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ARTICLE INFO ABSTRACT

Keywords: The low mood that characterises depression is accompanied by changes in bodily processes, manifested in
Depression symptoms such as insomnia, reduced appetite and fatigue. The active inference framework provides an expla-
Phenomenology

nation as to how mood-related symptoms are linked. It suggests that affective experiences arise from predictions

&c;:ie inference about interoceptive states and their corresponding prediction errors, with the relative influence of each modified
Emotion by precision weighting. Moods reflect long-term predictions about the state of the body, incorporating param-

Affect eters related to sleep, appetite and energy levels. Depression emerges from the interplay between reduced
confidence in long-term prospects and heightened expectation of shorter-term negative affect, which sees a re-
weighting of the precision of interoceptive prediction errors. The ensuing bodily changes contribute to the
emergence of depressed mood; and underpin disturbances in shorter-term interoceptive predictions and the
experience of emotions such as anxiety and irritability. This framework details how interoceptive processes shape
the phenomenological and symptomatic experience of depression, helping us to understand the disorder’s
multifaceted and often idiosyncratic clinical presentation, and with implications for the way we understand and
treat depression and its co-morbidities.

All day, all night the body intervenes; blunts or sharpens, colours or that depressed mood is associated with changes in the basic physiolog-

discolours ... The creature within can only gaze through the pane— ical processes that underlie sleep, appetite and energy levels? How does

smudged or rosy; it cannot separate off from the body. depressed mood relate to the changed array of emotional experiences?

We lack conceptual frameworks that can explain why depression pre-

Virginia Woolf, On Being Ill (Woolf, 1926, pp. 32-33) sents the way it does.
1. Introduction 1.1. Moods and emotions

The experience of a pervasive low mood is often the impetus for a There is consensus about many of the features of moods. They tend to
person to seek clinical care. They feel terrible and want action taken to be diffuse and unfocused, providing a background atmosphere and
alleviate their suffering. Their low mood is the essential feature of context for experiences. They are relatively sustained, lasting hours to
depression, but it is only one among an array of symptoms. Depression days to months. They are not usually reflective of anything in the im-
involves changes in bodily processes, with many people experiencing mediate environment, and it is often difficult for a person to identify
symptoms such as insomnia, poor appetite and fatigue. People with what has caused their mood to appear the way it has (Aho, 2019).
depression are likely to also experience changes in the frequency and Clinically, to describe mood “is simply to equate it with whatever the
intensity of emotions, with a shift towards those with negative valence patient reports as his or her subjective emotional state” (Trzepacz and
and away from positive emotions. Baker, 1993, p. 40). This leaves it to the patient to reflect on the char-

Our understanding of the mechanistic links between depressed mood acter of their internal affective states, drawing on folk conceptions of
and the symptoms that accompany depression remain unclear. Why is it moods when they describe them to their clinician. They will often pro-

vide a summary of their mood over a span of time: for example, over the
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past few months if at an initial assessment, or since last seeing their
clinician if at a review.

Emotions have features that contrast with moods. They usually arise
in response to objects and events in the immediate environment. They
are short-lived; and rather than sit in the background, they dominate
attention. Emotions are better articulated than moods, and we can often
apply labels to them: as feeling worried, happy, angry, or surprised
(Beedie et al., 2005; Clore and Huntsinger, 2007; Kagan, 2007).

1.2. The affective stream

The term “affect” is used in varied ways in different contexts. It is
often used as an umbrella term that encompasses all emotional and
mood-related experiences, which is how McHugh and Slavney define it:
“Affect is a broad term encompassing moods, emotions, motivations,
and such feelings as pleasure, confidence, depression, and discourage-
ment” (McHugh and Slavney, 1998, p. 72).

Affect has both an internal, subjectively experienced, felt quality, and
bodily manifestations that can be observed by others. The latter
conception is what clinicians describe as affect in their mental state
examinations. Affect — in this narrower clinical sense — is said to be
observed by the clinician rather than self-reported like mood. The
clinician notes the moment-to-moment changes in a patient’s affective
expression and makes comment on its characteristics: such as its type,
range, intensity, and congruence with what the patient is discussing
(Trzepacz and Baker, 1993; Sims, 2002).

The subjective component of affect forms part of the stream of con-
sciousness, a concept proposed by James (1890) to refer to the contin-
uous rolling experience of waking life. The stream of consciousness is
often used synonymously with the stream of thought, as if consciousness
was made up of only cognitive content. But affective experiences, which
are “sensibly continuous, like time’s stream”, are fundamental to
James’s conception of it (James, 1884, p. 6). This affective stream is
constituted by moods and emotions, and also by what Panksepp (1998)
refers to as bodily affects, which includes experiences such as hunger,
thirst and pain.

The clearer sense we have of emotions has given them prominence in
discussions of affect. But as phenomenologists have argued, moods
provide the conditions for emotions. They set the parameters of the af-
fective stream, determining the space of possible affective experiences
(Ratcliffe, 2009). Particular moods make particular emotions more
likely. A depressed mood, for example, entails greater likelihood of
experiencing irritability, anger and fear, and lesser likelihood of joy,
anticipation and hope (Chaplin, 2006).

Moods exist at a deeper phenomenological level than emotions:
serving as the container for them. They are directed at the world as a
whole rather than at particular situations, and constitute our feelings of
being (Aho, 2019). Our description of ourselves as being in a mood,
while we have an emotion, hints at their phenomenological differences
(Ratcliffe, 2009). Heidegger describes this sense of a mood as being
something we inhabit. A mood, he says, is something that is “already
there ... like an atmosphere in which we immerse ourselves" (Heidegger,
1995, p. 65).

1.3. Disturbed moods

Moods are less easily categorised than emotions. Even when disor-
dered, as in depression, the mood state is said to be difficult to describe
(Ratcliffe, 2015). Patients might simply use the term “depressed”, a
descriptor that Styron says has “a bland tonality” and as being “a true
wimp of a word” (Styron, 1990, p. 37). Metaphorical descriptions get
closer to describing a depressed mood, which writers have likened to a
“bleak shadowland” (Shaw, 1997, p. 25); or a “darkness ... closing in”
(Radden, 2009, p. 172); or as “like a hole. You are stuck in the hole. You
can’t get out.” (Fusar-Poli et al., 2023, p. 355).

A depressed mood is typically accompanied by insomnia (despite
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fatigue), a lack of appetite, psychomotor slowing, reduced sex drive and
physical complaints; although sleep, appetite disturbances and psycho-
motor activity can change in the opposite directions too (Fried et al.,
2016). Energy levels are low and there are no feelings of pleasure, but
instead, feelings of guilt and low self-worth (Fusar-Poli et al., 2023).
Other biological changes might also be evident, including changes in
inflammatory markers and measures of autonomic activity (Sgoifo et al.,
2015; Beurel et al., 2020).

2. Affective experiences and interoception

Affective experiences arise through interoception: they are internally
sensed, appearing to arise from internal sources. Interoception, which
refers to “the processes by which an organism senses, interprets, in-
tegrates, and regulates signals from within itself” (Chen et al., 2021, p.
3), emerges out of interactions between the nervous system and the rest
of the body: i.e., those parts of the body that are not the nervous system.
The processes can sometimes be perceived — e.g., as pain, hunger, fatigue
and fear — although mostly do not rise to conscious awareness (Owens
et al., 2018). When there is awareness of interoceptive processes they
usually have affective qualities: the processes become known to us as
feelings.

2.1. An active inference account of interoception

Recent developments in theoretical neuroscience — and in particular
the active inference account of brain function proposed by Friston
(2010) - can help us to make sense of how affective experiences and
interoceptive processes are connected. Detailed explanations of active
inference have been provided elsewhere (Hohwy, 2013; Barrett and
Simmons, 2015; Friston et al., 2017; Seth, 2021; Clark, 2023), and I
provide here a summary to serve as a framework for understanding
interoception and how it applies to mood. The active inference frame-
work provides a conceptual model of brain function. It is a formal
theoretical approach grounded in Bayesian inference and variational
calculus; and while there are plausible mechanisms for how it is enacted
in the brain, empirical support is only starting to emerge (Hodson et al.,
2024; Eckert et al., 2025).

The usual concept of the brain is that it first receives sensory infor-
mation, then processes that information to form models of the world,
which then creates the basis for action. The active inference account
upends this. It proposes that the brain starts by generating models of the
world, acts to selectively sense features of the world according to its
models, and then updates the models to more accurately reflect what the
sensory data tells it. Instead of the brain performing within a sense-
—think—act framework, it is an inference machine that tests and updates
its beliefs by actively sampling the world (Seth, 2021).

The mechanism by which the brain’s generative models are brought
into alignment with sensory input is by the minimisation of prediction
errors (Friston, 2010; Parr et al., 2022). In the interoceptive domain, the
brain generates predictions about interoceptive sensory data, and where
the actual sensory data differs from modelled expectations, prediction
errors are created. The brain seeks to minimise these prediction errors in
one of two ways: by updating its models to better account for the data,
referred to as perceptual inference; or by pursuing actions that produce
sensory data that better accord with the models, referred to as active
inference' (see Fig. 1).

Active inference is especially apt for understanding interoception.

! The term “active inference” is used for the broader framework as well as for
the specific component within the framework (active inference is an extension
to the older idea of perceptual inference). Other roughly synonymous terms
include predictive processing and the Bayesian brain. They are implementations
of the free energy principle, an overarching concept that will not be explored in
this manuscript.
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Fig. 1. Active and perceptual inference. Active inference and perceptual
inference work in parallel to minimise prediction errors. Interoceptive pre-
dictions model the expected bodily signals, and deviations from those pre-
dictions ascend as prediction errors. These errors can be minimised by either
updating the generative models (perceptual inference) or by adjusting viscer-
omotor output so that the predictions align with the sensory signals (active
inference). These processes occur together, to a greater or lesser degree. For
example, when environmental temperature exceeds predictions, the brain
simultaneously updates its predictions about expected temperatures while
initiating vasodilation and perspiration in an attempt to resolve the predic-
tion error.

The classical conception of the active inference model provides an ac-
count of motor control, whereby the motor cortex generates predictions
of how its actions will affect proprioception, and adjusts its actions to
accord with the predicted proprioceptive inputs (Seth and Friston,
2016). For example, it might predict the proprioceptive sensations that
would accrue when the arm is drawn back to throw a ball. The process
starts with a prediction about the sensory consequences of the action,
and action then proceeds to match the proprioceptive input to the pro-
prioceptive predictions via the minimisation of prediction errors. Where
proprioceptive predictions model the arm moving backwards, but the
arm is in fact at rest in front of the body, a prediction error is created that
is resolved by the arm’s backward movement.

Interoceptive processes are similar to proprioceptive processes in
that they guide action — but via the visceromotor system rather than
musculoskeletal. In an active inference account of interoception, the
brain generates models of anticipated bodily changes, and where the
interoceptive sensory data deviates from predictions, the brain attempts
to explain away the prediction errors via visceromotor actions that fulfill
the predictions (Stephan et al., 2016). This will often occur uncon-
sciously: e.g., when increased body pH is anticipated the respiratory rate
is increased to expel carbon dioxide and maintain body pH at its ex-
pected levels. But other prediction errors will rise to conscious aware-
ness as feelings, compelling behaviours to resolve them: e.g., hunger that
compels locating and preparing food to satiate it, or fear that promotes
preparedness to flee.

2.2. The role of precision-weighting

The third component of the active inference framework relevant to
understanding interoception — in addition to perceptual and active
inference - is the precision-weighting of prediction errors. Precision is a
measure of how reliable the prediction errors are expected to be — it is
the inverse of their variance. The precision of the prediction errors im-
pacts the degree to which they update the generative models; an impact
that is varied by having a gain function applied to them (i.e., by being
weighted). The brain generates models for the precision-weighting of
prediction errors, akin to its models for its sensory predictions. These
second-order expectations about precision are overlaid on the first-order
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sensory predictions (Hohwy, 2013).

Prediction errors with high precision will tend to be amplified and
those with low precision attenuated. The weightings also depend on the
confidence held in the generative models (i.e., the precision of the
models). Where confidence in a generative model is high, prediction
errors in domains specified by the model will be expected to have very
high precision, while prediction errors outside of those domains will be
suppressed. These highly precise prediction errors will often be
explained away by low-level reflex arcs (i.e., via active inference). When
confidence in the prior models is low, however, the gain on the pre-
diction errors is broadly up-weighted: the brain becomes more reliant on
prediction errors to update and increase confidence in the models (i.e.,
via perceptual inference) (Stephan et al., 2016). Precision weighting is
therefore influenced by two factors: by the expected precision of the
prediction errors themselves, and by the confidence in the generative
models. When confidence in the models is low, even low-precision
prediction errors are up-weighted. In balancing active and perceptual
inferential processes, the brain can be seen to instantiate a dynamic
interplay between top-down suppression of prediction errors and
bottom-up modification of predictions — an interplay that varies ac-
cording to context, reflected in the confidence the brain has in its
generative models (Hohwy, 2013).

2.3. A neuroanatomical model of interoceptive inference

Plausible neuroanatomical frameworks for active inference models
of interoception have been elaborated along similar lines to those for
proprioception (Barrett and Simmons, 2015; Seth and Friston, 2016;
Stephan et al., 2016). The key cortical regions for generation of inter-
oceptive predictions are the anterior insular and rostral anterior
cingulate cortices. Both are agranular, akin to the agranular M1 cortex
that generates proprioceptive predictions (Barrett and Simmons, 2015).
As agranular regions, they lack the layer IV stellate cells that receive
sensory afferents, and are instead specialised for generating predictions
about the interoceptive sensory signals that are expected to result from
autonomic, neuroendocrine and immunological processes (Shipp et al.,
2013; Barrett and Simmons, 2015). The visceromotor regions send
predictions to subcortical regions (including the hypothalamus, amyg-
dala, striatum, periaqueductal grey, parabrachial nucleus and solitary
tract nucleus); and in addition, send efference copies to other cortical
regions. The latter are copies of the generative models that have been
sent to lower-level brain regions, and inform higher cortical networks of
the interoceptive predictions (Barrett and Simmons, 2015; Stephan
et al., 2016).

The insular cortex has a key role in integrating ascending prediction
errors from the periphery with higher-level models that provide context
for somatic predictions. It consists of a granular posterior region and
agranular anterior region, with a transitional region between them
(Nieuwenhuys, 2012). The posterior insular receives ascending afferents
via complex circuits involving regions in the brain stem, mid-brain and
diencephalon (Stephan et al., 2016; Fermin et al., 2022). Within these
subcortical circuits many of the ascending prediction errors are
explained away via autonomic and neuroendocrine reflex arcs. Predic-
tion errors that cannot be resolved by these mechanisms ascend to
granular regions of the posterior insular cortex for further processing —
from where conscious awareness of them likely emerges (Solms and
Friston, 2018).

The prediction errors that are first processed by the granular poste-
rior insula are domain specific: there is evidence of topographical
organisation of the different interoceptive modalities (Nieuwenhuys,
2012). The mid insular cortex, which shows an intermediate dysgra-
nular cytoarchitecture, receives prediction errors from the posterior
insular cortex, with the nature of the interoceptive representations be-
comes more integrated and general in nature. These are fed to the
agranular anterior insula, which works in concert with rostral anterior
cingulate cortex to generate somatic predictions (Craig, 2009).
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2.4. Interoception within higher level cognitive networks

The predictions generated by the visceromotor cortices are informed
by higher level cortical networks. The anterior insular and rostral
anterior cingulate cortices are richly connected cortical hubs that
contribute, respectively, to the salience and default mode networks, the
brain’s major large-scale integrative networks (van den Heuvel and
Sporns, 2011). Bodily predictions (and the expected precision of the
prediction errors) are thereby integrated into and informed by the wider
environmental context — which is integral to the allostatic role of
interoception. The default mode network (DMN) sits at the apex of the
brain’s cortical networks, composed of anatomical regions that are
furthest removed from the regions that support sensorimotor functions
(and pointing towards the abstract nature of its representations)
(Buckner and DiNicola, 2019). The DMN, fittingly, is most active when a
person is at rest and is not attending to external phenomena, including
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when a person is thinking about the past and future, and when focusing
on interoceptive processes such as their breathing and heartbeat (the
latter in conjunction with other brain regions) (Buckner et al., 2008).
These higher-level interoceptive functions — reflecting on internal pro-
cesses and their location within a temporal field — are important for
contextualising predictions about the body.

Overlaid on these models are the second-order precision-weighting
models, which are believed to be primarily generated by the salience
network (Barrett et al., 2016; Barrett, 2017a; Seeley, 2019).
Precision-weighting is enacted in large part by the monoaminergic
systems, which arise from brainstem, midbrain and diencephalic nuclei
(Shaffer et al., 2022). Neurotransmitters such as dopamine, serotonin
and noradrenaline have modulatory effects on neurotransmission. They
modify the activity of the major excitatory and inhibitory neurones
(which utilise glutamate and GABA as neurotransmitters, respectively),
influencing the relative balance between them (Marder, 2012; Shaffer

Insular cortex, transitioning from
granular cytoarchitecture
posteriorly to agranular anteriorly

Brainstem, midbrain
and diencephalic
nucleii

Rostral anterior
cingulate cortex

Interoceptive predictions
== Prediction errors
= Precision weighting

Fig. 2. A brain model of interoceptive active inference. Interoceptive predictions (orange) are generated by agranular anterior insular cortex and rostral anterior
cingulate cortex. The resulting prediction errors (purple) ascend via subcortical regions to granular posterior insular cortex. The balance between top-down pre-
dictions and bottom-up prediction errors is modulated by precision weighting (green), which is largely enacted by monoaminergic nuclei in brainstem, midbrain and
diencephalon. These processes are embedded in higher-order largescale brain networks. The default mode network (blue) supports domain-general integration of
interoceptive processes with information about the self in the context of the psychosocial environment. The salience network (red) is thought to provide top-down
regulation of precision-weighting, also in the context of broader environmental contingencies. Note that the insular cortex is represented in an inset box (it is located
more laterally), and that the location of monoaminergic nuclei are schematic and not intended to be anatomically accurate.
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et al., 2022). Activity of the neuromodulators influences the balance
between confidence in the generative models and the influence
permitted the ascending prediction errors (see Fig. 2 for a brain model of
the active inference framework for interoception).

2.5. Affect as precision-weighted interoceptive prediction error

Affective experiences arise as precision-weighted interoceptive pre-
diction errors that have not been explained away by lower-level reflex
arcs, and that press themselves on consciousness to change behaviours
in the interests of allostasis (Solms and Friston, 2018). As Freud puts it,
affect is “a measure of the demand made upon the mind for work in
consequence of its connection with the body” (Freud, 1915, p. 122).
Simple bodily affects such as hunger and thirst can be understood as
generating behaviours to alleviate them: finding food to eat and fluid to
drink. Emotions create more complex behavioural programs, but that
can nonetheless be understood as creating tendencies to act in particular
ways in relevant contexts to preserve bodily and psychological integrity
in the face of external demands (Barrett, 2017a).

Interoceptive prediction errors provide the basis for affective expe-
rience. As noted, most interoceptive processes occur unconsciously, with
active inference seeing the adjustment of visceromotor and neuroen-
docrine processes to explain away prediction errors via low-level reflex
arcs. But when interoceptive processes require behavioural changes to
explain away the prediction errors, they are given a weighting that sees
them rise to conscious awareness. Emotions such as fear and anger are
experienced when the environmental context engenders threat and un-
certainty and the need for appropriate action. Confidence in our prior
models is low: we increase the weighting of interoceptive prediction
errors so that they enter conscious awareness and influence our
behavioural stance towards the world (Hohwy, 2013; Barrett, 2017b).

2.6. The temporality of mood

The brain mostly functions to create predictions about the sensory
world as it unfolds into the present, extending ahead for only fractions of
seconds as we see and hear and move. Affective processes invoke
generative models that predict changes further into the future: they can
extend for days (Seth and Friston, 2016; Barrett, 2017a). Control of
heart rate, respiratory rate, perspiration, and muscle blood flow occur
over seconds to minutes as predictions about the body change in
response to environmental contingencies (Pasquini et al., 2023). Other
predictions have longer timeframes: predictions related to hunger and
satiety occur over hours, and those related to sleep (and other circadian
functions) occur over the course of a day and beyond (Van Drunen and
Eckel-Mahan, 2021).

The forward-looking nature of the brain’s projections is exemplified
by our mind’s contents while we are alone with our thoughts. We spend
about half of our waking hours thinking idle thoughts without mean-
ingfully engaging with the external world (Killingsworth and Gilbert,
2010). When people are randomly probed as to the nature of these
thoughts, they are about twice as likely to be about the future as about
the past; and mostly about a future that extends over the course of the
current day and into the day or two ahead (Stawarczyk et al., 2013).
These future thoughts are predominately about our goals and plans
(Kvavilashvili and Rummel, 2020), and represent the social environ-
ment we anticipate encountering.

This introspection is associated with activity of the DMN, the apex
cortical network that coordinates subordinate networks, including
interoceptive regions (Andrews-Hanna et al., 2014; Buckner and DiNi-
cola, 2019). Interoceptive expectations are modelled in the context of
the expected future, reflecting our confidence in what we will encounter
and providing a shape to how we will encounter it (Seth and Friston,
2016; Barrett, 2017a). The future is scaffolded by our expectations for it,
and our mood reflects the sturdiness of the scaffold. Are we expecting a
world that we will navigate with ease, that will provide us with what we
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seek? Or is it a world that will be uncertain and dangerous, and that will
provide us not with pleasure but with suffering? With what certainty do
we hold these beliefs?

3. An active inference account of depression

The active inference framework provides a conceptual model for
how we can understand the clinical presentation of depression, helping
to explain how interoceptive processes shape depression’s phenome-
nological and symptomatic experience. Others have used the active
inference framework to explain complementary aspects of depression,
including the cognitive distortions (Kube et al., 2020), rumination (Berg
et al., 2022) and interpersonal difficulties (Kirchner et al., 2024a) that
often accompany the disorder. It should be noted that this account, like
the other accounts, provides a model, and its validity should be assessed
by its internal consistency, by its ability to parsimoniously explain ob-
servations, and ultimately, by whether it can inform hypotheses that can
be tested empirically (Gelfert, 2016). While empirical support needs to
be bolstered, the framework can nonetheless provide a useful perspec-
tive on depression and how it relates to bodily processes. It explains how
depressed mood arises alongside changes in the basic physiological
processes that underlie sleep, appetite and energy levels; and why the
emotional landscape changes when a person is depressed, with the
experience of more negative and less positive emotions.

3.1. Mood and long-term interoceptive predictions

The active inference framework suggests that moods represent our
long-term model of interoceptive predictions, incorporating the brain’s
predictions for the body (and the expected precision of the predictions)
into the future (Clark et al., 2018). When there is a change in model
confidence our precision estimates are re-weighted, and our patterns of
interoceptive experience are altered. Transient changes in our mood can
be experienced when interoceptive processes are waylaid directly (and
not in response to changes in higher-level models reflecting social un-
certainty). After a night of poor sleep — caused by say persistent loud
noise — our mood will show qualitative lowering; and we experience
something similar when we are unwell with a viral illness. These disturb
our interoceptive prediction frameworks directly, causing adjustment of
the precision-weighting of predictions errors, and making it more likely
we experience dysphoric emotions and bodily discomforts (Yirmiya
et al, 2000; Tomaso et al., 2021). In normal functioning, the
precision-weightings will revert to their long-term averages after a night
of restorative sleep or resolution of the viral illness.

More enduring changes in our moods reflect changes in our confi-
dence in interoceptive models that are embedded in an extended tem-
poral matrix. Much of this uncertainty relates to expectations about the
social environment and entails interoceptive predictions that extend
hours and days into the future. It leads to revised setpoints for the pre-
dictions (and the precision-weighting of the prediction errors) for
interoceptive processes that have these time-courses, including those
related to appetite, sleep and energy levels, and the complex processes
underlying immune system function.

3.2. Depression as altered expectations and re-weighted prediction error

The active inference framework suggests that depression arises when
there is uncertainty about our future prospects: we lose confidence in the
social environment that our bodies will encounter, and anticipate short-
term negative affect in the context of that uncertainty. Depression de-
velops when higher-level (or longer-term) generative models encode an
increased expectation of the short-term uncertainty encoded by lower-
level models (Clark et al., 2018). In other words, there is increased
certainty that the setpoints for the shorter-term interoceptive parame-
ters that underpin emotional experiences are uncertain. There are
ensuing changes in predictions related to longer term interoceptive
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processes that manifest in symptoms such as insomnia, anorexia and
fatigue (the mechanisms by which they arise in depression remains
unclear, and the fact some symptoms can change in opposite directions
adds to the explanatory difficulty). The higher-level models establish
hyperpriors for the lower-level models, constraining their range and the
likelihood of inhabiting particular states. The change in mood entrains
the emotions - the expectation of increased negative affect becomes
self-fulfilling.

In depression, the anticipation of bodily states that support negative
affect along with an increased confidence in these predictions sees
changes in longer-term interoceptive predictions that make the shorter-
term predictions more likely (Clark et al., 2018). There is a low expec-
tation of reward — nothing stands out as compelling, and the depressed
person loses confidence that any actions they take will produce pleasure
or satisfaction (Ramstead et al., 2023). This is especially true of social
expectations, and it contributes to the social withdrawal that is char-
acteristic of depression (Badcock et al., 2017; Kirchner et al., 2024b).
With this expectation of increased negative affect, together with the
inertia that develops with reduced expectation of positive affect, the
brain becomes “locked in” (Barrett et al., 2016).

The depressed person’s reduced interest in the external world and
increased sensitivity to internal processes sees them develop an inward-
facing preoccupation. This impaired ability to adaptively switch be-
tween internal and external focuses manifests as difficulties with con-
centration (Davey et al., 2017). There is rumination, which can be
viewed as prediction error that is not being explained away: people with
depression become trapped in a recursive cycle of sampling possible
solutions to their dilemmas without finding resolution (Berg et al.,
2022). This leaves the depressed person with a pervasive sense of unease
and tension. The emotional landscape has changed: with the experience
of fewer positive emotions and more negative emotions, the generative
models that predict these outcomes are reinforced.

These changes in long-term interoceptive predictions manifest in
changes to a person’s sense of themselves. The experiential self — that
part of the self that we know at once, without reflection — rests on longer-
term interoceptive processes and the feelings they generate (Davey and
Harrison, 2022). Such feelings constitute “the feeling of life itself, the
sense of being” (Damasio, 1994, p. 150). The fundamental role that
moods have in contributing to the experiential self means that when
they are waylaid, as they are in depression, the self is set awry too. This
is manifested in cognitive distortions about the narrative self — that part
of the self that is consciously constructed — which is seen as unlovable,
without merit, and deserving of suffering (Davey and Harrison, 2022).

3.3. The clinical presentation of depression

The active inference framework helps to explain the many and varied
clinical presentations of depression. One patient might present with
marked insomnia, restlessness, agitation and anxiety; another with
hypersomnia, motor slowing, anhedonia and gastrointestinal discomfort
(Fried and Nesse, 2015). The active inference account helps us to make
sense of how the presentations of depression can be so diverse, with its
proposal that depression arises due to the re-weighting of long-term
interoceptive prediction errors in the face of increased uncertainty
about the future. The characteristics of a person’s generative models are
idiosyncratic, reflecting their unique genetic constitutions and devel-
opmental experiences (Seth and Friston, 2016; Bouizegarene et al.,
2024). So too, their psychosocial circumstances will have distinctive
features. The nature of the perturbations to their precision-weighting
models will reflect the interactions between a person’s interoceptive
predictions and social environments.

The common feature of depression is depressed mood (Zimmerman
et al.,, 2006). We cannot be certain that one person’s experience of a
depressed mood is the same as another’s, although the description of an
enduring, negative mood state is relatively consistent (Ratcliffe, 2015;
Fusar-Poli et al., 2023). A depressed mood, according to the active
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inference framework, arises as a product of the long-term interoceptive
prediction errors that manifest in disturbed sleep, appetite and energy
levels. The nature of these changes is variable and can be anticipated to
give rise to mood states that show corresponding variance. The changes
in precision-weighting associated with longer-term interoceptive pro-
cesses affects the nature of the shorter-term, context-dependent pro-
cesses that underlie emotions and bodily affects (Table 1). These too will
be variably affected, and the way emotional and somatic experiences are
altered will show distinct differences between patients. This accords
with how a clinician’s assessment of a patient’s affect in the consulting
room can show marked differences between one patient and the next —
even when both give the same description of their mood as being
“depressed”.

Re-establishing aberrant precision-weighting is the goal of treat-
ments for depression. Antidepressant medications do this directly: se-
lective serotonin reuptake inhibitors, for example, modulate precision-
weighting via their effects on the serotonergic system, and ketamine
acts on NMDA receptors, modulating excitatory glutamatergic activity.
For some, but not all, patients, this shift in neuromodulatory activity
results in changes in interoceptive processes — reflected in improved
sleep, appetite and energy levels — with corresponding alleviation of
depressed mood (Chekroud et al., 2017; Zhou et al., 2022).

Other treatments affect precision weighting indirectly. Psychother-
apies, which come in many forms, have in common their aim of
improving the confidence a person has in their social supports. Cognitive
behavioural therapy, for example, focuses on the dysfunctional thoughts
a person has about themselves, their world and their future (Beck,
1979); while interpersonal therapy focuses on strengthening important
relationships (Klerman et al., 1984). Both therapies aim to improve the
confidence a person has in their generative models, and there is good
evidence for their effectiveness (Cuijpers et al., 2021). Psychotherapies
and medications can both be seen as attempts to alter the balance be-
tween a person’s interoceptive predictions and their confidence in their
anticipated futures in their efforts to alleviate the symptoms of
depression.

4. Future directions and concluding remarks

Active inference accounts of depression provide theoretical expla-
nations for different aspects of the disorder: the focus here is on how
alterations to interoceptive processes manifest in the symptoms of
depression that present clinically, including how disturbances in sleep,
appetite and energy levels are associated with the experience of
depressed mood; and how these disturbances change the array of

Table 1
Moods, emotional affects and bodily affects.
Mood Emotional Bodily affects
affects

Time course Hours to days Minutes to hours Minutes to hours

Subjective Background In the foreground,  Qualitatively distinct
experience feelings, often often a distinct experiences of
difficult to label feeling that can be hunger, thirst, pain,
labelled etc
Interoceptive Changes in sleep, Changes in heart Different modes for
correlates appetite, motor rate, respiratory different affects: e.g.,
activity, sex rate, skin changes in plasma
drive, energy perfusion, muscle osmolality for thirst,
levels tension nociceptive
pathways for pain
Environmental Social Social Internal factors,
influences environment and environment, influenced by mood
internal factors influenced by
mood
In depression Qualitatively Increased anxiety, Increased pain,
lower anger, irritability; gastrointestinal
less joy, pleasure, discomfort,
reward inflammation
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emotions that are experienced. A theory is given weight by proposing
hypotheses that can be tested empirically, and this account suggests
potential studies. The relationships between interoceptive alterations
and the experience of depression can be examined in more detail by
assessing patients longitudinally using new technologies, with the
application of network approaches to analyse them (Borsboom, 2017;
Westhoff et al., 2024). Features of mood can be more readily tracked,
with ecological momentary assessment allowing for polling of mood and
related symptoms during different times of the day (Armey et al., 2015).
We can use smart devices to measure parameters such as sleep, heart
rate (and its variability), exercise activity and distance walked. We can
obtain measures of interpersonal and social activity: such things as
geographical mobility via GPS data (how much time is spent out of the
home? In novel environments?), typing speed, and the sentiment of text
entered into chats and social media apps (Sheikh et al., 2021). We can
hypothesise that changes in interoceptive processes respond to changed
environmental contingencies, and that these precede, but are also
augmented by, the experience of depressed mood. There is evidence, for
example, that reduced sleep has a stronger effect on next-day mood than
vice versa (Triantafillou et al., 2019), and that circadian phase disrup-
tions have causal influences on depressed mood but not vice versa (Song
et al., 2024). More complex, hierarchical models that incorporate a
wider array of parameters will provide more complete explanations
(Forbes et al., 2023; Westhoff et al., 2024), and could catalyse the
development of formal accounts of an active inference model of
depression.

An empirically fortified model might address one of the main prob-
lems that bedevils depression research, and that is the uncertain pa-
rameters of the diagnosis itself. Depression has been operationalised as
“major depressive disorder” (MDD) since the third edition of the Diag-
nostic and Statistical Manual of Mental Disorders (DSM-III) (American
Psychiatric Association, 1980). The diagnosis unified multiple disorders
described in previous nosologies, and its criteria capture a heterogenous
group of patients (Fried and Nesse, 2015). In the DSM’s defence, there
are not compelling data to support the division of MDD into different
depressive disorders based on differential treatment outcomes (Uher
et al.,, 2011; Arnow et al., 2015). The monolithic MDD diagnosis con-
trasts with the DSM’s treatment of anxiety disorders, which are divided
into diagnoses including social anxiety disorder, panic disorder, agora-
phobia and generalised anxiety disorder. These disorders are highly
co-morbid with MDD, and many patients will meet diagnostic criteria
for three or four diagnoses, which is often a surprise to them: their
experience suggests one all-encompassing problem (Newson et al.,
2021). The data that can be collated about the symptomatic experiences
of patients, together with objective assessment of physiological param-
eters, might inform a reconceptualisation of the disorders and the
development of a contemporary nosology (Fried, 2022).

5. Conclusion

Our moods, as Heidegger says, are “already there”, setting the
foundations for our affective experiences. This philosophical insight is
supported by an active inference account of moods and how they arise
from our predictions about interoceptive processes that endure beyond a
day’s period of wakefulness. The framework gives our understanding of
moods greater conceptual depth, providing a perspective on depression
that helps us to understand its multifaceted and often idiosyncratic
clinical presentation. It shows us that depression is fundamentally tied to
the body: to a body that is moving towards a future that the brain has
modelled as being uncertain and has no confidence in (if there is con-
fidence, it is that the world is uncertain and capricious). The framework
provides us with a means of thinking about depression that breaks down
the mind-body dualism that often characterises it. Depression emerges
from biological processes that are deeply embedded in the social envi-
ronment, and can be best understood as arising out of the interaction.
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