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Abstract
Personalized medicine aims to integrate a number of characteristics such as 
genetic and epigenetic variations, other biomarkers, clinical symptoms, and 
environmental factors in order to predict susceptibility to disease, aid in 
diagnosis, and identify efficacious treatments with maximum likelihood of 
favorable response and minimal chance of adverse effects. The use of person-
alized medicine approaches in psychiatry is underdeveloped, but has a pro-
found potential for improving prevention and treatment. There are a number 
of studies that have found promising associations between a variety of bio-
markers and clinical response to psychopharmacological treatment in various 
psychiatric disorders. These biomarkers include neuroimaging, electrophysi-
ology, peripheral serum, and plasma biomarkers, and variations in genomics, 
epigenetics, proteomics, and metabolomics. Ultimately, the best model for 
precision medicine in complex, multifactorial diseases such as psychiatric ill-
nesses will likely involve integrated methodology that combines information 
from multiple sources including biologic, clinical, and environmental data. 
While much progress has been made in the development of valid biomarkers 
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in psychiatric disorders, there is much work to be done in determining their 
clinical utility.
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Introduction

Personalized medicine aims to tailor individualized treatment for each patient 
based on a number of characteristics such as genetic and epigenetic variations, 
other biomarkers, clinical symptoms, and environmental factors. The ultimate goal 
is to predict susceptibility to disease, aid in diagnosis, and identify efficacious 
treatments with maximum likelihood of favorable response and minimal chance 
of adverse effects [1]. Over the past decade, the Food and Drug Administration has 
approved a number of genetically prescreened drugs, labeled as pharmacogenom-
ics, leading to significant advances in patient care in fields such as oncology, rheu-
matology, pulmonary medicine, and gastroenterology [2, 3].

Psychiatric illness is a huge burden to global society and the leading cause of 
years lost to disability [4]. The use of personalized medicine approaches in psy-
chiatry is underdeveloped, but has a profound potential for improving prevention 
and treatment. The number and diversity of available treatments for psychiatric 
disorders alone illustrate the difficulty of matching the best treatment for the indi-
vidual patient. The mechanisms by which psychotropic drugs act are incompletely 
understood and each drug has side effects. When an ineffective drug is prescribed, 
time is wasted for the patient with persistent symptoms and often bothersome side 
effects. Traditionally, psychiatric diagnosis has been based on the mental health 
professional’s interpretation of patient (and family members) reports of behavioral 
signs and symptoms, and objective clinical measures such as biomarkers have not 
yet been incorporated into diagnostic criteria or monitoring of treatment response 
[4]. The development of personalized medicine approaches in psychiatry will be 
realized by the identification of relevant disease biomarkers, which can provide an 
objective measure of biologic function (or dysfunction), response to treatment, and 
disease severity. Biomarkers under investigation for psychiatric disorders include 
peripheral serum or plasma markers, neuroimaging findings, electrophysiology, 
and variations in genomics, epigenetics, proteomics, and metabolomics.

In this chapter, evidence to support the use of biomarkers to guide treatment and 
prevention in psychiatric disorders will be reviewed. The evidence is most robust in 
the area of predicting response to treatment for mood disorders, so much of the chap-
ter will focus on this topic. Schizophrenia and psychotic disorders will only be briefly 
discussed as well as future directions, including biomarker-guided prevention efforts.
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Major Depressive Disorder

Overview of Treatment of Major Depressive Disorder

Major depressive disorder (MDD) is the most prevalent psychiatric disorder, esti-
mated to affect more than 100 million people worldwide. Up to 40% of individuals 
suffering from MDD never seek treatment, and approximately half of suicide vic-
tims visited a primary care provider in the month prior to their death [5]. This dev-
astating disease exhibits considerable genetic heritability [6]. There are currently 
approximately 30 FDA-approved medications for the treatment of MDD that are 
believed to modulate the availability or activity of different neurotransmitter sys-
tems in the brain. These include serotonin, norepinephrine, and dopamine [7]. 
There is no established paradigm for choosing psychotropic medications and treat-
ment is largely chosen based on physician preference and factors such as family or 
personal history of good treatment response, affordability, and side effect profile. 
Remission rates after treatment with a single antidepressant are modest, estimated 
to be roughly 30–50% after 12 weeks. An additional 30–40% of patients fail to 
achieve adequate response after multiple medication trials over 1 year of treatment 
[8]. Another commonly used treatment modality for MDD is evidence-based psy-
chotherapies (i.e., cognitive behavioral therapy (CBT) and interpersonal psycho-
therapy (IPT)), which have demonstrated clinical efficacy in multiple randomized 
controlled clinical trials [7]. There are also three FDA-approved somatic non-
pharmacological treatments for MDD: electroconvulsive therapy (ECT), repetitive 
transcranial magnetic stimulation (rTMS), and vagus nerve stimulation (VNS) [7]. 
However, these modalities are not as commonly used and biomarker-based predic-
tion of response has not been well studied.

Peripheral Serum Markers

Hypothalamic–Pituitary–Adrenal (HPA) Axis
HPA axis hyperactivity is a well-established finding in a significant portion of 
individuals suffering from MDD and has been replicated in dozens of stud-
ies over the last several decades. Patients with MDD have been found to have 
increased cerebrospinal fluid (CSF) concentrations of corticotropin-releasing hor-
mone (CRH), as well as increased levels of cortisol in blood, urine, and CSF [9]. 
Elevated levels of cortisol are observed in up to 70% of patients with MDD after a 
dexamethasone suppression test (DST) [10], evidence of HPA axis hyperactivity. 
Several studies have shown that treatment with selective serotonin reuptake inhibi-
tors (SSRIs) and clinical recovery leads to normalization of HPA axis hyperactiv-
ity [11]. The DST or combined CRH/DST challenge test may have clinical utility 
as a laboratory marker for treatment outcome. MDD patients who were initially 
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non-suppressors who exhibit normalization of the DST response show clinical 
improvement after antidepressant treatment [12]. In multiple studies, persistent 
non-suppression in response to DST after antidepressant treatment predicts poorer 
treatment response [11, 12]. The major confound in these studies is the finding 
that early life trauma in the form of child abuse or neglect is associated with alter-
ations in HPA axis activity [13].

Hypothalamic–Pituitary–Thyroid (HPT) Axis
There is a well-documented relationship between MDD and abnormalities in the 
hypothalamic–pituitary–thyroid (HPT) axis. This has been consistently replicated in 
clinical trials over the last 40 years [14, 15]. Patients with thyroid dysfunction are 
more likely to develop depressive symptoms, and abnormalities in thyroid function 
are observed in a subset of patients with MDD [15]. Plasma concentrations of thy-
roid hormones (T3, T4) are typically normal in depressed patients, however other 
abnormalities have been observed. Patients with MDD have been found to have 
elevated TRH concentrations in the CSF [15, 16]. Another well-replicated finding 
is the presence of higher levels of circulating antithyroid antibodies in the plasma 
of depressed patients compared to nondepressed controls [15–17]. Plasma thyroid-
stimulating hormone (TSH) responses after intravenous administration of thyro-
tropin-releasing hormone (TRH) as part of the TRH stimulation test are blunted in 
approximately 25% and abnormally elevated in approximately 15% of patients with 
MDD [14]. Research studies examining the prognostic utility of the TRH stimu-
lation test in clinical trials have yielded mixed findings [18, 19]. In a study of 95 
depressed patients treated with either nortriptyline (N = 46) or fluoxetine (N = 49) 
for 6 weeks, significant differences were seen in the maximum TSH response 
(ΔmaxTSH) to a TRH stimulation test between patients treated with each medi-
cation; ΔmaxTSH concentrations decreased significantly in fluoxetine responders 
after treatment and increased significantly in nortriptyline responders. Additionally, 
a significant decrease in plasma concentrations of thyroxine (T4) and free thyrox-
ine (FT4) was observed after treatment with both medications in responders, but 
not nonresponders [20]. Several other studies have shown a significant decrease in 
plasma T4 and/or FT4 concentrations after at least 4 weeks of antidepressant treat-
ment with SSRIs or TCAs in treatment responders, but not in nonresponders [21–
23] Although the majority of patients with MDD do not have clinically significant 
thyroid disease, existing literature indicates a relationship between MDD and sub-
clinical thyroid dysfunction. Triiodothyronine (T3) has been definitively shown to 
augment the efficacy of several antidepressants and is commonly used as adjunc-
tive therapy in clinical practice for treatment-resistant patients, many of whom have 
thyroid indices within normal range [15, 16, 24]. While the mechanisms of thyroid 
supplementation in initially nonresponsive patients receiving antidepressant treat-
ment remains unclear, assessment of thyroid function in depressed patients may 
serve as a useful personalized medicine approach to treatment of MDD.

Inflammatory Biomarkers
The association between MDD and inflammation has been consistently repli-
cated in a multitude of clinical studies. One meta-analysis revealed that elevated 
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C-reactive protein (CRP) levels are associated with increased risk of future MDD 
[25]. Another meta-analysis found that treatment with antidepressants resulted in a 
marginally significant decrease in CRP levels, and moreover higher baseline CRP 
concentrations were associated with a greater reduction in depressive symptoms 
[26]. In contrast, Chang et al. found higher baseline CRP levels predicted poorer 
response to 2 weeks of treatment with either venlafaxine or fluoxetine [27]. Several 
recent trials [28, 29] suggest that lower pretreatment levels of CRP (<0.1 mg/L) are 
associated with a good response to SSRIs while individuals with higher pretreat-
ment CRP levels (≥0.1 mg/L) may require combination therapy or the use of agents 
that act on additional neurotransmitter systems. In a clinical trial designed to deter-
mine if tumor necrosis factor (TNF) antagonism would reduce depressive symp-
toms (measured by HAM-D scores) in patients with treatment-resistant depression 
and if higher baseline levels of inflammatory biomarkers would predict treatment 
response, subjects with moderate treatment-resistant depression (as determined by 
the Massachusetts General Hospital Staging method) were randomized to receive 
three infusions of infliximab (baseline, 2 and 6 weeks), a TNF antagonist, or pla-
cebo in a 12-week study. There was no significant difference in HAM-D change 
scores between the two treatment groups over the 12-week period. However, sub-
jects with baseline CRP >5 mg/L treated with infliximab showed significantly 
greater treatment response (≥50% reduction in HAM-D score at any point dur-
ing treatment) as compared to the placebo group. This suggests that although TNF 
antagonism did not have a significant effect in treatment-resistant depression over-
all, it may have efficacy in a subset of patients with elevated baseline inflammatory 
biomarkers [30].

Multiple studies have demonstrated elevated levels of pro-inflammatory 
cytokines in depressed patients compared to controls [31]. In a meta-analysis 
of studies investigating the effect of antidepressant treatment on inflammatory 
cytokines IL-1β, IL-6, and TNF-α, antidepressant treatment lowered levels of 
IL-1β and possibly IL-6, but had no significant effect on TNF-α. Further analysis 
of antidepressant classes revealed that treatment with SSRIs, in particular, signifi-
cantly lowered levels of IL-6 and TNFα [32]. A separate meta-analysis confirmed 
that antidepressant drugs decreased levels of IL-6, and higher baseline IL-6 lev-
els were associated with larger decreases in depressive symptoms [26]. Dahl et al. 
measured plasma levels of cytokines in depressed patients and healthy controls 
at baseline and after 12 weeks of antidepressant treatment. At baseline, MDD 
patients had significantly higher levels of IL-1β, IL-1 receptor antagonist (IL-1Ra), 
IL-5, IL-6, IL-7, IL-8, IL-10, granulocyte colony-stimulating factor (G-CSF), and 
interferon gamma (IFNγ) compared to healthy controls (p = 0.01–0.047). After 
12 weeks of treatment with antidepressant medications and/or psychotherapy, 
plasma levels of seven cytokines (IL-1Ra, IL-6, IL-7, IL-8, IL-10, G-CSF, and 
IFNγ) had decreased significantly in patients meeting criteria for recovery and 
did not differ significantly from levels in healthy controls. Depressive symptoms 
were simultaneously significantly reduced, and cytokine levels did not normalize 
in MDD patients who did not meet criteria for recovery [31].

One study by Danese et al. in 1,000 subjects revealed that maltreated children 
exhibit a significant and graded increase in CRP 20 years later, independent of 
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adult behavior, health, or recent life stressors; this effect was especially robust in 
depressed adults with a history of childhood maltreatment. In a separate study, the 
same group found significant elevations in CRP in 12-year-olds with depression 
and a history of maltreatment compared to depressed only, maltreated only, or age-
matched controls. A study of 7,642 individuals in the UK reported that separation 
from parents in childhood was associated with a significant increase in CRP levels 
at age 44. Slopen et al. found that adverse events prior to age 8 predicted increased 
inflammatory markers, including IL-6 and CRP, at age 10 [13].

In summary, inflammatory markers are more likely to be elevated in depressed 
patients with a history of early life stressors (ELS) such as childhood abuse and/
or neglect. Multiple studies have revealed an increase in inflammatory mark-
ers including CRP and IL-6 in patients who are depressed and have a history of 
exposure to ELS, especially in patients exposed to childhood abuse or maltreat-
ment before age 8. Several studies have revealed persistently elevated levels up to 
20 years later [13].

Protein S100B
Protein S100B is a neurotrophic protein that is used as a biomarker for glial 
alterations and neuroplasticity. Loss of neuroplasticity has been hypothesized to 
contribute to the pathogenesis of mood disorders [33] and several studies have 
found elevated serum levels of S100B in mood disorders, with higher levels seen 
in patients with MDD compared to bipolar disorder [34]. In a combined analy-
sis of three studies in 46 MDD patients, Shroeter et al. found a positive correla-
tion between clinical treatment response (measured by the HAM-D) and increases 
in serum S100B, suggesting that S100B could be a reliable indicator of treatment 
efficacy [34]. A separate study by Shroeter et al. [33] in 20 patients with a mood 
disorder and 12 age-matched healthy controls found that antidepressant treat-
ment reduced serum S100B; the magnitude of the decrease was correlated with 
decreased severity of depressive symptoms (measured by HAM-D) (rho < 0.01); 
depression severity was positively correlated with serum S100B (r(s) = 0.51, 
rho < 0.005) [33]. Higher levels of serum S100B have been found to predict a better 
response to MDD treatment with various classes of antidepressants chosen by clini-
cian based on symptomatology and anticipated side effects, after 4 or 6 weeks [35].

Neuroimaging

Neuroimaging studies show promise in identifying potential biomarkers to aid in 
the prediction of treatment outcomes for MDD. A 2013 systematic review of neu-
ral predictors of response to pharmacotherapy and psychotherapy in subjects with 
MDD who underwent neuroimaging (PET or structural MRI) prior to treatment 
initiation revealed a number of interesting findings [36]. The functional imaging 
meta-analysis included 20 studies from 15 independent samples. Across studies, 
increased baseline activity in the anterior cingulate and medial prefrontal corti-
ces was predictive of a higher likelihood of symptom improvement and increased 
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baseline activation in the insula and striatum was associated with a poor clinical 
response. For the amygdala, there was inconsistency with some reports of increased 
activity and some of decreased activity associated with a positive therapeutic out-
come [36]. The structural imaging (MRI) meta-analysis included nine studies 
from six independent samples and found that a decrease in right hippocampal vol-
ume was a statistically significant predictor of lower likelihood of good treatment 
response [36]. Again a potential confound here is early life trauma, which is associ-
ated with reduced hippocampal volume [13].

Using PET, McGrath et al. investigated predictors of response to escitalopram 
or CBT in 38 subjects with MDD. Right anterior insula hypometabolism was asso-
ciated with remission of symptoms after CBT and poor response to escitalopram, 
whereas insula hypermetabolism was associated with remission of symptoms after 
escitalopram and poor response to CBT [37]. In another PET study, McGrath 
investigated predictors of response to citalopram and/or CBT in a two-phase study. 
Nonresponders to both therapies had significantly higher subcallosal cingulate 
(SCC) metabolism compared to the remitters [38]. A study by Dunlop et al. [39] 
evaluated functional MRI resting-state functional connectivity in 122 treatment-
naive patients with MDD who completed 12 weeks of treatment with either CBT 
or antidepressant medication (escitalopram or venlafaxine). The resting-state func-
tional connectivity of the SCC with three brain regions (left anterior ventrolateral 
prefrontal cortex/insula, the dorsal midbrain, and the left ventromedial prefrontal 
cortex) was differentially associated with outcomes of remission and treatment 
failure to psychotherapeutic and psychopharmacological interventions. Greater 
positive summed functional connectivity with the SCC was associated with remis-
sion to CBT and treatment failure with medication. Negative or absent summed 
functional connectivity with the SCC was associated with remission to medication 
and treatment failure with CBT; resting-state functional connectivity patterns dif-
ferentiating CBT and medication outcomes were consistent for both escitalopram 
and venlafaxine [39].

In a systematic review of 21 studies investigating the use of resting-state fMRI 
to predict antidepressant treatment response, increased functional connectivity 
between the frontal lobe and limbic system was associated with response to anti-
depressant treatment, potentially suggesting greater inhibitory control over neu-
ral circuitry involved in emotional processing. Connectivity in visual recognition 
circuits (including the lingual gyrus, middle occipital gyrus, fusiform gyrus, and 
cuneus) showed potential utility in several studies in distinguishing treatment-
responsive from treatment-resistant MDD patients. Finally, subcallosal cingulate 
gyrus connectivity consistently predicted treatment response to rTMS and was 
also implicated in treatment response to antidepressants [40].

Electrophysiologic Biomarkers

A 2018 meta-analysis by Widge et al. including 76 articles reporting 81 biomark-
ers sought to quantify the reliability of quantitative EEG (QEEG) for response 
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prediction in MDD. The analysis found that no specific QEEG biomarker or spe-
cific treatment showed greater predictive value than the all-studies estimate in a 
meta-regression, suggesting that QEEG is not a reliable clinical measure for pre-
dicting treatment response. However, funnel plot analysis suggested substantial 
publication bias such as lack of out-of-sample validation, underreporting of nega-
tive results, and insufficient direct replication of previous findings [41].

Genetic Predictors

Genetic heritability is thought to account for approximately 40–70% of the risk 
of developing MDD and also appears to play a role in treatment response [6]. 
A genome-wide association study (GWAS) evaluating the role of genetic varia-
tion in antidepressant treatment response found that common genetic variants 
accounted for 42% of individual differences in antidepressant treatment response 
[42]. Another GWAS study including a total of over 1500 subjects with MDD 
found associations with a few single nucleotide polymorphisms (SNPs) and anti-
depressant treatment response; however, no effect withstood correction for multi-
ple testing. Of interest, 46 SNPs were in the same direction and significant before 
correction and they found a significant association of the number of response 
alleles (high versus low) to treatment response. The least favorable outcome was 
observed in patients with comorbid anxiety disorder in combination with a low 
number of response alleles [43].

Studies targeting specific SNPs involved in biologic pathways known to be 
involved in MDD have generally proven more promising. For example, genes 
involved in modulation of the HPA axis theoretically could impact the risk for 
developing MDD and treatment response [44]. O’Connell et al. found that a spe-
cific SNP of the corticotropin-releasing hormone-binding protein (rs28365143) 
was a positive predictor for treatment response to antidepressants, confirming 
a previous report from the Star D sample. Patients homozygous for the G allele 
of rs28365143 had greater remission, response rates, and symptom reduction in 
response to escitalopram and sertraline (SSRIs) compared to A allele carriers. 
There was no association observed between this genotype and treatment response 
to venlafaxine, an SNRI [44]. In a separate study that evaluated genetic variants 
in the corticotropin-releasing hormone-binding protein, African American and 
Hispanic carriers of the T allele of a specific SNP (rs10473984) had significantly 
poorer treatment response to citalopram (SSRI) [45]. Binder et al. identified SNPs 
in the FK506-binding protein 5 (FKBP5), a key component of the glucocorti-
coid receptor complex, that were associated with both a more rapid therapeutic 
response to antidepressant therapy and an increased recurrence of depressive epi-
sodes [46]. These SNPs were associated with increased intracellular FKBP5 pro-
tein and less HPA axis hyperactivity during depressive episodes [46].

Genes encoding for components of the serotonin (5-HT) system have also been 
studied. Serotonin reuptake, regulated by the serotonin transporter (5-HTT), is 
involved in the regulation of serotonergic activity and is thought to be a major site 
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of action for many antidepressant medications. A polymorphism in 5-HTTLPR, 
the promoter region of 5-HTT, influences both risk for developing MDD and 
response to antidepressant therapy. A number of studies, primarily in Caucasians, 
have linked the 5-HTTLPR long allele (l/l) with greater therapeutic response and 
the short allele (s/s) with slower or poorer response to SSRIs [47–50]. However, 
conflicting studies show no significant relationship between these genotypes 
and antidepressant response [6, 51]. The short allele has also been associated 
with greater therapeutic response in several studies in Asian populations, elderly 
patients, and patients being simultaneously treated with lithium or pindolol [48, 
52]. Several clinical trials investigating the role of genetic polymorphisms in sero-
tonin receptors, 5HTR1A and 5HTR2A, have yielded inconsistent results [6, 51, 
53, 54]. Genetic variation in the expression of the cytochrome P450 (CYP450) 
isoenzymes impacts the metabolism of many antidepressants and psychotropic 
medications, as well as other commonly prescribed medications. There are several 
commercially available combinatorial pharmacogenetic tests that classify pheno-
types of hepatic CYP450 metabolism as poor, intermediate, extensive/normal, or 
ultrarapid metabolizers [55]. These could plausibly have clinical utility in guiding 
medication choice and improving treatment course. For example, when determin-
ing the appropriate starting dose for a medication, higher doses would be needed 
for ultrarapid metabolizers, whereas poor metabolizers would be more susceptible 
to adverse effects which would prompt a prescriber to start at a low dose or refrain 
from prescribing that medication [55]. They also claim to predict treatment effi-
cacy, but the database is insufficient at this time to recommend their use. Indeed, 
there are few well-designed clinical trials investigating the efficacy and clinical 
applicability of these pharmacogenetic tests, and further research is clearly needed 
before this testing is integrated into routine clinical practice [55, 56].

Bipolar Affective Disorder

Overview of Treatment of Bipolar Disorder

Bipolar disorder (BD) is a heterogeneous disease with significant variability 
in clinical presentation. Lithium is currently the first-line treatment for BD and, 
based on current evidence, is the treatment most likely to achieve long-term 
relapse prevention [2]. However, lithium is associated with remission in only 
approximately 30% of patients. Additionally, it has a low therapeutic index, and 
many patients are non-adherent due to side effects such as tremor, weight gain, 
nausea, and sedation which likely contributes to suboptimal dosing and lower 
remission rates [57]. Other FDA-approved treatments for mania or bipolar depres-
sion include lamotrigine, olanzapine, valproate, quetiapine, aripiprazole, and risp-
eridone; however, it remains difficult to predict which drug will produce the best 
response in an individual patient [2]. In general, it is estimated that only 50% of 
patients with BD respond to monotherapy with a mood stabilizer, with an addi-
tional benefit of approximately 20% with addition of a second mood stabilizer 
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[58]. Because early intervention and providing an effective treatment early in the 
progression of the disease is important to long-term outcomes, better information 
about tailoring treatment for BD is critical [59, 60]. It is of paramount importance 
to identify biomarkers with predictive value for treatment response to enable early 
and efficacious intervention.

Peripheral Biomarkers

Inflammatory Biomarkers
Several studies have investigated the impact of treatment response on inflamma-
tory biomarkers in BD during manic, depressive, and euthymic states. Kim et al. 
found that IL-6 levels were increased in acute mania and decreased after 6 weeks 
of treatment with lithium, valproate or a combination of both [61]. In a separate 
study, this group also found that levels of IL-12 decreased significantly in bipolar 
patients after 8 weeks of treatment with lithium or valproate [62]. Su et al. eval-
uated the relationship between lithium response and levels of interferon gamma 
(IFN-ɣ) and IL-10 and found no differences in patients medicated with lithium 
compared to unmedicated patients [63]. Guloksuz et al. found increased levels of 
TNF-a and IL-4 in euthymic bipolar patients treated with lithium (N = 15) com-
pared to unmedicated euthymic bipolar patients (N = 16) and healthy controls 
(N = 16); however, no significant differences were found in unmedicated euthymic 
bipolar patients compared to healthy controls [64]. Two studies evaluated the rela-
tionship between treatment response and soluble IL-2 (sIL-2R) and IL-6 (sIL-
6R) receptors with inconsistent results. One study found that patients with rapid 
cycling bipolar disorder exhibited normalization of the sIL-2R and sIL-6R levels 
after 30 days of treatment with lithium [65] while another study found no sig-
nificant change following treatment with valproate for 30 days [66]. Boufidou 
et al. investigated cytokine production in isolated lymphocytes in 40 euthymic 
BD patients on chronic lithium therapy and found a significant reduction in cells 
secreting IL-2, IL-6, IL-10, and IFN-ɣ in patients on lithium compared to healthy 
controls [67].

HPA Axis
A recent meta-analysis [68] of 41 case–control studies investigating HPA axis 
activity in 1069 BD patients and 1836 healthy controls showed that BD patients 
had higher basal cortisol than controls at all time points assessed, and cortisol lev-
els measured over 12 or 24 hours were also significantly higher in bipolar patients 
compared to controls. Another meta-analysis comparing 19 case–control studies 
investigating morning cortisol levels revealed increased morning cortisol levels in 
BD patients compared to controls, with greater morning cortisol levels observed 
in non-manic BD outpatients [69]. As seen in MDD, patients with BD have fre-
quently been found to be non-suppressors in the dexamethasone suppression test 
(DST) or DST/CRH combination test, particularly in the depressed or mixed 
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state [68, 70]. These tests have been proposed as biomarkers to assess HPA axis 
response to treatment in mood disorders.

Thyroid
Thyroid dysfunction has been frequently observed in patients with BD, with one 
study indicating that BD patients are 2.55 times more likely to experience thyroid 
dysfunction compared to healthy controls [71]. Cole et al. studied thyroid function 
in a group of 65 BD patients treated with mood stabilizers (lithium (N = 57, 88%), 
divalproex, combination, or carbamazepine). Lower free thyroxine index (FTI) 
values and higher thyroid-stimulating hormone (TSH) levels were significantly 
associated with a poorer lithium response. Lower TSH combined with higher FTI 
was associated with a substantially more rapid remission of depression [72]. A 
2017 systematic review of 11 studies investigating the relationship between BD 
and thyroid autoimmunity found an increased prevalence of circulating thyroid 
autoantibodies in depressed and mixed BD patients; however, no evidence was 
found to support a relationship between specific autoimmune thyroid diseases and 
BD. Findings from a study in twins with BD suggested that autoimmune thyroidi-
tis is related to the genetic vulnerability to develop BD rather than the pathogen-
esis of the disease itself. These findings suggest that thyroid autoantibodies could 
have potential utility as a biomarker of vulnerability for BD [73].

Brain-Derived Neurotrophic Factor (BDNF)
Lithium may exert its therapeutic action, in part, by upregulating BDNF expres-
sion to achieve mood stabilization, suggested by the finding that serum BDNF 
levels positively correlate with lithium levels [74]. Lithium increases BDNF 
expression in cultured rodent neurons [75], and platelet BDNF mRNA increases 
after 8 weeks of medication treatment for BD (lithium, valproate, or atypical 
antipsychotic) [76]. In one study, chronic administration of mood stabilizers (car-
bamazepine and lamotrigine) in rats increased BDNF mRNA expression and pro-
tein concentrations in the frontal cortex [77]. Increased blood concentrations of 
BDNF have been reported following treatment with antidepressants or mood sta-
bilizers in BD and other mood disorders [78]. A 16-week open trial of quetiapine 
XR for BD indicated that independent of clinical response to treatment, serum 
BDNF concentrations increased in patients with bipolar depression but decreased 
in manic and mixed patients [79]. There is conflicting data concerning changes 
in levels of BDNF associated with different medication treatments for BD with 
some investigators finding changes associated with specific medication treatments 
[80] and others with discordant findings [81–83]. Suwalska et al. reported that 
lithium-treated patients as a group had lower BDNF levels compared to healthy 
controls, and moreover patients that did not respond to lithium had significantly 
lower BDNF levels compared with healthy control subjects [84]. Several studies 
have attempted to correlate peripheral BDNF levels to treatment response in acute 
mania. In one study, a significant increase in plasma BDNF levels was observed 
after 28 days of lithium monotherapy for acute mania, with 87% of responders 
showing an increase in BDNF levels after treatment compared to baseline [85]. 
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Tramontina et al. found that BDNF levels were significantly decreased in acutely 
manic patients when compared to controls; after treatment, however, there was 
no longer a significant difference observed between the two groups. In the BD 
patients, a sharp increase in BDNF was observed after effective treatment of acute 
mania [86]. A systematic review and meta-regression analysis of 3 studies found 
that BDNF levels increase after treatment for acute mania [87].

Overall, the data suggest that BDNF may play an important role in the patho-
physiology of BD and lithium responders may upregulate BDNF in response to 
treatment. BDNF also appears to be a potential marker for mood state, as it is 
generally lower during mood episodes in BD and often normalizes in euthymia. 
There have been conflicting findings, however, and future research should focus 
on BDNF levels over time, individual patient mood state, and treatment response. 
Whether peripheral BDNF concentrations represent an index of CNS BDNF activ-
ity remains unclear.

Neuroimaging

Although the investigation of imaging techniques to predict treatment response in 
BD is in its infancy, there are several promising findings. Using (15)O water PET 
to measure changes in regional cerebral blood flow during an induced sadness 
task, different activity patterns were demonstrated in BD lithium (n = 9) and val-
proate (N = 9) responders with both groups showing changes in premotor cortex, 
dorsal anterior cingulate, and anterior insula, and valproate responders showing a 
larger magnitude of change in most regions. Comparison of the change patterns 
revealed differences in the rostral anterior cingulate and the dorsolateral prefrontal 
cortex between lithium and valproate responders [83]. In a small study (n = 20) 
using fMRI and proton magnetic resonance spectroscopy (H-MRS) to predict lith-
ium treatment outcome in BD subjects, investigators applied a data algorithm that 
showed excellent predictive power in determining a good lithium response [88].

A recent systematic review of 60 studies investigating neuroimaging and 
behavioral predictors of treatment efficacy in unipolar and bipolar patients found 
that good response to pharmacotherapy for depression was predicted by lower 
baseline responsivity in limbic regions coupled with heightened medial and dorsal 
prefrontal responses to emotional stimuli. Alternatively, good treatment response 
to psychotherapy was predicted by heightened baseline limbic and ventral prefron-
tal reactivity to emotional stimuli [89].

Genetic Predictors

GWAS findings suggest a genetic component in the response to specific drugs in 
BD patients. Specifically, several studies suggest that those who respond well to 
lithium are a genetically unique subset of patients. One prospective GWAS (aver-
age follow-up of 12 years) in 247 individuals from 31 families (106 diagnosed 
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with BD) with a history of good lithium response revealed strong evidence for 
linkage with a locus on chromosome 15q14 (ACTC, lod score = 3.46, locus-
specific p-value = 0.000014). Further analyses of these results suggested that 
this locus may be associated with the underlying etiology of BD. A possible 
linkage was also observed for a marker on chromosome 7q11.2 (D7S1816, lod 
score = 2.68, locus-specific p-value = 0.00011), with further analyses suggesting 
that this locus could potentially be useful in predicting response to lithium treat-
ment. [90]. Another study by the same group comparing 136 bipolar patients with 
good lithium response and 163 healthy controls revealed that one polymorphism 
in the PLCG1 gene was observed at a significantly higher frequency in the lith-
ium-responder bipolar group compared to controls (p = 0.033). A follow-up study 
with a Norwegian population confirmed these findings [91]. PLCG1 gene codes 
for a gamma-1 isozyme of phospholipase C, an enzyme that plays an important 
role in the phosphoinositide cycle. This second messenger system is believed to be 
involved in the mechanism of action of lithium in mood stabilization [92].

A GWAS in 294 BD Type 1 patients of Han Chinese descent revealed a strong 
association between good treatment response to lithium and two SNPs located in 
the introns of glutamic acid decarboxylase–like protein 1 (GADL1): rs17026688 
(p = 5.50 × 10−37) and rs17026651 (i = 2.52 × 10−37). These two SNPs had 93% 
sensitivity for predicting lithium response and differentiated between patients with 
a good and poor response [93]. These findings were not replicated in a follow-up 
study in an Indian population [94].

In a recent GWAS on 2586 BD patients, the International Consortium on 
Lithium Genetics [95] assessed response to lithium treatment. A polygenic score 
for schizophrenia (PGS) was constructed using estimates from 36, 989 schizo-
phrenia patients and cross-trait analysis was performed. A high polygenic score 
for schizophrenia was inversely associated (p < 0.05) with a good lithium response 
[96]. This finding concurs with evidence that patients with BD with a family his-
tory of schizophrenia have a poor response to lithium [95].

Circadian rhythm dysfunction has been posited to be involved in the pathogen-
esis of BD. A recent prospective study following 170 BPD patients over a 27-year 
period investigated the influence of polymorphisms in the Rev-erb-alpha gene, an 
important component of the mammalian circadian rhythm cycle, on response to 
lithium treatment. Patients carrying the T allele for the rs2314339 SNP were 3.5 
times more likely to show no improvement from lithium prophylaxis or to experi-
ence worsened symptoms with treatment [97].

Multiple studies have found associations between lithium response and poly-
morphisms in the serotonin transporter gene 5-HTTLPR. Serretti et al. found that 
individuals with the s/s variant of the gene showed a poorer lithium response com-
pared to those with l/s or l/l variant [98]. A follow-up study replicated the find-
ing of better response in the l/s variant but did not reveal a significantly poorer 
response in individuals with the s/s variant [2]. Another study found that the s/s 
genotype variant and s allele were significantly more frequent in patients who did 
not respond to lithium compared to patients with a partial or excellent response to 
lithium [99].
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The Val158Met polymorphism in the COMT gene may have predictive value for 
treatment response to mood stabilizers. Lee et al. conducted a study in a Korean 
population with 144 manic BDI patients and 157 controls and found that the Met/
Met genotype was more frequent in nonresponders to mood stabilizers (lithium, 
valproate, or carbamazepine) than in treatment responders. There were no signifi-
cant differences between BD patients and controls [100].

There has been an association reported between treatment response to valproate 
and the 116C/G polymorphism in the promoter region of the X-box-binding pro-
tein 1 (XBP1). In a sample of 51 BD patients, the G allele was associated with a 
better response to valproate compared to the C allele. An association has also been 
observed between the 116C/G polymorphism and clinical response to lithium [58].

Schizophrenia and Schizoaffective Disorders

Overview of Treatment

Schizophrenia is a devastating disease with enormous variability in presentation 
and treatment response. It is widely believed to be a neurodevelopmental disor-
der with early alterations in neuronal migration leading to absent and aberrant 
connections that alter development of surrounding cerebral regions. Many of the 
causative factors involved in the etiology of schizophrenia likely exist at birth, 
but do not become apparent until late adolescence/early adulthood as a result of 
environmental and genetic factors. This makes identification of biomarkers in 
schizophrenia challenging, as some abnormalities may occur years before disease 
presentation and may no longer be detectable at the time of disease presentation 
[101]. Treatment of schizophrenia largely involves the use of antipsychotic med-
ications. A meta-analysis of 65 trials involving 6493 patients showed that treat-
ment response to antipsychotics was superior compared with placebo, evidenced 
by relapse and readmission rates less than half in the medication groups compared 
to placebo groups. With maintained medication adherence, relapse rates did not 
change after several years of treatment [102]. There are a number of antipsychotic 
drugs, but all block dopamine D2 receptors which are considered to be key to 
antipsychotic efficacy. Various antipsychotics have differing actions on other neu-
rotransmitter receptors/systems and their side effect profiles differ accordingly. 
As with the other treatments discussed in this chapter, there is not an abundance 
of evidence to guide antipsychotic drug choice, and side effect profile and clini-
cian preference weigh heavily in decision-making. As with other medications 
discussed, side effects can be troubling and, in some cases, long-lasting. Positive 
treatment response is associated with long-term functional improvement, and 
being able to efficiently choose the right drug for the right patient can have pro-
found implications. With the exception of clozapine which is clearly effective in 
many patients who have failed treatment with other antipsychotics, all of the other 
agents have equal efficacy [2].
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Peripheral Biomarkers

Inflammatory Markers
Inflammation has long been posited to play a role in the pathophysiology of 
schizophrenia, and several studies have revealed elevated inflammatory markers 
in schizophrenic patients. Multiple studies revealed that CRP concentrations were 
higher in schizophrenic patients when compared to healthy controls, with some 
studies demonstrating higher CRP levels associated with more severe symptoms as 
determined by the Positive and Negative Syndrome Scale (PANSS) [103].

A meta-analysis by Miller et al. included 40 studies investigating levels of vari-
ous cytokines in acutely relapsed schizophrenic (AR) patients and/or patients with 
first episode psychosis (FEP). In AR patients, blood IL-10 levels were significantly 
decreased (p ≤ 0.006) and IL-6, IL-8, TNF-α, IFN-γ, transforming growth factor-β 
(TGF-β), and IL-1RA levels were significantly increased when compared with 
control subjects (p ≤ 0.02 for all). There were no significant differences in blood 
levels of IL-2 or soluble IL-2 receptor (sIL-2R) between AR and control subjects. 
The most replicated finding (5/6 studies) was significantly increased IL-6 in AR 
compared to control subjects. In first episode psychosis patients, blood IL-1β, 
IL-6, IL-12, IFN-γ, TNF-α, TGF-β, and sIL-2R levels were significantly increased 
compared to control subjects (p ≤ 0.003 for all). There was no significant differ-
ence observed in blood IL-2 levels between FEP and control subjects. The most 
replicated finding was for TNF-α, which was increased in FEP subjects in all four 
studies analyzed [104]. The same group also investigated the effect of antipsy-
chotic treatment on cytokine levels in 488 patients after an acute exacerbation of 
schizophrenia. After a mean of 53 days of treatment with antipsychotics (which 
were not standardized in seven (58%) of the studies included in the analysis), there 
was a significant decrease in IL-1β, IL-6, and TGF-β (p ≤ 0.005 for all) and a sig-
nificant increase in sIL-2R (p = 0.04) and IL-12 (p = 0.02) levels [104]. Another 
meta-analysis by Tourjman et al. that included 23 follow-up studies in 762 sub-
jects found an increase of sIL-2 and decrease of IL-1β and IFN-γ levels after treat-
ment with antipsychotics [105]. A longitudinal study in 68 FEP patients found that 
those who did not respond to 12 weeks of antipsychotic treatment had higher pre-
treatment IL-6 and IFN-γ levels compared to patients who did respond [106].

HPA Axis
HPA axis dysfunction may potentially play a role in the pathophysiology of schiz-
ophrenia, but studies have yielded conflicting results. Patients with schizophrenia 
have been found to exhibit elevated basal levels of cortisol [69] and non-suppres-
sion of cortisol in response to a DST compared to controls [103]. However, find-
ings have been inconsistent, with studies showing both hyper- and hypoactivity of 
the HPA axis [107]. Some studies have shown decreases in cortisol after treatment 
with atypical antipsychotics (olanzapine, clozapine, quetiapine) and increases after 
treatment with typical antipsychotics (fluphenazine) [107].
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BDNF
Peripheral BDNF levels could also have potential clinical utility in monitoring 
therapeutic response to antipsychotics in patients with schizophrenia and/or first-
onset psychosis. Significantly decreased CSF BDNF concentrations have been 
reported, as well as in the hippocampus and prefrontal cortex of schizophrenic 
patients compared to controls [103]. A meta-analysis of 16 studies compar-
ing plasma BDNF levels in schizophrenic patients versus healthy controls found 
a moderate reduction in schizophrenic patients [108]. Studies investigating the 
effect of antipsychotic treatment on peripheral BDNF levels in schizophrenia have 
yielded inconsistent results. In the previously mentioned meta-analysis, no signifi-
cant difference in BDNF levels was observed between medicated and medication-
naive schizophrenic patients. One study found a significant correlation between 
clozapine and BDNF levels, with the implication that clozapine may promote 
cognitive enhancement in schizophrenic patients [103]. Laboratory animal stud-
ies revealed that haloperidol and risperidone decreased BDNF mRNA expression 
and protein levels in multiple areas of the brain, including the hippocampus and 
prefrontal cortex. BDNF levels in the rat hippocampus normalized after switching 
from haloperidol treatment to olanzapine [103].

Neuroimaging

There have been relatively few studies of neuroimaging biomarkers in schizo-
phrenia. Kapur et al. [109] studied the response to haloperidol in 21 patients with 
schizophrenia. The responders had significantly higher dopamine D2 receptor 
occupancy, as determined with raclopride and PET, after two weeks of treatment 
(p < 0.009). Using it as a predictor with a 65% cutoff, D2 occupancy provided 
optimal separation: 80% of the responders were above it and 67% of nonrespond-
ers were below (p = 0.04, Fisher’s exact test). A study done in 51 adolescents and 
young adults at clinical high risk (CHR) for psychosis and 47 matched healthy 
controls used resting-state fMRI to systematically characterize functional con-
nectivity (FC) and determine if abnormalities in FC during this period are asso-
ciated with psychosis risk and severity of psychosis. The findings revealed 
between-group differences in whole-brain connectivity patterns of bilateral tem-
poral regions, primarily affecting functional connections to the thalamus, which 
is consistent with well-established FC abnormalities observed in the thalamus and 
temporal regions of schizophrenic patients. In those individuals who went on to 
develop psychosis over the next 3.9 years (N = 12), more severe positive symp-
toms were associated with greater FC abnormalities in the anterior cingulate and 
frontal cortex [110].

Genetic Predictors

Schizophrenia is thought to be one of the most heritable of the psychiatric disor-
ders, with genetics contributing to 50–80% of risk. However, studies to date have 
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demonstrated that schizophrenia is genetically complex with a large polygenic 
component [6]. In a GWAS study of 117 Chinese Han patients with schizophre-
nia, Reynolds et al. [111] investigated the dopamine 3 (D3), D2 and the 5-HT2C 
receptor promoter polymorphisms following 10 weeks of antipsychotic treatment 
with risperidone or chlorpromazine. The D3 receptor polymorphism was signifi-
cantly associated with both improved symptoms and behavioral symptomatology 
on admission. The 5-HT2C receptor polymorphism was associated with treat-
ment improvement but not baseline behavioral symptoms. Another study [112] 
of genetic variation underlying individual differences in response to a variety of 
antipsychotic medications in 738 subjects with schizophrenia found that two 
SNPs mediated the effect of ziprasidone on positive symptoms: rs17390445 on 
chromosome 4p15, with a q-value of slightly less than 0.05 (p = 9.8 Å ~ 10), and 
rs11722719 with a q-value of less than 0.15 (p = 5.4 Å ~ 10). SNP rs7968606 in 
the ANKS1B gene showed a q-value of 0.16 (p = 3.2 Å ~ 10) for mediating the 
effect of olanzapine on negative symptoms. Two SNPs were found to mediate the 
effect of risperidone on negative symptoms: rs17727261 in the CNTNAP5 gene 
with a q-value of 0.13 (p = 5.4 Å ~ 10) and rs17815774 in the TRPM1 gene, with a 
q-value of 0.4 (p = 3.3 Å ~ 10) [112].

Zhang et al. [113] scrutinized a dopamine D2 receptor (DRD2) locus in a 
large-scale GWAS from the Psychiatric Genomics Consortium [114] to investi-
gate whether the rs2514218 SNP could predict antipsychotic response in a cohort 
of 100 FEP patients, half treated with risperidone and half with aripiprazole for 
12 weeks. Linear mixed model analysis showed that homozygotes for the risk (C) 
allele had a significantly greater reduction in positive symptoms during 12 weeks 
of treatment compared with the T allele carriers (p = 0.044). Ikeda et al. [115] also 
showed that an SNP in DRD2 was a significant predictor of the response to risp-
eridone along with an SNP in TaqIA and two SNPs in AKT1.

Multiple studies have found a significant association between the BDNF 
Val66Met polymorphism and antipsychotic treatment response, showing a higher 
frequency of the Val/Val homozygous genotype in patients with good clinical 
response to antipsychotic treatment (clozapine or olanzapine) compared to nonre-
sponders. However, subsequent studies failed to confirm the association between 
the BDNF Val66Met polymorphism and treatment response to clozapine [103].

Electrophysiologic Biomarkers

Mismatch negativity (MMN) is an event-related potential response, passively 
evoked when a sequence of repetitive standard auditory stimuli are interrupted by 
deviations in pitch or duration and represents an automatic, preconscious process 
of detecting a mismatch between auditory sensory memory and deviant stimuli. In 
dozens of trials over the last 20 years, reduced MMN amplitude has consistently 
been found in schizophrenic patients compared to healthy controls [116–119]. A 
meta-analysis of 32 studies found that the effect sizes of MMN reduction were 
significantly correlated with duration of illness, suggesting that this may be a use-
ful index of progression of neuropathologic changes in schizophrenia. In a study 
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by Lee et al. of 25 patients with schizophrenia, 21 first-degree relatives and 29 
healthy controls, MMN was a stronger predictor of functional outcomes in schizo-
phrenia than neurocognition or theory of mind [117]. A similar study found that 
higher MMN activity in frontocentral regions of schizophrenic patients was cor-
related with better social perception, work, and independent living. [116]. While 
MMN is one of the most promising biomarkers for tracking response to thera-
peutic interventions in schizophrenia, it has yet to be used to study response to 
specific medication. [118]. Targeting early auditory perceptual processing in 
schizophrenic patients with MMN deficits in an effort to decrease the deficit has 
been hypothesized to improve cognitive and psychosocial functioning. Targeted 
cognitive training (TCT) uses neuroplasticity-based computerized cognitive tasks 
with the ultimate goal of inducing plastic changes within the neural substrates of 
low-level information processing, which in turn leads to improvement in higher 
order cognitive operations [120]. One study of 55 clinically stable schizophrenic 
patients found that subjects randomly assigned to 50 hours of TCT showed signifi-
cant improvements in verbal working memory (p < 0.05), verbal learning, verbal 
memory, and global cognition (p < 0.01). [121]. Multiple clinical trials have dem-
onstrated that changes in MMN are detectable in early stages of cognitive training, 
predict generalized improvements in higher order cognitive domains, and cor-
respond to objective changes of cortical plasticity [118]. While these trials have 
shown promise at a group level, individual responses to TCT are variable and it is 
important to identify which patients are most likely to benefit as it is very resource 
and time-consuming [120]. Several trials have demonstrated that a larger baseline 
MMN predicted greater response to TCT, [101, 122] and in one smaller trial with 
13 schizophrenic patients, it predicted greater response to a 3-month social skills 
training program [123]. This suggests that higher baseline MMN could be used to 
identify patients who are more likely to respond to TCT and social skills training.

Conclusions/Future Directions

Although the field of precision medicine for psychiatry is in its infancy, there are 
a number of studies that have found promising associations between a variety of 
biomarkers and clinical response to psychopharmacological treatment. These bio-
markers include neuroimaging, electrophysiology, peripheral serum measures of 
HPA activity and inflammation, single nucleotide polymorphisms, and others.

Although some neuroimaging studies have shown promise in response predic-
tion, the findings have not been overwhelmingly consistent. This fact, combined 
with the expense and limited accessibility to neuroimaging (especially of PET) 
in many front-line settings has limited the clinical utility of neuroimaging as a 
biomarker.

In recent years, DNA sequencing has become substantially more efficient and 
affordable, with the cost of DNA sequencing of a single human subject reduced 
from $300 million in 2001 to $1000 in 2014 [124]. Extensive GWAS investiga-
tion has revealed genetic variants linked with the risk for a number of psychiatric 
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disorders. However, the contribution of individual gene variants appears to be 
small, and in many cases, follow-up studies have failed to consistently repli-
cate the initial findings. One potential area for improvement is the expansion to 
include transcriptomics (the study of all expressed messenger RNA (mRNA)) and 
proteomics (study of expressed proteins). It is estimated that 98% of the human 
genome is not translated into protein, and multiple epigenetic changes (DNA 
methylation, histone modification, alternative splicing, RNA editing, and nontran-
scriptional gene silencing via microRNAs) occur as DNA is transcribed into RNA, 
which is subsequently translated into proteins. The ability to analyze all of these 
processes would immensely improve the knowledge base and could enhance the 
ability to make informed treatment decisions [6].

Another promising area is combinatorial pharmacogenetic testing, which has 
been attracting more attention in recent years with over 30 tools commercially 
available [55]. However, the clinical applicability of these tests is questionable as 
the companies that market them often do not report the specific genetic variants 
that are included in the tests and fail to disclose how the pharmacogenetic algo-
rithms integrate and weigh important genetic variants [55]. In addition, the liter-
ature investigating the clinical efficacy is limited by small sample size and lack 
of scientific rigor with the majority of studies sponsored by the companies that 
market the tests or institutions with a commercial stake in the tests used [56]. As 
such, there is currently insufficient evidence to justify the widespread clinical use 
of these tests and further investigation is warranted with blinded, randomized con-
trolled trials in larger samples.

Although biomarkers have promise in guiding future treatment of psychiatric 
disorders, one single biomarker is unlikely to definitively determine the most ideal 
treatment option but rather a combination of different biomarkers should be con-
sidered. The International Study to Predict Optimized Treatment in Depression 
(iSPOT-D) [125] is a large ongoing trial that aims to identify genetic, behavioral, 
and biological predictors of treatment response to commonly used antidepressants 
(escitalopram, venlafaxine-XR, sertraline) in order to ultimately develop a treat-
ment model that incorporates a variety of predictors and moderators. These data 
are still being analyzed but have already provided an abundance of valuable data.

Biomarkers can have some predictive value with regard to treatment response, 
but it is important to consider the role of these biomarkers combined with behavio-
ral and physiologic data captured in a naturalistic setting. Mobile health (mHealth) 
is a growing field that utilizes multiple tools and resources such as mobile and 
wireless communication devices to deliver and improve healthcare services, out-
comes, and research. This technology aims to incorporate remotely acquired 
patient data (self-report mood scales, exposure to stressful environmental trig-
gers, etc.) with biomarker data to enhance clinical outcomes. This field is rap-
idly expanding to also collect physiologic data using mobile biosensor devices 
to assess measures such as autonomic nervous system functioning, electrodermal 
activity, ECG, and breath alcohol or carbon monoxide levels [126].

Ultimately, the best model for precision medicine in complex, multifactorial 
diseases such as psychiatric illnesses will likely involve integrated methodology 
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that combines information from multiple sources including biologic, clinical, and 
environmental data. While much progress has been made in the development of 
valid biomarkers in psychiatric disorders, there is much work to be done in deter-
mining their clinical utility.
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