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Abstract 
 

Depression in adolescence is a major health problem, associated with poor psychological 

function and key risk factors both for later illness and suicidal behaviours. The antidepressant 

fluoxetine is commonly used in this population and it is shown to have a favourable benefit-to-

risk profile. However, controversy still exists about the use of antidepressants in young people 

and there is little research focusing on underlying mechanisms of wanted and unwanted 

actions in this group. 

 

This doctoral thesis aims to investigate, for the first time, the acute effects of fluoxetine on 

emotional processing, using a combination of behavioural and neuroimaging techniques. The 

aim is to achieve a greater understanding of the mechanisms underlying fluoxetine use in 

depressed adolescents, in light of differences seen in their clinical presentation and response 

to antidepressant drugs.  

 

In the first study (Chapter Two), a single dose of fluoxetine was shown to decrease the 

recognition of anger in a sample of young adult volunteers, an effect not previously seen in 

acute studies of older participants. This effect may be particularly relevant for the treatment of 

adolescent depression, in which symptoms of anger and irritability are often prominent. 

Beyond this, fluoxetine was shown to increase the recognition of positive vs. negative facial 

information, and also exerted an anxiolytic-like influence, eliminating the emotion-potentiated 

startle effect. However, no influence was seen in measures of attentional vigilance to threat. 

In an attempt to overcome methodological limitations of this study, a paradigm was developed 

that is particularly sensitive to the detection of automatic biases towards threatening 

information (Chapter Three).  

 

Chapter Four describes a neuroimaging study with depressed adolescents, in which a single 

dose of fluoxetine was found to reduce amygdala activity in response to anger. Early changes 

in amygdala activity to fear correlated with decreased symptoms of anxiety and depression in 

the first 7-10 days of treatment.  

 

Chapter Five explores the effects of acute fluoxetine in a sample of high trait anger males. 

This study replicated the finding that fluoxetine acts to increase the recognition of positive 

information, whilst showing preliminary evidence for a reduction in attentional vigilance to 

angry faces. 

 

Overall, fluoxetine was found to decrease the processing of anger across studies. This effect 

was seen alongside a broader influence on positive vs. negative information and anxiolytic-

like properties. Together, these results indicate that fluoxetine has direct effects on processes 

that are especially relevant to adolescent depression and suggest a potential cognitive 

mechanism for the efficacy of this particular antidepressant in adolescent patients.  
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Chapter 1:  

Research background 

1.1 General Introduction  

Historically, the existence and treatment of depressive disorders in children and 

adolescents has been the subject of intense debate. Fifty-years years ago, prevailing views 

considered that depression in youth was either non-existent (Rie, 1966), not diagnosable using the 

same criteria as in adults (Glaser, 1967), or simply a transient phenomenon that was 

developmentally normal and self-limited (Lefkowitz & Burton, 1978).  

Progressive advances in the field of Child and Adolescent Psychiatry have demystified 

these concepts and it is now widely accepted that paediatric depression is a legitimate diagnosis 

that deserves adequate treatment. Depression in youth is a common disorder, affecting 4-8% of 

adolescents (Birmaher et al., 1996). It is associated with poor psychological and academic 

functioning (Weissman et al., 1999) and represents a major risk factor for suicide, the third leading 

cause of death in adolescents aged 15 to 19 years (Cash & Bridge, 2009). Clinically, paediatric 

depression shares many of the symptoms that are seen in adulthood (Birmaher et al., 1996; 

Louters, 2004), but a key difference is that irritability is a cardinal symptom of depression in 

children and adolescents, but not adults (American Psychiatric Association, 2013).  

After paediatric depression gained status as a legitimate psychiatric disorder (during the 

1980s and 1990s), psychiatrists were faced with the difficult task of prescribing antidepressant 

drugs to young people in the absence of adequate knowledge regarding the pharmacokinetic 

properties of these medications and their risk-to-safety profile when administered in younger age 

groups (Zito et al., 2003). This knowledge was, at first, extrapolated from adult studies, but efforts 

were later made to conduct randomised clinical trials with children and adolescents. 

With these advances, new debates soon emerged. The best example is the controversy 

initiated in the early 2000s following a series of studies showing that young people taking selective 

serotonin re-uptake inhibitors (SSRIs) exhibited more anxiety symptoms and suicidal behaviour 

than those taking placebo, especially early in treatment (Martinez et al., 2005;  Hammad, 
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Laughren, & Racoosin, 2006). These concerns led to the UK prohibition of all antidepressant drugs 

in children and adolescents except fluoxetine in 2003, on the basis of evidence that this was the 

only medication sufficiently safe and efficacious to be used in this population (MHRA, 2003; 

Whittington et al., 2004). In 2004, a “black-box” warning regarding increased suicide risk was put in 

place in the US on all antidepressant drugs used to treat paediatric depression. However, of great 

concern is evidence that suicide rates have risen since then, suggesting that lack of treatment may 

also pose significant risks in this population and that the use of antidepressants may actually have 

an overall protective effect (Gibbons et al., 2007; Gibbons, Hur, Brown, Davis, & Mann, 2012). 

The issues surrounding the use of antidepressants in youth are also part of a wider debate 

questioning if the plasticity seen during adolescence represents a window of opportunity for 

implementing drug interventions that may allow a more efficient recovery, or whether drug 

exposure in such a sensitive period may have long-lasting and unwanted effects (Andersen & 

Navalta, 2004). The brain continues to mature during childhood and adolescence into the early 

years of adulthood, and is therefore particularly susceptible to environmental and pharmacological 

insults during this sensitive period (Andersen & Teicher, 2008). Pre-clinical animal studies also 

highlight the variable effects of antidepressants throughout development, with more adverse side-

effects seen earlier in life, and more beneficial effects in adulthood (Olivier, Blom, Arentsen & 

Homberg, 2011). This parallels evidence in humans suggesting that antidepressants have higher 

efficacy and tolerability in adult vs. young populations (see Garland, Kutcher, & Virani, 2009). 

Despite the relatively high prevalence of paediatric depression and its devastating 

consequences for global functioning (the most serious of which suicide), the neurobiological and 

neuropsychological effects of antidepressants in children and adolescents remain poorly 

understood. This thesis uses a combination of neuroimaging and behavioural techniques in order 

to characterise the effects of acute fluoxetine on emotional processing. The aim is to gain a greater 

understanding of the mechanisms underlying antidepressant use in youth, in light of differences 

seen in their clinical presentation and response to antidepressant drugs. It is hoped that this 

knowledge will assist the development of more effective treatments for paediatric depression. 

In the current chapter, the research background of this thesis will be presented in three 

separate sub-sections. Part A will review the main characteristics of depression in adolescence, 

the vulnerability associated with this developmental period, and the cognitive and neural 
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characteristics of depressive states in youth. Part B will provide a summary of the controversies 

surrounding the use of antidepressants in children and adolescents, as well as reviewing pre-

clinical findings on SSRI effects throughout development. Part C will describe an approach that 

may be useful for understanding the effects of antidepressants in young people - the 

antidepressant model of drug action -, as well as presenting the specific study hypotheses.  

1.2. PART A: Depression in adolescence 

1.2.1. Clinical characteristics  

 The clinical presentation of early-onset Major Depressive Disorder (MDD) is largely similar 

to the phenomenology of adult MDD. A significant exception is that irritability is included as a 

cardinal symptom in the diagnosis of depression among children and adolescents, but not adults. 

Indeed, irritability is estimated to affect one third of depressed youth in community samples 

(Stringaris, Maughan, Copeland, Costello, & Angold, 2013) and up to 30-85% of clinically 

depressed populations (Ryan et al., 1987; Strober, Green, & Carlson, 1981).  

Paediatric MDD is associated with high rates of comorbid disorders. Anxiety disorders 

represent the most common comorbid diagnosis, affecting between 20% and 75% of children and 

adolescents with depression, followed by disruptive disorders (affecting between 10% and 50%) 

and substance misuse (25%) (for a review see Birmaher et al., 1996).  

The average age of onset for paediatric MDD is between 11 and 14 years (Lewinsohn, 

Rohde, Seeley, & Fischer, 1993) and the median length for an episode is 8 months (Birmaher et 

al., 2007). Early onset of symptoms, female sex and the presence of guilt and suicidal ideation 

predict longer episodes (Birmaher et al., 2004; Lewinsohn, Clarke, Seeley, & Rohde, 1994). 

Although most children and adolescents recover from their first depressive episode, there is an 

increased likelihood for recurrence (Lewinsohn, Rohde, Klein, & Seeley, 1999), with values 

reaching 20% to 60% by 1 to 2 years after remission, and 70% after 5 years (Birmaher et al., 

2007). The probability of recurrence increases with the number of total episodes, and a substantial 

percentage of young people with depression will continue to suffer from this disorder during 

adulthood (Weissman et al., 1999). 
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1.2.2. Adolescence as a period of vulnerability for depression 

Adolescence is a particularly vulnerable time for the development of depression. Hankin 

and colleagues (1998) reported a dramatic rise in one-year prevalence rates of depression during 

adolescence, from around 2% in early teenage years (ages 13 to 15), to 15% in middle 

adolescence (ages 15 to 18). It is also during adolescence that the risk of developing depression 

rises twofold in females, reaching the same female-to-male ratio of 2:1 reported in adult MDD 

(Birmaher et al., 1996). 

 

 Biological, cognitive and social changes 

 Substantial biological, cognitive and social changes during adolescence may explain the 

high incidence of depression in this age period (for a review see Lau, 2013). Adolescence is 

marked by the onset of puberty, which triggers a rise in hormonal levels and leads to noticeable 

alterations in physical appearance. The psychological implications of puberty, especially when 

occurring earlier than the average and in girls, may represent a vulnerability factor for depression 

(Hyde, Mezulis, & Abramson, 2008). The impact of hormonal changes on brain development and 

emotional processing has also received recent interest (Goddings, Burnett Heyes, Bird, Viner, & 

Blakemore, 2012; Spielberg, Olino, Forbes, & Dahl, 2014). The cognitive advances seen during 

adolescence allow the teenager to think more abstractly and to understand more complex 

problems about the environment (Marini & Case, 1994), which may also predispose the 

development of fears and worries (Laugesen, Dugas, & Bukowski, 2003). The teenager’s gradual 

independency from his or her family is an important achievement, but as friendships become more 

salient, the impact of peer rejection also increases (Platt, Cohen Kadosh, & Lau, 2013; Stroud et 

al., 2009). These challenges, combined with genetic, environmental and psychological 

predisposing factors (e.g., Lau & Eley, 2006), place teenagers at increased risk for developing 

mood disturbances (Weir, Zakama, & Rao, 2012). 

 

Neurobiological changes and associated risk 

 From a neurobiological perspective, adolescence is characterised by substantial changes 

in brain development (Giedd & Rapoport, 2010; Gogtay et al., 2004). This process of maturation 

parallels the social and cognitive advances that characterise this age period.  
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 There is a linear increase in white matter (WM) during the adolescent years and more 

complex, non-linear and U-shaped alterations in grey matter (GM) (Giedd et al., 1999; Tamnes et 

al., 2010). These changes are the result of augmented myelination and/or synaptic pruning, which 

allow for increases in the speed of neutral transmission, higher neural efficiency and, ultimately, 

more specialised circuits (for review see Giedd, Keshavan, & Paus, 2008). Disturbances in these 

developmental pathways (such as disorganized or reduced integrity of WM; Serafini et al., 2014) 

can create a window of vulnerability for the development of depressive states (see Andersen & 

Teicher, 2008). 

Adolescence is also characterised by changes in specific brain regions and in functional 

interconnectivity. Two heavily studied regions in relation to adolescence are the prefrontal cortex 

and limbic areas (including the amygdala and hippocampus). The prefrontal cortex is responsible 

for high-level cognitive abilities, including abstract reasoning, planning and cognitive control 

(Fuster, 2002). Structural neuroimaging studies suggest that this area undergoes progressive 

maturation during adolescence (e.g., Gogtay et al., 2004; Sowell et al., 2004), which parallels the 

cognitive advances seen during the transition between adolescence and adulthood. Changes in 

interconnectivity between the amygdala and prefrontal cortex also occur throughout development. 

Gee et al. (2013) suggested that early childhood is characterised by positive amygdala-prefrontal 

connectivity, which switches to negative functional connectivity during the transition 

to adolescence. This developmental switch is paralleled by a decline in amygdala activity, and is 

thought to underline the improvements in emotional regulation seen as a function of age (Gee et 

al., 2013). 

It has been hypothesised that such developmental changes mediate the increased risk for 

experiencing mood disturbances during adolescence. Adolescents show increased amygdala 

activity in response to emotional stimuli (Guyer et al., 2008; Hare et al., 2008; Monk et al., 2003), 

along with decreased activity in the prefrontal cortex (Hare et al., 2008; Monk et al., 2003) when 

compared to adults. Together, these findings have led to the hypothesis that increased reactivity to 

emotional events, coupled with the poor regulatory abilities of an immature prefrontal cortex, 

underlies the increased emotional volatility and poor decision making that are characteristic of 

adolescence (Casey, Jones, & Somerville, 2011). 
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Consistent with this notion, traditional models of adolescent depression postulate that the 

increased vulnerability to MDD during adolescence results from an intensification of this imbalance 

or mismatch between the prefrontal cortex and limbic regions (e.g., Ernst, Pine, & Hardin, 2006; 

Nelson, Leibenluft, McClure, & Pine, 2005). According to this model, excessive reactivity of limbic 

structures - which fails to be down-regulated by an immature prefrontal cortex -, intensifies the 

negative experiences that are common in adolescence, such as peer rejection. This vulnerability 

may lead to the development of persistent negative states and ultimately to the development of full-

blown depressive disorder, especially in those adolescents with premorbid psychological or genetic 

risk factors (for a review see Weir, Zakama, & Rao, 2012) 

 Recently, however, it has been suggested that this dual-system model may be too 

simplistic to account for the complex neurodevelopmental changes that occur during adolescence 

and depression more broadly (Pfeifer & Allen, 2012). The prefrontal cortex is not always 

underactive in healthy adolescents or even in clinical samples (when compared to adults), with 

both reductions and increases in activation being reported (e.g., Chantiluke et al., 2012; Lau et al., 

2011;  McRae et al., 2012; Pitskel, Bolling, Kaiser, Crowley, & Pelphrey, 2011; Tao et al., 2012; ). 

Whilst these variations may result from methodological differences between studies, they could 

also reflect a complex, non-linear, pattern of prefrontal development during the transition from 

adolescence to adulthood.  

1.2.3. Cognitive and emotional processing findings 

MDD in childhood and adolescence is characterised by a pattern of negative thinking. 

Studies of youth with subclinical/clinical depression, or those at increased risk for developing MDD, 

report a negative bias in measures of emotion-related perception and stimulus appraisal, therefore 

corroborating the premises of cognitive models of depression, first developed and validated with 

adults (Beck, 1976). From a developmental perspective, however, these cognitive biases may 

become more prominent and stable in the transition from childhood to adolescence, possibly due to 

an increased capacity to think abstractly and reflect about accumulating life experiences (Abela & 

Hankin, 2008; Lau, 2013). 

Depression in adulthood is associated with a bias towards the encoding and retrieval of 

negative information, as well as a decreased sensitivity towards positive material. Indeed, 
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depressed individuals show difficulties disengaging from negative cues, as reflected, for instance, 

by longer staring times at scenes depicting sadness (Eizenman et al. 2003). They also recall more 

negative self-descriptor words and less positive ones (see Mathews & MacLeod, 2005). This bias 

in negative processing is also reported in measures of facial expression recognition. Although there 

is variation in the direction and nature of this bias, consensus exist that depressed patients 

interpret facial stimuli as (more) negative than healthy controls (Bourke, Douglas, & Porter, 2010). 

Indeed, Gur et al. (1992) found that depressed patients were more prone than non-depressed 

controls to misclassify neutral faces as sad, and happy faces as neutral. Leppänen, Milders, Bell, 

Terriere and Hietanen (2004) found similar effects in a group of depressed patients, as in this study 

patients misclassified more neutral faces as being sad.  

Similarly to what is seen in adulthood, adolescents suffering from depression show a 

tendency to process information more negatively than healthy controls. The literature is still 

incipient and the nature of these biases is not always consistent across studies, being sometimes 

dependent on negative mood inductions. Bishop, Dalgleish and Yule (2004) found that children 

with high levels of depressive symptoms showed enhanced recall of negative stories (relative to 

positive) when compared to a low depression group. In addition, Timbremont and Braet (2004) 

found that currently and remitted depressed youth endorsed more negative self-descriptors than 

healthy controls, but following a negative mood induction. Similarly, in a study by Kelvin, Goodyer, 

Teasdale and Brechin (1999), adolescents with high emotionality rated more negative words as 

self-descriptive after negative/dysphoric, but not after neutral, mood induction. The use of negative 

mood induction paradigms is especially relevant to measure biases in information processing that 

may be latent in at-risk individuals or in some depressed populations. Indeed, according to the 

diathesis-stress hypothesis, stressful situations or events can trigger a pre-existent psychological 

vulnerability, leading to stronger negative cognitions or reactions (Ingram & Luxton 2005). The 

cognitive biases seen after such priming procedures may therefore be more robust and more easily 

manifested. 

Studies of attentional biases suggest that depressed youth have negative biases in 

attention when stimuli are presented at long exposure durations, although these findings are not 

always replicated. For instance, Joormann, Talbot, and Gotlib (2007) found that girls at familial risk 

of developing depression showed a bias to selectively attend to negative faces presented for 
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1500ms, again following a negative mood induction. Interestingly, Hankin, Gibb, Abela and Flory 

(2010) found that the pattern of attentional biases varied depending on whether depressed youth 

had comorbid anxiety or not. Purely depressed youth showed a bias to preferentially attend to sad 

faces, purely anxious youth to angry faces, and those comorbid for depression and anxiety 

preferentially attended to both. No information was provided regarding medication status. However, 

a study by Dalgleish et al. (2003) failed to support the presence of attentional biases in a sample of 

unmedicated depressed youth, even using stimuli presented for a duration as long as 1500ms. 

Biases in the recognition of facial expressions have also been explored in young 

populations, although the number of studies available is still limited. Beek and Dubas (2008) found 

an association between the severity of subclinical depression and the recognition of anger and 

happiness in a community sample of children and adolescents. More specifically, higher 

depressive symptoms were associated with increased perception of anger in highly ambiguous 

(i.e., low intensity) faces. An inverse effect was found for the recognition of happiness, such that 

higher depressive symptoms were associated with a decreased perception of happiness in low 

intensity faces, but only in girls. Similarly, Schepman, Taylor, Collishaw and Fombonne (2012) 

found a decoding bias effect again in low intensity facial stimuli, but this time towards sadness. 

Indeed, in this study, adolescents with depression perceived low-intensity faces as sadder than 

controls. No group differences in the recognition of anger were seen.  

Taken together, these findings are consistent with the notion established in the adult 

literature that depressed individuals are biased towards perceiving emotions negatively (for a 

review see Lakdawalla, Hankin, & Mermelstein, 2007). These findings corroborate the notion of 

continuity in the cognitive vulnerability factors associated with depression throughout development, 

and may illustrate a potential target for treatment across different ages. 

1.2.4. Structural and functional brain abnormalities 

Magnetic Resonance Imaging studies (MRI) have begun to elucidate the neural correlates of 

depression in adolescence. There is evidence indicating that depression in this age group is 

associated with similar structural and functional brain abnormalities as seen in adult MDD, but 

research in this area is still incipient.  
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Studies in adult MDD have identified both structural and functional abnormalities in the 

cortico-limbic circuitry, including the subgenual and rostral anterior cingulate cortex regions 

(sgACC and rACC), ventromedial (vmPFC), dorsolateral (dPFC) and orbifrontal (OFC) prefrontal 

cortices, insula, amygdala and hippocampus (for a review see Hamilton et al., 2012).  These 

changes are thought to be linked to the experience of depression or vulnerability to develop this 

disorder, but moderating variables such as exposure to acute or chronic stress may also play a 

role. The experience of stress has pronounced effects in brain structure and connectivity (e.g., 

Chetty et al., 2014), which may be particularly relevant to adult depression given that a longer 

lifespan is associated with a higher probability to experience stressful events. Nonetheless, these 

findings have prompted researchers to examine similar structures in younger depressed samples.  

 

Structural brain changes  

There is evidence suggesting that the volume of the anterior cingulate cortex (ACC) is 

reduced in depressed youth compared with nondepressed age-matched controls. Botteron, 

Raichle, Drevets, Heath and Todd (2002) found a significant volume reduction in the subgenual 

ACC (sgACC) in young women with early-onset MDD versus healthy controls. Similarly, Boes, 

McCormick, Coryell and Nopoulos (2008) reported significantly lower ACC volumes in a sample of 

adolescent males with subclinical depressive symptoms, but in the rostral ACC (rACC). A recent 

study by Pannekoek and colleagues (2014) also replicated these findings in depressed youth. 

Contrary to evidence suggesting a decreased volume in the orbitofrontal cortex (OFC) of 

depressed vs. nondepressed adults (Bremner et al., 2002; Lacerda et al., 2004; for a review see 

Drevets, 2007), Chen and colleagues (2008) failed to see significant group differences in either 

total OFC volume or grey matter OFC volume in medication-naïve depressed adolescents vs. 

controls. 

Consistent with volumetric studies reported in adults (e.g., Sheline, Gado, & Price, 1998; 

Sheline, Sanghavi, Mintun, & Gado, 1999), there are reports of structural changes in the amygdala 

and hippocampus of depressed youth. Most findings suggest a decreased volume in the 

hippocampus (e.g., Caetano  et al., 2007;  MacMaster et al., 2008; MacMillan et al., 2003) and in 

the amygdala (Rosso et al., 2005) of depressed adolescents in comparison to healthy controls. 
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However, some studies failed to report volumetric differences in both these regions (Munn et al., 

2007; Rosso et al., 2005). 

An important limitation of most volumetric studies is the use of cross-sectional designs, 

which may not allow an accurate representation of brain volumes in adolescent depression given 

the dramatic neurodevelopmental changes seen throughout this period. In a recent study, Whittle 

et al. (2014) tackled this problem by using a longitudinal design. These authors found an 

association between the onset of depression in adolescence and abnormalities in the growth 

pattern of change in the hippocampus and amygdala. An attenuated growth of the hippocampus 

was associated with the onset of depression. Conversely, the pattern of changes in the amygdala 

was mediated by sex, such that opposing patterns of growth in this structure were both associated 

with the onset of depression but in different sexes - exaggerated growth of the amygdala was 

associated with depression in females, whereas the opposite was found in males.  

 

Functional brain changes  

The use of functional MRI in paediatric samples is at an early stage, lagging behind the 

research in adult depressed populations. Existing studies are generally similar to the findings 

obtained in adult neuroimaging studies, although experiments with young populations are less 

consistent and the direction of effects is sometimes different from that reported in adults (for a 

review see Kerestes, Davey, Stephanou, Whittle, & Harrison, 2014). 

In line with findings seen in the adult literature, a number of studies report increased 

amygdala activation in depressed or at-risk adolescents vs. controls. For instance, Roberson-Nay 

et al. (2006) found heightened left amygdala activation during successful encoding of emotional 

faces in medication-free depressed adolescents when compared to healthy controls. Similarly, 

Yang et al. (2010) reported an increased activation of this structure in a sample of unmedicated 

depressed adolescents without comorbid psychiatric diagnoses (vs. healthy adolescents). It should 

be noted however, that in this study, the amygdala was hyperactive in response to both positive 

(happy) and negative (angry and fearful) faces. Interestingly, Monk and colleagues (2008) found a 

similar pattern in adolescents at high family-risk of depression, when compared to a low-risk group.  

However, some studies report the opposite pattern of decreased amygdala activation in 

paediatric depressed patients compared to controls (Beesdo et al., 2009; Thomas et al., 2001) or 
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even an absence of group differences (van den Bulk et al., 2014). The reasons for this discrepancy 

are still unknown, but methodological variations in the tasks used could be responsible for such 

differences. For example, Beesdo et al. (2009) found that unmedicated adolescents with MDD had 

lower bilateral activation in the amygdala compared to both healthy and anxious comparison 

groups, but only in a condition involving passive viewing of fearful (vs. happy) faces. Indeed, when 

asked to rate the intensity of the emotion displayed in a likert scale, both the MDD and anxious 

groups showed the expected amygdala hyperactivity in comparison to controls, therefore 

highlighting the importance of attention-mediated processes in explaining this pattern. However, a 

separate study by Monk and colleagues (2008) in at-risk adolescents found a pattern of increased 

activation in a passive viewing condition (vs. low risk controls), although the stimuli used included 

varying levels of fear intensity, which may have increased the sensitivity of the task to the 

hyperactive effects of the amygdala in response to this emotion. 

Functional studies also reveal changes in prefrontal regions that are important for the 

cognitive regulation of affective states. Halari and colleagues (2009) found reduced activation in a 

network of areas including the right dorsolateral (DLPFC) and inferior prefrontal (IFC) cortices in a 

sample of medication-free depressed adolescents when compared to healthy controls, which is 

consistent with the pattern of prefrontal hypoactivation reported in the adult literature. However, a 

study by Tao and colleagues (2012) reported increased activity in the orbitofrontal (OFC) and 

subgenual anterior cingulate (sgACC) cortices in a sample of depressed patients (vs. controls) 

before they initiated a course of antidepressant treatment. Increased activation of the sgACC in 

depressed vs. nondepressed adolescents has also been reported by Yang and colleagues (2009). 

These variable findings possibly reflect complex developmental trajectories in the prefrontal cortex, 

therefore highlighting the need to further investigate how depressive states may influence (or be 

influenced) by functional alterations in this region. 

1.2.5. Summary 

Paediatric depression is a common disorder that is similar in presentation to adult MDD, 

although irritability may be a more prominent symptom in children and adolescents. Similarly to 

adults, depressed youth are biased towards processing information more negatively. This cognitive 

pattern is associated with volumetric and functional changes in cortico-limbic areas known to be 
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involved in affective processing and regulation. Hyperactivity in the amygdala towards negative 

stimuli is often reported, along with changes in the prefrontal cortex, although studies are not 

always consistent regarding the direction of these effects (for a review see Kerestes et al., 2014).  

1.3. Part B: Antidepressant usage in young people 

 The use of antidepressants in young people has been a topic of intense controversy in the 

past decade (Licinio & Wong, 2005). This started with a series of concerns expressed by regulatory 

health agencies both in the UK and US, culminating with all antidepressants except fluoxetine 

being contra-indicated1  in the UK in 2003 and a FDA black-box label on all antidepressants 

regarding suicide risk in 2004. This FDA label stated that antidepressant use in young people aged 

less than 18 years carried an increased risk of suicidality. In 2006, the FDA extended this warning 

to young people aged 18 to 25 years. For a timeline of these events see Figure 1. 

This section will briefly discuss the evidence leading to those concerns, as well as the 

implications of the ‘black-box claim’. The studies supporting the efficacy of fluoxetine will also be 

reviewed. Finally, pre-clinical studies examining the effects of antidepressants during different ages 

periods will be assessed and some hypotheses will be raised regarding why antidepressants may 

have variable effects across development. 

1.3.1. The SSRI controversy 

 
The idea that antidepressant administration may paradoxically increase suicidal ideation is 

not new. In the early 1990s, anecdotal reports suggested that antidepressant administration could 

induce serious suicidality in both paediatric and adult patients (King et al., 1991; Teicher, Glod, & 

Cole, 1990). Subsequent investigations largely dismissed these safety concerns in adults, but fears 

regarding treatment emergent-suicidality in young people prevailed (see Mann et al., 2006).  

During the 1990s, SSRIs were frequently used “off label” to treat paediatric depression 

(Birmaher, Brent, & Benson, 1998). However, given the limited evidence available, it was unclear 

whether these drugs were effective and sufficiently safe to be used in youth. Following a request by 

                                                        
1 It should be noted that despite most antidepressants being contra-indicated for use in young depressed 

people, psychiatrists can still prescribe them “off-label” when judged clinically appropriate. 
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the FDA, multiple clinical trials were conducted in order to clearly establish the pharmacokinetic 

properties of antidepressants and their safety-to-risk profile in children and adolescents (e.g., 

Emslie et al., 1997; Emslie et al., 2002; Wagner et al. 2003; Wagner, Fisher, Pole, Borve, & 

Johnson, 2004). This new evidence ultimately led to fluoxetine being the first SSRI approved by the 

FDA for the treatment of paediatric depression in January of 2003. However, an association 

between suicidality and paroxetine use emerged in one of these trials, prompting regulatory 

agencies in the US and UK to further investigate the safety and efficacy of antidepressants in 

young people. 

 In 2003, the MHRA concluded that there was insufficient evidence from clinical trials to 

support the benefits of most SSRIs in treating paediatric depression. Drugs such as paroxetine, 

sertraline, citalopram, escitalopram and fluovoxamine failed to outweigh the risks of side-effects 

when used in patients under 18 years of age. Fluoxetine was the only drug found to have a 

favourable benefit-to-risk profile (MHRA, 2003). These findings were later supported by a meta-

analysis of both published and unpublished data (Whittington et al., 2004). In response to these 

findings, the MHRA decided to contraindicate the use of all antidepressants apart from fluoxetine in 

the treatment of child and adolescent depression.  

In the US, the FDA responded to these suicidality concerns by initiating its own analysis of 

data from pharmaceutical companies. This included an examination of more than 4540 patients 

involved in clinical trials, which revealed that antidepressant use was associated with double the 

risk of suicidality in comparison to placebo (4% vs. 2% respectively) (Hammad et al., 2006). The 

term suicidality was assessed using spontaneously reported occurrences of suicidal ideation or 

behaviour, as well measures of suicidal ideation in self-reported scales (although these were less 

frequently used). Despite the absence of completed suicides in any of the trials, the 

antidepressant-induced risk was modest but significantly different from placebo. This increased risk 

was considered a “class” effect, given the limited data available to analyse the risk of individual 

antidepressants. 

The mechanisms underlying this increased suicidality remain elusive, but it has been 

suggested that the energizing effects of antidepressants may predispose children and adolescents 

to act on pre-existent suicidal thoughts (for a review see Goodman, Murphy, & Storch, 2007). A 

related explanation is that young people are more susceptible to the phenomenon of “behavioural 
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activation” induced by antidepressant use, which is characterized by agitation, anxiety, insomnia, 

irritability and other signs of increased arousal, often seen early in treatment (e.g., Walkup & 

Labellarte, 2001). These symptoms, if unrecognised or untreated, could potentially increase the 

risk for suicidality (Goodman et al., 2007). 

Subsequent to this review, in September 2004, the FDA requested a ‘black-box’ warning to 

be added to all classes of antidepressants, regarding an elevated risk of suicidality in paediatric 

patients. The decision to add this label to all antidepressant classes resulted from concerns that 

those unstudied medications could be associated with a similar suicide risk. Later, the MHRA 

updated their guidelines regarding the use of antidepressants in children and adolescents, in order 

to advise against the use of SSRIs in the initial treatment of mild depression. Only if psychological 

therapy failed should fluoxetine be prescribed. This topic continued to be closely scrutinised by 

both agencies, and in 2007, the FDA extended the ‘black-box’ warning to young people up to 25 

years-old. The phrasing of the previous warning was also updated, to highlight that depression and 

other psychiatric disorders are themselves associated with a risk of suicide. From the beginning of 

these events, the main intention of the FDA was not to completely discourage the use of 

antidepressants in the treatment of paediatric depression, but instead to raise clinicians’ awareness 

regarding their risks, as well as promote a safe and regular monitoring especially at the beginning 

of treatment (Hammad et al., 2006). However, the consequences of this warning went beyond the 

adoption of careful and stricter clinical guidelines, to affect the population more widely.  

As expected, there was a natural decline in the number of antidepressant prescriptions 

after this regulatory decision (Murray, Thompson, Santosh, & Wong, 2005). For instance, Busch, 

Frank, Martin and Barry (2011) reported a substantial 47% decrease between 2002 and 2006 in 

the use of antidepressants in a sample of young people aged 5 to 21 years who were new 

antidepressant users. 

Somewhat surprisingly, there was also a reduction in the number of new formal diagnoses 

of depression given to young samples (Libby et al., 2007; Wijlaars, Nazareth, & Petersen, 2012). 

However, it should be noted that the number of referrals to psychological therapy for new onset 

cases of depression increased after the FDA warning (Bridge & Kelleher, 2011). 
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Figure 1. Timeline with the key regulatory events related to suicidality and antidepressant use in young people. Adapted from Licinio & Wong (2005).  
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 Particularly concerning is the possible association between the decreased number of 

antidepressant prescriptions and increased rates of attempted and completed suicides (Gibbons, 

Hur, Bhaumik, & Mann, 2006; Gibbons et al., 2007; Lu et al., 2014; Olfson, Shaffer, Marcus, & 

Greenberg, 2003; Windfuhr et al., 2008). In a critical study, Gibbons et al. (2007) compared the 

prevalence of suicide in the periods before and after the release of the ‘black-box’ warning in the 

US and the Netherlands. The authors reported that the number of completed suicides increased by 

14% in the US between 2003 and 2004, and by 22% in the Netherlands between 2003 and 2005, 

which coincides with the period in which a decrease in the number antidepressant prescriptions 

was seen. Remarkably, however, an additional study by Wolitzky-Taylor et al. (2010) found that, 

despite this increase in completed suicides, the frequency of suicidal ideation remained constant 

(after 2003), therefore highlighting the need for additional studies to investigate the factors 

predisposing suicide attempts. It should also be noted that the association between decreased 

antidepressant use and increased suicide rates is only correlational and might also be influenced 

by moderating variables that were not measured in these studies, such as availability of methods 

for committing suicide, access to psychological therapies, societal changes, among others.  

The SSRI debate continues today and no robust conclusion has been obtained. Some 

authors have recently claimed that, based on newer findings, the ‘black-box’ claim should be 

withdrawn altogether (Gibbons, Hur, Brown, Davis, & Mann, 2012). However, there are others who 

continue to actively defend this regulatory decision, based on perceived methodological 

shortcomings in the trials demonstrating that antidepressants have higher benefits than risks 

(Jureidini et al., 2004; Sparks and Duncan, 2013). 

Deciding whether to continue with the ‘black-box’ warning is an extremely complex topic. 

Recently, it has been suggested that the risk for self-harm in young people may be higher when 

SSRIs are prescribed at higher doses (Miller, Swanson, Azrael, Pate, & Stürmer, 2014), a finding 

that may help deconstruct the phenomenon of treatment-emergent suicidality. Additional studies 

need to be implemented, and regulatory agencies need to continuously assess the impact of “old” 

and “new” findings. Important progresses are already being made, including the 2009 FDA’s 

approval of escitalopram for treating adolescent depression. Recent studies also highlight the 

potential efficacy of sertraline and citalopram in the treatment of adolescent depression (see 

Garland, Kutcher, & Virani, 2009; Hetrick, McKenzie, Cox, & Merry, 2012). These are key steps 
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towards broadening the access of young depressed people to additional pharmacological 

interventions, but much more needs to be done in order to clearly understand the effects of 

antidepressants in youth. 

 1.3.2. Developmental SSRIs effects: pre-clinical studies  

Pre-clinical studies have proved invaluable in advancing our knowledge about the 

developmental effects of antidepressants. Overall, studies with rodents and other species show 

that antidepressants have age-dependent effects. Whilst adult exposure to antidepressants is 

associated with more consistent beneficial outcomes, administering this drug in earlier stages of 

development can be detrimental. The scenario is even more complex in adolescence, where both 

positive and negative findings have been reported (for review see Olivier, Blom, Arentsen, & 

Homberg, 2011). 

In the following sub-sections, the effects of antidepressants across development will be 

briefly described. Studies using fluoxetine were selected as a model to understand the 

developmental effects of SSRIs, due to the relevance of this medication in the treatment of 

adolescent depression. It should also be noted that these studies are divided into chronic and 

acute administration, in which acute refers to the administration of a single dose of an 

antidepressant, whereas chronic refers to continued treatment (usually 4 weeks or more). 

 

Adult SSRI exposure 

The administration of SSRIs (including fluoxetine) in adulthood is confirmed to be generally 

beneficial in rodent studies, especially when considering chronic administration. Several 

experiments suggest that long courses of SSRI exposure produce both antidepressant and 

anxiolytic-like effects, well in line with the overall efficacy of antidepressants in adult human studies 

(for a review see Olivier et al., 2011).  

For instance, Dulawa, Holick, Gundersen and Hen (2004) found that chronic fluoxetine 

treatment in mice increased the time spent in the open arms of the elevated plus maze as well food 

consumption in the hypophagia test, consistent with an anxiolytic effect. Similarly, Huang, 

Bannerman and Flint (2008) reported an increase in the time that mice spent eating in the predator 

odor cage test following chronic treatment with fluoxetine. These studies were performed with 

nonanxious animals, but similar findings have been obtained with anxious samples (David et al., 
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2009). 

Chronic SSRI administration is also associated with reduced aggressive behaviours. For 

instance, Wagner, Fisher, Pole, Borve and Johnson (1993) found that chronic treatment with 

fluoxetine decreased aggressive behaviour in male mice using the social intruder test. This finding 

was also confirmed in subsequent studies using different species (Perreault, Semsar, & Godwin, 

2003). In addition, Datla, Mitra and Bhattacharya (1991) showed that chronic fluoxetine 

administration attenuated footshock-induced aggression, whereas Berzsenyi, Galateo and Valzelli 

(1983) and Kostowski, Valzelli, Kozak and Bernasconi (1984) found decreased muricidal (mouse-

killing) aggression in rats after chronic fluoxetine treatment.  

The acute effects of fluoxetine are not as clear (for review see Borsini, Podhorna, & 

Marazziti, 2002). Some studies suggest that acute administration of fluoxetine decreases anxiety 

(e.g., Brocco, Dekeyne, Gobert, Nanteuil, & Millan, 2000; Handley & McBlane, 1992; Nakamura 

and Kurasawa, 2001), while others show the opposite pattern (Salchner & Singewald, 2006) or 

absence of effects (Rodrigues-Filho & Takahashi, 1999).  

 

Adolescent SSRI exposure 

In mice, adolescence is defined as a distinct developmental period, encompassing post-

natal day (P)28 to (P)60 (Spear, 2000; McCutcheon & Marinelly, 2009), therefore allowing 

researchers to compare the effects of antidepressants in adolescence vs. adulthood. However, 

antidepressant exposure in adolescence is more difficult to characterise. Pre-clinical studies in this 

age group have focused on the chronic effects of fluoxetine (in the short- and the long-term), and a 

mixture of both positive and negative effects is reported. 

Studies supporting the adverse effects of fluoxetine show that this medication increases 

anxiogenic and depressogenic-like behaviours when administered in adolescence. For example, 

Oh, Zupan, Gross and Toth (2009) found that adolescent mice treated chronically with fluoxetine 

showed increased anxiety behaviours in the novelty-induced hypophagia test. These effects 

stopped after discontinuation of the drug. In contrast, Bhansali, Dunning, Singer, David and 

Schmauss (2007) reported a beneficial effect of chronic fluoxetine, as this SSRI prevented the 

exacerbation of depressogenic behaviour (as measured using the forced swimming test) following 

a maternal separation stress. In addition, Iñiguez, Warren and Bolaños-Guzmán (2010) examined 
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both the short and long-term effects of chronic exposure to fluoxetine in mice and found a mixture 

of both antidepressant and anxiogenic effects. Exposure to fluoxetine in adolescence was not only 

associated with a trend for shorter immobility times in the forced swimming test and increased 

preference to sucrose (suggestive of an antidepressant effect), but also with decreased times 

spent in the elevated plus maze (consistent with an anxiogenic effect). Importantly, these findings 

persisted when these same animals were tested later in adulthood. 

More recently, Yoo and colleagues (2013) reported differential effects of chronic fluoxetine 

depending on prior exposure to adversity. In a maternal-separation group, fluoxetine exposure 

during adolescence reversed some of the depressogenic effects previously seen in the forced 

swimming test. However, in control adolescent mice, fluoxetine administration increased immobility 

during the forced swimming test, while decreasing time spent in open arms during the elevated 

plus maze test (suggestive of both depressogenic and anxiogenic-like effects). Fluoxetine may 

therefore have more beneficial effects in the presence of prior adversity or depressive-like 

symptoms, while inducing anxiogenic effects in normally developed mice. 

 

Fetal and neonatal SSRI exposure 

 A number of pre-clinical studies have focused on the effects of fetal and neonatal SSRI 

exposure (for a review see Olivier et al., 2013). In line with studies conducted in humans, pre-

clinical research shows that rodents administered with fluoxetine during pregnancy deliver smaller 

pups, which are also slower to gain weight over time (Vorhees, Acuff-Smith, Schilling, Fisher, 

Moran, & Buelke-Sam, 1994). Behaviourally, rodents exposed to antidepressants soon after birth 

show increased depressogenic and anxiogenic-like behaviour in adulthood, including increased 

immobility times in the forced swimming test (e.g., Hansen, Sánchez, & Meyer, 1997) and reduced 

time spent in the open field (e.g., Ansorge, Zhou, Lira, Hen, & Gingrich, 2004). Interestingly, 

however, early life fluoxetine exposure has been also associated with decreased aggression 

(Manhães de Castro et al., 2001) and impulsivity (Lisboa, Oliveira, Costa, Venâncio, & Moreira, 

2007) in adulthood. 
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Mechanisms underlying the age-dependent effects of SSRIs 

 The studies above clearly demonstrate that antidepressants exert age-dependent effects, 

with more negative and mixed outcomes apparent early in development, and more beneficial 

effects seen in adulthood (particularly after chronic exposure). The mechanisms underlying these 

paradoxical effects are not fully understood, although some studies suggest that they may result 

from developmental influences on the serotonergic system, which is known to be altered in 

depression and also represents a major target of many antidepressant drugs (Cowen, 2008). 

Beyond its role as a neurotransmitter in the mature brain, serotonin (5-HT) has important 

neurotrophic actions during many aspects of early neuronal development, including proliferation, 

migration, cell death and synaptogenesis (Gaspar, Cases, & Maroteaux, 2003). For that reason, 

administering a drug that could alter the balance of serotonin in the brain during a critical time in 

maturation could have detrimental consequences for the fine tuning of brain circuits, which are 

dependent on the preservation of normal neurodevelopmental responses mediated by 5-HT 

(Homberg, Schubert, & Gaspar, 2010). 

 The serotonergic system matures early, an aspect that may explain the higher efficacy of 

drugs acting on this system versus others that act preferentially on systems that mature later, such 

as the noradrenergic system (Murrin, Sanders, & Bylund, 2007). Indeed, it is well established that 

tricyclic antidepressants (which are not selective for serotonin, but rather also act on the 

noradrenergic and dopaminergic systems) are not effective for youth (Hazell, O’Connell, 

Heathcote, Robertson, & Henry, 1995). It should be noted, however, that some components of the 

serotonergic system are differently expressed in paediatric vs. adult samples, which may affect the 

response to SSRI drugs. For instance, compared to adult animals, children and adolescents have 

increased 5-HT synaptic activity, 5-HT receptors and 5-HTT density (Murrin et al., 2007). 

The effects of early changes in the serotonergic system have been studied in animal 

models in which the serotonin transporter (5-HTT) gene is “inactivated” (5-HTT-/- mice). These 

animals exhibit high levels of 5-HT and therefore represent a model to explore the effects of 

enhanced serotonin levels early in development via the administration of antidepressants 

(Homberg, Schubert, & Gaspar, 2010).  5-HTT-/- mice show morphological abnormalities in 

pyramidal neurons in the prefrontal cortex and amygdala, and a number of behavioural 

dysfunctions, such as increased depressive-like behaviours after exposure to stress as well as a 
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significant deficit in extinction fear recall (Wellman et al., 2007). This demonstrates that early 

disturbances in the serotonergic system influence the morphological development of areas 

important for emotional regulation and their associated behavioural functions. While it is not 

possible to draw direct parallels between this model and the developmental effects seen across 

human studies, these findings highlight the importance of examining in more detail the involvement 

of the serotonergic system in normal and abnormal neurodevelopmental processes. 

Finally, it should be noted that the regulation and functioning of serotonin is also influenced 

by genetic variations, such as the serotonin transporter polymorphism in humans. This could 

predispose the experience of adverse reactions across development, as shown by Kronenberg et 

al. (2007), in a study in which the short (S) allele of the serotonin transporter gene-linked 

polymorphic region (5HTTLPR) was associated with a poorer response to antidepressant treatment 

in youth. Similar findings have been found in adults (Perlis et al., 2003). 

1.3.3. Efficacy of fluoxetine in treating paediatric depression  

Of all antidepressants, only fluoxetine received FDA and MNRHA approval to treat 

depression in children and adolescents before or at the time of the regulatory warnings. More 

recently, escitalopram has also received FDA clearance to treat depression in 12 to 17 year-old 

adolescents.  There are a number of studies investigating the efficacy of fluoxetine in paediatric 

depression, and these are summarised below.   

Review of studies examining the efficacy of fluoxetine in paediatric depression 

Emslie and colleagues (1997) conducted the first clinical trial showing higher efficacy of 

fluoxetine vs. placebo in the treatment of paediatric depression. In this single-site study, 96 children 

and adolescents were randomised to receive a 20mg daily dose of fluoxetine or placebo for 8 

weeks. Fluoxetine was shown to be more effective in the two primary outcome measures used: the 

Clinical Global Improvement (CGI) scale and Children Depression Rating Scale-Revised (CDRS-

R). Indeed, when beneficial clinical response was defined as an improvement rating of 1 or 2 on 

the CGI scale (much or very much improved), 57% of fluoxetine-treated patients showed 

improvement in comparison to 33% in the placebo group (p=0.02). The weekly ratings of the 

CDRS-R (which measures depression severity) also revealed significant differences between 

groups after 5 weeks (39.8 in the fluoxetine group and 46.8 in the placebo, p=0.03). However, no 
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differences were found in any of the self-report measures of depression or in the clinician’s ratings 

of general psychiatric symptoms. When considering the percentage of patients achieving 

remission, there was a tendency for a higher number of fluoxetine-treated patients to reach the 

remission criterion (defined as a CDRS-R score of <28), but this difference was not significant 

(fluoxetine: 31% vs. placebo: 23%). No specific measures of suicidality were reported. 

In 2002, Emslie and colleagues ran another (similar) study but this time in 15 trial units. 

Again, 9 weeks with fluoxetine showed higher efficacy than placebo in alleviating depressive 

symptoms. More specifically, the active treatment was associated with an increased improvement 

in the CDRS-R scale in comparison to placebo, a difference already evident after week 1 but which 

remained constant throughout the study (p<0.5). In addition, 52% of the fluoxetine-treated patients 

(vs. 37% on placebo) were considered much or very much improved according to the CGI scale 

(p=0.028). There was also an increased percentage of remitted patients (defined as a CDRS-R 

score of <28) in the fluoxetine group vs. placebo (41% vs. 20%; p<0.01). The number of adverse 

events did not seem to differ between groups, although again, no specific measures of suicidality 

were reported. 

One of the most important studies investigating the effects of fluoxetine and psychological 

therapy in the treatment of paediatric depression was conducted in the US by the Treatment for 

Adolescents with Depression Study (TADS) team (March et al., 2004). This study was a large 

multi-site trial, in which 439 participants were randomised to receive one of 4 treatments: (1) 

fluoxetine monotherapy; (2) placebo; (3) Cognitive Behavioural Therapy (CBT), or (4) fluoxetine 

plus CBT. The administration of the fluoxetine and placebo as a monotherapy was double-blinded, 

whilst the remaining conditions were unblinded. Of note, participants at high risk for suicidality or 

self-harm were excluded. Consistent with other studies, the two main outcome measures for 

efficacy were the CGI and CDRS-R. Secondary measures included a self-report measure of 

depression (Reynolds Adolescent Depression Scale) and suicidality (Suicidal Ideation 

Questionnaire – Junior version, SIQ-JR). Fluoxetine was shown to be superior to placebo based on 

the CGI (61% vs. 35%; p=0.001), but not on the CDRS-R. However, monotherapy with fluoxetine 

was superior to CBT alone in both these measures (CGI and CDRS-R). Notably, fluoxetine 

combined with CBT was superior to the other conditions in all clinical measures of depression. 



  

23 
 

Given these findings, it seems that fluoxetine alone is relatively effective, but not as effective as 

fluoxetine with CBT.  

Suicidality in this study was measured in a particularly robust way. The authors used, for 

the first time, a self-report measure of suicidal ideation (SIQ-JR). The combination of fluoxetine 

with CBT was associated with a higher decrease in the severity of suicidal ideation compared to 

fluoxetine (p=0.002) and CBT alone (p=0.05).  Fluoxetine alone was not significantly different from 

CBT alone (p=0.22) or placebo (p=0.36). Therefore, the combination therapy was again the most 

beneficial treatment. 

When considering self-harm related events, the fluoxetine conditions (fluoxetine alone and 

fluoxetine plus CBT pooled together) were associated with an increased number of events vs. 

placebo (odds ratio, 2.19; 95% CI, 1.03-4.62). However, when comparing each condition 

individually against placebo, no differences were seen (p=0.15). The pattern was similar for 

suicide-related events, but these differences did not reach statistical significance. Overall, this 

statistical analysis was also limited by the low number of actual suicide attempts, which is a 

common limitation in clinical trials measuring suicidality. 

In the UK, a similar trial was conducted in 2007, but using slightly different criteria 

(Goodyer et al., 2007). The authors did not reject participants on the basis of suicidal ideation risk 

or self-harm, which was less problematic given the absence of a placebo condition. This decision 

therefore resulted in a sample with increased suicidality and depression severity in comparison to 

previous published studies. 208 children and adolescents were randomised to receive either (1) 

SSRI plus routine care or (2) combined SSRI, routine care and CBT for 12 weeks (plus 16 weeks 

of maintenance). Most participants received fluoxetine for the duration of the trial (82.2%), whilst 

the remainder received other SSRIs. In contrast with the findings seen in the TADS study, the 

combination therapy was not superior to SSRI plus routine care; and SSRI use was not associated 

with an increase in suicidal behaviour. Specifically, both after 12 and 28 weeks of treatment, 

patients receiving SSRI revealed similar clinical changes to the group receiving SSRI plus CBT. 

The main treatment outcome was the Health of the Nation Outcome scale (interview-rated). There 

was also a decrease in suicidal thoughts and self-harm over time, and, surprisingly, there was no 

evidence of a protective effect of CBT on suicidal ideation or behaviours. 
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In summary, these studies confirm the efficacy of fluoxetine (isolated or in combination with 

CBT) in treating childhood and adolescent depression. However, there is some inconsistency as to 

which measures are the most sensitive in detecting effects. Interview-rated measures seem to be 

more consistent, possibly due to the fact that adolescents who are moderately to severely 

depressed may find it harder to detect differences in their own symptoms over time. However, 

some studies failed to show effects even on these measures and such discrepancy in results has 

been subject to criticisms (Jureidini et al. 2004). Additional factors such as the presence of 

comorbidities and site characteristics may play a role, and should be further explored in future 

studies. 

Why is fluoxetine beneficial in the treatment of adolescent depression? 

An important question raised by the meta-analyses comparing the effects of fluoxetine vs. 

other antidepressants (e.g. Whittington et al., 2004) is why fluoxetine has a more favourable 

benefit-to-risk profile in this age group in comparison to other antidepressants. One answer could 

lie in the longer half-life of this medication in comparison to other antidepressant drugs (like 

paroxetine), which may help the patient attain steady-state levels and alleviate the effects of 

missed doses in a population known to have a faster metabolism (Smith, 2009). The mechanisms 

underlying fluoxetine vs. other antidepressants could also play a role, as fluoxetine is known to 

have different affinities towards specific 5-HT receptors (e.g., Hoffman, Mezey, & Brownstein, 

1991).  Another possible factor is that fluoxetine is reported to be helpful in decreasing irritability 

and anger in both depressed patients with anger symptoms and in people with intermittent 

explosive disorder (Coccaro & Kavoussi, 1997; Fava et al., 1991). This could be of relevance to the 

management of depression in young people where symptoms of irritability and anger are common 

and often prominent (Crowe, Ward, Dunnachie, & Roberts, 2006). 

Nonetheless, the possibility that methodological variations between trials could have 

influenced the higher efficacy of fluoxetine should also be considered. The efficacy of different 

SSRIs has not been compared within the same study, so potential differences in the study design 

or quality could have affected the results. Some authors have greatly criticized the design of these 

experiments, arguing that the presence of methodological constraints may have overestimated the 

beneficial effects of SSRIs (see Jureidini et al., 2004). Others, however, simply recognise that 

doing clinical trials in young people entails important ethical challenges (such as deciding whether 
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to include high-suicidal patients, or a placebo condition; March et al., 2004). The increased placebo 

response in young people vs. adults could also represent an obstacle when examining drug effects 

(see Birmaher et al., 1998). Additional studies with more rigorous designs (e.g., in which different 

drugs are compared within the same experiment) are therefore needed. 

1.3.4. Summary 

Fluoxetine is the only antidepressant currently licensed for use in paediatric populations in 

the UK. This decision was made based on evidence showing that the benefits of this medication 

outweigh its risks, although some criticisms have been raised regarding the quality of the clinical 

trials conducted to support this claim. It is possible that the beneficial effects of fluoxetine result 

from its higher half-life and clinical utility in reducing irritability and anger symptoms, which are a 

prominent feature of adolescent depression. Developmentally, exposure to antidepressants 

(including of fluoxetine) is associated with mixed effects in adolescence, although the reasons 

behind this variability are unclear. Factors such as prior exposure to adversity or differences in 5-

HTT polymorphisms may partly account for this variation, but more research is needed in order to 

explore the role of these elements. 

1.4. Part C: The neuropsychological model of antidepressant 

drug action 

This section describes an approach that holds the potential to investigate the effects of 

antidepressant treatment in youth: the neuropsychological model of antidepressant drug action, 

originally developed and validated in adults. This model is supported by evidence from behavioural 

and neuroimaging studies conducted in healthy populations, at-risk groups and clinical samples, 

and focuses on the critical role of negative biases in the development and treatment of 

psychological disorders  (Harmer, Goodwin, & Cowen, 2009). This model forms the basis of the 

research presented in this thesis. 

 

1.4.1. The rationale  

 According to the neuropsychological model of antidepressant drug action, antidepressant 

drugs work by remediating the negative biases that are characteristic of disorders such as 

depression and anxiety (Harmer, Goodwin et al., 2009). The model proposes that very soon after 
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initiating antidepressant treatment, patients begin to pay less attention to negative information in 

the environment, whilst positive information becomes increasingly more salient. Such changes are 

probably not immediately accessible to subjective report, but as the patient starts to interpret 

different situations under a more positive outlook, his/her mood gradually improves. This gradual 

process may therefore explain the delayed onset of action (of several weeks) associated with 

antidepressant use, which is well known in clinical practice but not yet fully understood (Harmer, 

Goodwin, et al., 2009; Harmer, Hill, Taylor, Cowen, Goodwin, 2003).  

 This model is also consistent with cognitive theories of depression which highlight the role 

of negative biases in the aetiology and maintenance of this disorder, as well as the importance of 

correcting such biases when successfully treating depressive states (Harmer, Goodwin et al., 

2009). Indeed, rather than changing mood directly (as conceived in traditional theories, see Figure 

2), antidepressants may work by targeting emotional biases in processes such as perception, 

attention, memory, etc. that are necessary for later improvements in mood (Harmer, Goodwin et al. 

2009).  

 

Figure 2. Neuropsychological model of antidepressant drug action. (a) According to the 

traditional theory of antidepressant drug action, the delayed onset of antidepressant action derives 
from the occurrence of downstream neuroadaptive changes (e.g., downregulation of post-synaptic 
5-HT receptors). These changes contribute to gradual improvements in mood which ultimately help 
the patient change his bias in emotional processing. (b) In the more recent neuropsychological 

model of antidepressant drug action, the delay in clinical efficacy is largely mediated by the 
translation of changes in emotional bias into mood improvement, although some effects may also 
involve downstream neuroadaptive changes. Note: 5-HT, 5-hydroxytryptamine, serotonin. 

Harmer et al. 2009 
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1.4.2. Empirical evidence from healthy and clinical adult samples 

 The evidence leading to the formulation of the neuropsychological model of antidepressant 

drug action stems from studies using a wide range of tasks examining different elements of 

emotional processing, both at a behavioural and neuroimaging levels. Emotional processing is a 

type of cognitive processing of emotionally salient material that encompasses all stages of 

information analysis, including visual perception, attention, interpretation and memory (Harmer, 

Cowen, & Goodwin, 2011).  

A number of behavioural tasks have been used in order to detect the subtle effects of 

antidepressants on emotional processing, as opposed to the effects induced by depression (for a 

review see Harmer, Cowen, et al., 2011). The Facial Expression Recognition Task assesses the 

perception and interpretation of key facial expressions. The Categorization of Self-Referent 

Information measures encoding of and memory for both positive and negative self-referent 

personality characteristics. The Attentional Dot-Probe Paradigm and Rapid Visual Serial 

Presentation measure biases in attention towards negative/threatening and positive stimuli. Finally, 

the Emotion-Potentiated Startle Task investigates affective modulation of the startle reflex. Many of 

these tasks are sensitive to both the effects of depression and of antidepressants, as they measure 

processes that are known to be altered in depressive disorders (such as facial expression 

recognition, attentional vigilance and memory) and which mediate the effects of antidepressant 

drugs. As mentioned previously, patients with depression show enhanced memory and attentional 

vigilance towards negative self-descriptive words and images, and are also biased towards 

perceiving ambiguous facial expressions as more negative (see Mathews & MacLeod, 2005). They 

also show reduced sensitivity to detect or recall positive information (Harmer, Goodwin, et al. 

2009). As it will be discussed in the sub-sections below, antidepressants seem to revert these 

affective biases, a finding that corroborates the validity of using such paradigms in assessing 

depression and antidepressant effects.   

It should be noted, however, that some of these tasks seem to be particularly sensitive to 

cognitive aspects which despite not being manifested as strongly in depressive states, reveal key 

mechanisms that underlie specific responses of antidepressant drugs. For instance, both the 

subliminal version of the Attentional Dot-Probe and the Emotion-Potentiated Startle are aimed at 

detecting the anxiogenic/anxiolytic effects of antidepressants, for which automatic cognitive 
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processes are more relevant. Indeed, whilst automatic fear processes are not as pertinent for 

characterising depression as a condition, they may reveal critical mechanisms underlying the 

action of antidepressant drugs. 

Finally, it is worth noting that these behavioural paradigms have generally presented good 

reliability across studies, although methodological problems have been identified in some, 

particularly in the Attentional Dot-Probe (see Schmukle, 2005). There is, therefore, a need for 

continuous methodological refinement of these paradigms, in order to achieve a complete 

understanding of how antidepressant drugs influence different stages of information processing. 

 Neuroimaging tasks also include variations of the paradigms detailed above, but 

depending on the study aims, important methodological differences exist. Implicit tasks are often 

preferred, as it has been demonstrated that neural responses in the amygdala (a critical region 

involved in depression and antidepressant effects) are greater and more reliable in response to 

implicit than explicit stimuli (e.g., Critchley et al., 2000; Lange et al., 2003). 

 

Behavioural effects 

Using behavioural tasks, it has been shown that a single dose of the selective serotonin 

reuptake inhibitor (SSRI) citalopram increases the recognition of happy facial expressions (Harmer, 

Bhagwagar, et al., 2003) and attention towards positive words (Browning, Reid, Cowen, Goodwin, 

& Harmer, 2007). Similarly, short term (7 days) administration of this same drug increased the 

perception of and memory for positively valenced emotional material in healthy volunteers, whilst 

reducing the processing of fearful and angry faces (Harmer, Shelley, Cowen, & Goodwin, 2004). 

Other classes of antidepressants have shown analogous effects. A single dose of both the 

selective noradrenergic reuptake inhibitor (NRI) reboxetine and the serotonin-norepinephrine 

reuptake inhibitor (SNRI) duloxetine have been shown to increase the recognition of happiness 

(Harmer, Hill, et al., 2003; Harmer, Heinzen, O’Sullivan, Ayres, & Cowen, 2008). In addition, and 

similarly to the effects seen with citalopram, 7-day treatment with reboxetine decreased the 

identification of negative facial expressions of fear and anger, whilst increasing the recall of positive 

emotional words compared to placebo (Harmer et al., 2004). Across studies, these effects were 

independent of subjective changes in mood, which corroborates the hypothesis that such 

http://en.wikipedia.org/wiki/Serotonin-norepinephrine_reuptake_inhibitor
http://en.wikipedia.org/wiki/Serotonin-norepinephrine_reuptake_inhibitor
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emotional processing drug effects represent a direct mechanism of antidepressants rather than 

being dependent on mood changes.  

Interestingly, these emotional processing measures are also relevant to the detection of 

adverse reactions seen early in the course of antidepressant treatment. For instance, acute 

administration of the SSRI citalopram has been shown to increase the processing of threatening 

information, in addition to its positive influence on emotional biases (Browning et al., 2007). Similar 

effects have also been reported in other studies involving a single administration of citalopram 

(Grillon, Levenson, & Pine, 2007; Harmer, Bhagwagar, et al., 2003). Despite being reversed with 

repeated treatment (Harmer et al., 2004), these anxiogenic-like effects are thought to reflect the 

mechanisms responsible for the adverse reactions seen in some patients at early stages of SSRI 

treatment, before anxiolytic effects are verified (Kent, Coplan, & Gorman, 1998). 

 Most of the studies that contributed for the development of this model were conducted 

initially with healthy volunteers, therefore allowing a precise understanding of drug effects in the 

absence of confounding changes in mood. However, their replication in clinically depressed 

samples is critical, in order to validate the hypothesis that such immediate changes on emotional 

processing biases contribute to later improvements in mood. Harmer and colleagues (2009) 

provided the first evidence in favour of this idea. In this study, a single dose of reboxetine was 

shown to increase the processing of positive affective biases (vs. placebo) in a sample of 

depressed patients. These effects were seen in the Facial Expression Recognition Task, Emotional 

Categorisation and Emotional Memory, and were of similar or even larger magnitude to those 

reported in healthy volunteers (see Pringle, Browning, Cowen, & Harmer, 2011). In addition, 

Tranter and colleagues (2009) found a positive correlation between the increased ability to 

recognise happy facial expressions two weeks after patients started treatment with citalopram and 

later clinical improvement measured at 6 weeks. Taken together, these studies confirm that 

emotional processing drug effects emerge early on in treatment (both acutely and within the first 

week) in both healthy and clinical samples, and suggest that they could represent an important 

mechanism for the emergence of therapeutic changes. The study by Tranter and colleagues (2009) 

also highlights the potential of using these measures to identify patients who are more likely to 

benefit from antidepressant medication.  
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Neuroimaging effects 

The emotional processing changes seen with antidepressants are also associated with 

altered patterns of functional activity in a cortico-limbic network known to be involved in depression. 

This network includes structures responsible for threat processing (e.g. amygdala), attention and 

visual processes (e.g., frontoparietal cortex and extrastriate/fusiform gyrus), self-referential 

processes (e.g. medial prefrontal cortex), and cognitive control of emotional states (e.g., 

dorsolateral prefrontal cortex), among others (for review see Ma, 2014). For instance, the 

amygdala hyperactivity seen in depressed patients when they perceive negative information is 

normalised after 8-week treatment with antidepressants (Fu et al., 2004; Sheline et al., 2001). The 

activity of ventral striatum and frontoparietal cortex also decreases in response to sad faces after 8 

weeks of antidepressant therapy, whereas the extrastriate cortex shows an increase in activation 

towards the presentation of happy facial expressions (Fu et al., 2004). A more recent study by 

Godlewska, Norbury, Selvaraj, Cowen, & Harmer (2012) found that the pattern of amygdala 

hyperactivity seen in depressed patients can be normalised as early as after 7-days of treatment 

with escitalopram, and in the absence of subjective changes in mood, therefore corroborating the 

notion that antidepressants act directly on key brain regions relevant to depression. This finding is 

especially important given that previous studies measured the neural effects of antidepressants at 

a treatment stage where mood improvement was already evident, and without a placebo control. 

Similar effects have been reported in healthy samples. A single dose of citalopram vs. 

placebo decreased amygdala activity in response to fear in never-depressed volunteers (Murphy, 

Norbury, O’Sullivan, Cowen, & Harmer, 2009, but see Bigos et al., 2008). Likewise, 7-day 

treatment with both citalopram and reboxetine decreased amygdala response to masked fearful 

faces (Harmer, Mackay, Reid, Cowen, & Goodwin, 2006; Norbury, Mackay, Cowen, Goodwin, & 

Harmer, 2007). The activity of the medial prefrontal cortex (mPFC), an area involved in self-

referential processing, is also decreased after antidepressant administration (Di Simplicio, Norbury, 

& Harmer 2012). In the experiment of Di Simplicio and colleagues (2012), 7 days of treatment with 

citalopram was found to decrease the activation of the mPFC in a sample of individuals at-risk for 

depression. In addition to these dampening effects within the amygdala and mPFC, 7-day 

treatment with antidepressants is also shown to increase the activity of the fusiform gyrus in 

response to positive information in healthy volunteers. Indeed, Norbury et al. (2007) found that 7 
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days of treatment with reboxetine increased the activation of the right fusiform gyrus in response to 

happy vs. neutral facial expressions.  

Taken together, these findings from both clinical and healthy samples suggest that 

antidepressants may work by decreasing the activation of areas responsible for the excessive 

processing of negative information, whilst increasing the activity of brain regions implicated in the 

assessment of positive stimuli (for a review see Ma, 2014).  

The use of neuroimaging to predict clinical therapeutic outcomes has also received 

growing attention in the past years, and the results are encouraging. Indeed, in 2011, Pizzagalli 

provided meta-analytic evidence showing that greater baseline activation in the anterior cingulate 

cortex is associated with faster rates of symptom improvement with antidepressants. A recent 

study in our laboratory has extended these findings to suggest that neural changes seen after one 

week of treatment with escitalopram (vs. placebo) can also help predict clinical responses in 

responders vs. non-responders (Godlewska, Browning, Norbury, Cowen, & Harmer, submitted for 

publication). 

1.4.3. Implications for adolescent depression 

Given the sensitivity of the neuropsychological model of antidepressant drug action to both 

positive and negative psychological effects of antidepressants, this approach holds great potential 

to investigate the behavioural and functional mechanisms underlying antidepressant use in youth. 

There is also initial evidence supporting the use of some of the paradigms detailed above when 

investigating affective processing (both at a behavioural and neural level) in paediatric depression. 

Indeed, facial expression recognition tasks have been used in depressed and at-risk children and 

adolescents (e.g., Schepman et al. 2012), and fMRI studies are increasingly being implemented to 

characterise the neural substrates underlying this disorder (e.g., Lau et al., 2009; Monk et al. 

2008). 

To the best of my knowledge, however, no study so far has looked at the effects of 

antidepressants on emotional processing biases measured behaviourally, and there is only one 

study that used fMRI to investigate the effects of antidepressants in a sample of depressed 

adolescents. In this study, Tao and colleagues (2012) found that 8 weeks of treatment with 

fluoxetine normalised the pattern of functional hyperactivity seen in areas such as the amygdala, 
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orbitofrontal cortex and subgenual anterior cingulate cortex. The activation within these areas was 

excessive in depressed adolescents in comparison to matched healthy controls at baseline, but 

these group differences disappeared after a long course of antidepressant treatment. This study is 

of critical importance, as it suggests that antidepressant administration has beneficial effects on 

brain regions relevant to the treatment of depression, which is in line with the findings in adults. 

However, given that after 8 weeks of treatment, 60% of patients showed significant therapeutic 

improvement, it remains to be established whether the neural changes described represent a direct 

mechanism of fluoxetine or a consequence of mood changes. Studies in adults are consistent with 

the first hypothesis (e.g., Godlewska et al., 2012), but in light of important differences in the 

antidepressant responses seen in youth vs. adults, it is vital to characterise the early effects of 

antidepressants drugs in depressed adolescents. 

1.4.4. Summary, aims and hypotheses 

The neuropsychological model of antidepressant drug action provides a useful approach to 

understand the neuropsychological mechanisms that are associated with antidepressant use. It 

has been previously demonstrated that antidepressants act early in treatment to remediate the 

negative biases that characterise depression in adults. These effects occur in the absence of 

noticeable changes in mood or anxiety and seem to predict subsequent responses to treatment. 

Given the limited knowledge in the field of antidepressant research in youth, this thesis 

aims to investigate the effects of acute fluoxetine on emotional processing, using a combination of 

behavioural and neuroimaging measures that are sensitive to both the positive and adverse effects 

of antidepressants, as shown in the model of antidepressant drug action. 

The introductory chapter has covered the research background behind the proposed field 

of study. The first experimental chapter, Chapter Two, examined the effect of a single dose of 

fluoxetine on emotional processing in a sample of young healthy volunteers (18-21 years-old). It 

was hypothesised that fluoxetine would increase the processing of threatening information, given 

previous evidence that acute administration of the SSRI citalopram induces anxiogenic-like effects 

in adults, and that young people may be more susceptible to the adverse effects of 

antidepressants. A second hypothesis was that fluoxetine would influence the processing of anger 

stimuli, given the prominence of anger and irritability in paediatric depression. Contrary to the first 
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hypothesis, fluoxetine failed to induce anxiogenic effects in this sample of participants. The 

emotion-potentiated startle effect was eliminated in participants receiving fluoxetine (vs. placebo), 

therefore showing a pattern more consistent with anxiolysis. No effects were seen in the measures 

used to assess attention to threatening vs. positive information. However, an important limitation of 

this study was the failure of the Attentional Dot-Probe to detect the basic fear/negative vigilance 

effect that was expected in the placebo group, which complicated the interpretation of the findings. 

In order to address this methodological limitation, the following chapter (Chapter Three) aimed to 

validate a new paradigm that is methodologically more robust and potentially more sensitive to 

anxiety-related automatic biases - Continuous Flash Suppression (CFS). Two studies were 

conducted. In the first, CFS proved sensitive in detecting automatic biases towards fearful (vs. 

happy faces) in healthy volunteers, an effect that was modulated by anxiety. The second study 

aimed to assess the sensitivity of CFS in assessing anxiolytic-like effects after 7-day treatment with 

the anti-anxiety drug diazepam.  

Given the importance of directly investigating the effects of fluoxetine in clinically 

depressed adolescents, Chapter Four presents a study with adolescents aged 13 to 18 years old, 

who had been recently prescribed fluoxetine for depression. Participants were tested on a battery 

of neuroimaging and behavioural tasks after being administered with their first dose of fluoxetine 

vs. placebo. Following this session, participants started their fluoxetine treatment as prescribed by 

their Psychiatrist, and were clinically assessed after one and six weeks of treatment as part of the 

study. Given the previous findings with anger, it was hypothesised that fluoxetine would decrease 

amygdala activity in response to anger, and that this effect would be independent of subjective 

changes in mood or anxiety. Acute changes in the amygdala to fear and anger were also 

correlated with initial symptoms of anxiety, irritability and depression. In line with the study 

hypothesis, fluoxetine was shown to decrease amygdala activity in response to angry faces. Acute 

amygdala responses in response to fear were shown to correlate with reduced symptoms of 

anxiety/agitation and depression over the first 7-10 days of treatment.  

In order to further explore the effects of fluoxetine on anger processing, the last 

experimental Chapter (Chapter V) includes a sample of male volunteers who are high in trait anger 

and therefore more susceptible to problems controlling this emotion. It was hypothesised that 

fluoxetine would decrease the recognition of, and attention towards, angry faces, as well as reduce 
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the subjective and autonomic experience of anger during the recollection of an anger-provoking 

situation. There was some evidence to suggest that acute fluoxetine modulated emotional 

processing, but this was not specific to anger. For a summary of the design and hypotheses of the 

experimental studies included in this thesis, see Table 1. 
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Table 1. Summary of the design and hypotheses of the experimental studies included in this thesis 

II. Acute effects of fluoxetine in 
healthy volunteers 

III.  Validating the use of Continuous Flash Suppression 
(CFS) to detect automatic anxiety-related biases and 

anxiolytic effects 

IV. Acute effects of fluoxetine in 
clinically depressed adolescents 

V. Acute effects of fluoxetine in 
high-anger trait males 

Study title  – The effects of 
acute fluoxetine on emotional 
processing in young adult 
volunteers 

Study title – The use of 
CFS to detect early biases 
towards threat 

Study title – The use of 
CFS to detect anxiolytic 
effects 
 

Study title – The effects of acute 
fluoxetine on emotional neural 
processing in depressed 
adolescents  

Study title – The effects of 
acute fluoxetine on anger 
processing: an exploratory study 
with high trait anger males 

Methodology: 
psychopharmacological 
manipulation (single 20mg 
dose of fluoxetine vs. placebo) 
and behavioural assessment of 
emotional processing biases  

Methodology: use of 
Continuous Flash 
Suppression (CFS) to 
investigate the potency of 
emotional visual stimuli to 
gain access to awareness 

Methodology: 
psychopharmacological 
manipulation (7-8 days 
treatment with 15mg 
diazepam vs. placebo) 
and use of CFS 
 

Methodology: pharmacological 
manipulation (single 10mg dose 
fluoxetine vs. placebo) and fMRI 
and behavioural assessment of 
emotional processing biases  

Methodology:  
psychopharmacological 
manipulation (single 20mg dose 
of fluoxetine vs. placebo) and 
behavioural assessment of 
emotional processing biases and 
anger processing 

Design: Between-subjects, 
double-blind, placebo-
controlled  

Design: Within-subjects Design: Between-
subjects, double-blind, 
placebo-controlled 

Design:  Between-subjects, 
double-blind, placebo-controlled 

Design:  Between-subjects, 
double-blind, placebo-controlled 

Sample: 35 young healthy 
adult volunteers (18-21 years 
old) 

Sample: 49 healthy adult 
volunteers (18-29 years) 

Sample: 35 healthy 
volunteers (18-29 years-
old) 

Sample: 26 depressed 
adolescents and 11 healthy 
controls (13-18 years) 

Sample: 21 high-trait anger 
males (18-55 years-old) 

Hypotheses:  

1. Fluoxetine administration will 
increase the processing of 
threatening stimuli 

2. Fluoxetine will influence the 
processing of anger 

3. These effects will be verified 
in the absence of changes in 
subjective mood or anxiety 

Hypotheses:  

1. Fearful faces will reach 
awareness faster than 
happy faces 

2. Anxiety, but not 
depression, will be 
associated with a higher 
speed to identify fearful 
faces 

Hypotheses:  

1. Diazepam will be 
associated with longer 
detection times towards 
fearful vs. happy faces 

 

Hypotheses:  

1. A single dose of fluoxetine will 
decrease amygdala activation in 
response to angry faces  

2. These effects will be verified in 
the absence of overt changes in 
subjective mood or anxiety 

Hypotheses: 

1. Fluoxetine administration will 
decrease the recognition and 
attentional vigilance towards 
anger 

2. Fluoxetine will decrease 
autonomic reactivity and 
subjective ratings of 
anger/irritability during the recall 
of an anger-provoking situation  

3
2
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Chapter 2:  

Effects of acute fluoxetine on emotional processing in 

young adult volunteers 

2.1. Introduction  

The use of antidepressant medication in adolescents and young people has been 

controversial because many medications that are effective in older adults appear to have a less 

favourable risk-benefit ratio in young people (Whittington et al., 2004). Particular concern has been 

expressed about the risk of antidepressant-induced adverse behavioural reactions, such as 

anxiety/agitation, hostility and suicidal behaviour (Jureidini et al., 2004). Indeed it appears from 

controlled trials that young people taking selective serotonin re-uptake inhibitors (SSRIs) exhibit 

more suicidal behaviour than those taking placebo (Hammad et al., 2006; Martinez et al., 2005). 

However, the incidence of fatal suicide is not increased and, in fact, lowered rates of SSRI 

prescribing to adolescents following regulatory warnings in the United States was associated with 

an increased number of completed suicides at a population level (Gibbons et al., 2007; Lu et al., 

2014). 

Unlike many other antidepressants, the SSRI fluoxetine is thought to have a favourable 

risk-benefit ratio in children and adolescents with moderate to severe depression and is the only 

SSRI currently approved in the United Kingdom (National Institute for Health and Clinical 

Excellence, NICE, 2005). In the United States, fluoxetine was the only antidepressant approved for 

use in youth until 2009, when escitalopram also gained FDA clearance. Why fluoxetine might have 

a more favourable benefit-to-risk profile in this age is unclear (Hetrick, McKenzie, Cox, Simmons, & 

Merry, 2012; Whittington et al., 2004), although it has been suggested that its long half-life could be 

advantageous in less compliant patients (Smith, 2009). Another possible factor is that fluoxetine is 

reported to be helpful in decreasing irritability and anger in both depressed patients with anger 

symptoms and in people with intermittent explosive disorder (Coccaro and Kavoussi, 1997; 

Coccaro, Lee, & Kavoussi, 2009; Fava et al., 1991). This could be of relevance to the management 
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of depression in young people where symptoms of irritability and anger are common and often 

prominent (Crowe et al., 2006).  

The neuropsychological effects of fluoxetine have been little investigated in humans. Our 

group has studied single doses of a wide range of antidepressants in adult healthy volunteers. As 

described earlier in this thesis, a single dose of both the selective noradrenergic reuptake inhibitor 

(NRI) reboxetine and the serotonin-norepinephrine reuptake inhibitor (SNRI) duloxetine has been 

shown to increase the recognition of happy facial expressions (Harmer, Bhagwagar, et al., 2003; 

Harmer et al., 2008). In contrast, acute administration of the SSRI citalopram increases not only the 

processing of positive information (as reflected in an enhanced recognition of happy faces and 

attentional vigilance to positive words) but also threat processes (increased recognition of fearful 

faces and startle responses) (Browning et al., 2007). The production of positive emotional bias has 

been suggested to underlie the antidepressant action of drugs effective in treating depression, 

whilst increased threat processing may be responsible for the worsening of anxiety seen in some 

patients at the initiation of SSRI treatment (Kent et al., 1998). The latter suggestion is supported by 

evidence that following repeated treatment with SSRIs, the acute effects on threat processing are 

reversed and an anxiolytic profile becomes apparent (Burghardt, Sullivan, McEwen, Gorman, & 

LeDoux, 2004).  

Given the limited evidence available on the effects of antidepressants in young people, the 

present study aimed to investigate the acute effects of fluoxetine in a group of young healthy adults 

aged 18 to 21 years-old, using the same tests previously shown to be sensitive to both positive and 

negative effects of antidepressants on emotional processing (see Harmer, de Bodinat et al., 2011). 

More specifically, the Facial Expression Recognition Task was used to examine the perception and 

interpretation of key facial expressions. The Attentional Dot-Probe Paradigm and the Rapid Visual 

Search Presentation were used to measure biases of attention towards negative/threatening and 

positive stimuli. Finally, an Emotion-Potentiated Startle Task measured the affective modulation of 

the startle reflex (taken as an index of fear). By using these paradigms, the aim was to assess 

whether fluoxetine, like the SSRI citalopram, produced evidence of acute increases in threat 

processing, especially in this sample of young adult volunteers who may be more susceptible to the 

adverse effects of antidepressants. A second goal was to test if any effects on the processing of 

anger would be apparent given fluoxetine's efficacy in patients with anger problems. 

http://en.wikipedia.org/wiki/Serotonin-norepinephrine_reuptake_inhibitor
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2.2. Methods 

2.2.1. Participants  

Based on a power calculation computed a-priori, it was expected to recruit 30 to 35 

participants to this study. Indeed, in a single dose drug study conducted in our laboratory, with 32 

healthy volunteers in total - who were randomised to receive a single dose of another SSRI, 

citalopram, or placebo (Browning et al., 2007) -, the size of the effect of citalopram on fear 

recognition was 1.17. It was calculated that for an effect of this size, a minimum of 15 participants 

per group would be needed to obtain a power calculation of 0.95 at a α error probability of 0.05.   

Thirty-five healthy volunteers aged between 18 and 21 were therefore recruited using 

posters and web-advertisements. Given NICE and FDA concerns that antidepressants may 

increase the risk of suicidal ideation and behaviour in young people up to 25 years-old, the 18 to 21 

age range was chosen as it falls between the late adolescence and young adulthood period, and 

avoids the ethical constraints of administering drugs to healthy adolescents aged below 18.  

All participants were given a standard medical screening and administered a psychiatric 

interview to determine suitability for participation in the study. Exclusion criteria included: current 

medical problems; personal history of psychiatric illness, including alcohol/substance abuse; first-

degree family history of bipolar disorder; smoking frequency greater than 5 cigarettes per day; 

pregnancy or breast-feeding; BMI lower than 18 or higher than 30; usage of recreational drugs 

within the last 3 months and current use of psychotropic medication. To avoid retest effects, 

participants who had taken part in studies involving the same tasks were also excluded.  

Ethical approval for this study was obtained from the Berkshire Research Ethics 

Committee (10/H0505/2). All participants gave written and verbal consent prior to their 

participation, and were reimbursed with £80 for their time. 

2.2.2. Experimental design and procedures 

Screening 

Participants underwent a screening session lasting approximately one hour. This included 

the Structured Clinical Interview for DSM-IV Axis I (SCID-I; First, Spitzer, Gibbons & Williams, 

1997) to determine suitability. From this interview, participants were determined to be free of 

current or past Axis I (psychological) disorders. Additionally, all participants were weighted and 
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required to have a brief physical exam with a medical doctor to ensure physical fitness. The doctor 

also reviewed participants’ medical history.   

The National Adult Reading Test (NART; Nelson, 1991) was administered in order to 

obtain an estimate of verbal IQ. Participants were also required to complete the Trait version of the 

STAI (STAI-T; Spielberger, Gorsuch, & Edward, 1970) and the Eysenck Personality Questionnaire 

(EPQ; Eysenck, & Eysenck, 1975). A detailed description of these measures is provided in 

Appendix 1. 

 

Testing 

Participants were asked to refrain from alcohol on the night before the testing and to limit 

caffeine consumption to one cup during breakfast. Participants arrived at the laboratory in the 

morning and were asked to fill the following questionnaires: the Beck Depression Inventory (BDI; 

Beck et al. 1961) as an indicator of mood; the state version of the STAI (STAI-S; Spielberger et al. 

1970) as a measure of anxiety; Visual Analogue Scales (VAS) to assess alertness, contentedness 

and calmness symptoms (Bond & Lader, 1974); the Positive and Negative Affective Schedule 

(PANAS; Crawford & Henry 2004); the Jitteriness Rating Questionnaire (JRQ; Sinclair et al., 2009) 

to sensitively measure symptoms of anxiety and agitation; and finally an adapted version of the 

Antidepressant Side-Effect Checklist (ASEC; Uher et al., 2009). A detailed description of these 

measures is provided in Appendix 1. 

Participants were then randomised to receive either 20 mg of fluoxetine or a matched 

placebo, in a double-blind procedure. Following drug/placebo administration, participants sat in a 

quiet room until the testing session began. During this time, participants were free to read, work 

and/or use their laptops, and were also carefully monitored for potential side-effects. In order to 

guarantee that fluoxetine had reached its peak level, which has been shown to take place after 6 to 

8 hours (Rossi, Barraco, & Donda, 2004), the behavioural testing session started 6 hours after 

drug/placebo administration. The STAI-S, VAS, PANAS, JRQ, VAS and ASEC were administered 

again at the end of the testing.  

Participants were not allowed to smoke or drink any additional caffeine for the duration of 

the study. For lunch, participants were offered a selection of light meals. The premenstrual week 

was also avoided for testing. 
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2.2.3. Experimental tasks  

Facial Expression Recognition Task 

The Facial Expression Recognition Task (FERT) measures the ability to identify and 

distinguish different facial expressions, being considered a probe of interpretation bias. Facial 

stimuli include different intensities of positive and negative facial expressions, therefore allowing 

the assessment of subtle facial discrimination in the face of complex and ambiguous emotions 

(Harmer, de Bodinat, et al., 2011). More specifically, the task stimuli included six basic emotions 

taken from the (Ekman & Friesen, 1976) Pictures of Affect Series: happiness, sadness, fear, anger, 

surprise and disgust. These facial expressions were morphed between each prototype and neutral, 

using techniques described by Young and colleagues (1997). Briefly, this procedure involves taking 

a variable percentage of the shape and texture differences between neutral (0%) and each 

emotional standard (100%) in 10% steps, leading to a range of emotional intensities. Four 

examples of each emotion at each intensity were given (total of 10 individuals). Each face was also 

given in a neutral expression, providing a total of 250 stimuli presentations.  Facial stimuli were 

presented in a random order for 500ms, being immediately replaced by a blank screen. 

Participants were asked to make their response as accurately and as quickly as possible by 

pressing a labelled key on a response box. The outcome measures in this task include: 1) 

percentage of correct responses (i.e., the number of faces correctly identified as containing any 

intensity of a particular emotion), 2) percentage of misclassifications (false hits) and 3) reaction 

times (to emotions correctly identified). 

 

Emotion-Potentiated Startle Task  

The Emotion-Potentiated Startle Task (EPST) measures the eyeblink reaction to different 

emotional and neutral stimuli using electromyographic recordings. The eyeblink response is 

considered the first and fastest element of the startle response (Lang, Bradley, & Cuthbert, 1990), 

being an indicator of the fear reaction in both humans and animals. This version of the paradigm 

included pictures from the International Affective Picture System, designed to elicit positive, 

negative, or neutral emotions (Lang, Bradley, & Cuthbert, 2005). These stimuli had been rated and 

selected such that the negative and positive pictures were similar in terms of arousal but opposite 

in valence, whereas the neutral pictures were low on arousal and average on valence.  
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Stimuli were presented for 13 seconds, with an inter-trial interval of between 11-15 

seconds. The eye-blink component of the startle response was recorded from the orbicularis oculi 

using electromyography (EMG-startle response system, San Diego Instruments, USA).  Acoustic 

probes were 50ms, 95dB bursts of white noise with a nearly instantaneous rise time and were 

delivered binaurally through headphones (delivered at 1.5, 4.5, or 7.5 seconds following picture 

onset).  Within each block of 21 pictures, probes were delivered on five of each trial type (neutral, 

positive or negative).  To limit expectation of the noise, two trials per valence did not contain any 

startle probes and three probes per block were given within the inter-trial interval. To habituate 

participants to the startle probes and to orient them to the procedure, participants viewed an 

introductory set of nine neutral pictures and received nine startle probes (two of these within the 

inter-trial interval). Eye-blink reflex magnitudes were then calculated and z-transformed in order to 

normalise data and reduce inter-subject variability. 

Attentional Dot-Probe Task 

The Attentional Dot-Probe Task assesses attention to positive vs. negative stimuli using a 

reaction time measure. Two faces with different facial expressions are presented vertically on the 

computer screen and replaced by a cue (two dots) to which the volunteer has to respond. The 

rationale behind this task is that if participants have allocated their attention to the negative 

stimulus and the dot appears in the same place, they should be relatively faster to respond than if 

the dots appear in the opposite location. Pairs of photographs of 20 individuals displaying different 

emotions were taken from the JACFEE/JACNeuF sets of facial expressions (Matsumoto & Ekman, 

1988). There were 3 types of face pairs: (1) neutral-neutral; (2) fearful-neutral and (3) happy-

neutral. Each pair comprised facial expressions from the same individual. On each trial, one of the 

faces occupied the top half of the screen and the other the half the bottom, with a central fixation 

cue appearing in the middle. The emotional faces (i.e., fearful and happy) appeared in both 

locations with equal frequency.  

There were two types of conditions: subliminal and supraliminal, in which the faces were 

presented for 100ms or 1000ms respectively. Participants were asked to report the orientation of 

the dots as quickly and as accurately as possible by pressing the corresponding labelled key on a 

keyboard. Consistent with Murphy, Downham, Cowen and Harmer (2008), attentional vigilance 

scores were calculated for each participant by subtracting the mean reaction time from trials when 

probes appeared in the same position as the emotional face (congruent trials) from trials when 
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probes appeared in the opposite position to the emotional word (incongruent trials). Therefore, 

positive scores suggest an attentional vigilance towards the emotional stimuli, whilst negative 

scores indicate attentional bias away from the emotional stimuli. Zero scores suggest no bias 

towards the emotional face. 

Rapid Serial Visual Presentation  

The Rapid Serial Visual Presentation (RSVP) measures the processing of different word 

valences under conditions of restricted attentional resources (“attentional blink effect”). Participants 

were asked to attend to a series of rapidly presented words and to focus on two word targets (T1 

and T2), while the time between these two targets was varied. This task was adapted from a RSVP 

paradigm reported previously (Anderson & Phelps, 2001; Raymond et al., 1992) where each trial 

consisted of 15 words [2 targets (bright green) and 13 distractors (black)], each presented for 

100ms and immediately followed by the subsequent stimulus. Participants were required to type 

the target words using the keyboard. The targets consisted of T1 and T2 words and were 

presented in bright green, as opposed to the black colour of the distractors. T1 stimuli were 56 

neutral words averaging 4.38 letters in length. Distractor items were 79 neutral words of much 

longer length (average of 11.66 letters), in order to appropriately mask all target stimuli and also to 

maintain distinctiveness between the target and distractor stimuli. Six trial lags were introduced 

from lag 2 [1 distractor between the two targets (T1-T2) SOA=200ms] to lag 7 [6 distractors 

presented between the two targets (T1–T2) SOA=700ms]. T2 stimuli were neutral (e.g., arm, iron, 

owl), positive (e.g., gift, honour, cheer) and negative (e.g., abuse, rage, betray) words, selected 

from the ANEW database (Affective Norms for English Words; Bradley & Lang, 1999). The T2 

stimuli were matched for average word length, written word frequency and familiarity (Coltheart 

1981; Kučera & Francis 1967). Positive and negative words were also matched for arousal ratings. 

The outcome measure in this task was the percentage of T2 words correctly identified when 

preceded by a correct identification of the T1 word.  

2.2.4. Statistical analyses 

Data was analysed by using the IBM SPSS 22 software. Baseline characteristics (age, 

BMI, IQ, EPQ scales, STAI-T and BDI), excluding gender, were analysed by using independent t-

tests. Gender was analysed using a chi-square test. The self-report scales used to assess the 

effects of fluoxetine (i.e., STAI-S, PANAS, ASEC and JRQ) were analysed using a split-plot 
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analysis of variance (ANOVA), with time (pre and post drug/placebo administration) and group 

(fluoxetine vs. placebo) as within- and between-subjects factors respectively. 

The experimental tasks were analysed by using a mixed-design (split-plot) analysis of 

covariance (ANCOVA), with group (fluoxetine vs. placebo) as the between-subject factor and 

average STAI-S as a covariate. To explore the effects of gender on the FERT and Startle, the 

same analysis was repeated with gender as an additional between-subjects factor. Within-subject 

factors were emotion/valence (FERT, Attentional Dot-Probe, RVSP and EPST), stimulus 

presentation (Attentional Dot-Probe) and lag type (RVSP). Significant interactions in the ANCOVA 

were further explored using follow-up pairwise comparisons or separate repeated measures 

ANOVAs. When sphericity was violated, Greenhouse-Geisser-corrected p-values were used, but 

uncorrected degrees of freedom are reported for clarity. Due to skewness in distribution, the 

reaction times (RTs) for the Facial Expression Recognition Task (FERT) were submitted to a log-

transformation that proved successful in ensuring normality. A p-value lower than 0.05 was used to 

denote statistical significance. Marginal differences with a p-value lower than 0.10 were also 

reported.  

2.3. Results 

2.3.1. Baseline characteristics  

There were no significant differences between groups in terms of age, gender distribution, 

BMI, IQ (as measured using the NART), EPQ scales, trait anxiety (STAI-T) and depression (BDI) 

symptoms (all ps>0.17; see Table 2). 

Table 2. Baseline characteristics.  

 

Placebo 

(N=18), mean (±SD) 

Fluoxetine 

(N=17), mean (±SD) 
p sig. 

Age 19.33 (1.19) 19.88 (0.86) 0.128 n.s. 

Male:female ratio 9:9 8:9 0.862 n.s. 

BMI 22.6 (2.75) 22.7 (2.89) 0.960 n.s. 

Verbal IQ (NART) 117.16 (4.53) 117.81 (5.62) 0.706 n.s. 

EPQ Neuroticism 6.44 (3.38) 4.76 (3.56) 0.162 n.s. 

EPQ Psychoticism 2.94 (1.98) 2.24 (1.79) 0.276 n.s. 

EPQ Extraversion 15.33 (3.29) 15.00 (4.33) 0.798 n.s. 

Trait anxiety (STAI-T) 34.28 (6.29) 33.77 (6.96) 0.820 n.s. 

Depression (BDI)  1.72 (1.99) 1.41 (1.91) 0.641 n.s. 

Note: n.s. stands for non-significant. 
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2.3.2. Subjective ratings 

There was no main effect of group or interaction with group when assessing jitteriness 

(JRQ), side effects (ASEC) or affect (PANAS) (all ps> 0.25). However, the placebo group showed 

increased state anxiety (STAI-S) across time points, i.e. even at baseline [main effect of group: 

F(1,31)= 6.970, p=0.013]. This measure was therefore controlled for in subsequent analyses.  

When considering Contentedness Visual Analogue Scale (VAS) ratings, there was a trend 

for a main effect of group [F(1,29)= 2.901, p=0.099] and for an interaction between group and time 

[F(1,29)= 3.678, p=0.065]. Participants on placebo showed overall increased scores in this scale. 

The interaction with time was driven by group differences at timepoint 2, with the placebo group 

again revealing higher scores [F(1,29)= 4.493, p=0.043]. This may suggest that participants on 

fluoxetine were less content at the end of the session, but this finding needs to be interpreted with 

caution given that other measures of positive affect did not show the same pattern (e.g, positive 

scale of the PANAS). Fluoxetine did not modulate the ratings from the other VAS scales: Calmness 

[emotion x group: F(1,29)=0.038, p=0.847] or Alertness [emotion x group: F(1,29)=0.015, p=0.904]. 

A summary of the scores obtained in these measures is provided in Table 3. 

Table 3. Subjective state changes after fluoxetine administration vs. placebo 

 
Pre Post 

 Placebo 

(N=18), 

mean ±SD 

Fluoxetine 

(N=17), 

mean ±SD 

Placebo 

(N=18), 

mean ±SD 

Fluoxetine 

(N=17), 

mean ±SD 

State anxiety (STAI-S) 31.59 (6.76) 27.13 (5.86) 34.71 (7.79) 28.00 (5.84) 

Jitteriness (JRQ) 5.06 (6.18) 2.18 (2.88) 5.56 (7.37) 3.59 (3.97) 

Side-effects (ASEC) 1.67 (1.37) 1.18 (1.13) 2.44 (1.76) 2.12 (2.39) 

PANAS positive (+) 27.94 (5.47) 28.29 (5.88) 26.94 (7.36) 26.24 (7.05) 

PANAS negative (-) 11.50 (2.41) 10.71 (1.49) 13.72 (5.38) 11.24 (2.86) 

VAS alertness 34.38 (14.91) 27.97 (9.50) 40.74 (16.90) 34.79 (11.09) 

VAS contentedness 26.15 (17.81) 21.51 (4.95) 34.84 (17.55) 23.53 (11.77) 

VAS calmness 31.11 (13.85) 26.13 (11.24) 37.68 (17.54) 31.45 (17.44) 

2.3.3. Facial Expression Recognition Task 

There was a significant interaction between emotion and group when considering accuracy 

levels [F(6,192)= 2.358, p=0.032]. Follow-up pairwise comparisons revealed that participants 
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receiving fluoxetine were less accurate at identifying anger [F(1,32)=5.011, p=0.032] and sadness 

[F(1,32)=5.022, p=0.032]. They also showed a trend to be more accurate at identifying happiness 

[F(1,32)=3.282, p=0.079]. No significant differences were seen in the remaining expressions (all 

ps>0.20) (see Figure 3a). 

When analysing the reaction time taken to detect the facial expressions, a trend for an 

interaction effect between facial expression and group was seen [F(6,192)= 2.053, p=0.061]. 

Consistent with the decreased accuracy to detect anger, participants receiving fluoxetine showed a 

trend to be slower to detect this emotion [F(1,32)=3.169, p=0.085]. None of the other comparisons 

reached statistical significance (all ps>0.28) (see Figure 3b). 

Finally, when considering the number of misclassifications, there was no interaction 

between emotion and group [F(6,192)=1.148, p=0.334] or main effect of group [F(1,32)<10.000, 

p>0.9]. However, due to the previous findings seen with anger accuracy, the effect on fluoxetine on 

anger misclassifications was further analysed. Consistent with the previous analysis, participants 

receiving fluoxetine misclassified less faces as angry [F(1,32)=4.759, p=0.037] (see Figure 3c). 

Repeating this analysis with gender as an additional between-groups factor showed that 

this variable did not influence the effects of fluoxetine on any the measures [as revealed by a lack 

of emotion x group x gender interaction for accuracy: F(6,180)=0.644, p=0.695; misclassifications: 

F(6,180)=0.341, p=0.698 and RTs: F(6,180)=1.801, p=0.101]. 

2.3.4. Emotion Potentiated Startle Paradigm 

 Data from one participant was removed in the fluoxetine group due to excessive noise in 

the EMG trace. The analysis was therefore performed with 34 participants in total. A split-plot 

ANCOVA (with average STAI-S again as a covariate) revealed a significant interaction between 

valence and group treatment [F(2,62)=5.139, p=0.009]. There was no main effect of group 

[F(1,31)=0.370, p=0.547]. 
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Figure 3. Facial Expression Recognition Task. (a) Accuracy of facial expression recognition in the 

fluoxetine and placebo groups. Values represent percentage of correct responses summed over the different 

intensity levels for that emotion. (b) Average Reactions Times (RTs) of facial expression recognition. Only 

correct responses were considered in the averaging of RTs. c) Misclassifications of each facial expression. 

Values represent the percentage of misclassifications for each facial expression, out of the total number of 

misclassifications given by each participant. For illustration purposes, the y axis was adjusted to display the 

percentage of misclassifications for neutral vs. the remaining facial expressions. Values represent adjusted 

means (ANCOVA analysis). Error bars represent SEM. *p <0.05 and + p < 0.10. 

In order to explore the interaction between group and valence further, separate repeated 

measures ANOVAs were conducted for the two groups. This analysis revealed an effect of picture 

valence in the placebo group [F(2,32)=3.612, p=0.039], but not in the fluoxetine group 

[F(2,28)=2.500, p=0.100]. The participants on placebo showed the normal emotion-potentiated 

startle effect, with the z-transformed scores for the unpleasant pictures being significantly higher 

than those for neutral (p=0.002) and pleasant (p=0.008). However, this emotion potentiation of the 

startle response was eliminated in the fluoxetine group when compared to placebo (all ps>0.21; 

see Figure 4 a).  

Repeating this analysis with gender as an additional between-groups factor showed that 

this variable did not influence the effects of fluoxetine on the z-transformed scores [as revealed by 

a lack of valence x group x gender interaction: F(2,58)=0.163, p=0.850]. 

b) 

Misclassifications

a) 

c) 



  

48 
 

 

Figure 4. Emotion Potentiated Startle. Effect of fluoxetine vs. placebo on emotion-potentiated startle 

responses. Values are average z-transformed (a) or raw amplitude (b) eye-blink responses to the acoustic 

probes in the context of neutral, pleasant, and unpleasant pictures. Values represent adjusted means 

(ANCOVA analysis). Error bars represent SEM. **p<0.01 

 

When considering raw scores, there was a trend for a significant interaction between 

emotion and group [F(2,62)=3.376, p=0.066] but no main effect of group [F(1,31)=0.416, p=0.524], 

reflecting the same pattern seen in the z-transformed scores (see Figure 4b).  

2.3.5. Attentional Dot-Probe Task 

 There were no significant differences in accuracy rates between the two groups [placebo 

mean: 93.9%, fluoxetine: 93.8%; t(33)=0.160, p=0.874]. Incorrect trials were therefore not included 

in the reaction time analysis. In order to minimize the influence of outliers, trials with response 

times that were above 1200ms and below 200ms, as well as those that were 3 standard deviations 

above or below the mean RT (computed after the first cropping) were excluded (Browning, Holmes, 

Charles, Cowen, & Harmer, 2012).  

a)

b)
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A 2x2x2 split-plot ANCOVA was computed, with valence (happy vs. fearful) and stimulus 

presentation (short vs. long) as within-subject variables, group (placebo vs. fluoxetine) as a 

between-subjects factor and average STAI-S as a covariate. This analysis failed to reveal a 

significant interaction between valence and group [F(1,33)=2.718, p=0.109] or a main effect of 

group [F(1,33)=0.034, p=0.855]. 

2.3.6. Rapid Visual Serial Presentation  

The analysis for this task was performed with 33 participants (16 in the fluoxetine group 

and 17 in the placebo) due to technical problems in data acquisition for two subjects. Consistent 

with previous studies using this task (Anderson & Phelps, 2001; De Martino et al., 2008), data were 

segregated into early (lags 2–3, 260–390ms) and late lag (lags 6–7, 780–910 ms). We performed a 

3×2×2 drug split-plot ANCOVA: T2 stimulus valence (positive, negative, neutral) × lag (early vs. 

late) x group (fluoxetine vs. placebo).  

The analysis revealed a trend for a main effect of lag [F(1,30)=3.105, p=0.088]. Follow-up 

pairwise comparisons revealed a higher number of correct responses in late vs. early lags (87.60% 

vs. 75.13%). There was no main effect of group, valence or any significant interactions with lag and 

valence (all ps>0.20). 

2.4. Discussion 

This study investigated the influence of acute fluoxetine administration on a battery of tasks 

previously shown to be sensitive to both the positive and negative effects of SSRIs on emotional 

processing (Harmer, Cowen, et al., 2011). The aim was to test whether fluoxetine would increase 

threat processing in this sample of young adult volunteers; and if any effects on the processing of 

anger would be apparent given fluoxetine's efficacy in treating patients with anger problems 

(Coccaro et al., 2009; Fava et al., 1991). Contrary to initial predictions, fluoxetine did not show an 

anxiogenic profile. Rather, the emotion-potentiated startle effect, a measure of fear processing, 

was eliminated after a single dose of fluoxetine (vs. placebo). The second hypothesis was 

nonetheless corroborated, as revealed by the decreased recognition of angry faces and the 

reduced number of anger misclassifications in the fluoxetine group. There was also a trend for 

participants on fluoxetine to be slower to respond to this emotion. Beyond these effects, fluoxetine 
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reduced the accuracy to detect sad facial expressions and produced a marginal increase in the 

recognition of happy faces. Finally, the influence of fluoxetine occurred in the absence of any 

pronounced overall changes in mood or anxiety, which suggests an immediate, direct effect of this 

medication on emotional processing.  

 

Lack of acute anxiogenic effects of fluoxetine  

Contrary to the initial prediction, fluoxetine did not reveal anxiogenic-like effects in this 

sample of young adult volunteers, showing instead a profile more consistent with anxiolysis. 

Indeed, participants on fluoxetine did not demonstrate the expected increase in the magnitude of 

startle responses during the presentation of unpleasant pictures. The startle paradigm is a well-

established measure of fear and anxiety, and highly sensitive to the clinical effects of anxiolytic 

drugs (see Davis et al., 1993). An abolition of fear potentiated responses has been found 

previously with acute administration of the anti-anxiety drug diazepam (Murphy et al., 2008). 

Likewise, preclinical models using shock-induced vocalizations and conditioned freezing have 

reported anxiolytic effects after acute administration of fluoxetine (Nakamura & Kurasawa, 2001;  

Schreiber et al.,1998; but see Kurt et al., 2000). 

This anxiolytic-like effect is nonetheless in contrast with previous studies showing that a 

single dose of the SSRI citalopram increases the processing of threat-related stimuli, as reflected 

by an increased recognition of fearful facial expressions (Browning et al., 2007) and higher 

emotional reactivity in the startle paradigm (Browning et al., 2007; Grillon et al., 2007). Such 

findings are thought to reflect the mechanisms responsible for the anxiogenic reactions seen with 

some patients at early stages of SSRI treatment (Kent et al., 1998). It is notable that fluoxetine 

failed to show the anxiogenic profile seen previously with citalopram, a difference that may be 

explained by the specific pharmacodynamic properties of fluoxetine, or by the characteristics of this 

population itself, given that previous studies using single doses of citalopram included participants 

who were, on average, slightly older (average of 24 years in the Browning et al., 2007 study; 

average age of 37-40 in the Harmer, Bhagwagar et al., 2003 study).  

Despite belonging to the same class, citalopram and fluoxetine have a number of 

pharmacological differences that could underlie their contrasting acute effects on threat processing. 

For example, fluoxetine shows an affinity for the 5-HT2C receptor that is close to its affinity for the 

5HT transporter (Hoffman, Mezey, & Brownstein, 1991) and about five-fold greater than that of 
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citalopram (Pälvimäki, Kuoppamäki, Syvälahti, & Hietala, 1999). Together with evidence that 

fluoxetine acts functionally as a 5-HT2C receptor antagonist, these findings have led to the proposal 

that some of its effects may be mediated via blockade of 5-HT2C receptors, in addition to the well-

characterised inhibition of the serotonin transporter (Ni & Miledi, 1997).  

Notably, the anxiolytic-like effects reported in the current study are consistent with a 5HT2C 

antagonism mechanism. Drugs that act as antagonists at this receptor have been shown to 

decrease anxiety-related responses in pre-clinical and human studies (e.g., Kennett et al., 1997; 

Martin et al., 2002). An example is the 5-HT2C antagonist (and antidepressant) mirtazapine, which 

decreases the processing of threat-related information as well as startle responses in healthy 

volunteers (Arnone, Horder, Cowen, & Harmer, 2009).  

The present study did not detect any robust effect of fluoxetine on the tasks used to 

measure attentional vigilance towards positive and threatening information (i.e., Attentional Dot-

Probe and Rapid Visual Serial Presentation). Attentional bias towards threat is a key feature of 

anxiety and can be modulated by drug and psychological treatments which have clinical effects in 

these disorders (Murphy et al., 2008; Reinecke et al., 2013). This absence of effect therefore 

provides further evidence that acute fluoxetine does not induce an anxiogenic-like profile in young 

healthy people, although this interpretation is limited due to the absence of a basic fear vigilance 

effect in the placebo group. Given the findings from the Facial Expression Recognition Task, future 

research may wish to include anger cues in these measures, to assess the likely contribution of 

attention vs. perceptual changes in anger processing following fluoxetine administration.  

Further studies should also explore the mechanisms underlying the adverse effects seen 

clinically in some patients. Although these findings propose an acute anxiolytic-like effect of 

fluoxetine, the possibility that this medication and other SSRIs may increase the processing of 

anxiety-related stimuli in vulnerable patients should not be excluded. Relevant to this is evidence 

suggesting that adverse reactions to SSRIs are influenced by variables such as drug metabolism 

(Brøsen, 2004) and, more broadly, genotypic differences (Kronenberg et al., 2007; Perlis et al., 

2003). There is consequently a need to identify both genetic and psychological markers that can 

reliably predict which patients are most susceptible to encounter side effects after the initiation of 

antidepressant treatment. 
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Early effects of fluoxetine on anger processing 

A prominent finding of the current study is the effect of fluoxetine on anger processing. 

Fluoxetine was shown to decrease the accuracy to correctly identify angry faces, as well as the 

percentage of emotions incorrectly labelled as angry, suggesting that, overall, participants on the 

active treatment were less likely than controls to “see” anger in this task. This highlights an 

important mechanism through which fluoxetine may act to alleviate symptoms in adolescent MDD.  

This effect on anger could be considered a more specific effect of fluoxetine, given that 

other antidepressants do not seem to influence this emotion to the same extent (Pringle et al., 

2011). Anger is a hallmark feature of irritability, which is one of the core symptoms of childhood and 

adolescent depression (American Psychiatric Association, & DSM-5 Task Force, 2013). Despite 

the limited research investigating emotional processing biases in young people, some studies 

suggest that depressive symptoms in adolescence are associated with an increased processing of 

anger (van Beek et al., 2006) and sadness (Schepman et al., 2012), as well as a decreased 

perception of happy faces (Beek & Dubas, 2008). This is consistent with the notion that depressed 

individuals are primed to perceive the world in a manner consistent with their internal feelings, 

given that sadness and irritability are two prominent symptoms of juvenile MDD. Fluoxetine could 

therefore act by reversing the biases that seem to characterise depression in young people. 

The importance of anger/irritability in depression has been a focus of increasing interest 

(Fava et al., 2010; Judd, Schettler, Coryell, Akiskal, & Fiedorowicz, 2013; Stringaris, et al., 2013). 

Recent clinical studies suggest that irritability is common among depressed adults (Fava et al., 

2010; Judd et al., 2013), indicative of earlier onset and increased disease severity (Judd et al., 

2013; Stringaris et al., 2013), as well as a potential marker for a diagnostic subtyping symptom 

(Perlis et al., 2009). In adolescence, irritability is a cardinal symptom for establishing an MDD 

diagnosis and seems to affect one third of depressed youth in community samples (Stringaris et al., 

2013) and up to 30-85% in clinically depressed populations (Ryan et al., 1987; Strober et al., 

1981). There is growing evidence for the implications of irritability as a developmental symptom 

relevant for both the aetiology and the clinical presentation of depression. Stringaris and colleagues 

(2013) recently reported that irritability, when manifested during adolescent MDD, is more frequent 

in males, and is also associated with an increased risk for comorbid disruptive symptoms and sleep 

disturbances. Additional studies highlight the potential etiological role of this symptom in the 

development of depressive states, especially in light of evidence suggesting that irritability predicts 
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depression in early and late adulthood (Dougherty et al., 2013; Leibenluft, Cohen, Gorrindo, Brrok, 

& Pine, 2006; Stringaris & Goodman 2009; Stringaris, Cohen, Pine, & Leibenluft, 2009), and also 

shares common genetic underpinnings with this disorder (Stringaris, Zavos, Leibenluft, Maughan, & 

Eley, 2012).  

This influence on anger processing is also of interest in view of the effects of serotonin on 

anger and aggressive behaviours more broadly. Fluoxetine increases 5-HT levels through inhibition 

of the serotonin transporters and has important effects in alleviating anger symptoms across 

different populations, including depressed patients with anger attacks (e.g., Fava et al., 1991), 

patients with intermittent explosive disorder (Coccaro & Kavoussi, 1997) and females with 

premenstrual disorder suffering from irritability (Steinberg, Cardoso, Martinez, Rubinow, & Schmidt, 

2012). In line with this, experimental manipulations that reduce serotonin levels via acute 

tryptophan depletion (ATD) exert the opposite effect of increasing aggression-related responses, 

particularly in individuals high in irritability (e.g., Bjork et al., 2000; Bond et al., 2001; Cleare & 

Bond, 1995; for a review see Young, 2013).    

 

Beyond anger – effect on sadness and marginal influence on happiness 

Beyond the effects seen on anger, fluoxetine was also shown to modulate the recognition 

of sadness, and, potentially, of happiness as well. The decreased processing of sad faces is 

consistent with a study by Harmer, de Bodinat et al. (2011), in which 7-day treatment with the 5-

HT2C antagonist agomelatine also impaired the processing of sad facial expressions in the same 

facial recognition paradigm. Similarly, the increased detection of happy faces parallels several 

studies involving single doses of different antidepressants. For instance, a single dose of the 

selective noradrenergic reuptake inhibitor (NRI) reboxetine, the selective serotonin reuptake 

inhibitor (SSRI) citalopram and the serotonin-norepinephrine reuptake inhibitor (SNRI) duloxetine 

have all been shown to increase the recognition of happy faces (Harmer, Bhagwagar, et al. 2003; 

Harmer et al. 2008). The production of a bias away from negative information and towards positive 

cues may therefore represent a critical mechanism underling a wide range of antidepressant drugs.  

Despite needing further replication, these effects may be particularly relevant for adolescent 

depression. Indeed, a bias to detect negative vs. positive information is a cognitive feature of this 

disorder (Lakdawalla et al., 2007), and sadness is also a prominent symptom of adolescent MDD 

(see Stringaris et al., 2013). 

http://en.wikipedia.org/wiki/Serotonin-norepinephrine_reuptake_inhibitor
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Limitations  

 It is important to consider some limitations to the present study.  First, despite the fact that 

this study was of a randomised double-blind design, the groups differed in state anxiety. This 

discrepancy was resolved by including the scores as a covariate in the subsequent analyses. 

It would have been useful to assess the effects of citalopram within the same study, in 

order to clearly dissociate the effects of fluoxetine and citalopram on emotional processing and the 

likely contribution of their pharmacological properties to these effects. Similarly, the inclusion of an 

older group would help determine whether the effects seen here are specific to fluoxetine and/or to 

young people. 

The lack of effects of fluoxetine on the Attentional Dot-Probe and Rapid Visual Series 

Presentation was interpreted as further evidence that fluoxetine does not induce anxiogenic-like 

effects in this population. However, this interpretation was limited by a lack of replication of the 

threat vigilance effect that was expected in the placebo group, particularly in the Attentional Dot-

Probe. It would be advantageous to develop a paradigm that is more robust in its assessment of 

attentional biases towards threatening information, in order to more clearly characterise the effects 

of fluoxetine on threat processes. 

2.5. Conclusion  

These findings suggest that a single dose of fluoxetine has direct effects on the way 

emotional information is processed in this sample of young healthy people. Given the critical role of 

anger in the clinical presentation of adolescent depression, this reduction in anger perception 

following fluoxetine administration (vs. placebo) highlights a potential mechanism through which 

this medication may exert its clinical action. The relative facilitation of positive (happy) vs. negative 

(anger and sadness) facial expression recognition more generally may represent a broad effect for 

reducing the affective symptoms that characterise depressive states. However, the influence on 

happiness was of marginal significance and therefore needs to be further replicated. 

Fluoxetine also showed an anxiolytic-like profile, which was contrary to the initial study 

hypothesis. The mechanism of action of fluoxetine in this respect show potentially important 

differences to other antidepressants such as citalopram, which is pertinent in face of evidence that 

fluoxetine may have a more favourable benefit-to-risk profile in comparison to this and other 
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antidepressant drugs in young people with depression (Whittington et al., 2004). However, the 

interpretation of this effect was nonetheless limited by the methodological limitations seen in the 

attentional paradigms used to measure attentional vigilance to threat. 

In light of this, the following Chapter (Chapter Three) is aimed at developing a more robust 

and sensitive paradigm to detect attentional vigilance mechanisms towards threat. In addition, and 

following on the need to clarify if the current profile of effects extend to clinically depressed and 

younger populations, the study presented in Chapter Four examines the influence of a single dose 

of fluoxetine (vs. placebo) on emotional neural processing in a group of depressed adolescents 

who have been prescribed this medication for depression. 

 



 
 

56 
 

  



 
 

57 
 

Chapter 3:  

Validating the use of Continuous Flash Suppression to 

detect automatic anxiety-related biases and anxiolytic effects 

3.1. Introduction 

The behavioural findings reported in Chapter Two add to the growing hypothesis that drugs 

used to treat depression and anxiety act early in administration to remediate the cognitive biases 

that characterise these disorders (Harmer & Cowen, 2013). Indeed, a single dose of fluoxetine was 

found to decrease the recognition of angry faces (vs. placebo), whilst having a broader influence 

on the processing of positive vs. negative information. A decrease in emotional reactivity was also 

verified in a paradigm measuring startle responses to unpleasant stimuli. 

 In contrast to previous studies investigating the effects of SSRIs on attention (e.g., 

Browning et al., 2007), fluoxetine failed to influence attentional biases to threat, as measured using 

the Attentional Dot-Probe and Rapid Visual Serial Presentation. One potential explanation for this 

lack of effects is that acute fluoxetine, unlike other SSRI drugs, does not influence attentional 

vigilance to threatening stimuli. However, such an interpretation is limited by the absence of a basic 

fear vigilance effect in the placebo group, particularly on the Attentional Dot Probe paradigm. The 

replication of this effect is critical to the validity of the task, especially when examining the effects of 

interventions that can modulate the magnitude and direction of attentional biases. 

The Attentional Dot-Probe has been criticised for having very poor test-retest reliability and 

poor internal consistency, especially in non-clinical samples (Schmukle, 2005). Despite evidence 

suggesting a robust attentional bias towards threat in individuals with clinically diagnosed anxiety 

disorders (e.g., MacLeod, Mathews, & Tata, 1986; Mogg, Mathews, & Eysenck, 1992; Kroeze & 

van den Hout, 2000), this effect is much less consistent in healthy samples with varying levels of 

anxiety, where both positive and null findings have been reported (e.g., Bradley, Mogg, Falla, & 

Hamilton, 1998; Broadbent & Broadbent, 1988; Mogg, Bradley, de Bono, & Painter, 1997; Mogg et 

al., 2000). The reasons for this lack of reliability remain elusive, but it has been suggested that the 

Attentional-Dot Probe may show irregular or insufficient sensitivity to detect inter-individual 
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differences in attentional allocation to threat, a problem that may be more pronounced in healthy 

(i.e., non-clinical) samples (Schmukle, 2005). 

The use of subliminal or masked techniques is often employed as an additional condition in 

the Attentional Dot-probe with the aim of measuring early, automatic biases towards threat. A 

comparable procedure is employed in the Rapid Visual Series Presentation, in which stimuli are 

presented under conditions of restricted attentional resources. Since these automatic biases 

operate at early stages of information processing, and are believed to be largely involuntary and 

outside of the participant’s conscious control (Cisler & Koster, 2010), they could potentially 

represent a more sensitive measure of vigilance to threat. However, current procedures show 

methodological constraints in achieving successful masking or complete independence from top-

down attentional responses. For instance, the use of subliminal stimulus presentation (as used in 

Chapter Two) does not guarantee a successful suppression of the visual stimulus on every trial or 

with every participant, given that some individuals can discriminate masked faces with stimulus 

onset asynchronies as short as 17–33ms (Pessoa, Japee, & Ungerleider, 2005). Likewise, the 

Rapid Visual Serial Presentation task does not allow the investigation of pure automatic processing 

given the high attentional demand of this paradigm, and the resulting influence of top-down 

strategic processes (see Kim & Blake, 2005). Together, these limitations have posed a significant 

constraint in measuring pure automatic or unconscious processes. It is therefore not entirely clear 

whether the lack of effects seen in some studies could reflect a “true” absence of effects on 

automatic or unconscious processes, or instead a limitation in assessment.  

Given the pivotal role of preconscious mechanisms in the generation of anxiety responses 

(e.g., Cisler & Koster, 2010; Ouimet, Gawronski, & Dozois, 2009; Williams, 1997), it would be 

useful to validate a paradigm that is effective in measuring early preconscious mechanisms 

associated with attentional biases to threat. The development of such paradigm could potentially 

resolve some of the methodological constraints seen with the Attentional Dot-Probe and other 

tasks, and therefore provide a more robust and sensitive measure of attentional vigilance effects. 

Continuous Flash Suppression (CFS) is a recently developed variant of Binocular Rivalry 

(Tsuchiya & Koch, 2005) that has the potential of providing a more reliable measure of early, 

automatic biases (Yang, Zald, & Blake, 2007). In this paradigm, a strong perceptual mask renders 

the target stimuli completely invisible for extended durations (up to one minute or more; Tsuchiya & 
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Koch, 2005). Hence, the time that this stimulus takes to reach awareness is taken as a robust 

index of preconscious processing. Because the target stimulus is made completely invisible prior to 

breakthrough (an effect that occurs in every trial and with every participant), it has been argued 

that any variable that facilitates its detection suggests enhanced processing that occurs prior to 

conscious awareness (Mudrik, Breska, Lamy, & Deouell, 2011). As a result, this paradigm has 

methodological strengths not achieved with traditional measures of preconscious or subliminal 

processing. 

Using this approach, it has been found that high-contrast stimuli break suppression faster 

(Tsuchiya & Koch, 2005), as well as stimuli that are more familiar (Jiang, Costello, & He, 2007) and 

which convey an emotional threatening content (Yang, Zald, & Blake, 2007). Certain 

characteristics, such as familiarity and negative valence, may therefore benefit from a privileged 

encoding during the suppression phase (or in other words, benefit from a strong unconscious 

processing), ultimately strengthening the neural signals associated with the stimulus so that it 

emerges quicker into awareness (Yang, Brascamp, Kang, & Blake, 2014). 

Stimuli made invisible using CFS can guide attention to potentially relevant stimuli and 

influence behavioural choices, physiological responses and subsequent conscious experiences. 

For instance, Jiang and He (2006) reported robust amygdala activity in response to invisible fearful 

faces, which was of similar magnitude to the response elicited by visible faces conveying the same 

emotion. Also, emotionally arousing stimuli made invisible by CFS have been found to influence 

the distribution of spatial attention to subsequent images presented consciously (Jiang, Costello, 

Fang, Huang, & He 2006). Taken together, these findings highlight the potential of CFS to measure 

the processing of stimuli outside of conscious awareness. 

In light of these methodological strengths, this chapter aims to validate the use of CFS in 

detecting early anxiety-related biases. In order to achieve this, two studies were completed: the 

first (Study A) investigated the potential of CFS in measuring automatic-biases to threat in 

individuals with varying levels of anxiety, whereas the second (Study B) investigated its potential to 

detect anxiolytic effects induced by a commonly used anti-anxiety drug (diazepam). These studies 

are described in the sections below. 
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Study A: The use of CFS to detect early biases towards threat 

3.2. Introduction 

The aim of this study was to test the potential of CFS to measure automatic-biases to 

threat associated with anxiety. The presence of pre-attentive biases has long been highlighted in 

cognitive models of anxiety (e.g., Beck & Clark, 1997; Clark & Beck, 2010; Öhman, 1993; Öhman 

& Mineka, 2001) These models argue that anxiety is characterised by a hypervigilance to various 

forms of threat, which begins at an early, preconscious, stage of processing. Given that these 

biases are believed to operate automatically, outside of the participant’s conscious control and 

independently of strategic influences (Cisler & Koster, 2010), they could potentially represent a 

more sensitive measure of vigilance of threat. Of note, these automatic biases seem to be at least 

partly distinct from those seen in depression, which is typically associated with biases in later, more 

strategic stages of processing (Gotlib & Joormann, 2010). 

This experiment therefore examined the influence of subclinical symptoms of anxiety on 

times to detect fearful, happy and neutral faces presented in a CFS paradigm. The relative 

selectivity of this paradigm in detecting the effects of anxiety was tested by including a measure of 

depressive symptoms. It was hypothesized that anxiety, but not depression, would be associated 

with a faster detection of fear, thus indicating an early (and potentially preconscious) processing 

bias towards threatening stimuli that results in preferential access to awareness. If confirmed, this 

finding would demonstrate the validity of CFS in detecting such early biases in information 

processing. 

3.3. Methods 

3.3.1. Participants 

Forty-nine healthy volunteers aged 18-29, with no reported history of neurological or 

psychological problems, free of any psychotropic medication and with normal or corrected-to-

normal acuity were included in this study. A sample size of 49 participants was considered 

adequate. Indeed, a previous study with a lower sample size (N=36), found that trait anxiety was 

positively correlated with vigilance scores to fear (Fox, 2002), and this result had an effect size of 
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0.53. It was calculated that for an effect of this size, 34 participants would be needed to obtain a 

power calculation of 0.95 at α error probability of 0.05. However, given that the current study is the 

first to use CFS to measure the influence of anxiety on the access of emotional stimuli to 

awareness, it was decided to increase the sample size. This is expected to increase the power of 

the task and minimise the chance of type II errors. 

The University of Oxford Research Ethics Committee provided ethical approval (reference: 

MSD/IDREC/C1/2011/62). The study was advertised using posters, web-advertisements and via 

word-of-mouth. Written informed consent was obtained from all participants. Participants were not 

directly reimbursed for their participation in the study, but they were entered in a competition to win 

a £20 Amazon voucher. 

3.3.2. Experimental design and task 

Interested participants where invited for a testing session at the Warneford Hospital. At the 

beginning of this visit, participants were briefly screened for the presence of current or previous 

psychological and medical disorders and recreational or psychotropic drug use. If eligible, they 

were then administered the State-Trait Anxiety Inventory (STAI) and Beck Depression Inventory 

(BDI) in order to determine their self-reported levels of anxiety and depression, respectively. This 

was followed by the administration of a Continuous Flash Suppression (CFS) task.  

The CFS task used in this study was adapted from Yang, Zald, and Blake (2007). Stimuli 

consisted of grayscale faces displaying 1 of 3 different expressions (neutral, happy and fear) and 

grayscale Mondrian-like patterns as the suppressor mask. The face stimuli (2 male and 2 female 

identities) were taken from the standard Ekman set of facial expressions (Ekman & Friesen, 1976). 

All images were cropped in a square shape to remove features outside of the faces and the edges 

were smoothed using a Gaussian filter. The suppressor mask consisted of random combinations of 

partly overlapping rectangles of varying sizes and luminance (Mondrian patterns, see Figure 5). To 

achieve an initial strong suppression, the faces were normalized to 20% contrast (root mean 

square), whereas the Mondrian patterns were normalized to 60% contrast (root mean square). 

Stimuli were generated with the Psychtoolbox (http://psychtoolbox.org/HomePage) for 

Matlab version 2010a (Mathworks, Inc.) and presented at 60 Hz on an LCD display (resolution: 

1280*1024 pixels, 37.5 width Dell monitor). Stimuli were viewed using a mirror stereoscope, which 
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was positioned in front of the monitor and connected to a chin rest. All stimuli were surrounded by 

rectangular borders that served to promote stable binocular eye alignment. A black cardboard 

divider of matte material was placed between the participant’s eyes, extending from the 

stereoscope midline towards the centre of the display in order to block the line of vision to the other 

eye’s stimulus. Viewing distance was 49cm. 

The lights were switched off during the experiment. Before the task was initiated, the 

mirrors of the stereoscope were carefully adjusted so that the fusion contours surrounding the 

stimuli were combined to produce a square frame, which occurred only when the eyes were 

appropriately aligned.   

In the initial 1000ms, one eye was presented with full contrast, dynamic Mondrian patterns 

(4° x 4°; refreshed at 10Hz), whilst the other eye viewed a low contrast face image (1.7° x 1.7°). 

The contrast of the face was ramped up at a rate of 2% every 20ms, hence avoiding abrupt 

transients. When the face reached full contrast (1000ms after presentation onset), the contrast of 

the Mondrian patterns linearly decreased at a rate of 2%/100ms for the next 5100ms. The face 

remained at full contrast until a response was made (see Figure 5).  All stimuli, as well as the eye 

to which the Mondrian patterns or faces were presented, were randomised and counterbalanced 

across trials. Given the design of the paradigm, participants were unable to predict the emotional 

expression of the face on a given trial, which therefore prevented the occurrence of criterion biases 

in their responses. 
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Figure 5. Example of a trial presentation in CFS. One eye was presented with flashing Mondrian-like 

pattern images, while the other viewed a facial image of 1 of 3 expressions (fearful, happy or neutral). The 

face contrast was ramped up to 20% by the end of the first 1000ms, point at which the contrast of the 

Mondrian patterns decreases from 60% until the observer indicated the location of the face via button press.  

The face was presented within one of the four quadrants of the square. Participants were 

required to report its location via one of four corresponding buttons on a keyboard, as quickly and 

accurately as possible. Participants were instructed to press the button as soon as any part of the 

face (such as the eyes, mouth, etc.) emerged. Trials (n=180) terminated upon response and there 

was a self-timed break every ten trials. Visual and auditory feedback was given for incorrect 

responses. 

3.3.3. Statistical analyses 

The assumption of normality was assessed for all data. A logarithmic transformation was 

applied to both reaction times and depression scores to reduce the influence of positive skewness 

(Ratcliff, 1993). Transformation proved successful in assuring normality for reaction times but not 

for depressive symptoms. 
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Statistical analyses were performed on transformed reaction time data, but figures present 

original values for ease of interpretability. A repeated measures ANOVA was used to test the RT 

differences between fearful, neutral and happy faces. Any significant main effects were further 

explored using follow-up pairwise comparisons.  

Two hierarchical multiple regressions were conducted in order to assess the predictive 

value of anxiety and depressive symptoms in explaining the differences in RTs to identify 1) happy 

vs. fearful and 2) happy vs. neutral faces. The relevant assumptions of this statistical analysis were 

tested. A final sample size of 46 was judged adequate given that three independent variables were 

included in each regression (15 participants per independent variable as rule of thumb; Stevens, 

2009). The assumption of singularity was also met, as the independent variables (state and trait 

anxiety and depression) were not a combination of other independent variables. In order to 

examine the assumption of multicollinearity, the intercorrelation between the predictor variables 

were computed (see Table 4) and the collinearity statistics tests (i.e., Tolerance and Variance 

Inflation Factor, VIF) were analysed. This analysis revealed a high correlation between the 

predictor values, but the r-values were still below the suggested cut-off value of 0.8 (Hensher, 

Rose, & Greene, 2005). In addition, and most importantly, the tolerance and VIF values were well 

within accepted limits (Hair, Anderson, Tatham, & Black, 1995; Rovai, Baker, & Ponton, 2013). 

Therefore, the assumption of absence of high multicollinearity was considered to have been met. 

An examination of the Cook’s distance score indicated no outliers. Finally, residual and scatter 

plots indicated the assumptions of normality, linearity and homoscedasticity were all satisfied (Hair, 

Anderson, Tatham, & Black, 1995). 

Table 4. Intercorrelations among self-report measures 

    

 State anxiety 
(STAI-S) 

Trait anxiety 
(STAI-T) 

Depression 
(BDI) 

State anxiety 
(STAI-S) 

   

Trait anxiety 
(STAI-T) 

0.680   

Depression 
(BDI) 

0.491 0.682  

 

Note. All r values are significant at p < 0.05.  
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3.4. Results 

3.4.1. Participants 

 Participants’ trait anxiety scores ranged from 21 to 58 (mean=35.46; SD=8.15), and their 

state anxiety scores ranged from 20 to 52 (mean=32.20; SD=7.33). These scores are similar to the 

published norms for this age group (Spielberger et al., 1970). The mean for the depressive 

symptoms was 4.89 (SD=4.60), with values ranging from 0 to 19 (see Table 5). 

 

Table 5. Anxiety and depression scores 

 Mean (SD) Range 

Trait anxiety 
(STAI-T) 

35.46 (8.15) 21 – 58 

State anxiety 
(STAI-S) 

32.20 (7.33) 20 – 52 

Depression 
(BDI) 

4.89 (4.60) 0 – 19 

 

3.4.2. Effect of valence on the RTs taken to detect fear, happy and neutral  

Reaction time (RTs) on correct trials was the primary outcome measure in this study. Data 

from 3 participants were excluded from the analysis because they made over 10% errors 

(consistent with Yang, Zald, & Blake, 2007), and therefore the final dataset consisted of 46 

participants (24 female). The mean error rate was 2.17% (SD=2.02%). Incorrect trials were 

removed from the analysis, as well as trials in which the RT was +/- 2 standard deviations from the 

average RT. In total, 7.00% of the trials were removed (SD=2.25%). The percentage of trials 

removed did not differ across facial expressions (p=0.673). 

Consistent with the work of Yang and colleagues (2007), the emotional expression of the 

faces influenced the rate at which they were detected. A repeated measures ANOVA showed a 

main effect of emotion [F(2,90)=8.930, p<.0001]. Follow-up pairwise comparison tests revealed 

that participants were faster to detect fearful faces than happy faces (means: 2.709 seconds vs. 

2.819 respectively; p=0.001), but no significant differences were found between fearful and neutral 

faces (2.709s vs. 2.747s; p=0.251). Neutral faces were also detected faster than happy faces 

(2.747 vs. 2.819; p=0.003; see Figure 6).  
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Figure 6. Continuous Flash Suppression. Average 

reaction times (RTs) for each of the facial expressions. 
Error bars represent standard error of the mean (SEM). 
** p < 0.01. * p < 0.05.   

3.4.3. Effects of Anxiety and Depression on RTs 

Given that fearful and neutral faces were detected faster than happy faces, a three stage 

hierarchical multiple regression was performed in order to assess the predictive value of anxiety in 

explaining these differences in RTs. Depression was also included in order to compare the 

influence of these variables directly, given the hypothesis that anxiety but not depression would be 

associated with an increased bias towards threat. 

A first hierarchical multiple regression model was therefore computed, in which the happy-

fear RT difference was entered as the dependent variable, and STAI-T, STAI-S and depression 

BDI as the three independent (predictor) variables. STAI-T scores were included at stage one, 

STAI-S at stage two and BDI at stage three.  

This hierarchical multiple regression revealed that at stage one, STAI-T symptoms 

contributed significantly to the model [F(1,45)=5.639, p=0.022], and accounted for 11.4% 

(R2aj=9.3%) of the variance in the difference in RTs between happy and fear. STAI-T was 

significantly correlated with the dependent variable (=0.337, p=0.022), suggesting that higher trait 

anxiety scores were associated with an increased relative speed to detect fear in comparison to 

happy faces (see Figure 7). 

Introducing the variable STAI-S did not significantly improve prediction (R2 change=0.002, 

F=0.121, p=0.730), nor did BDI (R2 change=0.004, F=0.214, p=0.646). Consistent with this, both 

STAI-S and BDI failed to show a statistically significant correlation with the dependent variable in 

this model (p>0.6; Table 6). 
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A second hierarchical regression model was computed, in which the predictive value of 

both anxiety and depressive symptoms in explaining the RT differences between happy and 

neutral conditions was assessed. This multiple regression revealed that the models including 

trait/state anxiety and depressive symptoms failed to significantly predict this variable (all ps>0.1). 

 

Table 6. Summary of hierarchical regression analysis for variables predicting happy-fear RTs difference 

Note. Dependent variable – difference in Reaction Times (RTs) between happy and fear; Predictors 

(independent variables) – trait anxiety (step 1), state anxiety (step 2) and depressive symptoms (step 3).  

Steps        Variable 
R2 

(R2aj) 

F 
(1,45),  

p 
value 

∆R2 
 

 t p-value 

Step 1 
Trait anxiety 

(STAI-T) 
11.4% 
(9.3%) 

5.639, 
p=0.022 

0.114 0.337 2.375 0.022 

Step 2 

Trait anxiety 
(STAI-T) 

11.6% 
(7.5%) 

2.824, 
p=0.070 

 
 

0.002 
 
 

.383 1.961 0.056 

State anxiety 
(STAI-S) 

-0.068 -0.348 0.730 

Step 3 

Trait anxiety 
(STAI-T) 

12.1% 
(5.8%) 

1.919, 
p=0.141 

0.004 

0.443 1.881 0.067 

State anxiety 
(STAI-S) 

-0.063 -0.321 0.750 

Depression 
(BDI) 

-0.092 -0.462 0.646 
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Figure 7. Scatterplot and regression line of happy-fear difference against trait anxiety scores. The 

points in the graph are the difference scores between the reaction times (RTs) for detecting happy and fearful 

faces. The mean difference of these scores is shown by the coarsely-dashed horizontal line. Vertical line 

represents the average of trait anxiety (STAI-T) scores. The sloping unbroken line between the curved lines is 

the regression line showing the relationship between the difference scores and STAI-T. 

3.5. Discussion 

The aim of the current study was to investigate the influence of anxiety symptoms on the 

access of emotional stimuli to awareness using CFS, a stringent paradigm of visual suppression. 

The finding of a faster detection of fearful faces in comparison to happy is consistent with the study 

by Yang, Zald and Blake (2007), and therefore provides additional evidence from a much larger 

sample in support of the view that threat-related stimuli are prioritised over positive stimuli under 

conditions of strong perceptual suppression. Consistent with the initial hypothesis, higher trait 

anxiety scores were associated with a faster detection of happiness vs. fear. This finding suggests 

a selective influence of anxiety on the relative speed to detect fearful expressions, which is further 

corroborated by the lack of predictive value of depression in this model (even though anxiety and 

depression scores were themselves highly correlated across individuals). In addition, and of 
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special relevance to the current thesis, this finding corroborates the validity of using CFS to detect 

early biases towards threatening information. 

 

The strength of using CFS to measure early, automatic processing of emotion 

The present study confirms the validity of a paradigm that can be used to more reliably 

investigate early, automatic processing mechanisms, in a way that is not achieved with standard 

paradigms of visual or attentional suppression. The superiority of CFS comes from a more precise 

control over the point at which a stimulus is consciously perceived, which is not ensured with the 

traditional method of binocular rivalry (BR). In BR, the perceptual alternation between stimuli is 

unpredictable and the suppression times are variable and usually very short. In CFS there is a 

similar competition between images, but in this paradigm the target stimulus is suppressed by a 

strong suppressor mask which, due to its dynamic nature, is more resistant to neural adaptation. 

CFS therefore ensures much longer suppression times (up to 13 times longer than for BR) that 

occur in every trial (Tsuchiya & Koch, 2005).  

CFS also overcomes problems found in other paradigms such as backward visual masking 

and subliminal presentation. In these paradigms, it is extremely difficult to ensure that stimulus 

presentation is truly outside of awareness. For instance, the use of fixed presentation times does 

not account for the fact that visual awareness thresholds vary across time and between individuals 

(Matthews & Wells, 2000). Although including post-trial awareness ‘checks’ may aid in 

differentiating between those individuals in which masking was successfully ensured or not, these 

measures are not completely immune to priming effects or response biases. In contrast, the CFS 

paradigm used here directly measures the threshold at which different stimuli are consciously 

perceived after an initial period of rigorous visual suppression that is successfully ensured in every 

trial and with every individual. Furthermore, these detection thresholds were acquired with an 

objective location discrimination task that minimised the influence of potential response biases. 

Taken together, these characteristics of CFS allow for a more rigorous and unbiased 

assessment of which features influence the transition of different cues from a preconscious to a 

conscious state of visual perception. The current finding that fearful faces are detected faster than 

happy lends weight, therefore, to the argument that attentional biases operate automatically, 

prioritising the detection of threat-related stimuli at a very early stage of information processing 
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(e.g. Gray, Adams, & Garner, 2009; Singer, Eapen, Grillon, Ungerleider, & Hendler, 2012). 

 

The effect of anxiety on early, automatic processing 

In this study, higher trait anxiety scores were associated with an increased speed to detect 

fearful in comparison to happy facial expressions, a finding that provides critical support to 

contemporary models of anxiety and sheds light on the mechanisms through which these 

emotional biases are first manifested and how they may ultimately lead to uncontrollable anxiety 

thoughts and symptoms.  

It is interesting to note that only trait anxiety was found to be correlated with the happy-fear 

difference, with state anxiety failing to show an association with this measure. This finding is 

consistent with the study by Doty, Japee, Ingvar, and Ungerleider (2013), which found a correlation 

between trait – but not state – anxiety and the sensitivity to detect masked fearful faces. Overall, 

this suggests that the early processing bias found in the present study is related to a more stable 

and robust personality measure of anxiety, rather than to situational oscillations in this variable. 

The presence of automatic biases in anxiety has long been highlighted in cognitive models 

of psychological dysfunction (e.g., Beck & Clark, 1997; Clark & Beck, 2010; Öhman, 1993; Öhman 

& Mineka, 2001). Overall, these models share the assumption that threatening stimuli are initially 

processed at a pre-attentive level, which is thought to be characterized by all features of 

automaticity – i.e. stimulus-driven, unconscious, involuntary and completely independent from 

strategic or more elaborate processes (Cisler & Koster, 2010; Ouimet, Gawronski, & Dozois, 2009). 

These features have an adaptive purpose, as they allow for fast responses to any potential sources 

of threat, without the need for slower high-level processes. Anxiety is conceptualized as being the 

result of an increased sensitization towards the automatic detection of threat. This initial orientation 

to threat increases autonomic arousal and sets the stage for the activation of more elaborative 

threat-related processing biases that further reinforce anxiety (Cisler & Koster, 2010). 

These ideas have propelled the development of different experimental paradigms aimed at 

tapping into the automatic nature of emotional processing biases, such as visual masking and 

binocular rivalry (BR). Using BR, Gray and colleagues (2009) found that anxiety symptoms were 

associated with an increased dominance of threat-related faces. Similarly, in studies using 
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backward masking techniques, anxious participants were faster to detect probes replacing masked 

threatening faces compared to masked positive or neutral (Mogg & Bradley, 1999).  

Such studies have provided critical evidence in support of the hypothesis that anxiety is 

associated with early processing biases. However, these techniques face the limitations of not 

ensuring complete visual suppression or complete independence from strategic processes. The 

current study used a more robust technique – CFS – to surpass these potential limitations and the 

current findings are consistent with the existing literature: in individuals with higher levels of trait 

anxiety, fearful faces were faster to break visual suppression than happy faces. 

 

The effect of depression 

This study was not designed to fully test the hypothesis that variations in depression would 

also affect CFS. However, the lack of correlation between depression and the early detection of 

emotional faces is consistent with the long-standing view that depressed individuals fail to show 

automatic biases that orient their attention towards negatively-valenced stimuli (e.g., Gotlib and 

Joormann, 2010; Mathews & MacLeod, 2005). According to this perspective, depressed patients 

are not drawn to negative stimuli during early stages of visual processing, showing difficulty 

disengaging their attention only after these cues become accessible to their conscious perception.  

The argument that depression is a disorder of predominantly high-level processing has 

nonetheless been challenged in recent studies. Sterzer, Hilgenfeldt, Freudenberg, Bermpohl and 

Adli (2011), using a paradigm similar to the one implemented here, found that depressive 

symptoms were associated with a shorter suppression of sad faces and, to a lesser degree, with 

longer suppression of happy. It is important to note, however, that some of the participants in their 

study also had co-morbid anxiety disorders, making it difficult to determine whether the effects 

obtained were due to depression alone or to an interactive effect of depression and anxiety. Future 

studies are necessary to clearly characterise the nature of information-processing biases in pure 

depressive states.  

 

Limitations 

Despite providing critical insight into the influence of anxiety in the early detection of 

threatening information, the interpretation of the current findings should be viewed in light of some 
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limitations. Anxiety and depression symptoms were substantially correlated, which excludes the 

possibility of drawing any firm conclusions regarding their separate effects or causality. However, 

the lack of predictive value of depression in explaining the difference in RTs between fearful and 

happy faces suggests that anxiety may play a greater role in modulating preconscious processing 

of threatening stimuli.  

It should also be noted that differences in stimulus characteristics other than emotional 

content might have influenced the transition of facial stimuli in reaching awareness. The stimuli 

here were fully equated for overall contrast and mean luminance but not for other low-level spatial 

features, such as focal contrast around the eye region and spatial frequency content. Some studies 

point to low-level configurational features being the element of the face that drives the prioritisation 

of emotional stimuli, rather than the emotion content itself. For example, Gray, Adams, Hedger, 

Newton and Garner (2013) argued that the prioritisation effect seen with fearful faces may be fully 

explained by the salience of their low-level features (such as the high-contrast around the eyes), 

rather than by the emotional meaning conveyed by the faces themselves.  

However, the use of low-level information in the threat prioritisation effect may correspond 

to an adaptive mechanism of our visual system. Much of the visual display that we see contains a 

majority of low spatial frequency information (Field & Brady, 1997; Geisler, 2008). Hence, it seems 

sensible that the visual system has adapted to respond quickly to low-level features, and that the 

fear advantage effect relies on this predisposition to quickly detect low spatial frequency 

information with the intention of identifying threat. Indeed, the finding that trait anxiety - which 

represents a variable that is independent from the physical properties of the stimuli - lowered the 

threshold to detect fearful vs. happy faces suggests an involvement of psychological elements in 

the transition of threatening stimuli into awareness. Regardless of the precise mechanism (low- or 

high-level) through which the effect is achieved, these findings suggest a meaningful association 

between anxiety and the speed to detect fearful faces in CFS. However, future studies should 

nonetheless explore the influence of low-level features in the detection of threatening stimuli by 

highly anxious individuals so that the mechanism underlying such effect is clearly characterised. 

Finally, it is important to note that additional studies investigating the presence of 

preconscious biases in anxiety using CFS should also include a binocular control condition not 

involving interocular suppression, but which replicates the perceptual characteristics of CFS. The 
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use of such condition would be important to clearly determine if the threat bias found in highly 

anxious individuals is caused exclusively by stronger unconscious processing, or by a lower 

threshold for conscious detection.  

Study B: The use of CFS to detect anxiolytic effects 

3.6. Introduction 

 Another way of validating the use of CFS as an anxiety-related measure is to test its 

sensitivity to pharmacological agents known to be effective in the treatment of anxiety disorders. If 

this paradigm proves to be sensitive to the effects of anxiolytic drugs in a manner consistent with 

their clinical action, such finding would corroborate the utility of using CFS to detect attentional 

biases that are relevant for anxiety.  

Diazepam is commonly used in clinical practice to treat a wide range of anxiety disorders. 

It belongs to the class of benzodiazepines, and is known for its anxiolytic, sedative, amnesiant, 

muscle relaxant and antiepileptic properties (Mandrioli, Mercolini, & Raggi, 2008). Despite some of 

these effects being adverse and the focus of clinical concern, benzodiazepines are effective in 

reducing anxiety symptoms (Buffett-Jerrott & Stewart, 2002). Consistent with its clinically efficacy, 

a number of studies suggest that diazepam acts on emotional processes relevant to anxiety, 

including attention, facial recognition and startle responses. For instance, acute diazepam 

administration has been reported to decrease the recognition of both angry and fearful expressions 

(Blair & Curran, 1999; Zangara et al., 2002). In line with this, Murphy, Downham, Cowen and 

Harmer (2008) found that a single dose of diazepam modulated attentional bias to masked 

emotional stimuli. 

The current investigation sought to use CFS in order to examine the effects of short-term 

(7-8 days) administration of diazepam treatment on preconscious processing. Based on research 

examining acute doses of the drug, it was predicted that diazepam would reduce the detection of 

threatening stimuli in comparison to positive. More specifically, participants receiving diazepam 

were expected to show longer detection times towards fearful vs. happy faces in the same CFS 

paradigm used in Study A. 
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3.7. Methods 

3.7.1. Participants 

Participants were recruited through adverts on local information websites, posters and 

emails to student bodies within colleges. Interested participants were invited to come in to the 

Department of Psychiatry for a screening session. The screening consisted in the administration of 

a standard psychiatric interview and a medical assessment conducted by a research Psychiatrist. 

Exclusion criteria included: current or past Axis-I psychiatric disorder (assessed via the Structured 

Clinical Interview for DSM-IV; First, 1997): current or recent (<1 month) use of psychotropic 

medication other than the oral contraceptive pill; current or recent (<3 months) use of recreational 

drugs; smoking frequency greater than five cigarettes per day; pregnancy or breast-feeding; and 

BMI less than 19 or greater than 30. 

After screening, 35 participants were deemed suitable for participation in the study. 

However, due to technical problems (N=3) and difficulties in achieving fusion (N=1) during the 

testing session, only 31 participants were included in the final analysis. This sample size is in line 

with a power calculation based on a study conducted in our laboratory, in which emotional 

processing tasks were administered following a single dose of diazepam vs. placebo. In this study, 

which included 24 healthy volunteers in total, the size of the effect of diazepam on masked 

vigilance to happy-neutral faces was 1.13. It was subsequently calculated that for an effect of this 

size, a minimum of 15 participants per group would be needed to obtain a power calculation of 0.90 

at α error probability of 0.05 

3.7.2. Experimental design and procedures 

Participants were randomly assigned, in a double-blind procedure, to a short-term 

treatment with either 15 mg of diazepam (n=18) or placebo (n=17). Treatment included 7 or 8 days 

of drug/placebo administration. The additional day was used in some instances for scheduling 

reasons. It should be noted that, initially, participants were only provided with half the drug/placebo 

pills, with the remainder being given at a second meeting in the middle of the week. This provided 

an opportunity to check the adherence to the drug (as participants were asked to return the empty 

pill boxes), monitor the presence of any side-effects as well as reduce the potential for abuse of the 
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drugs. Participants were instructed to abstain from alcohol during the treatment period, and not to 

cycle or drive when coming to the study sessions. The treatment course for females was scheduled 

such that the testing days did not fall within the premenstrual week. 

Participants took 5mg of diazepam or placebo in the morning after breakfast, and 10mg in 

the evening after their evening meal. Before taking the medication each morning, participants 

completed a side-effects checklist, and a number of measures detailing subjective mood and 

energy for the previous 24 hours: Visual Analogue Scales (Bond & Lader, 1974), the 

Befindlichskeit Scale of Mood and Energy2 (BFS; Von Zerssen, Strian, & Schwarz, 1974) and the 

Positive and Negative Affect Scale (PANAS; Watson, Clark, & Tellegen, 1988). Testing occurred 

on the last two days of treatment, and participants were instructed to take their morning dose one 

hour prior to the start of testing. On one of the days (depending on availability), participants 

completed the same Continuous Flash Suppression (CFS) paradigm used in study A and some 

questionnaires: the state anxiety questionnaire and Visual Analogue Scales measuring alertness, 

anxiety and mood3. This study was part of a larger fMRI experiment being conducted in our 

laboratory. After completing the final tests, participants were unblinded by a third party. Participants 

received £100 reimbursement for their participation. 

 

Continuous Flash Suppression Task 

The task was the same CFS paradigm described in study A. The only difference was that 

the facial expressions were presented at a size of 2⁰ instead of 1.7⁰ (2⁰ x 2⁰). 

3.7.3. Statistical analyses 

The assumption of normality was assessed for all data. A logarithmic transformation was 

applied to reaction times to reduce the influence of positive skewness (Ratcliff, 1993). 

Transformation proved successful in assuring normality. 

                                                        
2 The BFS is a self-rating scale consisting of 56 pairs of adjectives that characterise opposite states of mood. 

Participants are asked to indicate which pair most corresponds with their current state. A detailed description 
of the other measures used in this study can be seen in Appendix I, as these scales were also used in 
Chapter Two. 

3 A shorter version of the Visual Analogue Scales was used on the test day. 
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Subjective ratings were analysed using a split-plot ANOVA. The baseline characteristics of 

the two groups (i.e., EPQ, IQ, BDI, STAI-T) were compared using independent t-tests. Gender 

distribution and testing order were analysed by using a chi-square test. 

Daily measures of subjective mood and side-effects were analysed using a split-plot 

ANOVA. Specifically, VAS and BFS scores were subjected to a split-plot ANOVA with day (1-7) as 

within-subjects factors, and treatment (diazepam vs. placebo) as the between-subjects variable. 

The PANAS was submitted to a split-plot ANOVA in which valence was added as an additional 

within-subjects factor. Daily side-effects questionnaires4 were coded according to the intensity of 

the experienced side-effect (0=none, 1=mild, 2=moderate, 3=severe), and the resulting data 

submitted to a split-plot ANOVA with symptoms (7 in total) and days (1 to 7) as within-subjects 

factors. 

The measures collected on the testing day (i.e., STAI-S and short version of the VAS) were 

analysed using independent t-tests. 

Reaction times to detect happy, fearful and neutral faces were analysed using a split-plot 

ANOVA with emotion (3 levels) as the within-subjects factor, and group (diazepam vs. placebo) as 

the between-subjects variable. This analysis was repeated in separate additional ANCOVAs in 

which the performance measures shown to differ between groups were included as covariates. 

When appropriate, statistically significant main effects or interactions were followed up with 

pairwise comparisons. When sphericity was violated, Greenhouse-Geisser-corrected p-values 

were used, but uncorrected degrees of freedom are reported for clarity. P-values lower than 0.05 

were used to denote statistical significance. Marginal differences with a p-value lower than 0.10 

were also reported.  

3.8. Results 

3.8.1. Baseline characteristics 

The two groups did not differ significantly in age, scores on the Beck Depression Inventory 

(BDI; Beck et al., 1961), the Spielberger State and Trait Anxiety Inventories (Spielberger et al., 

                                                        
4  The Daily side-effects questionnaire is a non-validated checklist that includes common side effects of 

pharmacological drugs used for the treatment of depression and anxiety. 
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1983), or any of the subscales of the Eysenck Personality Questionnaire (EPQ; Eysenck & 

Eysenck, 1975). However, they differed in IQ scores (as measured with the NART), with the 

diazepam group showing higher values. This comparison is nonetheless limited by the fact that 

NART scores were missing for 5 participants in the diazepam group. Values are presented in Table 

7. 

Table 7. Mean scores on baseline scales for each group 

 Placebo 
(n=15) 

mean (±SD) 

Diazepam 
(n=16) 

mean (±SD) 
p-value Sig. 

Age 22.73 (4.09) 23.69 (3.96) 0.358 n.s. 

Male:female ratio 6:9 9:7 0.366 n.s. 

Verbal IQ (NART) 113.13 (5.72) 118.47 (4.12) 0.377 n.s. 

Depression (BDI) 1.47 (1.99) 1.69 (1.81) 0.599 n.s. 

Trait anxiety (STAI-T) 27.67 (5.35) 29.00 (8.41) 0.770 n.s. 

State anxiety (STAI-S) 24.73 (3.99) 28.12 (8.06) 0.470 n.s. 

EPQ Neuroticism 5.33 (3.24) 4.87 (3.30) 0.700 n.s. 

EPQ Psychoticism 2.47 (1.77) 3.06 (2.20) 0.415 n.s. 

EPQ Extraversion 16.47 (3.72) 15.13 (3.70) 0.118 n.s. 

Note. n.s. stands for non-significant. 

3.8.2. Daily questionnaires 

 
The effects of diazepam on the daily VAS scales were assessed separately using a split-

plot ANOVA. There was no interaction effect with group or a main effect of group, suggesting a 

lack of effect of diazepam on all scales: Alertness (all ps>0.11), Calmness (all ps>0.13) and 

Contentedness (all ps>0.51). A similar lack of effects was seen with the PANAS (all ps>0.15) and 

BFS (all ps>0.37).  

The analysis with side-effects revealed an interaction between scales and group 

[F(6,174)=4.021, p=0.006]. Follow-up comparisons demonstrated that this interaction was driven 

by differences in four of the scales. Participants on diazepam reported higher overall drowsiness 

(p=0.015) and a higher impairment in coordination (p=0.002). There was also a trend for 

participants on diazepam to report increased forgetfulness (p=0.065) and decreased agitation 

symptoms (p=0.055). A summary of the subjective ratings is presented in Table 8. 
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Table 8. Subjective ratings before and after 7 days of diazepam vs. placebo 

 

Note. Ratings were made daily throughout the 7-day period. Values represent ratings before treatment and 

average ratings over days 2-7 (after treatment).  

3.8.3. Testing Day Questionnaires 

In order to assess the effects of diazepam vs. placebo on subjective measures 

administered on the test day, independent t-tests were conducted. No differences between groups 

were seen for STAI-S (p=0.245), or for most of the items of the VAS, including disgust, drowsiness, 

anxiety, happiness, nausea and sadness (all ps>0.15). However, there was a trend for participants 

receiving diazepam to be less alert on the day of the testing session (p=0.088) (see Table 9).  

 

  Before treatment After treatment 
 

Scales 
Placebo  
(n=15) 

mean (±SD) 

Diazepam 
(n=16) 

mean (±SD) 

Placebo 
(n=15) 

mean (±SD) 

Diazepam 
(n=16) 
mean 
(±SD) 

 

Visual 
Analogue 

Scales 

Alertness 
28.59 

(13.71) 
34.98 

(15.50) 
32.37 

(12.89) 
39.13 

(14.19) 
 

Calmness 
23.30  

(11.42) 
38.47 

(18.18) 
34.02 

(15.22) 
37.41 

(15.91) 
 

Contentedness 
30.65  

(15.24) 
35.88  

(19.99) 
29.65 

(13.09) 
32.63 

(11.66) 
 

 
PANAS 

PANAS + 
32.71  
(7.82) 

29.47 
(8.54) 

29.38   
(5.80) 

27.92 
(8.23) 

 

PANAS - 
10.64 
(1.15) 

11.93 
(3.58) 

11.29   
(1.99) 

11.09 
(1.09) 

 

       BFS 
12.50  

(10.98) 
20.69 

 (20.03) 
17.56 

(15.47) 
 21.47     
(18.19) 

Side effects 

Drowsiness 
0.13 

(0.52) 
0.38 

(0.50) 
0.34 

(0.48) 
0.79 

(0.55) 
 

Light-
headedness 

0.00 
(0.00) 

0.00 
(0.00) 

0.01 
(1.30) 

0.31    
(0.39) 

 

Confusion 
0.00 

(0.00) 
0.06 

(2.50) 
0.33 

(0.13) 
0.14 

(0.29) 
 

Lack of 
coordination 

0.00 
(0.00) 

0.00 
(0.00) 

0.00 
(0.00) 

0.43 
(0.49) 

 

Forgetfulness 
0.00 

(0.00) 
0.00 

(0.00) 
0.06 

(0.17) 
0.36 

(0.60) 
 

Agitation 
0.00 

(0.00) 
0.06 

(0.25) 
0.10 

(0.34) 
0.21 

(0.06) 
 

Muscle 
weakness 

0.00 
(0.00) 

0.19 
(0.40) 

0.08 
(0.18) 

0.22 
(0.27) 

 



 
 

79 
 

Table 9. Effects of diazepam vs. placebo on the testing day 

 Placebo 
(n=15) 

mean (±SD) 

Diazepam 
(n=16) 

mean (±SD) 
p-value Sig 

STAI-S 
27.6 

(4.70) 
30.69                   
(8.98) 

  0.245 n.s. 

VAS alert 
67.80 

(15.56) 
54.75 

(24.38) 
0.088 + 

VAS disgust 
4.93 

(7.57) 
4.56 

(8.15) 
0.861 n.s. 

VAS drowsy 
29.27 

(22.16) 
42.25 

(26.42) 
0.150 n.s. 

VAS anxious 
10.47 

(12.39) 
10.75 

(14.01) 
0.922 n.s. 

VAS happy 
70.87 

(12.30) 
65.31 

(17.34) 
0.379 n.s. 

VAS nausea 
5.73 

(10.49) 
11.19 

(21.10) 
0.654 n.s. 

VAS sadness 
6.07 

(4.09) 
16.87 

(21.69) 
0.358 n.s. 

Note: +p<0.10; n.s. stands for non-significant. 

3.8.4. Continuous Flash Suppression Task 

As in study A, reaction times (RTs) for correct trials were the main outcome measured in 

this study. Data from 1 participant (diazepam group) was excluded from the analysis due to 

excessive error rates (>10% errors; consistent with Yang et al. 2007), and therefore the final 

dataset consisted of 31 participants (15 in the placebo group and 16 in the diazepam group).  

The placebo group had a higher mean error rate than the diazepam group (2.44% vs. 

1.00%, p=0.016). Incorrect trials were nonetheless removed from the analysis, as well as trials in 

which the RT was +/- 2 standard deviations away from the average RT. The percentage of total 

trials removed was also significantly higher in the placebo group (placebo: 7.15% vs. diazepam: 

4.87%, p=0.007), as were the percentage of trials excluded in the happy condition (9.11% vs. 

5.52%, p=0.007). Finally, there was a near-significant trend for the placebo group to have 

significantly more trials excluded in the fear condition (5.67% vs. 3.33%, p=0.057). There was no 

difference between groups when considering percentage of neutral trials removed (p=0.442) and 

raw reaction times (p=0.418). These values are presented in Table 10. 
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Table 10. Mean percentage of incorrect and excluded trials and raw reaction times 

 
Placebo 
(N=15) 

mean (±SD) 

Diazepam 
(N=16) 

mean (±SD) 
p-value sig. 

incorrect trials (%) 2.44 (2.03) 1.00 (0.91) 0.016 * 

neutral trials excl. (%) 6.67 (2.60) 5.73 (2.85) 0.442 n.s. 

happy trials excl. (%) 9.11 (3.67) 5.52 (3.59) 0.010 * 

fearful trials excl. (%) 5.67 (3.72) 3.33 (2.72) 0.057 + 

total trials removed (%) 7.15 (2.28) 4.87 (2.09) 0.007 ** 

raw reaction time (sec.) 3.16 (1.35) 2.79 (1.17) 0.418 n.s. 

Note: **p<0.01, *p<0.05, +p<0.10, n.s. stands for non-significant. 

The CFS task was completed on either the 7th or 8th day of treatment. However this 

distribution did not differ between groups [5:10 vs. 5:11; x2(1, 31)=0.015, p=0.901]. 

As expected, there was a main effect of emotion [F(2,58)=20.828, p<.0001]. In line with 

Study A, follow-up pairwise comparisons revealed that fearful faces were detected faster than 

happy faces (means: 2.721 seconds vs. 2.936 seconds, respectively; p<.0001), but no significant 

differences were found between fearful and neutral faces (2.721 vs. 2.750; p=0.522). Neutral faces 

were also detected faster than happy faces (2.750 vs. 2.936; p<.0001).  

Contrary to the study hypothesis, however, there was no effect of diazepam on the rate at 

which neutral, happy and fearful faces were detected [F(2,58)=0.899, p<0.412]. Also, no main 

effect of group was seen [F(1,29)=0.617, p=0.438]. See Figure 8. 

Additional covariate analyses were conducted with those variables that were shown to 

differ between groups. Separate ANCOVAs were computed including the (i) percentage of 

incorrect responses, (ii) percentage of trials excluded for happy and fear and (iii) and total number 

of trials removed. These analyses revealed similar results to the original ANOVA.  

 

Figure 8. Average reaction times for each of the facial expressions in the 
placebo and diazepam groups.  
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3.9. Discussion 

This study aimed to assess the effects of diazepam on the early detection of emotional and 

neutral information using CFS. Contrary to the study prediction, it was found that diazepam did not 

affect the rate at which happy, fearful and neutral faces were detected. Indeed, the performance 

seen in the diazepam and placebo group were comparable, with both groups being faster to detect 

threatening vs. happy faces, therefore replicating the finding obtained in Study A. However, 

participants in the diazepam group were more accurate than the placebo group in detecting the 

location of the face. At a subjective level, participants on diazepam reported increased drowsiness 

and impaired coordination over the 7 days of treatment, as well as a trend for reduced alertness on 

the testing day.  

Lack of effects of diazepam on the early detection of threatening stimuli 

In this study, diazepam did not have any effects on the detection of threatening stimuli, 

which was predicted to be involved in the anxiolytic response of this agent. Due to the paucity of 

studies using alternative masking or subliminal techniques when investigating the effects of 

diazepam on emotional processing, this finding is difficult to interpret. However, in a study 

conducted by Murphy and colleagues (2008), a single dose of diazepam was found to modulate 

attentional vigilance to facial stimuli, which were made subliminal using backward masking. 

Specifically, in this study, acute diazepam was found to increase attentional vigilance to masked 

happy vs. neutral faces. Given that neutral faces represent the more threatening element of the 

pair, this was interpreted as suggesting a reduced attentional vigilance to mildly threatening or 

ambiguous neutral faces induced by diazepam. Nonetheless, such interpretation was constrained 

by the lack of effects on threatening fearful faces, and by the absence of an absolute bias to fear in 

the placebo group. 

The contrasting effects between the current study and the one conducted by Murphy et al. 

(2008) may be explained by differences in drug administration. It is possible that acute 

administration of diazepam produces effects that are different from those seen with longer 

treatment. Whilst acute administration may be associated with effects seen at a preconscious level, 

these effects may be attenuated with repeated treatment due to tolerance or habituation to the 

drug. However, this comparison between studies is difficult due to the use of different paradigms.   
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It should be noted that the fact that the placebo group showed the expected emotion 

modulation effect in reaction times (i.e., faster detection of fearful vs. happy faces) nonetheless 

corroborates the validity of CFS in investigating potential drug effects (or their absence). As noted 

in Chapter Two, it is essential to replicate the main effect of emotion in the placebo group in order 

to understand any potential effects of pharmacological interventions.  

Effects of benzodiazepines on visual processing  

Although the effects of diazepam on attentional vigilance have been little investigated, 

there are some studies looking at the effects of benzodiazepines (including diazepam and 

lorazepam) on visual processing more broadly. For example, in a “shine-through” backward-

masking paradigm (in which the time between the presentation of the target and the mask - 

stimulus onset asynchrony - was varied), participants treated with acute lorazepam needed a much 

longer stimulus onset asynchrony (SOA) than participants receiving placebo in order to reach a 

comparable detection performance (Giersch & Herzog, 2004). In addition, acute lorazepam has 

been shown to impair performance in perceptual tasks involving matching objects to similar 

pictures (Pompéia, Pradella-Hallinan, Manzano, & Bueno, 2008) or to incomplete reference images 

(Giersch, Boucart, Speeg-Schatz, Muller-Kauffmann, & Danion, 1996), as well as in tasks involving 

the detection of discontinuities in random-shaped and meaningless outlines (Beckers, Wagemans, 

Boucart, & Giersch, 2001). 

Notably, diazepam has been found to produce less detrimental effects on visual processing 

than those seen with lorazepam. In the studies of Beckers and colleagues (2001) and Wagemans, 

Notebaert and Boucart (1998), diazepam-treated participants failed to reveal the perceptual deficits 

seen with lorazepam, showing instead a performance comparable to findings seen in the placebo 

group. Similarly, Giersch and Herzog (2004) reported that, unlike lorazepam, diazepam 

administration did not affect stimulus onset asynchrony (SOA) between the stimuli and the mask, 

being therefore less susceptible to “masking” effects. Despite not being directly comparable with 

the current study, this pattern is somewhat consistent with the absence of a diazepam influence on 

overall reaction times seen here. Indeed, and in line with the study by Giersch and Herzog (2004), 

diazepam did not seem to affect the visual thresholds for facial detection, given the lack of group 

differences in raw reaction times. It is also interesting to note that lorazepam has been shown 
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previously to completely disrupt the binocular fusion effects necessary to adequately perform in a 

binocular rivalry paradigm (van Loon et al., 2013). The influence of diazepam on pure binocular 

rivalry has not been assessed previously, but given that participants who completed the current 

study did not show any problems in achieving fusion, it is tempting to speculate that diazepam is 

associated with preserved abilities in this domain. Why these drugs are associated with such 

contrasting effects remains elusive, but it has been suggested that these differences may be 

mediated by distinctive affinities for a variety of GABAA receptors (Möhler, Fritschy, & Rudolph, 

2002). The clinical implications of such effects are nonetheless unclear, and future studies are 

needed in order to clarify this. 

Effects of diazepam on cognitive performance  

A surprising result found in this study was the superior performance seen in the diazepam 

group when considering accuracy rates. These effects cannot be explained by differences in 

subjective measures, given that participants receiving diazepam reported increased drowsiness 

over the 7 days of treatment and a trend to be less alert on the testing day, a finding that is at odds 

with their improved behavioural performance. However, it should be noted that participants 

receiving diazepam had higher IQ scores than the placebo group, which could account for such 

difference in performance. This explanation is nonetheless limited by the fact that IQ values were 

missing for 5 participants in the drug group. 

It is also interesting to note that despite the fact that benzodiazepines have consistent 

sedative effects, as measured by subjective ratings, their influence on cognitive tasks varies across 

studies. Whilst some studies suggest that diazepam and other similar acting drugs induce deficits 

in performance, many show preserved abilities in spite of sedation (see Buffett-Jerrott & Stewart, 

2002). One factor that may influence the interpretation of these results is that most studies 

investigating the effects of diazepam have used single doses. Clinically, it is known that continued 

use of diazepam and other benzodiazepines is associated with tolerance, especially towards 

sedation, and to a less extent towards the anxiolytic effects of these drugs (Bateson, 2002). 

Tolerance can develop as early as after a second dose administration (Rosenberg & Chiu, 1985). It 

is therefore possible that the tolerance effects seen with longer usage could be associated with 

differences that are more consistent with a preserved cognitive performance. For instance, 
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Liljequist, Linnoila and Mattila (1978) showed that the number of mistakes in a paired association-

learning task was increased after acute administration of diazepam, but this effect was no longer 

seen after a 14-day treatment.  

The reason for the improvement performance on the CFS task following diazepam 

administration therefore requires further investigation.  In particular, it would be useful to 

investigate whether this improved performance is task-specific or seen across a number of different 

tasks.  In the absence of such a comparison and replication, the interpretation of this finding is 

problematic, as it may represent a Type I error. 

Limitations  

 The lack of diazepam effects on the early detection of emotional and neutral stimuli (as 

measured using CFS) suggests that this drug does not modulate the preconscious processing of 

emotional information. It would have been useful, however, to use additional paradigms aimed at 

measuring conscious and preconscious emotional processes - including different subliminal and 

masking techniques -, as well as tasks involving conscious and strategic processes. Having a 

variety of methods within the same study would allow a better investigation of the extent to which 

diazepam may (or not) affect different processes that are thought to underlie the automatic vs. 

strategic detection of emotional cues.  

 Based on the current data, it is not possible to determine whether the lack of reaction time 

differences between the placebo and diazepam groups is specific to this paradigm. It would be of 

high interest to include a binocular control condition task not involving interocular suppression, as 

well as a simple reaction time paradigm, in order to measure potential threshold and reaction time 

differences in the diazepam vs. placebo group. 

CFS is thought to represent a robust measure of preconscious processing, but its validity in 

detecting pharmacological effects remains to be fully determined. Future studies are needed in 

order to explore the potential of this paradigm to detect the effects of drug interventions known to 

be effective in treating anxiety disorders.  

Finally, this study did not use any direct measure of adherence to the drug/placebo pills 

administration (only a pill count was performed). However, the fact that the groups differed in their 

ratings of drowsiness, motor coordination and, to a less extent, alertness, suggests that 
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participants were being compliant to the protocol. Nevertheless, it would be useful for future studies 

to include measures of diazepam plasma concentration, especially on the testing day. 

3.10. General Conclusion 

The aim of this chapter was to validate the use of CFS in detecting automatic anxiety-

related biases and anxiolytic effects. Previous paradigms used to investigate the presence of 

attentional vigilance biases in anxiety have shown poor re-test reliability (Schmukle, 2005). The 

reasons for this lack of reliability remain unclear, but it has been suggested that these tasks may 

show insufficient sensitivity to detect subtle inter-individual differences in attentional allocation to 

threat, especially in non-clinical samples.   

The notion that anxiety is associated with an automatic bias towards the detection of threat 

has long been highlighted in cognitive models of psychological dysfunction. These early biases are 

believed to be largely involuntary and to occur outside of the participant’s conscious control (Cisler 

& Koster, 2010), and could potentially represent a more sensitive measure of vigilance to threat. 

However, current procedures used to measure preconscious or automatic biases show 

methodological constraints in achieving successful masking or complete independence from top-

down attentional responses, therefore compromising the validity of these tasks.  

Due to its methodological strengths, CFS has the potential of providing a robust measure 

of preconscious or automatic processing. Indeed, the results from study A confirmed the validity of 

using CFS to detect the effects of anxiety on automatic biases towards threat, given that anxiety 

symptoms were associated with a faster detection of fearful vs. happy faces. This task may 

therefore be more robust than other paradigms due to its strong suppression effects, which are not 

seen with traditional measures of visual masking. This finding is of high interest for future studies 

that may wish to use CFS to measure early attentional biases to threat across various clinical and 

non-clinical populations, and under the influence of different pharmacological interventions.  

 The lack of effects of diazepam on the early detection of threatening stimuli using CFS was 

nonetheless surprising. Despite being sensitive to the effects of preconscious biases in anxiety, 

study B failed to validate the use of CFS in detecting the effects of an anti-anxiety drug, diazepam. 

The reasons behind this are unknown, but it is possible that acute diazepam does not modulate the 

presence of pure preconscious biases known to be involved in anxiety. Future studies should 
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include a wide range of techniques used to measure these processes, as well as different 

benzodiazepine drugs. 
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Chapter 4:  

The effects of acute fluoxetine on emotional neural 

processing in depressed adolescents 

4.1. Introduction 

Fluoxetine is the first-line pharmacological treatment for adolescent depression (National 

Institute for Health and Clinical Excellence, NICE, 2005), but the neuropsychological mechanisms 

underlying its action in youth are poorly understood. The findings reported in Chapter Two suggest 

that fluoxetine has early effects on emotional processes that may be especially relevant for the 

treatment of this disorder. Fluoxetine (when compared to placebo) was found to decrease the 

processing of anger and sadness and also eliminate startle responses. The effect on anger was of 

particular interest as it confirmed the initial hypothesis that fluoxetine would have an effect on this 

key emotion for adolescent depression.  

However, whilst the use of a healthy and relatively homogenous sample has the advantage 

of increasing power to detect drug-related differences - unconfounded by the severity of symptoms 

and other clinical characteristics -, it remains critical to investigate the effects of fluoxetine in a 

depressed adolescent sample. Only by investigating clinical populations directly can we achieve a 

comprehensive picture of how antidepressants exert their effects. This is especially important for 

paediatric samples, where the investigation of wanted and unwanted effects underlying 

antidepressant drug use has been little investigated (see Jureidini et al., 2004).  

Functional Magnetic Resonance Imaging (fMRI) is a powerful method for investigating the 

mechanisms of drug action in both adult and paediatric populations. Several studies have now 

applied this technique to the study of antidepressant effects in adults, and an emerging finding is 

that antidepressant drugs act to normalise activity in cortico-limbic areas that are associated with 

depressive states. Indeed, long-term treatment with antidepressants has been shown to reduce the 

activation of areas such as the amygdala, medial prefrontal cortex and anterior cingulate in 

response to negative cues, whilst increasing the activation of these same regions towards positive 
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information (for review see Ma, 2014). In adolescents, there is only one study that examined the 

effects of treatment with fluoxetine on neural functioning. In this experiment, Tao and colleagues 

(2012) found that chronic fluoxetine administration (8 weeks) normalised the pattern of functional 

hyperactivity in response to fearful faces seen in the amygdala, orbitofrontal cortex and subgenual 

anterior cingulate. The activation within these areas was excessive in depressed adolescents 

relative to matched healthy controls prior to treatment, but this pattern was normalised with 

fluoxetine.  

The study by Tao and colleagues (2012) represents an important first step towards a better 

understanding of the mechanisms of antidepressant treatment in young people, but critical 

questions remain unanswered. First, these authors did not include a placebo condition, therefore 

raising the possibility that the effects seen with fluoxetine could have been result (at least to some 

extent) of treatment expectations or repeated testing. Second, it is not possible to determine 

whether the neural changes seen with fluoxetine contributed to the improvement seen at a 

symptom level, or if they were instead a consequence of mood effects (given that 60% of the 

adolescents showed significant clinical improvement after 8 weeks). In order to clarify these issues, 

it is important to examine the effects of fluoxetine early in treatment and using a placebo-controlled 

condition.  

A specific approach that has proved useful in characterising the initial effects of 

antidepressants is to combine fMRI with acute or short-term drug manipulations. Applying this 

method to the study of antidepressant effects in adults has highlighted that SSRIs and other similar 

drugs produce immediate changes on neural regions known to play a key role in the development 

and maintenance of depression, most notably the amygdala (e.g., Murphy et al., 2009; Rawlings, 

Norbury, Cowen, & Harmer, 2010). Critically, these neural changes are seen in the absence of any 

effects on subjective symptoms, and therefore they represent a direct effect of the drug. A single 

dose of mirtazapine, for instance, has been shown to decrease the activity of the amygdala in 

response to fear, whilst increasing its activation towards happy faces in healthy volunteers 

(Rawlings et al., 2010). Similarly, 7-day treatment with escitalopram (vs. placebo) decreases the 

activation of the amygdala towards fear in a sample of depressed adults, and in the absence of any 

changes in depressive symptoms (Godlewska et al., 2012). These findings represent a critical 
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component of the neuropsychological model of antidepressant drug action described earlier in this 

thesis.  

A compelling aspect of this model is its potential to predict subsequent clinical responses 

to treatment. Indeed, in a study by Tranter and colleagues (2009), an increased ability to recognise 

happiness two weeks after patients started treatment with citalopram was associated with later 

clinical improvement measured at six weeks. Similarly, a study by Godlewska and colleagues 

(submitted) showed that early changes in amygdala activation seen after one week predicted later 

clinical responses at six weeks in those patients who benefited from treatment.  

The purpose of the current study was to apply a similar approach to the investigation of 

antidepressants effects in clinically depressed adolescents, by combining pharmacological fMRI, 

behavioural testing and clinical assessments conducted prior to treatment and after one and six 

weeks. Participants were recruited immediately before they started a course of fluoxetine, therefore 

providing a unique opportunity to examine the early effects of this drug in a medication-free sample 

and with a placebo-controlled condition. On the first day of the treatment, participants were 

randomised to receive either 10mg of fluoxetine or placebo and were then asked to complete an 

fMRI scan along with emotional processing tasks. After this session, participants continued the 

antidepressant treatment as prescribed and monitored by their treating Psychiatrist.  

 In light of the previous findings seen with healthy volunteers in Chapter Two, the main 

study hypothesis was that a single dose of fluoxetine would decrease neural processing of angry 

facial expressions, in the absence of overt changes in mood or anxiety. A region-of-interest (ROI) 

approach was conducted in the amygdala, as this region is critically involved in the 

pathophysiology of depression and is also sensitive to early antidepressant effects in adult samples 

(e.g., Murphy et al., 2009; Rawlings et al., 2010). Additional brain areas affected by fluoxetine were 

identified using a whole-brain analysis. Finally, in order to explore if acute changes in amygdala 

activation could be associated with subsequent clinical outcomes, neural responses in this region 

to anger and fear were correlated with symptoms of irritability, anxiety and depression measured 

over the course of the treatment.  
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4.2. Methods 

4.2.1 Participants and recruitment 

Based on a power calculation computed a-priori, it was expected to recruit 34 patients to 

this study. Indeed, in a single dose fMRI study conducted in our laboratory, with 26 healthy 

volunteers in total - who were randomised to receive a single dose of another SSRI, citalopram, or 

placebo (Murphy et al. 2009) -, the size of the effect of citalopram on amygdala activity in response 

to fearful vs. neutral faces was 1.19. It was calculated that for an effect of this size, 13 participants 

per group would be needed to obtain a power calculation of 0.90 at α error probability of 

0.05.  Given that a clinical sample is used in this study, and therefore the measurements were 

anticipated to contain a higher level of variability, it was proposed that 17 patients per group (34 in 

total) would give sufficient power to detect an effect. However, due to difficulties in recruitment, 

only 13 patients per group were recruited (26 in total).  

In addition to the patient groups, an additional sample of control participants was also 

included (but they were not administered any antidepressant/placebo). In total, 37 adolescents 

participated in this study: 26 adolescents with a DSM-IV diagnosis of Major Depressive Disorder 

(mean ± SD: 15.73 ± 1.4 years; range: 13-17 years); and 11 healthy controls (mean ± SD, 16.0 ± 

1.5 years; range, 13-18 years). In the patient group, 13 participants were randomised to receive 

fluoxetine and 13 placebo (see Figure 9 for details). Adolescents with MDD were recruited from 

Child and Adolescent Mental Health Services (CAMHS) in Oxfordshire, Buckinghamshire, 

Berkshire and Central and Northwest London, and the healthy controls were recruited from the 

local community in Oxfordshire. The patient referral was made through a Child and Adolescent 

Psychiatrist, who prescribed antidepressant medication to the patients as part of their normal care. 

A risk assessment was made on an individual basis by the treating Psychiatrist to determine that it 

was safe for the patient to wait 2-7 days to initiate the antidepressant treatment (given that the first 

antidepressant dose was taken within the study). This delay was necessary to allow for the fMRI 

scan to be arranged. Exclusion criteria included: history of bipolar disorder or schizophrenia; 

substance abuse; recent use of a psychotropic medication that could affect the results; and MRI 

incompatibility (presence of metal implants, pregnancy or claustrophobia), 

Participants aged 16 to 17 gave written informed consent. For participants younger than 

16, written consent and assent were taken from the adolescent and their parent/guardian, 
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respectively. Participants were reimbursed with £30 for their time. Ethical approval for this study 

was obtained from the Southampton Research Ethics Committee (12/SC/0030). 

 

Figure 9. Flow chart of patient participation. 

4.2.2. Experimental design and procedures 

 
Patients 
 
Initial contact 

After being referred to the study by the treating Psychiatrist, the patient was contacted by 

telephone. During this initial telephone call, participants were given a brief description of the study 

and assessed for MRI compatibility. If suitable, they were then invited for an initial screening 

session that took place either in the CAMHS clinic or at the Warneford Hospital in Oxford. 

 

 

Referrals via 
Psychiatrist 

(n=43) 

Initial screening 

(n=28) 

Randomised and tested 

(n=26) 

Fluoxetine 

(n=13) 

Placebo 

(n=13) 

Declined participation (15) 

Excluded after discussion with 
psychiatrist (n=1) 

Excluded due to non-eligibility 
(n=1) 

Dropped out 

(n=2) 

13 completed 

(9 female, 4 male) 

13 completed 

(11 female, 2 male) 
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Screening 

The screening session included the administration of several measures aimed at 

determining clinical diagnoses and assessing the severity of the depressive episode. Additional 

scales were also administered in order to measure trait anxiety, suicidal ideation and general 

intellectual ability. 

Specifically, psychiatric diagnoses were determined through the administration of the 

Schedule for Affective Disorders and Schizophrenia for School-Age Children-Present and Lifetime 

Version (K-SADS-PL; Kaufman, Birmaher, Brent, Ryan, & Rao, 2000) to the adolescent. This 

interview was administered either by a Clinical Psychologist (myself) or a Child and Adolescent 

Psychiatrist (Dr. Robert Chapman). I was present in all clinical interviews. Depression severity was 

measured using the Childhood Depression Rating Scale-Revised (CDRS-R; Poznanski & Mokros, 

1996) and the Child Depression Inventory (CDI; Kovacs, 1992). Trait anxiety was measured using 

the Trait scale of the State-Trait Anxiety Inventory for children (STAI-C; Spielberger, 1973). 

Suicidal ideation was quantified using the Suicidal Ideation Questionnaire- Junior version (SIQ-JR; 

Reynolds, 1987). Finally, the 2-subscale version of the Wechsler Abbreviated Scale of Intelligence 

(WASI; Wechsler, 1999) was used to determine Full IQ scores. The parent was also given the 

Child Behaviour Checklist (CBCL; Achenbach & Rescorla, 2001) for completion. A detailed 

description of these measures is provided in Appendix 2. 

 

Testing 

The testing session (~8 hours in total) took place as soon as possible after the screening 

visit. Patients and their parent (when available to join) were asked to start the session in the 

morning. The patient was then randomised to receive either 10mg of liquid fluoxetine or a matched 

placebo, in a double-blind procedure. Placebo was peppermint syrup, which was relatively close in 

taste to fluoxetine and measured to the equivalent volume (consistent with Chantiluke et al., 2014). 

Both fluoxetine and the placebo were mixed with water in a cup by a research Psychiatrist not 

involved in the study. Participants were asked to drink this mixture. Following drug/placebo 

administration, patients sat in a quiet room until the testing session began. During this time, 

participants were free to read, work and/or use a laptop, and were also carefully monitored for 

potential side-effects. When necessary, this period included the administration of some of the 
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measures that were not completed during the screening session due to time constraints. Care was 

taken in order to avoid an excessive burden for the patient (e.g., breaks and refreshments were 

offered regularly).  

All participants were asked to refrain from alcohol on the night before and to limit caffeine 

consumption to one cup on the testing morning. Participants were not allowed to smoke or drink 

any additional caffeine for the duration of the study. For lunch, patients were offered a selection of 

light meals.  

In order to guarantee that fluoxetine had reached its peak level, which has been shown to 

take place after 6 to 8 hours (Rossi et al., 2004), the testing session started 6 hours after 

drug/placebo administration. The testing included a 45-minute functional Magnetic Resonance 

Imaging (fMRI) scan and a behavioural task outside the scanner. Specifically, the fMRI scan 

included an emotional faces task, an emotional regulation paradigm, and structural and resting-

state scans. After the scan, participants completed the Facial Expression Recognition Task 

(FERT). The emotional regulation paradigm and resting state data will not be presented in this 

thesis. 

In order to measure subjective changes in mood and anxiety, as well as potential side-

effects, patients completed self-report scales at three time points: (1) before the 

antidepressant/placebo administration, (2) before the scan and (3) immediately after the scan took 

place. A more detailed description of these measures is provided in Appendix 2. 

Following this session, the patients started their antidepressant treatment as prescribed 

and monitored by their treating Psychiatrist.  

 

Text monitoring and follow-up sessions 

After the testing session, patients were sent a daily test message for 10 days (sent at 4.30 

pm), aimed at assessing symptoms of agitation. The first message was sent on the first day of the 

treatment as prescribed by their Psychiatrist, which usually started the day immediately after the 

testing visit. The text message was the following: “Hello_____. We hope it’s ok to ask you a 

question about how you’re feeling today. How agitated do you feel right now (e.g., shaky, irritable, 

restless?). Please reply with a number from 0 to 10 (0 meaning not at all and 10 meaning 

extremely). We’ll be sending this text message every day at 4.30 pm for the next __days. Thank 
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you”. Participants were instructed to reply with a number ranging from 0 to 10 as soon as possible 

after seeing the text message. 

Two additional follow-up sessions scheduled to take place one and six weeks after the 

testing session were also conducted with the patient group. These sessions were aimed at 

assessing any subjective changes in mood, anxiety, side-effects and suicidal ideation during the 

antidepressant treatment. The first follow-up included the following measures: Childhood 

Depression Rating Scale-Revised (CDRS-R); Children’s Depression Inventory (CDI); State scale 

(A-State) from the State-Trait Anxiety Inventory for children (STAI-C); adapted version of the Visual 

Analogue Scale (VAS); Side-effects Checklist; and an adapted version of the Suicidal Ideation 

Questionnaire- Junior version 5  (SIQ-JR). The Global Improvement (CGI-I) scale was used to 

quantify clinical improvement. The second follow-up included all these measures, with the 

exception that the SIQ-JR was the original 15 items version and the Trait scale (A-Trait) from the 

STAI-C was also added. 

All these questionnaires (apart from the Side-effects Checklist) have been frequently used 

in both behavioural and fMRI studies of adolescent depression, and show good consistency and 

test-retest reliability. 

 

Healthy controls 

Healthy adolescent controls were sent an email with detailed information about the study 

and then contacted by telephone to confirm initial eligibility. If suitable, they were also invited for a 

screening session taking place at the Warneford Hospital. This session involved the administration 

of the same questionnaires included in the visit with patients. The K-SADS-PL was administered in 

order to confirm that healthy controls were free from current and previous psychological disorders. 

Eligible participants were then invited to come for the testing session. This session 

involved an fMRI scan, self-report questionnaires and the Facial Expression Recognition Task 

(FERT). The following questionnaires were administered immediately before and after the scan: 

State scale (A-State) of the State-Trait Anxiety Inventory (STAI-C), Visual Analogue Scale (VAS), 

and Antidepressant Side-effects Checklist. 

                                                        
5 This instrument represents an adapted and non-validated version of the full questionnaire and was only 

used to monitor the occurrence of suicidal thoughts within the first week of treatment.  
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Healthy controls were not administered any pharmacological intervention, and therefore 

their testing session was of a shorter duration (approximately 2 hours). 

4.2.3. fMRI and behavioural task designs 

Emotional faces task 

The emotional faces task included happy, fearful and angry facial expressions. The 

participant was instructed to classify the gender of the face (male or female) by pressing a 

keyboard button as quickly and accurately as possible. This covert/implicit task has proved 

sensitive to the acute effects of antidepressant administration on neural processing (e.g., Rawlings 

et al., 2010).  

A single trial consisted of the presentation of a central fixation cross for 2900ms, followed 

by presentation of a facial expression for 100ms. A block design was used, with each block 

consisting of ten trials of the same valence of expression, and lasting a total of 30s. Every block 

was followed by 30s of fixation cross, before the next block began. Blocks alternated in valence: 

the first consisted of fearful faces, the second of happy faces and the third of angry faces. This 

sequence of blocks was repeated four times, resulting in a total of 12 blocks.  

The task ran on E-prime software (version 2.0; Psychology Software Tools Inc., Pittsburgh, 

PA, USA). Participants completed this paradigm while in the MRI scanner, using a button box 

resting on their leg. Stimuli were projected onto a screen behind the scanner and displayed to 

participants via an angled mirror positioned above the head. Accuracy and reaction times were 

recorded by E-prime.  

 

Facial Expression Recognition Task  

Following the fMRI scan, participants were administered the Facial Expression Recognition 

Task (FERT), which included the presentation of six emotions: fear, happy, sad, surprise, anger 

and disgust. This task was the same as the one used in Chapter Two. 

4.2.4. fMRI data acquisition and analyses 

Blood-oxygenation-level-dependent (BOLD) fMRI and T1-weighted anatomical images 

were acquired using a Siemens 3 Tesla TIM MAGNETOM Trio scanner, equipped with a 32-
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channel head matrix coil (Siemens, Erlangen, Germany) and located at the Oxford Centre for 

Clinical Magnetic Resonance Research (OCMR). Functional imaging consisted of 45 T2-weighted 

echoplanar imaging (EPI) slices (TR=3000ms, TE=30ms, matrix 64 x 64, slice thickness=3mm), 

3mm3 voxels.  An anatomical image (TR=2040ms, TE=4.7ms), 1mm3 voxels, was also acquired to 

allow later registration of the fMRI data into standard space.   

fMRI data were pre-processed and analysed using FEAT (FMRI Expert Analysis Tool), 

version 6.00, part of FSL (FMRIB’s Software Library; www.fmrib.ox.ac.uk/fsl). Pre-processing 

involved a number of steps designed to reduce unwanted variability in the data and to improve the 

validity of statistical analyses. The following steps were therefore implemented in each subject’s 

fMRI volume time series: motion correction using FMRIB’s Linear Image Registration Tool 

(MCFLIRT; Jenkinson, Bannister, Brady, & Smith, 2002); deletion of non-brain tissue using the 

Brain Extraction Tool (BET; Smith, 2002); spatial smoothing with a Gaussian kernel of 5 mm full-

width-half-maximum; grand-mean intensity normalisation of the entire 4D dataset by a single 

multiplicative factor and high-pass temporal filtering (Gaussian-weighted least-squares straight line 

fitting, with sigma of 70s). In addition, registration to high-resolution image and to a standard 

template [Montreal Neurological Institute (MNI)] was implemented using FNIRT nonlinear 

registration (Andersson, 2007). 

In the first-level analysis, individual activation maps were computed using the general 

linear model with local autocorrelation correction (Woolrich, Ripley, Brady, & Smith, 2001). Three 

explanatory variables were modelled: “fear”, “happy” and “angry” faces. Temporal derivatives were 

included in the model as covariates of no interest to increase statistical sensitivity.  Variables were 

modelled by convolving each block with a haemodynamic response function, using a variant of a 

gamma function (i.e. a normalisation of the probability density function of the gamma function) with 

a standard deviation of 3s and a mean lag of 6s.   

In the second-level analysis, whole-brain individual data were combined at a group level 

(healthy controls, placebo and fluoxetine) using a mixed-effects group cluster analysis across the 

whole brain corrected for multiple comparisons (Woolrich, Behrens, Beckmann, Jenkinson, & 

Smith, 2004). Such a mixed-effects approach accounts for intra-subject variability and allows 

general population inferences to be drawn. Significant activations were identified using cluster-

based thresholding of statistical images with a height threshold of Z=2.0 and a (corrected) spatial 

http://www.fmrib.ox.ac.uk/fsl
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extent threshold of p<0.05 (Friston, Worsley, Frackowiak, Mazziotta, & Evans, 1994). This 

threshold has been used in previous fMRI research and is more stringent than the uncorrected 

whole-brain findings reported in some published fMRI studies of child and adolescent MDD 

(Gaffrey et al., 2011; Tao et al., 2012). 

The main effect of the task was initially assessed by exploring activation in the happy, 

fearful and anger conditions compared to fixation, with all participants combined.  

Given the a-priori hypothesis that fluoxetine would influence the activation of the amygdala, 

an anatomical ROI analysis was conducted. The ROI masks for the left and right amygdala were 

defined anatomically using the Harvard-Oxford atlas, part of FSL. This is a more targeted approach 

to analysis and constrains the search for active voxels to a particular area of interest.  A visual 

inspection of the amygdala ROI, as overlaid on an average EPI image generated from all 

participants, ensured that it did not fall into regions of susceptibility artefact. BOLD percentage 

signal change extracted from the amygdala ROI mask (left and right hemispheres) was 

subsequently analysed using a split-plot ANOVA (within-subjects variables=valence and 

hemisphere; between-subjects variable=group). Significant interactions were investigated further 

with follow-up pairwise comparisons to determine the directionality of the effect.   

At the whole-brain level, fearful and angry faces were contrasted with happy between 

groups (healthy controls, depressed patients on placebo and depressed patients on fluoxetine), 

therefore resulting in two emotion contrasts of interest: (1) anger > happy and (2) fear > happy, and 

four group contrasts: placebo > healthy controls; healthy controls > placebo; fluoxetine > placebo; 

placebo > fluoxetine. Significant interactions from whole-brain analyses were further explored by 

extracting percentage BOLD signal change, which was analysed using appropriate follow-up t-tests 

to determine the directionality of the effect.  

4.2.5. Statistical analyses  

Socio-demographic characteristics (of the three groups) were analysed using one-way 

ANOVAs (age and IQ) and chi-square tests (gender, handedness, ethnicity, family income level 

and family composition). Baseline clinical characteristics were compared between the patients 

receiving placebo vs. fluoxetine using chi-square tests (illness duration, mean age at onset of 

depression, mean number of MDD episodes, presence of psychotic features/low mood/irritability, 



 
 

98 
 

naivety to antidepressant treatment, current psychological treatment, presence of comorbidities, 

CGI-severity) or independent-t tests (CDI, CDRS-R, A-Trait, SIQ-JR, CBCL scales and CGAS).   

Self-report measures collected on the testing day (A-State, VAS and Side-effects) were 

analysed by using split-plot ANOVAs. First, a split-plot analysis with two groups (patients receiving 

placebo vs. fluoxetine) was conducted, in which all three timepoints (before drug/placebo 

administration, before scan and after scan) were considered. A subsequent analysis was 

conducted with all 3 groups (healthy controls, patients receiving fluoxetine and patients receiving 

placebo) but only considering with two timepoints, due to the fact that healthy controls were not 

administered the pharmacological intervention/placebo. 

Behavioural performance on the emotional faces task was analysed using a split-plot 

ANOVA with group (fluoxetine, placebo and healthy controls) as the between-subjects factor and 

RTs or accuracy as the within-subjects factors (three emotions: happy, fear and anger). 

In order to investigate if acute changes in amygdala activity were associated with 

subsequent clinical responses to treatment, several Pearson correlation coefficients were 

computed. This analysis was only conducted in the fluoxetine group. Percentage signal change in 

the amygdala ROI mask (right hemisphere) in response to anger and fear was correlated with the 

change from baseline to follow-up 1 (computed as a difference score) in state anxiety (A-state) and 

irritability symptoms (CDRS-R item 13 and VAS irritability), respectively. Amygdala activity to fear 

was also correlated with agitation symptoms measured using the daily text messages (symptoms 

averaged across the first 3, 5 and 10 days of treatment). Change from baseline to follow-up 1 in 

depressive symptoms (as measured using the CDRS-R raw score and CDI) was correlated with 

amygdala responses to both anger and fear. Data from follow-up 2 was not included in this 

analysis because of data attrition.  

The Facial Expression Recognition Task (FERT) was analysed by using a split-plot 

ANOVA with group (fluoxetine, placebo and healthy controls) as the between-subjects factor.  

Changes in clinical symptoms over the three sessions (baseline, follow-up 1 and follow-up-

2) were measured using repeated measures ANOVA. Clinical scales included the CDI, CDRS-R 

(total score), CDRS-R suicidality, CDRS-R irritability, A-State, A-Trait, SIQ-JR, VAS scales and 

Side-effects checklist. The CGI-I was analysed using a Fisher test due to its ordinal nature. Three 

timepoints were considered for all measures, expect for the SIQ, STAI-T and CGI-I. The SIQ and 
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STAI-T were only administered at the baseline and follow-up 2. An adjusted measure of the SIQ 

was collected in follow-up 1 but it cannot be used for statistical comparisons. The CGI-I was 

determined in follow-up sessions 1 and 2. 

When sphericity was violated, Greenhouse-Geisser-corrected p-values were used, but 

uncorrected degrees of freedom are reported for clarity. A p-value lower than 0.05 was used to 

denote statistical significance. Marginal differences with a p-value lower than 0.10 were also 

reported.  

4.3. Results 

4.3.1. Demographic and clinic characteristics 

Demographic and clinical characteristics of the three participant groups are presented in 

Table 11. There were no significant group differences in mean age, gender distribution, 

handedness, BMI, ethnicity, IQ, family income or family composition (all ps>0.14).  

The mean total CDRS-R score at baseline was moderately severe for both the placebo and 

fluoxetine groups (placebo: mean=62.85, SD=8.08; fluoxetine: 62.46, SD=11.46). Suicidal ideation 

was also high in both groups (placebo: mean=52.23, SD=24.84; fluoxetine: 49.62, SD=19.37). The 

patients were matched for depression severity (both measured using the CDI and CDRS-R), trait 

anxiety (A-trait), suicidal ideation (SIQ-JR) and CBCL scales (anxiety-depression; internalization; 

externalization and total scores) (all ps>0.11). The percentage of patients presenting with 

psychosis/irritability/low mood/psychiatric comorbidity, who were receiving concomitant 

psychological therapy and who were naïve to antidepressant medication was comparable between 

groups (all ps>0.43). The mean age of depression onset, MDD episode duration and total number 

of MDD episodes was also similar between groups (all ps>0.29). 

All patients were antidepressant-naïve apart from 3. Two of these patients had received 

treatment with fluoxetine in the past (due to depression) and another patient was taking 

amitriptyline for the treatment of fibromyalgia immediately before starting fluoxetine. This patient 

stopped taking amitriptyline for a period of 4 days before the testing session. This washout period 

was considered appropriate given that amitriptyline has a mean elimination half-life of 20 hours 

(ranging from 9 to 46 hours; Pagliaro, 1999).  
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Table 11. Demographic and clinical psychopathology characteristics 

 Placebo 
(N=13) 

Fluoxetine  
(N=13) 

Controls 
(N=11) 

SOCIO-DEMOGRAPHICS    

Age 15.38 (1.45) 16.08 (1.32) 16.27 (1.91) 

Female:male ratio 11:2 9:4 10:1 

Ethnicity (caucasian), N (%) 12 (92.3%) 13 (100%) 9 (81.82%) 

IQ  111.08 (12.38) 109.85 (10.19) 117.09 (8.54) 

Left:Right Handedness (ratio) 0:13 2:11 0:11 

BMI 23.56 (6.04) 24.08 (4.33) 21.50 (2.22) 

Family income level (range) 2.92 (1-6) 3.08 (1-6) 4.4 (2-6) 

Family composition (intact), N (%) 6 (46.2%) 6 (46.2%) 8 (72.7%) 

CLINICAL CHARACTERISTICS    

Duration of illness (months) 14.1 (8.58) 13.8 (11.57) N/A 
Mean age at onset of depression (SD) 13.81 (2.21) 14.42 (1.55) N/A 

Mean number of MDD episodes (range) 1.15 (1-2) 1.08 (1-2) N/A 

Psychotic features, N (%) 2 (15.28%) 3 (23.1%) N/A 

Low mood, N (%) 13 (100%) 13 (100%) N/A 

Irritability★, N (%)    

   Threshold  7 (53.85%) 7 (53.85%) N/A 

   Sub-threshold 5 (38.46%) 5 (38.46%) N/A 

Antidepressant naïve, N (%) 11 (84.6%) 12 (92.3) N/A 

Current psych. therapy/counselling, N (%)  8 (61.54%) 9 (69.23%) N/A 

Comorbid disorders Φ, N (%)    

    None 8 (61.5%) 6 (46.2%) N/A 

    Anxiety   N/A 

       GAD 2 (15.4%)  N/A 

       PTSD 2 (15.4%)  N/A 

       OCD  1 (7.7%) N/A 

       Social phobia 1 (7.7%) 2 (15.4%) N/A 

       Specific phobia  3 (23.1%) N/A 

    Eating   N/A 

       Anorexia  1 (7.7%) N/A 

       EDNOS 1 (7.7%) 1 (7.7%) N/A 

    ASD    N/A 

        Diagnosed 1 (7.7%) 1 (7.7%) N/A 

        Probable 1 (7.7%) 1 (7.7%) N/A 

   Fibromyalgia 1 (7.7%)   

CDI  32.00 (6.42) 29.92 (6.97) 4.36 (4.41) 

CDRS-R  62.85 (8.08) 62.46 (11.46) 18.18 (1.99) 

A-Trait  50.69 (4.52) 48.08 (5.37) 26.45 (3.08 

SIQ-JR  52.23 (24.84) 49.62 (19.37) 3.55 (3.30) 

CBCL     

   Anxiety-depression 13.75 (4.61) 14.67 (2.23) 1.36 (1.91) 

   Internalizing scores 28.00 (8.62) 27.25 (6.36) 2.36 (2.29) 

   Externalizing scores 12.17 (9.57) 11.08 (7.33) 3.00 (4.67) 

   Total scores 67.08 (22.56) 65.42 (17.58) 8.00 (7.96) 

CGAS 44.77 (3.06) 45.23 (3.24) 99.36 (1.57) 

CGI-severity 4.08 (3-6) 4.00 (3-6) N/A 

Notes: ★As measured using the K-SADS. ΦAccording to DSM-IV criteria. Note: 2 patients in the placebo group had 2 comorbid 

disorders. 1 patient in the fluoxetine group had 2 comorbid disorders and another one 3. GAD stands for Generalised Anxiety 

Disorder. PTSD stands for Post-Traumatic Stress Disorder. OCD for Obsessive Compulsive Disorder. EDNOS for Eating 

Disorder not Otherwise Specified. ASD for Asperger Syndrome. Family income per year was obtained using the following 

categories: 1=Under £14,999; 2=£15,000-£30,000; 3=£30,000-£45,000; 4=£45,000-£60,000; 5=£60,000-£75,000; 6=Above 

£75,000. 



 
 

101 
 

4.3.2. Subjective ratings on the testing day 

 A 3x2 split-plot ANOVA with timepoint (before drug/placebo, before scan and after scan) as 

the within subjects-factor, and group (placebo vs. fluoxetine) as the between-subjects factor was 

computed in order to investigate the effects of fluoxetine on subjective ratings administered on the 

testing day. No significant effects were seen on state anxiety (A-State) or on any of the VAS scales 

(all ps>0.36). However, participants receiving fluoxetine reported a significantly lower number of 

side-effects across time points, i.e., even at baseline [main effect of group: F(1,21)=6.199, 

p=0.021]. See Table 12. 

 An additional 2x3 split-plot ANOVA was conducted, with only 2 timepoints now being 

considered (before and after scan) and all 3 groups (patients on placebo, patients on fluoxetine 

and healthy controls). There was no significant interaction between timepoint and group (all 

ps>0.29), but a significant main effect of group was seen for all measures (all ps<0.05). Healthy 

adolescent controls revealed significantly lower values than both the fluoxetine and placebo groups 

when considering A-State, VAS tired, VAS sad and VAS irritable (all ps<0.05). Healthy controls 

were also happier overall (p<0.05). Interestingly, when considering the VAS item “thinking about 

death”, healthy controls revealed scores that were significantly lower than the patient group 

(p=0.005), but comparable to those seen in the fluoxetine group (p=0.151). See Table 12. 

Table 12. Subjective ratings on the testing day.  

 Baseline Before testing After testing 

 Plac. 

(N=13) 
mean ± 

SD 

Fluox. 

(N=13) 
mean 
 ± SD 

Plac. 

(N=13) 
mean ± 

SD 

Fluox. 

(N=13) 
mean ± 

SD 

Controls 

(N=11) 
mean ±  

SD 

Plac. 

(N=13) 
mean ± 

SD 

Fluox. 

(N=13) 
mean ± 

SD 

Controls 

(N=11) 
mean ± 

SD 

A-State 
40.00 
(4.18) 

39.31 
(4.40) 

38.85 
(5.40) 

37.31 
(3.97) 

29.00 
(2.72) 

37.61 
(6.37) 

36.54 
(5.14) 

28.45 
(3.56) 

VAS 
tired 

62.54 
(32.98) 

62.54 
(19.23) 

65.85 
(26.42) 

67.69 
(20.11) 

42.09 
(17.34) 

72.23 
(26.83) 

71.08 
(16.61) 

47.73 
(16.88) 

VAS 
happy 

35.15 
(19.62) 

31.15 
(23.39) 

40.46 
(20.43) 

37.92 
(23.08) 

58.27 
(18.53) 

39.23 
(24.11) 

36.69 
(23.29) 

57.27 
(19.79) 

VAS 
sad 

57.69 
(24.30) 

43.54 
(23.44) 

54.00 
(22.17) 

35.00 
(26.52) 

13.82 
(16.19) 

48.64 
(24.28) 

36.46 
(26.86) 

11.18 
(15.55) 

VAS 
tense 

59.62 
(23.75) 

51.00 
(20.15) 

55.85 
(15.68) 

51.92 
(25.63) 

12.00 
(12.93) 

44.69 
(30.83) 

31.92 
(25.96) 

9.64 
(14.20) 

VAS 
irritable 

50.46 
(31.47) 

41.84 
(22.07) 

42.38 
(31.44) 

30.85 
(15.94) 

11.82 
(18.35) 

35.15 
(31.77) 

33.85 
(24.82) 

10.09 
(15.44) 

VAS 
death 

36.54 
(30.51) 

19.69 
(21.58) 

28.31 
(29.89) 

15.08 
(20.21) 

3.18 
(7.22) 

29.62 
(28.34) 

16.54 
(20.77) 

3.36 
(8.19) 

Side-
effects 

4.62 
(2.50) 

3.08 
(1.44) 

4.54 
(2.57) 

2.62 
(2.02) 

0.82 
(0.60) 

4.62 
(2.53) 

2.77 
(1.59) 

1.09 
(0.94) 
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4.3.3. Functional MRI behavioural performance 

Two participants did not complete the scan due to unforeseen MRI incompatibly (N=1) and 

unexpected lack of operator (N=1). In addition, the data from 1 participant had to be removed due 

to image artefacts (N=1). The final analysis for the fMRI task therefore consisted of 12 subjects in 

the fluoxetine group, 11 in the placebo group and 11 in the healthy adolescents group. 

Subjects were highly accurate in their performance (>94.6%). A split-plot ANOVA revealed 

a significant interaction between emotion and group when considering accuracy levels 

[F(4,62)=2.553, p=0.048]. However, follow-up pairwise comparisons failed to reveal any significant 

differences between groups (ps>0.11). No main effect of group was seen [F(2,31)=0.412, p=0.666]. 

When considering RTs, no main effects or interaction between emotion and group were seen         

(ps>0.6). Values are presented in Table 13. 

Table 13. Behavioural performance on the Emotional faces task.  

 

 

 

 

 

 

 

4.3.4. Functional MRI Results 

Main effect of Task 

Presentations of fearful, happy and angry facial expressions produced activation in a broad 

network of brain regions across groups (fluoxetine, placebo and healthy controls combined). These 

regions include the occipital cortex, anterior cingulate and parietal lobe (see Table 14), and are 

overall consistent with previously published reports using the same task (e.g., Rawlings et al., 

2010).  

 

 

Placebo 
(N=11), 

mean ± SD 

Fluoxetine 
(N=12), 

mean ± SD 

Controls 
(N=11), 

mean ± SD 

Accuracy (%)    

Happy 95.68 (5.93) 96.25 (3.29) 98.64 (3.03) 

Fear 94.55 (5.90) 97.08 (3.43) 95.23 (3.25) 

Anger 97.50 (5.24) 96.25 (5.06) 98.18 (3.18) 

Reaction Times (ms)    

Happy 705.51 (158.06) 686.97 (82.57) 733.12 (144.21) 

Fear 703.73 (148.67) 691.88 (86.83) 738.69 (138.72) 

Anger 716.49 (146.94) 690.23 (97.03) 738.70 (150.87) 
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Table 14. Peak cluster activation in brain regions significantly activated during presentation of happy, fearful 

and angry faces. 

 
Number of 

voxels 
Brain regions 

Maximum 
Z 

Peak MNI 
coordinates 

(x, y, z) 

Happy 

20946 
R Occipital pole; lateral 

occipital cortex 
7.02 26, -92, 10 

5865 
L Postcentral gyrus; 
superior parietal lobe 

6.22 -46, -32, 52 

5093 Central opercular cortex 5.44 -44, -4, 14 

3005 
Supplementary Motor 

area; anterior cingulate 
6.07 -6, -4, 54 

10009 
R Lateral occipital cortex; 

superior parietal lobe, 
4.15 34, -60, 44 

Fear 

65140 

L Postcentral gyrus; 
Supramarginal gyrus, 

anterior division; superior 
parietal lobe 

7.16 -42, -30, 46 

2166 
R Lateral occipital cortex; 

superior parietal lobe 
5.04 32, -58, 46 

Anger 

49841 Occipital pole 7.57 14, -102, 8 

1707 
R Lateral occipital cortex; 

Superior Parietal Lobe 
5.12 32, -60, 44 

Note. These findings correspond to data combined across groups from three separate contrasts: happy vs. 

fixation, fear vs. fixation and anger vs. fixation. 

 

1. Effect of depression (depressed patients on placebo vs. healthy controls) 

Hypothesis-driven ROI analysis of amygdala activation 

 In order to explore the effects of depression on amygdala activation towards emotional 

faces, the percentage signal change values extracted from the anatomical ROI masks were 

submitted to a split-plot ANOVA. Within-subjects variables were emotion (i.e., percentage signal 

change for happy, fearful and angry faces) and hemisphere (right and left), and the between-

subjects variable was group (depressed patients receiving placebo vs. healthy controls). This 

revealed a significant interaction between emotion, hemisphere and group [F(2,40)=5.410, 

p=0.008]. Follow-up comparisons showed that this effect was being driven by a trend for significant 

group differences in the right amygdala for fearful and angry faces. Specifically, depressed 

participants revealed a trend for a significantly lower activation relative to controls in response to 
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fear [F(1,20)=3.912, p=0.062] and for an increased activation in response to anger [F(1,20)=4.143, 

p=0.055] in the right hemisphere. No differences were seen for the left hemisphere (all ps>0.28). 

See Figure 10.  

 

Figure 10. Mean percentage signal change from the anatomical mask in the amygdala, 

based in the Harvard-Oxford Atlas (placebo vs. healthy controls). Bars represent the 

mean percentage of signal change (%). Error bars show the standard error of the mean. 

+p<0.10. 

 

Exploratory whole-brain analysis 

Fear > happy contrast 

A whole-brain analysis (threshold Z>2.0, p<0.05, corrected) revealed a decreased 

response in depressed adolescents (on placebo) relative to healthy controls for the fear > happy 

contrast in regions implicated in affective processing. These regions include 3 clusters in the left 

hemisphere: middle frontal gyrus (x=-56, z=32, y=28; Z=3.95, voxel size=1412, p<0.05), inferior 

frontal gyrus (x=-52, z=16, y=4; Z=3.5, voxel size=970, p<0.05) and supramarginal gyrus (x=-60, 

z=-44, y=44; Z=3.61, voxel size=640, p<0.05). Of note, the cluster including the middle frontal 

gyrus corresponds to Broadmann Area (BA 9), which includes the dorsolateral prefrontal cortex 

(DLPFC). The inferior frontal gyrus corresponds to Broadmann Area 44 (BA 44), which includes the 

posterior region of the ventrolateral prefrontal cortex (VLPFC).  

A post-hoc analysis of percentage BOLD signal change for the cluster containing the 

middle frontal gyrus revealed a significantly decreased activation in the depressed group to fearful 

facial expressions [t(20)=2.238, p=0.037], and a trend for an increased activation to happy [t(20)=-

1.753, p=0.095]. See Figure 11 a). Similarly, the analysis with the inferior frontal gyrus revealed 
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decreased responses in the depressed group towards fear [t(20)=2.341, p=0.030], but no group 

differences for happy [t(20)=-0.751, p=0.462]. See Figure 11 b). 

Finally, the analysis with the cluster containing the supramarginal gyrus revealed no 

significant group differences for happy [t(20)=-1.053, p=0.305] or fearful faces [t(20)=1.081, 

p=0.293].  

These whole-brain analyses are consistent with the reduced activation seen in the ROI 

analysis of the right amygdala in response to fear. Of note, however, no significant effects were 

seen in the contrast comparing anger to happy. 

 

Figure 11. Significant clusters of activation in the fear>happy contrast, placebo>controls (a) Significant 

cluster of activation in the middle frontal gyrus (including BA 9, dorsolateral prefrontal cortex, DLPFC). (b) 

Significant cluster of activation in the Inferior Frontal gyrus (BA 44, which includes the posterior region of the 

ventrolateral prefrontal cortex, VLPFC). Images thresholded at Z>2.0, p<0.05, corrected. +p<0.10, *p<0.05. 

2. Effect of fluoxetine (drug vs. placebo)  

Hypothesis-driven ROI analysis of amygdala activation 

A split-plot ANOVA with percentage signal change in the amygdala ROI masks for fear, 

happy and anger revealed a significant interaction between emotion, hemisphere and group 

[F(2,42)= 7.640, p=0.001]. Follow-up comparisons showed that this effect was being driven by 

differences in the right amygdala for fearful and angry faces. Specifically, participants in the 

fluoxetine group showed a trend for a higher activation in the right amygdala in response to fear 

[F(1,21)= 3.741, p=0.067], and a lower activation in the same hemisphere in response to anger  

a) b)
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[F(1,21)= 7.747, p=0.011].  These effects are opposite to those seen in the comparison between 

placebo-treated participants and healthy controls. See Figure 12. 

 

 

Figure 12. Mean percentage signal change from the anatomical mask in the 

amygdala, based in the Harvard-Oxford Atlas (fluoxetine vs. placebo). Bars 

represent the mean percentage of signal change (%). Error bars shown the standard 

error of the mean. +p<0.10, *p<0.05. 

Exploratory whole-brain analysis 

Angry > happy contrast 

A whole-brain analysis (threshold Z>2.0, p<0.05, corrected) revealed decreased response 

in the fluoxetine group relative to placebo for the angry > happy contrast in three clusters in the 

occipital, temporal and frontal cortices. Fluoxetine attenuated the neural responses in the left 

superior temporal gyrus (x=-46, y=22, z=0; Z=3.44; voxels size: 1114), occipital pole (x=2, y=-98, 

z=12; Z=3.67; voxel size: 1002), middle temporal gyrus (x=-18, y=-40, z=12; Z=3.63; voxel size: 

684) and left superior frontal gyrus (x=-14, y=-12, z=70; Z=3.32; voxel size: 574 voxels). Of note, 

the cluster encompassing the superior temporal gyrus extended into the hippocampus and insular 

cortex, whereas the cluster containing the middle temporal gyrus included the posterior cingulate. 

The cluster containing the left superior frontal gyrus included the Pre-Supplementary Motor area. 

Post-hoc analysis of percentage BOLD signal change for the superior temporal gyrus 

revealed a pattern of reduced activation in responses to angry faces in the fluoxetine group 

[t(21)=2.499), p=0.021]. No differences were seen in response to happy [t(21)=-1.353, p=0.190]. 

See Figure 13 a). 
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Similarly, the analysis with the occipital pole showed a decreased activation towards anger 

in the fluoxetine group [t(21)=2.256, p=0.035], but, again, no differences were seen for happy 

[t(21)=-0.579), p=0.569]. See Figure 13 b). 

The analysis with the middle temporal gyrus revealed an increased activation towards 

happy faces [t(21)=-2.649), p=0.015]. No differences were seen in response to anger [t(21)=1.480), 

p=0.154]. See Figure 13 c). This same pattern was seen in the superior frontal gyrus, in which 

increased activation towards happy faces was seen [t(21)=-3.277), p=0.004], but no group 

differences for anger [t(21)=-0.941), p=0.357]. See Figure 13 d). 

 

Figure 13. Significant clusters of activation in the angry>happy contrast, fluoxetine>placebo (a) 

Significant cluster of activation in the superior temporal gyrus (extending into the hippocampus and insular 

cortex). (b) Significant cluster of activation in the occipital pole. (c) Significant cluster of activation in the 

middle temporal gyrus (including the posterior cingulate). (d) Significant cluster of activation in the superior 

frontal gyrus (including the Pre-Supplementary Motor Area). Images thresholded at Z>2, p<0.05, corrected. 

Bars show the mean percentage of signal change (%), error bars shown the standard error of the mean. 

*p<0.05. **p<0.01. 

a) b)

c) d)
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Fear > happy contrast 

A whole-brain analysis (threshold Z>2.0, p<0.05, corrected) revealed increased response 

under fluoxetine relative to placebo for the fear > happy contrast in two clusters: frontal pole (x=38, 

y=42, z=-14; Z=3.44; voxel size: 777), which includes the orbitofrontal cortex and insula; and 

superior and middle temporal gyrus, including the Wernicke area (Z=3.44, x=-60, y=-38, Z=3.3; 

voxel size: 527).  

Post-hoc analysis of percentage BOLD signal change in the frontal pole revealed 

increased responses in the fluoxetine group towards fear [t(21)=-2.652, p=0.015], but no 

differences were seen for happy [t(21)=1.062, p=0.300]. See Figure 14 a). 

When considering the superior and middle temporal gyrus, there was increased activation 

in the fluoxetine group towards fear [t(21)=-2.761, p=0.012], but again, no differences were seen 

for happy [t(21)=0.213), p=0.833]. See Figure 14 b). 

 
 
Figure 14. Significant clusters of activation in the fear>happy contrast, fluoxetine>placebo (a) 

Significant cluster of activation in the frontal pole (including the orbitofrontal cortex and insula). (b) Significant 

cluster of activation in the superior and middle temporal gyrus (including the Wernicke area). Images 

thresholded at z>2, p<0.05, corrected. Bars show the mean percentage of signal change (%), error bars 

shown the standard error of the mean. *p<0.05. 

 

4.3.5. Facial Expression Recognition Task  

In order to assess if the modification of neural responses by fluoxetine could relate to 

potential group differences in emotional perception abilities, a facial expression recognition task 

(FERT) was administered after the fMRI scan. Due to time constraints, two patients were not 

administered this paradigm. The final analysis therefore included 12 patients in the placebo group, 

12 patients in the fluoxetine group and 11 healthy control adolescents. The analysis of the FERT 

a) b)
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failed to show a significant interaction between emotion and group when considering accuracy 

[F(12,192)=0.676, p=0.712], reaction times [F(12,192)=1.120, p=0.346] or percentage of 

misclassifications given [F(12,192)=0.728, p=0.563]. However, a main effect was seen for all these 

measures (all ps<0.0001) 

Accuracy values are presented in Figure 15 for illustrative purposes. The accuracy levels 

for neutral and happy faces were the highest overall. Angry faces were detected more accurately 

than fearful faces (p=0.002), but at a comparable level to sadness (p=0.295). 

 

 

Figure 15. Accuracy of facial expression recognition in the placebo, fluoxetine and healthy control 

groups. Values represent percentage of correct responses summed over the different intensity levels for that 

emotion. Error bars represent standard error of the mean.  

4.3.6. Clinical changes over time 

A repeated measures ANOVA with timepoint (baseline, follow-up 1 and follow-up 2) was 

conducted to assess any potential changes in the clinical measures collected throughout the study. 

There was a significant main effect of time when considering most of the measures. Indeed, 

measures of depression severity (as quantified using the CDRS-R and CDI), irritability symptoms 

(item 13 from the CDRS-R and VAS irritability), suicidal ideation (SIQ-JR), trait anxiety (A-Trait) 

and tension (VAS item) were significantly reduced over time (all ps<0.05). The CGI-I showed a 

trend for a significant reduction in severity between follow-up sessions 1 and 2. In contrast, side-

effects symptoms showed a significant increase with time (p<0.01). The suicide ideation item from 

the CDRS-R, state anxiety (A-State), VAS items “sad”, “thinking about death” and “tired” did not 

change significantly across timepoints (all ps>0.13). See Table 15. 
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A repeated measures ANOVA with the responses given to the daily text messages (10 

days in total) failed to reveal a main effect of time (p>0.2). 

 Table 15. Subjective Ratings at baseline, follow-up 1 and follow-up 2.  

 

Baseline 
(N=26) 

mean ± SD 

Follow-up I 
(N=26) 

mean ± SD 

Follow-up II 
(N=20) 

mean ± SD 

CDI 30.96 (6.64) 24.73 (10.97) 20.27 (12.98) 

CDRS-R (raw total) 62.36 (9.79) 58.42 (13.87) 45.09 (15.04) 

CDRS-R suicidality 3.85 (1.57) 3.50 (1.86) 2.86 (1.59) 

CDRS-R irritabiliy 3.27 (1.31) 2.81 (1.27) 2.40 (1.31) 

A-Trait 49.44 (5.02) N/A 42.64 (9.04) 

A-State 39.65 (4.22) 39.67 (5.54) 37.55 (7.72) 

SIQ-JR 50.92 (21.86) 27.23 (14.43) 35.00 (22.61) 

CGI-I N/A 3.62 (1.02) 3.13 (1.14) 

VAS tired 62.54 (26.45) 64.84 (28.62) 58.14 (28.68) 

VAS happy 33.15 (21.25) 30.20 (23.44) 41.19 (27.63) 

VAS sad 50.62 (24.48) 53.36 (28.58) 38.29 (31.26) 

VAS tense 55.31 (22.03) 47.04 (27.61) 32.28 (31.78) 

VAS irritable 46.15 (26.99) 40.24 (28.80) 20.57 (24.88) 

VAS death 28.12 (27.28) 29.96 (28.87) 18.81 (27.03) 

Side-effects 3.85 (2.15) 5.04 (3.36) 6.14 (4.10) 

Note: These values correspond to the patient groups combined. Baseline corresponds to the 

measures collected during the screening session or immediately before the drug/placebo being 

administered. The follow-up 1 was conducted after one week of treatment and the follow-up 2 

after six weeks.  

4.3.7. Correlations between amygdala activity and clinical symptoms 

In the fluoxetine group (N=12), activity in the right amygdala in response to anger and fear 

was correlated with clinical symptoms of anxiety, irritability and depression. There was a trend for a 

significant correlation between activation in the right amygdala in response to fear and the A-State 

difference score from baseline to follow up 1 (r=-0.589, p=0.057). Higher activation in this area was 

associated with a lower change in symptoms. There was also a negative correlation between 

amygdala response to fear and change from baseline in the CDRS-R to follow-up 1 (r=-0.679, 

p=0.016), but not in the CDI (r=0.078, p=0.821). Finally, increased responses in the right amygdala 

towards fear were associated with significantly lower symptoms of anxiety over the first 10 days of 

treatment (as measured using the daily text messages) (r=-0.678, p=0.045). A similar trend was 
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seen when only the first 5 initial days were considered (r=-0.542, p=0.085), but not when 

considering the first 3 (r=-0.285, p=0.369).  

There was no significant correlation between activation in the right amygdala in response 

to anger and change in irritability or depressive symptoms (all ps>0.72).  

  

 

 

 

 

 
  

 

 

 

 

 

  
 

 

 

 

 

 

 

Figure 16: Graphs a) and b): Scatterplot of the correlation between percentage signal change (%) in 
the right amygdala and the difference score from baseline to follow-up I in state anxiety (A-State) and 
depression (CDRS-R), respectively. Graph c): Scatterplot of the correlation between percentage signal 
change (%) in the right amygdala and text message scores measuring agitation/anxiety, averaged 
across the first 10 days of treatment. 

4.4. Discussion 

 This study sought to investigate, for the first time, neural responses to emotional stimuli 

following a single dose of fluoxetine (vs. placebo) in a group of depressed adolescents. The 

placebo-treated participants were initially compared with a group of healthy adolescents in order to 

explore the presence of emotional processing biases in amygdala responses to anger, happiness 

b) a) 

r=-0.679 
p=0.016 
 

r=-0.589 
p=0.057 
 

c) 

r=-0.678 
p=0.045 
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and fear. Following this analysis, the effects of fluoxetine were subsequently compared to placebo. 

The activity of the amygdala in response to anger and fear was also correlated with initial 

symptoms of anxiety, irritability and depression. The main study prediction was that a single dose 

of fluoxetine would decrease the processing of angry faces in the amygdala (vs. placebo), the a-

priori region of interest, and in the absence of any changes in subjective mood or anxiety. 

Two main findings emerged from this study. First, when compared to healthy adolescents, 

depressed patients on placebo showed a trend for increased activation in the amygdala towards 

angry facial expressions, and a trend for decreased activation in response to fear. Second, this 

pattern was reversed in the fluoxetine vs. placebo groups. Indeed, in line with the initial hypothesis, 

a single dose of fluoxetine vs. placebo decreased activation in the amygdala in response to angry 

faces. Fluoxetine was also shown to increase amygdala activity in response to fear. Whole-brain 

responses in occipital, temporal and frontal regions known to be involved in emotional processing 

revealed similar patterns of activation. These neural changes were seen in the absence of overall 

effects of fluoxetine on mood or anxiety symptoms. 

 

 Effects of depression 

 Depression in adolescence was associated, in this study, with a trend for increased 

amygdala activation in response to angry facial expressions. This finding is in line with studies 

showing that anger is a key emotion in adolescent depression (Stringaris et al., 2013). There is 

nonetheless very limited research using fMRI to explore the processing of anger during adolescent 

MDD episodes, which complicates the interpretation of this borderline effect. One of the studies 

that measured the neural processing of anger in addition to other facial expressions was conducted 

by Yang and colleagues (2010) and included a facial-emotion matching paradigm. The left 

amygdala was found to be increased in a sample of unmedicated adolescents with pure MDD 

relative to matched healthy controls. This hyperactivity was seen in response to anger, but also to 

fear and happiness, therefore contrasting with the findings seen here. The reasons for this 

difference remain elusive, but variations in genotypic/psychological sample characteristics or in the 

functional paradigms used could be partially responsible (see Hariri, Bookheimer, & Mazziotta, 

2000; Lau et al., 2009).  For instance, there is some suggestion that emotional matching paradigms 

induce greater amygdala activation relative to tasks involving verbal labelling (Hariri, Bookheimer, 
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& Mazziotta, 2000), which could have influenced the reactivity of this structure - irrespective of the 

valence being presented - in the study by Yang and colleagues (2010).  

 Of special relevance to the effect seen here with anger, are a few studies suggesting a link 

between anger perception and depressive disorders in young people. Beek and Dubas (2008) 

found that depressive symptoms in adolescence were associated with an increased perception of 

angry facial expressions along with decreased perception of happiness. Similarly, in a study by 

McClure, Pope, Hoberman, Pine and Leibenluft (2003), bipolar children and adolescents were 

more likely than healthy controls to misinterpret happy, sad, and fearful expressions of children - 

but not of adults - as angry. The clinical implications of this finding are yet to be determined, but it 

is possible that this bias to overperceive anger could relate to the irritability symptoms and 

interpersonal difficulties that are associated with both depression and bipolar disorder. 

A pattern of increased amygdala activation in response to angry facial expressions has 

been previously reported in paediatric samples - including adolescents with depression (Yang et 

al., 2010), bipolar disorder (Kim et al., 2012) and severe mood dysregulation (Thomas et al., 2013) 

-, as well as in adults with intermittent explosive disorder (Coccaro, McCloskey, Fitzgerald, & Phan, 

2007). In the study by Coccaro and colleagues (2007), amygdala activity was also positively 

correlated with symptoms of lifetime aggression. Given the prominent role of anger and irritability in 

all these conditions, it is possible that an increased reactivity towards anger represents a neural 

substrate underpinning these behavioural symptoms. Indeed, irritability was a symptom commonly 

reported in the current study, being evident at a threshold level in slightly more than half of the 

participants (53.85%), and at a sub-threshold level in in 38.46%, which is line with previous 

evidence from clinical samples (e.g., Strober et al., 1981).  

Another potential explanation for the pattern of increased activity towards anger is that this 

emotion may be especially salient in adolescent MDD, due to an increased sensitivity to negative 

interpersonal cues. Depressed teenagers are especially sensitive to the possibility of rejection from 

peers and to negative feedback in general (for a review see Platt, Cohen Kadosh, & Lau, 2013). In 

light of these concerns, anger may signal the possibility of rejection or social/physical harm, 

therefore inducing a pattern of increased vigilance. This hypothesis is merely speculative given that 

participants in this study were not specifically asked to rate the faces in terms of hostility or 

valence. Future studies may wish to include subjective ratings in order to clarify the judgements 
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ascribed to different emotions. Indeed, such approach has proved useful in previous adolescent 

studies involving emotional processing tasks (e.g., McClure et al. 2007).  

 In the current study, participants with depression showed an equivalent performance 

relative to healthy controls in a facial expression recognition task administered outside the scanner. 

It is therefore not possible to equate the abnormal pattern of neural activation towards anger with 

an increased behavioural bias to perceive this emotion. However, the facial expression recognition 

task (FERT) used in this study may have shown reduced sensitivity to detect differences in anger 

processing between groups since it was administered after the fMRI scan, during which 

participants were repeatedly exposed to angry faces. In support of this idea is a previous study 

showing a lack of group differences in the recognition of negative stimuli when the FERT was 

administered following an fMRI scan involving faces (Murphy et al., 2009). 

It is intriguing that depressed adolescents showed a trend for the opposite pattern (i.e., 

decreased activation in the amygdala) with respect to fearful faces. This activation was 

accompanied by reduced activation in the middle and inferior frontal gyrus, which correspond to the 

dorsolateral (BA 9) and ventrolateral (BA 44) prefrontal cortices, respectively. A similar pattern of 

parallel activation between the amygdala and ventrolateral prefrontal cortex (VLPFC) has been 

seen in paediatric patients with bipolar disorder (Rich et al., 2006; but see Pavuluri, O’Connor, 

Harral, & Sweeney, 2007). The amygdala and VLPFC have both been implicated in threat 

monitoring (Hariri, Mattay, Tessitore, Fera, & Weinberger, 2003; Phillips, Drevets, Rauch, & Lane, 

2003). Specifically, the VLPFC is thought to modulate the amygdala engagement in order to 

facilitate the flexible allocation of attentional resources when responding to threatening cues (Hariri 

et al., 2003). The DLPFC is an area of cognitive control, which has also been implicated in the 

regulation of affective responses originated within the amygdala and other limbic structures 

(Phillips, 2003).  Of note, there was a trend for a significantly increased activation of the DLPFC 

towards happiness vs. fear. These results may be in line with a deficient regulation of responses to 

threat-related vs. positive cues, but such finding is difficult to interpret.  

A pattern of decreased activation in the amygdala along with decreased prefrontal 

recruitment during the processing of fearful faces is nonetheless inconsistent with current theories 

of emotional regulation (e.g., Mayberg, 2003). It is thought that deactivation in the amygdala in 

response to emotionally salient stimuli results from increased prefrontal engagement, and not the 
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opposite. This theory has arisen from studies in the adult neuroimaging literature, but evidence 

from young samples is much more variable (Lau, 2013). For instance, whilst reduced connectivity 

between the prefrontal cortex and limbic structures is often reported in adult patient studies, the 

relationship between these structures is much more complex in adolescence (see McClure et al., 

2003). Such variability has led some authors to suggest that dual-system models may be 

inadequate to fully account for the intricate interplay that occurs between limbic and higher-level 

cognitive systems during adolescence (Pfeifer & Allen, 2012).  

Previous studies with depressed adolescents have also reported inconsistent findings 

regarding amygdala reactivity in response to fear in adolescent depression. Whereas several 

studies suggest that young depressed people show an increased activation in this structure in 

response to fearful faces (Hall et al., 2014; Tao et al., 2012; Yang et al., 2010), others report an 

opposite pattern of deactivation (Beesdo et al., 2009; Thomas et al., 2001) or lack of group 

differences (van den Bulk et al., 2014). The reasons for this discrepancy remain uncertain, but 

methodological variations in the fMRI paradigms used could be partly responsible, given 

cumulative evidence showing that activation in the amygdala and other structures is strongly 

affected by task parameters across development (see Guyer et al., 2008; McClure et al., 2007; 

Nelson et al., 2003). Thomas and colleagues (2001) reported decreased activation in the amygdala 

in a small sample of 5 currently unmedicated depressed female adolescents vs. matched healthy 

controls. In this blocked-design study, participants were required to passively view neutral and 

fearful faces for 200ms each. The group differences were seen in a contrast involving fearful faces 

vs. fixation. Similarly, Beesdo and colleagues (2009) found that unmedicated adolescents with 

MDD had lower bilateral activation in the amygdala compared to both healthy and anxious 

comparison groups, but only in a condition involving passive viewing of fearful (vs. happy) faces for 

4000ms. Indeed, when asked to rate the intensity of the fearful emotion displayed on a likert scale, 

both the MDD and anxious groups showed amygdala hyperactivity in comparison to controls, 

therefore highlighting the potential role of attention-mediated processes in explaining this pattern. 

In contrast, a separate study by Monk and colleagues (2008) reported increased amygdala 

activation in a passive viewing condition with varying levels of fear intensity but in a group of 

adolescents at risk for developing MDD. This pattern was not seen during constrained attention. A 

study by van den Bulk and colleagues (2014), on the other hand, failed to see any group 
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differences between unmedicated adolescents and matched healthy-controls in amygdala activity 

towards fear. However, in the study by Bulk and colleagues (2014), not all participants presented 

with depression as the main diagnosis. 

In the current thesis, participants were required to identify the gender of the face, which 

was presented for 100ms. It is notable that the study by Thomas and colleagues (2001) also found 

a decreased amygdala activity in response to fearful faces that were also viewed for a short 

duration (200ms). The task reported by Thomas and colleagues (2001) and the one used here 

contrast with studies in which participants are asked to focus on the intensity of the emotion, and in 

response to faces that are usually presented for longer durations (3000ms or 4000ms). 

Interestingly, a study by Beesdo and colleagues (2009) reported opposite patterns of amygdala 

activity depending on whether the task involved passive viewing or explicit emotion assessment. 

Given these differences in task design and stimuli presentation, it is possible that the pattern of 

amygdala hyperactivity in response to fear in adolescents is more consistently seen in tasks 

involving explicit assessment. These differences possibly reflect distinctive patterns underlying 

automatic vs. strategic processes. Future studies including both types of conditions are necessary 

in order to clarify how task parameters may affect amygdala activity in adolescent depression. 

The contrasting pattern seen in response to angry vs. fearful faces (when compared to 

happy) could be partially explained by the divergent meanings conveyed by these two emotional 

categories, which may be especially salient during adolescence. Fearful and angry faces seem to 

be equally negative and anxiety-provoking, but hold a different communicative signal. Specifically, 

fearful faces convey the message that there is the possibility of danger, but with an ambiguous 

source; whereas angry faces represent themselves the source of threat, therefore communicating 

the possibility of direct aggression towards the observer (Whalen, 1998). In line with this, it has 

been found that despite angry faces being rated as equally unpleasant, threatening, and anxiety 

provoking as fearful faces (relative to neutral and happy), they are perceived by adults as being 

significantly more likely to cause harm (Strauss et al., 2005), and also elicit higher eye-blink 

responses (Springer, Rosas, McGetrick, & Bowers, 2007). 

It is tempting to speculate that these differential meanings could be especially salient to 

young people. Indeed, adolescents undergo strong changes in terms of social awareness and, as 

mentioned previously, this age group is especially sensitive to the possibility of rejection in social 
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interactions (Harper, Dickson, & Welsh, 2006; Kloep, 1999). Anger, in particular, is generally 

regarded as a social and self-conscious emotion (Berkowitz, 1999), which conveys the possibility 

of physical or social harm. This emotion could therefore become especially prominent during 

adolescence and, in particular, during a depressive episode, where excessive self-awareness and 

social concerns lie at the core of the disorder. The increased ambiguity associated with fear, on the 

other hand, may lead to a more variable pattern of appraisal during adolescent depression and 

adolescence more broadly. In the context of the present study, it is possible that the hyperactivity in 

the amygdala towards anger reflects a pattern of hypervigilance in response to hostility or social 

rejecting cues, whereas the decreased activity in response to fear reflects a pattern of increased 

avoidance or disengagement. However, these hypotheses are speculative and require further 

investigation. 

There is limited evidence exploring the development of fear and anger recognition during 

adolescence, which further constrains the interpretation of the current findings. However, a study 

by Thomas and colleagues (2007) suggest that the ability to recognize fear improves gradually 

from childhood through adolescence and then adulthood, whereas the ability to recognise anger 

shows a sharp increase in sensitivity from teenage to adult years. In the view of the authors, this 

increased salience of anger could result from the enhanced learning of social rules during 

adolescence. Whilst this data is limited to healthy populations, it raises the question as to whether 

a different developmental trajectory for the detection of anger relative to fear could underlie, to 

some extent, the differential pattern of amygdala reactivity seen here (see Mackie, Devos, & Smith, 

2000). 

  

Effects of fluoxetine administration 

A single dose of fluoxetine was shown in this study to decrease neural responses to angry 

faces whilst increasing activation towards fear. These effects are opposite to those seen in the 

placebo group vs. healthy controls, which could suggest that fluoxetine is reversing the borderline 

pattern of hyper- and hypo-response seen in response to anger and fear (respectively) prior to 

treatment. The increased activation towards fearful faces was also associated with a reduced 

experience of anxiety/agitation and depressive symptoms in the first 10 days of treatment. 
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The reduced engagement of the amygdala in response to anger is line with the initial study 

prediction, built from the finding seen in Chapter Two, in which a single dose of fluoxetine was 

shown to decrease the recognition of angry facial expressions in a group of young adult volunteers. 

Together, these findings highlight an important mechanism through which fluoxetine may act to 

exert its clinical action.  

The replication of such an immediate effect of fluoxetine on the processing of anger is of 

critical importance. To my knowledge, only one study has looked at the influence of this medication 

on neural responses, but following a long course of fluoxetine treatment (8 weeks) and in the 

absence of a placebo-controlled condition (Tao et al., 2012). The current findings therefore extend 

the study by Tao and colleagues (2012), by demonstrating that fluoxetine produces effects that can 

be seen as early as after a single dose, and independently of any overall changes on mood or 

anxiety. This dissociation between the effects of fluoxetine on emotional processing vs. subjective 

mood is important to clearly delineate the mechanisms that may precede (and contribute to) 

subsequent changes in clinical symptoms. 

Increased amygdala activation towards anger has been previously reported in disorders 

were irritability is a key symptom (e.g., Coccaro et al., 2007; Kim et al., 2012; Thomas et al., 2013). 

The effect of fluoxetine on this emotion could therefore represent an important mechanism 

underlying the alleviation of these symptoms. However, despite irritability levels showing a 

reduction over time in this study, amygdala activation failed to correlate with this measure. The 

current study was limited by a very modest sample size, especially in the correlation analysis 

where only twelve participants (from the fluoxetine group) were included. Larger studies should be 

conducted in order to explore the neural substrates underlying irritability and how it could be 

modulated during pharmacological or psychological treatments. Such studies should also include 

improved measures of irritability, such as the Affective Reactive Index (ARI). This is a recently 

developed tool that has the potential to provide a more comprehensive measure of irritability 

(Stringaris, Goodman, et al., 2012). The scale focuses on three aspects of irritability: i) threshold 

for an angry reaction, i) frequency and ii) duration of anger feelings or behaviours, and takes into 

consideration the perspective from both the child/adolescent and the parent.  

An alternative - but not necessarily incompatible - explanation for the pattern of reduced 

amygdala activation in response to anger (following fluoxetine administration) is that this 
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medication acts to remediate a cognitive bias that may predispose adolescents to feel more self-

conscious in social interactions and particularly sensitive to peer rejection. As mentioned 

previously, social rejection is indeed particular prominent in adolescent depression (Platt et al., 

2013), and the amygdala is thought to play a key role in the anticipation of negative feedback from 

peers (Lau et al., 2012). Facial displays of anger, per se, are not a sign of peer rejection 

specifically, but they may evoke similar reactions during a developmental period that is particularly 

sensitive to the possibility of social harm – e.g., the teenager could interpret the anger emotion as 

an indirect sign of hostility and rejection, especially within the context of enhanced social fears. It 

would be of particular high interest to assess how fluoxetine may influence the perception of more 

complex affiliative cues, both in the context of positive/rewarding vs. negative/punitive social 

interactions. Ecologically valid paradigms have been used in order to explore neural responses to 

negative peer feedback and signs of disapproval in the context of depression and anxiety in youth 

(e.g., Belli, Rogers, & Lau, 2012; Lau et al., 2012), and the results show that depression and 

anxiety symptoms are indeed associated with heightened neural responses towards social 

rejecting cues (for review see Platt et al., 2013). To investigate if fluoxetine administration could 

reverse the pattern of hypervigilance in response to negative feedback is a topic of research that 

holds great potential. 

An increased activation in the middle temporal gyrus (including the posterior cingulate) and 

superior frontal gyrus in response to happy faces (vs. anger) was seen in the fluoxetine group 

versus placebo. This is consistent with the antidepressant effect of fluoxetine reported in Chapter 

Two, in which a trend for an increased recognition of happy faces was seen along with a 

decreased processing of anger. This finding is also in line with the study by Rawlings and 

colleagues (2010) in which a single dose of mirtazapine vs. placebo was found to increase limbic 

and prefrontal responses in response to happy faces. 

It is possible that fluoxetine acts to normalise the hypo-activation seen in the placebo group 

in response to fearful faces. A similar pattern of normalisation to fear has been found in a group of 

highly neurotic adults who were administered 7-day treatment with the SSRI citalopram (Simplicio, 

Norbury, Reinecke, & Harmer, 2014). The increased activation towards fear could therefore reflect 

decreased avoidance towards an emotion that represents a more benign threatening cue. While 

fear is naturally ambiguous and not always associated with negative consequences for the 
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individual, anger represents a more immediately harmful sign, for which a pattern of avoidance 

may be more normative. There is some recent evidence suggesting that accurate responses to 

fear predicts pro-social behaviour (Marsh, Kozak, & Ambady, 2007), therefore highlighting the 

ambiguous nature of this emotion and the fact that it may not always be associated with threat per 

se.  

 The reasons behind the differential pattern of activation in response to anger vs. fearful 

faces (when each was compared to happy) are merely speculative and future studies are needed 

in order to clarify how these emotions are processed across development and especially during 

episodes of adolescent depression. For instance, experiments combining both fMRI and eye-

tracking methodologies could help determine whether differential patterns of brain activation to 

fearful vs. angry faces in adolescent MDD implicate distinctive perceptual and/or attentional 

processes. Specifically, if eye-tracking was to reveal an increased pattern of ocular exploration to 

fearful faces following fluoxetine administration, this would suggest that fluoxetine acts to reduce 

ocular avoidance of fear which might be seen in the depressed state. Of relevance, a previous 

study by Di Simplicio and colleagues (2014) implemented this approach in a study with highly 

neurotic participants and found that 7-day treatment with citalopram increased ocular exploration of 

facial stimuli. Another aspect that is worth noting is the fact that amygdala activity towards fear has 

been shown to be modulated by genetic polymorphisms in the serotonin transporter gene. In a 

study by Lau and colleagues (2009), patients with two copies of the LA allele exhibited greater 

amygdala activity than patients with S or LG alleles in response to fear. Similar genetic variations in 

the participants included in the current study could have affected the results in an unpredictable 

fashion. Future imaging genetic studies are therefore needed in order to clarify how genetic 

variables may modulate the activity of the amygdala towards various threat-related cues, including 

fear and anger.  

In the current study, the effects of both depression and fluoxetine were seen in the right 

amygdala rather than bilaterally. Previous studies point to a similar pattern of right lateralisation in 

adolescents with mood disorders (Lau et al., 2009; Pavuluri, O’Connor, Harral, & Sweeney, 2007) 

and in participants receiving SSRI administration (e.g., Di Simplicio et al., 2014; Godlewska et al., 

2012; Murphy et al., 2009; Rawlings et al., 2010). Interestingly, it has been suggested that the right 

amygdala is involved in the automatic processing of briefly presented stimuli, whereas the left 
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amygdala is involved in sustained emotional processing of longer cues  (Gläscher & Adolphs, 

2003; Morris et al., 1998). The fact that the studies reporting a right lateralisation effect included 

implicit tasks is indeed consistent with the involvement of the right hemisphere in automatic 

processing. However, the detection of laterality is not always consistent in the literature (see Zald, 

2003) and, therefore, future research should clarify the role of hemispheric lateralisation when 

investigating drug effects using fMRI. 

In addition to the effects within the amygdala, fluoxetine was shown to influence activation 

in a broad network of temporal, occipital and frontal regions. Specifically, fluoxetine decreased 

activation in response to anger in the superior and middle temporal gyrus (including the 

hippocampus and the insular cortex), occipital pole and superior frontal gyrus. A parallel increase 

in the frontal pole (including the orbital cortex) and superior and middle frontal gyrus was seen in 

response to fear. These exploratory results were highly consistent with the primary analysis 

focused on the ROI amygdala mask, and should be further examined in forthcoming experiments. 

 The involvement of the insula and orbitofrontal cortex is consistent with the role of these 

regions in emotional processing. Despite being more traditionally linked with disgust, there is 

growing evidence suggesting that the insula plays a broader role in emotion processing. The 

hippocampus and orbitofrontal cortex are also thought to integrate a broad network of regions 

involved in the processing of emotionally salient stimuli (Bechara, Damasio, & Damasio, 2000; 

Immordino-Yang & Singh, 2013). It is notable that the study by Tao and colleagues (2012) also 

verified a modulation effect on the orbitofrontal cortex, although the activation of this structure was 

reduced after 8 weeks treatment with fluoxetine. 

 While the understanding of how limbic and prefrontal regions interact in adolescence is still 

incipient, this study provides an important insight into how antidepressant treatment may act to 

modulate critical regions involved in affective processing. Future research is needed in order to 

fully explore such complex connections within the brain and across development, in both healthy 

adolescents and depressed youth. 

 

Limitations 

The results of this study should be interpreted in light of several limitations. First, the 

effects of depression were measured in a placebo condition, therefore constraining any 
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comparison with previous non-pharmacological research in depressed adolescent samples. 

Participants were not aware of which group they belonged to, and therefore, any expectations 

regarding treatment could have affected the results in an unpredictable fashion. The fact that the 

findings produced by fluoxetine were opposite to those of the placebo group argues in favour of 

using this approach, but future replication is needed. 

Second, the findings seen in the amygdala did not emerge within the whole-brain analysis. 

There is nonetheless a scientific rationale for using an ROI approach to investigate percentage 

signal change in this brain region (Poldrack, 2007). Due to its small size, it is possible that any 

BOLD activity occurring in the amygdala failed to survive multiple comparison corrections 

underlying the whole-brain analysis, which makes the targeted ROI approach particularly useful. 

Notably, the finding seen with the amygdala ROI mask was consistent with the whole-brain results 

that emerged in other regions. 

 A third limitation pertains to the limited sample size. Due to the many challenges imposed 

by recruiting depressed adolescents immediately before they started antidepressant treatment (and 

within a short period of time), the sample size fell short of initial expectations. Future studies with 

larger samples are warranted. 

Fourth, additional characteristics of the clinical sample complicate interpretations. The 

inclusion of subjects with various comorbid conditions, despite reflecting a more naturalistic 

approach, may have influenced the results in unpredictable ways. The study inclusion criteria were 

relatively broad and patients were only excluded if they had current or previous history of bipolar 

disorder, schizophrenia or substance misuse.  Patients with an Asperger Syndrome diagnosis (or 

with Asperger traits) were not excluded, nor were patients who presented themselves with 

psychotic symptoms as part of the depressive episode. Despite the groups being relatively well 

matched for disorder comorbidities, the current study lacks enough power to examine the potential 

confounding effects of these comorbid disorders. Replication of these findings in a more 

diagnostically homogenous sample is therefore important, despite being much more difficult to 

attain. 

The same principle applies to the inclusion of patients who were receiving concomitant 

psychological therapy. Despite this distribution being equivalent in the placebo and fluoxetine 
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groups, it is not possible to examine any potential effects of therapy on the emotional processing 

task used here due to the small sample size.  

The gender distribution was not significantly different between groups, but there was a 

higher proportion of males in the fluoxetine group. Again, this could have affected the pattern of 

results seen in the current study. 

Finally, the emotion contrasts of interest in this study included two comparisons: anger > 

happy; fear > happy. However, given the opposite pattern of neural activity seen with these 

conditions, it would be useful to perform an analysis in which fear and anger are directly compared. 

Future studies may also wish to include sadness as an additional negative expression. Whilst this 

emotion does not engage amygdala activation as robustly as fearful faces (e.g., Phan, Wager, 

Taylor, & Liberzon, 2002), it could still offer important insights into the mechanisms underlying 

fluoxetine, as well as help clarify any differences between anger, fear and sadness. Of relevance, 

fluoxetine was shown to decrease the recognition of sadness in Chapter Two. Low mood/sadness 

is a critical feature of adolescent depression that is seen in a significant percentage of adolescents 

suffering from MDD, having equal or stronger status than anger in most cases (Stringaris et al., 

2013). Additional studies are needed in order to explore how this emotion may be affected by 

fluoxetine treatment. 

4.5. Conclusion 

To the extent of my knowledge, this was the first study to investigate the effects of acute 

fluoxetine administration on neural processing in clinically depressed adolescents. As predicted, 

fluoxetine was shown to decrease amygdala activity to angry faces in comparison to placebo. This 

pattern was opposite to that seen when patients on placebo were compared with healthy controls, 

therefore suggesting that a potential mechanism of fluoxetine is to decrease amygdala 

hyperactivity towards this emotion. An effect on fear was also apparent. Participants receiving 

fluoxetine showed an increased activation in response to fear. Again, this effect was opposite to 

that seen in the placebo group vs. healthy controls. Of interest, amygdala activity in response to 

fear was negatively correlated with initial symptoms of agitation/anxiety and depression.  

These findings are important, as they extend the only study that has been conducted so far 

with depressed adolescents, in which fluoxetine was administered for 8 weeks. Fluoxetine is shown 
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here to have immediate effects on emotional processing, independently of changes in mood. The 

effects on anger may be particularly relevant for adolescent depression, whilst the changes in 

amygdala reactivity in response to fear may represent an early biomarker of therapeutic response. 

Despite being very preliminary, this latter finding highlights a useful approach to detect early 

indicators of clinical response, a much-anticipated advancement in the field of Child and 

Adolescent Psychiatry. 
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Chapter 5:  

The effects of acute fluoxetine on anger processing: an 

exploratory study with high trait anger males 

5.1. Introduction 

The results from the studies reported in Chapter Two and Four showed that a single dose 

of fluoxetine (vs. placebo) decreased the behavioural and neural processing of angry faces.  Given 

the efficacy of fluoxetine in treating disorders where anger is a key symptom (Coccaro & Kavoussi, 

1997; Fava et al., 1991), these findings highlight a potential mechanism through which fluoxetine 

may exert its clinical action. However, following on from these effects, it would be useful to 

establish whether fluoxetine modulates emotional processes, and particularly anger processing, in 

individuals with high levels of trait anger (HTA). Such findings would be directly applicable to the 

pharmacological treatment of disorders where irritability, anger and aggression are especially 

prominent.  

A transdiagnostic perspective in the characterisation and treatment of psychological 

disorders - supported by evidence showing the benefits of targeting shared processes that seem to 

overlap across conditions (e.g., Fairburn, Cooper, & Shafran, 2003; Norton, 2012) -, has been 

receiving growing interest within both the psychiatric and academic communities (e.g., Etkin & 

Cuthbert, 2014). Anger symptoms and irritability are common in a wide range of conditions, 

including adolescent and adult depression, bipolar disorder, anxiety and intermittent explosive 

disorder (e.g., Fava et al., 2010; Stringaris et al., 2013). Within this framework, understanding the 

mechanisms through which fluoxetine influences anger-related processes may shed light on the 

clinical applicability of this medication and help refine future drug treatments.  

The propensity to react with anger across different situations is a risk factor for the 

development of more serious anger-related problems (Deffenbacher, Oetting, Lynch, & Morris, 

1996), and can be quantified along the dimensions of state and trait anger (Spielberger, 1988). 

State anger describes the angry feelings experienced by an individual at a particular point in time, 
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and can vary in intensity from “mild irritation or annoyance to strong fury or rage” (Spielberger, 

Reheiser, & Sydeman, 1995). It is typically associated with autonomic arousal, including increased 

heart rate, blood pressure and perspiration (Berkowitz, 1999; Taggart, Boyett, Logantha, & 

Lambiase, 2011). Trait anger, on the other hand, corresponds to the general tendency to feel 

angry. Spielberger (1996) suggested that individuals high in trait anger tend to perceive more 

situations as frustrating or irritating, which consequently leads to frequent experiences of state 

anger and its associated components, and to a poorer psychological functioning (see Anderson, 

Linden, & Habra, 2005; Deffenbacher et al., 1996).  

Few studies have investigated the role of perceptual and attentional mechanisms in the 

expression of trait and state anger. However, there is evidence suggesting that a propensity to 

attend to hostile information may contribute to the experience of anger-related feelings (for a 

review see Owen, 2011). For instance, Honk, Tuiten, de Haan, vann de Hout and Stam (2001) 

found that male and female individuals scoring high on trait anger (HTA) showed an attentional 

bias for angry faces in a pictorial emotional Stroop paradigm. Males with high self-reported 

aggression are also biased to perceive aggression-related words in the Attentional Dot-Probe 

(Smith & Waterman, 2004). Such enhanced attention towards anger-related stimuli might 

predispose the individual to encounter situations that are likely to trigger anger experiences; e.g., 

an HTA individual could interpret a criticism from a work colleague more negatively than a person 

low in trait anger, which predisposes him or her to feel more “angry”. These experiences may 

further reinforce the pattern of hypervigilance towards signs of hostility. 

In the study reported in Chapter Two, fluoxetine was associated with a decreased 

recognition of angry facial expressions and with a reduced emotional reactivity towards unpleasant 

stimuli. Given the potential role of increased vigilance to hostile information in the development and 

maintenance of anger, it is of high interest to examine if fluoxetine is capable of decreasing 

perceptual, attentional and autonomic effects associated with the experience of this emotion in 

HTA individuals who are susceptible to experience anger frequently in their daily lives. If confirmed, 

these findings would strengthen the hypothesis that fluoxetine acts to reduce the processing of 

anger cues, an effect that may help alleviate behavioural symptoms of anger and irritability. 

The current study therefore assessed, for the first time, the influence of a single dose of 

fluoxetine vs. placebo in a sample of volunteers scoring high in trait anger. To control for gender, 
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only male subjects were included in the present study. A battery of emotional tasks was carefully 

designed to investigate information processing in response to this key emotion. Following the 

findings seen in Chapter Two and Four, this study hypothesised that fluoxetine would decrease the 

processing of (and vigilance towards) angry facial expressions, whilst enhancing the processing of 

happy faces. It was also predicted that fluoxetine would decrease participant’s autonomic reactivity 

and subjective ratings of anger and irritability in response to recalling a situation where they had 

become very angry or lost his temper.  

5.2. Methods  

5.2.1. Participants  

Forty male healthy volunteers who described themselves as being “hot-headed” or as 

having a “fiery” or “quick” temper, and aged between 18 and 55, were recruited from the 

community using posters and web/radio-based advertisements. Following the eligibility screening, 

only twenty-one participants were tested (see Figure 16). This sample size is lower than 

anticipated, as the initial plan was to test thirty-five participants in total, given the results seen in 

Chapter 2.  

Interested participants were emailed a brief description of the study along with the Trait 

Anger Scale (TAS) of the State Trait Anger Expression Inventory (STAXI; Spielberger, Krasner, & 

Solomon, 1988). Those scoring at or above the 75th percentile on the TAS (i.e., a score of 21 or 

higher) were then invited to participate, in accordance with cut-offs used in previous studies (e.g., 

Eckhardt & Cohen, 1997; Lopez & Thurman, 1993; Tafrate, Kassinove, & Dundin, 2002).  

All participants were given a standard medical screening and administered Structured 

Clinical Interviews for DSM-IV Axis I (First et al. 1997) and Axis II Disorders (First, 1997) to 

determine eligibility for the study. The Attention Deficit Hyperactivity Disorder (ADHD) Module from 

the Mini-International Neuropsychiatric Interview version 5.0 (M.I.N.I. 5.0) (Sheehan et al., 1998) 

was also administered in order to exclude participants with ADHD which may be present in a HTA 

population (Ramirez et al., 1997). Exclusion criteria were current significant medical problems; 

personal history of psychiatric illness, including alcohol/substance abuse; first-degree family history 
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of bipolar disorder; smoking more than 5 cigarettes per day; recreational drug use within the last 1 

month; BMI below 18 or greater than 35 and current use of psychotropic medication.  

Ethical approval for this study was obtained from the Oxford University Medical Sciences 

Inter-divisional Research Ethics Committee (MSD-IDREC-C3-2013-001). All participants gave 

written and verbal informed consent prior to their participation, and were reimbursed with £80 for 

their time. At the end of the study, participants who were interested in learning strategies to 

overcome their anger issues were given a brochure detailing specialised services offered in 

Oxford, online resources, and books. 

 

Figure 17. Flow chart of patient participation. 

5.2.2. Experimental design and procedures 

Screening 

Participants underwent a screening session lasting ~90-120 minutes. This appointment 

included administration of the Structured Clinical Interviews for DSM-IV Axis I (SCID-I; First et al., 

1997) and Axis II Disorders (SCID-II; First, 1997) and a pre-screening questionnaire that covered 

all items of the SCID-II which served to determine which sections should be explored in more detail 

during the interview. From the SCID-I interview, participants were determined to be free of current 

or past Axis I (psychological) disorders. The presence of Axis II (personality) disorders was not an 

exclusion criterion. 

Participants screened 

 (n=40) 

Randomised and tested 

(n=21) 

Fluoxetine 

(n=11) 

Placebo 

(n=10) 

19 participants excluded due to: 

 High blood pressure (n=1) 
 BMI lower than 18 (n=1) 
 Recent/frequent drug use (n=5) 
 Past/current psychological disorder (n=4) 
 Heavy smoker (n=1) 
 Recent participation in drug study (n=2) 
 Study withdrawal (5) 

 



 
 

129 
 

All participants were then weighed and underwent a brief physical exam by a medical 

doctor to ensure physical fitness. The National Adult Reading Test (NART; Nelson, 1991) was 

administered in order to obtain an estimate of verbal IQ. Participants also completed the Barratt 

Impulsiveness Scale (BIS; Patton, Stanford, & Barratt, 1995), Buss-Perry Aggression 

Questionnaire (BPAQ; Buss & Perry, 1992), the trait version of the STAI (STAI-T; Spielberger, 

Gorsuch, & Edward, 1970) and the Eysenck Personality Questionnaire (EPQ; Eysenck & Eysenck, 

1975). In order to quantify the impact of high trait anger on their daily lives, participants were asked 

to rate how their experiences with anger affected or interfered with their general functioning, 

including work and relationships, on a scale from 0 to 10 (0 being “not at all”, and 10 “extremely”). 

A comprehensive description of the measures used during the screening visit can be found 

in Appendix 3. 

 

Testing session 

The design of the testing session closely mirrored the study described in Chapter Two. 

Participants were asked to refrain from alcohol on the night before of the testing and to limit 

caffeine consumption during breakfast to one cup. Participants arrived at the laboratory for a 

morning appointment and were asked to fill in a series of questionnaires before the drug/placebo 

administration: the Beck Depression Inventory (BDI; Beck, Ward, Mendelson, Mock, & Erbaugh, 

1961) as an indicator of mood; the state version of the STAI (Spielberger et al., 1970) as a 

measure of anxiety; Visual Analogue Scales (VAS) to assess alertness, contentedness and 

calmness symptoms (Bond & Lader, 1974); the Positive and Negative Affective Schedule (PANAS; 

Crawford & Henry, 2004); and finally an adapted version of the Antidepressant Side-Effect 

Checklist (ASEC; Uher et al., 2009). These measures are described in more detail in Appendix 3. 

 Participants were then randomised to receive either 20mg of fluoxetine or a matched 

placebo, in a double-blind procedure. After medication/placebo administration, participants sat in a 

quiet room until the testing session began. During this time, participants were free to read, work 

and/or use their laptops, and were carefully monitored for potential side-effects. For lunch, 

participants were offered a selection of light meals. Participants were not allowed to smoke or drink 

any additional caffeine for the duration of the study.  
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Six hours after drug/placebo intake, participants were asked to complete the STAI-S, VAS, 

PANAS, JRQ, VAS and ASEC again. This was followed by the administration of a battery of 

emotional processing tasks, as described below. 

5.2.3. Experimental tasks 

Facial expression recognition task  

See Chapter Two for experimental details.  

 

Emotional Categorisation and Memory 

The emotional categorisation task assesses speed to respond to positive and negative 

self-referent personality descriptors, and can be considered a probe for measuring emotional 

biases during interpretation and encoding. Stimuli included 30 disagreeable (e.g. domineering, 

hostile) and agreeable (e.g. honest, original) words (from Anderson, 1968), which were matched 

for length and ratings of frequency and meaningfulness (Anderson, 1968; Francis & Kučera, 1982).  

Each trial began with a fixation cross lasting 500ms followed by the word (also presented for 

500ms) and ending with a post-trial interval of 3s. Participants were required to categorise these 

personality characteristics as likeable or dislikeable as quickly and as accurately as possible. 

Specifically, they were asked to imagine whether they would like or dislike overhearing someone 

referring to them as possessing this characteristic, so that the judgment was in part self-referential. 

The outcome measures of this task were: 1) percentage of words correctly identified (i.e., 

percentage of words correctly identified as agreeable and disagreeable) and 2) reaction times 

taken to identify each word. 

About 10 minutes after the emotional categorisation task was completed (in which the 

Attentional Dot-probe was administered), participants were given a surprise free recall and 

recognition test. Specifically, participants were asked to freely recall and write down as many of the 

personality characteristics as they could remember in 2 minutes. The outcome measures for the 

free recall were: 1) percentage of positive and negative words correctly recalled, and 2) number of 

false positives (words falsely recalled that were not originally presented in the task). The 

recognition task comprised of 60 target words plus 60 matched distractors (30 positive, 30 
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negative) (Anderson 1968; Francis & Kučera, 1982).  Each trial consisted of a 500ms fixation 

cross, followed by the word presentation for 500ms, and a post-trial interval of 3s. Participants 

were asked to indicate whether each word presented on the screen was one of the personality 

characteristics presented during the categorisation task (‘familiar’) or not (‘novel’). The outcome 

measures were: 1) percentage of positive and negative words correctly recognised, 2) percentage 

of correct “rejections”, and 3) reaction times. 

 

Attentional Dot-Probe Task 

The Attentional Dot-Probe Task assesses attention to different emotional stimuli using a 

reaction time measure, as described in Chapter Two. However, in this version of the task, 

backward masking was used in order to create a subliminal condition. Additionally, the task was 

modified to include angry faces due to the relevance of anger for the present study. 

Pairs of photographs of 30 individuals (15 women and 15 men) displaying different facial 

expressions were taken from the JACFEE/JACNeuF sets of facial expressions (Matsumoto & 

Ekman, 1988). Each face pair included one emotional expression and one neutral or two neutral 

expressions, from the same individual. Therefore, there were 4 types of face pairs: (1) neutral-

neutral; (2) fearful-neutral, 3) happy-neutral and 4) anger-neutral. On each trial, one of the faces 

occupied the top half of the screen and the other the half bottom, with a central fixation cue in the 

middle. The emotional faces (i.e., fearful, happy or anger) appeared in both locations with equal 

frequency.  

There were two types of conditions: masked and unmasked. In the unmasked condition, 

the face pair was presented for 100ms and then a probe appeared in the location of one of the 

preceding faces. The sequence of events was the same in the masked condition, except that the 

face pair was displayed for a short period of time (16ms) and was immediately replaced by a mask 

consisting of a jumbled face and displayed for 84ms, before being replaced by a probe. Probes 

consisted of two dots presented either vertically (:) or horizontally (..). 

On half of the emotional-neutral face trials, the probe appeared in the same position as the 

emotional face and on the other half, the probe appeared in the same position as the neutral face. 

There were 258 trials in total - 2 practice trials, 128 masked trials (32 happy-neutral, 32 fear-

neutral, 32 angry-neutral, 32 neutral-neutral) and 128 unmasked trials (32 happy-neutral, 32 fear-
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neutral, 32 angry-neutral, 32 neutral-neutral). There were 8 blocks each of unmasked and masked 

trials (16 trials per block), which were presented in an alternating order with an ABAB design. The 

task was fully counterbalanced for emotion location, probe location and probe type. Stimuli were 

presented using the E-prime software. 

Participants were asked to respond to the orientation of the dots as quickly and as 

accurately as possible by pressing correspondingly labelled keys on a keyboard. The outcome 

measures in this task were vigilance scores towards happy, fearful and angry faces. A description 

of how vigilance scores are calculated is provided in Chapter Two. 

Continuous Flash Suppression  

The Continuous Flash Suppression (CFS) paradigm described in Chapter Two was 

modified to include angry faces. There were 240 trials in total (60 trials for each of the 4 conditions: 

neutral, happy, fear and angry faces). The outcome measures were: 1) reaction times to detect 

each of the emotional expressions and 2) percentage of correct responses (i.e. trials in which the 

location of the face was correctly identified). 

 

Anger recall paradigm 

Participants underwent an anger recall (AR) paradigm, which has been adapted from 

previous published research (e.g., Burg, Soufer, Lampert, Collins, & Soufer, 2011; Why & 

Johnston, 2008). This task aims to generate an intense anger reaction by asking the participant to 

recall an event in which he had become very angry or lost his temper, while measuring 

electrocardiogram (ECG) responses. Participants are asked to recall an event that occurred during 

the past year, and that was still upsetting for the participant to think about. If participants were able 

to think of more than one event, they were then instructed to select the most intense. This AR 

paradigm consisted of a 5-min baseline period, a 7-min anger recall task (including 2 minutes of 

imagery), and a 5-min recovery period. Figure 17 provides a summary of all the procedures 

involved in this paradigm. 

After the participant confirmed that he was able to identify an incident, the connection to 

the ECG monitoring equipment was established. To avoid movement artefacts, participants were 

asked to keep as still as possible throughout the task. Participants were seated in a comfortable 
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chair, and subsequently instructed to clear their mind and relax as much as possible during a 5-

minutes baseline (rest) period. After completion of the baseline, participants were asked to rate 

their subjective state by using an adapted computerised version of the Anger Attack Questionnaire 

by Fava, Anderson, & Rosenbaum (1990). Example items are: accelerated heart rate, hot 

flashes/face reddening, tightness of the chest, sweating, feeling out of control, etc. Items related to 

mood and state anxiety (such as “irritable/angry”, “happy”, “sad”, etc.) were also added. Each item 

was scored on a 10cm horizontal visual analog scale, from “not at all” to “extremely”.  

The experimenter initiated the AR condition by asking participants to focus on the 

previously selected anger incident and to indicate, on a 10cm scale, how angry they felt at the time. 

They were also asked to rate the outcome of the situation, in terms of it having been neutral, 

negative or positive (-10 to +10). These ratings were done on a computer. 

This was followed by a 2-minute imagery period in which participants prepared silently and 

with their eyes closed for the upcoming recall. They were specifically asked to mentally place 

themselves back in the situation and recall, as vividly as possible, the sequence of events 

experienced, as well as any associated thoughts, feelings and physical sensations. Participants 

were also prompted to imagine that the situation was happening again, in the present. At the end of 

these 2 minutes of imagery, participants were asked to verbally rate the mental image in terms of 

vividness and level of detail on a scale from 0 to 10 (from “not at all” to “extremely vivid/detailed”), 

and the experimenter recorded these ratings on a scoring sheet.  

The imagery period was followed by a 5-minute recall of the event. Participants were asked 

to verbally describe the incident in detail, trying to recreate it as best they could, and – if 

comfortable – with their eyes closed. They were specifically asked to include details such as what 

they said and did, how the other person responded (if anyone else was involved), and what they 

were thinking and feeling. The experimenter provided prompts during the recall in order to increase 

the reliving of the incident (e.g., paraphrasing back what the subject just said, or focusing the 

subject on feelings by asking "How did that make you feel?"), especially if pauses of more than 3 

seconds occurred. The aim was to keep the participant engaged in talking about the incident, while 

promoting the vivid re-experience of anger throughout the condition. This verbal account was 

audio-recorded, conditional to consent from the participant. 
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Participants were then asked to complete the Anger Attack Questionnaire and additional 

subjective ratings on a computer. They were specifically asked to: 1) rate how angry they felt 

compared to the time of the incident (from “not at all” to “just as much”); 2) verbally describe the 

“worst thought” that they had during the anger incident, and then rate: how much they believed the 

thought was true at the time (from “not at all” to “completely convinced that the thought was true”); 

3) how much distressed they felt by having such thought (from “not at all” to “as distressed as I 

ever felt”) and 4) how angry this thought had made them feel (from “not at all” to “extremely”). 

These ratings were completed on a computer, using 10cm horizontal graphic lines. 

At the end, there was a standard 5-minute recovery period with identical instructions as for 

the initial baseline. This was also followed by the completion of the Anger Attack Questionnaire.  

Electrocardiogram (ECG) analysis 

During the anger recall paradigm, an ECG was recorded using a Spacelabs Healthcare 

CardioNavigator System (USA) in order to measure heart rate variability (HRV). HRV is defined as 

the fluctuation over time of the period between consecutive heartbeats. 

Heart beat-to-beat intervals were quantified using a custom automated analysis program. 

The low frequency (LF: 0.04-0.15Hz) and high frequency (HF: 0.15-0.4 Hz) components of the 

heart rate were identified by fitting an optimal Auto-Regressive (AR) estimation technique to 

the data and assessing its frequency spectrum (Parati et al., 1995). This technique is preferable to 

the use of a Fourier Transform as it can characterise oscillations at any frequency instead of 

restraining the spectrum to pre-selected values. An additional advantage is that it allows the 

quantification of frequency content to shorter recording intervals (Parati et al., 1995). The 

magnitudes of the LF and HF are often taken as an index of sympathetic and parasympathetic 

activity (respectively), despite not being completely independent: the HF power is usually taken as 

a measure of baseline parasympathetic activity (Katona, Poitras, Barnett, & Terry, 1970; 

TFESCNASPE, 1996), whilst the LF index is more ambiguous, receiving contributions from both 

the sympathetic and the parasympathetic nervous system (Akselrod et al., 1981; Appel, Berger, 

Saul, Smith, & Cohen, 1989). The ratio of the two powers (LF/HF) represents a gold standard 

approach for measuring changes in sympathovagal (i.e., sympathetic vs. parasympathetic) 

balance. This LF/HF ratio was therefore used in the analysis to measure HRV, using normalised 

units (TFESCNASPE, 1996).   
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Figure 18. Conditions involved in the Anger Recall paradigm and respective ratings. 

Recovery                         5 minutes

•Anger Attack Questionnaire 

(item examples: heart palpitations, sweating)

Anger Attack Questionnaire 

(item examples: heart palpitations, sweating)

Baseline                                5 minutes

Anger Attack Questionnaire 
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Ratings about the situation

How angry did you feel at the time?

What was the outcome of the situation?

Imagery                        2 minutes

extremelynot at all 

extremelynot at all 

Positive

+ 10

Negative

- 10

The experimenter asks:

o How vivid is the mental image (in a scale from 0-10)?

o How detailed is the mental image (in a scale from 0-10)?

Anger recall 5 minutes

5-minutes talking about the situation

extremelynot at all 

Ratings about the anger recall

o How angry did you feel, compared to 

how angry you felt at the time?

oWhat was your worst thought?

o How much did you believe it was true?

o How distressed did you feel by the thought?

o How angry did that thought make you feel?

extremelynot at all 
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convincednot at all 

Just as 

muchnot at all 
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For each participant, a time-series was constructed to reveal HRV (using the LF/HF ratio) 

over the course of the three blocks: (1) baseline, (2) anger recall and (3) recovery. 

5.2.4. Statistical analyses 

Baseline characteristics (age, BMI, IQ, STAXI, BP, BIS, STAI-T, EQP, BDI and anger 

impact on functioning), excluding gender, were analysed by using independent t-tests. Gender was 

analysed using a chi-square test. The self-report scales used to assess the effects of fluoxetine on 

subjective ratings (STAXI-S, STAI-S, VAS Alertness, VAS Contentedness, VAS Calmness, PANAS 

and ASEC) were analysed by using a split-plot ANOVA, with time (pre and post drug/placebo 

administration) and group (fluoxetine vs. placebo) as within- and between-subjects factors 

respectively. 

The experimental tasks were also analysed by using a split-plot ANOVA with group 

(fluoxetine vs. placebo) as the between-subjects factor. Within-subjects factors were 

emotion/valence (FERT, Emotional Categorisation and Recall, Attentional Dot-Probe, CFS) and 

stimulus presentation/masking (Attentional Dot-Probe). Accuracy responses in the Attentional Dot-

Probe were analysed using a Mann-Whitney test due to absence of normality in the data. Accuracy 

responses in the CFS task were analysed using an independent t-test. When sphericity was 

violated, Greenhouse-Geisser-corrected p-values were used, but uncorrected degrees of freedom 

are reported for clarity.  

In order to assess the effects of fluoxetine on Heart Rate Variability (HRV), split-plot 

ANOVAs were conducted with condition (baseline, anger recall and recovery) and timepoint (seven 

2-minute windows, from 0 to 300s) as the within-subjects factors. The Anger Attacks Questionnaire 

was assessed using a similar split-plot ANOVA but with condition (baseline, anger recall and 

recovery) and scales (16 items in total) as the within-subjects factors. The effects of fluoxetine on 

the imagery condition HRV, anger recall/baseline HRV ratio and VAS anger recall ratings were 

analysed by using independent t-tests. 

A p-value lower than 0.05 was used to denote statistical significance. Marginal differences 

with a p-value lower than 0.10 were also reported.  
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5.3. Results 

5.3.1. Baseline characteristics  

There were no significant differences between groups in terms of age, BMI and IQ (all 

ps>0.18). The scales from the Buss-Perry Aggression Questionnaire (BPAQ) and Behavioural 

Impulsiveness Scale (BIS-11) also yielded comparable scores in the placebo and fluoxetine 

groups, as did the Trait anger and the EPQ scales of Extraversion and Psychoticism (all ps>0.12). 

See Table 16. 

Table 16. Baseline characteristics.  

 

Placebo 

(N=11), mean (±SD) 

Fluoxetine 

(N=10), mean (±SD) 
p sig. 

Age 32.09 (13.20) 29.80 (10.02) 0.662 n.s. 

BMI 24.42 (2.48) 25.80 (4.20) 0.389 n.s. 

Verbal IQ (NART) 115.05 (4.84) 104.00 (25.93) 0.181 n.s. 

STAXI Trait anger 27.09 (4.13) 25.78 (4.32) 0.498 n.s. 

STAXI Anger-in 20.36 (4.63) 15.80 (4.16) 0.019 * 

STAXI Anger-out 20.00 (5.06) 16.20 (4.16) 0.077 + 

STAXI Anger Control 23.64 (3.75) 23.50 (4.70) 0.942 n.s. 

STAXI Anger Expression 32.72 (10.87) 24.50 (9.38) 0.080 + 

BP-Physical aggression 26.64 (8.30) 27.20 (12.45) 0.903 n.s. 

BP-Verbal aggression 23.18 (7.73) 21.50 (6.96) 0.608 n.s. 

BP-Anger 29.55 (9.57) 25.40 (8.90) 0.318 n.s. 

BP-Hostility 22.27 (8.22) 14.20 (7.52) 0.030 * 

BIS-Cognitive 17.91 (3.27) 14.80 (5.37) 0.122 n.s. 

BIS-Motor 23.36 (3.88) 23.20 (5.94) 0.941 n.s. 

BIS-Nonplanning 23.36 (4.29) 23.70 (7.32) 0.902 n.s. 

Trait anxiety (STAI-T) 47.55 (6.41) 42.20 (5.03) 0.048 * 

EPQ-Neuroticism 9.91 (4.66) 6.25 (2.82) 0.066 + 

EPQ-Psychoticism 4.82 (2.18) 4.00 (2.73) 0.477 n.s 

EPQ-Extraversion 12.18 (5.96) 15.63 (5.73) 0.224 n.s. 

Depression (BDI) 6.82 (5.49) 2.40 (3.24) 0.058 + 

Anger impact on 

functioningΦ 
5.45 (2.03) 5.00 (2.46) 0.668 n.s. 

Note: ΦMeasured by asking the participant “In a scale from 0 to 10, how much you think your anger 

experiences affect/interfere with your general functioning, including work and relationships? [with 0 

being “not at all”, and 10 “extremely”]; *p<0.05, +p<0.10; n.s. stands for non-significant. 
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However, the groups showed significant (or near significant) differences when considering 

Trait anxiety (STAI-T) (p=0.048), EPQ Neuroticism (p=0.066), BPAQ Hostility (p=0.030), STAXI 

Anger-in (p=0.019), STAXI Anger-out (p=0.077), STAXI Anger Expression (p=0.080) and BDI 

(p=0.058). The placebo group revealed slightly higher scores in all these measures. These values 

are presented in Table 16. 

5.3.2. Subjective changes 

Separate split-plot ANOVAs with time (pre and post) and group (fluoxetine vs. placebo) 

were conducted in order to test the effects of fluoxetine on state anger (STAXI-S), state anxiety 

(STAI-S) and side-effects (ASEC). These analyses revealed no interaction between time and group 

in any of these measures (all ps>0.16).  

A split-plot ANOVA with time (pre and post) and valence (positive and negative) as within-

subject factors revealed a trend for an interaction between valence and group for the PANAS 

[F(1,18)= 3.594, p=0.074]. Participants on fluoxetine showed a trend to score lower overall than the 

placebo group in the negative scale (p=0.068). 

Finally, a split-plot ANOVA was conducted to assess the effect of fluoxetine on the VAS 

scales (Alertness, Contentedness and Calmness) separately. This analysis revealed a significant 

(or near-significant) main effect of group when assessing each of these scales. The placebo group 

scored higher than the fluoxetine group on the Alertness [F(1,17)=13.522, p=0.002] and 

Contentedness [F(1,17)=10.194, p=0.005] scales, irrespective of timepoint. There was also a trend 

for the placebo group to score higher on Calmness scores [F(1,17)=3.361, p=0.084] (see Table 

17). No interaction effects between time and group were apparent (all ps>0.118) 

Given the exploratory nature of this study, these variables were not included as covariates 

in the subsequent analyses. 
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Table 17. Subjective Ratings before and after a single dose of 20mg. fluoxetine or placebo  

5.3.3. Facial Expression Recognition Task 

A split-plot ANOVA with emotion as the within subject factor (seven levels: neutral, anger, 

disgust, fear, happiness, sadness and surprise) revealed a trend for a significant interaction 

between emotion and group when considering accuracy levels [F(6,114)=2.035, p=0.067]. Follow-

up pairwise comparisons revealed that participants receiving fluoxetine were more accurate at 

identifying happiness [F(1,19)=8.524, p=0.009] and also showed a trend to be more accurate at 

identifying surprise [F(1,19)=3.498, p=0.077]. No significant differences were seen in the other 

expressions (all ps>0.16) (see Figure 18).  

Scales 

Pre Post 

Plac. 

(n=11) 

mean (±SD) 

Fluox. 

(n=10) 

mean (±SD) 

Plac. 

(n=11) 

mean (±SD) 

Fluox. 

(n=10) 

mean (±SD) 

State anger (STAXI-S) 
10.73 

(1.49) 

11.50 

(2.68) 

10.82 

(1.54) 

10.10 

(0.32) 

State anxiety (STAI-S) 
47.36 

(5.22) 

47.90 

(4.36) 

45.91 

(4.80) 

48.90 

(2.13) 

VAS Alertness 
26.69 

(11.88) 

13.97 

(9.05) 

39.82 

(15.67) 

17.08 

(11.68) 

VAS Contentedness 
26.78 

(10.77) 

13.43 

(9.15) 

29.72 

(11.42) 

15.39 

(11.09) 

VAS Calmness 
25.34 

(12.39) 

22.94 

(16.33) 

32.97 

(14.16) 

17.27 

(19.95) 

PANAS positive (+) 
35.55 

(5.80) 

37.11 

(5.71) 

27.73 

(6.80) 

33.30 

(7.72) 

PANAS negative (-) 
14.82 

(3.82) 

12.11 

(2.62) 

12.55 

(3.33) 

10.60 

(0.97) 

Side effects (ASEC) 
0.90 

(1.37) 
0.80 (1.40) 

4.00 

(2.05) 

2.90    

(3.57) 
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Figure 19. Accuracy of facial expression recognition in the fluoxetine and placebo 

groups. Values represent percentage of correct responses summed over the different 

intensity levels for that emotion. Error bars represent standard error of the mean. 

When analysing reaction times, there was no significant interaction between facial 

expression and group [F(6,114)=0.746, p=0.570] and the main effect of group was also non-

significant [F(1,19)=1.327, p=0.264]. A similar lack of significant effects was seen for the 

percentage of misclassifications [emotion x group: F(6,114)=1.350, p=0.271, main effect of group: 

F(1,19)<0.001, p>0.99].  

5.3.4. Emotion categorisation and memory 

In the emotion categorisation task, there was no significant interaction between word 

valence and group [F(1,19)=0.204, p=0.657] or main effect of group [F(1,19)=0.772, p=0.391] when 

considering the percentage of personality characteristic words correctly categorised as likeable or 

dislikeable. The reaction times were also not significantly affected by the treatment [group x 

emotion: F(1,19)=0.241, p=0.629; main effect of group: F(1,19)=0.961, p=0.339].  

The percentage of words correctly recalled in the free recall memory test was not 

significantly affected by treatment (recall: group x emotion: F(1,19)=1.670, p=0.212; main effect of 

group: F(1,19)<0.1, p>1.000], nor were the percentage of false positives [group x emotion: 

F(1,19)=0.139, p=0.713; group: F(1,19)=0.010, p=0.921].  

A similar lack of significant effects was seen for the percentage of words correctly 

recognised [group x emotion: F(1,19)=0.020, p=0.889; main effect of group: F(1,19)=0.257, 



 
 

141 
 

p=0.618], percentage of false alarms [group x emotion: F(1,19)=0.022, p=0.883; group: 

F(1,19)=0.430, p=0.520], and reaction times [group x emotion: F(1,19)=0.046, p=0.833; group: 

F(1,19)=0.069, p=0.795]. 

A significant (or near-significant) main effect of valence was seen in all these analyses, 

with likeable words being more easily categorised and recalled/recognised (all ps<0.10). 

5.3.5. Continuous Flash Suppression (CFS) 

Data from one participant in the placebo group was not recorded due to technical 

problems, so the final analysis of this paradigm consisted of 20 participants in total (10 in each 

group). 

A split-plot ANOVA with emotion (4 levels: neutral, happy, fear and angry) as a within-

subjects factor revealed no significant main effect of emotion [F(3,54)=1.285, p=0.289], group 

[F(1,18)= 0.085, p=0.774], and no significant interaction between emotion and group 

[F(3,54)=0.839, p=0.444]. Similarly, there were no differences between groups when considering 

total accuracy levels [t(18)=-0.734, p=0.473]. 

5.3.6. Attentional Dot-Probe Task 

 A Mann-Whitney test revealed that both groups showed similar accuracy levels overall in 

the Attentional Dot-Probe Task (placebo median: 88.28%, fluoxetine: 85.16%; U=34, p=0.138). 

Incorrect trials were therefore excluded from the reaction time analysis. In order to minimise the 

influence of outliers, trials with response times that were above 1200 and below 200ms, as well as 

those that were 3 standard deviations above or below the mean RT (computed after the first 

cropping) were excluded (Browning, Holmes, Charles, Cowen, & Harmer, 2012).  

A 3x2x2 split-plot ANOVA with valence (happy, fearful and anger) and stimulus 

presentation (masked vs. unmasked) as within-subjects variables revealed no significant main 

effects or interactions [group x valence: F(2,38)=0.901, p=0.404; group x masking: F(1,19)=0.212, 

p=0.650; group x valence x masking: F(2,38)=0.816, p=0.424; group: F(1,19)=0.000, p=0.997]. 

However, due to the exploratory nature of this study, it was examined whether either group 

exhibited an absolute biases towards any of the three emotions (see Gotlib, McLachlan, & Katz, 

1988). One sample t-tests were therefore used to compare attentional bias scores against a 
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hypothetical mean of zero (indicating no bias) within each group. Masked and unmasked trials 

were grouped together in order to increase power. This revealed that participants in the placebo 

group showed an attentional vigilance towards angry faces only [t(10)=2.591, p=0.027], but this 

effect was absent in the fluoxetine group [t(9)=0.225, p=0.827]. No effects were seen for happy or 

fearful faces in either group (all ps> 0.3). See Figures 19 a) and b). 

 
Figure 20. Attentional vigilance in the Attentional Dot-Probe task in the masked (a) and unmasked (b) 

conditions. Vigilance is calculated by subtracting mean reaction time to respond when probe replaces the 

emotional face (happy, fear or anger) from the reaction time when the probe replaces the neutral face. Thus 

the higher the vigilance score, the greater the attentional bias towards the emotional face. Error bars 

represent standard error of mean. *<p<0.05 

5.3.7. Anger recall paradigm 

 Heart Rate Variability (HRV) analysis 
 

A split-plot ANOVA with condition (baseline, anger recall and recovery) and timepoint 

(seven 2-minute windows, from 0 to 300s) as within-subjects factors failed to reveal a significant 

main effect of condition [F(2,34)=1.916, p=0.176], timepoint [F(6,102)=1.181, p=0.320], group 

[F(1,17)=0.011, p=0.917], or interaction with group [condition x group: F(2,34)=0.160, p=0.786; 

timepoint x group: F(6,102)=0.177, p=0.848; condition x timepoint x group: F(12,204)=1.438, 
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p=0.235]. The HRV during the 2-minute imagery period was also not significantly affected by 

treatment group [t(18)= -0.247, p=0.808]. See Figures 20 a) and b). 

 An additional analysis was conducted, in which a ratio score between the anger recall 

condition (averaged from 120 to 300s) and baseline (60 to 120s) were compared between groups. 

These specific timepoints were considered in order to obtain a stable measure of the baseline and 

the peak of the anger recall. No group differences were seen in this measure [t(19)=-1.065, 

p=0.300].  

 

 Subjective ratings 

In order to investigate the effects of fluoxetine on the subjective report experienced during 

the anger recall, a split-plot ANOVA with time (baseline, anger recall and recovery), scale (16 items 

from the Anger Attacks Questionnaires in total) and group (fluoxetine vs. placebo) was conducted. 

The ratings were taken immediately after each of the three conditions.  

There was a main effect of time [F(2,32)=32.170, p<0.001], with significantly higher ratings 

after the anger recall in comparison to ratings at baseline (p<0.001) and after the recovery 

(p<0.001) conditions. This suggests that the anger recall paradigm was effective in increasing the 

subjective experience of anger. See Figure 20 c). 

An interaction between scale and group was also seen [F(2,15)=2.490, p=0.042]. The 

decomposition of this interaction revealed that the fluoxetine group reported feeling less 

nervous/tense [F(1,16)=5.954, p=0.027], less sad [F(1,16)=7.222, p=0.016] and happier 

[F(1,16)=4.769, p=0.044] overall than the placebo group. There was also a trend for participants 

receiving fluoxetine reporting to be less tired [F(1,16)=3.756, p=0.070], less dizzy [F(1,16)=4.089, 

p=0.060], and to have fewer heart palpitations [F(1,16)=3.427, p=0.083]. A visual inspection of the 

values across timepoints revealed that these group differences were more prominent in the 

baseline and recovery conditions (see Table 18). 
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Figure 21. Average Heart Rate Variability (HRV) and subjective ratings during the anger recall 

paradigm (a) HRV for each of the conditions: baseline, anger recall and recovery. (b) HRV during first two 

minutes of imagery (-120:0) and 5 minutes of anger recall (0-300). The recordings have been cropped into 

120-second windows, and then moved along by 30 seconds at a time. (c) Average subjective ratings for each 

of the three conditions. Only the physiological and psychological symptoms more directly associated with 

anger are presented here. The items “happy”, “sad”, “alert” and “tired” are only presented in Table 18 for ease 

of interpretability. Values represent average and standard error of the mean (SEM). 
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Table 18. Subjective Ratings During the three conditions of the Anger Recall Paradigm 
 

Scales 

Baseline Anger recall Recovery 

Placebo 
(N=11) 
mean 
(±SD) 

Fluoxetine 
(N=10) 
mean 
(±SD) 

Placebo 
(N=11) 
mean 
(±SD) 

Fluoxetine 
(N=10) 
mean 
(±SD) 

Placebo 
(N=11) 
mean 
(±SD) 

Fluoxetine 
(N=10) 
mean 
(±SD) 

Nervous/ 
Tense 

30.85 
(16.24) 

13.44 
(16.07) 

46.50 
(25.09) 

28.53 
(25.32) 

21.43 
(14.92) 

7.03 (6.21) 

Frustrated 
18.75 

(12.99) 
10.09   
(8.42) 

43.33 
(26.20) 

41.19 
(25.67) 

19.00 
(14.02) 

15.34 
(14.01) 

Irritable/ 
Angry 

18.43 
(15.52) 

11.81    
(9.83) 

51.63 
(25.48) 

40.69 
(23.09) 

19.85 
(9.58) 

11.00 
(12.16) 

Alert 
67.08 

(14.26) 
75.53 

(28.66) 
69.80 

(17.07) 
77.72 

(22.58) 
56.28 

(23.61) 
72.44 

(27.82) 

Tired 
45.30 

(19.09) 
27.78 

(15.05) 
33.78 

(21.18) 
22.50 

(23.42) 
46.88 

(17.37) 
33.41 

(22.01) 

Out of 
control 

9.58   
(9.67) 

3.94     
(5.97) 

37.30 
(26.13) 

22.50 
(15.87) 

6.65   
(6.70) 

5.19     
(4.73) 

Happy 
58.38 

(16.47) 
72.69 

(11.79) 
37.38 

(23.13) 
51.12 

(27.18) 
55.58 

(12.19) 
71.81 

(16.28) 

Sad 
24.83 

(20.11) 
7.00     

(4.30) 
35.85 

(19.29) 
21.81 

(24.56) 
32.70 

(21.23) 
10.25 

(15.70) 

Increased 
heart rate 

14.30 
(16.40) 

8.06     
(9.44) 

46.15 
(21.09) 

24.84 
(17.49) 

9.60 
(11.36) 

6.09     
(5.97) 

Hot flashes 
7.70   

(8.91) 
3.69     

(4.03) 
33.28 

(23.75) 
24.91 

(23.23) 
4.83  

(6.83) 
4.13     

(3.12) 

Chest pain 
13.18 

(18.42) 
3.19     

(5.28) 
25.30 

(28.17) 
8.28     

(6.53) 
10.75 

(14.72) 
4.28     

(2.92) 

Numbness 
7.08  

(9.39) 
6.40     

(7.27) 
15.13 

(16.64) 
9.66    

(14.55) 
7.66   

(8.09) 
3.59     

(2.83) 

Dizziness 
20.40 

(19.55) 
7.19     

(7.53) 
17.40 

(16.98) 
6.63     

(5.95) 
11.68 

(13.44) 
3.03     

(2.66) 

Shortness 
of breath 

6.58  
(4.16) 

8.83     
(8.59) 

10.63 
(11.32) 

9.72    
(11.07) 

5.95   
(7.83) 

3.41     
(2.36) 

Sweating 
8.83 

(10.94) 
8.59    

(14.50) 
24.60 

(25.67) 
23.60 

(23.62) 
7.63 

(10.78) 
10.44 

(13.56) 

Shaking 
5.53   

(6.03) 
4.25     

(6.65) 
18.73 

(11.75) 
13.56 

(13.01) 
5.78   

(8.89) 
3.25     

(2.44) 

Note: These ratings were taken immediately after each of the three conditions. 

Separate independent t-tests were performed in order to explore the effects of fluoxetine 

on how participants rated the severity of the anger incident and associated consequences, 

cognitions and feelings. There were no differences between group on any of the measures: anger 

during incident [t(17)=1.085, p=0.293], outcomes/consequences to the participant [t(17)=0.106, 

p=0.916); anger describing event [t(17)=0.666, p=0.514], worst thought belief [t(16)=-0.959, 

p=0.352], thought distress [t(17)=0.206, p=0.839] and anger while having worst thought [t(17)=-

1.645, p=0.118]. See Table 19. 
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Table 19. Anger Recall ratings  

 
Placebo 

(N=11), mean (±SD) 
Fluoxetine 

(N=8) mean ±SD) 
p sig. 

Anger during incident 79.50 (12.69) 70.72 (22.53) 0.293  n.s. 

Outcome/consequences 49.84 (35.50) 48.16 (34.85) 0.916 n.s. 

Anger describing event 49.66 (18.67) 44.67 (13.61) 0.514 n.s. 

Worst thought belief 80.00 (20.32) 87.75 (11.52) 0.352 n.s. 

Thought distress 65.32 (28.46) 62.97 (17.62) 0.839 n.s. 

Anger associated with 
thought 

61.20 (28.73) 78.69 (9.57) 0.118 n.s. 

Note: Due to technical problems, there was only data available from 8 participants in the fluoxetine group. 

5.4. Discussion 

This exploratory study investigated, for the first time, the influence of a single dose of 

fluoxetine vs. placebo on emotional processing in a sample of adult male volunteers with high trait 

anger. The findings should be treated as preliminary given the modest sample size and the 

baseline differences between groups. Indeed, despite being matched for trait anger, anger control, 

aggression traits, impulsivity and extraversion, the groups revealed significant or near-significant 

differences in depression, hostility and in some measures of anger expression. The scores for the 

placebo group were higher in these measures, hence the results should be interpreted in light of 

this limitation. 

Participants receiving fluoxetine showed an increased accuracy to detect happiness, and a 

trend for an increased recognition of surprise. No significant differences were seen, however, on 

the accuracy to detect angry facial expressions, or on the categorisation and memory of personality 

characteristic words. The analysis of the Attentional Dot-Probe provided some tentative evidence 

for a bias towards anger in the placebo group, which was absent in the participants receiving 

fluoxetine. However, this effect failed to emerge as an interaction in the overall ANOVA and was 

only evidenced in a further exploratory analysis. Finally, cardiovascular activity during the anger 

recall paradigm was not modulated by fluoxetine, despite some preliminary suggestion that 

fluoxetine reduced the subjective experience of anger-related emotions, particularly nervousness, 

dizziness and heart palpitations. Overall, these results are partially consistent with the initial study 

hypotheses that fluoxetine would increase the recognition of happiness, whilst reducing attentional 
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vigilance towards anger. However, the absence of fluoxetine effects on anger recognition is in 

contrast with the findings seen in Chapter Two.  

 

Effects of fluoxetine on anger processing 

There was some indication that fluoxetine reduced the attentional vigilance towards anger 

seen in the placebo group. This effect should be interpreted cautiously given the baseline group 

differences and the fact that it failed to emerge in the analysis of the Attentional Dot-Probe as a 

whole. It could therefore represent a Type I error. If replicated in a larger sample, this finding would 

strengthen the hypothesis that fluoxetine acts to decrease the processing of anger across different 

populations.  

An increased attentional vigilance towards anger-related stimuli has been documented 

previously in individuals scoring high on trait anger (HTA) and/or aggression measures (for a 

review see Owen, 2011).  For instance, Honk et al. (2001) found that HTA individuals were slower 

to name the colour of both masked and unmasked angry faces in comparison to a group scoring 

low in trait anger (LTA). Putman, Hermans and van Honk (2004) found a similar increase in the 

response latency for aggression-related words in a sample of HTA individuals, but only for masked 

faces. Importantly, this effect was not accounted by trait anxiety. Finally, a study by Smith and 

Waterman (2004) found that both violent offenders and aggressive undergraduates showed 

increased vigilance towards aggression-related words in the Attentional Dot-Probe, as well as 

increased interference when naming the colour of aggressive words in the Emotional Stroop 

paradigm. Together, these studies suggest that anger-related stimuli are especially salient to 

individuals who are susceptible to feel angry or who present with high levels of aggression, 

therefore increasing interference in the Emotional Stroop and capturing spatial attention in the 

Attentional Dot-Probe. In light of these findings, the decreased attentional vigilance towards anger 

seen in the fluoxetine group could speculatively reflect a mechanism that helps reduce the 

detection of hostile information in the environment and ultimately reduce the subjective experience 

of anger.  

There is some evidence, however, that the attentional biases associated with HTA are 

sometimes dependent on the elevation of state anger, rather than representing a stable 

predisposition independent from context. Indeed, Eckhardt and Cohen (1997) found that HTA 
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individuals showed longer latencies when naming the colour of anger-related words, but only after 

being exposed to a verbal provocation in the laboratory. Similarly, Cohen, Eckhardt and Schagat 

(1998) found an analogous pattern in a study involving a visual search task. HTA participants 

showed increased response latencies towards anger-related words, but again this effect was only 

observed following an anger-provoking insult. It would be useful to include both high and low state 

anger conditions in future studies involving fluoxetine in order to investigate if the effects of this 

medication could be more robust or more easily detected following the experience of acute anger. 

Contrary to the finding seen in Chapter Two, fluoxetine did not decrease the recognition of 

facial displays of anger in this sample of participants. This may be due to a single dose of 

fluoxetine not being sufficient to modulate the perception of angry facial expressions in the Facial 

Expression Recognition Task (FERT). However, fluoxetine instead influenced the recognition of 

more positive information, which is consistent with the findings seen in Chapters Two and Four. 

This interpretation, however, is limited by the absence of a comparison group with low levels of trait 

anger. Based on the data from this study, it is not possible to determine if participants receiving 

placebo showed an increased or decreased bias towards anger in this task (or none at all).  

An alternative approach to explore the presence of potential biases in anger recognition is 

to perform a cross-study comparison with the data from Chapter Two. Male participants who 

received placebo (N=9, 18-21 years-old) were therefore selected from that study, and compared 

with the placebo-treated HTA males (N=11,18-55 years-old). When considering accuracy, both 

samples revealed comparable performance levels (angry males: 46.59% vs. young males: 47.67%, 

n.s.). However, HTA males gave significantly fewer anger misclassifications when compared to 

young healthy males (9.18% vs. 15.34%, respectively, p<0.05). A possible explanation for this is 

that HTA males are less likely to misclassify non-anger expressions as angry, but due to 

differences in age these findings are difficult to interpret. An additional analysis was therefore 

conducted with a dataset from a separate study in our laboratory, composed by participants within 

a wider age range. Again, only male participants were selected (N=10, 20-45 years-old). This 

analysis revealed slightly lower values for both anger accuracy and misclassifications in HTA 

males, but these differences did not reach statistical significance (accuracy for HTA and healthy 

males, respectively: 46.59% vs. 49.72; misclassifications: 9.18% vs. 13.11%, n.s.). Values from 

previously published and unpublished studies from our laboratory also show accuracy and 
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misclassification levels in healthy adult samples that fall within a similar range (accuracy: 40% - 

55%; e.g., Harmer, Bhagwagar et al., 2003; Harmer et al., 2008; misclassifications: 10%-15%, 

unpublished observations), therefore supporting the preliminary notion that HTA males possess 

facial recognition abilities that are overall equivalent to healthy adults in the same age range. 

Additional research is needed in other to further characterise facial emotional recognition skills in 

this population. 

Indeed, the interpretation of these results is made more difficult by the lack of existing 

studies in the literature exploring the facial emotion recognition abilities of HTA males. However, 

studies with related populations suggest that individuals with aggressive or delinquency symptoms 

are biased to perceive non-angry faces as angry. For instance, a study by Hall (2006) found that 

undergraduate students with high levels of aggression misclassified more faces as being angry in a 

facial expression recognition task. This finding has been replicated in additional studies with adult 

populations scoring high in measures of hostility (Larkin, Martin, & McClain, 2002), as well as in 

younger populations with conduct disorders (Cadesky, Mota, & Schachar, 2000) or with more 

severe delinquency problems (Sato, Uono, Matsuura, & Toichi, 2009). This increased processing 

of anger may reflect a tendency to perceive the environment as hostile, as emphasised by 

traditional models of aggression (Crick & Dodge, 1994; Dodge, 1980; Huesmann, 1988). In support 

of this idea is evidence showing that aggressive youth and adults are significantly more likely than 

nonaggressive peers to attribute hostile intent to others (Dodge, Price, Bachorowski, & Newman, 

1990; Sancilio, Plumert, & Hartup, 1989).  

The bias that is measured in the Facial Expression Recognition Task (FERT) is 

qualitatively different from the bias measured in the Attentional Dot-Probe. The FERT investigates 

subtle biases in the perception and interpretation of ambiguous facial expressions. The Attentional 

Dot-Probe, on the other hand, provides a direct measure of visual attention (Mogg et al., 2000), 

which is inferred from differences in reaction times towards probes that replace emotional faces 

compared to probes that replace neutral faces. Despite its methodological limitations (as discussed 

in Chapter Three), it is possible that the Attentional Dot-Probe was more sensitive than the FERT 

in detecting biases in anger processing in HTA participants receiving placebo vs. fluoxetine. 

Indeed, it is conceivable that attentional biases to anger emerge more prominently when a 

competition between stimuli is directly compared. This argument has been raised previously in 



 
 

150 
 

anxiety research, given that threat-related biases are indeed more frequently seen in Attentional 

Dot-Probe paradigms (Bar-Haim, Lamy, Pergamin, Bakermans-Kranenburg, & van IJzendoorn, 

2007). 

Surprisingly, however, a lack of group differences was found in the Continuous Flash 

Suppression (CFS) paradigm, which is considered a particularly robust measure of early attentional 

biases (Kim & Blake, 2005). Both groups showed equivalent reaction times when detecting 

emotional (happy, fearful and anger) and neutral faces. This suggests that the attentional bias 

towards anger seen in the Attentional Dot-Probe may not be associated with an automatic bias to 

detect this emotion. However, this interpretation is limited by the fact that this paradigm failed to 

replicate the main effect of emotion that was seen in Chapter Three (specifically, faster detection of 

fear vs. happiness faces by healthy volunteers). Given that this effect was seen in both studies with 

healthy volunteers reported in Chapter Three (and in an additional study from a separate research 

group; Yang, Zald, & Blake, 2007), these results may instead reflect an abnormal early processing 

of neutral and emotional stimuli by HTA participants. It is possible that HTA males do not 

discriminate valence during the early processing of happy, fearful and angry faces, conceivably 

due to a lack of sensitivity or impaired early visual emotion discrimination in the context of CFS. 

However, because of the absence of a group scoring low in trait anger the interpretation of this 

finding is limited. Another possibility is that this study was underpowered to detect any emotion 

effects in the modulation of attention, although it should be noted that Yang and colleagues (2007) 

previously replicated a main effect of emotion in a sample of only 14 participants.  

There was no effect of fluoxetine on the categorisation and recall of self-referential positive 

and negative words. It is interesting to note that a single dose of the SSRI citalopram also failed to 

alter processing in this task (Browning et al., 2007), despite other classes of antidepressants being 

shown to facilitate the encoding and memory for positive words after a single dose (e.g., Arnone, et 

al., 2009; Harmer et al., 2008). It is possible that acute administration of SSRIs does not modulate 

emotional memory processes. However, the fact that this task was not included in the study from 

Chapter Two further constrains any interpretation of the potential differences between fluoxetine 

and other drugs on emotional memory, and we are therefore unable to distinguish between the 

population and drug characteristics as potential reasons for the lack of effects on the memory task.   

Contrary to initial predictions, fluoxetine failed to modulate the cardiovascular reactivity 
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experienced during an anger recall paradigm. The groups showed comparable heart rate variability 

(HRV) across conditions. Fluoxetine-treated participants showed a decrease in nervousness, 

dizziness and heart palpitations ratings compared to the placebo group; however, these differences 

did not emerge as significantly different across the timepoints of testing. A visual inspection of the 

data indicated that such differences appeared in the baseline and recovery conditions during the 

anger recall paradigm. Given the imperfect group matching achieved in this study, it is possible that 

these differences represent baseline disparities rather than a direct effect of the drug. However, the 

finding that the fluoxetine group felt less nervous in the anticipation of and the recovery from a 

stressor is somewhat consistent with the anxiolytic effect seen in Chapter Two. Of note, in that 

chapter, the anxiolytic-like finding was seen in the Emotion-Potentiated Startle Paradigm rather 

than emerging as a group difference in subjective levels of anxiety. This raises the intriguing (yet 

speculative) possibility that the influence of fluoxetine under the presence of an acute stressor 

produces subtle changes that are more visibly experienced at a subjective level in susceptible HTA 

males.  

In this study, no group differences were seen in autonomic reactivity (as measured using 

HRV) during the anger recall paradigm. This could reflect a real lack of effects of acute fluoxetine in 

this measure, or a lack of power to detect differences due to the inherent inter-subjects variability 

associated with such a modest sample size. The initial hypothesis was that fluoxetine would 

decrease autonomic reactivity during the recollection of an anger-provoking situation, an effect that 

would be consistent with the potential anxiolytic-like properties of this medication. Interestingly, a 

pre-clinical study of Tiradentes and colleagues (2014) reported that a single dose of fluoxetine 

reduced renal sympathetic nerve activity and heart rate in anesthetised rats, which is in line with 

this hypothesis. However, studies in humans have focused mostly on the effects of long-term use 

with antidepressants on HRV and the results reported are inconsistent (see Ramage, 2001). A 

meta-analysis by Kemp and colleagues (2010) suggests that continuous antidepressant use in 

depressed samples (with the exception of tricyclic drugs) has minimal influence on heart rate 

variability (HRV), but there is evidence showing that SSRI administration decreases respiratory 

sinus arrhythmia, a measure of HRV reflecting cardiac vagal control (Licht, de Geus, van Dyck, & 

Penninx, 2010; for a discussion on this topic see Kemp, Quintana, & Malhi, 2011). Future studies 

should include larger samples in order to clarify the effects of acute and chronic fluoxetine 
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administration on autonomic reactivity during the experience of anger. 

 

The effect of fluoxetine on happiness processing  

In line with the finding seen in Chapter Two, fluoxetine was shown in this study to enhance 

the processing of happy faces. An increased processing of happiness is an effect that is seen with 

a wide range of antidepressant drugs. A single dose of the selective noradrenergic reuptake 

inhibitor (NRI) reboxetine, the selective serotonin reuptake inhibitor (SSRI) citalopram and the 

serotonin-norepinephrine reuptake inhibitor (SNRI) duloxetine have all been shown to increase the 

recognition of happy facial expressions (e.g., Harmer, Bhagwagar et al. 2003; Harmer et al. 2008). 

As postulated by the model of antidepressant drug action (e.g., Harmer, Hill et al., 2003), an 

increase in positive emotional processing counteracts the presence of negative biases and may 

represent a critical mechanism in the action of different antidepressant drugs. Such findings are 

consistent with a transdiagnostic formulation whereby different treatments target common cognitive 

processes that characterise a wide range of psychological disorders (see Abasi, Fata, Sadeghi, 

Banihashemi, & Mohammadee, 2013). Depressed, anxious and angry individuals are all thought to 

demonstrate a negative bias in their perception of external and internal stimuli, but towards 

different cues. Depressed patients are biased to perceive sad-related information (Gotlib & 

Joormann, 2010), anxious individuals are hypervigilant to threat (Mathews & MacLeod, 2005), and 

angry/aggressive people show a bias towards detecting hostile information (Owen, 2011). The 

increased processing of positive information produced by the administration of antidepressants 

produces a shift in attention away from negative cues, therefore helping reinstall a balance in the 

way that negative and positive information is processed (Harmer & Cowen, 2013). This shift in 

processing could be beneficial for individuals with anger or aggressive traits, as it may help them 

develop a more tolerant (and less hostile) outlook and ultimately reduce their propensity to act with 

anger or aggressively. 

Of special relevance to this argument is a study by Penton-Voak and colleagues (2013), 

which suggests that an increased recognition of happiness over anger is associated with lower 

levels of self-reported anger and aggression. The authors conducted an experiment where they 

manipulated the processing of emotional facial information, such that participants were trained to 

perceive happiness over anger in ambiguously morphed faces. Notably, this change in perception 

http://en.wikipedia.org/wiki/Serotonin-norepinephrine_reuptake_inhibitor
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resulted in a decrease of self-report levels of anger and aggression in healthy adults and 

adolescents at high risk of delinquency. The lower levels of aggression persisted as long as after 

two weeks upon completion of the attentional training.  

As part of this discussion, it is important to note the trend towards increased recognition of 

surprise in the group receiving fluoxetine. In a study by Harmer and colleagues (2009), a single 

dose of reboxetine was shown to normalise the pattern of reduced recognition of happy and 

surprised facial expressions seen in a sample of depressed patients, although the effect on 

surprise failed to reach statistical significance. An abnormal processing of surprised faces has also 

been reported in subjects with delinquent behaviours (McCown, Johnson, & Austin, 1986). 

Interestingly, surprise is considered a highly ambiguous emotion, and its interpretation appears to 

be influenced by the context in which the face is assessed (Kim et al., 2004). In a more negative 

context, surprise is interpreted more negatively, whereas in a positive context this emotion is 

perceived more positively. It is therefore conceivable that the effects seen on surprise and 

happiness could reflect the same perceptual pattern of increased positive bias, and that, together, 

these changes play an important role in the treatment of depression and anger disorders. Due to 

the limitations of the current study, these interpretations are speculative and remain to be tested in 

further samples. 

 

Limitations 

As mentioned before, a number of methodological limitations constrain the interpretation of 

the results: unfortunately, due to difficulties in the recruitment of HTA participants, the sample size 

was smaller than originally planned; further, participants were not completely matched for baseline 

characteristics and these pre-treatment differences were not included as covariates due to the 

exploratory nature of the analyses.  

Finally, the study did not include a group of participants scoring low in trait anger, which 

limits the interpretation of any potential emotional biases seen in the placebo group. There was 

some suggestion that the placebo group showed an increased bias towards anger in the 

Attentional Dot-Probe Paradigm, but in order for this hypothesis of increased vigilance to anger to 

be clearly tested it would be useful to include a control group.  
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5.5. Conclusion 

The current study demonstrates that a single dose of fluoxetine increases the processing 

of happy faces and may additionally modulate the processing of faces depicting surprise.  Further, 

initial evidence for a decreased attentional vigilance towards anger was found. These findings are 

in line with studies showing that different classes of antidepressants act to increase the processing 

of positive vs. negative information (Harmer & Cowen, 2013). A production of a positive bias could 

help individuals high in trait anger modify their approach during social interactions, whereas the 

reduction of an attentional vigilance towards anger may help reduce the interpretation of others’ 

behaviours as hostile. These effects are largely consistent with the previous studies in this thesis 

and could represent a key mechanism through which fluoxetine exerts its clinical effects. 
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Chapter 6:  

General discussion 

 

6.1. Summary of findings 

Despite the relatively high prevalence of paediatric depression and the controversies 

associated with the use of pharmacological drug treatments in this population, the 

neuropsychological effects of antidepressants in children and adolescents remain poorly 

understood. This thesis uses a combination of neuroimaging and behavioural techniques in order 

to characterise the effects of acute fluoxetine on emotional processing. The aim is to achieve a 

greater understanding of the mechanisms underlying this medication in depressed adolescents, in 

light of differences seen in their clinical presentation and response to antidepressant drugs. It is 

hoped that this knowledge will assist the development of more effective treatments for adolescent 

MDD. 

In the first experiment (Chapter Two), the effects of a single dose of fluoxetine (vs. 

placebo) were investigated in a group of young adult volunteers (aged 18 to 21). It was found that 

fluoxetine decreased the processing of anger and sadness in a facial recognition task. There was 

also a trend for a slower detection of angry faces and for an increased recognition of happiness in 

the same paradigm. Beyond this, fluoxetine was shown to eliminate the emotion-potentiated startle 

effect seen in the placebo group, therefore showing an anxiolytic-like mechanism. The lack of 

differences between groups in the subjective measures of mood and anxiety suggests that 

fluoxetine has early and direct effects on emotional processing, which are not mediated by 

secondary mood or anxiety changes. 

In this same chapter (Chapter Two), the paradigms used to assess attentional vigilance 

towards threatening and positive cues (i.e., the Attentional Dot-Probe and the Rapid Visual Series 

Presentation), failed, however, to reveal any significant group differences. The lack of effects of 

fluoxetine on threat processing could be interpreted as additional evidence that this medication 

does not induce an anxiogenic-like profile in young healthy people. However, in the absence of a 

basic fear vigilance effect in the placebo group (particularly in the Attentional Dot-Probe), such an 
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interpretation of the data becomes problematic. Given this methodological limitation, two separate 

studies with healthy volunteers were conducted (Chapter Three), in order to validate a paradigm 

that is more robust and potentially more sensitive to early automatic biases towards threat – 

Continuous Flash Suppression (CFS). As predicted, threat-related (fearful) faces were faster to be 

detected than positive (happy) faces, and this effect was enhanced by anxiety symptoms. Indeed, 

higher levels of anxiety were associated with a faster detection of fear vs. happiness. A second 

study was subsequently conducted to examine the sensitivity of CFS in detecting anxiolytic effects 

after 7 days treatment with the anti-anxiety drug diazepam. The lack of effects in the group 

receiving the active treatment (vs. placebo) suggests that the early and automatic detection of 

facial stimuli, as measured using CFS, is not modulated by short-term administration of diazepam. 

Due to its sensitivity in detecting automatic biases towards threat, this paradigm was nonetheless 

included in a subsequent study investigating the effects of fluoxetine in high trait anger males 

(Chapter Five). It was not possible to include this task in the study with depressed adolescents 

(Chapter Four) due to testing time constraints, but it would be interesting for future studies to use 

CFS to investigate the effects of fluoxetine in this population.  

In Chapter Four, a neuroimaging study was conducted with depressed adolescents. The 

aim was to fully characterise the early mechanisms underlying fluoxetine administration in a group 

of adolescents who had been recently prescribed fluoxetine for the treatment of depression. As 

predicted, a single dose of fluoxetine was shown to decrease amygdala activity towards angry (vs. 

happy) faces, an effect that was opposite to that seen in the comparison between depressed 

patients on placebo vs. healthy participants. A trend for an increased activation in this region 

towards fear was also apparent, and, again, this effect was opposite to that seen in the placebo 

group vs. healthy controls. Interestingly, increased activity in the amygdala to fear was associated 

with decreased symptoms of anxiety/agitation and depression over the first 7-10 days of treatment. 

Whole-brain responses in temporal, occipital and frontal regions were highly consistent with the 

pattern of findings seen in the amygdala. To my knowledge, this is the first demonstration of such 

an immediate effect of fluoxetine on neural activity in depressed adolescents.  

Following the finding that a single dose of fluoxetine decreased the processing of anger 

(seen in Chapters Two and Four), a final exploratory study was conducted with the aim of testing 

whether fluoxetine would decrease emotional processing and reactivity towards anger-related 
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stimuli in individuals high in trait anger. This study found an increased recognition of happy faces 

and a trend for an increased recognition of surprise following a single dose of fluoxetine, which is in 

line with the enhanced processing of positive information reported in Chapters Two and Four. 

These findings should nonetheless be interpreted with caution given the baseline differences 

between groups and the small sample size. Additionally, there was a very preliminary suggestion 

that fluoxetine decreased the processing of angry faces in the Attentional Dot-Probe, but this 

particular effect was statistically weak and therefore needs further replication.  

Taken as a whole, the studies in this thesis provide behavioural and neuroimaging support 

for the notion that fluoxetine exerts immediate effects on emotional processes that could be 

relevant for the treatment of adolescent depression. Three lines of findings emerged. First, a 

reduction in anger was prominent and seen across studies, and may therefore represent a critical 

mechanism underlying fluoxetine administration. This effect was mediated by the amygdala, an 

area known to be involved in adolescent depression (Kerestes et al., 2014) and antidepressant 

drug effects (Harmer & Cowen, 2013). Second, the reduction of startle reactivity was suggestive of 

an anxiolytic effect of fluoxetine. This mechanism represents a key difference relative to the SSRI 

citalopram in which acute administration is associated with an anxiogenic action. Such effect may 

therefore reflect an important mechanism underlying the beneficial profile of fluoxetine, which may 

also help alleviate the comorbid anxiety symptoms frequently seen in depressed adolescents 

(Axelson & Birmaher, 2001). Third, the enhanced processing of positive vs. negative cues may 

represent a broader mechanism of action underlying fluoxetine, relevant for the remediation of the 

negative biases that characterise this disorder (Beek & Dubas, 2008; Schepman et al., 2012). 

In the following sections, these findings and their implications for the treatment of 

adolescent depression will be discussed in more detail. Some methodological aspects will also be 

considered, as well as directions for future research. 

6.2. The neuropsychological model of antidepressant drug action 

The neuropsychological model of antidepressant drug action provided the basis for the 

experimental studies conducted in this thesis. According to this model, antidepressants act early in 

treatment to reverse the negative biases that are characteristic of depression and anxiety, even 

before changes in subjective mood become apparent. These effects can be detected by using 
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sensitive emotional processing tasks and fMRI measures (Harmer, Cowen, et al., 2011). 

In this thesis, fluoxetine was found to decrease the processing of negative biases (in 

particular anger but also sadness), whilst increasing the recognition of happiness. These findings 

were seen independently of overall effects on mood and across different studies and populations, 

therefore corroborating the suggestion that a key mechanism underlying antidepressant treatment 

is to act directly to reverse the negative biases that play a role in the development and 

maintenance of depressive disorders. 

6.2.1. Early behavioural effects of fluoxetine and potential mechanism of 

action 

The influence of fluoxetine on anger processing may represent a critical effect of this 

specific antidepressant, which is less typically seen with other types of antidepressant drugs. Acute 

administration of a wide range of antidepressants, such as citalopram (Harmer, Bhagwagar et al., 

2003; Browning et al., 2007), reboxetine (Harmer, Hill, et al., 2003), duloxetine (Harmer et al., 

2008) and mirtazapine (Arnone et al., 2009) have not been shown to affect the processing of angry 

faces.  With longer (7-day) administration, there is evidence that both citalopram and reboxetine 

reduce the recognition of angry faces (Harmer et al. 2004), though this effect was not seen with 7 

days of agomelatine treatment (Harmer, de Bodinat, et al., 2011). 

The extent to which flouxetine’s influence on anger could represent a more prominent 

effect of this drug is nonetheless a preliminary hypothesis, given that the effects of this medication 

were not directly compared with other drugs. A second, related, question pertains to whether the 

effects on anger could be specific to younger populations. The exploratory findings reported in 

Chapter Five of a reduced attention towards anger in older males tentatively argues against this 

possibility, but due to the absence of effects on anger recognition in that study this hypothesis 

should be interpreted cautiously. 

Beyond the effects on anger, fluoxetine was found to modulate the recognition of sadness 

and happiness. The decreased recognition of sad faces seen in Chapter Two is consistent with a 

study by Harmer, de Bodinat, and colleagues (2011), in which 7-day treatment with the 5-HT2C 

antagonist agomelatine reduced the accuracy to detect sad facial expressions in the same facial 

recognition task. Similarly, the increased detection of happy faces (seen in Chapters Two and Five) 
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parallels several studies involving acute doses of different antidepressants. For instance, a single 

dose of the selective noradrenergic reuptake inhibitor (NRI) reboxetine, the selective serotonin 

reuptake inhibitor (SSRI) citalopram and the serotonin-norepinephrine reuptake inhibitor (SNRI) 

duloxetine have all been shown to increase the accuracy to detect happy faces (Harmer, Hill et al., 

2003; Harmer, Bhagwagar et al., 2003; Harmer et al. 2008). The production of a bias away from 

negative information and towards positive cues may therefore represent a critical mechanism 

underlying a wide range of antidepressant drugs.   

It is possible that the effects seen with fluoxetine result from a 5-HT2C antagonistic action of 

the drug not seen with other SSRIs such as citalopram. In support of this idea, drugs that act via 5-

HT2C antagonism have been shown to decrease emotional reactivity in startle responses, as seen 

in Chapter Two (e.g., mirtazapine; Arnone et al., 2009; agomelatine: Harmer, de Bodinat, et al., 

2011). Additionally, and in line with the decreased accuracy to detect sadness (also seen in 

Chapter Two), sub-chronic (7-day) treatment with the 5-HT2C antagonist agomelatine decreased 

the recognition of sad facial expressions (Harmer, de Bodinat, et al., 2011). Finally, there is some 

suggestion that antagonism at 5-HT2C receptors reduces aggression in pre-clinical models, which is 

consistent with the reduction in anger processing by fluoxetine (Dekeyne et al., 2008). The 

anxiolytic-like effect of fluoxetine, as well as the effects on anger and sadness, could therefore 

represent a common neuropsychological mechanism of antidepressant drugs that also act as 5-

HT2C antagonists. However, it remains critical to conduct studies directly comparing fluoxetine and 

other types of antidepressants (such as citalopram and mirtazapine) within the same experiment, in 

order to clearly dissociate the effects of these drugs on emotional processing and the likely 

contribution of their pharmacological properties to these effects.  

6.2.2. Using early drug effects to predict initial responses to treatment 

Due to its sensitivity in detecting beneficial effects of antidepressant drugs, even following 

a single dose and in the absence of subjective changes in mood or anxiety, the potential for the 

neuropsychological model of antidepressant drug action to predict subsequent clinical responses to 

treatment has been explored in recent studies (Godlewska et al., submitted; Tranter et al., 2009). 

In this vein, one of the aims of the study reported in Chapter Four was therefore to correlate the 

http://en.wikipedia.org/wiki/Serotonin-norepinephrine_reuptake_inhibitor
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acute effects of fluoxetine on amygdala activity with initial therapeutic outcomes. Due to the small 

sample size, these findings should nonetheless be treated as preliminary. 

There was a negative correlation between amygdala responses to fearful faces and initial 

anxiety and agitation symptoms, with higher activity in this region in response to fear being 

associated with lower agitation/anxiety symptoms over the first 5 and 10 days of treatment (at a 

near-significant and significant levels, respectively). These findings are interesting as they suggest 

that acute changes in the amygdala in response to fear could help predict the experience of 

reduced anxiety/agitation symptoms early in treatment.  

 To my knowledge, this is the first study that correlated acute effects of antidepressant 

medication with initial therapeutic responses. These findings clearly need further replication, but 

the possibility that such immediate changes in neural processing could give an indication of how 

patients are going to respond to the medication is encouraging. A similar approach has been 

recently implemented in a study with adult patients (Godlewska et al., submitted), but here, neural 

responses were measured after 7 days of treatment rather than acutely. The sample was divided 

into non-responders and responders (defined as a reduction in depressive symptoms of 50% or 

more from baseline), an approach that is particularly useful in characterising the neural 

mechanisms that are associated with successful vs. unsuccessful pharmacological treatment. Early 

changes in amygdala activation, seen after 7 days, predicted later clinical responses at 6 weeks in 

those patients who benefited from treatment (i.e., in the “responders”). This strategy in data 

analysis was not implemented in the fMRI study presented in this thesis (Chapter Four) due to the 

modest sample size, but it offers great potential for future studies in the field of adolescent 

depression. 

6.2.3. Lack of anxiogenic effects of fluoxetine 

 One of the initial study hypotheses presented in Chapter Two was that fluoxetine would 

increase the processing of threatening information. This prediction resulted from two lines of 

thinking. Firstly, acute administration of the antidepressant citalopram (which belongs to the same 

class of antidepressants as fluoxetine) has been show to produce anxiogenic-like effects on 

emotional processing tasks (e.g., Browning et al., 2007; Grillon, Levenson, & Pine, 2007). This 

increase in threat processing is thought to reflect the worsening of anxiety seen in some patients at 
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the initiation of SSRI treatment (Harmer et al., 2009). Secondly, antidepressants have been 

suggested to induce more adverse effects when administered in youth (Jureidini et al., 2004). The 

findings reported in Chapter Two nevertheless failed to support this hypothesis, with fluoxetine 

even showing the opposite pattern consistent with an anxiolytic-like mechanism.  

 An important methodological issue emerged from these findings. The Attentional Dot-

Probe Task, which was used to assess attentional vigilance to threat, failed to replicate the fear 

vigilance effect expected in the placebo group. In the absence of such main effect of the task, any 

interpretation of the results becomes difficult. This led to the investigation of an additional paradigm 

that is more robust and potentially more sensitive to the detection of early automatic biases 

towards threat - Continuous Flash Suppression (CFS). The findings presented in Chapter Three 

support the validity of CFS in detecting automatic biases towards threatening vs. positive 

information. This paradigm was subsequently used in Chapter Five in order to more fully 

characterise the effects of fluoxetine on automatic processing. 

 A lack of anxiogenic effects underlying fluoxetine emerged in two additional studies: the 

fMRI study with clinically depressed adolescents (Chapter Four) and in the exploratory study with 

males high in trait anger (Chapter Five). In the first, fluoxetine was shown to decrease the neural 

processing of angry faces, and, despite increasing activation to fear, this latter effect was 

associated with decreased anxiety responses in the first days of treatment, and was also opposite 

to the hypoactivation pattern seen in the placebo group vs. healthy controls. In the second, there 

was some preliminary suggestion that fluoxetine decreased feelings of nervousness, heart 

palpitations and dizziness in males high in trait anger, but as emphasized previously, these effects 

are limited by methodological limitations (i.e. modest sample size and imperfect group matching).  

 Despite the need for future research to establish the anxiolytic profile of fluoxetine, these 

findings, taken as a whole, suggest that this SSRI, when administered acutely, does not produce 

anxiogenic effects on emotional processing. Whilst still preliminary, this opens a new line of 

research focusing on the potential anxiolytic-like action of fluoxetine, which, if further replicated, 

could help mitigate some of the concerns associated with administering this medication to young 

people. 
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6.3. Implications for the treatment of adolescent depression 

The ultimate goal of the current thesis was to improve the current knowledge about how 

antidepressants exert their action in young people. There are still widespread concerns that 

antidepressants can induce adverse effects in children and adolescents, but current 

neuropsychological research examining the mechanisms of drug action in young ages is limited. In 

the sub-sections below, the implications of the current findings for the treatment of adolescent 

depression are discussed. 

6.3.1. Fluoxetine and anger/irritability 

The effect of fluoxetine on the processing of anger was a notable finding seen in this 

thesis. In the first experimental study with healthy young adults (Chapter Two), fluoxetine was 

shown to decrease both the accuracy of correct identification of angry faces, as well as the 

percentage of emotions incorrectly labelled as angry. A trend for a slower detection of this emotion 

was also seen. Similarly, in the fMRI study with depressed adolescents (Chapter Four), a single 

dose of fluoxetine reduced the pattern of functional amygdala hyperactivity in response to anger 

(vs. happiness), whilst decreasing the activity of an extended network of temporal, frontal and 

occipital regions involved in the emotional processing of this same emotion. Finally, in the study 

with males high in trait anger (Chapter Five), there was some very preliminary suggestion that 

fluoxetine decreased attentional vigilance towards angry faces. Together, these findings may 

highlight an important mechanism through which fluoxetine acts to alleviate symptoms in 

adolescent MDD.  

Anger is a hallmark feature of irritability, one of the core symptoms of childhood and 

adolescent depression (American Psychiatric Association, & DSM-5 Task Force, 2013). Although a 

formal definition is lacking within the psychiatric field, irritability is often defined as the propensity to 

react with grouchiness, anger or temper tantrums (Stringaris, 2011; Stringaris & Goodman, 2009) 

in response to external or internal frustrations (Donovan et al. 2003; Leibenluft, 2011). There is 

growing evidence for the implications of irritability as a developmental symptom relevant for both 

the aetiology and the clinical presentation of depression. It has been suggested that irritability not 

only predicts depression in early and late adulthood, but also shares common genetic 

underpinnings with this disorder (Dougherty et al., 2013; Stringaris & Goodman 2009). For 
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instance, in a study by Stringaris, Zavos, et al. (2012), it was found that irritability showed a 

phenotypic relationship with depression, one that was even stronger than the link with delinquency. 

This finding highlights the need to examine irritability outside the traditional scope of delinquency 

and disruptive behaviours exclusively (Stringaris, Zavos, et al., 2012). Recent studies also 

emphasise the emerging role of irritability within adult depression (Fava et al., 2010; Judd et al., 

2013) and in other disorders like premenstrual dysphoric disorder (Ko et al., 2013).  

Fluoxetine is known to be effective in several conditions that are characterised by 

irritability, including depression with anger attacks (e.g., Fava et al., 1991), intermittent explosive 

disorder (Coccaro & Kavoussi, 1997) and premenstrual dysphoric disorder (Steinberg et al., 2012). 

In line with this, experimental manipulations that reduce serotonin levels via acute tryptophan 

depletion (ATD) have the opposite effect of increasing aggression-related responses, particularly in 

individuals high in irritability (e.g., Bjork et al., 2000; Bond et al., 2001; Cleare & Bond, 1995; for a 

review see Young, 2013). The mechanisms that underlie the potential efficacy of fluoxetine in 

treating irritability are unclear, but, as hypothesised in the current thesis, it is possible that this 

medication acts to decrease a bias to perceive anger, which could ultimately help reduce 

behavioural symptoms of irritability. 

The presence of facial processing biases in depressed youth has been little investigated, 

although there is evidence suggesting that depression in adolescence is associated with an 

increased perception of anger (van Beek et al. 2006). In adults, aggressive traits have also been 

associated with an increased bias to perceive this emotion (Hall, 2006).  Despite being preliminary, 

these findings could suggest a link between the perception of anger and symptoms of irritability, 

aggression and depression. Of note, irritability was present in a significant proportion of depressed 

adolescents in the sample included in Chapter Four (53.85% presented with threshold levels and 

38.46% with sub-threshold). These values are consistent with previous findings from clinical 

samples (Ryan et al. 1987; Strober et al., 1981), although the ranges can vary widely.  

However, two issues pose significant challenges to the hypothesis that a reduction in anger 

processing is a critical mechanism mediating the alleviation of irritability symptoms. First, there was 

no significant correlation between activity in the amygdala and subsequent changes in irritability 

symptoms (as measured using single items from the CDRS-R and VAS) (Chapter Four). Despite 

irritability being significantly reduced after six weeks of treatment with fluoxetine, it is unclear if the 
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immediate effect seen on anger processing contributed to this clinical change. The absence of a 

significant correlation should nonetheless be interpreted in light of a modest sample size in the 

fluoxetine group (N=12) and limited measures of irritability. Second, despite some preliminary 

evidence that fluoxetine reduced attentional vigilance to anger in high trait anger males, this effect 

was statistically weak and was only seen in one paradigm (Chapter Five).  

Future studies are clearly needed, including larger samples, and a combination of 

neuroimaging techniques with improved measures of anger and irritability (Stringaris, Goodman, et 

al., 2012). Recently, the mechanisms underlying irritability have been more frequently explored in 

the context of severe mood dysregulation (SMD), a disorder characterised by frequent temper 

outbursts and persistent irritability. A study by Thomas and colleagues (2013) found that patients 

with SMD demonstrated amygdala hyperactivity in comparison to healthy controls in response to 

angry, fearful and neutral faces, but deactivation in response to fear in the posterior cingulate 

cortex, precuneus and posterior insula. An additional study by Thomas and colleagues (2014) 

found that youth with severe mood dysregulation (vs. healthy controls) exhibited a pattern of 

increased reactivity to angry faces in the posterior cingulate, middle occipital gyrus, and superior 

temporal gyrus, but not in the amygdala. Together, these findings suggest that more pervasive 

problems of irritability may be associated with a pattern of increased neural activity towards anger, 

in addition to dysfunctional activation in other regions during the processing of neutral and fearful 

faces. The effect on anger may nonetheless represent a common pathophysiological substrate 

underpinning adolescent depression and SMD, especially given the developmental and phenotypic 

association between SMD or (chronic) irritability and depressive disorders (Stringaris et al., 2009; 

Stringaris, Zavos, et al., 2012). This hypothesis is still preliminary, given the lack of studies 

examining the neural correlates of irritability in adolescent depression.  

6.3.2. Beyond anger – the anxiolytic and antidepressant effects of fluoxetine 

The anxiolytic-like effect underlying fluoxetine administration (seen most notably in Chapter 

Two) suggests a mechanism of action potentially relevant for the treatment of depression in 

adolescence, given the high comorbidity with anxiety disorders (Axelson & Birmaher, 2001). Even 

when an anxiety disorder is not formally diagnosed, depression in this age group is often 

associated with feelings of anxiety.  
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Anxiety and depression have some similarities in their biological and cognitive profiles, 

and many authors even suggest that there is a common domain of negative affectivity underlying 

these disorders (Axelson & Birmaher, 2001). Indeed, both depressed and anxious youth show a 

negative bias in information processing (Wilson & Rapee, 2005), and patterns of dysfunction in the 

amygdala have been reported in both populations (Beesdo et al., 2009). It is therefore not 

surprising that SSRIs, including fluoxetine, are frequently used in the treatment of paediatric 

anxiety disorders (Clark et al., 2005; Walkup et al., 2008). 

Together with the influence on anger, the effects of fluoxetine on sadness (Chapter Two) 

and happiness (Chapters Two, Four and Five) highlight the antidepressant effects of this 

medication. As mentioned previously, there is evidence suggesting that adolescents with 

depression are biased to perceive facial displays of anger (van Beek et al., 2006) and sadness 

(Schepman et al., 2012), whilst showing low sensitivity for detecting happiness (van Beek et al., 

2006). Fluoxetine may therefore act to reverse these biases in information processing, a 

mechanism that could contribute to gradual mood improvements over time. As the depressed 

adolescent starts to interpret different situations under a more positive outlook, he or she may 

become more receptive towards rekindling or establishing new social connections and his or her 

mood may gradually improve as a consequence (see Harmer et al., 2009). Reinstalling positive 

social interactions is particularly important for a depressed adolescent, given the critical role played 

by friendships during this specific developmental age (Steinberg & Morris, 2001).  

6.3.3. Fluoxetine effects on neural circuitry relevant to adolescent 

depression 

In Chapter Four, not only was fluoxetine found to modulate the activity of the amygdala (a 

critical site involved in adolescent depression), but it also influenced an extended network of 

temporal, frontal and occipital regions. Whilst these findings clearly need further replication, they 

offer a distinctive insight into the very immediate effects of this medication at a systems level. 

 

Amygdala as a critical site mediating the acute effects of fluoxetine 

One of the predictions raised in this thesis was that fluoxetine would have immediate 

effects on the amygdala. This region is implicated in adolescent depression (Beesdo et al., 2009; 
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Yang and colleagues, 2010), and has been previously considered a critical site mediating both the 

acute and long-term effects of antidepressants (e.g., Godlewska et al., 2012; Murphy et al., 2009; 

Sheline et al., 2001). The finding that a single dose of fluoxetine decreased the processing of angry 

faces (vs. happy) therefore corroborates one of the thesis’ main hypotheses, whilst extending the 

results from the only previous study that investigated the neural effects of fluoxetine in adolescents 

(Tao et al., 2012). 

In line with the finding seen here, Tao and colleagues (2012) found that 8 weeks treatment 

with fluoxetine normalised the abnormal pattern of amygdala reactivity seen at baseline. However, 

in this study, the changes in neural activity could not be dissociated from the improvement in mood 

seen with chronic treatment with antidepressants. The present thesis therefore assessed the 

effects of fluoxetine prior to symptomatic improvement, and confirmed the hypothesis that the 

changes in amygdala are seen independently of subjective changes in mood or anxiety. Such 

effects may therefore represent a key mechanism of action through which fluoxetine acts to 

alleviate symptoms. Consistent with this notion is the tentative evidence that early changes in 

amygdala activity (in response to fear) are predictive of initial therapeutic responses. Despite being 

very preliminary, this finding highlights the potential of using a similar approach in future studies in 

order to identify biomarkers of treatment response, a much-needed requirement in the field of Child 

and Adolescence Psychiatry.  

 

Opposite effects seen with fear and anger when compared to happy faces 

A unique finding seen in this thesis is the opposite pattern of neural activation in response 

to fear vs. anger. Due to the paucity of studies looking at the influence of a single dose of fluoxetine 

on emotional processing (both in adults and adolescents), these findings are difficult to interpret. A 

number of speculative explanations can nonetheless be considered. 

As mentioned previously, this differential pattern of activation could result from the 

contrasting meanings conveyed by anger vs. fear, which may become especially salient during 

adolescent depression. Fearful faces convey the message that there is the possibility of danger, 

but with an ambiguous source; whereas angry faces represent themselves the source of threat, 

therefore communicating the possibility of direct aggression towards the observer (Whalen, 1998). 

In line with this, it has been found that despite angry faces being rated as equally unpleasant, 
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threatening, and anxiety-provoking as fearful faces by adults, they are perceived as being 

significantly more likely to cause harm (Strauss et al., 2005). It is therefore tempting to speculate 

that these differential meanings could be especially salient to young people, and in particular to 

depressed adolescents. 

Indeed, adolescence is characterised by increased social awareness and fears of peer 

rejection and of negative judgments more broadly (Harper, Dickson, & Welsh, 2006; Kloep, 1999). 

When depression develops during this age period, such fears are intensified (Platt et al., 2013). 

The trend for an excessive activation in the amygdala in response to anger could therefore 

represent an increased sensitivity to rejection. Interestingly, a similar pattern of excessive reactivity 

in the amygdala has been seen during the anticipation and experience of peer rejection in clinically 

anxious adolescents (Guyer et al., 2008; Lau et al., 2012). Facial displays of anger, per se, are not 

a sign of peer rejection, but they may evoke similar reactions during a developmental period that is 

particularly sensitive to the possibility of social harm. 

It may also be useful to interpret these opposite findings in light of the approach-withdrawal 

model adopted within emotion research (Moons, Eisenberger, & Taylor, 2010). Anger is usually 

associated with appraisals of certainty, as well as being considered a motivation to approach and 

become aggressive (Carver & Harmon-Jones, 2009; Harmon-Jones & Sigelman, 2001; Lerner & 

Keltner, 2001; Mackie, Devos, & Smith, 2000). Fear, on the other hand, is associated with 

appraisals of uncertainty and potential avoidance or withdrawal (Carver & Harmon-Jones, 2009; 

Lerner & Keltner, 2001; Mackie et al., 2000). The increased activation towards fear following 

fluoxetine administration could therefore reflect decreased avoidance towards an emotion that 

represents a “more benign” threatening cue. In line with this is evidence suggesting that an 

accurate perception of fear predicts pro-social behaviour in adults (Marsh et al., 2007), therefore 

highlighting the ambiguous nature of this emotion and the fact that it may not always be associated 

with threat per se or with negative consequences for the individual. Anger, on the other hand, 

represents a more immediate harmful sign, for which a pattern of avoidance may be more 

normative in certain contexts. Interestingly, the need for adopting a more flexible and contextually-

driven approach in the interpretation of emotions has been recently highlighted by developmental 

psychopathology theorists (Franklin, Jamieson, Glenn, & Nock, 2014). Of relevance to the findings 

seen here, is the argument that a pattern of “approach motivation” may not always be adaptive in 
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response to anger, especially during certain developmental stages where the pervasive experience 

of irritability and anger can lead to the development and maintenance of psychological disorders 

(Franklin, Jamieson, Glenn, & Nock, 2014). 

In order to clarify the meanings conveyed by these two emotions, it would have been 

useful to ask participants to rate the faces in a number of dimensions. Examples include valence 

(positive, neutral, negative) and hostility, as well as proneness to induce fear/anxiety, rejection and 

harm. Similar rating procedures have been used in previous studies with adolescents. Interestingly, 

in a study by McClure and colleagues (2007), adolescents gave the highest fear ratings for angry 

faces (compared to fearful and neutral), but this effect was similar in both anxious adolescents and 

healthy controls. In a study by Beesdo et al. (2009), both angry and fearful faces received the 

highest fear and hostility ratings6 across groups (i.e., in depressed, anxious and healthy controls). 

A visual inspection of the values made available by the authors showed higher hostility and fear 

ratings for angry faces (compared to fearful and happy). Thus, the implementation of similar ratings 

in the current thesis could help elucidate the cognitive mechanisms that are behind the opposite 

pattern of neural activity seen towards anger vs. fear (Chapter Four).  

A number of additional measures could have also helped characterise the full cognitive and 

affective experiences triggered by these emotions (see Di Simplicio et al., 2012, 2014; Jonassen, 

Chelnokova, Harmer, Leknes, & Landrø, 2014; Yang, Simmons, et al., 2007;). Such measures 

include eye-tracking and indices of skin conductance and electrocardiography (ECG). For instance, 

by indexing eye gaze, it would be possible to quantify any changes in the ocular exploration of the 

stimuli and therefore understand how antidepressants may affect visual perceptual mechanisms. 

Interestingly, previous work by Di Simplicio and colleagues (2014) implemented this approach in a 

study with highly neurotic participants and found that 7-day treatment with citalopram increased 

ocular exploration of facial stimuli. Skin conductance and ECG recordings provide, in turn, a 

measure of arousal and autonomic reactivity. Together, these methods would help clarify, for 

instance, if the pattern of neural deactivation seen here towards fear (in the placebo group vs. 

healthy controls) results from a blunted affective response despite adequate perceptual and 

autonomic processing; or if the pattern of increased reactivity towards anger is associated with 

increased arousal and facial ocular exploration.  

                                                        
6 Participants were asked: “How hostile is this face?” and “How afraid are you of this face?” 
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Finally, differences in accuracy during the recognition of fear vs. anger could have also 

affected the results. Fear is a particularly difficult emotion for young populations to identify (Wade, 

Lawrence, Mandy, & Skuse, 2006), showing a gradual improvement with age. Sensitivity to anger, 

on the other hand, increases sharply from adolescence to adulthood (Thomas et al., 2007). 

Interestingly, the facial recognition task administered after the functional scan showed that anger 

was indeed recognised more accurately than fear in the adolescent sample as a whole (see 

Chapter Four). These differences could have therefore influenced the results. 

 

Amygdala and prefrontal responses  

The pattern of decreased activity in the amygdala and prefrontal cortex (both in the DLPFC 

and VLPFC) during the processing of fearful faces in the placebo group could be seen as 

inconsistent with traditional theories of depression, which highlight a pattern of fronto-limbic 

imbalance (Mayberg, 2003; Price & Drevets, 2012). It is generally thought that decreased 

activation in the amygdala in response to emotionally salient stimuli results from insufficient (i.e. 

decreased) top-down recruitment from prefrontal regions. However, findings in the adolescent 

patient literature have been especially mixed. For instance, Tao and colleagues (2012) found a 

pattern of increased frontal activity along with enhanced amygdala responses to fear in a sample of 

depressed unmedicated adolescents vs. healthy controls. In contrast, Chantiluke and colleagues 

(2012) found reduced activation in the dorsolateral prefrontal cortex, also in depressed medication-

free adolescents, during a task involving motivated attention. The degree of co-activation between 

subcortical and prefrontal regions in clinical samples is similarly unclear. Whilst adult studies 

typically find reduced connectivity between these regions in patients - supporting the traditional 

hypothesis that hyperactivity in the amygdala results from insufficient top-down regulation - the 

direction of this relationship is especially complex in youth (Lau, 2013). For instance, a preliminary 

study from Perlman and colleagues (2012) found reduced connectivity between the amygdala, the 

medial prefrontal cortex (mPFC) and insula in a sample of unmedicated depressed adolescents, 

which is consistent with the adult literature. In contrast, McClure and colleagues (2007) found a 

positive correlation between the amygdala, anterior cingulate and ventroprefrontal cortex in 

clinically anxious adolescents. Whilst these discrepancies may be the result of using different tasks 

and populations, they highlight the complexities surrounding prefrontal cortex development and 
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how it may influence (or be influenced by) psychopathology. 

In light of these inconsistencies, dual-systems models of brain function may be inadequate 

to understand the complex interactions between limbic and higher-level cognitive systems 

occurring during early-onset depression and adolescence more generally (Pfeifer & Allen, 2012). 

Indeed, traditional theories postulate that the PFC is still underdeveloped during adolescence, 

therefore showing poor regulatory control over the excessive reactivity seen in subcortical limbic 

structures. This pattern is thought to reflect the increased emotionality and poor impulse inhibition 

that characterises adolescence (Romer, 2010; Steinberg & Morris, 2001; Willoughby, Good, 

Adachi, Hamza, & Tavernier, 2013). However, as noted by Pfeifer and Allen (2012), it is unclear 

how ‘immaturity’ translates into functional activation, given that there is evidence showing both an 

increased and reduced prefrontal activation with age in tasks probing cognitive control (e.g., Bunge 

& Wright, 2007; Eshel, Nelson, Blair, Pine, & Ernst, 2007 vs.  McRae et al., 2012; Pitskel, Bolling, 

Kaiser, Crowley, & Pelphrey, 2011). Non-linear changes have also been reported (e.g., Scherf, 

Sweeney, & Luna, 2006; Somerville, Hare, & Casey, 2011). With this complexity in mind, any 

findings obtained in clinical samples should be interpreted with further caution. 

The pattern of responses seen in subcortical and prefrontal regions in Chapter Four is 

intriguing and adds to the intricate scenario described above. In the placebo group (vs. healthy 

controls), fearful faces were associated with a pattern of deactivation in the amygdala and in both 

the dorsolateral (DLPFC) and ventrolateral (VLPFC) prefrontal cortices. The amygdala and VLPFC 

are linked anatomically (Ongür & Price, 2000) and have both been implicated in threat processing  

(Hariri, Mattay, Tessitore, Fera, & Weinberger, 2003; Phillips, Drevets, Rauch, & Lane, 2003). 

Interestingly, a study by Guyer and colleagues (2008) found stronger positive amygdala-VLPFC 

connectivity in clinically anxious patients (vs. healthy controls) during the anticipation of feedback 

from peers previously rated as undesirable. This pattern was seen along with increased amygdala 

reactivity in the patient group. As noted by the authors, this pattern could reflect a positive VLPFC-

amygdala coupling that arises within the amygdala, therefore suggesting a process of strong 

bottom-up signalling. This region might signal the need for the VLPFC to adjust its activity 

accordingly - in this case, to deal with the potentially threatening aspect of anticipating virtual 

feedback from peers perceived as undesirable. Despite the findings from the current thesis being in 

the opposite direction (i.e., decreased activation in both amygdala and prefrontal regions), it is 
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possible that they represent a similar pattern of co-activation, also driven by bottom-up signalling. 

However, in the absence of connectivity analyses, this hypothesis is merely speculative.  

It is notable that a single dose of fluoxetine was found to produce immediate effects on a 

large network of temporal, frontal and occipital regions involved in affective processing. Harmer 

(2013) has previously suggested that acute and sub-chronic administration of antidepressants act 

to decrease the activation of the amygdala and other limbic structures, therefore operating through 

a bottom-up route, rather than modulating the activity of strategic prefrontal processes directly.  

However, recent evidence suggests that antidepressants may have an earlier and wider effect on 

both subcortical and prefrontal regions than previously thought. For instance, a single dose of the 

antidepressant mirtazapine has been shown to increase activity in both limbic and prefrontal 

regions to happy faces, and to reduce activity in the same regions to fear (Rawlings et al., 2010). 

These effects were seen in the amygdala–hippocampal region, as well as in a fronto-striatal cluster 

(including the ventral striatum, caudate, orbitofrontal cortex and frontal pole). While the degree of 

co-activation between these regions was not analysed, this finding, together with the results 

reported in the current thesis, raises the intriguing possibility that acute administration of certain 

antidepressants can produce similar (and potentially even synchronised) effects on both limbic and 

prefrontal regions. Speculatively, this effect could be mediated by a strong bottom-up response 

originated in the amygdala, which signals the need for the prefrontal cortex to adjust activation 

accordingly.  

6.3.4. Contribution of these findings to the SSRI debate 

One of the topics that motivated the research outlined in this thesis is the question 

repeatedly raised in the literature of whether antidepressants are sufficiently safe to be used in 

young people. The fact that this debate continues today shows how little we still know about the 

effects of antidepressants in young people. Although the answer to this question needs a 

combination of efforts from researchers from different backgrounds - as well the implementation of 

larger randomised clinical trials (which is beyond the scope of this thesis) -, the current findings 

may have implications to this debate that are worth considering.  

Fluoxetine was shown in this study to decrease the processing of anger, and to have a 

broader effect on the processing of positive vs. negative information. An anxiolytic-like effect was 
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also apparent. This anxiolytic effect stands in contrast with studies conducted previously with acute 

citalopram administration, in which a single dose of this SSRI was found to increase the processing 

of threat-related information (e.g., Browning et al., 2007). These differences are pertinent in light of 

evidence that fluoxetine has a more favourable benefit-to-risk profile in young people when 

compared to citalopram and other antidepressants (Whittington et al., 2004).   

As a whole, these findings could be interpreted as tentative evidence against the notion 

that antidepressant use, in this case with fluoxetine, produces (exclusively) adverse effects during 

the first stages of treatment in youth. The findings cannot, however, be used to directly scrutinise 

the clinical risks and benefits of fluoxetine. Despite the study in Chapter Four having included 

measures of suicidal ideation, it was not designed (nor powered) to assess the influence of 

fluoxetine on the intensity and frequency of these symptoms over time. Participants reported high 

levels of suicidal ideation at baseline (as measured using the SIQ-JR), which were significantly 

reduced after 6 weeks of treatment. There was also a trend for a reduction in suicidal thinking (as 

measured using the CDRS-R) after one week of treatment, but this finding failed to reach statistical 

significance. Acutely, fluoxetine did not seem to influence the experience of suicidal thoughts when 

compared to placebo (as measured using a VAS item). Interestingly, however, the participants 

receiving fluoxetine showed values of suicidal ideation that were statistically comparable to healthy 

controls. Despite supporting the notion that a single dose of fluoxetine does not seem to increase 

suicidal thoughts, this measure is limited in its assessment of acute changes in ideation. Future 

work is needed in order to explore whether fluoxetine could be associated with a protective effect 

against suicidal thinking. For instance, it could be speculated that the anxiolytic effects of this 

medication might help reduce the initial propensity to experience agitation/anxiety symptoms, often 

considered as precursors of suicidal thoughts and behaviour (see Goodman, Murphy, & Storch, 

2007). To my knowledge, the only study that investigated suicidal thoughts in depth and during a 

long course of fluoxetine treatment in adolescents was the TADS study (March et al., 2004). The 

authors found that fluoxetine combined with CBT was associated with a greater decrease in the 

severity of suicidal ideation (also measured using the SIQ-JR) compared to fluoxetine and CBT 

alone; but fluoxetine alone was not significantly different from CBT alone or placebo. Adding 

fluoxetine to CBT may therefore have a protective effect but it is unknown what exactly is driving 
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this synergy. Only after additional research is conducted, especially large clinical trials, will we 

have a more comprehensive picture of the effects underlying fluoxetine treatment in youth. 

6.4. Methodological considerations 

There are a number of methodological considerations that need to be considered in 

relation to the studies presented in this thesis, which are described in the sub-sections below. 

6.4.1. Definition of adolescence 

Adolescence is often considered to start with puberty, but these terms are not 

synonymous. Adolescence is a gradual and complex period of various transitions, from being a 

“child” to becoming a “teenager” and then an “adult”. It is therefore marked by a sequence of 

events that cannot be easily defined by a discrete age range (Spear, 2000). Due to this uncertainty, 

different researchers have defined adolescence differently, from 12 to 18 years (Spear, 2000) or 

from 10 to as late as 25 (Baumrind, 1987). In this thesis, due to practical and ethical reasons, two 

separate age ranges were used. In the healthy volunteer study described in Chapter Two, the age 

range between 18 and 21 was chosen as it falls between the late adolescence and young 

adulthood period, and avoids the ethical constraints of administering antidepressants to healthy 

younger teenagers. In the study with depressed adolescents described in Chapter Four, only 

participants aged 13 to 18 were included. The upper age limit of 18 aligns with the criterion used by 

the CAMHS services when providing care to adolescents (after 18, adolescents are seen by their 

family doctor). This division poses important constraints in the interpretation of the data. Of note, 

however, the similarities in the findings obtained across studies may suggest that these results are 

applicable to both adolescents and young adults as a whole.  

6.4.2. The validity of the paradigms for a young population 

The tasks used in this thesis were carefully selected in order to capture a wide range of 

antidepressant effects - both positive and negative. However, a key question is whether they were 

adequate for implementation in adolescents. Notably, the high performance of the adolescent 

sample in Chapter Four (accuracy of over 95%) when completing the emotional faces task inside 

the scanner corroborates the validity of using this paradigm across different age groups. However, 
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in the facial recognition task (administered outside the scanner), the accuracy levels for detecting 

fear were inferior to those seen in adult studies using the same paradigm (adolescent sample: 37% 

vs. adults: 50%-55%). These differences are nonetheless consistent with the developmental 

literature and seem to represent a real age difference in emotional recognition abilities rather than 

an artefact of this paradigm (Wade et al., 2006). Future studies should extend the findings seen 

here, if possible using facial stimuli from both adults and adolescents. The inclusion of more 

ecologically valid paradigms (e.g., “Cyberball”, “Chatroom”, etc.) is also of high interest (see Lau et 

al., 2012), as they may reveal increased sensitivity to certain developmental processes especially 

salient during adolescent depression, such as peer rejection (e.g., Platt et al., 2013).  

6.4.3. Using behavioural tasks, self-report measures and BOLD fMRI to 

detect antidepressant drug effects 

In this thesis, the effects of antidepressants were investigated using a wide battery of 

emotional processing tasks, fMRI and self-report measures. The combination of these methods 

represents a powerful approach to detect subtle changes in emotional processing after acute 

antidepressant administration (Harmer & Cowen, 2013).  

As mentioned earlier, the behavioural tasks used in this thesis were carefully selected in 

order to detect both positive and negative effects of antidepressants. Each task measures different 

levels of information processing but they may also present methodological limitations that need to 

be considered in the interpretation of the results. A new paradigm has been validated in this thesis 

- Continuous Flash Suppression (CFS) -, in an attempt of overcoming some of the methodological 

constraints associated with the Attentional Dot-Probe. However, whilst the Attentional Dot-Probe 

failed to show the expected fear vigilance effect in Chapter Two, a modified version of this 

paradigm may have shown increased sensitivity to detect attentional biases in males high in trait 

anger. Similarly, although CFS proved useful in detecting early automatic biases towards threat in 

Chapter Three, it failed to be modulated by diazepam. This highlights the need to continuously 

refine the methodological features associated with these paradigms in order to clearly understand 

any variations in results across studies and populations [for useful reviews see Browning, Holmes, 

& Harmer (2010); Harmer, Goodwin, et al. (2009); Kim & Blake (2005)]. 

An important question that emerges from this thesis, however, is whether the choice of 
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paradigms was the most adequate to detect antidepressant effects in a young population. The 

neuropsychological model of antidepressant drug action supports the inclusion of these tasks, as 

they are sensitive to both the positive and adverse effects of antidepressants. It would nonetheless 

be useful, in future experiments, to implement additional paradigms (such as negative mood 

induction) as they may reveal additional biases and drug effects that were not detected in both the 

healthy volunteer and clinical studies presented here. The inclusion of healthy participants has the 

advantage of directly measuring the effects of antidepressants without the confounding effect of 

mood. However, given the high plasticity that characterises adolescence and the relevance of 

stress-diathesis models for understanding affective biases (Ingram & Luxton, 2005), it may be 

useful to investigate the effects of antidepressants after inducing negative mood or stress/anxiety. 

Indeed, the use of an anger recall paradigm proved useful in characterising the effects of fluoxetine 

in the last experimental study (Chapter Five). Finally - and again in light of the high plasticity that 

marks adolescence -, it would be useful for future studies to explore if attentional training 

paradigms could boost the effects of antidepressants in correcting the negative biases that 

characterise paediatric depression (see Lau 2013).  

The self-report measures used in chapter Four were also carefully chosen in order to 

assess a wide range of symptoms, including depression, anxiety, irritability and suicidal ideation. 

This was important not only to determine that the acute effects of the drug on emotional processing 

were independent of changes in mood or anxiety, but also to detect changes in symptoms over the 

course of the fluoxetine treatment and to correlate them with acute changes in neural activity. As 

predicted, acute fluoxetine did not influence subjective reporting on any of the scales, despite 

producing subtle changes in behavioural and neuroimaging measures. Interestingly, whilst acute 

amygdala activity to fear correlated with symptoms of anxiety/agitation over the first 10 days of 

treatment, amygdala activity to anger failed to show a significant correlation with irritability. 

However, it should be noted that the measures used to assess irritability were limited, as only 

single items from the CDRS-R and VAS were used. Future studies should include more sensitive 

measures of irritability (see Stringaris, Goodman, et al., 2012) in order to explore the link between 

amygdala reactivity to anger and subsequent clinical changes in this domain. 

Finally, despite the immense potential of applying fMRI in psychiatric research (Murphy, 

2010), a few limitations associated with this technique are worth noting. First, it should be noted 
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that BOLD fMRI measures the physiological changes that are associated with neural activity, rather 

than “neural activity” itself (Iannetti & Wise, 2007). This limitation raises the possibility that the fMRI 

signal detected using this technique reflects global physiological changes rather than a specific 

modulation of the drug on neural activity (Murphy & Mackay, 2011). One approach frequently used 

to overcome this problem is the implementation of a control task, which measures BOLD 

responses in a region of “no interest” – i.e., region that is not expected to be influenced by the drug 

(such as examining the activity in the occipital cortex in response to a visual stimulation paradigm; 

Murphy & Mackay, 2011). If this area fails to be modulated by the drug agent, one could be more 

certain that the medication is having a specific effect on localised brain activity. Additionally, an 

alternative approach that can be used to control for confounding drug effects on vascular reactivity 

is to implement arterial spin labelling. This perfusion technique provides an absolute measure of 

cerebral blood flow (CBF), which can be used to compare CBF during a baseline condition vs. a 

task of direct relevance. This separation helps dissociate global drug effects on baseline activity 

from those that are mediated by task-induced activation (Wang, Chen, Fernandez-Seara, & Detre, 

2011). It would be advantageous to include both techniques in future fMRI studies investigating the 

effects of fluoxetine in youth. 

6.4.4. Between-groups design 

All of the studies in this thesis used a between-subjects design, which has a number of 

drawbacks. As seen in Chapter Two and Five specifically, the groups showed some baseline 

differences, despite participants being allocated to each of the groups in a randomised and double-

blind design. This problem was especially prominent in the study with high trait anger males. An 

alternative approach would have been to use a within-subjects crossover design, where the same 

participants are administered the same experimental condition but at different timepoints (to allow 

for the necessary washout period between interventions). This approach has the benefit of 

removing inter-subject differences, which may arise from imperfect group matching or from 

uncontrolled variables that are unknown to the experimenter. However, a within-subjects design 

has a number of disadvantages in the context of this type of study. Using the same participants 

would involve a repeated administration of the same emotional processing tasks, therefore leading 

to unavoidable practice or habituation effects. Indeed, in our laboratory, it has been found that the 
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effects of antidepressants are stronger on the first testing session (Harmer, unpublished 

observations). Habituation is also a particular problem in fMRI studies, given that the amygdala, for 

instance, is known to habituate rapidly to repeated presentation of emotional stimuli (e.g. Breiter et 

al., 1996; Wright et al., 2001), although it is unclear if these effects persist across testing sessions 

(e.g. Carver & Harmon-Jones, 2009). For these reasons, the studies reported in this thesis adopted 

a between-group design, in which a careful matching on a range of variables was attempted.  

6.4.5. Sample sizes and power calculations 

The studies included in this thesis made use of power calculations in order to determine 

desired sample sizes. However, recruitment in the two final experiments was more difficult than 

anticipated and therefore these studies could have been underpowered. It has nonetheless been 

argued that small sample sizes usually contribute to type II (“false negatives”) rather than type I 

(“false positives”) errors, which can conceal the presence of real effects. Given that both these 

studies (Chapters Four and Five) revealed positive findings, type II errors may be less of a concern 

(McClure et al. 2007). Future experiments with larger samples are needed to replicate and clarify 

these results. 

6.5. Future studies 

This thesis has hopefully advanced our current knowledge about the early effects of 

antidepressants in young people, but the need for future research is clear.  

First, it is crucial for future studies to include larger and more homogenous clinical samples 

when investigating the effects of both acute and chronic treatment with antidepressants. A larger 

sample would be especially useful to explore the potential of using fMRI to predict clinical 

responses to antidepressant medication prospectively. 

Future studies should also include a combination of multi-modal measures (ecologically 

valid paradigms, fMRI, ECG, eye-tracking, genetic analysis, etc.) as well as different approaches to 

data analysis (e.g., connectivity analysis, resting state), in order to more fully understand the 

mechanisms underlying antidepressant use in young people. For instance, implementing 

connectivity analyses would be important to understand how distributed subcortical and prefrontal 

networks are coupled together during the processing of specific emotions.  
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In this thesis, the pubertal status of the adolescent participants was not considered. This is 

an important limitation of this and other studies in the field, which should be addressed in future 

work, especially in light of emerging evidence showing that puberty influences cognitive 

development (Blakemore, Burnett, & Dahl, 2010). 

Further research should also explore how the experience of depression across different 

adolescent age ranges may have an impact on brain functioning. Most studies combine data from 

different ages, which are then averaged in order to compare brain activity between groups as a 

whole. Given the profound brain changes occurring throughout adolescence (Blakemore et al., 

2010), a better stratification of age would be helpful.  

Finally, forthcoming work should explore the factors that may contribute to the adverse 

effects experienced upon initiation of antidepressant treatment. The clinical study in Chapter Four 

lacked power to identify those patients who may have developed more adverse effects after 

initiating the treatment. In clinical trials, only a small percentage of adolescents seem to develop 

harmful reactions when administered antidepressants, at rates that vary between 2% to 8% for 

hostility and behavioural activation, and 3% to 12% for suicide-related events (Cheung, Dewa, & 

Levitt, 2005). Additional studies are therefore critical in order to identify both genetic and 

psychological markers that can reliably predict which patients are most susceptible to encountering 

side effects after initiating antidepressant treatment. For instance, a polymorphism in the serotonin-

transporter gene has been associated with a greater risk to experience adverse SSRI-induced 

effects in both adult (Perlis et al., 2003) and adolescent populations (Kronenberg et al., 2007). It 

would be useful to investigate how this polymorphism influences brain activity in response to 

fluoxetine treatment in youth.  

6.6. Conclusions 

In conclusion, the series of studies conducted as part of this thesis have provided 

behavioural and neuroimaging support for the notion that fluoxetine exerts direct and immediate 

effects on emotional processing. It was hypothesised that the behavioural and neural effects on 

anger could represent a mechanism particularly relevant to the treatment of adolescent depression, 

given the prominence of irritability in the clinical presentation of this disorder. The broader effect on 

positive vs. negative processing may also have important implications for reversing the negative 



 
 

179 
 

biases that seem to characterise adolescent MDD. Finally, the potential anxiolytic-like property of 

fluoxetine seen acutely is of particular interest, as it may reflect an important mechanism 

underlying the beneficial profile of fluoxetine that is not seen with acute administration of other 

antidepressant drugs. This effect could also help reduce the anxiety symptoms that are often seen 

in adolescent MDD. 

At a neural level, the amygdala emerged as a critical site underpinning the acute effects of 

fluoxetine administration. This finding is important, as it elucidates a neural mechanism through 

which fluoxetine may act to alleviate symptoms. Indeed, there was some suggestion that early 

effects on the amygdala were associated with reduced anxiety symptoms during the first ten days 

of treatment. Whilst still very preliminary, these findings are encouraging and offer a useful 

approach to investigate antidepressant effects in youth. A combination of efforts is needed in order 

to bridge the gap between clinical trials and neuropsychological research, and assist the 

development of more effective pharmacological and psychological treatments for such a 

devastating, yet still poorly understood, disease. Adolescence represents a time of increased 

vulnerability for the experience of a wide range of psychological disorders, but it is also increasingly 

being recognised as a period of immense plasticity and of unique opportunities to promote health 

and resilience. 
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Appendices 

 
Appendix 1 

 
 

Structured clinical interview for DSM-IV Axis-II 

The semi-structured SCID-I interview (First et al. 1997) was administered to ascertain Axis 

I diagnoses. The SCID-I is divided into six modules: mood episodes; psychotic symptoms; 

psychotic disorders; mood disorders; substance use disorders; and anxiety, adjustment, and other 

disorders. 

 

National Adult Reading Test (NART) 

The National Adult Reading Test (NART; Nelson, 1991) is a measure of verbal intelligence 

widely used in studies with adult healthy volunteers. This test includes a list of 50 words printed in 

order of increasing difficulty. The participant is required to read aloud these words and the 

experimenter records the number of mistakes. The full verbal IQ is then calculated. 

 

Eysenck-Personality Scales (EPQ) 

The Eysenck Personality Questionnaire (EPQ; Eysenck et al. 1985) was used to determine 

dimensions of personality at baseline.  The EPQ consists of 90 “yes” and “no” statements and is 

composed by four scales: extroversion/introversion, neuroticism/stability, psychoticism/socialization 

and lie.  

 

State-Trait anxiety Inventory (STAI) 

The State and Trait Anxiety Inventory (STAI; Spielberger et al. 1970) determines state and 

trait anxiety levels.  The STAI consists of two 20-item scales with four possible responses to each 

question, ranging from one to four (“not at all”/”almost never” – “very much”/”almost always”).  

Possible scores range from 20 to 80, with higher scores indicating higher levels of anxiety. 
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Beck Depression Inventory (BDI) 

The BDI (Beck, Ward, Mendelson, Mock, & Erbaugh, 1961) is a 21 item self-report 

instrument designed to assess the severity of depressive symptoms occurring during the past 

week. The questions reflect the criteria used to diagnose Major Depressive Disorder and each item 

is rated on a 4-point scale (0–3). Total scores range from 0 to 63, with higher scores reflecting 

higher levels of depression. 

 

The Positive and Negative Affective Schedule (PANAS) 

Positive and Negative Affect Schedule (PANAS; Watson et al., 1988) measures positive 

and negative affect. Ten descriptors for the positive affect scale and ten descriptors for the 

negative affect scale are given. Participants indicate to what extent they feel on each descriptor 

using a rating from one to five (“very slightly or not at all” to “extremely”).   

 

Visual Analogue Scales (VAS) 

The Visual Analogue Scales (VAS) questionnaire consists of 15 items that assess mood.  

The scales consist of 15 horizontal lines, 10 cm in length, with antonymous adjectives (e.g. alert vs. 

drowsy) on either pole. The scales have been validated experimentally (Bond & Lader, 1974), and 

each item has been attributed to 1 of 3 factors: Alertness, Calmness and Contentedness. 

 

Antidepressant Side-Effects Checklist (ASEC) 

The Antidepressant Side-Effect Checklist (ASEC; Uher et al., 2009) is a self-report 

instrument that measures 21 adverse reactions to antidepressants (e.g., dry mouth, drowsiness, 

blurred vision, headache, etc.). This questionnaire is yet to be validated, but it has been derived 

from a systematic review by Uher and colleagues (2009). For each item, the participant rates the 

severity of the specified symptom on a four-point scale (0=absent; 1=mild; 2=moderate; 3=severe) 

and specifies whether a symptom (if present) was likely to be a side-effect of the antidepressant 

drug (“yes” or “no”). An adapted version of this questionnaire was used in this study, in which some 

items not adequate to acute administration were removed (e.g., insomnia, problems with sexual 

function). 
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Jitteriness Rating Questionnaire (JRQ) 

The Jitteriness Rating Questionnaire (JRQ; Sinclair et al., 2009) is a self-report instrument 

that measures 21 adverse reactions to antidepressants (e.g., dry mouth, drowsiness, blurred 

vision, headache, etc.). This is a non-validated questionnaire that has been derived from a 

systematic review by Sinclair and colleagues (2009).  For each item, the participant rates the 

severity of the specified symptom on a six-point scale (0 for “none of the time” to 5 “all of the time”). 

The maximum score is 120.  
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Appendix 2 

 
 

Kiddie-Sads-Present and Lifetime Version (K-SADS-PL) 

The K-SADS-PL (Kaufman et al., 2000) is a semi-structured psychiatric interview designed 

to assess the presence of current and past episodes of psychological disorders in children and 

adolescents using DSM-IV criteria. K-SADS-PL includes an initial screen interview (82 symptoms 

related to 20 diagnostic areas) and five diagnostic supplements: (1) affective disorders (major 

depression, dysthymia, mania/hypomania); (2) psychotic disorders; (3) anxiety disorders (social 

phobia, agoraphobia, specific phobia, obsessive-compulsive disorder, separation anxiety disorder, 

generalized anxiety disorder, panic disorder, posttraumatic stress disorder); (4) disruptive 

behavioural disorders (attention deficit hyperactivity disorder/ADHD, conduct disorder, oppositional 

defiant disorder); and (5) substance abuse, tic disorders, eating disorders, and elimination 

disorders (enuresis, encopresis).  

 

Socio-demographic questionnaire 

 A socio-demographic questionnaire was administered to all parents in order to determine 

their education level and average annual income. 

 

Child Behaviour Checklist (CBCL) 

The CBCL (Achenbach & Rescorla, 2001) is a parent-report questionnaire that measures 

competency in general activities, social interactions and school (part I), as well as the presence of 

various behavioural and emotional problems (part II) in children and adolescent aged between 6 

and 18 years-old. Only the second part of the questionnaire (i.e., part II) was administered in this 

study, which includes 113 items measuring the presence of behavioural or emotional problems 

during the past 6 months. The parent was asked to rate “how true” a given behaviour was for their 

child. It yields eight behavioural subscales: withdrawn, somatic complaints, anxious/depressed, 

social problems, thought problems, attention problems, delinquent behaviour, and aggressive 

behaviour. These scales are then quantified in three behavioural composite scores: Internalizing 

Problems, Externalizing Problems and Total Problems. Higher scores are indicative of more 

problems. These three composite scores and the anxious/depressed scale are reported here. 
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Wechsler Abbreviated Scale of Intelligence (WASI) 

 The WASI (Wechsler, 1999) is a standardised test designed to measure general 

intellectual ability in individuals aged 6 to 89 years. The two-subtest version was administered in 

this study, which includes the sub-tests Vocabulary (in which the subject is required to orally define 

words presented both orally and visually) and Matrix Reasoning (in which incomplete grid patterns 

are presented and the participant needs to select the correct response from five possible choices). 

Together they provide an estimate of Full Scale Intelligence Quotient (FSIQ).  

 

Children Depression Rating Scale (CDRS-R) 

The CDRS-R (Poznanski & Mokros, 1996) is a 17-item semi-structured interview that 

assesses the presence and severity of depressive symptoms in young people. It was designed for 

6- to 12-years children, but it has been successfully used with adolescents, showing good reliability 

and validity in this age group (Mayes, Bernstein, Haley, Kennard, & Emslie, 2010). Total scores 

range from 17 to 113, with a score of 40 or higher being indicative of clinical depression. 

 

Children Depression Inventory (CDI)  

 The CDI (Kovacs, 1992) is a 27 self-report questionnaire used to quantify depressive 

symptomatology in children/adolescents aged between 7 and 17 years-old. Each item includes 

three descriptions of graded severity and the adolescent is asked to indicate which statement 

describes him best. Responses are scored on a scale 0–2, providing a total range of 0-54. Higher 

scores indicate increased severity. A research version of 26-items was used in this study 

(consistent with Smucker, Craighead, Craighead, & Green, 1986). 

 

Suicidal Ideation Questionnaire- Junior (SIQ-JR) 

The SIQ-JR (Reynolds, 1987) is a 15-item self-report questionnaire used to measure the 

frequency of suicidal ideation over a 1-month period in adolescents aged between 12 and 18 years 

old. Items are scored on a 7-point scale, ranging from 0 (“I never had this thought”) to 6 (“almost 

every day”). Total scores range from 0 to 90. A clinical cut-off of 31 is frequently used as an 

indication of high suicide risk. 
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State-Trait Anxiety Inventory for Children (STAI-C) 

 The STAI-C (Spielberger, 1973) consists of two 20-item questionnaires that measure state 

and trait anxiety (A-State and A-Trait questionnaires, specifically) in children between the ages of 8 

and 14. However, it has been validated for use in adolescents (Kirisci & Clark, 1996). The A-State 

scale quantifies anxiety that is specific to the situation, whereas the A-trait scale measures the 

general predisposition of the child to feel anxious. Responses are given on a three-point scale, 

ranging from “hardly ever” to “often true”. Total scores range from 0-40. 

 

Visual Analogue Scale 

 This study used a simplified version of a Visual Analogue Scale, consisting of 6 items in 

total: “tired”, “happy”, “sad”, “nervous/tense”, “irritable” and “thinking about death”. The rating 

scales consisted of 10 cm lines and participants were instructed to draw a horizontal line crossing 

the line at the point that represented how they currently felt.  Similar visual analogue scales have 

been used successfully in paediatric samples (e.g., Chapman & Kirby-Turner, 2002) 

 

Antidepressant side-effects checklist 

An Antidepressant side-effects checklist was created in order to measure the occurrence of 

potential side effects. Participants were given a list of potential side-effects and were asked to write 

down which ones (if any) they were currently experiencing (testing session) and/or which ones 

were more prominent in the past 7 days (measured at follow-up 1) or 6 weeks (follow-up 2). The list 

of side-effects was adapted from the Antidepressant Side-Effect Checklist used in Chapter Two 

(ASEC; Uher et al., 2009). 

Children's Global Assessment Scale (CGAS) 

 The Children's Global Assessment Scale (CGAS; Shaffer et al., 1983) is a clinician-rated 

instrument used to quantify the general functioning of children and adolescents under 18. This 

measure provides a single global rating only, ranging from 0 to 100. Higher scores represent better 

functioning. 
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Clinical Global Impression Scale (CGI) 

 The Clinical Global Impression Scale (CGI; Guy, 1976) is an observer-rated scale that 

measures illness severity (CGI-S), global improvement or change (CGI-I) and therapeutic 

response/efficacy (CGI-E). Consistent with previous studies (e.g., Forkmann et al., 2011), only the 

illness severity and global improvement items are reported, both of which use a 7-point scale to 

assess the severity of the illness and therapeutic improvement, respectively. 
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Appendix 3 

 
Structured clinical interview for DSM-IV Axis-II 

The semi-structured SCID-II interview (First, 1997) was administered to ascertain Axis II 

(Personality Disorder) diagnosis. This interview includes 12 categories: Avoidant, Dependent, 

Obsessive-Compulsive, Passive-Aggressive, Depressive, Paranoid, Schizotypal, Schizoid, 

Histrionic, Narcissistic, Borderline and Anti-social. This interview was administered in a stepped 

procedure. Participants were first asked to fill in the SCID-II questionnaire (in online format), which 

assesses the presence of traits for all twelve categories. These questions required simple “yes” or 

“no” answers. Once completed by the participant, the questionnaire was immediately scored during 

the screening session. Only those sections that fulfilled the minimum criteria required to make a 

diagnosis were then covered in more detail using the SCID-II semi-structured interview.  

 

ADHD Module from the MINI International Neuropsychiatric Interview (M.I.N.I.), v 0.5  

The ADHD Module from the MINI was used to screen for the presence of past and/or 

current ADHD. The M.I.N.I. 5.0 (Sheehan et al., 1998) is a brief, structured diagnostic interview 

schedule used to address different disorders according to the DSM-IV and ICD-10 criteria. The 

ADHD module covers both inattentive and hyperactive/impulsive symptoms observed during 

childhood and adulthood. 

 

State-Trait Anger Expression Inventory (STAXI) 

The STAXI scale (Spielberg, 1988) is a self-report measure that measures anger 

symptoms. Responses are made on a 4-point scale ranging from 1 (almost never) to 4 (almost 

always). It is composed by 6 scales: State Anger (intensity of current angry feelings), Trait Anger 

(disposition to experience anger), Anger-in (frequency in which angry feelings are suppressed), 

Anger-out (frequency in which angry feelings are expressed), Anger Control (frequency with which 

the individual tries to control the expression of anger) and Anger Expression (frequency with which 

anger is expressed, regardless of the direction of the expression). Higher scores indicate greater 

presence of the symptoms.  
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Barrat Impulsiveness Scale (BIS-11) 

BIS-11 (Patton et al., 1995) is a 30-item test that measures impulsivity. Items are scored to 

yield six first-order factors (attention, motor, self-control, cognitive complexity, perseverance, and 

cognitive instability impulsiveness), three second-order factors (attentional, motor, and non-

planning impulsiveness) and a total score (taken as a global measure of impulsivity). Only the 

second-order factors and the total score will be reported in this thesis.  

 

Buss Perry Aggression Questionnaires (BPAQ) 

The BPAQ (Buss & Perry, 1992) is a 29-item questionnaire that measures aggression, 

being composed by four scales: physical aggression, verbal aggression, anger and hostility. 

Responses to items on a 5-point scale range from 1 (extremely uncharacteristic of me) to 5 

(extremely characteristic of me). Higher scores are indicative of greater aggression. 

 

 

http://en.wikipedia.org/wiki/Attention
http://en.wikipedia.org/wiki/Motor_system
http://en.wikipedia.org/wiki/Self-control
http://en.wikipedia.org/wiki/Cognitive_complexity
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