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Abstract

Understanding the neurobiology of major depressive disorder (MDD) remains one of the major 

challenges in neuroscience. The disease is heterogeneous in nature and patients present with a 

varied symptom profile. Studies seeking to identify biomarkers for MDD diagnosis and treatment 

have not yet found any one candidate which achieves sufficient sensitivity and specificity. In this 

article, we consider whether neuropsychological impairments, specifically affective biases, could 

provide a behavioural biomarker. Affective biases are observed when emotional states influence 

cognitive function. These biases have been shown to influence a number of different cognitive 

domains with some specific deficits observed in MDD. It has also been possible to use these 

neuropsychological tests to inform the development of translational tasks for non-human species. 

The results from studies in rodents suggest that quantification of affective biases is feasible and 

may provide a reliable method to predict antidepressant efficacy as well as pro-depressant risk. 

Animal studies suggest that affective state-induced biases in learning and memory operate over a 

different time course to biases influencing decision-making. The implications for these differences 

in terms of task validity and future ideas relating to affective biases and MDD are discussed. We 

also describe our most recent studies which have shown that depression-like phenotypes share a 

common deficit in reward-related learning and memory which we refer to as a reward-induced 

positive bias. This deficit is dissociable from more typical measures of hedonic behaviour and 

motivation for reward and may represent an important and distinct form of reward deficit linked to 

MDD.
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Introduction

Major depressive disorder (MDD) has a lifetime prevalence of approximately 10-15% with 

the incidence of the disorder increasing in modern society (Kessler, Berglund et al. 2003, 

Lépine and Briley 2011). As current predictions suggest that this debilitating psychiatric 

disorder will soon become the leading cause of disability adjusted life years (Wittchen, 
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Jacobi et al. 2011, 2017), strategies which can improve diagnosis and treatment are needed. 

In psychiatry, diagnosis is almost always made based on the classification of symptoms 

reported by the patients. The diagnostic statistical manual (DSM-V 2013) provides details 

of how to interpret the different symptom clusters to categorise and inform diagnosis and 

treatment. For a diagnosis of MDD, a patient must present with one of the core symptoms, 

low mood and/or loss of pleasure in daily activities, and at least 4 other symptoms during the 

same 2-week period (DSM-V, 2013). These can include additional psychological symptoms 

and changes in homeostatic processes including sleep, appetite and body weight. Most 

of the other measures used in the assessment of mood disorders (e.g. ICD-10, Hamilton 

Depression Rating Scale, Hamilton Anxiety Rating Scale, Beck Depression Inventory; 

(Hamilton 1959, Hamilton 1960, World Health 1992, Beck, Steer et al. 1996) are based 

on similar methods where the patients self-reported experience of their symptoms is used 

to assess type of illness, severity of illness and response to treatment. This approach poses 

some major challenges to the field. These subjective self-report measures lack the precision 

and dynamics of an objective biological marker and identification of robust biomarkers 

could greatly improve diagnosis and treatment. A summary of the nature of these challenges 

in the field of MDD is presented in table 1.

A biomarker is defined as “a characteristic that is objectively measured and evaluated as an 

indicator of normal biological processes, pathogenic processes, or pharmacologic responses 

to a therapeutic intervention” Biomarkers Definitions Working Group, [(2001)]. An ideal 

disease biomarker would be sufficiently specific to enable a differential diagnosis and 

sensitive enough to provide a measure of treatment response (Jentsch, Van Buel et al. 2015). 

The heterogeneous nature of MDD and its presentation as a cluster of varied emotional 

and physical symptoms, means that the current symptom-based evaluation is limited. Most 

treatments have a delayed onset of action when assessed using these subjective methods, 

requiring several weeks of treatment before any decision about efficacy can be made. It is 

clear that the symptom-based, subjective measures used clinically to diagnose and monitor 

treatment for MDD are insufficient and therefore alternative, more objective methods are 

necessary.

There have been ongoing efforts to try to address the need for biomarkers for MDD research. 

To date, these attempts have not been able to identify any one method which delivers both 

scientific and diagnostic merit (Jentsch, Van Buel et al. 2015, Strawbridge, Young et al. 

2017). An ideal biomarker would be something which could be detected through a simple 

blood test. Most biomarker-based research has concentrated on areas linked to the different 

hypotheses about the cause of MDD (Jentsch, Van Buel et al. 2015, Strawbridge, Young 

et al. 2017). The monoamine hypothesis is perhaps the most widely researched and has 

developed from early psychopharmacology studies which linked the monoamine transmitters 

with regulation of mood (Schildkraut 1965, Hirschfeld 2000, Ruhé, Mason et al. 2007). 

Further support for a key role for serotonin came from the development of the serotonin 

specific re-uptake inhibitors which were first licensed in the 1990s (Stahl 1998). Despite 

good pre-clinical data and some clinical evidence, studies have generally failed to find a 

consistent deficit in terms of a genetic risk factor or peripheral markers related serotonin 

e.g. the major metabolite of 5-HT, peripheral 5-HT receptors, in blood, urine or CSF. This 

may be due to the limitations of peripheral markers in terms of their relationship to the 
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central nervous system, but even measures of cerebral spinal fluid (CSF) have not provided 

a consistent picture (Uddin 2014, Jentsch, Van Buel et al. 2015, Strawbridge, Young et 

al. 2017). More recently, other hypotheses relating to the aetiology of MDD have gained 

traction. These include dysregulation of the stress response and altered feedback via the 

hypothalamic-pituitary-adrenal (HPA) axis, neurotrophic deficits associated with neuronal, 

dendritic and/or synapse loss within key regions such as the hippocampus and prefrontal 

cortex and a role of neuro-inflammatory processes (see (Strawbridge, Young et al. 2017) 

for recent review). Although discussed as separate theories, these hypotheses may not 

be mutually exclusive and there are obvious links between these different systems. Both 

clinical and preclinical studies have identified potential molecular biomarkers associated 

with the stress and neurotrophic hypotheses e.g. brain derived neurotrophic factor (BDNF) 

and cortisol/corticosterone. Like the monoaminergic markers, consistent deficits which 

can provide the level of sensitivity and reliability needed for a biomarker have not been 

forthcoming.

In their recent review, Jentsch et al (2016) carried out a systematic evaluation of the 

different proposed biomarkers for depression considering studies based on imaging methods, 

molecular markers measured in blood, urine or CSF, genetic markers and animal models. 

This work considered evidence relating to a wide variety of markers related to genetic risk 

factors, the monoamine transmitters, neurotrophic factors and pro-inflammatory processes. 

They also reviewed the evidence relating to functional brain imaging studies and activity 

changes within key neural circuits e.g. increased amygdala and subgenual cingulate. In 

their conclusions, they propose that no measure evaluated to date has met the criteria 

for a suitable biomarker for MDD and further investment is needed to try to address 

this area of unmet clinical need (Strawbridge, Young et al. 2017). In this article, we 

consider the questions about biomarkers for MDD from the perspective of our recent animal 

research and consider whether new research, developing from translational methods to 

study neuropsychological deficits in MDD, supports the idea of a behavioural biomarker 

for MDD. It should be noted that the idea of mapping behavioural deficits in psychiatric 

disorders is not new and endophenotypes in psychiatry (Hasler, Drevets et al. 2004) and 

recently the Research Domain of Criteria (RDoC) project (Insel, Cuthbert et al. 2010, 

Cuthbert and Insel 2013, Insel 2014, Nusslock and Alloy 2017) have shown how it is 

possible to breakdown these complex psychiatric disorders into more objective symptom 

clusters.

Limitations associated with conventional animal models of depression

Studies in animals can be particularly useful for research into the brain because they can 

provide a more readily manipulated system in which to test arising hypotheses. Animal 

research is less constrained by practical and ethical considerations than studies in patients 

and has the benefit of being able to look at both normal and disease models before, during 

and after a manipulation. Despite the obvious benefits of using an animal model, studies 

investigating psychiatric disorders in non-human species are particularly challenging. The 

major problem researchers have faced is being able to recapitulate in an animal a disorder 

which is ultimately defined clinically by its subjective, self-report symptoms. The limitations 

of animal models for psychiatry research, particularly for the study of emotional disorders, 
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has been reviewed elsewhere by ourselves and others (Willner and Mitchell 2002, Willner 

2005, Cryan and Slattery 2007, Nestler and Hyman 2010, Neumann, Wegener et al. 2011, 

Berton, Hahn et al. 2012, Hales, Stuart et al. 2014, Commons, Cholanians et al. 2017, 

Slattery and Cryan 2017) and is therefore only considered briefly here. Additionally, this 

section only considers methods used to detect a depression-related behavioural deficit and 

has not considered methods used to induce a disease model or their associated validity. 

Review articles relating to disease models include (Willner 1995, Willner and Mitchell 2002, 

Nestler and Hyman 2010, Berton, Hahn et al. 2012, Slattery and Cryan 2014).

Following the serendipitous discovery of the first antidepressant drugs, researchers sought to 

develop methods which they could use in animals to predict whether a novel compound may 

have similar clinical efficacy. Porsolt (Porsolt, Le Pichon et al. 1977, Porsolt, Anton et al. 

1978) first published work showing that the antidepressant drug, imipramine, could change 

the behaviour of a rodent when exposed to an inescapable stressor. The animal is first 

given a pre-test where they experience the stressor (e.g. placement in a container of water 

from which they cannot escape), followed 24hrs later by re-exposure to the same apparatus. 

Pre-treatment with an antidepressant before the re-test resulted in the animal exhibiting a 

reduction in immobility time i.e. they showed increased escape behaviours. The effect was 

relatively selective for antidepressant drugs although psychomotor stimulants were reported 

to yield false positive results. The forced swim test (FST) (Porsolt, Le Pichon et al. 1977, 

Porsolt, Anton et al. 1978, Porsolt, Bertin et al. 1979) and a subsequent modification of 

this model for mice, the tail suspension test (TST) (Steru, Chermat et al. 1985), have 

been shown to be sensitive to monoaminergic antidepressant drugs. They have provided 

a valuable tool for the development of the second-generation antidepressants but concerns 

about exactly what the FST/TST is measuring and its validity as a model of depression have 

been raised (for discussion about animal model validity (Geyer 1995, Cryan and Slattery 

2007, Der-Avakian, Barnes et al. 2016). Specifically, these models have some predictive 

validity but this may be limited to monoaminergic drugs. They also have some face validity 

as the immobility time is thought to be analogous to behavioural despair, comparable to 

the hopelessness exhibited by depressed patients. However, recent work suggests that the 

behaviour of animals in this task may be more relevant to stress-coping mechanisms than to 

MDD (de Kloet and Molendijk 2016, Commons, Cholanians et al. 2017). There are several 

examples of novel agents which have been shown to have an antidepressant effect in these 

assays but that have subsequently failed in the clinic or, in the case of rimonabant, were 

found to increase negative mood and induce suicidal ideation and behaviour in some patients 

(Stuart, Butler et al. 2014). An additional criticism of the FST/TST is their failure to predict 

the time course of effects of antidepressant drugs, with both conventional antidepressants 

and ketamine having similar rapid onsets of action in this model, which is not seen 

clinically. The relevance of these assays, in terms of construct validity, is also difficult 

to interpret as the underlying cause(s) of MDD in people are not understood.

An alternative approach to testing for depression-related behaviour in animals has been to 

study reward-processing using tests of anhedonia (Willner, Towell et al. 1987, Zacharko and 

Anisman 1991, Der-Avakian, Barnes et al. 2016, Slattery and Cryan 2017). Anhedonia is 

defined as a ‘loss or interest in pleasurable activities’ and is one of the core symptoms of 

MDD. (Der-Avakian, Barnes et al. 2016). The most commonly used method is the sucrose 
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preference test (SPT) although other methods including intracerebral self-stimulation 

thresholds and operant methods to look at reward motivation and effort or learning have also 

been used (Slattery, Markou et al. 2007, Der-Avakian, D’Souza et al. 2013, Der-Avakian, 

Barnes et al. 2016, Slattery and Cryan 2017). In the SPT, animals are given access to a 

low concentration sucrose or saccharin solution and their intake of this versus water in 

recorded. Normal animals show a preference for the sweet solution but this is reduced in 

stress-models of depression. In the first studies using the SPT, animals exposed to chronic 

mild stress were shown to exhibit an impairment in their ability to detect and respond 

to a low concentration of sucrose (Willner, Towell et al. 1987). This deficit was reversed 

by chronic but not acute treatment with antidepressants suggesting that the assay could 

better predict clinical outcomes over a timescale which more closely reflected the clinical 

effects. The problem for the SPT and other measures of reward sensitivity has been that 

patients with depression do not show similar deficits when tested using methods which 

measure ‘in the moment’ pleasure (Amsterdam, Settle et al. 1987, Berlin, Givry-Steiner et 

al. 1998, Scinska, Sienkiewicz-Jarosz et al. 2004, Swiecicki, Zatorski et al. 2009, Dichter, 

Smoski et al. 2010). Instead, they show an impaired ability to cognitively value reward in 

questionnaire measures of prospective, retrospective or hypothetical experiences (McFarland 

and Klein 2009, Watson and Naragon-Gainey 2010, Strauss and Gold 2012). Reward 

learning, quantified using methods such as the probabilistic learning task (PRL), seems to 

be more sensitive to deficits in MDD and patient’s ability to use both positive and negative 

feedback to adapt their behaviour and learn about reward (Pizzagalli, Jahn et al. 2005, 

Pizzagalli, Iosifescu et al. 2008, Pechtel, Dutra et al. 2013, Vrieze, Pizzagalli et al. 2013). 

PRL tasks has been developed and tested for rodents, including a version involving serial 

reversals, but only a small number of studies have been published to date and therefore there 

is limited evidence as to how well the human and animal versions of the tasks compare 

(Bari, Theobald et al. 2010, Der-Avakian, D’Souza et al. 2013, Der-Avakian, D’Souza et 

al. 2017). The PRL tasks require animals to learn which response is associated with the 

better outcomes overall but they must learn this whilst also receiving false feedback i.e. the 

‘rich’ stimulus is rewarded 80% of the time and the ‘lean’ stimulus 20%. In both human 

and animal versions of the task, the subject must learn to ignore false feedback and continue 

to respond to the stimulus which gives the better outcome overall. A detailed analyses of 

the behavioural responses to positive or negative feedback and how the subject adapts their 

subsequent choice behaviour can also be investigated.

The lack of valid animal models with which to evaluate depression-related behaviour 

has further limited our understanding of the aetiology of MDD. As neither the tests for 

behavioural despair nor anhedonia directly map onto clinical measures in people or, in the 

case of the SPT, an analogous task failed to find a deficit in patients with MDD, translational 

studies are similarly restricted. This has led to a situation where the progress made in the 

pre-clinical field has failed to translate to clinical benefits. Additionally, it has not been 

possible to evaluate, in an objective way, hypotheses about the aetiology of MDD and 

potential biomarkers identified from clinical studies.
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Why neuropsychological deficits in MDD could provide a translational 

biomarker?

To try to address the issues relating to a lack of translation between clinical and pre-clinical 

research into MDD, our group has sought to develop and validate novel approaches to study 

depression-related behaviour in non-human species. Alongside the more traditional use of 

subjective self-report measures to quantify the symptoms of MDD, researchers are also 

developing neuropsychological tests which could measure behavioural deficits objectively. 

This work builds on the ideas that negative schema could contribute to the development and 

perpetuation of mood disorders as first discussed by Beck in the 1960s (Beck 1967). The 

types of tasks and neuropsychological assessments used are discussed in (Roiser, Elliott et 

al. 2012, Robinson and Roiser 2016). The primary objective has been to try to understand 

the impact of MDD on behaviours which can be measured using an objective method 

and most commonly, a computer-based task which tests a specific aspect of emotional or 

cognitive behaviour. These approaches therefore present new opportunities for translational 

studies (Paul, Harding et al. 2005). As computer-based assessment methods have developed, 

researchers have been able to show that patients with depression exhibit deficits in a range of 

cognitive domains as well as changes in the way they interpret emotional information (Gur, 

Erwin et al. 1992, Surguladze, Young et al. 2004, Mathews and MacLeod 2005, Leppänen 

2006, Ressler and Mayberg 2007, Williams, Barnhofer et al. 2007, Gotlib and Joormann 

2010, Elliott, Zahn et al. 2011, Roiser, Elliott et al. 2012). These deficits have been 

categorised as ‘hot’ = emotional and ‘cold’ = non-emotional deficits in cognition (Roiser, 

Elliott et al. 2012, Robinson and Roiser 2016), Figure 1). MDD has been shown to be 

associated with deficits in both hot and cold cognition and there is now increasing evidence 

to suggest that these different cognitive domains can be modulated by the emotional state 

of the individual. The terms ‘affective biases’ or ‘cognitive affective biases’ have been used 

to describe these modulatory effects of emotion and both positive and negative biases can 

be observed dependent on the state of the individual. Recent clinical work in this field has 

focused on affective biases in relation to tasks where emotional stimuli are used (e.g. faces, 

words and pictures), however, for the purposes of our translational work, we have interpreted 

the term affective biases more broadly and suggest that this term can usefully be applied 

to describe any cognitive behaviour where a specific effect of the individuals emotional or 

affective state can be observed, human or animal (Figure 1).

One of the most commonly reported deficits in MDD is a change in the way emotional 

information is processed. Specifically, there is evidence that both depressed individuals 

and at-risk populations exhibit increased negative affective biases compared to healthy 

individuals (Clark, Chamberlain et al. 2009, McCabe, Woffindale et al. 2012, Roiser, Levy 

et al. 2012). Affective biases can occur at different stages of information processing, for 

example, in attention, interpretation, memory or decision-making (Mathews and MacLeod 

2005). Depression has mainly been linked to explicit memory biases and interpretation 

biases (Mathews and MacLeod 2005, Mogg and Bradley 2005, Gotlib and Joormann 2010). 

Memory biases have been reported in both recent (e.g. word recall) and remote (e.g. 

autobiographical memory) recall tasks (Matt, Vázquez et al. 1992, Mathews and MacLeod 

2005, Williams, Barnhofer et al. 2007). For example, individuals with MDD preferentially 
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recall negative compared to positive material, remembering ~10% more negative words 

than positive words (Matt, Vázquez et al. 1992, Gotlib and Joormann 2010). Additionally, 

patients with depression exhibit enhanced memory for negative compared to positive 

autobiographical material (Williams and Scott 1988, Brittlebank, Scott et al. 1993). There 

is also evidence of biases in the interpretation of ambiguous information, with depressed 

individuals being more likely to interpret neutral or ambiguous expressions as negative 

(Bourke, Douglas et al. 2010). Attentional biases in depression are less robust, but when 

they have been reported, individuals with depression may display difficulties disengaging 

attention from negative material (Mogg and Bradley 2005, Rinck and Becker 2005, Caseras, 

Garner et al. 2007). This suggests that individuals with MDD display negative biases in 

emotion processing, particularly in explicit memory and interpretation.

To assess whether affective biases could provide a useful biomarker for MDD, it is important 

to consider (1) specificity of these biases to the disorder and (2) their sensitivity to treatment. 

Affective biases reported in MDD may be dissociable from those reported in other disorders 

such as generalised anxiety disorder (GAD). Specifically, memory biases but not attentional 

biases have consistently been reported in depression, whereas the converse is found in 

GAD (Coles and Heimberg 2002, Mogg and Bradley 2005, Marchetti, Everaert et al. 2018). 

Unlike MDD, individuals with GAD display a bias towards threat stimuli (Mogg and 

Bradley 2005). This suggests that whilst affective biases have been reported across affective 

disorders, the nature of these biases may differ (Gotlib and Joormann 2010). Future research 

investigating multiple affective biases, and the interplay between them, in both anxiety and 

depression is needed to gain a better understanding of the similarities and differences in 

affective biases across disorders and to determine whether a clear dissociation can be found 

(Klein, de Voogd et al. 2017, Salem, Winer et al. 2017). To the best of our knowledge, the 

field lacks a comprehensive systematic review that synthesizes prior work on affective biases 

across different disorders. Affective biases may also be sensitive to treatment response. 

For example, acute administration of an antidepressant drug can reverse objective negative 

affective biases, without changes in subjective mood (Harmer, O’Sullivan et al. 2009, 

Pringle, Browning et al. 2011). Interestingly, one study in depressed individuals reported 

that early changes in affective biases predicted later clinical outcome (Tranter, Bell et al. 

2009). This is important as it may provide an earlier prediction of the antidepressant efficacy 

or pro-depressant risk associated with novel treatments. Overall, there is accumulating 

evidence to suggest that affective biases may provide a useful behavioural biomarker for 

MDD

Development and validation of translational tasks to study affective biases 

in non-human species

Studies in animals cannot be directly based on the aforementioned emotional processing 

methods as they use stimuli which cannot be readily translated to use in non-human species. 

The underlying principles of affective bias are however translatable if we consider that the 

ability of positive or negative emotions to bias cognitive processes extends beyond only 

those associated with innately emotional stimuli. The approach used for the animal work has 

been to look at how affective biases may modulate cognitive behaviours where animals have 
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been trained to associate specific, previously neutral cues, with positively or negatively 

valenced outcomes e.g. reward or punishment (Hales, Stuart et al. 2014). Behavioural 

studies, using learnt association between a novel stimuli and prediction of either a reward 

or punishment are commonly used in animal research. Models such as fear conditioning 

have been used to study emotional learning and memory whilst reward-based tasks involving 

operant responses can be used to study a wide range of cognitive processes including 

anticipation of reward and reward motivation. Combining these two areas of research, two 

different types of affective bias task have been developed in the non-human literature. These 

methods specifically look at decision-making behaviour in response to ambiguity and reward 

learning and memory.

Affective biases and decision-making

The first example of a cognitive affective bias in a non-human species was published 

by Mendl and colleagues in 2004 (Harding, Paul et al. 2004). In a decision-making 

task, animals were trained to associate specific tone cues with positively or negatively 

valenced outcomes. Once the animals had learnt these associations, they were presented 

with intermediate, ambiguous cues and their response selection was recorded. Animals in 

a putative negative affective state made less responses in anticipation of reward suggesting 

a negative bias or ‘pessimism’. Several groups including our own have now replicated 

and extended this work and affective biases have been reported across a wide range of 

species from insects to humans (Hales, Stuart et al. 2014). The underlying principle of the 

judgement bias task (JBT, also sometimes referred to as an ambiguous cue interpretation 

task) is that an animal’s affective state biases its decision-making behaviour when they are 

presented with an ambiguous cue, intermediate between the two reference cues they have 

learnt to associate with positive or negative/less positive outcomes. Different research groups 

have tested versions of this task including methods using spatial cues, textures, tones and 

visual stimuli (for review see (Hales, Stuart et al. 2014). The most commonly reported 

method utilises an operant chamber and tone cues which predict the response required to 

either obtain reward or avoid punishment, or an adaptation to this task where the reference 

cues predict high or low reward.

There have been a number of different studies now published where animals in a putative 

negative affective state have been trained and tested in the JBT (Hales, Stuart et al. 2014, 

see table 2 for summary). These studies have found a broadly consistent picture where the 

depression-like state of the animal is associated with an increase in pessimistic choices. 

Similar to the findings of Mendl and colleagues, Enkel et al., 2009 reported that a genetic 

model of depression, the learned helplessness rat, exhibited a negative bias in this task. 

They could also replicate the effect by treating normal animals with a pharmacological 

stressor. Studies from Rygula’s group have reported similar negative biases in rats exposed 

to chronic stress (Rygula, Abumaria et al. 2005, Papciak, Popik et al. 2013). In the high 

versus low reward version of the task, we have also observed that exposure to a chronic 

mild stress manipulation induced a negative bias (Hales, Robinson et al. 2016). These 

findings suggest that a depression-like phenotype results in an increase in anticipation 

of negative events and/or a reduction in anticipation of positive events which compares 

favourably with the clinical scenario. There have also now been two publications where 
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healthy human participants have been tested using a similar task (Anderson, Hardcastle et 

al. 2012, Aylward, Hales et al. 2017). Although the effects observed in these studies appear 

to relate more closely to anxiety than MDD, studies in clinical populations have yet to be 

undertaken.

Animal studies provide a useful model for evaluating novel drug targets, but require a high 

degree of predictive validity. Using a range of different pharmacological manipulations, 

we have tested whether decision-making behaviour in the JBT is sensitive to changes 

in affective state following acute or chronic administration (Anderson, Munafo et al. 

2013, Hales, Robinson et al. 2016, Hales, Houghton et al. 2017). The results for acute 

treatments with conventional antidepressants suggest that they have no initial impact on 

decision-making (Hales, Houghton et al. 2017). We have observed positive biases with 

acute amphetamine whereas induction of an anxiety-like state with FG7142 induces a 

negative bias (Hales, Robinson et al. 2016, Hales, Houghton et al. 2017). The only other 

publications where antidepressant treatments have been tested acutely have also failed to 

observe a consistent positive bias with antidepressants but did observe similar, positive 

biases with amphetamine (Rygula, Papciak et al. 2014, Rygula, Szczech et al. 2014). In 

contrast, we have observed that chronic antidepressant treatment does induce a positive bias 

and this develops over time (Hales, Robinson et al. 2016). Furthermore, we have recently 

reported that the rapid onset antidepressant, ketamine, induces a positive bias following 

acute administration (Hales, Houghton et al. 2017). Taken together, these findings suggest 

that affective biases linked to decision-making behaviour in the JBT may provide an animal 

model which can predict the efficacy and rate of onset of an antidepressant. This may be 

useful for drug development but it is more difficult to know if this task achieves construct 

validity. Studies in humans have suggested that interpretation biases are modulated acutely 

by conventional antidepressants (Harmer, O’Sullivan et al. 2009, Pringle, Browning et al. 

2011) suggesting the rat JBT likely involves different cognitive mechanisms. This may 

arise from the different types of stimuli being used for the animal versus human work and 

back translation of this rodent task and further studies in patients may help explain these 

differences.

Affective biases and reward learning and memory

The method developed by our research group, the affective bias test (ABT), has specifically 

focused on reward-learning using a bowl digging task where animals are required to learn 

the association between a specific cue (a digging substrate) and a rewarding outcome (a 

food reward). The task is designed to test how reward associated with two, independently 

learnt experiences is valued by the animal and whether this can be modulated by the 

animal’s affective state at the time of learning (see figure 2). Unlike the JBT, the ABT assay 

requires a within-subject design where the animal receives the two independent rewarding 

experiences of equal value but with one learnt during an affective state manipulation and 

the other learnt under control conditions. To test for any bias, animals are tested in a 

final session where both previously rewarded substrates are presented at the same time and 

the animals choices are recorded over a series of randomly reinforced trials. Because the 

absolute value of the rewards is the same, the animals should not exhibit any preference, 

however, if the manipulation has induced a bias in terms of the memory of that experience, 
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this would be apparent during the choice test. Consistent with our prediction, induction of 

a negative affective state using either acute stress or pharmacological treatments, resulted 

in animals biasing their choices away from the treatment paired substrate (Stuart, Butler et 

al. 2013, Refsgaard, Haubro et al. 2016, Hinchcliffe, Stuart et al. 2017, Stuart, Wood et al. 

2017). We have now evaluated a large number of treatments including drugs from different 

pharmacological classes which have been identified as increasing the risk of depression 

in patients. In contrast, pre-treatment with conventional antidepressant drugs or social 

enrichment induced a positive bias in the ABT. The biases induced in this assay appear 

to be specific to manipulations which change affective state, as drugs of abuse and other 

control compounds failed to induce any effects. Table 3 provides a summary of the findings 

in the ABT to date. Comparing the effects of acute treatments with these manipulations in 

the ABT and results for emotional processing biases in humans, the results are remarkably 

consistent (Pringle, Browning et al. 2011). These data also suggest that the ABT can predict 

the longer-term effects on mood in patients based on the outcome of an acute treatment in 

this assay.

To improve our understanding of whether the ABT is also able to quantify relevant 

neuropsychological substrates involved in MDD, we have undertaken more extensive 

mechanistic studies. Our initial hypothesis behind developing the ABT was the observation 

that patients with MDD attribute reduced value to what should be rewarding experiences. 

For example, they are less motivated to re-engage in rewarding activities and become 

increasingly withdrawn from social and environmental interactions which should have 

positive outcomes. If affective biases in humans can modulate reward learning in the 

way we have observed in our ABT, this could contribute to the development of these 

symptoms. We were interested to see if the ABT could be used to test a theory about the 

role neuropsychological mechanisms play in the delayed onset of antidepressant drugs first 

proposed by Harmer et al (Harmer, Goodwin et al. 2009, Harmer, Duman et al. 2017). 

In their model, antidepressant drugs act acutely to remediate negative affective biases 

linked to emotional processing, particularly in relation to the interpretation and memory 

associated with social cues. These effects reveal that acute and short term changes in 

relevant neuropsychological processes can be detected if the assessment method used does 

not depend on a self-report measure. In fact, Harmer and colleagues have been able to 

demonstrate that the same individual can show changes in emotional processing but not 

any subjective experience of a change in mood. The subjective effects are delayed because 

time and new learning are required to overcome the effects of the previously learnt and 

negatively biased experiences. If a similar model of affective bias applies to reward-learning 

and memory in the ABT, then this could potentially be studied in our animal task. The 

first studies we undertook were to compare delayed versus rapid onset antidepressants to 

determine if they would differentially interact with the learning aspect of the task versus 

the memory of the experience i.e. have effects on recall (Stuart, Butler et al. 2015). We 

found that systemic treatment with ketamine blocked the negative bias induced by stress or 

a pharmacologically-induced negative state. However, ketamine did not bias new learning. 

In contrast, the monoaminergic antidepressant, venlafaxine, did not attenuate the negative 

biases once it had been learnt but could modify new learning. We therefore proposed that 

this dissociation in effects on learning versus memory, could explain the differences in the 
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rate of onset of clinical benefit. This theory is further supported by evidence linking these 

different neuropsychological mechanisms to different brain areas. The effects of venlafaxine 

could be blocked by lesions to the amygdala whilst ketamine’s effects were localised to 

the medial pre-frontal cortex and interestingly, they could be replicated by an infusion of 

the GABAA agonist, muscimol, into the same area. Although more detailed studies are 

needed, the ABT seems to involve brain regions strongly linked to emotional processing 

in humans (Ressler and Mayberg 2007, Murphy, Norbury et al. 2009). The temporal 

differences between conventional antidepressants and ketamine could be explained by their 

differential effects on the neuropsychological mechanisms which are involved in this task. 

Perhaps the most important observation from the perspective of a behavioural biomarker is 

the sensitivity of the assay in predicting clinical outcomes. Sensitivity has been observed in 

terms of antidepressant efficacy, time course of effects and pro-depressant risk.

Reward-learning deficits in a modified ABT

One obvious challenge with the ABT is that it uses a within subject study design and 

does not readily lend itself to studies in disease models. The assay requires the animal to 

make a relative assessment of the value it attributes to two different experiences during 

the recall test and this can only be achieved if the animal receives both treatments in a 

counter-balanced design. However, we have routinely used a modified version of the ABT 

during training to check that each new cohort of rats is able to perform the task before we 

progress to testing novel manipulations. In the modified ABT, animals receive two rewards 

during one pairing session and one reward in the other session (Stuart, Wood et al. 2017). 

This means that each substrate becomes associated with a different absolute value of reward 

and the animal should bias its choices during the preference test towards the higher value 

reward-paired substrate. We have called this a reward-induced positive bias. As part of our 

interests in how affective states influence different aspects of cognition, we have now also 

tested whether reward-learning in this modified ABT is impaired in animals in putative 

negative affective states. We hypothesised that the acute negative biases associated with the 

pro-depressant manipulations may, if experienced chronically, induce a more generalised 

impairment in reward learning and memory which could be measured using this modified 

assay. We compared how animals performed in the modified ABT with more typical 

measures of anhedonia by also carrying out an SPT in the same cohort. We have now 

used this assessment in animals in putative negative affective states, induced by chronic 

treatment with interferon-alpha and retinoic acid, and found that these treatments result in 

an attenuated reward-induced positive bias without affecting consummatory anhedonia in 

the SPT (Stuart, Wood et al. 2017). We have tested animals with chronic neuropathic pain, 

exposure to early life adversity or chronic stress (unpublished observations) and observed 

similar results. All the manipulations attenuated the reward-induced positive bias in the 

ABT but only chronic stress also affected sucrose preference. Studies in animals exposed to 

sub-chronic phencyclidine (PCP) to induce a model of schizophrenia have also observed a 

similar deficit in reward-learning (Sahin, Doostdar et al. 2016). Previous studies using the 

PCP model have also generally failed to observe any changes in performance in the SPT, 

although there are some exceptions (Vardigan, Huszar et al. 2010, Neill, Harte et al. 2014). 

This raises the possibility that the deficit we observe in reward learning is independent of 
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changes in consummatory anhedonia. It also suggests that this is a form of affective bias, 

where the deficit is related to the ability of the animal to appropriately learn about the 

reward-cue association and then use this information to guide subsequent behaviour and 

choices when re-presented with those cues. If we reconsider the biases observed in the JBT, 

they may concur with this observation as the reduced anticipation of reward seen in this task 

occurred over a delayed time course, possibly due to a mechanism involving learning.

Impaired ability to learn about reward and use this information to guide behaviour has been 

discussed in relation to the clinical literature (Treadway and Zald 2011, Treadway and Zald 

2013, Romer Thomsen, Whybrow et al. 2015, Thomsen 2015, Whitton, Treadway et al. 

2015) but not specifically considered from the perspective of an affective bias. However, 

if the deficits are related to learning and memory for reward rather than the perception 

of reward, as our animal data suggests, then this would mean that the anhedonia in 

MDD is potentially more about cognitive processes related to reward rather than hedonic 

mechanisms. The ability to quantify anhedonia in animals using tests which measure 

perception of reward (SPT) or motivation for reward (progressive ratio tasks) has made 

these appealing models for depression research. As discussed earlier however, the SPT 

seems to be particularly sensitive to impairments induced by chronic stress, but is not always 

observed for other models of depression. Our findings suggest that the modified ABT is 

sensitive to impairments in reward learning and memory resulting from different biological 

or psychological substrates.

Summary of pre-clinical affective bias studies and their relationship to 

clinical findings

The field of affective biases in non-human subjects has developed over the last 13 years 

following Mendl et al first publication in 2004. The studies in the JBT suggest that decision-

making behaviour in a wide range of species is biased by the animal’s affective state. 

The response to antidepressants is not yet fully understood as studies are limited but they 

appear to mirror the clinical time course of subjective effects on mood rather than the more 

immediate effects seen in the clinic when using emotionally valenced stimuli. This may be 

a consequence of the differences in methodology as the animal studies use cues paired with 

positive or negatively valenced outcomes rather than emotional cues. Results in the ABT 

have shown that reward learning is biased by acute changes in both positive and negative 

affective states. The task can predict potential antidepressant efficacy and pro-depressant 

risk. We have also identified a novel deficit in reward processing using a modification to the 

ABT and suggest that learning about the value of reward and using this information to guide 

subsequent behaviour is impaired. This effect is distinct from consummatory or motivational 

forms of anhedonia more traditionally measured in animals, but how this relates to measures 

of anhedonia in patients requires further investigation. There have also been advances in 

clinical research into affective biases suggesting that these may provide an objective and 

dynamic method to categorise disease and detect early responses to antidepressants. These 

early responses may also predict longer term outcomes. Taken together, these data suggest 

that studies investigating the impact of affective state on different cognitive domains may be 

a useful approach for translational studies into MDD. Although the tasks used in animals 
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are not identical to those used in patients, because of species differences, they have shown 

that cognitive processes in non-human species are sensitive to the animals’ affective state. 

The data for phenotypic models and pharmacological studies support improved validity over 

conventional models such as the FST/TST.

Conclusions: Affective biases as a behavioural biomarker for translational 

studies into MDD

1 Specificity to disease state

Evidence to date suggests that certain cognitive processes are modulated by affective states 

in both human and non-human species. It is not yet possible to fully evaluate how specific 

these deficits are to MDD as most studies only look at a limited number of tasks and in a 

single disease state. However, more detailed analyses involving assessment of biases across 

different cognitive domains and in different psychiatric disorders could reveal a pattern of 

deficits which provides a biomarker. For example, a meta-analytic study comparing anxiety 

versus MDD suggests that attentional biases are associated with anxiety whereas emotional 

memory is negatively biased in MDD (Marchetti, Everaert et al. 2018). In their analysis 

they found that memory biases were reliably and strongly related to depression whereas 

attentional biases were not. They also found no overlap between attentional biases and 

memory biases. In contrast Mogg et al., (2005) reported attentional biases in generalised 

anxiety disorder but did not find similar deficits in MDD. Our animal studies have also 

shown that biases in reward learning are observed in animals where the depression-like 

phenotype has been induced using a variety of different methods including social and 

pharmacological. Further developments in both fields, and particularly studies where the 

methods used are more closely aligned, will help determine the validity of this approach.

2 Sensitivity to treatment

Acute effects of antidepressants in emotional processing tasks and the rodent ABT suggests 

that early positive biases in these tasks may predict longer term clinical outcomes. 

Of the pharmacological agents tested to date, evidence strongly supports specificity 

to antidepressant and pro-depressant effects. The effects of antidepressants in the JBT 

do not directly mirror the interpretation biases observed when acute antidepressants 

are tested in people, however, there are potential benefits from a preclinical drug 

development perspective. If the preliminary data obtained to date are replicated with other 

antidepressants, then this assay may provide a valuable tool for predicting the rate of onset 

of antidepressants. The current findings suggest that rapid onset antidepressants such as 

ketamine induce an immediate effect on decision-making behaviour whereas the effects of 

conventional antidepressants develop more slowly following chronic treatment.

Future directions

The similarities between the methods used to study affective biases in humans and animals 

has enabled researchers to more closely align the two fields and has also revealed the 

potential value of these behavioural deficits as a biomarker. Future validation of this 

approach would benefit from a wider evaluation of the cognitive domains which are 
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modified by affective biases and how these differ between affective disorders such as 

anxiety and MDD, and other disorders such as schizophrenia. As non-human studies are 

limited in terms of using emotional stimuli, studies focusing more on tasks involving 

cognitive processes linked to associative learning between novel cues and positive or 

negatively valenced outcomes would be a priority. The complementarity between these 

animal and human methodologies will also make studies to investigate the relationship 

between affective biases and the aetiology of MDD feasible.
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Figure 1. 
The term ‘affective bias’, has been used to describe the biases in emotional processing 

observed in patients with affective disorders such as anxiety or major depressive disorder. 

In our attempts to develop a translational approach to studying these neuropsychological 

mechanisms in non-human species, we have expanded our definition of an affective bias as 

shown above. We propose that affective biases are not limited to domains of emotional or 

‘hot’ cognition but are also relevant to other cognitive domains sometimes referred to as 

‘cold’ cognition.
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Figure 2. 
Schematic representation of the affective bias test protocol illustrating the 5 day procedure 

which would be used for a single animal. The animals learn to associated substrates CS+A 

or CS+B with finding a food reward. The CS- is unrewarded. Following a counter-balanced 

design where one substrate is paired during treatment and other is paired during control 

conditions, the animals are presented with both previously rewarded substrates and their 

choices recorded. Animals can also receive a treatment before the choice test to determine if 

the previously acquired biases can be subsequently modulated.
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Research area Problem Benefits of a biomarker

Diagnosis Limited capacity to categorise subtypes of disease and link to the 
best treatment

Improved diagnosis of distinct patient 
populations which may be linked to treatment 
options

Response to 
treatment

Delayed onset of action can mean patients require 4-6 weeks of 
treatment before changing to an alternative medication

Early detection of response to antidepressant 
medication

Aetiology Lack of consistent findings across populations and animal studies Early diagnosis, identification of at risk 
populations

Animal models Limited translational validity as current clinical methods cannot be 
translated to animal studies and vice versa

Improved cross species validation

Drug development Limited knowledge of disease aetiology Identification of novel drug targets

Clinical trials High placebo responses and limited efficacy leading to phase II 
and II failures 
Loss of investment from pharmaceutical companies

Improved early detection of efficacy 
Less likely to be influenced by placebo 
response
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Table 2
Summary of results obtained from the judgement bias task illustrate the effects of acute 
treatments on decision-making behaviour in this task.

Judgement bias task

Treatment Dose Effects

Amphetamine 0.1mg/kg
Neu 

b,h

0.3mg/kg
Pos 

h

0.5mg/kg
Neu 

b

1.0mg/kg
Pos 

b

AM251
1 1.0mg/kg

Neu 
f

AM630
2 1.0mg/kg

Neu 
f

Citalopram 1.mg/kg
Neu 

b

5.0mg/kg
Neu 

b

10.0mg/kg
Neu 

b

Cocaine 1.0mg/kg
Neu 

c,h

2.0mg/kg
Neu 

c,h

5.0mg/kg
Neu 

c,h

Diazepam 0.3mg/kg
Neu 

d

1.0mg/kg
Neu 

d

Desipramine 1.0mg/kg
Neu 

b

2.0mg/kg
Neu 

b

5.0mg/kg
Neu 

b

FG7142 3.0mg/kg
Neg 

g

5.0mg/kg
Neg 

g

Fluoxetine 0.1mg/kg
Neu 

d

0.3mg/kg
Neu 

d,h

1.0mg/kg
Neu 

d,h

Ketamine 0.3mg/kg
Neu 

h

1.0mg/kg
Pos 

h

3.0mg/kg
Neu 

h

Lithium 10.0mg/kg
Neu 

e

50.0mg/kg
Pos 

e
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Judgement bias task

Treatment Dose Effects

100.0mg/kg
Neu 

e

Mazindol 0.5mg/kg
Neg 

c

1.0mg/kg
Neg 

c

2.0mg/kg
Neg 

c

Phencyclidine 0.3mg/kg
Neu 

h

1.0mg/kg
Neu 

h

3.0mg/kg
Neu 

h

Reboxetine 0.3mg/kg
Neu 

d,h

1.0mg/kg
Neu 

d,h

3.0mg/kg
Neu 

d

URB597
3 0.1mg/kg

Neu 
f

0.3mg/kg
Neu 

f

1.0mg/kg
Pos 

f

Valproic acid 100.0mg/kg
Neu 

e

200.0mg/kg
Neu 

e

400.0mg/kg
Neu 

e

Venlafaxine 1.0mg/kg
Neu 

h

3.0mg/kg
Neu 

h

Manipulation Effects

Restraint stress and social isolation
Neu 

g

Tickling
Pos 

a

a
Rygula et al. 2012

b
 Rygula et al. 2014 

c
 Rygula et al. 2014 

d
Anderson et al. 2015

e
Rygula 2015

f
Kregiel et al. 2016

g
 Hales et al. 2016 

h
 Hales et al. 2017 

1
cannabinoid receptor type 1 (CB1) inverse agonist
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2
cannabinoid receptor type 2 (CB2) inverse agonist

3
irreversible anandamide hydrolysis inhibitor
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Table 3
Summary of results obtained for the affective bias test illustrating the effects of different 
acute treatments on reward learning and memory

Affective bias test

Treatment Dose Effects

Agomelatine 0.1mg/kg
Neu 

a

0.3mg/kg
Neu 

a

1.0mg/kg
Pos 

a

Amphetamine 0.3mg/kg
Neu 

a

Aprepitant 0.1mg/kg
Neu 

a

0.3mg/kg
Neu 

a

1.0mg/kg
Neu 

a

10.0mg/kg
Neu 

a

30.0mg/kg
Neu 

a

Carbamazepine 3.0mg/kg
Neu 

c

10.0mg/kg
Neu 

c

30.0mg/kg
Neu 

c

Citalopram 0.1mg/kg
Neu 

a

0.3mg/kg
Neu 

a

1.0mg/kg
Pos 

a

3.0mg/kg
Neu 

a

Clomipramine 1.0mg/kg
Pos 

a

Cocaine 3.0mg/kg
Neu 

a

Corticosterone 0.1mg/kg
Neu 

d

1.0mg/kg
Neg 

d

10.0mg/kg
Neg 

b,c

30.0mg/kg
Neg 

c

Diazepam 0.3mg/kg
Neu 

a

1.0mg/kg
Neu 

a

3.0mg/kg
Neu 

a

Duloxetine 1.0mg/kg
Pos 

b

3.0mg/kg
Pos 

b
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Affective bias test

Treatment Dose Effects

10.0mg/kg
Pos 

b

Ethanol 800.0mg/kg
Neu 

a

FG7142 1.0mg/kg
Neu 

a

3.0mg/kg
Neg 

a,d

5.0mg/kg
Neg 

a

6.0mg/kg
Neg 

d

Fluoxetine 0.3mg/kg
Pos 

a

1.0mg/kg
Pos 

a

3.0mg/kg
Pos 

a

Idazoxan 1.0mg/kg
Neu 

b

3.0mg/kg
Pos 

b

10.0mg/kg
Neu 

b

Interferon alpha 10.0U/kg
Neu 

c

100.0U/kg
Neg 

c

LPS 0.01mg/kg
Neu 

c

0.1 mg/kg
Neu 

c

1.0 mg/kg
Neg 

c

10.0 mg/kg
Neg 

c

Mirtazapine 0.3mg/kg
Pos 

a

Montelukast 1.0mg/kg
Neu 

c

3.0mg/kg
Neu 

c

Morphine 5.0mg/kg
Neu 

a

Nicotine 0.06mg/kg
Neu 

a

Reboxetine 0.1mg/kg
Neu 

a

0.3mg/kg
Pos 

a

1.0mg/kg
Pos 

a

Retinoic Acid 1.0mg/kg
Neu 

a

3.0mg/kg
Neg 

a

10.0mg/kg
Neg 

a

Rimonabant 1.0mg/kg
Neu 

a
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Affective bias test

Treatment Dose Effects

3.0mg/kg
Pos 

a

10.0mg/kg
Pos 

a

Sertaline 1.0mg/kg
Pos 

d

3.0mg/kg
Pos 

d

10.0mg/kg
Pos 

d

Tetrabenazine 0.1mg/kg
Neu 

c

0.3mg/kg
Neu 

c

1.0mg/kg
Neg 

c

Varenicline 0.03mg/kg
Neu 

c

0.1mg/kg
Neu 

c

0.3mg/kg
Neu 

c

1.0mg/kg
Neu 

c

Venlafaxine 1.0mg/kg
Pos 

a

3.0mg/kg
Pos 

a,d

10.0mg/kg
Pos 

a,d

Vortioxetine 1.0mg/kg
Neu 

b

3.0mg/kg
Pos 

b

10.0mg/kg
Pos 

b

Manipulation Effects

High value reward
Pos 

a,d

Social play
Pos 

a,d

Restraint stress and social isolation
Neg 

a,d

a
Stuart et al. 2013,

b
Refsgaard et al. 2016,

c
Stuart, Wood et al. 2017,

d
 Hinchcliffe et al. 2017 
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