
How not to think about biomarkers in psychiatry: Challenges and conceptual pitfalls

Introduction

Throughout the centuries, scientists, philosophers, and physicians
alike, have endeavored to identify and classify afflictions of human
thought, emotions and behaviors. In fact, the ability to identify patterns of
symptoms for the purposes of diagnosis and identification of appropriate
treatment form a central tenet of medical sciences as a whole. Advances in
medical sciences and technology have allowed us to create high
resolution images of the whole body, and sequence the entire human
genome, heralding the promise of personalized and precision medicine.
Although the importance of biomarkers has been recognized across
medical specialties for several decades now, biomarkers have assumed
even greater prominence in research investigations pertaining to
diagnosis and treatment in recent years, and psychiatry is no exception.
A biomarker is, according to the FDA-NIH Biomarker Working Group, “A
defined characteristic that is measured as an indicator of normal
biological processes, pathogenic processes, or biological responses to an
exposure or intervention, including therapeutic interventions.”[14]. A
quick keyword search on PubMed reveals that the number of papers
published exploring biomarkers in psychiatry increased from about 229
papers in the year 2000 to 3617 papers in 2019. While this is partly
reflective of the increased adoption and popularity of the specific term
“biomarker”, it is also likely that this corresponds to an actual increase in
the number of research studies investigating biomarkers for psychiatric
disorders.

As is evident from the FDA-NIH working group definition, biomarkers
can be utilized for a wide variety of different goals and targets. Some
examples include:

� Susceptibility/risk biomarker: Reduced mismatch negativity (an early
event related potential) has been associated with increased risk of
transitioning to psychosis in individuals considered to be clinically at
high risk for psychosis [5].

� Diagnostic biomarkers: PET scan using amyloid radiotracers such as
Pittsburgh Compound B (Amyloid PET scans) have been used for the
diagnosis of Alzheimer’s Disease [18].

� Monitoring biomarkers: MicroRNA based biomarkers have shown early
promise in monitoring treatment response in depression [6].

� Prognostic biomarkers: Digital phenotyping has been used for predicting
onset of mood episodes in individuals with major depressive disorder
and bipolar disorder [10,23].

� Response prediction biomarkers: Men diagnosed with Major Depressive
Disorder with smaller N100 amplitude have been shown to be less
likely to respond to Venlafaxine [13].

In this commentary we will focus primarily on diagnostic
biomarkers, and we will discuss some of the inherent challenges
associated with the identification of diagnostic biomarkers and some of

the conceptual pitfalls regarding how we may interpret potential
diagnostic biomarkers.

Challenges

The quest to identify diagnostic biomarkers in psychiatry faces several
challenges. This is because biomarkers need to be identified with
reference to a particular construct (whether it is a formal diagnostic
construct based on DSM/ICD or an informal one, such as suicidality),
which adds an additional layer of complexity subjecting candidate
biomarkers to the uncertainty surrounding the validity of that particular
construct. Much of the research in this area has been conducted using
DSM or ICD diagnoses, although the trend has changed over the last
decade after the introduction of the Research Domain Criteria and its
emphasis on transdiagnostic constructs [4]. Consensus-based diagnostic
categories that utilize clinical descriptions of psychiatric syndromes do
not appear to align with findings from clinical neuroscience and genetics
research. Research findings do not validate the boundaries of DSM
constructs in a way we would expect if these constructs represented
distinct disease processes. All this suggests that the DSM categories are
unlikely to capture fundamental mechanisms of dysfunction and etiology
[1,17]. Additionally, there are high levels of co-morbidities and
individuals are often diagnosed as having more than one DSM based
psychiatric disorders. For example, individuals diagnosed as having a
depressive disorder are at 30–40% increased risk of being diagnosed with
an anxiety disorder as well [22]. There is a growing consensus that
psychiatric disorders are better understood as spectra/dimensional
constructs rather than as categorical, discrete disorders as outlined in
DSM and ICD based classification systems. This has been borne out in
recent studies that found that major psychiatric disorder have shared
genetic risk and alterations of brain networks [9,11,25]. All these
considerations necessitate that we should be mindful of the limits of
diagnostic biomarkers when it comes to conventional descriptive
diagnoses, and that diagnostic markers will need to be continually
revisited as our nosology evolves.

Conceptual pitfalls

In the discussion below, we will examine some of the ways in which
diagnostic biomarkers may prompt erroneous assumptions regarding
etiology and reductionism, and we illustrate ways in which biomarkers
can be approached in a more conceptually robust manner.

Etiology

It is important to recognize that diagnostic biomarkers, even if they
have high sensitivity and specificity in diagnosing a particular condition,
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may not be causally informative. This is because of the wide variety of
ways in which biomarkers can aid in diagnosis. At one end of the
spectrum, a biomarker may be directly involved in the causal process (for
instance, markers of tau pathology in Alzheimer’s disease) but at the other
end of the spectrum, a biomarker may simply a physical sign of the illness,
a consequence of the disease processes [7].

For instance, attempts are being made to use electroencephalogram
(EEG) for diagnosis of major depressive disorder [21]. However,
assuming that such efforts are successful and EEG patterns can aid in
the identification of individuals with MDD, there would be little reason to
suspect that EEG patterns are involved in the etiology of MDD in a manner
that is different from other signs of MDD, say psychomotor retardation.
This is not to say that biomarkers cannot be causally informative. The
presence of anti-NMDA receptor antibodies in an individual with
psychosis or elevated TSH in an individual with depression, for instance,
are potentially causally informative. The conceptual point is that the
default explanation for diagnostic biomarkers should not be in causal
terms, and great caution is needed before a causal role is assumed.

Reification of psychiatric diagnoses

There is a tendency to think that a diagnostic biomarker validates the
disorder as a discrete disease entity or establishes the disorder as more
“real”. If such thinking is left unchecked, a biomarker can lead to a false
sense of validity of the construct under study and in the context of
psychiatric nosology may further contribute to the already rampant
reification of DSM diagnoses. A biomarker or a certain set of biomarkers
may be associated with a specific construct, but it is quite possible that a
different set of biomarkers would emerge if we were to alter the definition
of our construct.

This is particularly important when machine learning algorithms are
used to detect the presence of diagnostic constructs. For instance,
machine learning algorithms may be trained to differentiate between
individuals with MDD and normal controls based on EEG data [21].
However, the success of such an algorithm should not, by itself, be seen as
evidence of the validity of the construct, since it is our pre-defined construct
that is driving the learning process. That is, we could very well begin with
a different diagnostic construct of depression, and successfully train the
machine learning algorithm to detect that construct using EEG data.
Douglas Adams, at one point in his writings, imagines a puddle of water
becoming conscious and thinking, “This is an interesting world I find
myself in — an interesting hole I find myself in — fits me rather neatly,
doesn't it? In fact it fits me staggeringly well . . . ” [2]. Machine-learning
biomarkers may turn out to fit psychiatric diagnoses staggeringly well, but
that is not necessarily evidence that we are carving nature at its joints.

Confounding role of medications

Biomarkers may relate to diagnosis but may also be related to the
effects of medications. A recent umbrella review of potential diagnostic
biomarkers for obsessive-compulsive disorder (OCD) examined evidence
for 73 potential biomarkers [16]. The authors reported that a number of
biochemical, neurophysiological, and neuroimaging biomarkers showed
statistically significant, albeit weak, associations with OCD. Interestingly,
however, analyses in unmedicated samples (123 studies) weakened the
strength of the evidence for most biomarkers or rendered them non-
significant. This is an important and informative finding. Most biomarker
studies are conducted in medicated individuals; however, psychiatric
medications have effects of their own on brain functioning, and it is quite
possible that we may interpret a biomarker association as evidence of
association with the disorder when in fact it may simply be an association
with the biological effects of the intervention. Biomarkers in medicated
patients therefore cannot simply be assumed to be related to the
psychiatric disorder. As another example, reduced volume of brain matter
and increased volume of ventricles (on average) in individuals with

schizophrenia has been reported in multiple studies, but there has been
increasing recognition that use of antipsychotic medications may
contribute in part to this reduction of brain volume [20].

The broader point about confounding role of medications also applies
to other correlates or consequences of the condition in question. Factors
which are conventionally understood to be “non-biological”, such as
social isolation or marginalization, can be proximate explanations of
“biomarkers” given their influence on the brain and may therefore show
association with psychiatric disorders.1 This highlights the need to
understand biomarkers from an integrative perspective that also includes
psychosocial variables and their interactions with biological variables.

Biomarkers from an integrative perspective

Biological and psychological variables can be two different aspects or
dimensions of the same phenomenon. This is particularly true when it
comes to functional neuroimaging studies, where the distinction between
neuroscience and psychology is effectively blurred [3]. For instance,
resting amygdala activity and perceived stress are associated with each
other. However, it would likely be inaccurate to say that increased
activity of the amygdala causes the stress or vice versa that the stress causes
the increased activity of the amygdala [24]. Rather, both amygdala
activity and perceived stress represent two different aspect of a
phenomenon, related to each other through an organizational form of
causality [12]); amygdala activity and perceived stress are not identical,
but they are also not distinct processes with a linear causal relationship.

The mind-brain-environment systems from which psychopathology
emerges encompass multiple components across different levels of
analysis, involving a web of complex interactions. It is important to keep
in mind that biomarkers for psychiatric disorders will inevitably be
embedded in this complex causal web. For instance, biomarkers of
accelerated aging have been proposed as mediators of the effect of
childhood trauma and transdiagnostic psychopathology [19], however,
this relationship exists in a complex and dynamic model which also
includes measures of social information processing and emotional
processing as other mediators. It is to be expected that majority of
psychiatric biomarkers will exist within causal networks that span the
biological, psychological, and social domains [15]. In other words,
biomarker associations should not be seen as evidence of
bioreductionism.

Chronic stress is another example where no explanatory reduction to
the biological level alone is possible. This is because chronic stress
emerges from the complex interaction between psychological agency,
social task demands and social resources, and biological fight-flight-fright
arousal systems. As Bolton and Gillett put it, “chronic stress as the key
hypothesized mechanism linking psychosocial factors with poor physical
and mental health outcomes is—as to be expected—a mechanism that
explicitly addresses criss-crossing biological, psychological and social
processes” [8]. Any biomarker of chronic stress would necessarily exist in
the web of top-down and bottom-up causal influences.

Conclusion

Despite several challenges, the past few decades have seen significant
advances in our neuroscientific understanding of psychiatric disorders.
We are just beginning to scratch the surface of the complexity of the brain
and the manner in which brain functions need to be understood, not
simply in isolation, but also in the context of environmental interactions.
More importantly we have to guard against overly simplified reductionist
approaches, reification of psychiatric diagnoses, and uncritical assump-
tions of causality.
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