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n the past few years, the number of individuals seeking treat-
ment for psychiatric disorders has increased significantly [1].
Mental illness statistics continue to rise year after year. In
his 2010 book, Robert Whitaker reported that the number
of mentally ill had tripled in the past two decades [2]. In 2019,
56.4% of individuals ages 18-25 received mental health treat-
ment, compared to the 45.9% receiving treatment in 2008 [3].
Suicide is now the second leading cause of death in persons
aged 18-34. As of December 2020, Hedegaard and colleagues
reported that suicide rates have increased by 35% since 1999.
Furthermore, the report stated that 90% of the people who died
by suicide were confirmed to have shown symptoms of men-
tal illness [4]. These statistics are concerning and bring about a
number of questions, one being the effectiveness of prescription
drugs. Just how effective are these treatments?
Furthermore, what limits improvement within

the fields of psychiatry and psychology?
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structural anatomy and functional activity. If health profes-
sionals can diagnose individuals based on brain abnormalities
associated with psychiatric disorders, then there may be a lower
chance of misdiagnosis and error. This article will explore neuro-
imaging literature to assess the feasibility of this approach. It will
be organized by first considering current issues within the field
of psychiatry and a review of neuroimaging methods before a

discussion of potential strengths and limitations of the approach.
CURRENT ISSUES IN PSYCHIATRY

Medication is often the first line of defense in treating individu-
als who are diagnosed with psychiatric and neurocognitive dis-
orders, such as depression and Attention-Deficit/ Hyperactivity
Disorder (ADHD) [8]. However, many psychiatrists, such as

Daniel Cartal, have expressed concern in this
overemphasis of medication and have ques-
tioned the accuracy of their success rates [6].

Throughout the years, the amount of psycho-

One surprising limitation may be the
Diagnostic and Statistical Manual of Mental
Disorders (DSM-5). The DSM-5 classifies
mental disorders using set symptom-based
criteria and is the standard for clinical diag-
noses. However, this manual does not come
without fault and controversy. A growing num-
ber of researchers have cited concern about
false positives that occur as a result of the
Diagnostic Manual’s recently lowered diag-
nostic thresholds [5].

Neuroimaging, also known as brain scans, may
be useful for improving diagnostic accuracy.

Neuroimaging approaches involve assessing
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tropic drugs prescribed has continued to

increase. Between the years 2001 to 2010,
there was a 22% increase in the prescription of
psychotropic drugs. In a 2011 study, Pratt et al.,
found that antidepressant use had increased
400% in a decade [5]. In 2012, antidepressants
were the second most commonly prescribed
prescription drug [7]. However, few research
articles have addressed more recent statistics

of this increase in prescription drugs.

Interestingly, this increase does not appear to
have resulted in reduced prevalence of men-
tal disorders [9]. One reason for this could be

that antidepressants may not be as successful

as consumers are led to believe. In 2008, clinical psychologist
Irving Kirsch, PhD, led an analysis of all FDA trials for antide-
pressants and found that many antidepressants did not perform
better than the placebo pill for mild and moderate depression
[7]. However, some critics have cited issues with methodology

in Kirsch's analysis, so more research is needed in this area.

Another concern regards the overdiagnosis of psychiatric disor-
ders, which may be exacerbated by the DSM-5. In mental health
cases, overdiagnosis is said to occur, “when people do expe-
rience symptoms, but where definitions of disorders include
potentially transitory or mild symptoms that reflect ordinary
life experiences that, as such, are not amenable to improve-
ment or management benefits through medical intervention”
[10]. Put more simply, anyone experiencing mild symptoms of
a psychiatric disorder can be diagnosed based on DSM crite-
ria and prescribed medication. This may then lead to overtreat-
ment since, in many cases, it is possible that an individual with

mild symptoms may have been able to recover without medical

intervention. This may expose individuals to drugs that cause
them more harm than good [10]. For example, overdiagnosis
of ADHD in children can result in overtreatment through major
drugs such as Ritalin, Concerta, and Lisdexamfetamine. One
study found that these medications can cause suicidal thoughts,

weight loss, and can be toxic to liver cells [11].

Thus, it should not be surprising that some mental health pro-
fessionals also raise concerns about the DSM-5. Both psychol-
ogists and psychiatrists initially rely on the DSM for a clinical
diagnosis, but revisions of the latest DSM volume have not come
without criticism. One issue that may be driving overdiagnosis
could be the lowering of diagnostic thresholds in DSM-5 revi-
sions. These lower thresholds cause many psychologists to
believe that it may “inappropriately classify more behaviors as
disorders” [12]. Put more simply, psychologists feel that some
commonplace human behaviors have been added as symp-
tom-criteria used to classify disorders. For example, nearly

everyone has experienced some form of grief, anxiety, and
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distractibility for a few weeks at some point, but that does not

mean they have a psychiatric disorder [5].

Financial conflicts of interest disclosed by DSM advisors may also
further complicate the issue of overdiagnosis. For example,
78% of DSM-IV ADHD advisors “disclosed links to drug com-
panies as a potential financial conflict of interest” [11]. In other
words, health professionals advising changes in the DSM-1V
had been previously (or continued to be) financially associated
with drug companies. It is possible that this conflict of interest
impacts decision making in diagnostic criteria as it may relate

to prescription treatment.

Yet, despite concerns over the manual, 94% of psychologists
still use it when making a clinical diagnosis [12]. With the afore-
mentioned limitations, there is a clear reason to explore other
treatment and diagnosis options. One potential tool is neuro-
imaging, with the hope of identifying psychiatric disorders by a

biological marker.
TYPES OF NEUROIMAGING

Neuroimaging comes in many varieties and forms. Structural
anatomical neuroimaging shows the anatomical matter of the
brain. Computed tomography (CT) scans create images by
consolidating several two-dimensional images into a single
three-dimensional image. Comparatively, magnetic resonance
imaging (MRI) uses magnetic technology that creates an image

based on the displacement of atoms.

While CT scans are generally used to diagnose neurological
disorders and other diseases (such as cancerous tumors),
MRI may be beneficial in allowing researchers to measure
the volume of brain structures that might be implicated in

psychiatric disorders [13, 14].

For the purposes of this article, we will focus on functional neu-
roimaging, which displays brain activity over time. Two common
functional modalities are positron emission tomography (PET)

and functional magnetic resonance imaging (fMRI).

PET scans are administered by injecting an individual with a
radioactive isotope tracer that is tracked by gamma rays to gen-
erate an image of the brain. Isotopes can be specified to study
certain biological mechanisms implicated in a neurological
disease. For example, scientists have developed a tracer that
binds to the beta-amyloid protein indicated in Alzheimers'

Disease [13]. PET scans can also measure metabolic blood
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flow activity in the brain, also known as regional cerebral blood
flow (rCBF). By tracking rCBF, researchers can identify active
and inactive brain structures during rest and other cognitive
tasks. Some psychiatriatric disorders may be associated with
increased, or decreased activity in specific brain areas. Thus,
PET scans can help researchers identify potential functional dif-

ferences associated with a disorder [13].

Similar to PET scans, fMRI creates images by tracking rCBF asso-
ciated with action potentials via movement of hemoglobin and
oxygen. It allows researchers to image functional activity of brain
regions over time. Rather than measuring activity via a radioac-
tive isotope injection, fMRI measures the ratio of weakly magnetic
deoxygenated hemoglobin to oxygenated hemoglobin (which
has no magnetic properties) [13]. The imaging device then gener-
ates a functional image of neural activity based on this ratio. fMRI
may be preferable in some cases, as it does not involve radiation,
and can thus be used for vulnerable populations such as children
and pregnant women. This decreased exposure to radiation also
means that individuals can be tested multiple times with fMRI.
Finally, fMRI has higher quality spatial resolution, meaning that
it produces clearer images than those generated by PET during

tasks in the scanner [13].

Given their ability to assess functional brain differences that
may be associated with psychiatric disorders, PET and fMRI

are often explored for purposes of diagnoses.

Psychiatric disorders have long been classified on categorical
diagnoses based on presenting symptoms [12]. However, with
the introduction of neuroimaging technology, scientists have

been able to learn about brain abnormalities and differences

that may correlate with psychiatric disorders. This section will

focus on the neuroscientific perspective of major depressive
disorder and bipolar disorder. However, it is notable that psy-
chiatric disorders are not solely caused by brain abnormalities.
Rather, they are multifactorial and are likely caused by an inter-
action of biological, psychological, and sociocultural factors

such as genetics, learning, and environment.

PET SCANS AND MAJOR DEPRESSIVE
DISORDER

Major depressive disorder (MDD) is a distressing and impair-
ing disorder. It is characterized by feelings of hopelessness,
pessimism about future events, difficulty concentrating, loss of
pleasure and motivation, and much more. Research has thus
sought to identify brain changes associated with MDD in order
to identify possible neurochemical and pathological causes that

in turn, might help develop treatments.

Numerous PET scans have found that individuals with MDD have
decreased activity in their subgenual anterior cingulate at rest.
The subgenual anterior cingulate, located in the frontal lobe, is

associated with executive functions such as self-regulation and
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selective attention. Thus, functional differences in the subgenual

anterior cingulate appear to be associated with MDD [14].

Another PET scan study focused on dopamine, a neurotrans-
mitter that is implicated in mood, reward, addiction, and motiva-
tion [16]. One major symptom of MDD is lack of motivation and
pleasure, hence why dopamine is a neurotransmitter of interest
for researchers. Like all neurotransmitters, it must be regulated
and maintain equilibrium. This is the job of the dopamine trans-
porter (DAT), DAT terminates dopamine related activity through
reuptake (reabsorption) after the neurotransmitter has triggered
the appropriate signalling. Dopaminergic neurons can be found
in the striatum and ventral tegmental area, which are areas of
the brain associated with motivation and reward activation.
One recent PET scan study found that individuals with MDD
may have lower amounts of dopamine transporter availability in
these brain areas [17]; low levels of DAT cause decreased dopa-
mine availability. In turn, this decreased availability may be asso-
ciated with deficits in motivation, suggesting that decreased

dopamine activity may be one factor that contributes to MDD.
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While these studies do not show instances in which PET scans
diagnosed psychiatric disorders, they show the important con-
tributions that PET scans can make by identifying possible neu-

ral abnormalities associated with a disorder.
FMRI AND BIPOLAR DISORDER

Neurobiological markers for psychiatric disorders are often iden-
tified by comparing neuroimaging scans between clinical groups

and “healthy controls” (HC), a case-controlled approach [18].

Many studies use this approach in the context of neutral facial
processing. For example, individuals are shown an image of
a neutral face and asked to classify the type of mood that the
face exhibits. Researchers then analyze brain activity in specific
brain areas to test differences between the clinical sample and
HC. One area of interest is the dorsal prefrontal cortex (DPFC),
which is associated with emotional processing, among other
functions. Therefore, this part of the brain is quite active as indi-

viduals classify the moods of neutral faces.

One study found that patients with Bipolar Disorder (BD)— a
mental disorder characterized by severe shifts in mood— were
more likely to classify neutral faces as exhibiting negative moods
[18]. Upon further analysis of their scans during this task, experts
have found decreased DPFC activity in individuals with BD. This
study demonstrated that decreased DPFC activity during certain
cognitive tasks may be associated with BD [18]. Thus, showing
us that neuroimaging may have the potential to help researchers
and health professionals recognize potential biomarkers (mea-
surable indicators of biological and psychological state). By rec-
ognizing disorder-specific neural differences, researchers may
then be able to develop improved therapies, medications, and
other treatment techniques in the future. Furthermore, it may

lead to increased understanding of this disorder.
LIMITATIONS

While these studies show promising evidence that neuroimag-
ing can detect neural differences in psychiatric groups, they may
not be enough to conclude that neuroimaging can be used to

diagnose psychiatric disorders.

Individual differences may affect neuroimaging. For example,
even the brains of healthy controls can show anatomical and
functional differences. However, these dissimilarities do not
necessarily indicate behavioral issues [19]. Furthermore, differ-
ences in age, sex, medication, and the phase of illness may fur-

ther act as confounding variables [15].
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Moreover, due to methodology issues, such as small sample
and effect sizes, neuroimaging studies often have low gener-
alizability. This means that what is common for a small number
of individuals with a specific psychiatric disorder may not be
common for most individuals with the disorder. Thus, it cannot
be assumed that the same functional abnormalities are present
in all individuals with the psychiatric disorder, unless multiple
replication and longitudinal studies are done in the future [19].
Unreported comorbid psychiatric disorders may further con-
found the methodological process. For example, an individual
with bipolar disorder may also experience unreported depres-
sion and obsessive-compulsive disorder. In a case like this, if
the researcher is unaware of the other existing disorders, they
may come to believe that bipolar disorder is associated with

specific neural differences, thus jeopardizing the study’s validity.

In most neuroimaging cases, findings are correlational, as spe-
cific abnormalities may seem to correlate with certain psychiat-
ric disorders. Thus, these types of neuroimaging studies should
not be used to make causal statements. Neuroimaging studies
are limited in their validity of potential diagnostic use, thus, it
may be inappropriate to suggest that functional or anatomical
abnormalities cause psychopathology. For example, it would
be inappropriate to say that Patient X has MDD because neu-
roimaging showed anatomical and functional abnormalities in
the anterior cingulate. Rather, it may be more appropriate to say
that Patient X's abnormalities in the anterior cingulate may have

some correlation with MDD.

Finally, several clinical disorders may show similar brain abnor-
malities. For example, it is common to find decreased blood
flow in the frontal lobe in more than one disorder. Patients with
schizophrenia, Parkinson's disease, Alzheimer's disease, and
depression may all show the same pattern of decreased blood
flow in the same brain area [19]. In order to narrow down which
disorder is occurring, the healthcare provider must still consult
the DSM for a diagnosis. This further exhibits why neuroimaging

alone cannot be used for diagnostic purposes.

Neuroimaging may be beneficial in the study of psychiatric
disorders, specifically in terms of decreasing the chance of
false positives, in increasing understanding of disorders, and
recognizing potential biomarkers. However due to the array of
limitations involving low generalizability, low validity, methodolog-
ical issues, and comorbidities, it is likely not currently a feasible

method of clinical diagnosis.
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CONCLUSION

Some popular psychiatrists, such as Dr. Daniel Amen, have
suggested that neuroimaging tools should be used in clinical
practice for diagnosis and treatment [20]. Nevertheless, neuro-
imaging has made important contributions to the understand-
ing of psychiatric disorders and the brain in general. These

contributions may indirectly aid in the future development of
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more sophisticated prescription drugs that will in turn, help
treat such disorders. Perhaps, with time, neuroimaging tech-
nology will become advanced enough to diagnose and treat
these disorders. But until analysis methods, generalizability, and
other methodological limitations are solved, traditional methods
remain the best option. However, as research continues on the
use of neuroimaging research, there is promise to improve our

understanding of psychiatric disorders in the future. &%
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