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ABSTRACT

The notion of burden features as a central aspect of research into the challenges faced by patients and
their carers, especially in regard to long-term health conditions and multimorbidity. Research in this
area has considered the burdens that stem from the presence of disease (e.g., symptom burden) as
well as the burden associated with healthcare interventions (e.g., treatment burden). While there have
been a number of attempts to theorize burden, there is, at present, little consensus on how burdens
ought to be understood. It is, in particular, unclear what makes something a burden, why certain
things are perceived as burdensome, what forces and factors moderate the experience of burden, and
how burdensome experiences relate to other experiential constructs, such as wellbeing, despair, and
suffering. The present paper seeks to advance our understanding of burden by drawing on predictive
processing accounts of brain function. All burdens, it is suggested, have their origins in a reduced
capacity to fulfill neurally-realized expectations (or predictions). This is marked by a hypothesized
increase in a particular form of prediction error, dubbed expected prediction error. In addition to
providing a unitary theoretical approach to burden, the present account supports the effort to apply
predictive processing to a wider array of clinical and health-related phenomena.

Keywords Symptom Burden · Treatment Burden · Active Inference · Predictive Processing · Adherence · Epidemiology ·
General Practice

1 Introduction

Within the sciences of the mind and brain, there has been growing interest in the idea that the brain is an engine
of probabilistic prediction [Clark, 2013, 2016, Friston, 2010, Hohwy, 2013]. This idea—commonly referred to as
“predictive processing”—depicts the brain as a hierarchically-organized system that is constantly striving to minimize
the error associated with its own predictions. Remarkably, this simple imperative yields an integrated approach to
understanding a rich array of cognitive phenomena, including attention, memory, action, perception, imagination,
emotion, and even aspects of conscious experience [Clark, 2016, 2019, 2023, Hohwy and Seth, 2020]. Predictive
processing has also yielded insights into the nature of neural processing, providing new ways of understanding the
computational significance of neurochemical systems [Schwartenbeck et al., 2015], anatomical structures [Parr et al.,
2020], and connectional principles [Bastos et al., 2012, Shipp, 2016].
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While predictive processing is intended as a general theoretical account of neural functioning, its explanatory successes
have spawned significant interest in its application to more specialized areas, such as our understanding of health-related
phenomena. Recent work in this area has sought to develop predictive processing accounts of placebo and nocebo
effects [Büchel et al., 2014, Clark, 2023, Ongaro and Kaptchuk, 2019], medical adherence decisions [Smith et al.,
2021], symptom perception [Pezzulo et al., 2019, Van den Bergh et al., 2017], depression [Arnaldo et al., 2022, Fabry,
2020, Stephan et al., 2016], neuropsychiatric conditions [Kiverstein et al., 2019, Montague et al., 2012], developmental
disorders [Hohwy, 2015], and the role of social support in determining health outcomes [Smith et al., 2019].

As suggested by these examples, there is considerable interest in applying the predictive processing framework to
the phenomenological aspects of illness (e.g., the experience of pain, fatigue, or other symptoms). This establishes a
potent point of contact with work exploring the experiential (or phenomenological) aspects of health and disease [see
Burch, 2023, Carel, 2011, 2016]. This includes, of course, a concern with the nature of the illness experience (e.g.,
the way that patients experience a change in bodily functioning); but it also extends to additional issues, such as the
experiential response to healthcare interventions, and the more general role of lived experience in charting the course of
health-related trajectories, both prior to the onset of disease and subsequent to diagnosis.

In this paper, we seek to apply the predictive processing framework to a particular aspect of patient experience, namely
the experience of burden. The study of burden has a long history in biomedical research. While early research was
directed to the more general notion of illness burden (or the burden of illness) [e.g., Downes, 1942], work of a more
recent vintage has specialized in the study of particular types of burden, such as the burden imposed by symptoms
(symptom burden) or the burden that comes with the performance of healthcare tasks (e.g., treatment burden). Additional
forms of specialization occur in respect of particular diseases, as when researchers seek to understand the challenges
associated with diseases such as cancer [e.g., Gapstur, 2007, Spratt et al., 2021], diabetes [Bohlen et al., 2012, Eton et al.,
2013, Ludman et al., 2004], stroke [Gallacher et al., 2018], psychotic disorders [Iversen et al., 2018], and COVID-19
[Sykes et al., 2021].

Unfortunately, despite the considerable interest in burden, our conceptual understanding of burden remains somewhat
poor. It is, in particular, unclear what makes something a burden, why certain things are perceived as burdensome,
what forces and factors moderate the experience of burden, and how burdensome experiences relate to other aspects of
human experience (e.g., fatigue, boredom, wellbeing, happiness, suffering, and despair). Addressing all these issues
is clearly beyond the scope of a single paper; nevertheless, by drawing on the resources of the predictive processing
framework we aim to provide an account that connects burdensome experiences to the error-minimizing dynamics of
the predictive brain. This, we suggest, opens the door to research that seeks to connect the study of burden to a wider
array of clinical and health-related phenomena.

The structure of the paper is as follows: A brief overview of predictive processing and its application to burden is
presented in Section 2. Here, we outline the basic structure of a predictive processing account of burden, what we call
the expectation-based account. Subsequent sections apply this account to three types of burden that have been discussed
in the medical literature. Symptom burden is discussed in Section 3, treatment burden in Section 4, and side-effects
burden in Section 5. The paper concludes with a discussion of directions for future research (Section 6).

2 Predictive Processing

The term “predictive processing” refers to a recent account of brain function that depicts the brain as a hierarchically-
organized prediction machine [Clark, 2013, 2016, Friston, 2010, Hohwy, 2013]. According to predictive processing,
the brain is engaged in a ceaseless, multi-layered effort to predict its own activity. Higher layers in the hierarchy
issue predictions about the activity of lower layers, and the mismatch between predicted and actual activity is returned
to the higher levels in the form of prediction error. This process unfolds at each and every layer in the hierarchy,
terminating at the organism’s sensory surfaces—the point at which sensory information is converted to neural signals.
Given that the primary source of perturbation for the brain is the incoming sensory information, the overall predictive
success of the brain is determined by its ability to anticipate moment-by-moment shifts in the incoming sensory stream.
This is achieved via the acquisition of a neurally-realized generative model that embodies the causal dynamics of the
sensorium—i.e., the causal forces and factors that give rise to sensory input [Friston, 2010, Parr et al., 2022].1 If the
generative model succeeds in latching onto these causal forces and factors, then it is in a position to predict how the
current sensory situation will evolve into the future.

According to predictive processing, the overarching computational imperative of the brain is to minimize prediction
error. Over the longer term, this can be achieved by ensuring that generative models are suitably aligned with the

1As characterized by Clark [2016, p. 21]: “A generative model [. . . ] aims to capture the statistical structure of some set of
observed inputs by inferring a causal matrix able to give rise to that very structure.”
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statistical structure of the sensory environment in which the generative model is situated. Such forms of adjustment and
adaptation occur as the result of learning, where the prediction error signal is used to progressively refine the parameters
of a generative model.

In addition to learning, there are two further ways the brain can minimize prediction error. The first is what is sometimes
called perceptual inference [Badcock et al., 2019, Fabry, 2020, Kiverstein et al., 2022]. In this case, higher-level
predictions are adjusted so as to better accommodate the incoming sensory signal. In short, the brain adjusts its
predictions to best account for (or ‘explain away’) the moment-to-moment shifts in the sensory stream. This is what we
commonly understand as perception in all its forms (e.g., visual perception, auditory perception, interoception, and so
on).

The second route to minimizing prediction error is what is called active inference [Friston et al., 2017, Linson et al.,
2018, Parr et al., 2022].2 In this case, the brain relies on action to minimize prediction error. Rather than change
predictions to match the world (as is the case with perceptual inference), active inference relies on action to change the
sensory signal in a way that conforms to predictions. This is what we commonly understand as action in all its forms
(e.g., somatomotor and visceromotor responses).

While perceptual inference is no doubt relevant to our understanding of burden, our focus in the present paper lies with
active inference. We are, in particular, concerned with the application of active inference to matters of action selection
and evaluation. As noted by Smith et al. [2022a], there is an important distinction between the application of active
inference to matters of motor control (what Smith et al. call motor active inference) and its application to matters of
action selection (what Smith et al. call decision active inference). In the present paper, we will be concerned with the
latter form of active inference (i.e., decision active inference).

The general idea behind decision active inference is that action policies are selected based on their capacity to minimize
prediction errors in the future. In short, action policies are scored based on their predicted potential to bring about
sensory states that the brain optimistically expects itself to be in. Within the predictive processing literature, these
sensory states are known by many names. They have been variously referred to as target priors [Clark, in press], prior
preferences [Peters et al., 2017, Smith et al., 2022b], prior expectations [Friston, 2010], preferred outcomes [Arnaldo
et al., 2022], expected states [Kiverstein and Miller, 2023], desired outcomes [Van de Cruys and Van Dessel, 2021],
and attracting states [Friston et al., 2013]. For present purposes, we will simply refer to these expected/predicted
sensory states as expectations. An expectation is just a particular sort of prediction, one that encodes the sensory
states-of-affairs that an organism expects itself to be in. As was noted above, these are optimistic expectations (or
optimistic predictions); they are not predictions pertaining to the organism’s anticipated success or failure in fulfilling
expectations—that is another sort of prediction (see below). The reason for this optimistic bias becomes apparent when
we consider expectations pertaining to basic bodily states, such as states of hydration or the availability of metabolic
resources. As noted by Van de Cruys et al. [2020]:

Our predictive models can (must) be optimistically biased, in that the distribution of expected states is
realized, when we act upon the world. For example, the model may include interoceptive expectations
on adequate glucose levels throughout a famine. These allostatic predictions are deep set, ingrained
in low-level structural mechanisms (and underwrite foraging for food) . . . [Van de Cruys et al., 2020,
p. 680]

The optimistic bias of expectations is thus important when it comes to their role in controlling action (specifically, the
selection of action policies). If the brain expected itself not to be hydrated, for example, then it would fail to select
actions that ensured its future hydrational status. By contrast, if the brain expects itself to be hydrated (regardless
of the prevailing conditions), then action policies can be evaluated relative to their success in bringing about the
expected outcome. The overarching objective here is to ensure that one’s actions are coordinated with respect to one’s
expectations, such that actual sensory futures are aligned with expected sensory futures. If an action policy is predicted
to culminate in these expected sensory states (i.e., to fulfill expectations), then it will have a greater likelihood of
being selected for implementation. This is because the best action policies are simply those that succeed in fulfilling
expectations (or matching optimistic predictions). This is just another way of saying that the best action policies are
those that have the best chance of minimizing prediction error in the future.3

2It should be noted that the term “active inference” is often used in a way that subsumes predictive processing.
3Technically, the best action policy is the one that minimizes an information-theoretic quantity known as expected free energy

[Friston et al., 2015, Parr et al., 2022]. Expected free energy refers to the likelihood that a given action policy will terminate in
an expected state. Expected free energy is minimized when the predicted outcome of an action policy matches the expected state.
Mismatches, by contrast, yield progressively greater levels of expected free energy. In this sense, expected free energy represents the
error that would be obtained if a given action policy were to be performed, where this error is calculated relative to what we are
calling an expectation.
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As should be clear from the earlier appeal to interoceptive expectations, there is no reason why expectations ought to be
understood in the same way we understand consciously-accessible (or personal-level) expectations (i.e., expectations
that we are aware of). For the most part, expectations are understood to be sub-personal (neural) predictions that operate
below the level of conscious awareness. At the same time, there is no reason why we cannot think of expectations
as akin to goals, objectives, desires, and other conative constructs.4 Indeed, there have been a number of attempts to
situate these aspects of the human mental economy within the predictive processing framework [see Clark, 2020, Smith
et al., 2022a]. From this perspective, a goal is just a particular sort of expectation (or optimistic prediction). A goal
encodes the target state-of-affairs that we want to produce as the result of performing certain actions, and our actions
are selected on the basis of their perceived potential to produce this target state-of-affairs.

There is one further aspect of the predictive processing story that needs to be covered before we turn our attention
to burden. This relates to the notion of precision. At a general level, precision refers to the accuracy or certainty of
predictions. When applied to expectations, precision can be understood to represent the relative importance or priority
of expectations. The greater the precision of an expectation, the more important it is for action policies to fulfill that
expectation, and thus the greater the control the expectation exerts over overt behavior. This gives us a means of
understanding the role of context in shaping goal-directed behavior, especially in regard to fluctuating motivational
imperatives [Pezzulo et al., 2015, 2018]. As the precision of expectations pertaining to hydrational status increases,
for example, so the greater the influence of these expectations in selecting action policies (e.g., those associated with
drinking).

Precision thus gives us a means of understanding the moment-to-moment shifts in behavior—why some action policies
might be abandoned in favor of others. It is, however, important to remember the hierarchical aspect of predictive
processing. Predictive processing, recall, depicts the brain as a hierarchical (multi-layer) system, with different layers
trading in predictions of varying spatial and temporal scale. This can sometimes lead to conflicts, as when the pursuit
of a higher-level expectation entails the violation of a lower-level expectation. A nice example of this is provided by
Kiverstein and Miller [2023] [drawing on work by Smith et al., 2022c]:

Keeping expected prediction errors to a minimum over time will sometimes require prediction errors
to remain high at some lower layers of the generative model so that the expected prediction errors
can be minimized at higher levels. Smith and colleagues give the example of high expenditure of
metabolic energy during busy periods in one’s work life [Smith et al., 2022c]. This expenditure of
energy may well lead to high-allostatic load in terms of the stress and fatigue the person experiences.
However, they may also find a sense of purpose and meaning in work that allows for the person to
act in ways that are consistent with higher-level self-beliefs about what a good life means for them.
Thus, even though errors are sustained at high levels at some layers of the model, this is the price to
be paid for reducing expected prediction errors arising from higher-level self-beliefs that concern
what a meaningful life looks like for them in the long-run. [Kiverstein and Miller, 2023, p. 3]

Kiverstein and Miller [2023] are mainly concerned with the notion of ‘human flourishing’—what it means for someone
to lead a ‘good life’, or to lead a life that is (one presumes) dominated by largely positive experiences. The focus of
the present paper is, of course, somewhat different. Nevertheless, the appeal to expected prediction error features as a
central element of the present attempt to provide a predictive processing account of burden. This is what we call the
expectation-based account.

The expectation-based account rests on the idea that burdensome experiences are tied to increases in expected prediction
error. Expected prediction error is the error that we (or rather our brains) expect to encounter in the future given the
pursuit of particular action policies. Action policies, recall, are selected according to their potential to minimize future
forms of prediction error. As noted by Kiverstein and Miller [2023], however, there is no reason why we should expect
all forms of (future) prediction error to be minimized by an action policy. Sometimes the pursuit of a high-level personal
goal requires us to violate lower-level expectations pertaining to (e.g.) levels of energy expenditure. At other times, the
fulfillment of a lower-level expectation entails the violation of a higher-level (and usually longer-term) goal (such as
when we are on a diet, but find ourselves succumbing to a tasty, but supposedly forbidden, treat). Then there are those
occasions where we simply lack the capacity to fulfill an expectation. The seasoned runner may expect themselves to
go for a daily jog, but then find themselves unable to run as the result of a bodily injury. A similar problem can arise
when one has multiple high-precision expectations, not all of which can be fulfilled at the same time. In such situations,
the individual may find themselves in a “damned if I do, damned if I don’t” type situation—a situation where the effort
to fulfill one expectation precludes the possibility of fulfilling another.

4Friston [2010, p. 134], for example, suggests that “goals can be considered as prior expectations that an action is obliged to
fulfil.”

4



All these situations, we suggest, involve a future state-of-affairs in which one or more expectations (i.e., goals, prior
preferences, desired outcomes, etc.) are being violated. The anticipation (or prediction) of those violations is simply
the quantity we have labeled expected prediction error. In this sense, then, expected prediction error is not so much a
form of prediction error as it is a prediction about prediction error—it is the error we expect ourselves to encounter in
the future as a result of the situations in which we find ourselves. Crucially, however, expected prediction error is not
merely a prediction about there being troubled (or perhaps uncertain5) times ahead. It is more that our expectations are
violated as the result of the expectations we have, and the way we pursue certain action policies at the expense of others.
If one is carrying a heavy backpack, for example, then one may experience the backpack as a burden on account of the
fact that certain expectations (e.g., those pertaining to interoceptive parameters) are being violated. But the reason these
expectations are being violated is because one has opted to continue carrying the backpack. In such cases, the sense of
burden is tied to our persistence with a certain course of action. But the reason why we stay the action-related course is
often because we have no genuine alternative—the selected policy is simply the least worst option. The best we can do
in such situations is simply bear the ‘load’.

The details of the expectation-based account will become clearer as the discussion progresses. In subsequent sections,
we seek to apply the account to three types of burden, namely, symptom burden, treatment burden, and side-effects
burden. Each of these types of burden provides opportunities to explore different aspects of the expectation-based
account.

3 Symptom Burden

Symptom burden is one of a number of types of burden that have been discussed in the medical and psychological
literature [Cleeland, 2007, Gapstur, 2007, Gill et al., 2012]. It refers to the burden caused by (or at least associated
with) symptoms of one sort or another. While there is some disagreement about the nature of symptoms [see Cox et al.,
2014, Scheuermann et al., 2009], symptoms are typically understood to be subjective experiences, especially ones
that indicate the presence of a disease or illness [e.g., Dodd et al., 2001]. Common examples of symptoms include
pain, fatigue, anxiety, breathlessness, emotional distress, nausea, and perceived alterations in sensorimotor function.
As noted by Cleeland [2007, p. 17], such experiences are seldom deemed to be particularly pleasant—as something
we would like to experience. In this respect, symptoms might be seen to have a valence, similar to that attributed to
emotional and affective states [see Carruthers, 2018].6 The extent to which all symptoms can be seen to have a negative
valence remains unclear; nevertheless, a consideration of valence (i.e., the perceived unpleasantness of symptoms) may
be relevant to our understanding of symptom burden.7

Within the existing literature, there have been a number of attempts to define symptom burden. One definition is owed
to Gapstur [2007]. Based on an extensive review of the psychological, medical, and nursing literature, Gapstur offers
the following definition of symptom burden:

Symptom burden is defined as the subjective, quantifiable prevalence, frequency, and severity of
symptoms placing a physiologic burden on patients and producing multiple negative, physical, and
emotional patient responses. [Gapstur, 2007, p. 673]

A second, not altogether unrelated, definition is proposed by Cleeland [2007]:

Symptom burden can be thought of as the sum of the severity and impact of symptoms reported by a
significant proportion of patients with a given disease or treatment. [Cleeland, 2007, p. 17]

Unfortunately, neither of these definitions are devoid of problems. Gapstur’s definition, for example, involves an appeal
to physiologic (or physiological) burden, but it is not entirely clear what is meant by the notion of physiologic burden.8
The problem, here, is that the definitional emphasis has shifted from one sort of burden (“What is a symptom burden?”)

5For reasons of simplicity, we refrain from a more detailed discussion of uncertainty. Note, however, that uncertainty (and
uncertainty minimization) are central aspects of the predictive processing framework [e.g., Parr and Friston, 2017, Peters et al., 2017].
Uncertainty is also a recurring feature of the burden-related literature [e.g., Etkind et al., 2022].

6The concept of “valence” refers to the positive or negative (“good” or “bad”) felt character of an affective state.
7While we do not explore the links between valence and burden in the present work, it is worth noting that valence has been

a feature of recent predictive processing work [Fernandez Velasco and Loev, 2021, Hesp et al., 2020, Joffily and Coricelli, 2013,
Miller et al., 2022]. Understanding the relationship between these accounts and the present expectation-based account is thus an
important area for future research.

8Gapstur [2007, p. 676] connects the notion of physiologic burden to “a change in the normal physical functioning of the human
body.” While such changes are undoubtedly a common (perhaps universal) feature of disease processes, it remains unclear what it is
about such changes that makes them burdensome.
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to another sort of burden (“What is a physiological burden?”), but in the absence of a better understanding of what it
means for something to qualify as a burden, we are arguably no further forward.9

While Cleeland’s definition doesn’t suffer from this particular problem, it also leaves us with a number of unanswered
questions. According to Cleeland, symptom burden can be thought of as the sum of two quantities(?), namely symptom
severity and symptom impact. The problem is that the relationship between these two quantities is left obscure. One
assumes that symptom severity must be distinct from symptom impact; otherwise, there would be little point in adding
the two together to yield an overall measure of symptom burden. It would, for example, make little sense to say that
symptom impact and symptom severity are the same quantity, or that they are different manifestations of the same
underlying quantity. This raises a question about the relationship between symptom impact and symptom severity.
Are there certain types of symptoms that can be rated as severe, but which have no discernible impact on the affected
individual? If so, what are these symptoms? Conversely, is it possible for a symptom to have both high impact and low
severity? The answer to these questions is, unfortunately, unclear.

The more general problem with the definitional efforts of both Gapstur and Cleeland is that they fail to tackle the
foundational notion of burden. That is to say, they do not tell us what a burden is or why something like a symptom
would be the source of a burdensome experience. Quite plausibly, all symptoms are burdensome, at least to some
extent—they are, after all, experiences that we would prefer not to have. But what is it that makes some symptoms
more burdensome than others? And how does this particular aspect of patient phenomenology (i.e., the way patients
experience symptoms) relate to a wider set of forces and factors, including other aspects of an individual’s lived
experience.

The expectation-based account seeks to answer these questions by providing an overarching account of burden, one that
seeks to identify the common features of burden-related scenarios (i.e., the situations in which burdensome experiences
are apt to arise). In Section 2, we suggested that all burdens could be understood in more or less the same way—as
a form of disruption or interference with an individual’s capacity to minimize future forms of prediction error. In
respect of symptom burden, then, the expectation-based account suggests that symptoms become burdensome when
they interfere with our capacity to fulfill expectations, thereby yielding an increase in expected prediction error. The
greater this interference, the greater the prediction error, and thus the more burdensome the symptom.

As a means of making this clearer, it will help to connect the discussion of the expectation-based account to the features
of particular scenarios (or cases). Our first scenario is centered on pain. Call it the toothache case.

The Toothache Case
Anna is a student who is confronted with an important essay deadline. Unfortunately, Anna begins to
experience a toothache. The toothache becomes progressively worse, to the point where Anna is no
longer able to concentrate on her studies. She books an appointment with her local dentist, but she
nevertheless needs to wait a couple of days before she can be seen. In the meantime, Anna does her
best to work despite the pain. She takes some painkillers, which help to alleviate the pain. When
she goes to bed, however, the pain seems to worsen, and Anna finds it difficult to sleep. The next
day, Anna tries to return to her studies. Unfortunately, she is now tired as well as in pain. Realizing
that there is little chance of meeting the original deadline, Anna appeals to her lecturer for a deadline
extension.

In considering this case, we can ask ourselves why the relevant symptom (i.e., pain) might be perceived as burdensome.10

There are a couple of things that stand out here. The most salient feature of the case is that Anna is experiencing pain,
and this pain is interfering with something that Anna is required to do. Specifically, the pain is interfering with Anna’s
ability to concentrate on her work. Relative to the expectation-based account, Anna can be seen to have an expectation
pertaining to the completion of a task. This expectation corresponds to the goal of completing the essay, and it is this

9A similar issue can sometimes be found in discussions of treatment burden (see Section 4). Sav et al. [2013a, p. 320], for example,
define treatment burden as “a person’s subjective and objective overall estimation of the dynamic and multidimensional burden that
their treatment regimen for chronic illness has imposed on them and on their family members.” The problem with this definition is
that it makes the definition of one sort of burden (treatment burden) contingent on another sort of burden (multidimensional burden).
In the absence of an understanding of what burdens are, however, the definition risks being uninformative.

10Note that it is probably not enough to say that the mere experience of pain is sufficient for burdensomeness. The reason for this
is that it is possible to imagine situations where an individual claims to experience pain, but the pain is not deemed to be particularly
burdensome. Consider, for example, the case of pain asymbolia, where an individual claims to experience pain without feeling
particularly bothered by it [Gerrans, 2020, Klein, 2015]. In this case, it is plausible that we encounter a dissociation between the
mere presence of a symptom and the symptom’s overall impact on the individual concerned. In many cases, pain is apt to be a potent
source of burdensome experiences, but it need not always be so. Much will depend on how the individual perceives the pain relative
to the sorts of things they expect themselves to do, or (equivalently) the sorts of sensory futures they expect themselves to bring
about as a result of their own actions.
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goal that defines the intentional or goal-directed nature of Anna’s essay-writing efforts. The problem is that the presence
of the pain is threatening to derail Anna’s capacity to achieve this goal. (Equivalently, we might say that the pain is
interfering with Anna’s capacity to perform actions that ensure the timely fulfillment of an expectation that is accorded
high precision.) Anna clearly expects herself to complete the relevant task, and the task is of sufficient importance to her
that the corresponding expectation is able to entrain Anna’s actions in the present moment. But the persistent presence
of the pain is undermining the chances that Anna will be able to fulfill her expectation. In normal circumstances, Anna
might have little problem with the essay. Now, however, the pain (the symptom) is threatening to throw her plans into
disarray.

There is another feature of the toothache case that is worth highlighting. This concerns the idea that Anna is, in some
sense, ‘obliged’ to participate in whatever process is responsible for the subjective experience of pain. Anna cannot
simply decide whether or not she is in pain. Instead, the pain is something that happens to her. From an ontological
standpoint, we can understand this as a form of participatory relationship between Anna and a pain-related process.11

While the ontic status of pains (and other experiences) remains unclear, we will assume that all subjective experiences
are rooted in processes of one sort of another (e.g., neural or bodily processes).12 Given the earlier characterization of
symptoms as subjective experiences, it follows that all symptoms involve the instantiation of processes. These are what
we will call symptom processes. As long as Anna experiences the pain she is, we suggest, a participant in one of these
processes.

There is, of course, another sort of process in which Anna is involved. This is the essay-writing task—the task that Anna
is trying to complete. There is, however, an important difference between the essay-writing task and the pain-related
symptom process. This difference centers on the extent to which Anna can choose to be a participant in each of the
relevant processes. When it comes to the essay-writing task, Anna can exert a degree of control over whether or not she
is a participant in the orthographic process. She can, if she so decides, cease to perform the essay-writing task, and this
is, indeed, what happens when she decides to go to bed. In this sense, Anna’s participation in the essay-writing process
is a particular form of participation. It is what we might call facultative participation.

It should be relatively clear that Anna’s participation in the symptom process is not of the facultative variety. Anna
cannot simply choose to suspend her participation in the symptom process when it is time to go to bed. Instead of her
participation being of the facultative kind, she is instead obliged to participate in this process. This is what we might
call obligatory participation.

Obligatory participation is, as far as we can tell, a universal feature of symptom processes. Unlike something that we
might be asked to do, we cannot choose to participate in a symptom process. If we are in pain, then we are obliged to
endure the pain, and this is the case no matter how much we might wish that we were not in pain. The same is true of
any number of other symptoms, such as feelings of nausea or fatigue or dizziness. While we might wish that we were
not a participant in these processes, it is not so easy for us to, in effect, simply ‘walk away’ (or disengage) from them.
We cannot, in general, refuse to experience pain, or disconnect ourselves from the experience of pain. And if such
forms of disconnection were, in fact, possible, then it is likely that we would experience pains (and other symptoms) as
much less burdensome than they so often are.13

The toothache case is intended to establish a basic point of connection with the expectation-based account of burden. It
is, of course, no more than a toy example, but the general features of the case are applicable to a range of health-related
scenarios. According to the expectation-based account, symptoms are burdensome when they interfere with the
fulfillment of expectations. In the toothache case, the relevant expectation corresponds to the goal of writing the essay,
and the symptom (the pain) is undermining Anna’s capacity to fulfill this expectation. Given that we can understand
essay-writing activities as, at root, just another sort of process, the toothache case can be reduced to one in which we
have one sort of process (a symptom process) that is interfering with another sort of process. It is this interference,
we suggest, that lies at the heart of symptom burden. In general, a symptom will be perceived as burdensome when a
symptom process (P1) interferes with another process (P2), where the performance of (P2) is required to fulfill one
or more (high precision) expectations. The upshot will be an increase in expected prediction error, which reflects the

11From an ontological perspective, participation is one of the main relationships between continuants (e.g., human individuals)
and occurrents (e.g., processes). Intuitively, continuants are participants in occurrents. For more on the semantics of participation
relationships, see Rodrigues and Abel [2019].

12Smith et al. [2011], for example, represent pain as a bodily process.
13As we will see, this idea of being obliged to participate in processes is one that is common to other types of burden (see

Section 4). This makes sense when one considers the general nature of burdens. As we noted in Section 2, a heavy backpack is a
burden just so long as one is obliged to carry it. If the backpack can be abandoned at any point (without the risk of violating other
expectations), then it is hard to see why it would be regarded as a burden. What makes the backpack burdensome (at least in part) is
the fact that we are obliged to carry it.
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fact that the probability of achieving a certain sort of outcome has been undermined as the result of one’s obligatory
participation in a symptom process.

While this way of thinking about symptom burden may seem a little abstract, at least relative to the way symptom burden
has been understood in the medical and psychological literature, there is no reason to regard the expectation-based
account as incompatible with the earlier definitional efforts. Consider the earlier notion of symptom impact. From an
expectation-based perspective, the impact of a symptom is simply the extent to which a symptom interferes with the
performance of processes that are required to fulfill expectations. Accordingly, the greater the interference, the greater
the impact. Symptoms with minimal impact will be those that do not interfere with our capacity to fulfill expectations.
In essence, they will not undermine estimates of our own capacity to bring about certain sensory futures (i.e., our
capacity to fulfill high precision expectations courtesy of our own actions). The more a symptom interferes with our
capacity to bring about these sensory futures, the greater the impact, and thus the more burdensome the symptom.14

As a means of clarifying the link between interference and impact, let us consider two additional cases. These cases are
intended to be highly similar. Indeed, the only difference between the cases relates to the use of particular resources to
perform an orthographic task.

The Keyboard Novelist Case
Bob is a left-handed novelist with a mild case of Dupuytren’s contracture. Bob does not experience
any pain as a result of the condition. He does, however, experience some changes in motor functioning.
As it happens, Bob uses a keyboard to support his novel-writing activities, and such activities are
not affected by the Dupuytren’s contracture. Bob is aware of the Dupuytren’s contracture, and he
suspects that at some point he may need to bring the condition to the attention of his physician. For
the time being, however, the disease does not interfere with Bob’s orthographic efforts.

The Pen-and-Paper Novelist Case
Charlie is a left-handed novelist with a mild case of Dupuytren’s contracture. Charlie does not
experience any pain as a result of the condition. He does, however, experience some changes in
motor functioning. As it happens, Charlie uses pen and paper resources to support his novel-writing
activities, and such activities are seriously affected by the Dupuytren’s contracture. Unable to write
novels with the ease and efficiency that he is accustomed to, Charlie seeks the advice of his physician,
requesting that something be done to address the situation.

These two cases are intended to be examples of what are dubbed “thought experiments” [see Frappier et al., 2013]. In
essence, they are hypothetical scenarios that are intended to press our intuitions into some sort of useful philosophical
service. For present purposes, it should be noted that the two cases are identical in all respects, except for the fact
that Bob’s orthographic efforts involve the use of a conventional computer keyboard, while Charlie’s efforts rely on
the use of pen and paper resources. This sort of (imaginary) manipulation is akin to what, in other contexts, might
be dubbed an ‘independent variable’—it is something that we are changing as part of an experimental manipulation
while attempting to hold all other things constant. The ‘dependent variable’ is then the experiences of two protagonists.
These experiences, it should be clear, are not the same. Bob is largely unaffected by the disease and its associated
symptoms, and he thus sees no reason to consult a physician. Charlie, by contrast, is sufficiently perturbed by the
symptoms to seek immediate medical attention. We thus have a difference in the way the two protagonists experience
their symptoms. This is despite the fact that both the disease and the symptoms are the same in both cases. What is
more, both protagonists are aware of the symptoms—they both recognize that there is a health-related problem of sorts
and that this problem is interfering with at least some of their daily activities.

What these cases reveal is that our notions of symptom burden are unlikely to be well-served by a simple focus on the
nature of a disease or its associated symptoms. Instead, what seems to be important is the way in which a symptom
interferes with the sorts of things that an individual expects themselves to do. Again, it is worth emphasizing that the
difference between Bob and Charlie is not their expectations, the nature of the disease, or the mere presence of the
symptoms. These things, recall, are being held constant across the two cases. What differs between the two cases is the
fact that the same symptoms are exerting different impacts on the two protagonists. This impact can be understood
in precisely the same way we understand the notion of impact in the toothache case; i.e., as a form of interference or
disruption with the performance of activities that are required to ensure that a given individual delivers on their (high
precision) expectations.15

14It should also be noted that the expectation-based account speaks to at least some of the ways that patients, themselves,
understand the term “symptom burden.” In one study, Gill et al. [2012], asked patients to define symptom burden. The most common
response—reported by 59% of the patients—was an inability to perform usual activities.

15As is suggested by the Charlie case, such interference may be one of the reasons people seek medical assistance. This tallies
with the views of Demain et al. [2015, p. 4], who suggest that: “. . . people seek healthcare not simply to relieve physical or emotional
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There is, of course, an important distinction between the toothache case and the Bob/Charlie cases. While the motor
impairments associated with Dupuytren’s contracture are typically of long duration, the pain associated with a dental
infection is (one hopes) a much more transient affair. This durational distinction is important, for it should be relatively
clear that the longer a symptom persists, the greater the chances of it interfering with our capacity to fulfill expectations.16

The symptoms associated with a common cold can, of course, be a source of frustration, especially if they require
us to put our lives on hold for a few days. In general, however, few of us would probably gloss these experiences as
particularly burdensome. As in the toothache case, we can usually renegotiate the demands that are placed upon us
by modifying our own expectations as to what we will do, as well as the expectations others have about us. Matters
are not so straightforward if symptoms should persist over the longer-term. While the symptoms associated with an
acute COVID-19 infection can be unpleasant but bearable, the symptoms associated with Long-COVID can be much
more irksome [e.g., Sykes et al., 2021]. From an expectation-based perspective, we can understand this difference
relative to the way in which chronic health conditions threaten to derail a number of longer-term (perhaps lifelong)
projects.17 In the toothache case, we saw how pain might interfere with the performance of a single task—that of
writing an essay. But chronic health conditions are apt to interfere with our efforts to construct a much more protracted
and personal narrative, one that both reflects and informs our sense of who and what we are as individuals. This is
where our understanding of burden begins to connect with the growing interest in predictive processing approaches to
the self [Hohwy and Michael, 2017, Friston, 2018, Letheby and Gerrans, 2017, Seth and Tsakiris, 2018]. As noted
in earlier work, chronic illness can lead to biographical disruptions that challenge one’s sense of self and/or identity
[Bury, 1982, Demain et al., 2015]. There is no reason why we cannot connect this to the expectation-based account.
Quite plausibly, a biographical disruption represents a disturbance to the sort of things that we expect ourselves to do,
challenging our basic conception of who we are. From a predictive processing perspective, the self (understood as a
constituent of a neurally-realized generative model—e.g., a deeply nested hidden causal variable) is a potent source of
predictions pertaining to future states-of-affairs, especially those that can be brought about as a result of our own actions.
A chronic illness threatens to throw such predictive efforts into disarray, forcing us to revise generative models that may
have taken a lifetime to acquire. In time, an individual’s expectations may adjust to reflect the new ‘reality’. There is,
however, no reason to think this process of adjustment will be particularly straightforward. Nor is there any reason to
think that the process of adjustment (or adaptation) will terminate in a successful conclusion (i.e., the normalization of
prediction error).18 As long as there is a mismatch between the sort of person one expects oneself to be and the sort of
person one is allowed to be (as the result of injury or disease), then there will always be a degree of prediction error,
and (according to the expectation-based account) a persistent sense of burden.

For the most part, there ought to be little problem in applying the expectation-based account to symptom burden.
According to the expectation-based account, symptoms become burdensome when they interfere with our capacity to
bring about sensory states-of-affairs that match our expectations—what predictive processing theorists dub target states
or prior preferences (see Section 2). The application to symptoms, especially those of the chronic variety, ought to
be straightforward, for it is natural to think of symptoms as causing some sort of disruption to the things we would
otherwise expect ourselves to do. The persistent presence of fatigue, for example, will invariably have some sort of
bearing on our capacity to fulfill a number of expectations, including those that stem from our occupation of certain
social roles (e.g., our status as a parent, an employee, or caregiver).19 Interestingly, however, the expectation-based
account is also able to cater for situations in which symptoms are mostly absent. To help us understand this, consider
the following case.

The Ménière’s Disease Case
Darya suffers from Ménière’s disease, which is a chronic condition affecting the inner ear. For
Darya, the primary symptoms are vertigo and nausea. While Darya finds these symptoms to be
highly unpleasant, she has learned that they are also somewhat controllable. In particular, Darya

symptoms but because those symptoms stop them from doing what they want (e.g. running or hiking) and being who they want to be
(a professional athlete, a member of the rambling club or an optimistic person).”

16It should be noted that illness-related burdens are typically studied in the context of chronic health conditions. In this sense, the
toothache case might be seen as problematic, focusing as it does on an acute health condition. There is, to be sure, an important
difference between acute and chronic conditions, but it is not clear that this requires us to advert to a radically different account of
burden. From a predictive processing perspective, the difference between acute and chronic conditions may relate to the nature of the
expectations that stand to be violated or the persistent nature of expectation-related errors. While these differences are important,
they do not mark a substantive difference in the mechanism that is deemed to be responsible for burdensome experiences.

17This problem is apt to be compounded by multimorbidities, where multiple diseases (and thus multiple symptoms) are present
at the same time. See Willadsen et al. [2021], for more on this.

18See Charmaz [1995], for a discussion of some of the challenges posed by long-term health conditions.
19This establishes an interesting point of connection with the way that social roles have been understood in the sociological

literature. According to one proposal, social roles are defined by expectations that shape behavior in role-appropriate ways [see
Biddle, 1979, 1986].
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has learned that the symptoms tend to be triggered by noisy environments, such as nightclubs. She
has also learned that she can no longer travel on airplanes, for this also triggers the symptoms.
Prior to the onset of the disease, Darya regularly went to nightclubs, and she enjoyed foreign travel.
Now, however, she is obliged to refrain from such activities. For much of the time, Darya does not
experience either vertigo or nausea, and yet she still feels burdened by her illness.

What makes this case interesting is the idea that symptoms can be a source of burden even though the symptoms,
themselves, are seldom experienced. This poses a potential problem for the idea that symptoms (qua subjective
experiences) are interfering with one’s capacity to fulfill expectations. For if a symptom is not being experienced for
much of the time, then it must be mostly absent. But if a symptom is absent, then it is hard to see how it could interfere
with one’s capacity to fulfill expectations.20

The puzzle is, of course, illusory, for while Darya succeeds in controlling the occurrence of symptoms, she does so
at the expense of doing things that she would otherwise do given the absence of the disease. In this case, then, the
prediction error stems from the fact that Darya is engaging in a course of action that violates her expectations pertaining
to (e.g.) travel and nightclubs. It is the fact that Darya is obliged to refrain from doing the things she wants to do
that leads to the experience of burden, for this entails the violation of her (high-precision) expectations. Absent such
expectations, and our intuitions about the presence of burden begin to shift. If Darya hated nightclubs and had no
interest in airborne travel, then there is no sense in which her symptom-avoiding actions could violate her expectations.
In this case, the prediction error would be greatly attenuated, as would (we suggest) the feeling of burden.

4 Treatment Burden

In contrast to symptom burden, treatment burden focuses on the treatments (or other interventions) that are deployed
to manage a disease (or, perhaps, to prevent the onset of a disease) [Eton et al., 2022, Hounkpatin et al., 2022, May
et al., 2014, Rosbach and Andersen, 2017, Sav et al., 2013a, Tran et al., 2015]. Alsadeh et al. [2020] provide a useful
summary of definitional efforts in this area, identifying a total of 16 definitions for treatment burden. A subset of these
definitions is as follows:

[. . . ] we defined BOT [burden of treatment] as treatment related effects that limit the patient’s ability
to participate in activities and tasks that are crucial to his or her quality of life and that are not
attributable to underlying disease. [Bohlen et al., 2012, p. 47]

Treatment burden refers to the personal workload of healthcare, including treatment and self-
management of chronic health conditions, and the impact of this workload on patient functioning and
well-being. [Eton et al., 2017, p. 490]

Treatment burden is defined here as a patient’s perception of the aggregate weight of the actions and
resources they devote to their health care, including difficulty, time, and out-of-pocket costs dedicated
to health care tasks such as adhering to medications, dietary recommendations, and self-monitoring.
[Boyd et al., 2014, p. 2]

[Treatment burden is] defined as the impact of the ‘work of being a patient’ on functioning and
well-being. This work includes drug management, self-monitoring, visits to the doctor, laboratory
tests, lifestyle changes, and other actions that take place in addition to the other work patients and
their caregivers must do as part of life. [Tran et al., 2015, pp. 1–2]

We will not attempt to critique these existing definitional efforts; nor will we seek to single out one definition as being
preferable to the others. Rather than subject existing definitions to critical scrutiny, we will attempt to show how the
expectation-based account provides a common approach to understanding these definitions. Our aim, in short, is to
show how a predictive processing approach to burden might provide an opportunity for theoretical integration, enabling
us to accommodate multiple definitions of treatment burden within an overarching theoretical framework.

The starting point for our analysis centers on the notion of patient workload. Workload is a recurring feature of treatment
burden definitions. It is generally understood as the work that must be performed by patients as part of a treatment

20Note that this is also one of the reasons why we resist the temptation to equate the experience of burden with the aversive quality
(or negative valence) of symptoms (what we might call the mere experience view of burden). If burdensome experiences are tied to
the mere unpleasantness of symptoms, then the absence of symptoms should yield a correlative reduction in the experience of burden.
The Ménière’s disease case, however, highlights the way in which a sense of burden might persist, even in the absence of symptoms.

10



regimen. In the above definitions, for example, we see an appeal to “health care tasks,” the “work of being a patient,”
and the “personal workload of healthcare.” The notion of workload thus refers to the various actions and activities
that must be performed by the patient as part of a treatment (or, more generally, healthcare) regimen. For the sake of
terminological convenience, we will refer to these actions and activities as treatment actions.21 Some examples of
treatment actions are evident in the above definitions of treatment burden. They include the likes of taking medication,
maintaining medical appointments, monitoring health status, and engaging in physical therapy. A treatment action
is, in short, any action that is performed by a patient as a means of treating or managing a health-related problem.22

Treatment actions may, of course, be performed by individuals other than the patient (e.g., family members or healthcare
professionals). In the present context, however, we are interested in the actions performed by patients, as opposed to the
actions performed by other individuals—this is how we understand the notion of patient workload as opposed to, let’s
say, the notion of caregiver workload.

Whatever else we might say about treatment actions, they are clearly actions of one sort of another. This establishes a
point of contact with the analysis of symptom burden. In Section 3, we suggested that symptoms are tied to symptom
processes, and symptom processes are key to our understanding of symptom burden. Symptom processes, it should
be clear, are a particular sort of process. This makes symptom processes a member of the metaphysical category
of occurrents—a category that includes the likes of processes, states, and events [see Rodrigues and Abel, 2019].
Interestingly, treatment actions also belong to this metaphysical category. Indeed, from an ontological standpoint, we
can think of actions as particular types of processes. Actions are what we might call intentional processes—they are
implemented by agents with the express purposes of achieving some sort of outcome or goal. This marks an important
difference between treatment actions and symptom processes. While treatment actions are a form of goal-directed
behavior, symptom processes are not. Despite this difference, however, treatment actions and symptom processes are of
a similar kind: they are both processes. This raises a question about the extent to which our understanding of symptom
burden might be applied to treatment burden. Can we understand treatment burden in more or less the same way as we
understood symptom burden?

In order to answer this question, we will need to consider treatment actions from a predictive processing perspective. In
particular, we will need to consider the goals towards which treatment actions are oriented. These goals, recall, are just
representations of the sensorily defined state-of-affairs that a particular action is intended to bring about (see Section 2).
They are what we have been referring to as expectations. In respect of treatment actions, these expectations are what we
will call treatment expectations.

In one sense, a treatment expectation is just like any other sort of expectation—it is a neurally-realized prediction
that works to entrain an individual’s actions, as per predictive processing accounts of goal-directed (or motivated)
behavior [e.g., Pezzulo et al., 2018]. There are, however, a couple of features of treatment expectations that make them
of particular interest in the present context.

The first feature relates to the socially-inflected nature of treatment expectations. Treatment expectations are an example
of what we might call social expectations—they are expectations that are typically held by multiple individuals, or
they are at least expectations that arise as the result of social encounters. In a clinical context, treatment expectations
are often established as part of a healthcare encounter involving both a healthcare provider and a patient. A physician,
for example, might discuss the details of a treatment plan with a patient, thereby establishing joint or mutually-
acknowledged expectations23 about patient behavior. There is, of course, plenty of room for miscommunication and
misunderstanding here. Just because a healthcare provider expects a patient to perform a given treatment action, this
does not mean the patient will possess the same expectation as that of the healthcare provider. Assuming all goes well,
however, the patient and healthcare provider will arrive at a common understanding of what the patient must do to
care for their own health. Insofar as the patient adopts the treatment expectation, they will attempt to do what their
healthcare provider expects them to do. They will, in short, attempt to fulfill treatment expectations via the performance
of treatment actions.

A second feature of treatment expectations relates to their importance or priority. In predictive processing, the importance
or priority of an expectation is marked by its precision, with higher precision corresponding to greater importance (see

21We acknowledge that the term “treatment activity” may be more appropriate here. For the purposes of the present paper,
however, we will overlook the distinction between activities and actions.

22Note that the performance of treatment actions may require one to perform a number of ancillary tasks. In order to take one’s
medication, for example, one must first acquire the medication. This may require the patient to visit a pharmacist and perhaps pay
for a prescription. Accordingly, the act of taking medication requires one to participate in additional actions, such as attending
a pharmacist (or other healthcare facility) and paying for one’s medication. These additional actions add to the workload that is
imposed on patients, and they should thus be included in the notion of patient workload.

23For more on mutually-acknowledged expectations, see Cibik [2018]. According to Cibik, mutually-acknowledged expectations
correspond to what we typically refer to as commitments or obligations.
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Section 2). There are a number of reasons to think that treatment expectations will be assigned high precision.24 A
disease or illness represents a departure in the normal (expected) functioning of the body, and this serves as a potent
source of prediction error. Pursuing a course of treatment provides a means of resolving this error, or at least resolving
some of the uncertainties that come with a clinical diagnosis. Given this, it is reasonable to assume that the majority of
treatment expectations will be accorded high precision, at least initially. This does not mean that patients will always do
what they are expected to do, of course. Sometimes a patient may reject medical advice, or they may regard treatment
actions as unimportant. In such cases, the precision of treatment expectations will be low, and non-adherence is the
likely result. Note, however, that non-adherence is not a surefire way of avoiding burdensome experiences. To be
sure, non-adherence may be an effective means of reducing treatment burden—if one is not committed to performing
treatment actions, then it is hard to see how one could regard those actions as particularly burdensome. The problem
is that treatments are intended to treat diseases, and diseases often come with symptoms. Refraining from treatment
actions may help to reduce (or even eliminate) treatment burden, but it will not help to minimize one’s exposure to
symptom burden.

The precision of treatment expectations is important, for it establishes a point of contact with the earlier discussion of
symptom burden. Recall that in discussing symptom burden, we encountered two forms of participatory relationship
that an individual may have with regard to processes. These are what we referred to as obligatory participation and
facultative participation. In the case of symptom processes, we suggested that individuals have no choice but to
participate in the relevant process, and for this reason the relevant form of participation is of the obligate variety.

When it comes to treatment actions, the appeal to obligatory participation doesn’t really work. The reason for this is
that treatment actions are a form of intentional process, and it is always possible (at least in principle) for the individual
to suspend such actions or refuse to perform them altogether. In this sense, then, we cannot approach an individual’s
participation in treatment actions in the same way as we approached their participation in symptom processes. Rather
than being obligate in nature, an individual’s participation in treatment actions is better understood from the perspective
of what we called facultative participation.

While the appeal to facultative participation is technically correct, matters need not be so clear-cut from the patient’s
perspective. If treatment expectations are assigned high precision, the patient will be under considerable pressure to
perform treatment actions. A failure to perform these actions will lead to an escalation of expected prediction error,
simply because the patient is, in effect, failing to do something that they expect themselves to do. For this reason,
high-precision treatment expectations mandate the performance of treatment actions in a way that is not well-served
by the notion of facultative participation. The relevant form of participation here is what we might call effectively
obligate. In principle, there is no reason why a patient is obliged to participate in treatment actions (by performing
treatment actions). In practice, however, the options may be somewhat limited. As long as treatment expectations are
assigned high precision, then the patient will attempt to fulfill these expectations by performing treatment actions. If
such expectations cannot be fulfilled (for whatever reason), then there will be an increase in expected prediction error.
Such increases could be avoided if the precision assigned to treatment expectations were to be reduced. In practice,
however, such adjustments may be difficult, and, in any case, the failure to fulfill treatment expectations may lead to an
overall increase in expected prediction error, especially if non-adherence leads to an accentuation of symptoms (and
thus symptom burden).

Once we recognize the constraints associated with treatment expectations, the similarity between treatment actions and
symptom processes starts to come into sharper focus. In particular, we can begin to see how the pressure to participate
in treatment actions might interfere with the fulfillment of expectations in more or less the same way as that seen in the
case of symptom processes. In particular, a treatment action may detract from the performance of other actions, if only
because one can only do one thing at a time, and there is only so much time available to do all the things that must be
done to ensure one’s expectations are fulfilled. If the individual had a choice, they would no doubt prefer to renege on
their commitment to performing treatment actions. Given the nature of treatment expectations, however, this is not
straightforward. The result is that the individual is effectively stuck with something that ‘must’ be done, but which they
would prefer not to do. In this respect, they are in roughly the same sort of position as the individual who is obliged to
endure the pain of a persistent toothache. In both cases, we confront a situation in which an individual is compelled to
participate in a certain sort of process (a symptom process or treatment action), but this participation leads to an overall
increase in expected prediction error due to the way in which one process interferes with another.

It seems, then, that we can understand treatment burden in more or less the same way as we understood symptom
burden. There are, however, some peculiarities of treatment burden that are worth exploring. The following case will
help us explore these peculiarities:

24See Theriault et al. [2021], for a predictive processing approach to social pressure, what Theriault et al. dub a “sense of should.”
For an active inference approach to shared expectations and social conformity, see Constant et al. [2019].
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The Chronic Pain Case
Ella has been experiencing lower back pain for many months. Deciding that something must be done,
she visits a physiotherapist who recommends that she attend weekly appointments and perform a
number of exercises at home. Ella begins attending the appointments and performing the exercises.
As time passes, she begins to see a gradual improvement in her symptoms.

Despite its simplicity, this case illustrates many of the concepts we have encountered thus far. Ella is, of course,
the patient in this scenario; the physiotherapist is the health provider. The recommendations of the physiotherapist
correspond to the treatment expectations that are communicated to Ella as part of her healthcare encounter. These
treatment expectations then entail the performance of actions, such as attending appointments and performing exercises.
These actions are what we have called treatment actions. Assuming that Ella heeds the advice of the physiotherapist,
she will adopt the physiotherapist’s expectations as her own expectations. She will, in short, expect herself to do what
her physiotherapist expects her to do. Patient workload then corresponds to the treatment actions that Ella is expected to
perform; i.e., the actions that are required to fulfill the treatment expectations. In this case, we are assuming that Ella
is in a position to perform the treatment actions and that she does, indeed, perform the actions. This ensures that the
treatment expectations are fulfilled. The problem is that the performance of treatment actions can interfere with the
performance of other actions, and if this results in a failure to fulfill other expectations, the result will be an increase in
expected prediction error, just as was the case with symptom burden.

There ought to be nothing controversial about the mere idea that treatment actions can interfere with the performance of
other actions. All actions consume resources of one sort of another, even if it is only the time it takes to perform an
action. The time that Ella spends with the physiotherapist may or may not be well-spent; but it is not time that can be
re-invested in an alternative course of action. In addition to issues of time, the performance of treatment actions may
incur other resource-related costs. Perhaps, for example, Ella is required to pay an hourly rate to the physiotherapist. If
so, then the performance of treatment actions comes with both a temporal and financial cost. The problem is that such
costs can quickly escalate to the point where other actions become difficult or perhaps impossible to perform.25 The
money that Ella invests in her treatment cannot be reassigned to something else. Money is a fungible resource, but it
is not one that is inexhaustible.26 If Ella must fulfill treatment expectations while failing to fulfill other expectations
(e.g., those associated with an occupational or parental role), then she will probably experience the treatment actions as
somewhat burdensome. Note that the reason for this is not because she is incapable of fulfilling treatment expectations.
Nor is it the case that her treatment expectations go unfulfilled. It is more that the fulfillment of one set of expectations
(treatment expectations) is coming into conflict with another set of expectations. The upshot is that Ella encounters
a form of ‘dissonance’ or tension that stems from her inability to service multiple goals, and thus fulfill multiple
expectations.27 As with the notion of symptom burden, we arrive at the idea that some processes (in this case, intentional
processes or actions) are apt to interfere with other processes, and this degrades the individual’s capacity to fulfill
multiple expectations. The end result is the same as that seen with symptom burden: an increase in expected prediction
error.

In the chronic pain case, we assumed that Ella had no problem performing the relevant treatment actions.28 There is,
however, no reason to assume that treatment actions are always straightforward. In some cases, a patient may struggle to
perform a treatment action, and thus ‘live up to’ treatment expectations. Some treatment actions may require specialist
knowledge and expertise, or they may rely on resources that are either absent or difficult to acquire. In such cases,
the patient may deem themselves to be incapable of performing treatment actions, or they may at least harbor doubts
about their ability to fulfill treatment expectations. This may go some way towards helping us understand the results of
studies that have explored the relationship between health literacy, self-efficacy, and treatment burden. According to the
results of these studies, higher treatment burden is reported by individuals who score lower in both health literacy and
self-efficacy [Eton et al., 2017, 2022, Herzig et al., 2019, Hounkpatin et al., 2022]. Such results make a great deal of
sense if we assume that health literacy and self-efficacy are associated with a greater degree of subjective confidence
in one’s capacity to fulfill treatment expectations. Individuals who are health literate, for example, may have greater
certainty about what they need to do to fulfill treatment expectations, while those who are blessed with high self-efficacy
are perhaps more inclined to believe they are capable of fulfilling treatment expectations. Given this, it would be

25This will obviously depend on how much time and money Ella has to invest in her treatment actions. The more resources one
has at one’s disposal, the easier it is to perform actions without introducing conflicts or becoming overwhelmed.

26For a recent study exploring the temporal costs of treatment actions, see Hounkpatin et al. [2022]. Financial considerations also
figure prominently in the treatment burden literature [Eton et al., 2015, 2017, Sav et al., 2013b,a]. The temporal and financial costs
of performing treatment actions are sometimes discussed under the heading of temporal burdens and financial burdens.

27See Arnaldo et al. [2022, p. 7], for a brief discussion of dissonance within a predictive processing context. Connolly [2018] also
provides an interesting account of the role of conflict (and elevated expected free energy) in a Freudian psychoanalytic context.

28This is not to say that Ella does not experience any treatment burden; it is merely to note that whatever treatment burden Ella
does experience cannot be attributed to the fact that she is failing to fulfill treatment expectations.
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no surprise to discover that individuals with higher levels of health literacy and self-efficacy are less susceptible to
treatment burden—such results are precisely what we would expect if individuals were estimating the likelihood of
treatment expectations being fulfilled, courtesy of their own actions.

There may be additional reasons why patients find it difficult to fulfill treatment expectations. In all the cases we
have considered thus far, we have assumed that the relevant individual is dealing with a single health problem (a
dental infection, Dupuytren’s contracture, or a bad back). While these cases are not irrelevant when it comes to our
understanding of burden in a medical context, they undoubtedly overlook many of the challenges associated with
multiple, long-term health conditions. There may, for example, be multiple treatment expectations for multiple diseases.
There may also be multiple symptoms. There is also the potential for interactions between treatments and symptoms.
Consider, for example, that the treatment actions performed in respect of one treatment expectation may interfere with
one’s capacity to fulfill another treatment expectation, either as the result of resource constraints (the performance of
one action reduces the resources available for another) or because there is an incompatibility between treatments and
diseases, such that the performance of a treatment action (for one disease) is rendered problematic due to the symptoms
of another disease (e.g., the performance of a treatment action for one disease exacerbates the symptoms of another
disease).

By now, it should be clear that the notion of patient workload presents little in the way of a problem for the expectation-
based account. As was noted earlier, patient workload is typically understood as the work that must be done by a
patient, or the healthcare tasks that ‘must’ be performed as a result of one’s occupation of the patient role. Courtesy
of the appeal to treatment expectations (and treatment actions), we are able to see why the performance of healthcare
tasks might be a source of burdensome experiences. We are also in a better position to identify the various forces and
factors (e.g., resource constraints, pre-existing commitments, and the presence of socially-significant others29) that
might inform this particular aspect of the patient’s lived experience.

Does this mean the analytic effort is complete? One reason to think that it might not be complete is that definitions of
treatment burden often feature an appeal to the impacts (or effects) of treatment (in addition to workload). As noted by
Eton et al. [2022, p. 3], “[w]orkload and impact represent two fundamental components of treatment burden.” In view
of this, it seems that a theoretical account of treatment burden ought to do more than just accommodate the notion of
patient workload. In addition to workload, it ought to tell us something about the impact of treatments, or, as we shall
call it, treatment impact. How, then, does the expectation-based account accommodate the notion of treatment impact?

In responding to this challenge, it is worth noting that definitions of treatment burden frequently refer to two sorts of
impact, namely, the impact on patient functioning and the impact on patient wellbeing [Eton et al., 2015, 2017, 2022,
Hounkpatin et al., 2022, Kyle et al., 2020, Tran et al., 2015]. While these impacts are undoubtedly connected, we will
consider them separately.

In respect of patient wellbeing, it is important to note that subjective wellbeing, happiness, and positive affective
experiences have all been the focus of recent predictive processing work [Kiverstein and Miller, 2023, Hesp et al., 2020,
Miller et al., 2022, Smith et al., 2022c]. For reasons of space, we will not attempt to discuss the details of this work.
Suffice to say, however, the expectation-based approach is broadly compatible with a predictive processing approach
to wellbeing. Smith et al. [2022c], for example, suggest that subjective wellbeing is tied to the quality of generative
models and thus the capacity to minimize prediction error (or free energy) over time. It is perfectly plausible, in our
view, that this state-of-affairs is marked by a reduction in expected prediction error. There is, at least, no reason to
think a persistent elevation in expected prediction error is compatible with the quality of a generative model. In this
sense, then, there is a relatively straightforward link between the expectation-based account and predictive processing
approaches to patient wellbeing: if the performance of treatment actions entails a persistent increase in prediction error,
then it is plausible that neural estimates pertaining to the quality of a generative model would be downgraded. This,
Smith et al. [2022c] suggest, is precisely the sort of situation in which we encounter a decline in subjective wellbeing.

What about patient functioning? The primary problem here relates to the meaning of the term “patient functioning.”
What does it mean for a patient to function well (or poorly) given the presence of treatment actions? One thing that
it could mean for a patient to function well is for the patient to be in a position where they are able to fulfill their
expectations, thereby keeping expected prediction error under control. In this case, patient functioning would be high
and treatment burden would be low. Conversely, if treatment actions were to interfere with a patient’s capacity to fulfill
expectations, then patient functioning would be low and treatment burden would be high.

There is, of course, nothing here that is inconsistent with the idea that treatment burden is, in part, constituted by
treatment impact. At the same time, however, the expectation-based account tends to paper over the distinction between
patient workload and treatment impact, especially when it comes to the notion of patient functioning. According to

29Of particular interest is the way that social proximity moderates the perception of physiological and cognitive effort, given
baseline expectations of social contact. See Beckes and Sbarra [2022], for more on this.
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the expectation-based account, if a treatment action causes an elevation in expected prediction error then it will be
perceived as burdensome. But the only way a treatment action could cause an increase in expected prediction is if it
were to reduce patient functioning. For all that patient functioning seems to mean (at least from a predictive processing
perspective) is that there is some sort of interference with a patient’s capacity to fulfill their expectations.

5 Side-Effects Burden

While symptom burden and treatment burden are typically seen as different types of burden [Sav et al., 2013a], there
is one area where this distinction might be called into question. This concerns the side-effects produced by certain
treatments; e.g., those stemming from medications. For the most part, side-effects are studied as part of research
into treatment burden, and it is thus tempting to view side-effects as a component of treatment burden, or perhaps a
specialized form of treatment burden. This is, at least, how side-effects have been understood by those investigating
treatment burden [Demain et al., 2015, Eton et al., 2013, Sav et al., 2013b]. Sav et al. [2013b], for example, identify
medication burden as one of the “components” of treatment burden. Medication burden, they suggest, stems from the
“side effects and adverse events from medication use, polypharmacy (multiple medication use), the inconvenience of
organising medications and the stigma associated with taking medication” [Sav et al., 2013b, p. 671].

There is, of course, an important (causal) link between side effects and treatments [see Due, 2023]. But should
side-effects be understood as a component of treatment burden, or, perhaps, a particular sort of treatment burden? One
reason to doubt this stems from work into symptom burden. Gapstur [2007], for example, identifies a particular form of
burden, dubbed side-effects burden [see also Iversen et al., 2018]. According to Gapstur [2007, p. 677], side-effects
burden refers to the “burden of treatment-related symptoms.” What is interesting about this characterization is not so
much the connection between side-effects and treatments; it is more the idea that side effects can be understood as a
particular sort of symptom (i.e., a treatment-related symptom). If this is correct, then there seems to be no good reason
why side-effects burden could not qualify as a specialized type of symptom burden.

While there are reasons to doubt the status of side-effects as symptoms (see below), it is interesting to note that side-
effects burden is more easily understood from the standpoint of symptom burden. The reason for this is that side-effects
have much in common with symptoms. There is clearly a degree of correspondence between the fatigue/nausea produced
by a certain drug, and the fatigue/nausea produced by a certain disease. Indeed, from a purely phenomenological
standpoint, these experiences might be indistinguishable: the fatigue we feel as the result of taking a drug may be much
the same as the fatigue we feel as the result of a disease. Given this, it would not be particularly surprising if we were to
discover that side-effects burden could be understood in more or less the same way as we understood symptom burden.

As before, it will help to orient the discussion around a particular case:

The Side-Effect Case
Flynn is a business analyst who works in a high-paced, competitive environment. Flynn was
recently diagnosed with depression and has just begun a course of (oral) antidepressant medication.
Unfortunately, Flynn is experiencing a number of side-effects as a result of taking the medication. In
addition to a mild, albeit persistent, sense of fatigue, he feels that he is no longer able to think clearly
at work. Given the importance that Flynn assigns to his work, he wonders whether he might be better
off abandoning the medication.

By now, it should be relatively clear why the side-effects in this case might be the source of a burdensome experience.
Flynn deems the side-effects to be interfering with his work, and thus the side-effects are interfering with Flynn’s
(perceived) capacity to fulfill the expectations associated with his occupational role. As with symptoms, we can
understand side-effects as being tied to processes in which Flynn is a participant. What is more, the nature of Flynn’s
participation in these processes is of the obligate variety, just as is the case with symptoms. Accordingly, we can draw
on our existing understanding of symptom burden to support our understanding of side-effects burden. Side effects are
burdensome in precisely the same way that symptoms are burdensome—they are burdensome because they reduce the
chances that a given individual will be in a position to fulfill the expectations that the individual deems to be important.

None of this means that side-effects ought to be understood as symptoms, of course. Nor does it mean that side-effects
burden ought to be understood as a specialized type of symptom burden. Notwithstanding the phenomenological
similarity between side-effects and symptoms, there are reasons to think that side effects are conceptually distinct from
symptoms. While symptoms are tied to diseases, side-effects are tied to treatments. This difference, it should be clear,
centers on the way in which an ostensibly similar (perhaps identical) symptom-like process is brought into existence as
the result of certain causal relationships. Side-effects are caused by deliberate attempts to treat a disease. They stem
from actions that are intended to ameliorate symptoms, retard the progression of a disease process, or (in the best cases)
terminate the disease process and return the individual to a state of health. It is thus the performance of what we have
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called treatment actions that distinguishes side-effects from symptoms: Side-effects are caused by treatment actions;
symptoms, by contrast, are not.

Does this mean that side-effects burden ought to be subsumed under the heading of treatment burdens, as opposed to
symptom burden? The answer to this question is, unfortunately, unclear. From a predictive processing perspective,
we can understand the burdensomeness of side-effects relative to an increase in expected prediction error. By itself,
however, this increase does not tell us anything about the taxonomic status of a burden. The burden in question could be
a symptom burden, a treatment burden, or a side-effects burden. The difference between these burden types probably
depends on the thing that is responsible (in a causal sense) for the increase in expected prediction error. In the case of
symptom burden, the cause is a symptom (or symptoms); in the case of treatment burden, it is a treatment action (or
actions); and, in the case of side-effects burden it is a side-effect (or side-effects). If this is how we are to distinguish
between different types of burden, then side-effects burden is quite plausibly neither a symptom burden nor a treatment
burden; it is, perhaps, a distinct type of burden. This makes sense given the features of the side-effects case. Consider,
for example, that the treatment action in the side-effects case is the taking of the medication (i.e., the swallowing of a
pill). Flynn performs this action so as to fulfill a particular treatment expectation. But there is no reason to think that the
mere performance of the action should be particularly problematic for Flynn. There is, in particular, no reason to think
that Flynn is particularly challenged by the treatment action, that he lacks the capacity to perform this action, or that
the treatment action is contributing to a substantive depletion of available material, temporal, and financial resources.
On the whole, the effort associated with the relevant treatment action seems to be minimal, the resources all seem to
be available, and there is no sense in which Flynn is incapable of doing what his physician expects him to do. In this
sense, then, it is somewhat hard to see why the side-effects case would qualify as a bona fide case of treatment burden.
There is, of course, a sense in which the relevant treatment action is part of the causal chain that leads to an increase
in expected prediction error: It is by taking the pill that Flynn comes to feel the fatigue, and it is the fatigue that is
then responsible for the perceived impairment in Flynn’s daily functioning. The problem here is that the fatigue (qua
side-effect) is the more proximal (or direct) cause of this impairment. The pill-taking action, by contrast, is further up
the causal chain. We could, perhaps, expand the notion of treatment burden to include more indirect forms of causation,
thereby subsuming side-effects burden within treatment burden. The problem with this, however, is that treatments
can lead to iatrogenic diseases, which come with their own symptoms (and thus the potential for symptom burden).
Accordingly, if we allow the concept of treatment burden to include downstream causal effects, then we need to be sure
that these effects are limited to a certain sort of effect. We cannot allow such effects to include the triggering of disease
processes and thus the triggering of symptoms processes; for this would risk obscuring the seemingly crisp conceptual
distinction between treatment burden and symptom burden.

How might an individual respond to the presence of burdensome side-effects? One answer is suggested by the side-
effect case: If Flynn deems the current situation to be unsustainable, then he may decide to abandon the course of
treatment, resulting in non-adherence. In this respect, a consideration of side-effects burden is likely to be relevant
to our understanding of the forces and factors that contribute to adherence-related decisions.30 From a predictive
processing perspective, it is possible that non-adherence stems from changes to the precision assigned to treatment
expectations. Such adjustments may arise as the result of efforts to minimize one’s exposure to burdens (either of the
side-effect or treatment variety).31 By reducing the precision assigned to treatment expectations, the importance of
those expectations is diminished, and thus the failure to fulfill treatment expectations is of little consequence (at least
in regards to prediction error). In one sense, then, non-adherence is a perfectly rational (or at least understandable)
response to burden—it reflects the efforts of the patient to curtail heightened levels of expected prediction error. This
looks to be particularly important when one considers the purported health-related effects of sustained increases in
prediction error [Arnaldo et al., 2022, Barrett and Simmons, 2015, Peters et al., 2017, Smith et al., 2019].

While adjustments to the precision of treatment expectations may culminate in non-adherence, it is also possible to
imagine situations in which an otherwise low-precision treatment expectation is preserved courtesy of the particular
social environment in which an individual is embedded. Imagine, for the sake of example, that Flynn is in a long-term
romantic relationship, and that his partner insists that he continue with the course of treatment. Insofar as Flynn is
inclined to adopt his partner’s expectations as his own expectations—that is to say, he does what his partner expects him
to do—then he will have an additional incentive to stay the treatment-related course. The reason for this is that the
costs of non-adherence (understood as a failure to fulfill expectations) have increased due to the presence of a social

30Interestingly, recent work has sought to understand adherence-related decisions from a predictive processing perspective [Smith
et al., 2021]. The side-effect case is, in fact, based on the same situation as that studied by Smith et al. [2021]—a situation in which
(virtual) patients are exposed to the side-effects associated with antidepressant medication.

31See Hartwig et al. [2022], for a discussion of how changes in precision-related adjustments may be relevant to our understanding
of stress habituation.
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expectation, namely, that of Flynn’s partner. If Flynn strives to fulfill his partner’s expectation, then he will persist with
the course of treatment. If, by contrast, he is alone, then the story may have a very different ending.32

6 Conclusion

In the present paper, we sought to expand our understanding of burdens in a healthcare context by drawing on the
predictive processing framework. The result of this analysis was a theoretical account, dubbed the expectation-based
account. According to this account, burdens are tied to an increase in expected prediction error, which arises as the result
of a mismatch between high precision expectations (variously known as goals, desires, target priors, prior preferences,
etc.) and one’s (subjective/perceived) capacity to fulfill these expectations. In effect, an elevation in expected prediction
error indexes a perceived mismatch between a desired future (all expectations fulfilled) and an attainable future (one or
more expectations violated). In a healthcare context, these shifts in expected prediction error can occur as the result of
an individual’s (obligatory) participation in processes that are either connected to a disease (e.g., symptom processes) or
processes that are intended to treat/manage a disease (e.g., treatment actions).

One of the virtues of the expectation-based account is that it provides a common approach to understanding burden.
Thus, while symptom, treatment, and side-effects burden have (for the most part) been understood as distinct kinds of
burden, each deserving of separate theoretical and empirical attention, our analysis suggests that all these burdens can
be understood in more or less the same way; i.e., as a form of interference with one’s capacity to fulfill expectations. In
this sense, the expectation-based account provides an important opportunity for theoretical integration. At the same
time, however, the expectation-based account does not require us to lose sight of the fact that there are multiple types
of burden. We can thus continue to recognize the status of (e.g.) symptom and treatment burden as distinct kinds of
burden. What is more, there is no reason to regard the expectation-based account as undermining existing efforts to
conceptualize burdens. The notion of treatment burden, for example, can still be understood as a form of disruption that
reaches across the biological, biographical, and relational domains [see Demain et al., 2015]. Rather than seeking to
replace or supplant existing conceptual or definitional efforts, the expectation-based approach is best seen as an attempt
to make sense of these efforts—to tell us something about the common features of burden-related experiences, or at
least the situations in which these experiences are apt to arise.

The expectation-based account is intended as the basis for future theoretical and empirical work. Some parts of the
account are clearly speculative, in the sense that they equate burdensome experiences with a hypothetical increase
in expected prediction error. There is clearly more work to be done to map this notion of expected prediction error
to the various parameters of the predictive processing framework (especially those that feature as part of research in
active inference). There is also much work to be done to connect the present account with existing bodies of predictive
processing work, especially in respect of the following areas:

• social inequality and health outcomes [Kelly et al., 2021]

• subjective well-being and happiness [Miller et al., 2022, Smith et al., 2022c]

• biopsychosocial approaches to disease [Smith et al., 2019]

• stress [Arnaldo et al., 2022, Hartwig et al., 2022, Peters et al., 2017]

• fatigue [Greenhouse-Tucknott et al., 2022, Stephan et al., 2016]

• anxiety [McGovern et al., 2022]

• self-efficacy [Bottemanne and Friston, 2021, Stephan et al., 2016]

• medical non-adherence [Smith et al., 2021]

• symptom perception [Kube et al., 2020, Maisto et al., 2021, Van den Bergh et al., 2017]

• subjective effort [Parr et al., 2023, Zénon et al., 2019]

• mental distress [Van de Cruys and Van Dessel, 2021]

Finally, the scope of the present analysis is limited to a consideration of three types of burden, namely, symptom,
treatment, and side-effects burden. In future work, it will be important to consider a more expanded array of burden

32Note that the primary outcome, here, is one of adherence or non-adherence; it is not the attenuation of treatment burden. As
noted in earlier research, social relationships may be something of a ‘double-edged sword’ when it comes to matters of treatment
burden [Boehmer et al., 2016, Eton et al., 2022]. In some cases, social relationships may help to ameliorate burdens, but every social
relationship comes with certain expectations, and there is no reason why these expectations cannot, on occasion, work to accentuate
burden-related experiences.
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types, including, for example, the burden experienced by informal and formal caregivers, what is often referred to as
caregiver burden [Adelman et al., 2014, Bastawrous, 2013, Liu et al., 2020].

Notwithstanding the scope and scale of this future work, we hope to have convinced the reader that a predictive
processing approach to burden is at least deserving of further scrutiny. In addition to providing a common approach to
understanding burden, the present account opens the door to computational models that seek to understand the forces
and factors that influence burdensome experiences. It also provides us with an important opportunity to connect the
study of burdens with the burgeoning work on predictive processing approaches to stress, symptom perception, social
inequality, subjective well-being, mental health, fatigue, and disease etiology. The further exploration of these links may
help to both refine the present account and connect the study of burden to a wider array of clinical and health-related
phenomena.
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