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Abstract
Central and peripheral biomarkers can be used to diagnose, treat, and potentially prevent major psychiatric
disorders. But there is uncertainty about the role of these biological signatures in neural pathophysiology,
and their clinical significance has yet to be firmly established. Psychomotor, cognitive, affective, and
volitional impairment in these disorders results from the interaction between neural, immune, endocrine,
and enteric systems, which in turn are influenced by a person’s interaction with the environment. Bio-
markers may be a critical component of this process. The identification and interpretation of biomarkers
also raise ethical and social questions. This article analyzes and discusses these aspects of biomarkers and
how advances in biomarker research could contribute to personalized psychiatry that could prevent or
mitigate the effects of these disorders.
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Introduction

Major depression, bipolar disorder, schizophrenia, generalized anxiety, and other major psychiatric
disorders are characterized by varying degrees of psychomotor, cognitive, affective, and volitional
impairment. They are not simply disorders of the mind or brain but multisystem disorders that alter
mental content and disable mental and motor capacities. Genome-wide association studies have
implicated multiple genes in these disorders.1 Yet whether genes contribute to pathophysiology in the
brain is influenced by epigenetic factors associated with the environment and chronic psychosocial
stress. Neuro-endocrine interaction in response to stress can cause dysregulation in the hypothalamic–
pituitary–adrenal axis. This can induce pro-inflammatory activation leading to depression and anxiety.2

Neuro-immune interaction can trigger high cytokine levels and excess microglia-mediated synaptic
pruning in adolescence. This process has been associated with the onset of schizophrenia.3 There is also
evidence of dysfunctional connectivity between gut microbiota and the central nervous system (CNS) in
anxiety and depression.4 These examples illustrate that psychiatric disorders are complex disorders
involving dysregulated interaction between mind, brain, body, and environment.

Because of variability in these interactions among people, there is considerable heterogeneity in the
nature and extent of psychiatric disorders. There is also a high rate of comorbidity and overlap in neural
dysfunction among neurological and psychiatric disorders. Movement disorders like Parkinson’s disease
and cognitive andmood disorders like major depression and schizophrenia involve similar dysregulated
connections in motor, associative and limbic circuits of the basal ganglia and cerebral cortex.5 This may
involve overlap in motor symptoms in conditions such as catatonia. Yet treatments for these disorders
typically target different neurotransmitters. All these factors pose diagnostic and therapeutic challenges.
They are medically and morally significant because psychiatric disorders constitute a high percentage of
the global burden of disease.6
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Biomarkers are one area of research in biological psychiatry that could meet and possibly overcome
these challenges.7 Central biomarkers in the brain and peripheral biomarkers such as proteins in blood,
plasma, and tissue are biological signatures that have led to a better understanding of the origin and
pathophysiology of psychiatric disorders. Identifying biomarkers not just in the CNS but also in other
bodily systems with which it interactsmay lead tomore accurate diagnosis andmore effective treatments
targeting dysfunctional pathways in these disorders. It also has the potential to predict and prevent them
in a patient-specific way. This would be one formof personalized psychiatry. But it would depend on how
the interaction of biological, psychological, and social factors influences the effects of biomarkers on the
brain andmind. Biomarkers raise ethical and social questions that must be addressed together with their
therapeutic and preventive potential.

Biomarkers in Diagnosis and Treatment

Structural and functional neuroimaging can identify central biomarkers in psychiatric disorders.
Diffusion tensor imaging (DTI) tractography showing abnormalities in deep white matter tracts in
Bipolar I disorder can distinguish it from abnormalities in these tracts and neural circuits implicated in
major depression.8 These different neural signatures can enable diagnostic clarification of these disor-
ders, with important implications for therapy. Antidepressants targeting serotonin receptors can control
symptoms of major depression. But they can precipitate mania andmood cycling in bipolar disorder, for
which lithium is the most effective therapy.9 In addition, imaging showing hypermetabolism in the
amygdala and hypometabolism in the ventral tegmental area could help to diagnostically distinguish
anxiety from depression.10 These disorders often overlap but may not respond to the same treatment.
Precise identification of distinct biomarkers could enable psychiatrists to tailor therapy to individuals
affected by them.

Imaging of biomarkers can also determine which pharmacological treatments for major depressive
disorder (MDD) are effective or ineffective for specific individuals who already have been diagnosed.11

They could also be used to measure and monitor responses to cognitive behavioral therapy (CBT),
electroconvulsive therapy (ECT), transcranial magnetic stimulation (TMS), or deep brain stimulation
(DBS), as well as how these responses compare with each other. This could ameliorate the problem of
treatment resistance in depression. Eleven years ago, PaulHoltzheimer andHelenMayberg reported that
“approximately 10–20% of depressed patients may show little or no improvement, despite multiple,
often aggressive, treatments.”12 This number is likely higher today. Patients who fail to respond to
antidepressant medication may respond to different forms of neuromodulation. Biomarkers specific to
each patient’s brain could determine which of these interventions would be more likely to modulate
neural and mental function and control depression. They could also be used to guide interventions to
control other disorders.

In a study involving patients with MDD, hypometabolism in the insula displayed by PET was
associated with a positive response to CBT in terms of symptom reduction and a poor response to
the SSRI escitalopram.Hypermetabolism in the insula was associatedwith a positive response to the drug
and a poor response to CBT. The study showed that a treatment-specific biomarker could guide therapy
selection for patients with MDD.13 More recent studies of the neurobiological basis of depression have
shown dysregulated connectivity and function in cortical and limbic regions due to alterations in
excitatory glutamate neurons and inhibitory GABA interneurons.14 These biomarkers may indicate
that pharmacological agents such as the NMDA receptor antagonist ketamine can target and modulate
these neurotransmitters more effectively than standard antidepressants that target monoamine neuro-
transmitters.15 Such novel treatments can improve depressive symptoms and avoid adverse effects.

Imaging of hyperactivity or hypoactivity in cortical–limbic circuits may distinguish the subtypes of
schizophrenia corresponding to positive symptoms such as hallucinations and delusions and negative
symptoms such as flat affect, anhedonia, and avolition.16 One imaging study of schizophrenia patients
with first-episode psychosis showed cortical–striatal dysconnectivity. This led researchers to hypothesize
that increased functional connectivity between the striatum and prefrontal and limbic regions may be a
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biomarker for symptom improvement from antipsychotic medication.17 Central biomarkers showing
abnormalities correlating with negative symptoms could indicate different treatments. In addition to
benefiting patients by relieving debilitating symptoms of psychiatric disorders, these and other bio-
marker-guided therapies can reduce harm by avoiding adverse neurophysiological and psychological
effects.

Predictive Biomarkers: Potential and Limitations

Preclinical identification of biomarkers correlating with dysregulated neural, neuro-immune, and
neuro-endocrine interaction could indicate early therapeutic or preventive interventions. “More refined
use of biomarkers might be beneficial, for example, if a biomarker could predict the presence of an early
disorder that is not yet clinically evident but would show improved outcome with early treatment.”18

This could mitigate symptoms of psychiatric disorders and possibly prevent full-blown development.
These signatures might be detected as part of screening or testing of individuals deemed at risk based on
genetic inheritance. Imaging showing changes in chromatin structure at particular genomic loci in limbic
regions may indicate changes in gene expression in these regions that contribute to depression.19 These
are epigenetic changes induced by stressful environmental stimuli. They may have predictive value for
individuals at risk of depression because “such stress-induced epigenetic modifications also occur early
in life and help determine an individual’s lifetime vulnerability or resistance to subsequent stressful
events.”20 Altering one’s environment would be a nonpharmacological intervention that could control
the effects of this process, though this may depend on income, social mobility, and other environmental
factors that influence epigenetic processes.

Hyperactive synaptic pruning in the adolescent brain may be a biomarker for schizophrenia. This is
one hypothesis for the onset of this disorder and why many psychiatric disorders begin in adolescence.
Pathogenesis is often associated with neuroinflammation from microglial activation and thus an
example of dysregulated neuro-immune interaction. PET imaging has detected increased microglial
activity in subjects at high risk of psychosis.21 MRI or DTI tractography can also detect this and other
forms of neuro-immune dysregulation. One possible early intervention would be the antibiotic minocy-
cline to modulate the rate of synaptic pruning.22 Whether this intervention was safe and effective could
only be confirmed by controlled clinical trials. Among the issues these trials would have to clarify is
whether minocycline or any other agent administered through the blood–brain barrier would be able to
induce or maintain an optimal level of synaptic pruning for normal brain development.

Some biomarkers detected preclinically in individuals at risk could identify targets for early inter-
vention in MDD. One hypothesis for the incidence of treatment resistance in this disorder is that
allowing abnormalities in cortical–limbic connectivity to develop may cause permanent changes in this
connectivity. This couldmake these abnormalities and the disorderedmental states associated with them
intractable to modulation through medication or neurostimulation. Early identification of these bio-
markers and intervention could prevent these changes and control or even stop disease progression. One
example of what could be a predictive biomarker for MDD involving gene–environment interaction is
the combination of the CACNA1C rs1006737 polymorphism and life-threatening events that influence
its expression. These events can negatively influence transcription factors in brain regions mediating
cognitive and affective processing.23 New pharmacological treatments that could modulate these factors
could be part of a preventive strategy. But this hypothesis would have to be tested and confirmed by
further research.

Although many central and peripheral biomarkers associated with psychiatric disorders have been
identified, their diagnostic, therapeutic, and especially predictive value are fraught with uncertainty. A
biomarker as such is not indicative of neuropathology. Just because it is correlated with a disease does not
entail that it will cause that disease. It is not clear whether abnormalities in neural and other systems
associated with psychiatric disorders are already present before symptoms appear, or whether these
abnormalities occur as a consequence of psychotic or depressive episodes. This issue is especially
pertinent to depression, anxiety, and obsessive–compulsive disorder. Longitudinal studies of individuals
with these disorders may answer this question. Imaging or blood samples detecting biomarkers at a
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specific time provide limited information about the probability of developing one of these disorders.
Even if brain abnormalities associated with these disorders are present at an early age, they may not
manifest in disease. Administering pharmacological agents based on biomarkers could prevent psychi-
atric disorders from developing. But it could also unnecessarily cause neurophysiological and psycho-
logical sequelae if the disease did not develop. Because the connection between biomarkers and these
disorders is probabilistic rather than deterministic, the risk of allowing them to develop without early
intervention must be weighed against the risk of sequelae from intervention. The complex relations
between genetic, epigenetic, neural, immune, endocrine, enteric, and environmental factors account for
the variability in the incidence of psychiatric disorders and heterogeneity in symptoms among affected
individuals over the course of their lives. A biomarker is just one component of the pathophysiology of
these disorders.

A biomarker such as dysconnectivity between frontal, parietal, and striatal pathways may be a
precursor of schizophrenia. This could be detected by neuroimaging in an adolescent deemed at risk
because of an affected parent. Correlations between this and other neural signatures and prodromal signs
may indicate early antipsychotic therapy. The prodrome is the phase of a psychiatric disorder when
nonspecific changes in thought and behavior precede overt symptoms. Neural dysconnectivity could be
combined with prodromal signs such as impaired sensory gating, attention, and working memory to
indicate administering an antipsychotic drug before a first-episode psychosis.

Early intervention may stop or pre-empt pathogenesis and the development of a disorder. Yet the
potential adverse effects of antipsychotic or other psychotropic medications taken before a definitive
diagnosis has beenmade raise questions about biomarker-based treatment during the prodrome. Rather
than improving cognitive and affective functions, these medications may impair them. Specifically, they
may impair attention and working memory.24 Substantial differences in cognitive, affective, and
psychomotor functions among individuals at risk of schizophrenia complicate estimating outcomes of
preventive psychopharmacology. Regarding positive symptoms in schizophrenia, “there is considerable
heterogeneity within clinical high-risk samples because studies have consistently observed that most
high-risk individuals do not go on to develop clinical psychosis, and a substantial minority may even
recover symptomatically and functionally. Future research should focus on understanding the neuro-
cognitive and psychosocial factors that characterize nonconverters, as well as those who recover.”25 This
underscores the questionable predictive value of biomarkers in schizophrenia and other psychiatric
disorders when considered independently of other factors. In some cases, early biomarker-guided
interventions may be more harmful than beneficial. Further research is necessary to clarify disease risk
and whether pharmacological treatment is or is not indicated. Intervening in cases where disease and
symptoms did not eventually appear could adversely affect normal brain development.

This is a particular concern regarding children and adolescents. In some cases, individuals as young as
11 or 12 years of age may have nonspecific psychotic or other positive and negative symptoms of
schizophrenia. “Clearly this presents the possibility of early intervention in late childhood. However,
only some individuals with psychotic-like experiences go on to develop schizophrenia, and this
highlights the need to develop effective biomarkers to identify those individuals at risk who will actually
show schizophrenia.”26 Again, these biomarkers provide a probabilistic rather than deterministic
framework in predicting whether an individual with them will develop the disorder. This depends on
how neuro-immune and neuro-endocrine interaction, as well as the individual’s adaptability to the
physical and social milieu, influence neuroanatomical and neurophysiological abnormalities implicated
in schizophrenia and other disorders. Whether or to what extent an individual will develop a disorder
depends on the degree of consonance or dissonance between their brain and the environment in which
they live.27 The heterogeneity of these disorders is due at least partly to differences in these environments
and adaptability to them.While the examples I have presented illustrate how biomarkers can contribute
to more accurate diagnosis and treatment, they also illustrate that they have limited predictive value on
their own.28

Psychiatric disorders are moderate to highly heritable. Approximately 60–65% of the risk associated
with schizophrenia is attributable to genes. In contrast, approximately 30–40% of the risk for MDD is
attributable to them.29 The remaining risk is associated with environmental factors. There may be
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hundreds of genes associated with these disorders. Identifying particular genes or gene variants will not
establish a causal connection between them and disease. Researchers must collect genetic data from large
cohorts of research subjects for it to be statistically significant. Even with the data, “the degree to which
genetic variation is unique to individual disorders or shared across disorders is unclear.”30 More unclear
is whether a particular person with a genetic susceptibility to a particular disorder will develop it. “Big
Data” and genome-wide association studies cannot resolve these issues. Statistical analysis alone cannot
explain why some people at risk develop a disorder while others do not. Having a first-degree relative
with schizophrenia, for example, may entail a higher probability of developing this disorder. But it does
not determine that one will in fact develop it. The difficulty in clarifying correlations between genes and
disease is not just the number of genes identified but also how they are expressed or inhibited by
epigenetic factors. Psychiatric genetic research has resulted in a better understanding of the role of genes
in these disorders, particularly schizophrenia and depression.31 But they are just one feature of the
underlying biology.

Inferences from biomarkers to a specific disorder “must be shown to be robust and valuable at the
individual level.”32 Biomarkers could be clinically relevant only if they had strong diagnostic, therapeutic,
and predictive value for individuals. The main challenge in achieving this goal is that probabilistic risk
assessment about developing a psychiatric disorder is based on genetic analysis and neuroimaging
involving group studies. Statistical analysis alone cannot explain why a disorder affects some people at
risk and not others.33 Researchers conducting these studies cannot draw direct inferences from
information about populations or groups to information about individuals within these groups. This
applies not only to prediction but also to treatment, given variability in how individuals with schizo-
phrenia, depression, or othermajor psychiatric disorders respond tomedication and other interventions.
It also applies to the extent to which they regain and maintain cognitive affective, and motor functions
and re-engage with the world from different therapies. An understanding of how biomarkers interact
with other bodily systems and the environment in a patient-specific way is necessary for their
identification to be effective in therapy and prevention.

There are cases in which early detection of biomarkers could be critical in preventing harm. Brain
biomarkers could identify individuals at risk of suicide from severe depression. Suicide is the greatest
harm from this and other psychiatric disorders. The incidence of treatment resistance in major
depression may be due to failure to intervene at an early stage of the disease to modulate dysfunctional
neural circuits implicated in it. This could accelerate dysfunction, pathogenesis, and possible neurode-
generation, making the disorder resistant not only to antidepressants but also to ECT, TMS, and DBS.
Treatment resistance, especially when it is prolonged, is one factor leading to suicide among these
patients. Neuroimaging studies across different psychiatric disorders have shown structural, functional,
and molecular alterations correlating with suicidal thought and behavior. These studies suggest that
impairments inmedial and lateral regions of the ventromedial prefrontal cortex and the dorsal prefrontal
cortex, and connections between these and other brain regions, can induce negative mental states and
lead to suicidal ideation and suicide attempts.34 Early intervention targeting dysfunction in these neural
networks at the first sign of maladaptive thought and behavior could modulate these networks and
prevent suicide in severe depression. A recent study showed that ketamine could rapidly decrease
suicidal ideation in participants with bipolar disorder.35 The risk of harm from delayed intervention can
be greater than the risk of harm from early intervention and potential adverse effects from psychotropic
drugs. These considerations support the claim that intervening in the brain based on preclinical evidence
of particular biomarkers can be justified. Indeed, given themagnitude of the potential harm from suicidal
thought and behavior, early therapy for individuals with biomarkers indicating a high risk of taking their
own lives would be obligatory.

Social Issues

Screening and testing adolescents at risk of MDD based on genetic and other biomarkers can be
conducted in primary care settings. This can be supplemented by physicians engaging with patients
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in discussing their overall well-being.36 For those at high risk, appropriate interventions could prevent
this disorder or mitigate its effects. In 2012, it was reported that “more than 30 randomized trials have
demonstrated that preventive interventions can reduce the incidence of new episodes of MDD by about
25% and by as much as 50% when preventive interventions are offered in stepped-care format. Methods
with proven effectiveness involve educational, psychotherapeutic, pharmacological, lifestyle and nutri-
tional interventions.”37 But screening, testing, and interventions based on them would be costly and not
sustainable for many health care systems. If they were sustainable, then it would be in higher-income
countries. People at risk in lower-income countries would not be screened or tested. This would result in
unequal access to therapeutic or preventive interventions, depending onwhere one lived, whichwould be
beyond most people’s control. It would result in an unfair distribution of the burden of psychiatric
disorders between the socioeconomically better andworse off when all had the samemedical need. Those
who had no access to preventive programs or therapies could develop a disorder and suffer from
untreated symptoms that could affect them for the balance of their lives. The issue is not neurobiology
but the need for equal provision and effective delivery of mental health services in communities across
the globe.

There are other potential social implications of identifying and interpreting biomarkers in children
and adolescents. “Biomarker informationmight reshape the beliefs, practices and decision-making of the
people in a child’s environment, including parents, teachers and health providers.”38 This could
influence how they interpret the child’s behavior and adversely affect their interactions with the child.
The belief that a child might be predisposed to a psychiatric disorder could lead their parents, teachers,
and others to limit opportunities for them and their ability to develop autonomous agency, interests, and
undertake and complete life plans. It could limit the child’s right to an open future.39

Depending on how they were interpreted, biomarkers associated with possible future psychiatric
disorders might also contribute to or exacerbate the stigma associated with them. Phenotypically normal
people might experience discrimination based on a known biomarker without any sign of disease or
cognitive and affective impairment. Private health insurance companies with access to biomarker
information might unfairly deny insurance to individuals who may or may not develop a costly medical
condition. Companies that provide health insurance to their employees and have this information could
deny employment to individuals for the same reason. More disturbing would be the use of this
information in children to make questionable inferences about future antisocial or criminal behavior.
Some interventions might be justifiable when there was evidence of this behavior at the time a biomarker
was identified. But psychotropic medication based on biomarker risk alone would be difficult to justify
because it could impair natural neural development. The risk of harmful effects on the child’s brain that
could persist over their lifespan could outweigh the risk of harmful behavior fromnot altering their brain.
These considerations underscore the ethical and legal obligations of researchers studying connections
between neural biomarkers and future behavior among children and adolescents to protect them and
their families from different types of harm.40 The US Genetic Information Nondiscrimination Act of
2008 prohibits the discriminatory use of genetic information in health insurance and employment.
Similar legislation may be necessary to protect children and adolescents from misuse of information
about their brains.

Conclusion

Many psychiatrists endorse the biopsychosocial model to explain the pathophysiology of psychiatric
disorders.41 They also use it to guide interventions to control and mitigate their harmful effects on
affected individuals. In schizophrenia, the “psycho” and “social” components are not limited to
individual or group psychotherapy but can be part of a comprehensive four-pronged early intervention
after first-episode psychosis. In addition to antipsychotic medication, this includes psychotherapy, social
and professional support to continue at work or school, and education of family members to improve
their understanding of the disease.42 Other examples of a holistic approach to the psychosocial aspect of
therapy are improved patient-centered care and architectural design of psychiatric treatment centers
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such as the Menninger Clinic in Houston (https://www.menningerclinic.org) and the Taube Pavilion in
Mountain View, California (https://www.elcaminohealth.org/health-behavioral-health-services-taube-
pavilion).

Central and peripheral biomarkers are only one component of the biopsychosocial model. But they
are a critical component that could yield greater insight into differences between healthy and diseased
brains and minds. Advances in research that not only identifies biomarkers but also shows how they
interact with other biological, psychological, and social factors can lead to a better understanding of the
pathophysiology of psychiatric disorders. They could also lead tomore accurate diagnosis, more effective
treatment, and early interventions that could prevent them from developing into intractable diseases.

Despite the identification of an increasing number of biomarkers associated with major psychiatric
disorders, thus far they have not resulted in significant clinical improvement in the psychiatric patient
population. Translating findings of neuroanatomical and neurophysiological signatures from neuroim-
aging or blood samples into psychiatric practice requires a better understating of how other biological
factors and an individual’s adaptability to the environment influence their expression.43 It is not clear
that advances in biomarker research could overcome all the challenges of variability and heterogeneity in
whether or to what extent individuals develop and are affected by psychiatric disorders. Larger
neuroimaging data sets will not answer these questions. Screening and testing children and adolescents
deemed at risk of having one of these disorders from biomarkers would advance understanding of the
relation between biomarkers and disease. As noted, though, these interventions would be expensive and
not sustainable for most health care systems. They could also result in unequal access to them. In
addition, they could lead to bias and discrimination against people with these biological signatures based
on questionable inferences from these signatures to thought and behavior. These are some of the
methodological and logistical challenges in achieving the goal of personalized psychiatry. Nevertheless,
combining biomarker research and longitudinal studies of affected individuals could clarify their causal
role in schizophrenia, major depression, and other disorders. This could go some way toward reducing
the global burden of disease and improve the quality of life for the hundreds of millions of individuals
who suffer from them.
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