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Biomarkers in Psychiatry: 
Potentials, Pitfalls, and Pragmatics
Ian A. Cook, MD

ABSTRACT
Advances in fundamental neurobiology, neuroimaging, neuro-

physiology, behavioral genetics, and other current high-throughput 

“omics” fields have yielded considerable advances in understand-

ing the machinery of the brain and how it is altered in disorders 

of the mind. A recurrent theme for several decades of psychiatric 

research has been an interest in clinical biomarkers, namely, those 

biologic features that inform diagnosis, prognosis, or response to 

treatment. Recent research findings have increased the visibility of 

several promising biomarker approaches; some illustrative exam-

ples are drawn from studies of physiologic measures in mood dis-

orders. The potential for biomarkers to advance the care of mental 

illness is great, but several caveats must be considered in order to 

avoid pitfalls that prevent adoption by the field. Pragmatic aspects 

of evaluating biomarker technologies are proposed that may guide 

useful development and possible adoption of these techniques.

INTRODUCTION
Biomarkers are commonplace in most branches of medicine: 

specific biologic features of an individual patient provide critical 
information about that person’s diagnosis, prognosis, or pre-
dicted response to treatment. Examples include tumor markers 
in oncology,1-4 troponin in cardiology,5-7 α-feto-protein in obstet-
rics,8 and inflammatory markers and specific serum antibody 
levels in rheumatology.9 Additionally, the use of biomarkers may 
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be useful in drug discovery and development, by monitoring 
response to a test exposure of an experimental medication.10 
Nonetheless, in the field of psychiatry, the biologic features of a 
patient’s illness generally continue to be eclipsed by the central 
role played by clinical signs and symptoms.11 

While numerous new research findings suggest that biomark-
ers may soon be suitable for clinical use in psychiatric disorders, 
the quest for biomarkers to improve the care of mental illnesses 
is not new in the 21st century. For several decades, measurements 
of specific molecules in cerebrospinal fluid (eg, homovanillic 
acid, 5-hydroxy-indoleacetic acid),12 metabolites of neurotrans-
mitters in urine (eg, 3-methoxy-4-hydroxyphenylglycol),13 and 
serum markers of neuroendocrine dysregulation (dexamethasone 
suppression test)14,15 have been complemented by studies of sleep 
architecture,16,17 eye movement abnormalities,18,19 and electro-
dermal and other autonomic responses.20 Other recent investi-
gations have used imaging methods to detect the presence and 
location of abnormal proteins21,22  or abnormal organization of 
white matter tissue,23  to monitor neurochemistry with spectros-
copy,24 or to detect brain metabolic responses to cognitive “stress 
tests.”25 While these approaches greatly expanded knowledge of 
the neurobiology of psychiatric disorders by serving as research 
tools, they have unfortunately found limited application in daily 
clinical practice or in evidence-based practice guidelines.11,26 As 
biologic measures (“biomeasures”26) and new techniques are 
reported and considered for use as clinically-applicable biomark-
ers, it is important for clinicians to understand how these may or 
may not be “ready for prime time.”

THE POTENTIAL
Biomarkers have great potential for improving care for psy-

chiatric patients. Three areas in particular can be identified, 
including enhanced diagnostic accuracy, prognostic informa-
tion about the natural course of an individual’s illness, and 
prediction of response to treatment.

As noted above, clinical signs and symptoms are the cen-
tral basis for establishing psychiatric diagnoses.11 Yet, some 
symptoms may be present in multiple diagnoses; a reduction 
in sleep can be a diagnostic element of a depressive episode, 
a manic episode, or generalized anxiety disorder. Biomarkers 
have promise for enhancing diagnostic accuracy in this arena. 
Consider, for example, a patient 20 years of age with a 2-
month bout of disabling depression. Is this depression a com-
ponent of unipolar major depressive disorder (MDD) or does 
the person really suffer from bipolar disorder but has not yet 
experienced a floridly manic episode? In an older patient with 
mild but clear cognitive impairments, are these problems orig-

inating from the neurodegenerative changes of Alzheimer’s 
disease, from ischemic damage in vascular dementia, or from 
MDD (the “pseudo-dementia” of depression)? In a child, are 
inattention and disruptive behaviors a part of attention-defi-
cit/hyperactivity disorder, the early onset of bipolar disorder, 
or simply reflective of coping skills that are overwhelmed 
by stressful circumstances (eg, parental divorce)? For most 
patients, clinical information is sufficient to converge on the 
salient psychiatric diagnosis rapidly, but for some, diagnostic 
ambiguity may challenge even expert clinicians. The use of 
biologic markers has potential to assist in this important pro-
cess, but more work is needed before the field will have useful 
tools for this application.

Prognostic information is another area where biomark-
ers could offer valuable insights. In oncology, the elevation 
of a tumor marker may lead to a workup for a recurrence 
of disease and initiation of treatment, even before clinical 
manifestations would have prompted a re-evaluation. In psy-
chiatry, in contrast, an impending full relapse of psychosis in 
schizophrenia is heralded principally by the return of symp-
toms. In recurrent depressions, the question can be framed by 
a patient as “when is a bad day just a ‘bad day,’ and when is 
it the start of a new episode?” In the care of older adults with 
depression, some will likely progress from late-life depression 
to dementia,27 but identification of this subset of patients 
remains problematic. Lastly, many patients with mood disor-
ders experience recurrent thoughts of death and perceive life 
as painful and/or meaningless. While this group of patients 
has an elevated risk for suicidal behaviors, accurately deter-
mining which individuals will go on to harm themselves and 
which will not cannot be forecast reliably on clinical or his-
torical grounds.28 Some preliminary work suggests measures 
of brain structure and function29 or genotyping30,31 may be 
developed to refine this process. Rather than believing that 
research will eventually identify the single, measurable factor 
that leads to a phenomenon as complex as suicide, it may be 
more reasonable to anticipate that the greatest utility for this 
prediction may emerge from a model combining genetic and 
neurobiologic features with current and past clinical features 
and familial history, though the relative weightings of these 
factors remains indeterminate at this time.

Prediction of individual treatment response is viewed by 
some as a critical area for improvement in psychiatry. While 
treatments are effective for managing psychiatric illnesses in 
general, no single treatment works for everyone with a given 
disorder, and selection of the best treatment for each patient 
remains a challenge. The general standard of care is to embark 
upon a course of treatment that is likely to be effective for 



I.A. Cook

56Primary Psychiatry March 2008

that disorder, based on evidence from randomized clinical tri-
als and myriad other data (eg, clinical experience, past patient 
response to treatment); one then monitors for a good outcome 
and allows for course correction if improvement fails to occur. 
Both steps fundamentally rely on clinical findings to assess 
the degree of symptomatic or functional response. Nobel 
laureate Niels Bohr is often considered to have observed that 
“prediction is difficult, especially about the future,” and this 
statement rings true in this aspect of psychiatric care. The 
failure of depressive symptoms to improve early in treatment 
is often a harbinger of poor eventual outcome,32 but what is 
true on a group level does not necessarily provide useful guid-
ance patient by patient, and some patients simply may take 
longer than others to respond to treatment that will eventu-
ally work well for them.33 Measurement-based care,34,35 with 
its systematic collection of clinical data with rating scales, 
can improve detection of good or poor response to treatment 
with greater utility than a clinician’s global impression, but 
fundamentally these are better observations of what is already 
occurring, rather than predictions of future outcomes. 

Genetic factors have been examined with inconsistent results 
(eg, as summarized by Rasmussen-Torvik and McAlpine36). In 
the largest prospective treatment trial dataset examined in MDD, 
several genes have been linked with response to antidepressants, 
including serotonin-2A receptor polymorphisms,37 differences 
in the GRIK4 gene encoding for a glutamate receptor,38 and 
a chaperone protein that may regulate hypothalamic-pituitary-
adrenal axis function (FKBP5 gene).39 While group differences 
between responders and non-responders can be found, none of 
these genetic factors have yet shown adequate utility for guiding 
individual patient treatment decisions. Similarly, the Evaluation 
of Genomic Applications in Practice and Prevention Working 
Group was convened by the federal Centers for Disease Control 
and Prevention to evaluate the evidence for genetic tests and 
other genomics applications, and their recommendation for 
depression was that routine genotyping was not yet supported by 
the evidence.40 In the care of schizophrenia, there is promise that 
polymorphisms in the genes that relate to drug metabolism may 
help guide medication dosing,41 but the choice of a specific agent 
for any given patient cannot yet be guided by biomarkers. In 
terms of anxiety disorders, it appears that some genes may predis-
pose individuals to develop anxiety disorders under conditions of 
stress, but predicting individual response to treatment remains 
elusive.42 Indeed, it may be that consideration of gene-environ-
ment interactions becomes essential to take full advantage of 
genetic information in the care of psychiatric patients.43

Three physiologically based biomarker approaches to pre-
dicting outcomes have emerged in recent years in the area of 

depression with peer-reviewed publication and independent 
replication of findings, and can serve as useful examples for 
evaluating a candidate biomarker for clinical use.

The first measure uses changes in resting-state prefrontal 
brain activity (“quantitative electroencephalography [EEG] 
cordance”)44 over the course of a test exposure to an antidepres-
sant; that early change is predictive of later treatment outcome 
with that agent for an individual patient’s care, in studies using 
either serotonin reuptake inhibitors or dual-reuptake inhibi-
tors. (n=7,45 n=51,46 n=1247).45-49 Cordance is a measure which 
combines features of absolute and relative EEG power. Because 
cordance is better correlated with regional cerebral blood flow 
than other EEG measures,44 findings with this measure can be 
interpreted within the same conceptual framework as other 
functional neuroimaging studies. A multi-site replication 
and extension project (NCT00375843) has recently closed 
enrollment (200 subjects), and data analysis is now underway. 
The relationship between early change in cordance and later 
clinical outcome was independently replicated in an inpatient 
sample (n=17).50 These findings collectively supported an even 
larger collaborative, multi-site trial, Biomarkers for Rapid 
Identification of Treatment Effectiveness in Major Depression 
(NCT00289523; n=375), using a related EEG measure (the 
antidepressant treatment response [ATR] index). The ATR 
can be computed using a simplified electrode array with five 
electrodes placed over prefrontal and frontal brain regions, 
instead of approximately 35–40 electrodes placed over all scalp 
locations for measuring cordance (“full head montage”); thus, 
this is a technology well suited for use in outpatient physicians’ 
offices, avoiding the need to send patients to a dedicated EEG 
facility. After a 1-week test period of escitalopram, subjects 
were randomized to receive either continued escitalopram 
treatment, a switch to bupropion, or a combination of the 
two medications; EEG data were recorded before and after 
the 1-week test period. In a real-world sample of outpatients 
with MDD, individuals who received treatment consistent 
with their biomarker prediction were significantly more likely 
to experience response and remission than individuals who 
were randomized to a treatment not predicted to be useful.51-53 
Further development and replication projects are underway 
and must be completed before this paradigm of early physi-
ologic change can be considered for clinical application.

The second approach utilizes an EEG measure which is 
proposed to reflect central serotonergic activity, the loudness 
dependent auditory evoked potential (LDAEP),54-56 though 
some other reports have suggested that the interpretation may 
be more complex than just central serotonergic activity.57,58 
EEG data recorded prior to treatment are interpreted to indi-
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cate whether a depressed patient has a low or high level of sero-
tonergic activity, and those with low activity are predicted to 
have a favorable response to a serotonergic medication (while 
high activity is linked to better outcomes with a noradrenergic 
agent). This method has been examined using treatment with 
serotonergic reuptake inhibitors (n=29,59 n=15,60 n=10061) 
or a noradrenergic agent (n=14,62 n=2063). The relationship 
between level of serotonergic activity and predicted treatment 
response has been observed in all these studies, though data 
presented in these reports generally does not permit evaluation 
on an individual case-prediction level. That level of detail in 
reporting of results would facilitate evaluation of the LDAEP 
approach for use in guiding clinical decisions. LDAEP values 
were calculated using dipole source analysis methods and data 
from full-head EEG electrode arrays.

The third approach links resting-state pretreatment mea-
sures of activity in the rostral anterior cingulate cortex 
(rACC) to outcome with a variety of treatments, includ-
ing sleep deprivation (n=15,64 n=3665), numerous different 
medications (n=1866), nortriptyline (n=1867), and paroxetine 
(n=2768). Across all these studies, higher rACC activity was 
significantly associated with good treatment response. All 
utilized positron emission tomography methods to study 
regional brain metabolism, except one study67 in which an 
EEG method (low resolution electromagnetic tomography) 
was used to determine the level of electrical activity at current 
sources located in the rACC. An inexpensive, non-invasive 
measure, such as that used by Pizzagalli and colleagues,67 
presents an intriguing approach, and independent replication 
with that methodology would be important for evaluating 
clinical applicability.

SOME PITFALLS
There are numerous pitfalls that prior biomarker work has 

encountered, and researchers and clinicians should learn from 
past experiences. Perhaps most worrisome is the problem of 
premature clinical application, both because of the risk for 
harm to patients (misdirected in treatment decisions) and 
for the cynicism about biomarkers in general this engenders; 
still, the need for useful biomarkers is so great that sometimes 
enthusiasm and optimism may overtake consideration of 
results from carefully conducted controlled clinical trials. To 
paraphrase the film Jerry Maguire, “show me the data!” must 
be the watchword if clinicians are to make prudent choices 
for their patients. The usual vetting of new biomedical inno-
vations—procedures, techniques, medications, and devices—
requires peer review of findings and independent replication. 

What applicability is there to a biomarker if it has only been 
shown to work in a single laboratory and other researchers 
are unable to validate the results? Furthermore, it must be 
clearly disclosed what patient group was used to develop the 
biomarker, as this has great relevance to generalizability. In 
the universe of all patients with any psychiatric disorder, only 
a minority will have a syndrome that is refractory to multiple 
treatments; yet, this is just the sort of patient who may seek 
out expert care in desperation and consequently be enrolled 
in a biomarker discovery research program. The generaliz-
ability of such a biomarker may be quite limited, and without 
clear disclosure of these details it is difficult to evaluate the 
quality of a biomarker. 

An additional caveat about biomarkers relates to the het-
erogeneity within a given clinical diagnosis. With current 
clinically defined diagnostic categories, there is variety both 
in the patients who seek care and in the individuals enrolled 
in research projects. A telling example is shown in Table 
1, in which two individuals who both meet the diagnostic 
criteria for MDD have zero symptoms in common. Thus, 
development of biomarkers also should disclose the nature 
of the patient population and consider evaluating whether 
the accuracy and reliability of the measure are improved or 
degraded in some sub-populations (eg, psychotic depression, 
depression in bipolar type I versus bipolar type II patients). 

While biomarkers should have a high degree of clinical utility 
in order to be considered for use, there is also a need for them 
to be interpretable in the context of the rest of neuroscience. 
What aspect of a patient’s pathophysiology is being assessed by 
a test? Is it the form of a reuptake transporter that is associated 
with greater or lesser efficiency, the level of activity in a particu-
lar brain region, or a component of a neuroendocrine feedback 
loop? Biomarker methods which fail to be comprehensible 
within or integrated into the extant body of neurobiologic 

TABLE 1

HETEROGENEITY WITHIN DIAGNOSES*

Patient A Patient B

Depressed mood Anhedonia

Insomnia Hypersomnia

Weight loss Weight gain

Agitation Psychomotor slowing

Reduced concentration Feelings of worthlessness, guilt

Fatigue Suicidal ideation

*  Two patients both meet criteria for major depressive disorder, yet have no symptoms 
in common.

Cook IA. Primary Psychiatry. Vol. 15, No 3. 2008.
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knowledge are unlikely to gain clinical acceptance, even if an 
empiric trial suggests that they might be useful.

Finally, it is worthwhile to note that statistical significance is 
not the same thing as clinical significance. Studies may report 
that a result is significant at the P<.05 level, meaning simply that 
there is less than one chance in 20 that a finding arose by chance 
alone. Given a large enough sample, even a clinically-irrelevant 
difference (eg, a very small improvement on a clinical rating 
scale) might be reported to occur with an impressive P-value. 
An important measure for evaluating biomarkers includes the 
number needed to treat,69 which assesses the number of patients 
needed to be treated differently (eg, with biomarker guidance, 
with a new medication) in order to have one additional patient 
experience the desired, positive outcome. Predictive biomarkers 
are also often characterized by a series of metrics which can help 
evaluate the usefulness of a potential biomarker, ie, receiver oper-
ating characteristic (ROC) curves and measures such as sensitiv-
ity, specificity, and overall predictive accuracy.70-72 Sensitivity is the 
ratio of “true positive” tests to the number of individuals with the 
condition. For an outcome predictor, it would be the number of 
people in a sample who are predicted to respond to a treatment, 
divided by the total number of people who actually respond. 
Specificity is the ratio of “true negative” tests to the number of 
people who do not have a particular condition. In the outcome 
predictor context, this would be the number of people predicted 
not to respond divided by the total number of non-responders. 
Overall predictive accuracy is the proportion of predictions that 
are correct. ROC curves plot the trade-offs between sensitivity 
and specificity as different thresholds (cut-points) are used to 
differentiate between positive and negative tests (eg, between 
predicting response and non-response to a treatment). 

PRAGMATIC EVALUATION OF 
BIOMARKERS FOR PSYCHIATRIC 
MANAGEMENT

Given the potential for improving care and the pitfalls that 
may await possible biomarkers, how then can one judge a bio-
marker for use in psychiatric management? Table 2 summarizes 
some key, desirable characteristics of psychiatric biomarkers. 
Many of them follow directly from the pitfalls detailed above, 
but the last three on the list merit special mention.

First, the information provided by the biomarker must be 
timely, clinically useful, and cost effective. A test that is able 
to predict 8-week treatment response at week 5 is much less 
timely than a prediction made at week 1. A biomarker that 
identifies an individual with a treatment-refractory illness (a 

“biomarker of doom”) is less useful than one which points 
the way to an alterative treatment strategy. It is unlikely that 
the field would adopt a biomarker which consumes more 
resources than it saves, either by direct expenses or by wrongly 
suggesting an alternative treatment. 

Second, the technology needed to assess the biomarker 
must be available and well tolerated by the target patient 
population. For example, some neuroimaging methods may 
be well suited to neuroscience research applications, where a 
small number of subjects can be observed with great detail, 
but if the scanning technology costs too much to be deployed 
widely in the community, the method may not come to be 
translated into practice. Similarly, a procedure that is per-
ceived as painful (eg, lumbar puncture) or challenging (eg, 
agitated children remaining conscious yet immobile during a 
scanning procedure) may have low penetration into the clini-
cal arena for reasons of practicality.

Third, methods that can be seamlessly integrated into exist-
ing clinical care practice patterns are more likely to be accepted 
than those that require major shifts in the delivery of care. For 
example, sending a patient to a different facility for a biomark-
er procedure and waiting for test results is less desirable than 
being able to perform a test in one’s office or ward. 

CONCLUSION
Biomarkers have great potential for improving the care of 

patients with psychiatric disorders, much as they have in other 
medical specialties. Adoption of biomarkers into clinical care, 
however, requires careful and thorough evaluation, and there 
is risk to patients if measures are embraced prematurely. A set 
of proposed criteria can be used in the pragmatic evaluation 
of candidate biomarkers. PP

TABLE 2

DESIRABLE CHARACTERISTICS OF BIOMARKERS IN 
PSYCHIATRY

• Test reliability, accuracy, and limitations are well characterized

• Biomarker development process is clearly disclosed

• Findings are reproducible with independent replication and peer review

•  Interpretative framework for biomarker allows comparison with other 
neurobiologic observations

•  Information provided by the biomarker is timely, clinically useful, and 
cost effective

•  Technology is available and well tolerated by target patient population

• Methodology can be integrated into clinical care practice patterns

Cook IA. Primary Psychiatry. Vol. 15, No 3. 2008.
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