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Abstract

The biopsychosocial model is perhaps the most widely accepted model of mental health. Yet, the
model is also surprisingly limited, failing to provide clear guidance for clinical research. In this
paper, we join recent efforts to chart a path forward for the biopsychosocial model, arguing that
the success of this framework will hinge on our ability to engage in transdisciplinary
collaboration. We begin by showing that the biopsychosocial model is a systems model and that
collaboration with researchers studying systems in other disciplines will, therefore, afford insight
into the nature, etiology, and treatment of mental disorders. We then illustrate how biological,
psychological, social, and environmental systems all contribute to mental health and argue that
advancing our understanding of mental health will, therefore, require collaborative integration of
work from across domains of science. We conclude with three concrete steps that can help move

us toward a transdisciplinary systems science of mental health.
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The Future of the Biopsychosocial Model:
Toward a Transdisciplinary Systems Science of Mental Health

“If and when a general-systems approach becomes part of the basic scientific and philosophic
education of future physicians and medical scientists, a greater readiness to encompass a
biopsychosocial perspective of disease may be anticipated.”

- Engel, 1977

Nearly a half century ago, George Engel proposed that medicine needed a new
framework for understanding disease (Engel, 1977). Engel argued that the dominant model of
that time, the biomedical model, was untenably reductionist, assuming disease “to be fully
accounted for by deviations from the norm of measurable biological (somatic) variables” (Engel,
1977, p. 130). This reductionism, he argued, was dehumanizing, did not do justice to the
complex landscape of issues that patients face, and impeded our ability to understand and treat
disease. To better account for, prevent, and treat disease would require a model that considers not
only the biological, but also the “social, psychological, and behavioral dimensions of illness.”
(Engel, 1977, p. 135).

In some respects, it is difficult to overstate the impact of Engel’s work. His initial
proposal has accumulated more than 21,000 citations and the biopsychosocial model is now
arguably “the most widely accepted model of health and disease in contemporary medicine”
(Maung, 2021, p. 6). It is a fixture of clinical training and there is an enormous body of empirical
work supporting the position that biological, psychological, and social factors all play a role in
the development and treatment of disease. Perhaps nowhere has the influence of this model been
stronger than in the context of mental health research and practice, where few researchers or

clinicians today would dispute the notion that factors across levels of analysis play important
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roles in the development and treatment of psychopathology (Pilgrim, 2002). The biopsychosocial
model, it seems, is everywhere (Davies & Roache, 2017).

Yet, Engel’s legacy is not unequivocally positive. Critics have argued that the
biopsychosocial model is not really a model at all, but rather something more akin to a slogan: a
call to arms that implores us to look beyond biological factors alone but fails to provide concrete
guidance for clinical research or practice (Ghaemi, 2010, 2011; McLaren, 1998). From this
perspective, the popularity of the biopsychosocial model is not because it provided a paradigm
shift in our understanding of disease, but because of its diffuse permissibility: a framework from
which researchers of all stripes are free to carry out their research. As noted by Davies & Roache
(2017), the biopsychosocial model may be everywhere, but it is also nowhere.

In recent years, considerable efforts have been made to strengthen the biopsychosocial
model and lay a path for its future (e.g., Aftab & Nielsen, 2021; Bolton & Gillett, 2019; Davies
& Roache, 2017; Maung, 2021). For this special issue on interdisciplinary collaboration and
clinical psychology, we aim to make a small contribution to these efforts, arguing that the
success of the biopsychosocial model will rely on transdisciplinary collaboration: work that
transcends traditional disciplinary boundaries and is unified by its focus on understanding and
promoting mental health. Drawing on insights from our multi-disciplinary authorship team, we
will begin by arguing that the biopsychosocial model is a systems model and that, as such, the
transdisciplinary field of systems science has a great deal to offer mental health researchers. We
will then illustrate how systems across domains of analysis affect mental health phenomena and
argue that genuine progress in our understanding of mental disorders will, therefore, require an

integration of work carried out by researchers working across domains of science. Given this
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need for collaboration across disciplines, we conclude with a discussion of three steps
psychologists can take to move toward a transdisciplinary systems science of mental health.
Systems Science and Mental Health

A central criticism of Engel’s proposal is that he focused much more on the limits of the
biomedical model than he did on the specifics of the new model he was proposing (Ghaemi,
2010; McLaren, 1998). However, Engel did provide one significant theoretical pillar for the
biopsychosocial model, arguing that it “is based on a systems approach” (Engel, 1980, p. 535),
specifically, the biologist Ludwig von Bertalanfty’s General System Theory (Bertalanffy, 2009).

The core premise of Von Bertalanffy’s theory was that there is consistency in the
structure and dynamics of systems across levels of analysis and across substantive domains.
Because of this consistency, the principles governing the behavior of a system in one scientific
domain can provide insight into how a system in another scientific domain may operate.
Although cursory, Engel’s incorporation of this framework seems increasingly prescient. In the
years since Engel’s proposal, General System Theory, alongside cybernetics, information theory,
chaos theory, network science, and other pioneering ideas of the 20th century have blossomed
into the innovative and deeply impactful transdisciplinary field of systems science (Barabasi,
2012; Mobus & Kalton, 2014). Moreover, in recent years, the notion that mental disorders
emerge from complex systems of interacting components has seen a resurgence of interest (e.g.,
Borsboom, 2017; Hayes & Andrews, 2020; Nelson et al., 2017; Olthof et al., 2023; Schiepek &
Pincus, 2023), and researchers collaborating across ecology, psychiatry, and psychology have
used the consistency of system behavior across substantive domains to glean insights into the
systems that may underly mental health (e.g., Lunansky et al., 2021; Scheffer et al., 2024a,

2024b; Van De Leemput et al., 2014). In this section, we draw from these and other insights to
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illustrate how collaboration with systems-focused researchers across disciplines can advance our
understanding of (a) the nature, (b) the development, and (c) the treatment of mental health
problems.

Ecology and the Nature of Mental Disorders

Some of the most valuable contributions to our understanding of how systems operate
have come from the study of ecosystems. Ecosystems typically comprise a community of species
in a physical environment. To understand these systems, ecologists investigate the interactions
among species and their environment and the phenomena that emerge from these interactions. In
doing so, ecologists have learned that, in some ecosystems, the interactions among system
components can produce alternative stable states (or “attractors”): two or more clearly different
states that can exist under the same set of external conditions (see Table 1 for a glossary of terms
from systems science relevant to mental health). Once an ecosystem has moved into a stable
state, it is often difficult to move the system away from that state. A classic example are shallow
lakes in which water tends to be either clear (due to water plants that suppress algae) or turbid
(i.e., filled with algae and suspended matter; Scheffer & Van Nes, 2007). Once a lake moves into
a stable state of high turbidity, it is difficult to shift the lake back into a state in which the water
is clear and dominated by water plants. The extent of this difficulty is referred to as the stable
state’s resilience. The more resilient the stable state, the more difficult the shift becomes.

The surprising insight at the heart of Von Bertalanffy’s General System Theory is that a
shallow lake ecosystem can provide considerable insight into our understanding of substantively
very distinct phenomena, including mental health (Scheffer et al., 2024b). Just as an ecosystem is
the product of complex interactions among species and their environments, the biopsychosocial

model posits that mental health is the product of complex interactions among biological,
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psychological, social, and environmental components. Mental disorder is analogous to the state

of turbidity in shallow lakes: a harmful stable state in the dynamical landscape produced by the

biopsychosocial system (see Figure 1). This conceptualization aligns well with Engel’s

reflections on the nature of systems within the biopsychosocial model: “a stable configuration ...

that is maintained not only by the coordination of component parts in some kind of internal

dynamic network but also by the characteristics of the larger system of which it is a component

b

(Engel, 1980, p. 537). Moreover, this conceptualization sets the stage for us to learn from the

insights ecologists have gained into how these stable states operate. We will focus on three such

insights here.
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Figure 1. Stability landscapes depict the dynamics that emerge from interactions among
components within a system (Meyer, 2016). The lateral position of a “ball” on the
landscape represents the system’s current state (e.g., a state of turbidity in a shallow lake
ecosystem or of anxiety in a system underlying one’s mental health). Movement along
the landscape occurs under negative gradient flow: that is, a ball placed on a slope will
roll downhill. Where slopes are steep, the system changes quickly. Where the slope is
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flat, the system will not change. The topography of the landscape thus represents how

the state of the system will evolve over time from its current position. When amplifying

feedback in the system is weak, the system has a single stable state, in this case a state

characterized by health (e.g., low turbidity or low anxiety). If perturbed, the system will

quickly recover to its stable healthy state. However, when amplifying feedback is strong,

an alternative stable state emerges. Here, the system is slow to recover from even minor

perturbations, and significant perturbations are sufficient to push the system past a

tipping point (i.e., the peak of the landscapes depicted in the bottom) and into a self-

maintaining state of stable distress.

First, amplifying feedback loops are critical to formation of alternative stable states (see

Table 1). For instance, small increases in turbidity in a clear shallow lake dominated by water
plants can lead to increasing algal growth and, in turn, a loss of water plants and even more
turbidity, thereby initiating a vicious cycle that pushes the system away from an intermediary
state of semi-turbidity and into a stable state of high turbidity (Van Nes et al., 2016). Because of
these self-propelling processes, systems may have tipping points (see Table 1 and bottom panels
of Figure 1). Beyond these tipping points, amplifying feedback among system components will
drive the system into a new stable state. Accordingly, if mental disorders are indeed harmful
stable states, we should expect that amplifying feedback loops will be critical to our
understanding of psychopathology. There are many examples of amplifying feedback loops
already in the mental health literature, such as between mood and physical activity, with lower
mood reducing the likelihood of engaging in physical activity and reductions in physical activity
worsening mood (Giurgiu et al., 2020; Pemberton & Fuller Tyszkiewicz, 2016; Pham et al.,
2023; Roman et al., 2023); or between autonomic arousal and perceived threat, with increases in
somatic sensations of arousal (e.g., heart rate) eliciting perceived threat (e.g., the thought that one

is having a heart attack) which, in turn, elicits more autonomic arousal, culminating in a panic

attack (Clark, 1986). However, if we are to understand mental disorders from a systems
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framework, it will be critical to further investigate these and the many other feedback loops
likely to drive the emergence of stable states of psychopathology.

Second, resilience is dynamic. In fact, the resilience of a stable state may rise or fall due
to changing conditions, even as the state of the system remains the same (Scheffer, 2020). In the
domain of mental health, this means that one’s vulnerability to a given mental disorder - or one’s
potential for recovery - may shift even as one’s own internal experiences and behaviors may
appear largely unchanged. The dynamic nature of resilience provides an opportunity to reorient
our thinking about prevention and treatment, placing an emphasis not only on changes in the
state of the system (e.g., reducing symptom severity), but also on destabilizing the resilience of
the harmful stable state and strengthening the resilience of a healthy stable state (Hayes et al.,
2015; Olthof et al., 2023). Dynamical resilience indicators - a collection of statistics derived
from time series data that indicate a potential shift in the resilience of a stable state - provide
tools by which we might identify changes in the resilience of a stable state of mental health or of
mental disorder (Scheffer et al., 2018, 2024a; Van De Leemput et al., 2014). Although the
barriers to their practical application in the context of mental health research are likely to be
considerable (Dablander et al., 2023; Helmich et al., 2024), these tools nonetheless hold the
promise of providing deeper insight into one’s mental health by shifting our focus from the
immediate presence of symptoms to the resilience of one’s healthy and harmful stable states.

Finally, systems exhibit a phenomenon known as hysteresis: once a system has tipped to
a new state, it is often much more difficult to shift the system back to its earlier state than it
would have been to prevent that shift in the first place (see Table 1). It is therefore much more
efficient to prevent a shift into a harmful stable state than it is to facilitate the recovery from a

harmful stable state. In the domain of mental health, the concept of hysteresis sheds light on the
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dynamics underlying the familiar adage that “an ounce of prevention is worth a pound of cure”
and argues for the importance of systems-oriented prevention strategies in our effort to reduce
the global burden of mental illness (Fried et al., 2023; Lich et al., 2013).

Table 1. Glossary of terms drawn from the transdisciplinary field of systems science

Term

Definition

Stable
state

Amplifying
feedback

Regulating
feedback

Tipping
points

Ecological
resilience

Engineering
resilience

In a dynamical system, a stable state (or “attractor” state) is a
point in the system’s state space the system will tend to move
toward and remain in over time. In the stability landscapes in
Figure 1, stable states are represented by the basins in the stability
landscape.

Positive feedback loops that increase the magnitude of a
perturbation to the system (e.g., perturbation to component A
produces more of component B, which in turn produces more of
A). Amplifying feedback tends to produce exponential growth
and tipping points between multiple stable states.

Negative feedback loops that dampen the perturbation to the
system (e.g., perturbation to component A produces more of
component B, which in turn produces /ess of A). Regulating
feedback promotes a return to the stable state the system was in
prior to perturbation.

A point in the system’s state space beyond which amplifying
feedback will push the system into an alternative stable state. In
the stability landscapes presented in the bottom row of Figure 1,
the tipping point is represented by the top of the “hill” separating
two alternative stable states.

The amount of perturbation a system can withstand without
crossing a tipping point and falling into an alternative stable state.
Strategies to promote ecological resilience focus on increasing the
amount of perturbation the system can withstand without shifting
into an alternative stable state. In the stability landscapes in
Figure 1, ecological resilience is related to the size of the basin of
attraction around a stable state.

The speed with which a system returns to its stable state following
perturbation. Strategies to promote engineering resilience focus
on keeping the system as close as possible to its stable state. In the
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Dynamical
resilience
indicators

Dynamical
mismatch

Hysteresis

Average
controllability

Modal
controllability

stability landscapes in Figure 1, engineering resilience is related
to the steepness of the basin of attraction around a stable state.

Patterns in time series data (e.g., changes in the variability or
autocorrelation of system components) that indicate a shift in
resilience of a stable state.

An action’s effect on a system in the short-term may differ from
the long-term effects of that action on the system. In some cases,
efforts to keep the system as near as possible to its stable state in
the short-term (i.e., keeping the variance low) have the unintended
consequence of making the system vulnerable to catastrophic
shifts into an alternative stable state in the long-term.

The effect of a given intervention on a system depends on the
history of that system. For example, if a fish population is in
danger, but has not yet collapsed, a small reduction in the fishing
rate may be sufficient to keep the fish population in a healthy
stable state. However, if the fish population has collapsed, that
same reduction in the fishing rate will have no effect and a much
greater reduction will be needed to return the fish population to its
healthy stable state.

A measure of the overall impact of an intervention on the system.
Greater average controllability indicates larger changes in the
system. For example, if intervening on a given symptom reduces
the severity of many symptoms a large amount, that node would
have greater average controllability than a symptom for which
intervention reduces a few symptoms a small amount.

A measure of the breadth of impact of an intervention on the
system. Greater modal controllability indicates greater scope of
impact on the system. For example, if intervening on a symptom
reduces the severity of many symptoms a small amount, that
symptom would have greater modal controllability than a node for
which intervention reduces one or two symptoms a large amount.
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Engineering and the Development of Mental Disorders

The concept of stable states has implications not only for our understanding of the nature
of mental disorders, but also for our understanding of how mental disorders develop. As noted,
the amount of perturbation a system can tolerate without shifting into an alternative stable state
provides an index of that state’s resilience. This index has been referred to as ecological
resilience because of the focus in ecology on understanding catastrophic shifts from one state to
another (e.g., from savannah to desert; see Table 1). Another index of resilience is the speed by
which a system returns to its stable state following perturbation, an index termed engineering
resilience because engineered systems are often designed to remain close to a precise stable state
(Holling, 1996; see Table 1).

Interestingly, although engineering and ecological resilience are often highly correlated,
efforts to promote these distinct types of resilience can be at odds with one another. Steps taken
to promote engineering resilience are often successful in keeping a system close to the desired
state, but at the long-term cost of diminishing the system’s ecological resilience, leaving it
vulnerable to catastrophic shifts into an alternative stable state (Holling, 1996). For example, fish
hatcheries produce more stable and predictable fish populations (i.e., greater engineering
resilience) but that stability encourages commercial fishing, depletes natural stocks, and makes
the system dependent on a limited number of hatcheries, rendering the system more vulnerable to
catastrophic shifts in the fish population if those hatcheries fail (i.e., reduced ecological
resilience; Holling, 1996). Analogously, in anxiety disorders, avoidance and escape behavior can
be understood as an effort to promote the system’s engineering resilience, keeping the system as
near as possible to its desired equilibrium (i.e., a state without fear). Although often effective in

promoting engineering resilience in that moment (e.g., preventing or reducing fear), escape and
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avoidance behaviors come at considerable cost to ecological resilience: shifting the stability
landscape and leaving individuals vulnerable to falling into stable states of elevated fear and
anxiety over time (for an illustration, see Robinaugh et al, 2024).

The unintended consequences of short-term “engineering resilience” strategies provide an
important lesson for our understanding of how mental disorders develop: shifts into a harmful
stable state are sometimes attributable to a dynamical mismatch in which actions with short-term
benefits have unintended long-term costs (Mobus & Kalton, 2014, p. 25). In the short-term,
escape and avoidance behavior prevent or reduce fear. However, in the long-term, these
behaviors have the unintended cost of heightening vulnerability to persistent fear and anxiety.
Another salient example of this dynamical mismatch in the domain of mental health is substance
use disorder, where substances sate cravings or regulate aversive emotions in the short-term, but
do so at considerable long-term cost, leading individuals to fall into a stable state of persistent
use, craving, and aversive emotion. As both of these examples illustrate, regulating feedback
loops may play an especially important role in these dynamical mismatches and, therefore, in the
development of psychopathology (see Table 1). Where amplifying feedback loops are necessary
for the emergence of alternative stable states, regulating feedback loops that are effective in the
short-term (e.g., reducing cravings or anxiety) may play a critical role in creating or
strengthening amplifying feedback loops that play out over longer periods of time, thereby
heightening vulnerability to mental disorder in the long-term. This possibility of dynamical
mismatch illustrates one reason why understanding processes and dynamics at distinct time
scales is a core principle of systems science (Mobus & Kalton, 2014) and is therefore an area in
need of much greater focus if we are to understand the processes that give rise to persistent

mental health challenges.
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Control Theory and the Treatment of Mental Disorders

One of the most challenging aspects of studying complex systems is that their behavior is
exceedingly difficult to anticipate using intuition alone. In dynamical systems, changes in one
component can have causal consequences that compound over time across the system, often in
unexpected ways. In a treatment context, this complexity presents a considerable challenge. For
example, if an intervention that targets fatigue in depressed individuals (e.g., a psychostimulant)
also has the side effect of increasing anxiety, it may have iatrogenic impacts on the rest of the
system, including, ironically, exacerbating the fatigue that was the original point of intervention.
Because of this, it is typically far from trivial to determine precisely how one should intervene to
affect change in a complex system. Fortunately, there is an entire discipline devoted to precisely
this challenge known as control theory.

Control theory can be traced back to the development of centrifugal regulators for steam
engines in the 18™ century, carefully engineered systems that use regulating feedback loops to
control the engine’s speed, keeping that speed as close as possible to a desired stable state.
Modern control theory underpins vast swaths of the technology we use every day, from the
operation of thermostats to controlling planes in flight. To achieve these aims, control theorists
start with a representation of the system of interest: specifically, a mathematical description, such
as a formal theory of the causal mechanisms at play in the system, or a statistical model
estimated from data. With this representation, control theory then allows us to quantify the
impacts of an intervention on the system as a whole as well as on specific subcomponents.

One set of tools that may be of particular interest in the domain of mental health are
measures of controllability centrality, which allow researchers to precisely quantify the

magnitude and scope of an intervention’s impact (Henry et al., 2022). Average controllability
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directly measures the overall impact on the system while also accounting for the likelihood that
reductions in some components of the system will lead to reductions in other components over
time (see Table 1). Higher average controllability of an intervention indicates larger changes to
the system. By contrast, modal controllability focuses on the scope of an intervention: e.g., the
number of components affected, rather than on the magnitude of those effects (see Table 1).
Here, higher controllability corresponds to greater reach of the intervention. For example, a
treatment that only mildly reduces the severity of all symptoms will have higher modal
controllability than a treatment that greatly reduces the severity of a small set of symptoms.
Together, these measures can therefore inform our understanding of how impactful it would be

to intervene on a specific system component (see Figure 2).
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Figure 2. An illustration of controllability measures. Panel A depicts an imagined
intervention on a system component with /ow average and modal controllability.
Although the initial intervention lowers the severity of that component (e.g., a
symptom), it has minimal impact on the broader system. Moreover, once the
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intervention concludes, the targeted component returns to a state of elevated

severity due to the effects of the broader system. Panel B depicts an intervention on

a system component with Aigh average and modal controllability. Here the impact

of intervening on this one component has an impact throughout the system, causing

a sustained reduction in the severity of all symptoms. Importantly, although

controllability measures are illustrated here using relatively simple interventions on

a single node, control theory can be more fruitfully applied to address significantly

more complicated interventions, including the effect of targeting multiple nodes or

the appropriate sequencing of distinct interventions (for an illustration, see Henry

et al., 2022).

We see at least two core use cases for control theory in the context of mental health. First,
control theory can be used for treatment discovery. As depicted in Figure 2, controllability
centrality can be understood as a measure of component importance and, thereby, a measure that
allows us to determine which component (e.g., symptoms) would, in principle, be the most
impactful upon which to intervene. With this insight, we can consider whether there are new
interventions that would allow us to better target these highly impactful components and,
thereby, improve gains made during treatment. Second, control theory can be used for treatment
planning. In this case, control theory metrics such as controllability centrality or model
predictive control (Schwenzer et al., 2021) can be used to estimate the impact of different
existing interventions on the system, thereby allowing us to determine what treatment may work
best for a given individual. Moreover, these methods can help in evaluating treatment plans that
include distinct interventions delivered either simultaneously or serially (e.g., considering
different sequences of modules in the Unified Protocol or determining whether to augment
prolonged exposure therapy for post-traumatic stress disorder with interoceptive exposures or
dialectical behavior therapy), as well as dynamic interventions that target system elements based
on ongoing changes (e.g., a just-in-time interventions, in which control theory methods can

respond dynamically to a shift in mood by identifying the most effective means of intervening

among a menu of potential interventions). In these ways, control theory has the potential to
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identify the optimal timing and sequencing of intervention components for a given individual as
well as the most effective intervention given the current state of the system.

As these use cases make clear, greater collaboration with control theorists holds
enormous promise for mental health research and practice, but considerable work remains to be
done to realize this promise. One core challenge is that our understanding of psychological
interventions can only be as strong as our understanding of the systems upon which we are
intervening, including the relevant causal components of the system, the structure and strength of
their interactions, and the time-scales on which they interact. For most mental disorders, this
information remains largely unknown. Accordingly, it will be critical that we advance our
understanding of the systems underlying mental health problems if we are to effectively use
control theory to make progress in our understanding of psychological treatments.

Conclusion

Engel argued that the biopsychosocial model should root itself in General System
Theory: a framework whose premise is that there is consistency in the principles that govern
system behavior across substantive domains. In the decades since Engel’s proposal, General
System Theory helped stimulate the flourishing transdisciplinary field of systems science. As
reviewed here, the lessons from this work have already begun to provide insight into our
understanding of the nature of mental disorders, how they arise, and how they might be treated.
To grapple with the enormous complexity of the systems underlying mental health, psychologists
must further participate in this transdisciplinary community, collaborating across disciplines and

drawing on the insights and tools that have been developed within the field of systems science.



TRANSDISCIPLINARY MENTAL HEALTH 18

Mental Health as a Transdisciplinary Phenomenon

The name “biopsychosocial model” implies three broad domains of analysis, and is
commonly interpreted simply to mean that biological, psychological, and social factors may
affect mental health. However, Engel’s vision was broader than just these three levels of analysis
and his focus was not on individual factors within these levels, but rather on a “hierarchy of
systems,” ranging from subatomic particles to the biosphere. Engel organized his hierarchy not
by the importance of a given level of analysis for understanding disease, but by the nested
structure of systems operating across levels of analysis: with systems at one level (e.g., people)
embedded within the systems of another (e.g., families), which themselves are embedded in
other systems (e.g., communities). In this section, we will discuss psychological, biological,
social, and environmental systems that bear on mental health phenomena, and how systems
science can provide guidance for integrating insights from across these levels of analysis. In
doing so, we draw especially on the example of one symptom (fatigue) of one disorder (major
depressive disorder), to illustrate the transdisciplinary and systemic nature of mental health.
Psychological Systems

Engel argued that any researcher aiming to study a phenomenon must choose a systems
level at which to begin their effort, and that any effort to understand health and disorder should
begin at the level of the person: particularly, their experiences and their behavior (Engel, 1980).
Consistent with this position, in recent years, there has been a renewed and growing interest in
conceptualizing mental disorders as systems of interacting thoughts, emotions, behaviors, and
other psychological components. Interest in this approach grew substantially following work in
psychometrics (Borsboom, 2008) and the philosophy of psychiatry (Kendler et al., 2011) that

reconceptualized the relationship between symptom and disorder as one of mereology rather than
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one of measurement (Cramer et al., 2010). Symptoms do not measure mental disorders, this
position holds; they constitute them.

In this framework, commonly referred to as the “network approach” to psychopathology,
symptoms take on new importance. Rather than merely indicating the presence of an underlying
disease entity, symptoms are agents in a causal system. Consider fatigue. Rather than merely
serving as a passive indicator of major depressive disorder, there is good reason to think that
fatigue may cause other symptoms to arise. For example, fatigue may cause an individual to
have difficulty concentrating, which may then interfere with productivity, which, in turn, may
lead to job-related worry when laying down in bed, sleep problems and, consequently, yet more
fatigue the next day (fatigue — concentration problems — worry — sleep problems — fatigue).
In this way, the interactions among symptoms can create the kinds of amplifying feedback loops
that are necessary to produce the harmful stable state that, we have argued, characterizes
psychopathology.

Motivated by this conceptual framework, numerous exploratory studies have used
psychometric network analyses to gain insight into the structure of the relationships among
symptoms of mental disorders, including many studies focused on depression (Malgaroli et al.,
2021). In these studies, fatigue often exhibits strong conditional dependence relationships with
other symptoms of depression, suggesting that fatigue may play an important role in this system.
This possibility is supported by work outside of the psychometric network literature. For
example, fatigue is among the symptoms most commonly reported by those with depression
(Buchwald & Rudick-Davis, 1993) and has consistently been identified as a prodromal symptom,
with those reporting persistent unexplained fatigue as much as 28 times more likely to develop

major depressive disorder (Addington et al., 2001). Similarly, residual fatigue is a strong
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predictor of relapse following treatment for depression (Fava et al., 2014). Together, these
studies suggest that, to understand depression, it will be critical to understand fatigue and how it
relates to, and potentially affects, other symptoms.

In one especially insightful investigation of the depression symptom network, Cramer
and colleagues not only estimated the structure of relationships among symptoms, they also
investigated the system-level behavior that would follow if that network was assumed to
represent the structure of a causal system (Cramer et al., 2016). By simulating from this
empirically derived model, they demonstrated that a system of causally interacting symptoms
was capable of producing many of the core phenomena observed in ecological systems described
in the previous section. To illustrate, we present a similar simulation in Figure 3.! For this
simulation, we use an Ising model - a model adopted from statistical physics - to represent the
network of relationships among depression symptoms (Haslbeck et al., 2021). In this network,
symptoms are represented by nodes (i.e., the circles in the network) and the relationships among
them are represented by edges or links (i.e., the lines in the network). Recently, Cui and
colleagues developed procedures for estimating stability landscapes from the Ising model that are
akin to the landscapes introduced in Figure 1, providing us with an opportunity to examine the
dynamics that can follow from different symptom networks (for extended discussions, see Cui et
al., 2023; Hoekstra et al., 2024). Here, we used these stability landscapes to examine how the
behavior of the system differs as a function of the system’s connectivity.

As depicted in Figure 3, when the strength of associations among symptoms is low, the

system has a single healthy stable state characterized by an absence of symptoms; if symptoms

"Note that some figures in this paper, including Figure 3, make use of empirical data to establish plausible models of
a symptom network. However, these models and the simulations from the models should be regarded only as
illustrations of systems and system behavior and should not be interpreted as empirical or substantive contributions
to the literature.
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do arise, they are transient and isolated. When the association among symptoms is moderate,
there are two stable states, and the system fluctuates between states of low and high symptom
severity. When symptoms are strongly inter-related, the system has a single harmful stable state
of elevated depression symptoms. These simulations thus illustrate how a system of mutually
reinforcing symptoms could give rise to a self-sustaining stable state of depression, including the

experience of persistent fatigue.
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Figure 3. An illustration of the dynamics that can follow from a psychological system
of interacting symptoms. In the left column, we use an Ising Model in the {0,1}
domain to represent a system of interacting symptoms of depression (see
Supplementary Materials for further detail). Symptoms are represented by nodes in
this model. The symptom “fatigue” is labeled “F”. The strength of association between
symptoms is represented by the lines - or “edges” - between them. Thicker lines
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represent stronger associations. The central column depicts the stability landscapes
that follow from these systems. The right column depicts time series data simulated
from these models for overall depression symptom severity. The stability landscapes
and, in turn, the behavior of the system depends heavily on the strength of associations
among symptoms. If these mutually reinforcing associations are sufficiently high, the
system will have a single stable state characterized by persistently elevated symptoms
of depression, including persistent fatigue.

The network approach to psychopathology has provided valuable initial insight into how
disorders such as depression may arise from a system of interacting symptoms and highlighted
the importance of the psychological level of analysis to our understanding of mental disorders. In
addition, this framework provides insight into how factors across levels of analysis may interact
with these psychological factors to give rise to psychopathology. From the perspective of
network theory, biological, social, and environmental factors may interact with a symptom
network in at least three ways (Borsboom, 2017).

First, systems at other levels of analysis may constitute features of the symptom network.
For example, the symptom depressed mood represents the persistent experience of intense
negative affect; emotional experiences that themselves can be understood as emergent features of
a system with biological and psychological components. The stable behavior of this affective
system may thus constitute the symptom ‘depressed mood’ within the symptom network.
Similarly, an amplifying feedback loop between autonomic arousal and perceived threat may
constitute the symptom ‘panic attack’ in the panic disorder symptom network. We suspect this
form of integration with the symptom network may be especially relevant for incorporating
factors that operate on a faster time scale than the weeks- or months-long time scale typical of

symptoms, such that the components of the symptom network can be understood as the stable

behavior of a more rapidly operating system at another level of analysis.
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Second, factors across different levels of analysis may directly interact with symptoms,
thereby expanding the network to include biological, social, and environmental factors. Adopting
this position, researchers have recently incorporated variables from across levels of analysis into
psychometric network analyses involving the statistical relationships among symptoms (Blanken
et al., 2021). For example, a recent investigation of brain structural correlates and depression
symptoms identified many robust cross-level biological-psychological associations, links that
were obscured when investigating the associations between brain structural correlates and overall
depression severity (Freichel et al., 2024). This cross-level interaction may be especially
important for capturing biological, social, and environmental factors that operate on the same
time scale as symptoms and form feedback relationships with factors at other levels of analysis
(e.g., persistent fatigue deteriorating physical strength and, in turn, exacerbating fatigue).

Third, external factors may constrain or amplify features of the network, including the
relationships among symptoms (therefore controlling how easily a given symptom affects
another) or the symptom thresholds (i.e., the propensity of a symptom to be activated). For
example, the availability of financial resources may influence how readily difficulty
concentrating elicits worry about work performance (and, in turn, difficulty sleeping and,
ultimately, more fatigue). In other words, financial resources may play an important role in
determining whether the amplifying feedback loop involving fatigue and worry is sufficiently
strong that it generates an alternative stable state. Similarly, living in an environment with high
light or noise pollution may influence the threshold at which sleep difficulty arises, rendering it
susceptible to emerging even in the absence of other symptoms. Although less discussed in the
network literature than the relationships among symptoms, thresholds have a large effect on the

system’s stability landscape and, thus, the vulnerability or resilience to harmful stable states of
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distress (Hoekstra et al., 2024). We suspect that this form of integration with the psychological
network in which factors at other levels of analysis constrain or amplify features of the symptom
network may be especially relevant for incorporating factors that are static on the time scale
upon which the psychological network dynamics play out, such as stable genetic,
neurobiological, or environmental factors.

Overall, the network theory of psychopathology provides one framework through which
researchers may go beyond merely noting the importance of biological, psychological, and social
factors to tackle the challenge of determining how factors across these levels of analysis interact
with the symptom network and, thereby, contribute to the development and persistence of mental
health challenges. We explore each of these possibilities in more detail below as we consider the
contributions of biological, social, and environmental systems to mental health.

Biological Systems

Depression is not the only health condition in which fatigue plays an important role.
Fatigue is one of the most prevalent and debilitating symptoms across neurological, psychiatric,
and other chronic illnesses and is a key focus of research in numerous health science domains
(Raizen et al., 2023). One such domain is physiology. Beginning with the pioneering work of
Angelo Mosso on muscular fatigue in the late 1800s, physiologists have spent more than a
century studying fatigue. This work has provided considerable insight into the physiological and
neurobiological underpinnings of fatigue, with research demonstrating that both central (i.e.,
neurobiological, spinal, and supraspinal) and peripheral (i.e., muscular) mechanisms can lead to
and compensate for fatigue (Barry & Enoka, 2007; Enoka & Duchateau, 2008; Gandevia, 2001).
However, far from being reducible to these biological mechanisms, physiologists have found that

fatigue itself turns out to be enormously complex.
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One of the earliest insights from Mosso’s seminal work was that fatigue is not one thing
but rather a collection of things that commonly hang together (Mosso, 1904). In recent years,
researchers have placed renewed emphasis on characterizing the distinct behavioral components
of fatigue (Casamento-Moran et al., 2023; Kluger et al., 2013). For example, fatigue may include
a subjective feeling of tiredness, a perception of effort expended, a reduced willingness to exert
effort, and altered motor performance in an assigned task (Casamento-Moran et al., 2024). In
most day-to-day activities, exerting sufficient effort may elicit each of these components of
fatigue, and their tendency to arise together is why it is easy to think of them as a cohesive
experience. However, in experimental paradigms, these factors often exhibit surprisingly low
correlations with one another (Kluger et al., 2013; Raizen et al., 2023) and there is some
evidence that these experiences can be experimentally dissociated (Casamento-Moran et al.,
2024).

To better understand how fatigue arises, researchers have increasingly adopted a systems
framework, positing that fatigue emerges from an allostatic system aimed at anticipating the
demands of the environment and proactively maintaining a state of physiological equilibrium,
including maintenance of the body’s energetic resources (Noakes et al., 2005; Shaffer et al.,
2022; Stephan et al., 2016). A diagram depicting such a system appears in Figure 4. In this
system, an individual’s generative model of the world and of their internal state is used for both
perceptual inference (producing a perception of the current state they are in) and for anticipating
the state their bodily system will need to be in to meet the upcoming demands of their internal
and external environments. For example, if completing an experimental task in which the
individual is asked to squeeze a force sensor, an individual’s generative model would produce

both a perception of their current state (e.g., an absence of neuromuscular activity) and an
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anticipation of the state needed to meet current demands (e.g., sufficient neuromuscular activity
to apply appropriate force). If there is a discrepancy between one’s current state and the state
needed to meet these demands, a decision must be made about how to reduce this discrepancy
(e.g., a decision to exert effort in the experimental task) which, in turn, may entail execution of a
specific bodily activity (e.g., neuromuscular activity) that is then translated into an action in the
environment (e.g., compressing a force sensor). In other words, the difference between one’s
current state and one’s anticipated needs is used to determine which action the body should take
to resolve this discrepancy, a regulatory feedback-loop akin to those that lay the foundation for
the control theory, as described in the previous section, but with an emphasis on anticipating,
rather than only responding to, potential discrepancies between one’s current state and the state
needed to support one’s bodily needs.

In this toy allostatic system, we can see how different components of fatigue may arise
together under specific task demands. As our imagined participant repeatedly squeezes the force
sensor, their perception of expended effort increases. As energetic resources are expended, a
discrepancy grows between their current state and the state needed to maintain adequate
energetic resources, producing a subjective sense of tiredness. Furthermore, in anticipation of the
energetic depletion that would occur with continued exertion, there is a reduction in the
likelihood of exerting further effort. If effort continues and the system exhausts compensatory
resources, neuromuscular activity will be insufficient for the task and performance will be
increasingly impaired even when deciding to exert effort. From this perspective, a subjective
feelings of tiredness in the experimental task is a signal: a subjective experience that arises from

the discrepancy between a feature of one’s internal biological state and the state needed to
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maintain bodily integrity, flagging the need for rest and recovery before the muscle itself begins

to fail.
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Figure 4. A causal diagram positing a toy allostatic system at play during an
experimental task in which participants are asked to repeatedly squeeze a force
sensor. This system gives rise to distinct features of fatigue, including increased
perceived effort, a subjective feeling of tiredness, reduced likelihood to exert effort,
and impaired performance. In this model, subjective tiredness, the felt component
of fatigue, emerges when there is a discrepancy between one’s current internal state
and the state needed to maintain bodily integrity. Subjective tiredness is, thus, an
alarm that signals the need to refrain from any behavior that would further deplete
the system’s resources.

For depression researchers, this systems-focused work on the physiology of fatigue has

several implications. First, the systemic and multidimensional nature of fatigue suggests it will

be valuable to investigate which components of fatigue are most implicated in depression. Such

findings would shed insight into the range of component and system-level processes that may

lead to fatigue in those with depression, the biological correlates of such processes, and how one

might intervene to reduce fatigue.
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Second, as depicted in Figure 4, a range of neurobiological regions are likely to be at play
in the experience of fatigue, including sensorimotor regions, affective regions, and regions
implicated in valuation and decision making. Because the processes supported by these regions
are interconnected components of a system, dysfunction in any one area may have system-wide
effects and any system-level behavior (e.g., persistent fatigue) may arise from a variety of
component level dysfunctions. This equifinality is a general principle of systems and suggests
that fatigue in depression may not have a consistent pattern of neurobiological correlates across
all individuals (e.g., impairments in performance may arise from sensitivity to perceptions of
fatigue in one individual but altered valuation of effort in another). Together with this
equifinality, degeneracy in neurobiological systems (i.e., the fact that structurally different neural
regions or circuits can support the same process, and that these regions or circuits may differ
across individuals), and the observation that systems may behave maladaptively even in the
absence of component-level dysfunction (Robinaugh et al, 2024) all argue for considerable care
when investigating the neurobiological underpinnings of fatigue in depression.

Third, the allostatic system posited to give rise to fatigue is a regulatory feedback loop
constantly engaged in an effort to keep the body in a desired state of equilibrium. The presence
of such regulatory feedback is critical for survival, but also flags the possibility of the kind of
dynamical mismatch sometimes seen in systems science in which short-term efforts to regulate
the system have unintended long-term consequences (see the Engineering and the Development
of Mental Disorders section above). Recently, several researchers have posited that the allostatic
system responsible for energy regulation may play a central role in depression (Barrett et al.
2016; Shaffer et al., 2022; Stephan et al., 2016). The lessons from systems science would suggest

that, if this is the case, it may be because efforts that effectively regulate energy stores in the
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short-term are producing unintended long-term consequences for mood, fatigue, and the rest of
the depression syndrome.

Finally, the allostatic framework underscores that subjective fatigue is a signal: an alert
that there is a discrepancy between a system’s current and desired state. For depression
researchers it will then be important to understand the nature of this signal (e.g., whether the
discrepancy is emerging from a misinterpretation of the current state or from a genuine depletion
of internal resources) and the factors driving the emergence of this signal, potentially including
both social and environmental factors.

Social Systems

In his biopsychosocial model, Engel made clear that a systems-level approach to mental
health must encompass not only the constellation of processes occurring within the individual
but also the broader external factors that drive and constrain those processes. Among these
external influences, social networks are especially impactful. From the moment we are born, we
are embedded in reciprocal social relationships that shape the way we think, feel, and behave
(Wheatley et al. 2023). Perhaps not surprisingly then, an individual’s mental health is intricately
tied to their social network, including how central they are within that network, how many
connections they have, and even the emotional states of those around them (Rosenquist et al.,
2011). Indeed, the quality and accessibility of support within social networks—whether through
family, friends, or community—play a crucial role in mental health throughout the lifespan.
Strong and supportive ties within one’s social network promote resilience, help individuals cope
more effectively with stress and emotional challenges, and are associated with neural responses
to external stimuli that are more similar to one’s peers, which helps individuals remain attuned to

the broader community (Baek et al., 2022).
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The protective effects of social support extend beyond providing material assistance.
Expressions of warmth, understanding, and validation foster a sense of belonging, security, and
resource availability (Thoits, 2011). For example, a healthcare provider’s level of empathy
predicts the efficacy of medical treatments they provide (Hojat et al., 2011; Mercer et al., 2012).
Patients who report feeling heard and understood by their physician are more likely to engage in
shared decision-making and have higher quality of life (Gramling et al., 2022). Even the placebo
effects of medicine can be transmitted socially: the same placebo treatment is more efficacious if
provided by someone who believes in its efficacy than someone who does not (Chen et al.,
2019). When individuals feel genuinely cared for, their mental and emotional states improve,
which can significantly reduce the risk of depression (Kahlon et al., 2021). Collectively this
research strongly supports Engel’s position that the clinical outcomes of an individual are not
determined solely by that individual or the care they receive but also by the inter-personal
context through which that care is delivered.

Expressions of care include the vital role of touch in regulating stress. Recent discoveries
surrounding c-tactile fibers—a type of nerve fiber found in hair-covered skin—show how gentle
stroking can activate pathways directly linked to emotional well-being. These fibers stimulate the
release of oxytocin, a hormone associated with feelings of trust, safety, and bonding (Walker &
McGlone, 2013). Oxytocin, in turn, downregulates the hypothalamic-pituitary-adrenal axis,
reducing cortisol levels and mitigating stress (Morrison, 2016). This physiological response to
touch has profound implications for relationships, particularly in parent-child bonding, where
gentle touch and nurturing reinforce emotional security and resilience in children with
consequences that stretch far into adulthood (Shaw et al., 2004). This growing neurobiological

evidence that touch is central to psychological well-being powerfully illustrates the deep



TRANSDISCIPLINARY MENTAL HEALTH 31

interactions among the social, psychological, and biological systems that affect mental health and
has clear implications for a world in which interpersonal touch is often discouraged (e.g., in
schools and hospitals) or absent altogether (e.g., in the proliferation of virtual environments).
Social connection and social touch have enormous implications for our understanding of
fatigue and depression. Although the allostatic system depicted in Figure 4 is represented as
operating exclusively within an individual, there is substantial evidence that others in our social
environments play a critical role in this system (Atzil et al, 2018; Burleson & Quigley, 2021).
Indeed, during infancy we are fully dependent on others to meet our physiological needs and,
throughout much of our early lives, caregivers are active features of the allostatic feedback loop,
anticipating needs and responding to calls of distress by satiating hunger, regulating temperature,
and supporting the regulation of our bodies in countless other ways (Atzil & Barrett, 2017;
Zoltowski et al, 2022). As we age, social touch and social communication continue to signal the
availability of resources needed to meet allostatic needs (Fotopoulou, Von Mohr, & Krahé, 2022)
and we learn social norms that guide our effort expenditure when working toward common goals
in group settings (Karau & Williams, 1993), allowing us to cooperatively meet the enormous
metabolic demands of our bodily systems.
The literature on social allostasis makes clear that the effective regulation of our physiological
needs is intimately bound up with the social systems in which we are embedded. Perhaps not
surprisingly then, disruption within these social systems presents a considerable challenge to our
well-being. Social relationships that are unsupportive and conflict-prone are strongly associated
with depressive symptoms, especially in adolescents (Sheeber et al., 2007). Even in the absence
of outright conflict, simply bearing the responsibility for others' well-being—as seen in

caregiving roles—can divert vital internal resources. When external support is perceived to be
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unavailable (e.g., through an absence of social touch or communication) or cannot be trusted,
individuals are left with no choice but to rely solely on their internal reserves. This ongoing self-
reliance risks depleting these resources, potentially leading to the subjective experience of
fatigue. In other words, fatigue may arise not only due to changes in one’s own biological and
psychological systems, but also due to changes that occur in those to whom we are socially
connected (see Figure 5).

Notably, the relationship between fatigue and one’s social network may be mutually
reinforcing. As we saw in the allostatic models of fatigue reviewed in the previous subsection,
the subjective feeling of tiredness is a signal: an alert that one's resources are insufficient to meet
the current demands of one’s environment (Stephan et al., 2016). Individuals are likely to
respond to this signal by taking action to conserve energy, such as by withdrawing from social
activities. Although an appropriate response to the signal of fatigue, this social withdrawal would
create a pernicious cycle: as social connections fade, isolation intensifies, which in turn
exacerbates stress and impairs recovery mechanisms such as immune functioning (Matthews et
al., 2024) and sleep (Grey et al., 2020). In other words, the amplifying feedback loops necessary
to create the harmful stable states characteristic of depression can exist not only within the
psychological system, but also across social, psychological, and biological systems. Moreover,
this example illustrates how efforts to regulate one’s internal systems in the short-term (e.g.,
staying home to conserve energy) could potentially erode the processes that promote long-term
health (e.g., supportive relationships), a loss of resilience that places an individual at significant

risk of shifting into a harmful stable state of depression.
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Figure 5. An illustration of the dynamics that can follow from an “interacting
minds” framework (Wheatley et al, 2023) in which symptoms, represented by
nodes in Panel A, interact not only within an individual, but also across individuals
in a social network (cf. Veenman et al, 2024). Building from the “moderate
connectivity” Ising Model in Figure 3, we extend the network to include
interactions among fatigue (F) and anhedonia (A) for two individuals in a dyad
(Person 1 & 2; see Supplementary Materials for further detail). We then simulate
under a control condition with no intervention and an intervention condition in
which we lowered the propensity for fatigue (F) and depressed mood (D) to occur
in Person 1. As depicted in Panel B, the intervention leads to significant symptom
reduction for Person 1. Moreover, despite not being the target of intervention,
symptom reduction is also observed for Person 2.

Environmental Systems

Although the label “biopsychosocial” implies a model with three levels of analysis, Engel
envisioned a more expansive framework that included large-scale structural factors, such as
one’s cultural and physical environment. In the years since Engel’s proposal, other theorists have
gone further, explicating integrated frameworks that lay out how cultural and environmental
factors may affect mental health (e.g., Bronfenbrenner, 1977; 1996; Kirkbride et al., 2024;

Thimm-Kaiser et al., 2023), including modern frameworks that are well-rooted in systems

science (e.g., van der Wal et al., 2021; Rutter et al., 2017). The popularity of these theoretical
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frameworks, especially within the field of developmental psychopathology, attests to the field’s
recognition of the important role that environmental factors play in mental health, especially
those factors experienced early in life. Perhaps nowhere has this recognition been more explicit
than in the rapidly developing field of population mental health. Population mental health rests
on the view that mental health researchers must move past the effort to identify single proximate
causes for mental health challenges and instead must understand health within a broader socio-
ecological framework (Purtle et al., 2020). This means incorporating a focus on the pervasive
macrosocial factors that influence a person throughout the course of life, spanning everything
from social-cultural factors, such as discrimination, to the political structures in which we are
embedded and the features of the built environments in which we live (Kirkbride et al., 2024;
Sampson & Galea, 2018, Uskul & Oishi, 2020).

As with the systems discussed at other levels of analysis, socio-ecological systems are
composed of inter-related factors affecting mental health. However, rather than directly
producing mental health phenomena, as seen in the systems at other levels of analysis, socio-
ecological systems principally affect mental health by constraining or enabling more proximal
processes and circumstances related to mental health (Ross, 2024). To understand this role of
socio-ecological systems in shaping the course of mental health, it is important to note that these
systems are pervasive and typically operate at much slower time scales (years or decades) than
the psychological processes most proximal to mental health challenges. Notably, this a general
feature of systems: at higher levels of organization (e.g., cultures or societies), systems tend to
evolve more slowly than the systems embedded within them (e.g., an individual; Mobus &
Kalton, 2014). From a person-level perspective, the years or decades-long time horizon of socio-

ecological systems often renders them “invisible:” they are simply the water we swim in, so to
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speak. From the perspective of mental health research, these long-time horizons make socio-
ecological systems and their impact on mental health very difficult to study. Nonetheless, in the
broader domain of systems science, researchers have carefully demonstrated how slow-changing
environmental factors shape the behavior of systems operating at shorter time scales (Ludwig et
al., 1978) and, within the specific domain of mental health, there is ample evidence that socio-
ecological systems shape and constrain mental health by differentially exposing individuals to
social and material conditions that relate to mental health outcomes. Adverse environmental
factors associated with vulnerability to mental health challenges, such as major depressive
disorder, include current and persistent housing problems (Pengcheng et al., 2021; Pevalin et al.,
2017); limited access to ambient green spaces (Geary et al., 2023); air pollution (Bhui et al.,
2023); and rates of local crime (Baranyi et al., 2020). Exposure to these environmental stressors
disproportionately falls on marginalized communities due to systems that produce and sustain
intergenerational inequalities (e.g., systemic racism; Kirkbride et al., 2024) and are strongly
related to poverty and deprivation (Evans & Cassells, 2014; Ridley et al., 2020).

The effects of environments characterized by poverty and deprivation are worth
considering in the context of fatigue and depression. Environments characterized by deprivation
are not only associated with increased exposure to harms in one’s physical environment (e.g.,
pollution and crime), they are also associated with potent social harms, such as household
dysfunction, maltreatment, and lower levels of social trust (McElroy et al., 2019; Walsh et al.,
2019). Together, the exposure to physical and social harms in these environments are likely to
heighten the external demands one is experiencing while simultaneously undermining the ability
to rely on others to help meet those demands, thereby plausibly giving rise to the discrepancy

between resources and demands that elicits a subjective feeling of fatigue. Moreover, such
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environments foster a sense that the world is a harsh and unreliable place and that one is not in
control over their own life (Orton et al., 2019; Weinberg et al., 2024) perceptions that, in turn,
may further heighten risk for depressed mood (Culpin et al., 2015). Through these influences,
environments characterized by deprivation may alter the symptom networks of those living in
those environments, increasing the propensity for symptoms like fatigue and depressed mood to

arise and, thereby, creating vulnerability to the broader depression syndrome (see Figure 6).
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Figure 6. An illustration of the dynamics that could follow from environmental
influences on the psychological symptom network. Building on the Ising Model
depicted in Figure 3, we generated symptom networks for 1,000 individuals with
varying symptom connectivity. For half of these simulated individuals, the network
was left unaltered, representing an “abundance” environment in which
environmental resources were sufficient to meet one’s needs. The remaining



TRANSDISCIPLINARY MENTAL HEALTH 37

simulated individuals were placed in a “deprivation” environment in which

resources were insufficient to meet one’s needs. Here there was, on average, a

greater propensity to experience fatigue (F) and depressed mood (D) as well as a

strengthened association between fatigue and feelings of hopelessness (H). Panel B

shows that those in the deprivation environment were more likely to have stability

landscapes characterized by a single stable state of elevated depression symptoms.

As a consequence, Panel C shows that individuals in the deprivation environment

were more likely to exhibit persistently elevated depression symptoms.

Notably, these shifts in one’s perceptions of the world may also create fertile ground for
behaviors that are effective in the short-term when resources are scarce and unpredictable, but
that hinder the attainment of longer-term goals, thereby by perpetuating deprivation within the
socio-ecological system (Sheehy-Skeffington, 2020). Environments characterized by deprivation
therefore can remain stubbornly persistent, in part, because they give rise to socio-cognitive and
behavioral responses that, in turn, exacerbate or maintain the socio-ecological system. In other
words, these environments can become self-perpetuating due to amplifying feedback between
individual and environmental factors. As a result, interventions that would have been capable of
preventing an environment from falling into a harmful stable state may have minimal effect if
applied after the environment has already fallen into that harmful state (e.g., for a demonstration
of this hysteresis effect arising from interactions between individual and environmental factors;
see De Courson et al., 2023). This exchange between individual and environmental factors may
be especially important in the context of severe psychopathology that substantially impairs
functioning, heightening risk for exposure to harmful environments and, in turn, exacerbating
psychopathology (van der Wal., 2021).

Given the time course on which socio-ecological systems operate, it is perhaps not
surprising that population mental research often incorporates a developmental perspective,

giving consideration to the cumulative and chronic influence of deprivation and stressful

environments over the course of one’s life (Evans & Cassells, 2014; Weinberg et al., 2024).



TRANSDISCIPLINARY MENTAL HEALTH 38

Similarly, developmental psychopathologists have long been mindful of the role of
environmental systems in mental health (e.g., van Geert, 2009). In both disciplines, researchers
have paid particular attention to the impact of early life events on the course of mental health.
The mutually reinforcing nature of the interactions within socio-cultural systems (e.g., financial
challenges undermining the stability of the home environment which, in turn, exacerbates
financial challenges) and between socio-cultural systems and the individual (e.g., deprivation of
social support fostering distrust and, in turn, a further deprivation), suggest that adverse
experiences in childhood can ripple throughout the lifespan. Indeed, these amplifying effects
provide important context for the many physical and mental health factors found to be associated
with childhood abuse, including the experience of persistent fatigue and depression (Borsini et
al, 2014; Maniglio, 2010).

As noted, a fundamental insight from systems science is that the effort to shift an
individual from a harmful and resilient stable state of distress is likely to be substantially more
costly than preventing the formation of such a stable state in the first place. From a socio-
ecological systems perspective, this lesson underscores the importance of early intervention and
calls for systems-based and complexity science approaches to understanding how environmental
factors relate to mental health. For applied clinical and counseling psychologists, this work also
stresses the importance of transdisciplinary collaboration with researchers investigating the
structural, legal, political and ideological systems that perpetuate exposure - and inequality in
exposure - to environmental and social stressors (Fink et al., 2016; Haynes et al., 2024;
Langellier et al., 2019; Rydin et al., 2012).

Conclusion
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Engel’s biopsychosocial model posited that mental disorders arise from a hierarchy of
systems embedded within other systems. As even our cursory review illustrates, there is now
substantial evidence gathered across scientific fields to support the view that systems operating
across levels of analysis contribute to mental health challenges. Recent work conceptualizing
mental disorders as systems of interacting symptoms affords some insight into how we might
begin to integrate findings from across domains of science into a more comprehensive
understanding of mental health. Working from this framework, researchers can consider how the
various ways in which systems at one level of analysis may constitute, interact with, amplify, or
constrain the processes operating on another, thereby integrating these mechanisms into a more
comprehensive understanding of psychopathology. Although a promising path forward, this
integrative work will require extensive transdisciplinary collaboration, work that is likely to be
challenging and may run counter to the incentive structures that guide mental health research. In
the final section of this paper, we consider how to address these obstacles and lay a foundation
for transdisciplinary work.

Toward a Transdisciplinary Systems Science of Mental Health

To this point, we have argued that transdisciplinary collaboration rooted in systems
science is needed if we are to realize Engel’s vision for a biopsychosocial approach and make
meaningful advances in our understanding of mental health. We suspect it will be especially
helpful to collaborate with systems scientists (e.g., network scientists, control theorists, and
systems engineers), researchers working in substantive domains with a strong focus on systems
(e.g., ecologists, systems biologists, and systems neuroscientists), and researchers working in
substantive domains of clear importance to biological, psychological, social, or environmental

domains affecting mental health (e.g., physiologists, cognitive scientists, sociologists, and
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experts in population mental health). Such collaborations are necessary, both to learn from the
advances other fields have made in understanding the principles that guide system behavior, and
because mental disorders are inherently transdisciplinary phenomena that will require integration
of expertise from a wide range of domains to fully explain.

Unfortunately, transdisciplinary collaboration is exceedingly challenging. Discipline-
specific conceptual frameworks, jargon, methods, incentives, and professional networks all
hinder efforts to bring together researchers across disciplines to advance our understanding of
mental health. Recently, the psychologist Dylan Gee and her colleagues argued that clinical
psychologists have a unique opportunity to help overcome these challenges by serving as hubs
that connect researchers across disciplines and facilitate efforts to work together toward a more
complete understanding of mental health (Gee et al., 2022). We agree and, in this section,
identify three steps that we as a field can take to equip clinical, counseling, and other applied
psychologists with the skills and resources needed to serve in this role as facilitators of
transdisciplinary mental health research.

Step 1: Adopt Integrative Pluralism as a Framework for Transdisciplinary Collaboration

The biopsychosocial model neither excludes nor prioritizes any single system in mental
health treatment or research. We consider this is a significant strength, but it is not without
challenge: if an array of intertwined systems can contribute to mental health problems, each of
which may be an entire field of study unto itself, how can we hope to make meaningful advances
toward a cumulative understanding of mental disorders? Whereas a traditional hypothetico-
deductive approach may suffice when working from a reductionist framework, it is unlikely to be

sufficient for advancing our understanding of complex systems. A biopsychosocial framework
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requires a scientific method that embraces the complexity of the systems under investigation and
the need for cumulative and integrative advances in our understanding of mental health.

In our view, the most promising path by which we might proceed is through piecemeal
integrative pluralism: an approach in which we work, bit by bit, to integrate systems operating
across levels of analysis into causal models that explain specific mental-health related
phenomena and from which we might iteratively move toward a more complete understanding of
psychopathology (Kendler, 2005; Mitchell, 2002). Drawing from this framework and from the
abductive theory of scientific method (Haig, 2008), we see two central tasks for researchers
aiming to develop and advance biopsychosocial theories of specific mental health conditions.

First, explaining mental-health related phenomena requires that we first identify and
rigorously describe them (Jack et al., 2018; Eronen & Bringmann, 2021). In many fields, the
early stages of the discipline focused extensively on establishing and describing phenomena
(e.g., we spent centuries mapping the motion of planets across the sky before Kepler and Newton
sought to explain their motion). However, in its rush to be taken seriously as a science,
psychology quickly moved toward a focus on hypothesis-testing and largely skipped this stage of
carefully describing the phenomena under investigation (Tinbergen, 1963). For clinical and
counseling psychologists to serve effectively as domain experts with deep substantive expertise
on a given mental health phenomenon, it will be critical to step back and devote efforts toward
establishing and rigorously describing robust mental health phenomena.

In the study of complex systems, it is especially important to collect rich data on
phenomena as they evolve over time. Intensive longitudinal data are therefore likely to be
especially valuable for describing the dynamics of the phenomena under investigation. Given the

breadth of time scales at play across biological, psychological, social, and environmental
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systems, it will be especially valuable to investigate the behavior of phenomena over time across
multiple time scales within the same sample of participants (e.g., rigorously examining the
dynamics and correlates of individual components of fatigue over minutes in experimental
paradigms, hours in ecological momentary assessments, days in daily diary studies, and months
or years in panel studies over critical periods of development), ideally in samples large enough to
study inter-individual differences of intra-individual processes.

The second task is the generation and integration of theories that explain well-established
mental health phenomena. The history of systems science (Mobus & Kalton, 2014) and the
scientific study of complex phenomena (Mitchell, 2002) suggest that models, especially
mathematical or computational models that lay out how a posited system might operate, will be
critical to advancing our understanding of the interlocking systems giving rise to
psychopathology. Models provide support for deducing precisely what a given theory predicts,
something that is critical in the domain of systems science because it is typically all but
impossible to anticipate how a complex system will behave using mental reasoning alone
(Smaldino, 2017). Model-derived predictions equip us to evaluate what the theory can and
cannot explain (van Dongen et al, 2024) and to develop more rigorous tests of biopsychosocial
theories than are possible when relying only on Engel’s broad conceptual framework (Haslbeck
et al, 2022). In the context of integrative pluralism, mathematical and computational models have
the additional benefit of expressing theories transparently and in a language used across
scientific disciplines, thereby facilitating the integration of theories across scientific domains.
For example, a differential equation model positing specific psychological processes at play in
the onset of psychosis may specify how parameters of that model vary as a function of

environmental context and, in turn, how the psychological system’s behavior may alter one’s
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environment. In this paper, we have used toy models to illustrate how systems might plausibly be
integrated across levels of analysis. However, efforts to do so in more theoretically rigorous and
empirically grounded ways will face significant obstacles. At this stage, the statistical models we
can readily and reliably estimate from data (e.g., an Ising model) are unlikely to faithfully
represent the processes at play in mental health systems, and the models that represent these
processes in all their complexity (e.g., differential equation models) are extremely difficult to
estimate from the kinds of noisy data available in psychological research. Accordingly, efforts to
model biopsychosocial theories of mental health are likely to be challenging. Nonetheless,
mathematical and computational models provide theorists with a means by which they might
slowly begin to tackle this challenge of working to better integrate and accumulatively develop
biopsychosocial theories of mental health phenomena (Robinaugh et al, 2021).
Step 2: Train Psychologists in the Foundational Skills Needed for Transdisciplinary
Systems Science

In their proposal for clinical psychologists to serve as transdisciplinary scientists, Gee
and colleagues placed an emphasis on the role of graduate and undergraduate training, arguing
that we must train clinical psychologists to communicate with experts across disciplines (Gee et
al., 2022). The question becomes, what languages should we be teaching students to facilitate
this communication? What training do psychologists need to guide the integration and ongoing
development biopsychosocial theories of mental health?

If science has a common language, it is the language of mathematics. From the earliest
stages of general system theory, mathematics, especially differential equations, have played a
critical role in shaping our understanding of how systems behave by equipping them to generate

mathematical models of the phenomena under investigation. The formalization of systems
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theories as mathematical equations is one means by which researchers across disparate
disciplines such as biology, ecology, and physics were able to identify consistency in the
structure and dynamics of the system’s they study. Researchers in mental health sciences are
increasingly making use of these mathematical tools (e.g., Wang et al., 2023), however most
training programs have not yet evolved to support students in developing these skills (Gee et al.,
2022). Without this foundation, students are not well-positioned to use the mathematical or
computational tools needed to rigorously describe the dynamics of mental health phenomena or
to develop formal biopsychosocial theories to explain those phenomena.

There are at least two potential means by which we might provide students this training.
In the first, we would teach advanced methods in dedicated courses to graduate students in
psychology (e.g., Mathematical Modeling for Clinical Psychologists), particularly those students
focused on careers in research. Although preferable to the status quo, there are limits to taking
this approach in isolation. In many cases, graduate students lack the relevant foundational skills
to set them up for success in such courses and introducing additional advanced coursework at the
graduate level alongside the many other demands on their time is likely to create a challenging
environment in which to develop this skill set. Accordingly, if such coursework were adopted, it
would, at a minimum, be necessary to ensure that there is time and space afforded for acquiring
these skills in ways that do not simply entail adding another requirement atop all others. A
second (potentially complementary) option is to provide trainees with foundational skills in their
undergraduate training that will allow them to better engage with advanced topics in their later
graduate studies. For example, undergraduate students in STEM fields routinely take math and
computer science courses (e.g., linear algebra, differential equations, basic programming) that

provide them a foundation for later training. By incorporating such coursework into the required
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training of undergraduate students in psychology, particularly those who are aiming for a career
in psychological research, we would equip students to succeed in developing the common
language of mathematics and computational programming that will allow them to communicate
with researchers across disciplines. Moreover, with this foundation students will be better
positioned to learn the advanced statistical tools needed for rigorously analyzing time series data
and the theory construction and modeling skills that will allow them to contribute to the
generation, integration, and ongoing development of biopsychosocial theories of mental health
formalized as mathematical or computational models.

Alongside this foundation, psychologists will also benefit from training in systems
science, a position advocated by Engel in his original proposal of the biopsychosocial model (see
the quote that introduces this paper; Engel, 1977). As noted throughout this paper, systems are
ubiquitous, and dynamical systems are studied across domains of science. If psychologists are to
support transdisciplinary teams in their effort to work together to unravel the complexity of the
systems underlying mental disorders, then they will need a firm understanding of how systems
operate (e.g., understanding amplifying feedback loops, regulatory feedback loops, alternative
stable states, hysteresis, and other concepts we have reviewed here). In other words, the systems-
based nature of the biopsychosocial model not only makes clear that we need transdisciplinary
collaboration, it also provides a conceptual framework through which such collaborations can
occur, and it will be important for psychologists to be well versed in this framework. In addition,
systems science can provide a clear scaffolding from which to incorporate training in the role of
structural and culture systems in mental health, going beyond merely noting that social

determinants are important factors of which to be aware by generating a deeper appreciation for
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their role in mental health and the ways in which environmental systems-level intervention may
promote well-being (Sharma et al., 2018).

The reimagining of psychology training that we have proposed here would provide a
foundational step to equipping applied psychologists to thrive as transdisciplinary collaborators.
However, this is a long-term step that will take considerable time to bear fruit and fails to support
those who have already completed their undergraduate or graduate studies. Moreover, the
barriers to revising training at this level are likely to be significant and risk being inequitable in
their accessibility, as only well-resourced institutions may be positioned to implement and
support such changes. Accordingly, it will also be critical to develop resources beyond formal
university-based coursework alone, including conference workshops, summer schools, massive
open online courses, and both physical and virtual spaces by which transdisciplinary researchers
might come together to support one another’s efforts. In the domain of systems science, the
Complexity Explorer produced by the Sante Fe Institute provides a model to which we can
aspire—a collection of freely available online courses, tutorials, and other resources for studying
complex systems (Santa Fe Institute, 2024). In its own right, the Complexity Explorer is a highly
valuable and accessible resource for mental health researchers aiming to learn the language and
methods of systems science. More importantly, the website also provides a model for how we
might create a structured set of resources that can meet the needs of researchers, regardless of the
backgrounds from which they are approaching this work.

As we imagine opportunities to bolster the training of applied psychologists as hubs of
transdisciplinary collaboration, it is important to note that systemic inequities have long limited
access to training opportunities in mathematical and computational sciences, especially for

women and people of color, often leaving these groups underrepresented in the kinds of
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disciplines that will be needed to facilitate transdisciplinary collaboration. Moreover, alongside
psychology, many such fields have longstanding and troubling histories of racism and sexism
that have led to the exclusion of individuals from marginalized backgrounds (Charlesworth &
Banaji, 2019; Copur-Gencturk et al., 2020). As we seek to bring new training opportunities into
applied psychology, we must ensure that this training is available, accessible, and supportive to
individuals from all backgrounds, especially groups that have been historically excluded from
such training (Birhane & Guest, 2020; Copur-Gencturk et al., 2020; Wang, 2021). This need is
clear from a systems-based biopsychosocial lens, with its emphasis on large-scale social and
environmental systems that not only harm mental health, but also shape the research priorities
within our field and restrict opportunities for care. Accordingly, any effort to move toward
greater systems-focused transdisciplinary training and research must be aligned with broader
efforts to dismantle systemic inequities in psychology (Auguste et al., 2023; Buchanan et al.,
2021; Rodriguez-Seijas et al., 2024; Tseng & Lee, 2021).
Step 3: Incentivize Transdisciplinary Research

The steps described here would focus research on the description and explanation of
robust mental health phenomena and foster the development of skills for transdisciplinary
research within applied psychology. However, no amount of training in mathematics, modeling,
time series analysis, or systems science will encourage robust transdisciplinary research if the
incentive structures through which careers advance do not reward such research. It will be
important to consider incentives for at least three levels of organization: the transdisciplinary
team; the fields of clinical and counseling psychology; and the broader field of mental health

research.
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Participation in transdisciplinary teams affords unique and highly rewarding
opportunities. Indeed, for the authors of this paper, transdisciplinary collaborations have
provided many of our most valued experiences as researchers. However, these teams also present
many unique challenges. In part, these challenges lie in difficulty communicating across
disciplines, but there are also challenges presented by the distinct norms, interests, and incentive
structures for researchers coming from different disciplines. For example, whereas the academic
“currency” in psychology is focused on journal publications, computer scientists prioritize
publishing in conference proceedings. Given this, it is important for researchers to define clear,
shared goals in their collaborative projects, as well as clear roles and responsibilities, to ensure
that progress is made towards shared outcomes that are of interest to all parties involved.

Even when teams are well-organized and aligned, transdisciplinary research requires
significant time investment and comes with many additional challenges compared to traditional
within-field research. Within mental health science, it is thus important that we develop formal
programs and institutional incentive structures that help motivate transdisciplinary collaboration.
Such efforts could include group-based awards and recognition for transdisciplinary
collaborations; recognition and encouragement of transdisciplinary collaborations in
departmental merit or tenure review processes; and prioritization of transdisciplinary
collaborations in conference symposia and workshops, both to encourage greater
transdisciplinary research and to foster opportunity to inject new ideas from other fields into our
professional societies and to identify shared interests and goals with researchers from different
disciplines.

Finally, it will be critical to advocate for greater funding for research across the full

spectrum of systems at play in mental health. A recent commentary on the biopsychosocial
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model highlighted that a reinvigoration of this model may serve as a valuable unifying force,
bringing researchers together toward a more coherent investigation of mental health, but only if
such research is valued and funded (Tabb, 2021). The author of this commentary makes a
compelling case that, despite the broad notional acceptance of the biopsychosocial model, major
funding agencies have increasingly prioritized biological research and that funding priorities
have become increasingly divorced from investigating mental health as a societal problem (see
also, Scull, 2021). By focusing our research disproportionately on biological factors, we risk an
impoverished understanding of mental health and an inadequate repertoire of interventions for
addressing mental health challenges. It is therefore critical for mental health researchers to
advocate for greater funding for psychological, social, and environmental research that will
support the kinds of transdisciplinary collaborations needed to make progress in reducing the
burden of mental disorder.
Conclusion

If we take the biopsychosocial model seriously, a transdisciplinary approach will be
needed to advance our understanding of mental health. Clinical and counseling psychologists can
play a critical role in this work, serving as skilled facilitators of communication across
disciplines and experts in the mental health phenomena we seek to explain. As a systems-based
framework, the biopsychosocial model not only calls for transdisciplinary research, but also
provides a foundation for that work to take place, aligning researchers in the effort to understand
the systems that give rise to mental health and the interventions that can most effectively reduce
the burden of mental illness. Accordingly, the future of the biopsychosocial model will be

strengthened if we invest in building toward a transdisciplinary systems science of mental health.
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Transparency and Openness
Data, Materials, Code, and Online Resources

Supplementary materials, including all code used for this paper, can be found at

https://osf.io/yp7zc/. Data used in this study are available at

https://openpsychometrics.org/ _rawdata/.

50



TRANSDISCIPLINARY MENTAL HEALTH 51

References

Addington, A. M., Gallo, J. J., Ford, D. E., & Eaton, W. W. (2001). Epidemiology of
unexplained fatigue and major depression in the community: The Baltimore ECA
Follow-up, 1981-1994. Psychological Medicine, 31(6), 1037-1044.
https://doi.org/10.1017/S0033291701004214

Aftab, A., & Nielsen, K. (2021). From Engel to enactivism: Contextualizing the biopsychosocial
model. European Journal of Analytic Philosophy, 17(2), 5-22.
https://doi.org/10.31820/ejap.17.2.3

Auguste, E., Bowdring, M., Kasparek, S. W., McPhee, J., Tabachnick, A. R., Tung, 1., Scholars
for Elevating Equity and Diversity (SEED), & Galéan, C. A. (2023). Psychology’s
contributions to anti-blackness in the United States within psychological research,
criminal justice, and mental health. Perspectives on Psychological Science, 18(6), 1282—
1305. https://doi.org/10.1177/17456916221141374

Atzil, S., & Barrett, L. F. (2017). Social regulation of allostasis: Commentary on “Mentalizing
homeostasis: The social origins of interoceptive inference” by Fotopoulou and
Tsakiris. Neuropsychoanalysis, 19(1), 29-33.

Atzil, S., Gao, W., Fradkin, 1., & Barrett, L. F. (2018). Growing a social brain. Nature human
behaviour, 2(9), 624-636.

Baek, E. C., Hyon, R., Lopez, K., Finn, E. S., Porter, M. A., & Parkinson, C. (2022). In-degree
centrality in a social network is linked to coordinated neural activity. Nature
Communications, 13(1), 1118. https://doi.org/10.1038/s41467-022-28432-3

Barabasi, A. L. (2012). The network takeover. Nature Physics, 8(1), 14-16.

Baranyi, G., Cherrie, M., Curtis, S. E., Dibben, C., & Pearce, J. (2020). Changing levels of local



TRANSDISCIPLINARY MENTAL HEALTH 52

crime and mental health: A natural experiment using self-reported and service use data in
Scotland. Journal of Epidemiology and Community Health, jech-2020-213837.
https://doi.org/10.1136/jech-2020-213837

Barrett, L. F., Quigley, K. S., & Hamilton, P. (2016). An active inference theory of allostasis and
interoception in depression. Philosophical Transactions of the Royal Society B:
Biological Sciences, 371(1708), 20160011.

Barry, B. K., & Enoka, R. M. (2007). The neurobiology of muscle fatigue: 15 years later.
Integrative and Comparative Biology, 47(4), 465-473.
https://doi.org/10.1093/icb/icm047

Bertalanffy, L. von. (2009). General system theory: Foundations, development, applications
(Revised Edition) (17th ed.). Braziller.

Bhui, K., Newbury, J. B., Latham, R. M., Ucci, M., Nasir, Z. A., Turner, B., O’Leary, C., Fisher,
H. L., Marczylo, E., Douglas, P., Stansfeld, S., Jackson, S. K., Tyrrel, S., Rzhetsky, A.,
Kinnersley, R., Kumar, P., Duchaine, C., & Coulon, F. (2023). Air quality and mental
health: Evidence, challenges and future directions. BJPsych Open, 9(4), €120.
https://doi.org/10.1192/bjo.2023.507

Biggs, R., Schliiter, M., Biggs, D., Bohensky, E. L., BurnSilver, S., Cundill, G., Dakos, V., Daw,
T. M., Evans, L. S., Kotschy, K., Leitch, A. M., Meek, C., Quinlan, A., Raudsepp-
Hearne, C., Robards, M. D., Schoon, M. L., Schultz, L., & West, P. C. (2012). Toward
principles for enhancing the resilience of ecosystem services. Annual Review of
Environment and Resources, 37(1), 421-448. https://doi.org/10.1146/annurev-environ-
051211-123836

Birhane, A., & Guest, O. (2020). Towards decolonising computational sciences.



TRANSDISCIPLINARY MENTAL HEALTH 53

arXiv:2009.14258 [Cs]. http://arxiv.org/abs/2009.14258

Blanken, T. F., Bathelt, J., Deserno, M. K., Voge, L., Borsboom, D., & Douw, L. (2021).
Connecting brain and behavior in clinical neuroscience: A network approach.
Neuroscience & Biobehavioral Reviews, 130, 81-90.
https://doi.org/10.1016/j.neubiorev.2021.07.027

Bolton, D., & Gillett, G. (2019). The Biopsychosocial Model of Health and Disease: New
Philosophical and Scientific Developments. Springer International Publishing.
https://doi.org/10.1007/978-3-030-11899-0

Borsboom, D. (2008). Psychometric perspectives on diagnostic systems. Journal of Clinical
Psychology, 64(9), 1089—1108. https://doi.org/10.1002/jclp.20503

Borsboom, D. (2017). A network theory of mental disorders. World Psychiatry, 16(1), 5—13.

Borsini, A., Hepgul, N., Mondelli, V., Chalder, T., & Pariante, C. M. (2014). Childhood stressors
in the development of fatigue syndromes: a review of the past 20 years of research.
Psychological Medicine, 44(9), 1809-1823.

Buchanan, N. T., Perez, M., Prinstein, M. J., & Thurston, 1. B. (2021). Upending racism in
psychological science: Strategies to change how science is conducted, reported,
reviewed, and disseminated. American Psychologist, 76(7), 1097-1112.
https://doi.org/10.1037/amp0000905

Buchwald, A. M., & Rudick-Davis, D. (1993). The symptoms of major depression. Journal of
Abnormal Psychology, 102(2), 197-205. https://doi.org/10.1037/0021-843X.102.2.197

Burleson, M. H., & Quigley, K. S. (2021). Social interoception and social allostasis through
touch: legacy of the somatovisceral afference model of emotion. Social

neuroscience, 16(1), 92-102.



TRANSDISCIPLINARY MENTAL HEALTH 54

Casamento-Moran, A., Kim, A., Joonhee, L. L., & Chib, V. S. (2024). Central and peripheral
neuromuscular mechanisms of three behavioral features of fatigue.

Casamento-Moran, A., Mooney, R. A., Chib, V. S., & Celnik, P. A. (2023). Cerebellar
excitability regulates physical fatigue perception. The Journal of Neuroscience, 43(17),
3094-3106. https://doi.org/10.1523/INEUROSCI.1406-22.2023

Charlesworth, T. E. S., & Banaji, M. R. (2019). Patterns of implicit and explicit attitudes: I. long-
term change and stability from 2007 to 2016. Psychological Science, 30(2), 174-192.
https://doi.org/10.1177/0956797618813087

Chen, P.-H. A., Cheong, J. H., Jolly, E., Elhence, H., Wager, T. D., & Chang, L. J. (2019).
Socially transmitted placebo effects. Nature Human Behaviour, 3(12), 1295-1305.
https://doi.org/10.1038/s41562-019-0749-5

Chou, K.-L. (2005). Everyday competence and depressive symptoms: Social support and sense
of control as mediators or moderators? Aging & Mental Health, 9(2), 177-183.
https://doi.org/10.1080/13607860412331336814

Clark, D. M. (1986). A cognitive approach to panic. Behaviour Research and Therapy, 24(4),
461-470. https://doi.org/10.1016/0005-7967(86)90011-2

Copur-Gencturk, Y., Cimpian, J. R., Lubienski, S. T., & Thacker, I. (2020). Teachers’ bias
against the mathematical ability of female, black, and hispanic students. Educational
Researcher, 49(1), 30—43. https://doi.org/10.3102/0013189X19890577

Cramer, A. O.J., Van Borkulo, C. D., Giltay, E. J., Van Der Maas, H. L. J., Kendler, K. S.,
Scheffer, M., & Borsboom, D. (2016). Major depression as a complex dynamic system.
PLOS ONE, 11(12), e0167490. https://doi.org/10.1371/journal.pone.0167490

Cramer, A. O.J., Waldorp, L. J., Van Der Maas, H. L. J., & Borsboom, D. (2010). Comorbidity:



TRANSDISCIPLINARY MENTAL HEALTH 55

A network perspective. Behavioral and Brain Sciences, 33(2-3), 137-150.
https://doi.org/10.1017/S0140525X09991567

Cui, J., Lunansky, G., Lichtwarck-Aschoff, A., Mendoza, N. B., & Hasselman, F. (2023).
Quantifying the stability landscapes of psychological networks.
https://doi.org/10.31234/osf.io/nd8zc

Culpin, 1., Stapinski, L., Miles, 0.B,, Araya, R., & Joinson, C. (2015). Exposure to
socioeconomic adversity in early life and risk of depression at 18 years: The mediating
role of locus of control. Journal of Affective Disorders, 183, 269-278.
https://doi.org/10.1016/j.jad.2015.05.030

Dablander, F., Pichler, A., Cika, A., & Bacilieri, A. (2023). Anticipating critical transitions in
psychological systems using early warning signals: Theoretical and practical
considerations. Psychological Methods, 28(4), 765—790.
https://doi.org/10.1037/met0000450

Davies, W., & Roache, R. (2017). Reassessing biopsychosocial psychiatry. British Journal of
Psychiatry, 210(1), 3-5. https://doi.org/10.1192/bjp.bp.116.182873

De Courson, B., Frankenhuis, W. E., Nettle, D., & Van Gelder, J.-L. (2023). Why is violence
high and persistent in deprived communities? A formal model. Proceedings of the Royal
Society B: Biological Sciences, 290(1993), 20222095.
https://doi.org/10.1098/rspb.2022.2095

Engel, G. L. (1977). The need for a new medical model: A challenge for biomedicine. Science,
196(4286), 129—136. https://doi.org/10.1126/science.847460

Engel, G. L. (1980). The clinical application of the biopsychosocial model. American Journal of

Psychiatry, 137(5), 535-544. https://doi.org/10.1176/ajp.137.5.535



TRANSDISCIPLINARY MENTAL HEALTH 56

Enoka, R. M., & Duchateau, J. (2008). Muscle fatigue: What, why and how it influences muscle
function. The Journal of Physiology, 586(1), 11-23.
https://doi.org/10.1113/jphysiol.2007.139477

Eronen, M. 1., & Bringmann, L. F. (2021). The theory crisis in psychology: How to move
forward. Perspectives on Psychological Science, 16(4), 779-788.
https://doi.org/10.1177/1745691620970586

Evans, G. W., & Cassells, R. C. (2014). Childhood poverty, cumulative risk exposure, and
mental health in emerging adults. Clinical Psychological Science, 2(3), 287-296.
https://doi.org/10.1177/2167702613501496

Fava, M., Ball, S., Nelson, J. C., Sparks, J., Konechnik, T., Classi, P., Dube, S., & Thase, M. E.
(2014). Clinical relevance of fatigue as a residual symptom in major depressive disorder.
Depression and Anxiety, 31(3), 250-257. https://doi.org/10.1002/da.22199

Fink, D. S., Keyes, K. M., & Cerda, M. (2016). Social determinants of population health: A
systems sciences approach. Current Epidemiology Reports, 3(1), 98—105.
https://doi.org/10.1007/s40471-016-0066-8

Folke, C. (2006). Resilience: The emergence of a perspective for social-ecological systems
analyses. Global Environmental Change, 16(3), 253-267.
https://doi.org/10.1016/j.gloenvcha.2006.04.002

Freichel, R., Lenartowicz, A., Douw, L., Kruschwitz, J. D., Banaschewski, T., Barker, G. J.,
Bokde, A. L. W., Desriviéres, S., Flor, H., Grigis, A., Garavan, H., Heinz, A., Briihl, R.,
Martinot, J.-L., Martinot, M.-L. P., Artiges, E., Nees, F., Orfanos, D. P., Paus, T., ...
Blanken, T. F. (2024). Unraveling robust brain-behavior links of depressive complaints

through granular network models for understanding heterogeneity. Journal of Affective



TRANSDISCIPLINARY MENTAL HEALTH 57

Disorders, 359, 140—144. https://doi.org/10.1016/j.jad.2024.05.060

Fried, E. 1., Proppert, R. K. K., & Rieble, C. L. (2023). Building an early warning system for
depression: Rationale, objectives, and methods of the WARN-D study. Clinical
Psychology in Europe, 5(3), €10075. https://doi.org/10.32872/cpe.10075

Gandevia, S. C. (2001). Spinal and supraspinal factors in human muscle fatigue. Physiological
Reviews, 81(4), 1725-1789. https://doi.org/10.1152/physrev.2001.81.4.1725

Geary, R. S., Thompson, D., Mizen, A., Akbari, A., Garrett, J. K., Rowney, F. M., Watkins, A.,
Lyons, R. A., Stratton, G., Lovell, R., Nieuwenhuijsen, M., Parker, S. C., Song, J.,
Tsimpida, D., White, J., White, M. P., Williams, S., Wheeler, B. W., Fry, R., & Rodgers,
S. E. (2023). Ambient greenness, access to local green spaces, and subsequent mental
health: A 10-year longitudinal dynamic panel study of 2-3 million adults in Wales. The
Lancet Planetary Health, 7(10), e809—e818. https://doi.org/10.1016/S2542-
5196(23)00212-7

Gee, D. G., DeYoung, K. A., McLaughlin, K. A., Tillman, R. M., Barch, D. M., Forbes, E. E.,
Krueger, R. F., Strauman, T. J., Weierich, M. R., & Shackman, A. J. (2022). Training the
next generation of clinical psychological scientists: A data-driven call to action. Annual
Review of Clinical Psychology, 18(1), 43-70. https://doi.org/10.1146/annurev-clinpsy-
081219-092500

Ghaemi, S. N. (2010). The rise and fall of the biopsychosocial model: Reconciling art and
science in psychiatry. Johns Hopkins Univ. Press.

Ghaemi, S. N. (2011). The biopsychosocial model in psychiatry: A critique. Existenz, 6(1).
https://www.existenz.us/volumes/Vol.6-1Ghaemi.html

Giurgiu, M., Plotnikoff, R. C., Nigg, C. R., Koch, E. D., Ebner-Priemer, U. W., & Reichert, M.



TRANSDISCIPLINARY MENTAL HEALTH 58

(2020). Momentary mood predicts upcoming real-life sedentary behavior. Scandinavian
Journal of Medicine & Science in Sports, 30(7), 1276—1286.
https://doi.org/10.1111/sms.13652

Gramling, C. J., Durieux, B. N., Clarfeld, L. A., Javed, A., Matt, J. E., Manukyan, V., Braddish,
T., Wong, A., Wills, J., Hirsch, L., Straton, J., Cheney, N., Eppstein, M. J., Rizzo, D. M.,
& Gramling, R. (2022). Epidemiology of Connectional Silence in specialist serious
illness conversations. Patient Education and Counseling, 105(7), 2005-2011.
https://doi.org/10.1016/j.pec.2021.10.032

Grey, L., Arora, T., Thomas, J., Saneh, A., Tohme, P., & Abi-Habib, R. (2020). The role of
perceived social support on depression and sleep during the COVID-19 pandemic.
Psychiatry Research, 293, 113452, https://doi.org/10.1016/j.psychres.2020.113452

Fotopoulou, A., Von Mohr, M., & Krahé, C. (2022). Affective regulation through touch:
homeostatic and allostatic mechanisms. Current Opinion in Behavioral Sciences, 43, 80-
87.

Haig, B. D. (2008). Precis of ‘an abductive theory of scientific method’. Journal of Clinical
Psychology, 64(9), 1019-1022.

Haslbeck, J. M., Epskamp, S., Marsman, M., & Waldorp, L. J. (2021). Interpreting the Ising
model: The input matters. Multivariate Behavioral Research, 56(2), 303-313.

Haslbeck, J., Ryan, O., Robinaugh, D. J., Waldorp, L. J., & Borsboom, D. (2022). Modeling
psychopathology: From data models to formal theories. Psychological Methods, 27(6),
930-957, https://doi.org/10.1037/met0000303.

Hayes, A. M., & Andrews, L. A. (2020). A complex systems approach to the study of change in

psychotherapy. BMC Medicine, 18(1), 197. https://doi.org/10.1186/s12916-020-01662-2



TRANSDISCIPLINARY MENTAL HEALTH 59

Hayes, A. M., Yasinski, C., Ben Barnes, J., & Bockting, C. L. H. (2015). Network destabilization
and transition in depression: New methods for studying the dynamics of therapeutic
change. Clinical Psychology Review, 41, 27-39.
https://doi.org/10.1016/j.cpr.2015.06.007

Haynes, P., Hart, A., Eryigit-Madzwamuse, S., Wood, M., Maitland, J., & Cameron, J. (2024).
The contribution of a complex systems-based approach to progressive social resilience.
Health: An Interdisciplinary Journal for the Social Study of Health, Illness and Medicine,
28(5), 754-774. https://doi.org/10.1177/13634593231195784

Helmich, M. A., Schreuder, M. J., Bringmann, L. F., Riese, H., Snippe, E., & Smit, A. C. (2024).
Slow down and be critical before using early warning signals in psychopathology. Nature
Reviews Psychology, 3(11), 767-780. https://doi.org/10.1038/s44159-024-00369-y

Henry, T. R., Robinaugh, D. J., & Fried, E. L. (2022). On the control of psychological networks.
Psychometrika, 87(1), 188-213. https://doi.org/10.1007/s11336-021-09796-9

Hoekstra, R. H. A., De Ron, J., Epskamp, S., Robinaugh, D., & Borsboom, D. (2024). Mapping
the dynamics of idiographic network models to the network theory of psychopathology
using stability landscapes. https://doi.org/10.31234/0sf.i0/9sguw

Hojat, M., Louis, D. Z., Markham, F. W., Wender, R., Rabinowitz, C., & Gonnella, J. S. (2011).
Physicians’ empathy and clinical outcomes for diabetic patients: Academic Medicine,
86(3), 359-364. https://doi.org/10.1097/ACM.0b013e3182086fel

Holling, C. S. (1996). Engineering resilience versus ecological resilience. In Engineering within
ecological constraints (pp. 31-44). The National Academies Press.

Jack, R. E., Crivelli, C., & Wheatley, T. (2018). Data-driven methods to diversify knowledge of

human psychology. Trends in Cognitive Sciences, 22(1), 1-5.



TRANSDISCIPLINARY MENTAL HEALTH 60

https://doi.org/10.1016/j.tics.2017.10.002

Kahlon, M. K., Aksan, N., Aubrey, R., Clark, N., Cowley-Morillo, M., Jacobs, E. A., Mundhenk,
R., Sebastian, K. R., & Tomlinson, S. (2021). Effect of layperson-delivered, empathy-
focused program of telephone calls on loneliness, depression, and anxiety among adults
during the COVID-19 pandemic: A randomized clinical trial. JAMA Psychiatry, 78(6),
616. https://doi.org/10.1001/jamapsychiatry.2021.0113

Karau, S. J., & Williams, K. D. (1993). Social loafing: A meta-analytic review and theoretical
integration. Journal of Personality and Social Psychology, 65(4), 681.

Kendler, K. S. (2005). Toward a philosophical structure for psychiatry. American Journal of
Psychiatry, 162(3), 433-440. https://doi.org/10.1176/appi.ajp.162.3.433

Kendler, K. S., Zachar, P., & Craver, C. (2011). What kinds of things are psychiatric disorders?
Psychological Medicine, 41(6), 1143—1150. https://doi.org/10.1017/S0033291710001844

Kirkbride, J. B., Anglin, D. M., Colman, 1., Dykxhoorn, J., Jones, P. B., Patalay, P., Pitman, A.,
Soneson, E., Steare, T., Wright, T., & Griffiths, S. L. (2024). The social determinants of
mental health and disorder: Evidence, prevention and recommendations. World
Psychiatry, 23(1), 58-90. https://doi.org/10.1002/wps.21160

Kluger, B. M., Krupp, L. B., & Enoka, R. M. (2013). Fatigue and fatigability in neurologic
illnesses: Proposal for a unified taxonomy. Neurology, 80(4), 409—416.
https://doi.org/10.1212/WNL.0b013e31827f07be

Langellier, B. A., Yang, Y., Purtle, J., Nelson, K. L., Stankov, 1., & Diez Roux, A. V. (2019).
Complex systems approaches to understand drivers of mental health and Inform mental
health policy: A systematic review. Administration and Policy in Mental Health and

Mental Health Services Research, 46(2), 128—144. https://doi.org/10.1007/s10488-018-



TRANSDISCIPLINARY MENTAL HEALTH 61

0887-5

Lich, K. H., Ginexi, E. M., Osgood, N. D., & Mabry, P. L. (2013). A call to address complexity
in prevention science research. Prevention Science, 14(3), 279-289.
https://doi.org/10.1007/s11121-012-0285-2

Ludwig, D., Dixon, D. J., & Holling, C. S. (1978). Qualitative analysis of insect outbreak
systems: The spruce budworm and forest. Journal of Animal Ecology, 47(1), 315-332.

Lunansky, G., Van Borkulo, C. D., Haslbeck, J. M. B., Van Der Linden, M. A., Garay, C. J.,
Etchevers, M. J., & Borsboom, D. (2021). The mental health ecosystem: Extending
symptom networks with risk and protective factors. Frontiers in Psychiatry, 12, 640658.
https://doi.org/10.3389/fpsyt.2021.640658

Malgaroli, M., Calderon, A., & Bonanno, G. A. (2021). Networks of major depressive disorder:
A systematic review. Clinical Psychology Review, 102000.

Maniglio, R. (2010). Child sexual abuse in the etiology of depression: A systematic review of
reviews. Depression and anxiety, 27(7), 631-642.

Matthews, T., Rasmussen, L. J. H., Ambler, A., Danese, A., Eugen-Olsen, J., Fancourt, D.,
Fisher, H. L., Iversen, K. K., Schultz, M., Sugden, K., Williams, B., Caspi, A., & Moffitt,
T. E. (2024). Social isolation, loneliness, and inflammation: A multi-cohort investigation
in early and mid-adulthood. Brain, Behavior, and Immunity, 115, 727-736.
https://doi.org/10.1016/j.bbi1.2023.11.022

Maung, H. H. (2021). Causation and causal selection in the biopsychosocial model of health and
disease. European Journal of Analytic Philosophy, 17(2), 5-27.
https://doi.org/10.31820/ejap.17.2.6

McElroy, E., Mclntyre, J. C., Bentall, R. P., Wilson, T., Holt, K., Kullu, C., Nathan, R., Kerr, A.,



TRANSDISCIPLINARY MENTAL HEALTH 62

Panagaki, K., McKeown, M., Saini, P., Gabbay, M., & Corcoran, R. (2019). Mental
health, deprivation, and the neighborhood social environment: A network analysis.
Clinical Psychological Science, 7(4), 719-734.
https://doi.org/10.1177/2167702619830640

McLaren, N. (1998). A critical review of the biopsychosocial model. Australian & New Zealand
Journal of Psychiatry, 32(1), 86—92. https://doi.org/10.3109/00048679809062712

Mercer, S. W., Jani, B. D., Maxwell, M., Wong, S. Y., & Watt, G. C. (2012). Patient enablement
requires physician empathy: A cross-sectional study of general practice consultations in
areas of high and low socioeconomic deprivation in Scotland. BMC Family Practice,
13(1), 6. https://doi.org/10.1186/1471-2296-13-6

Meyer, K. (2016). A mathematical review of resilience in ecology. Natural Resource Modeling,
29(3), 339-352. https://doi.org/10.1111/nrm.12097

Mitchell, S. D. (2002). Integrative pluralism. Biology & Philosophy, 17(1), 55-70.
https://doi.org/10.1023/A:1012990030867

Mobus, G. E., & Kalton, M. C. (2014). Principles of systems science. Springer.

Morrison, I. (2016). Keep calm and cuddle on: Social touch as a stress buffer. Adaptive Human
Behavior and Physiology, 2(4), 344-362. https://doi.org/10.1007/s40750-016-0052-x

Mosso, A. (1904). Fatigue. GP Putnam’s Sons.

Nelson, B., McGorry, P. D., Wichers, M., Wigman, J. T. W., & Hartmann, J. A. (2017). Moving
from static to dynamic models of the onset of mental disorder: A review. JAMA
Psychiatry, 74(5), 528. https://doi.org/10.1001/jamapsychiatry.2017.0001

Noakes, T. D., St Clair Gibson, A., & Lambert, E. V. (2005). From catastrophe to complexity: A

novel model of integrative central neural regulation of effort and fatigue during exercise



TRANSDISCIPLINARY MENTAL HEALTH 63

in humans: summary and conclusions. British Journal of Sports Medicine, 39(2), 120—
124. https://doi.org/10.1136/bjsm.2003.010330

Olthof, M., Hasselman, F., Oude Maatman, F., Bosman, A. M. T., & Lichtwarck-Aschoff, A.
(2023). Complexity theory of psychopathology. Journal of Psychopathology and Clinical
Science, 132(3), 314-323. https://doi.org/10.1037/abn0000740

Orton, L. C., Pennington, A., Nayak, S., Sowden, A., Petticrew, M., White, M., & Whitehead, M.
(2019). What is the evidence that differences in ‘control over destiny’ lead to
socioeconomic inequalities in health? A theory-led systematic review of high-quality
longitudinal studies on pathways in the living environment. Journal of Epidemiology and
Community Health, 73(10), 929-934. https://doi.org/10.1136/jech-2019-212565

Pemberton, R., & Fuller Tyszkiewicz, M. D. (2016). Factors contributing to depressive mood
states in everyday life: A systematic review. Journal of Affective Disorders, 200, 103—
110. https://doi.org/10.1016/j.jad.2016.04.023

Pengcheng, L., Longfei, Z., Shujuan, C., & Xiaojie, W. (2021). Association between household
overcrowding and depressive mood among Chinese residents. Journal of Affective
Disorders, 290, 74-80. https://doi.org/10.1016/j.jad.2021.04.066

Pevalin, D. J., Reeves, A., Baker, E., & Bentley, R. (2017). The impact of persistent poor
housing conditions on mental health: A longitudinal population-based study. Preventive
Medicine, 105, 304-310. https://doi.org/10.1016/j.ypmed.2017.09.020

Pham, L. T., Hernandez, R., Spruijt-Metz, D., Gonzalez, J. S., & Pyatak, E. A. (2023).
Movement matters: short-term impacts of physical activity on mood and well-
being. Journal of Behavioral Medicine, 46(5), 781-790.

Pilgrim, D. (2002). The biopsychosocial model in Anglo-American psychiatry: Past, present and



TRANSDISCIPLINARY MENTAL HEALTH 64

future? Journal of Mental Health, 11(6), 585-594.
https://doi.org/10.1080/09638230020023930

Purtle, J., Nelson, K. L., Counts, N. Z., & Yudell, M. (2020). Population-based approaches to
mental health: History, strategies, and evidence. Annual Review of Public Health, 41(1),
201-221. https://doi.org/10.1146/annurev-publhealth-040119-094247

Raizen, D. M., Mullington, J., Anaclet, C., Clarke, G., Critchley, H., Dantzer, R., Davis, R.,
Drew, K. L., Fessel, J., Fuller, P. M., Gibson, E. M., Harrington, M., Ian Lipkin, W.,
Klerman, E. B., Klimas, N., Komaroff, A. L., Koroshetz, W., Krupp, L., Kuppuswamy,
A., ... Craig Heller, H. (2023). Beyond the symptom: The biology of fatigue. SLEEP,
46(9), zsad069. https://doi.org/10.1093/sleep/zsad069

Ridley, M., Rao, G., Schilbach, F., & Patel, V. (2020). Poverty, depression, and anxiety: Causal
evidence and mechanisms. Science, 370(6522), eaay(0214.
https://doi.org/10.1126/science.aay0214

Robinaugh, D. J., Haslbeck, J. M., Ryan, O., Fried, E. 1., & Waldorp, L. J. (2021). Invisible
hands and fine calipers: A call to use formal theory as a toolkit for theory construction.
Perspectives on Psychological Science, 16(4), 725-743.

Robinaugh, D. J., Haslbeck, J., Waldorp, L. J., Kossakowski, J. J., Fried, E. 1., Millner, A. J.,
McNally, R.J., Ryan, O., de Ron, J., van der Maas, H.L. van Nes, E. H., Scheffer, M.,
Kendler, K.S. & Borsboom, D. (2024). Advancing the network theory of mental
disorders: A computational model of panic disorder. Psychological Review, 131(6), 1482.

Rodriguez-Seijas, C., McClendon, J., Wendt, D. C., Novacek, D. M., Ebalu, T., Hallion, L. S.,
Hassan, N. Y., Huson, K., Spielmans, G. L., Folk, J. B., Khazem, L. R., Neblett, E. W,

Cunningham, T. J., Hampton-Anderson, J., Steinman, S. A., Hamilton, J. L., & Mekawi,



TRANSDISCIPLINARY MENTAL HEALTH 65

Y. (2024). The next generation of clinical-psychological science: Moving toward anti-
racism. Clinical Psychological Science, 12(3), 526—546.
https://doi.org/10.1177/21677026231156545

Roman, J. E. L., Ekholm, O., Algren, M. H., Koyanagi, A., Stewart-Brown, S., Hall, E. E.,
Stubbs, B., Koushede, V., Thygesen, L. C., & Santini, Z. I. (2023). Mental wellbeing and
physical activity levels: A prospective cohort study. Mental Health and Physical Activity,
24, 100498.

Rosenquist, J. N., Fowler, J. H., & Christakis, N. A. (2011). Social network determinants of
depression. Molecular Psychiatry, 16(3), 273-281. https://doi.org/10.1038/mp.2010.13

Ross, L. N. (2024). What is social structural explanation? A causal account. Noiis, 58(1), 163—
179. https://doi.org/10.1111/nous.12446

Rutter, H., Savona, N., Glonti, K., Bibby, J., Cummins, S., Finegood, D. T., Greaves, F., Harper,
L., Hawe, P., Moore, L., Petticrew, M., Rehfuess, E., Shiell, A., Thomas, J., & White, M.
(2017). The need for a complex systems model of evidence for public health. The Lancet,
390(10112), 2602-2604. https://doi.org/10.1016/S0140-6736(17)31267-9

Rydin, Y., Bleahu, A., Davies, M., Davila, J. D., Friel, S., De Grandis, G., Groce, N., Hallal, P.
C., Hamilton, I., Howden-Chapman, P., Lai, K.-M., Lim, C., Martins, J., Osrin, D.,
Ridley, L., Scott, 1., Taylor, M., Wilkinson, P., & Wilson, J. (2012). Shaping cities for
health: Complexity and the planning of urban environments in the 21st century. The
Lancet, 379(9831), 2079-2108. https://doi.org/10.1016/S0140-6736(12)60435-8

Sampson, L., & Galea, S. (2018). An argument for the foundations of population mental health.
Frontiers in Psychiatry, 9, 600. https://doi.org/10.3389/fpsyt.2018.00600

Santa Fe Institute. (2024). Complexity Explorer. https://www.complexityexplorer.org/



TRANSDISCIPLINARY MENTAL HEALTH 66

Scheffer, M. (2020). Critical Transitions in Nature and Society. Princeton University Press.
https://doi.org/10.1515/9781400833276

Scheffer, M., Bockting, C. L., Borsboom, D., Cools, R., Delecroix, C., Hartmann, J. A., Kendler,
K. S., Van De Leemput, 1., Van Der Maas, H. L. J., Van Nes, E., Mattson, M., McGorry,
P. D., & Nelson, B. (2024a). A dynamical systems view of psychiatric disorders—
practical implications: A review. JAMA Psychiatry, 8§1(6), 624.
https://doi.org/10.1001/jamapsychiatry.2024.0228

Scheffer, M., Bockting, C. L., Borsboom, D., Cools, R., Delecroix, C., Hartmann, J. A., Kendler,
K. S., Van De Leemput, 1., Van Der Maas, H. L. J., Van Nes, E., Mattson, M., McGorry,
P. D., & Nelson, B. (2024b). A dynamical systems view of psychiatric disorders—theory:
A review. JAMA Psychiatry, 81(6), 618.
https://doi.org/10.1001/jamapsychiatry.2024.0215

Scheffer, M., Bolhuis, J. E., Borsboom, D., Buchman, T. G., Gijzel, S. M. W., Goulson, D.,
Kammenga, J. E., Kemp, B., Van De Leemput, 1. A., Levin, S., Martin, C. M., Melis, R.
J. F., Van Nes, E. H., Romero, L. M., & Olde Rikkert, M. G. M. (2018). Quantifying
resilience of humans and other animals. Proceedings of the National Academy of
Sciences, 115(47), 11883—11890. https://doi.org/10.1073/pnas.1810630115

Scheffer, M., & Van Nes, E. H. (2007). Shallow lakes theory revisited: Various alternative
regimes driven by climate, nutrients, depth and lake size. Hydrobiologia, 584(1), 455—
466. https://doi.org/10.1007/s10750-007-0616-7

Schiepek, G., & Pincus, D. (2023). Complexity science: A framework for psychotherapy
integration. Counselling and Psychotherapy Research, 23(4), 941-955.

https://doi.org/10.1002/capr.12641



TRANSDISCIPLINARY MENTAL HEALTH 67

Schwenzer, M., Ay, M., Bergs, T., & Abel, D. (2021). Review on model predictive control: An
engineering perspective. The International Journal of Advanced Manufacturing
Technology, 117(5-6), 1327-1349. https://doi.org/10.1007/s00170-021-07682-3

Scull, A. (2021). American psychiatry in the new millennium: A critical appraisal. Psychological
Medicine, 51(16), 2762-2770. https://doi.org/10.1017/S0033291721001975

Shaffer, C., Westlin, C., Quigley, K. S., Whitfield-Gabrieli, S., & Barrett, L. F. (2022).
Allostasis, action, and affect in depression: Insights from the theory of constructed
emotion. Annual Review of Clinical Psychology, 18(1), 553-580.
https://doi.org/10.1146/annurev-clinpsy-081219-115627

Sharma, M., Pinto, A. D., & Kumagai, A. K. (2018). Teaching the social determinants of health:
A path to equity or a road to nowhere? Academic Medicine, 93(1), 25-30.
https://doi.org/10.1097/ACM.0000000000001689

Shaw, B. A., Krause, N., Chatters, L. M., Connell, C. M., & Ingersoll-Dayton, B. (2004).
Emotional support from parents early in life, aging, and health. Psychology and Aging,
19(1), 4-12. https://doi.org/10.1037/0882-7974.19.1.4

Sheeber, L. B., Davis, B., Leve, C., Hops, H., & Tildesley, E. (2007). Adolescents’ relationships
with their mothers and fathers: Associations with depressive disorder and subdiagnostic
symptomatology. Journal of Abnormal Psychology, 116(1), 144—154.
https://doi.org/10.1037/0021-843X.116.1.144

Sheehy-Skeffington, J. (2020). The effects of low socioeconomic status on decision-making
processes. Current Opinion in Psychology, 33, 183—188.
https://doi.org/10.1016/j.copsyc.2019.07.043

Smaldino, P. E. (2017). Models are stupid, and we need more of them. In Computational Social



TRANSDISCIPLINARY MENTAL HEALTH 68

Psychology (pp. 311-331). Routledge.

Stephan, K. E., Manjaly, Z. M., Mathys, C. D., Weber, L. A. E., Paliwal, S., Gard, T.,
Tittgemeyer, M., Fleming, S. M., Haker, H., Seth, A. K., & Petzschner, F. H. (2016).
Allostatic self-efficacy: A metacognitive theory of dyshomeostasis-induced fatigue and
depression. Frontiers in Human Neuroscience, 10.
https://doi.org/10.3389/fnhum.2016.00550

Tabb, K. (2021). Centrifugal and centripetal thinking about the biopsychosocial model in
psychiatry. European Journal of Analytic Philosophy, 17(2), 5-28.
https://doi.org/10.31820/ejap.17.2.4

Thimm-Kaiser, M., Benzekri, A., & Guilamo-Ramos, V. (2023). Conceptualizing the
mechanisms of social determinants of health: A heuristic framework to inform future
directions for mitigation. The Milbank Quarterly, 101(2), 486-526.

https://doi.org/10.1111/1468-0009.12642

Thoits, P. A. (2011). Mechanisms linking social ties and support to physical and mental health.
Journal of Health and Social Behavior, 52(2), 145-161.
https://doi.org/10.1177/0022146510395592

Tinbergen, N. (1963). On the aims and methods of Ethology. Zeitschrift Fiir Tierpsychologie, 20,
410-433.

Tseng, V., & Lee, R. M. (2021). From margin to center: An Asian Americanist psychology.
American Psychologist, 76(4), 693—700. https://doi.org/10.1037/amp0000866

Uskul, A. K., & Oishi, S. (2020). Editorial overview: What is socio-ecological

psychology? Current Opinion in Psychology, 32, 181-184.



TRANSDISCIPLINARY MENTAL HEALTH 69

https://doi.org/10.1016/j.copsyc.2020.01.001

Van De Leemput, I. A., Wichers, M., Cramer, A. O. J., Borsboom, D., Tuerlinckx, F., Kuppens,
P., Van Nes, E. H., Viechtbauer, W., Giltay, E. J., Aggen, S. H., Derom, C., Jacobs, N.,
Kendler, K. S., Van Der Maas, H. L. J., Neale, M. C., Peeters, F., Thiery, E., Zachar, P.,
& Scheffer, M. (2014). Critical slowing down as early warning for the onset and
termination of depression. Proceedings of the National Academy of Sciences, 111(1), 87—
92. https://doi.org/10.1073/pnas.1312114110

Van Dongen, N., van Bork, R., Finnemann, A., Haslbeck, J., van der Maas, H. L., Robinaugh, D.
J., de Ron, J., Sprenger, J. & Borsboom, D. (2024). Productive explanation: A framework
for evaluating explanations in psychological science. Psychological Review, 132(2), 311-
329. https://doi.org/10.1037/rev0000479

van Geert, P. (2009). Nonlinear complex dynamical systems in developmental psychology. In
Guastello, S. J., Koopmans, M. & Pincus, D. Chaos and complexity in psychology: The
theory of nonlinear dynamical systems, 242—-281. Cambridge University Press.

Van Nes, E. H., Arani, B. M. S., Staal, A., Van Der Bolt, B., Flores, B. M., Bathiany, S., &
Scheffer, M. (2016). What do you mean, ‘tipping point’? Trends in Ecology & Evolution,
31(12), 902-904. https://doi.org/10.1016/j.tree.2016.09.011

Veenman, M., Janssen, L. H. C., van Houtum, L. A. E. M., Wever, M. C. M., Verkuil, B.,
Epskamp, S., ... Elzinga, B. M. (2024). A network study of family affect systems in daily
life. Multivariate Behavioral Research, 59(2), 371-405.
https://doi.org/10.1080/00273171.2023.2283632

Walker, S. C., & McGlone, F. P. (2013). The social brain: Neurobiological basis of affiliative

behaviours and psychological well-being. Neuropeptides, 47(6), 379-393.



TRANSDISCIPLINARY MENTAL HEALTH 70

https://doi.org/10.1016/j.npep.2013.10.008

Walsh, D., McCartney, G., Smith, M., & Armour, G. (2019). Relationship between childhood
socioeconomic position and adverse childhood experiences (ACEs): A systematic review.
Journal of Epidemiology and Community Health, 73(12), 1087-1093.
https://doi.org/10.1136/jech-2019-212738

Wang, S. B. (2021). Machine learning to advance the prediction, prevention and treatment of
eating disorders. European Eating Disorders Review, 29(5), 683—691.
https://doi.org/10.1002/erv.2850

Wang, S. B., Robinaugh, D. J., Millner, A., Fortgang, R., & Nock, M. (2023). Mathematical and
Computational Modeling of Suicide as a Complex Dynamical System.
https://osf.io/preprints/psyarxiv/b29cs

Weinberg, D., Stevens, G. W. J. M., Peeters, M., Visser, K., Frankenhuis, W., & Finkenauer, C.
(2024). The role of social cognitions in the social gradient in adolescent mental health: A
longitudinal mediation model. Development and Psychopathology, 36(2), 953-966.
https://doi.org/10.1017/S0954579423000214

Wheatley, T., Thornton, M. A., Stolk, A., & Chang, L. J. (2024). The emerging science of
interacting minds. Perspectives on Psychological Science, 19(2), 355-373.

Zoltowski, A. R., Failla, M. D., & Cascio, C. J. (2022). Social touch and allostasis. Current

Opinion in Behavioral Sciences, 43, 69-74.



