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Abstract.
Background: Individuals living with Alzheimer’s disease (AD) demonstrate extensive deficits in social cognition. To date, no
studies have investigated the feasibility of an intranasal oxytocin (INOT) treatment to improve social cognition in individuals
living with AD.
Objective: We conducted a pilot trial to determine recruitment feasibility, enrolment acceptability, and adherence to an INOT
treatment to inform on the subsequent design of a future randomized controlled trial (RCT). We also estimated the effect
sizes of potential social cognitive function outcome measures related to participants and their caregivers.
Methods: Four individuals with AD were enrolled in a single-center, randomized, double-blind, placebo-controlled crossover
trial involving a one-week treatment period with both INOT (72 IU twice daily) and placebo.
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Results: All participants reported no treatment-causative or serious adverse events following repeated INOT administration. While enrolment

acceptability (100%) and INOT adherence (placebo, 95%; INOT, 98%) were excellent, feasibility of recruitment was not acceptable (i.e.,

n = 4/58 individuals screened met inclusion criteria). However, positive/large effects were associated with secondary outcomes of self-reported

health and wellbeing, caregiver ‘burden’, intimacy and interpersonal-bonding, following repeated INOT administration. No positive effects

were associated with participant outcomes of social cognition.

Conclusion: This pilot RCT provides first evidence that INOT administration in individuals living with AD is safe and well-tolerated. Despite

limitations in sample size, moderate-to-large effect size improvements were identified in participant health outcomes as well as core social

cognitive functions and ‘burden’ as reported by a caregiver. This suggests potential broad-ranging beneficial effects of INOT which should

be assessed in future RCTs.
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INTRODUCTION

Dementia is an umbrella term encompassing sev-
eral syndromes with varying cognitive, behavioral,
and functional symptoms that are a result of neu-
rodegeneration. Alzheimer’s disease (AD) is the most
commonly diagnosed form of dementia, accounting
for an estimated 60 to 80% of all cases worldwide
[1]. Within this population, approximately 80% of
cases have pathological evidence of vascular demen-
tia (VaD), referring to associated cerebral infarcts or
strokes, therefore making this the most common form
of mixed dementia [1–4].

A wide body of literature has shown that social cog-
nition is impaired in AD [5–12]. Social cognition (or
social cognitive function) refers to the set of cognitive
processes involved in recognizing, understanding,
and responding to social cues [8, 13]. From the four
broad components of social cognition that have been
proposed [8], impairments in Theory of Mind (ToM)
or the ability to comprehend the emotional/mental
state of others, as well as poorer recognition of facial
emotions have been most commonly reported in indi-
viduals living with AD [5, 7, 10, 11]. Moreover, in
AD and VaD, frequently observed neuropsychiatric
symptoms, including aggression, apathy, depression,
and psychosis, are accompanied by disruptions in
the way social cognitive stimuli are perceived, rec-
ognized, and evaluated [14]. That is, deficits in
global social cognitive function in AD have been
associated with an indifference to interpersonal rela-
tionships, awkward social behaviors and diminished
social functioning [15], poorer marital relationships,
and a greater sense of caregiver ‘burden’ [16–19].
Caregiver ‘burden’ is a leading factor contributing to
the placement of individuals living with dementia in
residential care [20]. Since deficits in social cognitive
function are often left untreated, they have the poten-

tial to contribute to an individual’s vulnerability and
likelihood of being placed in residential care [21].

Studies in neuropsychiatric populations such as
schizophrenia and autism spectrum disorder have
demonstrated that the neuropeptide-hormone oxy-
tocin (OT) facilitates the processing of socially
relevant information [22–24]. In healthy adults,
research has demonstrated that intranasal oxytocin
(INOT) administration can improve social cogni-
tive skills such as facial affect recognition [25, 26].
These improvements have been observed acutely, as
early as 30 min following single-dose INOT admin-
istration [27], with studies demonstrating that INOT
sustains a biological half-life of 2 h in the body
and can be detected in saliva and plasma [28]. In
addition, other randomized controlled trials (RCTs)
investigating repeated INOT (24-40 IU) administra-
tion over two weeks, have reported improvements to
overall health and wellbeing, as well as increased
reports of ‘social motivation’ [29, 30]. Significant
improvement has also been reported in processing of
positive [22] and negative emotions [31], enhanced
trust [32], and increased empathy [33]. Importantly,
all studies investigating INOT administration have
demonstrated that it is safe, non-invasive, and asso-
ciated with replicable changes in social cognitive
functioning [29, 34, 35].

To date, only two studies have investigated whether
INOT administration can improve social cognitive
function in dementia [35, 36]. The first random-
ized, double-blind, placebo-controlled crossover trial
recruited twenty people with frontotemporal demen-
tia (FTD) and investigated the effects of single-dose
INOT (24 IU) administration on neuropsychiatric
behaviors and emotion processing. While no change
in facial emotion recognition was identified, scores on
the Neuropsychiatric Inventory (NPI) [37] were sig-
nificantly improved on the evening following INOT
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administration. The authors noted that these results
warranted an RCT with a longer treatment period
and a larger sample size to better understand if INOT
administration can improve social cognitive function
in dementia.

Consequently, several years later the same group
investigated the safety and tolerability of one-week
repeated INOT administration at three clinically fea-
sible doses (24, 48, or 72 IU) in FTD [35]. The authors
used a randomized, double-blind, placebo-controlled
parallel-group trial and administered INOT twice
daily for one week to twenty-three individuals living
with behavioral variant FTD or semantic dementia
using a dose-escalation design. The primary out-
come measures were safety and tolerability at each
dose, while secondary measures explored efficacy of
repeated INOT administration for improving aspects
of social cognition (i.e., social behavior) and neu-
ropsychiatric symptoms in FTD, as reported by a
caregiver. Results indicated that repeated administra-
tion of INOT was safe and well tolerated at doses up
to 72 IU twice daily, and distinct trends were evident
to suggest that higher doses of INOT reduced par-
ticipant apathy and improved empathic concern as
indexed by the Interpersonal Reactivity Index (IRI)
[38].

In light of these encouraging findings, the next
important step is to establish whether INOT adminis-
tration improves social cognitive function in the most
common forms of dementia (those with AD and/or
VaD). Such a trial would also aim to elucidate whether
INOT administration might also improve caregiver-
patient interpersonal relationships. However, before
conducting a full-scale RCT, it is necessary to
first establish feasibility of the intervention, deter-
mining optimal procedures and outcome measures
[39].

Aims and hypotheses

The overarching aims of this study were to conduct
a pilot feasibility trial to determine optimal proce-
dures and outcome measures, in order to plan for
a larger full-scale RCT. Specifically, we sought to
determine the feasibility of recruitment, the accept-
ability of enrolment and the adherence to trial
treatments in order to inform the subsequent design
of a larger full-scale RCT. In addition, we sought to
determine the effect size estimates on key potential
primary and secondary outcome measures related to
both the participant and their respective caregiver.

MATERIALS AND METHODS

Trial design

Participants were enrolled in a single-center, ran-
domized, double-blind, placebo-controlled crossover
trial involving a one-week treatment period with both
INOT (72 IU) and a placebo treatment. See Fig. 1
for a graphical illustration of the trial design. There
were six occasions of measurement over four dis-
tinct visits to the Trial Coordinating Centre for each
participant. These were: pre-single dose administra-
tion 1 (T0) and post-single dose administration 1
(T1); one-week follow-up 1 (T2); pre-single dose
administration 2 (T3) and post-single dose admin-
istration 2 (T4); and one-week follow-up 2 (T5).
Participants were randomly assigned to receive either
INOT or placebo for one-week (at T0), followed
by a one-week washout (between T2 and T3), and
crossover to the alternate treatment (administered
at T3).

Ethical considerations

The trial was approved by the Human Ethics
Review Committee (RPAH Zone) of the Sydney
Local Health District (Reference Number: X15-
0255). The trial was prospectively registered on the
Australian and New Zealand Clinical Trial Registry
(ACTRN12617001531303, 03 November 2017). All
participants provided written informed consent to
take part in the trial, and all data was obtained in
compliance with the Helsinki Declaration.

Participants

Participants were outpatients recruited from the
Healthy Brain Ageing (HBA) Clinic, a specialist early
intervention research clinic at the Brain and Mind
Centre, The University of Sydney, Sydney, Australia
(Trial Coordinating Centre). The HBA clinic recruits
individuals aged over 50 years, with new onset cog-
nitive concerns, a Mini-Mental State Examination
(MMSE) Score ≥ 20 and presenting with a referral
from a General Practitioner or medical specialist.
As detailed elsewhere [40], those with a history of
stroke or transient ischemic attack, substance misuse,
major neurological or psychiatric disease, prior head
injury or substance abuse are excluded. Individuals
attending the clinic receive a comprehensive medical,
psychological, and neuropsychological assessment.
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Fig. 1. Flow diagram of study design, including recruitment and randomization. RMET, Reading the Mind in the Eyes Test; FSAR, Facial
Speed and Recognition Task; EET, Emotion Evaluation Test; EDT, Emotion Discrimination Test; AE, Adverse Event.
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Inclusion criteria for this pilot trial were: 1) aged
between 60 to 90 years; 2) current diagnosis of mild
AD, VaD, or mixed AD/VaD (MMSE > 21); 3) have
a caregiver who will live with the participant during
the trial.

Exclusion criteria for this pilot trial were: 1)
prior history of major psychiatric disorder (e.g.,
schizophrenia, bipolar disorder); 2) a score of ≤ 40
on the Benton Facial Recognition Test [41]; 3) a
score on the 18-item Hamilton Depression Rating
Scale greater than 16 [42]; 4) prescription of a
cholinesterase inhibitor medication for less than three
months or experiencing side effects secondary to this
class of medication; 5) prescription of an antidepres-
sant medication for less than one month, experiencing
side effects related to this medication or the antide-
pressant is contraindicated with INOT treatment;
6) prescription of the following classes of medica-
tions: non-cholinesterase inhibitor medications for
dementia, antipsychotics, antidepressants, benzodi-
azepines, sedatives, and hypnotics; 7) prior history
of neurological disorder (e.g., head injury, stroke
or transient ischemic attack, epilepsy); 8) diagnosis
of another neurodegenerative disease (e.g., dementia
with Lewy bodies, frontotemporal dementia, Parkin-
son’s disease dementia); 9) an intellectual disability;
10) a current history of substance abuse; 11) his-
tory of a myocardial infarction within the last two
years or congestive heart failure; 12) current uncon-
trolled hypertension; 13) bradycardia (rate < 50 beats
per minute/bpm) or tachycardia (rate > 100 bpm);
14) diagnosis of long QT syndrome; 15) use of
prostaglandins and their analogues; 16) use of any
anesthetic (inhalation or caudal); 17) known aller-
gies to oxytocin or to preservatives in the nasal spray;
18) severe nasal obstruction/blockage; 19) severely
compromised hepatic function; 20) severely compro-
mised renal function.

Interventions

All participants were randomized on a 1 : 1 basis
to the order in which they received the two treatment
arms:

INOT - 72 IU OT nasal spray, that is 36 IU admin-
istered per nostril, twice daily for one-week (i.e.,
144 IU per day). This dosage was chosen based on
prior evidence demonstrating safety and tolerability
but importantly improvements in apathy and empa-
thy measures, as well as improved patient–caregiver
interactions [35].

Placebo – glycerol (2%); sorbitol crystalline pow-
der (2%); benzyl alcohol (0.9%) and distilled water
nasal spray administered once per nostril, twice daily
for one-week.

Both the oxytocin and placebo nasal sprays were
manufactured by Pci Pharma Services (formerly
Pharmaceutical Packaging Professionals) an Aus-
tralian Therapeutic Goods Administration (TGA)
approved manufacturer and finisher of pharmaceu-
tical products, who also sourced oxytocin from a
local Australian manufacturer. The actuator (prod-
uct ID: 10254044) and pump (product ID: 10280515)
used for both nasal sprays were sourced from Aptar
Pharma.

Caregivers were asked to administer the nasal
spray, once per nostril twice daily. To ensure the
correct technique was used for nasal spray admin-
istration, the caregiver was required to administer the
first dose at T0 and T3 in the presence of clinicians at
the Trial Coordinating Centre.

Monitoring and adverse reporting

Compliance and safety monitoring was conducted
by telephone assessment (as indicated in Supplemen-
tary Table 1) and at each scheduled clinical review and
follow-up assessment. Participants were required to
return any unused portion of the nasal spray bottle
as well as their medication-tracking calendar to trial
clinicians at T2 and T5. Nasal spray compliance was
assessed by weighing each nasal spray bottle before
and after each treatment period.

Throughout the trial, details of current and new
concomitant medications were recorded and clarified
with a medical practitioner. Specific attention was
focused on medications that were likely to interfere
with INOT, as detailed in the Investigators’ Brochure.
Participants and their caregiver were informed of all
medications that were considered to be contraindi-
cated with INOT before trial randomization and asked
to inform the investigators on the commencement of
any medications during the trial period.

Outcomes

Feasibility outcome measures were obtained at
each visit (T0-5) by assessors blind to treatment allo-
cation.

Trial feasibility outcomes
Three trial feasibility outcomes were measured

adopting guidelines from the most recent Consol-



720 J.C. Michaelian et al. / Intranasal Oxytocin in Alzheimer’s Disease

idated Standards of Reporting Trials (CONSORT)
statement for a pilot and feasibility RCTs [43], each
to inform towards progression of a larger full-scale
RCT:

i) Feasibility of recruitment of eligible patients
who consent to trial enrolment. Our ‘stop-go’
measures related to feasibility of recruitment
were:

• Greater than 50% eligible to enroll are
enrolled - continue to main trial.

• Between 30–50% eligible to enroll are
enrolled - consider a modified trial.

• Less than 30% eligible to enroll are
enrolled - do not progress to a main trial
using this model.

ii) Acceptability: proportion of randomized par-
ticipants who complete their final 1-week
follow-up (T5) assessment. In addition, per-
centage of randomized participants who were
lost to follow up.

iii) Adherence to trial treatments: proportion of
randomized participants that adhere to 70% or
more (≥10/14 INOT doses) of the allocated
treatment.

Effect size estimates for expected primary
participant and caregiver outcomes for a larger
full-scale RCT

It was expected that for a larger trial the primary
outcome for the participant would be ToM abilities
as assessed by performance on the Reading the Mind
in the Eyes Test (RMET) [44] following single-dose
INOT administration. The RMET is a well-validated
social cognitive task, that measures a participant’s
ability to make mentalistic inferences based on eye
gaze cues. Possible raw scores on the RMET range
from 0 to 36. For the caregiver it was expected that for
a larger trial the primary outcome would be observed
changes in the participant’s perspective-taking and
empathic-concern, as measured using the IRI [38],
following one-week repeated INOT administration.

Effect size estimates for expected secondary
participant and caregiver outcomes for a larger
full-scale RCT

It was expected that for a larger trial the secondary
outcomes for the participant and caregiver would be
further separated following single-dose administra-
tion and one-week repeated administration.

Following single-dose INOT administration

The Facial Speed and Recognition task [45] simul-
taneously measures the participant’s accuracy and
speed of emotion recognition from well-validated
facial images (the Karolinska Directed Emotional
Faces database [46, 47]), varying in emotional inten-
sity from 10% to 100% over a 10 second period.
Possible raw scores on the Facial Speed and Recog-
nition task range from 0 to 36.

Following daily INOT administration for one-week

Social cognitive
The Emotion Evaluation Test (EET) is a test of

social perception from The Awareness of Social Inter-
ference Test (TASIT) that measures the participant’s
interpretation of naturalistic emotional cues includ-
ing facial movement, tone of voice and gestures [48].
Possible raw scores on the TASIT range from 0 to 28.
The Emotion Discrimination Test (EDT) also pro-
vides an index of social perception. This measure
is adapted from the Facial Expressions of Emotion:
Stimuli and Tests [49], and measures the participants
ability to identify facial emotions (anger, sadness,
happiness, disgust or surprise) from photographs.
Possible raw scores on the EDT range from 0 to 24.
The Facial Speed and Recognition task was also used
to measure speed and accuracy of emotion recogni-
tion.

Questionnaires (participant focused)
Apathy was assessed using the Apathy Evalua-

tion Scale [50], and overall well-being and quality of
life with the WHO (Five) Well-being Index (WHO-
5) [51]. Depression was assessed using the 15-item
Geriatric Depression Scale (GDS-15) [52]. Func-
tional status and sleeping habits were assessed with
the HBA Functional Assessment and Sleep Question-
naires, respectively (questionnaires that are routinely
administered in the HBA clinic). The Socioemotional
Dysfunction Scale (SDS) [53] was used to index
social behavior, while the [54] was used to index
broader behavioral disturbances.

Questionnaires (caregiver focused)
Patient-caregiver relationships were assessed with

the Intimate Bond Measure (IBM) [55], while care-
giver ‘burden’ was assessed with Zarit Burden
Interview (ZBI) [56]. Caregivers’ well-being and
quality of life was assessed with the WHO-5, while
depression was assessed using the GDS-15.
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Randomization and blinding

Trial randomization codes were computer-
generated by the Trial Manager, who had no contact
with the participants, using a random block size that
was not available to any study personnel. These ran-
domization codes were held by the pharmacy for the
duration of the trial. At T0, the Trial Medical Officer
assigned the participant to the next randomization
number, which was provided to the pharmacist who
prepared and dispensed the treatments as per the
randomization list. For the purposes of blinding, the
placebo nasal spray was manufactured to be identical
in appearance and weight to the OT nasal spray.
Apart from the Trial Manager and the dispensing
Pharmacist, all study personnel involved in the
conduction of assessments with the participant
were blinded throughout the study, including data
analysis.

Statistical methods

Statistical analysis was conducted using SPSS Ver-
sion 25 (SPSS Inc., Chicago, IL, USA). Descriptive
analyses (i.e., frequencies, means, standard devi-
ations) were performed to provide an overview
of the data. Where appropriate, treatment (OT,
Placebo)×exposure treatment period (pre-single
dose versus post single-dose; pre-single dose ver-
sus one-week follow up) repeated-measure ANOVAs
were conducted. Due to the limited sample size
(n = 4), we focused on reporting mean differences and
the effect size partial eta squared (ηp

2).

RESULTS

Participants, randomization, and baseline
characteristics

As illustrated in Fig. 2, participant recruitment
occurred between February 2018 and February 2020
with a total of four participants randomized. All
four participants had a clinical diagnosis of AD.
Individual participant medications used are listed in
Supplementary Table 6, with no participant report-
ing any change in medication use or dose during
the trial.

Participants at time of randomization had a mean
age of 72.3 years, with secondary level of education
(mean = 12.5 years). Importantly, the mean MMSE
score reported of 25.5 was within our criteria of
early-to-mid AD (MMSE score 20–26 [57]). Other

participant characteristics are reported in Supplemen-
tary Table 2.

Feasibility outcomes

Of the 58 individuals screened for eligibility and
enrolment in the current trial (Fig. 2) over a 24-month
recruitment period, 48% (n = 28/58) were screened
retrospectively from an existing pool that presented
for assessment to the HBA clinic within the prior
12 months and received a diagnosis of dementia.
The remaining 52% (n = 30/58) of individuals living
with dementia were prospectively pre-screened for
the trial.

More specifically, pre-screening failure following
active file review was 34.4% (n = 20/58), yielding
a screening sample of 38. Approximately, a further
half of the sample were excluded (n = 26/58, 44%)
following screening, resulting in a total of 12 poten-
tial participants that were assessed for enrolment
and booked in for T0. From this sample, a third
subsequently enrolled into the trial (n = 4/12, 33%).
Therefore, in total, four individuals (n = 4/58, 7%)
enrolled and were randomized of which all were a
part of the retrospectively screened pool. All four
(100%) randomized participants completed their final
follow-up assessment showing high acceptability of
the protocol. Importantly, adherence to placebo and
OT nasal sprays were very high (as measured by a
medication tracking calendar completed by the care-
giver), with 95% of all placebo doses and 98% of OT
doses administered correctly as prescribed (Supple-
mentary Table 5).

Effect sizes on expected primary outcomes for a
larger full-scale RCT

Given that this was a pilot trial, with a lim-
ited sample size (n = 4), with a focus on feasibility
related to recruitment, enrolment, and adherence to
trial treatments, we report the effect size estimates
for expected primary outcomes for a larger full-
scale RCT related to both the participants and their
respective caregivers. As shown in Table 1A, fol-
lowing single-dose INOT (72 IU) administration,
no meaningful effect size for RMET performance
was observed. With respect to the caregiver, fol-
lowing one-week repeated INOT administration,
participant’s perspective-taking abilities as rated by
their caregiver remained stable, compared to a mean
worsening (mean difference = -2.3) for participants
administered the placebo nasal spray. This corre-
sponded to a large effect size (ηp

2 = 0.18) (Table 2).
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Fig. 2. CONSORT Flow Chart. aTelephone-screened, prior to receiving participant information statement (i.e., declined immediately);
bTelephone-screened, following provision of the participant information statement; cBooked-in for baseline assessment. * Excluded before
randomization as baseline MMSE < 21.

Effect sizes on expected secondary outcomes for
a larger full-scale RCT

Social cognition
As reported in Table 1B, following one-week

repeated INOT administration, no meaningful effect
size between OT and placebo groups were observed

for RMET performance or speed and accuracy of
recognition as assessed by the Facial Speed and
Recognition Task (FSAR). While there were mean
reductions in performance on the EDT and EET
between OT and placebo groups following a one-
week treatment period, reductions were greater for
participants administering placebo on both the EDT



J.C. Michaelian et al. / Intranasal Oxytocin in Alzheimer’s Disease 723

and EET, such that a medium effect size was
observed when compared to those administering
INOT (ηp

2 = 0.05 and ηp
2 = 0.04, respectively).

Additionally, following single-dose administration
with the placebo nasal spray, a mean increase in par-
ticipants’ emotion recognition accuracy as indexed by
the FSAR was reported, corresponding to a medium
effect size (ηp

2 = 0.09) (Table 1A).
See Supplementary Table 3 for individual partici-

pant pre-single dose administration, post-single dose
administration and one-week follow up social cog-
nitive test scores following placebo and oxytocin
treatment.

Caregiver and self-reports

As reported in Table 2, following one-week
repeated INOT administration, caregivers reported a
mean reduction in ‘burden’ as assessed by the ZBI
corresponding to a large effect size (ηp

2 = 0.19) com-
pared to when participants were administering the
placebo nasal spray. Improved intimacy and inter-
personal bonding were also observed by respective
caregivers, with an effect size approaching large in
magnitude (ηp

2 = 0.14), following one-week repeated
INOT administration.

Participants reported a mean improvement in their
health and well-being as assessed by the WHO-5
following one-week repeated INOT administration,
corresponding to a medium effect size (ηp

2 = 0.09).
Interestingly however, following one-week repeated
INOT administration there was a mean increase in
self-reported depressive symptoms on the GDS-15,
corresponding to large effect size (ηp

2 = 0.17).
See Supplementary Table 4 for individual partici-

pant self-report questionnaire data before pre-single
dose administration and after one-week follow up for
placebo and oxytocin treatment groups.

Treatment tolerability, adverse events and
blinding

Participation rates were high, with all sessions
attended by each participant. No significant adverse
events were reported by any participant on either the
INOT or placebo treatment. Notably, two participants
reported an increase in sexual behavior; interestingly,
however, one participant’s report of change (8 on
a scale of 0 to 10) was during the placebo treat-
ment, while the other participant (3 on a scale of 0
to 10) was during the INOT treatment. See Supple-
mentary Table 7 for individual frequencies of side
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effects reported. Lastly, while both participants and
their caregivers were blinded to each treatment while
enrolled in the trial, participants along with their care-
givers were asked whether they could identify the
treatment at the end of each intervention period (T3
and T5). While no participant was able to correctly
determine either treatment, three out of four care-
givers correctly determined both treatments in correct
order.

DISCUSSION

This is the first study to investigate the feasibility
of a trial administering one-week of repeated INOT
(72 IU) for social cognitive function in participants
living with mild dementia, and their caregivers. The
trial outcomes focused on feasibility, acceptability,
adherence, and suitability of outcome measures. The
first key finding was that our data showed that over a
24-month trial period, our feasibility of recruitment
(to inform the design of a potential larger full-scale
RCT), was not acceptable. With only four of fifty-
eight individuals with dementia screened meeting
eligibility criteria, the method of recruitment used
here is unsuitable for progressing to a larger full-scale
RCT.

However, regarding our other key feasibility out-
comes, the acceptability of enrolment for those
randomized to the trial was excellent (100%) and
their adherence to trial treatments was extremely
high (placebo, 95%; OT, 98%) for a study of this
nature [58]. Moreover, no serious adverse events,
or treatment-causative adverse events, resulted from
an INOT treatment. In terms of our expected pri-
mary outcomes for a larger full-scale RCT, we
found only a small negative/negligible effect on
RMET performance, suggesting that single-dose
INOT administration may have few if any effects on
ToM abilities. Caregivers of participants administer-
ing INOT reported improvements in the participant’s
perspective-taking abilities (as assessed by the IRI)
following one-week repeated INOT administration,
corresponding to a large effect size. Positive/large
effects were also evident in key secondary outcomes
focused on self-reported health and wellbeing, care-
giver ‘burden’, intimacy, and interpersonal bonding.

This trial was built on the successes of INOT use
in neuropsychiatric populations such as schizophre-
nia and autism spectrum disorder [22–24], and recent
evidence of its safety and tolerability in FTD, with
preliminary evidence showing improvements in apa-
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Table 2
Questionnaire data (mean ± S.D.) before pre-single dose administration and after one-week follow up for placebo and oxytocin treatment groups

Questionnaire Placebo Nasal Spray Oxytocin Nasal Spray Overall
Pre-single
dose
administration

One-week
Follow-Up

Mean
difference

Pre-single
dose
administration

One-week
Follow-Up

Mean
difference

Partial Eta
Squared

90%
Confidence
Interval

F (1,6) p

Caregiver-report
AES 29.5 ± 11.0 28.0 ± 13.4 -1.5 27.5 ± 12.1 25.3 ± 15.7 -2.2 0.01 - 0.00 0.81
GDS-15 2.8 ± 2.5 2.3 ± 2.6 -0.5 2.5 ± 2.9 1.8 ± 1.7 -0.7 0.01 0.00-0.14 0.03 0.86
HBA FAQ 43.5 ± 45.6 25.5 ± 39.1 -18.0 28.8 ± 39.7 0.5 ± 1.0 -28.3 0.03 0.00-0.33 0.18 0.69
HBA SQ 12.3 ± 8.5 8.5 ± 5.4 -3.8 7.8 ± 2.5 8.5 ± 4.7 0.7 0.33 0.00-0.60 2.98 0.14
IBM 30.5 ± 13.8 31.8 ± 10.5 1.3 31.3 ± 13.4 36.0 ± 17.3 4.7 0.14 0.00-0.46 0.98 0.36
IRI-EC 17.5 ± 3.9 18.0 ± 5.5 -0.5 16.8 ± 4.2 17.3 ± 6.0 0.5 0.00 - 0.00 1.00
IRI-PT 13.8 ± 2.8 11.5 ± 4.7 -2.3 13.3 ± 1.0 13.3 ± 2.6 0.0 0.18 0.00-0.49 1.30 0.30
NPI 13.5 ± 7.0 18.8 ± 16.5 5.3 10.3 ± 3.6 15.0 ± 4.9 4.7 0.00 0.00-0.51 0.01 0.94
SDS 106.8 ± 17.6 104.5 ± 18.2 -2.3 100.5 ± 30.6 95.5 ± 23.9 -5.0 0.04 0.00-0.35 0.27 0.62
WHO-5 14.5 ± 2.4 16.0 ± 4.2 1.5 13.8 ± 5.7 15.8 ± 3.7 2.0 0.01 0.00-0.14 0.03 0.87
ZBI 40.0 ± 12.7 41.0 ± 15.2 1.0 41.0 ± 13.0 38.3 ± 13.5 -2.7 0.19 0.00-0.51 1.40 0.28
Self-report
WHO-5 19.0 ± 4.2 19.3 ± 2.2 0.3 18.3 ± 4.3 20.0 ± 3.6 1.7 0.09 0.00-0.41 0.62 0.46
GDS-15 2.3 ± 1.3 1.8 ± 1.0 -0.5 1.3 ± 0.5 2.0 ± 1.8 0.7 0.17 0.00-0.48 1.19 0.32

AES, Apathy Evaluation Scale; GDS-15, 15-item Geriatric Depression Scale; HBA FAQ, Healthy Brain Ageing Functional Assessment Questionnaire; HBA SQ, Healthy Brain Ageing Sleep
Questionnaire; IBM, Intimate Bond Measure; IRI-EC/PT, Interpersonal Reactivity Index-Empathic Concern/Perspective-Taking subscales; NPI, Neuropsychiatric Inventory; SDS, Socioemotional
Dysfunction Scale; WHO-5, World Health Organization (Five) Well-Being Index; ZBI, Zarit Burden Interview.



726 J.C. Michaelian et al. / Intranasal Oxytocin in Alzheimer’s Disease

thy and patient-caregiver interactions [35]. As Finger
et al. (2015) have reported that one-week repeated
administration of all doses of INOT (24, 48, and 72
IU) may be considered safe and well tolerated in FTD,
we report that for participants living with AD too,
one-week repeated INOT (72 IU) administration can
also be regarded as safe and well tolerated. Indeed,
INOT-treatment adherence was extremely high, with
98% of all OT doses timely administered (compared
to 95% for placebo), and no adverse events reported
related to trial treatment.

Poor recruitment for a trial of this nature is not
uncommon. Indeed, a recent report has described that
more than one quarter of RCTs are prematurely dis-
continued due to poor recruitment [59]. Given that
this was a pilot feasibility trial, with outcomes to
inform towards the progression of a larger full-scale
RCT, it is most important to discern the reasons why
participants were excluded or declined to participate.
Between the period of February 2018 and April 2020,
of the 58 individuals with dementia assessed for eli-
gibility, 36/54 (67%) were deemed ineligible due to
meeting the strict exclusion criteria (i.e., contraindi-
cated medication use, poor health, elongated QTc
interval, no caregiver present to support) that could
not be modified for a trial of this nature with an
experimental treatment that required close monitor-
ing. It is most often studies trialing a novel medical
drug/device, requiring narrower eligibility criteria to
accurately capture their clinical sample, that subse-
quently experience poor recruitment [59]. Thus, in
informing the design of a larger full-scale RCT, the
results from this trial suggest that with such strict eli-
gibility criteria, an increase in the recruitment pool,
change of setting and/or a multi-site study is needed.
In this trial, individuals living with dementia were
recruited from a specialist ‘early intervention’ HBA
research clinic focused on those with early forms
of cognitive decline such as mild cognitive impair-
ment and with an MMSE ≥ 20. Over the 24-month
recruitment period, the HBA clinic assessed 283
patients (between 3-6 patients per week), of which
11% (n = 32/382) received a diagnosis of dementia. In
a general memory clinic service, on average 25% of
patients presenting to the clinic met a dementia diag-
nosis [60]. While recruitment from the HBA clinic in
this trial has provided great insight into recruitment
strategy and trial enrolment, it may be more appro-
priate for a larger full-scale RCT to recruit from a
general memory clinic setting across multiple sites
[61]. It is also reasonable to suggest a that loosening
of the exclusion criteria is explored where there is no

compromise to the health and safety of participants
enrolled in the trial.

Beyond feasibility outcomes, we were interested
in whether INOT administration can improve social
cognitive function, in particular ToM and emo-
tion recognition. Following both single-dose INOT
administration and one-week repeated INOT admin-
istration, no meaningful change was observed on any
test of social cognition (RMET, FSAR, EDT, or EET).
At the case level too, it appeared that INOT did not
improve performance on any test of social cognitive
function (see Supplementary Table 4). While the rea-
sons for these null findings are not entirely clear,
given reports indicating that INOT administration
improves social cognitive function in FTD and other
neuropsychiatric populations [23, 36, 62], a possi-
ble explanation might be that our participant group
had relatively preserved social cognitive function at
baseline. For example, all four participants’ baseline
RMET performance (z-score range, -0.3 to 0.8) would
not be indicative of impairments in ToM abilities, par-
ticularly when compared to those adults living with
MCI (a potential ‘prodromal stage’ of dementia) that
have been shown to demonstrate greater impairments
in ToM abilities as assessed by the RMET (n = 114;
mean z-score=-0.4; z-score range = -4.8 to 2.2) [63].
Given the small sample size and the fact that this was
the first study to investigate whether INOT admin-
istration can improve social cognitive function for
participants living with AD, further investigations are
warranted, ideally with a larger, more heterogeneous
group of people living with AD, including those with
pronounced social cognitive impairment at baseline.

Following one-week repeated INOT administra-
tion, we also identified medium-to-large effectsize
improvements in participants’ self-reported health
and wellbeing and perspective-taking ability, as
well as in caregiver reports of ‘burden’ and
patient-caregiver intimacy and bonding. Firstly, these
observed improvements in participants’ health and
wellbeing, align with a large body of research involv-
ing children with autism spectrum disorder, healthy
adult controls, and adults with schizophrenia [29,
30, 64]. Secondly, given the physiological role of
OT in mediating social behaviors of bonding, inti-
macy and interpersonal relationships [30], where
caregiver reported mean reductions in ‘burden’ (as
assessed by the ZBI [56]) and increases in inter-
personal bonding (as assessed by the IBM [55])
following repeated INOT administration, these data
provide encouraging preliminary evidence that INOT
treatment not only benefits an individual living with
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AD, but may also improve caregiver sense of ‘burden’
and facilitate improvements in interpersonal relation-
ships. Indeed, these reductions in caregiver ‘burden’
and improvements in interpersonal bonding, may be
associated with perspective-taking abilities, or the
ability for a person to look beyond their own point
of view, considering how someone else may think or
feel about something [65]. We report that following
one-week repeated INOT administration a partici-
pant’s INOT perspective-taking abilities remained
unchanged (mean difference = 0) compared to a mean
reduction in the placebo group (mean difference = -
2.3), corresponding to a large effect size (ηp

2 = 0.18).
In fact, these results corroborate previous reports that
INOT has the propensity to improve or at least main-
tain perspective-taking abilities in individuals with
schizophrenia [66]. Nevertheless, while these inter-
pretations are reported cautiously due to the limited
sample size, our study adds to growing literature, sug-
gesting that OT may be able to improve aspects of
health and well-being, and patient-caregiver interper-
sonal relationships.

Altogether, our negligible effect findings on par-
ticipant social cognitive function and our large
effect findings of improvements to caregiver ‘bur-
den’, intimacy, and bonding following repeated INOT
administration provide valuable insights toward the
design of outcome measures for a larger full-scale
RCT. As previously mentioned, because OT serves
an important physiological role in mediating inter-
personal relationships [15–17, 19], it is not surprising
that the largest effect sizes reported in this trial
were those secondary outcomes focused on inter-
personal relationships from a caregiver’s perspective.
Two studies investigating INOT in FTD reported no
improvement in facial affect recognition but signif-
icant improvements in neuropsychiatric symptoms
as rated by the caregiver [35, 36]. Future full-scale
RCTs should therefore examine an INOT treatment
in dementia from multiple perspectives, including
around a caregiver’s sense of ‘burden’ which is con-
sidered to be a leading factor contributing to the
placement of an individual living with dementia in
residential care [20].

In summary, our study provides initial evidence
demonstrating the safety and tolerability of INOT (72
IU) administration in individuals living with demen-
tia. No serious adverse events, or treatment-causative
adverse events, resulted from INOT treatment, and
although we had a limited sample in this study, we
report medium-to-large effectsize improvements in
patient self-reported health and wellbeing as well

as in critical aspects of social cognitive function
including perspective-taking, caregiver ‘burden’ and
interpersonal relationships. This suggests the poten-
tial broad-ranging beneficial effects of INOT should
be assessed in future RCTs from multiple perspec-
tives. Further, while future work will be required to
modify the study design in order to address poor
recruitment, the acceptability of enrolment and the
adherence to study treatments were extremely high
for a study of this nature.
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