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Introduction

Emotional processing is one of the cognitive domains 
affected by depression. Many cognitive theories propose 
negative biases in emotional processing as a contributing 
factor to the initiation and maintenance of depressive states 
(Beck 1979; Disner et al. 2011). Previous studies reported 
that unmedicated depressed patients had lower accuracy 
in recognizing positive versus negative facial expres-
sions, longer latencies to respond when categorizing posi-
tive self-referent words, and lower recall rates of positive 
self-referent words (Disner et al. 2011). Interestingly, acute 
antidepressant treatment reversed these emotional biases; 
this effect was seen long before the onset of clear clinical 
benefit (Harmer et al. 2009). A previous study evaluating 
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Abstract
Rationale  Cognitive theories propose that negative biases in emotional processing contribute to the maintenance of depres-
sive states. Previous studies reported that acute antidepressant treatment in depressed patients reversed negative emotional 
biases. However, studies addressing the differences in emotional processing between healthy volunteers and clinically 
depressed patients with inadequate response to standard antidepressant treatments are limited.
Objectives  To investigate the differences in emotional processing domains between depressed patients with inadequate 
response to current antidepressant treatment and healthy controls.
Methods  Fifty-four medicated patients with major depression and 45 age- and sex-equated healthy volunteers were tested 
using the Oxford Emotional Testing Battery.
Results  There was no difference between the two groups in the accuracy of recognising emotional facial expressions. How-
ever, there was a significant difference in the pattern of response times in an emotional categorisation task (F1,97 = 6.44, 
p = 0.013, partial η2 = 0.017) where healthy controls had faster responses towards positive than negative self-referent words 
(95%CI: -0.291 – -0.054, p = 0.005). In contrast, patients had no significant differences in reaction time for categorizing 
positive and negative self-referent descriptors. There was also a significant group interaction in an emotional memory task 
(F1,91 = 7.90, p = 0.006, partial η2 = 0.080) where healthy volunteers recalled significantly more positively valenced words 
than depressed patients (95%CI: -2.104 – -0.168, p = 0.022).
Conclusions  Depressed patients with inadequate responses toward antidepressants had negative biases in emotional cat-
egorisation and emotional memory. These psychological abnormalities may represent targets for treatment in patients with 
difficult-to-treat depression.
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selective attention towards visual images of positive, dys-
phoric, threatening, or neutral valences reported higher 
selective attention towards positive visual stimuli in healthy 
volunteers and medicated depressed patients than in unmed-
icated depressed patients. Further, the differences between 
medicated depressed patients and healthy volunteers were 
not significant. Interestingly, both depressed groups had 
no significant differences in Beck Depression Inventory-II 
scores. It could be speculated that medication use was asso-
ciated with positive bias in medicated depressed patients. 
However, a small sample size (21 medicated patients) might 
hinder the detection of small differences between medicated 
depressed patients and healthy volunteers, as medications 
might have shifted some degree of emotional processing in 
facial emotion recognition (Wells et al. 2014).

A meta-analysis of 22 studies assessing facial emotional 
recognition in depressed patients reported significant defi-
cits in recognizing emotions of fear, happiness, surprise, 
disgust and anger with preservation of recognition toward 
sadness. A subgroup analysis reported that medicated and 
unmedicated depressed patients did not differ significantly 
in recognizing happy or sad facial expressions (Dalili et 
al. 2015). The limitation of this study was the lack of sub-
group analysis comparing non-responders and healthy vol-
unteers; it was therefore unclear whether non-responders to 
treatment and healthy volunteers differed in terms of facial 
expression recognition. Also, the meta-analysis focussed 
only on the accuracy of recognizing facial emotion. Other 
aspects, such as misclassification and response biases were 
not evaluated. Further, the meta-analysis was limited to one 
emotional processing domain (facial emotion recognition), 
and other emotional processing aspects, such as emotional 
memory, were not evaluated.

It is, therefore, uncertain whether the emotional pro-
cessing of patients who are clinically unresponsive to 
antidepressant treatment differs significantly from that of 
non-depressed volunteers. The aim of this study was to 
explore this issue. The evaluations of various emotional pro-
cessing domains (facial expression recognition, emotional 
categorization, emotional recall memory) can give more 
insight into the state of emotional processing in depressed 
patients unresponsive to medication and could provide 
novel targets for treatment.

Method

We conducted a case-control study to investigate the differ-
ences in emotional processing domains between depressed 
patients with inadequate response to current antidepres-
sant treatment and age- and sex-equated healthy con-
trols. The study was approved by the National Research 

Ethics Service Committee (NRES), South-Central Oxford 
(ID:20/SC/0151). Both patients and healthy volunteers 
were recruited from the general population (through vari-
ous platforms, including websites, newspapers and social 
media) and patients additionally through primary and sec-
ondary (mental health) care. Informed written consent was 
obtained from all participants before the study. Using the 
accuracy of detecting happy facial expressions (the Facial 
Expression Recognition Task (FERT) from the Emotional 
Testing Battery) from a previous study (Harmer et al. 2009), 
the calculated required sample size was 24 (12 participants 
in each arm) to detect a significant difference between the 
two groups. We included 45 healthy volunteers to equate the 
patient group who later underwent a drug study with ebselen 
(see below).

Potential patients with major depressive disorder (MDD) 
and healthy volunteers were screened using the Structured 
Clinical Interview of Diagnostic and Statistical Manual 
(DSM) −5 (SCID-5) and the Hamilton Depression Rating 
Scale-17 (HAM-D). The diagnosis of psychiatric disorders 
(MDD and other psychiatric disorders) was determined 
by a consultant psychiatrist (BRG) using the SCID-5. We 
included MDD patients who were still depressed with 
HAM-D scores of at least 14, despite being on adequate 
doses for at least four weeks. Patients who failed at least 
one treatment with antidepressant were included. The cur-
rent study was part of the study investigating the effect of 
ebselen (a lithium-mimetic agent) on emotional processing 
as an augmenting agent (further reading, refer to (Ramli et 
al. 2024). We did not restrict inclusion to those who failed to 
respond to specific antidepressants as we wanted to include 
a patient group whose next treatment step is often augmenta-
tion with another medication, such as lithium. The exclusion 
criteria for patients with MDD were any current or history 
of schizophrenia, bipolar mood disorder and emotionally 
unstable personality disorder; being clinically suicidal; cur-
rent or history of electroconvulsive therapy; current fail-
ure to respond to standard pharmacological augmentation 
therapy; history of substance dependence over the past six 
months; and participation in a study involving emotional 
processing tasks or interventional medication within the 
past three months. Healthy controls were required to be free 
from any current or history of major psychiatric disorder. 
Also, healthy controls had not participated in a study involv-
ing emotional processing tasks or interventional medication 
within the past three months.

Our primary outcomes were emotional processing tasks 
measured using the Oxford Emotional Testing Battery 
(ETB). This battery consisted of five tasks; including the 
FERT, Emotional Categorisation Task (ECAT), Facial Dot-
Probe Task (FDOT), Emotional Recall Task (EREC) and 
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Emotional Recognition Memory Task (EMEM) (Harmer et 
al. 2004; Murphy et al. 2008).

Generally, the FERT consists of 250 facial expressions 
of six basic emotions (sad, fear, happy, surprise, disgust, 
anger) with varying intensity ranging from 10–100%. There 
were 40 faces in each emotion and 10 neutral faces (0% 
intensity). One face was presented at a time on the laptop 
screen, and participants were asked to respond as accurately 
and quickly as possible by pressing one of the labelled but-
tons (sad, fear, happy, surprise, disgust, anger, neutral) on 
the keyboard. The ECAT consisted of positive or negative 
self-referent words presented one at a time and participants 
were required to choose whether they would like or dislike 
to be described using those words. The FDOT assessed the 
attentional vigilance score, whereby two faces (one neutral 
and one emotional- either happy or fear) were presented 
after a central ‘X’ mark disappeared. Two dots were then 
presented either at the top or the bottom of the face follow-
ing the disappearance of the faces, and participants were 
asked to indicate the orientation of the dots (vertical or hori-
zontal). The participants were then asked to recall the words 
from the ECAT within four minutes. EMEM was the last 
task, where participants were presented with self-referent 
words and were asked to indicate whether the word was pre-
sented previously in the ECAT or not. We measured accu-
racy (FERT, ECAT, EREC, EMEM), reaction time (FERT, 
ECAT, EMEM), misclassification (FERT, EREC, EMEM), 
d prime (FERT, EMEM) and beta (FERT, EMEM) for ETB 
tasks. D prime and beta are measures of response bias. We 
calculated d prime and beta values using the following for-
mula: d prime = = 0.5 + ((y – x)(1 + y – x)/4y (1 – x)), 0 < d’ 
< 1; beta = y(1 – y) – x(1 – x)/y(1 – y) + x(1 – x), −1 < ß < 1 
(x is a false alarm (proportion of incorrect responses), and y 
is a hit rate (proportion of correct responses). We assessed 
clinical measures of depression using the Montgomery 
Asberg Depression Rating Scale (MADRS) and 16-item 
Self-Report Quick Inventory of Depressive Symptomatol-
ogy (QIDS-SR-16) and anxiety with the 7-item Generalized 
Anxiety Disorder (GAD-7) in both participant groups.

All analyses were conducted using IBM SPSS statis-
tics, version 29. Continuous variables were reported in 
means and standard error of means (SEMs), and categori-
cal data were reported in counts and percentages. Com-
parison between groups was conducted using independent 
and paired t-tests, while categorical variables were anal-
ysed using a chi-squared test. A two-way analysis of vari-
ance (ANOVA) with emotion as a within-subject factor and 
group (patients vs. healthy volunteers) as a between-sub-
ject factor was used to analyse parameters from the FERT, 
ECAT, EREC, and EMEM tasks. We utilised three-way and 
two-way ANOVAs to analyse the FDOT, whereby emotions 
and conditions (masked or unmasked) were within-subject 

factors and group was a between-subject factor. A signifi-
cant interaction was followed up with a post-hoc indepen-
dent t-test. For reaction time, a post-hoc paired t-test was 
conducted if there was a significant group interaction. Sub-
analyses comparing two groups (SSRI-only vs. healthy 
volunteers and 1–2 vs. > 2 failed antidepressants) were also 
conducted using ANOVAs and post-hoc t-tests if there were 
any significant interactions. A Pearson’s product-moment 
correlation was used to test for correlations between clini-
cal measures (HAM-D, MADRS, QIDS-SR-16, GAD-7) 
and ETB task if there was a significant interaction in the 
two-way ANOVA. The correlation analyses between clini-
cal measures and ETB tasks were conducted separately for 
patients and healthy volunteers. A p-value of < 0.05 was 
considered statistically significant.

Results

We included 54 clinically depressed patients, not responsive 
to their current antidepressant treatments and 45 age- and sex-
equated healthy volunteers. No significant differences in age 
(t(97) = −1.097, 95%CI: −8.853–2.549, Cohen’s d = −0.221, 
p = 0.275) and sex (p = 0.635 (χ 2)) were observed between 
groups. As expected, the scores of HAM-D (t(59.6) = 30.96, 
95%CI: 17.540–19.964, Cohen’s d = 5.753, p < 0.001), 
MADRS (t(60) = 25.15, 95%CI: 23.714 − 27.812, Cohen’s d 
= −4.675, p < 0.001), QIDS-SR-16 (t(84.4) = 18.24, 95%CI: 
13.420–16.706, Cohen’s d = 3.501, p < 0.001), and GAD-7 
(t(61) = 12.81, 95%CI: 7.767–10.640, Cohen’s d = −2.385, 
p < 0.001) were significantly higher in patients than healthy 
volunteers (Table  1). SSRIs (70.1%) were the most com-
mon drug class used by MDD patients in the current study, 
followed by atypical antidepressants (16.4%) and SNRIs 
(9.0%) (Table 2).

Depressed patients vs. healthy volunteers

A significant two-way ANOVA between group and valance 
was observed in the ECAT reaction time (F1,97 = 6.44, 
p = 0.013, partial η2 = 0.017). A follow-up paired t-test 
showed healthy controls were faster to respond towards 
positive (0.916 ± 0.044) than negative self-referent words 
(1.089 ± 0.056; t(44) = −2.936, 95%CI: −0.291 – −0.054, 
Cohen’s d = −0.438, p = 0.005) (Fig. 1). However, patients 
did not show any significant differences in reaction time 
for categorizing positive (1.013 + 0.031) and negative self-
referent words (1.033 + 0.026; t(53) = −0.835, 95%CI: 
−0.070 – −0.029, Cohen’s d = −0.114, p = 0.407) (Fig. 1). 
We found no significant two-way ANOVA between group 
and valance in the ECAT accuracy (F1,97 = 1.68, p = 0.198, 
partial η2 = 0.017).
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We found a significant group-by-valance interaction in 
the EREC task accuracy (F1,91 = 7.90, p = 0.006, partial 
η2 = 0.080). A follow-up paired t-test (t(47) = 2.208, 95%CI: 
0.070–1.513, Cohen’s d = 0.319, p = 0.032) showed that 
patients recalled more positive (4.71 ± 0.314) than negative 
(3.92 ± 0.277) self-referent words (Fig. 2). Similarly, healthy 
volunteers recalled more positive (5.84 ± 0.376) than nega-
tive (3.62 ± 0.281) self-referent words than healthy volun-
teers (t(44) = 6.159, 95%CI: 1.495–2.949, Cohen’s d = 0.918, 
p = < 0.001), but the effect size of healthy volunteers 
was higher than patients. When analysing based on emo-
tion using a follow-up independent t-test (t(91) = −2.332, 
95%CI: -−2.104 – −0.168, Cohen’s d = −0.484, p = 0.022), 

Table 1  Characteristics and clinical measures of participants included 
in the study (Means ± SEMs)
Variables Patients (n = 54) Healthy 

volunteers 
(n = 45)

Age (years) 38.5 ± 14.2 41.7 ± 14.3
Sex Female: 36 (66.7%); Male: 18 

(33.3%)
Female: 
32 
(71.1%); 
Male: 18 
(28.9%)

HAM-D 19.5 ± 4.3 0.7 ± 1.0
MADRS 27.1 ± 7.3 1.3 ± 1.7
QIDS-SR-16 18.4 ± 5.2 3.3 ± 2.8
GAD-7 10.1 ± 5.1 0.9 ± 1.3
Duration of illness 15.1 ± 1.7 years

< 2 years: 7.4% (range 0.8–1.5)
≥ 2 years: 92.6% (range 2–46 
years)

No of failed 
antidepressants

1–2: 34 (63.0%)
> 2: 20 (37.0%)

Current treatment
Illness duration 8.9 ± 1.4 years (0.3–40)

< 2 years: 18.9% (range 0.3–1.5)
≥ 2 years: 81.1% (range 2–46 
years)

Antidepressants SSRI only: 39 (72.2%)
SSRI combined with other classes: 
3 (5.6%)
SNRI only: 2 (3.7%)
SNRI combined with other classes: 
2 (3.7%)
Atypical: 6 (11.1%)
TCA: 1 (1.9%)
Serotonin modulators: 1 (1.9%)

-

Pharmacological 
treatment duration

44.2 ± 6.9 months
Range: 2–192 months

-

Talking therapy Yes: 2 (3.7%)
No: 52 (96.3%)

-

Table 2  Counts and percentages of overall antidepressants used by 
depressed patients (n = 54)
Antidepressants Count Percentage
Selective serotonin reuptake inhibitor
Sertraline 23 34.3
Citalopram 13 19.4
Fluoxetine 7 10.4
Escitalopram 3 4.5
Paroxetine 1 1.5
Serotonin and norepinephrine reuptake inhibitor
Venlafaxine 5 7.5
Duloxetine 1 1.5
Norepinephrine-dopamine reuptake inhibitor
Bupropion 1 1.5
Atypical
Mirtazapine 9 13.4
Agomelatine 2 3.0
Serotonin modulators
vortioxetine 1 1.5
Tricyclic antidepressants
Imipramine 1 1.5

Fig. 2  Means (± SEMs) number of positive and negative self-referent 
words recalled in the EREC task. There was a significant two-way 
ANOVA (group by valance) (F1,91 = 7.90, p = 0.006, partial η2 = 0.080). 
A follow-up independent t-test showed lower accuracy in recalling 
positive self-referent words in patients than in healthy volunteers 
(*p < 0.05)

 

Fig. 1  Means (± SEMs) reaction time in the ECAT task. There was 
a significant two-way ANOVA (group by valance) (F1,97 = 6.44, 
p = 0.013, partial η2 = 0.017). A follow-up paired t-test showed healthy 
controls were faster to respond towards positive (0.916 ± 0.044) than 
negative self-referent words (1.089 ± 0.056; t(44) = −2.936, p = 0.005)
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incorrect word recalls) and EMEM (accuracy, reaction time, 
misclassification, d prime, beta) (Supplementary Table S3). 
The only exception was the FDOT’s attentional vigilance 
score in which we found a significant group-by-valance 
interaction (F1,52 = 4.53, p = 0.038, partial η2 = 0.080). A 
post-hoc independent t-test demonstrated that patients who 
failed to 1–2 antidepressant treatments had higher atten-
tional vigilance score towards fear in unmasked conditions 
(0.03 ± 0.01) compared to those who failed more than two 
antidepressants (−0.02 ± 0.02; t(52) = 2.113, 95%CI: 0.002–
0.088, Cohen’s d = −0.596, p = 0.039).

Correlation between clinical ratings and ETB 
parameters

There was a significant direct (the same direction) correla-
tion between MADRS scores and reaction time of the ECAT 
(r(54) = 0.30, p = 0.03) for categorising positive self-refer-
ence words in the patient group (Fig. 3). There was a trend 
towards a direct correlation between MADRS scores and 
reaction time of the ECAT (r(54) = 0.23, p = 0.095) for cat-
egorising negative self-reference words in the patient group 
(Fig. 3, Supplementary Table S4). Also, we observed a trend 
towards a direct correlation between HAM-D scores and 
reaction time of the ECAT (r(54) = 0.23, p = 0.094) for cat-
egorising positive self-reference words in the patient group 
(Supplementary; Table S4, Figure S1).

There was no statistical significance for correlations 
between clinical measures of HAM-D, MADRS, QIDS-
SR-16 and GAD-7 and the EREC accuracy (Supplementary; 
Table S2). However, there was a trend towards significance 
for an inverse (the opposite direction) correlation between 
GAD-7 scores and the accuracy of recalling positive self-
referent words in the patient group (r(48) = −0.25, p = 0.09) 
(Supplementary; Table S2, Figure S2).

healthy volunteers (5.84 ± 0.376) recalled more positive self-
referent words than patients (4.71 ± 0.314) (Fig. 2). Numeri-
cally, patients recalled more negative self-referent words 
(3.92 ± 0.277) than healthy volunteers (3.62 ± 0.281), but 
this was not statistically significant (t(91) = 0.745, 95%CI: 
−0.491–1.080, Cohen’s d = −0.155, p = 0.458). There was 
no significant group-by-valance interaction for the incor-
rect word recalls in the EREC task observed (F1,91 = 0.51, 
p = 0.479, partial η2 = 0.006).

No significant group interactions (between group and 
emotion or valance) in the FERT (accuracy, reaction time, 
misclassification, d prime, beta), ECAT (accuracy), FDOT 
(attentional vigilance scores), and EMEM (accuracy, reac-
tion time, misclassification, d prime, beta) tasks were 
observed for any parameters (Supplementary Table S1).

SSRI-only vs. healthy volunteers

We found a significant group-by-valance interaction (F1,80 
= 4.09, p = 0.047, partial η2 = 0.049) in a subgroup analysis 
of the ECAT reaction time, with healthy controls showed 
faster respond towards positive (0.916 ± 0.044) than nega-
tive self-referent words (1.089 ± 0.056; t(44) = −2.936, 
95%CI: −0.291 – −0.054, Cohen’s d = −0.438, p = 0.005). 
In contrast, no significant differences were observed in 
patients (t(36) = −1.089, 95%CI: −0.089–0.027, Cohen’s d 
= −0.179, p = 0.283).

Similarly, a subgroup analysis of the EREC task accuracy 
demonstrated a significant group-by-valance interaction 
(F1,79 = 8.95, p = 0.004, partial η2 = 0.102), with healthy con-
trols showed higher recall for positive (5.84 ± 0.376) than 
negative self-referent words (3.62 ± 0.281; t(44) = 6.159, 
95%CI: 1.495–2.949, Cohen’s d = 0.918, p = < 0.001). In 
contrast, no significant differences were observed in patients 
(t(35) = 1.532, 95%CI: −0.199–1.421, Cohen’s d = −0.255, 
p = 0.135).

We found no significant two-way interaction between 
group and emotion or valence in sub-analyses of SSRI-
only compared to healthy volunteers for the same param-
eters (FERT (accuracy, reaction time, misclassification, d 
prime, beta), ECAT (accuracy), FDOT (attentional vigilance 
scores), and EMEM (accuracy, reaction time, misclassifica-
tion, d prime, beta)) (Supplementary Table S2).

1–vs more than failed antidepressants

A sub-analysis between those who failed to 1–2 and > 2 
antidepressants found no significant group-by-emotion or 
group-by-valance in all ETB parameters, including FERT 
(accuracy, reaction time, misclassification, d prime, beta), 
ECAT (accuracy, reaction time), EREC (accuracy and 

Fig. 3  Correlation between MADRS scores and reaction time for cat-
egorizing positive (r(54) = 0.30, p = 0.03) and negative (r(54) = 0.23, 
p = 0.095) self-referent words in the patient group
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acute antidepressant treatments produce positive biases in 
aspects of emotional processing very early in treatment, 
prior to the expected onset of clinical improvement.

Interestingly, our study did not find any significant dif-
ferences between medicated depressed patients and controls 
in emotional facial recognition tasks, which corroborated 
the study of Wells et al. (2014). The exact reason for this is 
unknown. We speculated that current antidepressant treat-
ments might normalise the processing of emotional visual 
stimuli, even when clinical therapeutic responses were not. 
Previous studies proposed the potential role of the emo-
tional testing battery in predicting later clinical response of 
antidepressants. Two studies reported that the early changes 
in the FERT (1–2 weeks) predicted clinical responses at 
4–6 weeks (Browning et al. 2019; Tranter et al. 2009). Per-
haps, an early positive shift in facial expression recogni-
tion might be essential (but not sufficient) for a successful 
response to antidepressant therapy. Early clinical responses 
(> 50%) within the 1–2 weeks of treatment might be needed 
to achieve subsequent treatment remission, as reported by 
Fernandes and colleagues for sertraline, venlafaxine, and 
mirtazapine (Fernandes et al. 2024). Baseline clinical and 
biological characteristics may also be crucial for response, 
or the lack thereof, to antidepressant treatments. For exam-
ple, lower severity levels of depression, older age, the lower 
baseline activity of pregenual anterior cingulate cortex to 
sad versus happy faces, as well as a direct correlation in 
functional connectivity between dorsal anterior cingulate 
cortex and dorsolateral prefrontal cortex, were shown as 
predictors for poorer treatment response (Cukor et al. 2024; 
Godlewska et al. 2018; Hieronymus et al. 2019; Zhukovsky 
et al. 2025). While this is an interesting and clinically rel-
evant issue, we were unable to assess such differences in our 
investigation because we included only people who were 
not responsive to antidepressant treatments.

Our subgroup analysis comparing patients who failed 1–2 
and > 2 antidepressants reported no significant differences in 
FERT parameters, which may suggest that the number of 
failed treatments is not a determining factor for differences 
in this emotional processing domain. Another possibility is 
that our sample size was insufficient to detect the differences 
between groups in facial expression recognition. Dalili and 
co-workers proposed that 1230 participants (615 cases and 
615 controls) were required to detect the association based 
on their power analysis in their meta-analysis of facial emo-
tion recognition.

Our findings indicate that clinically depressed patients 
taking antidepressant medication had negative biases in 
self-referential emotional judgement and memory. The 
outcomes suggest that emotional memory might be useful 
as a sensitive measure of emotional processing bias in the 
presence of clinical depression and ongoing antidepressant 

Discussion

Compared to non-depressed controls, depressed patients 
taking antidepressant medication demonstrated negative 
biases in measures of emotional categorisation and emo-
tional memory. We found a significant group-by-valance 
interaction in the reaction time of categorizing self-refer-
ent words. Healthy controls had faster responses towards 
positive than negative self-referent words, but patients had 
no significant differences in reaction time for categorizing 
positive and negative self-referent descriptors. Also, there 
was a significant group-by-valance interaction in recalling 
self-referent words, with patients recalling fewer positive 
words than healthy volunteers. The number of negative 
self-referent words recalled was also numerically higher 
in patients than in healthy volunteers, but the difference 
did not reach statistical significance. Similar findings were 
observed in the subgroup analysis of those who were taking 
SSRI-only currently compared to healthy volunteers. Inter-
estingly, longer reaction time for categorising positive self-
referent words were observed with increasing depression 
severity, as measured by MADRS and HAM-D (a trend) in 
the patient group. For the categorization of negative self-
referent words, the reaction time in the patient group was 
longer with increasing severity, but the result did not reach 
statistical significance. This might indicate a general psy-
chomotor slowing in depressed patients. We found no sig-
nificant differences in the FERT, FDOT and EMEM tasks. 
Overall, our findings suggest that some negative biases in 
specific aspects of emotional processing were associated 
with depressive states in patients with inadequate responses 
to antidepressant therapy. We hypothesized that these nega-
tive biases might contribute to the maintenance of the disor-
der (Pringle and Harmer 2015).

Previous studies reported that the antidepressant drug, 
reboxetine (given in a single dose of 4 mg), increased rec-
ognition of happy facial expressions in healthy volunteers 
and unmedicated depressed patients (Harmer et al. 2009). 
Interestingly, a 7-day treatment with reboxetine or citalo-
pram reduced the accuracy of recognizing negative facial 
expressions of anger (reboxetine), fear (both), and disgust 
(citalopram) in healthy volunteers (Harmer et al. 2004). 
Regarding emotional categorization, acute treatment with 
reboxetine significantly reduced the reaction time for cat-
egorizing positive self-referent words in healthy volunteers 
(single and repeated doses) and unmedicated depressed 
patients (single dose) (Harmer et al. 2004, 2009). The recall 
of positive self-referent words increased after acute treat-
ment with reboxetine (single dose and repeated dose) and 
citalopram (repeated doses) in healthy volunteers (both 
drugs) and unmedicated depressed patients (reboxetine) 
(Harmer et al. 2004, 2009). These findings indicate that 
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