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A New Model for Mental lliness

Mental illness is the result of an
impairment in prediction, due to

having a distorted internal model of

the world, possibly due to an

Impairment in learning. P B
aned®SSgare.



Applications of RL models to Computational Psychiatry

¢ RL models have been used to model almost all psychiatric disorders.
e idea: disorder can be understood as impairment in learning/decision-

making.

e Today:
- Depression

- Anxiety




Major Depression Disorder (MDD)

 High (lifetime) prevalence (esp. in developed countries)
- USA: 16.2% (kessier et i, 2003
- UK / Europe: 7-10% (ayuso-Maes stai, 2001)
Depression rates are rising (e.g. mopasa et ar, 2016)

* High economic impact (Europe: €92 billion in 2010) ©ksen ectar, 2012)

» People are suffering

-~ Risk factor for suicide osssn e s 2017)
* And suicide rates are increasing

- Cognitive Impairments (e.q. snyser. 2013)
= Attention, concentration, executive functioning, working memory, ...

- Impairments in Reinforcement Learning icnenetat, 2015)
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Major Depression Disorder (MDD)

« Core symptoms:
- Depressed mood

The iMeraational
Qatsieal
UESScanon

of Ossasesaw
Health Relyed
Probicme:

Major Depressive Disorder

Diagnostic Criteria

A. Five (or more) of tha following symptams have been present during the same 2-weak

perloc and represent a change from previcus functioning; at least one of tha symptoms
s ether (1) depressed mood or (7] 1083 of inlerast or pleasure

Naote: Do not include symptoms thet ere clearly attnoutable 0 ancther medical condition.

- Anhedonia (inabilily lo experence pleasure)

- Loss of energy

- Change in weight or appelite

= Insomnia / Hypersomnia

- Psychomotor agitation / retardation
- Cencentration difficulties

- Suicidal thoughts / ideation

-

¢

Depressed mood most of the day, nearly every day, s indicated by either sutjec-
tiva report (e.9., feels sac, empty, hopeless) ar ohsarvation made by others (e.q.,
appears learful), (Note: In childien and adolescanls, can ba irritable mood.)
Markedly dminishad nterest or pleasura in all, or almost all, ctvities most of the
day. nearly every day (as indicatad 2y either s.bjective account ar observation)
Significant waight loss when not disting or weight gain (e.g., a change of more than
5% of body weight in a manth), or decrease or increase in appetite nearly every day.
{Nate: In children, coneider failure o make expecied waight gain.)

nsomnia or hypersomnia nearly every day.

Psychomotor agitation or retardation nearly every dav [observable by cthers, not
merely subjective feeings of restiessness or being slowed down).

Fatgua or loss of anargy nzarly svary day.

Foulings of worthlessness or excassive or inappropriate gult (which may ba dslu-
sional) neary avery day [not meraly self-repraach or guitt about being sick)
Ominishad ability to think or corcentrate, or indacisiveness, naarly every day (ei-
ither by subjeciive account or as observed by others).

Recurrent thoughts of ceath (not just lear of dying), recumrent suicidal ideaticn with-
cut a spedific plan, or 8 suitide ettempt or a specific plan 1or commtting suKcke.



Major Depression Disorder (MDD)

» Categorical view has little basis in biology?
- Research moves towards dimensional view

» RDoC framework (@ R D OC

- Multiple levels of analysis Rosearch Doman Critara Infanve
« Neural circuitry, genes, behaviour

» Endophenotypes

- Anhedonia inability to experience pleasure

— Neuroticism

a broad personality trait dimension representing the degree to
which a person experiences the world as distressing, threatening,
and unsafe.



Treatments

« Cognitive Behavioural Therapy (CBT)

« Antidepressant medication

- Selective Serotonin Reuptake Inhibitors (SSRIs)
» Primary first line treatment

- Serotonin-Narepinephrine Reuptake Inhibitor (SNRIs)
— Tricyclic Antidepressants (TCAS)

« Electroconvulsive therapy (ECT), Surgery
- Very severe, treatment-resistant cases



Theories: Cognitive Theory

 Aaron Beck 2008

Depression results from negative
thinking patterns, known as the
cognitive triad:

1. Negative views of oneself

2. Negative views of the world

3. Negative views of the future
Cognitive distortions, such as
overgeneralization and catastrophizing,
reinforce depression.

Cognitive Behavioral Therapy (CBT) helps
change these thought patterns

The cognitive triad
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Theories: “Chemical imbalance”

Neurochemical (Monoamine) Theory

linked to low levels of serotonin,
dopamine, and norepinephrine —
neurotransmitters that regulate
mood, motivation, and pleasure.
Antidepressants like SSRIs (e.g.,
Prozac) work by increasing
serotonin levels.

However, theory is incomplete since
antidepressants take weeks to work,
suggesting other mechanisms are
involved.

Despite popularity, serotonin theory
of depression is highly debated
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Theories: the role of stress

Neuroendocrine and stress theories

 Depression associated with overactivity of the
Hypothalamic-Pituitary-Adrenal (HPA) axis,
leading to high cortisol levels (stress hormone).

e Chronic stress may damage brain regions like the
hippocampus, impairing memory and emotion
regulation.

Stress could lead to deficit in reinforcement /reward

processing and anhedonia (Pizzagalli, 2014).

70-80% of major depression events preceded by
major life event (e.g., loss of a loved one,
financial problems, trauma).



Depression and Reinforcement learning

- Could depression be related to an impairment in learning
and an underestimation of rewarding/positive outcomes?

That could potentially explain anhedonia, lack of motivation,
negative biases etc..




Is Depression related to an impairment in RL?

» Depressed patients have shown deficits in RL (Chen et al
2015 for a review): important windows on the disease?

« Are impairments related to lower reward sensitivity, greater
punishment sensitivity, or an inability to learn from reward
(learning rate) or increased learning from punishment?

« All could explain a negative bias towards the processing of
punishment

 but different implications for therapies (focus on experience
quality of reward/punishment or focus on change in behaviour
following reward or punishment)



Learning and Inference

e Learning: predict; control
A weight a (learning rate) x (error) x (stimulus)

— dopamine
phasic prediction error for future reward
- serotonin

phasic prediction error for future punishment
— acetylcholine

expected uncertainty boosts learning
— norepinephrine
unexpected uncertainty boosts learning

13



Is Depression related to an impairment in RL?
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Figure 1. Schematic diagram of the task. Afte’ presentaticn of tha mouth
stimulus, subjects sclected which type of mouth had been oresented by
pressing either the “z" or the “/” key (counterbalanced across subjects).
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Is Depression related to an impairment in RL?

« Use probabilistic reinforcement learning models to fit the task
« Each option Vs and Vy is iteratively updated using:

Vit+1)=mxxV(t)+ex (pxr(t)—VI(t))

* Decide between the two options:

l

nla V. f) = avs |
pPla ’ ) 1 ] Cxp(—'{j X ( ‘;’" — ‘rh):n

If learning from rewards is what is impaired in depression, what
differs between controls and patients: learning rate (¢),

reward sensitivity (p), or stochasticity in the response (f5)?



Huys etal. Biology of Mood & Anxiety Disorders 2013, 3:12 N\ i
http://www.biclmoocanxietydisord com/content:3/1/12 " Aﬂ B'dwy of
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RESEARCH Open Access

Mapping anhedonia onto reinforcement
learning: a behavioural meta-analysis

Quencin JM Huys 234" Diego A Pizzagalli®, Ryan Bogcan® and Peter Dayan’

Abstract

Background: Cepression ischaracterised partly by bluntad reactions to reward. However, tasks probing this
deficiency have not distinquished insensitivity to reward from irsensitivity to the prediction errors for reward that
dete'minelearning and are putatively reported by the phasic activity of dopamine neurons. We attempted to

disentangle these factors with respect to anhedonia in the contaxt of stress, Major Depressive Disorder (MDD), 3ipolar
Disorder (EPD) and a dopaminergic challenge

Methads: Six hehavioural darasets invelving 362 eyperimental sessions were sithjected ta a made-hased, Rayesian
meta-analysis. Participants across all six studies performed a probabilistic reward task that used an asymmetric
reinforcerrent schedu e to assess reward learning. Fealthy controls were tested under baseline conditions, stress or

afterreceiving the dopamine D; agonist prarripexoe. In edditicn, participants with current o past MDD or BPD were
evaluated. Reinforcement learning models isolated the contributions of variation n reward sensitivity and learning
rate.

A: the reward sensitivity
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“NTIFIC REPLIRTS

OPEN 'Major Depression Impairs the Use of
Reward Values for Decision-Making

Samue! Rupprechter!, Aistis Stankevicius?, Quentin 1. M. Huys??, J. Douglas Staele* &

Peggy Seriés’
ceived: 2 Ne 17 - - . . . 5
PSS _ w?"berzo ' Depression is a debilitat ng condition with a Figh prevalence. Depressed patients have beenshownto
Acceptzd: 16 August 2013 be diminished in their ability tointegrate their reinforcament history tc adjust future behaviour during

Puhlished anline: 14 September 201K instrumental reward laarning tasks. Here, we testad whethar suchimpairments rould alsa be ahserved
in a Paviovian conditioning task. Werecruited and analysed 32 subjects, 15 with deprassicn and 17
hezlthy controls, to study behavioural group differences in learring and dedsion-making. Participants
rad to estimata the probability of some fractal stimuli to be associated with a binary reward, based
on a faw passive ohservations. Thaythen had ta make a chaice between ane of the abserved fractak
and anothertarget for whichthe reward probatility was explicitly given. Computational moddling
was used to succinctly desuibe perticipants’ behavivur. Patients performed worse than controls at the
tas<. Computationzl modelling revealed that this was caused by behav oural impairments during both
learning and decision phases. Depressed subjects showed lower memory of okservad rewards and had
an impaired ability to use internalvzlue estimations to guide decision-makingin our task.

A: the beta of the softmax and memory parameter




Hescarch

JAMA Psychiatry | Original Investigation
Reinforcement Learning in Patients With Mood and Anxiety Disorders

vs Control Individuals
A Systematic Review and Meta-analysis

Alexandrs L. Fike, DPL Oliver J, kobir<on, 2hD

Supplemental contens
IMPORTANCE Computatioral psychiztry studles have Invastigated how reinforcement
learning may be cifferent in incividuals wth mood ard anxiety disorders compared with
control ndlviduals, but results are Inccnslstent,

OBJECTIVE TO assese whether there are consistent differences in reinforcament-learn ng
parameters hetwaen patients with dapress on ar anxisty and contr=lindividuals

DATA SOURCES YWeb of <nowsledge, PubMed, Embase, and Google Scholar searches ware
pertcrmed between November 15, 2019, and December £, 2019, ard rep=ated on Cecember
3, 2020, and February 23, 2021, with keywords (reinforcement iearming) AND (computational
OR moacl) AND (dopression OF. anxiety OR mcoa).

STUDY SELECTION 5tud es were induded if they fit reinforcament-learning models to human
cholce data from a cognitive task with rawards or punshments, had a case-contrel design
including sarticipants with mooc and/or anxiaty disorders and healthy contro individuals,
and included suffickent information about all parameters in the mode's.

DATA EXTRACTION AND SYNTHESIS A~ticlas wera assessed for indusion accord ng to MOOSE

mii~alnce Particinart.lavcel narametare ware avtractad fram includad a~ticlae an~ a

A: higher sensitivity to punishment, lower sensitivity to
reward, the beta of the softmax




Major Depression Disorder (MDD): Learned Helplessness

« Psychological concept developed by Martin Seligman and coll. in 1960s.

« The state in which an individual, after experiencing repeated, negative events,
which it is unable to escape from or avoid, stops trying to change their situation—
even when opportunities to escape or improve things become available.

- Animal model of depression: mirrors loss of motivation, passivity, resignation,
feelings of hopelessness, cognitive impairments: emotional distress.
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Not (only) about reward/values, but control?

S N —]
P : ! Neuroscience & Biohehavioral Reviews Lj
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Hedplessne sy, a be el tua the worked s nat subpecl ta helaviocal contod, has long,

Been central to our underdganding of depression, and has influeacsd cagnitive * Review of mativational and Lognilie? LmRal mnends in

. d 444
Lheanes ammal madels ane behwaoral reatments. Hoveever, tespite s cpRession.
importance, there is o fully accepted definition of helplessness or behavioral « Impairments in key components of motivation contribute to
central in psychology or psycliatry, énd the formal treatments in engnezring copnitive contral defizits in depression.

appear to capture only limited aspects of tha intultive concats. iere, e lommalize
contrallability in terms of characternistics of pricr distributions over affectively
charged environments. We exp.ore the relevance of this notion of control to

< Proposed trameawark tocuses an me reduced value of control in
depress .

- o .t ' -

“The environment is not controllable, so why bother.”



Not (only) about reward/values, but the cost of effort?

Elevated Effort Cost Identified by Computational
Maodeling as a Distinctive Feature Explaining
Multiple Behaviors in Patients With Depression

Fabien Vinckier, Claire Jaffre, Claire Geuthier, Sareh Smajda, Pierra Abdel-Ahed,

Raphaél Le Bouc, Jean Daunizeau, Myléne Fefeu, Nicclas Borderies, Marion Plaze,
Raphael Gaillard, and Mathias Pessigliona

ABSTRACT

SACKGROUNLD: Matvaiona Jdehct 15 a core clirica maritesiabior of depression ard a sbrong prad cior of breatmant
falure. | lowewer, the uncerlying mechan sms, wh ¢4 can1ol De accessad threugh comvertional questonnare-based
SCOINNY, "enain largely Jnkrowin Accord g o deciecn ey, apally could “esult eilhar rom Hased suljsctive
WSUTaes 107 action Cosls or outcomes) or Wom dystunctional Jrocesses (N Making decsKns or alecaing
resoUrces).

METHODS: Hera, we coerbined a 2a4ea of behavicral 1asks witk eompurations! wodaling te alucicate the metya-
tiore) deficks of 38 natierts adth unipalar ar nipeler depeession ander wanoas breatmanks conparae with 38 malched
Healily cortal suktjects.

RESULTS: The mest amking ‘aatura, which wes obasaved incapendent of medeaticn asress peefarence hraks
lxanhlity mtings cnd ninary canls ong), perfemanoe tesks (physicel and mentel efard ceerion], and instrumantal
warnicy laske (updaling chaices o maxmize oulsomes), vas o devisled vensiivily o elforl cosl. By conlrast,
sensilivily 10 acdion outcomes frewad ad purishment] and task-specilic Rrocesses were rdalive’y sparsd.
CONCLUSIONS: These resudts highlighs nficrt nost ms o oritice] dimensicn that might axplain makinie nchavioml
dharges in elisnbs wilh dagression. Mo gemesclly, oy visidalo o lesl baliery Tor compulalivng pleaolypng of
neuvational stabes, wh e could anentate tovard specit o med cation o renakblitation tharagy, and theeeby el save
the way 1o more personaizec med< ne 1 psychiaty.
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Anxiety

e Different types: Generalised anxiety disorder, Panic disorder, social anxiety
disorder, specific phobia, agoraphobia, separation anxiety, selective mutism
(OCD and PTSD no longer diagnosed under anxiety disorders).

e |n UK, 6% of people with a diagnosis of Generalised Anxiety

e More common in young people and women

e Covid made it worse: In 2022/23, in UK, an average of 37.1% of women and
29.9% of men reported high anxiety levels, a significant rise from 21.8% and
18.3%, respectively, between 2012 and 2015.

Generalized Anxiety Disorder (GAD) Symptoms

e Anxiety and depression are cuse aum oo
highly comorbid: about 50% @ o,
diagnosed with one will also Ras S

have the other one. 0



Table 1. Diagnostic Criteria for Generalized Anxiety Disorder

A, Excessive anx ety and worry (apprehensive expeciation), occurring more
days than not for at ‘east b months, aoout a number of events or activ ties
such as wark ar school performance)

B The incmadual finds it difficult to control the worry DSM-5
C. The anxely and worry are associsten with three [or mors) of the following
sicsyimploms fwith at least some symplom: having been present far more
days thar not tor the past 6 months):
Note: Only one item s raguired in children.
1. Restlessness or feeling keyed up or o0 edoe.
2. Beirg easily fetigued.
3. Difficulty concentrating ar mind going slans
4. limtabiity,
3. Muscle tension

e 1]

Seep disturnance (dithculty faling or staying asleep, or restless,
unsalislying slzep).

D. The anx ety, worry, or physical symgtoms cause dinica ly significant distress cr

impa rment in socié!, cccupaticnal, or cther important areés of functioning.

E. The disturbance is not attributable to the physiclogical effects of a substance
ie.g., a drug of abuse, a mad cation) or another medical cond tion (e.g.,
vperthyraidism).

F The disturbance s not better exglaned by another mertal dsorder (eg.,
anxiety ar worry about having panic attacks in panic disarcer, negative
evaluabion m soaal cnaety disorder [sacial phobial, contamimatian or olhwr
obsossions in obsessive-compubive disorder, separetion fram attachment
figures In seperetion anxigty disorder, reminders o7 traumatic events in
posttraumaric stress disordar. gaining weight in gnorexia nervesa, ahysical
complaints in somatic symptom d sorcer, perceived appeararce flaws in body
dysmorgnic gisoraer. having a sericus illness in illness anxizty disorder, or the
cortert of delusional heliefs n schizoparenia ar delusianal disorder)

Reprinted with permissicn from the Amerizan Psychiatiig Association. Diagnosic anc
Stehistical Manual of Menta! Disorders. Sifi en. Wasaimgion, DX Amencan Pspcfuater
Assocahan, 2003:222.



Anxiety and Reinforcement learning

Could anxiety be related to an overestimation of threat and prediction
of negative outcomes?

An inability to extinguish fear associations? An overgeneralisation of
fearful associations?

An inability to learn in changing environments?




Hescarch

JAMA Psychiatry | Original Investigation
Reinforcement Learning in Patients With Mood and Anxiety Disorders

vs Control Individuals
A Systematic Review and Meta-analysis

Alexandrs L. Fike, DPL Oliver J, Kobirson, ZhD

Supplemental content
IPORTANCE Computatioral psychiatry studles have Invastigated how reinforcement
learning may be cifferent in incividuals wth mood ard anxiety disorders compared with
control ndlvidJals, but results are Inconsistent.

OBJECTIVE T0 assese whether there are consistent differences in reinforcament-learn ng
parameters hetwaen patients with dapress on ar anxisty and contr=l individuals

DATA SOURCES Web of <nowsledge, PubMed, Embase, and Google Scholar searches ware
perfcrmed between November 15, 2019, and December €, 2019, ard rep2ated on Cecamber
3, 2020, and February 23, 2021, with keywords (reinforcement learming) AND (computational
OR modcl) AND (dapression OF anxiety OR mcoa).

STUDY SELECTION Stud es were induded if they fit reinforcament-learning models to human
cholce data from a cognitive task with rawards or pun'shments, had a case-contrel design
including carticipants with mooc and/or anxiaty disorders and healthy contro individuals,
and included suffickent information about all parameters in the mode's,

DATA EXTRACTION AND SYNTHESIS Articlas wera assessed for indusion accord ng to MOOSE

miialince Particinart.lavel narameatare wware avtractad fram includad a~ticlae an~ a

Higher sensitivity to punishment, lower sensitivity to reward, the
beta of the softmax

However, the meta-analysis did not specifically differentiate between patients with
depression and those with anxiety disorders




Anxiety

Anxious individuals have difficulty learning the causal
statistics of aversive environments

Michael Browning', Timothy E Behrens', Gerhard Jocham'2, Jill X O’Reilly! & Sonia ] Bishop'-

Statistical regularities in the causal structure of the environment enable us to predict the probable outcomes of our actions.
Environments differ in the extent to which action-outcome contingencies are stable or volatile. Difficulty in being able to use
this information to optimally update outcome predictions might contribute to the decision-making difficulties seen in anxiety.
We tested this using an aversive learming task manipulating environmental volatility. Human participants low in trait anxiety
matched updating of their outcome predictions to the volatility of the current environment, as predicted by a Bayesian model.
Individuals with high trait anxiety showed less ability to adjust updating of outcome expectancies between stable and volatile
environments. This was linked to reduced sensitivity of the pupil dilatory response to volatility, potentially indicative of altered
norepinephrinergic responsivity to changes in this aspect of environmental information.
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Overestimation of volatility

Participants need to predict whether they would receive an electric shock based on a given
cue. Probability linking the cue to the outcome varied over time.

1. Two Conditions

o Stable Condition: probability of receiving the shock given the cue remained
relatively constant.

o Volatile Condition: probability fluctuated frequently, requiring participants to
continuously update their learning.

2. Reinforcement Learning Component:

o Participants learn through trial and error how likely a cue was to lead to a shock.
o Their learning was analyzed using computational models (RL and Bayesian).

Main Finding

 Low-anxiety individuals successfully adjusted their learning rates based on
environmental volatility (i.e., they learned quickly when things were unpredictable and
more slowly when they were stable).

* High-anxiety individuals failed to properly adapt their learning rates, meaning they
either learned too rigidly or updated their expectations inconsistently, leading to
maladaptive learning in uncertain environments.



Summary

* Psychiatric disorders viewed as deficits in learning and decision-making

* This makes RL tasks (e.g. gambling tasks) and modelling relevant: quantify
differences in how values for states and actions are learned and used.

* Prominent models of addiction suggest that drug intake hijacks the learning
processes (because dopamine surges interferes with the representation of
prediction errors), hence leading to aberrant valuation of states leading to the
drug.

* Impairments in valuation and decision-making is seen also in depression and

anxiety, but not yet entirely clear how it relates to reward sensitivity, punishment
sensitivity, learning rates, how values are used to guide decision-making, control,
effort, estimation about volatility of the environment, model based vs model free.

* An explosion of hypothesis-driven quantitative research.



Readings

» Textbook Chapter 5 (Peter Dayan - Reinforcement Processes)
» Textbook Chapter 7 (Depression)
* Textbook Chapter 9 (David Reddish, Addiction)



