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Abstract

Intranasal oxytocin (OT) has previously been found to increase spirituality, an effect moderated by OT-related genotypes.
This pre-registered study sought to conceptually replicate and extend those findings. Using a single dose of intranasal OT vs
placebo (PL), we investigated experimental treatment effects, and moderation by OT-related genotypes on spirituality,
mystical experiences, and the sensed presence of a sentient being. A more exploratory aim was to test for interactions
between treatment and the personality disposition absorption on these spirituality-related outcomes. A priming plus
sensory deprivation procedure that has facilitated spiritual experiences in previous studies was used. The sample (N = 116)
contained both sexes and was drawn from a relatively secular context. Results failed to conceptually replicate both the main
effects of treatment and the treatment by genotype interactions on spirituality. Similarly, there were no such effects on
mystical experiences or sensed presence. However, the data suggested an interaction between treatment and absorption.
Relative to PL, OT seemed to enhance spiritual experiences in participants scoring low in absorption and dampen
spirituality in participants scoring high in absorption.

Key words: oxytocin; spirituality; absorption; genotypes; replication

Introduction

In this sensory deprivation experiment, we examined the joint
roles of a single dose of intranasal oxytocin (OT), OT-receptor
genotypes and the personality disposition absorption on
spirituality-related outcomes. Interestingly, recent experimental

research has indicated that OT may play a causal role in
spirituality and that the effects of OT on spirituality are
moderated, as expected, by genes critical for OT signaling such
as oxytocin receptor (OXTR) and CD38 (Van Cappellen et al.,
2016). However, the role of the personality disposition absorption
has not been addressed in this context. Absorption signifies
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a proclivity to have one’s attentional system fully absorbed
by stimuli currently under mental processing and is an
important personality marker of suggestibility in general and
hypnotizability in particular (e.g. Tellegen and Atkinson, 1974;
Nadon et al., 1991). Not coincidentally, absorption has been
described as the ‘grand mediator’ of spiritual experiences such
as mysticism (Hood et al., 2009; Granqvist et al., 2012). In addition,
a link between OT and absorption has been suggested in
findings indicating that intranasally administered OT facilitates
hypnotizability in individuals who had previously reported low
hypnotizability (Bryant et al., 2012). Thus, absorption might
conceivably qualify the effects of OT on spirituality-related
outcomes.

OT and spiritual experiences

OT is a pituitary gland peptide hormone and neurotransmitter
with a wide range of physiological effects. Initially considered
a hormone of lactation and supporting the work of labor, it
has, over the past decades, been extensively probed for its psy-
chological effects, especially in the context of attachment and
bonding (e.g. Bucheim et al., 2009). OT is triggered by projections
from the hypothalamus where it is synthesized and is then
secreted by the pituitary gland into the bloodstream (Gimpl and
Fahrenholz, 2001). OT is also released by magnocellular neurons
whose axonal projections affect the amygdala, hippocam-
pus, striatum, nucleus accumbens and brainstem (Knobloch
et al., 2012; Chini et al., 2017). Although OT is produced by both
men and women, OT levels tend to be higher in women as OT
is modulated by estrogen in the central nervous system and
by other steroid hormones (Meyer-Lindenberg et al., 2011; Bos
et al., 2012). OT and similar neuropeptides can be intranasally
administered and reach the cerebrospinal fluid (Born et al., 2002;
Beard et al., 2018; Lee et al., 2018); it is likely that they readily
cross the blood–brain barrier via this route (Bos et al., 2012; Beard
et al., 2018, but see Guastella and MacLeod, 2012). OT has also
been suggested to play a key role in various socio-emotional
abilities (for reviews, see Bartz et al., 2011; Van IJzendoorn and
Bakermans-Kranenburg, 2012).

Spirituality is often understood as a panhuman proclivity for
self-transcendence, where the self is experienced as fundamen-
tally related or interconnected with the divine, with nature, with
the world itself, with other living beings or simply with deeper
(and usually hidden) layers of the self (Hill and Pargament, 2008).
This proclivity has been extensively explored in human history,
including experiments with plants, psychedelic drugs and rites.
Further, previous research indicates that many people concept-
ualize the transcendent ‘object’ of spirituality in anthropomor-
phic terms as a person-like entity (e.g. God), who may also func-
tion as a non-corporeal attachment figure, providing a ‘sensed
presence’ and yielding felt security for the individual (Granqvist
and Kirkpatrick, 2013, 2016; Gruneau-Brulin et al., in press).

OT may influence particularly the relational components
of spirituality, but the link between spirituality and OT is
not yet well understood. Kelsch et al. (2013) assayed plasma
oxytocin levels in human immunodeficiency virus (HIV) positive
individuals, some of whom had reported spiritual transfor-
mations. In that sample, higher endogenous OT levels were
associated with higher spirituality (but not with self-reported
religiosity). OT levels were two times higher in individuals who
had described spiritually transformative experiences relative to
those who had not. However, plasma levels of OT may have been
affected by antiretroviral medications, and the sample was not

representative of the population as a whole, making population
inferences somewhat ambiguous. To address these limitations,
Holbrook et al. (2015) examined endogenous OT levels through
saliva samples in a non-clinical population of American Chris-
tians. Consistent with Kelsch et al. (2013), they found a positive
relation between self-reported spirituality and endogenous
oxytocin levels. This correlation held true even after controlling
for variables like church attendance, positive mood, gender, and
relationship status.

As noted, a causal role of exogenous OT on spirituality has
also been indicated, corroborating the conclusions drawn in
previous correlational studies (Kelsch et al., 2013; Holbrook et al.,
2015). Van Cappellen et al. (2016) studied 83 midlife male partic-
ipants, randomly assigned to receive a single dose of intranasal
OT or placebo (PL) and completed the Spiritual Transcendence
Scale (STS). Their results showed that OT led to an increase in
participants’ self-reported trait spirituality and then also facil-
itated their experience of positive emotions during a guided
meditation task. Importantly, however, the significant effects
of OT on spirituality were obtained only following statistical
control of participant religious affiliation. Thus, OT did not have
any statistically significant ‘raw’ (or unadjusted) effect on spir-
ituality in that study (see Quintana and Williams, 2018; see
also Supplementary Material in Van Cappellen et al., 2016 for
detailed analyses). Nonetheless, given these demonstrated links
between both endogenous and exogenous OT on the one hand
and spirituality on the other, and given the relational features of
spirituality, it may be hypothesized that OT promotes trait spiri-
tuality and perhaps also the occurrence of spiritual experiences
and the sensed presence of a sentient being.

Spirituality and OT genotypes

The oxytocin receptor gene (OXTR) and the CD38 gene (CD38)
are two of the genes implicated in OT signaling (Jin et al.,
2007; Lee et al., 2009; Meyer-Lindenberg et al., 2011; Westberg
and Walum, 2014). Previous research has shown that the
OXTR rs53576 polymorphism is related to autism, depression,
and stress reactivity, as well as to prosocial and bond-
ing behaviors and social cognition (see Meyer-Lindenberg
et al., 2011; Westberg and Walum, 2014; Li et al., 2015 for a
review). Specifically, the heterogeneous effects of intranasal
OT across individuals (e.g. Bartz et al., 2011; Olff et al., 2013)
may depend on the OXTR rs53576, as it regulates the role of
OT on social and affiliative behaviors (Feng et al., 2015; but
see Bakermans-Kranenburg and van IJzendoorn, 2014). In line
with this reasoning, Van Cappellen et al. (2016) genotyped
participants for the OXTR rs53576 polymorphism and reported
that the effects of exogenous OT on spiritual transcendence was
marginally moderated by the OXTR rs53576.

Another gene that could potentially influence the adminis-
tration of OT is the CD38 gene that regulates the release of OT
and is therefore involved in OT signaling (Jin et al., 2007). There
are two polymorphisms in the CD38 gene that are relevant for
social behaviors (rs6449182 and rs3796863) (Munesue et al., 2010;
Algoe and Way, 2014; Feldman et al., 2016). CD38 rs6449182 has
mainly been associated with positive emotions (Algoe and Way,
2014; Van Cappellen et al., 2016), while there is evidence that
CD38 rs3796863 is involved in parental behaviors such as touch
and gaze (Feldman et al., 2012). Van Cappellen et al. (2016) con-
sequently genotyped participants for these two polymorphisms
of the CD38 gene as well and reported that the facilitative role
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of OT on spirituality was moderated also by variations on the
CD38 gene.

Mystical experiences and absorption

Beyond trait spirituality, highly spiritual people may be likely to
have mystical experiences. Mystical experiences are character-
ized by a profound sense of unity, with perceptual objects or a
sensed presence like God or by a sense of unity with internal
experiences, for example, a ‘pure being’ without perceptual con-
tent (Hood et al., 2009; Granqvist et al., 2012). Mystical experiences
do not always yield religious interpretations, as previous studies
have shown that religiousness is not a pre-requisite for the
occurrence of mystical experiences, but religious believers are
more likely to assign a religious interpretation to their experi-
ences (Granqvist and Larsson, 2006).

Absorption, often used as a proxy for suggestibility, is con-
sidered an altered state of consciousness (Granqvist et al., 2005)
where attention is fully immersed in specific mental processes—
one is literally absorbed in/by the task (Granqvist et al., 2012). As
noted, absorption is intimately tied to mystical experiences. Not
only are mystical experiences typically intense states of absorp-
tion in and of themselves, but such experiences are also strongly
associated with absorption as a personality disposition (e.g.
Spanos and Moretti, 1988; Granqvist et al., 2012). This is pre-
sumably in part because people high in absorption are highly
suggestible and, in addition, prone to experiencing altered states
of consciousness. Consequently, in suggestive settings, such
as subtle spiritual priming coupled with sensory deprivation,
absorption as a personality disposition has been found to predict
mystical and sensed presence experiences (Granqvist et al., 2005;
van Elk, 2014).

Conceptual replication and extension of Van Cappellen
et al. (2016)

Since experimental research regarding the effects of intra-
nasal OT has shown mixed results and inconsistencies (e.g.
Walum et al., 2016), like much pioneering research, the findings
reported by Van Cappellen et al. (2016) call for replication. The
neurobiological mechanisms underlying spiritual experiences
are still incompletely understood; therefore, the present study
has been designed to conceptually replicate Van Cappellen
et al.’s (2016) study. Replication is a justifiably important task
in science in general, and perhaps psychological science in
particular (Open Science Collaboration, 2015). In line with
Van Cappellen et al.’s (2016) study, the present study combines
a neurobiological manipulation with genetics to determine
the effects of intranasal OT on spirituality. We do so using
comparable OT vs PL procedures and conditions, similar genetic
polymorphism analyses (CD38 rs6449182 being the exception,
but see Supplementary Material) and an identical spirituality
outcome variable.

The Van Cappellen et al. (2016) study had four specific char-
acteristics or limitations that the present study was designed to
complement or overcome. The majority of the studies conducted
so far on intranasal effects of OT have included only male partic-
ipants since there is evidence that OT affects men and women
differently (Feng et al., 2015). In line with this reasoning, Van
Cappellen et al.’s (2016) study included only male participants,
thus restricting the generalizability of their findings to men
alone. In contrast, our study includes roughly equal numbers
of men and women. As it is also hypothesized that estrogen

and other steroid hormones may influence endogenous levels
of OT (e.g. Bos et al., 2012), we resorted to controlling hormonal
differences by exclusively testing women in the luteal phase
of the menstrual cycle and those without consumption of oral
contraceptives.

Second, Van Cappellen et al.’s (2016) study was conducted
in the USA, with American participants. Importantly, religiosity
and spirituality are more culturally normative in the USA than
in other parts of the Western world, such as Sweden, where
the present study was conducted (e.g. Gruneau-Brulin et al., in
press; Norris and Inglehart, 2011). Thus, it remains an open ques-
tion whether OT facilitates spirituality in more secular cultural
contexts.

Third, Van Cappellen et al. (2016) did not design their exper-
iment to cause or study spiritual experiences per se, that is,
as occurring in vivo in the laboratory. Instead, the spirituality
scale that they used, the STS was designed to tap spirituality
as a dispositional personality trait (Piedmont, 1999). In contrast,
using a priming plus sensory deprivation procedure that has
previously been found reliable in triggering spiritual experiences
(see Hood and Morris, 1981; Granqvist et al., 2005; Andersen et al.,
2014; van Elk, 2014), our experimental procedure was designed
to facilitate spiritual experiences in vivo, enabling us to directly
study the role of OT in spiritual experience.

Lastly, although Van Cappellen et al. (2016) included measures
of dispositional emotionality and mindfulness as control vari-
ables, they did not study whether other key dispositional individ-
ual differences contributed to the spirituality outcomes over and
above, or in concert with, OT. This is in spite of the well-attested
importance of, for example, suggestible personality traits like
absorption (e.g. Granqvist et al., 2005; Hood et al., 2009).

The present study

In this study, we attempted to conceptually replicate and extend
the findings of Van Cappellen et al. (2016). The primary aim was to
examine whether a single dose of intranasal OT facilitates spiri-
tuality and whether a facilitative effect of OT extends to mystical
experiences and the sensed presence of a sentient being as
studied in vivo in a sensory deprivation context. A further aim
was to determine whether OXTR polymorphism (rs53576) and
CD38 gene polymorphisms (rs6449182 and rs3796863) moderate
the effects of OT on spirituality, as in Van Cappellen et al. (2016)
and/or on the other outcome variables. Our final aim was to test
whether individual differences in absorption interact with OT
in predicting spirituality, mystical experiences and the sensed
presence of a sentient being.

We hypothesized that intranasal OT, relative to PL, would
cause increased spirituality, and we examined whether such
an effect would extend to mystical experiences and the sensed
presence of a sentient being. We also hypothesized that the main
effect of intranasal OT on spirituality would be moderated by OT-
related genetic polymorphisms, and we asked whether genetic
moderation would apply to the other outcome variables as well.

Finally, we explored whether sex, religiosity and the per-
sonality disposition absorption would interact with the effects
of intranasal OT on the outcomes: sex, because Van Cappellen
et al.’s (2016) study only included men; religiosity, because their
data suggested that religious affiliation may be an important
third variable; and absorption for reasons discussed above. For
absorption, competing possibilities were suggested by previous
research and theorizing. On the one hand, as previous research
has found OT to cause increased hypnotizability (cf. absorption)
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among participants who had previously scored low in hypno-
tizability (Bryant et al., 2012), it could be that OT facilitates
spiritual experiences especially strongly among low absorbers.
On the other hand, as absorption is often used as a proxy
for suggestibility (e.g. Granqvist et al., 2005; van Elk, 2014), it
could be that OT has a particularly facilitative role on spiri-
tual experiences among high absorbers (i.e. highly suggestible
participants).

The main hypotheses as well as the experimental design and
questionnaires used in the present study were pre-registered on
Open Science Framework (see https://osf.io/52v8e/).

Method
Participants and procedure

In total, 116 volunteers participated in the current study and
received movie vouchers or gift cards in exchange for their
participation. Participants were recruited during late spring
and summer; specifically, the study was conducted between
April and August 2017. Participants were randomly selected
from a larger sample of 600 participants from which additional
hypotheses not related to this study were tested (e.g. Cortes et al.,
2017). The participants had also stated in a previous informed
consent form (Cortes et al., 2017) that they were interested in par-
ticipating in other studies. We specifically recruited individuals
from this larger sample because genotyped data were already
available for them (see Henningsson et al., 2015; Karlsson et al.,
2016; Hovey et al., 2017, for more details). For the present study,
we did not take into account ethnicity and we included both Cau-
casian and non-Caucasian participants (see Barzan et al., 2013;
Hovey et al., 2017, for how allele frequencies may differ between
these ethnic groups).

The participants of the present study were recruited through
mail outs or by phone contact. All participants were right-
handed, fluent in Swedish and reported being in good health
with no previous or current substance abuse or psychiatric
medication. Among the exclusion criteria were pregnancy (as
confirmed by pregnancy test), breastfeeding, intake of oral
contraceptives (however, 12 women taking oral contraceptives
were included; see results section) or drugs affecting the
immunological system, known allergies to the preservatives
in the nasal sprays, excessive smoking and caffeine drinking as
well as claustrophobia and fear of dark places. Written consent
was obtained from all participants prior to data collection,
and the study was approved by the Stockholm Area Regional
Ethical Review Board. The study was also approved by the
Swedish Medical Products Agency (Läkemedelsverket; EudraCT:
2016-004826-40).

The sample included 57 men (age range = 22–34, M = 27.11,
s.d. = 3.24 years) and 59 women (age range = 22–32, M = 26.51,
s.d. = 2.94 years). Regarding religious affiliation, participants
reported being Lutheran (18.97%), other Christian (5.17%; dif-
ferent denominations i.e. Catholic or Orthodox), Muslim (7.76%)
and other (3.45%); 63% reported no religious affiliation. However,
in Sweden, religious affiliation is not a good indicator of reli-
giousness or active religious participation. Indeed, a majority of
the general Swedish population are members of the Swedish
(formerly state) church, and yet Sweden is among the most
secular countries (e.g. Thurfjell, 2015).

Participants were instructed to stay well-hydrated before
their visit but to abstain from smoking, caffeine, alcohol, and
use of recreational drugs on the day of testing, and from food,
exercise or engagement in sexual activity 2 h before drug

administration. Since estrogen is highly involved in the follicular
phase of the menstrual cycle, and there is evidence that OT is
moderated by estrogen (see Bos et al., 2012), female participants
were instructed that their participation should happen either on
the late ovulation phase or during the subsequent luteal phase of
the menstrual cycle (i.e. 15–26 days from the first day of
bleeding). In this double-blind, PL-controlled study design,
participants self-administered via a nasal spray 24 international
units (IUs) (three puffs per nostril) of either OT (Syntocinon, CD
Pharma, Sweden) or PL (saline), ˜30–40 min before entering the
sensory deprivation room. Random assignment placed approx-
imately half the participants into the OT (n = 59, 29 women) or
the PL (n = 57, 30 women) groups. Before administering the nasal
spray, participants were asked to smell a scented pen emitting a
strong synthetic odor that resembled fish. The pen was used
to numb the participants’ sense of taste and smell in order
to minimize the chance of guessing the treatment condition
that they would receive. After smelling the pen, participants
self-administered the nasal spray under the experimenter’s
supervision and following the recommendations for standard-
ized single dose administration of intranasal OT proposed by
Guastella et al. (2013).

Immediately after the spray administration, participants
completed questionnaires on a computer to measure demo-
graphic items and variables of interest such as absorption
(Tellegen and Atkinson, 1974), religiosity (Granqvist, 1998) as
well as current affect (Positive and Negative Affect Scale, PANAS;
Watson et al., 1988) and sleepiness in the present moment
(Karolinska Sleepiness Scale; Åkerstedt and Gillberg, 1990; mood
and sleepiness were answered before and after the sensory
deprivation session). Besides assessment per se, some of these
questionnaires (especially absorption and religiosity) were used
to prime participants for spiritual states (cf. Granqvist et al., 2005;
Granqvist and Larsson, 2006).

Approximately 30–40 min after spray administration, partici-
pants were blindfolded and then led into the sensory deprivation
room (a special laboratory that is completely dark and sound
proof) where they would spend 30 min sitting in a comfort-
able chair. Although there was no specific task in the sensory
deprivation room, the participants were aware that they would
report their experiences in the room once the time period had
expired. Participants were explicitly instructed not to fall asleep
and not to do anything in particular while being in the sensory
deprivation room. Following the sensory deprivation session,
participants completed additional pen and paper questionnaires
assessing spirituality and mystical experiences.

Measures

Absorption. We assessed absorption with the Tellegen Absorp-
tion Scale (TAOS; Tellegen and Atkinson, 1974) that is a 34-
item measure originally constructed to predict susceptibility
to hypnotic induction. Absorption is defined as the tendency
to have one’s attentional system fully absorbed, reflecting an
altered state of consciousness. Participants responded using
a 6-point Likert scale (1 = ‘strongly disagree’ to 6 = ‘strongly
agree’). Sample items include ‘Sometimes I feel as if my
mind could envelop the whole world’ and ‘Sometimes I
“step outside” my usual self and experience an entirely
different state of mind’. The reliability and validity of the
TAOS are well established (see Granqvist et al., 2005), and the
internal consistency was found to be high also in the present
study (α = 0.93).

https://osf.io/52v8e/
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Religiosity. Six items related to involvement in traditional
organized religion (Granqvist, 1998) were used as a measure
of religiosity. Sample items include ‘I pray to God on a regular
basis’ and participants responded using a Likert-type scale
(1 = ‘strongly disagree’ to 6 = ‘strongly agree’). Reliability for
these items was high (α = 0.94). This scale was included to
enable statistical control of participants’ base levels of religiosity.
This was similar to Van Cappellen et al. (2016) who used
religious affiliation as a covariate. Notably, although religious
affiliation might function as a religiosity proxy in an American
context, it is (as already noted) not a feasible proxy in the
Swedish context.

Spirituality. Spirituality was measured by the STS (Piedmont,
1999). Spirituality refers to the personal proclivity to turn toward
a larger perspective of reality than one’s personal life. This
encompasses the tendency to see a connection between oneself,
other people and nature, transcending life and death (Piedmont,
1999). The STS consists of 24 items and the response alternatives
were coded on a Likert-type scale from 1 = ‘strongly disagree’
to 5 = ‘strongly agree’. Sample items include ‘All life is intercon-
nected’ and ‘It is important to me to give back to my community’.
The STS comprises three subscales: connectedness, universality
and prayer fulfillment. Van Cappellen et al. (2016) did not include
the subscale prayer fulfillment because it is highly related to
religious behaviors and attitudes. To be consistent with Van
Cappellen et al. (2016), we also excluded this dimension from the
study, and the internal consistency of the remaining scales was
high (α = .90).

Mystical experiences. We assessed mystical experiences through
a widely used measure of mystical experiences, the Mystical
experience scale (M-scale; Hood, 1975). The M-scale consists of
30 items scored on a 6-point Likert scale (1 = ‘strongly disagree’
to 6 = ‘strongly agree’). Sample items include ‘I had an experi-
ence of being absorbed into something larger than myself’ and
‘I had an experience in which everything seemed to disappear
from my mind until I was conscious only of a void’. The original
scale assesses mysticism during a lifetime, but, for this study, we
adapted the scale to measure mystical experiences as they may
have occurred in the sensory deprivation session (see Granqvist
et al., 2005, for more details). Reliability for this scale was also
high (α = 0.92).

Sensed presence. An item from the Exit scale (Persinger et al.,
2000), together with two items that we created, were used as a
measure of sensed presence. These three items all focus on a
sensation of felt presence of a sentient being. The items were ‘I
felt the presence of someone or something’, ‘I felt the presence of
another being’ and ‘I experienced that someone else was there’.
The three items were scored in a Likert-type scale (0 = ‘never’
to 2 = ‘frequently’). The internal consistency for the sensed
presence dimension was high (α = 0.83).

DNA extraction and genotyping

DNA was extracted from saliva samples using OraGene DNA
self-collection kit (DNA Genotek, Inc., Ottawa, ON, Canada).
In total, three single-nucleotide polymorphisms (SNPs) in
two different genes (OXTR rs53576 and CD38 rs6449182 and
rs3796863) were genotyped with KASPar®, a competitive allele-
specific polymerase chain reaction SNP genotyping system using

FRET quencher cassette oligos (http://www.lgcgenomics.com).
The genotyping success rate was > 95%. The SNPs were chosen
based on the study by Van Cappellen et al. (2016). All SNPs had a
minor allele frequency (MAF) of > 5%. In line with Van Cappellen
et al. (2016), both CD38 gene rs3796863 and OXTR rs53576 were
coded in a dominant way, for example, the rs3796863 included
AA/AC = 0, CC = 1 and the rs53576 was coded as GG = 0,
GA/AA = 1. However, we could not code the other polymorphism
of the CD38 gene, the rs6449182, in a co-dominant way [as done
by Van Cappellen et al., (2016)]. Here, the GG allele included a
single participant in the OT and a single participant in the PL
condition. Consequently, the CD38 gene rs6449182 was coded
as follows: CC = 0 and CG/GG = 1 (but see Supplementary
Material for co-dominant analyses). The distribution of the
genotypes according to the treatment condition is shown in
the Supplementary Material, Table S1.

Data analyses

Analyses were performed with SPSS v. 25 (IBM, Chicago, IL.), and
although an alpha level of 0.05 was used for all analyses, we
report exact P-values. The study comprised two treatment con-
ditions (OT, PL) that were dummy coded as follows: PL = 0, OT = 1.
Consistent with Van Cappellen et al. (2016), analyses of variance
(ANOVAs) were conducted to test the main effects of treatment
condition on the spirituality-related outcomes (i.e. trait spiritual-
ity, mystical experiences and sensed presence). Additionally, we
performed covariate analyses (ANCOVA) in which we controlled
for religiosity and sex as possible confounding variables.

We also performed the Bayesian independent samples t-
tests (see Wagenmakers et al., 2017, for details) to verify the
results of the ANOVAs using the free online statistical program
JASP (v. 0.9; JASP Team, 2018). Advantages of Bayesian data
analysis are, among others, that it provides the opportunity to
quantify evidence in favor of the null hypothesis (H0) as com-
pared to the alternative hypothesis of an effect being present
(H1) and that prior beliefs about an effect are taken into account
(Wagenmakers et al., 2017). For this analysis, we chose a prior
that attributes the same probability to H0 and H1 being true
by assuming a Cauchy prior distribution using the default set-
tings in JASP that center the distribution on zero and manually
entered a scale parameter of 0.5 in accordance with Quintana
and Williams’ (2018) Bayesian reanalysis of Van Cappellen et al.’s
data. The results of Bayesian independent samples t-test are
reported as Bayes factor and 95% credible interval (CI), which
describe how strongly the observed data supports one hypothe-
sis over the other, and the 95% confidence that the true value
lies within a certain range, respectively. For an interpretation
of the Bayes factors, we consulted the classification by Lee and
Wagenmakers (2014), which is incorporated into JASP.

In the next step, two-way (factorial) ANOVAs were adopted
to examine the effects of treatment condition, genotype and
their interactions on the outcomes. Also here, we verified our
results by applying Bayesian statistics. We performed separate
Bayesian two-way ANOVAs for treatment, genotype and their
interaction (for each of the genotypes) on each of the outcome
measures (see Supplementary Material for details). Finally, hier-
archical and logistic regression analyses were performed to test
for interactions between treatment condition and sex, religios-
ity and absorption on the outcome variables, with explained
variance (R2) as the effect size estimate. We employed regres-
sion analyses here to retain all variance on the continuous
absorption predictor.

http://www.lgcgenomics.com
https://academic.oup.com/socafn/article-lookup/doi/10.1093/socafn/nsy068#supplementary-data
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Table 1. Means (M), standard deviations (s.d.), 95% CI of mean differences, effect sizes and P on the dependent variables by treatment condition

Variables Treatment Mean difference,
95% CI

F P d ηp2

PL, M (s.d.) OT, M (s.d.)

Spirituality 2.93 (0.77) 2.99 (0.89) [−0.37, 0.24] 0.19 0.67 0.08 0.002
Interconnectedness 3.19 (0.73) 3.32 (0.71) [−0.40, 0.13] 1.05 0.31 0.19 0.01
Meaning/purpose 2.75 (0.94) 2.77 (1.15) [−0.41, 0.37] 0.01 0.93 0.02 0.00

Mystical experiences 2.22 (0.79) 2.07 (0.63) [−0.11, 0.42] 1.35 0.25 −0.22 0.01
Sensed presence 0.29 (0.42) 0.32 (0.44) [−0.18, 0.13] 0.09 0.77 0.06 0.001

Note. One male participant had incomplete data on mystical experiences and was removed from the analyses on this particular scale (n = 115) but was included on
the remaining scales (N = 116).

Results
Preliminary analyses

We initially conducted analyses to examine if participants in
the treatment conditions differed on absorption and on our
control measures: positive and negative affect, sleepiness (both
measures were completed before and after being in the sensory
deprivation room) and on a single-item asking if participants had
actually slept in the sensory deprivation room. Table S2 shows
that the OT and the PL groups were well balanced with regard to
absorption, positive and negative affect, sleepiness or sleeping
in the sensory deprivation room. Also, the two treatment groups
were well balanced with respect to numbers of young women on
oral contraceptives (OT: 20%, PL: 21%) compared to those not on
oral contraceptives (OT: 80%, PL: 79%). We therefore decided to
include women using oral contraceptives in the analyses.

Participants were instructed to indicate at the end of the
experimental session whether they believed they received OT,
PL or if they were not at all aware. We found no support for an
association between treatment and guessed treatment. Of the
80 individuals who guessed OT or PL, 39 participants guessed
correctly (compared to the 40 participants expected by chance).

Intranasal OT main effects on spirituality-related
outcomes

Table 1 shows means, s.d. and 95% confidence intervals for the
difference between treatment conditions on the relevant out-
come measures, as well as effect sizes and P-values. Correla-
tions among the dependent variables are detailed in the Supple-
mentary Material, Table S3. Main effects of treatment were not
significant on any of the dependent variables (spirituality, mys-
ticism or sensed presence), and the effect sizes were in all cases
negligible (d < 0.22).

To better understand these non-significant results, we per-
formed Bayesian independent samples t-tests for the treatment
condition on all three dependent variables. In the following, the
Bayes factor in favor of the H0 is reported (BF01). In all three
cases, there was more evidence in favor of H0 as compared
to H1, which supports our frequentist results. For spirituality,
we found a Bayes factor of BF01 = 3.48, meaning that there
is 3.48 times more evidence for the null-model relative to H1,
which can be cautiously interpreted as moderate in size. The
median for the posterior distribution was −0.06 and the 95% CI
spans from −0.40 to 0.27. For mystical experiences, we found a
Bayes factor of BF01 = 2.14 (Mdn = 0.18; 95% CI, −0.15 to 0.53).
Bayes factors below three are generally regarded as anecdotal
evidence (Lee and Wagenmakers, 2014). For sensed presence, we
found a moderate Bayes factor of BF01 = 3.60 (Mdn = −0.05;
95% CI, −0.40 to 0.28). Graphical illustrations of the Bayes factors

and prior and posterior distributions as well as the Bayes fac-
tor robustness checks are provided as Supplementary Material
(Figures S1 and S2).

Additionally, to be consistent with Van Cappellen et al. (2016),
we computed two scores for spirituality, grouping items accord-
ing to the interconnectedness and meaning and purpose. There
was no main effect of treatment on interconnectedness items
nor on meaning and purpose items (Table 1). The results on
spirituality were similar also after controlling for religiosity and
sex, F(1, 112) = 0.22, P = 0.64 (Table S4, Supplementary Mate-
rial). Similarly, this pattern of non-significant results extended
to mystical experiences, F(1, 111) = 1.19, P = 0.28, and sensed
presence, F(1, 112) = 0.08, P = 0.78, after controlling for both
religiosity and sex (Table S4). Thus, neither religiosity nor sex
accounts for our non-significant results of the treatment on
spirituality, mysticism and sensed presence. For the interested
reader, we report analyses including only men in the Supple-
mentary Material. The non-significant result patterns held also
for men only (n = 57).

Intranasal OT and genotype effects on
spirituality-related outcomes

Separate two-way ANOVAs were conducted to test the effects of
OT, genotype and their interactions on the dependent variables.
Briefly, results revealed no significant effects on any of the
dependent variables, see Table S5. More specifically, regarding
the CD38 rs3796863 polymorphism, there were no main or inter-
action effects on spirituality (Ps > 0.46), mysticism (Ps > 0.22),
or sensed presence (Ps > 0.40). Similarly, for the CD38 rs6449182
polymorphism, we observed no main or interaction effects on
spirituality (Ps > 0.62), mysticism (Ps > 0.09), or sensed presence
(Ps > 0.12). Finally, there were no main or interaction effects of
the OXTR rs53576 polymorphism on spirituality (Ps > 0.35), mys-
ticism (Ps > 0.15) or sensed presence (Ps > 0.69). The results did
not change after controlling for religiosity and sex (all Ps ≥ 0.10).

The results from the Bayesian two-way ANOVAs further sup-
port these findings; there was more evidence for the null model
than for any alternative model (see Supplementary Material,
Tables S6, S7 and S8). Thus, positive effects of treatment, geno-
type or treatment × genotype interactions seem unlikely given
the data.

Intranasal OT and absorption effects on
spirituality-related outcomes

To examine whether absorption disposition interacts with
intranasal OT on the spirituality-related outcomes, we per-
formed hierarchical regression analyses on each outcome
variable, entering the main effects of dummy-coded treatment,

https://academic.oup.com/socafn/article-lookup/doi/10.1093/socafn/nsy068#supplementary-data
https://academic.oup.com/socafn/article-lookup/doi/10.1093/socafn/nsy068#supplementary-data
https://academic.oup.com/socafn/article-lookup/doi/10.1093/socafn/nsy068#supplementary-data
https://academic.oup.com/socafn/article-lookup/doi/10.1093/socafn/nsy068#supplementary-data
https://academic.oup.com/socafn/article-lookup/doi/10.1093/socafn/nsy068#supplementary-data
https://academic.oup.com/socafn/article-lookup/doi/10.1093/socafn/nsy068#supplementary-data
https://academic.oup.com/socafn/article-lookup/doi/10.1093/socafn/nsy068#supplementary-data
https://academic.oup.com/socafn/article-lookup/doi/10.1093/socafn/nsy068#supplementary-data
https://academic.oup.com/socafn/article-lookup/doi/10.1093/socafn/nsy068#supplementary-data
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Table 2. Hierarchical multiple regressions analyses for variables predicting spirituality, mystical experiences and sensed presence

Variables Model 1 Model 2
B SE B β B SE B β

Spirituality
Treatment 0.04 0.16 0.02 0.05 0.15 0.03
Sex −0.17 0.16 −0.11 −0.18 0.15 −0.11
Absorption 0.14 0.10 0.14 0.35 0.13 0.34∗∗
Treatment × absorption −0.48 0.19 −0.31∗∗
R2 0.04 0.09
R2 change 0.04 0.05
F for change in R2 1.43 6.44∗∗

Mystical experiences
Treatment −0.17 0.13 −0.12 −0.16 0.13 −0.11
Sex −0.25 0.13 −0.17 −0.26 0.13 −0.18∗
Absorption 0.09 0.08 0.10 0.28 0.11 0.32∗∗
Treatment × absorption −0.44 0.16 −0.33∗∗
R2 0.06 0.12
R2 change 0.06 0.06
F for change in R2 2.34 7.38∗∗

Sensed presence
Treatment 0.01 0.08 0.01 0.01 0.08 0.01
Sex −0.01 0.08 −0.01 −0.01 0.08 −0.01
Absorption 0.08 0.05 0.15 0.16 0.07 0.30∗
Treatment × absorption −0.18 0.10 −0.23
R2 0.02 0.05
R2 change 0.02 0.03
F for change in R2 0.87 3.43

Note. Absorption was centered at its mean. Bold type indicates values that were significant predictors, ∗P < 0.05. ∗∗P < 0.01.

absorption (centered) and dummy-coded sex in the first model,
and then in addition the treatment × absorption interaction in
the second model (Table 2).

The variables in the first model (main effects of treatment,
absorption and sex) did not significantly predict spirituality,
F (3, 112) = 1.43, P = 0.24. However, the second model, containing
the treatment by absorption interaction, did significantly predict
spirituality, F(4, 111) = 2.74, P = 0.03, and this second model
explained an additional 5% of the variance in spirituality. As
shown in Figure 1A, OT, relative to PL, was associated with higher
spirituality scores among low-absorption scorers but lower spir-
ituality scores among high-absorption scorers. Differential OT
effects across levels of absorption thus cancelled out any main
effect of OT.

Similarly, regarding mystical experiences, the first model in
the regression was not significant, F (3, 111) = 2.34, P = 0.08, but
the second model was significant, F (4, 110) = 3.70, P = 0.007.
The treatment by absorption interaction entered in model 2
explained an additional 6% of the variance (Table 2). As shown
in Figure 1B, OT again had differential effects on the outcome
depending on levels of absorption. For mystical experiences,
however, such experiences were rated lower in the OT (relative
to PL) condition among high-absorption scorers, but mystical
experience ratings were virtually identical across conditions
among low-absorption scorers.

Although sensed presence was positively skewed, we decided
to perform a hierarchical regression with the continuous sensed
presence scores as the outcome in order to maintain symme-
try in the analytic approach across analyses (but see Supple-
mentary Material, Table S9, for results from a complementary
logistic regression on a dichotomous sensed presence variable).
Regarding the hierarchical regression on continuously scored
sensed presence, none of the models were significant, model 1,

F (3, 112) = 0.87, P = 0.46, and model 2, F (4, 111) = 1.53, P = 0.20
(notably, though, model 2 of the logistic regression was signif-
icant, χ2(1) = 4.20, P = 0.04. Nagelkerke’s R2 = 6.1%). However,
absorption was significantly related to sensed presence in model
2 (see Table 2). Although the treatment × absorption interaction
was not significant in the first (unlike the second) regression,
for consistency of presentation, we show the interaction pat-
tern in Figure 1C. Like for spirituality, OT relative to PL was
associated with more sensed presence experiences among low-
absorption scorers but less sensed presence experiences among
high-absorption scorers.

Finally, we made the corresponding analyses for treatment
by sex and treatment by religiosity interactions. These analyses
did not suggest any moderating effects of these variables, see the
Supplementary Material, Table S10.

All data and analyses in SPSS and JASP can be found at OSF
(https://osf.io/52v8e/).

Discussion
In this randomized, double-blind, PL-controlled experiment, we
sought to conceptually replicate and extend the findings of
Van Cappellen et al. (2016) indicating that intranasal OT causes
increased spirituality among American males, as moderated
by OT-related genotypes. We did so using a better powered
study (given the effect sizes of Van Cappellen et al., 2016) and
a priming plus sensory deprivation procedure that has pre-
viously been found capable of evoking spiritual experiences
(Granqvist et al., 2005; van Elk, 2014). Moreover, we used a sample
containing both sexes and drawn from a relatively secular cul-
tural context (Sweden). In addition to trait spirituality, we stud-
ied whether the presumed experimental effects would extend
to in vivo mystical experiences and the sensed presence of a

https://academic.oup.com/socafn/article-lookup/doi/10.1093/socafn/nsy068#supplementary-data
https://academic.oup.com/socafn/article-lookup/doi/10.1093/socafn/nsy068#supplementary-data
https://osf.io/52v8e/
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Fig. 1. Mean ratings for (A) spirituality, (B) mystical experiences and (C) sensed presence as a function of treatment and absorption groups. Error bars denote 95% CI.

Note. The median was used to split into low- and high-absorption scorers.

sentient being. Finally, we asked whether a personality disposi-
tion (absorption) indicative of suggestibility would interact with
the treatment (OT vs PL) on these spiritual outcomes.

Despite including a larger sample size, we failed to replicate
both the main effects of treatment (OT vs PL) and the treat-
ment by genotype interaction effects on trait spirituality that
were reported by Van Cappellen et al. (2016). Similarly, there
were no main effects of treatment or treatment by genotype
interaction effects on in vivo mystical experiences or the sensed
presence of a sentient being. Importantly, these results were not
explained by the fact that both men and women were included
in the present study, whereas only men were included in Van
Cappellen et al. (2016). Additional Bayesian analyses of our data
suggest that it is considerably more plausible that treatment
and treatment by genotype interactions do not have an effect
on spirituality-related outcomes than that they have such an
effect (even though it has to be noted that the evidence in
the case of in vivo mystical experiences is more of a trend).
Thus, the present study is not merely a failed replication but
provides evidence for the absence of treatment main effects
and treatment by genotype interaction effects, relative to the
alternative hypothesis.

Nevertheless, the study’s sample size displays a limitation
to the interpretability of our results, as the detection of small
effects (especially when including several predictors) requires
larger samples and the data could simply be insensitive to small
effect sizes. Thus, the main results as well as the exploratory
analyses have to be interpreted with a caution, even though our
sample was larger than in Van Cappellen et al.’s (2016) study
and larger than the average OT studies. However, we still believe
that the results hold as they are consistent throughout three
different spirituality-related outcomes and could consistently
be confirmed by applying Bayesian methods illustrating more
evidence in favor of the null hypothesis than for main and inter-
action effects of OT and the OT-related genotypes. Also, it should
be noted that Van Cappellen et al. (2016) did not find a significant
treatment effect in their study without controlling for religious
affiliation, which makes the present study, one could argue
contrarily, a successful replication of the previous result, with
a larger sample. We note that the sample size was not optimal
for genetic analyses and we are therefore cautious with these
interpretations; however, we would have considered it more
negligent not to include OT by genotype interactions into our
study given the research on genetic influences on OT signaling.

On a more positive note, however, in our exploratory
analyses, we found that the personality disposition absorption

and treatment displayed an interesting interaction pattern.
Specifically, the observed pattern suggested that OT facil-
itated spirituality and the sensed presence of a sentient
being among low-absorption scorers but had equally notable
dampening effects on the spirituality-related outcomes among
high-absorption scorers.

Though we observed neither main effects of OT nor any
treatment by genotype interactions, this should not be confused
with overall non-significant effects for OT (see also Quintana,
2018), as our treatment by absorption interactions suggest oth-
erwise. Note that an average effect close to zero is consistent
with at least two causal interpretations: the true average causal
effect is close to zero because all single-unit causal effects are zero
or negligible-to-small in effect size, or the true average causal
effect is close to zero because non-negligible single unit causal
effects cancel each other out. Although the exact treatment
by absorption interaction patterns that we observed were not
hypothesized in the pre-registration process—because previous
research and theorizing suggested the possibility of competing
interaction patterns (e.g. Bryant et al., 2012; Granqvist et al., 2005;
van Elk, 2014)—we considered exploratory questions pertaining
to the role of absorption.

As suggested by the graphical illustration of the interac-
tions (Figure 1), OT, relative to PL, facilitated spiritual outcomes
(at least trait spirituality and sensed presence) among partic-
ipants low in absorption, perhaps because of a suggestibility-
enhancing effect of OT for such participants. In other words, OT
may promote spirituality among people who are not ‘naturally’
spiritually inclined so that even they may, at least temporarily,
gain a sense of self-transcendence and connection to a sensed
presence. This interpretation is in line with and further extends
findings reported by Bryant et al. (2012) that indicate that OT
facilitates hypnotic susceptibility in individuals previously low
in hypnotic susceptibility. Importantly, these findings are also
in line with results presented in the Supplementary Material of
Van Cappellen et al.’s (2016) study, indicating that the strongest
effects of OT on spirituality were observed among participants
with no religious affiliation.

Of equal interest, and much more surprising, however, was
that the interaction in our study is consistent with a dampening
effect of OT (again relative to PL) on spirituality among
participants high in absorption (Figure 1). High-absorption
individuals who are habitually prone to enter altered states of
mind appear, perhaps seemingly paradoxically, to become less
inclined to do so from intranasal OT. We suggest as one possible
explanation that OT may have a stabilizing effect on the minds of
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high-absorption scorers, akin to the calming effects of low
doses of the central stimulant medication observed especially
on hyperactive individuals (Arnsten, 2006). Alternatively, while
high-absorption scorers do not need OT because they are
already prone to spirituality and sensed presence experiences,
low-absorption scorers seemingly depend upon this additional
factor (OT) to enable such experiences. Needless to say, these
conjectures should be tested in future research, and our
observed interaction pattern as a whole should of course be
subjected to replication attempts.

Given the surprising pattern involving lower spiritual expe-
riences among high-absorption scorers in the OT than the PL
group, which was not anticipated in our pre-registered hypoth-
esis, it is of course plausible that our interaction patterns were
just chance findings. However, consistent with the notion that
OT may enhance spirituality primarily among individuals who,
in general, are less prone to having spiritual experiences (Van
Cappellen et al., 2016, see Supplementary Material) we did not
dismiss them as such at this stage. Furthermore, research on OT
effects in behavioral sciences suggests that interindividual trait
differences as well as contextual factors play an underestimated
role in explaining OT effects (for reviews, see e.g. Bartz et al.,
2011; Olff et al., 2013). Seen in this light, absorption is a plausible
moderator for OT effects on spirituality-related outcomes, even
if the specific mechanisms need to be scrutinized in further
research.

It is not clear why we failed to replicate the findings reported
by Van Cappellen et al. (2016). Although by no means unusual
with failed replications in experimental psychology (Open Sci-
ence Collaboration, 2015), let alone of experimental OT effects
(e.g. Walum et al., 2016), the Van Cappellen et al. (2016) study
had a comparatively strong study design, with a reasonable sam-
ple size, double-blind experimental protocol, relevant genotype
moderators and evidence of mediation. Three possible reasons
for our failed replication are especially noteworthy and should
be considered in future replication and extension studies. First,
although Van Cappellen et al. (2016) had a good justification for
controlling religious affiliation (i.e. a potential confounder for
spirituality), it is again worth noting that their significant effects
of OT on spirituality were obtained only by following statistical
control of participant religious affiliation. In other words, their
crude unadjusted effects of OT on spirituality were not statis-
tically significant although the point estimate was still positive
(see also Quintana and Williams, 2018). This alone might indicate
that there is no robust, ‘true’ main effect of intranasal OT on
spirituality and that the significant effect observed following
control of religious affiliation was a mere chance finding; indeed,
we failed to conceptually replicate it.

Second, it is worth noting that our study was conducted
in a relatively secular country, where neither religiosity nor
spirituality is culturally normative (Gruneau-Brulin et al., in
press; Norris and Inglehart, 2011). This is unlike the Van
Cappellen et al. (2016) study, which was conducted in the USA,
where religiosity and spirituality are more culturally normative
than in Sweden, although we note that this may vary in different
communities and across regions. Consequently perhaps, the
mean scores on the trait spirituality outcome in Van Cappellen
et al. (2016; 4.71 in the PL condition) were much higher than
in the present study (2.93 in the PL condition), amounting to
a huge effect size difference (d = 2.31). It is not inconceivable
that OT-facilitated experiences of self-transcendence and a
sense of connection may lend themselves to religious/spiritual
terminology and interpretations among most Americans,
whereas this may not be the case among most Swedes

(cf. Granqvist and Moström, 2014; Gruneau-Brulin et al., in
press). In other words, OT could have well facilitated a sense
of connection in our study, just as in Van Cappellen et al. (2016),
but the spirituality-related outcome measures of the present
study may have been unable to do that effect justice because
of cultural matters relating to secularism. However, without
denying this possibility, it cannot account for the treatment
by absorption interactions observed on our spirituality-related
outcomes. Nonetheless, future replication attempts should
be undertaken across both relatively religious/spiritual and
secular cultural contexts to help clarify these matters. Notably,
contextual differences associated with culture may be key
behind failed replications of research on culturally entrenched
matters such as spirituality and religion (e.g. Gruneau-Brulin
et al., in press).

Third, one could object that our priming plus sensory depri-
vation procedure could have played a role in our failed replica-
tion. On the one hand, priming plus sensory deprivation could
have somehow interfered with the spirituality-promoting effects
of OT. However, we deem this to be unlikely, as priming with reli-
gious topics followed by a sensory deprivation situation should
most likely enable or even boost an effect of OT on spirituality
instead of diminishing it. As noted, there is strong evidence
for the effectiveness of priming plus sensory deprivation pro-
cedures in eliciting spiritual experiences (see Hood and Morris,
1981; Granqvist et al., 2005; Andersen et al., 2014; van Elk, 2014).
This is presumably because priming serves to plant ideas in
the mind which sensory deprivation then—by turning atten-
tion inwards to internal states while preventing disconfirma-
tory sensory evidence (Deikman, 1966)—may bring to fruition.
Also, despite the possibility of context-dependent effects of OT
(see e.g. Bartz et al., 2011), it seems highly implausible that
positive OT effects on spirituality would only come into play in
the absence of religious priming and sensory deprivation. On the
other hand, it is still possible that the procedure was insufficient
to produce mystical experiences and sensed presence in vivo.
Future research could profitably add and evaluate more powerful
induction components, such as explicit instructions of what to
expect in order to enhance expectations (e.g. Andersen et al.,
2014), suggestive technological tools (e.g. Granqvist et al., 2005;
Andersen et al., 2014; van Elk, 2014), additional religious/spiritual
primes (e.g. baroque organs, the smell of incense) and manipu-
lation of motivational parameters (e.g. activation of the attach-
ment system; Birgegard and Granqvist, 2004). Again, however,
insufficient suggestive power cannot be the sole explanation for
our failed replication, given the largely consistent treatment by
absorption interaction effects observed and the credible track
record of facilitating mystical and sensed presence experiences
via priming plus sensory deprivation (e.g. Granqvist et al., 2005;
Hood and Morris, 1981).

In closing, we have failed to conceptually replicate Van Cap-
pellen et al.’s (2016) findings indicating that intranasal OT causes
a general increase in trait spirituality, as moderated by OT-
related genotypes. Our data suggests that there is likely no
main-effect of OT, nor interactions with OT-relevant genotypes,
on spirituality-related outcomes., even in interaction with OT-
related genotypes. However, our exploratory analyses suggest
that OT may have differential effects on spirituality-related out-
comes depending on people’s proclivities for absorption. Specif-
ically, OT could facilitate spirituality-related outcomes among
individuals who are not characteristically prone to suggestion
or to enter altered states of consciousness, but to dampen spir-
ituality among individuals who are characteristically prone to
suggestion and to enter altered states of consciousness.



930 Social Cognitive and Affective Neuroscience, 2018, Vol. 13, No. 9

Supplementary data

Supplementary data are available at SCAN online.

Funding
This work was supported by John Templeton Foundation [P.G.
(51897)] and by the Swedish Research Council [P.L. (2012-801)]
and [L.W. (2014-3805)]. The funding bodies had no role in the
design or execution of the study, nor in preparation, review or
approval of the manuscript, or in the decision to submit the
manuscript for publication.

Acknowledgements

We are grateful to Patty Van Cappellen for the feedback
and comments on an earlier version of the manuscript. We
thank KI Biobank/BBMRI.se for the storage and extraction
of DNA. The authors would also like to thank the reviewers
for valuable comments and suggestions that improved the
manuscript.

References
Åkerstedt, T., Gillberg, M. (1990). Subjective and

objective sleepiness in the active individual.
International Journal of Neuroscience, 52, 29–37. doi.
http://doi.org/10.3109/00207459008994241.

Algoe, S.B., Way, B.M. (2014). Evidence for a role of the OT system,
indexed by genetic variation in CD38, in the social bonding
effects of expressed gratitude. Social Cognitive and Affective
Neuroscience, 9, 1855–61. doi: 10.1093/scan/nst182.

Andersen, M., Schjoedt, U., Nielbo, K.L., Sørensen, J. (2014).
Mystical experience in the lab. Method and Theory in the Study
of Religion, 26, 217–45. doi: 10.1163/15700682-12341323

Arnsten, A.F. (2006). Stimulants: therapeutic actions
in ADHD. Neuropsychopharmacology, 31, 2376–83.
doi: 10.1038/sj.npp.1301164.

Bakermans-Kranenburg, M.J., Van IJzendoorn, M.H. (2014).
A sociability gene? Meta-analysis of oxytocin receptor
genotype effects in humans. Psychiatry Genetics, 24, 45–51.
doi: 10.1097/YPG.0b013e3283643684.

Bartz, J.A., Zaki, J., Bolger, N., Ochsner, K. (2011). Social effects
of oxytocin in humans: context and person matter. Trends in
Cognitive Sciences, 15, 301–30. doi: 10.1016/j.tics.2011.05.002.

Barzan, D., Veldwijk, M.R., Herskind, C., Li, Y., Zhang, B.,
Sperk, E., et al. (2013). Comparison of genetic variation of
breast cancer susceptibility genes in Chinese and German
populations. European Journal of Human Genetics, 21, 1286–92.
doi: 10.1038/ejhg.2013.38.

Beard, R., Singh, N., Grundschober, C., Gee, A.D., Tate,
E.W. (2018). High-yielding 18F radiosynthesis of a novel
oxytocin receptor tracer, a probe for nose-to-brain oxytocin
uptake in vivo. Chemical Communications, 81, 629–4 doi:
http://doi.org/10.1039/C8CC01400K.

Birgegard, A., Granqvist, P. (2004). The correspondence between
attachment to parents and God: three experiments using sub-
liminal separation cues. Personality and Social Psychology Bulletin,
30, 1122–35. doi: 10.1177/0146167204264266.

Born, J., Lange, T., Kern, W., McGregor, G.P., Bickel, U., Fehm, H.L.
(2002). Sniffing neuropeptides: a transnasal approach to the
human brain. Nature Neuroscience, 5, 514–16. doi: 10.1038/nn849.

Bos, P.A., Panksepp, J., Bluthé, R.M., van Honk, J. (2012). Acute

effects of steroid hormones and neuropeptides on human
social-emotional behavior: a review of single administra-
tion studies. Frontiers in Neuroendocrinology, 33, 17–35. doi:
10.1016/j.yfrne.2011.01.002.

Bryant, R., Hung, L., Guastella, A.J., Mitchell, P.B. (2012). Oxytocin
as a moderator of hypnotizability. Psychoneuroendocrinology, 37,
162–66. doi: 10.1016/j.psyneuen.2011.05.010.

Buchheim, A., Heinrichs, M., George, C., et al. (2009).
Oxytocin enhances the experience of attachment
security. Psychoneuroendocrinology, 34, 1417–22. doi:
10.1016/j.psyneuen.2009.04.002.

Chini, B., Verhage, M., Grinevich, V. (2017). The action radius of
oxytocin release in the mammalian CNS: from single vesicles
to behavior. Trends in Pharmacological Science, 38, 982–91. doi:
10.1016/j.tips.2017.08.005.

Cortes, D.S., Laukka, P., Lindahl, C., Fischer, H. (2017).
Memory for faces and voices varies as a function of
sex and expressed emotion. PLoS ONE, 12(6), e0178423.
doi: https://doi.org/10.1371/journal.pone.0178423.

Deikman, A.J. (1966). De-automatization and
the mystic experience. Psychiatry, 29, 324–38.
doi:10.1080/00332747.1966.11023476.

Feldman, R., Monakhov, M., Pratt, M., Ebstein, R.P.
(2016). Oxytocin pathway genes: evolutionary ancient
system impacting on human affiliation, sociality,
and psychopathology. Biological Psychiatry, 79, 174–84
https://doi.org/10.1016/j.biopsych.2015.08.008.

Feldman, R., Zagoory-Sharon, O., Weisman, O., et al. (2012). Sen-
sitive parenting is associated with plasma oxytocin and poly-
morphisms in the OXTR and CD38 genes. Biological Psychiatry,
72, 175–81. doi: 10.1016/j.biopsych.2011.12.025.

Feng, C., Lori, A., Waldman, I.D., Binder, E.B., Haroon, E., Rilling,
J.K. (2015). A common oxytocin receptor gene (OXTR) polymor-
phism modulates intranasal oxytocin effects on the neural
response to social cooperation in humans. Genes, Brain and
Behavior, 14, 516–25. doi: 10.1111/gbb.12234.

Gimpl, G., Fahrenholz, F. (2001). The oxytocin receptor system:
structure, function, and regulation. Physiological Reviews, 81,
629–83. doi: 10.1152/physrev.2001.81.2.629.

Granqvist, P. (1998). Religiousness and perceived childhood
attachment: on the question of compensation or correspon-
dence. Journal for the Scientific Study of Religion, 37, 350–67. doi:
10.2307/1387533.

Granqvist, P., Fredrikson, M., Unge, P., et al. (2005). Sensed
presence and mystical experiences are predicted by sug-
gestibility, not by the application of transcranial weak
complex magnetic fields. Neuroscience Letters, 375, 69–74.
doi: http://doi.org/10.1016/j.neulet.2004.11.052.

Granqvist, P., Hagekull, B., Ivarsson, T. (2012). Disorganized
attachment promotes mystical experiences via a propen-
sity for alterations in consciousness (absorption). Inter-
national Journal for the Psychology of Religion, 22, 180–97.
doi: http://doi.org/10.1080/10508619.2012.670012.

Granqvist, P., Kirkpatrick, K.L. (2013). Religion, spirituality, and
attachment. In: Pargament, K.I., Exline, J.J., Jones, J.W., editors.
APA Handbook of Psychology, Religion, and Spirituality (Vol 1):
Context, Theory, and Research, Washington, DC: American Psy-
chological Association, 139–55.

Granqvist, P., Kirkpatrick, L.A. (2016). Attachment and religious
representations and behavior. In: Cassidy, J., Shaver, P.R.,
editors. Handbook of attachment: Theory, research, and clinical
applications, 3rd edn, Guilford: New York, NY, 856–78.

Granqvist, P., Larsson, M. (2006). Contribution of religiousness
in the prediction and interpretation of mystical experiences

https://academic.oup.com/socafn/article-lookup/doi/10.1093/socafn/nsy068#supplementary-data
https://dx.doi.org/doi. \ignorespaces http://doi.org/10.3109/00207459008994241
https://dx.doi.org/ \ignorespaces 10.1093/scan/nst182
https://dx.doi.org/ \ignorespaces 10.1163/15700682-12341323
https://dx.doi.org/ \ignorespaces 10.1038/sj.npp.1301164
https://dx.doi.org/ \ignorespaces 10.1097/YPG.0b013e3283643684
https://dx.doi.org/ \ignorespaces 10.1016/j.tics.2011.05.002
https://dx.doi.org/ \ignorespaces 10.1038/ejhg.2013.38
http://doi.org/10.1039/C8CC01400K
https://dx.doi.org/ \ignorespaces 10.1177/0146167204264266
https://dx.doi.org/10.1038/nn849
https://dx.doi.org/10.1016/j.yfrne.2011.01.002
https://dx.doi.org/10.1016/j.psyneuen.2011.05.010
https://dx.doi.org/10.1016/j.psyneuen.2009.04.002
https://dx.doi.org/10.1016/j.tips.2017.08.005
https://dx.doi.org/ \ignorespaces https://doi.org/10.1371/journal.pone.0178423
https://dx.doi.org/10.1080/00332747.1966.11023476
https://doi.org/10.1016/j.biopsych.2015.08.008
https://dx.doi.org/10.1016/j.biopsych.2011.12.025
https://dx.doi.org/10.1111/gbb.12234
https://dx.doi.org/10.1152/physrev.2001.81.2.629
https://dx.doi.org/10.2307/1387533
https://dx.doi.org/ \ignorespaces http://doi.org/10.1016/j.neulet.2004.11.052
https://dx.doi.org/ \ignorespaces http://doi.org/10.1080/10508619.2012.670012


D. S. Cortes et al. 931

in a sensory deprivation context: activation of religious
schemas. The Journal of Psychology, 140, 319–27. doi:
10.3200/JRLP.140.4.319-327.

Granqvist, P., Moström, J. (2014). There are plenty of Atheists in
foxholes—in Sweden. Archive for the Psychology of Religion, 36,
199–213. doi: 10.1163/15736121-12341285.

Gruneau-Brulin, J., Hill, P.C., Laurin, K., Mikulincer, M.,
Granqvist, P.. Religion vs the welfare state—the importance
of cultural context for religious schematicity and priming.
Psychology of Religion and Spirituality, 10(3), 276–287. doi:
http://dx.doi.org/10.1037/rel0000200

Guastella, A.J., Hickie, I.B., McGuinness, M.M., Otis, M., Woods,
E.A., Disinger, H.M., et al. (2013). Recommendations for the
standardisation of oxytocin nasal administration and guide-
lines for its reporting in human research. Psychoneuroen-
docrinology, 38, 612–25. doi: 10.1037/rel0000200.

Guastella, A., MacLeod, C. (2012). A critical review of the influence
of oxytocin nasal spray on social cognition in humans:
evidence and future directions. Hormones and Behavior,
61, 410–18. doi: 10.1016/j.yhbeh.2012.01.002.

Henningsson, S., Zettergren, A., Hovey, D., et al. (2015).
Association between polymorphisms in NOS3 and KCNH2
and social memory. Frontiers in Neuroscience, 9, 393. doi:
10.3389/fnins.2015.00393.

Hill, P.C., Pargament, K.I. (2008). Advances in the
conceptualization and measurement of religion and
spirituality: implications for physical and mental health
research. Psychology of Religion and Spirituality, 58, 3–17 doi:
http://dx.doi.org/10.1037/1941-1022.S.1.3.

Holbrook, C., Hahn-Holbrook, J., Holt-Lunstad, J. (2015).
Self-reported spirituality correlates with endogenous
oxytocin. Psychology of Religion and Spirituality, 7, 46–50.
http://dx.doi.org/10.1037/a0038255.

Hood Jr., R.W. (1975). The construction and preliminary valida-
tion of a measure of reported mystical experience. Journal of
Scientific Study of Religion, 21, 29–41. doi: 10.2307/1384454.

Hood, R.W., Jr., Hill, P.C., Spilka, B. (2009). The Psychology of Religion:
An Empirical Approach, New York, NY: Guilford Press.

Hood Jr, R.W., Morris, R.J. (1981). Sensory isolation and the
differential elicitation of religious imagery in intrinsic and
extrinsic persons. Journal for the Scientific study of Religion, 20,
261–73. doi: 10.2307/1385548.

Hovey, D., Henningsson, S., Cortes, D.S., et al. (2018). Emotion
recognition associated with polymorphism in oxytocinergic
pathway gene ARNT2. Social Cognitive Affective Neuroscience, 13,
173–181. https://doi.org/10.1093/scan/nsx141.

JASP Team (2018). JASP (Version 0.9) [Computer software].
Jin, D., Liu, H.X., Hirai, H., Torashima, T., Nagai, T., Lopatina, O.,

et al. (2007). CD38 is critical for social behaviour by regulating
OT secretion. Nature, 446, 41–45. doi: 10.1038/nature05526.

Karlsson, S., Henningsson, S., Hovey, D., et al. (2016). Social
memory associated with estrogen receptor polymorphisms in
women. Social Cognitive and Affective Neuroscience 11,877–83. doi:
10.1093/scan/nsw010.

Kelsch, C.B., Ironson, G., Szeto, A., Kremer, H., Schneiderman,
N., Mendez, A.J. (2013). The relationship of spirituality, bene-
fit finding, and other psychosocial variables to the hormone
oxytocin in HIV/AIDS. In: Piedmont, R., Village, A., editors.
Research in the Social Scientific Study of Religion, Vol. 24, Leiden,
the Netherlands: Brill, 137–62.

Knobloch, H.S., Charlet, A., Hoffmann, L.C., et al. (2012).
Evoked axonal oxytocin release in the central amygdala
attenuates fear response. Neuron, 73(3), 553–66. doi:
10.1016/j.neuron.2011.11.030.

Lee, H.J., Macbeth, A.H., Pagani, J.H., Young, W.S. (2009). Oxytocin:
the great facilitator of life. Progress in Neurobiology, 88, 127–51.
doi: 10.1016/j.pneurobio.2009.04.001.

Lee, M.R., Scheidweiler, K.B., Diao, X.X., Akhlaghi, F., Cummins,
A., Huestis, M.A., et al. (2018). Oxytocin by intranasal and
intravenous routes reaches the cerebrospinal fluid in rhesus
macaques: determination using a novel oxytocin assay. Molec-
ular Psychiatry, 23(1), 115–22. doi: 10.1038/mp.2017.27.

Lee, M.D., Wagenmakers, E.-J. (2014). Bayesian Cognitive Modeling:
A Practical Course, Cambridge: Cambridge University Press.

Li, J., Zhao, Y., Li, R., Broster, L.S., Zhou, C., Yang, S. (2015). Associ-
ation of oxytocin receptor gene (OXTR) rs53576 polymorphism
with sociality: a meta-analysis. PLoS ONE, 10(6), e0131820. doi:
10.1371/journal.pone.0131820.

Meyer-Lindenberg, A., Domes, G., Kirsch, P., Heinrichs, M. (2011).
Oxytocin and vasopressin in the human brain: social neu-
ropeptides for translational medicine. Nature Reviews Neuro-
science, 12, 524–38. doi: 10.1038/nrn3044.

Munesue, T., Yokoyama, S., Nakamura, K., et al. (2010). Two
genetic variants of CD38 in subjects with autism spec-
trum disorder and controls. Neuroscience Research, 67, 181–91
https://doi.org/10.1016/j.neures.2010.03.004.

Nadon, R., Hoyt, I.P., Register, P.A., Kihlstrom, J.F. (1991).
Absorption and hypnotizability: context effects reexam-
ined. Journal of Personality and Social Psychology, 60, 144–53.
http://dx.doi.org/10.1037/0022-3514.60.1.144.

Norris, P., Inglehart, R. (2011). Sacred and Secular—Religion and
Politics Worldwide, New York, NY: Cambride University Press.

Olff, M., Frijling, J.L., Kubzansky, L.D., et al. (2013). The role
of oxytocin in social bonding, stress regulation and mental
health: an update on the moderating effects of context and
interindividual differences. Psychoneuroendocrinology, 38, 1883–
94. http://dx.doi.org/10.1016/j.psyneuen.2013.06.019.

Open Science Collaboration. (2015). Estimating the reproducibil-
ity of psychological science. Science, 349(6251), aac4716.
doi: 10.1126/science.aac4716.

Persinger, M.A., Tiller, S.G., Koren, S.A. (2000). Experimental
simulation of a haunt experience and elicitation of
paroxysmal electroencephalographic activity by transcerebral
complex magnetic fields: induction of a synthetic ‘ghost’?
Perceptual and Motor Skills, 90, 659–74.
doi: 10.2466/pms.2000.90.2.659.

Piedmont, R.L. (1999). Does spirituality represent the sixth
factor of personality? Spiritual transcendence and the
five-factor model. Journal of Personality, 67, 985–1013.
doi: http://doi.org/10.1111/1467-6494.00080.

Quintana, D.S. (2018). Revisiting non-significant
effects of intranasal oxytocin using equiva-
lence testing. Psychoneuroendocrinology, 87, 127–30.
doi: https://doi.org/10.1016/j.psyneuen.2017.10.010.

Quintana, D., Williams, D.R. (2018). Bayesian alternatives for
common null-hypothesis significance tests in psychiatry:
a non-technical guide using JASP. BMC Psychiatry, 18, 178.
doi: https://doi.org/10.1186/s12888-018-1761-4.

Spanos, N.P., Moretti, P. (1988). Correlates of mystical and dia-
bolical experiences in a sample of female university stu-
dents. Journal for the Scientific Study of Religion, 27, 106–16.
doi: 10.2307/1387405.

Tellegen, A., Atkinson, G. (1974). Openness to absorbing and
self-altering experiences (‘absorption’), a trait related to hyp-
notic susceptibility. Journal of Abnormal Psychology, 83, 268–77.
doi: http://doi.org/10.1037/h0036681.

Thurfjell, D. (2015). Det gudlösa folket: De postkristna svenskarna
och religionen. [The Godless people: The post-Christian Swedes and

https://dx.doi.org/10.3200/JRLP.140.4.319-327
https://dx.doi.org/10.1163/15736121-12341285
https://dx.doi.org/http://dx.doi.org/10.1037/rel0000200
https://dx.doi.org/10.1037/rel0000200
https://dx.doi.org/10.1016/j.yhbeh.2012.01.002
https://dx.doi.org/10.3389/fnins.2015.00393
doi: http://dx.doi.org/10.1037/1941-1022.S.1.3
http://dx.doi.org/10.1037/a0038255
https://dx.doi.org/10.2307/1384454
https://dx.doi.org/10.2307/1385548
https://doi.org/10.1093/scan/nsx141
https://dx.doi.org/10.1038/nature05526
https://dx.doi.org/10.1093/scan/nsw010
https://dx.doi.org/10.1016/j.neuron.2011.11.030
https://dx.doi.org/10.1016/j.pneurobio.2009.04.001
https://dx.doi.org/10.1038/mp.2017.27
https://dx.doi.org/10.1371/journal.pone.0131820
https://dx.doi.org/10.1038/nrn3044
https://doi.org/10.1016/j.neures.2010.03.004
http://dx.doi.org/10.1037/0022-3514.60.1.144
http://dx.doi.org/10.1016/j.psyneuen.2013.06.019
https://dx.doi.org/ \ignorespaces 10.1126/science.aac4716
https://dx.doi.org/ \ignorespaces 10.2466/pms.2000.90.2.659
https://dx.doi.org/ \ignorespaces http://doi.org/10.1111/1467-6494.00080
https://dx.doi.org/ \ignorespaces https://doi.org/10.1016/j.psyneuen.2017.10.010
https://dx.doi.org/ \ignorespaces https://doi.org/10.1186/s12888-018-1761-4
https://dx.doi.org/ \ignorespaces 10.2307/1387405
https://dx.doi.org/ \ignorespaces http://doi.org/10.1037/h0036681


932 Social Cognitive and Affective Neuroscience, 2018, Vol. 13, No. 9

religion], Stockholm, Sweden: Molin & Sorgenfrei, ORCID-id:
0000-0002-6976-8435.

Van Cappellen, P., Way, B.M., Isgett, S.F., Fredrickson, B.L.
(2016). Effects of oxytocin administration on spirituality and
emotional responses to meditation. Social and Affective Neuro-
science, 11, 1579–87. doi: 10.1093/scan/nsw078.

van Elk, M. (2014). An EEG study on the effects of induced
spiritual experiences on somatosensory processing and
sensory suppression. Journal for the Cognitive Science of Religion,
2, 121–57. doi: 10.1558/jcsr.v2i2.24573.

Van IJzendoorn, M.H., & Bakermans-Kranenburg, M.J. (2012).
A sniff of trust: meta-analysis of the effects of intranasal
oxytocin on face recognition, trust to in-group, and trust
to out-group. Psychoneuroendocrinology, 37, 438–43. doi:
10.1016/j.psyneuen.2011.07.008.

Wagenmakers, E.J., Marsman, M., Jamil, T., et al. (2017). Bayesian
inference for psychology. Part I: theoretical advantages and

practical ramifications. Psychonomic Bulletin & Review, 25, 35–57
http://doi.org/10.3758/s13423-017-1343-3.

Walum, H., Waldman, I.D., Young, L.J. (2016). Statistical and
methodological considerations for the interpretation of
intranasal oxytocin studies. Biological Psychiatry, 79, 251–257.
doi: 10.1016/j.biopsych.2015.06.016

Watson, D., Clark, L.A., Tellegen, A. (1988). Development
and validation of brief measures of positive and nega-
tive affect: The PANAS scales. Journal of Personality and
Social Psychology, 54(6), 1063–70 http://doi.org/10.1037/0022-
3514.54.6.1063.

Westberg, L., Walum, H. (2014). Oxytocin and vasopressin gene
variation and the neural basis of social behaviors. In: Canli, T.,
editor. The Oxford Handbook of Molecular Psychology, Oxford, UK:
Oxford University Press, 145–66.

https://dx.doi.org/10.1093/scan/nsw078
https://dx.doi.org/10.1558/jcsr.v2i2.24573
https://dx.doi.org/10.1016/j.psyneuen.2011.07.008
http://doi.org/10.3758/s13423-017-1343-3
https://dx.doi.org/10.1016/j.biopsych.2015.06.016
http://doi.org/10.1037/0022-3514.54.6.1063

	Mixed support for a causal link between single dose intranasal oxytocin and spiritual experiences: opposing effects depending on individual proclivities for absorption
	Introduction 
	OT and spiritual experiences
	Spirituality and OT genotypes
	Mystical experiences and absorption
	Conceptual replication and extension of Van Cappellen et al. (2016)
	The present study

	Method
	Participants and procedure
	Measures
	DNA extraction and genotyping
	Data analyses

	Results
	Preliminary analyses
	Intranasal OT main effects on spirituality-related outcomes
	Intranasal OT and genotype effects on spirituality-related outcomes
	Intranasal OT and absorption effects on spirituality-related outcomes

	Discussion
	Supplementary data

	Funding


