present for 

MDD>SSD (orange) and BD>SSD (green); for details see Table 2.
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3) Common areas of GMV alterations across MDD, BD, and SZ   

To investigate which GMV reductions overlapped in all patient groups compared to HC, 

we ran a conjunction analysis (HC > MDD ∩ HC > BD ∩ HC > SSD) using the ROIs 

from the meta-analysis by Goodkind et al., (2015). This analysis revealed GMV 

reductions in the patient groups in the left hippocampus (k=316, x/y/z=-30/-33/-10·5), 

T=4·25, p=·042 FWE cluster level; k=316, p=·01 FWE peak level) (see Figure 3).  

 

Figure 3: Results from the conjunction analysis (HC > MDD ∩ HC > BD ∩ HC > SSD): 

GMV reductions common in all diagnoses compared to HC in the left hippocampus, 

(k=316, x/y/z=-30/-33/-10·5), T=4·25, p=·042 FWE cluster level) 
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4) Association of conjunction cluster with phenotypical domains 

Lastly, we associated the conjunction cluster in the left hippocampus with four 

phenotypic and risk domains using multiple regressions.  

1) Early risk and protective factors  

The first model included early risk and protective factors previously associated 

with GMV in mental disorders. The model significantly predicted hippocampal 

volume, F(12, 190)=12·89, p<·001, R2=·78, (adj. R2 =·57). Only the covariates 

age (β=-·141, p=·004), TIV (β=·68, p<·001) and the group covariate (β=-·225, 

p<·001) were significant predictors. Early risk and protective factors (childhood 

maltreatment, urbanicity, birth weight, gestation age, familial risk, parental 

bonding) were no significant predictors for hippocampal GMV (all ps >·05). 

2) Current risk and protective factors  

The second model included current risk and protective factors associated with 

GMV in mental disorders. The model significantly predicted hippocampal 

volume, F(9, 413)=60·66, p<·001, R2=·57, (adj. R2 =·56). LEQ score was a 

significant predictor (β=-·071, p=·035), along with the covariates TIV (β=·673, 

p<.001), age (β=-·172, p<·001), and group (β=-·201, p<·001). Resilience, social 

support, sex and the site variables were not significant (all ps>·05). 

3) Psychopathology  

The third model included positive, negative, depressive, anxious, and manic 

symptomatology assessed with the sum scores of several psychopathological 

scales. The total model significantly predicted hippocampal volume, F(12, 

427)=46·11, p<·001, R2=·56, (adj. R2 =·55). GAF was a significant predictor for 

hippocampal volume (β=·142, p=·017). None of the other psychopathology 

variables, i.e., positive, negative, depressive, anxiety, and manic symptoms 

(SANS, SAPS, HAMD, HAMA, YMRS), and neither the site variables, nor sex 



57  
 

were significant predictors of hippocampal volume (all ps >·05). The covariates 

group (β=-·111, p=·027), TIV (β=·665, p<·001), and age (β=-·162, p<·001) 

significantly predicted hippocampal GMV. 

4) Neuropsychological performance 

Using exploratory factor analysis, we identified three factors of 

neuropsychological performance: F1: working memory/executive functioning, 

F2: verbal fluency, and F3: verbal episodic memory. A detailed description can 

be found in the supplement.  

The model including the neuropsychological domain significantly predicted 

hippocampus volume F(9, 404)=56·58, p<·001, R2=·56, (adj. R2 =·55). The 

neuropsychological performance factor working memory/executive functioning 

was a significant predictor (β=·10, p=·009), together with the covariates: group 

(β=-·20, p<·001), TIV (β=·67, p<·001), and age (β=-·117, p=·001). The 

variables for site, sex, verbal fluency, and verbal episodic memory were no 

significant predictors (all ps>·05). 

In sum, the transdiagnostic left hippocampal GMV alteration was significantly negatively 

associated with stressful life events and positively with global functioning and working 

memory/executive functioning, independent of the presence of a psychiatric disorder.  
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Discussion  

In summary, smaller left hippocampal volume was common to MDD, BD, and SSD 

patients, independent of diagnosis. More stressful life events, lower executive 

performance and lower global functioning were negatively associated with hippocampal 

volume. These results expand our understanding of transdiagnostic morphometric 

alterations and their underlying correlates.  

Hippocampal volume reductions have previously been documented in case control 

studies of MDD, BD, and SZ, 7,14,60 and in meta-analyses 2,61,62, although with 

inconsistencies within single diagnoses. These hippocampal reductions in patients have 

been explained through heightened stress, leading to dysregulation of the hypothalamic-

pituitary-adrenal (HPA) axis and increased production of glucocorticoids, which have a 

neurotoxic effects 63. To explore this volume loss, we investigated associations with 

potential phenotypic and risk factors. We found smaller left hippocampal volume 

associated with higher number of stressful life events, poorer neuropsychological 

executive and global (social) functioning (GAF), but notably not to other potential factors 

which have been associated with hippocampal volume previously, e.g., childhood 

maltreatment or psychopathology 64,65. Associations between hippocampus volume and 

childhood maltreatment have been heterogenous, with some studies reporting a 

significant negative association between these factors 64,66, whereas others did not15. A 

recent meta-analysis has highlighted the importance of age, sex, and diagnosis, as they 

moderate this association 67. The reduced left hippocampal volume in all patients mirrors 

previous findings of molecular genetics 1,68 and imaging studies 2,16, highlighting that 

psychiatric disorders share large biological overlap across disorders.  

The association between stressful life events and reduced hippocampal volume has 

previously been reported in a longitudinal study69, as well as in the context of 9/1170. We 

were able to demonstrate that the number of stressful life events is associated with 
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reduced hippocampal volume in both patients and healthy subjects. We further showed 

that global assessment of functioning (GAF) and the neuropsychological performance 

factor working memory/executive functioning were significant predictors for 

hippocampal volume. These findings align with results from case control studies, 

particularly in SZ, and less consistently in affective disorders 71–75. However, our results 

go beyond these findings, as we could demonstrate that these effects are not related to the 

traditional, descriptive diagnoses, but apply to all our patients, and healthy controls alike.  

We detected differences between HC, MDD, BD, and SSD in the left hippocampus, 

temporal, and lingual gyri, central and left frontal operculum, precentral gyrus, and 

anterior insula. Although these findings were statistically significant, there was a large 

overlap in these volumes across the four groups and the differences are mostly driven by 

the larger volumes in the healthy group. These cortical areas have often emerged as being 

significantly smaller in single diagnosis case-control studies, in SSD 10,11, BD 10, and less 

consistently in MDD 7,8,76. We could now demonstrate that especially the left 

hippocampus and the frontal operculae/insula are commonly affected in the three 

diagnoses, to slightly varying degrees.  

To the best of our knowledge, we were the first to provide a large, matched sample of 

HC, MDD, BD, and SSD - making our findings more robust and generalizable compared 

to previous work 2,16. First, matched samples are adjusted for effects of confounding 

variables between groups 26. Second, we provided data from patients aged 18 – 65, thus 

allowing for more generalizable results. Findings  from another study (with patients aged 

13 – 30) 16 are probably skewed towards early-onset patients, who might represent a 

distinct subgroup, as median age of onset for MDD and BD is later in life (30-33 years) 

57–59.  
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Limitations 

Some limitations should be noted. First, we did not detect a significant whole-brain 

difference in the HC > BD contrast but detected a significant hippocampus finding in the 

conjunction analysis (HC > MDD ∩ HC > BD ∩ HC > SSD) using ROI analysis. Meta- 

and mega-analyses have repeatedly shown that lithium intake increases volume in the 

hippocampus in BD patients 62,77. This factor seems to have impeded the detection of a 

whole-brain effect in BD vs. HC. Hajek and colleagues (2012)62 were also able to 

demonstrate in their meta-analysis that lithium merely masked the effect of a hippocampal 

volume loss in BD patients. Second, the psychopharmacological medication class 

(antipsychotics, antidepressants, etc.) is highly intercorrelated with the DSM-diagnoses; 

inclusion of medication as a covariate would have drastically reduced variance to detect 

differences in group GMV, and we therefore decided against it, in line with previous work 

2,16. Third, there are further early risk factors from the epidemiological literature, such as 

paternal age, or cannabis use. These factors have mainly been associated with SSD, but 

not affective disorders, so we did not include them 78. Fourth, due to the cross-sectional 

design of this study, no definite inferences can be drawn about causality or directionality 

of the detected associations. 

 

Conclusion 

This is the first study to demonstrates reduced left hippocampal volume common to age- 

and sex-matched SSD, MDD, and BD from a single sample. Small hippocampal GMV 

may constitute a general neural pathomechanism in affective and psychotic disorders. 

Furthermore, we were able to provide large, multimodal data to associate this finding 

with psychopathology, neuropsychology, family genetics as well as early 

(neurodevelopmental) and current risk and protective factors. Together with findings 

from other areas of research, such as genetics, immunology, early and late environmental 
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risks, it emerges that the traditional phenomenological diagnoses have more in common 

than what separates them. Case-control studies should be replaced by large, 

transdiagnostic, longitudinal, deeply phenotyped studies, involving multiple levels of 

data collection (GWAS, microbiome, imaging, immune system, etc.) that may reveal 

novel typologies, orthogonal to the currently operationalized mental disorders, which will 

hopefully in the future be relevant for prognosis and therapy.  
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Supplement 

Supplement 1: Neuropsychology factor analysis 
We reduced the neuropsychological test results into intercorrelated domains. The Kaiser-Meyer-Olkin test 
indicated that the data were appropriate for factor modelling (KMO=·88). Bartlett’s test of sphericity was 
also significant: x2=1662·94, df=55, p<·001. Exploratory factor analysis with varimax rotation yielded 
three neuropsychological factors (see eTable1). The three factors were: F1: working memory/executive 
functioning, F2: verbal fluency, and F3: verbal episodic memory, explaining a total of 50·64% of variance. 
The factor working memory/executive functioning encompassed the neuropsychological tests of attention 
(d2), symbol coding, spatial span, letter-number span, and trail-making test (TMT). The second factor 
verbal fluency comprised semantic, lexical, and categorical verbal fluency. The third factor verbal episodic 
memory covered the recognition score German Verbal Learning and Memory Test (VLMT), VLMT verbal 
episodic memory, and VLMT loss short time delay.  

 
eFigure 1: Screeplot of explorative factors analysis on neuropsychological tests (matched sample) 

 
 

 

 

 

eTable 1: Explorative factor analysis of neuropsychological tests with varimax 
rotation 

Factor Neuropsychological tests Loading Variance explained 

Working memory/executive 
functioning 

D2 test of attention ·732 19·77% 
Symbol coding ·648  
Spatial span ·629  
Letter number span ·506  
TMT difference -·484  

Verbal fluency 
Semantic verbal fluency ·679 15·99% 
Lexical verbal fluency ·672  
Categorical verbal fluency ·595  

Verbal episodic memory 
VLMT recognition ·805 14·89% 
VLMT verbal episodic memory ·720  
VLMT loss short time delay -·403  
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A B S T R A C T   

The Covid-19 pandemic resulted in repeated, prolonged restrictions in daily life. Social distancing policies as well 
as health anxiety are thought to lead to mental health impairment. However, there is lack of longitudinal data 
identifying at-risk populations particularly vulnerable for elevated Covid-19-related distress. 

We collected data of N = 1268 participants (n = 622 healthy controls (HC), and n = 646 patients with major 
depression, bipolar disorder, schizophrenia or schizoaffective disorder) at baseline before (2014–2018) and 
during (April-May 2020) the first lockdown in Germany. We obtained information on Covid-19 restrictions 
(number and subjective impact of Covid-19 events), and Covid-19-related distress (i.e., subjective fear and 
isolation). Using multiple linear regression models including trait variables and individual Covid-19 impact, we 
sought to predict Covid-19-related distress. 

HC and patients reported similar numbers of Covid-19-related events, and similar subjective impact rating. 
They did not differ in Covid-19-related subjective fear. Patients reported significantly higher subjective isolation. 
30.5% of patients reported worsened self-rated symptoms since the pandemic. Subjective fear in all participants 
was associated with trait anxiety (STAI-T), conscientiousness (NEO-FFI), Covid-19 impact, and sex. Subjective 
isolation in HC was associated with social support (FSozu), Covid-19 impact, age, and sex; in patients, it was 
associated with social support and Covid-19 impact. 

Our data shed light on differential effects of the pandemic in psychiatric patients and HC. Low social support, 
high conscientiousness and high trait anxiety are associated with elevated distress during the pandemic. These 
variables might be valuable for the creation of risk profiles of Covid-19-related distress for direct translation into 
clinical practice.   

Introduction 

The Covid-19 pandemic and its ramifications can be considered a 

global stressor (Kaye-Kauderer et al., 2021). The actual impact of 
stressors on mental health depend on stressor characteristics, as well as 
traits of the exposed individuals (Alisic et al., 2014; Hensley and Varela, 
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2008; Kendler et al., 2006; Marin et al., 2011). The Covid-19 pandemic 
has generated a qualitatively new challenge for mental health (Johns 
Hopkins University, https://coronavirus.jhu.edu/map.html). 

Social distancing, a commonly implemented measure to limit virus 
spread, has put large parts of the population in social isolation for a 
prolonged period (Kira et al. 2020). This might also restrict availability 
of social support systems, including access to mental health care, leading 
to increased stressor load (Banerjee and Rai, 2020; Mancini, 2020). 
Social isolation is known to affect mental and physical health negatively, 
with effect sizes similar to premature mortality in hypertension and 
hyperglycaemia (Aleman and Sommer, 2020; Holt-Lunstad et al., 2015, 
2010; Wang et al., 2017). Experts have warned that using social isolation 
as a strategy to contain the Covid-19 pandemic could result in a future 
mental-health pandemic, including increased suicide risk (“Keep mental 
health in mind,” 2020; Parrish, 2020; Pfefferbaum and North, 2020; 
Reger et al., 2020). In previous, smaller epidemics, such as severe acute 
respiratory syndrome (SARS), an increase in suicides was reported 
especially in elderly adults, which was associated with social isolation 
and anxiety (Yip et al., 2010). First data from Japan show a 16% increase 
in suicides following the second wave of the Covid-19 pandemic (July-
–October 2020) (Tanaka and Okamoto, 2021). 

Even though lockdown restrictions and infection rates vary across 
countries, current Covid-19 cross-sectional studies suggest elevated 
stress and negative affect increase across the general population 
worldwide. In a recent study in the Mexican population (N = 1,105), half 
of the participants (50.3%) reported moderate to severe levels of psy-
chological distress due to Covid-19, as well as 22.6% reporting moderate 
to severe symptoms of anxiety (Cortés-Álvarez et al., 2020). In an 
American representative sample (N = 10,368), more than 25% reported 
moderate to severe anxiety symptoms associated with the pandemic 
(Fitzpatrick et al., 2020). A review of four studies in the Chinese general 
population consistently found increased symptoms of anxiety and 
depression, as well as self-reported stress (Rajkumar, 2020). In another 
large cross-sectional study of the general Chinese population (N = 56, 
679), participants reported several mental health symptoms, including 
depressive symptoms (27.9%), anxiety symptoms (31.6%), insomnia 
(29.2%), and acute stress symptoms (24.4%) (Shi et al., 2020). 
Reviewing 25 longitudinal studies and natural experiments in a 
meta-analysis, Prati and Mancini (2021) report a small, but highly 
heterogenous effect of lockdown measures on mental health across 
studies, and stress the need for further investigation of subgroups which 
might be at particular risk for adverse mental health effects. 

Two meta-analyses reviewing mostly cross-sectional studies (up to 
May 2020) identified female gender, younger age (≤40 years), social 
isolation, and presence of chronic/psychiatric illness, among others, as 
risk factors for increased mental distress during the pandemic (Luo et al., 
2020; Xiong et al., 2020). Indeed, individuals with previous or current 
mental health problems constitute a vulnerable group, as (psychosocial) 
stressors are known to exacerbate existing symptoms of major depres-
sion (Burke et al., 2005; Kendler et al., 1999). The additional stress of the 
pandemic and concomitant social isolation might be particularly detri-
mental to individuals already at poor mental health. In a recent 
case-control study, psychiatric patients were shown to report higher 
worries about physical health, as well as higher anger and impulsivity 
symptoms compared to healthy controls during the pandemic (Hao 
et al., 2020). 

Apart from interindividual differences, stressor characteristics can 
also affect mental health outcomes. Covid-19-specific stressors (e.g., 
quarantine, health worries), were also associated with depressive 
symptoms, loneliness and decreased well-being, among others. Inter-
estingly, in a recent case-control study, healthy controls were shown to 
be more negatively affected by these stressors than patients (Rek et al., 
2021). 

While cross-sectional studies provide data of the impact on mental 
health across multiple populations, they lack longitudinal assessments 
that are better suited to examine the complex relationship between 

current and pre-pandemic mental health status. Indeed, Shanahan et al. 
(2020) showed that distress preceding the pandemic was the strongest 
predictor of emotional distress during the pandemic itself. Ahrens et al. 
(2021) described differential mental health trajectories in a longitudinal 
analysis during lockdown. They identified social support and feelings of 
loneliness, among others, to be positive and negative predictors of 
mental health outcomes, respectively. Pierce et al. (2021) identified a 
subgroup of individuals with deteriorating mental health over time 
(7%). Pre-existing physical or mental health issues, financial difficulties, 
minority ethnic status, and SARS-CoV-2 infection were predictors of 
poor mental health. 

In this study, we analysed data on Covid-19 impact and subjective 
distress in an ongoing large longitudinal German bi-center cohort, 
including patients with affective and psychotic disorders, and healthy 
individuals (Kircher et al., 2018). Participants of this unique large 
cohort had been deeply phenotyped, including structured diagnostic 
assessment, before the pandemic, and were now re-assessed after 
exposure to social distancing and isolation measures implemented dur-
ing the first lockdown in Germany. Trait markers, indicative of risk for 
mental distress or disorders, might modulate individual level of 
Covid-19 distress. Based on the literature, we selected eleven variables 
previously associated with mental health problems which are relatively 
stable across time, i.e.: childhood maltreatment, familial risk, social 
support, resilience, IQ, trait anxiety, and the Big Five personality traits 
(i.e. openness, conscientiousness, extraversion, agreeableness, neuroti-
cism) (See Supplement Table 1). This allowed us to test 1) how Covid-19 
restrictions impact HC and patients, and 2) which baseline variables 
predict Covid-19 distress. 

Method 

Sample description 

The DFG FOR2107 cohort is a bi-center, longitudinal study investi-
gating healthy controls (HC), and patients with MDD, bipolar disorder 
(BP), schizophrenia (SZ), and schizoaffective disorder (SZA) (Kircher 
et al., 2019). The study was approved by the ethics committees of the 
universities of Marburg and Münster, Germany, in accordance with the 
Declaration of Helsinki. Between 2014 – 2018, participants in this study 
underwent baseline testing in Marburg and Münster, during which trait 
data was assessed. Median of baseline data collected in 2016 (36.6%), 
four years before the Covid-19 telephone interview in 2020 was con-
ducted. Trait data assessment was therefore not influenced by potential 
confounding effects of the pandemic. From April – May 2020, during the 
first lockdown in Germany, we contacted n = 1928 individuals who had 
previously participated in baseline testing. Of these, n = 526 could not 
be contacted, and n = 134 did not want to participate in the telephone 
survey, thus leaving a final sample of N = 1268 for analysis (65.5% 
female; HC n = 622, patients n = 646; MDD n = 514, BD n = 74, SZ n =
33, SZA n = 25). Those participants had data from two timepoints: 
baseline testing (trait data, between 2014 and 2018), and during the 
pandemic (Covid-19 impact and distress, between April and May 2020). 
HCs were significantly (p=.004) younger than patients (M = 40.67, 
SD=13.34; M = 42.70, SD=13.40, respectively, at time of Covid-19 
telephone interview. Based on the literature, we chose eleven traits 
associated with mental health outcomes: Big Five (NEO-FFI), social 
support (F-SozU), IQ (MWT-B), childhood maltreatment (CTQ), familial 
risk (assessed using a questionnaire), resilience (RS-25), and trait anxi-
ety (STAI-T) (Costa and McCrae, 1992; Fydrich et al., 2007; Laux et al., 
1981; Lehrl, 2005; Leppert et al., 2008; Wingenfeld et al., 2010). Table 1 
lists sociodemographic and test data at baseline. 

Data collection 

Social distancing measures and formal regulations issued by the 
German Federal Government on March 22nd, 2020 included severe 
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reductions of interpersonal contacts in both social (e.g., closing of 
gathering places, restrictions in meeting people) and occupational areas 
of daily life (e.g., closing of schools, working from home). The re-
strictions were in place during the entire data collection process (Fig. 1). 

We obtained lockdown data from April 7th, 2020 – May 8th, 2020. 
Trained research assistants conducted 20-minute semi-structured tele-
phone interviews. The team was briefed to provide information about 
help hotlines if participants reported increased psychiatric symptoms 
due to Covid-19. We assessed Covid-19 impact through self-reported 
impact rating of Covid-19-related incidents (Table 1). Those Covid-19- 
related incidents included 11 types of events, i.e., quarantine, working 
from home, loss of recreational activities, cancelation of private travel, 
cancelation of work travel, loss of childcare options, paused studies at 
school or university, restrictions in health care, pecuniary damage, 
short-time work, and loss of job. If participants had experienced such an 
incident, they were asked to rate its valence (positive or negative) and 
intensity (0 – 5 Likert-scales, with higher scores indicating higher in-
tensity). Covid-19 impact was calculated by adding all intensity-related 
ratings, irrespective of their perceived valence. Negative Covid-19 

impact rating and positive Covid-19 impact rating were calculated by 
only adding intensity ratings for either negatively, or positively rated 
items, respectively. This was based on scoring done in the life event 
questionnaire (LEQ) (Norbeck, 1984). 

Covid-19 distress was operationalized as Covid-19-related subjective 
fear and isolation (Table 1). We obtained self-report ratings of Covid-19- 
related subjective fear (subjective fear) and Covid-19-related subjective 
isolation (subjective isolation). Subjective fear was calculated by adding 
the ratings of three items “fear of Covid-19 regarding own health”, “fear 
of Covid-19 regarding health of associated persons”, and “fear of Covid- 
19-related economic and social consequences”, each rated on a six- 
point-Likert scale. Subjective isolation was assessed by prompting par-
ticipants to think about current lockdown restrictions and then to 
answer three items of the revised UCLA loneliness scale (“There is no one 
I can turn to”, “I feel left out”, and “I feel isolated from others”), rated on 
a four-point-Likert scale (Russell et al., 1980). Subjective isolation was 
calculated by summing up the three items. Cronbach’s alpha for this 
scale was α=0.684. 

Patients were additionally asked to rate subjective changes in psy-
chopathological symptom severity since the beginning of the pandemic 
(improved, unchanged, a little worse, substantially worse) as well as 
constraints regarding access to psychiatric/psychological care (see Fig. 2 
and Table 2). 

Although not a focus of the current analysis, we also assessed Covid- 
19-related health concerns, such as testing positive for Covid-1(see 
Supplement Table 7). 

Statistical analyses 

Significance level was set at α<0.05. Analyses were performed using 
SPSS 27 statistical software (IBM Corp.). Figures were designed using 
Microsoft Excel (Version 16.46) and ggplot2 running under R (Version 
4.0.3) (Microsoft Corporation, 2018; R Core Team, 2020; Wickham, 
2018). To compare mean scores between patients and healthy controls, 
two-tailed, independent sample t-tests were used. As Levene’s test for 
equality of variances was found to be violated for subjective isolation 
and fear, we report t-statistics not assuming homogeneity of variance for 
these. Frequency distributions were analysed using chi-square tests. As 
baseline data on remission status were missing for n = 42 patients, and 
symptom change data were missing for n = 16, we report the number of 
data sets used for each analysis. Patients with unchanged, improved, and 
worsened symptoms were compared using ANOVA. 

Multiple regression analyses were applied to predict Covid-19 
distress (i.e. Covid-19-related fear and isolation) from the eleven base-
line variables, age, sex, site, and Covid-19 impact. Subjective fear was 
additionally predicted using diagnosis. We predicted subjective fear in 
the entire sample, while we ran multiple regression analyses for sub-
jective isolation in HC and patients separately (as they differed signifi-
cantly in this measure). For the multiple regressions, we performed 
Bonferroni correction for multiple testing, adjusting p-values for three 
tests. No multicollinearity was present (see Supplement Table 2-4). 

Results 

Impact of Covid-19 restrictions on HC and patients 

18.6% of the participants reported mandated quarantine either for 
themselves, or of an associated person (partner, family member or 
friend). Regarding Covid-19-related incidents, only 36 participants 
(2.9%) did not experience any event, the median of Covid-19 incidents 
experienced was 3. Patients and HC did not differ in the number of 
Covid-19 incidents experienced (t(1239)=1.02, p=.308, d = 1.68), nor 
in their positive Covid-19 impact rating (t(1266)=0.162, p=.871, d =
2.12), or negative Covid-19 impact rating (t(1266)=1.657, p=.097, d =
5.21), and neither in their total Covid-19 impact rating (t(1266)=1.591, 
p=.109, d = 5.64). 

Table 1 
Covid-19 impact in 2020 and at baseline sample characteristics (2014–2018).   

Whole 
sample 
(N =
1268) M 
(SD) 

Healthy 
participants (n 
= 622) M (SD) 

Patients 
(n = 646) 
M (SD) 

Difference 
(p-value) 

Covid-19 impact 
(2020)     

Number of events 
experienced 
(range: 0–11) 

3.04 
(1.68) 

3.09 (1.60) 2.99 
(1.76) 

p = .308 

Negative Covid-19 
impact rating 
(range: 0–55) 

6.60 
(5.21) 

6.84 (5.03) 6.36 
(5.38) 

p = .097 

Positive Covid-19 
impact rating 
(range: 0–55) 

0.97 
(2.12) 

0.98 (2.02) 0.96 
(2.21) 

p = .871 

Total Covid-19 
impact rating 
(range: 0–55) 

7.56 
(5.64) 

7.82 (5.46) 7.32 
(5.81) 

p = .109 

Subjective fear (range 
0–30) 

13.18 
(5.27) 

12.96 (4.89) 13.39 
(5.60) 

p = .152 

Subjective isolation 
(range: 3–12) 

5.34 
(2.20) 

4.73 (1.77) 5.93 
(2.41) 

p< .001* 

Sample 
characteristics at 
baseline (2014- 
2018)     

Sex f/m 831/437 404/218 427/219 p = .667 
Childhood 

maltreatment 
(CTQ) 

38.48 
(13.69) 

32.57 (8.39) 44.16 
(15.31) 

p< .001* 

Familial risk (with/ 
without risk) 

345/923 133/489 212/434 p< .001* 

Social support (F- 
SozU) 

4.19 
(0.76) 

4.51 (0.52) 3.87 
(0.82) 

p< .001* 

Resilience (RS-25) 128.01 
(25.85) 

141.83 
(17.96) 

114.65 
(25.29) 

p< .001* 

IQ (MWT-B) 115.14 
(13.78) 

115.86 (13.48) 114.44 
(14.03) 

p = .067 

Trait anxiety (STAI- 
T) 

42.36 
(13.78) 

33.33 (8.23) 51.08 
(12.38) 

p< .001* 

Openness (NEO-FFI) 30.37 
(6.76) 

30.69 (6.63) 30.07 
(6.86) 

p = .112 

Conscientiousness 
(NEO-FFI) 

32.39 
(7.14) 

34.65 (6.37) 30.21 
(7.17) 

p< .001* 

Extraversion (NEO- 
FFI) 

26.82 
(8.01) 

30.88 (6.06) 22.93 
(7.72) 

p< .001* 

Agreeableness (NEO- 
FFI) 

33.59 
(5.93) 

35.04 (5.49) 32.20 
(6.014) 

p< .001* 

Neuroticism (NEO- 
FFI) 

21.53 
(10.30) 

15.20 (7.39) 27.60 
(8.95) 

p< .001*  
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Regarding Covid-19 distress, patients did not differ significantly in 
subjective fear compared to HC (t(1254.22)=− 1.44, p=.152, d = 5.27). 
However, patients reported significantly higher subjective isolation, t 
(1183.57)=− 10.16, p<.001; d = 2.12 (ref. to Table 1). 

27.9% of patients reported Covid-19-related problems in obtaining 
treatment options, of which 21.4% reported changes in therapy 
(Table 2). 

Half of patients (51.1%) in our sample reported no psychiatric 
symptoms directly before the beginning of the pandemic. However, 
almost one third of patients (n = 192, 30.5%) reported small to sub-
stantial symptom aggravation since the beginning of the pandemic, 
while 10.3% of the patient sample reported improved symptoms, and 
more than half of the sample (59.2%) reported no change in symptom 
severity (Table 2). 

Based on changes in symptom severity, patients were split into three 
subgroups with unchanged, improved, or worsened symptom load (See 

Fig. 2). 
Table 6 in the Supplement examines differences in the three symp-

tom change groups. Patients reporting worsened symptoms since 
pandemic onset did not statistically differ from those with improved or 
unchanged symptoms with regard to the baseline variables: diagnosis 
(χ2(6) = 3.42, p=.755), treatment state (χ2(4) = 4.57, p=.334), or 
recurrence status of MDD (χ2(2) = 4.62, p=.099). They did not differ in 
number of Covid-19-related incidents during the pandemic (p=.095), 
however, they differed significantly in their negative Covid-19 impact 
rating (F(2627)=12.53,p<.001,η2=0.038), positive Covid-19 impact 
rating (F(2627)=4.10,p=.017,η2=0.013), and their total Covid-19 
impact rating (F(2627)=7.16,p=.001,η2=0.022). 

The groups also differed significantly in both measures of subjective 
Covid-19 distress, i.e., subjective fear (F(3642)=6.58, p<.001), and 
subjective isolation: F(2629)=38.26, p<.001. (See Table 6 in 
Supplements). 

Fig. 1. Subjective Covid-19 distress during lockdown in patients and HC. 
Note: Higher values indicate higher subjective isolation/fear. Patients and healthy controls (HC) do not differ significantly in subjective fear (range: 0–30), but in 
subjective isolation (range: 3–12). 

Fig. 2. Symptom changes in patients since beginning of pandemic (pie chart) and pre-pandemic mood state (bars).  
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Regression models predicting Covid-19 distress using baseline data 

Subjective fear was statistically significantly predicted by the model, F 
(16,1208)=4.71, p<.001, R2=0.06 (adj.R2=0.05), indicative of a weak 
goodness-of-fit (Cohen, 1988). Higher trait anxiety (β=0.185, 
padj=0.006), higher Covid-19 impact (β=0.130, padj<0.001), higher 
conscientiousness (β=0.111, padj=0.004), and sex (β=0.078, 
padj=0.020) significantly predicted higher subjective Covid-19 fear. The 
other variables did not predict subjective fear (i.e., diagnosis, age, site, 
childhood maltreatment, social support, openness, extraversion, agree-
ableness, neuroticism, resilience, IQ, familial risk; adj. ps >0.05) (See 
Supplement Table 2 ). 

As subjective isolation differed statistically in HC and patients, we 
analysed multiple regression models for HC and patients independently. 
In HC, subjective isolation was significantly predicted by the model: F 
(15,582)=8.17, R2=0.17 (adj.R2=0.15), indicative of a moderate 
goodness-of-fit (Cohen, 1988). Lower social support (β=− 0.194, 
padj<0.001), sex (β=0.161, padj<0.001), lower age (β=− 0.177, 
padj<0.001), and higher Covid-19 impact (β=0.131, padj=0.002) pre-
dicted higher subjective isolation in HC. The other variables did not 
predict subjective isolation in HC (i.e., site, childhood maltreatment, 
trait anxiety, Big Five, resilience, IQ, familial risk, all adj. ps >0.05), see 
Supplement (Table 3). 

In patients, subjective isolation was significantly predicted by the 
model, F(15,610)=9.99, p<.001, R2=0.20 (adj.R2=0.18), indicative of 
a moderate goodness-of-fit (Cohen, 1988). Higher Covid-19 impact 
(β=0.114, padj=0.006), and lower social support (β=− 0.269, 
padj<0.001) predicted higher subjective isolation. The other variables (i. 
e., age, sex, site, childhood maltreatment, trait anxiety, Big Five, resil-
ience, IQ, and familial risk; adj. ps >0.05) did not predict subjective 
isolation in patients. Summaries of the entire models can be found in the 
Supplement 

To investigate if patients with unchanged, worsened or improved 
symptoms differed in the identified variables for Covid-19 distress (i.e., 
trait anxiety, Covid-19 impact, conscientiousness, sex, and social sup-
port), we examined these scores in the three patient groups. We found 
significantly different sex distributions in these groups, and significantly 
higher trait anxiety in the worsened symptoms group (See Table 6 in 
Supplements). Patient symptom change groups did neither differ 
significantly in conscientiousness and social support, nor in Covid-19 
impact (see Table 6 in Supplements and Table 2). Table 5 in the Sup-
plement lists additional patient group characterization by diagnosis. 

Discussion 

Based on a large longitudinal, transdiagnostic, bi-center cohort of 
patients with mental disorders and healthy subjects, our study provides 
evidence for a disproportionately stronger subjective isolation effect in 
psychiatric patients, compared to HC, despite similar number of Covid- 
19-related events and similar impact rating in HC and patients. 

We identified social support, trait anxiety and conscientiousness as 
traits which predict distress during the pandemic. Additionally, age and 
sex, as well as Covid-19 impact was associated with Covid-19 distress in 
HC and patients. 

First, our findings demonstrate that patients are at particular risk for 
higher subjective isolation when exposed to social distancing schemes. 
Possible reasons for this might include general or non-specific elevation 
of stress in a society, in addition to lack of resilience, resources, and 
reduced availability of psychiatric support. Such effects have been 
demonstrated in both adults and adolescents, usually not in cohorts that 
have had previous clinical characterization for pre-Covid disease cour-
ses (Loades et al., 2020; Riehm et al., 2020). Our findings align with two 
meta-analyses identifying psychiatric patients as at-risk for increased 
mental distress during the pandemic (Luo et al., 2020; Xiong et al., 
2020). It is possible that healthy individuals have more resources for 
emotional/social support at their disposal (as indicated by higher 
baseline social support) that buffered the negative effects of these in-
cidents and prevented higher feelings of isolation (Hoefnagels et al., 
2007). 30.5% of patients reported worsened symptoms since the 
pandemic. This group of patients also rated Covid-19-related incidents 
more negatively, less positively, and reported higher subjective isolation 
and fear compared to the other patient groups. Restoring sufficient pa-
tient care might be one important aspect in improving symptom load (as 
problems in this area were reported by 27.9% of all patients). In the 
general population, more than one third of adults with serious distress 
during the pandemic listed inability to obtain health care as a contrib-
uting factor for increased distress, further highlighting the need to 
facilitate (physical and mental health) treatment attainment during 
lockdown (McGinty et al., 2020). 

Second, using baseline data, we were able to predict Covid-19 
distress, i.e., subjective fear and isolation. Higher subjective fear was 
significantly predicted by higher trait anxiety, higher Covid-19 impact, 
higher conscientiousness, and female sex in HC and psychiatric patients 
(in order of predictive strength, see Supplement). However, these vari-
ables only explained 6% of variance in subjective fear. Other current 
factors, such as media consumption and catastrophic cognitions about 
Covid-19 might also influence subjective fear, but were not assessed in 
this study (Bendau et al., 2020; Rosebrock et al., 2021). 

Interestingly, the patient group reporting worsened symptoms since 
the pandemic also reported significantly higher trait anxiety scores than 
the unchanged and improved patient groups. Trait anxiety might not 
only be associated with subjective fear of Covid-19, but also with worse 
mental health outcomes during the pandemic in general. This aligns 
with previous findings reporting an association between depressive 
symptoms and perceived risk of Covid-19 infection (Kim et al., 2020). 

The second outcome, subjective isolation, differed significantly be-
tween HC and patients. Therefore, we ran two independent multiple 
regression models, to investigate possible specific predictors of subjec-
tive isolation in patients or HC. In patients, subjective isolation was 
predicted by social support and Covid-19 impact. In HC, it was predicted 
by the same factors as patients, but additionally by age and sex. 

In line with our findings, female gender has been repeatedly asso-
ciated with poorer mental health outcomes during the pandemic (Luo 
et al., 2020; Vindegaard and Benros, 2020; Xiong et al., 2020). In pa-
tients, sex did not reach significance after correcting for multiple tests 
(p=.051) but might also contribute to subjective isolation in patients. 

Our findings show that besides Covid-19 impact, trait variables such 
as social support (and additionally age and sex in HC) contribute to 
subjective isolation during the pandemic, with models accounting for 

Table 2 
Experiences of patients during the pandemic: Changes in illness severity and 
treatment obstacles. Data collected April/May 2020 during first lockdown.   

Sum % of 
patients 

Subjective symptoms in January 2020 (before pandemic 
lockdown)   

“No, I was fine” 330 51.1% 
“Yes, mildly affected” 190 29.4% 
“Yes, strongly affected” 110 17.0% 
Change in symptom severity since beginning of the 

pandemic   
Unchanged 373 59.2% 
A little worse 133 21.1% 
Substantially worse 59 9.4% 
Improved 65 10.3% 
Experienced Covid-19-related obstacles in treatment options 176 27.9% 
Problems in obtaining medication 18 2.8% 
Problems in obtaining social psychiatric aid 45 7.1% 
Changes in therapy 138 21.4% 
Other changes 35 5.4% 

Data were missing for n = 16 patients. 
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15% of variance in HC, and 18% of variance in patients. Previous social 
support seems to be important in feeling connected and less isolated 
during the pandemic. Our findings align with findings by Gloster et al. 
(2020), who identified social support as a strong predictor for mental 
health outcomes during the pandemic. 

It is noteworthy that social support data, collected 2–6 years prior 
were still relevant for subjective isolation. Social isolation during the 
pandemic has also been associated with poorer life satisfaction, and 
higher levels of substance use (Clair et al., 2021). Current social support 
during the pandemic was found to be associated with fewer depressive 
symptoms, with quality of contact being more important than quantity 
(Sommerlad et al., 2021). Higher social support was also associated with 
more positive appraisal and higher resilience during the pandemic 
(Veer et al., 2021). In light of these findings, social support seems to be 
relevant for both HC and patients in the maintenance of mental health 
during a pandemic. 

In the aftermath of traumatic events, a “pulling together effect” is 
often described, with an increase in social support and cohesion in the 
affected population. This effect was shown to buffer negative effects of 
such traumatic events (Mancini, 2020; Reger et al., 2020). However, 
with increased levels of social isolation, especially in patients, this effect 
does not seem to be present during this pandemic. This might be 
explained by the difference between singular traumatic events (e.g., 
natural disasters, terrorist attacks) compared to prolonged or even 
ongoing stressors. The specific characteristics of this pandemic and the 
very strategies (i.e., social distancing) to ameliorate its adverse effects 
seem to impede the protective effect of increased social cohesion. As 
social distancing is used to contain virus spread, we as a society have to 
act counter-intuitively than we would otherwise in stressful situations: 
as opposed to finding emotional and physical comfort from our social 
networks, we are asked to limit social contacts and to engage in socially 
distanced communication with friends and family. Despite large-scale 
efforts to minimize social (as opposed to physical) distancing, e.g. 
through the use of web-based communication, these might not over-
come the lack of physical proximity to other humans, which has shown 
significant benefits to mental and physical health (Jakubiak and Feeney, 
2019; Thomas and Kim, 2020). This indicates that individual efforts, and 
new and creative strategies to keep in touch are not sufficient (or not 
sufficiently used) to offset feelings of isolation. Social isolation is well 
known to be detrimental to both physical as well as mental health, and 
constitutes an important risk factor for MDD (Holt-Lunstad et al., 2015; 
Qiu et al., 2020). Feelings of isolation might add up over time with 
detrimental effects to mental health, and generate considerable clinical 
burden. 

To counteract isolation during the pandemic, it seems vital to in-
crease social integration and to immunize isolated individuals against 
the negative impact of restrictions to contain virus spread. Future pol-
icies should therefore address the problem of loneliness and isolation 
and focus on interventions that target feelings of isolations in population 
groups already experiencing lesser degrees of social integration, and 
provide safe options for social interaction during the pandemic. Our 
results point to social support as an important starting point for targeted 
interventions and preventions. 

Limitations 

Several limitations should be noted. The current study did not 
include a full diagnostic interview at mid-pandemic follow-up, only one 
conducted for baseline data collection. More objective measures, 
including HAMD scores, assessed by trained raters and in-depth in-
terviews would have improved the validity of the findings. 

We did not re-assess trait anxiety and social support during the 
pandemic. It might be argued that subjective fear and subjective isola-
tion are simple expressions of these traits, manifesting irrespectively of 
the pandemic. However, in all three multiple regression models, Covid- 
19 impact was a significant predictor for subjective fear and isolation. 

Covid-19-related fear and isolation ratings seem to be influenced by 
both baseline trait variables (trait anxiety and social support), but also 
by current Covid-19 impact. The found associations cannot be regarded 
as causal inferences, however, they might guide future research and hint 
at possible risk factors. 

It could be argued that social support incorporates both trait- and 
state-like aspects. In our analysis, previous social support was still a 
significantly associated with subjective isolation during the pandemic, 
highlighting the stability of the variable over time. 

Outlook 

The Covid-19 pandemic constitutes an unfamiliar challenge to in-
dividuals and societies worldwide. With ongoing or intermittent lock-
downs set in place, policy makers should acknowledge the mental health 
impact of social isolation, which might be even more pronounced in the 
long-term (Daly et al., 2020). Targeted prevention and interventions, 
especially in those populations at particular risk should be considered 
(Saltzman et al., 2020). The lack of such interventions might result in 
significant and lasting impact on mental health burden, in people pre-
viously affected by mental health impairments, as well as those without 
a prior history of mental illness (Galea et al., 2020). 
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Große, J., Ströhle, A., Plag, J., 2020. Associations between COVID-19 related media 
consumption and symptoms of anxiety, depression and COVID-19 related fear in the 
general population in Germany. Eur. Arch. Psychiatry Clin. Neurosci. https://doi. 
org/10.1007/s00406-020-01171-6. 

Burke, H.M., Davis, M.C., Otte, C., Mohr, D.C., 2005. Depression and cortisol responses to 
psychological stress: A meta-analysis. Psychoneuroendocrinology 30, 846–856. 
https://doi.org/10.1016/j.psyneuen.2005.02.010. 

Clair, R., Gordon, M., Kroon, M., Reilly, C., 2021. The effects of social isolation on well- 
being and life satisfaction during pandemic. Humanit. Soc. Sci. Commun. https:// 
doi.org/10.1057/s41599-021-00710-3. 

Cohen, J., 1988. Statistical power for the social sciences. Laurence Erlbaum Assoc, 
Hillsdale, NJ.  
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