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Abstract
Recent trends in psychiatry involve a transition from categorical to dimensional frameworks, in which the
boundary between health and pathology is understood as a difference in degree rather than as a difference
in kind. A major tenet of dimensional approaches is that no qualitative distinction can be made between
health and pathology. As a consequence, these approaches tend to characterize such a threshold as prag-
matic or conventional in nature. However, dimensional approaches to psychopathology raise several epis-
temological and ontological issues. First, we review major sources of evidence usually recruited in support
of the dimensional trend (focusing on clinical observation and biological data), and we show that these are
connected to different conceptualizations of how dimensional traits extend across health and pathology.
Second, we criticize two unquestioned assumptions that stand at the core of the dimensional trend: a) that
there is continuity from health to pathology at the symptomatic level; b) that such continuity reflects an
underlying continuity in the genetic liability for pathological conditions. Third, we argue against the idea
of a conventional threshold by showing that such a view implies a linear relationship between the genotype
and the phenotype. Fourth, drawing on epigenetics and developmental biology, we offer a characterization
of mental disorders as stable and dynamic constellations of multi-level variables that differ qualitatively
from ‘healthy states’. We conclude by showing that our account has several theoretical advantages over
both categorical and dimensional approaches. Notably, it provides crucial insights into psychological de-
velopment over time and individual differences, with major implications in terms of intervention and clin-

ical decision-making.
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1. Introduction
The debate over the boundaries between mental health and pathology, and over the theo-
retical approach better suited to capture such boundaries, has flourished over the past
decade in psychiatry and philosophy of science (Keil ef al. [2017]; Kincaid and Sullivan
[2014]; Parnas and Kendler [2012]). The issue of determining what counts as pathological
is obviously critical for psychiatric research and practice. Indeed, one of the main goals
of psychiatry as a medical discipline lies in identifying as accurately and reliably as pos-
sible who is entitled to medical treatment. This also has important ethical and social con-
sequences, given that receiving a psychiatric diagnosis affects one’s life significantly in
several ways (Keuck and Frances [2017]). Traditionally, two competing approaches have
been put forward. Categorical approaches are committed to the idea that the gap between
health and pathology should be conceived of as a difference in kind. On a strong reading
of this position, healthy and pathological conditions would be comparable to different
substances with specific chemical compositions, akin to natural kinds (Haslam [2014]).

Dimensional approaches rather maintain that such a gap should be seen as a difference in
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degree, similar to a spectrum of colours fading into one another (Banicki [2020]; Murphy
[2006]; Phillips [2020]).

Although these two approaches are usually contrasted as if they developed simul-
taneously, in the history of psychiatry we witness a clear trajectory from categorical to
dimensional perspectives. At least until the DSM-IV, standard approaches in Western
psychiatry have been categorical in nature (Jablenski [2012]). It is only with the develop-
ment of the DSM-5 (APA [2013]) — as well as with the numerous reactions against it
(Cuthbert and Insel [2013]; Kotov et al. [2017]; Schumann et al. [2014]) — that nosology
has moved towards the identification of fewer disorder types and their distribution along
dimensions or domains of functioning (Regier et al. [2010]).

Such a trend towards dimensional approaches has been mostly motivated by dis-
content with the categorical model. One prominent risk concerns essentialism (Banicki
[2020]; Jablensky [2012]). From an ethical perspective, essentialism has been connected
with the risk of stigma and harm against individuals diagnosed with mental conditions
(Haslam [2011]). Indeed, essentializing psychiatric disorders has been taken to encourage
the representation of patients as ‘categorically abnormal, immutably afflicted, and essen-
tially different’ (Haslam [2014], p. 25). Epistemically, the categorical approach makes
room for oversimplifications that fail to accurately represent mental conditions in their
complexity (Cooper [2013]; Kendell [1975]; Kendell and Jablensky [2003]). Clinically,
discontinuous categories are often considered too rigid for the purposes of individualized
diagnosis and effective treatment (Frances [2013]), because they encourage ‘arbitrary and
rigid thresholds’ (Hyman [2021]). This becomes especially problematic when individuals
do not fit neatly into one or the other category (Not-Otherwise-Specified diagnoses) or
exhibit multiple comorbidities (Petrolini and Vicente [2022]).

Despite the apparent endorsement of dimensional concepts, the dimensional trend
does not come without controversies. From an ethical viewpoint, researchers, practition-
ers, and individuals diagnosed with a mental condition still disagree about whether psy-
chiatric labels should be seen as harmful, humanizing, or liberating (Botha et al. [2020];
Kenny et al. [2016]). This calls into question the idea that dimensional frameworks should
be regarded as more ethically desirable than categorical ones. Moreover, major epistemic

and methodological issues have been identified (Meehl [1999]), and a significant portion
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of the DSM-5 ended up retaining the traditional categorical framework (Blashfield et al.
[2014]).

In this paper, we discuss open epistemological questions and conceptual limitations
of dimensional approaches. We then outline a novel theoretical framework that better
accommodates a wide range of features that we take to be distinctive of the health/pathol-
ogy distinction, while at the same time avoiding the shortcomings that are usually asso-
ciated with categorical and dimensional accounts.

In §2, we show that the dimensional trend is far from being internally homogeneous,
as it takes support from different sources (clinical observation, biological data) and in-
volves different conceptualizations of how dimensional traits extend across health and
pathology. By echoing some key open questions raised in the literature, we underscore
the need of further refining dimensional accounts of mental disorders.

Throughout §3 and §4, we show that beneath the dimensional trend lies a set of
fundamental assumptions: a) there is continuity at the level of symptoms, that is, contin-
uous variation at the populational level from healthy to pathological conditions; b) such
continuity reflects continuity in the underlying liability for pathological conditions — for
instance in terms of neurobiological and genetic factors. We then proceed to argue that
both assumptions are problematic.!

In §4, we criticize, in particular, the view that the threshold between health and
pathology should be regarded as conventional or arbitrary. This is in fact a key component
of some exemplifications of the dimensional trend, particularly those that understand the
continuity between health and pathology as an ontological feature. On these readings,
ontological continuity is believed to be what generates semantic vagueness and epistemic
uncertainty in drawing the distinction. We argue that this problematic assumption is at

the root of many theoretical issues.

"' In our analysis, we mostly focus on continuity at the behavioural and genetic levels. We do so for the
following reasons. First, empirical evidence in support of the dimensional trend mostly derives from clinical
observation and behavioural genetics research, but this comes with major misconceptions. Second, analyz-
ing the biological complexity that lies between such two ‘extremes’ (for instance, neurobiological, endo-
crine, and immunological) exceeds what can be possibly done in one paper. We thus select behavioural and

genetic evidence as our reasonable starting point.
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In §5, we outline a theoretical framework where the health/pathology threshold has
an ontological basis, rather than an arbitrary one. Here, we draw on developmental biol-
ogy, and more specifically on the conceptual architecture provided by Conrad Wadding-
ton’s epigenetics, to characterize mental disorders as complex states that are qualitatively
different from each other as well as from ‘healthy states.” This approach acknowledges
semantic vagueness and epistemic uncertainty in setting the threshold, while still regard-
ing healthy and pathological states as ontologically discontinuous.

We argue that this account has several theoretical and clinical advantages over clas-
sical dimensional approaches, as it avoids: a) the reduction of individual variability to
single (or few) quantitative dimensions; b) the idea that the genetics of mental disorders
is additive; c) the assumption of underlying ontological continuity between health and
pathology based on the continuity observed at the behavioural level. Moreover, since it
depicts mental disorders as dynamic but stable states, our framework also provides crucial
insights on psychological development and individual differences, with major implica-
tions in terms of intervention and clinical decision-making. As we will explain, concep-
tualizing health and pathology as qualitatively different states, together with insights from
epigenetics, has much explanatory and practical potential.

Our account can also be seen as a potential integration to contemporary network
and cluster models of mental disorders, particularly regarding two aspects. First, our epi-
genetic model is centred around how to characterize individual differences in terms of
their multi-level properties (biological, developmental, psychological, environmental).
Second, the model focuses on how individual developmental trajectories evolve over time
in response to internal and external factors. In this sense, our proposal directly incorpo-
rates the idea that mental disorders emerge from the interaction of multi-level variables

over psychological and biological development.

2. The Dimensional Framework: Its Grounding and Pitfalls
The transition from categorical to dimensional approaches in psychiatry revolves around
the observation that typical behaviours, symptoms, and biological factors associated with
mental pathologies are continuously distributed in the general population, so that no sharp

distinction can be drawn between health and pathology.



Serpico & Petrolini 2023 BJPS

At the behavioural level, this is supported by the observation that traits that are
typically found in clinical populations also extend to nonclinical ones at different degrees
of intensity, frequency, and severity. For instance, several studies established that indi-
viduals without a psychiatric diagnosis experience Auditory Verbal Hallucinations
(AVH) (Alderson-Day et al. [2014]; Johns and van Os [2001]). Another example con-
cerns the so-called ‘Broader Autism Phenotype’ (Sucksmith et al. [2011]), which refers
to individuals — often family members of autistic individuals — who exhibit autistic traits
at a subthreshold severity level. Delusions have also been shown to lie on the far end of
the irrationality spectrum and to exhibit significant similarities with other forms of irra-
tional beliefs, such as biases, superstitious beliefs, and conspiracy theories (Bortolotti
[2010]).

The dimensional view is also supported by biological data. In a recent review of
autism research, Happé and Frith [2020] consider dimensionality at various levels (cog-

nitive, neuroanatomical, genetic).? At the genetic level, they argue that:

the genetics of autism is just like the genetics of height; [often] autism is the result of many
common genetic variants, each of miniscule effect. We all carry many of these variants, and

so, a dimensional characterisation of autism is also plausible genetically. (p. 223)

In quantitative genetics, models of psychopathology are based on data regarding the pres-
ence of alleles associated to diseases in the general population for a variety of conditions,
including attention-deficit/hyperactivity disorder, autism spectrum disorder, personality
disorders, and schizophrenia (Owen et al. [2007]; Riglin et al. [2016]; Robinson et al.
[2016]).> For many scholars, these data testify that healthy and pathological states share

2 Regarding neuroanatomical aspects, the authors claim that neuroimaging studies revealed few qualitative
differences among neurotypical and autistic individuals but found evidence of quantitative ones. However,
data on brain morphology and connectivity are inconsistent across studies, probably due to differences in
nosology, actiology, and inclusion criteria (this is suggested by the very same studies cited by Happé and
Frith, see Carmon et al. [2020]; Pua et al. [2017]; van Rooiji et al. [2017]). Elton et al. [2016] identified
both quantitative and qualitative differences, which testifies the complexity of autism (something that the
dimensional trend risks obscuring, see §3.1). Also due to this complexity, we do not focus on what lies
between behavioural and genetic levels.

* Molecular genetics research on personality traits and disorders (such as neuroticism or antisocial behav-

iour) has received much less attention than research in other domains of psychiatry (Knopik ez al. [2017],
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a common genetic basis, and this would support the dimensional view (Jang [2005], p.
110). According to Knopik et al. ([2017], p. 240), it is an emerging rule in behavioural
genetics ‘that disorders are actually the quantitative extreme of a continuum of normal
variation’.

Nonetheless, clinical practice and healthcare systems have been notoriously re-
sistant to embrace fully dimensional models of psychopathology. A key concern stems
from the eminently pragmatic nature of psychiatry as a medical discipline, where diagno-
sis is usually treated as binary, and intersubjective and efficient criteria are thus required
to identify those individuals that are in need of treatment. As a consequence, researchers
in psychiatry and philosophy of science have often accepted the necessity of drawing a
line between health and pathology but embraced the idea that such distinction should be
somewhat conventional or normative (Bolton [2008]; Haslam [2014]; Hyman [2021]).
This has also become a defining feature of recent quantitative genetics models. For in-
stance, Jang ([2005], p. 47) stated that ‘disorder represents the extremes of the normal
distribution of function. Illness is operationally defined by a threshold placed on the fre-

quency dis-tribution of severity’. More recently, Knopik and colleagues [2017] wrote:

A continuum from normal to abnormal seems likely for common disorders such as depression
and alcoholism [...]. Individuals diagnosed as depressed might be extreme cases that differ
quantitatively, not qualitatively, from the rest of the population. [...] Even for less common
disorders like schizophrenia [...] there may be no sharp threshold dividing the normal from

the abnormal. (p. 37)

2.1 Methodological and conceptual issues
Despite its popularity, the dimensional trend does not come without controversies. In this
subsection, we introduce the major issues that motivate the present article, and more spe-
cifically the need to provide a novel framework that combines the advantages of categor-
ical and dimensional approaches while avoiding their shortcomings.
One first set of problems of dimensional approaches concerns their practical limi-

tations. Methodological issues stem from disagreements on how to assess subjective

p- 272). Most dimensional models of genetics liability are based on family studies and on the assumption
that personality traits are normally distributed due to their very nature: they are traits that all of us manifest

in different forms or degrees (for some reviews, see Jang [2005]; Knopik et al. [2017]).
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symptoms in quantitative terms through psychometric methods: many symptoms are
shared across diagnostic categories, generating conceptual complications (Koi [2021], p.
59), which also concerns the number and nature of the relevant dimensions (Jablensky
[2012]; pp. 89-91). Addressing such questions requires considerable mathematical and
statistical skills to adequately understand psychometric methods and multifactorial tech-
niques (Banicki [2020]; Frances [1982]). So, in terms of everyday clinical practice, the
dimensional framework comes with a high degree of complexity and technicalities.

A major conceptual problem regards the very notions of ‘dimension’, ‘spectrum’,
and ‘continuity’, which have been conceptualized in different ways (Koi [2021]) thereby
giving rise to several oversimplifications (Meehl [1992]). For instance, such notions can
be applied intra-categorically (when we assess levels of severity) or inter-categorically
(when we claim that a given trait grades continuously across clinical and non-clinical
populations). The specific way in which dimensional accounts may be implemented also
varies depending on nosological versus research purposes, for example, the DSM-5 aims
to integrate categories with dimensions (APA [2013]; Jablensky [2012]), while the Re-
search Domain Criteria framework (RDoC) endorses a stronger view where dimensional
constructs are meant to replace categories altogether (Cuthbert [2014]; Fernandez
[2019]).4

Another conceptual problem concerns the semantic vagueness of terms like health
and disease, which carries much practical importance as it generates epistemic uncertainty
in medical decision-making. If the threshold between health and pathology is taken to be
pragmatic or conventional, we need some criteria for determining where to set the thresh-
old. Given that many threshold values are pragmatically or conventionally determined
(for instance, symptoms lasting at least for fourteen days, or five out of nine criteria out

of a checklist), one may legitimately wonder whether the distinction is just arbitrary (see

4 As we mention above, the shift towards dimensionality in DSM-5 may be characterized as uneven at best.
Some categories, such as autism, have undergone major changes with the DSM-5 revision reducing many
separate disorders to a spectrum defined in terms of two dimensions that extend into the general population,
that is, social communication and interaction; restrictive and repetitive behaviour (for a review, see Amo-
retti et al. [2021]). Other categories, such as schizophrenia spectrum and other psychotic disorders, maintain
several independent nosological entities (as in DSM-IV). Personality disorders may be seen as an in-be-
tween case: initially supposed to transition to a fully dimensional classification, but then relegated to Sec-

tion III of the manual (Blashfield ef al. [2014]).
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Keil et al. [2017]; Keil and Stoecker, [2017]). In other words, one may wonder if there is
any actual difference between two individuals that present five and six diagnostic criteria,
respectively, or between individuals who experience a given symptom for thirteen and
fourteen days. According to Keil and Stoecker ([2017], p. 55), introducing notions such
as subthreshold disorders and prodromal phases does not solve the issue as it ends up
creating two thresholds instead of one (the one between healthy and vulnerable, and the
one between vulnerable and diseased).

A debated aspect is whether such vagueness has epistemic or ontological origins.
Many believe that it follows from the ‘immaturity’ of psychiatry and that the advancement
of biological knowledge will increase diagnostic clarity (Hucklebroich [2017]). Others
have suggested that, in many (or even most) cases, vagueness might have an ontological
basis. On this view, ‘psychiatric concepts are vague because the reality that they aim to
capture is continuous rather than discrete’ (Keil et al. [2017], pp. 8-9; see also Hauswald
and Keuck [2017]).

We go back to this debate in §4, where we introduce a more principled distinction
between pragmatic and conventional ways of understanding thresholds in psychiatry. As
we will see, the idea that continuity is an ontological feature of the relationship between
health and disease is an essential tenet of some exemplifications of the dimensional trend.
Indeed, much of the dimensional trend — at least in its theoretical component — originated
from the view that there are no distinct natural kinds in psychiatry (Hyman [2021]; Ken-
dell [1975]; Kincaid and Sullivan, eds. [2014]; Zachar [2000]).> Within this trend, the
dimensionality observed at the behavioural and biological levels is attributed to how the
world is and ‘does not depend on semantics’ (Keil ez al. [2017], p. 10). In this sense, apart
from very special cases that behave more categorically (such as Huntington’s disease),
semantic vagueness and epistemic uncertainty are generated by the very nature of the
phenomena under investigation. The difficulty to draw a line between health and pathol-
ogy is not just due to imperfect scientific theories, limited biological knowledge, or any

other contingent reasons.

5 Interestingly, a similar view characterized the transition from Mendelian to quantitative genetics, where
the latter is considered a better framework to account for real-world phenotypic complexity (see Kendler
[2006]). This suggests that, both in psychiatry and genetics, the trend towards dimensionality is at least

partially motivated by ontological concerns.
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The considerations above tie together the various methodological, practical, and
ontological issues discussed so far: the general picture is that semantic vagueness and
epistemic uncertainty are inevitable prices to pay if health and pathology are in fact on-
tologically continuous. If dimensional models better capture the reality of most (if not all)
psychopathologies, it will be a practical problem to translate the dimensional framework
into a more tractable tool for psychiatry practice. Ontology alone justifies the framework.

In the next sections, we question this idea by discussing major — albeit insufficiently
explored — issues with the dimensional framework. Our general concern is that the di-
mensional framework oversimplifies the distinction between health and pathology based
on misleading interpretation of two main sources of evidence: clinical observation and

genetic data.

3. Unpacking Continuity
In this section we spell out our concerns with respect to unwarranted oversimplifications
surrounding the health/pathology distinction in dimensional frameworks. At the level of
observable symptoms, typically, this oversimplification is exemplified by claims such as
‘we all are a little bit x’ — for instance, we are all a bit autistic, we are all (occasionally)
depressed, and so on. Within the dimensional trend, these claims can be taken to reflect a
commitment to some sort of ontological continuity, rather than just semantic vagueness
or epistemic uncertainty. Indeed, as we shall show, at the behavioural level, the claim can
imply that all individuals exhibit mental conditions to different degrees (§3.1), while at
the genetic level one can jump to a similar conclusion from the genetic overlap between

clinical and non-clinical cases (§3.2).

3.1 From behaviour to dimensional operationalization
As we explained in §2, epidemiological and clinical studies support the idea that many
symptoms and traits may be detected in varying degrees across clinical and non-clinical
populations. This is usually taken as evidence in favour of continuity between healthy
and pathological states. However, we should carefully distinguish between such observa-
tion and the claim that normal and pathological states are ontologically continuous: in-

deed, part of the continuity observed may depend on how we conceptualize or measure

10
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psychological traits. Meehl ([1992], [1999]) makes a similar point in his work on taxo-
metry: the fact that symptoms come in degrees should not rule out the underlying presence
of a genuine disease entity. The parallel with somatic medicine makes this more apparent,
given that many infectious diseases are diagnosed through the observation of quantitative
symptoms, such as fever, blood sugar levels (Meehl [1992], p. 154).

Yet, operationalizing psychological and psychiatric constructs is notoriously more
difficult due to the very nature of these disciplines, as human thoughts and behaviour
present themselves as unwieldy and inherently resistant to being captured precisely
through scientific inquiry (Bridgman [1927]; Hurlburt [2011]). Due to the uncertainty
surrounding the aetiology and biomarkers of mental conditions (Aragona [2009]), psy-
chiatry and clinical psychology have developed indirect measures to assess mental con-
ditions — such as interviews, checklists, scales, questionnaires, behavioural tests. Opera-
tionalizing psychological traits through such measures, we suggest, can artificially gen-
erate the observation of continuity between healthy and pathological states.

Although clinicians overwhelmingly disagree with the idea that mental conditions
could be reduced to single dimensions and grant that mental disorders are multidimen-
sional entities (Maung [2016]), psychometric tools and factor analytic techniques rou-
tinely reduce heterogeneous constellations of traits to quantitative, unidimensional varia-
bles. This assimilates mental conditions to quantitative traits that are usually taken to be
unidimensional in nature, such as weight and height (Banicki [2020]), thereby allowing
for quantitative inter-individual comparisons.

To better understand how this plays out in clinical research, let us take two com-
monly used measures of autism: Baron-Cohen’s Autism Spectrum Quotient (or AQ;
Baron-Cohen et al. [2001]) and the Autism Diagnostic Observation Schedule (or ADOS-
2; Lord et al. [2012]). Although they reflect different conceptualizations of dimensional-
ity, both of them ultimately allow for a quantitative characterization of autism. The former
tool, the AQ, is often used to assess autistic traits as a continuum across clinical and non-
clinical populations (see Ruzich et al. [2015], for a review). In this sense, it reflects what
Koi ([2021]) has dubbed Simple Spectrum or Far End models, where conditions are
placed on a single phenotypic continuum that extends throughout the general population.

In a recent paper, Happé and Frith ([2020]) defend a similar view:

11
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Autistic trait measures [...] show a smooth continuum between diagnosed autism and sub-
clinical individual differences; there is a normal distribution of traits [...] it does appear that,

at the behavioral level at least, one can be ‘a bit autistic.” (p. 223)

However, the fact that the severity of autism-related traits can be understood as a matter
of degree and as extending to non-clinical populations does not imply that humans differ
from each other along a spectrum between non-autistic and autistic qua conditions. In-
deed, autism involves an heterogeneous constellation of traits, such as difficulties in so-
cial-emotional reciprocity and in non-verbal communication; difficulties in developing,
maintaining, and understanding relationships; stereotyped or repetitive motor movements
or speech; inflexibility; routines or ritualized behavioural patterns; and unusual reactivity
to sensory inputs. Individuals in both clinical and non-clinical populations may present
various forms of such traits, without implying that autism itself varies continuously (for
a similar point, see Chown and Leatherland [2021]; we develop this idea further in §3.2).

More structured diagnostic tools, such as the ADOS-2 (Lord et al. [2012]), rather
reflect a multidimensional view where autism arises from the intersection of more dimen-
sions (social communication and interaction; stereotyped behaviour and restricted inter-
ests). Here, the construct is not taken to extend across non-clinical populations: although
borderline scores are possible, anyone who scores below the cut-off of a given ADOS
module qualifies as non-autistic for diagnostic purposes. Similarly, psychometric tests of
intelligence — such as 1Q tests — assess individual intelligence through a single score. In
this sense, 1Q represents a single dimension along which individuals can be compared,
and factor analysis can distillate a general dimension that summarizes test variance,
widely known as g-factor. However, such dimension does not correspond to a single cog-
nitive phenomenon: rather, 1Q individual differences depend on a constellation of neu-
rocognitive processes, including verbal, mathematical, and visuo-spatial skills, as well as
working memory, processing speed, and metacognition (see Kovacs and Conway [2016];

Serpico [2018]; van der Maas ef al. [2006]).°

¢ Other relevant examples are biometric traits like body-mass index (Serpico and Borghini [2021]), scales
measuring various aspects of mood to assess degrees of depression, internalization versus externalization

measures, and tests to detect the Big Five Personality Traits (BFPT).

12
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Yet, even multidimensional measures such as the ADOS or 1Q tests rely on a picture
where different dimensions are assessed separately and then combined in a single score.
In these cases, an individual is tested on a variety of tasks designed to tap onto specific
abilities; each dimension is then scored separately and added to the others, giving rise to
a global score that is thought to be diagnostic of the underlying construct — be it autism
or intelligence. As a result, variation in constellations of traits can be represented as var-
iation along a single dimension, but it is important to stress that this is mostly a conse-
quence of how we operationalize phenotypic complexity.

This reduction of multidimensional complexity often depends on pragmatic factors,
such as making complex traits more tractable in public-health service and policies. How-
ever, as we explain later in the paper (§4), this has metaphysical implications that should
not be overlooked. As we see it, complex conditions such as mental disorders are better
understood as constellations of multi-level variables that interact with one another (§5).
The more internally complex and multidimensional a psychological construct is, the less
informative quantitative characterizations of individual differences within such a con-
struct would be, that is, characterizations in terms of continuum or degrees — be they
unidimensional or multidimensional.

There is also a second, potentially misleading way in which a trait can be concep-
tualized as varying continuously as a consequence of how we operationalize it. In diag-
nostic checklists, clinicians often use terms such as frequency or duration to determine
whether a person crosses the threshold of clinical significance. For instance, in order to
receive a DSM-5 diagnosis of depression, a subset of the relevant symptoms have to be
experienced for at least two weeks (duration); similarly, symptoms for schizophrenia have
to be experienced for a significant portion of time (frequency). Other factors, such as
intensity, are used comparatively in diagnostic tools designed to assess depressed mood
or affective states more generally (see for instance the Hamilton scale). Although these
phenomena may be seen as quantitative in some sense, as they are subjectively experi-
enced as coming in degrees, we propose a principled distinction between them and quan-
titative phenomena.

Quantifiable phenomena include, for instance, the increase (or decrease) in fre-

quency, intensity, or duration, delineated above. Despite their pragmatic value as behav-

13
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ioural proxies of severity, these factors should not be understood as inherently quantita-
tive. Quantitative phenomena rather involve quantifiable biological variables that have an
additive structure (on a similar distinction, see Hibberd [2014]). Hucklenbroich ([2017])
calls this type of variables ‘objectively measurable functional parameters’, such as blood
pressure (measured in millimetres mercury or torr) for determining the degree of hyper-
tension. Notably, to consider behavioural proxies as quantitative as opposed to quantifia-
ble, they would have to be realized by lower-level mechanisms in such a way that their
increase (or decrease) in intensity and frequency would be directly correlated with
changes in the relevant underlying quantitative variable(s). For instance, for low mood to
be considered as a quantitative phenomenon, it would not suffice to assess it through
countable factors, but it also would need to increase linearly with the increase/decrease
of some relevant neurobiological variable (such as serotonin reuptake).

To draw a parallel with the discussion on IQ, intelligence would be a quantitative
phenomenon if there was a latent quantitative dimension that varies among individuals
and that generated the observed continuous variation in behaviour. Scholars have argued
that the reduction of intelligence to a single quantitative variable is empirically untenable
(see above). Such a reduction also raises problems for metaphysical reasons as the internal
structure of human intelligence cannot be considered as inherently quantitative or addi-
tive: intelligence is not comparable to quantitative properties like length, weight, mass,
and temperature (on this point, see Michell [2012]). In other words, a manifest variable
(like IQ) can be quantitative, though the latent variable it tries to capture (for instance,
intelligence) may not be (De Boeck ef al. [2005], p. 129).

It seems to us that similar considerations apply to most behaviours and psycholog-
ical traits: if so, symptomatic dimensions of mental disorders cannot be taken to be quan-
titative properties strictly speaking. We invite reflection on this point although we
acknowledge that, in principle, the representation of a construct is independent from its
metaphysics. In psychometric and clinical practice, scholars may represent a multidimen-
sional condition as a quantitative trait while being aware of the caveats of this interpreta-
tion — in fact, practitioners routinely determine diagnostic status through additional fac-
tors, including in-depth interviews. However, this awareness can get easily lost, especially
in research, with the consequence that a practically useful quantitative index of individual

differences can be mistaken as a ‘metaphysical description’. For instance, quantitative
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measures of symptoms across scales, or scores obtained through diagnostic tools such as
ADOS-2, are often taken to be sufficient to include a given individual in the clinical group
for the purposes of conducting a case-control study (Petrolini and Vicente [2022]). Like-
wise, it seems to us that when behavioural geneticists try to identify the additive genetic
architecture of intelligence and account for individual differences in terms of single-nu-
cleotide polymorphisms (SNPs), they embrace a realist interpretation of quantitative psy-
chological constructs (we return to genetics research in §3.2). Several scholars made a
similar point about how measurement in psychology may imply a realist, quantitative
reading. For instance, Michell ([1997]) points out that measurement always presupposes
a theory according to which a given attribute is quantitative, but this is a contingent, em-
pirical hypothesis that, in principle, may be false. However, the history of psychology
testifies that instrumental concerns — such as the practical need to assess individual dif-
ferences — have led researchers to focus more on the development of measurement tools
than on the justification of the quantitative theory of psychological traits (see also Hibberd
[2014]; Uher [2021]). Philosophical work about realism and operationalism in psycho-
metrics suggests similar considerations — for instance, Borsboom ef al. ([2004]) show that
much work on validity in psychometrics requires a realist interpretation.’

To summarize, dimensionality observed at the behavioural level does not imply that
healthy and pathological states are continuous in any strong, ontological sense. Although
we can operationalize mental disorders in terms of quantitative dimensions, we should
not mistake them as inherently quantitative traits or phenomena. That is, we should resist
the idea that constellations of traits — rather than traits themselves — vary continuously in
populations. In §4 and §5, we will offer a finer-grained account of the relation between
health and pathology, focusing on mental conditions as complex states or constellations.
In the next subsection, we question whether the available evidence actually grounds con-

tinuity at an underlying (biological) level.

3.2 From genetics data to the quantitative framing of psychopathologies

7 For an introduction on realism and operationalism in psychometrics, see Vessonen ([2019]). On non-
epistemic values in psychometrics that guided the adoption of a quantitative view of individual differences,

see Wijsen et al. ([2021]).
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An important source of evidence motivating the dimensional framework derives from
behavioural genetics. There are several reasons why scholars have turned to genetics to
ground the dimensional view. For instance, Happé and Frith ([2021]) acknowledge that
the behavioural level can be ‘tricky,” while biological data can be more persuasive. The
appeal to genetic evidence is also motivated by non-epistemic factors, as explorations of
continuity within advocacy movements can involve ‘the aim of probing to what extent
autism and ADHD are continuous with — or amount to — normal human variation’ (Koi
[2021], p. 54).

In the last few decades, researchers identified the presence of disease-associated
alleles in the general population for a variety of conditions, suggesting that health and
pathology share in part the same biological basis. Such data are taken as naturally imply-
ing the continuity thesis and led many to conceptualize mental disorders as quantitative
traits (see §2). But do data actually support the ontological interpretation of continuity?
To address this question, we need to consider how psychopathologies fit the general ex-
planatory framework of quantitative genetics (for an introduction, see Serpico et al.
[2023]). We will show that the presence of disease-associated alleles in the general pop-
ulation does not imply that the genetics of mental disorders is continuously distributed
across health and pathology. Moreover, we argue, understanding mental disorders as
quantitative traits is conceptually misleading as it takes them to be characters instead of
character-states.® Let us proceed step by step.

Typical examples of quantitative traits are stature, skin colour, and blood pressure,
but also multifaceted traits that are operationalized in metric terms (BMI as an index of
fat metabolism; IQ as an index of cognitive abilities). The distinctive mark of such traits
is that, phenotypically, they vary continuously: in any given population, we can observe
all values or gradations within a certain range — for instance, the height values of different
individuals can be ordered on a single scale or dimension. A fully developed account of
the genetics of quantitative traits is usually attributed to Fisher ([1918]), who understood
that the continuity observed at the phenotypic level could not be accounted for by varia-
tion in single genes as in the case of qualitative, Mendelian traits. So, he hypothesized

that phenotypic continuity depends on several genes, each of which has a small, additive

8 We borrow this distinction from Serpico ([2020]); Serpico and Borghini ([2021]).
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effect on the phenotype: this would explain why phenotypes vary continuously in popu-
lations.

Fisher’s model became the cornerstone of quantitative genetics, but the typical way
of modelling pathologies quantitatively derives from Falconer ([1965]), who applied
Fisher’s model to traits that appear to vary discontinuously, like pathologies (see Génin
and Clerget-Darpoux [2016]). Falconer introduced a theoretical concept called liability

denoting:

an underlying gradation of some attribute immediately related to the causation of the disease.
If we could measure this attribute, it would give us a graded scale of the degree of affected-
ness or of normality, and we should find that all individuals above a certain value exhibited

the disease and all below it did not. (p. 52)

So, Falconer assumed that liability is normally distributed, but it is important to stress that
he made this assumption for the sake of modelling: in his own words, he did not make

any

unwarranted assumption about the real nature of the liability: [such notion] simply specifies
that in order to express the degree of liability we shall choose a scale of measurement which,

if we could measure the liability, would yield a normal distribution. (p. 53)°

So, if we look closely at Fisher’s and Falconer’s models, we see that the assumption of
the normal distribution of genetic risk is a theoretical idealization; more importantly, we
see that such assumption is guided by the observation that phenotype values vary contin-
uously in populations. Both such models aim to provide a plausible — though admittedly
idealized — hypothesis on the genetic architecture of complex traits and pathologies, re-
spectively, together with an explanation of how underlying genetic variability can gener-
ate phenotypic continuity.

The upshot is that the inference of continuity is not made from the genotype to the

phenotype level — as the data may suggest — but the other way around: geneticists started

° Note that Falconer aimed to provide a quantitative interpretation of the genetics of discontinuous traits to

allow the application of quantitative genetics methods (such as heritability analyses) to diseases.
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out from the phenotypic observation that some traits varied continuously and built a ge-
netic model that would reflect such distribution. Such a direction of inference from phe-
notypes to genotypes is evident also in more recent discussions. Knopik and colleagues

are arguably making such an inference when they say that

theoretically, there should be a continuum of genetic risk, from people having none of the
alleles that increase risk for schizophrenia to those having most of the alleles that increase
risk. Most people should fall between these extremes, with only a moderate susceptibility to

schizophrenia. (Knopik et al. [2017], p. 36)

These findings [...] suggest that common disorders [...] are merely the low end of the normal
distribution [fitting the] quantitative genetic model, which assumes that genetic influence for
complex traits is due to many genes of small effect size that contribute to a normal quantita-

tive trait distribution. (Knopik et al. [2017], pp. 205-06)

Let us now consider a second limitation of genetic explanations of continuity, which lies
in the description of pathologies as quantitative traits.

A well-acknowledged feature of quantitative traits is that they are shared by most
(if not all) the individuals of a given species: for instance, qua humans, we all instantiate
a given value of height and BMI. So, if we take seriously the possibility that mental dis-
orders are quantitative traits, we should accept that each human would exhibit pathologi-
cal traits to a certain degree. Indeed, this interpretation is more or less explicitly endorsed
by the dimensional trend and is reflected by what Koi calls the Phenotypic Simple Spec-

trum Model (see also 3.1.), according to which:

a gradient of the disability [...] extends across the human population. A value of autism or

ADHD can be thus ascribed to any person, similarly to blood pressure. (Koi [2021], p. 56)

A similar view also emerges from claims like:

at the behavioural level at least, one can be ‘a bit autistic’. At the genetic level too, it appears

that the genetic influences on subclinical traits largely overlap with those on diagnosed au-

tism. (Happé and Frith [2020], p. 223)
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We dub this idea ‘universal pathologization’, as mental disorders — like quantitative traits
— are taken to extend into the general population to different degrees.!”

In §3.1, we uncovered one potential issue associated with this view, namely the
risks connected with the reduction of multidimensional phenomena to single dimensions.
Here, we focus on a drawback more related to genetics and biology: the idea that each
human exhibits pathological traits to a certain degree risks misinterpreting mental disor-
ders as characters, while they are probably character-states.

In our vocabulary, characters are general phenotypic characteristics with no deter-
minate value, while character-states are specific values/forms that characters can take in
concrete individual organisms. For instance, skin colour, height, BMI, and IQ are charac-
ters: they are ‘abstract’, species-specific characteristics that can be observed in any human
being — each of us has some skin pigmentation and some height value; likewise, a BMI
and an IQ value could be calculated for every human. By contrast, specific skin colours
and values of stature, BMI, and IQ are character-states, namely, ‘concrete’ instances of
characters. And the same applies to non-metrical characterizations of such characters
(leanness vs. obesity; intellectual disability vs. ‘normal’ 1Q; short vs. tall stature).!!

We argue that mental disorders should be understood as character-states (or con-
stellations of character-states) rather than characters: namely, they are concrete forms or
states that a character can take. In the case of autism, it looks reasonable to think that
traits relating to it (repetitive behaviour, difficulties in social communication) are general
human traits that, in some specific states, can fall outside a ‘normal range’ (however de-

fined) and thus come to be associated with an autism diagnosis.'? To simplify, traits such

10 Although theorists in psychiatry may not endorse such a view fully, if one defines pathology as a ‘bio-
logical or genetic dysfunction’ and defers to behavioural genetics with respect to the investigation of the
‘deeper’ biology of mental disorders, one may end up endorsing a position that ‘universalizes’ pathology
in the way described above.

! In metaphysical terms, characters can be seen as determinables, while character-states are determinates
(for more details, see Serpico and Borghini [2021]).

12 Several authors make similar considerations. For instance, Chown and Leatherland ([2021]) suggest that
what look like ‘autistic traits’ are human traits which, ‘when presented in a cluster that “significantly im-
pairs” a person’s life in certain areas, are considered justification for a diagnosis of autism [...] exhibiting

some of these traits, individually or in combination, does not make a person “a bit autistic” [...] a person is
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as ‘difficulties in social communication’ would be character-states of the character ‘social
communication’ that are instantiated by some individuals of our species but not others
(those other individuals would instantiate other forms or states of the very same charac-
ters, for instance, ‘good social communication skills’).

If so, mental disorders (and autism specifically) are not universal human traits, be-
cause only characters are ‘universal’ in some sense. How do genetic data fit this picture?
The presence of genetic variants associated with autism in the general population does
not imply that mental disorders are quantitative traits or that anybody is autistic ‘to some
degree’. Such data should simply be taken to mean that autism (as any mental disorder)
involves some typically-human traits that vary among individuals, and their variation is
associated with genetic variation in any given population. On this view, it is unsurprising
that there are statistical associations between genetic variation and variation in such traits
in both the clinical and non-clinical population.

To summarize, the equation ‘mental disorders = quantitative traits’ is usually justi-
fied by: a) the observation that symptoms are continuously distributed in populations; b)
data on the presence of disease-associated alleles in the general population. As regards
(a), since mental disorders show the same patterns of population variation as quantitative
traits, the dimensional trend (in its ontological reading) assumes that they have the same
type of genetic architecture. This seems to follow naturally from classical genetics mod-
els, but such interpretation is unwarranted: as we argued, the continuity observed (or ra-
ther postulated) at the genetic level does not imply that the phenotype is quantitative all

the way up to behaviour.!* As regards (b), genetic data are compatible with alternative

either autistic or not autistic’ (p. 749). Koi ([2021]) considers the notion of a complex spectrum of endo-
phenotypes as better suited to account for variability in conditions like autism. One of us (Serpico [2020])
suggests that many phenotypic traits might be reframed as character-states and that a quantitative charac-
terization of human variation in such traits has serious limitations. All these works refocus the attention on
multi-dimensional human variability more broadly and on the relationship between ‘pathological traits’ and
other human traits. Our suggestion that mental disorders are character-states has similar purposes.

13 Mental disorders are by no means comparable to Mendelian diseases, but this does not imply that they
are quantitative instead. For Plomin et al. ([2009], p. 877), evidence of polygenicity seems enough to con-
clude that a trait is quantitative. In our understanding, such data indicate that individual variability is due

to many genes but do not imply that genetic variability is normally distributed. The assumption seems to
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explanations, our own being that mental disorders are specific states of characters that are
observed across the whole human species.
Equipped with the theoretical clarifications offered in this section, we now turn to

how the dimensional trend construes the concept of threshold between health and pathol-

ogy.

4. The Conventional-threshold View

In the previous section, we analyzed behavioural and genetic evidence usually recruited
in support of the dimensional framework and introduced some key distinctions to uncover
unwarranted inferences that are often based on such evidence. We made the case that the
available data do not justify the view that health and pathology are ontologically contin-
uous, but are rather open to alternative interpretations. In this section, we focus more
closely on the notion of threshold between health and pathology, which is another core
aspect of the dimensional trend reflected in the continuity thesis (§2).

As we showed in §2.1, recent theorizing in the dimensional trend has suggested
that, in many cases, semantic vagueness and epistemic uncertainty may have an ontolog-
ical basis. As a consequence, any distinction between health and pathology will always
require some conventional, pragmatic, or normative way to set a threshold. However, the
view that no sharp threshold exists between health and pathology can take various forms
that are worth differentiating from each other. In what follows, we discuss two ways of
understanding thresholds. We distinguish between cases where a cut-off point between
health and pathology is established for pragmatic reasons, to serve heuristic purposes in
clinical practice (without any strong ontological commitment regarding the nature of the
underlying phenomenon), and cases where the distinction is believed to be conventional
because of specific ontological beliefs. Then, in §4.1, we will show that the latter account
(which we call the conventional-threshold view) raises some important issues both at the
psychological and at the genetic level.

The former view may be taken to describe the practical uses of thresholds in clinical
practice, where most practitioners have no explicit interest in (or commitment to) onto-

logical claims about the nature of the health/pathology distinction. In other words, the use

be that, if a trait is not qualitative, then it should be quantitative. However, recent theorizing makes sense

of complex traits beyond a quantitative characterization (see Boyle et al. [2017]; Serpico [2020]).
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of pragmatic thresholds does not imply the existence of an ontological threshold (nor the
lack thereof). This view is widely applied in psychiatric practice as a consequence of the
pragmatic nature of the discipline: although psychiatric diagnoses may be unable to pick
out distinctive causal entities that fully explain the symptoms, a diagnosis is still neces-
sary to assess how to allocate healthcare resources and may still be epistemically useful,
for instance because it contributes to excluding some causes, or to offering partial infor-
mation on possible relations among symptoms (Maung [2016]).

Although no thick ontological view is involved here, setting a practical threshold
may not be entirely arbitrary, as the decision often results from some consensus among
experts based on clinical and empirical considerations. For instance, cut-offs like those
adopted in the DSM may appear to be prima facie arbitrary, but they originated from
complex negotiations in the writing of the manual, and can be based on pragmatic con-
cerns or empirical indicators. In the philosophical literature, this pragmatic view of
thresholds would correspond to the notion of practical kinds (Haslam [2014]; Zachar
[2000]), according to which:

it is sometimes possible to define a cut-point on the continuum that is not arbitrary [based
on] some external criterion that is pragmatically relevant in the clinical context. (Haslam

[2014], p. 14).

Typical examples of pragmatic, non-arbitrary thresholds in medicine include blood-pres-
sure values for diagnosing hypertension and BMI values for obesity, which can be se-
lected ‘because they roughly correspond to levels at which adverse health consequences
become more likely or health risks begin to accelerate’ (Haslam [2014], p. 14).

Our main critical targets are rather accounts that take a stronger ontological stance
and embrace the continuity thesis more decisively, thereby rejecting qualitative differ-
ences between health and pathology altogether, both epistemically and ontologically.
Such accounts take dimensionality (intended as the absence of thresholds) as an ontolog-
ical feature and/or claim that the dimensional approach does a better job than its alterna-
tives in capturing actual mental functioning and dynamics. In terms of existing categori-
zations, this interpretation of the continuity thesis would correspond to Haslam’s notion

of dimensions: on this view, stating that health and pathology are dimensional means that:
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there is not a delimited condition at all [and] for the sake of convenience, a cut-point may be
defined on the dimension so that the quantitative variation is simplified into a dichotomous

diagnosis. However, its placement is arbitrary. (Haslam [2014], p. 14).

A classic formulation of the continuity thesis as intended above may be found in Freud:

It is not scientifically feasible to draw a line of demarcation between what is psychically
normal and abnormal; so that distinction, in spite of all its practical importance, possesses

only a conventional value. (Freud [1938], p. 81)

There are two sets of sources that exemplify this type of perspective. The first set
includes diagnostic manuals and research programs in psychiatry. For instance, the DSM-
5 makes the point that the transition towards the dimensional framework would increase
the validity of the manual’s categories: here, the manual appears to endorse a (partial)
shift towards a dimensional view that would allow for a more realistic and empirically-
informed picture of mental disorders.!* The shift towards dimensional explanations is also
at times framed as a move from utility to accuracy (Phillips [2020], p. 664).

The second set of sources includes claims by researchers in genetics, psychiatry,
and philosophy. As we discussed throughout the article, several scientists (particularly
geneticists, but also neuroscientists and psychiatrists themselves) make claims in support
of the continuity between mental health and pathology. Meehl refers to this view as the

‘no types, only dimensions dogma’, citing Donald Paterson’s lectures in applied psychol-

ogy:

categorical terminology (e.g., ‘introvert,” ‘bright,” ‘thin’) is merely a convenient — and some-
times careless — way of demarcating rough regions on what are in reality quantitative traits,

dimensions, or factors. (Meehl [1992], p. 117)

!4 For instance: ‘A growing body of scientific evidence favours dimensional concepts in the diagnosis of
mental disorders. The limitations of a categorical approach to diagnosis include the fail-ure to find zones
of rarity between diagnoses (i.c., delineation of mental disorders from one another by natural boundaries),
the need for intermediate categories like schizoaffective dis-order, high rates of comorbidity, frequent not-
otherwise-specified (NOS) diagnoses, relative lack of utility in furthering the identification of unique ante-
cedent validators for most men-tal disorders, and lack of treatment specificity for the various diagnostic

categories’ (APA [2013], p. 733).
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Similarly, the no-joints-to-be-found argument (Kendell [1975], p. 131) is thought to be
supported by epidemiological and behavioural findings on the continuous distribution of
symptoms and impairments in nonclinical populations, ‘with no evidence of discontinui-
ties between affected and unaffected individuals’ (Hyman [2021], p. 12). Evidence from
genetics is also routinely recruited in support of this point (see §2 and §3.2). In this re-
spect, dimensional models are thought to capture phenotypic variation more accurately
and precisely through quantitative measures (Banicki [2020], p. 224). This move towards
accuracy also lies behind initiatives such as the RDoC, aimed at identifying relevant di-
mensions of functioning at various levels (from genetic to subjective self-report) and at
validating them as to inform future nosological revisions (Cuthbert [2014]). Finally, var-
ious philosophers of psychiatry (Keil et al., eds. [2017]) suggest that the continuity be-
tween health and pathology may be a feature of the outside world, that is, an ontological
aspect that generates epistemic uncertainty in drawing the distinction.

In the conventional-threshold view, we find the assumption that a dimensional un-
derstanding is ontologically and empirically more accurate than a categorical one. This
suggests the embracement of an ontological stance towards continuity rather than a
merely pragmatic one. Indeed, this use of thresholds reflects the commitment to a certain
view of the health/pathology relationship — that is, the view that there is no sharp, clear-
cut distinction between the two.

It should be noted that the difference between pragmatic and conventional uses of
thresholds may be subtle. Although the pragmatic view may involve only a small onto-
logical component, clinical and philosophical issues have important interconnections —
particularly in psychiatry. As a consequence, even the view that the threshold is pragmatic
is not completely neutral in philosophical terms. On the one hand, epistemological issues
can impact how practitioners behave: for instance, they may tend to adopt a pragmatic
view of the health/pathology distinction as a consequence of uncertainty at the epistemic
level. This might be due to the practical difficulty of drawing a line between health and
pathology or to sparse data on the aetiology of mental conditions (Aragona [2009]; Mur-
phy [2006]). Pragmatic uses of thresholds may also reflect ‘theoretical choices’ and a

specific interpretation of the data within a dimensional framework (see §3.1 and §3.2).
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On the other hand, it is plausible that (some aspects of) the view of thresholds as prag-
matic tools originated in the practice itself and then influenced theorizing. In this sense,
both the conventional-threshold view as well as its more pragmatic counterpart tend to be
connected to one type of ontological claims over others: take for instance claims such as
‘no thresholds exist beyond those that we adopt for conventional reasons’.

As we argue in the next subsection, the conventional-threshold view — intended as

a stronger, ontological thesis — raises several problems.

4.1 Theoretical issues of the conventional-threshold view

As we discussed in §2.1, the view that health and pathology are ontologically continuous
implies that typical ways of setting the threshold are somewhat arbitrary. For instance,
the thresholds and cut-offs adopted in the DSM involve the duration of symptoms or the
number of diagnostic criteria out of a checklist, and one may question whether there is
any actual difference between two individuals that present five or six diagnostic criteria,
for instance, or between individuals experiencing a given symptom for thirteen or four-
teen days. As we argued in §3.1, these worries seem more plausible in cases where a
unidimensional, quantitative characterization does not raise significant concerns, as in the
case of unidimensional variables like blood pressure, BMI, or height. For instance, one
could say that there is no ontological, sharp divide between individuals with a BMI of
twenty-four or twenty-five, although they are categorized as healthy and overweight, re-
spectively.

Yet, when we consider multidimensional and highly heterogeneous constructs like
mental disorders, the conventional-threshold view risks failing to grasp individual differ-
ences properly insofar as it takes ‘pathological’ forms of traits, as well as normality and
pathology, as extremes of a continuum. In such cases, the view that health and pathology
are continuous depends, at least in part, from the widespread practice of operationalizing
multidimensional collections of traits as single scores or comprehensive quantitative traits
(see §3.1).

From the perspective of genetics research, the conventional-threshold account
seems to make perfect sense given the presence of disease-associated alleles in the general
population (see §3.2). Although pathologies are usually diagnosed binarily, behavioural

genetics models interpret their genetic architecture as quantitative. On this view, the fact
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that pathologies vary discontinuously in populations is considered a pragmatic necessity
or a clinical contingency but, ontologically speaking, phenotypes and genotypes are
thought to be continuously distributed. However, we argued in §3.2 that this interpretation
is unwarranted as continuity at the genetic level tends to be postulated rather than ob-
served. Moreover, the data recruited to support dimensionality are open to alternative
explanations — ones that do not require seeing mental disorders as quantitative traits.

Here we aim to take a step further and show that the conventional-threshold view
is also biologically implausible. In particular, we argue that, to accept the ontological
continuity based on genetic data, it is necessary to assume that the relationship between
the genotype and the phenotype (G-P hereafter) is to an important extent linear, so that
genetic liability is reflected linearly at the phenotypic level. This assumption, however,
proves to be too strong. Let us see why and what this implies.

Generally speaking, the idea of G-P linearity is that genes have one-to-one effects
on the phenotype. Although in classical experiments and in rare Mendelian diseases we
can observe such a simple relationship, scholars unanimously reject the idea that linearity
could characterize complex traits involving pleiotropic effects, epistasis, and gene-envi-
ronment interactions (see DiFrisco and Jaeger [2019]; Griftfiths and Stotz, [2013]; Lynch
[2021])."> Notably, beyond psychiatry, linearity is a widespread assumption in quantita-
tive genetics models that attracted various criticisms (see Génin and Clerget-Darpoux
[2016]; Koi [2021]; Huang and MacKay [2016]; Nelson et al., [2013]; Serpico [2020]),
but these are admittedly idealized models that should not be taken literally.!®

15 Mendel’s data pointed at one-to-one associations between variation in single genes and variation in traits
(as in green versus yellow pea seeds). However, such a simple G-P relationship depended on the use of
cross-breeding techniques aimed at manipulating the genetic composition of populations of organisms: such
techniques allow geneticists to get organisms that are genetically identical (or similar enough) to each other
except for one gene; if such organisms are then exposed to equal environmental conditions, variation in one
gene can happen to make a difference at the level of the phenotype (see Burian and Kampourakis [2013];
Griffiths and Stotz [2013]; Lynch [2021]; Waters [2007]). Early geneticists (such as Morgan et al. [1915])
were aware that, in natural populations, the development of phenotypic traits is rather due to the interaction
between many genetic and environmental effects.

16 In early models like Fisher’s ([1918]), the linearity assumption was made to make sense of Mendel’s data
in the analysis of quantitative traits (this was an explicit aim of various scholars working at the crossroad
of biometrics and Mendelism). Here, the one-to-one effects detected by Mendel were reinterpreted in the

context of polygenic systems, where phenotypes are determined by many genes with additive effects (see
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Although the linearity of genetic effects has been questioned on multiple grounds,
the linearity assumption seems to lie at the heart of the conventional-threshold view. In-
deed, this view requires to postulate a direct relationship between genetic liability (and
genetic variation more generally) and variation in the severity of symptoms, so that: a) at
the individual level, the higher the genetic liability — the more disease-associated alleles
one has — the more severe the clinical condition; b) at the population level, the higher the
genetic liability — the more disease-associated alleles one has — the more ‘extreme’ (far
from average values) the phenotype value on a bell curve.

In other words, the conventional-threshold view (and genetics models more gener-
ally) sees the ‘position’ that individuals occupy on the ‘curve of symptomatology’ as de-
termined by their position in the ‘curve of liability’. Being on the far end of the distribu-
tion at the genetic level would then cause being on the far end at the phenotypic level.
Likewise, people with symptoms severity around the mean in any given pathology would

carry an average number of alleles associated with such pathology (Figure 1).
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§3.2). Thus, linearity came to involve additive changes at the phenotypic level caused by additive genetic

effects, as we represent in Figure 1.
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Figure 1: A graphical representation of the relationship between phenotypic variation (top) and genetic
variation (bottom) under the assumption that symptoms and alleles are normally distributed. If the geno-
type-phenotype relationship is linear, it can be assumed that the position that different individuals occupy
on the ‘phenotypic curve’ is determined by their position on the ‘genotype curve’ (the arrows represent this
relationship between individuals’ position on the two curves). For instance, individuals on the right (or left)
end of the genotype distribution — that is, individuals carrying more (or less) disease-associated alleles —
will also be on the right (or left) end of the phenotype distribution — that is, they will have more (or less)

severe symptoms.

Within the dimensional trend, many scholars seem to assume this sort of linearity across
the various levels of organisms. For instance, apart from Knopik et al. ([2017]) (already

cited in §3.2.), according to Plomin and colleagues,

quantitative traits need not be limited to symptoms of the diagnosed disorder but can occur
at any level of analysis [...] from gene expression profiles, to other ‘-omic’ levels of analysis,
to physiology and often to the structure and function of the brain. (Plomin et al. [2009], p.
874).

Recently, Hyman stressed a similar point:

Higher levels of genetic loading for a disorder are associated with increasing severity (and

thus increased likelihood of being above threshold for a diagnosis), greater persistence of

symptoms, and perhaps earlier onset. (Hyman [2021], pp. 10-13)

Recall that in §3.2 we argued that it is unwarranted to infer phenotypic continuity from
the continuity identified (or postulated) at the genetic level. In other words, it does not
follow from genetic continuity that the phenotype is quantitative all the way up to behav-
iour. In this section, we have shown that the same applies the other way around: from the
continuity observed at the symptoms level, it does not follow that biology is quantitative
all the way down to genes, unless one makes the very problematic assumption of G-P

linearity.

28



Crossing the Threshold

5. The Ontological-threshold Model
Throughout the paper, we argued that the conventional-threshold view (namely, the idea
that there is ontological continuity between health and disease) is vulnerable to several
conceptual problems. In a nutshell: a) it gives rise to demarcation issues; b) it encourages
a reductive view of complex pathologies that end up being operationalized along single
(or few) dimensions; ¢) it obscures the distinction between quantifiable and quantitative
phenomena; d) it implies linearity between genetic liability and symptoms severity.

Our aim in this final section is to propose a theoretical framework that avoids such
downsides. At the same time, we aim to accommodate the evidence usually marshalled
in favour of dimensional models, such as behavioural data on symptom distribution and
genetic data on disease-associated alleles (§2 and §3). To meet this range of desiderata,
we provide a characterization of mental disorders as complex states that are qualitatively
— rather than quantitatively — different from healthy ones. To illustrate and ground our
proposal, we draw on Waddington’s metaphor of the epigenetic landscape.

Before we delve deeper into our view of ontological thresholds, in the next subsec-
tion we start out by providing a characterization of mental disorders as constellations. We
also position our model with respect to two prominent metaphysical frameworks of men-
tal disorders and we explain how our proposal depicts the relationship between biological,

psychological, and environmental variables.

5.1 Mental disorders as constellations
Our theory borrows the term ‘constellation’ from Freud ([1895]) to describe individual
profiles as multidimensional states that include multi-level variables (symptoms, environ-
mental factors, biological underpinnings). This view of mental disorders naturally fits our
view since we aim to avoid the reduction of mental disorders to single (or few) quantita-
tive dimensions. One way to visualize mental disorders as constellations draws on sys-
tems biology, where biological systems are represented as ‘clouds of variables’ or net-
works of multi-level causal interactions and statistical associations.!” Mental disorders as

constellations are thus complex states where individual differences are determined

17 Recently, Olthof et al. [forthcoming] provided a characterization of mental disorders based on the vocab-
ulary of complex systems theory that nicely complements our analysis. We will mention some relevant

similarities between their framework and ours in §5.3.
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through the relevant biological and psychological characteristics (namely, through the
individual-specific group of variables).

Our notion of constellation has important similarities with contemporary cluster
and network theories that describe the causal and statistical relationships between the var-
iables associated with mental disorders. Our model predicts that some variables may be
absent in some individuals, or present themselves in different forms in different individ-
uals. In this respect, Homeostatic Property Cluster (HPC) models of mental disorders
(Hauswald and Keuck [2017]; Kendler et al. [2011]) fit our representation of mental dis-
orders as heterogeneous constellations where no single variable is individually necessary.
The ‘homeostatic nature’ of constellations clarifies that different individuals may be di-
agnosed with the same mental disorder while sharing only some of their properties. More
specifically, a cluster-like framework that nicely fits our model is Slater’s ([2015]) Stable
Property Cluster (SPC) theory, which accounts for the statistical interconnection of vari-
ables in property clusters — while also accommodating the explanation of the intercon-
nection among symptoms provided by network models (such as the fact that some symp-
toms can generate other symptoms).!®

Remarkably, SPC provides a metaphysically-neutral account that avoids reference
to causal notions that would explain why or how properties cluster together.!® This neu-
trality is important for our purposes as regards the identification of what variables are
relevant for the definition of the constellation that represents a mental disorder. What
matters, to us, is the stable and statistically relevant interconnection of the variables that
constitute a constellation. In this sense, assessing what variables should be included in a

cloud for it to be deemed as pathological is a question beyond the aims of our model: this

18 Network models similarly characterize mental disorders as arising from interactions between symptoms,
as opposed to seeing them as effects of a common cause or latent variable (Borsboom [2017]; Borsboom et
al. [2019]; Robinaugh et al. [2020]). For instance, in cases of major depression, a network of symptoms
including insomnia, fatigue, and loss of concentration tend to co-occur and self-sustain over time through
positive feedback mechanisms (insomnia — fatigue — loss of concentration — see Cramer and Borsboom
[2015]).

19 Indeed, SPC can be seen as an interpretation of Boyd’s ([1999]) formulation of HPC according to which
a homeostatic mechanism may be unnecessary to account for the stability of clusters (see Slater’s notion of

cliquish stability).
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will depend on clinical considerations and empirical data (including data from neuroen-
docrine research, for instance).?’

Likewise, our account is neutral as to whether a given constellation qualifies as
‘healthy’ or ‘pathological’ or to what framework (naturalism or conventionalism) would
better capture the distinction between health and pathology. We subscribe to a pluralist
view according to which the definition of health and pathology involves several factors
(biological, psychological, social, practical), also connected to highly contextual consid-
erations about what counts as harm (Cooper [2005]), the role played by socio-political
movements (Kapp and Ne’eman [2020]), and normative judgments aimed at avoiding
negative social or clinical outcomes (Cooper [2015]; Solomon [2017]; Zachar [2015]). In
this sense, our model is not tied to any specific nosology: each reliable and valid psychi-
atry category can be seen as a distinct cloud of variables that includes any symptoms,
psychosocial, developmental, and biological factors that may been found to be relevant
for the definition of a constellation associated to pathological states.

Although both network and cluster frameworks are compatible with our proposal
that mental disorders are constellations (rather than single traits or dimensions), there are
two additional aspects that our model aims to account for: the multi-level nature of mental
disorders and the key role played by the time variable.

Let us start with a few considerations on the first aspect. In classic formulations,
network models rest on the assumption that symptoms should be taken as the relevant
unit of analysis (see Borsboom [2017], p. 7). This assumption has been criticized for mul-
tiple reasons, including disregard for aetiology and risk of reductionism (Elbau et al.
[2019]; Ward and Fisher [2019]). Since then, other versions of network models have at-
tempted to address these criticisms by broadening their focus to variables other than

symptoms, such as degree of functional impairment, life events, and so on (see Fried and

20 Like our model, most network and cluster theories are quite ‘liberal’ in terms of their empirical content
and thus abstract away from details on the actual realization of symptoms. For instance, Borsboom et al.
([2019]) target the robust patterns of covariation among symptoms, regardless of their underlying causes,
while other network models (Bringmann et al. [2022]; Fried ef al. [2017]) assign different weights to the
connections among symptoms and focus on how networks change dynamically over time (for a comparison
of causal vs. non-causal cluster theories, see Onishi and Serpico, 2022). Recent approaches devoted to
analyzing multi-level complexity, such as computational psychiatry (Huys et al. [2016]), may provide use-

ful insights as regards the identification of the relevant variables in a constellation.
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Cramer [2017]). Although we welcome these developments, our model starts out from a
more holistic perspective that characterizes individual differences in terms of their multi-
level properties, be they biological, developmental, environmental, or behavioural
(namely, any variable that is relevant for the temporal development of a constellation).
By embracing an epigenetic approach more decisively (see below), our model need not
make a principled decision about which unit of analysis we deem to be central, as con-
stellations emerge — by definition — from the complex interaction of multi-level factors.

Second, our model offers a way to think about healthy and pathological states that
sheds light on their development, placing the time variable at the core of the model. In
this respect, it combines some aspects of cluster models — specifically, the idea of mental
disorders as SPC kinds — with epigenetics. As it will become clear in §5.2 and §5.3, em-
bracing a time-sensitive, epigenetic perspective represents a key conceptual shift that, in
our view, should be integral to an account of mental disorders.?! Through the notions of
canalization and plasticity, our model provides a vision of how constellations associated
with a given diagnosis tend to develop over time and what implications this has for clin-
ical practice and theorizing.

In this next subsection, we provide a clearer characterization of our model that en-
compasses all the aspects discussed above. In our view, mental disorders are constella-
tions embedded in an epigenetics framework, where they dynamically develop over time

and in response to biological, psychological, and environmental changes.

5.2 Mental disorders as stable and dynamic qualitative states
Besides the advantages listed above, embracing an epigenetic framework for mental dis-
orders allows us to address some of the theoretical problems generated by the conven-

tional-threshold view (see §4.1). Specifically, rather than placing arbitrary thresholds on

2L Although network models shift the focus from a static to a dynamic view of mental disorders (Wichers et
al. [2017]), their classic representation as structures with nodes and edges does not directly incorporate the
time variable in any strong sense. As a consequence, network theories seem to be more suited to capture
some disorders — such as episodic or chronic conditions with a more or less well-delineated onset — but
accommodate less obviously conditions that include rapid transitions (manic episodes) and much slower
trajectories (autism) (Borsboom [2017], but see Deserno et al. [2018]. See also Bringmann [2021]; Ro-
binaugh et al. [2020], for more recent discussions on how to incorporate the appropriate timescales in net-

work models).
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a continuum of genetic risk, it is worth considering the possibility that thresholds are
‘genuine’ ontological features. Genetics textbooks sometimes discuss this hypothesis as
the view that, although liability is normally distributed, a disorder only occurs when a
certain threshold of liability is exceeded (Knopik et al. [2017]; Pierce [2017]). In this
sense, thresholds can be described as ‘switch-points’ where the accumulation of risk fac-
tors brings about a systemic change from health to pathology. However, for most condi-
tions, qualitative changes from health to pathology are unlikely reducible to genetic fac-
tors, as such systemic changes require the interaction of genetic, epigenetic, and environ-
mental effects. Therefore, an account limited to the genetic level would fail to capture the
appropriate degree of complexity.

Beyond genetics, the ontological interpretation of thresholds is still underexplored
in the literature (for some exceptions, see Koi [2021]; Mottron [2021]; Serpico [2020]).2
In what follows, we propose a comprehensive way of framing the notion of ontological
threshold by availing ourselves of the conceptual architecture described by Waddington’s
epigenetics (Waddington [1941], [1968/2008]). In his renowned epigenetic landscape
(Figure 2), Waddington depicted biological development as a process where a ball rolls
down a sequence of valleys (which he called ‘chreods’), where each sequence represents

a given developmental trajectory.

22 Threshold traits are mostly investigated in the study of sexual and morphological development and envi-

ronmental stress tolerance (Milton et al. [2006]; Ostrowski et al.[2000]; Roff e al. [1997]).
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Figure 2: A representation of the epigenetic landscape with additional details to illustrate our ontological-
threshold view. Different balls and arrows represent alternative developmental trajectories that an organism
can take. At various developmental stages (t1, t2), we can observe bifurcations in the trajectory that repre-
sent ontological thresholds. Letters represent alternative endpoints of such trajectories: in our proposal,
each letter corresponds to a state of the system that can be associated with healthy or pathological condi-

tions.

In this framework, different phenotypic variants can be conceptualized in terms of bifur-
cations that create alternative pathways in a given trajectory, that is, branching points
where the organism can take one path or another. We suggest that ontological thresholds

between healthy and disordered states may be characterized as bifurcations of this sort.??

23 Although we contend that such a view captures most mental disorders as we currently know them, we
are open to the possibility that — at least for some conditions — a conventional-threshold approach may be
more appropriate. This is obviously an empirical question, whose answer would hinge on whether the un-
derlying lower-level mechanisms — such as serotonin reuptake — would be directly and linearly correlated
with relevant increase (or decrease) in terms of intensity, frequency, and/or duration of symptoms. In such

a scenario, a mental disorder would be more amenable to a truly quantitative explanation (see §3.1) and the
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A threshold would be the location in which a branching point is created (in Figure 2, t1
and t2), from which we could observe a discontinuity between alternative states of a bio-
logical system. In our vocabulary, this would be the point where a different constellation
has emerged. Crossing a threshold would thus imply entering a specific state (metaphor-
ically: entering a new chreod) that differs qualitatively — rather than quantitatively — from
others. For example, a clinically-relevant threshold is crossed when we observe the
change from the prodromal phase of psychosis to the onset of a frank psychotic episode,
or from occasional depressive episodes to the chronicization of a depressive disorder.
By embedding the notion of constellation within Waddington’s epigenetic frame-
work, our model depicts mental disorders as complex states that are both stable and dy-
namic, which in turn facilitates a time-sensitive description of psychological transitions.
As we mentioned in §5.1, following the development of constellations over time is what
allows us to capture the relevant transitions between healthy and disordered states, as well
as the trajectories that bring about clinically-relevant changes. On the one hand, since
organisms are robust systems, constellations are stable: as Waddington clarifies, devel-
opment becomes canalized over time within specific trajectories of steady states (meta-
phorically, sequences of chreods). A clinical example here would be neurodevelopmental
conditions, like autism, which become canalized at an early age and significantly con-
strain further development in core areas such as cognition and language.?* On the other
hand, since organisms are also flexible systems, constellations constantly develop and
change in response to environmental stimuli and epigenetic interactions. In many cases,
recovery from mental disorders is possible, pharmacological and psychological treat-
ments are fairly effective, and life events may exercise a key role in pushing an individual
across the relevant threshold in one sense or another — that is, they may enhance risk or
provide protection (Petrolini [2021]). Given the characteristics above, psychological de-

velopment can be understood as a ‘stabilized flow’ of transitions from one constellation

threshold between health and pathology could be drawn conventionally (similarly to what happens, for
instance, with blood pressure).

24 Barring special cases such as Loss of Diagnosis (Fein ef al. [2013]), autism seems to exemplify a trajec-
tory that exhibits specific constraints. For example, if a child does not develop language by the age of five,

it is unlikely that they would do so as time progresses.
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to another (see Waddington’s notion of homeorhesis, [1968/2008]). This allows for a sig-
nificant degree of individual heterogeneity to co-exist with a sufficient degree of stability.
As we explain further in §5.3, such stability supports clinically-relevant inferences and
generalizations, both in terms of between- and within-individuals comparisons. This can
occur despite the heterogeneity in constellations, that is the fact that clouds of variables
can vary across individuals or in the same individual over time.

Another key aspect of our proposal is that health and pathology are better under-
stood as qualitatively different states, rather than as states varying on a continuum. Alt-
hough constellations, as we described them, are composed of individual elements that are
likely to include both quantitative and binary variables (quantifiable symptoms/dimen-
sions and variables that are either present or not), two arguments prevent us from seeing
whole constellations as quantitatively different from one another.

First, as we explained in §3.1, mental disorders are likely to be too complex to be
aptly captured by quantitative characterizations of individual differences in terms of con-
tinuum or degrees — be they unidimensional or multidimensional. Although diagnostic or
psychometric tools may be used to pragmatically assess individual symptoms and global
constellations quantitatively (take ADOS-2 scores), this does not imply that mental dis-
orders are inherently quantitative. To exemplify, let us consider an ADOS-2 test including
items assessing two variables: communication and social interaction, and restricted and
repetitive behaviours. To obtain the general ADOS score, the individual scores are com-
bined into a single one. Individual differences would thus be represented through varia-
tion in such a single score. Yet, two individuals may have similar ADOS scores, but still
very different profiles in terms of social abilities and repetitive behaviours. In cases of
this sort, information about the individual profiles will get lost if we limit our analysis to
the quantitative variation in one single score. The complexity skyrockets if more than just
two variables are considered, as it is usually the case in real-world scenarios where we
have dozens of abilities involved.

Second, a continuous phenotypic distribution would imply a quite liberal and con-
tinuous transition from one chreod to another, regardless of the ‘topological distance’
(metaphorically speaking) between each chreod. This would be misleading because, as
we will argue in more detail in §5.3, the transition from one complex state to another is

often significantly constrained (see the example of autism above). In fact, such transitions
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tend to involve only chreods that are ‘closer’ to each other and occur only through the
generation of new pathways (which, if we are correct, requires stable qualitative changes
in a system). Indeed, transitions from one state to another arguably require durable and
high-impact changes in the relevant constellation that are better described in non-contin-
uous terms.

As a consequence, despite the heterogeneous composition of each constellation,
the general distinction between one constellation and another — that is, between two al-
ternative states of a system — is better understood as qualitative (for a similar conception,
see the notion of phase transition in Olthof et al., [forthcoming]). A purely quantitative
description seems thus unable to satisfactorily capture variation in such complex traits.
Yet, this does not imply that our model rejects the idea of quantitative differences whole-
sale, as quantitative differences are probably involved at the level of single variables. But,
if we consider a whole constellation — that is, a complex state that can be associated with
mental illness — our point is that (most) individual differences are better described as
qualitative (but see footnotes 23 and 26). If this is correct, it would be misleading to com-
pare health and pathology quantitatively, for instance by saying ‘I am more depressed
now than [ was when I was healthy.” We acknowledge that this vocabulary may be — and
often is — used as a rough heuristic, but it risks mischaracterizing the underlying dynamics
at play. We also acknowledge that, in many cases, quantitative measures and assessment
tools are used pragmatically and without strong ontological commitments. Our proposal
is compatible with quantitative methods still being employed methodologically, with an
increased awareness of their features and implications. For example, tools such as the
ADOS should not be presented and communicated as the be-all-and-end-all when it
comes to diagnosis, but rather as components of a complex constellation that includes a
multiplicity of variables.

Finally, our proposal is compatible with the idea that assessing individual differ-
ences may generate epistemic uncertainty and involve pragmatic aspects. Yet, ontologi-
cally speaking, capturing the difference between healthy and pathological states requires
reference to qualitative, systemic changes. We now move on to fleshing out the clinical

significance and implications of our model.
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5.3. Clinical implications: individual differences and individual development

As we mentioned above, in our model psychological development can be understood as
a ‘stabilized flow’ of transitions from one constellation to another. Such a framework
allows us to comprehensively describe both between-individual differences and within-
individual development. These aspects are clearly important in clinical settings: while
between-individual variation provides us with tools to think about disorders in epidemi-
ological terms, within-individual development allows us to better understand a disorder’s
trajectory and assess degrees of individual risk, as well as to predict relevant transitions
in terms of vulnerability, relapse, and recovery.

With respect to between-individual variation, our view predicts that in some cases
the chreods of different individuals will be sufficiently similar to ground epidemiological
and statistical comparisons. This is crucial when it comes to comparing individuals who
exhibit similar clinical profiles and who are therefore likely to receive the same diagnosis.
Indeed, people who are diagnosed with a given condition are more likely to share specific
symptoms and/or biomarkers, and some states can be frequently associated with each
other (as in the case of comorbidities). For instance, agoraphobia might be more similar
to social anxiety disorder than to major depression.

Theoretically speaking, a good model of mental disorders should be able to capture
different instances of a given condition (‘Autism spectrum disorder’, for instance) when
they present themselves in ways that are qualitatively similar to each other. Our model
nicely meets such a generalization criterion based on the study of similarities among the
constellations of different individuals. Starting from individual constellations, we can
make generalizations and identify statistical regularities. For instance, different constel-
lations may be more similar than others as two chreods in the epigenetic landscape can —
metaphorically speaking — be spatially closer to one another, generating similarities be-
tween the associated endpoint states (in Figure 2, A is closer to B than to C, for instance).?’

This would account for the differences and similarities that we observe in clinical

symptoms, but also for the overlapping distribution of biomarkers and genetic risk factors

25 Our use of spatial concepts like closeness and distance — when we say that two disorders can be ‘topo-
logically closer’ than others — plays a metaphorical role in our model. When we think about psychological
profiles, beyond the graphical representation of the epigenetic landscape, better suited concepts are those

of similarity and difference.
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across categories. Such similarities would also allow for fruitful comparisons among pa-
tients with similar profiles and guide clinical decisions in terms of diagnosis, treatment,
and prevention.?®

One may wonder, however, how to make sense of between-individual variability in
any given constellation that is associated with a psychiatric diagnosis, especially if each
individual follows a ‘unique’ developmental trajectory. Indeed, as we construed constel-
lations in our model, each healthy and pathological state corresponds to a specific con-
figuration of a group of variables that stabilizes over time due to an individual’s epige-
netic history. Similar questions have plagued psychiatry since its birth: this field deals
with very individualized problems, such as internal feelings and personal narratives, and
yet, it sets out to draw general conclusions, thus seeking to identify regularities and sim-
ilarities among individuals that can inform nosology, diagnosis, and treatment. Our model
acknowledges that phenotypic development is extremely individualized, meaning that
each individual can be subject to a unique epigenetic history (intended here as the inter-
action between contingent genetic characteristics, environmental exposures, and experi-
ences). However, through the notion of robustness, flexibility, and canalization, the model
meets the generalizations demands delineated above. Waddington himself analysed the
problem of between-individual differences through the notions of species-level develop-
mental canalization and robustness, which denote the ability of an organism to bypass
minor genetic and environmental perturbations and develop as a typical individual of its
species under a normal set of conditions (see Debat and David [2001]). On this view,
different individuals of the same species may end up being phenotypically similar with

each other although their developmental trajectory may differ to some degree. In this

26 Although our model does not take a definite stance with respect to nosological changes (see §5.1), at least
in its initial applications, our framework would provide clinicians with a way to better systematize individ-
ual differences (in terms of quantitative and qualitative changes) and track them over time. Once a substan-
tial amount of data will have been collected, and statistical regularities among individuals will be identified,
we would be in a better position to determine whether a given condition is better captured by a categorical
or dimensional description. Robust and stable discontinuities in the relevant Waddington-like landscapes
would point towards categorical descriptions, whereas their absence would suggest continuity with non-
clinical manifestations. In the latter scenario, nosology could also be revised accordingly, for instance by
adopting a dimensional outlook on disorders that are now conceived of categorically, or by expunging these

disorders from classification manuals in virtue of their continuity with healthy states.
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sense, some phenotypic traits supervene on the specific epigenetic story that generates
them or, in other words, traits are multiply-realizable not just at the molecular level, but
in epigenetic terms more broadly. Likewise, the fact that each individual has a personal
epigenetic story does not imply that constellations are incommensurable: rather, they are
somewhat stable and generalizable because mental conditions — like any phenotypic trait
— involve some degree of species-level canalization and multiple realizability. For in-
stance, different individuals can end up with similar psychological states (intended as end
points in the developmental trajectory) even if they do not share the very same environ-
mental influences, experiences, biological features, and genetic aetiologies.

Let us now turn to within-individual variation. An intriguing application of our
model regards the analysis of psychological development over time (what we call ‘trajec-
tory’). Conceiving of health and pathology as qualitatively different states helps us re-
frame various aspects of individual development, including an individual’s history, bio-
logical makeup, environmental influences, and so on. Moreover, our model allows us to
bring into sharper focus a crucial aspect of psychological development, namely the dy-
namic transition from one state to another. Below we consider two types of transitions:
from at-risk states to pathological ones (vulnerability) and from pathology to health (re-
covery).

Within the dimensional trend, at-risk states are usually considered transitional con-
ditions that differ from pathology only quantitatively. Indeed, individuals in such states
may look, for instance, ‘less depressed’ than their clinical counterparts, while at the same
time appearing ‘less healthy’ than non-at-risk individuals. As we mentioned in §2.1, such
states thus give rise to several demarcation issues (for instance, Keil and Stoecker, [2017],
talk about vagueness of ‘grey areas’ between health and disease). Our model could side-
step these issues as follows.

As we mentioned, our view is that health and pathology are states that are both
stable and dynamic. Thanks to such ‘robust flexibility,’ it is possible to observe relatively
stable transitions between one state and another where individuals may stay ‘on the brink’
for longer periods of time (Petrolini [2021]): we dub such conditions brink states (Figure
3). Although brink states are certainly transitional, they are also sufficiently stable to be

regarded as states in their own right, intended as specific configurations of the epigenetic
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landscape at a given time, which differ significantly from those associated with healthy

and disordered ones.

3

Pathological Brink Brink  Healthy
State State I - State 2 State

Figure 3: A representation of an epigenetic landscape involving at-risk states. Brink state 1 represents a
state that is ‘closer’ to a pathological state and is thus more likely to gravitate towards it depending on
external circumstances, at a subsequent bifurcation that is not represented in the picture. By contrast, Brink

state 2 is ‘closer’ to a healthy state.

Such a conceptualization of vulnerability is also corroborated by data on ‘at risk’, “ultra
high risk’, and ‘clinical high risk’ mental states (Fusar-Poli et al. [2016]). Although these
constructs are successful in identifying segments of populations that are more liable to
develop clinically relevant conditions (Broome et al. [2005]; McGorry et al. [2006]), they
also include individuals who fail to develop a psychiatric disorder in the following two to
three years (Ajnakina et al. [2019]). In other words, it looks like some individuals go from
being vulnerable to developing a fully-fledged psychiatric condition — they cross the

threshold from vulnerability to a pathological state — while others stay vulnerable indefi-
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nitely or revert to a condition of mental health — they cross the threshold from vulnerabil-
ity to a healthy state. This suggests that brink states are to some extent independent of
healthy and pathological ones, as they are able to branch into both depending on the in-
dividual’s circumstances. Moreover, the fact that at-risk states may last for months/years
speaks to their robustness, especially when contrasted with intermittent experiences of
psychiatric symptoms that may be due to local causes (such as experiencing low mood
due to sleep deprivation or drug-induced manic states). We should thus see brink states
as qualitatively different from non-brink states — that is, states that we usually associate
with health or well-established diagnoses — as opposed to conceptualizing them as grey
areas.

The distinction between brink and non-brink states may be further refined through
the notion of attractor state. In the terminology of dynamical systems theory, some con-
figurations of a system are more stable over time, more robust, and — most importantly —
more capable of attracting a system towards themselves. In our framework, health and
disease work like attractor states: in virtue of their internal characteristics, they have the
potential of attracting an individual towards a given developmental trajectory.?’” When an
individual is ‘on the brink’ of depression, for instance, any relevant factor (environmental
triggers or life events) may tilt the trajectory towards the ‘closer’ and more stable attractor
state in the vicinity. The nature of the transition — from at-risk to clinically relevant, or
from at-risk to out-of-risk — is then determined by whether the relevant attractor state is a
healthy or a pathological one (Figure 3).

This characterization of risk states avoids the demarcation issues and the double-
thresholds problems discussed in §2.1. Indeed, brink states may be understood as suffi-
ciently stable states rather than attenuated versions of pathological states, although they
are likely to gravitate towards more robust states such as healthy and pathological ones.

Let us turn to the transition from pathology to health, namely, recovery. Conceptu-

alizing mental disorders as stable states that develop over time has major implications for

27 A similar notion is provided by Huang ([2012]), who defines stable attractors as distinct epigenetic states
and analyses them within the mathematics of network dynamics and molecular biology. See also the notion
of stable regimes in Jaeger and Monk ([2014]); van de Leemput ef al. ([2014]) on the similar construct of

‘tipping point’; Olthof et al. [forthcoming] for a recent proposal on health and pathology as attractor states.
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intervention and treatment. Since development follows the time arrow, the range of de-
velopmental potentials narrows down over time. In other words, one never truly goes back
from the present state (t3 in Figure 3) to a previous one (t1 or t2) where there was a
bifurcation of development that pushed the individual towards pathological states. This
suggests that, depending on the individual’s developmental stage, interventions may not
have ‘unlimited power’ in shaping the future path. We already saw, through the example
of neurodevelopmental conditions, that some mental disorders are significantly canalized
and particularly resistant to radical changes in trajectory.

In this sense, the key role played by time in our model also provides insights on
how to understand the role of healthcare in patients’ treatment and recovery processes. In
our framework, achieving or retrieving health should be conceptualized in terms of the
generation of novel states or constellations (metaphorically, new chreods), rather than as
the return to previous healthy states.?® Such newly generated states are — again — qualita-
tively different both from disordered and from previously held healthy states. This does
justice to a powerful observation in clinical practice: if a patient effortfully achieves a
relatively healthy state after having experienced a disordered one, their state will differ
from that exhibited by a person who had never fallen ill in the first place. This may be
connected with data on high risk of relapse for many mental disorders (depression and
addiction are prime candidates here), as well as contribute to explaining why some psy-
chiatric conditions are remarkably resistant to treatment. After all, the generation and
maintenance of a novel qualitative state requires bringing about significant and stable

changes.

6. Conclusions
In this paper, we explored major shortcomings of the dimensional trend in psychiatry and
proposed an alternative framework that regards mental disorders as constellations of
multi-level variables that are qualitatively different from healthy states. First, we showed
that the dimensional trend is motivated by the observation of continuity between health
and pathology at different levels of analysis — we focused specifically on behavioural,

symptomatic, and genetic levels (§2). Such heterogeneity, together with unaddressed

28 Olhof et al. [forthcoming] suggested a similar idea, according to which ‘interventions are not necessarily

aimed at ‘reversing’ the processes that caused psychopathology in the first place’.
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philosophical questions, leaves the door open for remarkable oversimplifications regard-
ing how to characterize the distinction between health and pathology. Second, we argued
that the idea of ontological continuity (and the related thesis that the health/pathology
threshold is conventional) relies on an interpretation of the nature of psychological traits
that, although widespread, comes with important misunderstandings of quantitative data
from various sources — ranging from clinical observation, to psychometrics, to behav-
ioural genetics models (§3-§4). Finally, we introduced a theoretical model that takes the
threshold between health and pathology to be ontological rather than conventional or
pragmatic. Our proposal is embedded within the general framework of cluster and net-
work theories of mental disorders (§5.1). However, it complements these models with
insights from developmental biology and epigenetics, particularly regarding the charac-
terization of individual differences in terms of their multi-level properties and the central-
ity of time in the analysis of psychological development (§5.2-§5.3).

The model we propose has some important advantages over both categorical and
dimensional approaches. Contra traditional categorical approaches, it avoids essentialist
labels and stigma. Indeed, the fact that mental disorders are qualitatively different from
healthy states does not imply that they fall outside the range of human variation. Rather,
we see mental disorders as dynamic and individualized states that cannot be reduced to
empty and potentially dehumanizing labels. Moreover, our model does justice to the dy-
namic and diachronic nature of psychological development. In Waddington’s framework,
the valleys of the epigenetic landscape develop over time and contextually in response to
epigenetic regulation of environmental stimuli and experience. In this sense, the develop-
mental trajectory is not predetermined, but is rather construed ‘in the present moment’
through a constant flow of multi-levelled interacting processes. This allows us to make
sense of the influence that life events — along with several other factors — exercise on
health and pathology by modifying the path in significant ways.

As regards dimensional approaches, our model does justice to the idea that symp-
tom severity varies quantitatively along some relevant dimensions. Yet, it avoids potential
downsides of dimensional frameworks, such as the reduction of individual variability to
single (or few) quantitative dimensions, the idea that mental disorders are normally dis-

tributed in the general population, and serious demarcation issues.
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In terms of clinical implications, one of the main benefits of our model is that it
allows us to make sense of the robustness of clinical conditions that we observe in many
real-world scenarios. As we explained above, a continuity view would imply that an in-
dividual can change its development trajectory on a continuum (from one condition to
another). Although we do not deny that such transitions may occur in some cases, they
are much more difficult to achieve when it comes to more canalized (temporally stable)
conditions. As we argued, this means that some developmental pathways might be una-
vailable from a given starting point, and that recovery always implies creating new states
as opposed to reverting to previous ones.

One last benefit of defining health and pathologies in qualitative terms concerns
pragmatic aspects that force clinicians into binary decisions. Within the dimensional
trend, binary diagnosis is sometimes perceived as an inescapable burden that forces cli-
nicians to set up thresholds in the absence of any ‘natural’ discontinuities. We provided
some epistemological, non-pragmatic reasons to retain a binary system: if pathologies are
qualitatively different from health, and if they are states that get more stable over time,
then the diagnostic process maps individual-level dynamics more accurately than the al-
ternative. If we are correct, a psychiatric diagnosis would indeed capture something im-
portant about a person’s profile, for instance that they have entered a state that is qualita-
tively different from others. In this sense, binary diagnoses would better reflect the func-

tioning of complex systems as described by developmental biology.
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