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Abstract: Mental disorders account for around one-third of disability worldwide and cause 

enormous personal and societal burden. Current pharmacotherapies and nonpharmacotherapies 

do help many patients, but there are still high rates of partial or no response, delayed effect, 

and unfavorable adverse effects. The current diagnostic taxonomy of mental disorders by the 

Diagnostic and Statistical Manual of Mental Disorders and the International Classification of 

Diseases relies on presenting signs and symptoms, but does not reflect evidence from neurobio-

logical and behavioral systems. However, in the last decades, the understanding of biological 

mechanisms underlying mental disorders has grown and can be used for the development of 

precision medicine, that is, to deliver a patient-tailored individual treatment. Precision medi-

cine may incorporate genetic variants contributing to the mental disorder and the response to 

pharmacotherapies, but also consider gene ¥ environment interactions, blood-based markers, 

neuropsychological tests, data from electronic health records, early life adversity, stressful life 

events, and very proximal factors such as lifestyle, nutrition, and sport. Methods such as artifi-

cial intelligence and the underlying machine learning and deep learning approaches provide the 

framework to stratify patients, initiate specific tailored treatments and thus increase response 

rates, reduce adverse effects and medical errors. In conclusion, precision medicine uses mea-

surable health parameters to identify individuals at risk of a mental disorder, to improve the 

diagnostic process and to deliver a patient-tailored treatment.

Keywords: precision medicine, personalized medicine, biomarker, mental health, depression, 

childhood trauma, FKBP5, machine learning

Current situation and potential for precision 
medicine
Mental disorders are among the most detrimental disorders worldwide.1 In Europe 

alone, one-third of the population suffers from mental disorders, which corresponds 

to 164 million persons affected.2 While over 300 psychiatric disorders are described, 

the three most disabling conditions in Europe were depression, dementias, and alcohol 

use.2 Health insurance programs reveal an increase in sick leave, early retirement, and 

treatment rates due to mental disorders.2 However, less than one-third of all patients 

receive any treatment in Europe.3 The suicide rate is higher than the annual mortality 

from AIDS, most forms of cancer, and homicide.4 Mental disorders also substantially 

increase morbidity; overall, they account for around one-third of disability worldwide 

and thus cause enormous personal and societal burden.5

The high personal and societal burden with increasing sick leave and early retire-

ment reflects the insufficient treatment options currently available. Current pharma-
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cotherapies and nonpharmacotherapies actually do help 

many patients, but there are still high rates of partial or no 

response. In addition, the delayed onset of treatment effects 

and uncomfortable or even threatening adverse events fur-

ther account to patients’ burden. Unlike other disciplines in 

medicine, the diagnostic process and the choice of treatment 

are solely based on clinical judgment, without incorporating 

objective measures. Despite the amazing contributions of 

psychiatric research to our understanding of the etiology and 

pathogenesis of mental disorders, no biomarker from genom-

ics, peripheral blood, or brain imaging has been clinically 

established for mental disorders. Instead, the ways patients 

are diagnosed and treated remained unchanged for decades.6 

In addition, the current diagnostic frameworks with Diag-

nostic and Statistical Manual of Mental Disorders (DSM) 

published by the American Psychiatric Association and the 

International Classification of Diseases (ICD) developed by 

the World Health Organization rely on presenting signs and 

symptoms but fail to align with findings that come from 

genetics and clinical neuroscience.7,8

Fortunately, there is great effort to change this situation 

and provide individualized treatment options for each patient. 

Personalized and precision medicine should help matching 

individual patients with the most effective treatments while 

minimizing the risk of adverse events.9–11 Although personal-

ized and precision medicine are often used synonymously, 

they technically describe two different approaches. Person-

alized medicine considers sociodemographic and clinical 

characteristic of a patient, while precision medicine uses 

objective measures derived from genetics, blood-biomarkers, 

imaging, or neuropsychological tests to select the treatment 

of choice.10,11 In the past 50 years, some kind of personaliza-

tion has of course taken place: physicians considered age, 

comedication, liver and renal functioning, comorbidities, 

symptoms (agitated vs nonagitated; psychotic vs nonpsy-

chotic; sleeping problems) and patients’ preferences when 

selecting a pharmacologic or a nonpharmacologic approach. 

But as stated above, this “personalization” is highly depen-

dent on the knowledge and experience of the psychiatrist 

owing a trial and error in variable extend.12 The aim of 

precision medicine is to improve the diagnostic process 

and the choice of a specific treatment using genetic mark-

ers or biomarkers derived from peripheral blood, imaging, 

electroencephalographic measures, or neuropsychological 

tests (Figure 1).10,11,13 It has become increasingly clear that 

the diagnostic taxonomies of mental disorders by DSM or 

ICD are not sufficient for biomarker research, as they do 

not reflect relevant neurobiological and behavioral systems. 

Therefore, the National Institute of Mental Health started 

the Research Domain Criteria (RDoC) project to establish 

a research classification system for mental disorders that is 

based on neurobiological findings and observational behav-

ior.7,8,14 Implementing these RDocs into biomarker research 

is now progressively evolving (Figure 1).15
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Figure 1 Situations of patients with mental disorders are depicted.
Notes: (A) Current situation: patients are evaluated by a clinician who stratifies the patients using the diagnostic taxonomy of DSM-5 or ICD-10; then, first-line treatment 
is initiated according to the diagnosis. Treatment is usually associated with a high rate of nonresponse. (B) Future situation: precision medicine guides the tailored approach 
for each individual patient with a mental disorder. Patients are evaluated possibly by systems employing machine learning methods that consider genetic and other biomarkers 
derived from blood, neuropsychological tests, or imaging and then stratified by biological subgroups/endophenotypes. Specific treatment algorithms are initiated according 
to the biological subgroup.
Abbreviations: DSM, Diagnostic and Statistical Manual of Mental Disorders; ICD, International Classification of Diseases.
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In this review, several concepts of biomarker research to 

enable precision medicine are described. The analysis of 

the genetic makeup and the acknowledgement of the crucial 

interaction of genetic variants with environmental factors 

have already delivered promising predictors. Current con-

cepts focus among others on the molecular genetic alterations 

of systems activated by stress, such as the stress hormone 

system (hypothalamic–pituitary–adrenal [HPA] axis) or the 

immune system. In addition, electronic devices and neuro-

psychological tests are described that help stratify subgroups 

of patients and thus help to deliver a tailored treatment. The 

assessment of the genetic makeup, environmental factors 

including lifestyle, and markers derived from the stress sys-

tems also delivers predictors to identify individuals at risk; 

thus, precision medicine will also set up preventive strategies 

to reduce the risk of developing a mental disorder.16

Importance of genetic, 
environmental, and lifestyle factors
Genetic factors
Numerous twin studies delivered evidence of heritability of 

mental disorders or traits. Heritability is an estimate of the 

proportion of variation in a feature that can be explained 

by genetic differences between subjects. The heritability 

estimates of the major mental disorders derived from large 

twin studies ranges from 40% of major depressive disorder 

(MDD) and posttraumatic stress disorder (PTSD) to 80% 

of schizophrenia, bipolar disorder, and attention-deficit 

hyperactivity disorder (ADHD).17,18 The advances in genet-

ics are coupled to technical advancements with array-based 

methods and high-throughput sequencing, but substantially 

rely on large-scale collaborative efforts like the Psychiatric 

Genomics Consortium (PGC), which have identified many 

common and rare genetic variants contributing to several 

mental disorders.17,19 Studies with small sample size failed to 

detect the individual genetic variants that account for much 

of the heritability, which was termed missing heritability.20 

The genetic dissection of complex traits has been frequently 

reviewed and is beyond this review.21–23 For most mental 

disorders, genetic variants have a cumulative impact with 

small effect; moreover, there are environmental factors that 

influence gene regulation. Therefore large statistical power, 

that is, large sample size, is needed to overcome these draw-

backs to identify associated variants. For example, the initial 

genome-wide association studies (GWAS) mega-analysis on 

MDD conducted by the PGC with 9,240 cases revealed no 

significant findings,24 the CHARGE meta-analysis of depres-

sive symptoms with 34,549 subjects also failed to find signifi-

cant hits.25 First significant hits were delivered by Hyde et al 

investigating self-reported MDD in 75,607 cases; this study 

identified 15 significantly associated loci.26 Just recently, the 

PGC published a GWAS meta-analysis based on 1,35,458 

cases and revealed 44 independent and significant loci.27 A 

similar pattern could be observed analyzing schizophrenia 

cohorts, a mental disorder with higher heritability. A GWAS 

on 17,836 cases revealed five significantly associated loci;28 

later a GWAS on 36,989 cases identified 108 significantly 

associated loci.29 Many efforts are meanwhile in place to 

translate these genome-wide association findings into new 

drug targets for mental disorders or to repurpose existing 

drugs for the treatment of mental disorders that were not 

initially developed to treat, an approach called drug reposi-

tioning.30,31 For example, the gene HMGCR was identified 

in a GWAS on cholesterol metabolism and then has been 

found to be associated with the lipid-lowering response to 

simvastatin.32,33 However, there are several drawbacks that 

hamper these approaches.

Analysis of large data sets with over 2,50,000 patients 

and over 7,50,000 controls revealed significant correlations 

of common variants between MDD and ADHD, bipolar 

disorder, and schizophrenia.34 In addition, significant cor-

relations between migraine and MDD and ADHD were 

observed, whereas the trait neuroticism was correlated with 

almost every mental disorder.34 A shared molecular pathology 

across the major mental disorders was also observed using 

transcriptomic profiling from cerebral postmortem tissue of 

patients with MDD, bipolar disorder, autism, schizophrenia, 

and alcoholism.35 In this approach, a degree of shared but 

also distinct gene-expression perturbations across the mental 

disorders could be revealed. The extend of shared transcrip-

tional dysregulation was attributed to an single nucleotide 

polymorphism (SNP)-based, polygenic overlap across these 

conditions, suggesting a substantial causal genetic compo-

nent.35 Thus, the genetic variants revealed by GWAS are not 

necessarily associated with the investigated mental disorder 

but could also be related to a shared condition.

Gene × environment interactions
Next, environmental factors complicate the identification of 

truly associated genetic variants. In fact, the vulnerability to 

develop a mental disorder is crucially dependent on gene × 

environment interactions.36–39 Environmental adverse events 

such as physical, sexual, or emotional childhood trauma 

are robustly associated with the development of mental 

disorders.40 In fact, gene × environment interactions often 

determine the development of a mental disorder.41 However, 
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it is not clear how adverse events interact with genetic and 

epigenetic factors to confer the vulnerability. Accumulating 

evidence shows that early adverse events, such as childhood 

trauma, mobilize fight-or-flight responses mediated by the 

HPA axis, by the adrenergic nervous system (ANS) and the 

immune system. Subsequently, it leads to an increased sen-

sitivity of the HPA axis and to low-grade inflammation with 

a heightened inflammatory response to subsequent stress-

ors.42,43 This is complemented with facilitated self-medicating 

behaviors like smoking, drug use, and consumption of high-

fat and high-sugar diets that subsequently impair the course 

of the mental disorder.44

In fact, there is accumulating evidence that childhood 

trauma is associated with significant and graded increase in 

inflammatory markers, such as C-reactive protein (CRP), 

white blood cell count, or IL-6.45 Interestingly, these eleva-

tions cannot be explained by potential key confounders, such 

as low birth weight, poor health, low socioeconomic condi-

tions, unhealthy behavior, or acute inflammation.45 Child-

hood trauma does also increase the reactivity to subsequent 

challenges; this could be observed using psychological inter-

ventions like the Trier Social Stress Test,46–48 and applying 

pharmacological interventions like an in-vivo glucocorticoid 

receptor (GR)49 challenge by ingestion of dexamethasone.50 

Thus, early experiences set up long-term patterns of interac-

tion between the immune system and the brain that may be 

relevant for specific treatment interventions. For example, it 

was observed that patients with increased CRP levels showed 

a better response to treatment with a tricyclic antidepressant, 

while patients with lower CRP levels responded better to a 

treatment with selective serotonin reuptake inhibitors.51 Fur-

thermore, treatment with a specific antiinflammatory agent, 

the TNF antagonist infliximab, did not reveal a significant 

improvement compared with placebo in depressed patients. 

However, after separating depressed patients according to 

CRP levels above and below 5 mg/L, there was a significant 

better outcome in the higher CRP levels group when treated 

with the TNF antagonist.52 Meanwhile, systematic reviews 

and meta-analysis revealed beneficial effects of specific anti-

inflammatory agents, such as nonsteroidal anti-inflammatory 

drugs or anticytokine treatments.53,54 These effects may be 

further improved using precision medicine tests to deliver 

the anti-inflammatory agents to the right patients.

As described above, inflammatory pathways are closely 

linked to the HPA axis. At the cellular level, environmental 

stress promotes the release of glucocorticoids (GCs) from 

the adrenal glands in the systemic blood flow and thus the 

GCs reach every organ in the body, including the brain. GCs 

exert their effects via two cytoplasmatic receptors, the min-

eralocorticoid receptor and the GR. They act as transcription 

factors and bind to certain DNA sequences, the glucocorti-

coid response elements (GREs), that enhance or repress gene 

transcription.55 GCs induce transcriptional responses to stress 

that involve the upregulation and downregulation of numer-

ous genes. In the transcriptional response to GCs or stress, 

epigenetic mechanisms are substantially involved. Environ-

mental stress influences epigenetic mechanisms, such as 

DNA methylation and small and noncoding RNAs (microR-

NAs), and thus comprises the molecular basis of gene × 

environment interactions.56–59 Some genes have already been 

identified to be epigenetically altered by childhood trauma 

and significantly increase the risk to develop stress-related 

mental disorders. A prominent example is the FKBP5 gene 

that encodes the FK506 binding protein 51 (FKBP51), a heat 

shock protein 90-associated co-chaperone.60 It is strongly 

stress responsive and modulates the sensitivity of the GR 

complex. Stress and GCs upregulate FKBP5 via GREs in 

several tissues, including peripheral blood and the brain. This 

upregulation activates an ultrashort feedback loop, it activates 

the GR, and thus induces FKBP5 expression which limits the 

GR activity by binding to the GR complex.41 Interestingly, 

this increase in FKBP5 RNA and protein is moderated by 

common genetic variants and specific epigenetic alterations 

present in subjects with childhood trauma.61–63 Beyond the 

cellular level, these genetic variants together with epigenetic 

alterations and childhood trauma were associated with struc-

tural and functional changes in several brain regions64–66 and 

with impaired working memory and cardiac stress reactivity.67 

In this way, FKBP5 serves as an example of how individual 

differences in the molecular response to GC activation are 

associated with alterations in the stress response not only 

at the cellular level, but also at brain circuitry and systemic 

levels.41 Drugs targeting FKBP5 are currently in progress;68,69 

however, they will not help all patients, but only those with 

a dysregulated FKBP5 functioning or GR signaling. Preci-

sion medicine approaches are necessary to detect an altered 

FKBP5 functioning or GR signaling to identify suitable 

patients for a specific FKBP5 treatment.50,70–72

Environmental factors influencing 
vulnerability
early life adversity
Early life adversity substantially shape stress vulnerability 

or resilience in the first years and are thus considered as 

distal environmental factors. But there are also proximal 

environmental factors, that is, the last months before the 

onset of the mental disorder, which influence the risk or the 

course of the condition. Overall, detrimental and protective 
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factors can be distinguished. Psychological stress is a major 

factor that significantly increase the risk to develop a stress-

related mental disorder via the activation of the HPA axis, 

the ANS, and inflammatory pathways.73 Not only mental 

disorders are impacted by stress but also cardiovascular dis-

orders or cancer is associated with psychological stress.73 A 

prominent example of how psychological stress is affecting 

cardiovascular function was observed in 2006 during the 

World Cup Soccer in Germany, where cardiovascular events 

were significantly higher on days of matches with German 

participation than on the other days.74 Reasons for significant 

psychological stress are typically chronic conditions, such as 

conflicts with partner, work stress defined as low workplace 

control coupled with high demands, organizational injustice, 

financial problems, and low social support.73

Healthy lifestyle: nature, nutrition, and 
sport
In contrast, there are also protective factors that ameliorate 

the risk to develop a mental disorder, such as social sup-

port, nutrition, or exposure to natural environments.75,76 

For example, walking or staying in a forest could decrease 

measures of depressive symptoms and hostility and increase 

measures of liveliness in a sample of 486 healthy volunteers.77 

In addition, forest experience has robustly been shown to 

decrease blood pressure, pulse rate, and levels of stress hor-

mones.78,79 Extensive observational evidence also supports the 

impact of nutrition on mental health; the diet quality may be 

a possible protective or risk factor for mental disorders.80–84 

Mechanisms by which nutrition may alter the risk of mental 

disorders include an interaction between brain metabolism 

and ingested fatty acids,85 immune-system modification via 

immune-reactive components such as wheat gluten,86 induc-

tion of oxidative and nitrosative stress in cerebral circuits,87 

and altering of the brain–gut axis and the gut microbiome.88 

The traditional Mediterranean diet, characterized by a high 

intake of olive oil, vegetables, nuts, fruits, and cereals, a 

moderate intake of fish and poultry, and a low intake of 

sweets, red and processed meats as well as wine in modera-

tion,89 has not only been consistently associated with lower 

cardiovascular risk90,91 but also with a 30% reduced risk for 

depression.92 A meta-analysis observed that fish consumption 

and fish-derived polyunsaturated fatty acids intake were asso-

ciated with a lower risk of depression.93 In addition, a meta-

analysis showed that the adjuvant treatment with omega-3 

polyunsaturated fatty acids for MDD in combination with 

antidepressants and/or psychotherapy improves the overall 

response.94 A recent randomized controlled trial (RCT) of 

dietary improvement in patients with MDD as add on to 

antidepressants and/or psychotherapy also revealed benefi-

cial effects.95 Interestingly, Khambadkone et al observed in 

a cohort of patients with mania and other mental disorders 

that the consumption of nitrated meat products was associ-

ated with mania, and that nitrated meats alter the behavior 

and brain gene expression in rats.96

One of the most beneficial factors to prevent or ameliorate 

mental disorders is exercise or physical activity.97,98 While 

the exact biological mechanisms exerted by exercise are 

not well understood, there is some evidence of a decrease in 

stress hormones such as cortisol or epinephrine as well as 

proinflammatory cytokines, an increase in neurotrophic fac-

tors like brain-derived neurotrophic factor and hippocampal 

cell proliferation.71,99–101 Exercise has preventive effects on 

mental disorders, for example, physical active persons have 

around 45% lower odds of developing depressive symptoms 

compared with physical inactive persons.97 In addition, 

several large studies observed inverse associations between 

depressive symptoms and physical activity.102 Moreover, 

RCTs and meta-analytic reviews reported beneficial effects of 

exercise in patients with moderate depression.103,104 Of note, 

exercise cannot ameliorate only MDD, there is accumulating 

evidence that exercise also improves job-related exhaustion,71 

anxiety,105 schizophrenia,106 and dementia.107

Genetic testing and electronic health data 
to individualize treatments
Genetic testing
As reported above, mental disorders have a modest to high 

heritability; also, treatment response and the appearance of 

adverse effects have been shown to be genetically linked.108–111 

An extensive literature covers the association of common 

genetic markers with the response, adverse effects, and 

metabolism of antidepressants and antipsychotics.112–114 

Genetic variants involved in metabolism of antidepressants 

or antipsychotics (CYP/CYP450 isoenzymes), drug transport 

(ABCB1), glucocorticoid signaling (FKBP5), and serotonin 

neurotransmission (SLC6A4 and HTR2A) were among 

those included in the first pharmacogenetic assays that have 

been clinically applied.113,115 Most pharmacogenetic tests 

focus on pharmacokinetic genes, specifically CYP2D6 and 

CYP2C19.116,117 Genetic variants within these genes have 

been repeatedly associated with patients’ metabolizer phe-

notype118,119 and subsequently have been included in dosing 

guidelines for antidepressants by expert groups such as the 

Clinical Pharmacogenetics Implementation Consortium.120 

Genetic variants within CYP2D6 and CYP2C19 can be used 
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to determine if a patient is a normal, an intermediate, a poor, 

or an ultrarapid metabolizer.118,119 Therefore, most of the cur-

rently commercially available pharmacogenetic tests include 

variants of these two genes.116,117 ABCB1 is another interesting 

pharmacokinetic gene that has been included in pharmaco-

genetic tests. It encodes the efflux pump P-glycoprotein and 

thus plays a pivotal role in the transfer of various drugs across 

the blood–brain barrier.121,122 While almost all commercially 

available tests include pharmacokinetic tests, only some 

include pharmacodynamics genes.116 Genetic variants within 

the promoter of the serotonin transporter gene (SLC6A4), 

which is a main key regulator of antidepressant mechanisms, 

have been repeatedly associated with treatment response 

to antidepressants.123 Consistent evidence also suggests an 

involvement of other serotonin-related genetic variants, 

namely 5-HT2A polymorphisms, in response to antidepres-

sants.124,125 FKBP5 is another pharmacodynamics gene that 

has been associated with treatment response to antidepres-

sants.60 Interestingly, the genetic variant that was related to a 

dysregulated HPA axis was also associated with a beneficial 

response to antidepressants.61 However, this variant is not 

yet routinely included in the available tests.117 The polygene 

approach of most of the pharmacogenetic tests is based on 

evidence that most antidepressants or other psychopharma-

cologic medications interact with multiple pharmacokinetic 

and pharmacodynamic pathways.126 However, current reviews 

state that only a small fraction with <20% of the available 

pharmacogenetic tests has been empirically evaluated, and 

there are many gaps in the presented evidence.116,117 In addi-

tion, the cost-effectiveness still remains unclear until robust 

economic studies are conducted.127 Different ethnicities and 

the related cultural factors further complicate the usage of 

pharmacogenetic tests.128

The development of mental disorders is likely determined 

by combined effects of genetic predisposition and environ-

mental adversity that together alter gene regulation in a way 

that has substantial effects on cell function and subsequently 

on organ systems, including brain and behavior. Thus gene 

expression may be considered as an integral over genetic 

variants predisposing to MDD and early adversity as a 

major environmental factor.129,130 Common approaches for 

gene expression analysis are quantitative reverse transcrip-

tion PCR, microarrays, and RNA sequencing. In addition 

to the analysis of gene expression, the investigation of 

microRNAs (miRNA), a class of small noncoding RNAs, 

has been emerging rapidly, as they control gene expression 

by modulating translation and mRNA degradation and are 

involved in the stress response.58,131 Circulating miRNAs are 

present in peripheral blood cells and therefore are suitable to 

serve as predictors for diagnostic evaluations or for treatment 

response.58,132,133

A multimodal approach to test the stress hormone system, 

that is, the HPA axis, in patients with mental disorders is the 

modified dexamethasone-suppression test (mDST).49 Gene 

expression, differential blood count, and stress hormones 

such as cortisol are measured before and 3 hours after GR 

activation in vivo with dexamethasone 1.5 mg ingestion. 

In two independent cohorts, GR-activated gene expression 

outperformed baseline gene expression as a classifier for case 

and control status with a correct classification rate of 79.1% 

vs 41.6%.72 Applying the mDST in a sample with subjects 

affected with job-related exhaustion showed evidence for a 

GR hypersensitivity, comparable to patients suffering from 

trauma-related mental disorders.71,134 In a broader, stimulated 

expression quantitative trait locus approach, gene expression 

profiles after GR activation were combined with genome-

wide SNP data. This approach revealed that common genetic 

variants that modulate the transcriptional response to GR 

activation mediate the risk of MDD as well as other mental 

disorders.135 Moreover, these risk variants were associated 

with inappropriate amygdala reactivity to angry and fearful 

faces.135 Next, combining genome-wide DNA methylation 

and gene expression data before and after GR activation 

revealed dynamic changes in methylation of the cytosine 

pyrimidine ring in cytosine/guanine (CpG) dinucleotides 

and transcription of gene neighboring epigenetic clock 

CpGs associated with aging and aging-related disorders.136 

Recently, using the mDST, an increased FKBP5 gene expres-

sion could be observed together with lower cortisol levels in 

anxious depression, partly dependent on childhood trauma. 

Such a multimodal approach allows the analysis of differ-

ent molecular levels of the GR-activated stress response in 

dependency of childhood trauma as environmental stress 

response to detect new targets that are crucially altered by 

stress and increase the risk of developing mental disorders.

electronic devices facilitating treatment 
selection
In the past decades, the digital information of patients’ data 

stored in electronic health records has grown enormously. 

With new tools such as machine learning algorithms, 

approaches are undertaken to use these vast amounts of 

patients’ data including history, physical, laboratory, and 

medications. Deep learning techniques and frameworks are 

applied to facilitate prediction of future illness trajectories 

and medical outcomes.137–139 In addition, language can be also 

extracted from social media and analyzed with deep learning 

techniques to identify subjects at high risk of psychosis.140 
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Social media is a substantial part of modern smartphone use. 

Nearly every person uses permanently the smartphone, and 

via extraction of smartphone data, many studies could show 

the acceptability and the feasibility of this approach to moni-

tor patients’ behavior via ecological momentary assessments 

to predict alterations in mood and risk of the occurrence of 

a mental disorder.141 One example of a smartphone-based 

application is the Predicting Response to Depression Treat-

ment Test (PReDicT Test).142 Experimental evidence suggests 

that patients suffering from MDD are more likely to interpret 

facial expressions of emotion more negative than matched 

healthy controls.143 Furthermore, it has been shown that treat-

ment with antidepressants alters the processing of emotional 

information, for example, by causing depressed patients to 

identify facial expressions as more positive.144 Moreover, 

these cognitive effects of antidepressants can be detected 

early in the course of treatment and may predict later clinical 

response.145 Therefore, a clinical trial is currently conducted 

to assess if an electronic test measuring the accuracy of 

evaluating facial expressions (PReDicT Test) can be used 

to guide antidepressant treatment in depressed patients.142

Future for diagnosis and treatment
The enormous costs of mental disease prompt a global chal-

lenge for our societies.146 In contrast to several other severe 

medical conditions, such as heart disease or cancer,147 mortal-

ity has not decreased for any mental disorder, and the preva-

lence rates are similarly unchanged.148 Moreover, current drug 

treatment options are successful only in about half of the 

patients,149 and similar considerations apply to nonpharma-

cologic treatment options such as psychotherapy.150 There are 

many reasons for this unfavorable condition; the brain is the 

most complex organ in the body, and mental disorders involve 

highly complex interactions of environment, experience, and 

genetic factors.7 Several studies showed that specific drugs 

can be successful in a certain patient and unsuccessful in 

another patient, both labeled with the identical diagnosis.151 

Furthermore, antidepressants are used to treat not only 

MDD but also a wide variety of anxiety, mood, or other 

mental disorders. For example, a patient diagnosed with 

schizophrenia may also suffer from a depressive syndrome 

and thus would benefit from an antidepressive medication. 

Likewise, there is accumulating evidence showing that risk 

alleles are partly shared between mental disorders,152 and 

the other way round, different sets of risk alleles may lead 

to the same mental disorder.153 To improve the current situ-

ation and to facilitate individualized treatment, also called 

precision medicine, several proof-of-concept studies have 

already gathered accumulating evidence from blood-based 

biomarker, genetic variants, and ambulatory assessments to 

neuroimaging, reviewed in excellent articles.9,151,154–160 But 

still no patient-tailored treatment has arrived in the clinical 

setting. As the traditional taxonomy of mental disorders does 

not reflect the underlying biological mechanisms as described 

above, the new era of evidence-based psychiatry tailored to 

single patients uses the RDoC concept that spans diagnostic 

boundaries integrating genetic signatures, neuropsychologi-

cal tests, brain measures, and self-reports.7,8,14

Three areas of clinical application of precision medicine 

are important in the field of mental health: 1) prediction of 

therapeutic response and side effects; for example, who will 

respond to the first-line treatment, or to the second-line treat-

ment, or will be treatment resistant after all?; 2) supporting 

differential diagnosis, for example, in the distinguishing 

unipolar and bipolar depressed patients without the first 

manic episode would have distinct therapeutic consequences 

with adding a mood stabilizer and preventing a manic 

episode; and 3) detection of the individual risk to develop 

a mental disorder, which can be relevant for soldiers who 

have an increased risk to develop PTSD or patients with a 

prodrome of schizophrenia, allowing preventive measure 

in early stages or even before the onset of the mental dis-

order.161 Classical statistical concepts (ie, null-hypothesis 

testing vs alternative hypothesis) have struggled in dealing 

with objectively measureable endophenotypes derived from 

huge datasets and to extrapolate patterns from one set of 

data to another set.162 While these tests often determine dif-

ferences between affected vs healthy subjects or treatment 

vs placebo group, they do not help in finding a differential 

diagnosis or the right treatment among numerous competing 

treatment groups.162 In contrast, machine learning uncovers 

general concepts underlying a series of observations without 

explicit instructions.161,162 Machine learning concepts include 

supervised methods such as neural-network algorithms and 

support vector machines to identify outcome predictors; and 

unsupervised methods, such as algorithms for dimensionality 

reduction and data clustering to reveal biological subgroups 

in patients.162 New predictors derived from these procedures 

are extrapolated to future data samples via cross-validation; 

first, the predictors are identified in training datasets, and in 

a second step the generalization performance is evaluated on 

test data, also called out of sample.163 Especially, in mental 

disorders with complex possible treatment combinations, 

differential diagnosis and disease trajectories denoting more 

than two categories, multiclass learning and multitask learn-

ing approaches, are applied.164 For example, Kessler et al used 

some of these machine learning concepts in a prospective 

national household sample of over 1,000 respondents with 
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lifetime MDD and could generate a risk stratification for sub-

sequent hospitalization or suicide attempt based on baseline 

self-reports.165 Deep learning, another paradigm of machine 

learning, has meanwhile been successful in various artificial 

intelligence research areas such as language processing, 

speech recognition, self-driving cars, or computer vision.166 

Artificial intelligence systems are supposed to acquire data, 

combine data, and then perform tasks and support decisions 

independent of humans.167 Deep learning takes advantage of 

the increased amounts of data and computer power which 

enables multilayer feed-forward networks, that is, artificial 

neural networks with many layers of nonlinear processing 

units for learning data representations.166 For example, 

Lin et al used a deep learning approach to find treatment 

predictors from a set of genetic variants (single nucleotide 

polymorhisms, SNPs) and clinical factors such as age, sex, 

baseline severity of MDD, suicide attempts, previous depres-

sive episodes, and marital status.168 A multilayer feed-forward 

neural network containing one to three hidden layers was 

employed and combined with logistic regression models. 

This study could show that deep learning approaches are 

able to provide tools for distinguishing treatment respond-

ers from nonresponders prior to antidepressant treatment.168 

Drug discovery is another field for deep learning application, 

as it enables bioactivity predictions, synthesis prediction, 

biological image analysis, and de novo molecular design.166

In conclusion, machine learning offers a framework of 

tools to enable clinical prediction on an individual level. 

Combining genetic data with blood-based biomarkers, 

behavior and clinical factors pattern learning algorithms 

may identify disease-specific biological aspects that help 

to stratify disease, allocate patient subgroups to specific 

treatment options, and to identify subjects at risk or within 

a prodromal state. In this way, using concepts of artificial 

intelligence, precision medicine will provide specific treat-

ment options or preventive strategies tailored to the individual 

person, across the common mental disease classifications.
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