University Library

o o A gateway to Melbourne's research publications

Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Nelson, B;Hartmann, JA

Title:
Prediction in mental health research and its limits (or why life can only be understood
backwards but must be lived forwards)

Date:
2018-10-01

Citation:

Nelson, B. & Hartmann, J. A. (2018). Prediction in mental health research and its limits
(or why life can only be understood backwards but must be lived forwards). Early
Intervention in Psychiatry, 12 (5), pp.767-770. https://doi.org/10.1111/eip.12530.

Persistent Link:
https://hdl.handle.net/11343/294070



Prediction in Mental Health Research and Its Limits
(or why life can only be understood backwards
but must be lived forwards)

Nelson, B. "
Hartmann, J A

EIP Editorial

This is the author manuscript accepted for publication and has undergone full peer review but
has not been through the copyediting, typesetting, pagination and proofreading process, which
may lead to differences between this version and the Version of Record. Please cite this article
asdoi: 10.1111/eip.12530

1
This article is protected by copyright. All rights reserved.


http://dx.doi.org/10.1111/eip.12530
http://dx.doi.org/10.1111/eip.12530

! Orygen, The National Centre of Excellence in Youth Mental Health, Melbourne,
Australia
? Centre for Youth Mental Health, University of Melbourne, Australia

’ Corresponding author. Contact e-mail: Barnaby.Nelson@orygen.org.au

There is much focus in the mental health field on prediction research, as reflected in the
papers published in this journal. Longitudinal prediction of disorder onset (with
“transition” to psychotic disorder being the paradigmatic example) has been the main
focus, but research has also addressed outcomes such as psychosocial functioning,
recovery, and treatment response, defined both in clinical and biological terms. While
efforts are continually made to improve our predictive models through advancing
analytical strategies (e.g., the current trend towards machine learning) or grounding
predictions in our evolving understanding of pathoaetiological mechanisms of disorder
onset and trajectory, the question of the constraining or limiting factors on prediction is

rarely raised.

This question might be approached in a number of ways. Here we provide some
reflections on limitations of current approaches and then discuss some possible inherent

limitations in psychiatric prediction research.

Static versus dynamic approaches to prediction

Psychiatric prediction research has shown an overreliance on one-off sampling of cross-
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sectional data (i.e., a "snapshot" of clinical state and other risk markers). Predictive
models, even if multi-modal in nature', are limited to a single point in time (study entry
or clinic presentation). We have recently argued that predictive modeling may benefit
from moving from this convenient but rather static approach to taking dynamic, time-
dependent changes into account’. While this point has been made with regards to
psychosis®® and suicide’ research, it applies across the field of prediction. Cross-
disciplinary approaches to complex system structures and changes (e.g., as seen in
ecology or economics), such as dynamical systems theory, network theory, instability
mechanisms, chaos theory and catastrophe theory, offer useful models that can be applied
to the emergence (or decline) of psychopathology. However, there are also theoretical
models within mental health research, such as fluid vulnerability theory®, that can provide
a framework for understanding the predictive value of longitudinal interaction between
risk factors. This type of predictive modelling requires repeat longitudinal assessment of
relevant variables through either, or a combination of, micro- (momentary, day-to-day)
and macro- (months, years) level assessments. Such an approach to prediction research
may more accurately model the highly dynamic nature of psychopathology and system
change’, as well as have treatment implications, such as introducing a means of
identifying early warning signs for mental state deterioration or improvement, as well as
critical periods of risk. Empirical work adopting this dynamic approach has already

4, 8-10

shown significant promise and may be particularly relevant to individual-level,
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“precision” medicine/prediction”.

Broad outcomes
The outcome of interest in prediction research is often a broad category. In the case of
psychosis prediction research, the main outcome of interest, first episode of psychosis

11,12
7, as well

(FEP), is broad and varied in clinical presentation (a multifarious phenotype)
as being defined in dichotomous terms'. From a service provision perspective this has
been an important advance. However, as a single category of interest in prediction
research it may present a constraining factor on predictive models. This is because there
may be multiple underlying disease processes (with a complex mix of biological,
psychological and social components) in the onset of the single category of FEP,
reflected in part in the variety of FEP phenotypes. While these disease processes may all
flow into a single common final pathway, such as dopamine dysregulation (on a
neurochemical level)'* and threshold positive psychotic symptoms (on a clinical level),
predictive models ideally need to capture the range of factors at play before this final
common pathway. It is unlikely that a single model will be able to achieve this with a
high degree of accuracy because of the multiple aetiological pathways in operation. To
use an analogy, the category ‘fruit’ (=FEP) consists of the fruit sub-type ‘banana’ and the

fruit sub-type ‘orange’ (along with a range of other fruit!), and these fruit sub-types have

quite distinct properties from each other (=likely to have distinct aetiological pathways
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and associated predictive models). By widening the outcome of interest to the broad
category of ‘fruit’ these important distinctions will not be detected and the predictive
power of a single model will be constrained. Similar points might be made about other
areas of mental health prediction research, such as suicide risk or severe depression'’. A
more powerful approach might be to map the variety of underlying disease processes
(across psychological, social, neurocognitive, neurobiological, genetic domains) on to the
range of phenotypes within the broad outcome categories'® in order to generate and test

more specific and targeted predictive models and clinical identification strategies.

Natural history of disorder versus treatment response

Most prediction studies in the mental health field use patient samples who are receiving
treatment of some kind, even if this is “treatment as usual” in the context of an
intervention trial or a longitudinal observational study. However, the language of most of
these studies remains based on trying to uncover the “natural history” of disorder, e.g.
neurostructural abnormalities that characterise “ultra high risk” patients who progress to
psychotic disorder. However, the provision of treatment confounds the researcher’s
window into natural disease progression. We are not proposing that treatment should rot
be provided in such prediction studies, but rather that we need to better incorporate the
role of treatment into the semantics and concepts of prediction research. For example,

“variables that predict reduced treatment response” might be a more accurate way of
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characterising many variables identified in predictive models rather than “predictors of
illness progression”. It is possible that different variables might predict illness
progression in the context of no treatment (natural history of disorder) compared to the
context of (psychological or pharmacological) treatment provision, whether this is
controlled trial treatment or standard care. This could possibly be tested in a longitudinal
comparison of two samples with the same clinical phenotype, one of which is help-
seeking/receiving treatment and the other which is not, although this approach also has its

limitations'’.

In addition to these limitations to the approach taken in current prediction research, there
may also be some inherent or ‘built-in’ limitations to psychopathology prediction

research that are not so present, or at least not to the same degree, in other disciplines.

Constraints on experimental manipulation and measurement

To use an example from ecology, the resilience of a system (e.g., a lake) can be tested by
measuring the time it takes to return to its previous state after it has been (experimentally
or naturally) perturbed. Both perturbation and the lake’s response can be characterised
well and monitored closely. In psychiatric prediction research, we are limited in the way
we can experimentally induce a perturbation or characterise a naturally occurring stressor

in a person’s life, and, importantly, we are limited in ~ow often and what we can measure.
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Although simulation models'® and passive sensing'’ may be ways of addressing these

limitations, they do not promise to overcome this characteristic limitation entirely.

Lack of precision and high probability of stochastic and chaotic factors
Only few disciplines can achieve very high levels of predictive accuracy, when
“prediction” is understood as using current parameters and variables to identify the

20-21 ‘Mathematics and physics

likelihood of an event occurring at a future point in time
enjoy a high level of precision in being able define relevant parameters/variables and
often have high levels of control over factors that have been bearing on the model being
examined. However, this is often not the case in mental health research. Firstly, it is very
difficult for mental health researchers to define and quantify with high degrees of
precision the variables of interest (mental states, biopsychosocial variables, etc.).
Secondly, the factors that influence mental states (both within an individual and
contextual factors) are broad and varied and unpredictable in themselves. On the
psychosocial level, consider the mercurial and capricious nature of life events and
relationships; on the brain level, the degree of complexity is vast and poorly understood.
This possible inherent limitation in psychiatric research and a variety of social sciences
was recognised as early as the 1920s in the economist Frank Knight’s distinction between

“risk”, a quantifiable identity, and “uncertainty”, referring to constructs which were not

. . .o
amenable to precise measurement or quantification™.
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Even in disciplines that enjoy high levels of precision there are limits to predictive
capacity. In physics, quantum mechanics reveals difficulties in predicting some physical
systems. In astronomy, when the movements of three objects are considered (e.g., the sun,
earth and moon, sometimes referred to as the “three body” problem) the challenge of
prediction over the longer term exponentially increases given the contribution of “chaotic”
factors (slight uncertainties in the location, speed of movements, etc. of the planets that
amplify over time, popularly referred to as the “butterfly effect”). The “predictability

. 20
horizon”

recedes when a system has a high degree of chaos/stochasticity built into it.
Another illustrative example is weather patterns. Weather prediction is generally quite
accurate for several days ahead (Melbourne excluded), but becomes nearly impossible for
3-4 weeks ahead. This is not due to problems in mathematics, weather modeling or
computing, but it is the stochastic nature of the phenomenon/system itself (in this case,
weather patterns emerging from states of the atmosphere and oceans). Psychopathology is

likely to present the same inherent difficulties of a high degree of random and chaotic

factors in its component features and in the biopsychosocial variables that impact it.

High sensitivity to contextual factors?
It is possible that a characteristic feature of psychopathology is high sensitivity to

contextual factors and perturbations, possibly particularly during the developmental
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period of adolescence and early adulthood. An open question is to what degree the
“system” of mental state is highly sensitive and reactive to such events compared to other
systems, e.g. ecological systems and financial markets”. According to network theory the
degree of sensitivity/resilience might depend on the level of interconnectedness and
similarity/divergence of the system’s component parts (its “architecture”)®. The
constitutive architecture of mental health/disorder is poorly understood at present, but if
indeed it is a system that is highly sensitive and reactive to perturbations, and
biopsychosocial perturbations are by their very nature highly unpredictable and stochastic

(see above), then this places a limit on predictive modeling.

Humans react to predictions

Solar eclipses and weather patterns pay no heed to predictions made about them.
However, in contrast to physical objects and systems, humans have free will and can
attempt to influence a predicted trajectory by manipulating the variables at play. While
this may not be possible for certain medical conditions (e.g., inherited genetic diseases
such as Huntington’s disease), the level of risk for onset or course of mental disorder is
likely to be amenable to change (e.g., by identifying triggering psychosocial contexts,

reducing drug use, changing sleep-wake cycles and activity patterns, etc.).

Psychopathology does not consist of cyclical repetition
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The strongest predictive models can be achieved for cyclical, repeated events. Some
features of the natural world, such as the movement of ocean tides, planetary eclipses and
seasons, fit this bill well. However, rare, non-cyclical events (“black swan” events®') are
not as easily predicted. Mental states and factors that impact on mental states are not
cyclical or repetitious in this strict sense but instead unfold over time, evolving and
changing in the same way that a physical body evolves and changes over a lifespan.

Again, this inherent feature constrains predictive models.

Conclusion

The above observations point to the fact that in mental health research we need to
improve descriptive characterisation of clinical phenomena (the “object” of psychiatry®*)
and their correlates at different (neuro-, bio-, geno-) levels of analysis, with prediction
being dependent on precise definition of variables/systems of interest. This is partly what
has prompted warnings about the “death of phenomenology” in psychiatric research and
clinical practice®*?°. A different reaction, although possibly borne of similar frustration,
can be seen in the NIMH’s move away, guided by the Research Domain Criteria (RDoC),
from the DSM phenotype-based classification system and its attempt to base psychiatric
nosology on neuroscience and behavioural science instead of descriptive

16, 27

phenomenology Secondly, there is a need for improved recognition and

understanding of the contribution of dynamic and stochastic factors in mental health
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research. These factors will probably never be able to be fully measured, explained or
accounted for (by their very nature) but the degree to which they contribute to psychiatric

outcomes can be better modeled.

Inherent or “built in” limitations to psychiatric prediction does not at all mean that we
should abandon predictive modeling. Prediction does not need to be perfect to be useful.
Our models will of course remain probabilistic affairs, even if many of the issues flagged
above are somehow addressed. The goal is to achieve a degree of predictive accuracy that
is useful for clinical decision-making and to assist with understanding disease processes.
This will probably not be achieved by “number crunching” with ever greater technical
sophistication, but also by critically considering the concepts at play in psychiatric

prediction, with one eye on what is going on in other disciplines.
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