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IMPORTANCE Psychiatric disorders may come and go with symptoms changing over a lifetime.
This suggests the need for a paradigm shift in diagnosis and treatment. Here we present a fresh
look inspired by dynamical systems theory. This theory is used widely to explain tipping points,
cycles, and chaos in complex systems ranging from the climate to ecosystems.

OBSERVATIONS In the dynamical systems view, we propose the healthy state has a basin of
attraction representing its resilience, while disorders are alternative attractors in which the
system can become trapped. Rather than an immutable trait, resilience in this approach is a
dynamical property. Recent work has demonstrated the universality of generic dynamical
indicators of resilience that are now employed globally to monitor the risks of collapse of
complex systems, such as tropical rainforests and tipping elements of the climate system.
Other dynamical systems tools are used in ecology and climate science to infer causality from
time series. Moreover, experiences in ecological restoration confirm the theoretical
prediction that under some conditions, short interventions may invoke long-term success
when they flip the system into an alternative basin of attraction. All this implies practical
applications for psychiatry, as are discussed in part 2 of this article.

CONCLUSIONS AND RELEVANCE Work in the field of dynamical systems points to novel ways of
inferring causality and quantifying resilience from time series. Those approaches have now
been tried and tested in a range of complex systems. The same tools may help monitoring
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and managing resilience of the healthy state as well as psychiatric disorders.
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he current approach to diagnosing and treating psychiat-

ric disorders is being questioned for several reasons, 2 of

which stand out. First, symptoms people present with do
not fit neatly into single diagnostic buckets. Thus, disorders exist on
a spectrum of possible states (chronic anxiety, dysfunctional cog-
nitions, depressed mood, etc) that are not clearly separated and vary
widely between individuals.? Second, symptoms have a tendency
to change over time. For a subset of patients, full recovery is never
reached or they are confronted with relapse over subsequent epi-
sodes throughout life. After developing the first symptoms before
adulthood, they may follow a roller coaster of disordered states
over the course of their lifetime, reflected in a largely unpredict-
able succession of different diagnoses. > This provides a strong con-
trast with others who experience spontaneous recovery.®® These
features have prompted calls for a new paradigm to guide ap-
proaches thatimprove the well-being of patients.*° Here, we show
how dynamical systems theory may form the foundation of such a
new paradigm.

Akey pointin our argument is that the risk of psychiatric disor-
dersis related to dynamic resilience of the healthy mental state. An
intuitive way of depicting the resilience of dynamical systems is by
means of stability landscapes (Figure 1). We may think of resilience
of the healthy state as its basin of attraction. As this basin shrinks,
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the risk increases that a stressful event pushes the system over its
limits, causing a person to enter a self-propelling trajectory toward
a disorder'® (Video, A). It is widely recognized that persons differ
in their intrinsic (trait) resilience.”" In our dynamical systems per-
spective, resilience also changes over time. This, we argue, implies
that monitoring and managing resilience of the healthy state of mind
should be a central element in strategies for lifelong support of per-
sons at risk of mental disorder.

|
How a Disorder Can Become a Trap

This way of depicting resilience of the healthy state corresponds
roughly to the way psychiatry already looks at the concept, but there
isasubtle twist. The term resilience has traditionally not been linked
to mechanisms that cause persistence of adisordered state. Yet, per-
haps counterintuitively, we may think of resilience of a disorder, cap-
turingits tendency to persist in the face of efforts to reverseit. Such
“"bad resilience” may sound strange because the term resilience is
reserved in psychology for the trait that may help a person recover.
However, in systems theory, the termis used in a neutral sense. Ap-
plying this view, the healthy and disordered states are alternative
attractors, both sustained by self-reinforcing feedbacks that can
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make them persist over time. The dynamics of systems with 2 al-
ternative attractors are extensively studied across sciences, as they
may explain shifts between contrasting states such as clear vs tur-
bid lakes™ or rainforest vs savanna.'* To see how this works, con-
sider for instance the latter ecosystems. Tree cover may vary widely,
even if climatic conditions are the same. However, we usually find
either closed forest or open savanna rather than something in be-
tween. Theinterpretationis that the intermediate state is unstable.™
Either fire fueled by the grasses that grow between dispersed trees
opens up the landscape, further leading to the typical savanna, or
tree cover increases, which shades the grass and causes a moist
microclimate where fires are rare, allowing the forest to persist and
become denser.

Such self-reinforcing feedbacks are common not only in eco-
systems, but also among the beliefs, emotions, and behaviors that
shape our mental well-being. Forinstance, depressed mood may lead
to a decline in social and physical activity, which in turn depresses
the mood further. Associated beliefs, such as “I am worthless,” may
seem increasingly confirmed by selective information filtering, driv-
ing rumination, insomnia, and fatigue, which then further discour-
ages social and physical activity, and so forth. It is easy to imagine
how such feedbacks may cause a disorder to be a “trap” from which
escapeis difficult. On the other hand, the healthy state may also have
self-reinforcing feedback mechanisms, in which a good mood in-
vites social and physical activity, which reinforces the mood and a
positive self-image.

Asin savanna vs forest, the intermediate state may thus be un-
stable, because those sets of feedbacks may propel anindividual into
either adepressed or a healthy state. Indeed, there is evidence that,
just as in tree-cover data, the intermediate state can be relatively
rare. For instance, individuals show a bimodal distribution of de-
pressive symptoms over time, being mostly either depressed or
healthy rather than something in between.'>'®

Tipping Points and the Concept of Dynamic Resilience

While qualitative reasoning about feedbacks may help show how they
can stabilize the healthy state as well as disorders, the key question
is how dynamic resilience relates to that narrative. To stick to the ex-
ample of depression, why can the healthy state become fragile enough
to allow a minor perturbation (eg, a heated conversation) to cause
a person to enter the vicious set of feedbacks, leading to full-blown
depression? Or conversely: How can resilience of a depressed state
decrease, making it fragile enough to allow recovery?

The generic theory of dynamical systems points to 2 fundamen-
tally different kinds of forces here. First, there are the external con-
ditions that matter. In a dryer climate, the rainforest becomes less
resilient, and in astressful environment, a person’s healthy state may
become less resilient. But second, and more challenging to under-
stand, there is the effect of self-reinforcing feedbacks. When those
are weak, the response of the system to changing conditions is
smooth, but when self-reinforcing feedbacks are stronger, they may
cause a more threshold-like response. If the self-reinforcing feed-
backs are strong enough, they can cause the response curve to
become ‘folded" in the sense that for a given set of environmental
conditions, there are alternative states possible (Figure 2A). How
self-reinforcing feedbacks can have this effect may be shown math-
ematically or through a graphical approach (eAppendixes 1and 2 in
the Supplement). Here we focus on the consequences in terms of
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Figure 1. A Dynamical Systems Concept of Psychological Resilience
Depicted as Basins of Attraction Around the Healthy State

Vulnerable

resilience, thinking of the feedback between behavior and mood."”
Put simply, depressed mood leads to reduced activity, whichin turn
depresses the mood.

Forindividuals in whom this feedback is weak (eg, because their
activity pattern s relatively independent of their mood or vice versa),
mood may vary smoothly with conditions such as the stressfulness
of their environment (Figure 2A). By contrast, if the feedback is strong
(ie, activity depends a lot on mood and vice versa), the healthy and
the depressed state can be alternative stable states over a range
of external conditions (Figure 2A and eAppendix 1in the Supple-
ment). Insuch situations, a shift from a healthy to a depressed state
may come quite unexpectedly as a tipping point is reached. How this
works can be intuitively seen from stability landscapes (Figure 2B).
Here the valleys correspond to stable points (attractors) and the hill-
tops to unstable points (repellors) of the curve on the bottom plane
representing the catastrophe fold for mood as a function of condi-
tions. If a healthy individual (front stability landscape) is exposed to
changing conditions (eg, an increasingly abusive interpersonal re-
lationship) that affect their basal mood, we move to situations rep-
resented by stability landscapesin the background of the figure. Ini-
tially, the realized mood is only slightly reduced. However, the basin
of attraction around this equilibrium shrinks. This implies a loss of
resilience in the sense that only a small perturbation may eventu-
ally be enough to move the individual into the basin of attraction
of the alternative depressed state (Video). If, subsequently, the con-
ditions reverse (eg, the end of the abusive interpersonal relation-
ship), the individual will have a tendency to stay in the depressed
mood, because of the mood-activity feedback that makes the de-
pressed mood represent an alternative stable state over a range
of conditions. Another perturbation (a life event, exercise pro-
gram, drug treatment, etc) canin principle induce a shift back to the
healthy state.

The feedback between mood and behavior is just one ex-
ample. Other disorders may be dominated by cognitive feedback
loops that stabilize pathological beliefs. A well-known feedback
mechanism in this context is confirmation bias. If we believe some-
thing, we tend to amplify evidence that confirms that belief, which
in turn reinforces the belief.'® Examples of effects of beliefs on
perceived evidence are common among psychopathologies. For
instance, in depression a belief like "l am a loser” may boost percep-
tions that others talk about you as a loser behind your back, consis-
tent with that belief. Similarly, patients with anorexia nervosa who
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Figure 2. How Resilience and Tipping Points Are Shaped by the Strength of Self-Reinforcing Feedbacks Such

as the Interaction Between Mood and Activity
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The surface in panel A shows how mood responds to conditions, given the
feedback strength. When the feedback is weak, mood varies smoothly with
conditions (the situation at the back of panel A). By contrast, where the
feedback effect is strong, a person may be in a healthy state or trappedin a
depression under the same external conditions (front of panel A). The
consequences of latter situation are illustrated in panel B, showing how the

healthy and the depressed state can be stable (valleys) whereas the
intermediate state is unstable (a hilltop). As conditions change from the front to
the back, the healthy state becomes less resilient, to the point that a minor
perturbation can induce a shift into the depressed state. T, and T, are tipping
points where either of the stable states disappear. To see how this model may
be derived from a small set of assumptions, see eAppendix 1in the Supplement.

believe they are fat misperceive their body as being fatter thanis ob-
jectively demonstrable.’ The feedback (belief — perceived evi-
dence — belief) may make pathological beliefs a trap in the sense
that they are difficult to escape from, even if reasonable argu-
ments exist to abandon the belief.

The self-reinforcing feedbacks between beliefs and perceived
evidence can be modeled in a similar way as the social and physical
activity loops of the depression example, and the assumptions as
well as the predictions of such a model are well in line with neuro-
biological evidence.' The belief component of disorders also im-
plies a mechanism through which they may gradually become more
entrenched. Each time they are activated, the pathological beliefs
are more consolidated in neural circuits, making “unlearning” in-
creasingly difficult. This fits with the idea that early identification of
individual risk and prodromal symptoms is important for prevent-
ing the development of full-blown disorders as well as recurrences.>
At such early stages, the beliefs are less entrenched, making them
more receptive to contradictory evidence'® and amenable to alter-
native interpretations,° strategies used in cognitive-behavior
therapy and other psychotherapies.

Mental Health as a Complex Dynamical System

The feedbacks between mood and activity, or between belief and
evidence, are of course part of much larger webs of factors that affect
each other??' (Figure 3). Such causal webs are widely studied using

JAMA Psychiatry June 2024 Volume 81, Number 6

the dynamical systems framework. The elements of the web are then
called variables, reflecting the fact that their value may change over
time. Specific dynamical systems can be modeled by sets of differ-
ential equations that describe rates of change of each variable as a
function of its current state and the state of other variables and driv-
ers. For instance, to simulate the dynamics of a lake ecosystem, the
populations of phytoplankton, zooplankton, fish, and other rel-
evant variables could be encoded in a set of equations to simulate
the response of this interactive system to changing temperature or
pollution.?? However, such an approach requires precise quantita-
tive insight in the governing mechanisms.

In the case of psychiatric disorders, we are far from this situa-
tion. Many potential elements of the web of causal relationships that
may shape a disorder have been described?® (and patients are of-
ten aware of some links?*). However, while qualitative mapping is
possible, quantifying the forces in such causal webs remains be-
yond our reach. It may thus seem that we are left empty-handed
when it comes to modeling the onset and evolution of psychiatric
disorders inaquantitative way. Fortunately, however, we do not need
a precise quantitative simulation model to obtain some key ben-
efits of a dynamical systems view. If we assume that mental health
is no exception when it comes to the generic laws that rule the dy-
namics of complex systems ranging from the climate to coral reefs,
the continuous variability among patients, and the fact that the symp-
toms so often evolve and morph over time, makes sense. More
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importantly, new work on dynamical systems reveals how resil-
ience and webs of causality may be inferred from times series. As
will be discussed in part 2 of this article, such “equation-free” ap-
proaches may be used to analyze time series of mood, behavior, and
other variables obtained from ecological momentary assessment
techniques integrating wearable sensor data as well as self-
reported mood and other information.

. |
An Individualized View

The network of multiple elements involved in disorders implies that
the healthy state and its alternative disorder-attractors cannot be
plotted as a simple 2-dimensional picture (Figure 1and Figure 2).
Instead, they are better seen as being embedded in a multidimen-
sional space where each of the dimensions represents a relevant
variable, such as valence of mood, amount of sleep, the extent of
catastrophic thinking, etc (Figure 4). The position and resilience of
attractors in this multidimensional space depend on an individual's
history and genetic factors affecting the strength of the feedbacks
that shape attractors. For instance, in some individuals a lack of
physical or of social activity will have a stronger feedback effect on
mood than in other persons,?® and such intrinsic biological differ-
ences together with environment and life events are thought to
determine how the same set of risk factors leads to different
responses and disorders across persons.?®

This view based on empirical observations is consistent with a dy-
namical systems framing where we should expect no two people to
be exactly the same when it comes to the nature and resilience of the
attractors in the stability landscape of possible disorders (Figure 4). In
fact, for individuals who have a high trait resilience, the only resilient
attractor may be the healthy state (Figure 4A). Disorders in such indi-
viduals have a resilience of nil, implying that they may appear as tran-
sient conditions but never as attractors in which a person can be-
cometrapped for prolonged periods. In view of the potentially endless
individual differences, it may seem surprising that the basic structure
of symptom correlations is still quite predictable. Thus, hills and val-
leysinthe landscape may often be relatively similar across persons. This
may be due to the fact that some of the causal relations shaping the
web areinfact quite universal. Nonetheless, the large variation we see
in patients fits the idea that individual differences in the strengths of
feedbacks in the web of factors involved must lead to variation in the
kind of states to which the system is attracted.

Understanding Change

Anotherimplication of the dynamic web view is that the character and
resilience of states will always change over time. Slow change may be
driven, for instance, by the physiology of aging, but also beliefs may
be slow to take hold or fade away. By contrast, thoughts and moods
can fluctuate rapidly. Such rapid fluctuations can be triggered by ex-
ternal conditions but may be internally driven too. Intrinsic chaotic tur-
moil against a background of slow-changing resilience of alternative
attractors is common in complex systems. Think of the unpredictable
weather in a changing earth system with tipping elements ranging
from the Amazon rain forest to the Greenland icecap.?” The inevi-
table interplay of slow and fast variables in complex systems has
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Figure 3. Hypothetical Web of Some Cognitive, Behavioral, and Affective
Elements That May Aggravate and Stabilize a Major Depressive Episode

[ Healthy Physical “
diet condition Y,
Social \ / Physical
activity activity
J/ .
{ Depressed mood
o \
( Feeling \j . .
\ worthless y ( Loss of
B \ interest
. \ / N\
Sleeping ‘ ( Fatigue j

problems

Positive effects are denoted by arrowheads, negative effects by triangles. Note
that all feedback loops are reinforcing the depressed state. Consequently,
resilience of the disorder may be reduced by addressing any of the behavioral or
cognitive elements. The selection of elements and highlighted potentially causal
relationships are just for illustration.

severalimplications. As mentioned earlier, slow creeping changeinre-
silience can affect the likelihood of flipping into another state (Video,
A). As an example, aging reduces the resilience of humans and many
of their subsystems regulating vital parameters such as postural bal-
ance, blood pressure, and cognition.

However, shifts between alternative attractors may also hap-
pen without underlying change in resilience (Video, B). In that case,
in the long run, the average time a system stays in the alternative
regimes depends on the size of their basins of attraction.?® This
might correspond to persons experiencing occurrence and remit-
tance of major depressive episodes with various typical durations
of the episodes and the periods in between.® The seemingly cha-
otic fluctuations that can drive the system to the alternative regime
may often result from an inextricable mix of external influences
and intrinsic amplifiers.?® Imagine a thought/mood roller coaster
bringing a person across a boundary where self-propelled change
toward a full-blown depressive episode begins or even into a com-
bination of arousal and sadness (mixed affective states) that could
trigger a drive toward suicidal behavior. In short, we may think of
dynamics over longer timescales as the result of an interplay of
such fast fluctuations with the stability landscape shaped by slower
mechanisms.

Lastly, an intricate type of dynamics can emerge when a slow
variable responds to the fast ones in a way that causes cyclic flips
back and forth between alternative attractors. In lakes, this can cause
phases of clear and turbid water to alternate,*° while in the Earth
system it explains the wax and wane of ice ages,*' and it could well
be that in humans, transitions in bipolar disorder and other epi-
sodic diseases are driven by such mechanisms of autonomous de-
stabilization of alternative states.>?

This dynamic view of resilience is consistent with the observa-
tion that sometimes no intervention works while in other cases any
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Figure 4. Mental Health Depicted as Stability Landscapes With Multiple Alternative Attractors
Representing the Healthy State and Psychiatric Disorders

E Resilient mental health

-

Fragile mental health

Fragile
disorder

Fragile
healthy state

Resilient

healthy state

Resilient
disorder

A, In asituation with resilient mental health, disorders have a low resilience, and
episodes with symptoms will be brief if they occur at all. B, In vulnerable
persons, the healthy mental state has a low resilience, and disorders are

resilient alternative attractors in which the mental state can remain trapped for
prolonged periods of time (ie, a resilient disordered state).

intervention can be successful. If the disordered state is much more
resilient than the healthy state, even the best treatment will simply
fail because the healthy state is too fragile and relapse will follow
immediately. In the opposite case, when the disordered state has
already become fragile, any intervention may work.

. |
Outlook

The complexity of a multiplicity of morphing attractors mirroring life-
long roller coasters of disorders may seem a bit overwhelming. What

might be practical clinical applications? Are there examples? Those
questions are addressed in part 2, in this issue. There we will show
that in addition to providing a framework for making sense of the
elusive nature of disorders, the dynamical systems view we sketched
opens up 2 practical perspectives. First, we may use a quantitative
toolbox for estimating dynamic resilience from time series that re-
flect fluctuations in behavior and mood in daily life over time. This
may help detect the optimal timing for interventions. Second, we
may detect individualized intervention targets using dynamical sys-
tems techniques to detect the feedbacks that stabilize the healthy
state or disorders in any given person.
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