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Abstract

The Research Domain Criteria (RDoC) scheme has guided the
research agenda of the National Institute of Mental Health
for the past decade. The essence of RDoC is its dimensional
conception of mental illness, with the assumption that psy-
chopathology is a manifestation of extremes along axes of
neuropsychological variation. Research, it follows, should
emphasize normal neuropsychological function and its as-
sociated neurocircuitry. We argue that RDoC, dressed in
terms of modern neurobiology, is in fact a return to the hu-
moral theory of Galen, a dimensional approach in which
physical and mental health requires a balance of the four
basic bodily humors (blood, black bile, yellow bile, and
phlegm). The RDoC/Galenic approach may be useful in un-
derstanding those conditions best understood as extremes
along a continuum, such as personality disorders. However,
we contend that for the most severe psychiatric disorders -
categorically defined diseases such as schizophrenia, bipolar

disorder, and autism — RDoC'’s Galenic dimensionalism is a
retreat from the biomedical approach that seeks to find ra-
tional therapeutic targets by identifying etiologic factors
and pathogenic pathways. Abandoning this medical model
now, in the context of remarkable advances in genetics, neu-
roimaging, and neuroscience, is a major setback for the ad-

vancement of scientific psychiatry. ©2018'S. Karger AG, Basel

The Research Domain Criteria (RDoC) paradigm, a
partofthe US National Institute of Mental Health (NIMH)
Strategic plan since 2008, was launched as a novel ap-
proach to psychiatric illness [1] in the context of frustra-
tion with progress in psychiatric research [2], and re-
mains an essential component of the NIMH research
strategy [3]. The goal is broad: “RDoC is nothing less than
a plan to transform clinical practice by bringing a new
generation of research to inform how we diagnose and
treat mental disorders” [4]. While not yet extensively
used in clinical practice, RDoC is becoming part of psy-
chiatric training [5, 6], with the anticipation that it will
guide practice in the future.
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However, we contend that, as applied to major mental
illness, the scheme is conceptually flawed, and that the
implementation of RDoC in psychiatric research, prac-
tice, and education is misplaced and a potential setback
to our field. As applied to the most serious mental disor-
ders, rather than reflecting a new and advanced approach
to the science of mental illness, RDoC actually is a regres-
sion to a scheme reminiscent of the Galenic conceptual-
ization of the four humors, which held a grip on medicine
for nearly two millennia.

We have previously elaborated a set of critiques in
which we demonstrate the inadequacies of RDoC com-
pared to the disease model of major mental illness (Ross
and Margolis, unpublished). In brief, we argue that as a
top-down dimensional approach based on the study of
normal function, RDoC deflects research away from a
bottom-up approach to the etiologic and pathogenic pro-
cesses most likely to yield mechanistic insight, nosologi-
cal clarity, and novel therapeutic targets for the most seri-
ous mental illnesses. In one analogy, the RDoC approach
to severe mental illness is reminiscent of trying to under-
stand pneumonia by studying the biology of normal re-
spiratory function — an interesting and potentially useful
endeavor, but removed from the more immediately rel-
evant issues of the etiology and pathogenesis of infectious
agents and inflammatory processes.

A critical element of the RDoC scheme is that it “in-
corporates a dimensional approach to psychopathology”
[7], exploring, as described in the NIMH 2008 Strategic
Plan, “the full range of variation, from normal to abnor-
mal ... to improve understanding of what is typical versus
pathological” [8]. The new emphasis is on understanding
normal neuropsychological function, emphasizing brain
circuitry, with the assumption that psychopathology is
the manifestation of extremes of normal neuropsycho-
logical function and hence extremes of normal brain cir-
cuitry function.

RDoC currently proposes five general domains of neu-
ropsychological function, with constructs within each
domain defining specific dimensional axes of function,
undergirded by specific neural circuits [9]. We contend
that this concept has merit in the exploration of psychiat-
ric phenomena in which extremes of a trait can bring an
individual to clinical attention - e.g., anxiety, mild forms
of depression, or personality traits such as neuroticism or
introversion. In such examples, the fundamental struc-
ture and operation of the brain remain intact, but because
of differences along a continuum of normally distributed
functions (cognition, emotion, or behavior), individuals
towards the extremes may come to clinical attention.

Research Domain Criteria and Galen
Revisited

However, RDoC attempts to apply this dimensional
reasoning to the most severe forms of mental illness, in-
cluding bipolar disorder, schizophrenia, autism, and the
dementias. As an example: “... often both extremes of a
dimension may be considered as ‘abnormal’ - for exam-
ple, a complete lack of fear may be associated with aggres-
sive or psychopathic behavior, and the opposite end of
diminished reward-seeking may be mania” [9]. We con-
tend that these disorders are best conceptualized not as
extremes of normal, but rather according to the disease
model, in which they are the result of etiologic and patho-
genic processes that disturb the normal development and
function of the brain and result in a disease with a distinct
natural history. Even accepting the current RDoC do-
mains and constructs as valid descriptions of normal brain
processes (a debated assumption [10-12]), the available
clinical, genetic, and imaging data suggest distinct differ-
ences between disease and normal states (e.g., in schizo-
phrenia [12, 13]). Psychiatric diseases, like other diseases
in medicine, represent a disruption of normal neuropsy-
chological and brain function, a break from normal.

The rationale for RDoC includes the argument that
inadequacies in the DSM (and similarly, ICD) diagnostic
systems imply the failure of any approach that views dis-
eases as categorically distinct from normal states. There
is indeed widespread recognition, including from the
Chair of the DSM-5 Task Force [14], that DSM does not
provide the final word in psychiatric nosology, with cri-
tiques of both its specific diagnostic categories [15-17]
and its broader conceptual approaches [15, 18, 19]. By
using the ill-defined term “disorder” [18] for every syn-
drome, DSM conflates entities that may fit the RDoC ap-
proach - e.g., disorders of personality that can be defined
using a dimensional perspective — with disorders that
should best be considered from the perspective of the dis-
ease model [20]. This confusion allows RDoC proponents
to use DSM as a straw man in advocating an approach
distinct from the disease model for even severe mental ill-
ness. However, the weakness of the DSM nosology does
not invalidate the general concept that major mental ill-
nesses are best defined using the disease model and thus
are best viewed as categorically distinct from normal
states of brain, emotion, and cognition.

In the absence of understanding based on etiology and
pathogenesis, psychiatry has long had a tendency to re-
sort to dimensional explanations. The origins are from
Greek medicine. The central dimensional view of human
personality and disease was the Hippocratic theory of
four humors, promulgated and elaborated by Galen, Avi-
cenna, and others in late antiquity and into the middle
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ages. Humoral theory gained ascendency at a time when
even basic anatomical structures were poorly understood.
As an all-encompassing system, it could be used to ac-
count for any condition. The four humors of Hippocrates
were black bile (Greek: péhatva xoAr|, melaina chole), yel-
low bile (Greek: xoAr, chole), phlegm (Greek: @Aéypa,
phlegma), and blood (Greek: aiua, haima). One of the
treatises attributed to Hippocrates, On the Nature of Man
[21], describes the theory as follows:

The human body contains blood, phlegm, yellow bile and black
bile. These are the things that make up its constitution and cause
its pains and health. Health is primarily that state in which these
constituent substances are in the correct proportion to each other,
both in strength and quantity, and are well mixed. Pain occurs
when one of the substances presents either a deficiency or an ex-
cess, or is separated in the body and not mixed with others.

The four humors corresponded to four traditional
temperaments or personality types: sanguine (optimistic
and social), choleric (irritable, excitable, or angry), mel-
ancholic (moody, sad, or quiet), and phlegmatic (calm
and patient). Illness was believed to result when the hu-
mors were out of balance and would be treated by at-
tempting to restore balance, for instance with emetics or
bleeding. Thus, disease was viewed as an extreme of a per-
sonality type with a speculative pathophysiology (excess
or deficiency of one of the humors, or more generally
imbalance of the humors). Treatment of illness (both
psychiatric and nonpsychiatric) would be accomplished
by bringing the hypothesized pathophysiology - the hu-
mors - back in balance (Fig. 1).

One strand of Galenic reasoning, that personality
types can be understood by considering traits along di-
mensional axes, continued into modern times, forming
the basis of the theoretical systems of such prominent
philosophers, physiologists, and psychologists as Kant
(22, 23], Pavlov [23], Wundt [23], and Jung [24]. In par-
ticular, Eysenk and others described two dimensions of
personality - introversion-extraversion and neuroticism-
stability — that defined four general personality types re-
markably similar to those of Galen, to the extent that Ey-
senk specifically compared his system to that of Galen
[22, 25]. More recently, the five-factor personality model,
an elaboration of the same concept, has gained wide-
spread acceptance [26]. While these models have proven
quite successful in understanding personality and indi-
vidual vulnerabilities, they do not elucidate the most se-
vere forms of mental illness.

The extension of humoral theory from personality
traits to more severe forms of mental illness began with
Galen himself:
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hot cold
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Fig. 1. The four humors and dimensional reasoning. The figure
depicts a classic version of the four humors (the fundamental fluids
of the body: blood, yellow bile, black bile, and phlegm), with the
organ to which each was most closely associated and the personal-
ity type corresponding to each humor. Health, physical and men-
tal, was a consequence of a balance of the humors. The two axes,
wet-dry and hot-cold, describe the essential qualities of each hu-
mor. Each humor was also identified with an element (air, fire,
earth, and water). Various philosophers and physicians over the
centuries substantially elaborated and modified this basic theory.

I know a man from Cappadocia, who had gotten a nonsensi-
cal thing into his head and because of this declined into melan-
choly ... His friends saw him weeping and asked him about his
grief. At that, he sighed deeply and answered, saying that he was
worried that the person, of whom the poets relate ... carries the
world and is called Atlas, would become tired because he had car-
ried it for so long. Thus there was a danger the sky would fall on
the earth and smash it. [27]

Galen interpreted such a melancholic (and quite pos-
sibly psychotic) condition to be the consequence of excess
black bile, which could accumulate in the brain and cause
a variety of psychopathologies, and which should be
treated by purging [28].

We suggest that the RDoC scheme perpetuates the kind
of dimensional thinking about disease prominent in Ga-
lenic thought and largely rejected by the biomedical scien-
tists of the Enlightenment [19]. Indeed, the structure of
RDoC, usually displayed as a matrix, can also be config-
ured in the same fashion as the four humors, a visual de-
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Fig. 2. Formal congruence of National Institute of Mental Health
RDoC and the Galenic four humors. Depicted: RDoC domains
(external labels, in bold), a construct proposed to underlie each
domain (base of each triangle), a proposed neurocircuit for the
construct (midtriangle), and a neurotransmitter relevant to the
neurocircuit (tip of each triangle) [32-37]. As in the four humors,
it is proposed that mental health requires a balance of the factors
underlying each domain. Note the congruence of the overall for-
mal structure with that of Figure 1. Other constructs, and different
aspects of proposed underlying neurocircuitry, have been hypoth-
esized for each domain, but the specific details do not alter the
formal structure - balance across the constructs and circuitry is
required for mental health. 5-HT, serotonin; collic., collicular;
CREF, corticotropin-releasing factor; DA, dopamine; GABA, gam-
ma-aminobutyric acid; NAc, nucleus accumbens; RDoC, Research
Domain Criteria; SCN, suprachiasmatic nucleus; stria term., stria
terminalis; VIP, vasoactive intestinal peptide; VTA, ventral teg-
mental area.

piction of the formal congruence of the two systems
(Fig. 2). Instead of humors, we now have the five RDoC
domains with their associated constructs. Similar to hu-
moral theory, there are a set of hypothesized physiological
substrates to each of the domains and constructs. While
the neurobiology underlying the RDoC constructs is cer-
tainly far more sophisticated than the humors, it is notable
that the focus is on well-known neurotransmitters and cir-
cuits derived from the study of psychiatric drug pharma-
cology and normal physiology rather than the nascent eti-
ology and pathogenesis of major mental illness.
Confounding humoral dimensions with categorically
defined disease may unfortunately have serious conse-
quences. Cancer was believed by Galen and his followers

Research Domain Criteria and Galen
Revisited

Fig. 3. “Chemical imbalances of the brain” and the four humors.
Asasimplification, a depiction of four of the most prominent types
of psychopathology with a neurotransmitter often associated with
each. As in the RDoC and the four humors schemes, proper men-
tal health is conceptualized dimensionally, as a balance of the fac-
tors underlying each type of symptom. GABA, gamma-aminobu-
tyric acid; RDoC, Research Domain Criteria.

to arise from an excess of black bile and to afflict those
with a melancholic disposition [29]. In the 16th century,
Vesalius searched for black bile, but could not find it.
Progress in oncology only emerged after Virchow, in the
mid-19th century, had first proposed the cellular concept
of neoplasia, replacing humoral theory and practice with
a modern, and increasingly successful, approach to on-
cology. Psychiatry has struggled to make the same con-
ceptual leap. For instance, over the past 50 years, with
advances in neuroscience leading to theories of psycho-
pathology based on neurotransmitters and their recep-
tors, psychiatrists often inform patients that mental ill-
ness arises from a “chemical imbalance in the brain.” This
simplistic concept has been widely assimilated by both
clinicians [30] and the public (e.g., wikiHow: “How to
deal when you have a chemical imbalance” [31]). While
serving as a potentially useful metaphor to remove stigma
and self-blame from mental illness, this phrase implies a
dimensional view of psychopathology: everyone has the
same set of neurotransmitters, they are normally in bal-
ance with each other, and mental illness arises when they
go out of balance (Fig. 3). One consequence has been at-
tempts to treat individual symptoms by using drugs that
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supposedly have some specificity in altering the balance
of neurotransmitters or the process of neurotransmis-
sion, a response that Ghaemi points out results in “ex-
tremist individualization” and a reversion to the nonsci-
entific aspects of humorism which “produced 2000 years
of dehumanizing, harmful bleeding and purging” [20].

There is no question that our understanding of psychi-
atric conditions remains in its infancy, and that research
into the mechanisms of normal emotion, cognition, and
behavior emphasized by the RDoC initiative has value.
This endeavor is intrinsically of interest and likely to be
especially useful in understanding the bases of psychiatric
problems that are either extremes of normal phenomena
or debilitating reactions to extreme circumstances, in-
cluding personality disorders, anxiety disorders, “adjust-
ment disorders,” and posttraumatic stress disorder. Our
objection is to the assumption that RDoC, with its dimen-
sional logic, provides the best approach to research into
those psychiatric disorders best viewed using the disease
model.

We argue here that the RDoC scheme, while dressed
up in the language of contemporary neurobiology, actu-
ally preserves the same formal structure as the old Ga-
lenic humoral paradigms. This is ironic, as the power of
contemporary genetics, epidemiology, and neuroscience
has made it possible to delineate specific causes and ratio-
nal treatments for Mendelian genetic diseases (e.g., Hun-
tington’s disease) and diseases with a known pathophysi-
ology (e.g., Addison’s disease, alcohol withdrawal, and
syphilis). Furthermore, at long last, this biomedical ap-
proach using the disease model is enabling us to address
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fundamental questions about the etiology and pathogen-
esis of the categorically defined disorders with complex
etiologies. Abandoning the disease model now for the
sake of a system that does not appreciate the need to de-
scribe disease as separate from wellness, and shifts focus
away from etiology, pathogenesis, natural history, and ra-
tional therapeutics, is a setback for a truly scientific psy-
chiatry.
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