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Abstract

Identifying emotions correctly is essential for successful social interaction. There is therefore
a keen interest in designing therapeutic interventions to improve emotion recognition in
individuals who struggle with social interaction. The neuropeptide oxytocin has been
proposed as a potential physiological intervention due to its important role in emotion
recognition and other aspects of social cognition. However, there are a number of caveats to
consider with the current form of intranasal oxytocin commonly used in the literature.
Psychological interventions, on the other hand, do not carry the same caveats, and there is
therefore a need to understand how intranasal oxytocin administration compares to
psychological interventions designed to target the same psychological phenomena; and
whether a combined intervention approach may provide additive benefits. Here we present a
pilot, proof of concept study in healthy volunteers comparing the effect of intranasal oxytocin
against a validated emotion training program, finding that the psychological intervention, and
not intranasal oxytocin, improved emotion recognition specifically for angry expressions. We

discuss the theoretical implications of the research for future clinical trials.
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Introduction

The ability to recognise and successfully interpret another person’s emotions, emotion
recognition, is essential in developing and maintaining social relationships, and poor emotion
recognition is a risk factor for various psychiatric disorders [1]. Good emotion recognition
therefore not only reduces the risk of developing poor mental health, but also enables an
individual to pursue a successful social life. The neuropeptide oxytocin (OT) has been found
to play an important role in social cognition, and specifically, in improving emotion
recognition [2—5]. This research has encouraged significant interest in the therapeutic
potential of intranasal OT (IN-OT) as an intervention for individuals with emotion
recognition difficulties [6]. Numerous randomised control trials have investigated the benefit
of OT administration in various clinical populations, including autism spectrum disorder [7—
19], schizophrenia [20-31], post-traumatic stress disorder [32,33], Prader-Willi syndrome
[34], social anxiety disorder [35] and postnatal depression [36]. The success of these trials,
however, has been mixed. One potential explanation for this, is that IN-OT has several
caveats that limit its current usefulness.

Firstly, the pharmacokinetics of IN-OT administration are not fully understood.
Consequently, it is not clear how many doses per day it would be necessary to prescribe to
achieve the elevated OT concentrations that are associated with positive effects on social
cognition. Based on current research [37—40], this may require several doses per day, which
carries both cost and convenience considerations. Secondly, intranasal administration of OT
is not straight forward. Indeed, researchers follow complicated guidelines [41] which would
need to be imparted to patients to ensure correct administration. Thirdly, despite the
enthusiasm to utilise IN-OT as a therapeutic intervention, relatively little research has
investigated the long-term effects of administration, either pharmacokinetically or
behaviourally [8,42,43]. Thus, there are a number of caveats to bear in mind when
considering IN-OT as a therapeutic intervention.

Conversely, psychological interventions are typically cheaper and easier to
disseminate. Several psychological interventions have been created to improve social
interaction in autism [44,45] and schizophrenia [46,47]. Emotion recognition training,
however, not only offers a discrete targeted intervention and measurable outcome, but also
the potential for wider positive effects on social behaviour. A detailed discussion regarding
the potential of emotion training as an intervention is provided by Hunnikin and Van Goozen
[48]. One such intervention, the Cardiff Emotion Recognition Training (CERT) program, has

been found to not only increase emotion recognition, but also improve longer term,



objectively recorded social behaviour [49,50]. In contrast, the long-term effects of IN-OT
administration are not fully understood. There is therefore a need to understand whether a
psychological intervention, like CERT, is as effective at improving emotion recognition,
compared to IN-OT.

There is, however, theoretical rationale to suggest that a combined intervention
strategy incorporating IN-OT with a psychological intervention designed to improve social
functioning, could provide additive benefits. The social salience hypothesis [51,52] of OT
proposes that OT increases one’s awareness of social cues in the environment. Therefore,
presenting social cues under the influence of IN-OT may increase the salience of these cues,
and therefore bolster the success of the intervention. Indeed, a handful of studies have
investigated this theoretical understanding'. The first such study administered IN-OT/placebo
(twice daily) for 6 weeks to young adults with early psychosis with an additional dosage
before each psychological intervention session (two hours each week, for 6 weeks), finding
no additive effect of OT to the training [53]. Another study also investigated the additive
effect of IN-OT (versus placebo) to social skills training in adults with schizophrenia, finding
no evidence for this effect or an effect of training [54,55]. These studies, however, added a
physiological intervention to a psychological intervention, and it was therefore not possible to
ascertain whether IN-OT alone or training alone afforded the most social benefit. To our
knowledge, only two studies to date have implemented this full (2x2) design, investigating
whether a single administration of cognitive bias training and/or IN-OT in young children
[56] and healthy students [57] improved feelings of maternal support or social imagery,
respectively. Both studies, however, report null effects for IN-OT, but crucially also for all or
some aspects of their psychological intervention, and it is therefore difficult to compare
whether IN-OT or training had any/the most social benefit.

All four studies reported no additional benefit of IN-OT. One potential explanation
for this is that the psychological interventions used were aimed at either large social
constructs (i.e., social functioning) or social biases. Although the OT literature has suggested
OT plays a diverse role in social behaviour, the most robust finding is that IN-OT increases
emotion recognition [2-5]. A psychological intervention targeting emotion recognition
specifically would therefore not only help focus the content of the psychological intervention,

but also focus on one of the most reliable IN-OT findings.

1 Of note, only Cacciotti-Saija et al. (2014) had been published when the current study was designed. The four
remaining papers were published after data collection for the current study had finished.



There are, however, several known moderators of the effect of IN-OT. First, OT
effects are often emotion-specific. For example, a recent meta-analysis found that although
there was an overall effect of OT on emotion recognition, this was driven by effects of OT on
happy and fearful faces specifically [2]. Second, OT effects tend to be stronger for those with
social difficulties [51]; indeed this is a stronger driver for the therapeutic interest in OT.
Relatedly, OT effects have also been shown to be moderated by task difficulty (for example
by manipulating emotional intensity or stimulus duration) [2,51]. Thus, it will also be
important for research to understand whether there are emotion-specific differences between
IN-OT and CERT, and for whom these interventions may provide the biggest benefit.

Here we present a pilot, proof of concept study in which we compared IN-OT against
a psychological intervention designed to improve emotion recognition, the CERT, in healthy
volunteers. Firstly, we sought to compare the effect of the CERT against IN-OT (compared
to their respective control conditions). Secondly, incorporating the social salience hypothesis,
we hypothesised that the emotional cues presented during the CERT would become more
salient to an individual who receive IN-OT before completing the training. It follows that if
the cues presented during the training are more salient, one would anticipate that IN-OT
would have a synergistic effect on the outcomes of the training, resulting in improved
emotion recognition. In summary, we examined the effect of each intervention on emotion

recognition: in isolation; in combination; and compared to their respective control conditions.

Methods

Participants and Ethics

One hundred and four male undergraduates (Mage = 19.90, SE = 2.26) from Cardiff
University took part in the study. The study aimed to recruit 120 participants. This value was
determined based on previous OT administration studies in healthy populations [2,58]. As
such, the study aimed to recruit more than double the standard sample size of previous
studies, while acknowledging that the purpose of the study was to serve as pilot data for
future research. Ultimately, 104 participants took part in the study, and no participants were
lost across the two testing sessions. Data collection occurred between January - November
2018. The study was approved by the School of Psychology Ethics Committee at Cardiff
University (EC.17.03.14.4860R) and adhered to the Declaration of Helsinki. Participants
from the School of Psychology were recruited via an online participation system; participants
from other schools were recruited via an email advert. Participants were required to pass

medical screening before taking part in the study, provided written informed consent prior to



taking part and a signed statement of health before leaving the testing facility. Participants
were not allowed to take part if they had a history of cardiovascular disease, neurological or
mental health disorders. They were asked to avoid alcohol consumption 24 hours prior to
their session, and to avoid smoking and caffeine 2 hours before. Female participants were
excluded from taking part because i) they would be required to take a pregnancy test prior to
taking part, presenting additional ethical concerns; and ii) there is some evidence that OT
concentrations fluctuate during the menstrual cycle [59,60] and that this is affected by
contraceptives [59]. Participants from the School of Psychology were awarded course credits

in compensation for taking part; participants from other schools were paid for taking part.

Cardiff Emotion Recognition Training (CERT)
In the present study, participants completed a shortened version of the CERT training [49,50]

(https://emotionrecognition.cardiff.ac.uk/index.php) focusing on learning to recognise four

basic emotions (happy, sad, fear, and anger). In the current version of the training,
participants begin with a specific introduction to the four different emotions, describing their
similarities and differences using well-validated pre-existing stimuli [61]. Participants then
completed different activities including being presented with four emotions and asked to click
on the correct facial expression for the emotion label shown (see Figure 1a), being asked to
compare facial expression for similar features, and matching emotional expressions to

emotional vignettes (see Figure 1b).



Figure 1 — Illustrative examples of trials from the CERT including when participants had to
select the correct facial expression a) based on the emotion label shown and b) on the

emotional vignette.
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Control Training

A control training program was designed to control for exposure to faces and attending to
various facial features. In this way, any differences between the CERT and control training
condition could be associated specifically with attaining to emotional cues, as opposed to
faces in general or the eye and mouth regions of the face. Participants were asked to identify
eye colour, hair colour, and gender of faces presented. Participants were therefore asked to
look globally at the face to ascertain gender, but also locally to focus on specific regions of
the face, such as the eyes and hair. Faces were presented in three blocks, in an attempt to
replicate the different activities and increasing difficulty presented in the CERT; in the first
block the faces were presented upright, in the second block the faces were Thatcherized [62],
in the final block the faces were presented upside down [62]. The order of questions

regarding eye/hair colour and gender were randomised across blocks.

Facial Expression Recognition (FER) Task

A modified version of the FER task from Hubble et al. (2017) was used to assess

participants’ accuracy in identifying facial expressions of emotion. Participants saw three
male and three female actors from the Ekman and Friesen (1975) series, representing the
same four basic emotions that participants were trained on during the CERT (happy, sad, fear,

and anger) and a neutral expression. Emotional expressions were presented at two different



intensities (high and low; differing intensities were created by morphing each expression with
the actors’ neutral face), for three different durations (200ms, 300ms, and 600ms).

We recruited healthy males who we were expected to present with average emotion
recognition ability, and as such would recognise easy items (those that were high intensity
and presented for longer) at 80-90% accuracy. Therefore, careful consideration was given to
create a range of difficulty during the task, in anticipation that effects from the interventions
might be tested more accurately for harder items. Moreover, research suggests that 300ms
provides an interesting cut-off between implicit and explicit effects on IN-OT [2].

Participants saw a total of 162 faces: six times for each unique variable combination
for emotional expressions, and once for each neutral face at all three durations (because
intensity is not applicable to neutral faces). A trial consisted of a black screen for 500ms, then
a black screen with a white fixation cross for another 500ms, then a face was presented (for
either 200, 300, or 600ms), immediately after the face disappeared, participants were asked to
identify the emotion using a forced-choice paradigm. When participants had selected their
answer, the next trial began, consequently there was no missing data for this task. The task
was presented using Tobii Studio (https://www.tobii.com/).

Participants completed the FER twice (first at least 2 weeks before their experimental
session to assess baseline emotion recognition accuracy). Two fixed, queso-random versions
of the task were created in order to 1) ensure the participants saw the same faces but in a
different order each time to avoid learning effects, and 2) to ensure that participants did not,
by chance, see a long sequence of one particular emotion. For each session, an average
percentage recognition accuracy score was created for each emotion, intensity and duration.
Finally, to examine the effect of the interventions, participants baseline scores were
subtracted from their experimental session scores. In this way, positive values indicate that
participants identified more facial expressions correctly after the experimental session,
negative values indicate that they identified fewer facial expressions, and 0 indicates that

their emotion recognition was exactly the same.

Protocol

Participants took part in a randomised, double-blind, placebo-controlled, between-subjects
study. On arrival, participants provided written informed consent and completed the Emotion
Quotient [EQ; 64], Autism Quotient-Short AQ [AQ-S; 65], and the State and Trait Anxiety
Index [STALI; 66], before self-administering either a placebo (PL) nasal spray which was
chemically matched to the OT spray apart from the active ingredient or 241U (three puffs of 4



IU per nostril) of OT. Sprays were administered in line with detailed guidelines [41] and
under the supervision of the experimenter (KD; to eliminate inter-experimenter effects, KD
conducted all experimental testing). Both nasal sprays were manufactured by St Mary’s

Pharmaceutical Unit, Cardiff (http://www.wales.nhs.uk/sites3/home.cfm?orgid=828), in line

with a randomisation list created by an independent researcher. Nasal spray administration
was double-blind, bottles were numbered and given in sequential order. Participants were
blind to training condition, but the experimenter was aware in order to load the correct
training program. Training condition was assigned on an alternating basis. Participants then
completed the 2-scale version of the Wechsler Abbreviated Scale of Intelligence [67] as a
filler task for 30 minutes to ensure training was completed under peak OT concentrations
[37-39]. At this time, participants completed either the CERT or the control training
program, which took approximately 15 minutes to complete. Immediately after the training,
participants completed the FER (also taking approximately 15 minutes to complete).
Participants completed a further 30 minutes’ worth of social cognition tasks before being

fully debriefed at the end of the study.

Data Analysis

A 2 (Drug: OT/PL) x 2 (Training: CERT/control) x 4 (Emotion: happy/sad/anger/fear) x 3
(Duration: 200/300/600) x 2 (Intensity: high/low) mixed-model Analysis of Variance
(ANOVA) was carried out, with the first two factors being between-subjects, and the
remaining factors being within-subjects. Normality was assessed using skewness values and
was within acceptable levels. For all analyses, where the assumption of sphericity was not
met, Greenhouse-Geisser values are reported. Interaction effects were decomposed using
simple effects analysis and all comparisons were Bonferroni corrected. The main effects and
interactions regarding emotion, intensity, and duration were in line with hypotheses and are
not the primary focus of this paper; these are reported in the Supplemental Material (S1). The
data were analysed using SPSS 25 [68]. All data and analysis code for the present study are
available on OSF (https://osf.io/cbfru/).

Finally, the questionnaire data for the EQ, AQ-S and STAI were averaged across their
respective subscales and reliability analyses performed on the relevant subscales. For the
purposes of this study, only the trait subscale of the STAI, social skills and mind reading of
the AQ-S and overall EQ were chosen because we were only interested in trait assessments

and did not anticipate a high prevalence of autistic traits assessed by the remaining subscales



of the AQ-S. All subscales achieved good reliability scores (Cronbach’s @ > .667), apart
from the EQ (Cronbach’s a = .505) which was not analysed further.

Results

First, to confirm that there were no differences in baseline emotion recognition across
experimental groups, a separate univariate ANOVA was carried out. As expected, there was
no significant difference in baseline FER performance across the four groups (F(3, 100) =
255, p = .857, r]zz, =.008). Secondly, to confirm that there were no differences in social traits
across experimental groups, a one-way ANOVA was carried out. As expected, there was no
significant difference across the four groups for trait anxiety, (3, 100) =.359, p = .782,
mind reading, F(3, 100) = .615, p = .607, or social skills, F(3, 100) = 1.083, p = .360. Table

1 provides a summary of sample characteristics across the experimental groups.

Table 1 — Sample size and descriptives (mean and standard deviation) for participants’ self-
reported anxiety, autistic-like traits and baseline facial emotion recognition accuracy across

experimental conditions

Experimental N STAI- AQ-Mind AQ- Baseline
Condition Trait Reading Social FER (%)
Skills

Placebo, Control 26 44.0(11.0)  2.9(0.5) 2.9(0.3) 82.8(7.9)
Placebo, Training 28 44.9(9.2)  3.0(0.6) 2.8(0.4)  82.7(7.3)
Oxytocin, Control 24 42.3(8.8)  3.0(0.6) 3.000.6) 82.8(5.5)

Oxytocin, Training 26 42.8(11.1) 3.1(0.5) 3.00.5)  81.4(7.1)

The main model revealed that there was no main effect of training, F(1, 100) =2.921, p =

091, nj =.028, or drug, F(1, 100) = .094, p =759, nj = .001 (see Figure 2) and no



interaction, F(1, 100) = .466, p = .497, rhz, =.005 (see Figure 3). However, there were several
significant interactions with training.

There was a significant interaction between duration and training, F(1.87, 187.20) =
4.308, p=.017, 77;% =.041, such that, when collapsing across all emotions, participants who
completed CERT identified more facial expressions correctly at 300ms, compared to those
who completed the control training (there were no differences for 200ms or 600ms). This
lower order interaction was moderated by emotion in 3-way interaction between emotion,
duration, and training, F(5.35, 534.58) =2.182, p = .051, 7712, = .024. Participants who
completed CERT specifically identified more angry facial expressions correctly, compared to
those who completed the control training, when faces were presented for 200ms and 300ms
(but not at 600ms); and identified more sad facial expressions correctly, compared to those
who completed the control training, when faces were presented for 300ms (but not at 200ms
or 600ms). There were no significant effects for happy or fearful expressions.

This interaction was further qualified by intensity, F(4.88, 488.02) = 2.161, p = .059,
77;% =.021, revealing that the previous findings were split by the emotional intensity of the
facial expressions. Participants who completed CERT identified more low intensity angry
expressions correctly but only when they were presented for 200ms (and not at 300ms or
600ms) but identified more high intensity angry expressions correctly when presented for
300ms (and not at 200ms). Interestingly, they identified significantly fewer high intensity
angry expressions correctly when presented at 600ms. Moreover, the previous finding
regarding sad facial expressions was also moderated by emotional intensity, such that
participants who completed CERT specifically identified more high intensity sad expressions
presented at 300ms (and not at 200ms or 600ms, or any duration at low intensity). Finally,
there were also significant effects on happy and fearful expressions, such that participants
who completed CERT identified more low intensity happy expressions presented for 300ms
(and not 200ms or 600ms), and more low intensity fearful expressions presented for 600ms
(and not 200ms or 300ms).

Finally, there was a trend towards a significant 4-way interaction between emotion,
intensity, training and drug condition, F(3, 300) =2.392, p = .069, rhz, = .023. Participants in
the placebo condition who completed CERT identified more low intensity angry facial
expressions correctly, compared to those who completed the control training (F(1, 100) =
7.655, p =.007, 77;% =.071). There was no corresponding improvement for those in the

oxytocin condition (F(1, 100) =.034, p = .854, nzz, <.001). Those in the oxytocin condition
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who completed CERT did, however, identify more low intensity happy expressions correctly,
compared to those who completed the control training (F(1, 100) = 3.895, p = .051, rhz, =
.037). Again, there was no corresponding improvement for those in the placebo condition
(F(1, 100) = .059, p = .808, 7712, =.001). It should be noted, however, that when simple effects
analyses were carried out to examine direct differences between drug conditions, no
significant results were found. Thus, strong caution is advised when reflecting on these

findings.

Figure 2 — There was no effect of IN-OT on emotion recognition accuracy in the current

study.
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There are two key findings from this analysis: that there was a consistent effect of
CERT on recognising angry expressions; and, as might be expected, the healthy males
recruited to the pilot study had good emotion recognition ability. In order to understand what
the possible effects of intervention might be for individuals with emotion recognition
difficulty, we carried out an exploratory follow-up analysis based on these results: first, in
order to avoid ceiling effects and following indications in the full model, we chose to focus
on the most difficult faces (i.e., those presented for 200ms at low intensity); second, due to
the consistent finding in the full model, we chose to focus on angry expressions; third, we
included participants’ social traits as covariates. The resulting analysis was a 2 (Drug:
OT/PL) x 2 (Training: CERT/placebo) univariate ANOVA with anxiety, mind reading and
social skills as covariates, on participants responses to low intensity angry facial expressions
presented at 200ms>.

Replicating earlier findings, there was a main effect of training, F(1, 97) = 4.090, p =
.046, 7712, =.040, such that participants who completed the CERT identified more angry
expressions correctly (M = 10.436, SE = 3.795), compared to those who completed the
control training (M = -.669, SE = 3.944). There was no main effect of drug, F(1, 97) =.084, p
=.772, 77129 =.001 and no interaction, F(1, 97) = 1.303, p = .256, nzz, =.013. All covariates

were non-significant (anxiety: F(1, 97) = .652, p = 421, 7712, =.007; mind reading: , F(1, 97) =
017, p = .896, 77;% <.001; social skills: , F(1,97) =.317, p = .575, 77;% =.003).

Discussion
We present a pilot study comparing the effect of IN-OT administration against a
psychological intervention designed to improve emotion recognition, CERT, in healthy male
volunteers to investigate whether a psychological intervention or IN-OT provided the most
social benefit, and whether a combined intervention strategy could provide additive benefit.
There was no effect of IN-OT on emotion recognition (compared to PL), however,
participants who completed the CERT identified more difficult angry facial expressions
correctly (compared to those who completed a control training paradigm).

The finding that IN-OT did not improve emotion recognition contradicts several

recent meta-analyses, which found that single administration studies of IN-OT had a reliable

2 All covariates were included in one model. Variance Inflation Factor scores were assessed for each covariate.
All VIFs were <1.2, we therefore conclude there was no multicollinerity between covariates.
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effect on emotion recognition [2—4]. As noted previously however, our study recruited
healthy volunteers with no known difficulties in emotion recognition, and results confirmed
that participants were approaching ceiling effects for emotion recognition accuracy, despite
incorporating both easy and difficult items into the outcome measure. Several studies have
suggested that when incorporating moderating factors the positive social effects of IN-OT are
often only seen in individuals who experience social difficulties [33,54,69-71]. We
conducted an exploratory analysis to investigate this possibility, however, our measures of
social difficulty did not impact our findings. We note, however, that there was very little
variation in these scores, particularly in the AQ-S subscales. Our pilot study should therefore
be replicated in various clinical samples in order to clarify whether IN-OT or emotion
recognition training provides the greatest emotion recognition improvement.

In contrast, the finding that CERT improved recognition of angry expressions
consistently, and in certain conditions other negative expressions, replicates previous research
[49,50] in which participants who completed three sessions of the CERT demonstrated
improved anger recognition and general negative emotion recognition with reduced anti-
social behaviour six months later. Emotion recognition training may therefore provide a
specific and beneficial psychological intervention to support not only emotion recognition but
also social interactions more widely.

There were numerous findings regarding the duration of stimuli presentation. This
factor was specifically included based on a previous IN-OT meta-analysis [2] which found
that while IN-OT had a small effect on improving overall emotion recognition, it had a
moderate effect on improving emotion recognition for happy and angry facial expressions
presented for <300ms, and fearful facial expressions presented for >300ms, suggesting that
emotion-specific effects of OT may vary as a function of stimulus presentation. Contrary to
our predictions, we found no significant interactions between drug condition and duration,
but several with training. It is interesting, therefore, that in general, our results demonstrate
that CERT also tended to improve emotion recognition around this 300ms cut-off, which
Shahrestani and colleagues referred to as “early phase recognition” reflecting implicit
processing [72]. Specifically, our finding that CERT improved recognition of <300ms angry
facial expressions mirrors their IN-OT finding, which may explain why this effect was found
for participants in the PL condition, and not for those in the OT condition. However, strong
caution is advised when interpretating results from this interaction given the absence of any

effect when comparing drug conditions directly. Thus, it would be interesting for future
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research to investigate whether CERT is indeed targeting, or seeing improvements as a result
of increased “early phase recognition”.

In contrast to our hypothesis based on the social salience hypothesis of OT [51,52],
our data do not support the notion of an additive effect of IN-OT to psychological
interventions. This finding may be explained by potential ceiling effects for emotion
recognition, preventing a main and interaction effect of IN-OT, or may reflect a genuine
finding replicating all four previous studies that have examined the additive potential of IN-
OT [53-57]. Regardless, several studies have now found no additive effect of IN-OT, yet
there is continued interest in its therapeutic potential. It is important to reflect, therefore, on
the caveats of IN-OT administration.

Firstly, the pharmacokinetics of OT administration are not fully understood. New
research is still examining which administration technique and concentrations are optimal for
elevated OT concentrations and associated positive effects on social cognition [40,73-75].
The most common dosage of IN-OT administration, 241U, is associated with increased OT
concentrations for approximately two hours, at which time concentrations are returning to
baseline [37—40]. Importantly, this research implies that therapeutic interventions of IN-OT
would require multiple doses per day to maintain OT concentrations associated with the
desired effects. Assuming one would want the effects to last during daylight hours, and that
elevated OT concentrations last for two hours, this could require as many as seven doses a
day. It is therefore not surprising that many of the clinical trials cited in the introduction
failed to find a beneficial social effect of IN-OT as the majority of trials included only one or
two doses of IN-OT per day [7,8,13,14,16,20,22-30,33,34,36,42]. Multiple doses a day,
however, would not only be inconvenient for patients but also carry potential cost
implications. To address this issue, a promising longer lasting compound has recently been
developed [76-78], in which beneficial behavioural effects were seen 16-24hrs after
administration, suggesting the compound has the potential to be delivered just once a day.
These studies, however, were conducted in rodent models and the pharmacokinetics were not
fully defined. The creation of OT superagonists provides exciting potential but extensive
research is now required to understand whether the behavioural effects associated with
previous OT administration studies are also apparent for these new compounds in humans,
using different administration techniques. In the meantime, the existing literature utilising the
traditional 24IU of IN-OT remains the most relevant literature, and therefore longevity and

cost remain relevant concerns.
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Secondly, relatively little is known about the long-term effects of IN-OT
administration. A handful of trials have documented the behavioural effects of administering
IN-OT for longer than 7 weeks [8,12,20,27,31,42,43], but only three assessed whether
behaviour change was found during follow-up assessments after their interventions (ranging
from 4-weeks to 1-year post intervention), [8,42,43]. Indeed, two of these studies were
published just last year, highlighting the existing need to further understand the longevity of
long-term IN-OT intervention. While more research is needed to understand the long-term
behavioural effects, to our knowledge, no research has investigated the long-term
pharmacokinetics. Whether, for example, individuals may become desensitised (and therefore
require dose adjustments) over time is unknown.

Thirdly, basic research into the social effects of IN-OT is carried out under strict
supervision. This is primarily to ensure consistency in self-administration protocols in order
to avoid differences in the dosage achieved. Guastella and colleagues (2013) published a long
and detailed set of guidelines for researchers that would need to be imparted to patients if
administration were to occur unsupervised (which is likely, assuming the need for multiple
doses per day), if optimal doses are to be achieved.

Finally, the majority of IN-OT research to date has been carried out on male
populations. This is often due to logistical constraints around administering IN-OT to women,
because there is some evidence that OT concentrations fluctuate over the menstrual cycle and
with different contraceptives [60]. In addition, because OT is used to induce parturition, it
can be necessary for female participants to complete a pregnancy test prior to taking part in a
research study, which has additional cost and ethical implications. Indeed, the current study
excluded females on this basis, and acknowledge this as an important limitation.
Unfortunately, because the majority of research to date has been carried out on males it is
unclear whether, or for what phenomena, sex differences are observed in behavioural effects
of OT. There is therefore a need to include more mixed-sex samples in basic research to
inform future clinical trials, particularly for disorders that specifically effect females (e.g.,
postnatal depression).

There are several further limitations in the current study that should be acknowledged.
First, and related to the previous discussion, although recruiting a male-only sample enabled
us to replicate previous research using CERT, it remains an unanswered question whether
CERT can improve emotion recognition in females. Second, the current study did not
investigate the longevity of these effects. Evidence suggests that the CERT is associated with

beneficial behavioural effects six months after completion [49,50]. As previously discussed,
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the longevity of IN-OT’s behavioural effects is not fully understood; however, research
suggests that the beneficial social effects are not sustained beyond the time that OT
concentrations are elevated. Consequently, combining IN-OT with the CERT may be
mutually beneficial in that OT administration prior to the CERT may improve the effects
associated with the training and the CERT may increase the longevity of effects associated
with IN-OT. Future research is needed to understand whether combined interventions are
associated with better longevity compared to single interventions. Third, the current study
recruited healthy volunteers and, as expected, participants performed well on the task and
demonstrated a limited range in social difficulties, thus limiting our ability to investigate the
potential moderating role of social traits on IN-OT effects as has been seen previously [e.g.,
51]. Fourth, the current study employed a visual based training program. A recent study
found that children with autism significantly improved their ability to interpret emotions from
auditory stimuli after an auditory training intervention [79]. Investigating training programs
in different modalities may thus also prove fruitful for future research.

There are two specific strengths of the current study. First, the study recruited almost
double the sample size (n = 104) to previous clinical studies [24,53,55] (and the same sample
size to previous studies in healthy volunteers [56,57]) examining IN-OT and psychological
interventions. Second, the study employed a full 2x2 design allowing us to directly compare
whether participants who completed the CERT or received IN-OT displayed the greatest
emotion recognition accuracy. Only two studies have utilised this approach [56,57], both
published very recently (both also single administration trials in healthy volunteers),
demonstrating the current need to understand whether psychological interventions by
themselves can offer the same, or better, support to social functioning compared to IN-OT
which has several draw backs. It is perhaps not a coincidence that both of these studies were
also carried out in healthy volunteers. Clinical patients may be recruited via opportunity
sampling if they are already participating in existing psychological interventions, however,
further research in clinical samples using this full 2x2 design over a longer period of time is
required to answer this important question.

In conclusion, we found no effect of IN-OT and a positive effect of an emotion
training program on healthy males’ emotion recognition. Future directions for this research
include investigating whether emotion recognition specifically, or social training in general,
offers the same/better benefit to clinical populations compared to IN-OT, as has been argued

here.

16



Acknowledgements
The authors thank Cardiff University Brain Research Imaging Centre for hosting the

research, and in particular, Andy Davison, for assisting with the study.

Funding
This work was supported by an Early Career Research Fellowship from The Waterloo

Foundation awarded to KD.

Author Contributions

KD conceived the study idea, provided the study funding, conducted the data collection and
data analysis, and drafted the manuscript. DAR provided medical oversight during data
collection. JH and SvG assisted with methodology. DAR, JH and SvG provided resources,
assisted with data interpretation, and review/editing of the manuscript. LH and AW

programmed both training paradigms. All authors approved the final manuscript.

17



References

1.

10.

11.

12.

Collin L, Bindra J, Raju M, Gillberg C, Minnis H. 2013 Facial emotion recognition in
child psychiatry: a systematic review. Res. Dev. Disabil. 34, 1505-1520.

Shahrestani S, Kemp AH, Guastella AJ. 2013 The impact of a single administration of
intranasal oxytocin on the recognition of basic emotions in humans: a meta-analysis.
Neuropsychopharmacology 38, 1929—-1936.

Leppanen J, Ng KW, Tchanturia K, Treasure J. 2017 Meta-analysis of the effects of
intranasal oxytocin on interpretation and expression of emotions. Neurosci. Biobehav.
Rev. 78, 125-144. (doi:10.1016/j.neubiorev.2017.04.010)

Van [Jzendoorn MH, Bakermans-Kranenburg MJ. 2012 A sniff of trust: meta-analysis
of the effects of intranasal oxytocin administration on face recognition, trust to in-
group, and trust to out-group. Psychoneuroendocrinology 37, 438-443.

Ellenbogen MA. 2017 Oxytocin and facial emotion recognition. In Behavioral
Pharmacology of Neuropeptides: Oxytocin, pp. 349-374. Springer.

Shamay-Tsoory S, Young LJ. 2016 Understanding the oxytocin system and its
relevance to psychiatry. Biol. Psychiatry 79, 150-152.

Dadds MR, MacDonald E, Cauchi A, Williams K, Levy F, Brennan J. 2014 Nasal
oxytocin for social deficits in childhood autism: a randomized controlled trial. J.
Autism Dev. Disord. 44, 521-531.

Guastella AJ, Gray KM, Rinehart NJ, Alvares GA, Tonge BJ, Hickie IB, Keating CM,
Cacciotti-Saija C, Einfeld SL. 2015 The effects of a course of intranasal oxytocin on
social behaviors in youth diagnosed with autism spectrum disorders: a randomized
controlled trial. J. Child Psychol. Psychiatry 56, 444—452.

Kosaka H ef al. 2016 Oxytocin efficacy is modulated by dosage and oxytocin receptor
genotype in young adults with high-functioning autism: a 24-week randomized clinical
trial. Transl. Psychiatry 6, e872—e872.

Yoshimura Y et al. 2018 Longitudinal changes in the mismatch field evoked by an
empathic voice reflect changes in the empathy quotient in autism spectrum disorder.
Psychiatry Res. Neuroimaging 281, 117-122.

Munesue T et al. 2016 Oxytocin for male subjects with autism spectrum disorder and
comorbid intellectual disabilities: a randomized pilot study. Front. Psychiatry 7, 2.
Kong X-J et al. 2021 Probiotic and Oxytocin Combination Therapy in Patients with
Autism Spectrum Disorder: A Randomized, Double-Blinded, Placebo-Controlled Pilot

18



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Trial. Nutrients 13, 1552.

Yatawara CJ, Einfeld SL, Hickie IB, Davenport TA, Guastella AJ. 2016 The effect of
oxytocin nasal spray on social interaction deficits observed in young children with
autism: a randomized clinical crossover trial. Mol. Psychiatry 21, 1225-1231.

Parker KJ et al. 2017 Intranasal oxytocin treatment for social deficits and biomarkers
of response in children with autism. Proc. Natl. Acad. Sci. 114, 8119-8124.
Anagnostou E et al. 2012 Intranasal oxytocin versus placebo in the treatment of adults
with autism spectrum disorders: a randomized controlled trial. Mol. Autism 3, 1-9.
Watanabe T et al. 2015 Clinical and neural effects of six-week administration of
oxytocin on core symptoms of autism. Brain 138, 3400-3412.

Fukai M et al. 2017 Oxytocin effects on emotional response to others’ faces via
serotonin system in autism: a pilot study. Psychiatry Res. Neuroimaging 267, 45-50.
Hirosawa T et al. 2017 A pilot study of serotonergic modulation after long-term
administration of oxytocin in autism spectrum disorder. Autism Res. 10, 821-828.
Tachibana M et al. 2013 Long-term administration of intranasal oxytocin is a safe and
promising therapy for early adolescent boys with autism spectrum disorders. J. Child
Adolesc. Psychopharmacol. 23, 123-127.

Jarskog LF, Pedersen CA, Johnson JL, Hamer RM, Rau SW, Elliott T, Penn DL. 2017
A 12-week randomized controlled trial of twice-daily intranasal oxytocin for social
cognitive deficits in people with schizophrenia. Schizophr. Res. 185, 88-95.
Halverson T, Jarskog LF, Pedersen C, Penn D. 2019 Effects of oxytocin on empathy,
introspective accuracy, and social symptoms in schizophrenia: A 12-week twice-daily
randomized controlled trial. Schizophr. Res. 204, 178—-182.

Ota M, Yoshida S, Nakata M, Yada T, Kunugi H. 2018 The effects of adjunctive
intranasal oxytocin in patients with schizophrenia. Postgrad. Med. 130, 122—128.
Pedersen CA, Gibson CM, Rau SW, Salimi K, Smedley KL, Casey RL, Leserman J,
Jarskog LF, Penn DL. 2011 Intranasal oxytocin reduces psychotic symptoms and
improves Theory of Mind and social perception in schizophrenia. Schizophr. Res. 132,
50-53.

Buchanan RW, Kelly DL, Weiner E, Gold JM, Strauss GP, Koola MM, McMahon RP,
Carpenter WT. 2017 A randomized clinical trial of oxytocin or galantamine for the
treatment of negative symptoms and cognitive impairments in people with
schizophrenia. J. Clin. Psychopharmacol. 37, 394-400.

Davis MC, Green MF, Lee J, Horan WP, Senturk D, Clarke AD, Marder SR. 2014

19



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Oxytocin-augmented social cognitive skills training in schizophrenia.
Neuropsychopharmacology 39, 2070-2077.

Dwyer KR et al. 2020 A Randomized Clinical Trial of Oxytocin or Galantamine in
Schizophrenia: Assessing the Impact on Behavioral, Lexical, and Self-Report
Indicators of Social Affiliation. Schizophr. Bull. Open 1, sgaa001.

Dagani J et al. 2016 Do we need oxytocin to treat schizophrenia? A randomized
clinical trial. Schizophr. Res. 172, 158—164.

Feifel D et al. 2010 Adjunctive intranasal oxytocin reduces symptoms in schizophrenia
patients. Biol. Psychiatry 68, 678—680.

Gibson CM, Penn DL, Smedley KL, Leserman J, Elliott T, Pedersen CA. 2014 A pilot
six-week randomized controlled trial of oxytocin on social cognition and social skills
in schizophrenia. Schizophr. Res. 156, 261-265.

Lee MR et al. 2013 Effects of adjunctive intranasal oxytocin on olfactory
identification and clinical symptoms in schizophrenia: results from a randomized
double blind placebo controlled pilot study. Schizophr. Res. 145, 110-115.

Marotta RF, Buono FD, Garakani A, Collins E, Cerrito B, DR DR. 2020 The effects of
augmenting clozapine with oxytocin in schizophrenia: An initial case series. Ann. Clin.
Psychiatry 32, 90-96.

Flanagan JC, Sippel LM, Wahlquist A, Moran-Santa Maria MM, Back SE. 2018
Augmenting prolonged exposure therapy for PTSD with intranasal oxytocin: a
randomized, placebo-controlled pilot trial. J. Psychiatr. Res. 98, 64—69.

van Zuiden M et al. 2017 Intranasal oxytocin to prevent posttraumatic stress disorder
symptoms: a randomized controlled trial in emergency department patients. Biol.
Psychiatry 81, 1030-1040.

Damen L, Grootjen LN, Juriaans AF, Donze SH, Huisman TM, Visser JA, Delhanty
PJD, Hokken-Koelega ACS. 2021 Oxytocin in young children with Prader-Willi
syndrome: Results of a randomized, double-blind, placebo-controlled, crossover trial
investigating 3 months of oxytocin. Clin. Endocrinol. (Oxf). 94, 774-785.

Guastella AJ, Howard AL, Dadds MR, Mitchell P, Carson DS. 2009 A randomized
controlled trial of intranasal oxytocin as an adjunct to exposure therapy for social
anxiety disorder. Psychoneuroendocrinology 34, 917-923.

Clarici A, Pellizzoni S, Guaschino S, Alberico S, Bembich S, Giuliani R, Short A,
Guarino G, Panksepp J. 2015 Intranasal adminsitration of oxytocin in postnatal

depression: implications for psychodynamic psychotherapy from a randomized double-

20



37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

blind pilot study. Front. Psychol. 6, 426.

Daughters K, Manstead ASR, Hubble K, Rees A, Thapar A, van Goozen SHM. 2015
Salivary oxytocin concentrations in males following intranasal administration of
oxytocin: a double-blind, cross-over study. PLoS One 10, e0145104.

Weisman O, Zagoory-Sharon O, Feldman R. 2012 Intranasal oxytocin administration
is reflected in human saliva. Psychoneuroendocrinology 37, 1582—1586.

Gossen A, Hahn A, Westphal L, Prinz S, Schultz RT, Griinder G, Spreckelmeyer KN.
2012 Oxytocin plasma concentrations after single intranasal oxytocin administration—a
study in healthy men. Neuropeptides 46, 211-215.

Quintana DS, Westlye LT, Smerud KT, Mahmoud RA, Andreassen OA, Djupesland
PG. 2018 Saliva oxytocin measures do not reflect peripheral plasma concentrations
after intranasal oxytocin administration in men. Horm. Behav. 102, 85-92.

Guastella AJ, Hickie IB, McGuinness MM, Otis M, Woods EA, Disinger HM, Chan
H-K, Chen TF, Banati RB. 2013 Recommendations for the standardisation of oxytocin
nasal administration and guidelines for its reporting in human research.
Psychoneuroendocrinology 38, 612-625.

Bernaerts S, Boets B, Bosmans G, Steyaert J, Alaerts K. 2020 Behavioral effects of
multiple-dose oxytocin treatment in autism: a randomized, placebo-controlled trial
with long-term follow-up. Mol. Autism 11, 1-14.

Alaerts K, Bernaerts S, Prinsen J, Dillen C, Steyaert J, Wenderoth N. 2020 Oxytocin
induces long-lasting adaptations within amygdala circuitry in autism: a treatment-
mechanism study with randomized placebo-controlled design.
Neuropsychopharmacology 45, 1141-1149.

Laugeson EA, Frankel F, Gantman A, Dillon AR, Mogil C. 2012 Evidence-based
social skills training for adolescents with autism spectrum disorders: The UCLA
PEERS program. J. Autism Dev. Disord. 42, 1025-1036.

Tse J, Strulovitch J, Tagalakis V, Meng L, Fombonne E. 2007 Social skills training for
adolescents with Asperger syndrome and high-functioning autism. J. Autism Dev.
Disord. 37, 1960-1968.

Inchausti F er al. 2018 The effects of metacognition-oriented social skills training on
psychosocial outcome in schizophrenia-spectrum disorders: a randomized controlled
trial. Schizophr. Bull. 44, 1235-1244.

Kurtz MM, Mueser KT. 2008 A meta-analysis of controlled research on social skills
training for schizophrenia. J. Consult. Clin. Psychol. 76, 491-504.

21



48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Hunnikin LM, van Goozen SHM. 2019 How can we use knowledge about the
neurobiology of emotion recognition in practice? J. Crim. Justice 65, 101537.

Hubble K, Bowen KL, Moore SC, Van Goozen SHM. 2015 Improving negative
emotion recognition in young offenders reduces subsequent crime. PLoS One 10,
€0132035. (doi:10.1371/journal.pone.0132035)

Wells AE, Hunnikin LM, Ash DP, Van Goozen SHM. 2020 Improving emotion
recognition is associated with subsequent mental health and well-being in children
with severe behavioural problems. Eur. Child Adolesc. Psychiatry , 1-9.

Bartz JA, Zaki J, Bolger N, Ochsner KN. 2011 Social effects of oxytocin in humans:
context and person matter. Trends Cogn. Sci. 15, 301-309.

Shamay-Tsoory SG, Abu-Akel A. 2016 The social salience hypothesis of oxytocin.
Biol. Psychiatry 79, 194-202.

Cacciotti-Saija C et al. 2015 A double-blind randomized controlled trial of oxytocin
nasal spray and social cognition training for young people with early psychosis.
Schizophr. Bull. 41, 483—-493.

Buchanan RW et al. 2021 Combined Oxytocin and Cognitive Behavioral Social Skills
Training for Social Function in People With Schizophrenia. J. Clin. Psychopharmacol.
41, 236-243.

Strauss GP, Granholm E, Holden JL, Ruiz I, Gold JM, Kelly DL, Buchanan RW. 2019
The effects of combined oxytocin and cognitive behavioral social skills training on
social cognition in schizophrenia. Psychol. Med. 49, 1731-1739.

Verhees MWFT et al. 2020 Combining oxytocin and cognitive bias modification
training in a randomized controlled trial: Effects on trust in maternal support. J. Behav.
Ther. Exp. Psychiatry 66, 101514.

Wong SF, Vaillancourt S, Grossman S, Kelly-Turner K, Blackwell SE, Ellenbogen
MA. 2021 Intranasal oxytocin increases state anhedonia following imagery training of
positive social outcomes in individuals lower in extraversion, trust-altruism, and
openness to experience. Int. J. Psychophysiol. 165, 8—17.

Hubble K, Daughters K, Manstead ASR, Rees A, Thapar A, van Goozen SHM. 2017
Oxytocin reduces face processing time but leaves recognition accuracy and eye-gaze
unaffected. J. Int. Neuropsychol. Soc. 23, 23-33.

Salonia A et al. 2005 Menstrual cycle-related changes in plasma oxytocin are relevant
to normal sexual function in healthy women. Horm. Behav. 47, 164—169.

Engel S, Klusmann H, Ditzen B, Knaevelsrud C, Schumacher S. 2019 Menstrual

22



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

cycle-related fluctuations in oxytocin concentrations: a systematic review and meta-
analysis. Front. Neuroendocrinol. 52, 144—155.

Langner O, Dotsch R, Bijlstra G, Wigboldus DHJ, Hawk ST, Van Knippenberg AD.
2010 Presentation and validation of the Radboud Faces Database. Cogn. Emot. 24,
1377-1388.

Bartlett JC, Searcy J. 1993 Inversion and configuration of faces. Cogn. Psychol. 25,
281-316.

Ekman P, Friesen W V. 1975 Measuring facial movement. Palo Alto, CA: Consulting
Psychologists Press. (doi:10.1007/BF01115465)

Baron-Cohen S, Wheelwright S. 2004 The empathy quotient: an investigation of adults
with Asperger syndrome or high functioning autism, and normal sex differences. J.
Autism Dev. Disord. 34, 163-175.

Kloosterman PH, Keefer K V, Kelley EA, Summerfeldt LJ, Parker JDA. 2011
Evaluation of the factor structure of the Autism-Spectrum Quotient. Pers. Individ. Dif.
50, 310-314.

Spielberger CD. 1983 State-trait anxiety inventory for adults.

Axelrod BN. 2002 Validity of the Wechsler abbreviated scale of intelligence and other
very short forms of estimating intellectual functioning. Assessment 9, 17-23.
IBMCorp. 2017 IBM SPSS Statistics for Windows.

Domes G, Heinrichs M, Michel A, Berger C, Herpertz SC. 2007 Oxytocin improves
“mind-reading” in humans. Biol. Psychiatry 61, 731-733.
(doi:10.1016/j.biopsych.2006.07.015)

Riem MME, Bakermans-Kranenburg MJ, Huffmeijer R, van IJzendoorn MH. 2013
Does intranasal oxytocin promote prosocial behavior to an excluded fellow player? A
randomized-controlled trial with Cyberball. Psychoneuroendocrinology 38, 1418—
1425. (do0i:10.1016/j.psyneuen.2012.12.023)

Feeser M, Fan Y, Weigand A, Hahn A, Girtner M, Boker H, Grimm S, Bajbouj M.
2015 Oxytocin improves mentalizing—pronounced effects for individuals with
attenuated ability to empathize. Psychoneuroendocrinology 53, 223-232.

Del Cul A, Baillet S, Dehaene S. 2007 Brain dynamics underlying the nonlinear
threshold for access to consciousness. PLoS Biol. 5, €260.

Quintana DS, Alvares GA, Hickie IB, Guastella AJ. 2015 Do delivery routes of
intranasally administered oxytocin account for observed effects on social cognition and

behavior? A two-level model. Neurosci. Biobehav. Rev. 49, 182—192.

23



74.

75.

76.

7.

78.

79.

Quintana DS, Westlye LT, Alnas D, Rustan @G, Kaufmann T, Smerud KT, Mahmoud
RA, Djupesland PG, Andreassen OA. 2016 Low dose intranasal oxytocin delivered
with Breath Powered device dampens amygdala response to emotional stimuli: A
peripheral effect-controlled within-subjects randomized dose-response fMRI trial.
Psychoneuroendocrinology 69, 180—-188.

Martins DA et al. 2020 Effects of route of administration on oxytocin-induced changes
in regional cerebral blood flow in humans. Nat. Commun. 11, 1-16.

Ichinose W et al. 2019 Development of a Highly Potent Analogue and a Long-Acting
Analogue of Oxytocin for the Treatment of Social Impairment-Like Behaviors. J. Med.
Chem. 62, 3297-3310.

Cherepanov SM, Miura R, Shabalova AA, Ichinose W, Yokoyama S, Fukuda H,
Watanabe M, Higashida H, Shuto S. 2019 Synthesis of oxytocin derivatives lipidated
via a carbonate or carbamate linkage as a long-acting therapeutic agent for social
impairment-like behaviors. Bioorg. Med. Chem. 27, 3358-3363.

Mizuno A et al. 2015 Lipo-oxytocin-1, a novel oxytocin analog conjugated with two
palmitoyl groups, has long-lasting effects on anxiety-related behavior and social
avoidance in CD157 knockout mice. Brain Sci. 5, 3—13.

Leung JH, Purdy SC, Corballis PM. 2021 Improving Emotion Perception in Children
with Autism Spectrum Disorder with Computer-Based Training and Hearing

Amplification. Brain Sci. 11, 469.

24



