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General Introduction

1 General Introduction

With the high numbers of mental disorders worldwide, mental (ill-)health has become a serious
public health concern and hence a major topic of interest. In Europe, approximately 4% of all
deaths are caused by mental and behavioral disorders. Furthermore, individuals with severe
mental disease have a higher premature mortality rate compared to the general population (1).
In Germany, with 5.9%, mental and behavioral disorders were the fourth leading cause of death
within the population in 2021 (2).

Depression and anxiety belong to the most common (internalized) mental disorders. They are
often comorbid and can be labelled under the umbrella term mental distress. In the German
population, depression symptoms were present among 10.1% of the population, and 8.1%
reported having received a diagnosis of depression from a physician or psychotherapist (3). A
diagnosis of depression in the last year according to the Composite International Diagnostic
Interview (CIDI) was found for 7.1% of the individuals. For women, depression or symptoms
of depression were more often present than for men (regardless of measurement applied).
With regard to anxiety, data from 2008-2011 revealed a prevalence of 15.4% of any anxiety
disorder and 2.3% of a generalized anxiety disorder in the previous year (4). Anxiety disorders
were more common among women than men. Combined with suicidal ideation (present among
8% of the German population (5)) these are the most frequent disorders in the population.
Mental ill health has numerous negative consequences, for example on an individual’s physical
health (e.g., less healthy lifestyle and health behaviors such as low physical activity, poor diet,
smoking, alcohol and/or substance abuse (6) as well as an increased number of years lived
with disability and years of life lost (7)). Furthermore, internalized disorders (especially
depression and anxiety) compromise quality of life and psychosocial functioning (8) and
indirectly cause lower well-being (9). Besides this ‘human burden’, mental ill health also causes
an ‘economic burden’. Depression and anxiety are associated with considerable economic
costs owing to lost work productivity and increased healthcare resource utilization (10, 11).
Risk for suicidal ideation (stronger present among women) and behavior (stronger present
among men) increase with number of mental disorders (12) and pose a great threat for possibly
avoidable premature mortality.

In the development of mental disorders, biological, psychological, somatic, and social or
cultural/environmental components interact. Individuals have a diverging vulnerability to
develop mental disorders or experience recurrence of a disorder. An interplay between these
vulnerabilities, risk factors (e.g., stressful events), and the presence or absence of protective
factors (e.g., social support) will influence the likelihood of a person developing or experiencing
recurrence of a mental disorder. The differences in developing or experiencing recurrence of
mental disorders and the consequences of ill-mental health between women and men might
be explained by differences in biological, psychological, and social related risk- and protective
factors for women and men. In this dissertation, | focus on differences in prevalence rates, risk-
and protective factors, and consequences of mental ill-health between women and men.

The current work first presents a general theoretical framework including an overview of health
differences between women and men, a description of internalized mental disorders with a
focus on mental distress, depression, anxiety, and suicidal ideation in women and men, and
an explanation of the biopsychosocial model that has been consulted to integrate the different
approaches to foster our understanding of mental health differences between women and men
(Chapter 2). The following chapters present the conducted empirical studies for this
dissertation. In Chapter 3, a systematic review article “Similarities and differences of mental
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health in women and men: A systematic review of findings in three large German cohorts”
informs on the main findings on mental health within Germany stratified for women and men
to regain more insights into current knowledge gaps. In Chapter 4, “Depressive symptoms
predict the incidence of common chronic diseases in women and men in a representative
community sample®, the predictive value of depressive symptoms on physical health is
examined. Chapter 5, “Does social support prevent suicidal ideation in women and men?
Gender-sensitive analyses of an important protective factor within prospective community
cohorts” focuses on social support as a protective factor. In Chapter 6, “Gender differences in
the prevalence of mental distress in East and West Germany over time: a hierarchical age-
period-cohort analysis” an overview of mental distress over time within East- and West-
Germany is given. Chapter 7 concludes with a general discussion relating the main findings of
the four empirical studies and interpreting them in the light of the biopsychosocial model as
well as from a gender perspective. Furthermore, clinical implications and limitations of the
studies are discussed. Lastly, an outlook on important features for future research highlighting
the relevance of separate studies for women and men in mental health research is given.
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2 Theoretical Background

This chapter provides a general theoretical framework including an overview of the origin of
health differences between women and men and the current state of (epidemiological)
research on mental health differences between women and men. Section two provides a
description of internalized mental disorders with a focus on mental distress, depression,
anxiety, and suicidal ideation in women and men. In section three, the biopsychosocial model
is introduced, which has been consulted in section four to get a better understanding of mental
health differences between women and men. Section five focuses on physical health in women
and men in light of the biopsychosocial model and lastly, section six concludes with the current
state of research on mental morbidity and mortality.

2.1 History of the investigation of health differences in women and men

Biological differences between sexes are rooted in anatomy, physiology, genetics, and
hormones. These differences have for a long time been neglected in medical research due to
a male default in medicine. Into the ‘90s, women were not required to be included in clinical
research, leading to an underrepresentation of women in clinical studies (1). Although the topic
has increasingly come to public attention (2), until recent years, women remained to be
understudied in medical research. A review from 2018 examining the inclusion of women in
randomized control trials in medical studies in the USA and comparing them with 2004 and
2009 reported no significant changes in the inclusion of women (3). This was confirmed in
other studies (4). Furthermore, when including women in preclinical studies, only one-fourth to
one-third of the studies reported at least one outcome by sex or explicitly included sex as a
covariate in statistical analysis (5, 6). This has had far-reaching implications, for example in
the area of medical drugs. Medical drugs have been mostly tested with men and the efficacy,
dosage, and side effects of many drugs are therefore less well known for women (7), which is
highly problematic since studies revealed differences in pharmacokinetics between women
and men (8, 9). A recent review examining sex differences in pharmacokinetics as the cause
of differences in adverse drug reactions revealed elevated blood concentrations and longer
elimination times to predict adverse drug reactions in women, but not in men (10). Besides
pharmacokinetics, differences in sexual hormones between women and men were found to be
associated with illnesses. Levels of sexual hormones that differ between women and men were
shown to be associated with the immune system (11, 12), with adipose tissue (13, 14), and
with liver metabolism (15, 16) accounting for differences in prevalence and outcomes in related
diseases. The combination of sexual hormones and genetics was revealed to account for
differences in neurodegenerative disorders in women and men (e.g., Parkinson's disease), in
mental disorders, and in behavioral traits (17, 18). Lastly, some diseases are only present in
women or men. Diseases only present in women, for example, endometriosis, were discovered
relatively late, less present in research and are therefore still insufficiently described (e.g., in
terms of prevalence rates and symptoms variety) (19).

Further, symptom differences between women and men exist and are understudied. Already
in the ‘80s, a study in the USA found that women reported a greater variety of symptoms,
illnesses and injuries compared to men when visiting a physician (20). However, men received
more diagnoses than comparable women and women were more likely to receive an
unspecified diagnosis. This could be caused by women presenting with other symptoms of a
specific disease than men with the consequence of the disease not being recognized by the
physician. A well-known example is acute myocardial infarction in which women are less likely
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to present with chest pain compared to men, but more likely to report fatigue, neck pain,
syncope, nausea, right arm pain, dizziness, and jaw pain (21, 22). In the past, for cardiologists,
the symptom of chest pain has been the primary sign of acute myocardial infarction.
Consequently, women were not-, under- or later diagnosed compared to men (23). This
contributed to higher mortality in women due to heart attacks. Also for other (cardiovascular)
diseases symptoms differ between women and men e.g., (ischemic and hemorrhagic) stroke
(24), which contributed to a greater relative risk of coronary death in women (e.g., as a
consequence of diabetes (25)). Symptom differences between women and men are also
present in several mental disorders. In the case of major depression, a Canadian study
demonstrated that women reported significantly more symptoms than men (26); women were
especially more likely to report an increased appetite, being often in tears, loss of interest, and
experiencing thoughts of death. With regard to schizophrenia and schizoaffective disorder,
women with schizophrenia more often reported a history of childhood physical abuse and they
experienced more psychotic and depressive symptoms compared to men (regardless of their
history of childhood physical abuse) (27). Lastly, for bipolar disorders small symptom
differences in women and men were found, men reported more mania at the onset of the
bipolar disorder than women and were more likely to report behavioral problems and being
unable to hold a conversation during mania (28)

Lastly, health differences between women and men can also be attributed to health behavior
and social and environmental factors. First of all, men and women differ with regard to the
utilization of healthcare. Men are less likely to visit physicians (29) or other doctor’s offices or
emergency departments than women and they are less likely to engage in preventive care
(30). Furthermore, differences in health information-seeking behavior between women and
men were present. In fact, women researched more information on health compared to men
(31). Also, health behaviors (smoking, physical activity, alcohol consumption and dietary
patterns) differ between women and men and unhealthy behaviors contribute more strongly to
all-cause mortality in men compared to women (32, 33). With regard to social factors, social
relations (marital status) and socioeconomic status (SES) were found to explain the sex gap
in mortality, besides functional impairments (diseases), biological markers (e.g., inflammation,
total cholesterol, and glycosylated hemoglobin) and health behaviors (33). Higher mortality in
men is reduced when controlling for SES (men more often have higher levels of education and
are less likely to be affected by poverty).

2.2 Mental health, mental distress, and mental disorders

Mental health is an integral part of a person's general health and well-being and is
acknowledged by the World Health Organization (WHQO) as a basic human right (34). The WHO
conceptualizes mental health as a “ state of mental well-being that enables people to cope with
the stresses of life, realize their abilities, learn well and work well, and contribute to their
community” (35). Mental illness and mental well-being are related yet distinct phenomena (36,
37) and have different causal factors and mediators (37). Mental health thus comprises more
than only the absence of mental illness. The term mental or psychological distress is often
applied to symptoms ranging from depression and general anxiety symptoms to personality
traits and behavioral problems. However, it is nowadays largely defined as a state of emotional
suffering characterized by symptoms of depression and anxiety (38, 39). While mental distress
refers to distress in response to an external stressor, psychological disorders consist of a
pattern of persistent behavioral or psychological symptoms that influence several areas of life.
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Mental or psychological distress and mental disorders are strongly associated with significantly
lower positive mental health (40) and diminish quality of life and work productivity (41). Further,
mental disorders increase the risk of physical illnesses (41) and are among the leading causes
of nonfatal burden of disease globally (42). Moreover, mental disorders reduce the life
expectancy of a large proportion of the general population (41). Lastly, mental disorders
constitute a substantial economic burden for societies (43). All of these aspects have caused
mental distress and mental disorders to become a major public health concern.

2.2.1 Internalized and externalized mental disorders

Mental disorders can manifest in various ways and their symptoms differ in intensity and
frequency. Mental disorders can be broadly grouped into internalizing and externalizing
disorders. Internalization is linked with negative emotionality (a tendency to experience
anxiety, anger, and alienation) (44); internalized disorders are characterized by symptoms that
are experienced internally. Internalized disorders include mood disorders (e.g., major
depressive episode, dysthymia with hierarchy) and anxiety disorders (e.g., panic disorder,
specific phobia, social phobia, agoraphobia with or without panic disorder, generalized anxiety
with hierarchy, post-traumatic stress disorder (PTSD) (45). Individuals suffering from
internalized disorders often feel hopelessness, experience negative thoughts, withdraw from
social interactions or isolate themselves. By contrast, externalization is linked with a lack
of constraint (a tendency to engage in risky behavior, to act on impulse, and to endorse non-
traditional values) (44). Externalized disorders are thus characterized by having difficulties
regulating one's emotions (e.g., exhibiting aggressive behavior) or engaging in risky activities
(substance abuse). Externalized disorders therefore include attention-deficit, conduct, alcohol-
use, and drug-use disorder) (45).

Internalized disorders can be difficult to diagnose because their symptoms are often not clearly
visible and many individuals suffering from internalized disorders do not seek help.
Externalized disorders may be difficult to diagnose while individuals may be in denial or do not
recognize the extent of their problems and are therefore reluctant to seek help. Further,
internalized and externalized disorders often co-occur, e.g., a person with an internalized mood
disorder might use drugs or alcohol as a means of coping and herewith develop a substance
abuse disorder. This co-occurrence complicates diagnosis and treatment. The causes of
internalized and externalized disorders are complex and multifactorial. While internalized
disorders were found to have a shared genetic risk (46), this observation could not yet be
extended to externalized disorders. Besides genetics, biological (e.g., stress response (47)),
social (e.g., social isolation or loneliness (48), but also childhood trauma (49)), and
environmental (e.g., income inequality (50)) factors play a role in the development of mental
disorders.

Studies have reported differences in prevalence rates between internalized and externalized
orders between women and men. The prevalence of any lifetime internalizing disorder was
significantly higher in women than in men, yet this was not the case for all individual
internalizing disorders (45). Conversely, the prevalence of any lifetime externalizing disorder
was significantly higher in men compared to women (45). These differences are stark and
appear in almost exactly opposite directions between the two groups of disorders; women had
two-fold higher odds of internalizing disorders than men, while this was the inverse for
externalizing disorders. Furthermore, women had a roughly two-times higher projected lifetime
risk of internalizing disorders than men, whereas men had a two-times higher projected lifetime
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risk of externalizing disorders than women (45). Already in the ‘80s women were found the
report a greater variety of symptoms, illnesses and injuries and more often a combination of
physical and mental symptoms compared to men when visiting a physician (20) and were
therefore more likely to receive a diagnosis of (an internalized) mental disorder. This remained
stable over time. Currently, women are still more likely to receive a diagnosis of an internalized
mental disorder (e.g., depressive disorder, anxiety disorder, and sleeping problems) and
antidepressants and anxiolytics are more often prescribed for women than for men (51).

2.2.2 Depression, anxiety, and suicidal ideation

Depression is an emotion with functional and adaptive aspects (52). As a normal expression
of mood, depression refers to a combination of misery and lethargy. Depression can also be
considered a syndrome, referring to a constellation of depressive symptoms as described in
DSM-5 (53). The definition of depression as a disorder is based on symptoms forming a
syndrome and causing functional impairment (54). It's a severe, oftentimes chronic, disorder
that in a severe form leads to high dysfunction. Anhedonia, the diminished ability to experience
pleasure, is characteristic of depression disorder, but also neurovegetative (e.g., fatigue and
loss of appetite) as well as neurocognitive (e.g., ability to concentrate) symptoms mark
depression (see Figure Il. 1 for an overview of depression symptoms). Depression is one of
the most frequent and harmful mental disorders with an estimated lifetime risk of 15-18% (54).
The likelihood of recurrence is high, the risk increases with every episode, and, overall, almost
80% of patients experience at least one further episode in their lifetime. According to Eurostat,
7.2% of European citizens reported having a chronic depression in 2019. This was a small
increase (+0.3%) compared to 2014 (55). In Germany, 11.6% of citizens reported chronic
depression in 2019. Herewith Germany belonged to the leading five countries with regard to
the prevalence of chronic depression in Europe.
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Symptoms of depression (2 weeks)

4
-+

@ Anhedonia

Feelings of worthlessness or guilt
Suicidal ideation, plan, or attempt
Fatigue or loss of energy
Sleep {} or 4

Weight or appet ite{} ort

4 Ability to think or concentrate,

or indecisiveness

Psychamotor retardation @ Fundamental symptoms
or agitation [ Emotional symptoms
A4 Il Neurovegetative symptoms
Cumulative functional impairment Il Neurocognitive symptoms

Figure 11.1. Key symptoms of Diagnostic and Statistical Manual of Mental Disorders (DSM)-5
for depression. Figure retrieved from publication Depression from Malhi and Mann in 2018 (p.
2).

Anxiety disorders are characterized by persistent, excessive worrying of or fear about everyday
situations. Besides excessive worry, symptoms of anxiety include restlessness, irritability,
fatigue, and difficulties sleeping and concentrating. Depression and anxiety are among the
most common mental disorders. Both belong to the broader category of internalized disorders.
Further, they are highly comorbid (54). A worldwide survey reported that 45.7% of individuals
with lifetime major depressive disorder had a lifetime history of one or more anxiety disorders
(56). This comorbidity was also found at the symptom level; 53% of patients with major
depression had significant anxiety symptoms and were considered to have an anxious
depression (57). Further, depression and anxiety often coexist during the same time period;
41.6% of individuals with a 12-month prevalence of major depression reported one or more
anxiety disorders over the same time (56). The comorbidity of depression and anxiety differs
with respect to the specific anxiety disorder; lifetime comorbidity with depression was
estimated to range from 20% to 70% for individuals with social anxiety disorder (58), around
50% for individuals with panic disorder (58), and from 48% to 72% for individuals with
generalized anxiety disorder (59). These percentages vary depending on whether the first
diagnosis was a depression or anxiety disorder (59). A shared genetic risk exists between
internalizing disorders and is strongest between major depression disorder and generalized
anxiety disorder (46). A meta-analysis examining depression and anxiety from a
neurobiological perspective revealed shared structural and functional brain alterations in
circuits involving emotion regulation processes across depression and anxiety (60). Another
meta-analysis found brain alterations with regard to cognitive control that were similar in people
with depression and anxiety disorder (61). Due to the high comorbidity of depression and
anxiety disorder and their symptoms and the shared structural and functional brain alterations,
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depression and anxiety are often examined together under the umbrella term mental distress
(38).

Suicidal ideation, thoughts or ideas about suicide, can also be a symptom of depression or
exist without depression. Suicidal ideation can be passive or active. Passive suicidal ideation
refers to thoughts of death without having any specific plan or intent to harm oneself, whereas
active suicidal ideation involves thoughts of wanting to harm oneself and making specific plans
to do so. The overall lifetime prevalence rate of suicidal ideation lies around approximately
9.2% (62). Expressions of suicidal ideation indicate great emotional distress. Suicidal ideation
also interacts with depression and anxiety; individuals with anxious major depressive disorder
were more likely to have suicidal thoughts (56, 57). Suicidal thoughts and behaviors cover a
continuum which ranges from passive death wishes to dangerous attempts and deaths by
suicide (63). The notion of the fundamental importance of social connectedness is a
cornerstone of both the earliest and the most recent theoretical conceptions of risk and
protective factors for suicidal thoughts and behaviors over the life span: At the end of the 19th
century, Emile Durkheim analyzed statistics from several European countries that were directly
or indirectly related to suicide rates. His seminal work ,Le suicide“ (64) examined both societies
in a historical context concerning their basic structural features, and individuals and their
behavior in illustrative case studies. Durkheim distinguished different types of suicide (egoistic,
altruistic, and anomic suicide). In all cases, the cause is to be sought in the relationship of the
individual with the wider society. It was in this context that Durkheim coined the important term
anomie. According to its Greek origin anomia (avouia), anomie could be translated as
lawlessness, normlessness or disorder. Durkheim used it as a descriptor of the state of the
individual or a group lacking social ties. By means of the example of suicide, he stated that
feelings of solidarity and social connectedness are literally vital in the sense that individuals
cannot endure a life without them. Likewise, some of the most influential etiological theories
have highlighted social connectedness and community as central protective factors, for
instance, the Interpersonal Psychological Theory of Suicide (65), the Interpersonal Theory of
Suicide (66), and the Integrated Motivational-Volitional model of suicide (67).

2.3 Biopsychosocial Model for mental health

In presuming there is always an interaction between the mind and the body, the
biopsychosocial model of health was introduced by the internist and psychiatrist George Engel
(68). This model was proposed by Engel as an alternative to the biomedical model that did not
include social, psychological and behavioral dimensions of diseases. Engel recognized the
great advances in biomedicine, but argued nevertheless that the biomedical model was limited,
and insufficient for many aspects of medical science and healthcare. The biomedical model
did not consider a person’s experience of illness, a person’s account of and attitude towards
the illness (e.g., if a person regards the condition as an illness), the care of the patient as a
person, the effect of the condition on living with this condition and it possibly changing course,
and it did not consider the healthcare system. In the biopsychosocial model, these perspectives
were integral parts of the overall approach to health or illness, respectively.

The biopsychosocial model includes the words bio referring to biological factors or
physiological pathology, psycho referring to psychological factors such as thoughts, emotions,
and behaviors, and social referring to socio-economical, socio-environmental, and cultural
factors. Physiological pathology comprises biological and genetic determinants of health
including age, sex, genotype, and inherited conditions. These factors determine one’s physical
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structure, nervous system, body chemistry, and intelligence. Psychological factors are the
aspects of mental and emotional well-being that also relate to behavior. Besides, thoughts,
emotions, and behaviors they include distress, dysfunctional cognition, fear/avoidance beliefs,
and coping methods. Social factors include for example work issues, family circumstances and
economic disadvantages/benefits. Hence, the biopsychosocial model is an interdisciplinary
model that considers the interconnection between biological, psychological, and socio-
environmental factors. This model suggests that to understand a person’s medical condition
one should not only consider biological factors, but also psychological and social factors.
Health and illness behaviors are the products of biological characteristics (e.g., genes),
behavioral factors (e.g., lifestyle, stress, and health beliefs), and social conditions (e.g., cultural
influences, family relationships, and social support). The model assumes that health and
illness exist on a continuum. A person should be treated not only for their physical iliness but
rather, a focus on healthy behavior is equally important. Changes in beliefs, behavior, and
helping patients develop coping mechanisms contribute to improving someone’s health in a
sustained way. Due to an ongoing interaction between the mind and the body, one’s physical
health influences one’s mental health and vice versa.

The model, however, received multiple criticisms. On the one hand, the model itself was
criticized as it was argued that the model lacked specific content and philosophical coherence
and was too general. On the other hand, the validity of the model was criticized as it was said
the model lacked scientific validity. Ghaemi (2009) being one of the opponents of the
biopsychosocial model argues in his critique ‘The Rise and Fall of the Biopsychosocial Model’
that the model is too general and tells us nothing specific of value, hence is inefficient. The
model was developed during a time in which there were ideological conflicts on what the
causes of illnesses were. The biopsychosocial model solves this conflict by stating the cause
of illness, and hence - in theory - both its prevention and treatment are biological, psychological
and social. Ghaemi interprets the model to mean that all three levels (biological, psychological,
and social) are more or less equally relevant in all cases at all times and it is unclear how to
prioritize one aspect over another. However, in some persons or for some conditions the bio-
aspect might be most important (e.g., bacterial infections and anti-biotic cures), whereas for
other conditions the social aspect plays a crucial role. Kendler (69) who reviewed Ghaemi’s
work concluded that the biopsychosocial model has been inadequate for the scientific
paradigm since it lacks validity and philosophical coherence. This validity is difficult to
accomplish. The complex relations between the causes and effects of biological,
psychological, and social factors to influence one’s health status or occurrence of diseases are
difficult to examine altogether. It requires elaborate and detailed information on
persons/patients, which is not always available (or too time-consuming). However, Kendler
argues the model does serve a useful clinical and teaching function in psychiatry and medicine.
Thus, the model has often been criticized for being an overarching framework and thereby
being too general and vague. As a solution, Bolton & Gillet (70) propose to rethink and
reinvigorate the model and move away from the one overarching general model. The content
should rather lie in the scientific and clinical specifics, e.g., the scientific and clinical content of
the model should relate to specific conditions and stages of conditions. They propose individual
models, for example, a biopsychosocial model of cardiovascular disease (CVD), diabetes or
depression. In this way, one could still theorize biopsychosocial interactions in health and
disease.

Yet, the biopsychosocial model is still very relevant and has become a renewed focus when
studying mental health. An overview of the biopsychosocial model for mental health is
displayed in Figure Il. 2. The biopsychosocial model can be specified for depression and
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anxiety (often combined under the umbrella term mental distress (38)). Biological (e.g., genetic
factors and neurochemical response to stress), psychological (e.g., traumata, emotion
regulation), somatic (diseases), and social and cultural (instability and insecurity, but also
environmental factor) risk factors are included in the psychobiological vulnerability to
depression, anxiety, and suicidal ideation (71-73). Gender plays an important role in all these
aspects, since women, for example, have a greater psycho-biological vulnerability to
depression and are exposed to more stressful, traumatizing life events and circumstances that
heighten the risk of depressive disorders (71). Also, sex hormones (particularly oestradiol and
progesterone) might play a significant role in differences in the prevalence, severity, and
burden of anxiety between women and men (74). The gender paradox of suicidal ideation and
behavior (e.g., the preponderance of deaths by suicide among men which is highest in Europe
versus the higher prevalence of non-fatal suicide attempts and suicidal ideation in women) (75)
can also be explained by an interaction between biological, psychological, social, and cultural
factors.
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Figure 11.2. The Biopsychosocial model for mental health. Based on The Need for a New
Medical Model: A Challenge for Biomedicine from Engel in 1977.

2.3.1 Biogenetic and biological risk and protective factors for depression, anxiety, and
suicidal ideation

With regard to biogenetic and biological risk factors, a main focus in depression research lies
on the hypothalamic-pituitary-adrenal (HPA) axis. The HPA axis (proceeding from the
hypothalamus), a neuroendocrine mechanism, mediates the effects of stressors by regulating
numerous physiological processes, such as metabolism and immune responses. In case of a
stressful event or situation, the sympathetic nervous system secretes epinephrine and
norepinephrine that enact changes in the body as a response to the stressful event or situation
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(e.g., increased heart rate or perspiration). Hereafter the HPA axis is stimulated since the
hypothalamus responds to signals like elevated norepinephrine levels. The hypothalamus now
secretes corticotropin-releasing hormone into the bloodstream which increases the activity of
the sympathetic nervous system. It also gives a sign to the hypophysis to secrete
andrenocorticotropic hormone into the bloodstream. As soon as this hormone reaches the
adrenal cortex, andrenocorticotropic hormone binds to receptors on the surface of the adrenal
cortices. This in turn leads to intracellular interactions resulting in the adrenal glands secreting
glucocorticoids like the hormone cortisol (76, 77). Hence, the primary function of the activated
HPA axis is to release glucocorticoids that activate short-term physiological responses to
stress. For severe depression changes in the HPA axis were found, namely an increased
amount of plasma cortisol due to excessive stress-related cortisol release and impaired
glucocorticoid-receptor-mediated feedback inhibition (54). If a state of distress persists too
long, it can lead to a dysregulation of the stress feedback system which in turn can lead to an
individual being in a permanent condition of hyperarousal (52). This state of hyperarousal
changes the functioning of the central nervous system (78). Prolonged or chronic conditions
of stress and hyperarousal can result in neurotoxicity: changes in the central nervous system
that cause malfunctions of the normal and flexible coping mechanisms for reducing stress,
these mechanisms are no longer effective. In chronic and recurring depression, episodes often
seem to arise even though no significant life events that lead to stress are manifest. So, they
are independent of external stress factors and probably caused by a deficit in the mechanisms
of coping with stress. Not only for depression, but also for anxiety associations between
changes in the HPA axis and generalized anxiety disorder were found (79). Especially the
glucocorticoid receptor function is impaired in anxiety disorders (80). An impaired ability to
mount an adequate cortisol response is associated with greater psychological distress in
general (81). Another example is the important role inflammation plays in depression and
anxiety. High levels of pro-inflammatory cytokines predict future risk for depression and are
associated with clinical anxiety (82). Neuroinflammation promotes a toxic environment
unsuitable for proper brain activity and is harmful to mental health.

2.3.2 Psychological risk and protective factors for depression, anxiety, and suicidal ideation

A growing body of evidence supports the interplay between biological and psychological
factors. Studies have shown that adverse childhood experiences, especially severe traumatic
events such as child maltreatment (neglect, physical abuse, emotional abuse, and/or sexual
abuse) increase the vulnerability to depression and anxiety. Such psychological traumatic
experiences may in turn affect biological functioning. They can lead to neurobiological changes
in stress regulation pathways with lasting effects triggered by epigenetic alterations (83). Such
epigenetic alterations can also cause emotional dysregulation and cognitive deficits such as
impaired executive function (84).

A predominantly psychological factor strongly influencing differences between individuals with
and without depression and anxiety disorder and suicidal ideation is emotion regulation.
Emotion regulation is defined as the use of cognitive or behavioral strategies in order to modify
the circumstances in which an emotion occurs, the experience of an emotional response
(including its intensity and duration), or the way in which an emotion is overtly expressed (85).
Coping strategies are often divided into problem-focused coping and emotion-focused coping.
The first refers to individual behavior to manage stressful situations by modifying or eliminating
the sources of stress (86, 87). The latter refers to regulative efforts to diminish the emotional
consequences of stressful events. Sometimes meaning-focused coping (or appraisal-based
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coping) is mentioned as a third overarching category of emotion regulation mechanisms. It
implies a coping process that generates positive emotions through individual beliefs, values
and goals (88). Maladaptive emotion regulation strategies can lead to negative outcomes in
the long run, whereas adaptive emotion regulation strategies more often assure positive
outcomes. Examples of maladaptive emotional regulation strategies are rumination (repetitive
and negative self-referential thought about causes and consequences of mood that involves a
detrimental pattern of attention allocation) (89) or expressive suppression (attempting to
control emotional responses by avoiding expressing them outwardly) (85). Adaptive emotion
regulation strategies are, for example, reappraisal, acceptance, and problem-solving.
Reappraisal can be described as thinking about a stressful event from a different perspective
in a way that minimizes its negative impact. Acceptance can be understood as recognition of
the value of oneself and others, to have an open attitude towards one’s emotions and thoughts
and external events (90). Problem-solving strategies are based on problem-focused action; it
is defined by thoughts or ideas and direct action taken to solve the problem.

Maladaptive emotion regulation strategies (e.g., rumination) are found to be associated with
impaired mental health, while adaptive strategies such as positive appraisal or positive
focusing were associated with better mental health (91). In a study examining coping strategies
of individuals with major depressive disorder and individuals with social anxiety disorder,
results revealed that both groups, compared to never-disordered controls, more often applied
rumination and excessive suppression strategies (92). They less frequently used reappraisal.
Rumination was also in other studies found to be associated with depression (93). Moreover,
an increased risk of developing depression exists when individuals use rumination strategies
as a response to stressful events (94). Difficulties with emotion regulation were also found for
individuals with generalized anxiety disorder (95). A meta-analysis on emotion regulation
strategies (including acceptance, avoidance, problem-solving, reappraisal, rumination, and
suppression) revealed avoidance, rumination, and suppression to be positively associated with
anxiety and depression. Problem-solving was found to be a protective factor; it was negatively
associated with anxiety and depression. For depression, reappraisal also showed a negative
association with depression, but only a marginal negative association with anxiety. Acceptance
was not associated with depression or anxiety (96). Furthermore, expressive suppression and
cognitive reappraisal were found to mediate associations between self-compassion and social
anxiety (97). Emotion regulation strategies also play a role in suicidal ideation. Theories have
described that suicidal ideation and suicidal behavior are maladaptive strategies to reduce
chronic and intense negative affect (98). In general, people who reported suicidal ideation and
attempted suicide were found to use less useful coping strategies in response to stressful
situations (99). A systematic review also concluded that difficulties in regulating one’s emotions
were associated with suicidal ideation (and also suicidal behavior) (100). Especially problems
with emotional clarity were found to be associated with suicidal ideation and negative affect
(e.g., anxiety, depression) (101). Thwarted belongingness as a known predictor of suicidal
ideation and was found to be a mediator between several emotion regulation domains and
suicidal ideation in young adults (102). In contrast to the negative impact of expressive
suppression, Gross and John (2003) have found that those who primarily engage in cognitive
reappraisal are more likely to share their emotions (both positive and negative) with others and
maintain close relationships with friends. They also apply more self-regulation strategies in the
form of coping and have a stronger social network compared to expressive suppressors (85).
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2.3.3 Social and cultural differences in depression, anxiety, and suicidal ideation

Differences in mental health relating to social and cultural factors cover an enormous spectrum
of relevant factors. It ranges from relevant factors on an individual level such as one’s family
status / relations, received social support, and/or SES (e.g., education level, employment,
income) to society-level factors such as social norms and issues, prejudice and stigmatization,
labor market, but also historical and socialization differences. These factors are mostly
intertwined and work together to influence the prevalence of mental disorders, ways in which
health and illness are perceived, and help-seeking behavior.

Demographic aspects, especially age, play an important role in depression, anxiety, and
suicidal ideation. Many studies have focused on the emergence of mental disorders across
ages and the differences in prevalence, symptomatic, and burden of mental disorders in
different age groups. A large-scale worldwide meta-analysis including 192 epidemiological
studies concluded that the new onset of mental disorders often takes place at a young age
(103), in many of those affected already before the age of 25. The new onset of mood
disorders, however, starts mostly around the age of 31. The median age of new onset of
generalized anxiety disorder lies around the age of 32. The median of new onset of depression
disorder lies around 30. A study comparing several European countries revealed an overall
pattern of a steady increase in the cumulative proportion of internalizing disorders with an
increase in age (45). A study in Great Britain examined the prevalence of suicidal ideation over
the lifespan. This study revealed suicidal ideation to be three times more common in younger
adults than in those aged 55-74 (104). Risk factors for suicidal ideation were comparable
across age groups. A review study on prevalence rates of depression and anxiety across age
groups found an indication for a decrease in depression, anxiety, and mental distress across
age groups (105). However, results were not consistent and it is discussed whether these are
actual age or merely cohort effects.

Social relations play an important role in mental health. Especially close social relations as can
be found in a partnership (marriage, living with a partner) were shown to improve psychological
well-being, whereas parenthood increases psychological distress (106). A systematic review
and meta-analysis including only longitudinal studies revealed an increased risk of depression
for people living alone (107). Furthermore, living alone and having never been married,
currently not married, and currently single (in some studies interpreted as social isolation) were
associated with an increased risk of social anxiety disorder (108). Living alone was also found
to be associated with suicidal ideation and suicide attempts (109). A further important social
factor is loneliness, which can be described as a complex set of feelings encompassing
reactions to the absence of intimate and social needs (110). It is a concept referring to the
subjective aspect of the social condition of isolation. Loneliness was found to be positively
associated with the new onset of depression and anxiety (111). Loneliness was also found to
be associated with suicidal ideation (109), self-harm (111), and to have a major impact on
suicide attempts (109). These findings confirm Durkheim’s theory stating that suicide rates are
inversely correlated with social integration and hereby highlight the importance of the social
dimension in suicidal ideation and behavior (64). Joiner’'s Interpersonal Theory of Suicide
emphasizes the importance of social connection and highlights thwarted belongingness (a
feeling of not being an integral part of a group) and perceived burdensomeness as key
elements in the emergence of suicidal ideation and further suicidal processes (65). A person
can achieve social belonging by experiencing social support from their direct or indirect
environment and support from the direct environment has indeed been shown to improve
mental health and psychological well-being (112). Social support was found to be negatively
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associated with depression, anxiety, bipolar disorder, and schizophrenia (113, 114). Especially
perceived social support within the family context was found to be a protective factor for
depression and anxiety (115). A meta-analysis including research on risk- and protective
factors of suicidal ideation and behavior covering 50 years of research concluded that the
protective factor of social support is examined very differently in studies and the differences in
time spans accounted for diverging results (116).

Review studies and meta-analyses including both prevalence and incidence studies concluded
that persons with a lower socioeconomic are at a higher risk of depression (117). Furthermore,
socioeconomic factors such as a low level of education and unemployment were positively
associated with diagnoses of major depression and generalized anxiety (118). SES is often
linked to suicidal ideation and suicidal behavior. Low education and unemployment or
precarious employment lead to an increase in suicidal ideation and suicide attempts (119),
especially in the younger population (120). In the case of SES, a link between psychological
and social factors was found, the emotion strategy reappraisal predicted lower anxiety for
people with a low SES, but not for people with a high SES (121).

On a higher level, societal factors play a role in people’s mental health as well. An important
factor is socialization. Socialization processes can be defined as social influences through
which individuals acquire values, standards of behavior, attitudes, and skills that are regarded
as desirable and appropriate for a certain society (122). These processes enable a person to
function within a certain culture or society. Socialization processes thus are society- and
culture-dependent and highly influenced by historical events, as well as economic and political
systems. This is an important topic that should be taken into account when studying mental
health and is especially relevant in Germany which was divided into two countries at the end
of the Second World War. In contrast to the Federal Republic of Germany which followed the
West European system and was shaped by capitalism, the German Democratic Republic
(GDR) was a centralized, socialist society founded following Soviet occupation after World War
Il. The focus on collectivist values in the GDR (123) versus the focus on individualistic values
in the GDR (124) caused extremely different socialization and living conditions. The German
reunification in 1990 required the strongest adaptations from East Germany (or the former
GDR). Economic, social, and cultural differences have remained to be embedded in Germany
differentiating East from West Germany. Before the reunification, personal freedom and
mobility were higher in West Germany, whereas the provision of childcare early on in the East
promoted regular participation of mothers in paid labor in East Germany (125). These
distinctions were not synchronized immediately after reunification. Furthermore, the
reunification caused major unemployment, loss of social security, and job insecurity in East
Germany. These differences, embedded in and shaped by social contexts, have also led to
differences in mental health. A large nationally representative survey reported a higher
prevalence of depression and social anxiety in the Western states in 1998/1999 (126).
However, the subsequent survey in 2014 revealed no such differences (127). Currently, rates
of depression and anxiety are still higher in West Germany compared to East Germany (128).
Although not much is known about the dynamics of suicidal ideation in East and West Germany
over the years, suicide rates are currently still highest in East German states (129).
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2.4 Biopsychosocial factors in depression, anxiety, and suicidal ideation for women
and men

With regard to biological factors, the proper functioning of the HPA axis is critical for the
maintenance of mental and physical health, as dysregulations of the HPA axis have been
linked to several mental and physical disorders. Numerous studies have observed distinct sex
differences in the regulation of the HPA axis in response to stress, and it is hypothesized that
these differences may partially explain the female predominance in stress-related mental
disorders. Preclinical models have clearly shown that the HPA axis in women is activated more
rapidly and produces a larger output of stress hormones than in men (130, 131). A review on
brain sex differences concluded that these differences are partly caused by direct genetic
effects and have grave implications for an individual's mental and physical health (17). Sex
hormones differentially affect women and men by altering both their gut microbiome
composition and their immune status, particularly microglial cells (82). The existing evidence
concerning sex differences in stress and immune responses is mixed. In some studies, women
were found to respond better to stressful events and inflammatory conditions. Women resolve
local inflammatory responses more rapidly than men (132). Furthermore, adult men seem to
respond to typical psychological stressors with a greater increase in cortisol compared to age-
matched women (133). Lastly, social isolation causes more mortality in men mediated by
greater immune activation (134). Other studies show disadvantages for women with regard to
inflammatory responses. In women, systemic inflammation impairs mood and affective
behavior more than in men (135). Besides, women seem to exhibit more robust stress
responses and more potent immune responses compared to men (136).

Psychological factors, especially early stress such as childhood adversity and later outcomes
such as emotion regulation strategies differ between women and men and influence mental
health in women and men. Overall, child abuse has stronger negative consequences for
women than for men; as effect sizes of overall child abuse on poor physical health in adulthood
were larger for the sample of women compared to the sample of men (137). Also, the effects
of physical and sexual abuse on depression and anxiety in adulthood were larger for women
(138). Furthermore, a history of childhood physical or sexual abuse (139) and a history of
emotional abuse (140) were, in both women and men, associated with suicidal ideation in
adulthood. Rumination as an emotion regulation strategy is more often applied by women than
men (141, 142). Furthermore, women were more likely to report the strategies of
catastrophizing and positive refocusing (141) as well as active coping and emotional support
(142). With regard to reappraisal and acceptance, results are mixed. For several emotional
regulation mechanisms associations with depression were found. Rumination was for both
women and men positively associated with depression (141, 142). Furthermore,
catastrophizing and self-blame (141) as well as suppression (142) were for both women and
men positively associated with depression, whereas positive appraisal functioned as a
protective mechanism for depression (141). Sex hormones might influence the selection and
consequences of emotion regulation strategies. For women, estradiol levels were associated
with rumination as an emotion regulation strategy, but not with suppression or reappraisal.
High estradiol and high progesterone combined with reappraisal as well as low estradiol
combined with rumination predicted negative affect in women (143). Lastly, with regard to
suicidal ideation and suicidal behavior, a study revealed that women who attempted suicide
used less useful coping strategies as a response to stressful situations than men who had
attempted suicide (99). Furthermore, for men, life meaning can act as a buffer between coping
style and suicidal manifestations (96).
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A broad range of social and environmental factors differ between women and men and affect
one’s mental health. Relationship status was for both women and men found to be associated
with mental health, e.g., marriage, having a partner or living together with a partner were found
to be beneficial for mental health. However, for both women and men relationship status and
mental health were moderated by relationship quality (144). For women, being in a poor-quality
relationship was associated with greater levels of anxiety (144). Furthermore, depression was
more often present in single mothers, which could partly be explained by differences in
exposure to stress and reduced social support (145). Suicidal ideation and suicide risk is higher
among individuals not having a partner, this is especially a strong risk factor for men (146).
With regard to age, the new onset of internalizing disorders, especially depression, differs
between women and men in the sense that from adolescence onwards women have a higher
risk of newly developing depression (147, 148). This elevated risk persists until the mid-50s.
For men, from 60 years onwards, the internalizing disorders appear to plateau (12). The higher
prevalence rates of internalizing disorders for women compared to men can thus be traced
back to the higher risk of the first onset of internalizing disorders, but not to differential
persistence or recurrence of disorder (148). SES has been shown to be inversely related to
the risk of anxiety and depressive disorders among women (149, 150). The higher risk of
depression and especially the persistence of depression in women can partly be explained by
the higher levels of double burden (combining child rearing and domestic tasks with work and
career) experienced by women (151, 152). Similar results were found for women with anxiety
disorders. Women had a significantly lower SES than men and reported a higher negative
impact of substantial reductions in income (153). Furthermore, lower SES (unemployment and
lower income) had a stronger effect on suicide risk for men than for women (146).

2.5 Biopsychosocial model in somatic health

Besides its relevance for mental health, the biopsychosocial model is also extremely relevant
for psychosomatic medicine. Prospective epidemiological studies suggest that risks for many
major ilinesses, physical and mental, start early in development, many in childhood, and that
risks include social factors such as poverty and other forms of social exclusion, some
specific family-level factors such as neglect and abuse, and lifestyle factors such as exercise
and diet. Several reviews and meta-analyses revealed associations between childhood
maltreatment and physical and mental illnesses later in life. Associations were observed
between physical and emotional abuse and neglect and drug use, suicide attempts, and
sexually transmitted infections and risky sexual behavior (154). All forms of child maltreatment
(any child maltreatment, sexual abuse, physical abuse, emotional abuse, neglect, and
exposure to intimate partner violence) were associated with depressive disorders (155).
Several forms of child maltreatment (any child maltreatment, sexual abuse, physical abuse,
and neglect) were also significantly associated with anxiety disorders. Significant associations
were also found between several forms of child maltreatment and PTSD. Overall, child abuse
was associated with an increased risk of poor physical health in adulthood. Neurological and
musculoskeletal problems yielded the largest effect sizes, followed by respiratory problems,
CVD, gastrointestinal and metabolic disorders (137). Furthermore, child abuse was associated
with obesity in adult life (156). This was found for abuse in general as well as for each kind of
physical, emotional, and sexual abuse. The association was stronger for severe abuse versus
light/moderate abuse. As possible pathways, experts discuss the induction of mental and
emotional perturbations, maladaptive coping responses, stress, inflammation and metabolic
disturbances. Lifestyle factors, comprising behaviors and associated beliefs, attitudes and
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values, have been increasingly implicated as risk-, or conversely as protective factors, for a
wide range of physical and mental health conditions. For CVD, the classic risk factors such as
dyslipidemia, hypertension, and diabetes mellitus have been extended by lifestyle risk factors
such as dietary habits and obesity, physical inactivity, and smoking, often via pathways of
inflammation or oxidative stress (157). Recent research on social factors as causes or risks for
poor health — the so-called ‘social determinants of health’ — is probably the most well-known,
new face validation of the need for a broad biopsychosocial model. Furthermore, the social
gradient in health, i.e., the correlation between indices of social status and health outcomes is
now well-established; and much is now known about the social determinants of health (158).

2.6 Mental ill-health and mortality

Empirical evidence supports that mental disorders are a risk factor for reduced life expectancy
or mortality, respectively. Findings on years of life lost due to mental disorders differ between
studies and tend to depend on the follow-up time of the study, year of the study, type of mental
disorder(s) included, and country. Data from the Global Burden of Disease including 20 mental
and substance use disorders in 187 countries revealed that the burden of mental and
substance use disorders increased by 37.6% between 1990 and 2010 (159). This observation
could, however, be explained mostly by population growth and an aging population. In 2010,
0.5% of all years of life lost to premature mortality were caused by mental and behavioral
disorders. A meta-review (review of systematic reviews) focusing on all-cause (including
suicide) mortality in mental disorders revealed that all mental disorders samples had higher
mortality risks than the general population samples (160). A review and meta-analysis
including results from 148 studies found a pooled relative risk of mortality in those with mental
disorders of 2.2 and 14.3% of deaths worldwide being attributable to mental disorders (41). Of
these, 135 studies revealed that mortality was significantly higher among people with mental
disorders than among the comparison population and based on 24 studies the median years
of life lost was 10. A 17-year follow-up of a nationally representative survey in the USA
demonstrated a shortened life expectancy of approximately 8 years for people with mental
disorders (161). A large-scale longitudinal study in the Scandinavian countries harnessing
national psychiatric case registers, reported a shortened life expectancy of at least ten years
for persons with a diagnosis of an affective disorder, a diagnosis in the schizophrenia
spectrum, a substance abuse disorder, or a personality disorder (162). All-cause mortality was
significantly elevated for mood disorders, psychoses, and anxiety (41). According to the
German statistical office, mental and behavioral illnesses accounted for 59,990 deaths in
Germany in 2021 (163).

Personality disorders, schizophrenia, and substance use disorders were assigned the highest
increased risk for mortality based on all medical conditions and diseases (162). Although
mortality risk was higher for psychoses than for depression (41), depression accounted for the
largest number of loss of healthy life years (159). A review including only studies of the general
population, assessing mental disorders using structured or semi-structured diagnostically
oriented interviews, response rates above 60%, and a sample size larger than 500
respondents, revealed an increased risk in all-cause mortality due to depressive disorders of
approximately 70% (relative risk of 1.7) (164). A meta-analysis including 25 studies
encompassing 106,628 participants of whom 6,416 were depressed reported a relative risk of
mortality of 1.8 in depressed participants (major depression as well as subclinical forms of
depression) compared to non-depressed subjects (165). However, the relative risk was not
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corrected for chronic ilinesses or lifestyle factors, which are known to be extremely important
confounding variables (as described above).

Mortality caused by mental disorders can, for the most part, be attributed to natural/medical
causes, especially chronic diseases (41, 161). A small part of mortality caused by mental
disorders (5.4%-17.5%) can be attributed to unnatural causes (e.g., accidents or suicides).
Mortality caused by mental disorders is often due to CVD (161, 162, 166), especially coronary
heart disease. The increase in expected mortality due to CVD was found to increase two- to
three-fold in all diagnostic mental disorder groups (162). Furthermore, the most common
deaths for persons with mental disorders were due to CVD (33.9%) (161). Besides CVD,
mortality caused by mental disorders can be attributed to cancer (21.0%) (161, 162),
respiratory or pulmonary disease (13.5%) (161, 166), and infectious diseases (162). However,
only a trend for an increased risk of mortality was found after controlling for demographic
factors, SES, health system factors (e.g., health insurance), and baseline clinical
characteristics (e.g., health status and BMI) (161).

The risk of elevated mortality caused by mental disorders differs between women and men. A
Finish study revealed an association between mental disorder and elevated mortality, a relative
risk of 1.6 in men and 1.4 in women (166). For women with a diagnosis of an affective disorder,
a diagnosis in the schizophrenia spectrum, a substance abuse disorder, and a personality
disorder the life expectancy was approximately 15 years shorter, whereas for men it was
approximately 20 years shorter (162). In Germany, mental and behavioral ilinesses accounted
for more deaths in women (61.9%) than in men (163). With regard to mortality due to
natural/medical causes, deaths caused by depression were attributed to CVD (especially
coronary disease) in men, whereas they were attributed to respiratory disease in women (166).

In addition to natural causes, elevated mortality caused by mental disorders is attributed to
unnatural causes, especially self-harm and suicide (42, 166, 167). Data from the Global Burden
of Disease revealed suicide to be the 13" leading cause of death globally (168) and accounted
for 5% of deaths in women and 6% of deaths in men in persons aged 15-49 years old. Suicide
was more prevalent in regions with advanced healthcare systems, raising concerns regarding
the correct identification and unbiased reporting of suicide deaths. Affective or mood disorder
(i.e., depression and bipolar disorder) and personality disorder posed the highest risk of suicide
(160, 162). The elevated risk of death from injuries and suicide was among women the highest
for mood disorders, whereas among men it was highest for (neurotic) depression (166).
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3.1 Introduction

Mental disorders have become major public health concerns affecting quality of life, work
productivity and life expectancy (1) of a large proportion of the general population.
Representative German studies have shown that approximately one in three women and one
in four or five men had a diagnosis of a mental disorder in the previous 12 months (2). For
most internalizing disorders (e.g. major depression and eating disorders), women are more
frequently affected (3, 4), whereas for externalizing disorders (e.g. substance abuse) men are
more frequently affected.

Mental health differences between women and men have been attributed to sex and gender
differences. Rooted in genetics, anatomy, and physiology (5), sex represents a biological
construct. In contrast, gender comprises psychosocial variables that differentiate women and
men (6) elucidating societal conditions and offering explanatory models. Gender can be
differentiated according to 1) gender roles: behavioral norms attributed to women and men in
a given society; 2) gender identity: how people see themselves on the dimensions of femininity-
masculinity; 3) gender relations: how individuals interact with or are treated by others based
on ascribed or experienced gender; and 4) institutionalized gender: distribution of power
between women and men in institutions in society which shapes social norms and justifies
different expectations and opportunities for women and men (5). Sex differences in mental
health can be explained by sex hormones (7, 8) and dysregulations in the HPA axis (7, 9),
especially for stress-related psychiatric disorders. Gender differences in mental health can be
explained by e.g. gender-based violence (10), low self-esteem (7) and belonging to a gender
minority (11). The interplay between sex and gender is an important factor in mental health.
Sex and gender interact in the development of diseases (12, 13) (e.g. depressive disorders
(14)) and coping strategies (15). The association between biological sex and mental health in
Europe is moderated by socioeconomic and family-related factors (16), which explain about
20% of the differences in mental health between women and men. Such factors are for
example employment (16, 17), education, housekeeping or looking after children and income
(16, 18). The inverse association between socioeconomic position and morbidity and mortality
has been termed social gradient of health (19). While multiple inequalities between women
and men (e.g. gender pay gap, lower pension due to maternity leaves and part-time
employment) are known, interactions between sex and socioeconomic position, which may put
women at a disadvantage have been understudied (19).

Sex and gender differences vary across countries and regions (20). In a study including 48
countries, males have consistently reported higher self-esteem than females, but the strength
of this effect differed between countries (21). Furthermore, sex, gender and cultural differences
for self-reported emotional intensity (arousal) were found between the Chinese and German
culture (22). However, in a study on the universality of emotions across 37 countries, no
differences were found between women and men (23); in all countries men reported more
powerful emotions (e.g. anger), whereas women tended to report powerless emotions (e.g.
fear or sadness). A study focusing on similarities and differences in three psychological
domains (cognitive domain, social and personality and well-being) combined numerous meta-
analyses and identified only small differences between women and men (24). These
differences remained consistent across countries. Regional differences regarding material
living standards and employment conditions may also affect women and men differently (20).
In examining mental health, it is therefore important to consider differences between countries
and regions.
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In Germany, large population-based cohort studies have been implemented in order to identify
risk and protective factors for health in the general population. Major ongoing cohorts have
been established between 1983 and 2007. These include the representing different German
regions, respectively, the southern, north-eastern and middle part of Germany. KORA
(Cooperative Health Research in the Region Augsburg) focusses on the fields of epidemiology,
health economics, and health in the region Augsburg (formerly Monitoring of Trends and
Determinants of Cardiovascular Disease (MONICA)), the Study of Health in Pomerania (SHIP)
and the Gutenberg Health Study (GHS), care research (25), SHIP contains a broad range of
health and quality of life indicators (26) and GHS focusses on uncovering risk factors for
several conditions, such as CVD and mental diseases (27). The three cohort studies followed
representative samples of participants stratified by sex and age, which were drawn in
comparable ways from their respective regions (28) (GHS: N = 15,010 respondents, 35-74
years; KORA: N = 18,079 respondents 25-74 years; SHIP: N = 12,324 respondents 20-79
years). The three German regions differ regarding socioeconomic and economic parameters:
Unemployment rates are highest, discretionary incomes, and life expectancy lowest in
Greifswald (SHIP). As the eastern and western states of Germany have evolved in different
political and economic systems following World War IlI, these regions show pronounced
differences regarding full-time employment rates among mothers resulting in different gender

pay gaps (28).

These three cohorts also include mental health variables and are therefore particularly suitable
to derive knowledge on sex, mental health and their relationships to physical health. The GESA
consortium (Gender Sensitive Analyses of mental health trajectories and implications for
prevention) has recently been established to enable future conjoint analyses (28). The purpose
of this systematic review is to analyze published findings from the three cohorts and to identify
sex-specific prevalence rates of mental disorders and to identify risk and protective factors and
regional effects.

3.2 Methods

Published studies were identified through searches of the databases PubMed and Web of
Science. We included studies from initiation of each cohort until June 2019. KORA started in
1996 (25) following its precursor MONICA which had started in 1984, SHIP started in 1996
(26) and GHS started in 2007 (27). Keyword, title, authors and abstract information were used.
The search terms were "KORA', "Cooperative Health Research in the Augsburg Region’,
"SHIP', " Study of Health in Pomerania’, "GHS" or "Gutenberg Health Study’ combined with
‘mental health’, "sex or ‘gender. English and German publications were considered.
Unpublished papers, abstracts, dissertations and book chapters were not included. The search
took place from April until June 2019.

To decide whether an article fulfilled the criteria, the first rough selection was made by
inspecting the title and abstract of the article. To identify relevant studies, the following
inclusion criteria were used:

1) studies using KORA, SHIP or GHS data;

2) cross-sectional and longitudinal/prospective studies addressing mental health;

3) studies containing sex, respectively gender.
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Furthermore, it was required that the articles either 1) contained descriptive statistics on mental
health variables including statistical tests that probed for differences between women and men,
or 2) tested factors related to mental health with separate analyses for women and men,
respectively analyses with an interaction term for sex. We only selected papers that included
mental health as a dependent variable. This first group of articles was used to describe
prevalence rates of mental health for women and men. The second group of articles was
analyzed to describe explanatory factors for mental health between women and men. Of the
selected articles the literature list was meticulously examined and further relevant articles were
selected. Articles including analyses with mental health as dependent variable, but only
including sex as a control factor, were not taken into account. Articles containing descriptive
statistics for mental health aspects, but without differences between women and men
(statistically tested) were excluded. Lastly, we excluded methodological papers. The selection
procedure is displayed in detail in Figure I11.1.

Mental health is a broad concept. In this article, we were guided by the definition of WHO
including mental, physical and social well-being, not just the absence of mental disorders (29).
Similarly, Galderisi and colleagues (30) interpreted mental health as a dynamic state of well-
being changing through lifetime and depending on life events. Therefore, not only mental
disorders, but also mental health aspects such as well-being, somatic symptoms, loneliness
and resilience were taken into account in this review.
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N=315 articles identified

L 4

:I 154 articles not using GHS, KORA or SHIP data (-)

N=161 articles using GHS, KORA or SHIP data