-

View metadata, citation and similar papers at core.ac.uk brought to you byff CORE

provided by UCL Discovery

Neural mechanisms of harm avoidance learning — a model for obsessive-compulsive
disorder?

Tobias U. Hauser PhD!?, Eran Eldar PhD*? & Raymond J. Dolan FRS MD*?

* Wellcome Trust Centre for Neuroimaging, University College London, London WC1N 3BG, United Kingdom
2 Max Planck University College London Centre for Computational Psychiatry and Ageing Research, London WC1B 5EH, United Kingdom

Corresponding author

Tobias U. Hauser

Wellcome Trust Centre for Neuroimaging
University College London

12 Queen Square

London WC1N 3BG

United Kingdom

Phone: +44 / 20 3448 4409

Email: t.hauser@ucl.ac.uk


https://core.ac.uk/display/79542359?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Tom is a middle-aged man who suffers with obsessive-compulsive disorder (OCD).
Since early adulthood he has had a fear of being infected with the HI-Virus. In turn, he
developed a variety of compulsive behaviours, such as excessive hand washing and cleaning
rituals, in order to reduce what he perceived as risks for infection. Despite being aware of the
irrationality of his behaviour, Tom’s compulsions dominate his life. This type of scenario raises
a question as to why some people with distressing thoughts develop excessive compulsions
while others do not?

The traditional view of OCD, which sees the intrusive thoughts — for instance, fear of
an HIV infection — as the primary cause of the disorder, has limited validity. There are far more
people with intrusive thoughts about potential harm than there are OCD patients®. Furthermore,
the most effective therapy for OCD, cognitive behavioural therapy, does not target the
occurrence of intrusive thoughts, but focuses on the ensuing harm avoidance behaviours. In
fact recent interpretations propose that compulsive behaviour is the actual trigger for the
intrusions2. Thus, a tendency towards excessive harm avoidance behaviour is increasingly seen
as a primary cause of OCD.

However, increased harm avoidance is not specific to OCD, and occurs in other anxiety
disorders such as social anxiety or panic disorder®. We propose that a critical distinction relates
to two types of harm avoidance, passive and active (Fig. A). We define passive avoidance as
the cessation of a behaviour that might expose a person to potential harm. This is the type of
avoidance commonly seen in a wide variety of anxiety disorders, and the paradigmatic case is
agoraphobia, where patients passively avoid exposure to crowded places. We define active
harm avoidance as behaviour where instrumental actions are enacted to prevent a potential
occurrence of harm. In this framework compulsions constitute a form of active harm avoidance
(e.g., excessive washing) where instrumental (physical or mental) behaviours are enacted to

prevent a feared future state (e.g., HIV infection).



A number of studies have recently employed learning tasks to examine how OCD
patients develop active harm avoidance behaviours. Gillan and colleagues*® examined the
emergence of active harm avoidance behaviour using a task where electric shocks, paired to a
conditioned stimulus, could be prevented by executing an action. The authors found that
patients with OCD continued to perform the learned avoidance behaviour even when it no
longer resulted in any benefit, i.e. when the cables of the stimulator were detached. In a related
study with OCD patients, Endrass et al.® compared learning of active harm avoidance and
reward approach behaviour. After training, the OCD patients performed better than controls in
active harm avoidance, but not in reward approach behaviour. These findings suggest that
aspects of the OCD syndrome might be caused by a specific imbalance in avoidance learning,
which engenders excessive and persistent active harm avoidance. However, why such
imbalances emerge and what the underlying neurocognitive learning mechanisms are remains
elusive.

A new study examining individual differences in passive and active harm avoidance
learning provides novel insight into potential mechanisms, which we suggest has implications
for understanding an excess of active avoidance behaviour in OCD. Eldar et al.” investigated
how humans differ in their learning to avoid painful electric shocks. In a probabilistic gambling
task (Fig. B), participants had to learn whether gambling with a deck of cards was likely to
prevent a shock. This learning could be achieved by pursuing two possible learning strategies.
One strategy involves learning from successful gambles how to actively avoid shocks. The
alternative is to learn from unsuccessful gambles that resulted in shock, in other words learning
when it is better to stay passive and not engage in gambling. Computational modelling
highlighted a substantial heterogeneity across subjects’ learning styles. About half learned
more about what gambles they should take (active avoidance learners), whereas the other half

learned more about what gambles they should not take (passive avoidance learners). These



individual differences were also reflected in neural responses in the striatum: shocks elicited
increased activation in active avoidance learners, but an activation decrease in passive
avoidance learners. Additionally, multivariate regression analysis showed that gray matter
structure in the striatum significantly predicted whether someone belonged to an active or
passive avoidance group, suggesting that harm avoidance learning style is a stable trait with a
neuroanatomical basis in the striatum (Fig. C).

The striatum is of particular interest for OCD. Altered structure and function are often
reported in this regiong, and this has led to it being a primary target for deep-brain stimulation
(DBS) in OCD. This region also plays a critical role in the persistence of avoidance behaviours.
Using functional MRI, Gillan et al.® found that those patients who persisted in their avoidance
habit, showed increased activation in the striatum during exposure to conditioned stimuli,
compared to patients that did not express the habit. These findings in humans are nicely
complemented by a recent study investigating active avoidance in an OCD rodent model®.
Similar to humans, Rodriguez-Romaguera et al.° found that a considerable section of their rats
showed persisting avoidance habits after devaluation, similar to the findings by Gillan et al.*®.
Remarkably, these persisting avoidance habits ceased when these animals received DBS in the
striatum. These converging findings thus suggest that the striatum is key to the formation and
persistence of active avoidance behaviours.

These studies have theoretical implications for OCD research as they highlight how
individuals differ in the way they deal with potential aversive outcomes. Intrusive thoughts,
such as fear of an HIV infection, might result in different disorders conditional on the harm
avoidance learning strategy a person is disposed to adopt. If one employs passive avoidance
learning, a source of fear could result, for instance, in a specific phobia that manifests in
avoiding needles and related stimuli. However, if a person, perhaps someone like Tom,

employs active avoidance learning, this could result in active compulsion-like harm avoidance



behaviours, which might evolve into full-blown OCD. Moreover, a considerable heterogeneity
within OCD patients® could also be indicative of different avoidance learning subgroups, which
may be reflected by specific symptom patternst®. By assessing the relationship between active
and passive avoidance learning in OCD patients in future studies, we might improve our

understanding of OCD and its neurobiological foundations.
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Figure. Neurocognitive mechanisms in harm avoidance learning. (A) A potential threat, such as being
infected by a transmittable disease, can be prevented by pursuing different strategies. A passive
avoidance strategy, often seen in anxiety disorders, is characterised by the cessation of a behaviour to
prevent exposure. In contrast, active avoidance behaviour involves an instrumental behaviour to prevent
harm, often observed in OCD patients. (B) A recent study’ reveals how these distinct avoidance
strategies emerge as a result of different learning styles. In a gambling task, participants had to avoid
painful electric shocks. They could either bet on a deck of cards (‘gamble’) or default, in which case
they received an electric shock in 50% of the trials. Subjects differed in how they learned from gambles:
half of the participants — active avoidance learners — learned from successfully avoided shocks, i.e.
when to act to prevent harm. The other half — passive avoidance learners — learned from trials where
they received shocks, i.e. when to remain passive. These learning styles led to a bias with active
avoidance gamblers having a higher propensity to gamble. (C) Individual avoidance learning styles
were also reflected in the striatal response to shocks, and the gray matter (GM) structure in this area
(red colours: more GM in active avoiders, blue colours: more GM in passive avoiders). Likewise,
striatal activations were indicative of a persistence of active avoidance habits in OCD patients®. This is
in line with rodent findings showing that stimulation of the striatum reduced active avoidance habits in
rodents that persisted in these habits after an extinction with response prevention (ERP) procedure®.



This key role of the striatum in active avoidance learning and the persistence of active avoidance habits
may also explain why deep-brain stimulation can help treating patients with OCD.
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