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Abstract The vulnerability stress model, as related to mental disorders, has gained
much attention since it captures the multifactorial nature of the disorders. In the last
few years, research activities have aimed at identifying biological and genetic
components that interact with psychosocial factors, such as stressful life events and
city living, which according to this model increase or lower vulnerability to mental
disorders. Interplay between environmental factors and biological systems (e.g.,
stress-axis/hypothalamus-pituitary-adrenal-axis) and clinical outcomes will be
analyzed from an anticipatory perspective. Previous studies on brain structure and
childhood traumatization have implicated limbic regions like the hippocampus,
amygdala, anterior cingulate cortex, and frontal areas. Functional changes in those
areas are proposed to mediate the long-term risk of mental disorders. The societal
and clinical impact of those findings and models will be discussed.
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1 Anticipating Depressive Disorders

Anticipation of the onset of disease is a very timely but complex topic of high
relevance to the course and outcome of psychiatric treatment. Anticipatory medi-
cine is concomitant with preventive medicine: both have the capacity to change the
usual approach to mental disorders. In the last decades, numerous risk factors that
contribute to the onset of mental disorders have been identified. For severe mental
disorders, like schizophrenia and bipolar disorder, several environmental factors—
such as antenatal maternal virus infections, obstetric complications comprising
hypoxia-related conditions or stress during neurodevelopment—were already
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discovered. Those factors converge in the disturbance of neuro-circuits within the
hippocampal [1]. Thus, knowledge of risk factors and their interaction could enable
clinicians to anticipate the risk of disorders such as bipolarism and schizophrenia.
Needless to state, real life is highly complex, and simple point-by-point associations
are rarely observable. The complexity in mood disorders may even be higher since
environmental factors seem to interact with the individual’s genetic vulnerability. In
major depressive disorders, psychosocial stress and traumatization during the
perinatal period, infancy, or adulthood are important risk factors. Genetic risk in
terms of less adaptive biological systems may put individuals at risk of disease in
stressful life situations. On the other hand, protective factors such as resiliency
might increase the likelihood of the ability to cope with stressful life situations and
thus facilitate better outcomes regarding mental and physical health.

2 Risk Factors

Major depressive disorders (MDD) belong to the prevalent causes of morbidity,
disability, and impaired quality of life. Previous studies have also provided robust
evidence that depression is a risk factor for type 2 diabetes (T2DM) [2, 3], car-
diovascular disease (CVD), and mortality [4–6]. Generally, abuse and mistreatment
during childhood (CA) are strong environmental risk factors for the development of
depressive disorders [7, 8]. Although a great deal of research has investigated the
immediate and delayed pathogenic effects of childhood abuse, only a small body of
literature has focused on adaptive outcomes in the aftermath of CA [9, 10]. Yet it
seems that in addition to trauma-related factors, such as frequency and intrusive-
ness, individual biological and psychological factors modify the risk of long-term
consequences of childhood abuse [11]. Research has consistently shown that a
considerable number of childhood abuse victims show little or no long-term psy-
chological damage [12].

2.1 Resilience

Over the years the vague term “resilience” was established to describe the
phenomenon mentioned above. There is no generally agreed upon definition of
“resilience”. One can assign the attempted definitions to (at least) two mainstream
thoughts: (1) the end result of a complex adaptation process; (2) the dispositional
ability to access and use resources in the face of traumatic events. Nadin [13]
describes resilience:

“the capacity to cope with unanticipated dangers after they have become manifest, learning
to bounce back.” Not surprising is the inference that “anticipation seeks to preserve
stability: the less fluctuation, the better. Resilience accommodates variability…”
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Wagnild et al. [14, 15] related resilience to a “dynamic personality trait” arising
in “the aftermath of adversity.” They acknowledged the existence of certain
inherent resources, which are, however, fluid and alterable rather than determined
and inflexible. In a recent empirical study, we investigated 2046 subjects between
the ages of 29–89 years (SD = 13.9) from a community-based sample who were
free of MDD during the 12 months prior to data collection. They had been
examined and diagnosed for Lifetime diagnosis of MDD by the Munich-Composite
International Diagnostic Interview (M-CIDI) according to Diagnostic and
Statistical Manual of Mental Disorders–(4th edition) (DSM-IV) criteria [7].
Childhood trauma and resilience were assessed with the Childhood Trauma
Questionnaire (CTQ) and the Resilience-Scale (RS-25). Both childhood maltreat-
ment and resilience were associated with MDD later in life. The detrimental effects
of low resilience on MDD were especially prominent in subjects with a history of
childhood abuse (odds ratio [OR] = 3.18, 95 % confidence interval [CI] [1.84,
5.50]), but also effective in subjects without CM (OR = 2.62, 95 %CI [1.41, 4.88]).
The findings supported the clinical assumption that resilient subjects may be partly
protected against the detrimental long-term effects of child abuse and neglect.

2.2 Gene-Environment Interaction

To date, it has been difficult to identify genetic factors that directly put individuals
at higher risk of depressive disorders. Although large-scale genetic studies with
sufficient statistical power are about to be published, clear-cut genetic risk factors
are missing. Nevertheless, research in the field of gene-environment interaction has
provided an important model of functional and dysfunctional adaptation to stressful
or averse experiences and life conditions.

Nadin [16] distinguishes the various discussions of the concept (including the
areas of behavior, cognition, neurology, and in medicine in general). Generally,
anticipation is described as behavior defined by possible future states as well as by
previous states [17].

In the field of gene-environment interaction research, I would propose a new
facet of the concept of “anticipation”: In light of the genetic variation at a given
genetic risk locus, one genetic variant increases the risk and the other one decreases
the risk of disease in stressful conditions. Those stressful conditions can constitute
previous states like childhood abuse that still shape behavior and emotional states in
adulthood. In addition, biological variation contributes to the anticipation: The
environmental stressor determines in interaction with the genetic risk variant the
risk of mental disorder or the degree of burden caused by psychopathological
symptoms and thereby emotional states and behavior. Traditionally, “anticipation”
in the field of genetics denotes to the phenomenon that “the signs and symptoms of
some genetic conditions tend to become more severe and appear at an earlier age as
the disorder is passed from one generation to the next” [18]. Anticipation is typi-
cally seen in disorders that are caused by a type of mutation called a trinucleotide
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repeat expansion. Those repeats are associated with neurological conditions like
Huntington disease, myotonic dystrophy, and fragile X syndrome. This repeat
expansion can increase from generation to generation leading to more severe forms
of the disorder with each successive generation [18].

This effect modification has been preferentially investigated in genes involved in
the physiological regulation of the stress response. A prominent example is the
FKBP5 gene, which codes for a co-chaperone regulating the glucocorticoid receptor
sensitivity. Previous evidence suggested that subjects carrying the TT genotype of
the FKBP5 gene single nucleotide polymorphism (SNP) rs1360780 had an
increased susceptibility to adverse effects of experimental stress. We therefore
tested the hypothesis of an interaction of childhood abuse with rs1360780 in pre-
dicting adult depression in 2076 Caucasian subjects from the general population.
We identified significant interaction (p = 0.008) of physical abuse with the TT
genotype of rs1360780, increasing the depression scores (BDI-II) to 17.8 (95 % CI
12.3–23.2) compared with 10.6 (8.8–12.4) in exposed CC/CT carriers [T denotes
the nucleobase thymine, C denotes cytosine]. Likewise, the adjusted odds ratio
(OR) for major depressive disorders (MDD) in exposed TT carriers was 8.9 (95 %
CI 2.2–37.2) compared with 1.4 (0.8–2.4) in exposed subjects with CC/CT geno-
types [19]. This study revealed interactions between physical abuse and rs1360780
of the FKBP5 gene, confirming its role in an individual’s susceptibility to
depression.

Given the large effect sizes, rs1360780 could be included into possibility models
for depression in individuals exposed to childhood abuse [20]. Figure 1 depicts a
simulation of positive and negative predictive values in carriers of FKBP5
TT-genotype exposed to “physical abuse.” At a given prevalence rate of MDD, e.g.,
30 % the risk prediction (positive predictive value) by genotype and abuse status is
about 70 %. Those data are encouraging. However, positive and negative predictive

Fig. 1 Simulation of positive and negative predictive values in carriers of FKBP5 TT-genotype
exposed to “physical abuse“(TT within abused subjects: Sensitivity = 25 %; Specificity = 95 %;
TT within all subjects: Sensitivity = 5.2 %; Specificity = 92 %) (16)
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values are still far too low to recommend individual risk prediction via this
approach. Moreover, those data need independent replication. A further refinement
of this model was possible via the inclusion of the status “high or low resilience.”
Considering the inclusion criteria “low resilience,” the prevalence rate of MDD
increased up to 35 % in the selected subjects. Thus the positive predictive value of
the screen-positive subjects (TT-carriers and child abuse) increased to 80 %.

2.3 The Serotonin Transporter (5-HTT) Gene

The consequences of childhood trauma and interaction with genetic polymorphisms
have been investigated not only in its effects on behavior and health but also on
brain structure and function in terms of neuropsychological paradigms elicited by
fMRI. A “classical” genetic polymorphism in this respect is the serotonin trans-
porter (5-HTT) gene (SLC6A4, chromosome 17q12). Accordingly, the functional
promoter polymorphism of 5-HTT (5-HTTLPR) has often been examined in gene
—environment interaction models. In many studies, the short (s) allele of
5-HTTLPR, which is associated with a decreased 5-HTT activity, has been asso-
ciated with a negative mental outcome after exposure to stress or trauma. A large
meta-analysis supported the interaction effect for depressive disorders [21].
Corresponding effects also have been reported for Post-traumatic Stress Disorder
(PTSD) [22]. The putative interplay between genes and beneficial environmental
conditions like social support on positive outcomes like sense of coherence or
resilience has rarely been addressed. “Social support” integrates the perception and
actuality that one is cared for, has assistance available from other people, and that
one is part of a supportive social network. The questionnaire we have applied
assesses social support in dimensions like financial support, care taking in case of
illness and emotional support.

We therefore examined the interaction between the serotonin transporter linked
polymorphic region (5-HTTLPR) and social support on the sense of coherence
(SOC), resilience, and depressive symptoms. Among individuals with the percep-
tion of high social support, no significant differences between 5-HTTLPR geno-
types regarding all outcome variables were found. However, among those with the
perception of low social support, carriers of at least one short allele reported sig-
nificantly increased levels of SOC and resilience, as well as fewer depressive
symptoms than carriers of the l/l genotype. We therefore concluded that in less
supportive social environments the impact of distinct genotypes on behavioral
outcomes might be more relevant than in supportive environments where social
compensation might take place [23]. Morphometrical and functional MRI analyses
have demonstrated reduced gray matter volume in short-allele carriers in limbic
regions critical for processing negative emotion [24, 25]. Moreover, an
amygdala-cingulate feedback circuit critical for emotion regulation was dependent
on the polymorphism of the 5-HTTLPR [26]. The magnitude of coupling between
amygdala-anterior cingulate cortex inversely predicted almost 30 % of variation in
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temperamental anxiety [27]. Those data support the view that genetic polymor-
phisms may alter the brain’s structure and function and thereby behavior, too.
Environmental exposure to stress may affect those neuro-circuits that are emo-
tionally responsive and may trigger pathological functions in susceptible subjects.

3 Individualized Medicine

The conference Anticipation and Medicine prompted several participants (Staiger,
Burk, Golubnitschaja, Nadin, among others) to approach this subject. (See
respective articles in this volume.) Individualized medicine aims to provide optimal
treatment for an individual patient at a given time based on his specific genetic and
molecular characteristics [28]. Individualized diagnostic and therapeutic strategies
are considered means to improve the efficacy and safety of patient treatment. It
might also allow for better individual outcome prediction and risk assessment.
Moreover, individualized prevention and early intervention strategies are con-
ceivable. Recently developed high throughput OMICs technologies are thought to
enable more targeted diagnostic and treatment approaches [26]. The different
conditions and experimental evidence presented so far in this chapter clearly
indicate the involvement of psychosocial factors in the prediction of health or
disease, even in interaction with biological markers. Therefore, we clearly argue for
a broader acknowledgement of traumatization and stress, as well as protective
factors such as resiliency, when aiming at anticipating outcomes and modeling the
risk structure of diseases. The importance of those factors also advocates early
behavioral psychosocial intervention in families with high levels of childhood
maltreatment or neglect. Costs to society and the individual’s burden of disease
could be reduced by early supportive and protective interventions. The considera-
tion of psychosocial and behavioral factors in disease models and treatment algo-
rithms is important not only to psychiatry, but also to various medical disciplines.
Recognizing the earliest symptoms and, even better, the pre-symptomatic indicators
of disease is anticipatory medicine in practice, leading to more efficient treatment.
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