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Abstract  

Interoception, i.e. the perception and appraisal of internal bodily signals, is related to the 

phenomenon of craving, and is reportedly disrupted in alcohol use disorders. The hormone oxytocin 

influences afferent transmission of bodily signals and, through its potential modulation of craving, is 

proposed as a possible treatment for alcohol use disorders. However, oxytocin’s impact on 

interoception in alcohol users remains unknown.  

Healthy alcohol users (N=32) attended two laboratory sessions to perform tests of interoceptive 

ability (heartbeat tracking: attending to internal signals and, heartbeat discrimination: integrating 

internal and external signals) after intranasal administration of oxytocin or placebo. Effects of 

interoceptive accuracy, oxytocin administration and alcohol intake, were tested using mixed-effects 

models.  

On the tracking task, oxytocin reduced interoceptive accuracy, but did not interact with alcohol 

consumption.  On the discrimination task, we found an interaction between oxytocin administration 

and alcohol intake: Oxytocin, compared to placebo, increased interoceptive accuracy in heavy 

drinkers, but not in light social drinkers. 

Our study does not suggest a pure interoceptive impairment in alcohol users but instead potentially 

highlights reduced flexibility of internal and external attentional resource allocation. Importantly, 

this impairment seems to be mitigated by oxytocin. This attentional hypothesis needs to be explicitly 

tested in future research.  

Key words: Alcohol, Addiction, Alcohol use, Oxytocin, Interoception, Attention 
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Introduction  

Interoception classically refers to the signaling, representation, and perception of internal bodily 

sensations coming from the viscera, for example, heartbeats, gastric distension, or visceral pain 

(Cameron, 2001). Interoceptive processes are the safeguards of homeostatic control and contribute 

to motivational and affective behaviours (Tsakiris and Critchley, 2016). In the context of drug 

addiction, indirect evidence suggests that interoceptive processes underpin urges to take a drug, 

also known as drug craving (Naqvi and Bechara, 2010). For example, lesion studies implicate the 

insular cortex, a brain region supporting interoceptive states, in the phenomenon of craving (Gray 

and Critchley, 2007). Neuroimaging studies further reveal abnormalities in the morphometry, 

functional activity and connectivity of insular cortex in alcohol, cannabis and, also, tobacco users 

(Berk et al., 2015, Maria et al., 2015, Grodin et al., 2017). In addition to lesion and neuroimaging 

investigations, more direct evidence concerning the relationship between interoceptive ability and 

craving can be drawn from behavioural studies. Interoceptive ability (i.e. interoceptive accuracy) 

commonly measured using heartbeat tracking and heartbeat discrimination tasks (Garfinkel et al., 

2015, Brener and Ring, 2016). In the heartbeat tracking task, participants silently count their own 

heartbeats, by focusing their attention on their internal cues. In the heartbeat discrimination task, 

participants attend to both internal and external cues, judging the synchrony between their own 

heartbeats and sequences of tones either presented in synch or out of synch with their own 

heartbeats. In this task, participants flexibly switch attention between external and internal cues to 

integrate the perceptions for the synchronicity judgment. Interestingly, the interoceptive accuracy of 

alcohol-dependent subjects and drug users has only been tested using the heartbeat tracking task. 

Diminished interoceptive abilities are observed in these populations and this deficit is positively 

associated with both subjective craving sensations and alexithymia (e.g. difficulties in identifying and 

describing emotions) (Ates Çöl et al., 2016, Sönmez et al., 2016). We recently reported that 

alexithymia (a possible outcome of aberrant processing of bodily sensations) may play a role in 

alcohol use (Betka et al., 2017). Indeed, the effective integration of interoceptive inputs is crucial for 
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both subjective experience and social skills (Park and Tallon-Baudry, 2014, Shah et al., 2017); i.e. 

skills typically impaired in alcohol and drug use disorders (D’Hondt et al., 2014, Verdejo-Garcia, 

2014).  

Oxytocin (OT) is a neuropeptide hormone that is mostly synthesised in the hypothalamus, and 

released into the bloodstream via the posterior pituitary gland (Sokol and Valtin, 1967). OT receptors 

are present in central and peripheral tissues, including the brain, heart, gastrointestinal tract, and 

uterus. (Gimpl and Fahrenholz, 2001). Many human studies focus on the impact of OT administration 

on social cognition. However, underlying mechanisms remain unclear, since rodent ligands for OT 

receptors are not selective for human OT receptors (Paloyelis et al., 2014, Leng and Ludwig, 2015, 

Quintana et al., 2015, Valstad et al., 2016, Valstad et al., 2017). Nevertheless, OT administration can 

increase trust and enhance the detection of emotional signals of others (Domes et al., 2007, Keri and 

Kiss, 2011, Schulze et al., 2011, Lischke et al., 2012, Van and Bakermans-Kranenburg, 2012, Perry et 

al., 2013, Kanat et al., 2015). Relatedly, OT administration can also improve capacity for “mind 

reading” (mentalization) (Guastella et al., 2010), empathy (Hurlemann et al., 2010, Panksepp and 

Panksepp, 2013) and mimicry of angry faces (Korb et al., 2015). One proposed mechanisms by which 

OT impacts emotional regulation is via the modulation of attention resources. Indeed, intranasal OT 

will preferentially increase attention toward social cues, such as emotional faces, compared to 

neutral or non-social cues (Tollenaar et al., 2013, Clark-Elford et al., 2014, Dal Monte et al., 2014, 

Domes et al., 2016, Kanat et al., 2017, Pfundmair et al., 2017). There is emerging interest in whether 

the modulation of interoceptive processing underpins the impact of the OT system on social 

cognition. OT is hypothesized to enhance attention toward interoceptive signals (i.e. precision of 

central interoceptive representations), which can inform generative models of emotional and 

selfhood (Quattrocki and Friston, 2014). Intranasal OT administration may not markedly influence 

performance on heartbeat discrimination in healthy human participants (Yao et al., 2017), yet 

electrophysiological studies show that OT gates the transmission of viscerosensory afferent 

information (Peters et al., 2008). Correspondingly, OT has a direct impact on neurons within nucleus 
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of the solitary tract (NTS), the main visceroceptive relay within the brainstem (Craig, 2002, Karelina 

and Norman, 2009).  

Interestingly, a new wave of translational research suggests that OT administration can inhibit 

alcohol consumption. One clinical trial showed that intranasal OT attenuated alcohol withdrawal 

symptoms in alcoholic patients (Pedersen et al., 2013). In rodents, the overexpression of OT 

receptors in mice reduces the rewarding proprieties of ethanol (Bahi, 2015) and OT injections 

decrease ethanol consumption, ethanol preference and ethanol-triggered dopamine release within 

the accumbens nucleus (Peters et al., 2013, MacFadyen et al., 2016, King et al., 2017, Peters et al., 

2017). Such observations further implicate the OT system in the development and maintenance of 

addiction (McGregor and Bowen, 2012, Buisman-Pijlman et al., 2014, Lee et al., 2016). Indeed, in 

adolescent animals, OT exposure will reduce the expression of anxiety and protect against 

development of adult alcohol and drug seeking behaviours (Bowen et al., 2011, Hicks et al., 2016). 

These effects are bidirectional: Alcohol injection is known to inhibit endogenous OT release (Fuchs et 

al., 1967). Again, Interoception appears to be an important mediator: The processing of bodily 

sensations is impaired in alcohol-dependent individuals and the degree of this impairment correlates 

with emotional impairments, including alexithymia. OT can improve the emotional skills of 

alexithymic individuals (Luminet et al., 2011), most likely through its impact on brain centres 

supporting both interoception and emotion (Crockford et al., 2014, Lancaster et al., 2015, Strauss et 

al., 2015).  

In summary, interoception is a crucial facet of emotional regulation, which seems to be impaired in 

alcohol-dependent individuals. OT is a facilitator of empathic emotional feelings and enhances 

afferent viscerosensory transmission. Moreover, OT may reduce alcohol withdrawal symptoms and 

diminish alcohol intake. We, therefore, sought to characterize the impact of intranasal OT on 

interoceptive processing in alcohol users. We hypothesised that interoceptive skills are negatively 
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correlated with alcohol use severity and that OT administration improves interoception and hence 

can reduce the impairments observed in heavy alcohol users. 

Finally, higher level of alexithymia, anxiety, and depression are usually observed in alcohol use 

disorder (Evren et al., 2009). As these three conditions are associated with abnormal interoceptive 

profiles (Paulus and Stein, 2010, Barrett et al., 2016, Garfinkel et al., 2016, Betka et al., 2017), we 

thought it crucial to account for them in our analyses. However, we did not have any fresh 

hypotheses regarding the influence of these variables. 
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Method 

Participants 

Thirty-two male volunteers (mean age 25.1 yrs; range 18–36yrs) took part in the experiment. 

Participants were recruited via advertisements placed around the University of Sussex and Brighton 

and Sussex Medical School. All participants were healthy individuals with no history of psychiatric or 

neurological diseases and were not taking medication. During the screening, participants were 

directly asked if they had any history or received any diagnostic of alcohol or drug use disorders. The 

average number of years of education was M= 16.9 (SD = 2.62). All participants gave their written 

informed consent and were compensated for their time. The study was reviewed and approved by 

the BSMS Research Governance and Ethics committee. 

Procedure  

The study was conducted at the Clinical Imaging Science Centre in Brighton, United Kingdom. 

Participants were told that the goal of the study was to explore the impact of oxytocin on emotional 

regulation. The study was composed of three sessions. Participants were asked to abstain drinking 

24h before each session. Prior to any session, participants were breathalysed and a urinary sample 

was collected to test for drug use. The urinary drug test was undertaken to confirm the absence of 

drug use to exclude drug use disorder. The alcohol test was undertaken to ensure that participants 

abstained before the sessions. In the case of positive results, the participant would be excluded. 

During the baseline session and following the consent, demographic data (e.g. age, education level) 

were recorded, a blood sample was collected and psychometric questionnaires were administered. 

A within-subject design was used; a drug sequence was randomly allocated to each participant for 

the second and third session. On the second and third sessions, each participant self-administered 

40IU of oxytocin (OT) nasal spray (Syntocinon; Novartis, Basel, Switzerland) or placebo (same 

composition as Syntocinon except for OT) in the presence of the experimenter, and subsequently 

performed the behavioural tasks 40 minutes after the administration (see supplementary section for 
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details regarding the nasal spray administration). The second and third sessions were separated by 

2-3 days. One participant specified he was hungover on one of the sessions; his data were discarded 

from the analyses. We failed to collect blood from two participants. Plasma OT measures are 

detailed in supplementary material.  

Questionnaires  

Alcohol Use Questionnaire (AUQ) 

The AUQ (Mehrabian and Russell, 1978) is a 15-item scale measuring in detailed way the quantity of 

alcohol consumption (alcohol units (8g) drunk per week; Units per week). Participants were asked to 

estimate the number of drinking days, the usual quantity consumed and their drinking pattern over 

the preceding six months. For the purpose of our study, we used only the drinking quantity (i.e. 

alcohol units per week). Following United-Kingdom guidelines, alcohol consumption of 14 or less 

units of alcohol per week is considered as mild social drinking. Alcohol consumption of more than 14 

units of alcohol per week is considered as harmful drinking or moderate-to-heavy drinking 

(https://www.nhs.uk). 

Toronto Alexithymia Scale-20 items (TAS-20) 

The TAS-20 (Bagby et al., 1994) consists of 20 items rated on a five-point Likert scale (from 1 

“strongly disagree” to 5 “strongly agree”). The TAS-20 is composed of three factors. The first factor 

measures difficulties in identifying feelings (DIF), the second factor measures difficulties in describing 

feelings (DDF) and the third factor measures the way the participant uses externally oriented 

thoughts (EOT). The total alexithymia score is the sum of responses across all 20 items. We only 

considered the total score in our analyses. 

Trait Anxiety (STAI) 
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Trait anxiety was assessed using the Trait version of the Spielberger State/Trait Anxiety Inventory 

(STAI; Spielberger et al., 1983). This questionnaire is composed of 20 questions, assessing trait 

anxiety with questions such as “I lack self-confidence” and “I have disturbing thoughts”. Participants 

were asked to answer each statement using a response scale (which runs from 1 “Almost never” to 4 

“Almost always”) in order to capture a stable dispositional tendency (trait) for anxiety.  

Beck Depression Index II (BDI) 

Symptoms and severity of depression were evaluated using the BDI (Beck et al., 1996). Participants 

responded to 21 questions designed to assess the individual’s level of depression (e.g. Sadness, 

pessimism, past failure etc.). The BDI items are scored on a scale from 0–3. All items were then 

summed for a BDI total score.  

Interoceptive accuracy 

Interoceptive accuracy was gauged by the participants' ability to detect their own heartbeats using a 

heartbeat tracking task (Schandry, 1981) and a heartbeat discrimination task (Whitehead et al., 

1977, Katkin et al., 1983). During each task, heartbeats were indexed and recorded using sensitive 

pulse oximetry (standard for our laboratory). A soft finger sensor was used to avoid pressure-

induced pulsatile sensation at the fingertip and to gain accurate timing of pulse onsets from 

oximetric waveform output (Nonin4600 pulse oximeter, Nonin Medical Inc. Plymouth MN USA). 

Participants' heartbeats were monitored and recorded with the pulse oximeter sensor mounting 

attached to their index finger. The task was composed of 20 trials.  

For the heartbeat tracking task, participants were required to count their heartbeats during six 

randomized time windows of varying length (25, 30, 35, 40, 45 and 50 s) and, at the end of each time 

window, to report the number of heartbeats detected to the experimenter. To derive measures for 

interoceptive accuracy, heartbeat tracking scores were calculated on a trial-by-trial basis based upon 

the ratio of perceived to actual heartbeats 1 − |nbeatsreal − nbeatsreported|/((nbeatsreal + 
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nbeatsreported)/2 (Hart et al., 2013, Garfinkel et al., 2015). This measure calculates interoceptive 

accuracy, independent of the number of heartbeats in the trial by normalising the absolute error in 

perceived heartbeats as a function of the overall number of heartbeats. Mean interoceptive 

accuracy was computed by averaging accuracy for all trials. Moreover, a measure of heart rate was 

computed for each trial. 

For the heartbeat discrimination task, each trial consisted of ten tones presented at 440 Hz and 

having 100 ms duration, which were triggered by the heartbeat. Under the synchronous condition, 

stimuli were presented at the start of the rise of the pulse oximetry signal (i.e. indicator of cardiac 

systole O'Rourke et al., 2001). Under the asynchronous condition, a delay of 300 ms was inserted 

(i.e. diastolic phase). At the end of each trial, participants signaled to the experimenter whether they 

believed the tones to be synchronous or asynchronous with their heartbeats. Therefore, the 

outcome of each trial was binary (1= Accurate, 0= Inaccurate). Mean interoceptive accuracy for the 

heartbeat discrimination task was calculated as a ratio of correct to incorrect synchronicity 

judgments, for each participant. Moreover, a measure of heart rate was computed for each trial.  

Statistical analyses 

Analysis of interoceptive tracking accuracy used linear mixed-effects models as the outcome was 

continuous. We analysed interoceptive discrimination accuracy using generalized linear mixed 

models as the outcome was binary (Inaccurate =0; Accurate =1; binomial family function), using the 

lme4 package (Bates et al., 2015) in the R environment (version 3.4.2; RCoreTeam, 2013). P values 

were computed using lmerTest package (Kuznetsova et al., 2014). 

Both types of interoceptive accuracy were analysed with drug (2 levels: Placebo=0; OT=1), units of 

alcohol per week (continuous predictor), their interaction and control variables (heart rate, anxiety, 

depression, alexithymia and drug sequence) as fixed factors. Participants were treated as a random 
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factor. In order to specify the random effect structure, we used a data-driven approach for both 

tasks (Barr et al., 2013). Models including (1) random intercepts, (2) random uncorrelated intercepts 

and slopes and (3) random correlated intercepts and slopes were run. Models’ goodness of fits were 

compared using likelihood ratio tests. For the tracking task, the model including random correlated 

intercepts and slopes explained more variance than the two other models (Model 1: AIC =-293.91; 

Model 2: AIC =-354.91; Model 3: AIC =-385.46; Models 1-2 comparison: χ
2 

(11) = 61.00; p < 0.001; 

Models 2-3 comparison: χ
2 

(13) = 34.55; p < 0.001; Models 1-3 comparison: χ
2 

(13) = 95.55; p < 0.001). 

For the discrimination task, the model including random uncorrelated intercepts and slopes 

explained more variance than the model including random intercept alone (Model 1: AIC =1687.4; 

Model 2: AIC =1684; χ
2 

(10) = 3.33; p < 0.001). The model including random correlated intercepts and 

slopes did not adequately converge, even after rescaling and optimization. 

All continuous predictor variables were centred. Plasma OT levels were missing for two participants 

from whom we were unable to collect blood samples. Generalized and linear mixed models omit 

cases with missing data. Therefore, to check the effect of plasma OT levels on accuracy, we ran a 

first version of our final models, restricted to the participants with plasma OT information.  

Thereafter, we ran a second model, similar to the first one, but including plasma OT levels as 

predictor (fixed factor). For both tasks, we compared the two models using likelihood ratio tests. 
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Results  

Sample description, psychometric measures and correlations 

Thirteen participants were drinking between less than 14 alcohol units per week and were 

considered as mild social drinkers. Nineteen participants were drinking more than 14 alcohol units 

per week and were considered as moderate to heavy drinkers. Means, standard deviations, and 

ranges of psychometric measures, basal plasma OT level as well as interoceptive accuracy and heart 

rate were computed for both tasks (Table 1). Correlations coefficients revealed no relationship 

between psychometric measures and basal plasma OT level (Table 2).   

Tracking Task  

Results of the mixed-effects regression model, for this task, are presented in Table 3. 

We found a main effect of OT on accuracy, with reduced accuracy under OT compared to placebo (β 

= -0.08, SE = 0.03, p = 0.03). The main effect of heart rate was significant: participants with lower 

heart rate were more accurate than participants with higher heart rate (β = -0.01, SE = 0.01, p = 

0.002). A main effect of anxiety as well as a main effect of depression were found; anxiety was 

associated with reduced accuracy whereas depression was associated with increased accuracy 

(anxiety: β = - 0.01, SE = 0.01, p = 0.013; depression: β = 0.01, SE = 0.01, p =0.004). No main effect of 

units per week or interaction between OT/placebo and units per week was observed.  

In order to check the effect of plasma OT level on accuracy, we compared a model restricted to the 

participants with plasma OT information and a second one similar to the first one but including 

plasma OT levels as predictor. Adding plasma OT levels did not significantly improve the model fit (χ
2 

(14) = 2.33; p = 0.13). Moreover, the main effect of plasma was not significant (β = 0.05, SE = 0.04, p = 

0.16; see Tables S1 and S2 in the Supplemental Material).  
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Discrimination Task  

 Results of the mixed-effects regression model, for the (interoceptive/exteroceptive, cross-modal) 

discrimination task, are presented in Table 4. Crucially, we found a significant interaction between 

drug and units of alcohol (β = 0.02, SE = 0.01, p = 0.025): The more alcohol drunk, the more OT 

increases interoceptive accuracy compared to placebo (Figure 1).  

We also found a trend of main effect of drug on accuracy, with greater accuracy under OT than 

under placebo (β = 0.23, SE = 0.14, p = 0.092). A significant main effect of heart rate was also 

observed: participants with lower heart rate were more accurate than participants with higher heart 

rate (β = -0.01, SE = 0.01, p = 0.041).  

No main effect of anxiety, depression, and alexithymia or OT/placebo sequence was observed.  

In order to check the effect of plasma OT level on accuracy, we compared one model, restricted to 

the participants with plasma OT information, to a second model, similar to the first one but including 

plasma OT levels as predictor. Adding plasma OT levels did not significantly improve the model fit (χ
2 

(11) = 2.74; p = 0.10). Moreover, the main effect of plasma was not significant (β = -0.21, SE = 0.13, p = 

0.10; see Tables S3 and S4 in the Supplemental Material).  
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Discussion  

In the present study, we examined interoceptive processing in alcohol users and characterised the 

impact of intranasal oxytocin (OT) on these processes.  

Our main findings were that OT administration was associated with a reduction of interoceptive 

accuracy on the tracking task. However, it tended to be associated with an increase of interoceptive 

accuracy on the discrimination task. Moreover, we found a significant interaction between OT and 

alcohol intake on the discrimination task: Compared to placebo, OT administration was associated 

with improved interoceptive accuracy in heavy drinkers, but not in mild social drinkers. Interestingly, 

we did not find any main effect of units of alcohol on either interoceptive tasks; indicating that (non-

clinical) alcohol consumption alone did not seem to be a strong predictor of interoceptive accuracy. 

Unlike alcohol-dependent patients, these alcohol users do not seem to be markedly impaired in 

interoceptive accuracy (Ates Çöl et al., 2016, Sönmez et al., 2016). However, interaction between 

alcohol intake and OT was observed independently of heart rate, alexithymia, anxiety or depression 

(as we controlled for these potential confounds). Moreover, the fact that this interaction was found 

only in the discrimination task (and not in the tracking task) suggest that OT does not have a general 

impact on interoceptive processing.  

Indeed, while these two tasks are often used interchangeably in the objective measurement of 

interoception, heartbeat discrimination and heartbeat tracking tasks involve different cognitive 

mechanisms (Garfinkel et al., 2015, Garfinkel et al., 2016). Heartbeat tracking requires the 

participant to focus only on his/her internal cardiac sensations, whereas performance of the 

heartbeat discrimination task requires the participant to attend flexibly to, switch perception 

between, and integrate external (e.g. sound) and internal (e.g. actual heartbeat) cues. Therefore, in 

the discrimination task, this integration of both internal and external sensorial information is crucial 

for making accurate judgments of synchronicity. While specific studies of the integration of internal 

and external cues have yet to be undertaken in alcohol use disorders, there is evidence to suggest 
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that the multimodal integration of emotional information is impaired in alcohol-dependent 

individuals (Maurage et al., 2009, Brion et al., 2017). For example, electroencephalography reveals a 

reduced amplitude and increased latency of event-related potentials during crossmodal emotional 

processing in alcohol-dependent patients. However, this deficit is not observed in binge drinking 

suggesting that sensory integration processes are more vulnerable to chronic alcohol use compared 

to more acute alcohol intoxication or other drinking patterns (Maurage et al., 2008, Brion et al., 

2017).  

The ability to switch between internally and externally focused attention is evoked by the 

discrimination task. This capacity is impaired in specific psychiatric disorders, including obsessive and 

compulsive disorders (Stern et al., 2017). A cognitive-physiological theory of ‘alcohol myopia’ 

suggests that alcohol allows drinkers to narrow their perceptual abilities in order to focus in more 

immediate and salient aspects of experience (e.g. externally-oriented thoughts) (Steele and Josephs, 

1990, Fairbairn and Sayette, 2013). This is supported by the recent demonstration that alcohol 

disrupts key nodes within the salience network, suggesting compromised internal monitoring 

(Padula et al., 2011, Gorka et al., 2017, Grodin et al., 2017). Interestingly, intranasal OT is proposed 

to direct attentional resources from internal to external cues, through concurrent modulation of 

functional connectivity within the ventral attention network and salience network (Abu-Akel et al., 

2015, Shamay-Tsoory and Abu-Akel, 2016, Brodmann et al., 2017, Yao et al., 2017). These elements, 

plausibly account for the different directions of OT effects on the two interoceptive tasks, and 

inform understanding of the potential mechanism through which OT enhances interoceptive 

discrimination accuracy in heavy drinkers compared to mild social drinkers.  

The alcohol myopia theory suggests that heavy drinkers are biased toward the processing of 

interoceptive cues and consequently experience difficulty in switching attention to exteroceptive 

one. Heavy drinkers, before marked alcohol-induced neurodegeneration, may not be overtly 

impaired and might employ compensatory mechanisms to manage deficits in attentional switching. 
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However, we expect deficits become exacerbated and pathological with prolonged heavy drinking. 

The expression of such deficits may be mitigated by OT: As already mentioned, intranasal OT 

increases attentional resources toward exteroceptive stimulations. Correspondingly, we showed OT-

induced reduction of accuracy during interoceptive tracking. Indeed, as the tracking task mainly 

involves internally focused attention (Garfinkel et al., 2015), OT may directly weaken attentional 

resource allocation toward bodily sensations, compromising interoceptive performance, and 

perhaps boost the capacity to switch from internal to external focused attention. Alternatively, by 

increasing externally focused attention, OT may potentiate the integration of internal-external 

inputs. These complementary mechanisms can also explain why OT tended to increase interoceptive 

accuracy on the discrimination task and why heavy drinkers, potentially less able to switch between 

internal and external cues, show a greater benefit from OT administration than mild social drinkers. 

Our findings are also consistent with a model arising from a predictive coding framework, in which 

OT is proposed to modulate the precision of interoceptive signals (i.e. narrowing the attribution of 

salience to internal bodily signals). This neuromodulation allows attentional deployment toward 

relevant external cues and, thereby favours associative learning between internal and external cues, 

a process fundamental to social cognition (Quattrocki and Friston, 2014).  

Our results of the present study should be considered in light of several constraints. First, low heart 

rate is associated with increased accuracy on cardiac interoceptive tasks, an effect that we also 

observed on both heartbeat tracking and discrimination tasks. Relatedly, beliefs about heart rate 

may further influence heartbeat counting performance (Ring and Brener, 1996, Ring et al., 2015). 

We managed this issue by including heart rate as a co-variable in analyses to account for its bias on 

cardioception. A second limitation of the study is the generalisation of our findings to other 

dimensions of interoception. Even if it has been shown that cardioception aligns with sensitivity to 

gastric functions (Herbert et al., 2012), it would be interesting to investigate this relationship in 

alcohol use disorders. Finally, a last important constraint was that our sample was composed only of 

males to avoid taking menstrual cycle variability in our within-subject design. Further studies are 
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needed to verify if our findings regarding OT modulation of attentional resources are generalizable 

to women. Finally, we measured basal plasma OT level to account for inter-individual differences. 

However, knowledge of the relationship between central and peripheral endogenous oxytocin, and 

pharmacokinetic aspects of intranasal oxytocin action remain rudimentary (Quintana et al., 2015, 

Valstad et al., 2016, Valstad et al., 2017).   

In conclusion, this study is, to date, the first study to examine the impact of OT on interoceptive 

performance accuracy in relation to non-clinical alcohol use. Our results do not suggest pure 

interoceptive impairment in alcohol users, but instead highlight a potential reduced flexibility of 

attentional resource allocation between internal and external cues; importantly, this impairment 

might be mitigated by acute intranasal oxytocin intake. In the present study, attention mechanisms 

are suggested to explain the relationship between oxytocin and interoception in alcohol users. 

However, this hypothesis needs to be explicitly tested in future research. Nevertheless, our findings 

may usefully inform the development of new therapeutic approaches in alcohol and drug use 

disorders, potentially targeting mechanisms of attentional control and switching between 

interoceptive and exteroceptive sensory representations. Further studies involving neuroimaging 

will be helpful to build on this mechanistic understanding. 
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Tables  

Table 1 

    Mean Std. Deviation Range 

TAS-20 55.42 9.76 36-74 

Units per week 24.82 18.09 4.8-69.50 

STAI 48.19 12.21 22-66 

BDI 12.84 9.98 0-48 

Basal plasma oxytocin level (pg/mL) 1.61 0.57 0.95-3.07 

Mean discrimination Accuracy (Placebo) 0.53 0.13 0.30-0.85 

Mean discrimination Accuracy (Oxytocin) 0.58 0.18 0.30-0.95 

Mean heart rate during the discrimination task 

(Placebo; bpm) 

64.07 9.97 47.20-88.80 

Mean heart rate during the discrimination task 

(Oxytocin; bpm) 

66.67 11.15 46-80-88.10 

Mean tracking Accuracy (Placebo) 0.78 0.12 0.55-0.97 

Mean tracking Accuracy (Oxytocin) 0.68 0.23 0.25-0.97 

Mean heart rate during the tracking task 

(Placebo; bpm) 

62.12 9.89 44.30-83.80 

Mean heart rate during the tracking task 

(Oxytocin; bpm) 

65.45 11.17 43.30-85.70 
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Table 2 

  TAS-20 Units per 

week 

STAI BDI 

Units per week 

Pearson Correlation 0.192 -     

Sig. (2-tailed) 0.301       

STAI 

Pearson Correlation 0.308 -0.179 -   

Sig. (2-tailed) 0.091 0.337     

BDI 

Pearson Correlation 0.354 -0.117 .496
**

 - 

Sig. (2-tailed) 0.051 0.531 0.005   

BASAL PLASMA OXYTOCIN LEVEL 

Pearson Correlation -0.149 0.113 -0.057 -0.179 

Sig. (2-tailed) 0.440 0.558 0.770 0.352 
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Table3 

 

β Std. Error z value p value 

 

(Intercept) 0.794 0.025 32.254 0.000 *** 

Drug -0.078 0.034 -2.287 0.030 * 

Units per week -0.002 0.001 -1.689 0.105 

 

HR -0.005 0.002 -3.301 0.002 ** 

STAI -0.005 0.002 -2.687 0.013 * 

BDI 0.007 0.002 3.148 0.004 ** 

TAS-20 -0.001 0.002 -0.676 0.506 

 

Sequence -0.050 0.030 -1.689 0.102 

 

Drug*Units 0.002 0.002 1.256 0.220 
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Table 4 

 

β Std. Error z value p value 

 

(Intercept) 0.097 0.107 0.904 0.366 

 

Drug 0.236 0.140 1.686 0.092 . 

Units per week -0.002 0.005 -0.346 0.730 

 

HR -0.013 0.006 -2.043 0.041 * 

STAI -0.010 0.007 -1.511 0.131 

 

BDI -0.004 0.008 -0.435 0.664 

 

TAS-20 0.001 0.008 0.170 0.865 

 

Sequence 0.032 0.137 0.236 0.813 

 

Drug*Unit 0.018 0.008 2.239 0.025 * 
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Figures Legends 

Figure 1: Scatterplot illustrating the interaction between Drug (Oxytocin/Placebo) and alcohol units 

per week on interoceptive accuracy during the heartbeat discrimination task. The y-axis is displaying 

the difference between interoceptive accuracy under oxytocin and under placebo, in percentage. 

The shaded area represents the standard error. 

Tables Legends 

Table 1: Mean and standard deviations of psychometric measures, basal plasma oxytocin (OT) level 

as well as interoceptive accuracy and heart rate for both tasks.  

Table 2: Correlations coefficients for psychometric measures and basal plasma oxytocin (OT) level. 

Table 3: Mixed-effects regression model to explain accuracy on tracking task using predictors for 

oxytocin/placebo (drug), alcohol intake (units per week), and their interaction, with heart rate (HR), 

anxiety (STAI), depression (BDI), alexithymia (TAS-20) and drug sequence as control variables, 

including all participants.                                                                       

 Formula: Accuracy ~ Drug * Units per week + HR + STAI + BDI + TAS-20 + Sequence + (1 + Drug|ID);                                                 

signif. codes:  0 ‘***’  0.001 ‘**’  0.01 ‘*’  0.05 

Table 4: Mixed-effects regression model to explain accuracy on discrimination task using predictors 

for oxytocin/placebo (drug), alcohol intake (units per week),  and their interaction, with heart rate 

(HR), anxiety (STAI), depression (BDI), alexithymia (TAS-20) and drug sequence as control variables, 

including all participants.                                                                                                                                       
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Formula: Accuracy ~ Drug * Units per week + HR + STAI + BDI + TAS-20 + Sequence + (-1 + Drug|ID);                                                 

signif. codes:  0.01 ‘*’ 0.05 ‘.’ 0.1  
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Supplementary material 

In this present study, we were interested in the impact of intranasal oxytocin (OT) on interoception 

in alcohol users. Interestingly, translational research suggests that OT administration can inhibit 

alcohol consumption in animals (Peters et al., 2013, Bahi, 2015, Hicks et al., 2016, MacFadyen et al., 

2016, King et al., 2017, Peters et al., 2017). One human clinical trial showed that intranasal OT 

attenuated alcohol withdrawal symptoms in alcoholic subjects (Pedersen et al., 2013).However, 

alcohol seems to inhibit endogenous release of OT. For example, intravenous alcohol infusion was 

used to avoid premature labour (Lynn, 1970). In addition, two studies report greater plasma levels of 

OT in alcohol-dependent patients in recent alcohol abstinence. The authors postulate that this may 

be due to a “rebound effect” due to the ethanol consumption cessation (Legros et al., 1983, 

Marchesi et al., 1997). In order to take into account the potential reduction in endogenous OT levels 

in our alcohol users, we decided to measure plasma OT and to add it as a control variable in our 

analyses. 

Experimental Procedure  

Plasma oxytocin (OT) measure 

For the OT radioimmunological measurements, 10 ml blood was drawn into ethylenediamine 

tetraacetic acid vial. Samples were mixed briefly and were then centrifuged in a refrigerated 4 °C 

centrifuge at 4° C for 10 min at 1300 g. A quantity of 0.8 ml plasma was pipetted into 2-ml Eppendorf 

vials and samples were kept at -80° C until shipping. OT specific radioimmunoassays were conducted 

by Professor Rainer Landgraf’s team at the University of Munich (http://www.riagnosis.com). Assays 

were strictly standardised and validated in animal and human studies across different physiological 

states (hypertonicity, parturition, lactation, stress, etc.) to reliably detect the bioavailable 

neuropeptide in peripheral (plasma) compartments (for more details on the procedure see Landgraf, 

1985, Wotjak et al., 1998, Kagerbauer et al., 2013, Striepens et al., 2013). 
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Nasal spray administration 

1) Instructions related to the administration: The participant was told that she/he will have to take 

10 puffs of nasal spray: 5 in each nostril, right and left sides were alternated. As puffs needed to be 

spaced out, the examiner will be giving a signal to the participant every 30 seconds, prior to the puff. 

2) Instructions related to the nasal spray squeezing: Prior to the administration, participants were 

given a spray bottle full of water and were trained to deliver nice puffs in the air.  

3) Instructions related to the nasal spray sniffing: The participant was then instructed to give a quick 

and strong squeeze while quickly sniffing. The experimenter gave an example. 

4) Instructions related to the head position: Afterward, the examiner was showing to the participant 

in which position she/he should take the nasal spray. “Put the nozzle in the nostril as far as you can. 

Do not touch the septum or the walls of your nose. Your head needs to be slightly back. The nozzle 

needs to be in line with your nose, no angle.”  

When the participant felt ready, the administration began and lasted for 5 minutes in the presence 

of the experimenter. Nostril side sequence (left or right side first) was randomized across 

participants. 
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Table S1 

 

β Std. Error z value p value 

 

(Intercept) 0.800 0.025 31.959 0.000 *** 

oxytocin/placebo 

(drug) 

-0.082 0.035 -2.322 0.028 * 

Units per week -0.002 0.001 -1.357 0.189 

 

HR -0.005 0.002 -2.904 0.005 ** 

STAI -0.006 0.002 -2.913 0.008 ** 

BDI 0.007 0.002 2.823 0.009 ** 

TAS-20 -0.001 0.002 -0.442 0.663 

 

Sequence -0.064 0.030 -2.127 0.042 * 

Drug*Unit 0.001 0.002 0.634 0.532 

 

Table S1: Mixed-effects regression model to explain accuracy on tracking task using predictors for 

oxytocin/placebo (drug), alcohol intake (units per week), and their interaction, with heartrate, 

anxiety (STAI), depression (BDI), alexithymia (TAS-20) and drug sequence as control variables, 

restricted to participants with plasma OT data.       

Formula: Accuracy ~ Drug * Units per week + HR + STAI + BDI + TAS + Sequence + (1 + Drug|ID);                                                 

signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05  

Table S2 
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β Std. Error z value p value 

 

(Intercept) 0.797 0.025 32.001 0.000 *** 

Drug -0.080 0.036 -2.253 0.032 * 

Units per 

week 

-0.002 0.001 -1.555 0.134 

 

HR -0.005 0.002 -3.171 0.002 ** 

STAI -0.006 0.002 -2.967 0.007 ** 

BDI 0.007 0.002 3.030 0.006 ** 

TAS-20 -0.060 0.030 -2.007 0.054 . 

Sequence -0.001 0.002 -0.268 0.791 

 

Plasma 0.050 0.036 1.396 0.176 

 

Drug*Unit 0.001 0.002 0.647 0.523 

 

Table S2: Mixed-effects regression model to explain accuracy on tracking task using predictors for 

oxytocin/placebo (drug), alcohol intake (Units per week), and their interaction, with heart rate (HR), 

anxiety (STAI), depression (BDI), alexithymia (TAS-20), drug sequence and oxytocin plasmatic level as 

control variables, restricted to subjects with oxytocin plasmatic data.                                                                                                                                   

Formula: Accuracy ~ Drug * Units per week + HR + STAI + BDI + TAS-20+ Sequence + Plasma + (1 + 

Drug|ID);                                      signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
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Table S3 

 β Std. Error z value  p value  

(Intercept) 0.075 0.111 0.670 0.503  

Drug 0.255 0.147 1.732 0.083 . 

Units per week  -0.002 0.005 -0.493 0.622  

HR -0.013 0.007 -2.009 0.045 * 

STAI -0.011 0.007 -1.524 0.128  

BDI -0.005 0.009 -0.537 0.591  

TAS-20 0.003 0.008 0.321 0.748  

Sequence 0.065 0.142 0.460 0.646  

Drug*Unit 0.022 0.009 2.483 0.013 * 

 Table S3: Mixed-effects regression model to explain accuracy on discrimination task using predictors 

for drug, alcohol intake (Units per week), and their interaction, with heart rate (HR), anxiety (STAI2), 

depression (BDI), alexithymia (TAS-20) and oxytocin/placebo(drug) sequence as control variables, 

restricted to subjects with plasma OT data.                                    

Formula: Accuracy ~ Drug * Units per week + HR + STAI + BDI + TAS-20 + Sequence + (-1 + Drug|ID);                                                 

signif. codes:  0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Downloaded from https://academic.oup.com/scan/advance-article-abstract/doi/10.1093/scan/nsy027/4956233
by Sussex Language Institute user
on 11 April 2018



Table S4 

 

β Std. Error z value p value 

 

(Intercept) 0.082 0.111 0.738 0.460 

 

Oxytocin/placebo 

(drug) 

0.245 0.144 1.698 0.089 . 

Units per week -0.001 0.005 -0.292 0.771 

 

HR -0.010 0.007 -1.470 0.141 

 

STAI -0.011 0.007 -1.545 0.122 

 

BDI -0.007 0.009 -0.866 0.387 

 

TAS-20 0.001 0.008 0.141 0.888 

 

Sequence 0.057 0.139 0.412 0.680 

 

Plasma -0.217 0.130 -1.666 0.096 . 

Drug*Unit 0.021 0.008 2.525 0.012 * 

 Table S4: Mixed-effects regression model to explain accuracy on discrimination task using predictors 

for oxytocin/placebo (drug), alcohol intake (units per week), and their interaction, with heart rate 

(HR), anxiety (STAI), depression (BDI), alexithymia (TAS-20), drug sequence and plasma OT level as 

control variables, restricted to participants with plasma OT data.                                    

Formula: Accuracy ~ Drug * Units per week + HR + STAI + BDI + TAS-20 + Sequence + Plasma + (-1 + 

Drug|ID);                                      signif. codes:  0.01 ‘*’ 0.05 ‘.’ 0.1  
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Figure 1: Scatterplot illustrating the interaction between Drug (Oxytocin/Placebo) and alcohol units per week 
on interoceptive accuracy during the heartbeat discrimination task. The y-axis is displaying the difference 

between interoceptive accuracy under oxytocin and under placebo, in percentage. The shaded area 
represents the standard error.  
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