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Abstract  

Existing pharmacotherapies for managing craving, a strong predictor of relapse to automated 

addictive behaviours, are limited in efficacy and characterised by increased health risks 

associated with their pharmacological profile. Preclinical studies have identified oxytocin as a 

promising pharmacotherapy with anti-craving properties for addictive behaviours. Here, we 

provide the first systematic review of 17 human studies (N=722; 30% female) investigating 

the efficacy of intranasal oxytocin to reduce craving or consumption in addictive behaviours. 

We identify intranasal oxytocin as a method that warrants further investigation regarding its 

capacity to decrease cue-induced, acute stress-induced or withdrawal-related craving and 

relapse related to alcohol, cannabis, opioids, cocaine, or nicotine, including a potential role as 

ad-hoc medication following exposure to drug-related cues. Future studies should investigate 

the role of factors such as treatment regimes and sample characteristics, including the role of 

the amygdala, which we propose as a distinct mechanism mediating oxytocin’s anti-craving 

properties. 

List of non-standardised abbreviations 

B      Between Subject Design 

BOLD      Blood-Oxygen-Level-Dependent 

CG      Cingulate Gyrus 

DB      Double-Blind 

DSM      Diagnostic and Statistical Manual 

F      Females 

FG      Frontal Gyrus 

HIPP      Hippocampus 

HPA      hypothalamic-pituitary-adrenal 

ICD      International Classification of Diseases 

IFG      Inferior Frontal Gyrus 

IPL      Inferior Parietal Lobule 

IU      International Unit 

L      Left 

M      Males 

MET      Motivational Enhancement Therapy 

MGF      Middle Frontal Gyrus 

LOC      Lateral Occipital Cortex 

N/A      Not Applicable 

NAc      Nucleus Accumbens 

OG      Occipital Gyrus 

OT      Oxytocin 

PL      Placebo 

PrCG      Paracingulate Gyrus 

PCG      Precentral Gyrus 

R      Right 

RD      Randomised 

SMA      Supplementary Motor Area 

SFG      Superior Frontal Gyrus 

STG      Superior Temporal Gyrus 

VAS      Visual Analog Scale 

W      Within Subjects Design 
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Introduction 

Craving is defined as a strong desire, sensation or urge to use a substance or perform an 

activity (American Psychiatric Association, 2013; World Health Organisation, 2018). It is an 

established multifaceted antecedent predictor of automated addictive behaviours such as drug 

seeking behaviour (Tiffany et al, 2012), or gambling disorder, internet gaming disorder, 

compulsive eating, exercise addiction, pornography addiction, and social network use 

disorder (Hormes, 2017). A systematic review of ninety-one studies observing participant 

behaviours in real-time prior to relapse found a positive concurrent and prospective 

relationship between craving and substance use in 92% of studies (Serre et al, 2015), 

highlighting craving as a key driver for relapse. In substance use disorders, relapse may 

trigger treatment drop out and accidental overdose (Eliason and Amodia, 2007), rendering it a 

major challenge in addiction management, with suboptimal treatment options. Given the 

etiological links between craving and relapse, the development of interventions that target 

craving are deemed to be critical for the management of drug addiction and associated harm 

to individuals and the wider society.  

Though many different theoretical, cognitive, and phenomenological models of 

craving exist (Drummond, 2001), craving can be broadly categorized into cue-induced and 

withdrawal-related craving. Cue-induced craving can be triggered by environmental cues 

associated with substance use or other addictive behaviours (e.g. people, places, things), 

internal cues such as physical pain changing and emotional states, or by acute stressors (acute 

stress-induced). Cue-induced craving is central to the loop of continued drug use, it can be 

conscious or subliminal and may involve any of the sensory modalities (Jasinka et al, 2014). 

Withdrawal-related craving is the consequence of the continuous underlying stress induced 

by withdrawal from substances like nicotine, alcohol or opioids (Shalev et al 2002), where 

reinstatement of substance use is triggered in an attempt to relieve withdrawal symptoms 

(Mantsch et al, 2016). Many substance users describe drug seeking as feeling automatic and 

out of their control (Tiffany, 1990), which causes a significant challenge in relapse 

prevention. Relapse into drug seeking is partly dependent on one’s perception of self-efficacy 

in applying coping behaviours (Hendershot et al, 2011), while arguably the development of 

pharmacotherapies that reduce craving could greatly assist in relapse prevention.   

Currently, pharmacotherapies for managing craving only exist for a subset of 

addictive behaviours (e.g., opioid and alcohol use disorders), are limited in efficacy, and 

associated with increased health risks. For example, substitute medications such as the µ-

receptor agonist methadone and the µ-receptor partial-agonist buprenorphine have been 

shown to have efficacy in reducing withdrawal-related craving at high doses in opioid use 

disorders (Clinical Guidelines on Drug Misuse and Dependence Update, 2017). However, 

these medications are unsuitable for the management of cue-induced craving. This is because 

the ad-hoc use of substitute opiates would result in inconsistent dosing levels and heighten 

the risk of accidental opioid overdose (Clinical Guidelines on Drug Misuse and Dependence 

Update, 2017). Naltrexone, an opioid receptor antagonist, has shown poor compliance rates 

when used as an anticraving medication in abstinent opioid users (Bart, 2012). Naltrexone is 

also used to reduce craving in alcohol use disorders (Volpicelli et al, 1992; O’Malley et al, 

1996), but its use is problematic as it requires daily dosing of a medication with a high liver 

toxicity profile (Naltrexone, 2020) in a population with likely liver impairment. Another 

medication used to reduce craving in alcohol use disorders is acamprosate, which activates 

https://www.guidetopharmacology.org/GRAC/ObjectDisplayForward?objectId=319&familyId=50&familyType=GPCR
https://www.guidetopharmacology.org/GRAC/ObjectDisplayForward?objectId=319&familyId=50&familyType=GPCR
https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=5458
https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=1670
https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=1639
https://www.guidetopharmacology.org/GRAC/FamilyDisplayForward?familyId=50
https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=7106
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glutamate receptors (Weinstein et al, 2003), but has been found to be half as effective as 

naltrexone at preventing relapse, and suffers from poorer compliance than naltrexone across 

one year (Rubio et al, 2001). Therefore, the need for a novel, safe and efficacious 

pharmacotherapy which can be used on an ad-hoc basis to manage cue-induced craving is 

warranted. Given that the risks associated with the current anticraving medication are 

intrinsically associated with their pharmacological profile, a therapeutic agent with a distinct 

mechanism of action from those currently available is needed to aid craving management. 

Distinct neurobiological mechanisms underlining stress and cue-induced craving have 

been proposed including alterations in cortico-striatal and prefrontal control circuitries 

(Pickens et al, 2011; Spagnolo et al, 2019) and changes in corticotropin-releasing factor, 

noradrenaline, dopamine, dynorphin and glutamate (Shalev et al, 2002; Pickens et al, 2011; 

Spagnolo et al, 2019). Nonetheless, hyperactivity of the amygdala has been consistently 

identified as a common mechanism underlining both cue and stress induced craving in 

several different types of addiction based on preclinical and clinical data (Shalev et al, 2002; 

Pickens et al, 2011; Spagnolo et al, 2019). MRI studies have revealed that drug-related cues 

induce hyperactivation of amygdala in different types of substance users (Mclernon et al, 

2007; Wang et al, 2007; Buffalari and See, 2010; Seo, Sinha, 2014; Murphy et al, 2018), 

which is implicated in emotional, cognitive and behavioural responses related to seeking and 

using drugs (London et al, 2000; Wong et al, 2015). Amygdala hyperactivity is also 

implicated in cue reactivity for behavioural addictions such as gambling (Goudriaan et al, 

2010), porn, video games and food (Olsen, 2011). Modern addictions such as social 

networking are also susceptible to cue induced craving (Niu et al, 2016) and have also been 

linked to amygdala hyperactivity (He et al, 2017). As such, evidence points towards 

amygdala hyperactivity as a common underlining craving mechanism driving automated 

addictive behaviours of a range of different types of addictions. 

An emerging body of evidence from pre-clinical studies has identified oxytocin as a 

novel pharmacotherapy for substance use disorders with potential anticraving properties 

(Bowen and Neumann, 2017; Zanos et al, 2018). Oxytocin is a hypothalamic neuropeptide 

involved in the regulation of a range of physiological processes and behavioural responses 

including the development (Miller and Caldwell, 2015) and regulation of social behaviour 

(Churchland and Winkielman, 2012; Johnson and Young, 2017), the modulation of pain 

processing (Poisbeau et al., 2018; Paloyelis et al., 2016b), feeding behaviour (Leslie et al, 

2018) and neuroinflammation after brain ischemia (Karelina et al, 2011). The intranasal 

administration of oxytocin has been identified as a promising pharmacological intervention in 

humans to harness the central oxytocin system (Martins et al, 2020; Paloyelis et al, 2016a) 

and improve outcome in several conditions currently lacking efficacious treatments (e.g. 

autism spectrum disorder (Anagnostou et al, 2014), schizophrenia (Shilling and Feifel, 2016), 

migraine (Tzabazis et al, 2017), stroke (Karelina et al, 2011), obesity (Olszewski et al, 2017), 

Prader-Willi (Rice et al, 2018). Animal studies have shown that the intracerebroventricular 

injection of oxytocin can suppress the reinstatement of methamphetamine, opioid and 

cocaine-seeking behaviour in abstinent rodents, suggesting a potential anticraving property of 

the drug (Bowen and Neumann, 2017). Preclinical studies have identified several 

mechanisms of action of oxytocin that could explain its effect on drug seeking behaviour. 

These include the modulation of monoamine and glutamatergic systems, and the suppression 

https://www.guidetopharmacology.org/GRAC/FamilyDisplayForward?familyId=75
https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=484
https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=940
https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=1618
https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=1369
https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=2174
https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=4803
https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=2286
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of the HPA axis and amygdala hyperactivity (for extensive reviews of this topic see Bowen 

and Neumann (2017), Zanos et al (2018) and Leong et al (2018)). 

Beyond its safe pharmacological profile, one of the attractive properties of intranasal 

oxytocin as a potential anti-craving pharmacotherapeutic agent is its distinct mechanism of 

action compared to currently available anti-craving pharmacotherapy. Although the 

mechanism underlining the potential anti-craving effect of oxytocin is not well understood, 

one possible mechanism involves the amygdala. Human neuroimaging studies have 

demonstrated that the suppression of activity in the amygdala is one of the most robust effects 

of intranasal oxytocin, both in the resting human brain (Martins et al, 2020) and regarding the 

response of the amygdala to social emotional cues (Spengler et al., 2017). Consistent with 

human findings, suppression of amygdala activity by oxytocin has been reported in animal 

studies (Campbell-Smith et al, 2015). As such, the fact that amygdala hyperactivity is a 

common craving mechanism driving automated addictive behaviours of a range of different 

types of addictions (as discussed above), makes oxytocin an attractive anti craving potential 

therapeutic based on its unique amygdala supressing properties. 

Figure 1 illustrates the proposed mechanism underlining cue-induced craving and 

consumption in automated addictive behaviours triggered by drug-related cues. We propose 

that amygdala hyperactivity in response to cues seizes up flexibility to objectively assess the 

situational salience of the cue and decreases inhibitory control of attentional bias, thus 

contributing to automated addicted behaviours. Attentional bias is well documented in 

substance use disorders (Franken et al, 2000; Waters et al, 2012; Zamani et al, 2014; Zhang et 

al, 2018), can predict future drug use (Garland et al, 2014) and is associated with higher self-

reported drug-related craving scores (Field et al, 2009). There is considerable evidence of a 

significant relationship between heightened amygdala activation and attentional bias towards 

drug-related cues in people who use substances (Hester and Luijten, 2014) which in turn may 

contribute to the mechanism controlling craving and consumption in other automated 

addictive behaviours. As such, we suggest that intranasal oxytocin administration following 

cue exposure would be able to exert anticraving effects by supressing amygdala hyperactivity 

and hence reinstate inhibitory control over attentional bias and executive control over 

situational salience (Figure 1). This would subsequently interrupt the loop of automated 

addictive behaviour. Future studies are warranted to test the validity of this proposed 

mechanism. Interestingly, contrary to the proposed hypothesis over the inhibitory effect of 

oxytocin on attentional bias to drug related cues in substance use disorders, oxytocin was 

found to increase vigilance to food images in bulimia nervosa and binge eating disorder 

which are characterised by recurrent, loss‐of‐control binge eating behaviour (Leslie et al., 

2020). 

Our study provides the first systematic review aiming to synthesize evidence from 

human studies investigating the efficacy of intranasal oxytocin as a pharmacotherapy to 

reduce craving in addictive behaviours, or its concomitant effects on the consumption of 

either licit or illicit substances, or on engagement in behavioural addictions. We will also 

propose a potential mechanism underlying the effect of intranasal oxytocin in reducing 

craving.  
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Methods 

Literature Search 

We followed PRISMA guidelines (PRISMA, 2009) to identify peer-reviewed studies that 

investigated the effects of intranasal oxytocin, compared to placebo, on craving induced by a 

cue paradigm, an acute stressor, or withdrawal related stress in humans. The following 

electronic databases were searched, from inception until July 2020: PubMed (Medline), 

Embase, Web of Science, Psychinfo and Google Scholar. Google Scholar was included to 

improve the chance of returning documents outside of commercial publishers to reduce the 

risk of publication bias (Bramer et al, 2017). Google Scholar search reports were limited to 

the first 200 results within a topic search in line with recommendations for using Google 

Scholar as part of a systematic review (Haddaway et al, 2015). We used the following search 

terms (adapted according to the format required by each database): “oxytocin” AND (craving 

OR addictive behaviours OR pornography OR pathological gambling OR compulsive eating 

OR social networking sites OR internet addiction OR internet gaming).  

Eligibility 

We included studies meeting the following inclusion criteria: (a) peer-reviewed study, 

available in English; (b) used human adult volunteers; (c) compared the administration of 

intranasal oxytocin to placebo; (d) focused on substance use disorders, compulsive eating, 

gambling addiction, pornography addiction, social network use disorder and gaming 

addiction as defined by DSM-IV, DSM-V or ICD11 (American Psychiatric Association, 

2013; World Health Organisation, 2018). Disorders recognised by DSM-IV or V within the 

context of the review include substance use disorders and gambling. Compulsive sexual 

behavioural disorders which include pornography and sex addiction, gaming addiction and 

social network use disorder are recognised by ICD11 but not by DSM5 currently. 

Compulsive eating disorders have been recognised by both ICD11 and DSM5, and we 

included Bulimia Nervosa or Binge Eating disorders, as binge eating has been conceptualised 

from a food addiction perspective (Treasure et al, 2018); (e) included one of the following 

measures of craving or consumption/engagement: validated self-report drug craving scale, 

oral fluid mouth swab drug screen and/or urine drug screen to provide objective measures of 

drug use, self-reported quantity and frequency of substance use. For food craving studies they 

were included if they used at least one of the following: validated self-report food craving 

scale, quantity of food or nutritive substance consumed. For gambling, porn, social network, 

gaming addictive behaviour studies, they were included if they measured at least one of the 

following: validated self-report craving scale, quantity of bets placed, quantity of 

pornographic material viewed, amount of time spent on social networking sites, time spent 

playing video games. 

 

Data extraction  

The following data were extracted from all papers independently by reviewers BH, AB and 

YP: first author, year of publication, country of origin, addictive behaviour, severity of 

substance use disorder, craving type, study design, sample size, dose administered, post-

dosing measurement interval (single dose), administration regime (repeat dose), outcome 

measures related to craving or consumption, statistically significant effects of intranasal 

oxytocin (compared to placebo) on each outcome measure. Any discrepancies were resolved 

through discussion. Information from included studies is presented in Table 1. A narrative 
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summary of the included studies and reported significant results is provided. A meta-analysis 

was not possible due to substantial heterogeneity in study designs, addictive behaviours and 

outcome measures.  

Risk of bias 

One reviewer (BH) used the Cochrane Collaboration’s risk of bias tool (Higgins et al, 2016) 

to conduct a quality assessment for methodological risk of bias. The following risk of bias 

criteria were applied for each study: 

 Random sequence generation (selection bias). Methods used to generate allocation 

sequence recorded as: low risk of bias (any truly random process, e.g. random number 

table; computer random number generator); unclear risk of bias (method not clearly 

stated); and high risk of bias (studies that included a biased randomisation procedure). 

 Allocation concealment (selection bias). Methods used to conceal allocation to 

interventions from participants and/or researchers prior to assignment recorded as: 

low risk of bias (e.g. electronic or third party randomisation; consecutively numbered, 

sealed envelopes); unclear risk of bias (method not clearly stated) and high risk of 

bias (no randomisation, participants and/or researchers were aware whether they 

received placebo or oxytocin). 

 Blinding of outcome assessment (detection bias). Methods used to blind researchers 

from knowledge of which intervention a participant received. Methods recorded as: 

low risk of bias (study had a clear statement that outcome assessors were unaware of 

treatment allocation); unclear risk of bias (study stated that outcome assessors were 

blind to treatment allocation but lacked a clear statement on how it was achieved); 

high risk of bias (study stated that outcome assessors were aware of treatment 

allocation). 

 Incomplete outcome data (attrition bias). Incomplete data and incomplete explanation 

of incomplete data was recorded as: low risk (attrition fully reported and no 

differences between completers and non‐completers); unclear risk of bias (attrition 

unclear or unclear differences between completers and non‐completers); high risk of 

bias (attrition not reported or unaccounted for missing data). 

 Selective reporting (reporting bias). Where all outcomes identified in methodology 

were reported within results this was recorded as low risk of bias; unclear risk of bias 

(outcomes reported descriptively without statistical analysis reporting); high risk of 

bias (missing outcome data). 
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Results 

Study selection 

The PRISMA chart can be found in Figure 2. We identified 516 records, and after duplicates 

were removed, 302 studies remained. Their titles and abstracts were screened by one 

reviewer (BH). We excluded 285 studies for not meeting one of more of the inclusion criteria 

(see Figure 2). We reviewed the full-text, and extracted data, from the remaining 17 

publications (see Table 1). 

Characteristics of included studies 

We identified a total of 17 studies meeting our inclusion criteria, originating in countries 

across the world (see Table 1). Of these, 13 studies reported the effects of a single dose of 

intranasal oxytocin, compared to placebo, directly on outcome measures of craving or 

consumption for addictive behaviours related to alcohol (4 studies), cannabis (2 studies), 

cocaine (1 study), nicotine (4 studies), and opioids (2 studies). Most single-dose studies 

assessed only cue-induced or acute-stress induced craving (N=10; three of which assessed 

both cue-induced/acute stress-induced and withdrawal related craving), while 3 single-dose 

studies assessed both cue-induced craving and consumption. Four studies measured the effect 

of various regimes of repeated administration of intranasal oxytocin, compared to placebo, 

directly on withdrawal-related craving for alcohol (one study), cue-induced craving for 

heroin/cocaine (one study), baseline craving for food (one study), or cannabis consumption 

(one study). 

Of the 13 studies that investigated the effects of a single dose of intranasal oxytocin 

administration on craving, most studies utilised study-specific visual analog scales (VAS) or 

validated craving measures (see Table 1). One study (Bach et al, 2019) did not report directly 

behavioural craving ratings, but the association between behavioural craving ratings during 

an fMRI cue-induction craving paradigm and connectivity between the blood oxygen level 

dependent (BOLD) response in specific brain regions. The studies varied substantially in the 

time they obtained measures of craving post dosing. Six single dose studies obtained single 

measures at intervals that ranged from 20 to 95 min post-dosing; while the remaining studies 

performed multiple assessments at intervals that varied from 0 – 360 minutes post-dosing.  

All 3 studies that investigated the effects of a single dose of intranasal oxytocin on 

consumption also measured cue-induced craving. These studies measured consumption over 

intervals that ranged from 60 – 240 minutes post-dosing. Of the 3 repeated oxytocin 

administration studies that measured consumption, one used self-report diaries (Agabio et al, 

2016), and one used self-report measures and a urine drug screen test (Stauffer et al, 2016). 

The remaining study examined the potential intranasal oxytocin, compared to placebo, to 

enhance the effects of a psychotherapeutic intervention on cannabis consumption (Sherman et 

al., 2017). 

Frequency of administration and dose. Doses in the studies that investigated the effects of a 

single dose of intranasal oxytocin administration ranged from 20IU to 40IU. One study 

investigated two doses: 20IU and 40IU (Stauffer et al, 2019). Doses, daily frequency and 

duration of treatment varied substantially across the 3 repeated oxytocin administration 

studies, with daily doses ranging from 40IU – 96 IU.  
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Adverse effects. Most studies (11 out of 17) did not mention adverse effects, one study 

mentioned that there were no adverse effects reported (Stauffer et al., 2016), while three 

studies reported no significant differences in reported adverse effects between the oxytocin 

and placebo groups (Agabio et al., 2016; Mitchell et al., 2016; Stauffer et al., 2019). One 

study reported one case of nasal irritation and one case of headache in the placebo group, and 

one case of irritability and unpleasant taste in the mouth in the oxytocin group (McRae-Clark 

et l., 2013), while another study reported that 7 out of the 11 cases of reported adverse effects 

were in the oxytocin group, with mild/moderate headache and light-headedness being the 

most common effects (McClure et al., 2019). 

Summary of results 

Table 2 summarises the main effects of intranasal oxytocin, compared to placebo, by 

addictive behaviour, regime of administration, and outcome measure.  

Single dose oxytocin administration studies (craving): Overall, for studies that included 

measures of craving, we observed an equal number of significant decreases and negative 

results for craving ratings related to cannabis, nicotine, or opioids. Regarding craving ratings 

for alcohol, none of the three studies reported a main effect of treatment, but one study 

reported that intranasal oxytocin, compared to placebo, decreased cue-induced craving ratings 

for alcohol in those participants with high attachment anxiety, while it increased craving 

ratings in those participants with low attachment anxiety. An oxytocin induced (compared to 

placebo) increase in withdrawal-related craving for cocaine, and cue-induced ratings of 

excitement (but not urge to use, irritation or heart pounding) was also reported.  

Repeated oxytocin administration studies (craving): For addictive behaviours related to food 

or cocaine/opioids, neither of the two studies investigating the effect of repeated intranasal 

oxytocin administration, compared to placebo, reported significant treatment effects 

regarding cue-induced craving. A single study reported though a significant decrease in 

withdrawal-related craving for alcohol following repeated treatment with intranasal oxytocin, 

compared to placebo.  No studies examined the effects of the repeated administration of 

intranasal oxytocin on measures of craving for cannabis or nicotine. 

Single dose oxytocin administration studies (consumption): We observed no significant 

decreases in measures of cue-induced or acute stress induced consumption of cannabis. One 

study reported no significant effect of oxytocin treatment on acute stress induced nicotine 

consumption, while another study reported that a single dose of intranasal oxytocin, 

compared to placebo, decreased the substance-induced nicotine consumption.  

Repeated oxytocin administration studies (consumption): Three studies examined the effects 

of the repeated administration of intranasal oxytocin, compared to placebo, on consumption 

related to cocaine/opioids, cannabis (examining the potential enhancement of the effect of 

motivational enhancement therapy) and food; none of these studies reported a significant 

treatment effect. No studies examined the effects of the repeated administration of intranasal 

oxytocin on consumption in relation to alcohol or nicotine.    

  



 
This article is protected by copyright. All rights reserved. 

Risk of bias  

Random sequence generation. Sixteen out of the 17 studies were adjudged to be of low risk 

of bias. One study did not explicitly state whether randomization took place (Van Hedger et 

al, 2019). 

Allocation concealment. Ten out of the 17 studies provided adequate descriptions of 

allocation concealment and were adjudged to have low risk of bias. Seven out of the 17 

studies were unclear regarding the processes used to conceal allocation following 

randomisation (Bach et al, 2019; Flanagan et al, 2019; Lee et al, 2014; Miller et al, 2016; 

Reed et al, 2019; Sherman et al, 2017; Van Hedger et al, 2019).  

Blinding of outcome assessment. Three studies were adjudged to have low risk of bias for 

blinding outcome assessors (Stauffer et al, 2019; Van Hedger et al, 2019; Woolley et al, 

2016); the remaining fourteen studies were assessed as unclear. 

Incomplete outcome data. Ten out of the 17 studies showed completeness of data collection. 

Three were listed as unclear risk of bias due to missing information on reported drop-outs 

(Moeini et al, 2019; Reed et al, 2019; Van Hedger et al, 2018); three were adjudged to be of 

high risk of attrition bias due to computer error losing data (Stauffer et al, 2016), lack of 

explanation for participants who were not retained (Bach et al, 2019) and missing outcome 

data (McClure et al, 2019). 

Selective reporting. Fifteen studies reported data for all outcomes and were marked as low 

risk of bias. Two studies were adjudged to as unclear regarding reporting bias (McClure et al, 

2019; Stauffer et al 2016). McClure et al (2019) provided complete data for participants who 

completed the study however 30 participants did not complete the study and no explanation 

was given for these. Stauffer et al (2016) only reported cocaine consumption and did not 

report heroin consumption.  

 

Discussion 

This the first systematic review aiming to synthesize evidence from 17 human studies 

investigating the efficacy of single dose or repeated intranasal oxytocin administration as a 

pharmacotherapy to reduce craving in addictive behaviours, or reduce the consumption of 

either alcohol, cannabis, cocaine, opioids, nicotine, or food. Five out of 15 studies that 

investigated the effects of intranasal oxytocin on self-report measures of craving reported a 

decrease in cue-induced craving, one study reported a decrease or increase depending on the 

participants’ attachment style, one study reported an increase in craving, while the remaining 

eight studies found no effect. Regarding measures of consumption, only one out of six studies 

involving the administration of intranasal oxytocin reported a decrease in consumption, with 

the remaining five studies reporting no effect. The included studies were characterised by 

marked heterogeneity in terms of methodology, outcome measures, oxytocin dose and 

administration regime, sample characteristics, addiction severity, and some studies had 

notably small sample sizes, suggesting they did not have sufficient power to detect but the 

largest effect sizes, if an effect existed. Overall, the existing volume of work suggests that 

intranasal oxytocin may affect self-reported craving for alcohol, cannabis, cocaine, nicotine 

and opioids, but not food (in a sample with binge eating disorder), though no firm 
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conclusions can be drawn at this stage. Our findings warrant further investigation of 

intranasal oxytocin as a method to decrease cue-induced, acute stress-induced, or withdrawal-

related craving regarding addictive behaviours related to alcohol, cannabis, opioids, cocaine 

or nicotine.  

Notably, the systematic analysis of all studies revealed a safe pharmacological profile 

for intranasal oxytocin in populations with addictive behaviours. Most studies (15 out of 17 

studies) either did not report adverse effects, or reported that there were no significant 

differences in the profile of effects between the oxytocin and placebo conditions. The 

remaining two studies reported mild effects that were observed in either the placebo (6 cases) 

or oxytocin (8 cases) groups. In addition, no issues were reported with respect to the 

tolerability of oxytocin in this population which adds to its attractiveness as a potential anti-

craving medication. 

Future studies seeking to elucidate the potential of intranasal oxytocin as a 

pharmacotherapy to reduce craving, and potentially relapse, need to systematically 

investigate a number of factors related to treatment administration, study design and sample 

characteristics that are likely to impact efficacy. Below, we discuss evidence related to the 

potential impact of factors in each of these three categories.  

First, studies need to carefully investigate the effects of method of administration 

(Martins et al., 2020), dose (Spengler et al., 2017), and frequency of repeated administrations 

(Kou et al., 2020), as all three factors have been associated with differences in behaviour and 

central target engagement (e.g. the amygdala). Human studies assessing a range of different 

doses of intranasal oxytocin on behavioural and neural outcomes have been scarce (Spengler 

et al, 2017; Quintana et al, 2018; Wynn et al, 2019; Lieberz et al, 2020) which is a serious 

limitation for the selection of the optimal dose which would exert maximal efficacy at a 

particular time point and brain region. With respect to craving, only one study (Stauffer et al, 

2019) in this review compared two different doses (20IU and 40IU) of intranasal oxytocin on 

the reduction of cue-induced alcohol craving, reporting no significant effect of either dose of 

intranasal oxytocin versus placebo. The importance of establishing dose-response curves 

regarding the effects of intranasal oxytocin on craving and central target engagement is 

highlighted by recent evidence that the effects of intranasal oxytocin on social cognition in 

schizophrenia may follow a U-shaped dose response curve (Erdozain and Peñagarikano, 

2020). Suboptimal treatment regimes are likely to result in inconsistent findings and missed 

opportunities to elucidate the role of intranasal oxytocin as a pharmacotherapy to reduce 

craving. 

Second, future studies need to systematically consider the timing of inducing craving 

and obtaining measures of craving post-dosing. Most studies involving the administration of 

a single dose of intranasal oxytocin obtained ratings of craving either on a single or on 

multiple occasions over post-dosing intervals that ranged from a few minutes up to 360 

minutes. The timing with respect to intranasal oxytocin administration has been mainly 

driven by historical precedence (e.g. Born et al., 2002), while recent evidence suggests that 

intranasal oxytocin may dampen activity in the amygdala as early as 15-32 minutes post-

dosing (Martins et al., 2020). As suppression of amygdala hyperactivity is suggested to be 

one of the key mechanism by which oxytocin is thought to supress cue-induced craving, it is 

likely that the optimal effect of oxytocin on cue-induced craving is induced at a much earlier 
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time point following oxytocin administration. It is also important to take into account the 

time course of feelings of craving post cue-induction. For example, with respect to optimal 

time of craving measurement following cue induction, studies have reported that the BOLD 

response in the amygdala following opioid-related cue-inducement peaks as early as 7 

minutes and diminishes gradually over a period of 14 minutes (Murphy et al, 2018). 

Therefore, the assessment of the effect of intranasal oxytocin on cue-induced or acute stress-

induced cravings must be carefully planned to take into account not only the 

pharmacodynamics of intranasal oxytocin but the time course of cue-induced feelings of 

craving. Sampling craving at suboptimal intervals is likely to result in inconsistent reports of 

efficacy across studies. 

Currently, there is lack of clarity regarding the mechanisms mediating the effects of 

exogenous oxytocin on behaviour, and the mechanisms through which exogenous oxytocin 

may reach the brain, and this has been an area of intense research. Exogenous oxytocin in 

systemic circulation is metabolised quickly (~ 1-5 minutes half-life in plasma), while the 

half-life of oxytocin in the cerebrospinal fluid is about 19 minutes (Mens et al., 1983). When 

administered intranasally, oxytocin reaches systemic circulation (eg see Martins et al., 2020 

for the pharmacokinetics of 40IU of intranasal oxytocin in blood plasma in men over 115 min 

post-dosing). It is thought that oxytocin, as a large hydrophilic neuropeptide, does not cross 

the blood brain barrier in sufficient amounts (Ermisch et al., 1985), though recent evidence 

has identified mechanisms of active transport from the blood to the brain (Yamamoto et al., 

2019). Nonetheless, there is also evidence to suggest that intranasal oxytocin can directly 

reach the brain bypassing the blood brain barrier through nose-to-brain transportation (eg 

Martins et al., 2020). Once in the brain, the time course of the effects of oxytocin vary as a 

function of method of administration and point of entry, dosage, and target region (Martins et 

al., 2020). With respect to oxytocin’s modulatory effect on the amygdala, recent studies have 

shown that intranasally administered oxytocin (40IU) can decrease resting blood perfusion in 

the amygdala from 15 – 32 minutes post-dosing, whereas effects on other brain regions can 

be observed several minutes later (e.g. 87-95 minutes post-dosing for the anterior cingulate 

cortex) (Martins et al, 2020). Other studies investigating the BOLD response to emotional 

faces in the amygdala have shown dose dependent effects peaking 45-70 minutes post-dosing 

(Sprengler et al, 2017).  Taking these studies under consideration, the inconsistency among 

reports focusing on the efficacy of intranasal oxytocin on craving is not surprising, and it is 

clear the further research is required to elucidate the mechanisms and time-course of the 

effects of intranasal oxytocin for a range of behaviours and targeted brain regions.  

 

Third, future studies need to also carefully consider sample characteristics as potential 

moderating factors. For example, while there were more male participants than female 

participants in the studies included in this review, gender was not examined as a moderating 

factor (possibly due to the small sample sizes). It is well-known that the effects of intranasal 

oxytocin on key brain structures (e.g. the amygdala), and its effects on anxiety, vary between 

men and women (Lieberz et al., 2020; Lynn et al 2014; Xu et al., 2017; Spengler et al., 2017; 

Steinman et al., 2016). Interestingly, given the impact of drugs or addictive behaviours on 

reward saliency (Volkow et al, 2010), sexual dimorphic effects of intranasal oxytocin have 

also been discussed in relation to amygdala function and salience processing (Gao et al, 

2016). Additionally, one study showed that the effects of intranasal oxytocin, compared to 

placebo, on cue-induced craving for alcohol depended on the participants’ attachment style, 

specifically attachment anxiety (Mitchell et al., 2016). Attachment style is a risk factor for 

alcoholism and alcohol may provide a coping mechanism for insecurely attached individuals 
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(Buckner et al., 2008; McNally et al., 2013), while it is known that intranasal oxytocin has 

both anxiolytic properties (Neumann and Slattery, 2016; Yoon and Kim, 2020), plays a key 

role in separation related anxiety disorder (Schiele et al., 2020) and its effects can be 

moderated by attachment style (Bartz et al., 2011). Clearly, the role of relevant sample 

characteristics needs to be carefully considered in future, adequately powered studies.  

Interestingly, the study investigating the effects of the repeated daily administration of 

intranasal oxytocin on baseline craving for food or number of binge-eating episodes over a 

period of 8 weeks in a sample with binge-eating disorder (Agabio et al., 2016) did not report 

significant effects. This is partly consistent with studies with healthy volunteers, where 

intranasal oxytocin, compared to placebo, is reported to be ineffective in modulating baseline, 

cue- or acute stress-induced craving for food, but contrasts the reported effect of intranasal 

oxytocin in decreasing both energy intake after overnight fasting (Spetter et al., 2018; Thienel 

et al., 2016), and reward related eating (Burmester et al., 2018; Burmester et al., 2019; Ott et 

al., 2013). The anorexigenic effects of oxytocin in humans are consistent with evidence from 

animal studies (Leslie et al., 2018). It is worth noting the study by Agabio et al. (2016) had a 

very small sample size (N=8-9 per treatment arm), which raises concerns regarding power. 

Additionally, it used a repeated administration regime, with a divided dose of 96IU delivered 

daily over 8 weeks. The optimal pattern and dosage of oxytocin administration in repeated 

administration regimes are currently unclear, with certain administration regimes resulting in 

no effects or even opposite effects than those expected (Kou et al., 2020). This is not 

surprising, given that the effects of oxytocin on central intracellular signalling pathways are 

complex and can vary as a function of the amount of oxytocin that is available extracellularly 

(Chini et al., 2017). Future studies need to clarify the mechanisms mediating the anorexigenic 

effects of oxytocin in humans (Maejima et al., 2018), including its potential role, if any, in 

regulating food craving and feeding in eating disorders.  

 A number of recent papers have reviewed preclinical evidence regarding the role of 

oxytocin in addiction, including craving and drug consumption.  Preclinical studies have 

certain distinct advantages compared to human studies, such as the direct central 

administration of oxytocin (Lee and Weerts, 2016; Bowen and Neumann, 2017), or simpler 

cue-conditioning in a controlled environment which is not confounded by individual 

differences in cue association reactivity with multiple different outcomes and expectancies 

(Bartz et al, 2011). In vivo studies also offer the opportunity to refine the molecular 

mechanisms underlining the effect of oxytocin on addictive behaviour which is something not 

always possible in human studies. As such, Bowen and Neumann (2017) reviewed the effects 

of oxytocin on the neural substrates of addiction, Zanos et al (2018) reviewed the effects of 

oxytocin on opioid addiction, King et al (2020) reviewed the role of oxytocin in alcohol and 

drug abuse, and Baracz et al (2020) reviewed the effect of early life stress on the central 

oxytocin system and susceptibility for drug addiction. The evidence from these reviews 

concurred on the idea that oxytocin may play an important role in the treatment of addiction, 

and the need for translational studies in humans to investigate the role of intranasal oxytocin 

as a pharmacotherapy to reduce craving, at least in relation to alcohol, cannabis, cocaine, 

opioid, or food addiction. 
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Limitations 

Apart from the factors discussed above, a number of further limitations should be 

acknowledged. First, there were considerable individual differences across participants and 

studies. For example, participants within studies differed considerably in terms of severity of 

drug or alcohol dependence. Future studies need to consider the possibility that the effects on 

craving may vary as a function of addiction severity. Second, the use of more than one drug 

concurrently is common among substance users, who use differing drugs to differing levels 

ranging from habitual to dependent use (European Monitoring Centre for Drugs and Drug 

Addiction, 2020). Therefore, it is not clear to what extent other drugs had or were currently 

being used by participants, to what degree and the impact of these on craving and 

consumption. Future studies should routinely perform urine drug screening to confirm self-

report of abstinence from other drugs. Third, participants receiving substitute opiates were 

not adequately described. High dose methadone for instance is well known to supress 

withdrawal-related craving (Clinical Guidelines on Drug Misuse and Dependence Update, 

2017) and as such could mediate any reduction in withdrawal-related craving caused by 

intranasal oxytocin administration. Fourth, the effect of intranasal oxytocin versus placebo on 

cue-induced or withdrawal-related craving in alcohol or opioid dependent populations cannot 

be assumed to be the same as the effect on craving of daily nicotine or cannabis smokers due 

to the differing levels in reinforcement of each substance. Interestingly, one of the 

confounding factors which appears to limit the efficacy of intranasal oxytocin in reducing 

craving is their motivation status with regards to seeking treatment for their substance use. 

McClure et al (2019) and Lee et al (2019) recruited participants specifically who were non-

treatment seeking for their substance use and none of these studies found intranasal oxytocin 

was able to reduce craving or consumption. Not all studies stated the treatment seeking status 

of participants which prohibited further analysis but we propose that this is included in 

subsequent studies as it may influence the results. Failure to take into account variability in 

participant characteristics increases the likelihood of inconsistent or null results and limits our 

ability to draw any firm conclusions. Fifth, differing measures of craving were used across 

the studies reviewed here, adding to variability. Sixth, whilst consumption was measured 

together with craving in many studies, some studies were restricted to only craving. As 

consumption may occur independently of craving, the potential effect of intranasal oxytocin 

to reduce substance use independent of changes in craving may have been missed. Finally, 

maybe the biggest limitation of the studies discussed in this review is the limited sample 

sizes. This is indeed acknowledged to be a limitation of intranasal oxytocin studies in the 

field as a whole as recent evaluation of intranasal oxytocin meta-analyses has found that 

designs are typically statistically underpowered to either detect or reject a wide range of 

effect sizes (Quintana, 2020). Larger, appropriately powered double blind, placebo-controlled 

human interventional studies assessing intranasal oxytocin efficacy to reduce craving and 

consumption across all automated addictive behaviours are warranted. 

Conclusions 

Craving is an established predictor of automated addictive behaviours but current 

pharmacotherapies with anticraving properties have limited efficacy or are unsuitable to use 

due to poor compliance and aspects of their pharmacological profile such as side effects and 

risk of overdose when used for cue-induced craving. Overall, our findings, consistent with 

preclinical evidence, indicate that the investigation of intranasal oxytocin as a method to 
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decrease cue-induced, acute stress-induced or withdrawal-related craving regarding addictive 

behaviours related to alcohol, cannabis, opioids, cocaine, or nicotine warrants further 

attention. Combined with an excellent tolerability and safety profile, the distinct effect of 

intranasal oxytocin on amygdala activity is unique amongst existing anticraving 

pharmacotherapies. This effect compliments its attractiveness as a potential ad-hoc 

medication to be administered following exposure to drug-related cues, as an asthmatic 

would use an asthma inhaler during an attack, to ultimately prevent relapse. Future studies 

should systematically investigate the role of a range of factors that might affect efficacy (e.g. 

treatment regimes and sample characteristics), and elucidate the neurobiological mechanisms 

underlying the effects of intranasal oxytocin on cue and withdrawal-related craving in 

adequately powered randomised controlled trials. 

 

Data Availability Statement 

Data sharing not applicable – no new data generated.



 
This article is protected by copyright. All rights reserved. 

References 

 

Agabio R., Farci A., Curreli O., Deidda R., Mercuro S., Naitana R., Restivo A., Tronci E., 

Gessa G., Melis M. (2016) Oxytocin Nasal Spray in the Treatment of Binge Eating Disorder 

and Obesity: A Pilot, Randomized, Double-Blind Trial Clinical Pharmacology & 

Biopharmaceutics 05:155  

 

American Psychiatric Association (2013) Diagnostic and statistical manual of mental 

disorders (5th ed) Washington, DC: American Psychiatric Association 

 

Anagnostou, E. et al. (2014) Intranasal oxytocin in the treatment of autism spectrum 

disorders: a review of literature and early safety and efficacy data in youth Brain Research 

1580, 188–198 

 

Baracz SJ, Everett NA, Cornish JL. (2020) The impact of early life stress on the central 

oxytocin system and susceptibility for drug addiction: Applicability of oxytocin as a 

pharmacotherapy Neuroscience and Biobehavioral Reviews 110:114-132 

 

Bart G. (2012) Maintenance medication for opiate addiction: the foundation of 

recovery Journal of addictive diseases, 31(3), 207–225 

 

Bartz JA, Zaki J, Bolger N, Ochsner KN. (2011) Social effects of oxytocin in humans: 

context and person matter Trends in Cognitive Sciences;15(7):301-309 

 

Bach P, Reinhard I., Buhler S., Vollstadt-Klein S., Kiefer F., Koopmann A. (2019) Oxytocin 

modulates alcohol-cue induced functional connectivity in the nucleus accumbens of social 

drinkers Psychoneuroendocrinology Nov;109:104385 

 

Born J, Lange T, Kern W, McGregor GP, Bickel U, Fehm HL. (2002) Sniffing 

neuropeptides: a transnasal approach to the human brain Nature Neuroscience 5(6):514-6 

 

Bowen MT, Neumann ID. (2017) Rebalancing the Addicted Brain: Oxytocin Interference 

with the Neural Substrates of Addiction Trends in Neurosciences 40(12):691-708 

 

Bramer, W. M., Rethlefsen, M. L., Kleijnen, J., & Franco, O. H. (2017) Optimal database 

combinations for literature searches in systematic reviews: a prospective exploratory study 

Systematic reviews, 6(1), 245 

 

Buckner, J.D., Schmidt, N.B., Lang, A.R., et al. (2008). Specificity of social anxiety 

disorder as a risk factor for alcohol and cannabis dependence. Journal of Psychiatric 

Research, 42:230–239. 

 

Buffalari DM, See RE. (2010) Amygdala mechanisms of Pavlovian psychostimulant 

conditioning and relapse. Current Topics in Behavioural Neurosciences, 3:73-99 

 

Campbell-Smith, E. J., Holmes, N. M., Lingawi, N. W., Panayi, M. C. & Westbrook, R. F. 

(2015) Oxytocin signaling in basolateral and central amygdala nuclei differentially regulates 

the acquisition, expression, and extinction of context-conditioned fear in rats Learning and 

Memory  22, 247–257 

 



 
This article is protected by copyright. All rights reserved. 

Chini, B., Verhage, M. & Grinevich, V. (2017). The action radius of oxytocin release in the 

mammalian CNS: from single vesicles to behavior. Trends Pharm. Sci. 38, 982–991. 

 

Churchland, P. S. & Winkielman, P. (2012) Modulating social behavior with oxytocin: how 

does it work? What does it mean? Hormones and Behavior 61, 392–399 

 

Clinical Guidelines on Drug Misuse and Dependence Update (2017) Independent expert 

working group drug misuse and dependence: UK guidelines on clinical management. 

London: Department of Health 

 

Drummond C. (2001) Theories of drug craving, ancient and modern Addiction 96, 33-46 

 

Eliason M. & Amodia D. (2007) An integral approach to drug craving, Addiction Research & 

Theory 15:4, 343-364 

 

Erdozain, A. M., & Peñagarikano, O. (2020) Oxytocin as Treatment for Social Cognition, 

Not There Yet. Frontiers in psychiatry, 10, 930 

 

Ermisch, A. et al. (1985). On the blood-brain barrier to peptides: accumulation of labelled 

vasopressin, DesGlyNH2-vasopressin and oxytocin by brain regions. Endocrinol. Exp. 19, 

29–37. 

 

European Monitoring Centre for Drugs and Drug Addiction (2020) European Drug Report 

2020: Trends and Developments Publications Office of the European Union, Luxembourg 

 

Field, M., Munafò, M. R., & Franken, I. H. (2009) A meta-analytic investigation of the 

relationship between attentional bias and subjective craving in substance abuse Psychological 

bulletin 135(4), 589–607 

 

Flanagan J., Allan N., Calhoun C., Badour C., Moran-Santa M., Brady K., Back SE. (2019) 

Effects of oxytocin on stress reactivity and craving in veterans with co-occurring PTSD and 

alcohol use disorder Experimental and Clinical Psychopharmacology 27:45-54 

 

Franken, I.H.A, Kroon L.Y., Wiers R.W., & Jansen, A. (2000) Selective cognitive processing 

of drug cues in heroin dependence Journal of Psychopharmacology 14:395–400 

 

Gao, S., Becker, B., Luo, L., Geng, Y., Zhao, W., Yin, Y., Hu, J., Gao, Z., Gong, Q., 

Hurlemann, R., Yao, D., & Kendrick, K. M. (2016) Oxytocin, the peptide that bonds the 

sexes also divides them. Proceedings of the National Academy of Sciences of the United 

States of America, 113(27), 7650–7654 

 

Garland, E. L., & Howard, M. O. (2014) Opioid attentional bias and cue-elicited craving 

predict future risk of prescription opioid misuse among chronic pain patients Drug and 

alcohol dependence 144, 283–287 

 

Goudriaan, A. E., de Ruiter, M. B., van den Brink, W., Oosterlaan, J., & Veltman, D. J. 

(2010) Brain activation patterns associated with cue reactivity and craving in abstinent 

problem gamblers, heavy smokers and healthy controls: an fMRI study. Addiction 

biology, 15(4), 491–503 

 



 
This article is protected by copyright. All rights reserved. 

Haddaway, N. R., Collins, A. M., Coughlin, D., & Kirk, S. (2015) The Role of Google 

Scholar in Evidence Reviews and Its Applicability to Grey Literature Searching. PloS 

one, 10(9), e0138237 

 

He, Q., Turel, O., & Bechara, A. (2017) Brain anatomy alterations associated with Social 

Networking Site (SNS) addiction. Scientific reports, 7, 45064 

Hendershot C., Witkiewitz K., George W., Marlatt G., (2011) Relapse prevention for 

addictive behaviours Substance Abuse Treatment, Prevention, and Policy 6:17 

 

Hester R, Luijten M. (2014) Neural correlates of attentional bias in addiction CNS Spectrums 

Jun;19(3):231-8 

 

Higgins, J. PT., Sterne, J. AC., Savovic, J., Page, M. J., Hróbjartsson, A., Boutron, I., Reeves, 

B., & Eldridge, S. (2016). A revised tool for assessing risk of bias in randomized 

trials. Cochrane Database of Systematic Reviews, 10 (Suppl 1), 29-31 

 

Hormes, J.M. (2017) The Clinical Significance of Craving Across the Addictive Behaviors: a 

Review Current Addiction Reports 4, 132–141 

 

Jasinska, A. J., Stein, E. A., Kaiser, J., Naumer, M. J., & Yalachkov, Y. (2014) Factors 

modulating neural reactivity to drug cues in addiction: a survey of human neuroimaging 

studies. Neuroscience and Biobehavioral reviews, 38, 1–16 

 

Johnson, Z. V. & Young, L. J. (2017) Oxytocin and vasopressin neural networks: 

implications for social behavioral diversity and translational neuroscience Neuroscience and 

Biobehavioral Reviews 76, 87–98 

 

Karelina, K. et al. (2011) Oxytocin mediates social neuroprotection after cerebral ischemia. 

Stroke 42, 3606–3611 

 

King C.E., Gano A., Becker H.C. (2020) The role of oxytocin in alcohol and drug 

abuse Brain Research 1736:146761 

 

Kou J, Zhang Y, Zhou F, Sindermann C, Montag C, Becker B, Kendrick KM. (2020) A 

randomized trial shows dose-frequency and genotype may determine the therapeutic efficacy 

of intranasal oxytocin Psychological Medicine Dec 4:1-10  

 

Lee, M. R., Glassman, M., King-Casas, B., Kelly, D. L., Stein, E. A., Schroeder, J., & 

Salmeron, B. J. (2014) Complexity of oxytocin׳s effects in a chronic cocaine dependent 

population European neuropsychopharmacology : the journal of the European College of 

Neuropsychopharmacology, 24(9), 1483–1491 

 

Lee, M. R., & Weerts, E. M. (2016) Oxytocin for the treatment of drug and alcohol use 

disorders Behavioural pharmacology, 27(8), 640–648 

 

Lee H, Jang M, Noh J. (2017) Oxytocin attenuates aversive response to nicotine and anxiety-

like behavior in adolescent rats Neuroscience Research Feb;115:29-36 

 



 
This article is protected by copyright. All rights reserved. 

Leong, K. C., Cox, S., King, C., Becker, H., & Reichel, C. M. (2018) Oxytocin and Rodent 

Models of Addiction International review of neurobiology, 140, 201–247 

 

Leslie, M., Leppanen, J., Paloyelis, Y., Treasure, J. (2020). A pilot study investigating the 

influence of oxytocin on attentional bias to food images in women with bulimia nervosa or 

binge eating disorder. Journal of Neuroendocrinology, 32: e1284. 

https://doi.org/10.1111/jne.12843.  

 

 

Leslie, M., Silva, P., Paloyelis, Y., Blevins, J. & Treasure, J. (2018) A systematic review and 

quantitative meta-analysis of the effects of oxytocin on feeding. Journal of 

Neuroendocrinology, 30:e12584. https://doi.org/10.1111/jne.12584.  

 

Lieberz J, Scheele D, Spengler F.B., Mathiesen T., Schneider L., Stoffel-Wagner B., Kinfe 

T.M., Hurlemann R. (2020)  Kinetics of oxytocin effects on amygdala and striatal reactivity 

vary between women and men Neuropsychopharmacology 45(7):1134-1140 

 

London E., Ernst M., Grant S., Bonson K., Weinstein A., (2000) Orbitofrontal cortex and 

human drug abuse: functional imaging Cerebral Cortex 10 (3): 334-342 

 

Lynn SK, Hoge EA, Fischer LE, Barrett LF, Simon NM. (2014) Gender differences in 

oxytocin-associated disruption of decision bias during emotion perception Psychiatry 

Research Sep 30;219(1):198-203 

 

Maejima Y, Yokota S, Nishimori K, Shimomura K. (2018). The Anorexigenic Neural 

Pathways of Oxytocin and Their Clinical Implication. Neuroendocrinology: 91-104. doi: 

10.1159/000489263.  

 

Mantsch J., Baker D., Funk D., Le A., Shaham S. (2016) Stress-induced reinstatement of 

drug seeking: 20 years of progress Neuropsychopharmacology Jan;41(1):335-56 

 

Martins, D. A., Mazibuko, N., Zelaya, F., Vasilakopoulou, S., Loveridge, J., Oates, A., 

Maltezos, S., Mehta, M., Wastling, S., Howard, M., McAlonan, G., Murphy, D., Williams, S., 

Fotopoulou, A., Schuschnig, U., & Paloyelis, Y. (2020). Effects of route of administration on 

oxytocin-induced changes in regional cerebral blood flow in humans. Nature 

communications, 11(1), 1160 

 

McClure EA, Baker NL, Gray KM, Hood CO, Tomko RL, Carpenter MJ, Ramakrishnan VR, 

Buchanan CJ, Saladin ME (2019) The influence of gender and oxytocin on stress reactivity, 

cigarette craving, and smoking in a randomized, placebo-controlled laboratory relapse 

paradigm Psychopharmacology Feb;237(2):543-555  

 

McClernon FJ, Hiott FB, Liu J, Salley AN, Behm FM, Rose JE. (2007) Selectively reduced 

responses to smoking cues in amygdala following extinction-based smoking cessation: results 

of a preliminary functional magnetic resonance imaging study. Addiction Biology, 12(3-

4):503-512 

 

Mcnally, A.M., Palfai, T.P., Levine, R.V., Moore, B.M. (2003). Attachment dimensions and 

drinking-related problems among young adults: the mediational role of coping motives. 

Addict Behav, 28:1115–1127. 

https://doi.org/10.1111/jne.12843
https://doi.org/10.1111/jne.12584


 
This article is protected by copyright. All rights reserved. 

 

McRae-Clark, A. L., Baker, N. L., Maria, M. M., & Brady, K. T. (2013) Effect of oxytocin 

on craving and stress response in marijuana-dependent individuals: a pilot study 

Psychopharmacology, 228(4), 623–631. 

 

Mens, W. B. J., Witter, A., & Van Wimersma Greidanus, T. B. (1983). Penetration of 

neurohypophyseal hormones from plasma into cerebrospinal fluid (CSF): half-times of 

disappearance of these neuropeptides from CSF. Brain Research, 262, 143-149.  

Miller, T. V. & Caldwell, H. K. (2015) Oxytocin during development: possible organizational 

effects on behavior Frontiers in Endocrinology 6, 76 

 

Miller, M. A., Bershad, A., King, A. C., Lee, R., & de Wit, H. (2016) Intranasal oxytocin 

dampens cue-elicited cigarette craving in daily smokers: a pilot study Behavioural 

pharmacology, 27 (8), 697–703 

 

Mitchell JM., Arcuni PA., Weinstein D., Woolley JD. (2016) Intranasal Oxytocin Selectively 

Modulates Social Perception, Craving, and Approach Behavior in Subjects With Alcohol Use 

Disorder Journal of Addiction Medicine May-Jun;10 (3):182-9 

 

Moeini M., Omidi A., Sehat M., Banafshe HR., (2019) The effects of oxytocin on 

withdrawal, craving and stress response in heroin-dependent patients: A randomized, double-

blind clinical trial European Addiction Research 25(1):41-47 

 

Murphy, A., Lubman, D. I., McKie, S., Bijral, P. S., Peters, L. A., Faiz, Q., Elliott, R. (2018) 

Time-dependent neuronal changes associated with craving in opioid dependence: an fMRI 

study. Addiction biology, 23(5), 1168–1178 

 

Naltrexone (2020) In British national formulary 79. London: BMJ Publishing and the Royal 

Pharmaceutical Society 

 

Neumann, I. D., Slattery, D. A. (2016). Oxytocin in General Anxiety and Social Fear: A 

Translational Approach. Biological Psychiatry, 79, 213-221. 

https://doi.org/10.1016/j.biopsych.2015.06.004  

 

Niu G.F., Sun X.J.,  Subrahmanyam K, Kong F.C, Tian Y, Zhou Z.K., (2016) Cue-induced 

craving for internet among internet addicts Addictive Behaviours, Nov;62:1-5 

 

O'Malley SS., Jaffe AJ., Chang G, Rode S., Schottenfeld R., Meyer RE., Rounsaville B. 

(1996) Six-month follow-up of naltrexone and psychotherapy for alcohol 

dependence Archives of General Psychiatry, 53(3):217-224 

 

Olsen C. M. (2011) Natural rewards, neuroplasticity, and non-drug addictions. 

Neuropharmacology, 61(7), 1109-1122 

 

Olszewski, P. K., Klockars, A. & Levine, A. S. (2017) Oxytocin and potential benefits for 

obesity treatment Current Opinion in Endocrinology, Diabetes and Obesity 24, 320–325 

 

Ott, V., Finlayson, G., Lehnert, H., Heitmann, B., Heinrichs, M., Born, J., & Hallschmid, M. 

(2013). Oxytocin reduces reward-driven food intake in humans. Diabetes, 62(10), 3418–3425 

 

https://doi.org/10.1016/j.biopsych.2015.06.004


 
This article is protected by copyright. All rights reserved. 

Paloyelis Y., Doyle O.M., Zelaya F.O., Maltezos S., Williams S.C., Fotopoulou A., Howard 

M.A. (2016a). A Spatiotemporal Profile of In Vivo Cerebral Blood Flow Changes Following 

Intranasal Oxytocin in Humans. Biological Psychiatry, 79(8):693-705.  

 

Paloyelis Y., Krahé C., Maltezos S., Williams S.C., Howard M.A., Fotopoulou A. (2016b). 

The Analgesic Effect of Oxytocin in Humans: A Double-Blind, Placebo-Controlled Cross-

Over Study Using Laser-Evoked Potentials. Journal of Neuroendocrinology, 

28(4):10.1111/jne.12347.  

 

Pedersen, C. A., Smedley, K. L., Leserman, J., Jarskog, L. F., Rau, S. W., Kampov-Polevoi, 

A., Garbutt, J. C. (2013). Intranasal oxytocin blocks alcohol withdrawal in human 

subjects. Alcoholism, clinical and experimental research, 37(3), 484–489. 

 

Pickens, C. L., Airavaara, M., Theberge, F., Fanous, S., Hope, B. T., & Shaham, Y. (2011). 

Neurobiology of the incubation of drug craving Trends in neurosciences, 34(8), 411–420. 

 

Poisbeau P, Grinevich V, Charlet A. (2018) Oxytocin Signaling in Pain: Cellular, Circuit, 

System, and Behavioral Levels. Current Topics in Behavioral Neurosciences, 35, 193-211.  

 

PRISMA (2009) http://www.prisma-statement.org/index.htm Accessed: 17/07/2015 16:44 

 

Quintana D.S., Smerud K.T., Andreassen O.A., Djupesland P.G. (2018) Evidence for 

intranasal oxytocin delivery to the brain: recent advances and future perspectives 

Therapeutic Delivery 9:7, 515-525 

 

Quintana, D. S. (2020) Most oxytocin administration studies are statistically underpowered to 

reliably detect (or reject) a wide range of effect sizes Comprehensive 

Psychoneuroendocrinology 4:100014 

 

Reed, S. C., Haney, M., Manubay, J., Campagna, B. R., Reed, B., Foltin, R. W., & Evans, S. 

M. (2019). Sex differences in stress reactivity after intranasal oxytocin in recreational 

cannabis users. Pharmacology, biochemistry, and behavior, 176, 72–82 

 

Rice, L. J., Einfeld, S. L., Hu, N. & Carter, C. S. (2018) A review of clinical trials of oxytocin 

in Prader-Willi syndrome Current Opinion in Psychiatry 31, 123–127 

 

Rubio, M. A. Jiménez-Arriero, G. Ponce, T. Palomo (2001) Naltrexone Versus Acamprosate: 

One Year Follow-Up Of Alcohol Dependence Treatment Alcohol and Alcoholism 36: 419–

425 

 

Schiele, M. A., Bandelow, B., Baldwin, D. S., Pini, S., & Domschke, K. (2020). A 

neurobiological framework of separation anxiety and related phenotypes. European 

neuropsychopharmacology : the journal of the European College of 

Neuropsychopharmacology, 33, 45–57. https://doi.org/10.1016/j.euroneuro.2020.01.009.  

 

 

Seo D, Sinha R. The neurobiology of alcohol craving and relapse. Handbook of Clinical 

Neurology. 2014;125:355-368 

 

https://doi.org/10.1016/j.euroneuro.2020.01.009


 
This article is protected by copyright. All rights reserved. 

Serre F., Fatseas M., Swendsen J., Auriacombe M. (2015) Ecological momentary assessment 

in the investigation of craving and substance use in daily life: a systematic review. Drug and 

Alcohol Dependence 148c, 363–375 

 

Shalev U., Grimm J., Shaham Y. (2002) Neurobiology of relapse to heroin and cocaine 

seeking: a review Pharmacological Reviews 54:1-42  

 

Sherman, B. J., Baker, N. L., & McRae-Clark, A. L. (2017) Effect of oxytocin pretreatment 

on cannabis outcomes in a brief motivational intervention Psychiatry research, 249, 318–320 

 

Shilling, P. D. & Feifel, D. (2016) Potential of oxytocin in the treatment of schizophrenia. 

CNS Drugs 30, 193–208 

 

Spagnolo PA, Gómez Pérez LJ, Terraneo A, Gallimberti L, Bonci A. (2019) Neural correlates 

of cue- and stress-induced craving in gambling disorders: implications for transcranial 

magnetic stimulation interventions European Journal of Neuroscience, 50(3):2370-2383. 

Spengler FB, Schultz J, Scheele D, Essel M., Maier W., Heinrichs M., Hurlemann R. (2017) 

Kinetics and Dose Dependency of Intranasal Oxytocin Effects on Amygdala 

Reactivity Bioliogical Psychiatry 82(12):885-894 

 

Spetter M., Feld G., Thienel M., Preissl H., Hege M., Hallschmid M. (2018) Oxytocin curbs 

calorie intake via food-specific increases in the activity of brain areas that process reward and 

establish cognitive control Scientific Reports 8:2736 

 

Stauffer, C. S., Musinipally, V., Suen, A., Lynch, K. L., Shapiro, B., & Woolley, J. D. 

(2016). A two-week pilot study of intranasal oxytocin for cocaine-dependent individuals 

receiving methadone maintenance treatment for opioid use disorder. Addiction research & 

theory, 24(6), 490–498 

 

Stauffer C., Meinzer N., Morrison T., Wen J., Radanovich L., Leung D., Niles A., 

O'Donovan A., Batki S., Woolley J., (2019) Effects of oxytocin administration on cue-

Induced craving in co-occurring alcohol use disorder and PTSD: A within-participant 

randomized clinical trial Alcoholism: Clinical and Experimental Research;43(12):2627-2636 

 

Steinman MQ, Duque-Wilckens N, Greenberg GD, Hao R, Campi KL, Laredo SA, Laman-

Maharg A, Manning CE, Doig IE, Lopez EM, Walch K, Bales KL, Trainor BC. (2016) Sex-

Specific Effects of Stress on Oxytocin Neurons Correspond With Responses to Intranasal 

Oxytocin Biological Psychiatry Sep 1;80(5):406-14 

 

Striepens N., Schröter F., Stoffel-Wagner B., Maier W., Hurlemann R., Scheele D. (2016) 

Oxytocin enhances cognitive control of food craving in women Human Brain Mapping 

37:4276–4285 

 

Tiffany S.T. (1990) A cognitive model of drug urges and drug-use behavior: Role of 

automatic and nonautomatic processes Psychological Review 97:147-168 

 

Tiffany S. T., Wray J. M. (2012) The clinical significance of drug craving. Annals of the New 

York Academy of Sciences 1248, 1–17 

 



 
This article is protected by copyright. All rights reserved. 

Treasure J, Leslie M, Chami R, Fernández-Aranda F. (2018) Are trans diagnostic models of 

eating disorders fit for purpose? A consideration of the evidence for food addiction. 

European Eating Disorders Review Mar;26(2):83-91 

 

Tzabazis, A. et al. (2017) Oxytocin and migraine headache Headache 57(Suppl 2), 64–75 

 

Van Hedger K, Bershad AK, Lee R, de Wit H. (2018) Effects of intranasal oxytocin on 

stress-induced cigarette craving in daily smokers Nicotine & tobacco research : official 

journal of the Society for Research on Nicotine and Tobacco 1-7 

 

Van Hedger, K., Kushner, M. J., Lee, R., & de Wit, H. (2019). Oxytocin Reduces Cigarette 

Consumption in Daily Smokers. Nicotine & tobacco research: official journal of the Society 

for Research on Nicotine and Tobacco 21(6) 799–804 

 

Volpicelli JR, Alterman AI, Hayashida M, O'Brien CP. (1992) Naltrexone in the treatment of 

alcohol dependence Archives of General Psychiatry 49(11):876-880 

 

Volkow, N. D., Wang, G. J., Fowler, J. S., Tomasi, D., Telang, F., & Baler, R. (2010) 

Addiction: decreased reward sensitivity and increased expectation sensitivity conspire to 

overwhelm the brain's control circuit BioEssays: news and reviews in molecular, cellular and 

developmental biology 32(9), 748–755 

 

Wang Z, Faith M, Patterson F, Tang K, Kerrin K, Wileyto EP, Detre JA, Lerman C. (2007) 

Neural substrates of abstinence-induced cigarette cravings in chronic smokers Journal of 

Neuroscience Dec 19; 27(51):14035-40 

 

Warren K., Wehring H., Liu F., McMahon R., Chen S., Chester C., Kelly D. (2018) Effects of 

intranasal oxytocin on satiety signaling in people with schizophrenia Physiology & Behavior 

189 86-91 

 

Waters, A. J., Marhe, R., & Franken, I. H. A. (2012). Attentional bias to drug cues is elevated 

before and during temptations to use heroin and cocaine Psychopharmacology, 219, 909-921 

 

Weinstein A, Feldtkeller B, Feeney A, Lingford‐Hughes A, Nutt D. (2003) A pilot study on 

the effects of treatment with acamprosate on craving for alcohol in alcohol‐dependent 

patients Addiction Biology 8:229–32 

 

Wong, N. M. L., Cheung, S.-H., Chan, C. C. H., Zeng, H., Liu, Y.-P., So, K.-F., & Lee, T. M. 

C. (2015). Diffusivity of the uncinate fasciculus in heroin users relates to their levels of 

anxiety. Translational Psychiatry, 5, e554 

 

Woolley J., Arcuni P., Stauffer C., Fulford D., Carson D., Batki S., Vinogradov S. (2016) The 

effects of intranasal oxytocin in opioid-dependent individuals and healthy control subjects: a 

pilot study Psychopharmacology 233:2571–2580 

 

World Health Organization (2018) International classification of diseases for mortality and 

morbidity statistics (11th Revision). Retrieved from https://icd.who.int/browse11/l-m/en [Last 

accessed on 2019 Nov 29] 

 

https://icd.who.int/browse11/l-m/en


 
This article is protected by copyright. All rights reserved. 

Wynn, J. K., Green, M. F., Hellemann, G., Reavis, E. A., & Marder, S. R. (2019). A dose-

finding study of oxytocin using neurophysiological measures of social 

processing. Neuropsychopharmacology : official publication of the American College of 

Neuropsychopharmacology, 44(2), 289–294 

 

Xu, X., Yao S., Geng Y., Zhao W., Ma X., Kou J., Luo R., Kendrick K. (2017) Oxytocin 

biases men but not women to restore social connections with individuals who socially 

exclude them Scientific Reports 7:40589 

 

Yamamoto, Y., Liang, M., Munesue, S. et al. (2019). Vascular RAGE transports oxytocin 

into the brain to elicit its maternal bonding behaviour in mice. Commun Biol 2, 76. 

https://doi.org/10.1038/s42003-019-0325-6.  

 

Yoon S, Kim Y.K. (2020). The Role of the Oxytocin System in Anxiety Disorders. Adv Exp 

Med Biol., 1191:103-120. doi: 10.1007/978-981-32-9705-0_7. 

 

Zamani S., Mansouri H., Fazilatpour M., Shamsai Z., (2014) A Comparison of attentional 

bias towards drug cues in addicts and non addicts International Journal of High Risk 

Behaviours and Addiction. 2014 3(3): e18669 

 

Zanos, P., Georgiou, P., Weber, C., Robinson, F., Kouimtsidis, C., Niforooshan, R., & 

Bailey, A. (2018) Oxytocin and opioid addiction revisited: old drug, new applications British 

journal of pharmacology, 175(14), 2809–2824 

 

Zhang, M., Ying, J., Wing, T., Song, G., Fung, D., & Smith, H. (2018) A Systematic Review 

of Attention Biases in Opioid, Cannabis, Stimulant Use Disorders International journal of 

environmental research and public health, 15(6), 1138 

 

 

 

  

https://doi.org/10.1038/s42003-019-0325-6


 
This article is protected by copyright. All rights reserved. 

 

 

Figure 1: Proposed model of mechanism for cue induced opioid craving. (Top) Under 

standard conditions, following exposure to drug related cues the amygdala becomes 

hyperactive, craving is heightened and the salience of cues is increased. Self-control of 

attentional bias is decreased and this leads to relapse. (Bottom) Following the administration 

of intranasal oxytocin, the amygdala response to drug-related cues is normalised, the salience 

of cues is decreased, self-control of attentional-bias is increased and relapse is avoided.  
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Figure 2: PRISMA diagram of search strategy 
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Table 1. Data extracted from the 17 studies meeting our inclusion criteria.                       

   
Addictive 

Substance/Behavi
our 

             

Study   Study Design  

Intranasal Oxytocin 
Administration    

Effects of 
Oxytocin vs 
Placebo 

First author & Date 
 Country of 

Origin 
  

Subst
ance
/Beh
aviou

r 

Diagnosis/S
everity  

  

Craving 
Type 

Measure
d 

Desig
n 

Sample 
Size 

  Dose 

Post 
Dosing 

Measure
ment 

Interval 
(Single 
Dose) 

 
Administ

ration 
Regime 
(Repeat 
Dose) 

  
Outcome 
Measures 

  

Craving 
ratings/

BOLD 
respons

e 

Co
ns
u
m
pti
on 

Single dose oxytocin administration                                 

Bach et al, 2019 (same 
sample as Hansson et al 

2017) 
Germany   

Alco
hol  

 No 
diagosis of 
SUD - social 

drinkers 
(including 
moderate/

heavy 
social 

drinking; 
minimum 

alcohol 
consumpti

on ≥ 1 

  
Cue-

induced 

RD, 
DB, 
W 

13m   24IU 

60 mins 
(onset of 

fMRI 
cue-

induced 
craving  
paradig

m) 

N/A   

fMRI BOLD 
connectivity 
response to 
cue-induced 

reactivity 
paradigm 

(OT vs.  PL) 

  

↓  
(R NAc-

R 
Cuneus; 

L 
Thalam

us-R 
LOC)  

↑ 
(R 

PrCG-R 
PCG) 

N/
A 
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standard 
drink, 

defined as 
12g 

alcohol, on 
at least 2 
days per 

week) 

                  

              

Correlations 
between 

mean 
subjective 

alcohol cue-
induced 

craving and 
OT vs. PL  

fMRI BOLD 
connectivity 

response  

 

with R 
NAc-R 

Cuneus: 
↑  

with 
Thalam
us-LOC: 

-  
with 

PrCG-
PCG: - 

N/
A 

Flanagan et al, 2019 USA   
Alco
hol  

 Alcohol 
Use 

Disorder 
(DSM V) 

and PTSD 
(at least 5 

  

Acute 
stress-

induced 
(Trier 
Social 

RD, 
DB, B 

OT=32
m 

PL=35m 
  40IU 

60-120 
mins (0-
60 min 
post-
stress 

N/A   

study-
specific 

subjective 
rating scale 
for craving 

(VAS)  

  − 
N/
A 
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days 
abstinent, 

by self 
report) 

Stress 
Task) 

inductio
n) 
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Mitchell et al, 2016 USA   
Alco
hol 

Alcohol 
Abuse 

(DSM IV - 
non 

physically 
dependent)  

  
Cue-

induced 

RD, 
DB, 
W 

32 (13f)   40IU 
30 -90 
mins 

N/A   
Alcohol Urge 
Questionnair

e  
  

- (main 
effect 
of OT); 

 
↓ if 
high 

attach
ment 

anxiety;  
 ↑ if 
low 

attach
ment 

anxiety 

N/
A 
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Stauffer et al, 2019 USA   
Alco
hol 

Alcohol 
Use 

Disorder 
(DSM V) 

and PTSD 

  
Cue-

induced 

RD, 
DB, 
W 

47m 
patient

s 
36m 

control
s 

  
20IU, 
40IU 

75 mins 
(after 
water 

cue 
exposure

) 
85 mins 

(after 
alcohol 

cue 
exposure

) 

N/A   

Single VAS 
(“How much 

are you 
currently 
craving 

alcohol?”) 

  − 
N/
A 

McRae-Clark et al, 2013 USA   
Cann
abis 

Marijuana 
Dependenc
e (DSM-IV) 

  

Acute 
stress-

induced 
(Trier 
Social 
Stress 
Task) 

RD, 
DB, B 

OT=8 
(1f) 

PL=8 
(3f) 

  40IU 

60-120 
mins  
(pre-

stressor, 
0-, 5-, 

35-, and 
60-

minutes 
 post-
stress 

inductio
n) 

N/A   

Marijuana 
Craving 

Questionnair
e (total 
score)  

  

- (pre-
stressor

) 
↓ (at 
0- and 
5- mins 
post-

stressor
) 

- (at 35- 
and 60- 

mins 
post-

stressor
) 

N/
A 
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Reed et al, 2019 USA  Cann
abis 

smoking 
between 2-

18 
cannabis 
cigarettes 
per week 
but not 
meet 

moderate 
to severe 

DSM-V 
criteria for 
Cannibus 

Use 
Disorder  

 

Acute 
stress-

induced 
(Trier 
Social 
Stress 

Task) vs 
no-stress 

task 

RD, 
W 

63 (32f)  40IU 
30-360 
mins  

N/A  

Cannabis 
self-

administrati
on 60-240 
min post 

dosing (0-
180 mins  

post-
stressor 

  N/A − 

               

Drug craving 
(VAS) 30 min 
post-dosing 

(pre-
stressor); 
240min - 
360min 

post-dosing 
(180min - 
300min 

post-
stressor) 

 − 
N/
A 
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Lee et al, 2014 USA   

Cocai
ne 

(absti
nent) 

Cocaine 
dependenc
e  (DSM-IV-

TR) 

  
Withdra

wal-
related 

RD, 
DB, 
W 

23 (1f)    24IU 45mins N/A   
Urge to use 

VAS 
(baseline) 

  ↑ 
N/
A 

            
Cue-

Induced 
              

Cue-induced 
urge to use 

plus 5 
arousal 
related 

questions 
(all VAS, 

controlling 
for baseline) 

  

 
↑ 

(excite
ment) 

- 
(urge/ir
ritation, 

heart 
poundi

ng) 

N/
A 

McClure et al, 2019 USA  Nicot
ine 

 Smoke an 
average of 

5 
cigarettes/
day for at 

least 6 
months 

(abstained 
for 12 
hours 
before 

laboratory 
session) 

 

Acute 
stress-

induced 
(Trier 
Social 
Stress 
Task) 

RD, B 

 
OT = 72 

(45f); 
 PL = 72 

(46f) 
 

 40IU 

75  and 
95 mins 

(two 
assessm

ents) 

N/A  

4 Item 
Craving 

Questionnair
e (before 
dosing, 

30/60/80/10
0, 120, 125, 

150, 180 
post dosing) 
(TSST 40-60 
min post-
dosing))  

 − 
N/
A 
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latency to 
smoke 
(resistance 
task) & ad-
libitum 
smoking 
(120-180 
min post-
dosing)   

N/A - 

Miller et al, 2016 USA   
Nicot

ine 

Daily 
smokers 

(abstained 
for 12 
hours 
before 

laboratory 
session) 

  
Withdra

wal-
related 

RD, 
DB, 
W 

17 (6f)   20IU 

baseline 
and for 
60 min 

(multiple 
assessm

ents) 

N/A 

  

Short 
Tobacco 
Craving 

Questionnair
e & Brief 

Questionnair
e of Smoking 

Urges   

  - 
N/
A 

      

Cue-
induced 
(30 min 

after top 
up) 

   

top-
up: 

20IU 
(75 
min 
after 
first 

dose) 

120-210 
min from 
first dose 
(multiple 
assessm

ents) 

N/A   (as above)   ↓ 
N/
A 
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Van Hedger et al, 2018 USA   
Nicot

ine 

Daily 
smokers 

(abstained 
for 12 
hours 
before 

laboratory 
session) 

  
Withdra

wal-
related 

RD, B 
& W 

PL-PL= 
16 (7f) 

OT-
PL=16 

(7f) 
PL-

OT=16 
(7f) 

  40IU 

baseline, 
20 min 
post-

dosing 

N/A   

Short 
Tobacco 
Craving 

Questionnair
e at baseline 
(withdrawal-

related)  

  − 
N/
A 

      

 Acute 
stress-

induced 
(Trier 
Social 
Stress 
Task) 

    

60m 
(immedi

ately 
after 
TSST) 

  

Short 
Tobacco 
Craving 

Questionnair
e following 
Trier Social 
Stress Test 

 − 
N/
A 

Van Hedger et al 2019 USA   
Nicot

ine 

Daily 
smokers 

(abstained 
for 18 
hours 
before 

laboratory 
session) 

  
Withdra

wal-
related 

DB, 
W 

35 (17f)   40IU 

baseline, 
30m, 

120-180 
min 

(every 
20 min) 

N/A   

Short 
Tobacco 
Craving 

Questionnair
e & Brief 

Questionnair
e of Smoking 

Urges 

  

↓ 
(desire 

to 
smoke) 

N/
A 

      
Withdra

wal-
related 

        30m     
Demand for 
cigarettes 

  - 
N/
A 
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Substanc

e-
induced 

        
60-120 

min 
   Desire to 

smoke  
 

↓ 
(after 
first 

smokin
g 

opport
unity) 

N/
A 

                      
60-120 

min 
    

number of 
cigarettes 
smoked 

  N/A ↓ 

Moeini et al, 2019 Iran  Opioi
ds 

Heroin 
dependenc
e (DSM-IV) 
(Abstinent 

for 6-9 
days) 

 Cue-
induced 

RD, 
DB, B 

OT=29
m 

PL=29m 

 40IU 45 mins N/A  

Desire for 
Drug 

Questionnair
e (60 min 

post-dosing) 

  ↓ 
N/
A 

              VAS (60 min 
post-dosing) 

 ↓ 
N/
A 
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Woolley et al, 2016 USA   
Opioi

ds 

Heroin use 
( 

on 
substitute 

opiates and 
abstinent 
from all 

illicit drugs 
for 2 weeks 

prior to 
study 

enrollment
) 

  
Cue-

induced 

RD, 
DB, 
W 

33m   40IU 45 min  N/A   

Craving & 
Urge to use 

(VAS) 
(before drug 

, directly 
before cue 
exposure, 

directly after 
cue 

exposure, 3 
min 

following 
cue 

exposure, 
and again at 
the end of 
the study 
(135 min 

post-
dosing)).  

  − 
N/
A 

Repeated oxytocin administration                                 

Pedersen et al, 2013 USA   
Alco
hol 

Alcohol 
dependent 
inpatients 
(average 

consumpti
on of 8-30 

  
Withdra

wal-
related 

RD, 
DB, B 

OT=7 
(1f) 

 PL=4 
(1f) 

  

24IU, 
twice 
daily 
(48IU 
per 
day) 

N/A 

At 09:00 
and 

17:00 for 
3 

consecut
ive days 

  

Penn 
Alcohol 
Craving 

Scale shortly 
after 

morning 

  - 
N/
A 
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standard 
drinks per 
day for at 

least 2 
weeks prior 

to 
enrollment 

in the 
study) with 
history of 

severe 
withdrawal 
symptoms 

who 
undergo 
medical 

detoxificati
on using 

symptom-
driven  

administrat
ion of 

lorazepam 

dose  only 
on days 2 

and 3 
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Alcohol 
Craving 
Visual 
Analog 

Scale shortly 
after 

morning 
dose  only 
on days 2 

and 3  

 

↓ (day 
2) 

- (day 
3) 

N/
A 

Sherman et al, 2017 USA   
Cann
abis 

Cannabis-
dependent 

adults 
(DSM-IV) 

  - RD, B 

OT=8 
(3f) 

PL=8 
(3f) 

  

40IU 
plus 
moti
vatio
nal 

enha
ncem
ent 

thera
py 

(MET
) 

OT 
administ
ered 30 
before 
first 2 

out of 3 
MET 

sessions 
in weeks 
1, 2 and 

4 

    

Timeline 
Follow-Back 
test during 

study period  

  N/A - 
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Stauffer et al, 2016 USA   

Cocai
ne, 

Opioi
ds 

Opioid use 
disorder 

(receiving 
methadone

)  and 
concurrent 

Cocaine 
use 

disorder 
(DSM-IV)  

  
Cue-

induced 
RD, 

DB, B 

OT=11 
(5f) 

 PL=11 
(6f) 

  

40IU, 
twice 
daily  
(80IU 
per 
day) 

N/A 

2 weeks, 
doses 8-

10hrs 
apart 

  

Self-
reported 
drug use 
during 

treatment 
period  

  N/A − 

                      

Urine 
sample 

measureme
nt of  

benzoylecgo
nine(primary 

cocaine 
metabolite) 

  N/A − 

                            

Cue-induced 
craving 

(VAS) for 
heroin/cocai
ne (before 
cue, after 1 
min of drug 

  - 
N/
A 
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cue video, 
after 3 min 
of neutral 
video), at 

day 1 
(baseline), 

Day 15 (after 
2 weeks of 
treatment), 
and Day 21 

(after 
washout 

week) 

Agabio et al, 2016 Italy  Food 

Binge 
eating 

disorder 
(DSM V); 
BMI>=30 

(no current 
bulimia or 
anorexia) 

 Baseline 
craving 

RD, 
DB, B 

OT=8(7f
)  

 PL=9f  

 

24IU, 
four 

times 
daily  
(96IU 
per 
day) 

N/A 

8 weeks 
(20mins 
prior to 
three 
meals 
and 

sleep) 

 

Number of 
binge eating 

episodes 
(weeks 1, 4, 
8 and once 

post 
treatment 

end) 

 N/A − 

                            

Food craving 
(VAS; weeks 
1, 4, 8 and 
once post 
treatment 

end) 

  − 
N/
A 
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Notes: B = between subject design; CG: Cingulate gyrus; DB = double blind;  M = males; F = females; FG: frontal gyrus; hipp = hippocampus;  IFG=inferior frontal gyrus; IPL = 

inferior parietal lobule; IU = international units; L = left; MET = Motivational enhancement therapy; MGF=Middle frontal gyrus; N/A = not applicable;  LOC: Lateral occipital 

cortex; NAc = Nucleus Accumbens; OG=occipital gyrus;  OT = oxytocin; PL = placebo; PrCG = paracingulate gyrus; PCG = precentral gyrus; RD = randomised; R = right; 

SMA=supplementary motor area; SFG: Superior frontal gyrus; STG: superior temporal gyrus; W = within subject design;  VAS =  visual analog scale;* = not stated;  Statistically 

significance defined as P=<0.05; − = no effect for intranasal versus placebo; ↓ = intranasal oxytocin versus placebo reduced craving or consumption; ↑ = intranasal oxytocin versus 

placebo increased craving or consumption.  
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Table 2. Summary effects of intranasal oxytocin, compared to placebo, on outcome measures of craving and consumption  
      

Addictive behaviour  Behavioural craving ratings* Consumption   

    N Outcomes Outcomes   

Alcohol           

Single dose   3 (4)** X / (↓↑)*** / X     

Repeated dose   1 ↓     

Cannabis           

Single dose   2 ↓ / X X    

Repeated dose   1   X   

Cocaine           

Single dose   1  ↑     

Repeated dose  (cocaine/opioids)   1 X X   

Nicotine           

Single dose   4 ↓ / ↓ / X  / X ↓ / X    

Repeated dose   0       

Opioids           

Single dose   2 ↓ / X      

Repeated dose   0       

Food           

Single dose   0       

Repeated dose   1 X   X   

Total   16 (17)*       

Notes: X = no effect; ↓ = decrease;   ↑ = increase; N = number.  

* Includes ratings in response to cue-induced, acute stress induced or withdrawal related craving. ** One study does not report directly behavioural craving ratings, but the 

association between behavioural craving ratings during an fMRI cue-induction craving paradigm and connectivity between the blood oxygen level dependent (BOLD) response in 

specific brain regions. *** No main effect; effect depended on attachment anxiety (increased rating if low attachment anxiety, decreased rating if high attachment anxiety).  


