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Abstract
Background Early neurocognitive changes in emotional processing are seen following SSRI administration, which may
be involved in mechanisms of action. However, the perceptual
processes underpinning these effects have not been specified.
Methods In a double-blind, placebo-controlled eye-tracking
study, we assessed the effect of single dose of citalopram
(20 mg) in 25 healthy females. Face stimuli with direct and
averted gaze were presented while visual scan patterns and
pupil sizes were monitored. Subjective state was monitored
using visual analogue scales.
Results There were no significant effects of citalopram on
subjective state. However, the citalopram group displayed
increased saccade numbers and shorter fixation duration during face viewing compared to the placebo group. Volunteers
receiving citalopram also showed reduced monitoring of the
eye region irrespective of the direct or averted eye position of
the stimuli. The citalopram group also showed significantly
larger pupil sizes than the control group.
Conclusions These results suggest that the SSRI administration affects the perceptual processing of face stimuli. The
current pattern of findings is consistent with anxiogenic-like
mechanisms early on in SSRI treatment. Eye-tracking provides a novel method to characterise and detect these effects.
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Introduction
Although current pharmacological treatments for depression and anxiety are commonly prescribed, we still lack
critical information about their mechanisms of action. A
growing evidence suggests that antidepressant administration (AD) can target negative affective biases seen in
depression. For example, short-term treatment with the
SSRI citalopram reduces the recognition of negative
facial expressions of emotion, improves positive affective memory and reduces the emotion-potentiated startle
response. These changes take place in the absence of
significant differences in ratings of mood and anxiety
(Grillon et al. 2009, 2007; Harmer et al. 2004). Such
early effects have been hypothesised to reverse the
negative biases seen in depression on these measures
and play a role in the gradual improvement in mood
and symptoms over time as the patient responds to this
more positive perspective (Harmer et al. 2009). By
contrast, acute administration of citalopram can have
the paradoxical effect of increasing anxiogenic-like responses. Thus, acute administration of citalopram in
healthy volunteers enhances the recognition of fearful
facial expressions (Harmer et al. 2003) and increases
reactivity in an emotion-potentiated startle task
(Browning et al. 2007). Such findings are consistent
with clinical observations of increased anxiety early on
in SSRI treatment that reverses with continued administration. The neurocognitive perceptual mechanisms that
underlie altered emotion processing after acute AD are
unknown.
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Eye-tracking is a highly sensitive, non-intrusive procedure that enables the study of neurocognitive processes early
in the information processing pathways, i.e. in visual perception and attention. Although covert attention can be
controlled independently of (overt) eye movements, the
control of eye-gaze patterns and attention are closely
coupled during attention shifts (Henderson 1992). Humans
tend to scan human faces predominantly by focusing on the
eyes, the nose and the mouth regions (Kelly et al. 2010;
Walker-Smith et al. 2013). The eye and the mouth regions
provide the most important visual cues for facial emotion
identification, and people fixate more on these regions when
asked to evaluate other’s emotional states (Malcolm et al.
2008). Eye-tracking has been used successfully to illuminate
perceptual processes that might underlie changes in face
perception after brain lesions involving the amygdala
(Adolphs et al. 2005) and in psychological disorders
(Holzman et al. 1973). A recent study suggests that high
neuroticism (with increased trait vulnerability to depression)
is associated with avoidance of the eye area of facial stimuli
irrespective of the facial expressions of emotion including
neutral, fearful and happy cues (Di Simplicio et al. 2014).
Such effects may represent an attempt to reduce the impact
of socially relevant cues in this highly anxious group, consistent with previous reports in social anxiety (Horley et al.
2003). This avoidance may be seen across face stimuli in
general, irrespective of emotional valence, if all such stimuli
are perceived as of potential threat value (Horley et al.
2003). Consistent with this interpretation, the visual exploration of face stimuli is increased by repeated antidepressant
treatment in participants with high levels of neuroticism (Di
Simplicio et al. 2014). Eye gaze has also been shown to be
sensitive to antidepressant treatment in patients with depression (Wells et al. 2014).
The current study therefore used eye-tracking techniques to
evaluate how volunteers process neutral face stimuli following
a single dose of the SSRI citalopram. Face stimuli were
presented with direct versus averted eye gaze which can
modulate mechanisms of threat detection (George et al.
2001). We also collected data on pupil size since this measure
is sensitive not only to emotionally relevant stimuli but also to
other fundamental cognitive mechanisms like load on attentional capacity (Laeng et al. 2012). Females were selected to
reduce variability associated with gender differences in the
pharmacokinetics and pharmacodynamics of antidepressants
(Keers and Aitchison 2010). We predicted that acute administration of citalopram would alter visual scan patterns for
neutral face stimuli. Consistent with reduced attention to the
eye region in anxiety (Di Simplicio et al. 2014; Horley et al.
2003), we predicted reduced visual attention to the eye area,
especially to eyes with direct gaze following citalopram. As a
secondary aim, we explored the associations between pupil
sizes and drug intervention.

Methods
Subjects and context Twenty-five healthy female participants
between 19 and 29 years old (M = 22.5, SD = 2.8) were
randomised to receive either a placebo or citalopram.
Exclusion criteria were the following: former and/or actual
psychological disorder, neurological disorder, current medication against somatic or psychological disorders and pregnancy. Visual analogue scales were used to measure current
subjective mood and fatigue before and after individual test
sessions. Current mood related to anxiety, depression, irritability and fatigue vas rated on 7-point scales. All participants
were given information about the aim of the study, known side
effects of citalopram and provided consent. Citalopram 20 mg
or placebo was given per oral in a double-blind design 3 h
prior to eye-gaze data acquisition. Both placebo and
citalopram pills were covered by a citrus-flavoured expanse
to ensure similar taste and appearance. The experimental
procedures were approved by the Regional Ethics
Committee (2011/1337/REK sør-øst D) and were completed
at the Department of Psychology at the University of Oslo,
Norway. One of the participants from the citalopram group did
not complete the eye-tracking procedure due to technical
constraints (malfunction of hardware), leaving 12 participants
in each group.
Stimuli Colour photographs of 21 young females and 21
young males, with neutral face expressions, and direct or
averted gaze were selected from the Oslo Face Database.
The order of presentation was pseudo-randomised. Each image (19.5×19.5 cm) was presented on a computer screen
located about 70 cm in front of the participant, with a resolution of 1,680×1,050 pixels. The models’ heads in the images
subtended about 9.8×13° of visual angle. A baseline image
with a fixation point, placed in any of the four corners of the
image to avoid any central bias from the initial fixation, was
presented prior to each facial stimulus.
The face eye-tracking task After presentation of a fixation
point that appeared randomly in one of the four corners of
the baseline image for 2,000 ms, a facial image was presented
on the computer screen for 5,000 ms. This was followed by
presentation of a visual analog scale for a maximum of 10 s.
To facilitate the visual exploration of the stimuli, participants
were instructed to rate how attractive each face was on a scale
ranging from 0 (very unattractive) to 10 (very attractive). After
the response (or when 10 s elapsed), another baseline image
was presented, followed by another facial image, then by the
visual analog scale, etc. The total duration of the task was
approximately 5 min (Fig. 1).
Eye-tracking procedure and analyses Eye-gaze data were
sampled on the SMI RED250 remote eye-tracking device.
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Results

Fig. 1 Forty-two images of human faces were presented after a 2,000 ms
inter-stimulus fixation point. A visual analogue scale was shown below
the stimulus images after 5,000 ms. The areas of interest (AOIs) used in
the analysis are illustrated in the top right corner

The number of saccades (mean) and fixation duration
were computed for the face stimuli using SMI BeGaze
software. All data were sampled under the same light
conditions and included a calibration procedure. Blink
detection and eye-gaze dispersion were extracted as potential sources of random error. Minimum fixation duration defines the minimum time window in which the gaze
data is analysed. Event detection preprocessing parameters were set to fixation-based algorithm with minimum
fixation duration set to the default 80 ms. The algorithm
identifies fixation as groups of consecutive points within a
particular dispersion. Maximum dispersion was set to
100 px. Pupillometric fixation data (average pupil diameter) were separately sampled from individual fixations for
the initial fixation points and the face stimuli.
Procedures and analysis All data were analysed by the use of
IBM’s SPSS 20. Analyses of variance (ANOVA) for repeated
measures were used to explore potential differences in ratings
of subjective mood and fatigue and the potential interactions
with the citalopram intervention. A single t test was used to
explore group differences in stimulus attractiveness. A twoway ANOVA was used to explore the potential general differences in eye-gaze patterns during viewing of face stimuli
(5,000 ms) between the citalopram group and placebo. Areas
of interest (AOI) were created individually for each of the
faces: eyes (left and right), nose, mouth, cheeks (left and
right), eyebrows, jaw, forehead, hair and the rest (white space).
AOI eye movement data (fixation time to AOIs) were
analysed in a two-way ANOVA. Average pupil diameters
were compared between stimulus types (face stimulus versus
fixation point) and drug type (citalopram or placebo) in twoway ANOVAs.

Behavioural data There was no statistically significant main
effects on the scores for irritability [F(1, 23)=.143, p=.708;
Wilk’s Λ=.994] or any interaction between irritability and
drug intervention [F(1, 23)=.143, p=.708; Wilk’s Λ=.994].
No main effect of the scores for anxiety [F(1, 23)=.911,
p=.350; Wilk’s Λ=.962] was found together with no interaction with the intervention [F(1, 23)=.010, p=.922; Wilk’s Λ=
1.00]. Similarly, no main effect of the scores for depressed
mood [F(1, 23)=.854, p=.365; Wilk’s Λ=.964] or interaction
with the intervention was found [F(1, 23)=.281, p=.601;
Wilk’s Λ=.988]. On the other hand, fatigue levels were higher
at the time of eye-gaze data acquisition (M=3.88, SD=1.32)
compared to 3 h before (M=3.16, SD=1.18) at the time of the
drug administration [F(1. 23) = 6.617, p = .017; Wilk’s
Λ=.777, η2 =.22]. This main effect did not differ between
the two groups [F(1, 23)=.585, p=.452; Wilk’s Λ=.975].
Finally, no difference was found between the citalopram and
placebo groups in mean ratings of face attractiveness
[t(1.23)=1.048, p=.305].
Eye movement data The analysis revealed significant group
differences between the placebo and the citalopram groups on
the number of saccades [F(1, 22)=5.164, η2 =.18, p=.033]
and mean fixation duration [F(1, 22) = 6.276, η 2 = .21,
p=.020]. Post hoc analysis that excluded potential outliers
based on deviations from the 50 percentile (1.5 box plot
length) had minimal impact on these general findings
(Fig. 2). The two groups did not differ in two measures of
potential error sources: average dispersion [F(1, 22)=.516,
p=.480] and average blinks [F(1, 22)=190, p=.667].
AOI eye movements data We assessed the percentage of fixation time spent looking at different regions of the faces. This
analysis revealed that participants fixated longest on the eye
region, followed by the nose and mouth regions, consistent
with the predicted gaze pattern to faces [F (1, 22)=40.44,
p<.001; Wilk’s Λ=.044, η2 =.95]. Importantly, a pronounced
decrease in fixation time to the eye region was observed with
citalopram [F (1, 22)= 5.34, p=.031, η2 =.20] (Fig. 3a).
Fixations towards other AOIs did not differ statistically between citalopram and placebo. The temporal pattern of this
general effect revealed statistically significant differences over
the first 500, 1,000 and 5,000 ms after stimulus onset for the
eye region [F (1, 22)=36.86, p<.001, η2 =.77] but no interaction between this factor and drug intervention [F (1, 22)=.92,
p=.42]. Thus, generally, despite more fixations towards the
eye region in the later phases of the stimulus presentation, the
citalopram group disengaged from the eye region in all the
three phases of the face stimulus presentation (Fig. 3b).
There was a general main effect of eye-gaze direction. Both
groups looked more at face stimuli with a direct gaze [F (1,
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Fig. 2 The box plots shows eyegaze data for saccades and
fixation duration estimated from
the placebo versus citalopram
intervention

22)=7.80, Wilk’s Λ=.738, p=.011, η2 =.26], but no interaction with the drug intervention was found [F (1, 22)=2.73,
Wilk’s Λ=.890, p=.113].
Pupil size data Pupillometric analysis revealed a statistically
significant main effect of the drug intervention on average
pupil sizes [F (1, 22) = 16.32, p < .001, η 2 = .42]. The
citalopram group had larger pupil sizes during both face
stimuli (M=4.52/3.76) and during the fixation points (M=
4.53/3.82) compared to the placebo.

Discussion
The main findings from the current study confirm that a single
oral dose of citalopram (20 mg) is associated with pronounced
differences in neurofunctional measures such as visual perception and attention. Specifically, citalopram ingestion resulted in more extended face exploration as illustrated by
shorter fixations and increased number of saccades to the
faces. Although the overall pattern of gaze to the faces
remained the same (i.e. they still looked most at the eyes),
we observed decreases in the fixation times to the eyes with
citalopram compared to placebo. A possible reactive eye-gaze
pattern was explored by temporal segregations of the face
stimuli presentations. Temporal analysis demonstrated that a
difference between the two groups was detectable early
(500 ms) after stimulus presentation and lasted for the whole
duration of stimulus presentation. Contrary to our hypothesis,

Fig. 3 a Percentage fixation time
to faces as a function of AOI and
pharmacological intervention
(*p<.05). b Fixations towards the
eye region from the first 500,
1,000 and 5,000 ms. Error bars
represent ±1SE

however, this effect was not modulated by direct versus
averted gaze of the facial stimuli. The citalopram group also
showed stimulus-independent increases in pupil sizes compared to placebo. All these effects occurred in the absence of
drug-induced changes in ratings of subjective state or ratings
of facial attractiveness.
These results provide further evidence for differences in
processing of salient social face stimuli after acute SSRI
administration. Both participants high on trait anxiety and
those diagnosed with generalised anxiety disorder orient to
threatening faces compared to neutral faces by “hyper-scanning” the face stimuli employing more fixations and saccades
(Bradley et al. 2000). Anxiety is also associated with fixation
instability (Laretzaki et al. 2011). When presented to alternative stimulus categories, individuals high on trait anxiety
make more saccades to the eye region of fearful faces compared to sad and happy faces (Perlman et al. 2009). Eye
contact with emotional faces is highly arousing to the viewer
(Adams et al. 2003; Whalen et al. 2004), and disengaging
from the eyes may therefore serve as an adaptive emotionregulative mechanism by moderating trait congruent information processing. Acute administration of citalopram appeared
to emulate this eye-gaze pattern and increased the number of
saccades across the neutral faces, while reducing gaze over the
eye region in healthy females. The results were present in the
absence of self-reported mood or subjective state changes. As
such, these effects suggest an effect of citalopram on the
processing of social cues, which may be relevant to the effects
of SSRIs on emotion processing. The increased pupil sizes in
the citalopram group may reflect a physiological effect of the
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drug (see Dumont et al. 2005). Alternatively, attentional load
caused by increased attentional monitoring of threat-relevant
stimuli may have caused the differences in pupil sizes in
citalopram versus placebo.
Although volunteers did not report feeling more anxiety or
agitation after treatment, eye-tracking may provide a more
sensitive marker of mechanisms engaged by pharmacological
manipulations, which are not always available to conscious
awareness. This anxiogenic-like response is consistent with
several previous studies on acute SSRI administration in
healthy volunteers. Citalopram tends to increase reactivity in
emotion-potentiated startle paradigms (Browning et al. 2007;
Harmer et al. 2003) and increase the labelling of facial cues as
fearful (Harmer et al. 2003). Recently, Simonsen et al. (2014)
showed that females receiving citalopram rated face stimuli
less trustworthy compared to placebo. Acute citalopram administration may increase alertness towards emotionally salient environmental stimuli like neutral human faces. As such,
our findings provide a perceptual basal mechanism that may
be involved in adaptive emotional processing after AD therapy. Using fMRI, a number of studies have demonstrated
changes in the neural processing emotional stimuli after short
time administration of antidepressants or placebo (see Harmer
et al. 2009). The changes took place in the absence of significant differences in ratings of mood and anxiety and revealed
an adaptive activation pattern in a recall condition. Longer
fixation duration for emotional faces has recently been observed in both current and former depression (Isaac et al.
2014). Early anxiogenic-like response in AD therapy is often
experienced as undesirable side effects, but may facilitate
adaptive modification of information processing in a manner
which would be expected to reverse biased attention in MDD.
Combination therapies, by the use of multiple pharmacological agents, have been used to enhance therapeutic outcome
in MDD (Stahl 2010). Some combinations include SSRI plus
a beta-blocker, SSRI plus atypical antipsychotics or SSRI plus
the NMDA receptor antagonist ketamine or evolving multimodal antidepressants like vilazodone and vortioxetine. Eyetracking appears to be a sensitive method for exploring effects
of AD and may therefore serve as an important tool in the
development and evaluation of efficacy in new antidepressants and combination therapies.
Our study had a number of limitations. The processing of
face stimuli may be modulated by selective spatial attention or
may be conditional on the participant’s intentional goals and
general understanding of the task (Buttle 2010). Our study
asked the volunteers to rate facial attractiveness to maintain
attention to the face stimulus. However, it is unknown whether
a similar profile of effects from citalopram treatment would be
observed with emotional faces or with a different instruction.
Studies including active control medications could further
elucidate the unique moderation by acute citalopram versus
other monoaminergic agents. The restricted age cohort and

inclusion of only females may have contributed to the pronounced effects reported in our study. Generalisation of these
results to different groups needs to be tested.

Conclusion
The present study provides evidence for altered visual scan
patterns after acute SSRI treatment. The data support the
hypothesis that antidepressants have early effects on emotional processing in a manner that may contribute to some clinical
effects in depression and anxiety. Eye-tracking of salient
social stimuli provides a novel and sensitive way of
characterising and understanding current and evolving antidepressant and anxiolytic treatment effects.
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